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EXECUTIVE SUMMARY 

E1. 

E2. 

INTRODUCTION 

This report describes services performed by Gilbert/Commonwealth 
International, Inc. (GC II) for the Committee of Energy of the 
Government of Bulgaria (COE). The services are performed in 
accordance with "Contract for Consulting Services, between Committee 
of Energy, Bulgaria and Gilbert International, Inc.", dated April 15, 1993. 
The contract required GC II to provide engineering services for a 
comprehensive study to upgrade the capacity, reliability and efficiency 
of the District Heating Systems in Sofia and Pernik Cities. This report 
presents the results achieved over the course of the study and discusses 
the methods and procedures used in performance of the work. 

STUDY CONCLUSIONS 

Based on input data provided by Bulgaria, plant walkdowns, and 
performed economic and financial analysis in the study the following 
conclusions regarding District Heating Systems in Sofia and Pernik are 
made: 

TECHNICAL ISSUES - SUPPLY SIDE 

A. POWER PLANTS 

Equipment Design Issues: 

• When the district heating generating units were designed and 
installed, Bulgaria was highly integrated into the Eastern 
European Common Market. Accordingly, the selection of 
available equipment was limited due to constraints imposed 
by the: (1) distribution quotas among Eastern European 
countries; and (2) centrally planned economy. As a result, the 

Gilbert/Commonwealth International, Inc. 
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installed equipment was not at the technological and quality 
level available at that time in the market. 

• Today, the installed equipment does not meet Western 
requirements for the effective economical operations. The 
process controls and operational procedures can hardly meet 
the new European environmental regulations that will soon be 
implemented in Bulgaria. The operational and public safety is 
not near to those of Western standards and practices. 

Equipment Condition 

• In general, the equipment condition at the generation units is 
not adequate. The principal reason for such a situation is 
the: (1) lack of proper equipment maintenance; and 
(2) inadequate treatment of the equipment's specified 
resource time. 

• Inadequate operational regimes (exhaust gases temperatures, 
chemical regime of the fluids, etc.) aggravate the already 
deteriorated condition of the equipment. 

• Insufficient funding for the maintenance and operational 
activities combined with the organizational deficiency are the 
major contributors to the poor equipment condition. 

Installed Capacities 

• The installed capacities for the generating units are 
substantially higher than what the current demand requires. In 
a few cases, the installed capacities are more than twice the 
maximal registered peak load for the system. 

• The over capacity is a result of an: (1) over conseNative 
calculation methodology used for determining the design peak 
load; and (2) inadequate system load management schemes. 

• This condition indicates that the current and new load 
demands combined with efficiency increase measures can be 
easily met without installing any new generating capacities for 
next decade. 

• Artificially low fuel prices followed by extremely low prices of 
the supplied heat have not stimulated optimization of the 
generating capacities and have not encouraged application of 
conseNative methodologies for determining the system peak 
load. 

• Eventual introduction of combined cycle option will 
substantially improve load management and consequently 
reduce system operating cost. 

GilberUCommonwealth International, Inc. 
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Structure of the Power Generating Units 

• Structure of the generating units at the "TPS Trajco Kostov", 
"TPS Sofia" and "TPS Republikll" are in general good 
condition. They follow a concept of cogeneration (joint 
production of heat and electricity), even though the ratio 
between heat and electricity production is not fully optimized. 

• "HWPS Zemliane" and "HWPS Liulin" are examples where 
lack of market and economic forces led to the creation of 
extremely suboptimal system. These two systems are best 
candidates for combined generation and substantial increase 
in the overall system efficiency. 

B. TRANSMISSION AND DISTRIBUTION SYSTEM 

Design Issues 

• Systems use hot water as a heat transfer media,which is 
typical throughout Western Europe and Nordic countries. 

• Control of the supplied heat is maintained by a change in a 
temperature of the supplied hot water. This control scheme is 
know as a "Quality Regulation". 

• The implemented network system is based on a radial scheme 
with limited interconnection between branches. This 
arrangement is a typical system that is also implemented in 
most of the Western European and Nordic countries. 

• The network system is characterized with minimum 
automation and control. 

• Compensation for the terrain configuration is achieved through 
implementation of the pumping stations. 

• The thermal expansion compensations are achieved by 
"gasket type" compensator which are difficult for maintenance 
and create a high volume of leakage. 

• Technical specification of the network water chemistry does 
not meet contemporary requirements that are in regular use in 
Western countries. 

Piping Design and Status 

• The implemented schemes for laying the network system 
piping is characterized with low reliability and thermal 
efficiency. 

• The low quality of the used piping material and inappropriately 
selected insulation material (foam concrete) is the principal 
cause for the extremely high pipe failure rate. 

Gilbert/Commonwealth International, Inc. 
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• The selection of the existing network design was mostly 
influenced by the low fuel and supplied heat prices which did 
not justify further investment in the thermally efficient and 
reliable piping systems. 

Temperature of the Supplied Hot Water 

• The system design supply temperature is extremely high. 

• 

This high temperature conduction imposes special 
requirements for the installed equipment and drives the 
system prices up. 

High system design temperatures also leads to higher thermal 
loses from the system and force the steam boilers to work in a 
lower thermal efficiency regimes. 

C. SUBSTATION 

Design Issues 

• The system implements both direct and indirect substations 
with minimum of automation and control. 

• Direct substation use elevators without additional pumps for 
mixing, while indirect substations use heat exchangers, pipe in 
pipe design. 

Equipment Status 

• The equipment quality and reliability is very low and creates 
intensive water leaks. 

• The design of the substations and type of materials used leads 
to very high thermal losses. 

• The design and constructive materials used require high level 
of maintenance which was not exercised in the past due, to an 
insufficient maintenance budgets. 

D. ENVIRONMENTAL ISSUES 

The centralized heat supply as implemented in Sofia has big advantages 
for the environment. The pollution is minimized and can be controlled 
through an adequate installation of the pollution control equipment. 

The Sofia City District Heating System uses mostly gas as a fuel. This 
is environmentally one of the most benign fuels for centralized heat 
supply. 

Gilbert/Commonwealth International, Inc. 
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TECHNICAL ISSUES - DEMAND SIDE 

A. HOUSING DESIGN AND INSULATION 

During the period of a centrally planned economy, the industrial 
production of residential and commercial buildings did not take into 
the account for building thermal loses. As a result, the building of 
thermal loses in Bulgaria are twice the losses of the typical Western 
European building. 

B. HEAT METERING 

The system is not designed to have a heat meter unit at end users 
or at the substation level. This will create additional financial 
difficulties if municipalities decide to control the heat usage at an 
apartment level. 

C. HEAT DISTRIBUTION 

Heat distribution system in the houses follow the radial concept of 
heat distribution. The radiators are connected in series throughout 
rooms and apartments, making the heat measuring at the apparent 
level very complicated and costly. 

D. HEAT CONTROL 

There is no control valves at the radiators. The absence of these 
valves make control of the temperature in the rooms impossible or 
only by opening a window. 

INSTITUTIONAL AND ORGANIZATIONAL ISSUES 

A. AUTHORITY AND RESPONSIBILITIES 

• The relationship between Government, Committee for Energy, 
Municipality and District Heating company, particularly for City 
of Sofia, are not always clear and concise. 

• Even though the ownership of Sofia City District Heating 
System is municipal, the funding allocations for company 
operation and maintenance are approved by the Committee of 
Energy (COE). 

• To make the things even more complicated the heat prices 
are approved by the "Committee for Prices" which is 
responsible for approving all prices that are under government 
control. This highly distributed scheme of authorities and 
responsibilities makes management of the Sofia District 
Heating system a very difficult task. 

Gilbert/Commonwealth International, Inc. 
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e. ORGANIZATION STRUCTURE OF THE DISTRICT HEATING ORGANIZATIONS 

• The present basic structure of.separate District Heating 
companies for each area in Sofia is appropriate. The separate 
issue is however; authorities and responsibilities delegated to 
the areas from the central organization. 

• The District Heating companies are generally over staffed. 
They carry the organizational principals from the past when 
most of the supporting functions were performed by the 
companies itself. In particular this applies to the design 
division, maintenance division, collecting, etc. 

C. PRICING STRUCTURE AND PRICES POLICY 

• The current prices of supplied heat in Bulgaria are highly 
subsidized. This subsidization minimizes: (1) the incentives 
for the District ·Heating companies to increase the efficiency; 
and (2) removes public motivation to start rationally to use 
provided heat. 

• By the current subsidy program, Government tries to amortize 
eventual social tensions that could arise from a sudden heat 
price increase, particularly for the poorest part of population. 
However, through this approach Government dislocates 
eventual budget deficits to District Heating companies and 
holds them responsible for it. The program also subsidizes 
the affluent part of the population that can easily absorb the 
market prices of the heat. Therefore, a new structured 
program of subsidizes should be developed where subsidies 
will be given to direct recipients (part of the population that 
cannot immediately absorb the new heat prices). This 
program should be implemented and controlled either by 
Government or the Municipality. The program should be 
prepared as soon as possible, preferably during 1995. During 
this time the prices of the heat should rise to cover the 
marginal cost plus minimal profit, characteristic for publicly 
owned companies. 

D. OWNERSHIP AND PRIVATIZATION 

• The current ownership of the District Heating companies is 
mostly Governmental. The only deviation is the district 
heating of City of Sofia which is municipally owned and some 
of the district heating systems in some smaller cities in 
Bulgaria. 

• This setup makes these systems very protected and not 
interested in increasing their efficiency as would be the case if 
they were exposed to market forces. 

Gilbert/Commonwealth International, Inc. 
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• One of the courses for increasing the in efficiency would be 
gradual privatization of system generating units and 
transformation of the district heating systems into tightly 
controlled, publicly owned companies. 

E3. STUDY RECOMMENDATIONS AND BASIS FOR 
IMPLEMENTATION PROGRAM 

Based on the: (1) condition assessment; (2) engineering analysis, 
and (3) economic analysis, of the generating units equipment and 
transmission and distribution system the following 
recommendations are presented for the technical study: 

GENERAL 

Under the current price structure, ownership/authority schemes, 
and District Heating companies staffing level, it is impossible to 
expect that the District Heating systems in Sofia and Pernik to 
economically operate and/or show any profit. 

The disparity between the process of fuel (oil and gas) and the 
current sale prices of heat, steam and electrical cannot even cover 
the present system operating cost. In addition, equipment 
amortization is not properly determined and adjusted for an inflation 
so the allocated budges cannot cover even a necessary 
maintenance cost. 

The low sale price of heat and particularly electricity makes 
combined cycle unrealistically uneconomical, even though it is the 
preferred approach for the Western and Nordic European countries 
who are characterized with the big central heating systems. It is 
doubtful, that before the price of electricity reaches its market 
value, the combined cycle generation of electricity will show 
substantial economic advantages in comparison with minimal 
rehabilitation approach. 

The organization scheme of the District Heating companies are 
over-staffed. Further reorganization is extremely necessary in 
order to cut the cost and improve efficiency of operation. The 
service activities such as design, maintenance, construction, and 
collection should be privatized and detached from the company. 
This reorganization can easily reduce the present staffing for 
1,000 people in Sofia City District Heating System. Further 
personnel reduction can be achieved through streamlining of 
operating staff and other supporting services such as cleaning and 
office maintenance. These types of supporting services should be 
contracted on an as needed bases from the outside. 

It is evident that the present system has high loses in generation 
and transmission and distribution parts. Immediate reduction in 
piping loses and improvement in burning boiler processes should 
be performed on a soon as possible bases. 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY EXECUTIVE SUMMARY 

SOFIA CITY GENERATING UNITS 

• The least cost analysis for all cases and for the Sofia City 
generating sites reveal that obtained results are within the 
margin of accuracy which is expected from this level of 
analysis. It is therefore recommended to pursue the options 
which present the least capital cost at each station, since the 
availability of capital is a very important issue for Bulgarian 
Government, Committee for Energy and Sofia municipality. 

It should be kept in mind that this system optimization study 
and least-cost analysis was limited to the district heating 
systems boundaries. Their interface with the NEKICOE 
systems was only controlled by the price of electricity. 
Specifics of the NEK system, retirement of the existing units 
and their efficiencies, and eventual Government priorities, 
obligations, and strategic directions (Protocol with EBRD for 
instance) were not taken into the account. Eventual 
incorporation of these requirements can easily override 
conclusions of this least cost analysis. 

• The Case 1 options represent the lowest capital expenditures 
for each of the power stations. This option includes: 

necessary rehabilitation and upgrade of existing boilers 
and steam turbines 

retirement of some of the oldest, least efficient boilers. 

The Case 1 options minimize initial capital outlay by 
rehabilitating and upgrading: (1) safety; (2) environmental 
impact; and (3) immediate reliability, while deferring items 
related to improvement in efficiency, long term reliability, and 
capacity improvements. 

Further reduction of initial capital can be achieved if 
equipment targeted for replacement by potential future 
cogeneration/combined cycle plant upgrades (Le. Cases 2 and 
3) is not rehabilitated at all. This recommendation has 
additional validity since the systems have over-capacity and 
the demand could be met in most load conditions without 
these units. 

• In summary, Case 1 rehabilitation is only, to the degree, 
necessary to satisfy immediate safety and environmental 
requirements and reliability concerns; regular monitoring of 
this targeted equipment should be instituted until retirement to 
avoid catastrophic equipment failure. 

• While the implementation of this "base case'" for the power 
station is recommended now, it is recognized that the 
Bulgarian electric power supply system is in a status of flux. A 
significant change in electricity price, demand or costs 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY EXECUTIVE SUMMARY 

resulting from, for example, the retirement of existing 
generating capacity, will greatly influence the economics of 
the analysis for these power stations. An update to the current 
analysis is recommended, should such a change be 
anticipated, at which time the combined cycle/cogeneration 
options may look quite favorable. 

PERNIK CITY GENERATING UNITS 

• For Pernik District Heating System Case 3, involves 
installation of new fluidized bed boilers. This is by far the best 
option. The type and cost of fuel and minimization of 
environmental impact that fluidized bed technology brings are 
decisive for this case. 

• The analysis in the study was based on an installation of two 
new fluidized bed boilers. However, the existing and 
anticipated future loads with minor shortfalls can be met with 
only one boiler. Therefore, we recommend to initiate the 
investment program with one boiler and decision for the 
second boiler to be postponed for a future time, when more 
reliable information on load demand will be available. 

TRANSMISSION AND DISTRIBUTION SYSTEMS 

• The economic analysis of piping system rehabilitation 
treated: (1) the losses of the entire system; and (2) an 
extensive pipe replacement program to offset these losses. 

• The economic analysis shows that implementation of the 
entire replacement program is not cost-effective. However, 
the reality of the loss characteristics is that high losses are 
generally concentrated in a smaller fraction of piping which 
are insulated by the foam concrete. Additionally, this piping is 
also the oldest in the system. Accordingly, replacement of this 
category of piping will bring the fastest return on investment. 

• The piping section with extremely high losses and frequency 
of failure (due to variety of causes) will also have high return 
on investment. _ 

• As these sections with the high losses and frequency of failure 
are replaced, diminishing returns will be realized for each 
successive replacement section. It is prudent to consider a 
cost-effective program of the remaining pipe replacement. 
This replacement program should be greater than the current 
maintenance program (emergency replacement rate), but less 
than the extensive program of replacement considered, as 
preliminary indicated in this report in Section 3, Engineering 
and Economic Analysis, and Section 7, Capital Cost Estimate. 

• As piping is replaced, an option is available wherein the new 
section will feature instrumentation, permitting which will allow 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY EXECUTIVE SUMMARY 

losses to be closely monitored, thus improving the ability of 
the maintenance crews to keep the system integrity at high 
level. 

• Introduction of variable speed control pumps for pumping 
station and an improved system flow control (reduced flow 
rate) that will better reflect requirements of the real system 
peak load will further reduce power to run the piping stations. 

INSTRUMENTATION AND CONTROL SYSTEMS 

• The I&C engineering analysis considered sophisticated I&C 
SCADA system that is characterized with the complete system 
information computerization and on-line capabilities. This 
system is capital intensive. However, phasing in the system in 
parts, as capital is available, reduces the financial impact, but 
still provides the latest technology available to each District. 

• To increase the level of system automation and provide for 
better control of consumed heat, an improvement in 
SUbstation and system collection is recommended in Section 5 
of the report. 

• To minimize the cost of the installation of the data 
transmission system, it is recommended to lease the part of 
the capacities of the combined new telephone and TV optical 
cable system that is under construction in Bulgaria. 

• Additionally, the installation of heat meters at the substations 
and insulation on the substation and un-insulated piping in 
chambers, is one of the most immediate tasks for the 
transmission and distribution systems. 

GilberVCommonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY REPORT SUMMARY 

REPORT SUMMARY 

Ri INTRODUCTION 

Specifically, GC \I team performed a general review of identified District Heating 
Systems, including the evaluation of the need for modernization or overall 
replacement of the heat generating capacities. In addition the GC \I team 
evaluated possibilities for: (1) rehabilitation of the heat transmission and 
distribution network; and (2) increasing their efficiency. The study includes an 
investment program and a financial schedule to implement the recommended 
improvements and rehabilitation programs. Specific and more detailed scope is 
presented in Section 2 paragraph 2.2, of the original project Terms of References 
(TOR). 

To successfully complete contracted work GC \I assembled a strong team 
consisting of most prominent U.S. companies and Bulgarian engineering and 
financial specialists. The U.S. team consisted of Gilbert Commonwealth, Inc. 
Babcock and Wilcox, and KMGP Peat Marwick and independent U.S. economic 
and financial consultants. The activities in Bulgaria were coordinated through 
DIRECT Co. and the Bulgarian contribution consisted of various specialist 
intimately knowledgeable with the design and operation of the analyzed systems. 

Several times the Sofia and Pernik City District Heating Systems upper 
management, and representatives from the Bulgarian Committee of Energy (COE) 
and National Electric Utility visited the GC \I offices in Reading, Pennsylvania, 
U.S.A, and performed a review of the work completed by the GC \I team. During 
this time visits to district heating systems in the U.S. and sites operating Fluidized 
Bed Boiler and Combined Cycle Gas Turbines were organized. 

Over the course of the study GC II established and maintained close contact with 
the potential international funding organizations. Several meetings were held with 
the representatives of the World Bank (WB) from Washington DC, European Bank 
for Reconstruction and Development (EBRD) from London, and European 
Investment Sank (EIS) from Luxembourg. Comments and suggestions by then 
were incorporated in the analysis and the recommendations to the report. GC II is 
convinced that our joint Sulgarian/GC II team was exceedingly successful in 
attracting the attention of the international funding institutions for the project. 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY REPORT SUMMARY 

R1.1 

R1.2 

Several US commercial banks (Wells Fargo from San Francisco and Citicorp from 
New York) and private investors were also contacted and their eventual 
willingness to finance the rehabilitation work at Sofia and Pernik District Heating 
Systems had been checked. Their responses were not negative but before taking 
on any major decisions, they wanted to see the results of the study and supporting 
project documentation ("Bankable Document"). 

STUDY GOALS AND OBJECTIVES 

The COE primary objective for the study was to determine the extent of the 
rehabilitation required for the District Heating Systems for Sofia and Pernik Cities. 
Specifically, the study should perform a general review of the two district heating 
systems, including an evaluation of the need for modernization or overall 
replacement of the heat generating capacities. In addition, the study team should 
also evaluate the possibilities for rehabilitation of the heat transmission network and 
substations and increasing their efficiency. The final product of the study will be 
investment program and the financial schedule to implement the recommended 
improvements and rehabilitation programs. 

STUDY SCOPE OF WORK AND LIMITATIONS 

The scope of this project includes the following: 

• Perform general review of the Bulgarian district heating systems to identify the 
major levels of investment required to improve the short-term and long-term 
efficiency of the sector and reduce the environmental impact of power and 
heat generation. The review is to include preliminary assessment of the power 
sector institutions, regulations, tariffs, and related issues and identify areas for 
further analysis 

• Examine the existing system, equipment, and review available operation, 
maintenance, and inspection records with particular emphasis on three plants, 
Sofia and Trajco Kostov in Sofia and the Republika plant in Pernik. Establish 
present and antiCipated growth in the thermal energy demand for Sofia and 
Pernik. Identify the systems current and projected electricity generation 
capacities. 

• Evaluate the existing and planned hot water boiler systems (boilers adjacent to 
listed cogeneration plants) and identify one existing site where a cluster of 
these boilers has a potential for conversion to Gas TurbinelWaste Heat Boiler 
operation. The technical and economic study of this option should include 
integration of this system with the existing cogenerators to provide for 
combined cycle operation during non-heating seasons. 

• Analyze existing losses in the district heating system, including losses in 
production, distribution, and the end user systems. Identify near-term, 
mid-term, and long-term remedies to reduce these losses. Evaluate existing 
heat dispatching centers and existing energy metering systems. 

• Prepare preliminary plant layout and preliminary drawings. 

• Prepare major equipment lists and preliminary speCifications for major 
equipment for all options and obtain order of magnitude cost estimates. 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY REPORT SUMMARY 

• Conduct technical and economic optimization studies for each of the of the 
options to select the most promising alternatives. The selection should be 
based on the lowest total evaluated cost. 

• Evaluate existing management methods, energy distribution, metering and 
pricing systems, operating and maintenance skills, economic methods for 
capital recovery, etc. and provide alternatives that reflect the free market 
system and yet are applicable to Bulgarian conditions. 

R2 PERFORMANCE OF THE WORK 

R2.1 

Quality of the work and soundness of the proposed solutions were guarantees at 
the inception of the project by the: (1) selection of companies that will participate 
as a GC II team members; and (2) project management approach and 
organization that GC II adopted for this project. 

The GC II team consists of several major U.S. corporations fully knowledgeable 
with project management and deSign, systems analysis, state-of-the-art 
instrumentation and control systems, and the latest boiler, turbine, and district 
heating system technologies. 

To provide hands on knowledge of the Bulgarian engineering and environment, 
the GC II team included Bulgarian specialist and experts from Technical 
Universities and Architect/Engineering, and operation and maintenance 
organizations. These firms and individuals were intimately knowledgeable with the 
conditions at the "Sofia", "Trajco Kostov", and "Republika" power plants. 

TEAM PARTICIPANTS 

The team for this study was led by GC II. The project team additionally included 
Babcock & Wilcox (B&W), KPMG Peat Marwick, and independent U.S. economic 
and financial experts. To cover the specific of the Bulgarian engineering, 
operating, and maintenance practice, GC II incorporated into its team several 
Bulgarian participants from different organizations and institutions. 

GC II is part of Gilbert/Commonwealth, Inc. (G/C) , one of the larger 
architect/engineering companies in the world with more then 80 years of 
experience in the power industry and employs over 1,500 professionals worldwide. 
GC II professionals cover a broad range of scientific and project management 
skills. Most of GC II international experience is related to the power industry. 

Babcock & Wilcox (B&W) is a company with over 100 years experience in deSign, 
manufacture, supply and servicing of steam generating and associated equipment. 
B&W leads the U.S. market for industrial and municipal boilers. B&W is a leading 
developer and supplier of environment control systems, including flue-gas 
desulfurization systems, and has pioneered clean coal technology with system 
such as pressurized fluidized-bed bOilers, a technology that will produce electricity 
cleanly and efficiently by the combustion of coal. 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY REPORT SUMMARY 

KPMG is the world's largest leading supplier of professional services to the finance 
and banking sector worldwide. KPMG has had significant experience in the 
financial plan development and fiscal analysis of many organizations including 
district heating companies. They will be responsible for the preliminary analyses 
of the financial portion assessment of the existing and proposed systems for the 
different plants. They will develop the financial elements of the program. 

R2.2 PROJECT MANAGEMENT ORGANIZATION AND IMPLEMENTATION 

R2.2.1 Project Management Approach 

The organizational form of the GC II project team followed the concept of "Virtual 
Corporation." By the latest management theory "Virtual Corporation" is defined as 
a group of horizontally integrated companies teamed to accomplish a proposed 
project. This alliance is flexible and following the end of a project can be 
converted to implement a program or task or partially and completely dismantled. 
This approach, combined with integrated information systems allowed 
concentration of the best qualified people, across a vastly separated geographical 
area, to be mobilized around the COE District Heating System project in the 
shortest possible time. 

R2.2.2 Project Organization 

This project was organized around seven logical, self-contained tasks with 
dedicated task leaders. Accordingly, a project manager/task leader form of 
management was used. The project manager was responsible for the entire 
project, including technical and financial performance. He served as an interface 
point for his counterpart at the COE. 

A task leaders were responsible for overseeing activities within their respective 
task areas - including coordination of work by individuals from their own firm, or 
from other firms assigned to that task. The task leaders reported to the GC II 
project manager, and worked closely with him to ensure that work proceeds in 
accordance with the established quality standards and budgets. 

Field activities were performed in Bulgaria, primarily in Sofia and to the lesser 
extent in Pernik. The majority of in-country work was performed by Bulgarian 
engineers, in accordance with the work plan and procedures developed by the 
responsible GC II team expert. The performance of these subtasks was regularly 
reviewed, according to established checkpoints for its quality and schedule. 
Before the subtask final acceptance, the work package was thoroughly checked by 
the GC II team for its format and quality. 

To provide project management, controls and coordination of work performed in 
Bulgaria and in the home offices of the GC II teams' U.S. firms, GC II assigned an 
In-Country Coordinator which provide a direct interface between our Bulgarian 
team members and the U.S. firms. 

A Project Organization Chart for the project is shown in Exhibit RS-1. The chart 
also identifies the leading and supporting organization(s) for appropriate tasks. 

Gilbert/Commonwealth International, Inc. 
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R2.2.3 DIVISION OF RESPONSIBILITIES AND PRO.JECT IMPLEMENTATION 

GC II Responsibilities: The GC II was responsible for the complete work, 
development of the bases for engineering and economic analysis, engineering 
analysis, capital cost estimate, economic analysis, and training program 
development. GC II personnel supported other team members and provided input 
to the equipment assessment analysis and preparation of the Project Investment 
Program. 

The preparation of the final study report and information packaging into a Project 
Preliminary Implementation Program were also GC II's responsibilities. 

B&W Responsibilities: The equipment assessment and preliminary rehabilitation 
program preparation were B&W's responsibility. B&W provided supporting 
information for engineering analysis, capital cost estimate, and economic analysis. 

Responsibilities of Independent U.S. Consultants: The U.S. consultants were 
primarily responsible to analyze engineering, cost and economic analysis results, 
process them, and transform them into an affordable Project Investment Program. 

KPMG Peat Marwick Responsibilities: KMPG Peat Marwick assisted the GC II 
team in analyzing the Bulgarian Institutional questions and provided information 
and input for development of the Project Investment Program. 

Responsibilities of the Bulgarian Side: The in-country coordination of local 
consultants was performed by the privately owned Bulgarian company DIRECT 
under the GC II supervision and guidance. Additionally, the Direct Co. was 
r~sponsible to organize input data gathering, converting data in the proper format 
for further analysis, and develop travel logistic for visits to the U.S. and Bulgaria. 

Partial review and approval of study intermediate and draft final results was 
performed by the upper management personnel of Sofia and Pernik Cities District 
Heating Systems. The representatives of the COE and National Electric Utility 
also took part in partial review of the study approach and approval of the 
intermediate study results. 

Work on the study proceeded smoothly and interface with the Bulgarian 
counterparts proved very efficient. The contribution of Bulgarian counterparts 
proved extremely valuable and without their direct involvement in the study, most 
of the identified solutions and presented recommendations would not have 
immediate application or would not fit local conditions and business environment. 

Gilbert/Commonwealth International, Inc. 
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R3 ORGANIZATION OF THE STUDY REPORT 

R3.1 

This study report is organized into 10 semi-independent sections plus the 
Executive Summary, Report Summary, and Section Summaries. Each of the 
10 sections describes: (1) the major activities performed over the course of the 
study; (2) identifies methodologies and analytical tools including computer 
programs; and (3) presents the major section findings and results. The 
presentation of the information in the sections is oriented by subject rather than by 
chronology. This approach allows reader/reviewer to concentrate on the study 
results and conclusions rather than the methodology and course of events that 
characterized development of the report. 

The Report Summary is intended for the policy makers and upper management 
and contains all necessary information needed for decision making. 

Section Summaries, which follow the Report Summary, allow the reader an 
overview of the contents of each section. This enables the reader to interpret the 
report findings without reviewing the detailed information contained in the sections 
of the report. 

To allow easy reading, each of these report sections is prepared as a separate 
book and contain minimal number of cross references to other books. All essential 
information pertinent to the subject of the section is included in that particular 
section, keeping the cross-referencing with the other sections at minimum. Each 
section of the report contains detailed information and back-up data regarding 
inputs and used methodologies, and is intended for the specialist that will review 
the report and evaluate the presented results and conclusions. 

REPORT ROAD FORMAT 

Exhibit RS-2 provides a synopsis of the report content and represents the "road 
map" for the reviewers and readers. The road map is prepared to guide the reader 
to the specific section and provide him with the summary level information about 
the section. 

The exhibit left side, titled "Input to Section" defines: (1) the input informations 
required for the section; (2) documentation and sources used for development for 
the input data; and (3) responsible parties providing input information. The cross 
referencing between sections and other sections used in the Report is also 
provided through this feature. 

The "Report Section" contains: (1) section title; and (2) activities and analysis 
performed in the section. The exhibit right side, title "Section Results" define 
section outputs and results of the performed activities and analysis. 

Gilbert/Commonwealth International, Inc. 
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o Prapana I&C system upgnada 
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INPUT TO SECTION 

A. equipment Rehabilitation Schedule 
(Section 2) 

B. Proposed New System Configulation 
(Section 4) 

C. Propolled New Piping System (Section 5) 
D. Proposed New I&C System (Section 6) 
e. Vendor Information 
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B. KP&G Input 
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D. Capital Cost and Cash Flow Data (Section 7) 
E. Options Least Cost Data (Section 8) 
F. US Operating Data 

A. Bulgarian Data 
B. KP&G Input 
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D. GC II Expertise and Inhouse Data 

Exhibit RS-2 (Cont'd) 
Report Road Map 

REPORT SECTION 
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• estimate project direct cost 
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• Built a computer simulation 01 
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• DewIoped ~ _ system 01 capital 
and operating and mai"",""nee costs 

Section 9 
Investment Program 8. Financial Strategy 

• Built financial model for Bulgaria 
• Performed I"8'IttI¥i requir. analysis 
• Analyzed funding options 
• Analyzed loan condition 

Section 10 
Tralmng Program Support 

• Gather and soot lnaining data sorting 
• Irrterview Bulgarian managers and expert 
• Prepare lnaining program elements 
• Discu .. program with Bulgariian 

management 
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R3.2 ORGANIZATION AND SUMMARY OF REPORT SECTIONS 

The 10 sections of this report can be classified by four major categories. The 
organization of the catagories is systematic; the results and conclusions from the 
sections of one category serve as the input to the following category. 

FIRST CATEGORY: ESTABLISHMENT OF STUDY BASES 

Section 1 • Existing Plant Facilities Descriptions 

Section 2 - Assessment of Plant Facilities 

Section 3 - Bases for Engineering and Economic Analysis 

SECOND CATEGORY: ENGINEERING ANALYSIS OF SYSTEMS 

Section 4 - Engineering Analysis - Supply Side 

Section 5 -Engineering Analysis - Transmission and Distribution 
Systems 

Section 6 - Engineering Anlaysis - Instrumentation and Controls 

THIRD CATEGORY: COST AND ECONOMIC ANALYSIS 

Section 7 - Capital Cost Estimate 

Section 8 - Economic Analysis 

FORTH CATEGORY: IMPLEMENTATION RECOMMENDATIONS 

Section 9 - Investment Program and Financial Strategy 

Section 10 - Training Program Support 

The sections of the first category establish the foundation of the study analysis to 
follow. Section 1 provides a description of existing supply side, transmission and 
distribution, and instrumentation and controls equipment. Section 2 provides an 
assessment of the supply side equipment deficiencies as well as 
recommendations for the rehabilitation of existing equipment. Section 3 presents 
bases and criteria for the engineering and economic study analysis including load 
demand, economic, and emissions factors. The result from the sections of this 
category therefore serve as input to both the engineering and economic analysis 
sections in the categories which follow. 

The sections of the second category describe the engineering analysis of the 
systems at the Sofia and Pernik facilities which yields recommended alternatives 
which will address current deficiencies. Section 4 examines the supply side 
facilities and, through a systematic screening process, identifies two to three 
technically sound alternatives at each power plant which address the key 
reliability, safety, and environmental issues at the facilities. Section 5 analyzes 
the system loses from the hot water distribution system, identifies a modernization 
of the system, and examines how system loses could be reduced by this 

Gilbert/Commonwealth International, Inc, 
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R3.3 

modernization. In Section 6 an instrumentation system is developed to measure 
and record hot water and steam use by industrial and domestic users. Specific 
recommendations for facilities improvements and additions result from the 
analyses in the sections of this second category. 

To establish the economic viability of the recommended system improvements, 
the sections of the third category provide capital cost and present worth analysis. 
Section 7 provides capital cost estimates for the technically feasible improvements 
identified in the second category sections. Section 8 provides the present worth of 
each recommended facilities improvement "case" identified in Section 4. The 
initial capital costs and operating costs for each case include costs associated with 
each supply side alternative plus the costs for the recommended transmission and 
instrumentation improvements which were common for a given station regardless 
of the supply side alternative. The present worth analysis produced a least cost 
case for each power production station. Further analysis was conducted to 
determine if still better present worth could be obtained by systematically deleting 
component capital costs in the least cost cases and modifying system impacts to 
reflect the absence of these improvements. Final facilities improvements 
recommendations were presented based on the least cost conclusions of the 
Section 8 analYSis. 

Having identified the least cost alternatives for addressing the deficiencies of the 
district heating systems, the sections of the forth category, Implementation 
Recommendations, discuss the strategies to implement the recommended 
modifications/upgrades and provide for improved and more efficient operation and 
maintenance of these facilities in the future. Section 9 establishes a plan for 
investment and financial strategy to implement the recommended improvements. 
In Section 10, a plan for a comprehensive training program is developed to benefit 
the future operation and cost effectiveness of the district heating system. 

Summaries of the objectives, methodologies, and results for each section above, 
are provided in the Section Summaries following this Report Summary. 

SECTION FORMAT 

For the consistency of the presented information and for ease of following the 
Report text for each section, excluding minor deviation, each section, is arranged 
in the following typical format. Brief descriptions of the elements of each section 
are: 

• Introduction: Provides background information applicable for the 
section, introduces the main subject for the section, and summarizes the 
section's major milestones and events. 

The Introduction usually made up of three subsections: (1) Section Goals 
and Objectives; (2) Section Scope of Work; and (3) Organization of the 
section. 

Goals and Objectives: This subsection specifies what is the main 
purpose of the work performed in the section and what kind of results 
the reader should expect. 

Gilbert/Commonwealth International, Inc. 
RS-11 



I 
I 
I 
I 
I 
I 
:f 
I 
I 
I 
t 
I 
I 
I 
I 
I 
I 
I 
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Scope of Work: This subsection specifies in detail what kind of work 
should be accomplished in the section and what type of analysis 
should be performed to meet the section established Goals and 
Objectives. 

Section Assumption and Limitation: This is an optional subsection. 
It presents major assumption used in developing results for the section 
or spells-out limiting conditions imposed to the analysis or input data 
used for the section. 

Section Organization: This subsection describes how information is 
presented in the section. If applicable, it also discusses who was the 
lead for the section and who provided support. 

• Methodology Description: Provides information on procedures and 
analytical (engineering, economic, financial, legal etc.) tools used in the 
section to perform the defined scope of work. The section also provide 
justification why the used procedure/tool was utilized and what are their 
limitations. 

Also specifies input data requirements and format and discusses the 
quality and consistency of the used input data 

• Presentation and Discussion of Results: Presents obtained results and 
discusses its applicability. 

R4 DISCUSSION OF STUDY RESULTS· 

The following discusses, in brief, the study results for each station. 

R4.1 Supply Side Options 

R4.1.1 

For the four thermal power and heating stations included in this study, a base case 
and at least one alternate case have been identified as viable technologies for 
implementation. 

All of the base cases involved a rehabilitation and upgrade of major equipment at 
the plant in order to improve safety, environmental impact, performance, and 
reliability. Alternate cases include repowering with gas turbine cycles or fluidized 
bed boilers. 

SOFIA TPH STATION 

At the Sofia station, the Base Case, S1, involves the retirement of steam boiler 
No. 1 and the shut down and mothballing of steam boiler 2 and hot water boilers 
No.1 and No.2. The remaining boilers as well as turbines 4, 5, 6, and 8, are to be 
upgraded and rehabilitated. In this Case, safety related items have been 
addressed, reliability will be greatly improved, and environmental emissions will be 
abated. Some minor improvement in plant efficiency will be realized through the 
upgrades; however, the electrical power generating capability will basically remain 
unchanged. 

Gilbert/Commonwealth International, Inc. 
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The Alternate Case S2 introduces a gas turbine and heat recovery steam 
generator (HRSG) to displace boiler No.4 in a repowering configuration. The new 
equipment configuration will add about 74 MWe to the station's electric power 
generating capacity and will somewhat improve overall station efficiency. 
Cogeneration of hot water through steam turbine extraction or exhaust will not 
increase over the Base Case S2, since no new steam turbine capacity is added. 
Safety, reliability, and environmental emissions are all expected to improve to a 
degree similar to the Base Case; only one of the 10 Base Case operating boilers 
(steam and hot water) will be replaced with the new equipment configuration. The 
present worth of Case S2 is not significantly different than the present worth of the 
Base Case, considering the uncertainty associated with some of the input data 
used for the analysis. However, initial capital expenditure for Case S2 will be 
substantially higher than for Base Case S1, considering the major new equipment 
which will be purchased for this configuration. Given that the present worth of 
Cases S1 and S2 are similar, Base Case S1 would appear more attractive 
because on its lower initial capital requirements. However, if demand for 
electricity increased, or if fuel prices rose to favor more efficient cycles, Case S2 
might become the preferred alternative. 

Alternate Case S3 includes the gas turbine and HRSG and also adds a steam 
turbine to create a combined cycle repowering. In this Case, all steam boilers 
remain as in Base Case S1, but an additional hot water boiler would be removed 
from service and, displaced by a hot water heat exchanger served by extraction 
from the new steam turbine. 

Electrical power production from the new equipment would add approximately 
108 MWe to the station capacity. Plant efficiency will improve over Cases S1 and 
S2 and cogeneration will increase about 16% over the Base Case S1. Safety, 
reliability, and environmental emissions will all improve to a similar degree as the 
other two cases; no existing steam boilers and only one hot water boiler would be 
replaced. The present worth of Case S3 is not significantly different from that of 
the other two cases; however, initial capital requirements would be greater than 
both Base Case S1 and Alternate Case S2 as a result of the significant new 
equipment additions. Because of the higher initial capital cost, Alternate Case S3 
ranks behind both Base Case S1 and Alternate Case S2. Again, anticipated 
increases in electric demand or significant changes in fuel cost might favor the 
more efficient Alternate Case S3 case with its 108 MWe power contribution. 

R4.1.2 TRA.lCO KOSTOV TPH STATION 

For the Base Case K1, all existing steam boilers (Nos. 1-7), hot water boilers 
(Nos. 1-8), and steam turbines (Nos. 1-5) would be kept in service and 
rehabilitated to address safety, reliability, and environmental issues. Upgrade and 
restoration of the major components will provide some minor efficiency 
improvement but electrical generating capacity will remain unchanged. 

The Alternate Case K2 includes the addition of a gas turbine combined cycle 
system similar to that presented for Alternate Case S3. One hot water boiler 
would be displaced by the new system. Safety, reliability, and environmental 
impact would be improved similar to Base Case K1 while a significant 
improvement in station efficiency and an increase in electric power capacity of 
108 MWe would be realized. The present worth of Alternate Case K2 is 
comparable to that of Base Case K1, considering the uncertainties in input 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY REPORT SUMMARY 

information. Capital investment for Alternate Case K2 would be far greater than 
for Base Case K1, however, favoring the implementation of Base Case K1. As 
was discussed for the options at Sofia station, the higher capital required for 
implementation of the Alternate Case K2 might be preferred if anticipated fuel 
prices or electrical demand rise significantly. 

R4.1.3 REPUBLIKA TPH STATION 

The Base Case for the Republika Station includes the rehabilitation of steam 
boilers Nos. 1-5 and steam turbines 4, 5, and 6. The uncompleted boiler at this 
station would remain out of service for this Case. Safety, reliability, and 
enVironmental impact would all be greatly improved while only a minor 
improvement in station efficiency is expected. Electric power generating capacity 
would not be increased. 

The Alternate Case examined for the Republika station, P3, entails the 
replacement of two of the existing coal fired boilers with two atmospheric fluidized 
bed combustion (AFBC) boilers. In addition, the sixth steam boiler would be 
completed and would replace thermal (steam) Boiler No.3 which is old and 
requires considerable rehabilitation. Furthermore, a new steam turbine would be 
installed, displacing the need for turbine number 4. Since a substantial percentage 
of the existing equipment would be retired and replaced with new equipment, the 
safety, reliability, and environmental improvements are expected to exceed those 
of Base Case P1. Station efficiency would noticeably improve compared to Base 
Case P1, and electrical generation capacity would improve by about 10 MWe. 
While the tangible parameters yield a present worth which would fall between 
Base Case P1 and Alternate Case P3, the lower capital associated with Base 
Case P1 will, again, favor this option. If some of the less tangible issues of safety, 
reliability, and environmental impact are stressed and/or if electrical demand and 
fuel prices increase, the alternate Case P3 might prove the most prudent 
approach. 

R4.1.4 LIULIN AND ZEMLIANE TPH STATIONS 

These stations currently produce exclusively hot water via five hot water boilers. 
The Base Case, L 1, is simply rehabilitation of the existing units to meet the 
fundamental safety, reliability, and environmental objectives. The Alternate Case, 
L2, involves the incorporation of the gas turbine combined cycle discussed for the 
Sofia and Trajco Kostov plants. For this Alternate Case, one hot water boiler 
would be displaced. The combined cycle would add 108 MWe of electrical 
generating capacity to the station and would somewhat improve its overall 
efficiency. Also, the combined cycle addition would enable the plant to be self 
sufficient in supporting its steam and electrical power requirements. However, 
these benefits would be realized through considerable initial capitals expenditures, 
especially considering that there are no facilities at the plant, presently, for 
transmitting the electrical power. With present worth for these two cases being 
again, quite close, the additional capital outage required to pursue the alternate 
case for Liulin and Zemliane Stations would only be justified if there were 
anticipated increase in electrical demand. 

Gilbert/Commonwealth International, Inc. 
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R4.2 

R4.3 

TRANSMISSION SYSTEM 

The analysis of the hot water transmission and distribution system included an 
engineering assessment of the existing heat losses in the Sofia network, a 
comparison of the calculated heat losses with losses reported by DHCS, and an 
assessment of the potential heat savings that could be realized by total piping 
replacement with modern pipe designed for hot water heating application. 

Much of the data used in performing the calculations was supplied by the DHCS. 
Additional data required to perform the analyses was obtained from recognized 
sources. 

Agreement between calculated heat losses in the existing network and losses 
reported by the DHCS was very good, thus validating the LOTUS 1-2-3 heat loss 
model of the network. When the heat loss analysis was performed assuming 
installation of new, efficient insulated piping designed for District Heating 
application, the results indicate that the heat losses through the pipe wall could 
potentially be reduced by as much as 51 %. In addition, modern pipe can be 
purchased with a sophisticated leakage detection capability which could 
dramatically reduce losses by leakage assuming repairs are performed in a timely 
manner upon detection. 

In conclusion, assuming leakage losses could be virtually eliminated and by 
reducing heat losses through the pipe wall by approximately 51%, the total system 
losses could potentially reduced from approximately 20.6% to 6.8% of the hot 
water produced. 

INSTRUMENTATION SYSTEM 

In each District the addition of the instrumentation and equipment to each 
substation will improve the overall hotwater control within the substation, and 
provide the data required for manually loading into the computer information and 
monitoring system. This system once installed will provide the ability to bill 
monthly each substation/user and industrial plants, and provide information for 
hotwater system maintenance. 

Manual information loading of the computer system can be automated by inputting 
each substation and industrial user data via assigned RTU's feeding onto a 
fiber-optic data highway connected to the computer system. This fiber optic data 
highway can be stand alone or a leased arrangement using the telephone and TV 
fiber optic cable. 

RS FINAL RECOMMENDATIONS, CONCLUSIONS 

RS.1 POWER PRODUCTION STATIONS 

The economic analysis has demonstrated that for a given power station, the 
present worths of all of the various cases analyzed are fairly close. They are all 
within the margin of accuracy which is expected from this level of analysis. It is 
therefore recommended to pursue the options which present the least capital cost 
at each station, since the availability of capital is a very important issue to 
Bulgaria. 

Gilbert/Commonwealth International, Inc. 
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RS.2 

The Case 1 option represents the lowest capital expenditures for each of the 
power stations studied, with the exception of Republika station. This option 
includes the rehabilitation and upgrade of existing boilers and steam turbines as 
well as the retirement of some of the oldest, least efficient boilers. The Case 1 
option minimizes initial capital outlay by rehabilitating and upgrading safety, 
environmental impact, and immediate reliability related items first, while deferring 
items related to improvement in efficiency, long term reliability, and capacity 
improvements. Further reduction of initial capital can be achieved if equipment 
targeted for replacement by potential future cogeneration/combined cycle plant 
upgrades (i.e. Cases 2 and 3) is rehabilitated. This rehabilitation is only to the 
degree necessary to satisfy immediate safety and environmental requirements and 
reliability concerns; regular monitoring of this targeted equipment should be 
instituted until retirement to avoid catastrophic equipment failure. 

For Republika Station, the Case P3 option to repower with fluidized bed boilers is 
recommended based on the present worth analysis. This option demonstrated a 
higher present worth than the base case of existing equipment rehabilitation 
because of the severely deteriorated condition of much of the plant equipment and 
the need to add flue gas clean up equipment to meet environmental goals. 

TRANSMISSION SYSTEM 

• The economic analysis of piping system rehabilitation treated: (1) the losses 
of the entire system; and (2) an extensive pipe replacement program to offset 
these losses. 

• The economic analysis shows that implementation of the entire replacement 
program is not cost-effective. However, the reality of the loss characteristics 
is that high losses are generally concentrated in a smaller fraction of piping 
which are insulated by the foam concrete. Additionally, this piping is also the 
oldest in the system. Accordingly, replacement of this category of piping will 
bring the fastest return on investment. 

• The piping section with extremely high losses and frequency of failure (due to 
verity of causes) will also have high return on investment. 

• As these sections with the high losses and frequency of failure are replaced, 
diminishing returns will be realized for.each successive replacement section. 
It is prudent to consider a cost-effective program of the remaining pipe 
replacement. This replacement program should be greater than the current 
maintenance program (emergency replacement rate), but less than the 
extensive program of replacement considered, as preliminary indicated in this 
report in Section 3, Engineering and Economic Analysis, and Section 7, 
Capital Cost Estimate. 

• As piping is replaced, an option is available wherein the new section will 
feature instrumentation, permitting which will allow losses to be closely 
monitored, thus improving the ability of the maintenance crews to keep the 
system integrity at high level. 

• Introduction of variable speed control pumps for pumping station and an 
improved system flow control (reduced flow rate) that will beUer reflect 

GilberUCommonwealth International, Inc. 
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R5.3 

R6 

requirements of the real system peak load will further reduce power to run the 
piping stations. 

INSTRUMENTATION SYSTEM 

The economics of upgrading all the substations and installing the computer-based 
information and monitoring system, including the fiber optic data highway, in all 
five Districts at the same time is capital intensive, and therefore, not feasible. 

However, it is feasible to do the upgrades and equipment installation in stages as 
capital becomes available to each Heating District, with total program being done 
over a period of time not to exceed five years per District. 

Also entering into an agreement with the local TVA and telephone companies to 
lease their fiber optic highway for data transmission to each District's Computer 
System would reduce their capital cost considerably. Since this would be basically 
the last investment stage of the total project, capital costs may be reduced even 
further because of rapidly changing technology in this area. 

Summarized information of each report section and is intended for the decision 
maker to review. These section summaries are included in the following pages. 

SECTION SUMMARIES 

Section summaries of the report is shown in the following section of this document. 

Gilbert/Commonwealth International, Inc. 
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SECTION 1 SUMMARY 

Existing Plant Facilities 
Descriptions 

INTRODUCTION 

Section 1 contains a detailed description and evolution of the district heating plant 
facilities of Pernik and Sofia. This description introduces the reader to the 
configuration of each plant located in Pernik, TPS 'Republika' and TPS 'Pernik' as 
well as those in Sofia, TPS 'Sofia', TPS 'Trajco Kostov', and heat stations 
Zemliane and Luilin. In addition, the transmission and distribution piping system is 
described in detail. System descriptions of each major plant component, e.g. 
turbine-generators, steam and hot-water boilers, transformers, switchgear and 
balance of electrical distribution system follow. Components which require prompt 
attention, or those that have ceased to function efficiently are noted along with 
recommended remedial action. A discussion of fuel is then introduced, including 
type, characteristics, source, calorific value, handling and specific problems with 
recommended remedial action. 

GOALS AND OB.JECTIVES 

To provide the reader with a summary description of the major plant systems for 
the production of heat and process steam in the cities of Sofia and Pernik. 

SCOPE DEFINITION 

The scope of this section includes summaries of the following plants and major 
systems/components: 

• Pernik System (TPS 'Republika', TPS Pernik) 
1. plant system description and evolution; major plant apparatus 
2. fuel and fuel storage/distribution 
3. operation and maintenance 
4. emissions 
5. electrical systems 
6. system protection and control 
7 transmission and distribution (piping) 

Gilbert/Commonwealth International, Inc. 
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• Sofia System 
1. plant system description and evolution 

a) Sofia 
b) Sofia-East 
c) Zemliane 
d) Luilin 

2. fuels 
3. regulations 
4. economics and technical analysis 

• Energy Policy 

• Conclusions 

SECTION ORGANIZATION 

This section is generally organized by region, that is it begins with a description of 
plant systems in the city of Pernik and proceeds with the city of Sofia as outlined 
above. 

METHODOLOGY DESCRIPTION 

Prior to any rigorous evaluation of existing plant systems and recommendations 
for options, it was necessary to establish a base line condition of the plant systems 
in Pernik and Sofia, as well as their respective T&D (piping) networks. 

Gilbert/Commonwealth International (GC II) in association with Babcock & Wilcox 
(B&W) and other Bulgarian associates conducted plant inspections, interviewed 
key plant personnel, and reviewed releyant plant records, e.g. drawings, 
maintenance records, etc. This information served as a basis for the detailed 
discussion and data presented in this section. From this basis our engineering 
team was able to explore options for the rehabilitations and repowering of each 
plant system. 

PRESENTATION AND DISCUSSION OF RESULTS 

The material presented and discussed in this section of the report is outlined 
above under, "Scope Definition", and follows the order of each plant: 

1. Pernik Plants and T&D Systems 
a) TPS 'Republika' 
b) TPS 'Pernik' 

2. Sofia Plants and T&D Systems 
a) Sofia 
b) Sofia East 
c) Zemliane 
d) Luilin 

Gilbert/Commonwealth International, Inc. 
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SECTION 2 SUMMARY 

Assessment of Plant Facilities 

INTRODUCTION 

This section describes the methodology and procedures used by the GC II team 
for: (1) evaluating Sofia and Pernik District Heating Systems power generation 
equipment; (2) discussing and assessing current system equipment condition; and 
(3) indicating action required to bring the analyzed equipment safety and 
performance to Western standards. 

The equipment condition assessment is based on an EPRI methodology and 
proprietary B&W procedures applicable for similar plant types and sizes. The 
methodology is an industry tested procedure wherein progressively more rigorous 
inspection, testing, and evaluations are undertaken only if the component or 
system in question fails to demonstrate the desired remaining life or reasonable 
efficiencies at the simpler level of evaluation. 

OB.JECTIVE 

The objective of this section was to gather sufficient raw data, knowledge and 
understanding of each plant and the overall heat distribution system 10 perform the 
following: 

• Identify chronic and major plant problems. 

• Prioritize each area on a time line based on the Committee of Energy's 
present and future needs. 

• Develop a comprehensive plan to correct these problems. 

• Integrate the plan with the needs of the entire system, financial analysis 
and final implementation plan. 

Performing this type of review allows owner to determine the condition of plant 
equipment and infrastructure at each of the plants in order to make decisions 
regarding component and system rehabilitation. 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY ASSESSMENT OF PLANT FACILITIES 

SCOPE DEFINITION 

The scope of this task was directly influenced with the GC II decision to use EPRI 
methodology on the project and included the following: 

• Design, operation and maintenance data gathering for boiler island, 
turbine island and major balance of plant equipment at each generating 
power station in Sofia and Pernik city systems 

• Major equipment data analysis and condition assessment 

• Preparation of equipment (plants) life extension plans 

The evaluation used in the study can be described as EPRI Level 1 assessment 
with some elements of Level 2 assessment. For this evaluation only design or 
overall service parameters need to be examined to ascertain if, on the basis of 
the most conservative considerations, the component or system has residual life 
greater than the anticipated extended service period. 

EVALUATED SYSTEM 

Major systems evaluated in this study were the Boiler Island and auxiliaries and 
Turbine Island. The evaluation of the island was based on the equipment 
component level condition. That means that the equipment was broken down to 
its integral parts and condition of the whole was contingent on the component 
assessments. 

The evaluation of the boilers included: 

• heat transfer surfaces 

• casing and insulation 

• civil structures 

• flues and ducts 

• burners 

• fans 

• air heaters 

• precipitators 

• fuel prep and burner systems 

• instrumentation and controls 

• steam piping 

• feedwater treatment 

The equipment was evaluated through design and operation data sheets, and later 
confirmed by an walkdown inspection. Some equipment was inspected internally 
from man way doors, but. in general. an external walk through was conducted. 

The areas of the steam turbine that were evaluated and targeted for inspection 
included: 

• rotors 

• blades 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY ASSESSMENT OF PLANT FACILITIES 

• casing 

• insulation 

In only one instance was the turbine actually open for inspection and one instance 
the turbine rotor was actually removed from the housing for inspection only 
because the turbine had undergone an overspeed condition and the blades were 
physically damaged. 

DATA FOR ANALYSIS 

The majority of study input data were collected and processed by the Bulgarian 
engineers and specialists. This data included equipment drawings, technical 
specifications, equipment data sheets, technical data, operations and maintenance 
logs and reports, and economic and financial information. 

LIMITATIONS AND ASSUMPTIONS 

As the description of Level 1 assessment implies, the evaluation is greatly 
dependent upon the historical operating data test records and maintenance 
records of the plant. Since information was not always complete, assumptions 
were made and engineering judgment was used when necessary, based upon 
B&Wexperience. 

In some instances, assumptions may have been made which impact certain 
conclusions Specific assumptions or clarifications relative to the data are placed in 
front of the applicable data or evaluation tables. 

In performing the analysis, the GC II team assumed that units will be operated for 
the next 15 years (financial forecast period) at an average availability of 85%. 
This equates to approximately 110,000 hours of additional operating time. 
Therefore, all projects used a window of 110,000 hours as the minimum time line. 

. MODEL DESCRIPTION 

As indicated in Subsection 2.1, of the report, the analytical model is based on 
EPRI methodology and procedures for fossil power plant equipment assessment. 
The model is based on a equipment component level evaluation. 

To expedite an evaluation process and allow for objective analysis, the GCII team 
used a computer program specially developed for such analysis. The program 
utilizes a series of weighted factors and engineering judgment to evaluate the 
components priority, upgradibility, and disposition. 

The life-extension decisions used in this model are based on two major parameter 
groups: (1) component priority group; and (2) unit upgradibility group. In reality 
these two parameter groups are represented by a series of exhibits that define 
further actions on equipment and determine whether equipment could be repaired 
or should be retired. The component "priority group" determines the order of 
priority for equipment replacemenVupgrade, while unit "upgradibility group" 
determines whether equipment is a candidate for replacement, rehabilitation, or 
repair. 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY ASSESSMENT OF PLANT FACILITIES 

Following development of these two sets of exhibits, "Preliminary Disposition" 
exhibits are developed that represent synthesized equipment rehabilitation 
program. 

PERFORMED WORK AND RESULTS 

The evaluation in this study includes a Level 1 analysis using Bulgarian supplied 
data; in some cases a Level 2 analysis was performed to the extent that actual 
on-site visual inspections could be made of the equipment. The step-by-step 
procedure used to perform these Level 1 and Level 2 evaluations involved the use 
of in-country engineering personnel to gather data, review of the data by Babcock 
& Wilcox, and an on-site inspection. Next the data was input into an analysis 
software which combined all the important factors of the methodology. Once a 
priority listing of the problem areas was determined, the life extension plan time 
line was developed with projects to correct the problems that were found. The 
procedure used is as follows: 

• Step 1: Data Gathering 

Data was gathered by the District Heating plant personnel, Bulgarian 
consultants, and Committee of Energy personnel. This data included 
equipment drawings, technical speCifications, equipment data sheets, 
technical data, operations and maintenance logs and reports, and 
economic and financial information. 

• Step 2: Problem Identification 

A review of gathered data was done both prior to and after the on-site 
inspections. In this process, the identification of major or chronic problem 
areas were noted. 

• Step 3: On-site Inspection 

An on-site inspection was performed at each plant to review the present 
physical condition of boilers, turbines, and balance of plant systems. This 
inspection was performed to establish a basis for the plants present 
condition. On-site inspections allowed review of areas in which major 
problems had been noted. During the on-site inspections, interviews were 
held with plant personnel. These interviews provided insight into 
information that had not been reported in step 1. Many times personnel 
interviews are more valuable than the documented data that can be found. 
The data gathering information and on-site inspection data were then 
compiled into summaries of historical and phYSical data to be used in the 
next step of the evaluation 

• Step 4: Data Analysis and Results 

Following the data gathering, and verification, the collected data were 
used for development of the component "priority groups", unit 
"upgradibility groups' and finally "preliminary disposition groups". 

Exhibit 52-1 presents summary results of the plant equipment condition 
assessment effort and lists necessary replacement required to bring the plants 
to a safer operation and higher efficiency. 

Gilbert/Commonwealth International, Inc. 
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[ll'IERMAl80lLERS 

fATlON, UNI WI:. 

isOFIA 1,2,3 TH 

isOFIA 04,5,6 TH 

isOFIA 7,8 TH 

SOFIA 9 TH 

Exhibit S2-1 

Summary of Recommendations for 

Major Equipment Rehabilitation and Upgrade 

I"'ROJI:.l,; NAMI:. . EFF GAIN 1%) ACTION 

BURNERS 0-0.25 REPLACE NOW 
BURNER MGMT 0 REPLACE NOW 
COMB. CONTROLS 0 REPLACE NOW 
FD FAN OPTION 0 REPLACE 5 YEARS 
DUCT WORK FOR BURNERS 0 REPLACE NOW 
SOOTBLOWERS 0-0.10 REPLACE 5 YEARS 

WATERWALLS 0.1-0.25 REPLACE 5 YEARS 
BURNERS 0-0.25 REPLACE NOW 
BURNERMGMT 0 REPLACE NOW 
COMB. CONTROLS 0 REPLACE NOW 
SUPERHEATER 0 REPLACE NOW 
SOOTBLOWERS 0-0.10 REPLACE 5-10 YEARS 
MAINSTEAM LINE 0 REPLACE NOW I 

AIRHEATER RETUBE 0 REPLACE 5-10 YEARS 

WATERWALLS 0.1-0.25 REPLACE 5 YEARS 
BURNERS 0-0.25 REPLACE NOW 
BURNERMGMT 0 REPLACE NOW 
COMB CONTROLS 0 REPLACE NOW 
SOOTBLOWERS 0-0.10 REPLACE 5-10 YEARS 
AIR HEATER RETUBE 0 REPLACE 5-10 YEARS 

BURNERS 0-0.25 REPLACE 10 YEARS 

NI:CI:SSI 

NECESSITY 
NECESSITY 
NECESSITY 
ENHANCEMENT 
NECESSITY 
ENHANCEMENT 

ENHANCEMENT 
NECESSITY 
NECESSITY 
NECESSITY 
NECESSITY 
ENHANCEMENT 
NECESSITY 
ENHANCEMENT 

ENHANCEMENT 
NECESSITY 
NECESSITY 
NECESSITY 
ENHANCEMENT 
ENHANCEMENT 

NECESSITY 

FOR ALL UNITS AT PLANT THE COST IS 53960.0 CONTROLS" 5525 0 INSTALLATION 
AND START UP. SINCE THIS IS PROPOSED FOR TOTAL PLANT IT SHOULD BE DONE 
AT THE SAME TIME (NOW). 

~URNERS LISTED ARE OIUGAS COMBINATION LOW NOX DESIGN 

HERMAl BOILERS 

IAtlUN, UNI (1-'1:: I-'RUJI::L NAMI:: 1:.1+ GAIN AC liON NECESSI 

REPUBLIKA 1-4 TH ECONOMIZER 0 REPLACE NOW NECESSITY 
SUPERHEATER 0 REPLACE NOW NECESSITY 
WATERWALLS 0.1-0.25 REPLACE WITHIN 5 YEARS ENHANCEMENT 
PULVERIZERS & FANS 0 REPLACE NOW NECESSITY 
CONTROLS 0 REPLACE NOW NECESSITY 
SH HEADER OPTION 0 REPLACE NOW NECESSITY 
PRECIPITATORS 0 REPLACE IN 5-10 YEARS ENHANCEMENT 
BURNERS & FANS 0 REPLACE WITHIN 5 YEARS NECESSITY 
BACK END CLEANUP OPTIONS 
SNRB 1.0-20 ONE OF THESE OPTIONS NOW NECESSITY 
DRY SCRUB 0 ONE OF THESE OPTIONS NOW NECESSITY 
WET SCRUB 0 ONE OF THESE OPTIONS NOW NECESSITY 
ESP SOX 0 ONE OF THESE OPTIONS NOW NECESSITY 
SCR 0 ONE OF THESE OPTIONS NOW NECESSITY 

~EPUBLIKA 5 TH ECONOMIZER 0 REPLACE NOW NECESSITY 
SUPERHEATER 0 REPLACE NOW NECESSITY 
WATERWALLS 0.1-0.25 REPLACE WITHIN 5 YEARS ENHANCEMENT 
PULVERIZERS & FANS 0 REPLACE NOW NECESSITY 
CONTROLS 0 REPLACE NOW NECESSITY 
SH HEADER OPTION 0 REPLACE NOW NECESSITY 
PRECIPITATORS 0 REPLACE IN 5-10 YEARS ENHANCEMENT 
BURNERS & FANS 0 REPLACE WITHIN 5 YEARS NECESSITY 
BACK END CLEANUP OPTIONS 
SNRB 1.0-2.0 ONE OF THESE OPTIONS NOW NECESSITY 
DRY SCRUB 0 ONE OF THESE OPTIONS NOW NECESSITY 
WET SCRUB 0 ONE OF THESE OPTIONS NOW NECESSITY 
ESP SOX 0 ONE OF THESE OPTIONS NOW NECESSITY 
SCR 0 ONE OF THESE OPTIONS NOW NECESSITY 

FOR ALL UNITS AT PLANT THE COST IS $7122.0 CONTROLS" 5815 0 INSTALLATION 
AND START UP. SINCE THIS IS PROPOSED FOR TOTAL PLANT IT SHOULD BE DONE 
AT THE SAME TIME (WITHIN THE NEXT 5 YEARS). 

~URNERS LISTED ARE COAL LOW NOX DESIGN 

Gilbert/Commonwealth International, Inc. 
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Exhibit S2-1 (Cont'd) 

Summary of Recommendations for 

Major Equipment Rehabilitation and Upgrade 

~T WATER BOILERS 

r~!!9N, UNI] WI: t'I'<C JI:C NAMI:. I:.~~. I.;iAIN A<..IIUN 

SOFIA 1-6 HW SOOTBLOWERS 0-0.10 REPLACE IN 5 YEARS 
WATERWALLS 0.1-0.25 REPLACE IN 5-10 YEARS 
BURNERS 0-0.20 REPLACE WITHIN 5 YEARS 
BURNER CONTROLS 0 REPLACE WITHIN 5 YEARS 

zEMLlANE 1-5 HW SOOTBLOWERS 0-0.10 REPLACE IN 5 YEARS 
WATERWALLS 0.1-0.25 REPLACE IN 5-10 YEARS 
BURNERS 0-0.20 REPLACE WITHIN 5 YEARS 
BURNER CONTROLS 0 REPLACE WITHIN 5 YEARS 

ULlNl-4 HW SOOTBLOWERS 0-0.10 REPLACE IN 5 YEARS 
WATERWALLS 0.1-0.25 REPLACE IN 5-10 YEARS 
BURNERS 0-0.20 REPLACE WITHIN 5 YEARS 
BURNER CONTROLS 0 REPLACE WITHIN 5 YEARS 

ULIN 5 HW SOOTBLOWERS 0-0.10 REPLACE IN 5 YEARS 
BURNERS 0-0.20 REPLACE WITHIN 10 YEARS 
BURNER CONTROLS 0 REPLACE WITHIN 10 YEARS 

FOR ALL UNITS AT PLANT THE COST IS $~6 CONTROLS + $3900 INSTALLATION 
AND START UP. SINCE THIS IS PROPOSED FOR TOTAL PLANT IT SHOULD BE DONE 
AT THE SAME TIME (NOW) . 

.. FOR ALL UNITS AT PLANT THE COST IS $2868.0 CONTROLS + $325.0 INSTALLATION 
AND START UP. SINCE THIS IS PROPOSED FOR TOTAL PLANT IT SHOULD BE DONE 
AT THE SAME TIME (NOW). 

- FOR ALL UNITS AT PLANT THE COST IS $2868.0 CONTROLS + $3250 INSTALLATION 
AND START UP. SINCE THIS IS PROPOSED FOR TOTAL PLANT IT SHOULD BE DONE 
AT THE SAME TIME (NOW). 

IBURNERS LISTED ARE OIUGAS COMBINATION LOW NOX DESIGN 

HER MAL AND HOT WATER BOILERS 

RAJOC 1-4 TH BURNERS 0-0.25 REPLACE WITHIN 10 YEARS 
BURNER MGM'T 0 REPLACE WITHIN 5 YEARS 
COMBUSTION CONmOL 0 REPLACE WITHIN 5 YEARS 
FDFAN 0 REPLACE WITHIN 10 YEARS 
DUCTS 0 REPLACE WITHIN 10 YEARS 
SOOTBLOWERS 0-0.10 REPLACE WITHIN 10 YEARS 
MAINSTEAM LINE 0 REPLACE WITHIN 10 YEARS 

OC 5-7 TH BURNERS 0-0.25 REPLACE NOW 
BURNER MGM'T 0 REPLACE NOW 
COMBUSTION CONTROL 0 REPLACE NOW 

RAJOC 1-8 HW SOOTBLOWERS 0-0.10 REPLACE WITHIN 5 YEARS 
WATERWALLS 0.1-0.25 REPLACE WITHIN 5 YEARS 
BURNERS 0-0.20 REPLACE WITHIN 5 YEARS 
BURNER CONTROLS 0 REPLACE WITHIN 5 YEARS 

FOR ALL UNITS AT PLANT THE COST IS $8604.0 CONTROLS + $975.0 INSTALLATION 
AND START UP. SINCE THIS IS PROPOSED FOR TOTAL PLANT IT SHOULD BE DONE 
AT THE SAME TIME (WITHIN THE NEXT 5 YEARS). 

URNERS LISTED ARE OIUGAS COMBINATION LOW NOX DESIGN. 

Gilbert/Commonwealth International, Inc. 
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!STEAM TURBINES 

IAIIUN, UNII 

iSOFIA 1,2,3 

~OFIA4,S 

~OFIA6 

~OFIA 7 

tsOFIA8 

imAJOC 1,2 

imAJOC3 

imAJOC4 

imAJoc S 

~EPUB 1,2,3 

~EPUB4 

~EPUB S 

~EPUB6 

Exhibit 52-1 (Cont'd) 

Summary of Recommendations for 

Major Equipment Rehabilitation and Upgrade 

::iILt: I"KJJt:l. NAMt: t:~~. (.;AIN AlllUN Nt:(.;t:SSI 

12.S MW REPLACEMENT 3.32 REPLACE NOW IF MW REQUIRED 

25MW REPLACEMENT 3.32 REPLACE NOW IF MW REQUIRED 

SOMW HP CYLINDER REPLACEMENT 3.0 UPGRADE IN 2 YEARS 

UNK. NEVER USED 0.0 NONE 

25MW GENERAL MAIN'T OVERHAUL 1.18 REQUIRED IN 2 YEARS 

30MW GENERAL MAIN'T OVERHAUL 1.26 REQUIRED IN 3 YEARS 

30MW GENERAL MAIN'T OVERHAUL 1.26 REQUIRED NOW 

30MW GENERAL MAIN'T OVERHAUL 1,26 REQUIRED IN 3 YEARS 

60MW GENERAL MAIN'T OVERHAUL 1.18 REQUIRED IN 5 YEARS 

2SMW REPLACEMENT 3.32 REPLACE NOW IF MW REQUIRED 

2SMW REPLACEMENT 3.17 REPLACE NOW IF MW REQUIRED 

55MW GENERAL MAIN'T OVERHAUL 1.32 REQUIRED IN S YEARS 

25MW GENERAL MAIN'T OVERHAUL 102 REQUIRED IN 5 YEARS 

• ALL COSTS ARE IN OOO'S OF U S DOLLARS 
APPROXIMATE COST TO REPLACE SO MW TIG SET IS S8.SM· S7 OM DOLLARS 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY BASES FOR ENGINEERING AND ECONOMIC ANALYSIS 

SECTION 3 SUMMARY 

Bases for Engineering and 
Economic Analysis 

INTRODUCTION 

The basis for engineering and economic analysis was developed in this section for 
the purpose of providing the Sofia and Pernik District Heatings systems sufficient 
information to make equipment selection, set unit sizes, and prepare cost 
estimates for future project energy demands. Also indicated are potential methods 
of emissions control in order to bring the City of Sofia and Pernik district heat 
systems in to compliance with the emissions regulations issued by the Ministry of 
Environment. 

OB.JECTIVE 

The objective was to establish and evaluate for each District Heating Company the 
basis for the size and characteristics of heat/electrical production units which are 
considered as options. Also, a secondary purpose was the "decision making" that 
was used to establish these values and how this study could be refined to meet 
future project implementation. 

SCOPE DEFINITION 

To develop a sound basis for engineering and economic analYSiS, the following 
areas were studied: 

• peak demand requirements 

• associated margins for heat and steam 

• month by month profiles 

METHODOLOGY 

The peak demand requirements, and associated margins for heat and steam were 
established to facilitate selection of major equipment. The month by month 
load profiles through a typical year were presented for heat and steam. The 

GilberVCommonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY BASES FOR ENGINEERING AND ECONOMIC ANALYSIS 

load profiles were used directly in the economic analysis to simulate dispatch of 
operating units through the study period and calculate associated fuel and other 
operating costs. 

The plant peak load and development load projection was developed to enable 
planning future new generation capabilities to meet system demands. Existing 
records showing heat production, heat losses, were used to arrive at plant peak 
loads for future growth and for system improvements. 

Load duration curves were required to capture typical fuel requirements and 
operating costs, and therefore provide the most accurate comparison between 
alternatives. Daily, weekly, and monthly load duration curves, if available, 
provided the best representation of real plant operating characteristics so that the 
most accurate annual operating costs could be calculated. 

Since historical data for all systems were provided only on a daily basis, it was not 
possible to represent demand levels other than as daily (24 hour) averages. 
However, given the relatively long reaction time of hot water loads, this was 
considered reasonable for purposes of this analysis. . 

RESULTS 

Exhibit S3-1 shows load duration curve profiles for hot water utilized during the 
study period. 

Gilbert/Commonwealth International, Inc. 
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Exhibit 53-1 

Load Duration Curves - Sofia 
Hot Water 

(April, 1992 - September, 1992) 
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Exhibit 53-1 (Cont'd) 

Load Duration Curves - Sofia 
Hot Water 

(October, 1992 - March, 1993) 
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DISTRICT HEATING FEASIBILITY STUDY ENGINEERING ANALYSIS - SUPPLY SIDE 

SECTION 4 SUMMARY 

Engineering Analysis • Supply Side 

INTRODUCTION 

Five thermal power heating (TPH) plants produce hot water for the Sofia and 
Pernik District Heating System; three of these plants also have cogeneration 
cycles where electricity is produced. These plants are not currently running 
reliably, safety, or efficiently. Equipment refurbishment, upgrade, or replacement 
is needed to improve the operation and performance of these plants, as discussed 
in Section 2.0 of this study. In addition, options to repower portions of these plants 
can be investigated as a means to improve operation, performance, and 
efficiency, as well as increase thermal and electrical power output. 

OB.JECTIVE 

It is desired to identify various options for rehabilitating and/or repowering at each 
plant and identify the options which provide fundamental improvements in safety, 
reliability, environmental impact, and performance while also providing the best 
improvement in station efficiency and power production for the least capital 
expenditure. 

SCOPE DEFINITION 

The scope of this section will begin with the identification of available technologies 
and the screening of those technologies based on criteria agreed upon by Bulgaria 
and the GC II team. For the surviving technologies, equipment will be identified, 
sized, and configurations will be developed. The performance and efficiency of 
the resultant configurations will then be developed. Benefits of each case 
analyzed will then be summarized and used as input to the economic analysis to 
be presented in Section 8.0 of this study. 
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DISTRICT HEATING FEASIBILITY STUDY ENGINEERING ANALYSIS - SUPPLY SIDE 

METHODOLOGY 

The evaluation of alternatives for repowering the supply side systems is based on 
a structured and objective methodology which is used by U.S. utilities when they 
consider upgrade of their plants. This methodology consists of three phases: 

• Phase 1: Technology Survey 
• Phase 2: Technology Elimination 
• Phase 3: Technology Ranking 

Phase 1 list all technologies that potentially can be used for plant rehabilitation. 
Phase 2 eliminates technologies that do not fit acceptance criteria or can lead to 
unpredictable cost overruns. Phase 3 ranks the technologies remaining after the 
Phase 2 and retain several top ranking ones. 

SURVEYED AND ELIMINATED TECHNOLOGIES 

The technologies considered were: 

• Pulverized coal-fired boilers 

• Natural gas steam plants 

• Integrated gasification combined cycle (IGCC) 

• Atmospheric fluidized bed combustion (AFBC) 

• Pressurized fluidized bed combustion (AFBC) 

• Gas turbine combined cycle (GTCC) 

• Gas engine or gas turbine repowering 

• Cheng cycle 

• Waste incineration 

Following the elimination screening, the Cheng cycle, pressurized fluidized bed 
combustion, integrated gasification combined cycle, pulverized coal-fired boilers 
were eliminated from further analysis. The following technologies remained for 
the technology ranking phase: 

• Natural gas GIT combined cycle plant 

• Natural gas GIT repowering 

• Coal integrated gasification combined cycle plant 

• AFBC steam plant 

• Waste incineration plant 

The ranking method used in the study was based on a system of assigning pOints 
to a technology in each of several areas. These areas were themselves weighted 
using "weighting factors" based on its relative importance with values ranging from 
1 to 6. Factors included: 

• Commercial and development status 
• Technical considerations 

• licenSing and lead time risks 

• Environmental risks 

• Cost uncertainty 

• Capital costs 
• Variable operating costs 

Gilbert/Commonwealth International, Inc. 
S4-2 /"r, 

\.. ,,-
J/ 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DISTRICT HEATING FEASIBILITY STUDY ENGINEERING ANALYSIS - SUPPLY SIDE 

The status/characteristic of each candidate technology was then evaluated with a 
relative ranking within each major criterion, with values ranging between 5 and o. 
A relative ranking of 5 was awarded to the best technology ranking and 0 to the 
worst. The following were selected for further detailed investigation at each site: 

• Natural gas: 

• Natural gas: 

• Coal: 

RESULTS 

GIT combined cycle plant 

GIT repowering 

FBC steam plant 

(Highest ranked) 

(Second ranked) 

(Third ranked) 

A total of nine preferred technology cases were identified after the screening 
process. Three technology cases were evaluated for the Sofia plant and two 
cases for each of the Trajco Kostov, Republika, and Liulin plants. (Zemliane TPH 
station was not analyzed separately because it is a near-duplicate of the Liulin 
plant.) At all stations, preferred technology cases included rehabilitation of the 
existing equipment according to the recommendations of B&W in Section 2.0. In 
addition, repowering with gas turbines in a combined cycle arrangement (to 
displace one or more existing boilers) was identified as a preferred technology 
Sofia, Trajco Kostov, and Luilin stations. Repowering with an atmospheric 
fluidized bed combustor was a preferred case at the Republica plant. 
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DISTRICT HEATING FEASIBILITY STUDY 
ENGINEERING ANALYSIS - TRANSMISSION 

AND DISTRIBUTION SYSTEMS 

SECTION 5 SUMMARY 

Engineering Analysis • Transmission 
and Distribution Systems 

INTRODUCTION 

An engineering analysis was performed to estimate existing losses (both radiative 
and leakage) from the District Heating transmission and distribution network. In 
addition, the analysis includes an assessment of the potential for upgrading the 
system with modern, efficient piping expressly designed for hot water district 
heating application. 

OBJECTIVE 

High heat and leakage losses were reported in the Sofia TPS hot water distribution 
system. The purpose of the section was to analyze the system losses and 
examine the potential savings which could be realized by system modernization. 

SCOPE DEFINITION 

The scope of this section is defined by the following activities: 

• quantify through engineering calculations the existing losses from the Sofia 
TPS hot water transmission and distribution system 

• compare the calculated losses to reported losses in order to provide an 
accuracy assessment of the methodologies used 

• quantify through engineering calculations the effect of modernizing the system 
with efficient piping designed for District Heating application. 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY 

METHODOLOGY 

ENGINEERING ANALYSIS - TRANSMISSION 
AND DISTRIBUTION SYSTEMS 

The approach used in this engineering assessment consisted of the following three 
calculations: 

1. Overall network energy balance. 

2. Existing pipe heat loss calculation and comparison to reported losses. 

3. Modern pipe heat loss calculation and comparison to existing (calculated) 
losses. 

Much of the data (such as physical piping/insulation quantities, dimensions, 
properties, and installation methods; ambient conditions; quantities and 
temperatures of hot water produced, sold and madeup) used in performing the 
above calculations was supplied by the District Heating company of Sofia. 
Additional data required to perform the calculations were performed using 
LOTUS 1-2-3 spreadsheet technology and the classical relationships of 
thermodynamics and heat transfer. Results form the overall network energy 
balances (Le., typical monthly average hot water supply and return temperatures) 
were used as input to the piping heat loss calculations. 

Details of the above calculations are contained within Section 5.3.1 of this study. 

RESULTS 

Agreement between calculated heat losses in the existing network and losses 
reported by the DHCS was very good, thus validating the LOTUS 1-2-3 heat loss 
model of the network. When the heat loss analysis was performed assuming 
installation of new, efficient insulated piping designed for district heating 
application, the results indicate that the heat losses through the pipe wall could 
potentially be reduced by as much as 51 %. In addition, modern pipe can be 
purchased with a sophisticated leakage detection capability which could 
dramatically reduce losses by leakage assuming repairs are performed in a timely 
manner upon detection. 

In conclusion, assuming leakage losses could be virtually eliminated and by 
reducing heat losses through the pipe wall be approximately 51 %, the total system 
losses could potentially reduced from approximately 20.6% to 6.8% of the hot 
water produced. 
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DISTRICT HEATING FEASIBILITY STUDY 
ENGINEERING ANALYSIS -

. INSTRUMENTATION AND CONTROLS 

SECTION 6 SUMMARY 

Engineering Analysis • 
Instrumentation and Controls 

INTRODUCTION 

The Sofia and Pernik District Heating Systems provide hot water and steam to 
their commercial, industrial and domestic users. Based on an operating 
philosophy governed by a centrally planned economy, individual user costs were 
not optimized. Now based on a market economy, the four districts in Sofia and the 
one in Pernik must be able to measure and quantify the amount of steam and hot 
water being used with a cost applied to the total usage of each individual user, so 
as to offset each District Heating company's operating costs. 

OBJECTIVE 

The objective of this section was to provide each District Heating company with a 
monitoring system for steam/hot water so that the actual commercial, industrial or 
domestic user quantity can be measured and recorded for each District's use. 

SCOPE DEFINITION 

This section deals with the District Heating company's distribution system and 
measurement of the steam or hot water within that system. The scope includes 
the following: 

• Steam measurement 

• Hot water measurement 

• Substation improvements 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY 

• Monitoring system including software 

• Data highway 

METHODOLOGY 

ENGINEERING ANALYSIS
INSTRUMENTATION AND CONTROLS 

Review of each District Heating company's distribution and measurement system 
was based on those in service in Western European countries and the US. Since 
various substation configurations exist, two generic types were used in the review. 
Instrumentation, etc. was added to improve and/or provide the information 
required to satisfy the District's need for data. 

SURVEYED TECHNOLOGIES 

The technologies considered were divided into substation improvements and data 
collection. 

• Substation Improvements: 

Hot water flow measurement 
Hot water filters 
Temperature measurement 
Improved heat exchangers 
New control valves 
Temperature controller 
RTU (Remote Terminal Unit) 

• Data Collection: 

Hand gather the data required for billing purposes and manually calculate 
each substation/user bill. 

Hand gather the data required from each substation and manually enter 
into a computer information and monitoring system. 

Hard-wire the data required from each substation to the computer 
information and monitoring system. 

Hard wire the data to an RTU located at each substation feeding onto a 
fiber optic data highway connected to the computer information and 
monitoring system. 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY 

RESULTS 

ENGINEERING ANALYSIS
INSTRUMENTATION AND CONTROLS 

Reviewing the technologies presented, and the financial impact on each District in 
implementing the technologies, the recommendation would be as follows: 

• Add the substation instrumentation listed except for the RTU 

• Each District to purchase its computer information and monitoring system 

• Hand gather the data required from each substation and manually enter it into 
the computer information and monitoring system to generate each 
substation/user bill and maintain information. 

Upon completion of the above, each District can negotiate with the TV and 
telephone system companies to use their fiber optic cable to gather the substation 
data automatically. Connecting the computer to the fiber optic cable (data 
highway), and feeding each sUbstation data via its RTU to the highway will 
complete the link. In addition, if so desired, the computer video wall for 
maintenance, etc. may be purchased and installed in each District's office. 
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DISTRICT HEATING FEASIBILITY STUDY CAPITAL COST ESTIMATE 

SECTION 7 SUMMARY 

Capital Cost Estimate 

INTRODUCTION 

This section describes the estimating approach and provides order of magnitude 
cost estimates for all 11 cases developed in Section 4.0 of this report. The cost 
estimate for all cases was developed in three different categories. These 
categories are: (1) cost for a rehabilitation of the existing equipment or the cost of 
the new one; (2) cost for the transmission and distribution systems; and (3) cost 
for I&C equipment. Exhibit 7-1 attached provides comparison table for all 
analyzed cases according to the three estimating categories. 

The provided equipment and material cost data was based on the vendor quotes 
that represent their budgetary (list) prices for the equipment. The order of 
magnitude estimates were based on the conceptual project data and are usually 
+/-30% off the final project cost estimate. 

GC II's experience indicates, which was confirmed by the vendors contacted, that 
the final equipment prices could be substantially lower from the budgetary prices. 
This particularly applies if the contracts were based on a volume purchase. 
Therefore, for the contract negotiation phase, the investor (owner) should have the 
project in a relatively advanced design stage with most of the specifications in a 
final stage. 

GOALS AND OBdECTIVES 

The goal for this section was to develop an order of magnitude estimate, based on 
a project conceptual design data. When available, project preliminary design data 
were also used. The developed cost data was used for: (1) input into the 
economic analysis; (2) project budgetary purposes; and (3) preparation of the final 
bankable document. 

SCOPE OF WORK AND LIMITATIONS 

The scope of the work included preparation of an order of magnitude cost estimate 
and corresponding cash-flow for: (1) district heating plants; (2) distribution and 
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DISTRICT HEATING FEASIBILITY STUDY CAPITAL COST ESTIMATE 

transmission piping and substations; and (3) I&C equipment for Sofia, Trajco 
Kostov, liuJin, and RepubJika plants district heating systems as identified below: 

Sofia THPS S1 Necessary rehabilitation of the existing system 

S2 Gas turbine/HRSG repowering option for retired 
steam boiler No.4 

S3 Gas turbine/HRSG/steam turbine combined cycle 
option for retired hot water boilers NO.3 

Trajco Kostov THPS K1 Necessary rehabilitation of the existing system 

liuJin TPS 

RepubJika THPS 

K2 Gas turbine/HRSG/steam turbine combined cycle 
option for retired hot water boilers NO.8 

L 1 Necessary rehabilitation of the existing system 

L2 Gas turbine/HRSG/steam turbine combined cycle 
option for retired hot water boilers No. 1 

P1 Necessary rehabilitation of the existing system 

P3 Fluidized bed boiler option, for retired steam boilers 
No.1, and No.2 and retired steam turbines No. 1 
No.2 and NO.3 

Due to the similarity of liuJin and ZemJiane systems, the liuJin cost data was used 
for the ZemJiane system. 

The prepared order of magnitude cost estimates included a direct cost component, 
an indirect cost component, contingencies, and proposed cash flow. 

The cash-flow for plant rehabilitation was based on B&W recommendations for 
equipment rehabilitation. Repowering/combined cycle options cash-flows were 
developed assuming as soon as possible replacement cases. The transmission 
and distribution component cash-flow was developed in accordance with the piping 
replacement schedule jointly developed by Bulgarian and CGII experts. 

ORGANIZATION OF THE SECTION 

This section is divided into three (3) subsections including the introduction. 

Subsection 7.2 describes methodology used by GC II team to gather required 
data, and prepare the order of magnitude estimate. 

Subsection 7.3 presents the cost estimating results and briefly discuss the 
developed cost data. 

ESTIMATE APPROACH 

The cost evaluation effort was directed at developing a conceptual cost estimate 
for each case at each site. The general approach consisted of evaluating each 
case separately in order to define the modification scope at each of the district 
heating plants, and to quantify significant commodities and work activities. The 
bases for the order of magnitude estimate were: 
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DISTRICT HEATING FEASIBILITY STUDY CAPITAL COST ESTIMATE 

DIRECT COSTS 

A variety of approaches were utilized to develop the direct cost depending on the 
engineered system design at each District Heating System plant site. 

Thermal/hot water boilers, turbine generator modifications, fluidized bed 
combustion (FBC), simple cycle and combined cycle plants were priced according 
to vendor budget prices. Budget prices exclude quantity discounts. Heating 
sUbstation material and labor costs were inputs by the client. 

Balance of Plant (B.O.P.) costs were derived from historical in-house data using 
as a bases similar GC II projects. Demolition of existing turbine generators, 
boilers, switchgear setup costs were derived from historical in-house data and 
anticipated local labor productivity. 

Heating distribution piping was based on replacement rates of heating supply 
pipelines for all plants. Sofia, Kostov, Liulin, and Pernik. Heating distribution 
piping costs were based on total meters of pipe/District Heating System developed 
from piping lists showing meters of pipe. All pipe/substation quantities were 
provided by Bulgarian heating districts and Bulgarian experts. . 

All conceptual capital cost summary estimates are in 4th quarter 1993 U.S. dollars 
and Bulgarian Leva and are included in Appendix 7-1 of Section 7. 

INDIRECT COSTS 

The following are indirect cost elements that were included in the development of 
the order of magnitude cost estimate: 

• Construction hours split: The construction labor hours were distributed as 
20% foreign and 80% Bulgarian labor productivity. 

• Hourly Rates: Elliot Company stated that for the turbine rehabilitation work a 
Bulgarian mechanic receives $3.S0/hour which includes food and 
transportation. GC II multiplied this hourly rate by 1.S to include additional 
overhead costs which yielded a revised Bulgarian wage rate of $S.2S/hour 
(U.S. $ equivalent). 

Foreign construction labor is based on the U.S. rate of $SO/hour and local 
Bulgarian rate of $S.2S/hour. 

• Plant Design Engineering: An allowance of 7.S% of Total Direct Cost was 
added to cover normal engineering, drafting, scheduling, cost engineering, and 
expenses. 

• Owner's Cost: An allowance of 3% of total direct cost was added to cover 
normal owner's interface engineering. 

• Freight: Major equipment including freight (FAS to U.S. east coast port). An 
allowance of 15% for ocean freight, and 2% for inland freight was included. 

CONTINGENCY 

A contingency was applied to direct and indirect costs in proportion to the level of 
information available. An allowance of 1S% was applied to provide the unforeseen 
elements of cost within the current defined project scope. This contingency 
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DISTRICT HEATING FEASIBILITY STUDY CAPITAL COST ESTIMATE 

provides for small changes, normal claims, omissions, profit levels, weather, etc. It 
is expected that by the end of the project the entire contingency will be spent on 
either direct or indirect accounts. 

CASH FLOW 

The cash flow is shown on each District Heating System plant summary page in 
Appendix 7-1 of the report. This cash flow is a compilation of individual cash flows 
and is an estimate of expenditures on an annual basis. 

PRESENTATION AND DISCUSSION OF RESULTS 

The cost estimating results for Sofia and Pernik District Heating Systems are 
presented in a series of tables attached in Appendix 7-1. The District Heating 
System capital costs for all cases/sites follow the designation developed in 
Section 4.3 of the report and are summarized below. 

S1 Sofia THPS 
S2 Sofia THPS 
S3 Sofia THPS 

K1 Trajco Kostov THPS 
K2 Trajco Kostov THPS 

L1 Liulin HPS 
L2 Liulin HPS 

P1 Republika THPS 
P3 Republika THPS 

Each case/site includes capital costs (in U.S. $ and Bulgarian Leva), indirect costs, 
and annual cash flow. All costs are presented in current U.S. dollars with the 
exchange rates US$/Bulgarian Leva @ 32 Leva/U.S.$. 

Derived cost estimate results are presented in a group of tables, with each group 
containing higher level of details. The following are three group of tables: (1) 
comparison table: (2) summary level tables; and (3) detailed estimate tables. 

COMPARISON TABLE 

A Comparison Table is presented in Exhibit S7-1. This table presents a top level 
estimate data for three categories of improvements: (1) Plant Modifications; (2) 
Transmission and Distribution/Substation System upgrade; and (3) I&C system 
upgrade. Categories were developed to minimize interfaces among them and 
allow easier economic sensitivity analYSis, i.e., where the future investment will 
make a fastest return and have a biggest impact. 

The table is intended to provide quick insight on an anticipated level of investment 
for each site and each category. The information however do not contain any 
intelligence and their only purpose is to be used as a quick comparison between 
different options and different categories. 

From the Exhibit S7-1 it is obvious that the least capital intensive cases are those 
involving only necessary improvements, followed by repowering cases. The 
capital most intensive are cases that include T/G/combined cycle option(s). The 
Exhibit S7-1 also shows that there is no difference between different cases in the 
same District Heating Area for "Transmission and Distribution/Substation Systems 
upgrade" or "I&C system upgrade" cost categories. 
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DISTRICT HEATING FEASIBILITY STUDY CAPITAL COST ESTIMATE 

SUMMARY LEVEL TABLES 

Summary level tables, Appendix 7-1 provide more project cost insights then the 
comparison table. The purpose of these tables is to allow closer cost comparison 
between different options and equipment configurations. It also enhance control of 
obtained results and provide more data for analysis. 

Each summary level table is divided into 11 categories. These categories are 
general definitions for all sites. 

All listed categories include foreign and local equipment and labor costs. 

Under Comparison Table above, it was concluded that only differences between 
various cases in the same District Heating Area comes form the equipment related 
costs. Below is the brief summary of the cost per installed kW of existing and new 
equipment for different sites and different cases: 

CASE 1,000 u.s. $ NEWMW NEW$/KW TOTALMW TOTAL$/KW 

S1 46,035.50 111.00 414.73 
S2 97,068.40 74.40 1,304.68 185.40 523.56 
S3 109,547.70 107.55 1,018.57 218.40 501.59 
SA 91,920.20 74.40 1,235.49 185.40 495.79 

K1 57,574.34 188.00 306.25 
K2 122,966.90 107.55 1,143.35 299.55 410.51 

L1 17,876.00 
L2 82,658.90 107.55 768.56 107.55 768.56 

P1 211,106.90 105.00 2,010.54 
P3 212,760.40 115.00 1,850.09 

The presented costs per kW represent installed capacities and include 7.5% 
engineering cost, 3% owner's cost and 15% contingencies. 

Costs represented as a $/kW of installed capacity are quick estimate values based 
on a similar installation. This method can yield significant differences depending 
on total plant scope, plant location (US versus foreign locations), labor source, 
labor cost, and productivity. Since these plants are located in Bulgaria where; (1) 
no construction track record exists; and (2) rapid change of labor cost is 
experienced in last few years, the provided information should be used as an 
indication of possible project cost or as a guideline with a substantial margin. 

It should be noted also that simple $/kW ratio could be misleading if this project is 
compared with other green field projects. The principal reason for that is because 
one of the major goals in this study was to optimize system overall efficiency and 
come with the least - cost option rather than develop least - capital intensive 
configuration. 

DETAILED ESTIMATE TABLES 

A Detailed Estimate Table provides detailed information on the GC II developed 
order of magnitude cost estimate. The tables account for each major piece of 
equipment, labor requirements related to the construction activities, and B.O.P. 
equipment, and transportation and custom issues. The information is intended for 
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DISTRICT HEATING FEASIBILITY STUDY CAPITAL COST ESTIMATE 

Bulgarian cost estimators and Financial Institutions that will scrutinize and review 
the cost estimating data. 

Appendix 7-2 in the report contains Detailed Estimate Tables for all sites and all 
engineering cases developed in Section 4 of the report. 
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Exhibit 57-1 

Summary Comparisons for all Sites 
Bulgaria District Heating Plants 

To,., Loca' Total foreign Total 
Expendltur .. Elq)ttndHur .. Elq)ttndHur. 

PlANT DESCRIPTION L .... (x'Oool US $ !lr1000) US $/1(1000) !!.!Jg 

Rehabllftatlon 01 EIIIst~ Solla S)'IIIems SO 
Plant Modlncatlons 56,6O.f.1l 44.2811.6 411,035.5 
HealIng Dlstrlllrtton Equip ... ""'no 472,483.8 50,943.2 115,7011.3 
HealIng DIstribution" Subslallon I • C '94,'532 41,252.8 47.320.0 
Heal Replacement equip. (Sec. Heal., 

TOTAL 723.24'.8 '36,482.5 '59,083.8 

Contlustlon TurbIne / HRSG AddItIon at Solla 
Plant ModIfications '22,785.2 113231.4 87,068.4 
HeatIng Dlstr1butlon Equip •• ""Ino 472,483.6 50,1143.2 65,708.3 
Heating DIstrIlutlon" Substation I " C '94,153.2 41.252.6 47.320.0 

TOTAL 789,421.9 185,427.3 210,096.8 

Contlustlon Turbine Contllned Cycle Addition at Solla 
Plant ModlllcallOns '46,'74.0 104,879.8 1011.547.7 
Healing Dlstr1butlOn Eq~. I ""Ino 472,483.6 50,943.2 85,708.3 
Healing Dlstr1butlOn I Sutmmlon I " C '94,'532 41.252.11 47,320.0 

TOTAL "2,"0.8 187,175.7 222,578.1 

ContlustlOn TUlbine Contllned Cycle AddItIon at Solla 
Plant Modlflcatlons '22,436.0 l1li,0114.1 111.1120.2 
HealIng Otstr1butlOn Equip ... ""Ing 472,483.6 50,943.2 85,708.3 
Healing Dlstr1butlOn " Substation 1 • C '94,1532 . 41,252.8 47,320.0 

TOTAL 789,072.7 1110,290.0 204,1148.15 

Rehabnftatlon 01 ExIst~ KmltQ¥ Syttema 
Plant Modlftcatlons 47,145.ts 58,101.0 57,574.3 
HeatIng Dlslr1butlon Equip ... ""Ing 750,024.7 711,012.2 102,450.5 
Heating DIstrIlutlOn" SUbstllllon I. C 256282.4 54,453.6 62,462.5 

TOTAl ',053,452.7 189,566.11 222,487.3 

CombusUon TurbIne Contllned Cycle AddftlOn III Kmltov 
Plant Modlllcal/ons 136,7:17.2 118,693.11 122.866.11 
Healing Dlslr1butlOn Equip ... ""'ng 750,024.7 79,012.2 102,450.5 
Heating OIsIr1butlOn • Sutmmlon II C 256.282.4 54,453.6 .82.4112.5 

TOTAL 1,143,044.3 252,159.7 287,879.11 

Rehabllftatlon 01 ExIsting luIIn Syttama 
Plant Modlftcat/ons 1ts,36ts.7 17.3114.5 17,11711.0 
Healing Dlstr1butlon EquIp ... "-"no 233.240.0 25.282.2 32,571.0 
Heating DIstrIlutlOn I Subatallon I • C 139,790.5 29,702.0 34,070.4 

TOTAL 389,397.' 72,348.8 84,517.4 

Contlustlon TurbIne Contllned Cycle Addition at LuOn 
Plant ModlflcatlOns '05.275.' 78,369.1 82,65l1.li 
HeatIng Dlstr1butlon Equip ... ""Ing 233240.0 25.282.2 32,571.0 
Heating DIstrIlut/on " Subatallon I • C 139,790.5 29.702.0 34,070.4 

TOTAl 478,305.5 134,353.3 149,300.3 

Rehabllftatton 01 Elllsttng Pernik (RepubHka) System. 
Plant ModlflcatlOns 218,890.8 204.286.5 211,1011.11 
Heating DIstribution Equip. I ""Ino 149,770.ts 16,997.2 21,677.5 
Healing OIatr1butlon " Sub!IIatIon I " C 58,848.7 14,471.1 16,310.1 

TOTAl 427,510.1 235,734.9 249.094.5 

Flul:llzed Bed Boller Addftlon III Pemtk 
Plant ModIfications 281,7642 203,1155.3 212,780.4 
Heating DIstributIOn Equip. I ""'ng 149,770.6 111,9972 21,1577.5 
Healing DIstribution I Sub_Ion I I C 58.848.7 14,471.1 111,310.1 

TOTAl 490,383.5 235,423.11 250,748.1 
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CAPITAL COST ESTIMATE 

To'" Loca' Total Foreign Total 
Expenditure. Elq)endHur .. Elq)endH_ 
L .... (x'oool US $ /1(1000) , US $ !lr1000) 

2',5'U 111,767.2 17,439.6 
4,724.8 509.4 857.1 
3,883.' 1125.1 846.4 

286,759.9 0.0 8,961.2 
3'6,8115.9 18,101.7 28,004.4 
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DISTRICT HEATING FEASIBILITY STUDY ECONOMIC ANALYSIS 

SECTION 8 SUMMARY 

Economic Analysis 

INTRODUCTION 

The economic analysis contained in Section 8 provides an economic perspective 
for the evaluation of the several production system configurations previously 
established as being technically feasible. The discussions and supporting 
materials presented in this Section describe the criteria and methodologies applied 
and set forth the results of this analysis. 

OBJECTIVE 

The objective of the analysis was to establish a realistic basis for a comparison of 
the long term economic consequences of each system option considering both 
prOjected capital and operating expenditures as established in a simulated 
operating environment considered to be reasonably representative of alternative 
conditions. 

SCOPE DEFINITION 

To accomplish the above objective, a comprehensive computer model was 
developed in order to simulate the dispatch of alternative facilities in meeting hot 
water and steam demands represented by monthly load duration curves for the 
respective service territories. 

Through this medium, the prioritized duty cycle for each heat source was 
established as the basis for the calculation of fuel costs and other operating 
expenditures. These determinations give recognition to the operating efficiencies 
and other relevant criteria associated with the respective units. 

By discounting the combined cost stream of capital and operating expenditures 
over a 20 year life cycle, the cumulative present worth of such costs was 
developed as the basis for a comparison between cases. 

Except for Zemliane where the installed heat producing facilities are identical to 
those at Liuline, a base case, representing essentially a continuation of the status 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY ECONOMIC ANALYSIS 

quo, was established for each heating district in Sofia and for the Republika 
Station in Pernik. 

Alternative cases employing gas turbine-combined cycle technology were 
developed for each of the Sofia City districts, and, additionally, a repowering case 
was explored for the Sofia heating district. In Pernik, where facilities are 
coal-fired, a fluidized bed alternative was evaluated. 

ANALYSIS RESULTS 

For each heating district, alternative case costs were compared to those for the 
respective base cases in order to establish the level of cost savings, if any, 
potentially resulting from adoption of the alternative technology. 

As summarized in the following table and based upon the results of this analysis, 
the least cost option for all Sofia City heating districts is a continuation of the 
status quo incorporating those modifications necessary to make that option 
feasible. However, primarily because continued operation of the Republika 
Station in its present configuration would require the conversion to a much high 
quality and substantially more costly grade of coal, the CFB alternative appears to 
be more cost effective. 

ECONOMIC ANALYSIS RESULTS 

Plant Present Worth of Total Cost Present Worth of Cost Savings 
and Case as Compared to Area Base Case 

Capital Operating Total Capital Operation Total 
Requirement Expenses Expenditure Requirement Expenses Expenditure 

$ $ 

Sofia US $(000) US $(000) US $(000) US $(000) US $(000) US $(000) 

Sl (Base) 115,769 383,927 499,695 

S2 161,309 342,328 503,637 (45,541) 41,598 (3,942) 

S3 165,980 344,629 510,608 (50,212) 39,298 (10,913) 

Tr Koslov 

L1 (Base) 162,549 542,885 705,434 

L2 213,784 508,347 722,132 (51,236) 34,538 (16,698) 

Liulin 

L1 (Base) 59,456 208,519 267,974 

L2 110,117 163,732 273,848 (50,661) 44,787 (5,874) 

Pernik 
(Rep~blika) 

P1 (Base) 155,529 122,408 277,936 

P2 143,546 117,396 260,942 11,983 5,011 16,994 

In each instance, costs developed above reflect, in addition to alternative heat 
source facility costs, the following cost components: 

1. Production Plant restoration costs considered to be indispensable to 
continued operation. 

2. Production Plant modifications leading to increased efficiencies and 
enhanced operations. 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY ECONOMIC ANALYSIS 

3. Transmission and Distribution piping improvements contributing to the 
reduction of system losses. 

4. Control system upgrades (in the T&D system) aimed toward more efficient 
operations and metering of system sales. 

Because the above costs were uniformly treated in all cases, they were considered 
to have no bearing on the evaluation of alternative production technologies. 
Ultimately, however, justification of each cost component (except the first without 
which continued operation is considered impossible) must be considered on its 
own economic merit. 

Reanalysis, deleting individual component capital costs and modifying system 
demands or similar operating criteria in representation of the absence of such 
expenditure, were completed with respect to the least cost option initially 
determined for each location as summarized above. The efficacy of each 
component program was established only in those c~ses where the present worth 
of projected costs increased in its absence. , 

Applying this measure, the implementation of control system upgrades appears 
viable only at Tr. Kostov, and piping improvements only at Liulin (and by inference 
at Zemliane). Under the criteria applied, production plant modifications, other than 
those considered mandatory, appear not to be cost effective. 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY 

SECTION 9 SUMMARY 

INVESTMENT PROGRAM 
AND FINANCIAL STRATEGY 

. Investment Program and Financial 
Strategy 

INTRODUCTION 

The current political trend in Bulgaria is a gradual movement from a socialistic to a 
capitalistic form of Government. During this transition, the Government of 
Bulgaria finds itself in a position of having to prioritize many of the programs 
required for the betterment of its citizens. This is especially true of the District 
Heating Companies of Sofia and Pernik. 

The limited resources available require that a least-cost program of modernization 
be structured to maintain the ability of the systems to deliver steam and heat to the 
consumers in an environmentally sound fashion. 

GOALS AND OB,JECTIVES 

Having analyzed the systems from both a technical and economic viewpoint, it is 
now up to the management of the District Heating companies to review the 
recommended least-cost option from the standpoint of financial viability. 
Ownership options, including continued municipal ownership, private ownership, 
and project financing were evaluated from a qualitative viewpoint. Under current 
financial constraints faced by the District Heating companies, the only ownership 
option available for the foreseeable future is the continued municipal operation. 

A computerized financial model was developed to present the projected results of 
the proposed implementation program. The objective of this analysis was to 
determine whether the companies could afford to carry out the modernization of 
the system. The intent of the financial analysis was then to structure a distinct 
investment program and financial strategy which would enable the District Heating 
companies to proceed with the program. 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY 

SCOPE OF WORK 

INVESTMENT PROGRAM 

AND FINANCIAL STRATEGY 

The financial model developed for use in the analysis was utilized in evaluating 
the four districts (TPS Sofia, Liulin, Trajco Kostov, and Zemliane) which comprise 
the District Heating areas of the City of Sofia, and the City of Pernik. While each 
was evaluated on a separate basis as suggested by the E.B.R.D., it must be 
understood that they are not stand alone instances from a total financial viewpoint. 
A number of basic assumptions were made as part of the analysis, and included 
the following: 

1. Length of Study Period - 1994 through 2010. 

2. Inflation Rates - Separate projections were made for domestic inflation and 
the world. 

3. The ownership structure selected for the evaluation was the continuation of 
municipal operations. 

4. Interest Rate of 8% for foreign loans and 40% for domestic loans were used 
for all debt instruments. 

5. The terms of the foreign loans were for 20 years with a five year grace period 
from the initiation of the loan; domestic loans were for five years, with 
principal payments beginning the year after origination. 

6. Depreciation was incorporated in the analysis assuming the balances from 
1993 at a rate of 5% unless greater amounts were required to assist in the 
repayment of loans. 

7. An income tax rate of 42% was assumed. 

8. The analysis developed revenue requirements in current Leva which would 
be achieved through the collection of payments from consumers and 
subsidies from the Government. All amounts shown in the analysis were in 
thousands of Leva. 

The work scope had to address the issue of rising inflation in Bulgaria and the 
continuation of the devaluation of the Leva to the marketable currencies of the 
world. Its purpose in presenting specific estimates of inflation and devaluation of 
the Leva was to present all aspects of the proposed operating and investment 
program in current Leva. Capital costs of the investment program were presented 
for both foreign and local investment, and operating costs were likewise estimated 
on an annual basis with specific expenses such as fuel projected on the basis of 
world pricing. 

The model presents six distinct spreadsheets incorporating the following: 

1. General Data Development - Includes the estimates of inflation, foreign 
exchange, and projections of capital and operating costs. 

GilberUCommonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY 
INVESTMENT PROGRAM 

AND FINANCIAL STRATEGY 

2. Projected Investment Program - For each district evaluated, a separate 
investment program is structured for both foreign and domestic borrowings 

3. Debt Service Schedule - An overall debt service is calculated for each loan, 
whether foreign or domestic based on the individual annual investment 
requirements of the separate districts. 

4. Income Statement - For each district, a separate and distinct income 
statement is calculated showing the revenues required to support the 
investment program and the operating expenses of the system. 

5. Analysis of Cash and Cash Balances - From the previous spreadsheets 
amounts are transferred to the Cash Flow Statement to ensure that the 
calculated revenue amounts are sufficient to cover all cash requirements of 
the district. 

6. Balance Sheet - A balance sheet is presented to show the assets and 
liabilities of each district. 

ANALYSIS AND RESULTS: 

As part of the analysis, several specific analyses were carried out as part of this 
review and structuring of the investment program and financial strategy. These 
included: (1) Infrastructure review incorporating an assessment of the regulatory 
requirements, budgetary constraints, and establishment of environmental 
standards; (2) Organizational review which presents a discussion on Government 
interface, management responSibilities, and the need for training; and (3) a 
description of the three primary options regarding ownership, including municipal 
operation, private, and project financing. 

The details of the investment program for each of the five districts is presented in 
the body of this Report. Suffice to say that the program as presented is 
considered to be the absolute minimum to ensure the continuation of heating 
supplies to the citizens of the two cities. In Pernik, the calculated revenue 
requirements are projected to increase from 770 million Leva in 1994 to over 
15 billion Leva in 2010. The required increase in tariffs to consumers to meet 
these prOjections is subject to additional review by government and management. 
Income levels will have to be considered, as well as industrial development 
supported by the District Heating company. Specific structuring of tariffs for the 
various customer classifications should be undertaken to ensure that costs are 
recovered from those that impose those costs on the system. 

In Sofia, the four districts are projected to need significant revenue increases 
throughout the study period. Revenue requirement projections increase from 
6.5 billion Leva in 1994 to over 137 billion in 2010. While the investment program 
in Sofia is comparable to that of Pernik, the use of natural gas instead of 
indigenous coal within the Capital results in this distortion in the level of revenue 
requirements due to the deterioration of the exchange rate between the Leva and 
the dollar. 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY 
INVESTMENT PROGRAM 

AND FINANCIAL STRATEGY 

While efforts were made to relate individual tariff structures for the major customer 
classifications to the revenue projections, the uncertainty inherent in the load 
projections and customer projections prohibited an assessment of tariffs to 
revenues. This is a specific shortfall of this analysis and needs to be addressed in 
the subsequent development of a bankable document for review by potential 
lenders. The addition of consumers to the system in future years is limited to the 
amount of conservation resulting from increases in efficiencies in the operation 
and delivery of energy to the end users, and decreases in actual usage per 
consumer as a result of reactions to price increases and further implementations of 
conservation programs at the demand level. 

CONCLUSIONS AND RECOMMENDATIONS 

Four specific recommendations have been made regarding the investment 
program presented herein: 

1. Preparation of a bankable document, incorporating a detailed assessment of 
consumer ability to pay for services. 

2. Technical and management training, with emphasis on the financial aspects 
of the business. 

3. Open discussions with Government to begin the process of elimination of 
energy subsidies. 

4. Begin structuring the legal and regulatory framework to promote privatization 
of the energy sector. 

The establishment of priorities within the Bulgarian economy to support the 
investment program presented, and the securing of the necessary funds, both 
domestically and from foreign sources, needs to be initiated by the management 
team of the District Heating companies. Assistance from the development 
financial institutions is require in this initial program. However, as organizational 
strengths are developed from within, other resources will be identified over time 
for the benefit of the companies and the consumers they supply. 

Gilbert/Commonwealth International, Inc. 
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SECTION 10 SUMMARY 

Training Program Support 

INTRODUCTION 

This training program has been developed to support the establishment of 
organization and management programs that will enhance the operation of the 
district heating systems in a more competitive driven economy. 

Reform of the Sofia and Pernik District Heating energy supply and demand 
management process is a focal point for the Governments plan for energy policy 
development and implementation in the buildings sector. This reform program will 
result in a transition from the current operation to one that will support increasing 
building sector energy efficiency. The implementation needed to support the 
development of the transition policy will occur at the local level. 

Transition to a competitive business environment is based on the ability to identify 
issues that will affect operation in the future. This future operation will be 
impacted by the business and economic pressures that are driving changes in the 
country and, specifically, the need for change in the operation of the district 
heating systems. To address those changes, fundamental questions must be 
asked and answered. Specifically, "How must the business processes change?" 
and, "How must the organization change?" 

Answers to these questions will require the identification of business strategies and 
practices that are needed to provide clear organizational direction. Skills needed 
to institute and then manage organizational changes are a fundamental part of the 
proposed training program. Training will address the need to equip the district 
heating staff members with the skills needed to perform in the planned 
organization. 

Developing the administrative skills needed to perform in a market driven 
economy will be an integral part of the planned training program. The 
administration skills will address the need to operate in a market economy with an 
emphasis on the management of the financial and cost data. In addition, the skills 
needed to: develop revenue requirements, identify and establish rates for 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY TRAINING PROGRAM SUPPORT 

supplying service, and effectively collecting revenues will be a significant part of 
the training effort. 

ISSUES THAT IMPACT TRAINING PROGRAM 

The Bulgarian District Heating System is made up of the following power districts: 

Sofia 
Trajco Kostov 
Liulin 
Zemliane 

It is the intention of the system to become independent power producers who will 
be responsible for the economic production and distribution of hot water and 
electricity. The power and hot water produced will be sold through distribution 
companies to the end user. The distributors will be responsible for the marketing 
the power and hot water and collecting the revenues generated by the sale of the 
hot water and electricity. 

The suggested realignment of the system is shown in Exhibit S1 0-1. This 
organization would allow the groups to specialize and enhance their operations 
such that the cost elements of the program can be managed and controlled. 

For the suggested realignment to be successful, the organization needs to identify 
areas for change and balance those areas against the strengths of the current 
organization. 

For the appropriate changes to be made it is essential that the management team 
have a cle"ar understanding of the functions that must be considered in the design 
of the organization. To develop a high performance organization for the District 
Heating organization, it is suggested that the current organization be broken down 
into a number of self sufficient operating units that can be operated such that they 
specialize and produce and/or distribute heat and electricity. 

Exhibit 510-1 

DISTRICT HEATING ORGANIZATION ALIGNMENT 

MUNICIPAL UTILITY 

DISTRICT HEATING 

SOFIA 

I 

DISTRICT HEATING 

SOFIA PRODUCTION 
FACILITIES 
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GOALS AND OB.JECTIVES 

The purpose of the training program is to provide the existing management with 
the additional needed skills to identify the probable risks, improve management 
process, improve operation, and enhance controls. The areas that are looked at 
for accomplishing the objectives are structured in the following manner: 

• Training that will effectively enhance the operation of the heating facilities 

• Training directed at improving the existing management teams ability to 
operate in a competitive economy. 

• Training directed to understanding the critical issues related to the 
privatization of the district heating system. 

The training program addresses the following district heating activities: 

• production and supply 

• transmission and distribution 

The objective of the training program is to assist the present management and 
lead personnel of these power districts to identify those obstacles that are in the 
way of improving the existing organizational performance. The training program 
will identify the need for, and skills required, to achieve the organizational upgrade 
that will enhance the operation of the district heating facilities. 

SCOPE OF WORK 

Work shops by the GC " Training expert will be used to improve performance by 
identifying the organizational objectives and the management skills that need to be 
improved to achieve the objectives. 

Some of the workshops training for this program will cover: 

• Strategic Direction Planning - Provide a framework for management to 
establish a direction for the training program. 

• Management and Organization Training - Provide a background to 
implement a consistent management approach. 

• Technical Operations - Address cost and financial areas. 

• Administrative Training - Address (1)operation training related to production 
and distribution, (2) maintenance training for electrical, mechanical, I&C, 
civil, and environmental protection. 

The total list of GC " training courses are shown in Section 10 of the District 
Heating Report. 

Gilbert/Commonwealth International, Inc. 
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To meet the training goals, the GC II Team focuses on: 

• Improving management's understanding of the competitive District Heating 
operating environment. 

• Increase the understanding of the roles and responsibilities required to 
operate in the competitive environment. 

• Develop a general management, multi-functional perspective for leadership 
and decision managers. 

• Enhancing personnel effectiveness. 

A key part of the training will be to provide the skills needed to identify and reduce 
operational risks through the establishment of an enhanced management process, 
improved operation, and enhanced administrative controls. 

Organizational training will concentrate on developing the understanding that is 
needed to support the transition from a planned to a market driven operation of the 
district heating program. The training program will assist the management and 
supervisory team in identifying those things that are in the way of improving 
organizational performance. A critical part of the training will be the identification 
of the skills needed to deSign and then implement organizational change. The 
management techniques that are presented in the training program will support the 
managers in their efforts to remove obstacles to productivity. 

The initial organizational part of the training program will be driven through a 
series of management and supervisory work shops that will support the need to 
restructure the organization. The skills needed to redesign the organization and to 
provide the individuals in the newly defined organization with the skills needed to 
manage in a competitive economic market environment are a planned part of the 
training. The program will provide the skills that are needed to help managers 
make employees more responsible for their own activities. In addition, the 
employees will be provided with an in depth understanding of the organizational 
objectives that will directly support increased performance. 

As a part of the training program development, an organizational review will be 
used to identify the current performance levels and to identify areas where 
improved organizational performance can contribute to enhanced service. If, for 
example, the plan is to privatize, organizational positions that are critical to future 
operations will need to be ready to accept responsibility. Training will be directed 
at changing the behavior of the management team in addition to ensuring that the 
management team has the applicable technical skill base. 

Training for the management and first level supervisors will be designed to 
coordinate the technical, business, and financial elements that impact the overall 
business performance. As a part of the training process, the program will be 
adjusted to ensure those areas that are most critical to achieve the organization's 
strategic mission are a critical part of the training program. 

The overview of the proposed training program is shown in Exhibit 510-2. 

Gilbert/Commonwealth International, Inc. 
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Exhibit 510-2 

OVERVIEW OF PROPOSED TRAINING PROGRAM 

MANAGEMENT 

ORGANIZATIONAL 

TRACK 

RESULTS 

STRATEGIC DIRECTION 

WORKSHOP 

ADMINISTRATIVE 

TRACK 

TECHNICAL 

OPERATIONS 

IMPROVEMENT 

TRACK 

Some of the results that would be of a benefit from this training program are: 

• Providing techniques to support District Heating Managers in the effort of 
increasing a cost-effective productivity program. 

• Giving a more thorough understanding to the employees, the objectives 
directly related to performance. 

• Changing the behavior of management so that they become aware of levels 
of responsibilities. 

In conclusion, this training program is developed to support the Ministry of 
Regional Development, Housing and Buildings in it's objective to improve the 
existing operation and efficiency of the Sofia and Pernik District Heating System. 

Gilbert/Commonwealth International, Inc. 
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2.0 

2.1 

ASSESSMENT OF PLANT FACILITIES 

INTRODUCTION 

This section describes the methodology and procedures used by the Gell team 
for: (1) evaluating Sofia and Pernik District Heating Systems power generation 
equipment; (2) discussing and assessing current system equipment condition; and 
(3) indicating action required to bring the analyzed equipment safety and 
performance to the Western standards. 

Babcock & Wilcox (B&W) was responsible for identifying areas in the boiler, boiler 
auxiliaries, and steam turbine systems for plant modernization and upgrade. B&W 
was also responsible for helping to identify the environmental impact of the 
proposed life extension changes. 

The equipment condition assessment is based on a the Electric Power Research 
Institute's (EPRI) methodology and proprietary B&W procedures applicable for 
similar plants type and size. The methodology developed by EPRI has been used 
in the United States for a number of years. It is based on using progressively 
more rigorous forms of evaluation as you move toward a more detailed evaluation. 
With some modifications, which reflects the experience base and engineering 
approach, most of the U.S. performed equipment assessments are directly guided 
by this methodology. 

The methodology is an industry tested procedure wherein progressively more 
rigorous inspection, testing, and evaluations are undertaken only if the component 
or system in question fails to demonstrate the desired remaining life or reasonable 
efficiencies at the simpler level of evaluation. The decision to perform the next 
higher level of inspection and analysis involves judgment about the cost to 
perform the evaluation and the likely uncertainty in the results of that evaluation, 
as compared to the cost of replacement. 

Gilbert/Commonwealth International, Inc. 
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2.1.1 

2.1.2 

OB.JECTIYE 

The objective of this section was to gather sufficient raw data, knowledge and 
understanding of each plant and the overall heat distribution system to perform the 
following: 

• Identify chronic and major plant problems. 

• Prioritize each area on a time line based on the Committee of Energy's 
present and future needs. 

• Develop a comprehensive plan to correct these problems. 

• Integrate the plan with the needs of the entire system, financial analysis, 
and final implementation plan. 

The objective of this type of review was to determine the condition of plant 
equipment and infrastructure at each of the plants in order to make decisions 
regarding component and system rehabilitation. This information is a critical in 
defining future technology options considered for each of these components. 

SCOPE DEFINITION 

The plant evaluations performed in this feasibility study follow the methodology of 
the EPRI multi-level approach. Accordingly, the scope of this task was directly 
influenced with the GCII decision to use this methodology on the project. 

Original terms of Reference required condition assessment only for supply side 
equipment. Transmission and distribution side systems equipment were not part 
of the studys scope. 

The scope of work for this subtask included the following: 

• Design, operation and maintenance data gathering for boiler island, 
turbine island and major balance of plant equipment at each generating 
power station in Sofia and Pernik city systems 

• Major equipment data analysis and condition assessment 

• Preparation of equipment (plants) life extension plans 

The evaluation used in this study can be described as EPRI Level 1 assessment 
with some elements of Level 2 assessment. A Level 1 assessment helps balance 
overall plant evaluations so that the commitment of resources and time are not 
directed to one component or system only to find major problems in other systems 
in subsequent base line inspections. For this evaluation only design or overall 
service parameters need to be examined to ascertain if, on the basis of the most 
conservative considerations, the component or system has residual life greater 
than the anticipated extended service period. Although it is possible to conduct 
this evaluation without reference to measurements or service information, the 
effectiveness of the assessment will be enormously improved by incorporating 
such information from the outset. 
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2.1.3 

Information is reviewed as part of the Level 1 process to answer the following key 
questions for the component to be analyzed: 

• Has plant system operation exceeded the design parameters for 
significant periods of time? 

• Will the desired future service exceed pertinent design parameters? 

• Have the design philosophy or material choices been shown to be 
non-conservative since the unit went into operation? 

• Has the failure history been excessive? 

• Are steam temperature and pressure records inadequate or not available 
for assessment of those components that function at elevated 
temperatures? 

If the answer to any of these questions is yes, or if the component is found to 
have, under Level 1 assessment, less remaining life then the desired amount, the 
evaluation will have to move to at least a Level 2 assessment to reach a definitive 
conclusion on component life. Information for this evaluation is obtained from 
operating records and from more detailed information about the components, 
assuming good historical and current records are available. Level 2 will typically 
require that new information be generated in an initial inspection, simple stress 
analysis, measured dimensions, or operating parameters. Level 3 analysis, which 
is geared toward very detail analysis and that require destructive and 
nondistructive analysis, goes well beyond the scope of this study and was not 
used. 

EVALUATED SYSTEMS 

Major systems evaluated in this study were the Boiler Island and auxiliaries and 
Turbine Island. Plants were physically inspected just after the winter heating 
season when a minimum amount of plant operation was ongoing. Cursory 
inspections were performed with a minimum amount of preparation by the 
Committee of Energy. This approach facilitated a quick turnaround considering 
the amount of in-country time. Even though the time in-country was short, a 
considerable amount of data was gathered by GCII from both plant files and plant 
personnel interviews. 

The equipment evaluation was based on the equipment component level. That 
means that the equipment was broken down to its integral parts and condition of 
the whole was contingent on the component assessments. 

The evaluation of the boilers included: 

• 
• 
• 
• 
• 
• 
• 
• 

heat transfer surfaces 
casing and insulation 

civil structures 

flues and ducts 

burners 

fans 

air heaters 

precipitators 
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2.1.4 

2.1.5 

• fuel prep and burner systems 

• instrumentation and controls 

• steam piping 

• feedwater treatment 

Before condition assessment the targeted equipment was evaluated through 
design and operation data sheets, and later confirmed by an walkdown inspection. 
Some equipment was inspected internally from man way doors, but, in general, an 
external walk through was conducted. More time was spent on the major 
subsystems of the boiler and turbine island. 

The areas of the steam turbine that were evaluated and targeted for inspection 
included: 

• rotors 

• blades 

• casing 

• insulation 

In only one instance was the turbine actually open for inspection and one instance 
the turbine rotor was actually removed from the housing for inspection only 
because the turbine had undergone an overspeed condition and the blades were 
physically damaged. 

DATA FOR ANALYSIS 

Majority of study input data were collected and processed by the Bulgarian 
engineers and specialist. This data included equipment drawings, technical 
speCifications, equipment data sheets, technical data, operations and maintenance 
logs and reports, and economic and financial information. 

A review of gathered data was done both prior to and after the on-site inspections. 
In this process, the identification of major or chronic problem areas were noted. 

To compare provided data with the real equipment condition, an on-site inspection 
was performed at each plant. This inspection was also performed to gain an 
overall for the plants present condition. During the on-site inspections interviews 
were held with plant personnel. These interviews provided insight into information 
documented on paper. Many times personnel interviews are more valuable than 
the documented data that can be found. The data gathering information and 
on-site inspection data were then compiled into summaries of historical and 
physical data to be used in the evaluation process. 

ORGANIZATION OF THE SUBSECTIONS 

In the following subsections, a more detailed discussion of the methodology used 
in this study and equipment conditions are presented. 

This section is divided into five subsections including this introduction. 

• Subsection 2.2 describes in general terms the methodology used by the Gell 
team to gather and analyze data, and propose the rehabilitation plan. 

Gilbert/Commonwealth International, Inc. 
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2.1.6 

• Subsection 2.3 presents an overview of all the boilers considered in this study. 
The general boiler description is then followed by plant specific assessments 
of those boilers and suggested action. 

• Subsection 2.4 discusses plant turbines assessment. The presented 
information follow the format of the boiler section, i.e., general description of 
all turbines followed by plant specific evaluations. 

• Subsection 2.5, the final subsection, provides recommendations for 
rehabilitation or upgrades of the plants. It should be noted that these 
recommendations are based primarily upon technical considerations with a 
focus on production. In the larger context and scope of the study, GCII used 
this information as input to the economic and financial analyses which also 
considered the piping and hot water distribution system. 

The bulk of the data and inputs to the evaluation were organized into a series of 
tables. This approach was used in order that the large volume of data could be 
categorized by plant and by unit. These tabulations are referenced in the text and 
placed after the recommendations discussion. 

LIMITATIONS AND ASSUMPTIONS 

Level 1 assessment implies that the evaluation is greatly dependent upon the 
historical operating data test records and maintenance records of the plant. Since 
information was not always complete, assumptions were made and engineering 
judgment was used when necessary, based upon B&W experience. 

In some instances, assumptions may have been made which impact certain 
conclusions. Specific assumptions or clarifications relative to the data are placed 
in front of the applicable data or evaluation tables (exhibits). 

In performing the analysis, the GCII team assumed that units will be operated for 
the next 15 years (financial forecast period) at an average availability of 85%. 
This equates to approximately 110,000 hours of additional operating hours. 
Therefore, all projects used a window of 110,00 hours as the minimum time line. 

MODEL DESCRIPTION 

In Subsection 2.2, an applied analytical model is based on EPRl's methodology 
and procedures for fossil power plant equipment assessment. The purpose of this 
methodology is to provide consistency in the plant evaluation and uniformity and 
objectivity in comparing different plant and equipment. 

The model is based on a equipment component level evaluation. Accordingly, 
boiler and turbine are divided into smaller logical parts to allow for: (1) equipment 
more detailed evaluation; and (2) screening out the more severe problem areas. 
This helps the owner(s) concentrate on solving the big issues first while gradually 
addressing the less severe components further out in the time line of the plan. 

To expedite an evaluation process and allow for objective analYSiS, the GCII team 
used a computer program specially developed for such analysis. The program 
utilizes a series of weighted factors and engineering judgment to evaluate the 
components priority, upgradibility, and disposition. 

Gilbert/Commonwealth International, Inc. 
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2.2.1 

The life-extension decisions used in this model are based on two major parameter 
groups: (1) component priority group; and (2) unit upgradibility group. In reality 
these two parameter groups are represented by a group of exhibits that define 
further actions on equipment and determine whether equipment could be repaired 
or retired. The component "priority group" determines the order of priority for 
equipment replacement/upgrade, while unit "upgradibility group" determines 
whether equipment is a candidate for replacement, rehabilitation, or repair. 

Following development of these two sets of exhibits, "Preliminary Disposition" 
exhibits are developed that represent synthesized equipment rehabilitation 
program. Below is the brief discussion on the "component priority schedule" and 
the "unit upgradibility" exhibits development procedure and description of 
parameters and criterias that determines these two groups. 

COMPONENT PRIORITY SCHEDULE 

To determine a components priority in the time line several factors were used. 
These factors included safety, manufacturing lead time, shutdown issues, 
reliability issues, and performance issues. These factors were given a range from 
o to 5 based upon the data received and the on-site inspection. These ranges can 
be seen below. 

Range Safety Leadtime Shutdown Reliability Performance 

0 Low Short No No No 

to 

5 High Long Yes Yes Yes 

These factors are defined as follows: 

• Safety Impact: The potential hazard for either human loss of life or 
capital equipment damage. 

• Manufacturing Lead Time: Should a component be damaged or fail, the 
amount of time to manufacture a replacement (from order to installation). 

• Shut Down Issue: Would failure of this piece of equipment cause the 
overall shut down of the turbine or the boiler. 

• Reliability Issues: Would the failure of this component directly result in a 
loss of reliability of the component or the unit. 

• Performance Issue: Would a failure or the current condition of this 
system cause the performance of a boiler to be effected either on a 
component specific or overall unit basis. 

Gilbert/Commonwealth International, Inc. 
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2.2.2 UNIT UPGRADIBILITY 

In order to determine the unit's upgradibility, factors concerning the state of 
technology, adaptability, and compatibility to upgrades were used. These factors 
were also given a range of 0 to 5. These ranges are shown below. 

Range Technology Adaptability Compatibility 

0 Low Low Low 

to 

5 High High High 

The following definitions will apply to the factors concerning upgradibility: 

• State of Technology: Considers the age of a component and overall 
design characteristics, to the extent known in B&W's knowledge and 
experience. 

• Adaptability: Tied to the state of the technology in its current condition 
and considers the potential to upgrade the specific component itself. 

• Compatibility: Considers how well the subject component would tie in 
with other upgrades considered. For example: is its state of technology, 
current condition, and design worth saving so that other unit upgrades can 
take place? Does it make sense in the context of considering unit 
upgrading? 

Once the priority and upgradibility information are determined, this information is 
then combined with the expected remaining life and desired life of the project to 
develop its overall preliminary disposition. The preliminary disposition will then be 
the basis for decisions regarding if or when to replace/upgrade a potential 
component; or whether it should just be maintained and monitored. The following 
definitions apply to the preliminary disposition: 

• Original Life: B&W's best estimate of the component life based upon unit 
design, fuel operating parameters, operating history, and experience with 
similar technology operating under similar conditions. 

• Hours Expired: The best estimate of _operating hours through 1992 
based upon Bulgarian supplied data. 

• Remaining Life: Simply the original life minus the hours expired; this is 
not necessarily the best estimate of remaining life; it is being used as a 
comparative parameter. 

• Desired Life: Has been established at approximately 15 years at 85% 
availability based upon the financial model being used. 

• Remaining Life Less Than the Desired Life: Comparison of above 
data - either yes or no. 

Gilbert/Commonwealth International, Inc. 
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2.2.3 

2.3 

2.3.1 

• Preliminary Disposition: The initial recommendation for this specific 
component, in this specific unit with no consideration for other influencing 
factors. 

REHABILITATioN/LIFE EXTENSION PLAN 

This step involves taking the boiler component dispositions generated by the 
assessment model and developing a logical rehabilitation plan to redirect the plant 
toward a more efficient and reliable operation that meets the future capacity and 
environmental limits as determined by the Committee of Energy. 

In this step, GCII examined the possibility of upgrading the boiler by simply adding 
and/or replacing components and equipment. Included in this step would be 
identification of any new or advanced system or equipment that should be added. 
Identification of possible new operation, maintenance and efficiency improvements 
are made, as well as any limitations on upgrades. 

In general, this is a simple yet logical analysis that pin pOints problem areas in the 
plant for resolution. 

BOILER ASSESSMENT 

This section covers the assessment of all steam and hot water generating boilers 
at plants Sofia, Liulin, Zemliane, Trajoc Kostov, and Republika. The total number 
of boilers is 46 (22 steam and 24 hot water). 

BOILER DESIGN SUMMARY 

The electric generating capacity of the steam boilers ranges from 25 to 
66 megawatts. All the steam boilers are superheated design, however, none have 
a reheat cycle. The steam boilers at Republika bum coal while the remainder of 
the plants bum oil and natural gas as the primary fuel. The main oil used is called 
mazut and is a heavy oil similar to No.6. These boilers were manufactured by the 
following companies: 

STEAM POWER BOILERS 

PLANT MANUFACTURER COUNTRY No. UNITS 

Babcock & Wilcox USA 3 

Sofia TKZ Russia 5 

PBS Czech 1 -

Trajco Kostov PBS Czech 7 

Republika CKD Czech 6 

Steam Boilers: The B&W design is a typical one drum design (1940's) 
utilizing a single pass horizontal superheater, slanted generating bank, and a 
vertical convection pass enclosing the economizer and tubular air heater. 

Gilbert/Commonwealth International, Inc. 
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The TKZ designs are of two different vintages of technology. Both designs 
resemble early B&W Carolina style radiant boilers with a horizontal convection 
pass followed by a vertical convection pass. The early design (1950's) utilizes two 
drums with an upper furnace screen, pendant two stage superheater, and a 
vertical back pass enclosing the economizer and tubular air heater. The newer 
design (1960's) utilizes a single drum, pendant two stage superheater, and a 
vertical back pass enclosing the economizer followed by a regenerative type air 
heater which uses rotating surface (vertical shaft) as opposed to a tubufar design. 

The PBS designs are of two different vintages of technology. The newer design 
(1980's) is a typical one drum design very similar to a B&W EI Paso style radiant 
boiler with vertical convection passes. The two stage horizontal superheater 
resides in the front vertical convection pass (gas flow up) and the economizer 
resides in the rear vertical convection pass (gas flow down). A division wall 
separates the two gas passes. The air heater is a regenerative rotating surface 
(vertical shaft) design. The early design (1960's) is a one drum deSign, very 
similar to a B&W Carolina style radiant boiler. This design utilizes a multi-stage 
pendant superheater with radiant platens, and a vertical back pass enclosing the 
economizer and large multi-pass tubular air heater. To reduce cold end corrosion 
the plant has added steam coil air heaters down stream of the FD fans. 

The CKD designs involve two different ages of technology. Both resemble early 
B&W Carolina style radiant boilers. The early design (1950's) utilizes two drums, 
one of which is essentially the superheater inlet. The unit has a multi-stage pendant 
superheater and a vertical back pass enclosing the horizontal economizer and two 
pass tubular air heater. These units located at the Republika plant burn brown coal 
and have a complex ball mill pulverizing system. The burners are located on the 
furnace side walls and have an overfire air system. The newer design (1960's) 
utilizes one drum, a vertical multi-stage superheater, and a split vertical back pass 
enclosing the economizer and four pass tubular air heater. The tubular air heater is 
proceeded by steam coil air heaters to prevent cold end corrosion. 

Hot Water Boilers: The nominal thermal output of the hot water boilers is 
100 Gcal. There are two (2) basic designs that are nearly identical. The 
differences are in the furnace hopper design and the number of burners. The 
Bulgarian design utilizes a nearly flat furnace bottom and six burners. The 
Russian design utilizes a deeper furnace hopper and 16 burners. The Russian 
design allows for greater heat input control (turndown) due to the greater number 
of burners with individual fans. However, due to the lack of adequate functional 
controls, these boilers are very difficult to operate through the load range. 

Gilbert/Commonwealth International, Inc. 
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2.3.2 

Each design allows for two pass or four pass water flow operation, depending upon 
the load. Two pass operation is used during periods of peak load, while four pass 
operation is used at low load. Valving in the forced circulation system is used to 
switch from one mode of operation to the other. Four pass operation is seldom 
used due to the very high pressure drop experienced. 

HOT WATER BOILERS 

Plant Manufacturer Country No. Units 

Sofia PTVM Russia 6 

Liulin PTVM Russia 4 
VK Bulgaria 1 

Zemliane PTVM Russia 5 

Trajco Kostov VK Bulgaria 8 

SOFIA PLANT BOILER ASSESSMENT 

The plant is located in Sofia, Bulgaria's capital city. The plant generates hot water 
and steam for district heating and electrical supply to residents and industry in the 
region. The plant supplies the northern and central parts ofthe city. The plant 
was constructed in five phases. 

Stage Year Equipment 

1 1949 Steam Boilers 1, 2 & 3, Turbines 1, 2 & 3 

2 1956 Steam Boilers 4, 5 & 6, Turbines 4 & 5 

3 1962 Steam Boilers 7 & 8, Turbine 6 

4 1967-72 Hot Water Boilers 1 & 2 

Hot Water Boilers 3 & 4, Turbine 7 

5 1981-85 Steam Boiler 9, Turbine 8 
Hot Water Boilers 5 & 6 

2.3.2.1 Thermal Boilers 

General characteristics of this equipment can be found after Subsection 2.5.2.3 in 
Exhibit 2-1, listing the physical data. Each phase of steam boiler construction 
represents an identical set of newer design boilers. Each phase represents a 
higher level of design and sophistication. 

In general, the thermal boilers are considered to be in fair condition for their age 
and years of service. Listed below is more unit specific assessments. The boilers 
are grouped based on their vintage since the data indicates that the history and 
operating conditions are very similar for boilers of the same age and type. A 
summary of the unit history can be found in Exhibits 2-2 through 2-8 . 

A. BOILERS No.1, No.2, AND No. 3 
Assessment: 

Boilers 1, 2, and 3, being the oldest boilers at this plant, also have the oldest 
methods of construction and the lowest level of technology. The construction 
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on the furnaces are of a non-membrane tube and tile design with external 
casing. Plant information indicates that the boilers and burners on these units 
are reliable. These boilers are used for backup purposes. No turbines are any 
longer in service in connection with these three boilers. Normally, when the 
boilers are held in stand-by they are stored in a flooded condition to help 
protect the heating surfaces from out of service corrosion. No significant 
problems were identified on these boilers. 

Suggested Actions: 

The engineering analysis determined that the combustion process could be 
improved to provide more flexibility in fuel choice (oil, as well as gas) and 
operate in a safe manner through the control range. However, it must be 
decided what the future use of these boilers will be since the turbines have 
been removed from service and the boilers are currently used in a stand by 
mode. Before proceeding with any upgrade project, a future use plan needs to 
be conceived. 

B. BOILERS No.4, No.5, AND No. 6 
Assessment: 

Boilers 4, 5, and 6, of Russian design, were commissioned in the mid-1950's. 
Each of these units has had parts of the main steam line replaced although the 
reason for the replacement are not clear. Data from an evaluation by the COE 
concluded that the steam lines for all three of these boilers should be replaced 
in the near future. Data supporting these conclusions were not included with 
the information provided, so B&W cannot comment on the need for this 
replacement. These boilers have had problems associated with the furnace 
waterwall tubes. Bulgarian data indicates that the waterwall tubes are 
distorted and have an excessive failure rate in all three units. The waterwall 
tubes are of a non-membrane deSign and are not gas tight. On all three units, 
the combustion controls and burner flame safety system have been identified 
as unreliable. All three of these units have had problems with backend 
corrosion in the air heaters, which has required replacement of sections in 
these areas. The burners which are the same on all three boilers were 
identified as having poor load following capability and are inadequate to meet 
emissions limits for NOx ' 

Suggested Actions: 

The engineering analysis determined that the combustion process must be 
improved to provide more flexibility in fuel choice (oil, as well as gas) and 
operate in a safe manner through the control range. The reliability and 
efficiency of these units can be greatly improved by updating the fuel 
combustion equipment and sootblowing capability. Further improvement to 
reduce in leakage of air and cold end corrosion would be to upgrade the furnace 
walls to membrane construction and retube the air heater with higher grade alloy 
metals. The main steam line and superheater must either be replaced per 
Bulgarian study conclusions or be given Levels 2 and 3 assessments to confirm 
remaining life. The remainder of the unit components should continue to 
operate properly with standard operating and maintenance practice. 
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C. BOILERS No. 7 AND No. 8 
Assessment: 

ASSESSMENT OF PLANT FACILITIES 

Boilers 7 and 8, also Russian design, were commissioned in 1963 and 1964, 
respectively. Both boilers had burner upgrades in 1975 in which the 
12 original burners were replaced by eight Babcock manufactured burners. 
Both of the boilers have had sections of the main steam piping replaced, as 
well as sections of the convection superheater. In 1982, one of the· 
superheater headers was replaced on unit 7. The reason identified was 
degraded material, although no details from analyses of any kind was 
provided. As with the data provided for the earlier vintage boilers, Bulgarian 
condition assessment reports indicate that boilers 7 and 8 have furnace wall 
tubes that experience frequent leaks and are unreliable. The furnace 
construction on these two boilers is non-membrane and is not gas tight. The 
back end of the units have experienced problems with corrosion and require 
frequent replacement of sections of the air heater. The units have a history of 
poor steam temperature control and the conclusions of the 1987 study 
conducted by the Bulgarians recommended that major upgrades be made 
including new membrane walls, new superheaters, new economizer, new air 
heaters, addition of sootblowers, and addition of emissions control equipment, 
such as burners and backend equipment. 

Suggested Actions: 

The engineering analysis determined that the combustion process must be 
improved to provide more flexibility in fuel choice (oil, as well as gas) and 
operate in a safe manner through the control range. The reliability and 
efficiency of these units can be greatly improved by updating the fuel 
combustion equipment and sootblowing capability. Further improvement to 
reduce in leakage of air and cold end corrosion would be to upgrade the 
furnace walls to membrane construction and retube the air heater with higher 
grade alloy metal. High temperature components such as the main steam line 
and superheater should have more extensive condition assessment programs 
instituted. 

D. BOILERS No. 9 
Assessment: 

Boiler 9, commissioned in 1985, is of Czech manufacture. It has had a 
relatively low number of operating hours, as well as a low number of on/off 
cycles. To date, there have been no significant problems identified with this 
boiler. 

Suggested Actions: 

Because of its relatively young vintage, no actions would be anticipated on this 
unit, with the possible exception of upgrades to address emissions control 
requirements. The engineering analysis determined that the combustion 
process can be improved to address emissions control requirements. 

2.3.2.2 Hot Water Boilers 

General characteristics of this equipment can be found in Exhibit 2-9, listing the 
physical data. The hot water plant is located at the same site as the Thermal 
Power Plant but is located in a separate boiler house. The hot water plant houses 

GilbertlCommonwealth International, Inc. 
2-12 

(' 
\)/ 

\ 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I' 
I' 
I 
I 
I 
I 
I 
I 
I 

DISTRICT HEATING FEASIBILITY STUDY- ASSESSMENT OF PLANT FACILITIES 

2.3.3 

six hot water boilers which are of Russian design. All six are non-membrane 
waterwall construction; utilize a tight packed convection bank to maximize heating 
surface; and were built between 1967 and 1981. Each boiler has 16 burners -
eight each in the front and rear walls in an opposed fired arrangement. The 
burners are designed with individuals blowers as contrasted to a more 
conventional plenum or wind box design. All boilers are balanced draft which 
utilize the natural draft from a common stack with an outlet damper providing draft 
control. Circulation is forced and there are no back end heat traps. . 

A. ALL HOT WATER BOILERS 

Assessment: 

In general, the hot water boilers are in fair condition. Since the boilers operate 
in the subcooled regime they are not subject to problems associated with 
higher temperatures and pressures. The major problems on the units are the 
poor operating characteristics. Burners are only partially instrumental and are 
unreliable - particularly when attempting to fire mazut. The controls are 
antiquated and unreliable. Only four of the 16 burners are monitored by flame 
scanners which poses an unnecessary safety risk. Because water for the 
distribution heating system is untreated and this water flows directly into the 
boiler circuits for heating, the heating surfaces have to be replaced at regular 
intervals due to fouling and overheat. The boilers are not gas tight which 
allows in-leakage and back end corrosion; and finally, there are not 
sootblowers for cleaning heating surfaces when firing mazut. Summary of the 
unit history is shown in Exhibit 2-10. 

Suggested Actions: 

The engineering analysis determine that these units need major rehabilitation 
to bring them up to reliable operation. This involves major work on 
combustion systems, furnace construction, sootblowing system, controls, and 
feedwater treatment. 

TRA.JOC KOSTOV PLANT BOILER ASSESSMENT 

The plant is located in Sofia. The plant generates hot water and steam for district 
heating and electrical supply to residents and industry in the region. The plant was 
constructed in five stages. 

Stage 

1 

2 

3 

4 

5 

Year Equipment 

1964 Steam Boilers 1 & 2, Turbines 1 & 2 

1967-1968 Steam Boilers 3 & 4, Turbines 3 & 4 

1972 Hot Water Boiler 1 
1973 Hot Water Boiler 2 
1975 Hot Water Boilers 3 & 4 
1976 Network Pump Station 
1977 Hot Water Boiler 
1981 Hot Water Boiler 6 
1982 Hot Water Boilers 7 & 8 

1988 Steam Boilers 5 & 6, Turbine 5 
1989 Steam Boiler 
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2.3.3.1 Thermal Boilers 

General characteristics of this equipment can be found in Exhibits 2-11 listing the 
physical data. Units 1 through 4 are identical design while units 5 through 7 are 
identical of a newer design. 

In general, the thermal units are in good condition, in comparison to the other 
plants investigated. Many of the problems and more serious conditions were noted 
on units 1 through 4, which is what is expected from older units. There have been 
several major reconstructions performed, mostly in response to poor control and 
operation. A summary of the unit history can be found in Exhibits 2-12 through 
2-16. 

A. BOILERS No.1, No.2, No. 3 AND No.4 
Assessment: 

Units 1 through 4 have had chronic problems including: ability to maintain firing 
capability on oil, automatic control of the boiler, out of service corrosion, cold 
end corrosion, casing and insulation leaks, inadequate sootblowing, water side 
deposits and pitting, defects in main steam line welds, reduced capacity due to 
inadequate feedwater heater temperature, and ID fan capacity limitations. 

Suggested Actions: 

The engineering analysis determined that the combustion process must be 
improved to provide more flexibility in fuel choice (oil, as well as gas) and 
operate in a safe manner through the control range. The reliability and 
efficiency of these units can be greatly improved by updating the fuel 
combustion equipment and sootblowing capability. Other components 
considered for upgrading or replacement is the main steam line. The 
remainder of the unit components are adequate to continue in operation with 
standard operating and maintenance practice. 

B. BOILERS No.5, No. 6 AND No. 7 
Assessment: 

Units 5 through 7, have only had one major problem; being unable to fire oil in 
a reliable and safe manner. This is mainly due to the use of mechanical 
atomizers with the heavy fuel oil used. The proper method to fire this fuel is 
with the use of steam atomization. 

Suggested Actions: 

Due to the number of complaints concerning the need to improve the firing 
capability of these units, the engineering analysis determined that the burners 
and controls need to be upgraded. The remainder of the unit components are 
in good shape and should continue to operate properly with standard operating 
and maintenance practice. 
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2.3.3.2 Hot Water Boilers 

2.3.4 

General characteristics of this equipment can be found in Exhibits 2-17 listing the 
physical data. All eight units are of identical design. The only difference noted is 
that units 3 and 7 have been reconstructed with membrane furnace panels. 

A. ALL HOT WATER BOILERS 

Assessment: 

In general, the hot water units are in very poor condition for the relatively low 
number of operating hours. All eight boilers have exhibited the same 
problems and deterioration. The deterioration is primarily due to the lack of 
state of the art design, i.e., non-gas tight furnace enclosures, and the harsh 
operating parameters. Summary of unit history is shown in Exhibits 2-18 
through 2-21. 

The units fire mostly natural gas because the combustion system is unreliable 
on heavy oil as well as difficult to control. Draft is maintained with flue 
dampers because the units are natural draft. Gas side deposits and ash are 
cleaned from the tubes using a water lance during shutdowns. This causes 
severe tube corrosion and washing out of the insulating brick work 
(non-membrane walls). In leakage of air is excessive through the casing and 
flues, which accelerates the low temperature corrosion. The inability to 
remove gas side depOSits and the air leakage into the settings limits the boiler 
capacity to 85% MeR because of draft losses. 

Feedwater for these units is not treated. This causes heavy deposits to 
accumulate mostly in the convection pass header orifices. Blockage of the 
orifice can lead to tube overheat and failure (current rate of 10-15 tubes per 
year). The convection pass is replaced on the average of every five to eight 
years. The structural steel supports were found to be in good condition. 

Suggested Actions: 

The engineering analysis determine that these units will need major 
rehabilitation to bring them up to reliable operation. This involves major work 
on combustion systems, furnace construction, sootblowing system, controls, 
and feedwater treatment. 

LIULIN PLANTS BOILER ASSESSMENT 

The Liulin plant is located in Sofia. Liulin supplies hot water to the Northwestern 
part of the city. The hot water is used for district heating. 

Stage 

1 

2 

3 

Year Equipment 

1977 Hot Water Boilers 1 & 2 

1979 Hot Water Boilers 3 & 4 

1989 Hot Water Boilers 5 
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2.3.4.1 Hot Water Boilers 

2.3.5 

General characteristics of this equipment can be found in Exhibit 2-9, listing the 
physical data. Four units are PTVM-100 (Soviet) design and one unit is VK-100 
design (Bulgarian). The main design difference between the two designs is that the 
PTVM-100 has 16 small burners versus the VK-100 having six burners. Also, the 
VK-100 unit was constructed with a membrane furnace. 

A. ALL HOT WATER BOILERS 

Assessment: 

In general, the four non-membrane hot water boilers are in very poor condition 
for the relatively low number of operating hours. All four (4) boilers exhibited 
the same problems and deterioration. The deterioration is associated with 
design deficiencies with the burners and furnace and the harsh operating 
parameters. A summary of unit history is shown in Exhibit 2-22. 

The units fire mostly natural gas because the combustion system is unreliable 
on heavy oil as well as difficult to control. Draft is maintained with flue 
dampers because the units are natural draft. When required, deposits are 
cleaned from the tubes using a water spray system during shutdowns. This 
causes tube corrosion and deterioration of the insulating brick work 
(non-membrane walls). The external refractory (no casing) is deteriorating and 
large holes were noted. Leakage of air is excessive through the casing and 
flues, which accelerates the low temperature corrosion. Gas side deposits 
which cannot be removed during operation and in leakage of air limit the boiler 
capacity to 85% MeR because of limited draft control. 

Although feedwater for these units is not treated, there was no mention of 
serious plugging similar to the hot water units at the Trajoc Kostov plant. It is 
assumed that deposit problems do exist at this plant and that they were not 
reported due to more concern over the burner problems. This keeps the 
assumption of design life for tubing consistent for these particular design 
boilers. It should be noted that boilers were under reconstruction during the 
on-site inspection and deposits were seen in the tubing that was removed. No 
deposit analysis was performed. 

Suggested Actions: 

The engineering analysis determined that the four non-membrane units will 
need major rehabilitation to bring them up to reliable operation. This involves 
major work on combustion systems, furnace construction, sootblowing system, 
controls, and feedwater treatment. The membrane boiler was adequate for 
continued operation. 

ZEMLIANE PLANTS BOILER ASSESSMENT 

The Zemliane plant is located in Sofia. Zemliane supplies hot water to the 
Southwestern part of the city. The hot water is used for district heating. 
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The plants were constructed in one stage: 

Stage Year Equipment 

1 1972 Hot Water Boilers 1 through 5 

2.3.5.1 All Hot Water Boilers 

General characteristics of this equipment can be found in Exhibit 2-9, listing the 
physical data. All five units are PTVM-100 (Soviet) design. 

A. HOT WATER BOILERS 

Assessment: 

In general, the hot water boilers are in very poor condition for the relatively low 
number of operating hours. All five boilers exhibited the same problems and 
deterioration. The deterioration is primarily due to poor combustion, 
non-membrane construction, and the harsh operating parameters. A summary 
of unit history is shown in Exhibit 2-23. 

The units fire mostly natural gas because the combustion system is unreliable 
on heavy oil as well as difficult to control. Draft is maintained with flue 
dampers controlling stack draft, no 10 fans. DepOSits are cleaned from the 
tubes using a water wash system during shutdowns. This causes severe tube 
corrosion and washing out of the insulating brick work (non-membrane walls). 
The external refractory is deteriorating and holes were noted. In leakage of air 
is excessive through the casing and flues, which accelerates the low 
temperature corrosion. Gas side deposits which cannot be removed during 
operation and settings air leakage limits the boiler capacity to 85% MeR 
because of draft losses. 

Although feedwater for these units is not treated, there was no mention of 
serious plugging as reported for to the hot water units at Trajoc Kostov plant. 
It is assumed that deposit problems exist and that they were not reported due 
to more concern over the burner problems. The assumption of design life for 
the tubing is consistent for these particular design boilers. It should be noted 
that boilers were under reconstruction during the on-site inspection. 

Suggested Actions: 

The engineering analysis determined that these units will need major 
rehabilitation to bring them up to reliable operation. This involves major work 
on combustion systems, furnace construction, sootblowing system, controls, 
and feedwater treatment. 

2.3.6 REPUBLIKA PLANT BOILER ASSESSMENT 

The plant is located in Pernik, which is Southwest of Sofia, the capital of Bulgaria. 
The plant produces both hot water and steam while cogenerating electriCity. Hot 
water is used for the district heating system to the town of Pernik. Historically, 
steam was produced to supply industrial customers; however, due to the currently 
depressed business level for industry, steam production is minimal. The 
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Republika plant is unique in this study for two reasons. First, it is the sole source 
of energy supply for the heating of hot water for the district heating system of 
Pernik. Second, it is the only coal fired plant being considered in this feasibility 
study. The plant was constructed in three phases. 

Stage Year Equipment 

1 1951-52 Steam Boilers 1 & 2, Turbines 1 & 2 

2 1958-59 Stearn Boilers 3, 4, & R, Turbines 3 & 4 

3 1967 Steam Boilers 5, Turbine 5 

General characteristics of this equipment can be found in Exhibits 2-24 listing the 
physical data. Units 1 through 4 and reserve (R) are of identical design while unit 5 
is of newer design. All six of the boilers were designed for pulverized coal 
combustion. The original design fuel had a maximum ash content of 45% by 
weight. 

The thermal boilers are in unsuitable condition for further service. Listed below is 
more unit specific assessments. The boilers are grouped based on their vintage 
since the data indicates that the history and operating conditions are very similar 
for boilers of the same age and type. A summary of the unit history can be found 
in Exhibits 2-25 through 2-30. . 

A. BOILERS No.1, No. 2, No.3, No. 4 AND No. 5 
Assessment: 

In general, Republika Thermal Power Plant was concluded to be in poor 
condition. As noted in the data provided by The Committee of Energy, the 
coal supply for the Republika plant has deteriorated over the years to where 
the typical ash content in the supply today exceeds 60% by weight. The use 
of pulverized coal combustion technology with a high ash coal supply has 
accelerated the general deterioration of the boilers. Some systems can be 
considered on a plant basis and the comments apply to all six of the boilers. 
The boiler settings in all cases are in poor condition. Insulation is deteriorated, 
spalling off, and in a state of disrepair. The gas tightness and integrity of the 
settings is gone as witnessed by flue gas leakage and ash leakage from the 
settings while the boilers were in operation. Several inches of ash 
accumulation were common throughout the plant. The peripheral bOiler steel, 
such as the stairways, platforms, their supports, and handrails, were all in a 
poor condition. The pulverizers and burner systems are obsolete and no 
longer supported by the original equipment11lanufacturer. Manufacturing of 
spare parts has to be maintained by the plant. In all cases, the pneumatic 
combustion controls and burner management system are unreliable, and do 
not operate. Boiler control is done manually. In general, the pressure 
boundaries of the bOilers, including the furnace waterwall tubes, superheaters, 
and economizers are all questionable and would have to be considered for 
replacement or upgrade in the near future. The back end cleanup equipment, 
which consists of electrostatic precipitators, are not deemed adequate to meet 
projected emissions limits for particulates. The conclusion is that any plan for 
the continued use of these boilers into the future will require a major 
investment in capital to upgrade and replace key components within each of 
the boilers. There is a critical need to invest in upgrade of SUbsystems such 
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2.4 

2.4.1 

as the combustion controls and burner management systems for safe and 
reliable operation. It is anticipated the back end clean up equipment will be 
required to remove sulfur oxide if emissions are to comply with projected limits 
while using local coal supplies. 

The boilers have had multiple precipitator replacements, as well as multiple 
replacements of the superheater and economizer. It is not clear whether the 
superheater replacement included the headers. While at the plant,·interviews 
were conducted by Babcock & Wilcox with the maintenance and operations 
personnel and some important points were noted. The boilers have been 
experiencing out of service corrosion of the furnace waterwall tubes. The 
boiler waterwall tubes have also had failures that were attributed to thermal 
fatigue. The convection heating surfaces, such as the superheater tubing, are 
experiencing high rates of erosion, which is associated with the high ash 
content of the coal. A section of the steam line was tested following 
150,000 hours of service. It included metallography and other tests done in a 
laboratory on material samples. Although the piping was generally concluded 
to have life remaining, complete data from the test reports was not included in 
the translated data made available for this study. In general, the number of 
operating hours on this piping system and the operating temperature of the 
steam would make the system susceptible to problems associated with creep 
and fatigue. The drums of the boilers were evaluated by Czech engineers to 
determine the condition of the material. Detailed data and reports were not 
provided; however, their conclusion was that the drums were not at end of life. 
In the absence of more comprehensive data, it is assumed that any problems 
existing with the steam drums can be repaired, and this component would not 
have to be replaced. 

Suggested Actions: 

The engineering analysis determined that this entire plant needs major 
rehabilitation work, not only to maintain general integrity but also to clean up 
the emissions. The many problems seen put into questions whether or not it 
would be economically feasible to correct everything that is wrong or whether 
it would be better to dismantle the plant and build a new one. A new plant 
would offer the chance to change fuel (limiting emissions) or stay with coal and 
burn it in a Circulating Fluidized Bed (CFB) boiler. 

TURBINES ASSESSMENT 

This section covers the assessment of the steam turbines at Sofia, Trajco Kostov 
and Republika plants. 

TURBINES DESiGN SUMMARY 

The total number of steam turbines is 19; eight in Sofia, five in Trajco Kostov, and 
six in Republika. The turbine sizes range between 12.5 MW and 66 MW. 
Fourteen of the turbines are a condensing design and the remaining five are back 
pressure design. These turbines were manufactured by the following companies: 
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2.4.2 

Plant Manufacturer Country No. Units 

Sofia unknown unknown 4 
unknown Hungarian 1 
unknown Soviet 3 

Trajco Kostov unknown Czech Republic 5 

Republika CKD Czech Republic 2 
Skoda Czech Republic 3 
PBS Czech Republic 1 

Currently, there are four turbines out of service or permanently retired. These 
turbines are Sofia 1, 2, and 3, and Republika 3. Information concerning the 
turbines was limited to the data supplied by the COE. 

SOFIA PLANT TURBINES ASSESSMENT 

In total, the Sofia Thermal Power Plant has had eight turbine generators installed 
throughout its history. Turbine generators 1 and 2 were started up in 1949, along 
with boilers 1, 2, and 3. Turbine generator 2 experienced a failure due to an 
overspeed incident in 1977, and was retired. Turbine generator 1 was also retired 
and is only used for training purposes. Turbine generator 3, was started up in 
1951 and has subsequently been retired. Turbine generators 4,5, and 6 were 
started up between 1956 and 1962. All three are rated at 25 MW and are 
condensing type designs of Soviet manufacture. As of December 1992, the hours 
of operation varied between 211,000 and 215,000 for the three turbines. These 
are the main turbines at this plant. A turbine that was identified as 7 was started 
up in 1967. In the brief data available, turbine 7 operated only 300 hours after 
start-up and was retired from service. It is assumed that it experienced a major 
failure and was not put back into operation. Turbine generator 8 was started up in 
1985, along with boiler 9. This turbine is rated for 25 MW and as of December 
1992, it had accumulated approximately 75;000 operating hours. In summary, 
there are four turbines currently in operation at the Sofia Thermal Power Plant, 
turbine generator 4, 5, 6, and 8. 

Because of its relatively young life and newer age, turbine generator 8 is assumed 
to be acceptable for continued operation with a remaining life greater than the 
desired life. Turbine generators 4 and 5 have been derated to 18 MW from their 
original 25 MW. They are still in use and they are expected to continue in use into 
the future. Turbine generator 6 is a larger turbine rated at 50 MW and is expected 
.to be used into the future. Turbine generator 4, 5, and 6 have operated in excess 
of 200,000 and their performance has degraded. Data provided by the Bulgarians 
is inconclusive regarding the condition of the turbines. Reports indicate turbines 4 
and 5 are near end of life; however, no data or description of the assessment 
methods were given. Summary information is provided in Exhibit 2-31. 

It is recommended that if the feasibility study projects continued need for these 
turbines, then turbine generators 4, 5, and 6 should be further evaluated in a 
Level 2 condition assessment program. It is also recommended that the auxiliary 
eqUipment, such as the condensers, be tested to determine if their integrity is 
sufficient for long term operation. Maintenance and upgrading of the glands, 
seals, bearings and blades is assumed to have been done on a relatively routine 
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2.4.3 

2.4.4 

basis. One area that is noticeably lacking is that of turbine supervisory systems 
that allow for better operating flexibility with load cycling, two-shift operation, fast 
recovery on load rejection and network stability. In order for these systems to be 
used, the entire controls package for the plant needs to integrate flexibility of 
turbine operation with the various boilers. 

TRAJeO KOSTOV PLANT TURBINES ASSESSMENT 

The Trajoc Kostov Thermal Power Plant has had five turbine generators installed 
throughout its history. Turbine generators 1 and 2 were started up in 1964, along 
with boilers 1 and 2. Both turbines 1 and 2 have undergone multiple repairs and 
replacements over the last 30 years. Turbine 2 underwent a rotor rebuild earlier 
this year due to an overs peed incident in 1992. Turbines 1 and 2 had the HP 
cylinder replaced in 1991. Both turbines are rated for 30 MW. 

Turbine Generators 3 and 4 were started up in 1967, along with boilers 3 and 4. 
These turbines are identical to turbines 1 and 2. Turbine and boiler 3 are currently 
only used for peaking load. Turbine 4 also had the HP cylinder replaced in 1991. 
Turbines 3 and 4 are cycled on and off more than turbines 1 and 2. 

Turbine Generator 5 is relatively new, being started up in 1988, along with 
boilers 5 and 6. This turbine requires that two steam boilers provide the required 
steam flow to produce 66 MW. Boiler 7 was added in 1989 to provide flexibility in 
boiler selection to make up the correct steam capacity to the turbine. Turbine 5 
can be run off any of the following boiler combinations: 5 and 6, 5 and 7 or 6 and 
7. Valving in the steam lines is used to isolate the non operating boiler from the 
rest of the system. Turbine 5, although relatively new, has experienced some 
cracking in the valve boxes. This cracking has been repaired. Summary 
information is provided in Exhibit 2-32. 

In general, the turbines are in fair condition for the age, operating hours and cycles 
since start-up. Replacements in the last two years have taken care of the more 
serious problems. Maintenance and upgrading of the glands, seals, bearings and 
blades is assumed to have been done on a relatively routine basis. One area that 
is noticeably lacking is that of turbine supervisory systems that allow for better 
operating flexibility with load cycling, two-shift operation, fast recovery on load 
rejection and network stability. In order for these systems to be used, the entire 
controls package for the plant needs to be considered in planned upgrades. 

REPUBLIKA PLANT TURBINES ASSESSMENT 

The assessment of the turbine generators at the Republika TPP was limited to 
evaluation of data provided by the Bulgarians. Three of the turbines in operation 
today, turbine number 1, 2, and 4, were started up in the 1950's. These turbines 
each have total operating hours in excess of 240,000 hours with start-up cycles 
ranging from 641 to 1028. Turbine generator 3 of the same vintage was taken out 
of service due to a failure. The cause for the failure and the date it was removed 
from service is not known. Turbine generator 1, 2, and 4 are condensing turbines 
rated at 25 MW. Turbine generator 5, rated at 55 MW, was originally a 
condensing turbine; in 1989 it was converted from condensing type to back 
pressure type operation. Turbine generator 5 was started-up in 1967 and had 
accumulated 147,000 hours operation through the end of 1992. A new turbine 
generator, designated 6, is a back pressure turbine rated at 25 MW and is 
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scheduled to go into operation in 1993. Turbine generator 6 is needed as a 
replacement for the lost capacity associated with turbine 3. In summary, five 
turbines are to be in operation at the end of 1993 to meet the requirements of 
Republika Thermal Power Plant. Three of the turbines are condensing type and 
two are back pressure type. Summary information is provided in Exhibit 2-33. 

In general, it was concluded that the turbine generators can be upgraded and 
modified for continued operation into the future. The feasibility and economics of 
upgrading the turbines for future operation must be weighed against the other 
options for this plant. Based upon statements made by the Bulgarian Committee 
of Energy, turbine generator 5 has had condition assessment work performed and 
it was concluded that the remaining life is greater than the desired life of 15 years 
for this plant. No details were given on the condition assessment program 
performed. Turbine generators 1, 2, and 4 are questionable and it is 
recommended that these turbines have testing and condition assessment work 
performed on them to determine upgrades required for future operation. A 
consideration for the economic evaluation is the expected performance loss of 
these turbines due to their age and hours of operation. Additionally, it was stated 
that, today, the Republika Thermal Power Plant's primary function is to supply 
energy to district heating. Turbine extraction steam for process steam to industry 
is secondary. The role of cogeneration in the district heating plants is not clear 
and must also be evaluated. 

2.5 REHABILITATION AND LIFE EXTENSION RECOMMENDATIONS 

This section of the report deals with the proposed project solutions required to 
extend units life and bring the boilers/turbogenerators up to a more reliable and 
efficient operating condition. All the upgrade/replacement recommendations are 
a direct result of the data analysis, supplied information, personnel interviews, 
current commercially available state-of-the-art technology, and B&Ws 
professional judgment concerning the viability of the project. In general, in all 
cases where an older boiler or turbine is to be operated long into the future, more 
aggressive condition assessment programs should be instituted as part of the 
annual maintenance of the plant. 

The study evaluation is performed on a equipment component level in order to 
screen out the more severe problem areas. This will help the owner(s) 
concentrate on solving the big issues first while gradually addressing the less 
severe components further out in the time line of the plan. 

In performing the study, projects were configured to have the maximum impact on 
three key areas: 

• reliability and maintenance 

• ease of operation through the load range 

• control of combustion emisSions to meet current/future limits. 

The design of each configuration considers that the units will be operated for the 
next 15 years (financial forecast period) at an average availability of 85%. This 
equates to approximately 110,000 hours of additional operating hours. Therefore, 
all projects used a window of 110,000 hours as the minimum time line. 
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When rehabilitation projects are going to be implemented. some components may 
be replaced or upgraded prior to their individual assessment time frame. This 
could done for a number of reasons: convenience of construction schedule. ease 
of operation or maintenance. economic considerations such as lower net present 
value (over time), mobilization of proper resources or incompatible component 
interfacing on an overall unit basis. Therefore, the results of this section should be 
treated as a guidelines for future actions. The development of a final rehabilitation 
plan(s) will require more detailed input data and Level 2 and Level 3 an·alysis. 

The section results are presented in series of Tables according to descriptions 
presented in Subsection 2.2. Therefore each boiler and turbine at analyzed site is 
presented with: (1) component "Priority Group Charts"; (2) unit "Upgrade Ability 
Group Charts"; and (3) "Preliminary Disposition Charts". The "Preliminary 
Disposition Charts" represent synthesized preliminary rehabilitation program for 
analyzed equipment. A table summarizing B&W's final recommendations 
considering preliminary dispOSition, emissions issues. and other input from 
Bulgarian plant representatives and the Committee of Energy is presented in 
Exhibit 2-1A. 

2.5.1 BOILER PRO.lECTS 

This section of the study contains descriptions of the proposed rehabilitation 
projects for the steam and hot water generating boilers. Included in the description 
is the expected efficiency gain, cost and its priority on the timeline. 

2.5.1.1 Sofia Plant 
Thermal Boilers 

Exhibits 2-52 to 2-60 provide synthesized preliminary rehabilitation program for 
Sofia Plant thermal boilers. Supporting information "Upgradeability Group Charts" 
and "Component Priority Schedules" (as defined in Subsection 2.2) are provided in 
Exhibits 2-33 to 2-42 and Exhibits 2-43 to 2-51. respectively. 

As stated in the summary for this plant. all nine of the boilers could be used in the 
future. provided it is economically justified to perform upgrades and replacements 
of key components to meet requirements for desired life. 

In the case of boilers 1 , 2, and 3. the oldest units at the plant, the primary 
requirements for replacement is to address long term reliability and availability of 
the boilers. The most critical component identified was the instrumentation and 
controls. Replacement has been recommended. primarily, to address problems 
with automatic control of the unit for more efficient and safe operation. Items such 
as the furnace. superheater. main steam piping. and fans are identified as 
requiring replacement now or some time during the remaining life of these 
components. In these instances the remaining life may be less than the desired 
life. so it is assumed that replacement will be required. It must be noted that 
because of the age and vintage of these boilers. they are likely to be less efficient 
than the newer vintage boilers. 

For boilers 4. 5, and 6, one option is to upgrade the key components to meet the 
requirements of the desired life versus the calculated remaining life. Certain 
components have been identified as needing replacement in the immediate future. 
These include the superheater, main steam piping, and the instrumentation and 
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result of data provided by the COE, which indicates that these systems have had 
reliability problems in the past. In addition, the remaining life is projected to be 
less than the desired life on these components. Both the combustion controls and 
the burner management systems are considered obsolete and unreliable. 
Consequently, replacement of these systems is required. An important 
consideration is upgrade of the burners; it is felt that the current burners will 
probably not be able to meet new standards for emissions of nitrogen oxides 
(NOx). As a consequence, upgrading to low NOx burner designs is likely as a near 
term upgrade to these units. Other components would have to be considered for 
upgrades or replacements sometime in the future. Systems included in this 
category are the watelWall tubes, the addition of sootblowers, and the retubing of 
the air heaters. WatelWall and air heater upgrades are required to minimize the 
infiltration of air which degrades the units overall performance and efficiency. Air 
leakage also has been identified as a source of corrosion. An adequate soot 
removal system will promote heat transfer throughout the boiler and increase 
efficiency when using mazut as a fuel. 

For boilers 7 and 8, upgrades that are felt to be required in the immediate future 
are new burners, burner management system, and combustion controls. The 
replacement of the burner management system and combustion controls is to 
address safety and reliability of the unit since the existing controls are considered 
to be obsolete and unreliable. Burner upgrades are necessary to address 
emissions requirements for nitrogen oxides. It is assumed that it will be necessary 
to install later technology burners with staged combustion to minimize the 
production of these oxides in the combustion process. Longer term upgrades and 
replacements on Sofia 7 and 8 include watelWalls, the addition of sootblowers, 
retube of the air heater, superheater, and economizer on each of these units. 
Similar results, as described for units 4, 5, and 6, will be realized. 

Boiler 9 is relatively new and no major replacements are deemed necessary. 
Future upgrade of the burners may be necessary for NOx control. Installation of 
later technology burners with staged combustion will minimize the production of 
these oxides in the combustion process. 

Hot Water Boilers 

Exhibits 2-73 to 2-78 provide synthesized preliminary rehabilitation program for 
Sofia Plant hot water boilers. Supporting information "Upgradibility Group Charts" 
and "Component Priority Schedules" (as defined in Subsection 2.2) are provided in 
Exhibits 2-61 to 2-66 and Exhibits 2-67 to 2-72, respectively. 

The upgrades required for the hot water boilers-are common to all of the boilers of 
this design. The highest priority and requirement is for upgrading of the burners 
and controls. New burners are needed as well as controls and flame safety 
systems for all of these bOilers. If mazut is to be fired in the boilers then modern 
sootblowing equipment is also necessary for keeping heating surfaces clean to 
maintain performance. In the longer term the boilers should be upgraded to a 
membrane type construction to eliminated furnace in-leakage and the back end 
corrosion problems. Lastly, Sofia TPP is in the process of installing a new water 
treatment plant to replace the aging facility now supporting the thermal boilers. 
Once complete, the old plant is to be used to treat water for the distribution system 
and hot water boilers. This project should proceed as part of the future operation 
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of the plant to maintain the cleanliness of the water boilers for beUer performance 
and less frequent heating surface replacement. 

2.5.1.2 Trajoc Kostov Plant 
Thermal Boilers 

Exhibits 2-93 to 2-99 provide synthesized preliminary rehabilitation program for 
Trajco Kostov Plant thermal boilers. Supporting information "Upgradibility Group 
Charts" and "Component Priority Schedules" (as defined in Subsection 2.2) are 
provided in Exhibits 2-79 to 2-85 and Exhibits 2-86 to 2-92, respectively. 

Units 1 through 4 all have similar recommendations for the follow up program that 
is needed for rehabilitation and refurbishment. Although there are several projects 
listed for these units, the most important and near term is that for replacing the 
combustion controls, burner management, and feedwater controls. The other 
projects listed can be performed in a longer range plan. These projects include 
sootblowers and main steam line replacement. This would increase the efficiency 
and safety of these units. The overall goal of these projects is to bring these units 
back to highly reliable, safe and efficient operation that meets current and future 
emissions standards. 

As part of the rehabilitation plan, the plant should consider instituting an 
aggressive plant on more proactive maintenance which includes a comprehensive 
condition assessment program. Many of the pressure part components in these 
units need to be inspected in more detail. 

Units 5 through 7 are relatively new installation and are in good shape. The most 
important projects will consider replacing the combustion controls, burner 
management, and feedwater controls. The goal of these projects is to simply 
upgrade the combustion process to current standards for ease of operation while 
meeting the emission standards for the future. 

Hot Water Boilers 

Exhibits 2-116 to 2-123 provide synthesized preliminary rehabilitation program for 
Trajco Kostov Plant hot water boilers. Supporting information "Upgradibility Group 
Charts" and "Component Priority Schedules" (as defined in Subsection 2.2) are 
provided in Exhibits 2-100 to 2-107 and Exhibits 2-108 to 2-115. 

The upgrades for the hot water boilers are common to all of the boilers of this 
design. The highest priority and requirement is for upgrading of the burners and 
controls. New burners are needed as well as centrols and flame safety systems 
for all of these boilers. If mazut is to be fired in the boilers then modem 
sootblowing equipment is also necessary for keeping heating surfaces clean to 
maintain performance. In the longer term the nonmembrane boilers should be 
upgraded to a membrane type construction to eliminated furnace in-leakage and 
the back end corrosion problems. Lastly, Trajoc Kostov TPP is in the process of 
installing a new water treatment plant to replace the aging facility now supporting 
the Thermal Power Plant Boilers. Once complete the old plant is to be used to 
treat water for the distribution system and hot water boilers. This project should 
proceed as part of the future operation of the plant to maintain the cleanliness of 
the water boilers for beUer performance and less frequent heating surface 
replacement. 
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2.5.1.3 Republika Plant 
Thermal Boilers 

ASSESSMENT OF PLANT FACILITIES 

Exhibits 2-136 to 2-141 provide synthesized preliminary rehabilitation program for 
Republika thermal boilers. Supporting information "Upgradibility Group Charts" and 
"Component Priority Schedules" (as defined in Subsection 2.2) are provided in 
Exhibits 2-124 to 2-129 and Exhibits 2-130 to 2-135, respectively. 

Republika units 1 through 4 and reserve boiler, as well boiler 5 all have similar 
recommendations for the follow-up program that is needed for rehabilitation and 
refurbishment. Certain components have required repeated replacement on 
regular intervals during the life of the units. Components that have required 
regular replacement include the tubing of the economizer and the superheater. 
Due to the problems with out of service corrosion and thermal fatigue tube failures, 
the waterwall tubes are also suspect in all six of the boilers at this plant and would 
have to be considered for near term replacement. The pulverizers and their 
auxiliary equipment are considered to be obsolete and will need to be replaced or 
upgraded assuming that the existing technology is to be used into the future. The 
controls systems, including the combustion controls, the burner management 
systems, and feedwater controls, all are in need of replacement and upgrade and 
these would have to be included in an upgrade program for the immediate future. 
The high temperature headers and piping have not had sufficient evaluations to 
conclude whether they can be used into the future. Follow-up would require a 
condition assessment program be instituted and a contingency plan allow for these 
to be replaced if found to be at end of life. Because of the antiquated technology 
used in this unit for such a high ash content coal, consideration would have to be 
given to upgrading of the burners and fans in consideration of meeting modern 
NOx limits for gaseous NOx emissions. The precipitators should be replaced on 
all units to meet particulate emissions levels. Projected new standards for the 
emissions of sulfurous oxides indicate that it will be necessary to investigate 
backend clean up equipment to remove emissions associated with sulfur in the 
fuel. It is clear that for these boilers to remain in operation into the future a 
significant amount of capital is required for upgrading of all systems for both 
reliability and to meet future emissions standards. In light of these requirements 
and the extensive cost of system improvements for the six boilers at this plant, 
serious consideration would have to be given to the replacement of the existing 
plant with new capacity designed with modern technology more suited to this high 
ash content coal. Based on the current state of combustion technology, fluid bed 
combustion appears to be the best application for the use of this coal supply. 

2.5.1.4 Liulin and Zemliane Plants 
Hot Water Boilers 

Exhibits 2-152 to 2-156 and Exhibits 2-167 to 2-171 provide synthesized preliminary 
rehabilitation program for Liulin and Zemlaine Plant hot water boilers. Supporting 
information "Upgradibility Group Charts" and "Component Priority Schedules" (as 
defined in Subsection 2.2) are provided in Exhibits 2-142 to 2-146, Exhibits 2-147 to 
2-151 and Exhibits 2-157 to 2-161, Exhibits 2-162 to 2-166, respectively. 

The upgrades required for the hot water boilers are common to all of the boilers of 
the Russian deSign PTVM-100. 
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2.5.2 

The highest priority and requirement is for upgrading of the burners and controls. 
New burners are needed as well as controls and flame safety systems for all of 
these boilers. If mazut is to be fired in the boilers then modern sootblowing 
equipment is also necessary for keeping heating surfaces clean to maintain 
performance. In the longer term the boilers should be upgraded to a membrane 
type construction to eliminate furnace in-leakage and the back end corrosion 
problems. Lastly, since Sofia and Trajoc Kostov TPP are in the process of 
installing new water treatment facilities to replace the existing facility now 
supporting the thermal boilers. This should clean up the hot water system to some 
extent, however, it is not foreseen how much it will effect these plants, if at all. 

TURBINE PRO.JECTS 

This section of the study contains descriptions of the proposed rehabilitation 
projects for the steam turbines. Included in the description is the expected 
efficiency gain, cost, and its priority on the time line. 

2.5.2.1 Sofia Plant 

Sofia Plant has four operating turbines (4, 5, 6, and 8) and four retired turbines (1, 
2, 3, and 7). Turbines 4 and 5 have been derated from 25 MW to 18 MW, but are 
forecast to be used into the future even though they are nearing the end of their 
useful life. Turbines 6 and 8 are still running at full output and are expected to be 
used in the future. 

The overall plan for these turbines involves replacements, component upgrades, 
and general maintenance overhauls. It must be determined if the lost production 
of turbines 1, 2, and 3 should be replaced. Even though the boilers are old, they 
remain in sound, operable condition. Due to the age on turbines 1, 2, and 3, it is 
recommended that a complete replacement of the turbine generator sets be made 
if the power is needed. The same is true for turbines 4 and 5 due to the reported 
condition and hours of remaining useful life. Turbine 6 should under go a high 
pressure cylinder replacement. The turbine auxiliary equipment, such as the 
condenser, should also be included in any detailed inspection to determine if the 
integrity is sufficient for long term operation. Turbine 8 is in relatively good 
condition and should be scheduled for a general maintenance overhaul. 

It was assumed from the plant data that standard turbine maintenance has been 
occurring on a five year major overhaul schedule. Information concerning the 
turbine was lacking in comparison to the boiler information received. During a 
standard maintenance overhaul, the following would be performed: 

• Visual inspection with NDE testing 

• Seal replacement 

• Bearing and lube oil checks 

• Deposit cleaning of the blades and other surfaces 

• Rotor/bore inspection 

General maintenance is required to return the turbines to efficient operation. 
Losses can occur due to solid particle erosion, deposits, increased clearances, and 
damage from foreign material. 
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Solid particle erosion, by exfoliating oxide, is typically most severe at the high 
temperature steam inlet paints. Performance loss is due to the increased 
roughness of the steam path surfaces and damage to the nozzle and blade 
profiles. Losses typically vary linearly with the degree of erosion. Performance 
loss can range up to 2%. 

Deposits build up on the steam path surfaces due to boiler carryover problems. 
This has a direct effect on the turbine efficiency, capacity, and reliability. Deposits 
cause a very noticeable loss in maximum capacity. Losses typically vary linearly 
with the reduction in nozzle area within a particular stage. Losses also depend on 
how much the aerodynamic shape of the blades has changed. Performance 
losses can range up to 20% if left unattended. 

Increased clearances occur when rotating components contact stationary 
components. This condition increases steam leakage at these pOints. Typically, 
leakages occur at the diaphragm and shaft packings and the radial tip spill strips. 
Distortions in the diaphragm, inner shell, and inner casing are other areas where 
miscellaneous leakages can occur. 

Foreign material, such as nuts, bolts, loose debris, and weld splatter may also 
cause damage that hinders performance. Performance loss occurs due to 
increased roughness and aerodynamic shape changes on the nozzles and blades. 
Performance losses can range up to 10%. 

Restoring the overall performance of the turbine can be achieved by implementing 
a sound and consistently applied maintenance program that addresses the issues 
mentioned. In addition to this, updated supervisory controls should be seriously 
considered. Efficient use of computers can realistically increase the reliability and 
availability of the turbine generator. Such systems are in wide use and provide 
both monitoring and automated control functions. These systems allow for better 
operating flexibility with load cycling, two-shift operation, fast recovery on load 
rejection, and network stability. 

2.5.2.2 Trajoc Kostov Plant 

Trajoc Kostov has five operating turbines presently (1 through 5). These turbines 
have had major replacements performed within the last two years and are 
generally in good condition. No major replacements are expected to be necessary 
throughout the next 15 years (financial consideration period). Maintenance 
overhauls should continue to be performed as scheduled except that a more 
proactive approach should be taken. Efficiency increases are expected whenever 
these overhauls are completed. It is also recommended that turbines 1 through 4 
undergo a more detailed Level 2 inspection and capacity test to benchmark the 
performance profile. This will help determine future performance degradation and 
set future overhaul dates. The turbine auxiliary equipment, such as the 
condenser, should also be included in any detailed inspection to determine if the 
integrity is sufficient for long term operation. 
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It was assumed from the plant data that standard turbine maintenance has been 
occurring on a five year major overhaul schedule. Information concerning the 
turbine was lacking in comparison to the boiler information received. During a 
standard maintenance overhaul, the following would be performed: 

• Visual inspection with NDE testing 

• Seal replacement 

• Bearing and lube oil checks 

• Deposit cleaning from the blades 

• Rotor/bore inspection 

General maintenance is required to return the turbine to efficient operation. 
Losses can occur due to solid particle erosion, deposits, increased clearances, and 
damage from foreign material. 

Solid particle erosion, by exfoliating oxide, is typically most severe at the high 
temperature steam inlet points. Performance loss is due to the increased 
roughness of the steam path surfaces and damage to the nozzle and blade 
profiles. Losses typically vary linearly with the degree of erosion. Performance 
loss can range up to 2%. 

Deposits build up on the steam path surfaces due to boiler carryover problems. 
This has a direct effect on the turbine efficiency, capacity, and reliability. Deposits 
cause a very noticeable loss in maximum capacity. Losses typically vary linearly 
with the reduction in nozzle area within a particular stage. Losses also depend on 
how much the aerodynamic shape of the blades has changed. Performance 
losses can range up to 20% if left unattended. 

Increased clearances occur when rotating components contact stationary 
components. This condition increases steam leakage at these pOints. Typically, 
leakages occur at the diaphragm and shaft packings and the radial tip spill strips. 
Distortions in the diaphragm, inner shell, and inner casing are other areas where 
miscellaneous leakages can occur. 

Foreign material, such as nuts, bolts, loose debris, and weld splatter may also 
cause damage that hinders performance. Performance loss occurs due to 
increased roughness and aerodynamic shape changes on the nozzles and blades. 
Performance losses can range up to 10%. Restoring the overall performance of 
the turbine can be achieved by implementing a sound and consistently applied 
maintenance program that addresses the issues mentioned. In addition to this, 
updated supervisory controls should be considered. Efficient use of computers 
can realistically increase the reliability and availability of the turbine generator. 
Such systems are in wide use and provide both monitoring and automated control 
functions. These systems allow for better operating flexibility with load cycling, 
two-shift operation, fast recovery on load rejection, and network stability. 
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2.5.2.3 Republika Plant 

The Republika plant has five operating turbines (1, 2, 4, 5, and 6) and one retired 
turbine (3). All five operating turbines are operating at rated capacity. 

The overall plan for these turbines involves replacements and general 
maintenance overhauls. Further testing should be performed on turbines 1. 2. and 
4, due to the number of operating hours and cycles, if they are to be used for an 
extended period. A Phase 2 detailed inspection and capacity test will help 
benchmark the actual condition and performance profile. The turbine auxiliary 
equipment, such as the condenser. should also be included in any detailed 
inspection to determine if the integrity is sufficient for long term operation. 
Considering the number of years and cycles, it is recommended that the turbines 
and generators be replaced. Turbines 5 and 6 are relatively new and will only 
require maintenance overhauls for continued operation. It should be noted that 
turbine 6 is a replacement for turbine 3, which was retired after a major failure. 

The recommendations made assume that the plant will remain in operation in its 
current state. Should the plant be demolished in favor of a new Circulating Fluid 
Bed (CFB) boiler or alternative power source, the turbines should be kept for 
spares to be used at SOfia or Trajoc Kostov plants. 

It was assumed from the plant data that standard turbine maintenance has been 
occurring on a five year major overhaul schedule. Information concerning the 
turbine was lacking in comparison to the boiler information received. During a 
standard maintenance overhaul, the following would be performed: 

• Visual inspection with NDE testing 

• Seal replacement 

• Bearing and lube oil checks 

• Deposit cleaning from the blades 

• Rotor/bore inspection 

General maintenance is required to return the turbine to efficient operation. 
Losses can occur due to solid particle erOSion, deposits, increased clearances, and 
damage from foreign material. 

Solid particle erosion, by exfoliating oxide, is typically most severe at the high 
temperature steam inlet points. Performance loss is due to the increased 
roughness of the steam path surfaces and damage to the nozzle and blade 
profiles. Losses typically vary linearly with the degree of erosion. Performance 
1055 can range up to 2%. 

Deposits build up on the steam path surfaces due to boiler carryover problems. 
This has a direct effect on the turbine efficiency, capacity. and reliability. Deposits 
cause a very noticeable loss in maximum capacity. Losses typically vary linearly 
with the reduction in nozzle area within a particular stage. Losses also depend on 
how much the aerodynamic shape of the blades has changed. Performance 
losses can range up to 20% if left unattended. 
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Increased clearances occur when rotating components contact stationary 
components. This condition increases steam leakage at these pOints. Typically, 
leakages occur at the diaphragm and shaft packings and the radial tip spill strips. 
Distortions in the diaphragm, inner shell, and inner casing are other areas where 
miscellaneous leakages can occur. 

Foreign material, such as nuts, bolts, loose debris, and weld splatter may also 
cause damage that hinders performance. Performance loss occurs due to 
increased roughness and aerodynamic shape changes on the nozzles and blades. 
Performance losses can range up to 10%. 

Restoring the overall performance of the turbine can be achieved by implementing 
a sound and consistently applied maintenance program that addresses the issues 
mentioned. In addition to this, updated supervisory controls should be seriously 
considered. Efficient use of computers can realistically increase the reliability and 
availability of the turbine generator. Such systems are in wide use and provide 
both monitoring and automated control functions. These systems allow for better 
operating flexibility with load cycling, two-shift operation, fast recovery on load 
rejection, and network stability. 
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:rHERMAL BOILERS 

IAIIUN. UNI n'c 

SOFIA 1,2.3 TH 

SOFIA 4,5,6 TH 

SOFIA 7.8 TH 

~IA9 TH 

Exhibit 2-1A 

Summary of Recommendations for 

Major Equipment Rehabilitation and Upgrade 

I'KWt:l. NP-Mt t:t~. (';AINI'lI>1 AlllUN 

BURNERS 0-0.25 REPLACE NOW 

BURNER MGM'T 0 REPLACE NOW 

COMB. CONTROLS 0 REPLACE NOW 

FD FAN OPTION 0 REPLACE 5 YEARS 

DUCT WORK FOR BURNERS 0 REPLACE NOW 

SOOTBLOWERS 0-0.10 REPLACE 5 YEARS 

WATERWALlS 0.1-0.25 REPLACE 5 YEARS 

BURNERS 0-0.25 REPLACE NOW 

BURNER MGM'T 0 REPLACE NOW 

COMB. CONTROLS 0 REPLACE NOW 

SUPERHEATER 0 REPLACE NOW 

SOOTBLOWERS 0-0.10 REPLACE 5-10 YEARS 

MAINSTEAM LINE 0 REPLACE NOW 

AIRHEATER RETUBE 0 REPLACE 5-10 YEARS 

WATERWALLS 0.1-0.25 REPLACE 5 YEARS 

BURNERS 0-0.25 REPLACE NOW 

BURNER MGM'T 0 REPLACE NOW 

COMB. CONTROLS 0 REPLACE NOW 

SOOTBLOWERS 0-0.10 REPLACE 5-10 YEARS 

AIRHEATER RETUBE 0 REPLACE 5-10 YEARS 

BURNERS 0-0.25 REPLACE 10 YEARS 

1'It:\';C::i::i" 

NECESSITY 
NECESSITY 
NECESSITY 
ENHANCEMENT 
NECESSITY 
ENHANCEMENT 

ENHANCEMENT 
NECESSITY 
NECESSITY 
NECESSITY 
NECESSITY 
ENHANCEMENT 
NECESSITY 
ENHANCEMENT 

ENHANCEMENT 
NECESSITY 
NECESSITY 
NECESSITY 
ENHANCEMENT 
ENHANCEMENT 

NECESSITY 

FOR ALL UNITS AT PLANT THE COST IS $3960.0 CONTROLS + $525.0 INSTALLATION 

AND START UP. SINCE THIS IS PROPOSED FOR TOTAL PLANT IT SHOULD BE DONE 

AT THE SAME TIME (NOW). 

BURNERS LISTED ARE OIUGAS COMBINATION LOW NOX DESIGN. 

HERMAL BOILERS 

EPUBLIKA 1-4 TH ECONOMIZER 0 REPLACE NOW NECESSITY 

SUPERHEATER 0 REPLACE NOW NECESSITY 

WATERWALLS 0.1-0.25 REPLACE WITHIN 5 YEARS ENHANCEMENT 

PULVERIZERS & FANS 0 REPLACE NOW NECESSITY 

CONTROLS 0 REPLACE NOW NECESSITY 

SH HEADER OPTION 0 REPLACE NOW NECESSITY 

PRECIPITATORS 0 REPLACE IN 5-10 YEARS ENHANCEMENT 

BURNERS & FANS 0 REPLACE WITHIN 5 YEARS NECESSITY 

BACK END CLEANUP OPTIONS 
SNRB 1.0-2.0 ONE OF THESE OPTIONS NOW NECESSITY 

DRY SCRUB 0 ONE OF THESE OPTIONS NOW NECESSITY 

WET SCRUB 0 ONE OF THESE OPTIONS NOW NECESSITY 

ESP SOX 0 ONE OF THESE OPTIONS NOW NECESSITY 

SCR 0 ONE OF THESE OPTIONS NOW NECESSITY 

EPUBLIKA 5 TH ECONOMIZER 0 REPLACEJIIOW NECESSITY 

SUPERHEATER 0 REPLACE NOW NECESSITY 

WATERWALlS 0.1-0.25 REPLACE WITHIN 5 YEARS ENHANCEMENT 

PULVERIZERS & FANS 0 REPLACE NOW NECESSITY 

CONTROLS 0 REPLACE NOW NECESSITY 

SH HEADER OPTION 0 REPLACE NOW NECESSITY 

PRECIPITATORS 0 REPLACE IN 5-10 YEARS ENHANCEMENT 

BURNERS & FANS 0 REPLACE WITHIN 5 YEARS NECESSITY 

BACK END CLEANUP OPTIONS 
SNRB 1.0-2.0 ONE OF THESE OPTIONS NOW NECESSITY 

DRY SCRUB 0 ONE OF THESE OPTIONS NOW NECESSITY 

WET SCRUB 0 ONE OF THESE OPTIONS NOW NECESSITY 

ESP SOX 0 ONE OF THESE OPTIONS NOW NECESSITY 

SCR 0 ONE OF THESE OPTIONS NOW NECESSITY 

FOR ALL UNITS AT PLANT THE COST IS $7722.0 CONTROLS + $815.0 INSTALLATION 

AND START UP. SINCE THIS IS PROPOSED FOR TOTAL PLANT IT SHOULD BE DONE 

AT THE SAME TIME (WITHIN THE NEXT 5 YEARS). 

URNERS LISTED ARE COAL LOW NOX DESIGN. 
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Exhibit 2-1A (Cont'd) 

Summary of Recommendations for 

Major Equipment Rehabilitation and Upgrade 

I"0T WATER BOILERS 

ISIAIION. UN'I rf'1: f'ROJl;l NAMI; I;I-I-,I.;AIN AlllUN 

~OFIA 1-6 HW SOOTBLOWERS 0-0,10 REPLACE IN 5 YEARS 
WATERWALLS 0,1-0,25 REPLACE IN 5-10 YEARS 
BURNERS 0-0,20 REPLACE WITHIN 5 YEARS 
BURNER CONTROLS 0 REPLACE WITHIN 5 YEARS 

~EMLIANE 1-5 HW SOOTBLOWERS 0-0,10 REPLACE IN 5 YEARS 
WATERWALLS 0,1-0.25 REPLACE IN 5-10 YEARS 
BURNERS 0-0.20 REPLACE WITHIN 5 YEARS 
BURNER CONTROLS 0 REPLACE WITHIN 5 YEARS 

ULIN 1-i HW SOOTBLOWERS 0-0,10 REPLACE IN 5 YEARS 
WATERWALLS 0.1-0,25 REPLACE IN 5-10 YEARS 
BURNERS 0-0.20 REPLACE WITHIN 5 YEARS 
BURNER CONTROLS 0 REPLACE WITHIN 5 YEARS 

UlIN5 HW SOOTBLOWERS 0-0.10 REPLACE IN 5 YEARS 
BURNERS 0-0.20 REPLACE WITHIN 10 YEARS 
BURNER CONTROLS 0 REPLACE WITHIN 10 YEARS 

FOR ALL UNITS AT PLANT THE COST IS $~.6 CONTROLS + $390.0 INSTALLATION 
AND START UP. SINCE THIS IS PROPOSED FOR TOTAL PLANT IT SHOULD BE DONE 
AT THE SAME TIME (NOW). 

~ FOR ALL UNITS AT PLANT THE COST IS $2868.0 CONTROLS + $325.0 INSTALLATION 
AND START UP. SINCE THIS IS PROPOSED FOR TOTAL PLANT IT SHOULD BE DONE 
AT THE SAME TIME (NOW). 

~ FOR ALL UNITS AT PLANT THE COST IS $2868.0 CONTROLS + $325,0 INSTALLATION 
AND START UP. SINCE THIS IS PROPOSED FOR TOTAL PLANT IT SHOULD BE DONE 
AT THE SAME TIME (NOW), 

~URNERS LISTED ARE OIUGAS COMBINATION LOW NOX DESIGN, 

HERMAL AND HOT WATER BOILERS 

AJOC 1-i TH BURNERS 0-0.25 REPLACE WITHIN 10 YEARS 
BURNER MGM'T 0 REPLACE WITHIN 5 YEARS 
COMBUSTION CONTROL 0 REPLACE WITHIN 5 YEARS 
FDFAN 0 REPLACE WITHIN 10 YEARS 
DUCTS 0 REPLACE WITHIN 10 YEARS 
SOOTBLOWERS 0-0.10 REPLACE WITHIN 10 YEARS 
MAINSTEAM LINE 0 REPLACE WITHIN 10 YEARS 

TH BURNERS 0-0.25 REPLACE NOW 
BURNER MGM'T 0 REPLACE NOW 
COMBUSTION CONTROL 0 REPLACE NOW 

HW SOOTBLOWERS 0-0.10 REPLACE WITHIN 5 YEARS 
WATERWALLS 0,1-0.25 REPLACE WITHIN 5 YEARS 
BURNERS 0-0.20 REPLACE WITHIN 5 YEARS 
BURNER CONTROLS 0 REPLACE WITHIN 5 YEARS 

FOR ALL UNITS AT PLANT THE COST IS 58604.0 CONTROLS + 5975,0 INSTALLATION 
AND START UP. SINCE THIS IS PROPOSED FOR TOTAL PLANT IT SHOULD BE DONE 
AT THE SAME TIME (WITHIN THE NEXT 5 YEARS), 

URNERS LISTED ARE OIUGAS COMBINATION LOW NOX DESIGN. 

GilberUCommonwealth International, Inc. 
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ENHANCEMENT 
NECESSITY 
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ENHANCEMENT 
ENHANCEMENT 
NECESSITY 
NECESSITY 

ENHANCEMENT 
ENHANCEMENT 
NECESSITY 
NECESSITY 

ENHANCEMENT 
NECESSITY 
NECESSITY 

NECESSITY 
NECESSITY 
NECESSITY 
ENHANCEMENT 
ENHANCEMENT 
ENHANCEMENT 
ENHANCEMENT 

NECESSITY 
NECESSITY 
NECESSITY 

ENHANCEMENT 
ENHANCEMENT 
NECESSITY 
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1,2 

4 

Exhibit 2-1A (Cont'd) 

Summary of Recommendations for 

Major Equipment Rehabilitation and Upgrade 

12.5 MW REPLACEMENT 3.32 REPLACE NOW IF MW REQUIRED 

25MW REPLACEMENT 3.32 REPLACE NOW IF MW REQUIRED 

SOMW HP CYlINDER REPLACEMENT 3.0 UPGRADE IN 2 YEARS 

UNit NEVER USED 0.0 NONE 

25MW GENERAl MAIN'T OVERHAUL 1.18 REQUIRED IN 2 YEARS 

30MW GENERAl MAIN'T OVERHAUL 1.26 REQUIRED IN 3 YEARS 

30MW GENERAl MAIN'T OVERHAUL 1.26 REQUIRED NOW 

30MW GENERAl MAIN'T OVERHAUL 1.26 REQUIRED IN 3 YEARS 

60MW GENERAl MAlN'T OVERHAUL 1.18 REQUIRED IN 5 YEARS 

25MW REPLACEMENT 3.32 REPLACE NOW IF MW REQUIRED 

25MW REPLACEMENT 3.17 REPLACE NOW IF MW REQUIRED 

55MW GENERAL MAIN'T OVERHAUL 1.32 REQUIRED IN 5 YEARS 

25MW GENERAL MAIN'T OVERHAUL 1.02 REQUIRED IN 5 YEARS 

• ALL COSTS ARE IN OOO'S OF U.S. DOLLARS 
APPROXIMATE COST TO REPLACE 50 MW TfG SET IS SS.5M - S7.0M DOLLARS 

Gilbert/Commonwealth International, Inc. 
2-31C 



PHYSICAL DATA EXHIBITS 



DISTRICT HEATING FEASIBILITY STUDY ASSESSMENT OF PLANT FACILITIES 

Comments on Physical Data Exhibit 

Nominal Output represents total heat leaving boiler in steam or water based upon flow, temperatures, 
and pressures. This is not a calculation of boiler capacity accounting for boiler efficiency and feedwater 
inlet temperature. 

., . 

Gilbert/Commonwealth International, Inc. 
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Exhibit 2-1 

Boiler Summary - Physical - Sofia, Thermal Power Plant 

1 BIe,W 1949 1- Drum NOIl- 4 
Nat. Cm:. membrane 

tube &: brick 

2 B&:W 1949 1 - Drum Non- 4 
Nat. ein:. membrane 

tube &: brick 

3 B&W 1949 1- Drum Non- 4 
Nat. cm:. membrane 

" 
tube &: brick 

General: Boilers 1,2,3 

1. Boilers original coal fired converted to oil (mazut) and naturllgu 

2; Boilers have controls and burner management 

~ 3. Burner management operable 

4. Pneumatic combustion controls unreliable 

I-PO 
1-1D 

I-PO 
1-10 

I-PO 
1-1D 

6STIH (143.3 m1blhr) MCR 
7STIH (16S.3 m1blhr) pelt 

6STIH (143.3 m1blhr) MCR 
7ST/H (16S.3 m1blhr) pelt 

6STIH (143.3 m1blhr) MCR 
7STIH (16S.3 m1blhr) pelt 

S. FO Fan Data: Capacity 93,000 cmh, 300 mm HP, Motor 190 HP (SOOV), :JOC 

6. ID Pan Data: CaJIICity 190,000 cmh, 100 mm HP, 200c 

2.S M P. 410·C 93.0 
(362 psi) 770·P 

2.S M P. 41O·C 93.7 
(362 psi) 770·P 

2.S M P. 410·C 94.2 
(362 psi) 7700 P 

SO GCalIhr Economizer 
(200 mkblhr) Tubular AH 

SO GCalIhr 
(200 mkblhr) 

SOGCalIhr 
(200 mkblhr) 

Economizer 
Tubular AH 

Economizer 
Tubular AH 

7. Tubing (OD It Wall): Water wall 82.S mm It 6 mm, Sat. Bank 100 mm It 6 mm, SH SI mm It S mm, Economizer 48 mm It 4 mm, Aitheater 40 mm It I.S mm 
Materials: Wall, Economizer, Saturated Bank - Carbon Steel, SH 1.2 Cr - 1 Mo Alloy 

8. ~. Devices: Saturated Bank and Superheater - None, Economizer and Airheater - Shot ~. System 
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General: Boiler 4, 5, 6 

1956 

1956 

Exhibit 2-1 (Cont'd) 

138 Gca11br 
(548 mkblbr) 

138 Gca11br 
(548 mkblbr) 

I. Original capacity 170 TIhr on brown coal; converted to oil and glS with capacity 170 TIH Oil (Mazut), 200 TIH Natural GIS, 220 TIH P. (NG) 

~ 2. Gas recirculation added to help steam temperature and FEGT at low loads on Mazut (rarely used) 
3 
!!l. 3. FD Fan Data: Capacity 78,800 cmh, 485 DUD H20, 30°C 
0° 
::I 
!!!.. 4. ID Fan Data: Capacity 132,000 cmh, 130 DUD HzO, 200°C 
5" 
~ 5. Pneumatic combustion controls unreliable 

6. Tubing (00 II wall) Waterwalls 76 DUD II 5 mm, Superheater 32 DUD II 4 DUD, Economizer 38 DUD II 4 DUD 

Materials - low - carbon steel, .. L - 1.2 Cr Alloy 

7. Radiant added to 114 only during 1972 modifications 

8. Boilen have shot ~eanin~ sysem for tube cleaning - ash cleaning ineffective 

Econo~r 
Tubular AH 

Economizer 
Tubular AH 

9. 1987 report for units live efficiencies of 88-92% natural glS and 85-90% oil for Unit 114, Unit liS, and Unit 116. Unit 114 interview info. maximum efficiency 91.5% on 
natural gIS, lower on oil 



Exhibit 2·1 (Cont'd) 

7 Russian 1963 1 Drum Noa- I 2-FO 220 Till 10M Pa 540-C 95.1 113 Gc:allbr Bc:oDomi2JI'JI' 
(USSR) Nat Cire membrue 2-1D (485.0 mlblhr) (1450 psi) lOO4-P (725 mtblhr) Tubullr 
TlglllfOgski TlDgent Tube Airheater 

I- Kotlostroitelea 
I laved 1964 I Drum Noa- I 2-PO 220 Till 10MP. 540-C 93.5 113 Gc:allbr BcoDomi2lIIr 

NatCirc membrane 2-10 (485.0 mlblbr) (1450 psi) 1000-P (725 mltblhr) Tubullr 
TlD,ent Tube Airheater 

General: Boiler 7, I 

I. Boiler originally oil fired - DOt desiped for coal. 

2. Original t. Regenerative airheater'l replaced with tubular airbeatert ia 1974. 

4. 10 Fan DltI: eap.cilJ 198,BOO emil, 207 mm H20. 2OO-C 

5. Retrofitted burners similar to B&W oa Unit I, 2, IIId 3 oaIy Iarpr. OriaiDally IhRe IOWI of four bumen, 1976 COIlvenioa chaupl to two IOWI of four 1Iumera. 

6. Pneumatic combustioa COIltrola - DOt reliable. 

7. Tubing (00 It wall) water wall. 65 mm It 5 mID, 32 mmlt 4 mm. 

8. Boiler 7 IIICI 8 tied to rn~ ....... outlet IUpplym, ludIineI. 

9. Per 1987 report - 17-93" JU firin" 16-91" oil finn,. 

9 Czech 1985 
Republic 

Geneni: BoiJer 9 

I. Deaiped for oillgu finn, 

1 - Drum MembnDe 
Nat. Cire. 

2. Tubing (00 It WIll) water wall 65 mm It 5 mID, 

9 2-FD 220 Till (485 mlblbr) 10 M Pa 540-C 95.2 
2-1D (1450 pli) 1000-P 

32 mm II 4 mm, ecoaomi_ 31 mm II 4 mm 

183 0CaI1br Economizer 
(725 mtbIhr) Ljtmptrom 

AU 



- - ....... 
Exhibit 2-2 

Boiler Summary - History - Sofia, Thermal Power Plant 

1,2,3 

1. Originally 

Babcock &: Wilcox via 
Babcock Ltd. U.K. 

-1949 531 

Unit 1 - zero hours 

Designed for coal with heat value nnge of 3600 KCallkg (6480 BTUllb) - 6000 Kca11Kg (10800 BTUllb) 
- Start-up on burners using steam atomized oil 

Ash removed u dry bottom ash 
Early operation - moderate slagging around bumera and SOlM convection pass surr.ces 
Originally boiler 1, 2, 3 to common steam line - drive two Brown-Baven tUIbines 
No ash cleaning equipment (sootblowers) 
Unit originally bad precipitator for coal firing operation. Very problematic in operation during years of coal operation. 

2. 1970 
- Burner conversion - mechanical atomized Czechoslovak burners 
- Light off manual using torch 

Airheater rebuilt (Retube 1) 
- Acid cleaned boiler 

3. 1974 
- Added superheater surface I 

Unit 2 - 235,000 

597 

Unit2 - 3491 

- Desuperheater (attemperator drum type) added to help control steam temperature - note this became the second attempentor in the system 

4. 1976 
- Burner conversion (oil and natural gas) - Babcock Ltd. steam atomized oil/natural gas bumers - greatly improved performance 
- Superheater modified, gas recirculation introduced 
- Airheater replaced and modified - tubing changed to horizontal arrangement with air flow through tubes 

S. 1977 
- Turbine 2 failure from uncontrolled over speed 
- Turbine 1 taken out of service and retired - training purposes only 

6. Boilers have had minimal tube problems 

7. Boilers normally stored flooded (including superheater) when in standby 

8. Erosion in economizer occurred originally (coal firing) - tube shielding added 

9. Fans require high maintenance 

Unit 3 - 237,000 

564 

Unit3 - 7272 



...... 
Exhibit 2-3 

Boiler Summary - History - Sofia, Thermal Power Plant 

l. Original 
- Designed for brown coal firing 3600 KCallkg (6480 srunb) 
- Dry bottom ash removal 
- Originally bad precipitator for back end gas clean up 
- Gas recirtuJation originally in design to control fumace absorption when firing mazut (oil) 

2. 1963 
- Low water incident due to loss of feedwater flow. Wall tube failures. 

3. 1964 
- Main steam line flange lelk at flow meter. Incorrect material found. Flange replaced. 

4. 1971-1972 
- Converted to mechanically atomized oil firing 

5. 1975 
- Burners converted to ~ atomized oil or natura1 gas firing 

6. 1972 
- Superheater replaced. R~QSoll: (I) erosion during years of coal firing, (2) design upgt'lded for oil and gas firing 
- Superheater material ST 20 and 12 XMF 
- Additional radiant superheater sections added in furnace (14 only) 
- Two stage attemperation used - sweet water condenser - used for spray water IIOUl'Ce with feedwater backup 
- Feedwater system reconstructed 
- Main steam line replaced (stop valve to second bend). Related to steam output increase 
- Drum internals replaced (steam quality considerations) 

7. 1975 
- Convection pass modified - additional economizer surface installed 

8. 1976 
- Rolled tubes on steam drum seal welded 

9. ..985 
- Upper bank of economizer replaced 



Exhibit 2-3 (Cont'd) 

Boiler #4 (cont.): 

10. 1982 
- Failure of safety valve lead to over pressuring of boiler 20~ and resulted in screen tube leak.. 

11. 1987 
- Plant designed heat trap added in which flue gas passes through direct contact water heater (natural gas firing only). PmteIt of district water and cleauing of flue ,as ('1) 

12. 1983-1987 
- Forced outages (14) - 3 economizer leaks, 3 attemperator (steam cooler) problems, 2 supply tube leats at drums, 3 I&C related, 1 aeUiDp failure, 1 m fan problem, 

I burner problem 

13. Condition Assessment (Bulgarians) 
- 1985 MT, UT of drums - no defects; weld 011 main steam lines eumined - no defects. 

Main steam line creep swell measure uureliable - no confideoce in results 

FD, ID fans in good CODdition (visual inspections) 

Main steam line NDB through 1987 - no defects found 

Funw:e tubes (cage screen) deformed, high failure rate 

Enclosures (settings) not gas tight 
Main steam line replacement project identified - 1987 report advised replacement within S years 

14. Additional conclusions of study 
- Back end corrosion a problem with air heater requiring frequent replacement of section - cause sulfur in oU and in leaka,e at ambient air 

- EnviJ'OllJDlllltal concerns - NOlt and SOx 

Burners and controls have poor load following capability 

- Commissi~ recolDlJlellded boiler replacement (1987 study) 

15. Capacitynosd 
- Typical for summer 110-130 TIH 
- Typical for winter 150-200 TIH 
- Occasional peak load operation > 200 TIH 

- Per interviews load limited to 210 TIH by fan capacity 



Exhibit 2-4 

Boiler Summary. History. Sofia, Thermal Power Plant 

1. Original 
Designed for brown coal firing 3600 KCallkg (6480 BTUflb) 

- Dry bottom ash removal 
- Originally had precipitator for back end gas clean up 

- Gas recirculation originally in design to control furnace absorption when firing mazut (oil) 

2. 1963 
- Low water incident due to 1088 of feedwater flow. Wall tube failures. 

3. 1964 
- Main steam line OlDge leak at flow meter. Incomet material found. Flange replaeed. 

4. 1971-1972 
- Converted to mechlDically atomiad oil firing 

5. 1975 
- Burners converted to steam atomized oil or natunl gas firing 

6. 1972 
- Superheater replaced. Reason: (1) erosion durin. yean of coal firing. (2) design upgnded for oil and gas firing 

Superheater material ST 20 and 12 XMF 

Additional radiant superheater sections added in furnace (.4 only) 

Two stage attemperation used - sweet water coodenser - used for spray water source with feedwater backup 

Feedwater system reconstructed 
Main steam line replaced (stop valve to second bend). Related to steam output increase 

Drum internals replaced (steam quality considerations) 

7. 1975 
- Convection pass modified - additional economizer surface installed 

8. 1983-1987 
- Forced outages (26) - 3 burner equipment problems. 9 I&;C related. 5 electrical problems. 1 m fan problem, 2 due to economizer lelb. 1 result of flow orifice problem. 

1 problem with drum connection. 4 related to flame .. fety system 



Exhibit 2-4 (Cont'd) 

Boiler 115 (cont.): 

9. Condition Assessment (Bulgarians) 
- 1985 MT. UT drums; creep tests main steam. line - no damage/defects 

Auxiliaries in lood condition 
In leakage of air COIIIidereci problem to performance of boiler (efficiency) IIld ID fan 

Creep measurements UllJeliable for main steam. lines 

1987 metallurgical testing of sample from main steam. lines 

FD and ID fins in good condition (visual inspection) 

Burners old - cunot be staged for NOx control 

Excess air and heat loss high 
Funw:e tubes distorted - have had excessive failure rate 

10. Conclusions on main Iteam assessment 1987 report stated as unnecessary due to p1annecl rept.cements in near term, S-6 years. Also interview note indicates management at 

plant considers boiler main steam line at end of life. 

11. Data/Summary Conclusions (Bulgarian) 
- Construction out-of-date (not tight - non-membnne) 

- Poor load response 
Leakage causes excessive back end corrosion (airbeater) 

- Drums have remaiDing life 

12. Capacity/load 
- Typical for 8UDIDIel' 110-130 TIH 
- Typical for winter 150-200 TIH 
- Occasional peak load operation > 200 TIH 

13. Report 1987 
- Indicates frequent replacement of airbeater sections due to corrosion. 

- Steam drum bu 113 life expended, 2/3 life remaining 
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Exhibit 2-5 

Boiler Summary· History· SOfia, Thermal Power Plant 

6 R .. ··:·R (TKZ) 1957 .. &0 ... '.':-.':'.:.:'."" .. ;......"::0.:"', .... ::.:.· .•. :.' .. ·.'.'.'.::.·· .•. •· .•• :?ii 592 .___ ~~v~ .. _~~~_~~'::~"c~:·~ __________ ~~ __________ ~ ____________ ~1 

••• '~~I.:.:::l·!·.l:· 16,351 

1. Original 
- Designed for bl'OWll coal firing 3600 KCallkg (6480 BTUllb) 
- Dry bottom ash removal 
- Originally hid precipitator for back end gas clelll up 
- Gas recirculation originally in design to control furnIce absorption when firing mazut (oil) 

2. 1963 
- Low water incident due to loss of feedwater flow. Wall tube failures. 

3. 1964 
- Main steam line f1mge leak at flow meter. Incorrect material found. FlaDge replaced. 

4. 1971-1972 
- Converted to mechanically atomized oil firing 

5. 1975 
- Burners converted to Slelm,atomized oil or natuni gas firing 

6. 1983 
- Main steam line - third bend replaced due to cracking 
- Interview note: ID fin experienced shaft brelk. - poor foundations lead to breU. from dynamic loads 

7. 1983-1987 
- Forced outages (32) - 12 due to IltC problems, 15 in electrical system, 1 from drum safety valve problem, 4 resulting from economizer leaks 

8. 1985 
- Upper bank of economizer replaced 

9. Condition Assessment (Bulgarians) 
- 1985 cracks in larger drum - concluded to be a lap - manufacturing defect - DO repair required 

Auxiliaries in good condition 
Creep swell measurementa unreliable for main steam lines 
Furnace water wall tubes distorted and have excessive failure rate 
Enclosures/settings not tight - detrimentally affects performance and back end corrosioo 
Burners old mel cannot be staged for NOx control 
FD and ID fins in good condition 



........ '.J_' ...... .. _ .... _ ' .. ' '.j"--~" 
Exhibit 2-5 (Cont'd) 

PLANT' NAM6:. SOFiA .•.•...•• · ••. /· •• ··i.·.·.·· ... ··· ........ ··· ..• · ... · ..... · .... · ........••. ·· ••.. ·.··i.i.·.··.·.·.· ........... · .... · .. · .. · ... ·· ... ·.·.·.· .... ··.···.···F ..•.... j .• ···I··.·.r~·1XP~f:tHBRMfjj·.POWE~·,~ .•.•.• : .•..... :{ •.••...••..•.••.••.. ? •.•....•..••• : .• :. ..... : .•.••.•.••.••• ;../ •..... ::: .•...••.•••.•...••.. : .••....•• : .......•.....•.. 
Boiler #6 (cont.): 

10. Main steam expected to be replaced. 1981 report indicates repllcemt:Dt in near term 5-6 yem. lnterview note confirms line considered to be at end of life u result of 
earlier assessments. 

II. Data/Summary Conclusioos (Bulgarian) 
- Construction out-of-date (not tight - non-membrane) 

Poor 10id response 
- Leakage causes excessive hick end c:orrosiOll (airheater) 
- Drums have remaining life 

@. 12. capacity/IOid 
g' - Typical for IWIUIIer 110-130 TIH 
~ - Typical for winter 150-200 TIH 
~ - Occuional peak load operatiOll > 200 TIH 
3 g 13. Report 1987 

tv ~ - lndicates frequent replacement of airheater sections due to corrosion 
.J,.~ 
..... :7 

~ 
3 
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Exhibit 2-6 

Boiler Summary - History - Sofia, Thermal Power Plant 

7 Russian (TKZ) 1963 

1. OrigiDal 
- Oil firing only 
~ Regenerstive (Ljungstrom airheater) 

2. 1971 
- Header superheater outlet replaced due to crlCb and creep 

3. 1974 
- Regenerstive airheaters replaced by tubular typo (&ason: Poor operatiOll of original regenerstive tYPe) 

4. 1975 
New bumen installed 8 instead of 12. Babcock steam. atomized oil and aalurIl gu typo 

- Economizer section Idded 
- 18 bends removed from ddiant platens (replaced) 

5. 1977 
- Pipe soction(s) in main s~ line, one section replaced near flow orifice 
- Main gu valve replaced ' 

6. 1979 
- Convection superheater replaced - tubing oaty. DegradatiOIl partly due to poor steam tempe..ture coatroJ. 

7. 1982 
- Interview nole: attemperator liner failed - slid down blocked flow and caused high temperature degradatiOIl to headers 
- Header of first sage superheater replaced - degraded material 
- Fourth bend in main steam line replaced 

8. 1984 
- Rewelded circular weld in main steam. line adjaceat to fifth bend 
- Replaced roof pass of superheater 
- Header of first stage superheater replaced - note second of the headers replaced in this superheater 

9. 1985 
- Steam riser tube off outlet of superheater replaced due to leak 



..... _- ... -_ .. :_ ...... .... 
Exhibit 2-6 (Cont'd) 

PLANT NAME: SOFIA 

Boiler 117 (cont.): 

10. 1986 
- Two steam risers right wall outlet and one riser of left wall were replaced 
- Support steel for second stage convection superheater failed 

11. 1987 
- Header (location '1) repllCed for second time 
- Radiant superheater repllCed (second time) 

~ 12. 1980's (Capital Repairs) 
a= - All attemperator spray heads in convection superheater were replaced 
CD 

~ 13. Condition Assessment (Bulgarians) 
~ - Visuals - furnace tube distorted. Construction makes removal/repair extremely difficult 
3 Front wall, bottom of unit - heavy extemal corrosion of tubes and lelks (water) observed 
g Steam risers - history of lelks affects unit reliability and poses personnel danger 

~ 1 MT - 23 cracks found in drum: 4 in drum itself, 16 in tube connections, other 3 not specified. Defects ranged from 3 to 10 mm deep and removed by grinding 
w :;. FD and ID flDS in good condition 

5" Oil and gas burners operate well 
~ ,. Steam line material ductility testing inconclusive 3 
!!l. Furnace wall tubes not gas tight. Also, experience frequent tube lelks 
C)" Severe low temperature corrosion back end (airbeater) - typical problem and requires frequent repllCODleDt of sections. 
~ J-----~--~~~----~----------------~------~~--~------------~------~--~------------------------------------------------------~ 
5" 14. Capacity/load 
P - Typical load for summer 1l0-14O TIH 

- Typical load for winter ISo-210 TIH 
- Occasional load up to 220 TIH 

IS. General Notes: 
- History of poor steam temperature control 
- 1987 study recommended complete upgrade - membrane walls, new superheaters, new economizer, new airheater, sootblowers, and emissions control (NOll) 
- Interview note: boiler main steam line - boiler to turbine - needs to be replaced after 1993. OEM recommendation based upon expanded life 
- Boiler has been recently acid cleaned 
- All down take tubes and supplies to root superheater to be replaced (thinning poses personnel hazard) 



Exhibit 2-7 

Boiler Summary - History - Sofia. Thermal Power Plant 

PLANT .NAMa: ...... SOFIA ..•... ··7~.·· .• ·• ....• 7 ••.. · ••...•••••••. · •.•••••••.•. :· ••...••• ·· ••.•• ·••·••· ..•• · •••••. ·i •.• · ..•..••.. ··•· •••• • •. · .•.••.•. ·.................................................. .Px;AN't·T)'PB: ••.• 11iE~~rQWB~ •. rLA.HT.: •. '·· ••• ·::··':, .. ·.i (·.· •. ...:;;'i:· •• ,.· ••• g •... :.; •. : .• } • ... } ..•.. ;j..... •..••..•...•• i ..... · .• ·.• 

RUBBWl
• (TKZ) 1964 .nM; ...••..•. ' ... n# ... i·:,..;I·.·.J:·.·.: .. ·.· •.•.. LX: 772 

B ~~:;·"'=.,:n~:;;::::r"' .... ;.;;·~···· •.• ff .••• ·}+..:..:..----+-----:--1-------1I 
.=~ .. ::.!) .. 21,014 

1. Original 
- Oil firing ODly 
- Regenerative (Ljungstrom airbeatet) 

2. 1974 
- Steam collecting chamber (helder 1) repllCed due to defects 

3. 1915 
- Regenerative airbeaters repllCed by tubular type (ReMon: Poor operation of original regenerative type) 

New burners insllJted8 instead of 12, babcock Iteam atomized oil and aaturallU type 

- Economizer section added 
- 18 bends removed from radimt plateas (repllCed) 

4. 1976 
- First bend of steam line repllCed due to cracking 

5. 1977 
- Two riser tube bends replacecl - rear wall circuit - crackin, 

6. 1978 
- Second sllge convective superheater repllCed 

7. 1982 
- Roof supemeater replacecl 
- Hydrostatic test at approximately 1.4 nominal pressure (2000 psi) -leak in rear wall riser 

B. 1983 
- Weld adjacent to main steam line orifice removed and rewelded 

- Third bend in main steam line replacecl due to crack 

9. 1985 
- Fifth bend in main steam line repllCed 

10. 1986 
- Fourth and sixth bends in main steam replaced 

- Radiant superheater replaced 



Exhibit 2-7 (Cant'd) 

Boiler '8 (cont.): 

11. Condition Assessment (Bulgarians) 
- Visual: furnace tubes distorted. Construction (tangent tube) makes removal/repair difficult 

Front wall, bottom of unit - heavy extemal corrosion and lelks observed 
MT - defect (cracks) discovered on drum around tube opening. - removed by ,rinding 
FD ad ID fans in good condition 
Steam line ductiHty tests inconclusive 
FUI'llICO tubes have high failure rate 
Back end conosioo I problem, particularly in aiJheater requires frequent cJwges of airbeater sections 

12. General notes: 
- Burners operate well 
- 1987 study recommended complete rebuild including membrane walll1, superheaters, economizer, regeaerative airheater, IIOOtblowera, aud emillllions control for NOx 
- 1987 study recommended destructive tests on the steam drum material 

13. Capacity/load/performance 
- Typical load for summer 110-140 TIH 
- Typical load for winter lS01210 T/H 
- Occasional load up to 220 TIH 



Exhibit 2-8 

Boiler Summary - History - Sofia, Thermal Power Plant 

9 Czech Republic 1985 1-';;,:PnI,;:;;:',·.··,;;Pff,;.··· '..:Cyc~·<'·'·:::j.:;·;4 •••.• ;;;:.:;;;,:;;;;::4-.• , ...;:1.:..;35 _____ -+-______ t-_____ --1 

.' •• '~~~::j:. 38,575 

General: 

I. New vintage boiler in early stages of operating life - no significant problems 

I~------------------------------------------------------------------------------------------------------------------------------------~------------------------·-

--- -------------------------------------------------------



Exhibit 2-9 

Boiler Summary - Physical - Sofia, Zemliane, Lulin, Hot Water Plant 

Sofia 1-6 Russian 1967- Forced Non- 16 16, 2140TIH 1.0MPa lSO°C 86.8 on lOOGCal None 
(PTVM-lOO) 1981 Circulation membrane 8 front I per (4716 mlblhr) 145 psi 302°P 88.6,u (397 mkblhr) 

8 back burner 

~ Zemliane I Russian 1972 6' Forced Non- 16 16, 2140TIH 1.0 MPa lSO°C 89.2 oil lOOGCal None 
CD (PTVM-lOO) 
~ 
0 

Circulation membrane 8 front I per (4716 mlblhr) 145 psi 302°P 92.8IU (397 mkblhr) 
8 back burner 

0 
3 Zemliane 2 Russian 1972 3 
0 (PTVM-lOO) ::I 

Porced Non- 16 16, 2140TIH 1.0 MPa 150·C 89.6 oil lOOGCal 
Circulation membrane 8 front I per (4716 mlblhr) 145 psi 302°P 91.8,u (397 mkblhr) 

None 

",:E 
1.;' 
..... :f Zemliane 3 Russian 1972 

~ (PTVM-lOO) 
3 

8 back burner 

Forced Non- 16 16, 2140TIH 1.0 MPa 150°C 87.6 oil lOOGCal 
Circulation membrane 8 front I per (4716 mlblhr) 145 psi 302°P 91.8JU (397 mkblhr) 

8 back burner 

None 

!!l-ei" Zemliane 4 Russian 1972 ::I Forced Non- 16 16, 2140TIH 1.0MPa 150°C 88.5 oil lOOGCal None 
!!!. (PTVM-lOO) Circulation membrane 8 front I per (4716 mlblhr) 145 psi mop 92.5IU (397 mkblhr) 
5" 
p 8 back burner 

I 

Zemliane 5 Russian 1972 Forced Non- 16 16. 2140TIH 1.0MPa 150°C 88.9 oil lOOGCal None 
(PTVM-lOO) Circulation membrane 8 front I per (4716 mlblhr) 145 psi mop 93.7,u (397 mkblhr) 

8 back burner 

Lulin 1 Russian 1977 Porced Non- 16 16, 2140TIH 1.0MPa lSOoC 94.5 oil lOOGCal None 
(PTVM-I00) Circulatioo membrane 8 front 1 per (4716 mlblhr) 145 psi mop 86.8JU (397 mkblhr) 

8 back burner 

Lulin 2 Russian 1977 Porced Non- 16 16, 2140TIH 1.0 MPa 150°C 94.6 oil lOOGCai None 
(PTVM-I00) Circulation membrane 8 front I per (4716 mlblhr) 145 psi 302°P 86.8JU (397 mkblhr) 

8 back burner 

Lulin 3 Russian 1979 Porced Non- 16 16, 2140TIH 1.0MPa 150°C 94.4 oil lOOGCal None 
(PTVM-I00) Circulatioo membrane 8 front I per (4716 mlblhr) 145 psi mOF 86.8,u (397 mkblhr) 

8 back burner 

Lulin 4 Russian 1979 Forced Non- 16 16. 2140TIH 1.0MPa 150°C 94.4 oil lOOGCal None 
(PTVM-1OO) Circulation membrane 8 front 1 per (4716 mlblhr) 145 psi 302°P 86.8,u (397 mkblhr) 

8 back burner 

Lulin 5 Bulgarian 1989 Forced Membrane 6 2FD 2S0TIH 1.0MPa lBO°C 95.1 oil lOOGCai None 
(VK-1OO) Circulation (4959 mlblhr) 145 psi 356°P 89.01U (397 mkblhr) 



.. -- - -- ..... - .. - .. .... ...... .. 
Exhibit 2-9 (Cont'd) 

General Notes: Russian Designed Fi'VM~IOO Type 

I. The 16 small bumers each are designed for oil or natural gas and have a blower with 10,000 cmh capacity 

2. Four of 16 bumers have lighters and scanners - remainder are lit from the four monitored bumers 

3. Boilers are top supported 

4. Boiler water is oot treated 

S. Boilers are natural draft damper controlled - high draft loss limits boiler load for multiple boiler operation 
~ I~~==~~==~~~~==~~~~~~~~~~~~~~--~------------------------------------~I 
6' 6. Unit has no sootblowers, water spray system is available for off line water wash 
ID 

~ 7. Non-membrane walls are subject to in leakage 

§ 8. Tubing (00 It wall) - Waterwalls: 60 mm It 3 mm, Convection Pass: 8 m It 3 mm 
o 

I\.) i 9. Boiler Controls are unreliable and outdated 
.b.~ 
co g. General Notes: Bulgarian Designed VK-IOO Type 

~ I. Silt bumers designed for oil or natural gas - three each on left and right wall 
3 
go 2. All burners automated with flame safety system 
:l 

,!!!. 3. Two forced draft faos have capacity of 80,000 cmh 
5' 
p 4. Units are natursl draft with outlet damper control 

5. Boiler is top supported 

6. Tubing (00 It wall) - Waterwalls: 57 mm It 4.5 mm, Convection Pass: 32 mm It 3 mm 



...... _-- ................ _ .. _-
Exhibit 2-10 

Boiler Summary - History - Sofia, Hot Water 

'~!~it~~~;;; \f~d,;Zt0~JI~ll~ '0" ~~; '~ i; 1!J::il:! \ \ ': ..... 
... ':';. ;::;-:( /.,:. / ;" ... " ,';" ," 

HWB-l Russim (PTVM-l00) 1967 32,688 N/A 13,181 

HWB-2 Russian (PTVM-l00) 1967 34,068 N/A 8,928 

HWB-3 Russian (PTVM-l00) 1973 34,461 N/A 13,580 
Ii? 

44,802 ET HWB-4 Russian (PTVM-l00) 1973 
CD 

N/A 19,064 

<- HWB-S Russian (PTVM-l00) 1983 32,251 b' N/A 19,462 
3 

HWB-6 Russian (PTVM-l00) 1981 26,038 3 N/A 13,253 
0 
::I 

I\.)~ 
j,.!!!. 
(O~ 

a 
~ 
::I 
!!l. o· 
::I 

~ 
5" p 



~----~~~~---~---~--

Exhibit 2-11 

Boiler Summary - Physical - Trajco KostoY, Thermal Power 

Czech 1964 I-Drum NOD-membrane 6 2-FD 2-1D 220TIH 9.6MPa 540°C 91.0 183 GCalIhr Economizer 
(PSB-Bmo) Nat Cire tube &: brick I-GR (485.0 m1blhr) MCR (1410 psi) l005°P (725 mkblhr) Tubular AM 

2 Czech 1964 I-Drum NOD-membrane 6 2-FD 2-1D 220TIH 9.6MPa 540°C 91.0 183 GCalIhr Economizer 
(PSB-Bmo) Nat Cire tube &: brick I-GR (485.0 m1blhr) MCR (1410 psi) 1005 OF (725 mkblhr) Tubular AM 

3 Czech 1967 I-Drum Non-membrane 6 2-FD 2-1D 220T/H 9.6MPa 540°C 91.0 183 GCalIhr Economizer 
(PSB-Bmo) Nat Cire tube &: brick I-GR (485.0 m1blhr) MCR (1410 psi)_ lOOSoP (725 mkblhr) Tubular AM 

4 Czech 1968 I-Drum Non-membrane 6 2-FD 2-1D 220TIH 9.6 MPa 540°C 91.0 183 GCalIhr Economizer 
(PSB-Bmo) Nat Cire tube &: brick I-GR (485.0 m1blhr) MCR (1410 psi) l005°F (725 mkblhr) Tubular AM 

General Units I, 2, 3,4: 

1. Boilers originally designed for oil (mamt), CODverted to oil and natural guo 

2. Boilers have controls and burner 

3. Bumer· n ........ hl .. 

4. Pneumatic controls unreliableJ 

5. FD Fan Data: notlvailable. 

6. ID Fan Dlta: notlvaillble. 

7. Tube Dlta: not Ivailable. 

8. Cleaning Devices: saturated bank and superheater - not _. Economizer and airheater - shot 

9. Units 1 and 2 supply turbine generators I and 2. Units 3 and 4 supply turbine 3 and 4. 

10. Geological reports show Wlter table is 2.2 - 2.8 m (5.59 -7.11 ft.) below surface and is -,- OD concrete. 

11. Plant design wu for earthquake level 8 and current standard is level 9 in this area. 

12. Steam coil airheatell on each FD prior to tubular airheater. Replaced 2 and 3. have 1 and 4. 

13. Safety valves OIl I. 2. and 3 replaced. valves on 4 

14. General boiler is similar to B&:W Carolina style radiant boiler. No reheat. 



--~--~--~~----~---~ 

Czech 1988 I-Drum Membnne 9 
(PBS-Bmo) Nat Cire 

6 Czech 1988 I-Drum Membrane 9 
(PHS-Hmo) Nat Cire 

7 Czech 1989 I-Drum Membnne 9 
(PBS-Hmo) Nat Cire 

Exhibit 2-11 (Cont'd) 

2-PD 220 TIH (485 mlblhr) MCR 13.63 MPa 53S·C 
2-10 (2000 psi) 996·P 

2-PD 220 TIH (485 mlblhr) MCR 13.63 MPa S3S·C 
2-10 (2000 psi) 996°P 

2-PD 220 TIH (48S mlblhr) MCR 13.63 MPa S3S·C 
2-10 (2000 psi) 996°P 

92.0 

92.0 

92.0 

1830Callhr 
(725 mkblhr) 

1830Callhr 
(725 mkblhr) 

1830Callhr 
(725 mkblhr) 

Economizer 
Ljungstrum 
Airheater 

Economizer 
lJungstrum 
Airheater 

Economizer 
Ljungstrum 
Airheater 



- .. - - -- .. .. .. - - - - .. -
Exhibit 2-12 

Boiler Summary - History - Trajco Kostov, Thennal Power 

Czech (pBS-BRNO) 1964 156,032 

I. Original 
- Designed for oil firing (IIII2'lIt), uatunI circulation, one drum 

2. 1975 
- Conversion to oil/natural gas firing using Deutche Babcock bumers, atomizing steam. (Y -Jet) 

First stage superheat surfIce removed due to absorption problem 
- Attemperators added to control temperature 
- Gas recirculation added to CODtrol superheater temperature on oil (muut) 
- SCAH added to low corrosion 

3. 1975-1979 
- Platen superheater materiall changed to stainless steel due to multiple failures 

4. 1984 
- UT test of drum welds indicates no defocta 

5. 1986-1987 
- NOB of tee section in platen superheater showed defecta 
- Tee sections with qWeriaI 12 KIMF 

6. 1992 
- Unit was chemically cleaned 

7. General 
- First and secoud stage superheater loops replaced due to out of service corrosion (sulfur) 

Sootblowers not functional 
Oxygen pitting internal to tubing 
Shot cleaning system in economizer i. ineffective and wearing tubes 
General corrosion on lower tubes 
Limited boiler ClplCity (200-205 TIH) due to feeciwater heater temperature < 215°C 
High draft lOBI due to lICk of cleaning; 10 fan limited on caplCity 
Drum downcomers have microcracking in bore. axial orientation 
Visual exams of luxiliaries by Energetica indicate all satisfactory 
Unit was chemically cleaned 

458 

--

16,744 

Chemical treatment plant lacks proper automatic controls, spare parts, reliability of pumps and measuring devices. Leaks ate prevalent in the "R" filter system. 
desalinated water system and the reagent handling system 
Tube samples taken July 22, 1991, show average 193.3 g/ff (2080 glm' in furnace 
Performed 7 capital and 23 intermediate up to 1987 

- -



- .... -- .... - - .. - - .. - -
Exhibit 2-13 

Boiler Summary - History - Trajco KostoY, Thermal Power 

. ;i,·'.·, 
PLANT NAMB: TRAJCO KOSTOVr .. 

2 Czech (PBS-BRNO) 1964 147,724 

I. Original 
- Designed for oil firing (mamt), natural circulation, one drum 

2. 1975 
- Conversion to oil/natural gas firing using Deutche Babcock burners, atomizing steam (Y -Jet) 
- First slage superheat surface removed due to absorptioo problem 
- Attemperators added to control tempersture 

Gas recirculation added to control superheater temperature OIl oil (mamt) 
- SCAH added 10 stop low temperature corrosioo 

3. 1975-1979 
- Platen superheater materials changed to stainless steel due to multiple failures 

4. 1984 
- UT test of drum welds indicates no defects 

S. 1986-1987 
- NOB of tee section in platen superheater showed defects 
- Tee sections replaced with material 12 KIMF (7) 

6. 1992 
- Unit was chemically cleaned 

7. General 
- First and second stage superheater loops replaced due to out of service corrosion (sulfur) 

Sootblowers not functional 
Oxygen pitting intemal to tubing 
Shot cleaning system in economizer is ineffective and wearing tubes 
General conosion on lower tubes 
Limited boiler capacity (200-205 TIH) due to feedwater heater temperature < 21SoC 
High draft loss due to lack of cleaning; ID fan limited on capacity 
Drum downcomers have microcracking in bore, axial orientation 
Visual eums of auxiliaries by Energetica indicate all satisfactory 
Unit was chemically cleaned 

456 

- -

10,075 

Chemical treatment plmt lacks proper automatic controls, spare parts, reliability of pumps and measuring devices. Leaks are prevalent in the -H- filter system, 
desalinated water system and the reagent handling system 
Tube samples taken July 22, 1991, show average 193.3 glff (20BO g/m., in furnace 
Performed 7 capital projects and 23 intermediate repair projects up to 1987 

- -



- - - -- .... - - - - - - - - - - - -
Exhibit 2-14 

Boiler Summary - History - Trajco Kostov. Thermal Power 

... 

PLANT TYPE: TIlERMAL POWER ~}>···.·.···· •. i\ •..• \· ... ••••· •. ·.i(.\\ .. i.. .. t.\ PLANT NAME: TIWCO KOSTOV ••• 

OriainlMlQuflCture~ TotaI~.~~.··.····. !.~~!~:.:,:;;::: ....• :\.:.' .•• ·~IH~~.:,· ..... .: .. :; ... 
Boiler' Co..ml!8ion p~ '.' ::,: .. :".:::,:::.:::.::::" 

;:;.;: ... ;: .... ; .... : .. ;::. 
, .. ':' ....... ..• i\'\: ·'f'( ;;:' "l'r (198Nm) <r:~·\.:;·~:·::\:: :.:>/.:,:::;,:;:."::".::.. 

3 CDlCh (PBS-BRNO) 1967 153,661 426 2S,688 

I. Original 

- Designed for oil firin, (mazut), natural circulation, one drum 

2. 1975 

- CooversiOll 10 oilloaturalgu firing usiag Deutche Babcock bumen, atomizinJ Iteam (Y -Jet) 

- First lta,e lllperbeat 1IIlf.:e removed due 10 absorption problem 
- Atlemperatora added 10 controllemperature 
- Gu recirculatiOllIdded 10 control superheater temperature on oil (mazut) 

- SCAR added 10 IIop low lemperature conosion 

3. 1975-1979 

- Plateo 8Uperheater loops ooIy changed 10 ataiulea steel due 10 multiple failures 

4. 1985 

- Boat ample removed from pipe D273128. Reaulta iudicate ••• (1010') 

5. 1986 

- Boat ample removed from pipe 0273128. Results mcale. • • (1010') 

6. 1988 

- Blow down tank elploded during start-up. Tank Hooded, DO capacity 10 dump steam. Designed for 10 ban and lSO·C. Actual CODditioaa 10.5-12 bars and 2BO-330°C 

7. Prior 10 1991 

- Unit wu chemically cleaned 

8. General 
- First and aeooad sta,e superheater loops replaced clue 10 out of aervice corroaiOll (sulfur) 

- Sootblowera not fuuctioaal 
- Olygea pitti.o, intemallo tubing 
- Shot cleanin, Iystem ia economizer is iaeffective and wearing tubell 
- General corrosiOll 011 lower tubell 

- Umited boiler QPlCity (200-205 TIH) due 10 feedwater heater temperature < 2IS·C 

- High dnft loa due 10 lICk of cleaniJl.: lD fan limited oa capacity 
- Drum dowucomera have miclOCr.:kiog ia bore, aial orientatioa 

- Visual eUIIIII of lUIiliaries by Energetica iudicate all utiaflctory 
- Unit wu chemically cleaned 
- Chemical treatment plant lacks proper aUlomatic controls, spare parts, reliability of .,.... and messurin. devicel. Leata are preva1eat in the -H- filter IIYItem, 

dealiuated wiler 'yslem and the reageat haadliug Iystem 
- Tube amples takc:o July 22, 1991, show average 29.8 "fi' (320 ,/m'l) in furnace 
- Performed S Clpitai projecll and 18 ialermediate repair projects up 10 1987 

- Economiur his been changed out 



- - - - - - - - - - - - .. -
Exhibit 2-15 

Boiler Summary - History - Trajco KostoY, Thennal Power 

4 Cmch (PBS-BRNO) 1968 144,035 

1. Original 
for oil firing (mazut), natural circulation, one drum 

2. 1975 
- Conversion to oil/llltUtlJ gu firing using Deutche Babcock bumers, atomizing steam (Y -Jet) 
- First stage superheat surface removed due to abso!plion problem 
- Attemperators added to control temperature 
- Gu recirculation added to control superheater temperature on oil (mazut) 
- SCAH added to stop low temperature corrosion 

3. 1975-1979 
- Platen 

4. 1981 

changed to stainless steel due to failures 

360 

- Cables under control room for Boiler II fire (electrical short). System replaced with wOrionw monitoring sylfem. 

S. Prior to 1991 
- Unitwu clemed 

6. General 
- First and second stage BUpeJheater loops replaced due to out of service corrosioo (sulfur) 

Sootblowers not functional 
Oxygen pitting intemal to tubing 
Shot cleaning system in economim is ineffective and wearing tubes 
General corrosion on lower tubes 
Limited boiler ClplCity (200-205 TIH) due to feedwater heater temperature < 215°C 
High draft loss due to lICk of cleaning; m fan limited on capacity 
Drum downcomers have microcracking in bore, axial orientation 
Visual exams of auxiliaries by Energetica indicate all satisfactory 
Unit wu chemically cleaned 

- - -

25,062 

Chemical treatment plant IICD proper automatic controls, spare parts, reliability of pumps and measuring devices. Leaks are prevalent in the wHw filter system, 
desalinated water system and the reagent handling system 
Tube samples tIbD July 22, 1991, show average 29.8g/fi1 (320 g/m2) in furnIce 
Performed 5 capital projects and 18 intermediate repair projects up to 1987 
Economizer has been changed out 

- -



------- - -- - - .. - - - - --
Exhibit 2-16 

Boiler Summary - History - Trajco Kostov, Thermal Power 

5 Czech (PBS-BRNO) 1988 21,939 117 21,939 

I. Original 
for oil firing (mamt), natural circulation, ODe drum 

2. 1992 
- Control. utd automatiOIl equipment for burners wu replaced 

3. General 
- Plant indicates serious burner 

136 

7 Czech (PBS-BRNO) 1989 18,933 78 18,933 

1. Original 
- Designed for oil firing (mamt), natura1 circulation, one drum 

2. General 
- Plant indicates serious burner when firing oil. Stems from mechanical atomizers requiring 588 (40 bars). Should upgrade to steam atomization 



-------------------
Exhibit 2-17 

Boiler Summary - Physical - Trajco Kostov, Hot Water 

HW-I Bulgarian 1974 Forced Non- 6 2-FD 
(VVK-lOO) Circulation membrane tube 3-front 

HW-2 Bulgarian 
(VVK-lOO) 

HW-3 Bulgarian 
(VVK-lOO) 

HW -4 Bulgarian 
(VVK-lOO) 

HW-5 Bulgarian 

HW-7 

(VVK-l00) 

Bulgarian 
(VVK-lOO) 

Bulgarian 
(VVK-lOO) 

" .~. 3-rear 

1974 Forced Non- 6 
Circulation membrane tube 3-front 

" refIactory 3-rear 

1975 Forced Membrane 6 
Circulation 3-front 

3-rear 

1975 Forced Non- 6 
Circulation membrane tube 3-front 

" refIactory 3-rear 

1977 Forced Non- 6 

1981 

1982 

Circulation membrane tube 3-front 

Forced 
Circulation 

Forced 
Circulation 

" ~. 3-rear 

Non
membrane tube " . 
Membrane 

6 
3-front 
3-rear 

6 
3-front 
3-rear 

2-FD 

2-FD 

2-FD 

2-FD 

2-FD 

2-FD 

HW-8 Bulgarian 1982 Forced Non- 6 2-FD 
(VVK-l00) CircuIation membrane tube 3-front 

,,~. 3-rear 

1500 TIH (5511 mlb/hr MCR) 1.8 MPa 150·C 93.3 
(265 psi) 302·F 

1500 TIH (5511 mlb/hr MCR) 1.8 MPa 150·C 93.3 
(265 psi) 302·P 

1500 TIH (5511 mlb/hr MCR) 1.8 MPa 150·C 93.3 
(265 psi) 302·P 

1500 TIH (5511 mlb/hr MCR) 1.8 MPa 150·C 93.3 
(265 psi) 302°F 

1500 TIH (5511 mlb/hr MCR) 1.8 MPa 150·C 93.3 

1500 TIH (5511 mlb/hr MCR) 

1500 TIH (5511 mlb/hr MCR) 

(265 psi) 302·P 

1.8 MPa 
(265 psi) 

1.8 MP. 
(265 psi) 

93.3 

93.3 

1500 TIH (5511 mlb/hr MCR) 1.8 MPa 150·C 93.3 
(265 psi) 302·F 

100 GCai/hr None 
(397 mkb/hr) 

100 GCai/hr None 
(397 mkb/hr) 

100 GCai/hr None 
(397 mkb/hr) 

100 GCai/hr None 
(397 mkb/hr) 

100 GCai/hr None 
(397 mkb/hr) 

100 GCai/hr 
(397 mkb/hr) 

100 GCai/hr 
(397 mkb/hr) 

None 

None 

100 GCai/hr None 
(391 mkb/hr) 



----------- - - - - - - - -
Exhibit 2-17 (Cont'd) 

General Units I through 8: 

1. Boilers designed for oil (mazut) and natural gas, except Unit I which is gas 

2. Boilers have controls and burner (lighters and scanners). 

3. FD Fan Data: 80,000 m1Ihr, 160 KW motor. 
• 

4. Tubing Data: Waterwall - 57 mm x 4.5 mm x 75 mm (00 x thk x spacing). Convection pass - 28 mm x 3.0 mm (00 x thk). 
Convection ... 70 mm, perpendicular ,.. 75 mm 

5. Boilers are natural draft, control is done with dampers at the boiler exit flue. 

6. Burner Data: 2400 m11hr gas and 2200 T/H oil (mazut). 

7. Each unit i. supported by a steel structure of columns and beams. The units are 

8. Units 3, 4, 5 have "Babcock" bumers 

9. Units I, 2, 6, 7, 8 hive Polish made burners. 

10. Each unit can be run in a two or four acheme (water Four loop acheme i. not used because of high 

II. There is no water treatment in these boilers. 

12. Measurements: 
- Combustion chamber - 6130 mm x 6230 x 7200 (WxDxH), volume ... 268 oJ, II1Irface EO 241 m1 

- Convection pass - surface = 3645 m1 

- Overall boiler - 6800 m x 6900 x 15,200 (WltDxH) 



- - - - - - - - - - - - - - - - - -
Exhibit 2-18 

Boiler Summary - History - Trajco KostoY, Hot Water 

l. Original 
- Designed for natunl gas firing. fon:ed circulation 

2. General 
Firing system, controls IDd automation rep1acecl 
First row convection pass tubes overheat due to ndimt absorption. Failures are plugged at rate of IO-IS per year. Full tube bank replacement avenses f1Very S-8 years 
Convection pass header orifices become blocked with waterside contaminates causing the header to overheat 

HW-2 

Top row of convection pass corrode due to low exit temperatures 
No sootblower exists. Cleaning is performed using wash system. Water infiltration behind wall tubes causea corrosion. Wash system is ineffective so pllDt usea handheld 
water jets to clean tubes during outages 
PllDt relates firing oil (mazut) 

VVK-IOO 1974 39,123 N/A 22,782 

l. Original 
- Designed for natunl fon:ed circulation 

2. General 
- Oil and natunl gas firing 

Firing system, controllllDd automation replaced 
First row convection pass tubes overheat due to radiant absorption. Failures are plugged at rate of IO-IS per year. Full tube bank replacement averages f1Very S-8 years 
Convection pass header orifices become blocked with waterside contaminates causing the header to overheat 
Top row of convection pISS corrode due to low exit temperatures 
No sootblower exists. Cleaning is performed using wash system. Water infiltration behind wall tubes causea corrosion. Wash system is ineffective 80 plant usea handheld 
water jets to clean tubes during outages 
Plant relates problems firing oil (mazut) 

-



- - - - - - - - - - - - - - - - -
Exhibit 2-19 

Boiler Summary - History - Trajco KostoY, Hot Water 

HW-3 Bulgarian VVK-IOO 1975 30,906 N/A 14,752 

I. Original 
- Designed for natural forced circulation 

2. General 
- Oil and uaturalgu firing 

Fint row convection pus tubes overheat due to ndiant absorption. Failures are plugged at rate of 10-15 per year. Full tube billie IqIlacement averages flVery 5-8 years 
Convection pus header orifices become blocked with waterside contuniDates causing the header to ovedleat 
Top row of convection pus corrode due to low exit temperatures 

-

No sootblower exists. Cleaning is performed using wash system. Water infiltration behind wall tubes causes corrosion. Wash system is ineffective 80 plant uses handheld 
water jets to clean tubes during outages 
Plant relates many problems firing oil (mazut) 
Boiler reconstructed to membrane construction 

HW-4 Bulgarian VVK-IOO 1975 33,544 N/A 18,557 

I. Original 
- Designed for naturalgu firing, forced circulation 

2. General 
- Oil and natural gu firing 

First row convection pus tubes overheat due to radiant absorption. Failures are plulled at rate of 10-15 per year. Full tube billie IqIlacement averages flVery 5-8 years 
Convection pus header orifices become blocked with watenide contaminates causing the header to overheat 
Top row of convection pus corrode due to low exit temperatures 
No sootblower exists. Cleaning is performed using wash system. Water infiltration behind wall tubes causes corrosion. Wash system i. ineffective 80 plant uses handheld 
water jets to clean tubes during outages 
Plant relates oil (mazut) 

-



- - - - - - - - - - - - - - - - - -
Exhibit 2-20 

Boiler Summary - History - Trajco KostoY, Hot Water 

HW-5 Bulgarian VVK-IOO 1977 38.348 N/A 

1. Original 
- Designed for natunl gas firing. fon:ed circulation 

2. General 
- Oil and natural gas firing 
- First row convection pass tubes overheat due to radiant absorption. Failures are plugged at nte of 10-15 per year. Pull tube bank rephlcemeot avenges wery 5-8 yean 
- Convection pass header orifices become blocked with waterside contaminates causing the header to overheat 
- Top row of convection pass corrode due to low exit tempentures 
- No sootblower exists. Cleaning is performed using wash system. Water infiltntion behind wall tubes causes corrosion. Wash system is ineffective 110 plant uses handheld 

water jets to clean tubes during outages 
- Plant relates many problems firing oil (mazut) 

N/A 21,759 

1. Original 
- Designed for natun1 gas fi~g. fon:ed circulation 

2. General 
- Oil and natural gas firing 

First row convection pass tubes overheat due to radiant absorption. Failures are plugged at nte of 10-15 per year. Full tube bank replacement avenges every 5-8 years 
Convection pass header orifices become blocked with waterside ccmtaminates causing the header to overheat 
Top row of convection pass corrode due to low exit tempentures 
No 8OOtblower exists. Cleaning is performed using wash system. Water infiltntion behind wall tubes causes corrosion. Wash system is ineffective 110 plant uses handheld 
water jets to clean tubes during outages 
Plant relates many problems firing oil (mazut) 
Mechanical atomized oil (mazut)~~g is unreliable and plant,re~ to not use it in this unit 

-



------- - - - ------- - -
Exhibit 2-21 

Boiler Summary - History - Trajco KostoY, Hot Water 

HW-1 - VVK-I00 1982 

I. Original 
- Designed for natuIIl gas firing, forced circulatioo 

2. General 
- Oil and natural gas firing 

First row convection pass tubes overheat due to radiant absorption. Failures are plugged at rate of 10-15 per year. Full tube bIDk replacement averages every 5-8 years 
- Convection pass header orifices become blocked with waterside contaminates causing the header to overheat 
- Top row of convection pass corrode due to low exit temperatures 
- No sootblower exists. Cleaning is performed using wISh system. Water infiItratiOD behind wall tubes causes corrosion. WISh system is ineffective 10 plant uses handheld 

water jets to clean tubes during outages 
- Plant relates DIlDy problems firing oil (mamt) 

Boiler reconstructed to incorporate membrane construction 

I •....•.••••••.••.•••.••••••••... ~ ••••••••••••••• ::j.....................{.... · .. ~~b8·~ •• ~)~~~'\ •• ·;~·:··ji:~:·:ii.. ..~ ...••...• : .•• : ••. ~ '. ···'· ••. ~.·1 ! ••.•.•••.••• :: •...••. ·······I.···I~··.I·);;;.·.·.i: .. :·~·.·~··; •• • •• · .•• ·• ••• ::.··.~i;· .• ·· . ...... ~ ... , ...... ; ...... . 

HW-8 BuJgsriail VVK-I00 1982 30,110 N/A 14,449 

I. Original 
for natural gas firing, forced circulatioo 

2. General 
- Oil and natural gas firing 

First row convection pass tubes overheat due to ndiant absorptioo. Failures are plugged at rate of 10-15 per year. Full tube bIDk replacement averages every 5-8 years 
Convection pass header orifices become blocked with waterside contaminates causing the header to overheat 
Top row of convection pass corrode due to low exit temperatures 
No sootblower exists. Cleaning is performed using wash system. Water infiltratiOD behind wall tubes causes corrosiOD. WISh system is ineffective 10 plant uses handheld 
water jets to clean tubes during outages 
Plant relates DIlDy problems firing oil (mamt) 
Mechanical atomi~ oil (mazut) firing is unreliable and plant prefers to not use it in this unit 
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Exhibit 2-22 

Boiler Summary - History - Lulln, Hot Water 

1977 51,567 N/A 

1977 67,560 N/A 

1979 45,861 N/A 

1979 54,178 N/A 

1989 11,846 N/A 

;) I. Unit 1, 2, and 4 - burners modification for staged combustion. r->=E 
0,;' 
W:T 

~ 
3 
!!! ci" 
;) 

~ 
5' 
P 

: ... ·~J~~,~c: ....... ~1i~i~ .... ::!::::::; •••..••• 

18,712 

26,591 

17,553 

26,726 

12,845 



-------------------

@. 
6' 
ID 

~ 
~ 
3 

HWB-I 

HWB-2 

HWB-3 

HWB-4 

HWB-5 

g Notes: 

Exhibit 2-23 

Boiler Summary - History - Zemliane, Hot Water 

Russian \flVM-l(0) 1972 89,362 N/A 

Russian (PTVM-l00) 1972 82,407 N/A 

Russian (PTVM-lOO) 1972 62,489 N/A 

Russian (PTVM-lOO) 1972 53,415 N/A 

Russian (PTVM-lOO) 1972 24,820 N/A 

I\.) ~ I. Controls replaced lID all units for 181 firin,. 
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Exhibit 2-24 

Boiler Summary - Physical - Republika. Pernik. Thermal Power Plant 

1952 2-Dnon 
Nat Cire 

1951 2-Dnon 
Nat Cire 

1959 2-Drum 
Nat Cire 

1958 2-Dnon 
Nat Cire 

1967 I-Dnon 
Nat Cire 

1958 2-Drum 
Nat Cire 

Non
membrane 

NOD-
membnme 

Non-
membrane 

Non-
membrane 

Non-
membrane 

Non-
membrane 

8 

8 

8 

8 

12 

8 

2FD 
2ID 

Original 110 TIH (242.5 mlblhr) 
Reconst 130 TIH (286.6 mlblhr) 

Recent 76 TIH (167.5 mlblhr) 

2 FD Original 110 TIH (242.5 mlblhr) 
2 ID Reconst 130 TIH (286.6 mlblhr) 

2FD 
2ID 

2FD 
2ID 

Recent 90 TIH (198.4 mlblhr) 

Original 125 TIH (275.6 mlblhr) 

------------------------------
Recent 104 T/H (229.3 mlblhr) 

Original 125 TIH (275.6 mlblhr) 

----------------------------.-
Recent 102 TIH (224.9 mlblhr) 

7.8 MPa 

_<.!~~~_~t 
6.6MPa 
(957 psi) 

7.8 MPa 

-<.!~~~-~~-
7.0MPa 
(1015 psi) 

7.7 MPa 
(1117 psi) -;.-------
6.9 MPa 
(995 psi) 

7.7 MPa 

_<.!~7_~~_ 
7.1 MP. 
(1030 psi) 

500°C design as" 355 mltblhr 
932°F ------- ------------ -----------
482°C present 243 mltblhr 
9000 P 84.5" 

500°C design as" 355 mltblhr 
932°P 

----------- -----------
496°C present 291 mltblhr 
926°P 81.8" 

500°C design 83" 404 mltblhr 
932°P 

----------- -----------
494°C present 335 mltblhr 
921°P 83" 

500°C design °83" 404 mltblhr 
932°P 

----------- -----------
495°C present 328 mltblhr 
924°P 82" 

Economizer 
Tubular AS 

Economizer 
Tubular AH 

Economizer 
Tubular AH 

Economizer 
Tubular AS 

2 FD Original 220 TIH (485.0 mlblhr) 9.4 MP. 540°C design 86" 726 mltblhr Economizer 
3 ID (1363 psi) lOO4P Tubular AS 

------------------------------- ----------- -------------------- ------------
Recent 205 TIH (451.9 mlblhr) 8.8 MPa 526°C present 636 mltblhr 

(1281 psi) 979°P 82" 

2FD Original 125 TIH (275.6 mlblhr) 7.7 MPa 500°C design 83" 404 mltblhr Economizer 
liD (1117 psi) 932°P Tubular AH 

-------------------------- -;.------ ----------- -----------
Recent 95 TIH (209.4 mlblhr) 6.9 MPa 500°C present 307 mltblhr 

(995 psi) 932°P 84.1" 
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Exhibit 2-24 (Cont'd) 
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General: Boilers I, 2, 3, 4, Reserve, 5 

I. Boilers all coal fired. 

2. Coal quality bas degrlded over time: Design fuel 45" ash, 11" H20, 2500 kcallk.u received. Cumat fuel 53" ash. 15" ~O. 1860 kcallks auannteed. 

3. Sootblowers OllIS boiler only. Not used. 

4. FD Fan Data: (Boiler 1-4. Reserve) 90,000 Cu MIhr. 380 mm ~O, 30·C. (Boiler 5) 126,000 Cu MIhr, 450 mm H20. 3D·C. 

5. 10 Fan Data: (Boiler 1-5, Reserve) 468,000 Cu MIhr, 300 mm H20, 100·C. 
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Exhibit 2-25 

Boller Summary - History - Republlka, Pernik, Thermal Power Plant 

1. 1954 
- Burner/COIl feeder modificatiOlllIo improve fuellYlllem .... ety and 10 stabilize combustiOll. 

2. 1960-1962 
- Wall tubes replaced (I). A cat irOD type air heater i. removed. IddecI ecoaomimr IIIIr&ce mel rep1aced precipitator. Flue ... COlI drJinI inIteIId of air iallituted 10 

decrease explosion baunl. SettiDp modified 10 make boiler tighter andllop lelbge. . 

3. 1965-1970 
- Second precipitator replacement 

4. 1983-1984 
- Superheater and economizer inatalled. CrIC" found in aec:ood Btlge IUperbeater header in ilea of outlet DOzzie ..tdle we1d • the header II rep1aced. 
- Muting Note 1011193 C.O.E. - Superheater and eccJIIOIIIizer have required repllCelllellt appIOl.imatelyevery 10 yean. 

5. 1987 
- Air heater replaced (interview note) 

6. Equipment failure rate recent yellS (1988-1992) - failUl'el in ecoaomizer (57). mperheaterlattemperator (5). Iteam dnmt reIatecl (6). 1eadin, ed,e COIlVectiOll .... tube (12). 
piping related (9). lUlliliary IYstem other tbaa full (20). full (5). IltC (2) 

7. Interview Notea: 
• Boilers experiencing out of service corrosiOll (intemal) in furnace waterwaU tubes as well as thennIl fatip ctam.p 

Convection heatinglUrface tubes are IUbjected 10 high erosiOll nlel due 10 ash content in coal 
Teats done on a section of aleIm line with ISO,OOO houn service time includinl metallography. chemical CGqIOIitiOll. mel mechanical property IeItI - materiallelt reportI 
011 steam piping indicalel material DOl at eud of life 
CODdition _ment of drumI by CzechosloVikim engineen indicalel material i. DOl at end of life 
High temperature headen are elWDined by magnetic particle leIlin, (MT). CrICked headen are replaced. El.aminatiOll repeated every 3-4 yellS 
Condition assessment of high temperature tubinl i. limited 10 aweD measuremenll and evaluatiOll of lhimlinl due 10 erosiOll • DO IlUllplinl II performed - auperheater last 
replaced 1984 
Superheater material purchased 10 begin replacement 011 boilers generally • Itopped due 10 funding mel uncertain future for uaill 
Current plllll include annual repainlmaintenance - DO major upgndes 
Coal mill caplCity limited by high ash content in coal; mill. difficult 10 maintain - parts DO 1000,er available 
Precipitator UDlble to meet envirODmentallimits 
Boiler has pneumatic conlrol. and buroer management IYstem which are old and unreliable - most IJslemI opented in mauual 
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Exhibit 2-26 

Boiler Summary - History - Republika, Pernik, Thermal Power Plant 

2 eKD Dukla Czech 1951 

1. 1954 
- Rotary coal feeders replaced with rubber conveyer belts type burners and drying methods modified 

2. 1960-1962 
- Wall tubes replaced. cast iron type air header removed. brick work refractory and casing overhauled to reduce furnace leakage. economizer aurfIce increased 

3. 1965-1970 
- Precipitators replaced 

4. 1984 
- Top supported superheater surface installed. wall-mounted economi:rer installed. outlet header of second stage superheater replaced 
- Meeting Nott! 101119J C.O.E. - Superheater and economizer have required replacement approximately every 10 years. 

5. 1988 
- Airheater replaced (interview note) 

6. Equipment failure rate (1988-1992) - failures in economizer (33). superheater/attemperator (6). steam drum related (2). leadina edge COIlvectiOll pass tubes (2). piping related 
(2). auxiliary systems other thaD fans (10), fans (6), and IltC related (3) 

7. Interview Notes: 
- Major drum failure due to thinning from steam erosion occurred and required weld repair and PWHT (date unknown) 

Boilers experiencing out of service corrosion (internal) and thermal fatigue in water wall tubes 
Erosion due to excessive ash in coal causing wear on convection pass tubes 
Material testing on piece of main steam line with 150,000 hours (metallography. material composition. mechaniw properties) indicated materia1 not at eDd of life 
Condition assessment of drums by CzechoslOVakian engineers indicated it is not at end of life - no major problems since repUr of failure 
High temperature headers examined by MT every 3-4 years - no problems currently 
High temperature tubing assessed by measurement for creep swell known and thinning - no sampling. Plant has 801M material for superheater replacement program but 
work has not processed pending future and status for units and limited funding. 
Current plans include annual maintenance and repairs. Any upgrades are on hold pending decisions on future of plantlboilers and on funding 
Coal mill capacity limited by high ash content of coal. mills difficult to maintain and parts not available 
Precipitator unable to meet environmental limits 
Pneumatic boiler combustion controls and burner management system unreliable - most systema operational in manual 
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Exhibit 2-27 

Boiler Summary - History - Republika, Pernik, Thermal Power Plant 

1. 1963-1968 
- Economizer aurfa increased. cut iron type air heater replaced with tubulll type. settings modified with brick wort IIIIl cblnge of refractory IIIIl cuing to reduce 

leakage. 
- Flue gas drying instead of air drying of coal installed 

2. 197(H972 
- Precipitator replaced 

3. 1981 
- Top supported superheater installed. wall mounted economizers installed 
- Muting Not~ 10/1191 C.O.E. - Superheater IIIIl economizer have required replacement approltimately fNery 10 yean. 

4. 1985 
- Part of steam piping replaced (note: elttent of rep_ment not indicated). first stage superheater replaced 

S. Future: 
- Airbeater scheduled for 1994 repllCement (interview note) 

6. Equipment failures me recent yean (1988-1992): economizer (10). supemeater/attempentor related (6). drum related (2). leIdiDg edge convection pus tube failures (S). 
piping related (2). aUltiliaries less faDII (8). fans (2). I&.C (3) 

7. Interview Notes: 
- Boiler eltperiencing out of service internal water wall tube corrosion. thermal fatigue bas also been OItperieoced 

Erosive wear on convection pass due to eltCeSllive flyash a problem 
Material tests generally ron on sectiOll of main steam line after 150.000. UBit 3 steam lines not identified as cum:nt problem to continued operatiOll 
Condition _ment of drums by Czechoslovakian engineers indicated they are not at end of life 
High temperature headers eumined by MT every 3-4 years - no problems currently 
High temperature tubing assessed by dimensional checks for swell and erosiOll (thinning). Plant bas material for auperheater replacement wort 011. boilen generally but 
work on hold pending funding and decisiOlll 011. future of plantlboiler 
Coal mills capacity limited to high content of coal. mills difficult to maintain and parts not available 
Precipitators unable to meet enviroomentallimits 
Pneumatic combustion controls and burner management unreliable - most systems operated in manual 
Current plans include annual maintenance/repairs with no upgrades pending decisiOlll 011. future of plant 
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Exhibit 2-28 

Boiler Summary - History - Republika, Pernik, Thermal Power Plant 

-194,000 

4 CKD Dukla Czech 1958 853 

6558 

1. 1963-1968 
- Economizer surface increased, cast iron type airheater replaced with tubular type, settings modified by new brick wort and casing to reduco flue gu leakage 
- Flue gas drying instead of air dying of coal instituted for safety - less explosion hazard 

2. 1970-1972 
- Precipitaton replaced 

·3. 1979 
- Top supported steam superheater IIld wall mounted economizers added 
- Meeting Note 1011193 C.O.E. - Superheater and economizer have required replacement approximately every 10 years. 

4. 1982 
- Fint stage steam superheater replaced because of swelling 

5. 1991 
- Air heater replaced 

6 •. Equipment failure nte recent year. (1988-1992): Economizer (34), superheater/attemperator (5), drum related (3), leading edge tubes (12), piping related (4), auxiliaries less 
fIllS (20), fIllS (0), I&C (I) 

7. Interview Notes: 
- All boiler waterwalls experiencing internal corrosion and thermal fatigue 

Erosive wear on convection pass tubes a problem due to ash content of coal 
Material test done on piping spool piece with 150,000 hours service - piping believed to be OK 
Condition assessment of drums by Czechoslovaldan engineen indicates they are not near end of life 
High temperature headen examined by MT every 3-4 yean. Headers are not known to be a problem 
High temperature tubing assessed by dimensional measurements to assess swelling, erosion wear. General progrun for superheater tubing replacement wu in progress 
when status of plant mel funds postponed effort pending future of plant 
Coal mill capacity is limited by high ash coal and mills are difficult to maintain - parts no longer available 
Precipitaton are identified as inadequate to meet current/new emiBBion limits 
Pneumatic boiler and burner controls are old and unreliable. Boilers are operated manually 
Current plans limited to annual maintenance/repairs. Any upgrades are contingent upon future decisions for plant 
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Exhibit 2-29 

Boiler Summary - History - Republika, Pernik, Thermal Power Plant 

Reserve eKD DuJda Czech 1958 

I. 1963-1968 
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843 

3523 

- Economizer 8W'fIce increasod, cast iron typo airheater replaced with tubular typo, setting modified with new brick wort refractory and cuinJ to roduco flue gu leakage 
- flue gas drying instead of air drying installed for coal for safer system 

2. 1965-1970 
- Precipitator replaced 

3. 1982 
- Top supported superheater and wall mounted economizers installed 
- Meeting Note 1011193 C.O.E. - Superheater and OCODOmizer have requirod replacement approximately fNOty 10 yean. 

4. 1989 
- Airheater replaced (interview DOte) 

S. Equipment failure rate recent years (1988-1992): Economizer (5), superheater/attemperator related (7), drum related (I), loading edge tubes (12), piping related (4), 
auxiliariea less fans (I), fans (0), I&C (I) 

6. Interview notes: 
- Boiler experiencing internal corrosiOD and thermal fatigue in waterwall tubes 

Erosive wear 011 tubes of convectiOD pass a problem due to fly ash 
Material teats run 011 section of steam line with 150,000 service - they have concluded that the steam piping for reserve boiler near end of life and should be replaced 
Condition assessment of drums by Czechoslovakian enginoen indicates they are not at end of life 
High temperature headen examined by MT every 3-4 years and are believed to be OK 
High temperature tubing evaluated by dimeusional checks to assess well and erosiOD wear (thinning). Superheater tubing replacement propam identified for plant. Wort 
on hold pending pllllt future and funding. 
Coal mill capacity limited by high ash coal, mills difficult to maintain and parts are DO lODger available from Czech', 
Precipitaton unable to meet emission limits 
Pneumatic combustion controls and bumer management are old and unreliable. Boilen operated manually. 
Current plans include annual repair/maintenance - no major upgrades pending decisions OD future of plant 
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Exhibit 2-30 

Boiler Summary - History - Republika, Pernik, Thermal Power Plant 

5 CKD Dukia Czech 1967 674 

14,074 

1. 1983-1984 
- PC burners reconstructed, mill fans overhauled to increase capacity 

2. Future: 
- Economizer repllcemeat scheduled for 1994 (interview note) 

3. Equipment failure rate in recent years (1988-1992): Economizer (46), IUpedJeater/attemperator (7), drum related (3), leading edge tubes (10), piping related (7), auxiliaries 
less fans (9), fan related (I), I&:'C (3) 

4. Interview Notes: 
All boilers including 5 have experienced corrosion in waterwall tubes as well as thermal fatigue damage 

- Erosion and wear on convection pus tubes a problem due to high ash coal 
Not clear whether section of steam line has been teaM, (should be due at 150,000 hours based upon plants criteria) 
High temperature headers eumined by MT every 3-4 years. No problems noted. Fint stage IUperheater oudet siven as Ilh Cr alloy 
High temperature tubing eumined by dimensional measurement to assess creep sweD and erosion thinnin,. SupedJeater of Unit 5 is assumed to be put of plants 
replacement proJram for future pending (undin, and future status 
Many of the rolled tube joints on drum have been seal welded 
Precipitators are inadequate for new emillions limits 
Pneumatic. boiler and burner controls are old and unreliable. Most systems If operated in manual 

General Note: 
- Airhester not noted as replaced recendy - should be in bad shape. 
- Meeting Note 1011193 C.O.E. - Superheater and economizer require replacement approximately every 10 years. Last rep1acment in 1977. 
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Exhibit 2-31 

Boiler Summary - History - Sofia, Turbine/Generators 

1&2 Unknown 8Ict • • 
Press. 

3 Hungarian Not Given It.6 260,000 

4 Soviet Coudeusing 2S 215,000 
Q,!peak) 

5 Soviet Condensing 2S 213,000 
(30 peak) 

6 Soviet Condensing 50 211,000 
(5!peak) 

7 • • • 300 

8 • • 2S 75,000 

Bulgarian Condillions: 

1. T/G 4 &. 5 at end of life and should be retired. 

2. Numerous sections of piping a« end of lifo based on original 

B&. W • ~'. it Conclusions: 

• • 

136 • 
239 15,378 

282 27,075 

187 38,076 

• • 
87 32,292 

• lifo. 

1949 

1951 

1956 

1957 

1962 

1967 

1985 

1977 - T/G 2 failed due to overspeed. T/G 1 retired and 
used for ttaining ooIy. 

T/G retired. 

Bulgariaus project at end of nre (metal evaluation). 
Derated to 18 MW and still in use. 

Bulgariaus project at end of nfo (metal evaluation). 
Derated to 18 MW and still in use. 

No COllllDl!llts. 

Operated ~y 300 hOUl8 after atart up. 

No comments. 

1. T/G 1, 2, 3, &. 7 retire. Perform condition assessment and testing on 4, 5, and 6 to evaluate remaining nfo and upgnKie potential. Continued operation cunendy plumed. 

2. T/G 8 newer. RL > DL. 

3. Condition assessment and testing of condensers recommended. 

• Information not provid.'ld. 

RL = Remaining Life 

DL = Desired Life 

","", 
:",", 
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Exhibit 2-32 

Boiler Summary - History - TraJco KostoY, Turbine/Generators 
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Czech Condemin, 30 164,000 558 1964 1991 - HP cylinder repllCeCl. 
1993 - Turbine in ICI'Yice u of September 

2 Czech Condemin, 30 140,000 455 1964 1991 - HP cylinder replaced. 
1993 - Major damage due to overspeed incidenL 

- Rotor IIeIlt to manufacturer for rebuild. Scheduled 
return for turbine rebuild and restart IlUllllller of 1994. 

3 Czech Condensing 30 167,000 663 1967 - T/O only ~ for peale. 
- Annually cracks in valve box repaired. 

4 Czech Condensing 30 151,000 617 1967 1991 - HP cylinder replaced. 

5 Czech Condensing 66 31,000 110 1988 1992 - Cracks in left valve box rqWred. 
- Valve box 

Bulgarian Condmions: 

1. Steam piping for T/O 1 &. 2 OK until 180,000 hours; DO steam piping replacement to date but may be nearing end of life. 

if 2. Should consider replacing T/O 3&4 with lingle larger turbine 1011193). 

B&W Preliminary Conclusions: 

1. All T/O have RL. Must perform condition assessment and testing to evaluate RL VI. DL 011 T/O I, 2, 3, 4. 

2. T/O S newer. RL > DL. 

RL - Remaining Ufe 

DL = Desired Ufo 
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Exhibit 2-33 

Boiler Summary - History - Republika, Turbine/Generators 

CKD Dukla Condensing 2S 249,000 971 

2 CKD Dukla Condeosing 2S 2S0,OOO 1028 

3 Skoda Back press. 2S 

4 Skoda Condensing 2S 2SS,OOO 641 

5 Skoda Cond.1 S5 147,000 446 
Back press. 
(see 
comments) 

6 1st BRNO Back press. 2S 

Bulgarian Conclusions: 

1986 2400 19S2 

1983 6S19 19S1 

20181 19S8 

1989 10496 1967 

1993 

1969 - Rotor It. stator blades replaced. 
1978 - T Section steam pipe replaced. 
1982 - Studs replaced. 

1982 - Rotor Ie. stator blades replaced. 
- Studs ..... I ... M 

Out of Service - (failed) date uuknown. 

- Higbfailure rate of rotor blades noted. 

1989 - Conv. to back pressure T/O - HP cylinder replaced. 
1990 - Blades last row LP replaced. 
1992 - Labyrinth glands of LP rotor replaced. 

New of T/O 3. Started up in June 1993. 

1. T/O 1 It. 2 have exceeded specified life; T/O are inefficient with bigh specific heat loss. 

2. T/O 4 has exceeded specified life but is criticti to supply low pressure steam. Meeting 10/1193 C.O.B. confirmed T/O 4 expected to be used in future IIIIl condition 
assessment work has been done. (No data given) 

BAW Preliminary Conclusions: 

1. T/O I, 2, 4 Questionable - require condition assessment and testing if further l plumed current RL < DL 

2. T/O 5 requires condition I8SeSSment and testing. RL VI. DL uuknOWD. 

3. Condenser condition I8SeSSment and testing recommended. 

RL = Remaining Life 

DL = Desired Life 



Upgradibility Group Chart 

SOFIA - THERMAL 

UNITS 1 TO 9 

Exhibit 2-34 to 2-42 



DISTRICT HEATING FEASIBILITY STUDY ASSESSMENT OF PLANT FACIUTIES 

Upgradibility Group Exhibit Comments/Assumptions 

1. "State of Technology" considers age of component, overall design characteristics to the 
extent known and B&W knowledge and experience. 

2. "Adaptability" is tied to the state of the technology and current condition of the component 
and considers the potential to upgrade the specific component itself. 

3. "Compatibility" considers how well the subject component would tie in with other upgrades 
considered. For example: Is it's state of technology, current condition, and design worth 
saving so that other unit upgrades can go forth? Does it make sense in the context of unit 
upgrading? 

Sofia Thermal Power Plant: Evaluation Factors 

1. Plant oil or natural gas fired - no coal. 

2. Main steam piping seamless. 

3. Units 1, 2, and 3 have single fans. All others have multiple fans. 

4. State of burner technology questionable in consideration of emissions. 

Gilbert/Commonwealth International, Inc. 
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UPGRADIBILITY GROUP CHART 

STATE OF 

COMPONENT TECHNOLOGY ADAPTABILITY 

FURNACE 1 2 

SUPERHEATER 2 1 

ECONOMIZER 2 3 

DRUM 2 2 

CONV. SURFACE 

MAIN STEAM PIPING 2 2 

BRIL 1 1 

FLUES 2 3 

DUCTS 2 3 

BURNERS 0 3 

IDFAN(S) 2 2 

FD FAN(S) 2 2 

AIRHEATER 2 3 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 1 1 

FW TREATMENT 2 3 

PLANT: SOFIA· THERMAL I~ATE: 15-0ec-93 

UNIT: 1 TIME: 03:34PM 

WEIGHTED UPGRADE PRELIMINARY 

COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION 

2 1.80 1 REPLACE COMPONENT 

2 1.50 1 REPLACE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

3 2.30 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

2 2.00 1 REPLACE COMPONENT 

1 1.00 1 REPLACE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

3 2.40 2 UPGRADE COMPONENT 

2 2.00 1 REPLACE COMPONENT 

2 2.00 1 REPLACE COMPONENT 

2 2.50 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0 0.70 1 REPLACE COMPONENT 

3 2.80 2 UPGRADE COMPONE;~_ 

.. -
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Exhibit 2-35 

UPGRADIBILITY GROUP CHART PLANT: 
UNIT: 

STATE OF 
COMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY 

FURNACE 1 2 2 

SUPERHEATER 2 1 2 

ECONOMIZER 2 3 3 

DRUM 2 2 3 

IeONV. SURFACE 

MAIN STEAM PIPING 2 2 2 

BRIL 1 1 1 

FLUES 2 3 3 

DUCTS 2 3 3 

BURNERS 0 3 3 

IDFAN(S) 2 2 2 

FD FAN(S) 2 2 2 

~IRHEATER ' 2 ~ 2 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 1 1 0 

FW TREATMENT 2 3 3 

. 

SOFIA· THERMAL JDATE: . 15-Dec-93 
2 TIME: 03:34PM 

WEIGHTED UPGRADE PRELIMINARY 
SCORE GROUP UPGRADE DESCRIPTION 

1.80 1 REPLACE COMPONENT 

1.50 1 REPLACE COMPONENT 

2.80 2 UPGRADE COMPONENT 

2.30 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

2.00 1 REPLACE COMPONENT 

1.00 1 REPLACE COMPONENT 

2.80 2 UPGRADE COMPONENT 

2.80 2 UPGRADE COMPONENT 

2.40 2 UPGRADE COMPONENT 

2.00 1 REPLACE COMPONENT 

2.00 1 REPLACE COMPONENT 

2.50 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.70 1 REPLACE COMPONENT 

2.80 2 UPGRADE COMPONENT 

- -
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Exhibit 2-36 

UPGRADIBILITY GROUP CHART PLANT: 
UNIT: 

STATE OF 
COMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY 

FURNACE 1 2 2 

SUPERHEATER 2 1 2 

ECONOMIZER 2 3 3 

DRUM 2 2 3 

CONV. SURFACE 

MAIN STEAM PIPING 2 2 2 

BRIL 1 1 1 

FLUES 2 3 3 

DUCTS 2 3 3 

BURNERS 0 3 3 

IDFAN(S) 2 2 2 

FD FAN(S) 2 2 2 

AIRHEATER 2 3 2 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 1 1 0 

FW TREATMENT 2 3 3 

SOFIA· THERMAL I~ATE: 15-Dec-93 
3 TIME: 03:34PM 

WEIGHTED UPGRADE PRELIMINARY 
SCORE GROUP UPGRADE DESCRIPTION 

1.80 1 REPLACE COMPONENT 

1.50 1 REPLACE COMPONENT 

2.80 2 UPGRADE COMPONENT 

2.30 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

2.00 1 REPLACE COMPONENT 

1.00 1 REPLACE COMPONENT 

2.80 2 UPGRADE COMPONENT 

2.80 2 UPGRADE COMPONENT 

VIO 2 UPGRADE COMPONENT 

2.00 1 REPLACE COMPONENT 

2.00 1 REPLACE COMPONENT 

2.50 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.70 1 REPLACE COMPONENT 

2.80 ...... ~ _2 __ UPGRADE COMPONENT 
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Exhibit 2-37 

UPGRADIBILITY GROUP CHART PLANT: 
UNIT: 

STATE OF 
COMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY 

FURNACE 1 2 2 

SUPERHEATER 2 1 2 

ECONOMIZER 2 3 2 

DRUM 2 3 3 

CONV. SURFACE 

MAIN STEAM PIPING 2 1 1 

BRIL 1 1 1 

FLUES 2 3 3 

DUCTS 2 3 3 

BURNERS 0 2 1 

10 FAN(S) 2 2 3 

FDFAN(S) 2 2 3 

AIRHEATER I 2 3 3 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 1 1 0 

FW TREATMENT 2 3 3 

SOFIA - THERMAL I,DATE: 15-Dec-93 .. TIME: 03:34PM 

WEIGHTED UPGRADE PRELIMINARY 
SCORE GROUP UPGRADE DESCRIPTION 

1.80 1 REPLACE COMPONENT 

1.50 1 REPLACE COMPONENT 

2.50 2 UPGRADE COMPONENT 

2.80 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

1.20 1 REPLACE COMPONENT 

1.00 1 REPLACE COMPONENT 

2.80 2 UPGRADE COMPONENT 

2.80 2 UPGRADE COMPONENT 

1.30 1 REPLACE COMPONENT 

2.30 2 UPGRADE COMPONENT 

2.30 2 UPGRADE COMPONENT 

2.80 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.70 1 REPLACE COMPONENT 

2.80 2 UPGRADE COMPONENT 
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UPGRADIBILITY GROUP CHART 

STATE OF 
COMPONENT TECHNOLOGY ADAPTABILITY 

FURNACE 1 2 

SUPERHEATER 2 1 

ECONOMIZER 2 3 

DRUM 2 3 

CONV. SURFACE 

MAIN STEAM PIPING 2 1 

BRIL 1 1 

FLUES 2 3 

DUCTS 2 3 

BURNERS 0 2 

10 FANtS) 2 2 

FD FAN(S) 2 2 

~RHEATER 2 3 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 1 1 

FW TREATMENT . 2 3 

Exhibit 2-38 

PLANT: SOFIA - THERMAL I~ATE: 15-Dec-93 I 
UNIT: 5 TIME: 03:34PM 

WEIGHTED UPGRADE PRELIMINARY 
I COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION 

2 1.80 1 REPLACE COMPONENT 

2 1.50 1 REPLACE COMPONENT 

2 2.50 2 UPGRADE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

1 1.20 1 REPLACE COMPONENT 

1 1.00 1 REPLACE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

1 1.30 1 REPLACE COMPONENT 

3 2.30 2 UPGRADE COMPONENT 

3 2.30 2 UPGRADE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0 0.70 1 REPLACE COMPONENT 

3 -- . _2.80 .. 2 - UPGRADE COMPONENT 
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UPGRADIBILITY GROUP CHART 

STATE OF 
COMPONENT TECHNOLOGY ADAPTABILITY 

FURNACE 1 2 

SUPERHEATER 2 1 

ECONOMIZER 2 3 

DRUM 2 3 

CONV. SURFACE 

MAIN STEAM PIPING 2 1 

BRIL 1 1 

FLUES 2 3 

DUCTS 2 3 

BURNERS 0 2 

10 FAN(S) 2 2 

FDFAN(S) 2 2 

AIRHEATER I 2 3 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 1 1 

FW TREATMENT 2 3 

Exhibit 2-39 

PLANT: SOFIA - THERMAL IDATE: 15-Dec-93 
UNIT: 8 TIME: 03:34PM 

WEIGHTED UPGRADE PRELIMINARY 
COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION 

2 1.80 1 REPLACE COMPONENT 

2 1.50 1 REPLACE COMPONENT 

2 2.50 2 UPGRADE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

1 1.20 1 REPLACE COMPONENT 

1 1.00 1 REPLACE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

1 1.30 1 REPLACE COMPONENT 

3 2.30 2 UPGRADE COMPONENT 

3 2.30 2 UPGRADE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0 0.70 1 REPLACE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

- -
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UPGRADIBILITY GROUP CHART 

STATE OF 
COMPONENT TECHNOLOGY ADAPTABILITY 

FURNACE 1 2 

SUPERHEATER 2 3 

ECONOMIZER 2 3 

DRUM 2 3 

CONV. SURFACE 

MAIN STEAM PIPING 2 1 

BRIL 1 1 

FLUES 2 3 

DUCTS 2 3 

BURNERS 0 3 

10 FAN(S) 2 2 

FD FAN(S) 2 2 

AIRHEATER ~ 2 3 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 1 1 

FW TREATMENT 2 3 

Exhibit 2-40 

PLANT: SOFIA - THERMAL I,DATE: 15-Dec-93 
UNIT: 7 TIME: 03:34PM 

WEIGHTED UPGRADE PRELIMINARY 
COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION 

2 1.80 1 REPLACE COMPONENT 

2 2.50 2 UPGRADE COMPONENT 

2 2.50 2 UPGRADE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

1 1.20 1 REPLACE COMPONENT 

1 1.00 1 REPLACE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

1 1.80 1 REPLACE COMPONENT 

3 2.30 2 UPGRADE COMPONENT 

3 2.30 2 UPGRADE COMPONENT 

1 2.20 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0 0.70 1 REPLACE COMPONENT 

3 2.80 2 UPGRADE COMPONENT I 

- -
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Exhibit 2-41 

UPGRADIBILITY GROUP CHART PLANT: 
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~OMPONENT 

FURNACE 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 

MAIN STEAM PIPING 

BRIL 

FLUES 

DUCTS 

BURNERS 

IDFANIS) 

FD FANIS) 

AIRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 

FW TREATMENT 

UNIT: 

STATE OF 
TECHNOLOGY ADAPTABILITY COMPATIBILITY 

1 2 2 

2 3 2 

2 3 2 

2 3 3 

2 1 1 

1 1 1 

2 3 3 

2 3 3 

0 3 1 

2 2 3 

2 2 3 

2 3 1 

1 1 0 

2 3 3 

- - -- - -- -
SOFIA· THERMAL I~ATE: 15-Dec-93 

8 TIME: 03:34PM 

WEIGHTED UPGRADE PRELIMINARY 
SCORE GROUP UPGRADE DESCRIPTION 

1.80 1 REPLACE COMPONENT 

2.50 2 UPGRADE COMPONENT 

2.50 2 UPGRADE COMPONENT 

2.80 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

1.20 1 REPLACE COMPONENT 

1.00 1 REPLACE COMPONENT 

2.80 2 UPGRADE COMPONENT 

2.80 2 UPGRADE COMPONENT 

1.80 1 REPLACE COMPONENT 

2.30 2 UPGRADE COMPONENT 

2.30 2 UPGRADE COMPONENT 

2.20 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.70 1 REPlACE COMPONENT 

2.80 2 UPGRADE COMPONENT 
----- --
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Exhibit 2-42 

UPGRADIBILITY GROUP CHART PLANT: SOFIA· THERMAL I~ATE: 15-Dec·93 
UNIT: 9 TIME: 03:34PM 

STATE OF WEIGHTED UPGRADE PRELIMINARY 
COMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION 

e 
5' 
<II 
;l 

n 
~ 
g 
~ 

~<II 

&,! 
W::T 

t:'-:.-~." 

~ 
3 
~. 
o 
:l 

~ 
:;-
() 

FURNACE 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 

MAIN STEAM PIPING 

BRIL 

FLUES 

DUCTS 

BURNERS 

ID FAN(S) 

FD FAN(S) 

MRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 

FW TREATMENT 

4 4 4 4.00 3 KEEP COMPONENT 

3 4 4 3.80 3 KEEP COMPONENT 

3 4 4 3.80 3 KEEP COMPONENT 

3 4 4 3.80 3 KEEP COMPONENT 

0.00 0 NOT APPLICABLE 

3 4 4 3.80 3 KEEP COMPONENT 

3 4 4 3.80 3 KEEP COMPONENT 

3 4 .. 3.80 3 KEEP COMPONENT 

3 4 4 3.80 3 KEEP COMPONENT 

1 2 1 1.50 1 REPLACE COMPONENT 

3 4 4 3.80 3 KEEP COMPONENT 

3 4 4 3.80 3 KEEP COMPONENT 

3 4 4 3.80 3 KEEP COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 3 3 3.00 2 UPGRADE COMPONENT 

2 3 3 2.80 2 UPGRADE COMPONENT 

- -



Priority Group Chart 

SOFIA - THERMAL 

UNITS 1 TO 9 

Exhibit 2-43 to 2-51 



DISTRICT HEATING FEASIBILITY STUDY ASSESSMENT OF PLANT FACILITIES 

Priority Group Exhibit - Comments/Assumptions 

1. Main Steam Piping - Not seam welded type. 

2. Instrument and Controls - Assume burner flame safety system is not reliable. Also automatic 
burner modulation not dependable. Poses combustion/explosion hazard in worse case. 

3. Categories "Safety", "Leadtime", and "Cause Shutdown" are generic ratings by type of 
component and type of boiler. Categories "Reliability Problems" and "Performance 
Problems" are unit/component specific and are based on the best data available from 
Bulgaria or are based on B&W experience and assumptions for type of unit and component. 

Gilbert/Commonwealth International, Inc. 
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Exhibit 2-43 

PRIORITY GROUP CHART PLANT: SOFIA· THERMAL 
UNIT: 1 

CAUSE RELIABILITY PERFORMANCE WEIGHTED 
COMPONENT SAFETY LEADTIME SHUTDOWN PROBLEMS PROBLEMS SCORE 
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FURNACE 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 

MAIN STEAM PIPING 

BRIL 

FLUES 

DUCTS 

BURNERS 

10 FANeS) 

FD FANeS) 

AIRHEATER , 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 

FW TREATMENT 

2 

3 

2 

2 

3 

2 

1 

1 

3 

1 

1 

1 

4 

1 

0 5 3 3 3.05 

1 5 3 0 3.10 

1 5 3 0 2.85 

5 5 0 0 2.50 

0.00 

5 5 0 0 2.75 

1 0 0 3 0.90 

1 0 0 0 0.35 

1 0 0 0 0.35 

5 3 0 0 2.15 

2 5 3 0 2.70 

2 5 3 0 2.70 

3 3 0 0 1.45 

0.00 

0.00 

5 3 3 3 3.45 

5 3 3 ~--- _Uo 

- - - - - -
DATE: 15-Dec·93 
TIME: 03:34PM 

PRIORITY PRELIMINARY 
! 

GROUP PRIORITY DESCRIPTION 

2 MEDIUM PRIORITY 

2 MEDIUM PRIORITY 
I 

2 MEDIUM PRIORITY 

2 MEDIUM PRIORITY I 

I 

0 NOT APPLICABLE i 

2 MEDIUM PRIORITY I 

, 

3 LOW PRIORITY I 

! 

3 LOW PRIORITY 

3 LOW PRIORITY 

2 MEDIUM PRIORITY 

2 MEDIUM PRIORITY ! 

2 MEDIUM PRIORITY 
I 

3 LOW PRIORITY 

0 NOT APPLICABLE 
I 

0 NOT APPLICABLE I 

1 HIGH PRIORITY I 
I 

'-- 2 MEDIUM PRIORITY I 
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PRIORITY GROUP CHART 

COMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 3 

ECONOMIZER 2 

DRUM 2 

CONV. SURFACE 

MAIN STEAM PIPING 3 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

ID FAN(S) 1 

FD FAN(S) 1 

AIRHEATER 1 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 

FW TREATMENT 1 

- -- - - - - -- - - -
Exhibit 2-44 

PLANT: SOFIA - THERMAL DATE: 15-Dec-93 
UNIT: 2 TIME: 03:34 PM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
LEADTIME SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

0 5 3 3 3.05 2 MEDIUM PRIORITY 

1 5 3 0 3.10 2 MEDIUM PRIORITY 

1 5 3 0 2.85 2 MEDIUM PRIORITY 

5 5 0 0 2.50 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 5 0 0 2.75 2 MEDIUM PRIORITY 

1 0 0 3 0.90 3 LOW PRIORITY 

1 0 0 0 0.35 3 LOW PRIORITY 

1 0 0 0 0.35 3 LOW PRIORITY 

5 3 0 0 2.15 2 MEDIUM PRIORITY 

2 5 3 0 2.70 2 MEDIUM PRIORITY 

2 5 3 0 2.70 2 MEDIUM PRIORITY 

3 3 0 0 1.45 3 LOW PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

5 3 3 3 3.45 1 HIGH PRIORITY 

5 3 3 3 2.70 2 MEDIUM PRIORITY 
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PRIORITY GROUP CHART 

COMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 3 

ECONOMIZER 2 

DRUM 2 

CONV. SURFACE 

MAIN STEAM PIPING 3 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

IDFAN(~) 1 

FD FAN{S) 1 

AIRHEATER I 1 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 

FW TREATMENT 1 -- --

- - - - - - - -- - --. 
Exhibit 2-45 

PLANT: SOFIA· THERMAL DATE: 15-[)ec.93! 
UNIT: 3 TIME: 03:34PM' 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY I 

LEADTIME SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

0 5 3 3 3.05 2 MEDIUM PRIORITY 

1 5 3 0 3.10 2 MEDIUM PRIORITY 

1 5 3 0 2.85 2 MEDIUM PRIORITY , 

5 5 0 0 2.50 2 MEDIUM PRIORITY 
I 

0.00 0 NOT APPLICABLE 

5 5 0 0 2.75 2 MEDIUM PRIORITY ! 

1 0 0 3 0.90 3 LOW PRIORITY I 

1 0 0 0 0.35 3 LOW PRIORITY 
, 

1 0 0 0 0.35 3 LOW PRIORITY 

5 3 0 0 2.15 2 MEDIUM PRIORITY 

2 5 3 0 2.70 2 MEDIUM PRIORITY 

2 5 3 0 2.70 2 MEDIUM PRIORITY 

3 3 0 0 1.45 3 LOW PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

5 3 3 3 3.45 1 HIGH PRIORITY 

5_ __ 3 __ 
--- 3 __ 3 _ 

---- 2.70 - 2 MEDIUM PRIORITY 
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PRIORITY GROUP CHART 

~OMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 3 

ECONOMIZER 2 

DRUM 2 

CONV. SURFACE 

MAIN STEAM PIPING 3 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

IDFA~S) 1 

FDFAN(S) 1 

AIRHEATER I 1 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 

FW TREATMENT --- ._-'--__ 1_ 

- - - - - - - - - - - -. 
Exhibit 2-46 

PLANT: SOFIA· THERMAL DATE: 15-Dec-93 I 
UNIT: 4 TIME: 03:34 PM 

I 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
I 

LEADTIME SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

0 5 3 3 3.05 2 MEDIUM PRIORITY 

1 5 3 3 3.40 1 HIGH PRIORITY 

1 5 3 3 3.15 2 MEDIUM PRIORITY 

5 5 0 0 2.50 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 5 3 0 3.50 1 HIGH PRIORITY 

1 0 0 3 0.90 3 LOW PRIORITY 

1 0 0 0 0.35 3 LOW PRIORITY 

1 0 0 0 0.35 3 LOW PRIORITY 

5 3 0 3 2.45 2 MEDIUM PRIORITY 

2 3 0 0 1.35 3 LOW PRIORITY 

2 3 0 0 1.35 3 LOW PRIORITY 

3 3 3 3 2.50 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 
I 

5 3 3 5 3.65 1 HIGH PRIORITY 
, 

- 5 3 ___ ___ 3_ 3 2.70_ _2 MEDIU_M ~8tQRITY 
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PRIORITY GROUP CHART 

~OMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 3 

ECONOMIZER 2 

DRUM 2 

CONV. SURFACE 

MAIN STEAM PIPING 3 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

10 FAN(S) 1 

FD FAN(S) 1 

AIRHEATER , 1 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 

FW TREATMENT 1 

- - - - - - - - - - - -
Exhibit 2-47 

PLANT: SOFIA· THERMAL DATE: 15-Dec-93 
UNIT: 5 TIME: 03:34PM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
LEADTIME SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

0 5 3 3 3.05 2 MEDIUM PRIORITY 
, 

1 5 3 3 3.40 1 HIGH PRIORITY 

1 5 3 3 3.15 2 MEDIUM PRIORITY 

5 5 0 0 2.50 2 MEDIUM PRIORITY . 

0.00 0 NOT APPLICABLE 

5 5 0 0 2.75 2 MEDIUM PRIORITY i 

1 0 0 3 0.90 3 LOW PRIORITY 

1 0 0 0 0.35 3 LOW PRIORITY 

1 0 0 0 0.35 3 LOW PRIORITY 

5 3 3 3 3.20 2 MEDIUM PRIORITY 

2 3 0 0 1.35 3 LOW PRIORITY 

2 3 0 0 1.35 3 LOW PRIORITY 

3 3 3 3 2.50 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE I 
, 

5 3 3 5 3.65 1 HIGH PRIORITY . 

5 3 3 3 2.70 2 MEDIUM PRIORITY 
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PRIORITY GROUP CHART 

COMPONENT SAFETY LEADTIME 

FURNACE 2 0 

SUPERHEATER 3 1 

ECONOMIZER 2 1 

DRUM 2 5 

CONV. SURFACE 

MAIN STEAM PIPING 3 5 

BRIL 2 1 

FLUES 1 1 

DUCTS 1 1 

BURNERS 3 5 

IDFANfSI 1 2 

FDFANtID 1 2 

AIRHEATER 1 3 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 5 

B'VIBEATMENT 1 .~ 

Exhibit 2-48 

PLANT: SOFIA· THERMAL DATE: 15-Dec-93 
UNIT: 8 TIME: 03:34PM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

5 3 3 3.05 2 MEDIUM PRIORITY 

5 3 3 3.40 1 HIGH PRIORITY 

5 3 3 3.15 2 MEDIUM PRIORITY 

5 0 0 2.50 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 3 0 3.50 1 HIGH PRIORITY 

0 0 3 0.90 3 LOW PRIORITY 

0 0 0 0.35 3 LOW PRIORITY 

0 0 0 0.35 3 LOW PRIORITY 

3 3 3 3.20 2 MEDIUM PRIORITY 

3 0 0 1.35 3 LOW PRIORITY 

3 0 0 1.35 3 LOW PRIORITY 

3 3 3 2.50 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 3 5 3.85 1 HIGH PRIORITY 

3 3 3 _.~,LO _ ._. 2 MEDIUM PRIORITY 

-



---_ .. '--

r-~-
~\_J~ \. 

"-.5--' 

9. 
6' 
~ 
~ 
?i 
o 
3 
3 
o 
::I 
~ 

N~ 

cb! 
0::1" 

5' 
i 
3 
~. 
o 
::I 

!!t 
5' 
n 

PRIORITY GROUP CHART 

COMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 3 

ECONOMIZER 2 

DRUM 2 

CONV. SURFACE 

MAIN STEAM PIPING 3 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

10 FAN(S) 1 

FD FAN(S) 1 

AIRHEATER 1 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 

FW TREATMENT 1 

------ - - - -- -
Exhibit 2-49 

PLANT: SOFIA - THERMAL DATE: 15-Dec-93 
UNIT: 7 TIME: 03:34 PM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
LEADTIME SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

0 5 3 3 3.05 2 MEDIUM PRIORITY 

1 5 3 0 3.10 2 MEDIUM PRIORITY 

1 5 3 3 3.15 2 MEDIUM PRIORITY 

5 5 3 0 3.25 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 5 3 0 3.50 1 HIGH PRIORITY 

1 0 0 3 0.90 3 LOW PRIORITY 

1 0 0 0 0.35 3 LOW PRIORITY 

1 0 0 0 0.35 3 LOW PRIORITY 

5 3 3 3 3.20 2 MEDIUM PRIORITY 

2 3 0 0 1.35 3 LOW PRIORITY 

2 3 0 0 1.35 3 LOW PRIORITY 

3 3 3 3 2.50 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

5 3 3 3 3.45 1 HIGH PRIORITY 

5 3 3 3 2.70 2 MEDIUM PRIORITY 

• 
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PRIORITY GROUP CHART 

COMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 3 

ECONOMIZER 2 

DRUM 2 

CONV. SURFACE 

MAIN STEAM PIPING 3 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

10 FAN(S) 1 

FDFAN(S) 1 

AIRHEATER 1 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 

FW TREATMENT 1 

Exhibit 2-50 

PLANT: SOFIA - THERMAL 

UNIT: 8 

CAUSE RELIABILITY PERFORMANCE 

LEADTIME SHUTDOWN PROBLEMS PROBLEMS 

0 5 3 3 

1 5 3 0 

1 5 3 3 

5 5 3 0 

5 5 3 0 

1 0 0 3 

1 0 0 0 

1 0 0 0 

5 3 3 3 

2 3 0 0 

2 3 0 0 

3 3 3 3 

5 3 3 3 

5 3 3 3 

- - - -- - -
DATE: 15-Dec-93! 

TIME: 03:34 PM 

WEIGHTED PRIORITY PRELIMINARY 
SCORE GROUP PRIORITY DESCRIPTION 

3.05 2 MEDIUM PRIORITY 

3.10 2 MEDIUM PRIORITY 

3.15 2 MEDIUM PRIORITY 

3.25 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

3.50 1 HIGH PRIORITY 

0.90 3 LOW PRIORITY 

0.35 3 LOW PRIORITY 

0.35 3 LOW PRIORITY 

3.20 2 MEDIUM PRIORITY 

1.35 3 LOW PRIORITY 

1.35 3 LOW PRIORITY 

2.50 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3.45 1 HIGH PRIORITY 

2.70 2 MEDIUM..PRIORITY __ 
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PRIORITY GROUP CHART 

COMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 3 

ECONOMIZER 2 

DRUM 2 

CONV. SURFACE 

MAIN STEAM PIPING 3 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

IDFAN(S) 1 

FDFAN(S) 1 

AIRHEATER I 1 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS .. 
FW TREATMENT 1 

- -- - - - -- - - --. 
Exhibit 2-51 

PLANT: SOFIA· THERMAL DATE: 15-0ec-93 
UNIT: 9 TIME: 03:34 PM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
LEADTIME SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

0 5 0 0 2.00 2 MEDIUM PRIORITY 

1 5 0 0 2.35 2 MEDIUM PRIORITY 

1 5 0 3 2.40 2 MEDIUM PRIORITY 

5 5 0 0 2.50 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 5 0 0 2.75 2 MEDIUM PRIORITY 

1 0 0 0 0.60 3 LOW PRIORITY 

1 0 0 0 0.35 3 LOW PRIORITY 

1 0 0 0 0.35 3 LOW PRIORITY 

5 3 0 0 2.15 2 MEDIUM PRIORITY 

2 3 0 0 1.35 3 LOW PRIORITY 

2 3 0 0 1.35 3 LOW PRIORITY 

3 3 0 0 1.45 3 LOW PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

5 3 0 0 2.40 2 MEDIUM PRIORITY 

5 3 0 0 1.65 2 MEDIUM PRIORITY 

• ------------



Preliminary Disposition Chart 

SOFIA - THERMAL 

UNITS 1 TO 9 

Exhibit 2-52 to 2-60 



DISTRICT HEATING FEASIBILITY STUDY ASSESSMENT OF PLANT FACILITIES 

Preliminary Disposition Exhibit - Comments/Assumptions 

1. . The "Original Life" is B&Ws best estimate of the component life based upon unit design, 
fuel, operating parameters, operating history, and B&W experience with similar technology. 

2. "Hours Expired" is the best estimate of operating hours through 1992 based upon Bulgarian 
supplied data. 

3. "Remaining Life" as used here is simply the Original Life minus the hours expired. This is 
not necessarily a best estimate of Remaining Life; it is being used as a comparative 
parameter. 

4. "Desired Life" has been established at approximately 15 years at 85% availability. 

5. RL < DL. A "1" listed if Yes, a "0" if No. 

6. Group priority is derived from previous Priority chart. 

7. Group Upgradibility is derived from previous chart. 

8. Disposition category is a numerical representation of the previous three columns. 

9. Preliminary disposition is the initial recommendation for the specific component in the 
specific unit with no consideration of other influencing factors. 

Gilbert/Commonwealth International, Inc. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING DESIRED 
~OMPONENT LIFE EXPIRED LIFE (Rl) LIFE (Dl) 

FURNACE 300000 238000 62000 110000 

SUPERHEATER 225000 238000 ·13000 110000 

ECONOMIZER 225000 238000 ·13000 110000 

DRUM 300000 238000 62000 110000 

ONV. SURFACE 0 110000 

MAIN STEAM PIPING 300000 238000 62000 110000 

BRIL 300000 238000 62000 110000 

FLUES 300000 238000 62000 110000 

DUCTS 300000 238000 62000 110000 

BURNERS 225000 90000 135000 110000 

10 FAN(S) 300000 238000 62000 110000 

FD FAN(S) 300000 238000 62000 110000 

~IRHEATER 225000 238000 -13000 110000 
I 

PRECIPITATOR 0 110000 

PULVERIZERS 0 110000 

INSTR. & CONTROLS 300000 238000 62000 110000 

FW TREATMENT 300000 238000 62000 110000 

- - - - - - - - - - .. 
Exhibit 2-52 

PLANT: SOFIA· THERMAL IDATE: 1~Dee·93 

UNIT: 1 TIME: 04:24PM 

GROUP UPGRADE DISPOSITION 
RL<DL 7 PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

1 2 1 121 REPLACE NOW THRU R.l. 

1 2 1 121 REPLACE NOW THRU R.L. 

1 2 2 122 MONITOR & UPGRADE WITHIN R.l. 

1 2 2 122 MONITOR & UPGRADE WITHIN R.l. 

1 0 0 100 NOT APPLICABLE I 

1 2 1 121 REPLACE NOW THRU R.l. 

1 3 1 131 MONITOR & REPLACE IF FUNDS AVAILABLE WITHIN R.L. 

1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.l. 

0 2 2 22 MONITOR & UPGRADE WITHIN R.l. 

1 2 1 121 REPLACE NOW THRU R.l. 

1 2 1 121 REPLACE NOW THRU R.L. 

1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE i 

1 0 0 100 NOT APPLICABLE 

1 1 1 111 REPLACE NOW 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
POMPONENT LIFE EXPIRED LIFE (Rl.t 

FURNACE 300000 235000 65000 

SUPERHEATER 225000 235000 -10000 

ECONOMIZER 225000 235000 -10000 

DRUM 300000 235000 65000 

ONV. SURFACE 0 

MAIN STEAM PIPING 300000 235000 65000 

BRll 300000 235000 65000 

FLUES 300000 235000 65000 

DUCTS 300000 235000 65000 

BURNERS 225000 90000 135000 

ID FA~(S) 300000 235000 . 65000 

FD FANeS) 300000 235000 65000 

AIRHEATER 225000 235000 -10000 

PRECIPITATOR 0 

PULVERIZERS 0 

INSTR. & CONTROLS 300000 235000 65000 

FW TREATMENT 300000 235000 65000 

-------- - - - -
Exhibit 2-53 

PLANT: SOFIA - THERMAL I·DATE: 15-Dee-93 
UNIT: 2 TIME: ()'c:2.c PM 

DESIRED GROUP UPGRADE DISPOSITION 
LIFE (!)l.t Rl<Dl? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.l. 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.l. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 3 1 131 MONITOR & REPLACE IF FUNDS AVAILABLE WITHIN R.l. 

110000 1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.l. 

110000 1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.l. 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.l. 
I 

110000 1 2 1 121 REPLACE NOW THRU R.l. 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.l. I 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 
, 

110000 1 1 1 111 REPLACE NOW 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 



~ 

-------

~ 
a= 
(I) 

~ o 
o 

§ 
o 
::l 

N~ 
cb!-
U!;:r 

a 
(I) 

3 
3. 
o 
::l 
!!. 
:r 
? 

PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 

r.OMPONENT LIFE EXPIRED LIFE CRl) 

FURNACE 300000 237000 63000 

SUPERHEATER 225000 237000 -12000 

ECONOMIZER 225000 237000 -12000 

DRUM 300000 237000 63000 

CONV.SURFACE 0 

MAIN STEAM PIPING 300000 237000 63000 

BRIL 300000 237000 63000 

FLUES 300000 237000 63000 

DUCTS 300000 237000 63000 

BURNERS 225000 90000 135000 

10 FAN(S) 300000 237000 . 63000 

FD FAN(S) 300000 237000 63000 

~RHEATER 225000 237000 -12000 

PRECIPITATOR 0 

PULVERIZERS 0 

INSTR. & CONTROLS 300000 237000 63000 

FW TREATMENT 300000 237000 63000 

---------- - -
Exhibit 2-54 

PLANT: SOFIA - THERMAL I·DATE: 15-Dee-93 

UNIT: 3 TIME: 04:24 PM 

DESIRED GROUP UPGRADE DISPOSITION 

LIFE COl) RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

110000 1 2 1 121 REPLACE NOW THRU R.l. 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 2 1 121 REPLACE NOW THRU R.l. 

110000 1 3 1 131 MONITOR & REPLACE IF FUNDS AVAILABLE WITHIN R.l. 

110000 1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

110000 1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.l. 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

110000 1 2 1 121 REPLACE NOW THRU R.l. 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 1 1 111 REPLACE NOW 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
r.OMPONENT LIFE EXPIRED LIFE (RU 

FURNACE 300000 224000 76000 

SUPERHEATER 200000 125000 75000 

ECONOMIZER 225000 224000 1000 

DRUM 300000 224000 76000 

r.ONV. SURFACE 0 

MAIN STEAM PIPING 300000 224000 76000 

BRIL 300000 224000 76000 

FLUES 300000 224000 76000 

DUCTS 300000 224000 76000 

BURNERS 225000 110000 115000 

10 FAN(S) 300000 224000 . 76000 

FD FAN(S) 300000 224000 76000 

~IRHEATER 225000 224000 1000 
, 

PRECIPITATOR 0 

PULVERIZERS 0 

INSTR. & CONTROLS 300000 224000 76000 

FW TREATMEt.tL __ ,---3OOCJQO _224000 76000 

DESIRED 
LIFE tDU ' 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

Exhibit 2-66 

PLANT: SOFIA - THERMAL IDATE: 15-Dec-93 
UNIT: 4 TIME: 04:24PM 

GROUP UPGRADE DISPOSITION 
RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

1 2 1 121 REPLACE NOW THRU R.L. 5 

1 1 1 111 REPLACE NOW n 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 
, 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

1 1 1 111 REPLACE NOW n 

1 3 1 131 MONITOR & REPLACE IF FUNDS AVAILABLE WITHIN R.L. 

1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 
I 

1 0 0 100 NOT APPLICABLE 

1 1 1 111 REPLACE NOW 

_1_ _2_ 2 - 122 MONITOR & UPGRADE WITHIN R.L. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING DESIRED 
COMPONENT LIFE EXPIRED LIFE (RLl LIFE (DLl 

FURNACE 300000 217000 83000 110000 

SUPERHEATER 200000 125000 75000 110000 

ECONOMIZER 225000 217000 8000 110000 

DRUM 300000 217000 83000 110000 

CONV. SURFACE 0 110000 

MAIN STEAM PIPING 300000 217000 83000 110000 

BRIL 300000 217000 83000 110000 

FLUES 300000 217000 83000 110000 

DUCTS 300000 217000 83000 110000 

BURNERS 225000 110000 115000 110000 

IDFAN(S) 300000 217000 . 83000 110000 

FD FAN(S) 300000 217000 83000 110000 

IAIRHEATER 225000 217000 8000 110000 

PRECIPITATOR 0 110000 

PULVERIZERS 0 110000 

INSTR. & CONTROLS 300000 217000 83000 110000 

FW TREATMENT 300000 217000 83000 110000 

Exhibit 2-56 

PLANT: SOFIA - THERMAL I~ATE: 15-Dee-93 
UNIT: 5 TIME: 04:24 PM 

GROUP UPGRADE DISPOSITION 
RL<OL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

1 2 1 121 REPLACE NOW THRU R.L. 

1 1 1 111 REPLACE NOW 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

1 2 1 121 REPLACE NOW THRU R.L. 

1 3 1 131 MONITOR & REPLACE IF FUNDS AVAILABLE WITHIN R.L. 

1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE I 

1 0 0 100 NOT APPLICABLE I 

I 

1 1 1 111 REPLACE NOW 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 
-- -
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
~OMPONENT LIFE EXPIRED LIFE (RL) 

FURNACE 300000 207000 93000 

SUPERHEATER 200000 207000 -7000 

ECONOMIZER 225000 207000 18000 

DRUM 300000 207000 93000 

r.ONV. SURFACE 0 

MAIN STEAM PIPING 300000 207000 93000 

BRIL 300000 207000 93000 

FLUES 300000 207000 93000 

DUCTS 300000 207000 93000 

BURNERS 225000 105000 120000 

10 FANeS) 300000 207000 93000 

FD FAN(S) 300000 207000 93000 

~IRHEATER 225000 207000 18000 
I 

PRECIPITATOR 0 

PULVERIZERS 0 

INSTR. & CONTROLS 300000 207000 93000 

FIN TRt;ATMENI 300000 207000 93000 

-
DESIRED 
LIFE (Dl) 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

- - - - - - - - - - -
Exhibit 2-57 

PLANT: SOFIA - THERMAL I~ATE: 15-Dec-93 
UNIT: 8 TIME: 04:24PM 

GROUP UPGRADE DISPOSITION 
RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

1 2 1 121 REPLACE NOW THRU R.L. 

1 1 1 111 REPLACE NOW 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L 

1 0 0 100 NOT APPLICABLE 

1 1 1 111 REPLACE NOW 

1 3 1 131 MONITOR & REPLACE IF FUNDS AVAILABLE WITHIN R.L. 

1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

1 3 2 132 MONITOR& UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 1 1 111 REPLACE NOW 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

-- ----- ---- . 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
[cOMPONENT LIFE EXPIRED LIFE IRU 

FURNACE 300000 171000 129000 

!SUPERHEATER 200000 125000 75000 

ECONOMIZER 225000 171000 54000 

DRUM 300000 171000 129000 

"'ONV. SURFACE 0 

MAIN STEAM PIPING 300000 171000 129000 

BRIL 300000 171000 129000 

FLUES 300000 171000 129000 

DUCTS 300000 171000 129000 

BURNERS 225000 100000 125000 

IDFAN(S) 300000 171000 129000 

FD FAN(S) 300000 171000 129000 

AIRHEATER 225000 106000 119000 
I 

PRECIPITATOR 0 

PULVERIZERS 0 

INSTR. & CONTROLS 300000 171000 129000 

FW TREATMENT 300000 171000 129000 

- - - - - - - - - - - -
Exhibit 2-58 

PLANT: SOFIA - THERMAL I~ATE: 15-Dec-93 
UNIT: 7 TIME: 04:2" PM 

DESIRED GROUP UPGRADE DISPOSITION 
LIFE IOU RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

110000 0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 1 1 11 POSSIBLY REPLACE NOW 

110000 0 3 1 31 MONITOR & MAINTAIN 

110000 0 3 2 32 MONITOR & MAINTAIN 

110000 0 3 2 32 MONITOR & MAINTAIN 

110000 0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

110000 0 3 2 32 MONITOR & MAINTAIN 

110000 0 3 2 32 MONITOR & MAINTAIN 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 1 1 11 POSSIBLY REPLACE NOW 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
COMPONENT LIFE EXPIRED LIFE (Rl) 

FURNACE 300000 162000 138000 

SUPERHEATER 200000 162000 38000 

ECONOMIZER 225000 162000 63000 

DRUM 300000 162000 138000 

CONV. SURFACE 0 

MAIN STEAM PIPING 300000 162000 138000 

BRIL 300000 162000 138000 

FLUES 300000 162000 138000 

DUCTS 300000 162000 138000 

BURNERS 225000 98000 127000 

ID FANeS) 300000 162000 138000 

FD FAN(S) 300000 162000 138000 

AIRHEATER 225000 98000 127000 
I 

PRECIPITATOR 0 

PULVERIZERS 0 

INSTR. & CONTROLS 300000 162000 138000 

FW_TREATMENT 300000 162000 138000 

- - - - - - -- - - - -
Exhibit 2-59 

PLANT: SOFIA - THERMAL IDATE: 15-Dec-93 
UNIT: 8 TIME: 04:24 PM 

DESIRED GROUP UPGRADE DISPOSITION 
LIFE CDl) RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

110000 0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 1 1 11 POSSIBLY REPLACE NOW 

110000 0 3 1 31 MONITOR & MAINTAIN 

110000 0 3 2 32 MONITOR & MAINTAIN 

110000 0 3 2 32 MONITOR & MAINTAIN 

110000 0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

110000 0 3 2 32 MONITOR & MAINTAIN 

110000 0 3 2 32 MONITOR & MAINTAIN 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 1 1 11 POSSIBLY REPLACE NOW 

110000 0 2 2 22 
--~-

MONITOR & U_PG~DE W1THIN R.L. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
COMPONENT LIFE EXPIRED LIFE (RL) 

FURNACE 300000 47000 253000 

SUPERHEATER 200000 47000 153000 

ECONOMIZER 225000 47000 178000 

DRUM 300000 47000 253000 

r.ONV. SURFACE 0 

MAIN STEAM PIPING 225000 47000 178000 

BRIL 300000 47000 253000 

FLUES 300000 47000 253000 

DUCTS 300000 47000 253000 

BURNERS 225000 47000 178000 

10 FAN(S) 300000 47000 253000 

FD FAN(S) 300000 47000 253000 

AIRHEATER 225000 47000 178000 

PRECIPITATOR 0 

PULVERIZERS 0 

INSTR. & CONTROLS 300000 47000 253000 

FW TREATMENT 300000 47000 253000 

-
DESIRED 
LIFE (DL) 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

110000 

- - - - - -- - - - -
Exhibit 2-60 

PLANT: SOFIA· THERMAL IDATE: 15-Dec-93 
UNIT: 9 TIME: 04:24PM 

GROUP UPGRADE DISPOSITION 
RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

0 2 3 23 MONITOR & MAINTAIN 

0 2 3 23 MONITOR & MAINTAIN 

0 2 3 23 MONITOR & MAINTAIN 

0 2 3 23 MONITOR & MAINTAIN 

1 0 0 100 NOT APPLICABLE 

0 2 3 23 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

0 3 3 33 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. ------_ .. -



Ungradibility Group Chart 

SOFIA - HOT WATER 

UNITS 1 TO 6 

Exhibit 2-61 to 2-66 
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UPGRADIBILITY GROUP CHART 

STATE OF 
~OMPONENT TECHNOLOGY ADAPTABILITY 

FURNACE 2 3 

SUPERHEATER 

ECONOMIZER 

DRUM 

wONV. SURFACE 3 3 

MAIN STEAM PIPING 

BRIL 2 2 

FLUES 3 4 

DUCTS 3 2 

BURNERS 3 1 

IDFAN(S) 

FDFAN(S) 3 1 

~IRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 2 0 

FW TREATMENT 1 1 

PLANT: SOFIA· HOT WATER I~ATE: 15-Dec-93 
UNIT: 1 TIME: 02:18PM 

WEIGHTED UPGRADE PRELIMINARY 
COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION 

2 2.50 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

3 2.30 2 UPGRADE COMPONENT 

4 3.80 3 KEEP COMPONENT 

2 2.20 2 UPGRADE COMPONENT 

1 1.40 1 REPLACE COMPONENT 

0.00 0 NOT APPLICABLE 

0 1.10 1 REPLACE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0 0.40 1 REPLACE COMPONENT 

1 1.00 1 REPLACE COMPONENT ----

- - -
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Exhibit 2-62 

UPGRADIBILITY GROUP CHART PLANT: SOFIA· HOT WATER IDATE: 15-Dec·93 
UNIT: 2 TIME: 02:18PM 

STATE OF WEIGHTED UPGRADE PRELIMINARY 
k:OMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION 

FURNACE 2 3 2 2.50 2 UPGRADE COMPONENT 

SUPERHEATER 0.00 0 NOT APPLICABLE 

ECONOMIZER 0.00 0 NOT APPLICABLE 

DRUM 0.00 0 NOT APPLICABLE 

CONV. SURFACE 3 3 3 3.00 2 UPGRADE COMPONENT 

MAIN STEAM PIPING 0.00 0 NOT APPLICABLE 

BRll 2 2 3 2.30 2 UPGRADE COMPONENT 

FLUES 3 .. .. 3.80 3 KEEP COMPONENT 

DUCTS 3 2 2 2.20 2 UPGRADE COMPONENT 

BURNERS 3 1 1 1.40 1 REPLACE COMPONENT 

IDFA~&) 0.00 0 NOT APPLICABLE 

FDFAN(S) 3 1 0 1.10 1 REPLACE COMPONENT 

IAIRHEATER 0.00 0 NOT APPLICABLE 

PRECIPITATOR 0.00 0 NOT APPLICABLE 

PULVERIZERS 0.00 0 NOT APPLICABLE 

INSTR. & CONTROLS 2 0 0 0.40 1 REPLACE COMPONENT 

FW TREATMENT - . ___ t 1 1 1.00 1 REPlACE COMPONENT 

.. ------ . 
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Exhibit 2-63 
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UPGRADIBILITY GROUP CHART 

STATE OF 
k:OMPONENT TECHNOLOGY ADAPTABILITY 

FURNACE 2 3 

SUPERHEATER 

ECONOMIZER 

DRUM 

r.ONV. SURFACE 3 3 

MAIN STEAM PIPING 

BRIL 2 2 

FLUES 3 4 

DUCTS 3 2 

BURNERS 3 1 

IDFAN(S) 

FDFAN(S) 3 1 

AIRHEATERJ 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 2 0 

FW TREATMENT 1 1 

PLANT: SOFIA· HOT WATER 
UNIT: 3 

WEIGHTED UPGRADE 
COMPATIBILITY SCORE GROUP 

2 2.50 2 

0.00 0 

0.00 0 

0.00 0 

3 3.00 2 

0.00 0 

3 2.30 2 

4 3.80 3 

2 2.20 2 

1 1.40 1 

0.00 0 

0 1.10 1 

0.00 0 

0.00 0 

0.00 0 

0 0.40 1 

1 1.00 1 

- ... - ... - -
I~TE: 15-Dec-93 
TIME: 02:18PM 

PRELIMINARY 
UPGRADE DESCRIPTION 

UPGRADE COMPONENT 

NOT APPLICABLE 

NOT APPLICABLE 

NOT APPLICABLE 

UPGRADE COMPONENT 

NOT APPLICABLE 

UPGRADE COMPONENT 

KEEP COMPONENT 

UPGRADE COMPONENT 

REPLACE COMPONENT 

NOT APPLICABLE 

REPLACE COMPONENT 

NOT APPLICABLE 

NOT APPLICABLE 

NOT APPLICABLE 

REPLACE COMPONENT 

REPLACE COMPONENT 
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Exhibit 2-64 

UPGRADIBILITY GROUP CHART PLANT: 
UNIT: 

STATE OF 
~OMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY 

FURNACE 2 3 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 3 3 3 

MAIN STEAM PIPING 

BRIL 2 2 3 

FLUES 3 .- .-
DUCTS 3 2 2 

BURNERS 3 1 1 

IDFANIS) 

FDFAN(S) 3 1 0 

~IRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 2 0 0 

FW TREATMENT 1 1 1 

SOFIA - HOT WATER I·DATE: 15-Dec-931 
.- TIME: 02:18PM 

WEIGHTED UPGRADE PRELIMINARY 
SCORE GROUP UPGRADE DESCRIPTION 

2.50 2 UPGRADE COMPONENT --

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE I 
I 
I 

0.00 0 NOT APPLICABLE 

3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

2.30 2 UPGRADE COMPONENT 

3.80 3 KEEP COMPONENT 

2.20 2 UPGRADE COMPONENT 

1.40 1 REPLACE COMPONENT 

0.00 0 NOT APPLICABLE 

1.10 1 REPLACE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.40 1 REPLACE COMPONENT 

1.00 1 REPLACE COMPONENT 
-----

-. .. -
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Exhibit 2-&5 

UPGRADIBILITY GROUP CHART ' . PLANr: 
UNIT: 

STATE OF 
COMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY 

FURNACE 2 3 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 3 3 3 

MAIN STEAM PIPING 

BRIL 2 2 3 

FLUES 3 4 4 

DUCTS 3 2 2 

BURNERS 3 1 1 

IDFAN(S) 

FDFAN(S) 3 1 0 

~IRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 2 0 0 

FW TREATMENT 1 1 1 

SOFIA· HOT WATER I·DATE: 15-Dec-93 
5 TIME: 02:18PM 

WEIGHTED UPGRADE PRELIMINARY 
SCORE GROUP UPGRADE DESCRIPTION 

2.50 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

2.30 2 UPGRADE COMPONENT 

3.80 3 KEEP COMPONENT 

2.20 2 UPGRADE COMPONENT 

1.40 1 REPLACE COMPONENT 

0.00 0 NOT APPLICABLE 

1.10 1 REPLACE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.40 1 REPLACE COMPONENT 

1.00 1 REPLACE COMPONENT 
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Exhibit 2-66 

UPGRADIBILITY GROUP CHART PLANT: _ SOFIA· HOT WATER 
UNIT: I 

STATE OF WEIGHTED UPGRADE 
~PONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY SCORE GROUP 

FURNACE 2 3 2 2.50 2 

SUPERHEATER 0.00 0 

ECONOMIZER 0.00 0 

DRUM 0.00 0 

CONV. SURFACE 3 3 3 3.00 2 

MAIN STEAM PIPING 0.00 0 

BRIL 2 2 3 2.30 2 

FLUES 3 4 4 3.80 3 

DUCTS 3 2 2 2.20 2 

BURNERS 3 1 1 1.40 1 

IDFANL~ 0.00 0 

FDFAN(S} 3 1 0 1.10 1 

~IRHEATER 0.00 0 

PRECIPITATOR 0.00 0 

PULVERIZERS 0.00 0 

INSTR. & CONTROLS 2 0 0 0.40 1 

FW TREATMENI~ '------- 1 __ 1 1 1.00 1 ---

I·DATE: 1S-Dec-93 
TIME: 02:11PM 

PRELIMINARY 
I UPGRADE DESCRIPTION 

UPGRADE COMPONENT 

NOT APPLICABLE 

NOT APPLICABLE 

NOT APPLICABLE 

UPGRADE COMPONENT 

NOT APPLICABLE 
I 

UPGRADE COMPONENT j 

KEEP COMPONENT 

UPGRADE COMPONENT 

REPLACE COMPONENT 

NOT APPLICABLE 

REPLACE COMPONENT 

NOT APPLICABLE 

NOT APPLICABLE 

NOT APPLICABLE i 

REPLACE COMPONENT 

REPlAC~COMPONENT I 



Priority Group Chart 

SOFIA - HOT WATER 

Exhibit 2-67 to 2-72 
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PRIORITY GROUP CHART 

COMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 2 

MAIN STEAM PIPING 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

IDFAN(SI 

FDFAN(S) 1 

AIRHEATER I 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 

FW TREATMENT 1 

---- -- -

.... _ ...... ~ ...... , ........ 
Exhibit 2-67 

PLANT: SOFIA ~ HOT YyATER . DATE: 15-o.c-93 

•. UNIT: 1 TIME: 02:18PM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 

LEADTIME SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

0 5 3 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

1 3 5 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

1 0 0 3 0.90 3 LOW PRIORITY 

1 0 0 3 0.65 3 LOW PRIORITY 

1 0 0 3 0.65 3 LOW PRIORITY 

5 3 3 3 3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

2 5 0 0 1.95 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

5 3 5 5 4.15 1 HIGH PRIORITY 

5 3 3 3 2.70 2 MEDIUM PRIORITY 

-- --~--
--
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PRIORITY GROUP CHART 

COMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 2 

MAIN STEAM PIPING 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

IDFAN(S) 

FD FAN(S) 1 

AIRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 

FW TREATMENT 1 

Exhibit 2-68 

PLANT: SOFIA - HOT WATER 
UNIT: 2 

CAUSE RELIABILITY PERFORMANCE 
LEADTIME SHUTDOWN PROBLEMS PROBLEMS 

0 5 3 3 

1 3 5 3 

1 0 0 3 

1 0 0 3 

1 0 0 3 

5 3 3 3 

2 5 0 0 

5 3 5 5 

5 3 3 3 

DATE: 15-Dec-93 
TIME: 02:18PM 

WEIGHTED PRIORITY PRELIMINARY 
SCORE GROUP PRIORITY DESCRIPTION 

3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.90 3 LOW PRIORITY 

0.65 3 LOW PRIORITY 

0.65 3 LOW PRIORITY 

3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 
, 

1.95 2 MEDIUM PRIORITY 
I 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 
I 

0.00 0 NOT APPLICABLE 

4.15 1 HIGH PRIORITY 

2.70 2 M£PJUM PRIORITY -
: 
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PRIORITY GROUP CHART 

COMPONENT SAFETY LEADTIME 

FURNACE 2 0 

SUPERHEATER 

ECONOMIZER 

DRUM 

~ONV. SURFACE 2 1 

MAIN STEAM PIPING 

BRIL 2 1 

FLUES 1 1 

DUCTS 1 1 

BURNERS 3 5 

IDFAN(S) 

FDFAN(S) 1 2 

IAIRHEATER 
, 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 5 

FW TREATMENT 1 5 

Exhibit 2-69 

PLANT: SOFIA· HOT WATER DATE: 15-Dec-93 
UNIT: 3 TIME: 02:18PM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

5 3 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 0 3 0.90 3 LOW PRIORITY 

0 0 3 0.65 3 LOW PRIORITY 

0 0 3 0.65 3 LOW PRIORITY 

3 3 3 3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 0 0 1.95 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 5 4.15 1 HIGH PRIORITY 

3 3 3 2.70 2 MEDIUM PRIORITY 
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PRIORITY GROUP CHART 

~OMPONENT SAFETY LEADTIME 

FURNACE 2 0 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 2 1 

MAIN STEAM PIPING 

BRIL 2 1 

FLUES 1 1 

DUCTS 1 1 

BURNERS 3 5 

IDFAN(S) 

FDFAN(S) 1 2 

~IRHEATER I 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 5 

FW TREATMENT 1 5 

Exhibit 2-70 

PLANT: SOFIA· HOT WATER DATE: 15-Dec:-93 

UNIT: 4 TIME: 02:18PM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 

SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

5 3 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 0 3 0.90 3 LOW PRIORITY 

0 0 3 0.65 3 LOW PRIORITY 

0 0 3 0.65 3 LOW PRIORITY 

3 3 3 3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 0 0 1.95 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 5 4.15 1 HIGH PRIORITY 

3 3 3 2.70 2 MEDIUM PRIORITY 
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PRIORITY GROUP CHART 

~OMPONENT SAFETY LEADTIME 

FURNACE 2 0 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 2 1 

MAIN STEAM PIPING 

BRll 2 1 

FLUES 1 1 

DUCTS 1 1 

BURNERS 3 5 

IDFANIS) 

FD FANIS) 1 2 

AIRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS .. 5 

FW TREATMENT 1 5 

Exhibit 2-71 

.,LAN·I: SOFIA - HOT WAfER DATE: 15-Dec-93 I 
UNIT: 5 TIME: 02:18PM ---
CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

5 3 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 0 3 0.90 3 LOW PRIORITY 

0 0 3 0.65 3 LOW PRIORITY 

0 0 3 0.65 3 lOW PRIORITY 

3 3 3 3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 0 0 1.95 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 5 ".15 1 HIGH PRIORITY 

3 3 3 2.70 2 MEDIUM PRIORITY 
----
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PRIORITY GROUP CHART 

COMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

r.ONV. SURFACE 2 

MAIN STEAM PIPING 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

10 FANl!it 

FDFAN{S) 1 

~RHEATER 
I 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 

FWT~~TMENT -- 1 

PLANT: 
UNIT: 

CAUSE 
LEADTIME SHUTDOWN 

0 5 

1 3 

1 0 

1 0 

1 0 

5 3 

2 5 

5 3 

5 3 -

Exhibit 2-72 

SOFIA - HOT WATER DATE: 15-Dtc-93 
8 TIME: 02:18PM 

RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY ! 

PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

3 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

5 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 3 0.90 3 LOW PRIORITY 

0 3 0.65 3 LOW PRIORITY 

0 3 0.65 3 LOW PRIORITY 

3 3 3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 0 1.95 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

5 5 4.15 1 HIGH PRIORITY 

3 3 2.70 2 - MEDIUM PRIORITY 



Preliminary Disposition Chart 

SOFIA - HOT WATER 

Exhibit 2-73 to 2-78 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
~OMPONENT LIFE EXPIRED LIFE tRU 

FURNACE 300000 32688 267312 

SUPERHEATER 0 

ECONOMIZER 0 

DRUM 0 

il"'ONV. SURFACE 16000 688 15312 

MAIN STEAM PIPING 0 

BRIL 200000 32688 167312 

FLUES 300000 32688 287312 

DUCTS 300000 32688 267312 

BURNERS 110000 32688 77312 

10 FANeS) 0 

FDFANeS) 300000 32688 267312 

AIRHEATER 0 

PRECIPITATOR 0 

PULVERIZERS 0 

INSTR. & CONTROLS 300000 32688 267312 

FW TREATMENT 300000 32688 267312 

..... __ .......... _-
Exhibit 2-73 

PLANT: SOFIA - HOT WATER I~ATE: 15-Dec-93 
UNIT: 1 TIME: 02:18PM 

DESIRED GROUP UPGRADE DISPOSITION 
LlFEtDU RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 3 2 32 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 0 3 2 32 MONITOR & MAINTAIN 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 1 1 11 POSSIBLY REPLACE NOW 

110000 0 2 1 21 MONITOR & REPLACE WITHIN R.L. 
- ~ 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING DESIRED 
r'OMPONENT LIFE EXPIRED LIFE (RLl LIFE (DLl 

FURNACE 300000 34068 265932 110000 

SUPERHEATER 0 110000 

ECONOMIZER 0 110000 

DRUM 0 110000 

ONV. SURFACE 16000 2068 13932 110000 

MAIN STEAM PIPING 0 110000 

BRIL 200000 34068 165932 110000 

FLUES 300000 34068 265932 110000 

DUCTS 300000 34068 265932 110000 

BURNERS 110000 34068 75932 110000 

IDFAN(S) 0 110000 

FD FAN(S) 300000 34068 265932 110000 

AIR HEATER 0 110000 
I 

PRECIPITATOR 0 110000 

PULVERIZERS 0 110000 

INSTR. & CONTROLS 300000 34068 265932 110000 

FW TREATMENT 300000 34068 265932 110000 

Exhibit 2-74 

PLANT: SOFIA· HOT WATER IDATE: 15-Dec-93 I 
UNIT: 2 TIME: 02:18PM' 

GROUP UPGRADE DISPOSITION 
RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE , 

1 0 0 100 NOT APPLICABLE 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

0 3 2 32 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 3 2 32 MONITOR & MAINTAIN 

1 2 1 121 REPLACE NOW THRU R.L. 

1 0 0 100 NOT APPLICABLE 

0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

0 1 1 11 POSSIBLY REPLACE NOW 

0 2 1 21 MONITOR & REPLACEWITHIN R.L. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING DESIRED 
COMPONENT LIFE EXPIRED LIFE (RU LIFE (DU 

FURNACE 300000 34461 265539 110000 

SUPERHEATER 0 110000 

ECONOMIZER 0 110000 

DRUM 0 110000 

CONV. SURFACE 16000 2461 13539 110000 

MAIN STEAM PIPING 0 110000 

BRIL 200000 34461 165539 110000 

FLUES 300000 34461 265539 110000 

DUCTS 300000 34461 265539 110000 

BURNERS 110000 34461 75539 110000 

IDFAN(Sl 0 110000 

FD FAN(S) 300000 34461 265539 110000 

IAIRHEATER 0 110000 

PRECIPITATOR 0 110000 

PULVERIZERS 0 110000 

INSTR. & CONTROLS 300000 34461 265539 110000 

FW TREATMENT 300000 34461 265539 110000 

Exhibit 2-75 

PLANT: SOFIA - HOT WATER I,DATE: 15-Dec-93 
UNIT: 3 TIME: 02:18 PM 

GROUP UPGRADE DISPOSITION 
RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

0 3 2 32 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 3 2 32 MONITOR & MAINTAIN 

1 2 1 121 REPLACE NOW THRU R.L. 

1 0 0 100 NOT APPLICABLE 

0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

0 1 1 11 POSSIBLY REPLACE NOW 

0 2 1 21 MONITOR & REPLACE WITHIN R.L. 
----- -~~ 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING DESIRED 
ir.OMPONENT LIFE EXPIRED LIFE IRU LIFE IDU 

FURNACE 300000 44802 255198 110000 

SUPERHEATER 0 110000 

ECONOMIZER 0 110000 

DRUM 0 110000 

ICONV. SURFACE 16000 12802 3198 110000 

MAIN STEAM PIPING 0 110000 

BRIL 200000 44802 155198 110000 

FLUES 300000 44802 255198 110000 

DUCTS 300000 44802 255198 110000 

BURNERS 110000 44802 65198 110000 

ID FAN(S) 0 110000 

FD FAN(S) 300000 44802 255198 110000 

AIRHEATER 0 110000 

PRECIPITATOR 0 110000 

PULVERIZERS 0 110000 

INSTR. & CONTROLS 300000 44802 255198 110000 

FW TREATMENT 300000 44802 255198 110000 

--~ 

Exhibit 2-76 

PLANT: SOFIA - HOT WATER IDATE: 15-Dec-93 
UNIT: .- TIME: 02:18PM 

GROUP UPGRADE DISPOSITION 
Rl<Dl? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

0 2 2 22 MONITOR & UPGRADE WITHIN R.l. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 2 2 122 MONITOR & UPGRADE WITHIN R.l. 

1 0 0 100 NOT APPLICABLE 

0 3 2 32 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 3 2 32 MONITOR & MAINTAIN 

1 2 1 121 REPLACE NOW THRU R.l. 

1 0 0 100 NOT APPLICABLE 

0 2 1 21 MONITOR & REPLACE WITHIN R.l. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

0 1 1 11 POSSIBLY REPLACE NOW 

0 2 1 21 MONITOR & REPlACE WITHIN R.l. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING DESIRED 
r.OMPONENT LIFE EXPIRED LIFE (RLl LIFE (DL) 

FURNACE 300000 32251 267749 110000 

!SUPERHEATER 0 110000 

ECONOMIZER 0 110000 

DRUM 0 110000 

K:ONV. SURFACE 16000 251 15749 110000 

MAIN STEAM PIPING 0 110000 

BRIL 200000 32251 167749 110000 

FLUES 300000 32251 287749 110000 

DUCTS 300000 32251 287749 110000 

BURNERS 110000 32251 m49 110000 

10 FAN(S) 0 110000 

FDFAN(S} 300000 32251 267749 110000 

AIRHEATER 0 110000 

PRECIPITATOR 0 110000 

PULVERIZERS 0 110000 

INSTR. & CONTROLS 300000 32251 267749 110000 

FW TREATMENT 300000 32251 267749 110000 

Exhibit 2-77 

PLANT: SOFIA - HOT WATER I~ATE: 15-Dec-93 
UNIT: 5 TIME: 02:18PM 

GROUP UPGRADE DISPOSITION 
RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

0 3 2 32 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 3 2 32 MONITOR & MAINTAIN 

1 2 1 121 REPLACE NOW THRU R.L. 

1 0 0 100 NOT APPLICABLE 

0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

0 1 1 11 POSSIBLY REPLACE NOW 

0 2 1 21 MONITOR & REPLACE WITHIN R.L. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
r.OMPONENT LIFE EXPIRED LIFE CRl) 

FURNACE 300000 26038 273962 

SUPERHEATER 0 

ECONOMIZER 0 

DRUM 0 

!CONV. SURFACE 16000 10038 5962 

MAIN STEAM PIPING 0 

BRIL 200000 26038 173962 

FLUES 300000 26038 273962 

DUCTS 300000 26038 273962 

BURNERS 110000 26038 83962 

10 FANeS) 0 

FD FAN(S) 300000 26038 273962 

~IRHEATER 0 

PRECIPITATOR 0 

PULVERIZERS 0 

INSTR. & CONTROLS 300000 26038 273962 

FWTREATMENT 300000 26038 273962 

- -- --- ....... : .. -
Exhibit 2-78 

PLANT: SOFIA - HOT WATER I·DATE: 15-Dec-93 
UNIT: 6 TIME: 02:16 PM 

DESIRED GROUP UPGRADE DISPOSITION 
LIFE COl) RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 3 2 32 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 0 3 2 32 MONITOR & MAINTAIN 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 1 1 11 POSSIBLY REPLACE NOW 

110000 0 2 1 21 MONITOR & REPLACE WITHIN R.L. 



Upgradibility Group Chart 

TRAJOC KOSTOV - THERMAL 

Exhibit 2-79 to 2-85 
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UPGRADIBILITY GROUP CHART 

STATE OF 
r-OMPONENT TECHNOLOGY ADAPTABILITY 

FURNACE 2 3 

SUPERHEATER 2 4 

ECONOMIZER 2 2 

DRUM 3 4 

CONV. SURFACE 

MAIN STEAM PIPING 2 .. 
BRIL 1 1 

FLUES 3 3 

DUCTS 3 3 

BURNERS 3 .. 
IDFAN(S) 2 3 

FDFAN(S) 2 3 

AIRHEATER 2 3 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 1 1 

FW TREATMENT 2 3 

Exhibit 2-79 

PLANT: TRAJOC KOSTOV· THERMAL I·DATE: 15-Dec-93 
UNIT: 1 TIME: 02:59PM 

WEIGHTED UPGRADE PRELIMINARY 
COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION 

2 2.50 2 UPGRADE COMPONENT 

3 3.30 2 UPGRADE COMPONENT 

3 2.30 2 UPGRADE COMPONENT 

5 4.10 3 KEEP COMPONENT 

0.00 0 NOT APPLICABLE 

5 3.90 3 KEEP COMPONENT 

2 1.30 1 REPLACE COMPONENT 

1 2.40 2 UPGRADE COMPONENT 

1 2.40 2 UPGRADE COMPONENT 

2 3.20 2 UPGRADE COMPONENT 

2 2.50 2 UPGRADE COMPONENT 

2 2.50 2 UPGRADE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

1 1.00 1 REPLACE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 
-_.- ----

.... • c 
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Exhibit 2-80 

UPGRADIBILITY GROUP CHART PLANT: 
UNIT: 

STATE OF 
~OMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY 

FURNACE 2 3 2 

SUPERHEATER 2 4 3 

ECONOMIZER 2 2 3 

DRUM 3 4 5 

~ONV. SURFACE 

MAIN STEAM PIPING 2 4 5 

BRIL 1 1 2 

FLUES 3 3 1 

DUCTS 3 3 1 

BURNERS 3 4 2 

IDFAN/S) 2 3 2 

FD FANIS) 2 3 2 

~IRHEATER I 2 3 3 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 1 1 1 

FW T6EATMENT 2 - 3 3 ----

TRAJOC KOSTOV· THERMAL IDATE: 15-Dec-93 
2 TIME: 02:59PM 

WEIGHTED UPGRADE PRELIMINARY 
SCORE GROUP UPGRADE DESCRIPTION 

2.50 2 UPGRADE COMPONENT 

3.30 2 UPGRADE COMPONENT 

2.30 2 UPGRADE COMPONENT 
! 

4.10 3 KEEP COMPONENT 

0.00 0 NOT APPLICABLE 

3.90 3 KEEP COMPONENT 

1.30 1 REPLACE COMPONENT 

2.40 2 UPGRADE COMPONENT 

2.40 2 UPGRADE COMPONENT 

3.20 2 UPGRADE COMPONENT 

2.50 2 UPGRADE COMPONENT. 

2.50 2 UPGRADE COMPONENT 

2.80 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE I 

1.00 1 REPLACE COMPONENT 

2.80 - L __ UPGAAOECOMPONENT I 
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Exhibit 2-81 

UPGRADIBILITY GROUP CHART PLANT: 
UNIT: 

STATE OF 
CoMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY 

FURNACE 2 3 2 

SUPERHEATER 2 4 3 

ECONOMIZER 2 2 3 

DRUM 3 4 5 

ONV. SURFACE 

MAIN STEAM PIPING 2 4 5 

BRIL 1 1 2 

FLUES 3 3 1 

DUCTS 3 3 1 

BURNERS 3 4 2 

IDFAN(S) 2 3 2 

FDFAN(S) 2 3 2 

AIRHEATER 2 3 3 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 1 1 1 

FW TREATMENT 2 3 3 

TRAJOC KOSTOV • THERMAL IDATE: 15-Dlc·93 
3 TIME: 11:49 AM 

WEIGHTED UPGRADE PRELIMINARY i 

SCORE GROUP UPGRADE DESCRIPTION 

2.50 2 UPGRADE COMPONENT 

3.30 2 UPGRADE COMPONENT 

2.30 2 UPGRADE COMPONENT 

4.10 3 KEEP COMPONENT 

0.00 0 NOT APPLICABLE 

3.90 3 KEEP COMPONENT 

1.30 1 REPlACE COMPONENT 
, 

2.40 2 UPGRADE COMPONENT 

2.40 2 UPGRADE COMPONENT 

3.20 2 UPGRADE COMPONENT 

2.50 2 UPGRADE COMPONENT 

2.50 2 UPGRADE COMPONENT 

2.80 2 UPGRADE COMPONENT I 
. 

0.00 0 NOT APPLICABLE 
I 

0.00 0 NOT APPLICABLE . 

I 

1.00 1 REPlACE COMPONENT , 

! 

2.80 2 UPGRADE COMPONENT I 

I 
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Exhibit 2-82 
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UPGRADIBILITY GROUP CHART 

STATE OF 
CoMPONENT TECHNOLOGY ADAPTABILITY 

FURNACE 2 3 

SUPERHEATER 2 4 

ECONOMIZER 2 2 

DRUM 3 4 

CONV. SURFACE 

MAIN STEAM PIPING 2 4 

BRIL 1 1 

FLUES 3 3 

DUCTS 3 3 

BURNERS 3 4 

IDFANIS} 2 3 

FDFAN(S) 2 3 

AIRHEATER I 2 3 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 1 1 

FW TREATMENT 2 3 

PLANT: TRAJOC KOSTOV • THERMAL I~ATE: 15-Dec-93 
UNIT: 4 TIME: 11:49 AM 

WEIGHTED UPGRADE PRELIMINARY 
COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION 

2 2.50 2 UPGRADE COMPONENT 

3 3.30 2 UPGRADE COMPONENT 

3 2.30 2 UPGRADE COMPONENT 

5 4.10 3 KEEP COMPONENT 

0.00 0 NOT APPLICABLE 

5 3.90 3 KEEP COMPONENT 

2 1.30 1 REPLACE COMPONENT 

1 2.40 2 UPGRADE COMPONENT 

1 2.40 2 UPGRADE COMPONENT 

2 3.20 2 UPGRADE COMPONENT 

2 2.50 2 UPGRADE COMPONENT 

2 2.50 2 UPGRADE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

1 1.00 1 REPLACE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 
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Exhibit 2-83 

UPGRADIBILITY GROUP CHART PLANT: TRAJOC KOSTOV - THERMAL I,DATE: 15-Dec·93 
UNIT: 5 TIME: 11:49 AM 

STATE OF WEIGHTED UPGRADE PRELIMINARY 
COMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION 
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FURNACE 3 

SUPERHEATER 3 

ECONOMIZER 4 

DRUM 3 

CONV. SURFACE 

MAIN STEAM PIPING 4 

BRIL 3 

FLUES 4 

DUCTS 4 

BURNERS 2 

10 FAN(S) 3 

FDFAN(S) 3 

IAIRHEATER i 4 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 2 

FW TREATMENT 2 

. 

4 4 3.80 3 KEEP COMPONENT 

4 4 3.80 3 KEEP COMPONENT 

4 4 4.00 3 KEEP COMPONENT 

4 4 3.80 3 KEEP COMPONENT 

0.00 0 NOT APPLICABLE 

4 4 4.00 3 KEEP COMPONENT 

4 4 3.80 3 KEEP COMPONENT 

4 4 4.00 3 KEEP COMPONENT 

4 4 4.00 3 KEEP COMPONENT 

2 1 1.70 1 REPLACE COMPONENT 

4 4 3.80 3 KEEP COMPONENT 

4 4 3.80 3 KEEP COMPONENT 

4 4 4.00 3 KEEP COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 3 2.80 2 UPGRADE COMPONENT 

3 3 2.80 2 UPGRADE COMPONENT 

~~~~---- -

.. -" 
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Exhibit 2-84 

UPGRADIBILITY GROUP CHART PLANT: 
UNIT: 

STATE OF 
I-0MPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY 

FURNACE 3 4 4 

SUPERHEATER 3 4 4 

ECONOMIZER 4 4 4 

DRUM 3 4 4 

CONV. SURFACE 

MAIN STEAM PIPING 4 4 4 

BRIL 3 4 4 

FLUES 4 4 4 

DUCTS 4 4 4 

BURNERS 2 2 1 

IDFAN-'-S~ 3 4 4 

FD FAN(St 3 4 4 

AIRHEATER 4 4 .-
PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 2 3 3 

FW TREATMENI_ _ ,_ 3 :1_ 

TRAJOC KOSTOV - THERMAL I~ATE: 15-Dec-93 

8 TIME: 11:8AM 

WEIGHTED UPGRADE PRELIMINARY 

SCORE GROUP UPGRADE DESCRIPTION 

3.80 3 KEEP COMPONENT 

3.80 3 KEEP COMPONENT 

4.00 3 KEEP COMPONENT 

3.80 3 KEEP COMPONENT 

0.00 0 NOT APPLICABLE 

4.00 3 KEEP COMPONENT 

3.80 3 KEEP COMPONENT 

4.00 3 KEEP COMPONENT 

4.00 3 KEEP COMPONENT 

1.70 1 REPLACE COMPONENT 

3.80 3 KEEP COMPONENT 

3.80 3 KEEP COMPONENT 

4.00 3 KEEP COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE I 

2.80 2 UPGRADE COMPONENT 

_1..80_ -~ U_PGRAD~ COMPONENT 

- -
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Exhibit 2-85 

UPGRADIBILITY GROUP CHART PLANT: 
UNIT: 

STATE OF 
COMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY 

FURNACE 3 4 4 

SUPERHEATER 3 4 4 

ECONOMIZER 4 4 4 

DRUM 3 4 4 

~ONV.SURFACE 

MAIN STEAM PIPING 4 4 4 

BRIL 3 4 4 

FLUES 4 4 4 

DUCTS 4 4 4 

BURNERS 2 2 1 

IDFAN(S) 3 4 4 

FD FAN(S) 3 4 4 

AIRHEATER , 4 4 4 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 2 3 3 

FW TREATMENT 2 3 3 

. 

TRAJOC KOSTOV - THERMAL I·DATE: 1~Dec-93 

7 TIME: 11:49 AM 

WEIGHTED UPGRADE PRELIMINARY 

SCORE GROUP UPGRADE DESCRIPTION 

3.80 3 KEEP COMPONENT 

3.80 3 KEEP COMPONENT 

4.00 3 KEEP COMPONENT 

3.80 3 KEEP COMPONENT 

0.00 0 NOT APPLICABLE 

4.00 3 KEEP COMPONENT 

3.80 3 KEEP COMPONENT 

4.00 3 KEEP COMPONENT 

4.00 3 KEEP COMPONENT 

1.70 1 REPLACE COMPONENT 

3.80 3 KEEP COMPONENT 

3.80 3 KEEP COMPONENT 

4.00 3 KEEP COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

2.80 2 UPGRADE COMPONENT 

2.80 2 UPGRADE COMPONENT 

-



Priority Group Chart 

TRAJOC KOSTOV - THERMAL 

UNITS 1 to 7 

Exhibit 2-86 to 2-92 
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PRIORITY GROUP CHART 

COMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 3 

ECONOMIZER 2 

DRUM 2 

CONV. SURFACE 

MAIN STEAM PIPING 5 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

IDFANrS) 1 

FDFANfS} 1 

IAIRHEATER 1 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 

FW TREATMENT 1 

- -- - - - -- - - - -
Exhibit 2-86 

PLANT: TRAJOC KOSTOV - THERMAL DATE: 15-Dec·93 
UNIT: 1 TIME: 11:49 AM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
LEADTIME SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

0 5 3 3 3.OS 2 MEDIUM PRIORITY 

1 5 3 0 3.10 2 MEDIUM PRIORITY 

1 3 3 3 2.55 2 MEDIUM PRIORITY 

5 5 3 0 3.25 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 5 0 0 3.25 2 MEDIUM PRIORITY 

1 0 0 0 0.80 3 LOW PRIORITY 

1 0 0 0 0.35 3 LOW PRIORITY 

1 0 0 0 0.35 3 LOW PRIORITY 

5 3 0 0 2.15 2 MEDIUM PRIORITY 

2 5 0 3 2.25 2 MEDIUM PRIORITY 

2 5 0 0 US 2 MEDIUM PRIORITY 

3 3 0 0 US 3 LOW PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

5 3 3 5 3.65 1 HIGH PRIORITY 

5 3 3 5 2.90 2 MEDIUM PRIORITY 
- -- --



------- - - - - -
Exhibit 2-87 

PRIORITY GROUP CHART PLANT: TRAJOC KOSTOV • THERMAL 
UNIT: 2 

CAUSE RELIABILITY PERFORMANCE 
~OMPONENT SAFETY LEADTIME SHUTDOWN PROBLEMS PROBLEMS 

~ 
~~ 

C> 
c: 
g-
;:; 
"0 
o 
3 
3 
o 
::J 

",:E 
I CD ... m 
",;:; 
OO::T 

S-
i 
~. 
~ 
S-
o 

FURNACE 

SUPERHEATER 

ECONOMIZER 

DRUM 

r.ONV. SURFACE 

MAIN STEAM PIPING 

BRIL 

FLUES 

DUCTS 

BURNERS 

IDFANlS~ 

FDFAN(S} 

IAIRHEATER i 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 

FW TREATMENT 

2 0 5 3 3 

3 1 5 3 0 

2 1 3 3 3 

2 5 5 3 0 

5 5 5 0 0 

2 1 0 0 0 

1 1 0 0 0 

1 1 0 0 0 

3 5 3 0 0 

1 2 5 0 3 

1 2 5 0 0 

1 3 3 0 0 

4 5 3 3 5 

- _ L __ ~ 3 3 __ L----_~_ 

- -- - - - -
DATE: 15-0.c-93 
TIME: 11:8AM 

WEIGHTED PRIORITY PRELIMINARY 
SCORE GROUP PRIORITY DESCRIPTION 

3.05 2 MEDIUM PRIORITY 

3.10 2 MEDIUM PRIORITY 

2.55 2 MEDIUM PRIORITY 

3.25 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

3.25 2 MEDIUM PRIORITY 

0.60 3 LOW PRIORITY 

0.35 3 LOW PRIORITY 

0.35 3 LOW PRIORITY 

2.15 2 MEDIUM PRIORITY ! 

2.25 2 MEDIUM PRIORITY , 

1.95 2 MEDIUM PRIORITY 
I 

1.45 3 LOW PRIORITY 
, 

0.00 0 NOT APPLICABLE 
I 

0.00 0 NOT APPLICABLE 

3.85 1 HIGH PRIORITY 

__ 2.90 2 MEDIUM PRIORITY 



-------

~~ 
~ 

~ 
g= 

~ 
~ g 

N:E 
• II) 

.-.111 
N" cg::T 

5'" 
S' 
3 
III 
ct. 
o 
::::s 

!It 

~ 

PRIORITY GROUP CHART 

~OMPONENT SAFETY LEADTIME 

FURNACE 2 0 

SUPERHEATER 3 1 

ECONOMIZER 2 1 

DRUM 2 5 

~ONV. SURFACE 

MAIN STEAM PIPING 5 5 

BRIL 2 1 

FLUES 1 1 

DUCTS 1 1 

BURNERS 3 5 

10 FAN(S) . 1 2 

FD FAN(S) 1 2 

AIRHEATER 1 3 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS .. 5 

FW TREATMENT __ 1_ 5 

- - - - - - -- - - - -
Exhibit 2-88 

PLANT: TRAJOC KOSTOV - THERMAL DATE: 15-[)ec.93 
UNIT: 3 TIME: 11:"9 AM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

5 3 3 3.05 2 MEDIUM PRIORITY 

5 3 0 3.10 2 MEDIUM PRIORITY 

3 3 3 2.55 2 MEDIUM PRIORITY 

5 3 0 3.25 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 0 0 3.25 2 MEDIUM PRIORITY 

0 0 0 0.60 3 LOW PRIORITY I 

0 0 0 0.35 3 LOW PRIORITY 

0 0 0 0.35 3 LOW PRIORITY 

3 0 0 2.15 2 MEDIUM PRIORITY I 

5 0 3 2.25 2 MEDIUM PRIORITY 

5 0 0 1.95 2 MEDIUM PRIORITY 

3 0 0 US 3 LOW PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 3 5 3.65 1 HIGH PRIORITY 

3 3 5 -- 2.90 2 MEDIUM PRIORITY 
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Exhibit 2-89 
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PRIORITY GROUP CHART 

COMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 3 

ECONOMIZER 2 

DRUM 2 

CONV. SURFACE 

MAIN STEAM PIPING 5 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

IDFANfS) 1 

FDFAN{S) 1 

AIRHEATER , 1 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 

FW TREATMENT 1 

PLANT: 
UNIT: 

CAUSE 
LEADTIME SHUTDOWN 

0 5 

1 5 

1 3 

5 5 

5 5 

1 0 

1 0 

1 0 

5 3 

2 5 

2 5 

3 3 

5 3 

5 3 

TRAJOC KOSTOV· THERMAL DATE: 15-Dec-93 
4 TIME: 11:49 AM 

RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

3 3 3.05 2 MEDIUM PRIORITY 

3 0 3.10 2 MEDIUM PRIORITY 

3 3 2.55 2 MEDIUM PRIORITY 

3 0 3.25 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 0 3.25 2 MEDIUM PRIORITY 

0 0 0.60 3 LOW PRIORITY 

0 0 0.35 3 LOW PRIORITY 

0 0 0.35 3 LOW PRIORITY 

0 0 2.15 2 MEDIUM PRIORITY 
! 

0 3 2.25 2 MEDIUM PRIORITY 

0 0 1.95 2 MEDIUM PRIORITY 

0 0 1.45 3 LOW PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 3.65 1 HIGH PRIORITY 

3 5 2.90 2 .... MEDIUM PRIORITY ! 

- -
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PRIORITY GROUP CHART 

l'!OMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 3 

ECONOMIZER 2 

DRUM 2 

CONV. SURFACE 

MAIN STEAM PIPING 5 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

IDFAN(S) 1 

FDFAN(S) 1 

AIRHEATER I 1 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 

FW TREATMENT 1 ----

Exhibit 2-90 

PLANT: TRAJOC KOSTOV - THERMAL 
UNIT: 5 

CAUSE RELIABILITY PERFORMANCE 
LEADTIME SHUTDOWN PROBLEMS PROBLEMS 

0 5 3 0 

1 5 0 0 

1 3 3 0 

5 5 0 0 

5 5 0 0 

1 0 0 0 

1 0 0 0 

1 0 0 0 

5 3 5 5 

2 5 0 0 

2 5 0 0 

3 3 0 0 

5 3 0 0 

5 3 3 0 

- -- - - - -
DATE: 15-Dec-93 
TIME: 11:49 AM 

WEIGHTED PRIORITY PRELIMINARY 
SCORE GROUP PRIORITY DESCRIPTION 

2.75 2 MEDIUM PRIORITY 

2.35 2 MEDIUM PRIORITY 

2.25 2 MEDIUM PRIORITY 

2.50 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

3.25 2 MEDIUM PRIORITY 

0.60 3 LOW PRIORITY 

0.35 3 LOW PRIORITY 

0.35 3 LOW PRIORITY 

3.90 1 HIGH PRIORITY 

1.95 2 MEDIUM PRIORITY 

1.95 2 MEDIUM PRIORITY 

1.45 3 LOW PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

2.40 2 MEDIUM PRIORITY 

_2.40_ 2 MEDIUM PRIORITY I 
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PRIORITY GROUP CHART 

COMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 3 

ECONOMIZER 2 

DRUM 2 

CONV. SURFACE 

MAIN STEAM PIPING 5 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

10 FAN(S) 1 

FDFAN(S) 1 

AIRHEATER 1 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS .. 
FW TREATMENT 1 _ 

Exhibit 2-91 

PLANT: TRAJOC KOSTOV - THERMAl 
UNIT: 8 

CAUSE RELIABILITY PERFORMANCE 
LEADTIME SHUTDOWN PROBLEMS PROBLEMS 

0 5 3 0 

1 5 0 0 

1 3 3 0 

5 5 0 0 

5 5 0 0 

1 0 0 0 

1 0 0 0 

1 0 0 0 

5 3 5 5 

2 5 0 0 

2 5 0 0 

3 3 0 0 

5 3 0 0 

-~ 3 3 -- ---~Q_-

------ -
DATE: i5-Dec·93 
TIME: 11:49 AM 

WEIGHTED PRIORITY PRELIMINARY 
SCORE GROUP PRIORITY DESCRIPTION 

I 

2.75 2 MEDIUM PRIORITY I 

. 

2.35 2 MEDIUM PRIORITY 

2.25 2 MEDIUM PRIORITY , 

2.50 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

3.25 2 MEDIUM PRIORITY 

0.60 3 LOW PRIORITY 

0.35 3 LOW PRIORITY 

0.35 3 LOW PRIORITY 

3.90 1 HIGH PRIORITY 

1.95 2 MEDIUM PRIORITY 

1.95 2 MEDIUM PRIORITY 

U5 3 LOW PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

2.40 2 MEDIUM PRIORITY 

2.40 _2 ___ MEDIUM PRIORITY 
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PRIORITY GROUP CHART 

COMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 3 

ECONOMIZER 2 

DRUM 2 

CONV. SURFACE 

MAIN STEAM PIPING 5 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

IDFAN(S) 1 

FD FAN/S) 1 

IAIRHEATER I 1 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 

FW TREATMENT 1 

PLANT: 
UNIT: 

CAUSE 
LEADTIME SHUTDOWN 

0 5 

1 5 

1 3 

5 5 

5 5 

1 0 

1 0 

1 0 

5 3 

2 5 

2 5 

3 3 

5 3 

5 3 

Exhibit 2-92 

TRAJOC KOSTOV - THERMAL DATE: 15-Dec-93 
7 TIME: 11:49 AM 

RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

3 0 2.75 2 MEDIUM PRIORITY 

0 0 2.35 2 MEDIUM PRIORITY 

3 0 2.25 2 MEDIUM PRIORITY 

0 0 2.50 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 0 3.25 2 MEDIUM PRIORITY 

0 0 0.60 3 LOVV PRIORITY 

0 0 0.35 3 LOVV PRIORITY 

0 0 0.35 3 LOVV PRIORITY 

5 5 3.90 1 HIGH PRIORITY 

0 0 1.95 2 MEDIUM PRIORITY 

0 0 1.95 2 MEDIUM PRIORITY 

0 0 1.45 3 LOVV PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0 0 2.40 2 MEDIUM PRIORITY 

3 0 2.40 2 MEDIUM PRIORITY 



Preliminary Disposition Chart 

TRAJOC KOSTOV - THERMAL 

UNITS 1 TO 7 

Exhibit 2-93 to 2-99 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
COMPONENT LIFE EXPIRED LIFE (Rl) 

FURNACE 300000 156032 143968 

~UPERHEATER 200000 156032 43968 

ECONOMIZER 223000 156032 66968 

DRUM 300000 156032 143968 

~ONV. SURFACE 0 

MAIN STEAM PIPING 300000 156032 143968 

BRIL 200000 156032 43968 

FLUES 300000 156032 143968 

DUCTS 300000 156032 143968 

BURNERS 110000 156032 .... 6032 

IDFAN(Sl 300000 156032 143968 

FD FAN(S) 300000 156032 143968 

IAIRHEATER 223000 156032 66968 
, 

PRECIPITATOR 0 

PULVERIZERS 0 

INSTR. & CONTROLS 300000 156032 143968 

FW TREATMENT 300000 156032 143968 

Exhibit 2-93 

DESIRED GROUP UPGRADE 
LIFE (Dl) RL<DL? PRIORITY GROUP 

110000 0 2 2 

110000 1 2 2 

110000 1 2 2 

110000 0 2 3 

110000 1 0 0 

110000 0 2 3 

110000 1 3 1 

110000 0 3 2 

110000 0 3 2 

110000 1 2 2 

110000 0 2 2 

110000 0 2 2 

110000 1 3 2 

110000 1 0 0 

110000 1 0 0 

110000 0 1 1 

110000 0 2 2 

... - ---- ... 
PLANT: TRAJOC KOSTOV· THERMAL I~ATE: 15-Dec·93 
UNIT: 1 TIME: 11:49 AM 

DISPOSITION 
CATEGORY PRELIMINARY DISPOSITION 

22 MONITOR & UPGRADE WITHIN R.L 

122 MONITOR & UPGRADE WITHIN R.L. 

122 MONITOR & UPGRADE WITHIN R.L. 

23 MONITOR & MAINTAIN 

100 NOT APPLICABLE 

23 MONITOR & MAINTAIN 

131 MONITOR & REPLACE IF FUNDS AVAILABLE WITHIN R.L. 

32 MONITOR & MAINTAIN 

32 MONITOR & MAINTAIN 

122 MONITOR & UPGRADE WITHIN R.L. 

22 MONITOR & UPGRADE WITHIN R.L. 

22 MONITOR & UPGRADE WITHIN R.L. 

132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L 

100 NOT APPLICABLE 

100 NOT APPLICABLE 

11 POSSIBLY REPLACE NOW 

22 MONITOR & UPGRADE WITHIN R.l. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING DESIRED 
~OMPONENT LIFE EXPIRED LIFE (RU LIFE (DU 

FURNACE 300000 14n24 152278 110000 

SUPERHEATER 200000 14n24 52276 110000 

ECONOMIZER 223000 14n24 75278 110000 

DRUM 300000 14n24 152278 110000 

ICONV. SURFACE 0 110000 

MAIN STEAM PIPING 300000 14n24 152278 110000 

BRIL 200000 14n24 52278 110000 

FLUES 300000 14n24 152278 110000 

DUCTS 300000 14n24 152278 110000 

BURNERS 110000 14n24 ·3n24 110000 

IDFAN(SJ 300000 14n24 152278 110000 

FDFANIS) 300000 14n24 152278 110000 

AIRHEATER 223000 14n24 75278 110000 
I 

PRECIPITATOR 0 110000 

PULVERIZERS 0 110000 

INSTR. & CONTROLS 300000 147724 152278 110000 

FW TREATMENT 300000 147724 152278 110000 

Exhibit 2-94 

PLANT: TRAJOC KOSTOV • THERMAL I,DATE: 15-Dec·93 
UNIT: 2 TIME: 11:49 AM 

GROUP UPGRADE DISPOSITION 
RL<OL ? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L 

0 2 3 23 MONITOR & MAINTAIN 

1 0 0 100 NOT APPLICABLE 

0 2 3 23 MONITOR & MAINTAIN 

1 3 1 131 MONITOR & REPLACE IF FUNDS AVAILABLE WITHIN R.L. 

0 3 2 32 MONITOR & MAINTAIN 

0 3 2 32 MONITOR & MAINTAIN 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

0 1 1 11 POSSIBLY REPLACE NOW 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 

r.OMPONENT LIFE EXPIRED LIFE (Rl) 

FURNACE 300000 153661 1 .. 6339 

sUPERHEATER 200000 153661 .. 6339 

ECONOMIZER 223000 37000 186000 

DRUM 300000 153661 1 .. 6339 

CONV. SURFACE 0 

MAIN STEAM PIPING 300000 153661 1"6339 

BRIL 200000 153661 .. 6339 

FLUES 300000 153661 146339 

DUCTS 300000 153661 1 .. 6339 

BURNERS 110000 153661 -43661 

10 FANlln 300000 153661 . 1.e339 

FD FAN(Sl 300000 153661 146339 

~IRHEATER 223000 1~1 69339 

PRECIPITATOR 0 

PULVERIZERS 0 

INSTR. & CONTROLS 300000 153661 146339 

FW TREATMENI - ---~ 153661 1.t6339 

Exhibit 2-95 

DESIRED GROUP UPGRADE 
LIFE (DL) RLcDL? PRIORITY GROUP 

110000 0 2 2 

110000 1 2 2 

110000 0 2 2 

110000 0 2 3 

110000 1 0 0 

110000 0 2 3 

110000 1 3 1 

110000 0 3 2 

110000 0 3 2 

110000 1 2 2 

110000 0 2 2 

110000 0 2 2 

110000 1 3 2 

110000 1 0 0 

110000 1 0 0 

110000 0 1 1 

110000 0 2 2 

.. - .. -~ .. .... -
PLANT: TRAJOC KOSTOV· THERMAL I~ATE: 15-0ec-93 

UNIT: 3 TIME: 11:"9 AM 

DISPOSITION 
CATEGORY PRELIMINARY DISPOSITION 

22 MONITOR & UPGRADE WITHIN R.L. 

122 MONITOR & UPGRADE WITHIN R.l. 

22 MONITOR & UPGRADE WITHIN R.l. 

23 MONITOR & MAINTAIN 

100 NOT APPLICABLE 

23 MONITOR & MAINTAIN 

131 MONITOR & REPLACE IF FUNDS AVAILABLE WITHIN R.L. 

32 MONITOR & MAINTAIN 

32 MONITOR & MAINTAIN 
, 

122 MONITOR & UPGRADE WITHIN R.L , 

22 MONITOR & UPGRADE WITHIN R.L. 

22 MONITOR & UPGRADE WITHIN R.L. 

132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

100 NOT APPLICABLE 

100 NOT APPLICABLE 

11 POSSIBLY REPLACE NOW 

22 MONITQR ~ U~RADE WITHIN R.L. I 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING DESIRED 
r.OMPONENT LIFE EXPIRED LIFE (RL) LIFE tDLl 

FURNACE 300000 144035 155965 110000 

~UPERHEATER 200000 14 .. 035 55965 110000 

ECONOMIZER 223000 37000 186000 110000 

DRUM 300000 144035 155965 110000 

~ONV. SURFACE 0 110000 

MAIN STEAM PIPING 300000 144035 155965 110000 

BRIL 200000 144035 .55965 110000 

FLUES 300000 144035 155965 110000 

DUCTS 300000 144035 155965 110000 

BURNERS 110000 144035 -34035 110000 

10 FAN(S) 300000 144035 155965 110000 

FD FAN(S) 300000 144035 155965 110000 

IAIRHEATER 223000 144035 78965 110000 

PRECIPITATOR 0 110000 

PULVERIZERS 0 110000 

INSTR. & CONTROLS 300000 144035 155965 110000 

FW TREATMENT 300000 144035 155965 110000 

Exhibit 2-96 

PLANT: TRAJOC KOSTOV - THERMAL I~ATE: 1S-Dec·93 
UNIT: 4 TIME: 11:49 AM 

GROUP UPGRADE DISPOSITION 
RL<DL ., PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

0 2 3 23 MONITOR & MAINTAIN i 

1 0 0 100 NOT APPLICABLE I 

0 2 3 23 MONITOR & MAINTAIN 

1 3 1 131 MONITOR & REPLACE IF FUNDS AVAILABLE WITHIN R.L. 

0 3 2 32 MONITOR & MAINTAIN 

0 3 2 32 MONITOR & MAINTAIN 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

1 . 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L • 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

0 1 1 11 POSSIBLY REPLACE NOW 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. ----
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
r.OMPONENT LIFE EXPIRED LIFE (Rll 

FURNACE 300000 21939 278061 

SUPERHEATER 200000 21939 178061 

ECONOMIZER 223000 21939 201061 

DRUM 300000 21939 278061 

r.ONV. SURFACE 0 

MAIN STEAM PIPING 300000 21939 278061 

BRll 200000 21939 178061 

FLUES 300000 21939 278061 

DUCTS 300000 21939 278061 

BURNERS 110000 21939 88061 

10 FAN(S) 300000 21939 . 278061 

FD FAN(S) 300000 21939 278061 

~IRHEATER 223000 21939 201061 

PRECIPITATOR 0 

PULVERIZERS 0 

INSTR. & CONTROLS 300000 21939 278061 

FW TREATMENT 300000 21939 278061 

Exhibit 2-97 

PLANT: TRAJOC KOSTOV· THERMAL I·DATE: 15-Dec·93 
UNIT: 5 TIME: 11:.c9AM 

DESIRED GROUP UPGRADE DISPOSITION 
LIFE (Dll Rl<Dl? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

110000 0 2 3 23 MONITOR & MAINTAIN 

110000 0 2 3 23 MONITOR & MAINTAIN 

110000 0 2 3 23 MONITOR & MAINTAIN 

110000 0 2 3 23 MONITOR & MAINTAIN 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 2 3 23 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 1 1 1 111 REPLACE NOW 

110000 0 2 3 23 MONITOR & MAINTAIN 

110000 0 2 3 23 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.l. 

110000 0 2 2 22 MONITOR & U~RADE WITHIN R.l. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING DESIRED 
~OMPONENT LIFE EXPIRED LIFE (RU LIFE (DU 

FURNACE 300000 21169 278831 110000 

SUPERHEATER 200000 21169 178831 110000 

ECONOMIZER 223000 21169 201831 110000 

DRUM 300000 21169 278831 110000 

ONV. SURFACE 0 110000 

MAIN STEAM PIPING 300000 21169 278831 110000 

BRIL 200000 21169 178831 110000 

FLUES 300000 21169 278831 110000 

DUCTS 300000 21169 278831 110000 

BURNERS 110000 21169 88831 110000 

10 FAN(s) 300000 21169 . 278831 110000 

FD FAN(S) 300000 21169 278831 110000 

AIRHEATER 223000 21169 201831 110000 

PRECIPITATOR 0 110000 

PULVERIZERS 0 110000 

INSTR. & CONTROLS 300000 21169 278831 110000 

FW TREATMENT 300000 21169 278831 110000 

Exhibit 2-98 

PLANT: TRAJOC KOSTOV • THERMAL IDATE: 15-Dec·93 
UNIT: 8 TIME: 11:49 AM 

GROUP UPGRADE DISPOSITION 
RL<DL 1 PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

0 2 3 23 MONITOR & MAINTAIN 

0 2 3 23 MONITOR & MAINTAIN 

0 2 3 23 MONITOR & MAINTAIN 

0 2 3 23 MONITOR & MAINTAIN 

1 0 0 100 NOT APPLICABLE 

0 2 3 23 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

1 1 1 111 REPLACE NOW 

0 2 3 23 MONITOR & MAINTAIN 

0 2 3 23 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

• 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING DESIRED 
COMPONENT LIFE EXPIRED LIFE CRLl LIFE CDLl 

FURNACE 300000 18933 281067 110000 

~UPERHEATER 200000 18933 181067 110000 

ECONOMIZER 223000 18933 204067 110000 

DRUM 300000 18933 281067 110000 

ONV. SURFACE 0 110000 

MAIN STEAM PIPING 300000 18933 281067 110000 

BRIL 200000 18933 181067 110000 

FLUES 300000 18933 281067 110000 

DUCTS 300000 18933 281067 110000 

BURNERS 110000 18933 91067 110000 

10 FANeS) 300000 18933 . 281067 110000 

FD FANeS) 300000 18933 281067 110000 

AIRHEATER 223000 18933 204067 110000 

PRECIPITATOR 0 110000 

PULVERIZERS 0 110000 

INSTR. & CONTROLS 300000 18933 281067 110000 

FW TREATMENT 300000 18933 281067 110000 

Exhibit 2-99 

PLANT: TRAJOC KOSTOV • THERMAL IDATE: 15-Dec-93 
UNIT: 7 TIME: 11:49 AM 

GROUP UPGRADE DISPOSITION 
RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

0 2 3 23 MONITOR & MAINTAIN 

0 2 3 23 MONITOR & MAINTAIN 

0 2 3 23 MONITOR & MAINTAIN 

0 2 3 23 MONITOR & MAINTAIN 

1 0 0 100 NOT APPLICABLE 

0 2 3 23 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

1 1 1 111 REPLACE NOW 

0 2 3 23 MONITOR & MAINTAIN 

0 2 3 23 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 
-



Upgradibility Chart Group 

TRAJOC KOSTOV - HOT WATER 

UNITS 1 to 8 

Exhibit 2-100 to 2-107 
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Exhibit 2-100 

UPGRADIBILITY GROUP CHART PLANT: 
UNIT: 

STATE OF 
~OMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY 

FURNACE 2 3 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

~ONV. SURFACE 3 3 3 

MAIN STEAM PIPING 

BRll 2 2 3 

FLUES 3 4 4 

DUCTS 3 4 4 

BURNERS 3 3 3 

IDFAN(S) 

FD FAN(S) 3 3 3 

AIRHEATER I 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 2 2 2 

FW TREATMENT 2 3 3 

TRAJOC KOSTOV· HOT WATER I~ATE: 15-Dec-93 
1 TIME: 08:28AM 

WEIGHTED UPGRADE PRELIMINARY 
SCORE GROUP UPGRADE DESCRIPTION 

2.50 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

2.30 2 UPGRADE COMPONENT 

3.80 3 KEEP COMPONENT 

3.80 3 KEEP COMPONENT 

3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

2.00 1 REPLACE COMPONENT 

2.80 2 UPGRADECOMPONENL 
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Exhibit 2-101 

UPGRADIBILITY GROUP CHART PLANT: TRAJOC KOSTOV - HOT WATER I.DATE: 15-0ec·93 
UNIT: 2 TIME: 08:28AM 

STATE OF WEIGHTED UPGRADE PRELIMINARY 
roMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION 

FURNACE 2 3 2 2.50 2 UPGRADE COMPONENT 

SUPERHEATER 0.00 0 NOT APPLICABLE 

ECONOMIZER 0.00 0 NOT APPLICABLE 

DRUM 0.00 0 NOT APPLICABLE 

~NV. SURFACE 3 3 3 3.00 2 UPGRADE COMPONENT 

MAIN STEAM PIPING 0.00 0 NOT APPLICABLE 

BRIL 2 2 3 2.30 2 UPGRADE COMPONENT 

FLUES 3 " " 3.80 3 KEEP COMPONENT 

DUCTS 3 " " 3.80 3 KEEP COMPONENT 

BURNERS 3 3 3 3.00 2 UPGRADE COMPONENT 

IDFAN(S) 0.00 0 NOT APPLICABLE 

FD FANtS) 3 3 3 3.00 2 UPGRADE COMPONENT 

~IRHEATER 0.00 0 NOT APPLICABLE 

PRECIPITATOR 0.00 0 NOT APPLICABLE 

PULVERIZERS 0.00 0 NOT APPLICABLE 

INSTR. & CONTROLS 2 2 2 2.00 1 REPLACE COMPONENT 

FYJ TREATMENT --- 2 -- _ .. _- 3 3 2.80 2 UPGRADE ~PONENT 
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UPGRADIBILITY GROUP CHART 

STATE OF 
COMPONENT TECHNOLOGY ADAPTABILITY 

FURNACE 4 4 

SUPERHEATER 

ECONOMIZER 

DRUM 

Ir.ONV. SURFACE 3 3 

MAIN STEAM PIPING 

BRIL 2 2 

FLUES 3 4 

DUCTS 3 4 

BURNERS 3 3 

IDFA~LSl 

FDFAN(S) 3 3 

"IRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 2 2 

FW TREATMENT 2 3 

Exhibit 2-102 

PLANT: TRAJOC KOSTOV· HOT WATER I~ATE: 15-Dec-93 

UNIT: 3 TIME: 08:28NA 

WEIGHTED UPGRADE PRELIMINARY 

COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION 

4 4.00 3 KEEP COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

3 2.30 2 UPGRADE COMPONENT 

4 3.80 3 KEEP COMPONENT 

.. 3.80 3 KEEP COMPONENT 

3 3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

3 3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

2 2.00 1 REPLACE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

------- - ---- - ---
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Exhibit 2-103 

UPGRADIBILITY GROUP CHART PLANT: TRAJOC KOSTOV - HOT WATER I~ATE: 15-Dec-93 
UNIT: 4 TIME: 08:21AM 

STATE OF WEIGHTED UPGRADE PRELIMINARY 
!cOMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION 

FURNACE 2 3 2 2.50 2 UPGRADE COMPONENT 

SUPERHEATER 0.00 0 NOT APPLICABLE 

ECONOMIZER 0.00 0 NOT APPLICABLE 

DRUM 0.00 0 NOT APPLICABLE 

~ONV. SURFACE 3 3 3 3.00 2 UPGRADE COMPONENT 

MAIN STEAM PIPING 0.00 0 NOT APPLICABLE 

BRIL 2 2 3 2.30 2 UPGRADE COMPONENT 

FLUES 3 4 4 3.80 3 KEEP COMPONENT 

DUCTS 3 4 4 3.80 3 KEEP COMPONENT 

BURNERS 3 3 3 3.00 2 UPGRADE COMPONENT 

IDFANIS) 0.00 0 NOT APPLICABLE 

FDFAN(S) 3 3 3 3.00 2 UPGRADE COMPONENT 

~RHEATER I 0.00 0 NOT APPLICABLE 

PRECIPITATOR 0.00 0 NOT APPLICABLE 

PULVERIZERS 0.00 0 NOT APPLICABLE 

INSTR. & CONTROLS 2 2 2 2.00 1 REPLACE COMPONENT 

FW TREATMENT 2 3 3 2.80 2 UPGRADE COMPONENT 
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UPGRADIBILITY GROUP CHART 

STATE OF 
CoMPONENT TECHNOLOGY ADAPTABILITY 

FURNACE 2 3 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONY. SURFACE 3 3 

MAIN STEAM PIPING 

BRIL 2 2 

FLUES 3 .. 
DUCTS 3 .. 
BURNERS 3 3 

IDFAN(S) 

FDFAN(S) 3 3 

AIRHEATER I 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 2 2 

FW TREATMENT 2 3 

PLANT: TRAJOC KOSTOV - HOT WATER I·DATE: 15-Dec-93 
UNIT: 5 TIME: 08:281tM 

WEIGHTED UPGRADE PRELIMINARY 
COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION 

2 2.50 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

3 2.30 2 UPGRADE COMPONENT 

.. 3.80 3 KEEP COMPONENT 

.. 3.80 3 KEEP COMPONENT 

3 3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

3 3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

2 2.00 1 REPLACE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 
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Exhibit 2-105 

UPGRADIBILITY GROUP CHART PLANT: TRAJOC KOSTOV· HOT WATER I~ATE: 15-Dec-93 
UNIT: 8 TIME: 08:28AM 

STATE OF WEIGHTED UPGRADE PRELIMINARY 
COMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION 
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FURNACE 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

~ONV. SURFACE 3 

MAIN STEAM PIPING 

BRIL 2 

FLUES 3 

DUCTS 3 

BURNERS 3 

IDFAN{S) 

FDFAN1S) 3 

AIRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 2 

FW_IREATMENT 2 

3 2 2.50 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 3 3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

2 3 2.30 2 UPGRADE COMPONENT 

4 4 3.80 3 KEEP COMPONENT 

4 4 3.80 3 KEEP COMPONENT 

3 3 3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

3 3 3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

2 2 2.00 1 REPLACE COMPONENT 

~ - ~ 

3 3 2.80 2 UPGRADE COMPONENT 
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Exhibit 2-106 

UPGRADIBILITY GROUP CHART PLANT: TRAJOC KOSTOV - HOT WATER I~ATE: 15-0Ic·~1 
UNIT: 7 TIME: 08:28AM 

STATE OF WEIGHTED UPGRADE PRELIMINARY 
COMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION 

FURNACE .. .. .. ".00 3 KEEP COMPONENT 
I 

SUPERHEATER 0.00 0 NOT APPLICABLE i 

ECONOMIZER 0.00 0 NOT APPLICABLE 

DRUM 0.00 0 NOT APPLICABLE 

CQNV. SURFACE 3 3 3 3.00 2 UPGRADE COMPONENT 

MAIN STEAM PIPING 0.00 0 NOT APPLICABLE 

BRIL 2 2 3 2.30 2 UPGRADE COMPONENT 

FLUES 3 .. .. 3.80 3 KEEP COMPONENT 
I 

DUCTS 3 .. .. 3.80 3 KEEP COMPONENT 

BURNERS 3 3 3 3.00 2 UPGRADE COMPONENT 

10 FAN(S) 0.00 0 NOT APPLICABLE 

FDFAN(S) 3 3 3 3.00 2 UPGRADE COMPONENT 

AIRHEATER 0.00 0 NOT APPLICABLE 

PRECIPITATOR 0.00 0 NOT APPLICABLE 

PULVERIZERS 0.00 0 NOT APPLICABLE 

INSTR. & CONTROLS 2 2 2 2.00 1 REPLACE COMPONENT 

FW TREATMENT 2 3 3 2.80 2 UPGRADE COMPONENT 



-------------------

9. 
[ 
.... o 
o 

~ 
::l 

",,:E 
, (I) 

.... m 

.f>.;::O 
(X)~ 

:r 
or 
:; 

~ 
o 

m 
~. 
o 
::l 
m 
~ 

:r 
!" 

Exhibit 2-107 

UPGRADIBILITY GROUP CHART PLANT: 
UNIT: 

STATE OF 
IcQfJlPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY 

FURNACE 2 3 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 3 3 3 

MAIN STEAM PIPING 

BRIL 2 2 3 

FLUES 3 .- .-
DUCTS 3 .- .-
BURNERS 3 3 3 

IDFANtS) 

FDFAN(S) 3 3 3 

AIRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 2 2 2 

FW TREATME~I 
~ -- 2 3 3 

TRAJOC KOSTOV· HOT WATER I~ATE: ·15-Dlc·93 
I TIME: 01:21AM 

WEIGHTED UPGRADE PRELIMINARY 
SCORE GROUP UPGRADE DESCRIPTION 

2.50 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

2.30 2 UPGRADE COMPONENT 

3.80 3 KEEP COMPONENT 

3.80 3 KEEP COMPONENT 

3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

2.00 1 REPLACE COMPONENT 

_2.1HL 2 UPGRADE COMPONENT 



Priority Group Chart 

TRAJOC KOSTOV - HOT WATER 

UNITS 1 to 8 

Exhibit 2-108 to 2-115 



------- - - - -- - -- - -

~ 
~ 

~ 
a= 
91 .... 
(; 
o 
3 
3 
g 

....,:E 
• II) 

..... 1» 
~;::;
(j)::r 

~ 
(1) 

3 
g.. 
o 
::l 
I» 
:-

5'" 
? 

PRIORITY GROUP CHART 

k:oMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 2 

MAIN STEAM PIPING 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

10 FAN(S) 

FO FAN(S) 1 

AIRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 

FVUREAnAENT --
___ 1 __ 

PLANT: 
UNIT: 

CAUSE 
LEADTIME SHUTDOWN 

0 5 

1 3 

1 0 

1 0 

1 0 

5 3 

2 5 

5 3 

5 3 - --

Exhibit 2-108 

TRAJOC KOSTOV· HOT WATER DATE: 15-Dec·93 
1 TIME: 08:28AM 

RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

3 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

5 5 3.25 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 3 0.90 3 LOW PRIORITY 

0 3 0.65 3 LOW PRIORITY 

0 0 0.35 3 LOW PRIORITY 

3 3 3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 0 1.95 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

5 5 4.15 1 HIGH PRIORITY 

3 3 2.70 2 MEDIUM PRIORITY -- ---

- -
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PRIORITY GROUP CHART 

!coMPONENT SAFETY LEADTIME 

FURNACE 2 0 

SUPERHEATER 

ECONOMIZER 

DRUM 

ICONV. SURFACE 2 1 

MAIN STEAM PIPING 

BRIL 2 1 

FLUES 1 1 

DUCTS 1 1 

BURNERS 3 5 

10 FAN(S) 

FD FAN(S) 1 2 

AIRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 5 

FW TREATMENT 1 5 

- - - - - - -- - - - -
Exhibit 2-109 

PLANT: TRAJOC KOSTOV· HOT WATER DATE: 15-Dec-93 
UNIT: 2 TIME: 08:28AM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

5 3 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 5 3.25 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 0 3 0.90 3 LOW PRIORITY 

0 0 3 0.65 3 LOW PRIORITY I 

0 0 0 0.35 3 LOW PRIORITY 

3 3 3 3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 0 0 1.95 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 5 4.15 1 HIGH PRIORITY 
I 

3 3 3 2.70 2 MEDIUM PRIORITY 
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PRIORITY GROUP CHART 

COMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

r.ONV. SURFACE 2 

MAIN STEAM PIPING 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

10 FAN(S) 

FDFAN(S) 1 

~IRHEATER : 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 

FW TREATMENT 1 

LEADTIME 

0 

1 

t 

1 

1 

5 

2 

5 

5 

- - - - -- - - - - --, 
Exhibit 2-110 

PLANT: TRAJOC KOSTOV - HOT WATER DATE: 15-Dec:·93 
UNIT: 3 TIME: 08:28AM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

5 3 0 2.75 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 5 3.25 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 0 3 0.90 3 LOW PRIORITY 

0 0 3 0.65 3 LOW PRIORITY 

0 0 0 0.35 3 LOW PRIORITY 
, 

3 3 3 3.20 2 MEDIUM PRIORITY I 

0.00 0 NOT APPLICABLE 

5 0 0 1.95 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 5 4.15 1 HIGH PRIORITY 

3 3 3 2.70 2 MEDIUM PRIORITY 
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PRIORITY GROUP CHART 

COMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 2 

MAIN STEAM PIPING 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

IDFAN(S) 

FD FAN(S) 1 

AIRHEATER I 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 

FW TREATMENT 1 

. 
---

PLANT: 
UNIT: 

CAUSE 
LEADTIME SHUTDOWN 

0 5 

1 3 

1 0 

1 0 

1 0 

5 3 

2 5 

5 3 

5 3 

-

Exhibit 2-111 

TRAJOC KOSTOV - HOT WATER DATE: 15-Dec-93 
4 TIME: 05:28AM 

RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

3 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

5 5 3.25 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 3 0.90 3 LOW PRIORITY 
I 

0 3 0.65 3 LOW PRIORITY 
I 

0 0 0.35 3 LOW PRIORITY I 

3 3 3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 0 1.95 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 
, 
I 

0.00 0 NOT APPLICABLE 
I 

0.00 0 NOT APPLICABLE 

5 5 4.15 1 HIGH PRIORITY 
I 
I 

3 3 2.70 2 MEDIUM PRIORITY 

---- ---- --- I 
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PRIORITY GROUP CHART 

POMPONENT SAFETY LEADTIME 

FURNACE 2 0 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 2 1 

MAIN STEAM PIPING 

BRIL 2 1 

FLUES 1 1 

DUCTS 1 1 

BURNERS 3 5 

10 FAN(S) 

FDFAtKS~ 1 2 

IAIRHEATER I 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 5 

FW TR~JMENT_ 1 5 

- -- - - - -- - - --
Exhibit 2-112 

PLANT: TRAJOC KOSTOV - HOT WATER DATE: 15-Dec-93 I 
UNIT: 5 TIME: 08:28AM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
SHUTDOVIIN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

5 3 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 5 3.25 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 0 3 0.90 3 LOW PRIORITY 

0 0 3 0.65 3 LOW PRIORITY 

0 0 0 0.35 3 LOW PRIORITY 

3 3 3 3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 0 0 1.95 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 5 4.15 1 HIGH PRIORITY 

3 3 --
____ 3 __ 2.70 -- 2 MEDIUM PRIORITY 
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PRIORITY GROUP CHART 

COMPONENT SAFETY LEADTIME 

FURNACE 2 0 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 2 1 

MAIN STEAM PIPING 

BRIL 2 1 

FLUES 1 1 

DUCTS 1 1 

BURNERS 3 5 

10 FAN(S} 

FD FAN(S) 1 2 

AIRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 5 

FW TREATMENT 1 5 

- -- - - - - - - - --
Exhibit 2-113 

PLANT: TRAJOC KOSTOV· HOT WATER DATE: 15-Dec-93 
UNIT: 8 TIME: 08:28AM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

5 3 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 5 3.25 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 0 3 0.90 3 LOW PRIORITY 

0 0 3 0.65 3 LOW PRIORITY 

0 0 0 0.35 3 LOW PRIORITY 

3 3 3 3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 0 0 1.95 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE I 

0.00 0 NOT APPLICABLE I 

0.00 0 NOT APPLICABLE 

3 5 5 4.15 1 HIGH PRIORITY i 

3 3 ----
__ 3 

~-
UO 2 MEDIUM PRIORITY i 
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PRIORITY GROUP CHART 

r.OMPONENT SAFETY LEADTIME 

FURNACE 2 0 

SUPERHEATER 

ECONOMIZER 

DRUM 

QQNV. SURFACE 2 1 

MAIN STEAM PIPING 

BRIL 2 1 

FLUES 1 1 

DUCTS 1 1 

BURNERS 3 5 

IDFAN(S) 

FDFAN(S) 1 2 

AIRHEATER I 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS .. 5 

FW TREATMENT 1 5 

- -- - - - -- - - - -
Exhibit 2-114 

PlANT: TRAJOC KOSTOV· HOT WATER DATE: 15-0Ic-93 

UNIT: 7 TIME: 08:28AM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 

SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

5 3 0 2.75 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 5 3.25 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 0 3 0.90 3 LOW PRIORITY 

0 0 3 0.65 3 LOW PRIORITY 

0 0 0 0.35 3 LOW PRIORITY 

3 3 3 3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 0 0 1.95 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 5 4.15 1 HIGH PRIORITY 

3 3 3 2.70 ----
___ 2 MEQIUM PRIORITY 
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PRIORITY GROUP CHART 

COMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONY. SURFACE 2 

MAIN STEAM PIPING 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

IDFAN(S) 

FDFAtilS) 1 

~IRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 

FW TREATMENT 1 

LEADTIME 

0 

1 

1 

1 

1 

5 

2 

5 

5 

- -- - - - - - - - - -
Exhibit 2-115 

PLANT: TRAJOC KOSTOV - HOT WATER DATE: 15-Dec-93 
UNIT: 8 TIME: 08:28AM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

5 3 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 5 3.25 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 0 3 0.90 3 LOW PRIORITY 

0 0 3 0.65 3 LOW PRIORITY 

0 0 0 0.35 3 LOW PRIORITY 

3 3 3 3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 0 0 1.95 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 5 4.15 1 HIGH PRIORITY 

3 3 3 2.70 2 MEDIUMf'RIORIT'( _ 



Preliminary Disposition Chart 

TRAJOC KOSTOV - HOT WATER 

UNITS 1 TO 8 

Exhibit 2-116 to 2-123 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
COMPONENT LIFE EXPIRED LIFE (RU 

FURNACE 300000 46118 253882 

SUPERHEATER 0 

ECONOMIZER 0 

DRUM 0 

CONY. SURFACE 16000 14118 1882 

MAIN STEAM PIPING 0 

BRIL 200000 46118 153882 

FLUES 300000 46118 253882 

DUCTS 300000 46118 253882 

BURNERS 110000 46118 63882 

IDFAN~S) 0 

FD FANfS) 300000 46118 253882 

AIRHEATER I 0 

PRECIPITATOR 0 

PULVERIZERS 0 

INSTR. & CONTROLS 300000 46118 253882 

FW TREATMEtfl __ 300000 46118 253882 

Exhibit 2-116 

PLANT: TRAJOC KOSTOV - HOT WATER 
UNIT: 1 

DESIRED GROUP UPGRADE DISPOSITION 
LIFE IOU RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 . NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 3 2 32 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 1 1 11 POSSIBLY REPLACE NOW 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

..,- .. 
IDATE: 15-Dec-93 
TIME: 11:09 AM 

: 



....... ..,._ .. 

~ 
~ 

C> g: 
a 
t!. 
~ 

i 
N~ 
, CD 

.... 1» 
U1~ 
co~ 

5" 
c; 
3 
I» g. 
::l 
I» :-

5" 
? 

PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
COMPONENT LIFE EXPIRED LIFE IRU 

FURNACE 300000 39123 2608n 

SUPERHEATER 0 

ECONOMIZER 0 

DRUM 0 

CONV. SURFACE 16000 7123 88n 

MAIN STEAM PIPING 0 

BRll 200000 39123 1608n 

FLUES 300000 39123 2608n 

DUCTS 300000 39123 2608n 

BURNERS 110000 39123 70sn 

10 FANIS) 0 

FDFAN(S) 300000 39123 2608n 

AIRHEATER 0 
i 

PRECIPITATOR 0 

PULVERIZERS 0 

INSTR. & CONTROLS 300000 39123 2608n 

FW TREATMENT 300000 39123 2608n 

.-> .......... -_ .. -- ... -
Exhibit 2-117 

PLANT: TRAiOC KOSTOV· HOT WATER I·DATE: 15-Dec·93 
UNIT: 2 TIME: 08:28AM 

DESIRED GROUP UPGRADE DISPOSITION 
LIFE IOU Rl<Dl? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.l. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.l. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 3 2 32 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.l. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.l. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 1 1 11 POSSIBLY REPlACE NOW 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.l. I 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING DESIRED 

!cOMPONENT LIFE EXPIRED LIFE (Rl) LIFE (DL) 

FURNACE 300000 30906 26sos. 110000 

ISUPERHEATER 0 110000 

ECONOMIZER 0 110000 

DRUM 0 110000 

ICONV. SURFACE 16000 14906 1094 110000 

MAIN STEAM PIPING 0 110000 

BRIL 200000 30906 1&sos. 110000 

FLUES 300000 30906 2&sos. 110000 

DUCTS 300000 30906 2&sos. 110000 

BURNERS 110000 30906 7sos. 110000 

10 FANtS) 0 110000 

FD FAN(S) 300000 30906 2&sos. 110000 

AIRHEATER 0 110000 

PRECIPITATOR 0 110000 

PULVERIZERS 0 110000 

lNSTR. & CONTROLS 300000 30906 2&sos. 110000 

FW TREATMENT 300000 30906 2&sos. 110000 

-

Exhibit 2-118 

PLANT: TRAJOC KOSTOV - HOT WATER I,DATE: 15-0ec-93 

UNIT: 3 TIME: 08:28AM 

GROUP UPGRADE DISPOSITION 

RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

0 2 3 23 MONITOR & MAINTAIN 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

0 3 2 32 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

0 1 1 11 POSSIBLY REPLACE NOW 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

I 
! 

------
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING DESIRED 
!cOMPONENT LIFE EXPIRED LIFE lRl.l LIFE tOll 

FURNACE 300000 33544 266458 110000 

SUPERHEATER 0 110000 

ECONOMIZER 0 110000 

DRUM 0 110000 

ICONV. SURFACE 16000 1544 , .... 58 110000 

MAIN STEAM PIPING 0 110000 

BRll 200000 33544 166458 110000 

FLUES 300000 33544 266458 110000 

DUCTS 300000 33544 266458 110000 

BURNERS 110000 33544 78458 110000 

10 FAN(S) 0 110000 

FD FAN(S) 300000 33544 266458 110000 

AIRHEATER 0 110000 

PRECIPITATOR 0 110000 

PULVERIZERS 0 110000 

INSTR. & CONTROLS 300000 33S44 266458 110000 

FW TREATMENT 300000 33S44 266458 110000 

Exhibit 2-119 

PLANT: TRAJOC KOSTOV - HOT WATER I~ATE: 15-~·~1 
UNIT: .. TIME: OS.28 AM, 

GROUP UPGRADE DISPOSITION 
I 

Rl<Dl? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 
I 

0 2 2 22 MONITOR & UPGRADE WITHIN R.l. : 

1 0 0 100 NOT APPLICABLE '!:~:~: 
.;, :~< 

1 0 0 100 NOT APPLICABLE .:;f~;: 

.fiici: 
1 0 0 100 NOT APPLICABLE ff~ 

~~< 
1 2 2 122 MONITOR & UPGRADE WITHIN R.l. ·~11 

1 0 0 100 NOT APPLICABLE 

0 3 2 32 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

1 2 2 122 MONITOR & UPGRADE WITHIN R.l. 

1 0 0 100 NOT APPLICABLE 

0 2 2 22 MONITOR & UPGRADE WITHIN R.l. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

0 1 1 11 POSSIBLY REPLACE NOW 

0 2 2 22 MONITOR & UPGRADE WITHIN R.l. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING DESIRED 
~OMPONENT LIFE EXPIRED LIFE (RL) LIFE (DL) 

FURNACE 300000 38348 261652 110000 

SUPERHEATER 0 110000 

ECONOMIZER 0 110000 

DRUM 0 110000 

CONV. SURFACE 16000 6348 9652 110000 

MAIN STEAM PIPING 0 110000 

BRIL 200000 38348 161652 110000 

FLUES 300000 38348 261652 110000 

DUCTS 300000 38348 261652 110000 

BURNERS 110000 38348 71652 110000 

10 FAN(S) 0 110000 

FDFAN(S) 300000 38348 261652 110000 

~RHEATER 0 110000 

PRECIPITATOR 0 110000 

PULVERIZERS 0 110000 

INSTR. & CONTROLS 300000 38348 261652 110000 

FW TREATMENT 300000 38348 261652 110000 

Exhibit 2-120 

PLANT: TRAJOC KOSTOV - HOT WATER I~ATE: 15-Dec·93 
UNIT: 5 TIME: 08:28AM 

GROUP UPGRADE DISPOSITION 
RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

0 3 2 32 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

0 1 1 11 POSSIBLY REPLACE NOW 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

I 
I 
, 

----- ---- -
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING DESIRED 
COMPONENT LIFE EXPIRED LIFE (RL) LIFE (DL) 

FURNACE 300000 31117 268883 110000 

SUPERHEATER 0 110000 

ECONOMIZER 0 110000 

DRUM 0 110000 

~ONV. SURFACE 16000 15117 883 110000 

MAIN STEAM PIPING 0 110000 

BRIL 200000 31117 168883 110000 

FLUES 300000 31117 268883 110000 

DUCTS 300000 31117 268883 110000 

BURNERS 110000 31117 78883 110000 

ID FAN(S) 0 110000 

FD FAN(S) 300000 31117 268883 110000 

AIRHEATER 0 110000 

PRECIPITATOR 0 110000 

PULVERIZERS 0 110000 

INSTR. & CONTROLS 300000 31117 268883 110000 

B"iIREATMENT 300000 31117 268883 110000 

Exhibit 2-121 

PLANT: TRAJOC KOSTOV· HOT WATER I,DATE: 15-Dec-93 
UNIT: 8 TIME: 08:28AM 

GROUP UPGRADE DISPOSITION 
RL<Dl? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

0 2 2 22 MONITOR & UPGRADE WITHIN R.l. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 2 2 122 MONITOR & UPGRADE WITHIN R.l. 

1 0 0 100 NOT APPLICABLE 

0 3 2 32 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

1 2 2 122 MONITOR & UPGRADE WITHIN R.l. 

1 0 0 100 NOT APPLICABLE 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

0 1 1 11 POSSIBLY REPLACE NOW 

0 2 ... 2 __ ~2_ MONITOR" UPGRADE WITHIN R.L. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING DESIRED 
~OMPONENT LIFE EXPIRED LIFE (RL) LIFE (Dl) 

FURNACE 300000 37588 262412 110000 

~UPERHEATER 0 110000 

ECONOMIZER 0 110000 

DRUM 0 110000 

... ONV. SURFACE 16000 5588 10412 110000 

MAIN STEAM PIPING 0 110000 

BRIL 200000 37588 162412 110000 

FLUES 300000 37588 262412 110000 

DUCTS 300000 37588 262412 110000 

BURNERS 110000 37588 72412 110000 

10 FAN(S) 0 110000 

FO FANlS] 300000 37588 262412 110000 

~!RHEATER 0 110000 

PRECIPITATOR 0 110000 

PULVERIZERS 0 110000 

INSTR. & CONTROLS 300000 37588 262412 110000 

FW TREATMENT 300000 37588 262412 110000 

Exhibit 2-122 

PLANT: TRAJOC KOSTOV· HOT WATER IDATE: 15-Dec:-93 
UNIT: 7 TIME: 08:28AM 

GROUP UPGRADE DISPOSITION 
RLcDL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

0 2 3 23 MONITOR & MAINTAIN 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L . 

1 0 0 100 NOT APPLICABLE 

0 3 2 32 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

0 1 1 11 POSSIBLY REPLACE NOW 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L •. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING DESIRED 
(~OMPONENT LIFE EXPIRED LIFE (Rl) LIFE (Dl) 

FURNACE 300000 30110 269890 110000 

SUPERHEATER 0 110000 

ECONOMIZER 0 110000 

DRUM 0 110000 

~ONV. SURFACE 16000 14110 1890 110000 

MAIN STEAM PIPING 0 110000 

BRIL 200000 30110 169890 110000 

FLUES 300000 30110 269890 110000 

DUCTS 300000 30110 269890 110000 

BURNERS 110000 30110 79890 110000 

10 FAN(S) 0 110000 

FDFAN(S) 300000 30110 269890 110000 

IAIRHEATER 0 110000 

PRECIPITATOR 0 110000 

PULVERIZERS 0 110000 

INSTR. & CONTROLS 300000 30110 269890 110000 

FW TREATMENT 300000 30110 269890 <-----110000 

Exhibit 2-123 

PLANT: TRAJOC KOSTOV· HOT WATER I~ATE: 15-Dec-93 
UNIT: II TIME: 08:28AM 

GROUP UPGRADE DISPOSITION 
Rl<Dl? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

0 2 2 22 MONITOR & UPGRADE WITHIN R.l. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 2 2 122 MONITOR & UPGRADE WITHIN R.l. 

1 0 0 100 NOT APPLICABLE 

0 3 2 32 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE I 

i 
0 1 1 11 POSSIBLY REPLACE NOW I 

0 2 2 22 MONITOR & UPGRADE WITHIN R.l. 



Upgradibility Group Chart 

REPUBLIKA - THERMAL 

UNITS 1 to 5 

Exhibit 2-124 to 2-129 

'- '. 
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UPGRADIBILITY GROUP CHART 

STATE OF 
~OMPONENT TECHNOLOGY ADAPTABILITY 

FURNACE 1 2 

SUPERHEATER 3 2 

ECONOMIZER 3 3 

DRUM 2 2 

r.ONV. SURFACE 

MAIN STEAM PIPING 2 2 

BRIL 1 2 

FLUES 2 3 

DUCTS 2 3 

BURNERS 0 1 

IDFANt~ 2 2 

FDFAN(S) 2 2 

~IRHEATER I 2 2 

PRECIPITATOR 1 2 

PULVERIZERS 0 1 

INSTR. & CONTROLS 0 1 

FW TREATMENT 2 3 

Exhibit 2-124 

PLANT: REPUBLIKA-THERMAL I~ATE: 18-Dlc-93 
UNIT: 1 TIME: 11:20 AM 

WEIGHTED UPGRADE PRELIMINARY 
COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION I 

2 1.80 1 REPLACE COMPONENT I 

2 2.20 2 UPGRADE COMPONENT 

3 3.00 2 UPGRADE COMPONENT I 

3 2.30 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

3 2.30 2 UPGRADE COMPONENT 

2 1.80 1 REPLAOE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 
I 

0 0.50 1 REPLACE COMPONENT 
I 

2 2.00 1 REPLACE COMPONENT i 

2 2.00 1 REPLACE COMPONENT 

.. 2.60 2 UPGRADE COMPONENT 

0 1.20 1 REPLACE COMPONENT 

0 0.50 1 REPlACE COMPONENT 

0 0.50 1 REPLACE COMPONENT 

3 2.80 2 UPGRADE COMPONENT -
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UPGRADIBILITY GROUP CHART 

STATE OF 
!cOMPONENT TECHNOLOGY ADAPTABILITY 

FURNACE 1 2 

SUPERHEATER 3 2 

ECONOMIZER 3 3 

DRUM 2 2 

~ONV.SURFACE 

MAIN STEAM PIPING 2 2 

BRIL 1 2 

FLUES 2 3 

DUCTS 2 3 

BURNERS 0 1 

IDFAN(S) 2 2 

FD FAN(S) 2 2 

AIRHEATER 2 2 

PRECIPITATOR 1 2 

PULVERIZERS 0 1 

INSTR. & CONTROLS 0 1 

FW TREATMENT 2 3 

Exhibit 2-125 

PLANT: REPUBlIKA·THERMAL I~ATE: 18-0Ic.93! 
UNIT: 2 TIME: 1t:20AM 

WEIGHTED UPGRADE PRELIMINARY 
I COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION 

2 1.80 1 REPLACE COMPONENT 

2 2.20 2 UPGRADE COMPONENT 

0 2.10 2 UPGRADE COMPONENT 

3 2.30 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

3 2.30 2 UPGRADE COMPONENT 

2 1.80 1 REPLACE COMPONENT 

3 2.80 2 UPGRADE COMPONENT I 

3 2.80 2 UPGRADE COMPONENT 

0 0.50 1 REPLACE COMPONENT 

2 2.00 1 REPLACE COMPONENT 
I 

2 2.00 1 REPLACE COMPONENT i 

... 2.60 2 UPGRADE COMPONENT 

0 1.20 1 REPLACE COMPONENT 

0 0.50 1 REPLACE COMPONENT 

0 0.50 1 REPLACE COMPONENT 

3 2.80 2 UPGRADE COMPONENT -
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Exhibit 2-126 

UPGRADIBILITY GROUP CHART PLANT: REPUBLIKA - THERMAL 
UNIT: 3 

STATE OF WEIGHTED UPGRADE 
COMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY SCORE GROUP 

FURNACE 1 2 2 1.80 1 

SUPERHEATER 3 2 2 2.20 2 

ECONOMIZER 3 3 0 2.10 2 

DRUM 2 2 3 2.30 2 

CONV. SURFACE 0.00 0 

MAIN STEAM PIPING 2 2 3 2.30 2 

BRIL 1 2 2 1.80 1 

FLUES 2 3 3 2.80 l 2 

DUCTS 2 3 3 2.80 , 2 

BURNERS 0 1 0 0.50 1 

IDFAN(S) 2 2 2 2.00 1 

FD FAN(Sl 2 2 2 2.00 1 

AIRHEATER I 2 2 0 1.«) 1 

PRECIPITATOR 1 2 0 1.20 1 

PULVERIZERS 0 1 0 0.50 1 

INSTR. & CONTROLS 0 1 0 0.50 1 

FW TREATMENJ _2_ 3 3 -
_uo __ __2 

I~ATE: 18-Dec-t31 
TIME: 11:20 AMI 

PRELIMINARY I 

UPGRADE DESCRIPTION 1 

REPLACE COMPONENT 

UPGRADE COMPONENT 

UPGRADE COMPONENT 

UPGRADE COMPONENT 

NOT APPLICABLE 

UPGRADE COMPONENT 

REPLACE COMPONENT 

UPGRADE COMPONENT 

UPGRADE COMPONENT 

REPLACE COMPONENT 

REPLACE COMPONENT 

REPLACE COMPONENT 

REPLACE COMPONENT 

REPLACE COMPONENT 

REPLACE COMPONENT 

REPLACE COMPONENT 

UPGRADE COMPONENT 
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UPGRADIBILITY GROUP CHART 

STATE OF 
r.OMPONENT TECHNOLOGY ADAPTABILITY 

FURNACE 1 2 

SUPERHEATER 3 2 

ECONOMIZER 3 3 

DRUM 2 2 

ONV. SURFACE 

MAIN STEAM PIPING 2 2 

BRIL 1 2 

FLUES 2 3 

DUCTS 2 3 

BURNERS 0 1 

IDFA~(S) 2 2 

FDFAN(Sl 2 2 

~RHEATER I 2 2 

PRECIPITATOR 1 2 

PULVERIZERS 0 1 

INSTR. & CONTROLS 0 1 

FW TREATMENT 2 3 

Exhibit 2-127 

PLANT: REPUBLlKA·THERMAL I~ATE: 18-Dec-93 
UNIT: .. TIME: 11:20 AM 

WEIGHTED UPGRADE PRELIMINARY 
COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION 

2 1.80 1 REPLACE COMPONENT 

2 2.20 2 UPGRADE COMPONENT 

0 2.10 2 UPGRADE COMPONENT 

3 2.30 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

3 2.30 2 UPGRADE COMPONENT 

2 1.80 1 REPLACE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

3 2.80 2 UPGRADE COMPONENT 

0 0.50 1 REPLACE COMPONENT 

2 2.00 1 REPLACE COMPONENT 

2 2.00 1 REPLACE COMPONENT 
, .. 2.60 i 2 UPGRADE COMPONENT 

0 1.20 1 REPLACE COMPONENT 

0 0.50 I 1 REPLACE COMPONENT 

0 0.50 1 REPLACE COMPONENT , 
3 2.80 2 UPGRADE COMPONENT 

----
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Exhibit 2-128 

UPGRADIBILITY GROUP CHART PLANT: REPUBLlKA· THERMAL 
UNIT: 5 

STATE OF WEIGHTED UPGRADE 
COMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY SCORE GROUP 

FURNACE 1 2 2 1.80 1 

SUPERHEATER 3 2 2 2.20 2 

ECONOMIZER 3 3 0 2.10 2 

DRUM 2 2 3 2.30 2 

CONV. SURFACE 0.00 0 

MAIN STEAM PIPING 2 2 3 2.30 2 

BRIL 1 2 2 1.80 1 

FLUES 2 3 3 2.80 2 

DUCTS 2 3 3 2.80 2 

BURNERS 0 1 0 0.50 1 

10 FANlS) 2 2 2 2.00 1 

FDFANlS) 2 2 2 2.00 1 

IAIRHEATER I 2 2 1 1.70 1 

PRECIPITATOR 1 2 1 1.50 1 

PULVERIZERS 0 1 0 0.50 1 

INSTR. & CONTROLS 0 1 0 0.50 1 

FW TREATMENT 2 3 3 2.80 2 

I~ATE: 
TIME: 

18-Dec-93 I 
11:20 AMi 

PRELIMINARY 
UPGRADE DESCRIPTION 

REPLACE COMPONENT 

UPGRADE COMPONENT i 

UPGRADE COMPONENT 

UPGRADE COMPONENT 

NOT APPLICABLE 

UPGRADE COMPONENT 

REPLACE COMPONENT 

UPGRADE COMPONENT 

UPGRADE COMPONENT 

REPLACE COMPONENT 

REPLACE COMPONENT 

REPLACE COMPONENT 

REPLACE COMPONENT 

REPLACE COMPONENT 

REPLACE COMPONENT 

REPLACE COMPONENT 

UPGRADE COMPC)tiI;JtT_ 
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Exhibit 2-129 

UPGRADIBILITY GROUP CHART PLANT: REPUBLlKA·THERMAL 
UNIT: R 

STATE OF WEIGHTED UPGRADE 
r.OMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY SCORE GROUP 

FURNACE 1 2 2 1.80 1 

SUPERHEATER 3 2 2 2.20 2 

ECONOMIZER 3 3 1 2.40 2 

DRUM 2 2 3 2.30 2 

r.ONV. SURFACE 0.00 0 

MAIN STEAM PIPING 2 2 3 2.30 2 

BRIL 1 2 2 1.80 1 

FLUES 2 3 3 2.80 2 

DUCTS 2 3 3 2.80 2 

BURNERS 0 1 0 0.50 1 

IDFAN{S) 2 2 2 2.00 1 

FDFA~l~ 2 2 2 2.00 1 

AIRHEATER : 2 2 4 2.60 2 

PRECIPITATOR 1 2 0 1.20 1 

PULVERIZERS 0 1 0 0.50 1 

INSTR. & CONTROLS 0 1 0 0.50 1 

FW TREATMENT 2 3 3 2.80 2 

IDATE: 18-Dec-93 
TIME: 11:20 AM 

PRELIMINARY 
UPGRADE DESCRIPTION 

REPLACE COMPONENT 

UPGRADE COMPONENT 

UPGRADE COMPONENT 

UPGRADE COMPONENT 

NOT APPLICABLE 

UPGRADE COMPONENT 

REPlACE COMPONENT 

UPGRADE COMPONENT 

UPGRADE COMPONENT 

REPLACE COMPONENT 

REPlACE COMPONENT 

REPlACE COMPONENT 

UPGRADE COMPONENT 

REPLACE COMPONENT 

REPlACE COMPONENT 

REPLACE COMPONENT 

UPGRADE COMPONENT 
_.-

- --



Priority Group Chart 

REPUBLIKA - THERMAL 

UNITS 1 TO 5 & RESERVE 

Exhibit 2-130 to 2-135 
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PRIORITY GROUP CHART 

C"OMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 3 

ECONOMIZER 2 

DRUM 2 

CONV. SURFACE 

MAIN STEAM PIPING 3 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

IDFAN(S) 1 

FDFAN(S) 1 

AIRHEATER 
, 0 

PRECIPITATOR 2 

PULVERIZERS 3 

INSTR. & CONTROLS 4 

FW TREATMENT 1 

Exhibit 2-130 

PLANT: REPUBLlKA· THERMAL 

UNIT: 1 

CAUSE RELIABILITY PERFORMANCE WEIGHTED 

LEADTIME SHUTDOWN PROBLEMS PROBLEMS SCORE 

0 5 3 5 3.25 

1 5 3 3 3 . .co 

1 5 5 3 3.65 

5 5 0 0 2.50 

0.00 

5 5 3 0 3.50 

1 0 0 3 0.90 

1 0 0 3 0.65 

1 0 0 0 0.35 

5 3 3 3 3.20 

2 3 3 3 2 . .co 

2 3 3 0 2.10 

3 3 0 0 1.20 

5 3 3 5 3.15 

5 3 5 5 3.90 

5 3 5 5 4.15 

5 3 0 3 1.95 

- .. - - .. -
DATE: 18-Dec:-93 

TIME: 11:20 AM 

PRIORITY PRELIMINARY 
GROUP PRIORITY DESCRIPTION 

2 MEDIUM PRIORITY 

1 HIGH PRIORITY 

1 HIGH PRIORITY 

2 MEDIUM PRIORITY 

0 NOT APPLICABLE 

1 HIGH PRIORITY 

3 LOW PRIORITY 

3 LOW PRIORITY 

3 LOW PRIORITY 

2 MEDIUM PRIORITY 

2 MEDIUM PRIORITY 

2 MEDIUM PRIORITY 

3 LOW PRIORITY 

2 MEDIUM PRIORITY 

t HIGH PRIORITY 

1 HIGH PRIORITY 

2 MEDIUMPR10BITY , 



------ - - -- .. --
Exhibit 2-131 

PRIORITY GROUP CHART PLANT: REPUBLIKA - THERMAL 
UNIT: 2 

CAUSE RELIABILITY PERFORMANCE WEIGHTED 
COMPONENT SAFETY lEADTIME SHUTDOWN PROBLEMS PROBLEMS SCORE 

~ 

C> 

[ 

I 
~G ... = 
~;: 
N:; 

~ 
ID 

I 
5' 
~ 

FURNACE 

SUPERHEATER 

ECONOMIZER 

DRUM 

~ONV. SURFACE 

MAIN STEAM PIPING 

BRll 

FLUES 

DUCTS 

BURNERS 

10 FAN(S) 

FDFAN(S) 

AIRHEATER , 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 

FV'l TREATMENT ----

2 0 5 3 5 3.25 

3 1 5 3 3 3.40 

2 1 5 5 3 3.65 

2 5 5 0 0 2.50 

0.00 

3 5 5 3 0 3.50 

2 1 0 0 3 0.90 

1 1 0 0 3 0.65 

1 1 0 0 0 0.35 

3 5 3 3 3 3.20 

1 2 3 3 3 2.40 

1 2 3 3 0 2.10 

0 3 3 0 0 1.20 

2 5 3 3 5 3.15 

3 5 3 5 5 3.90 

.. 5 3 5 5 ".15 

1 5 - 3 ~ 3 1.95 

- - - _ .. -
DATE: 18-Dec-93 
TIME: 11:20 AM 

PRIORITY PRELIMINARY 
GROUP PRIORITY DESCRIPTION 

2 MEDIUM PRIORITY 

1 HIGH PRIORITY 

1 HIGH PRIORITY 

2 MEDIUM PRIORITY 

0 NOT APPLICABLE 

1 HIGH PRIORITY 

. 3 lOW PRIORITY 

3 lOW PRIORITY 

3 lOW PRIORITY 

2 MEDIUM PRIORITY 

2 MEDIUM PRIORITY 

2 MEDIUM PRIORITY 

3 lOW PRIORITY 

2 MEDIUM PRIORITY 

1 HIGH PRIORITY 

1 HIGH PRIORITY 

2 MEDIUM PRIORITY 
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PRIORITY GROUP CHART 

"'OMPONENT SAFETY LEADTIME 

FURNACE 2 0 

SUPERHEATER 3 1 

ECONOMIZER 2 1 

DRUM 2 5 

CONV. SURFACE 

MAIN STEAM PIPING 3 5 

BRIL 2 1 

FLUES 1 1 

DUCTS 1 1 

BURNERS 3 5 

IDFAN(S) 1 2 

FD FAN(S) 1 2 

AIRHEATER 0 3 

PRECIPITATOR 2 5 

PULVERIZERS 3 5 

INSTR. & CONTROLS 4 5 

FW TREATMENT 1 5 

Exhibit 2-132 

PLANT: REPUBLIKA • THERMAL 
UNIT: 3 

CAUSE RELIABILITY PERFORMANCE WEIGHTED 
SHUTDOWN PROBLEMS PROBLEMS SCORE 

5 3 5 3.25 

5 3 3 3.«» 

5 5 3 3.65 

5 0 0 2.50 

0.00 

5 3 0 3.50 

0 0 3 0.90 

0 0 3 0.65 

0 0 0 0.35 

3 3 3 3.20 

3 3 3 2.40 

3 3 0 2.10 

3 5 5 2.95 

3 3 5 3.15 

3 5 5 3.90 

3 5 5 4.15 

3 0 3 1.95 

---_ .. -
DATE: 18-Dec·93 
TIME: 11:20 AM 

PRIORITY PRELIMINARY 
GROUP PRIORITY DESCRIPTION 

2 MEDIUM PRIORITY 

1 HIGH PRIORITY 

1 HIGH PRIORITY 

2 MEDIUM PRIORITY 

0 NOT APPLICABLE 

1 HIGH PRIORITY 

3 lOW PRIORITY 

3 LOW PRIORITY 

3 LOW PRIORITY 

2 MEDIUM PRIORITY 

2 MEDIUM PRIORITY 

2 MEDIUM PRIORITY 

2 MEDIUM PRIORITY 

2 MEDIUM PRIORITY 

1 HIGH PRIORITY 

1 HIGH PRIORITY 

2 MEDiUM PRIORITY 
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PRIORITY GROUP CHART 

COMPONENT SAFETY 

FURNACE 2 

!SUPERHEATER 3 

ECONOMIZER 2 

DRUM 2 

ICONV. SURFACE 

MAIN STEAM PIPING 3 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

10 FAN(S) 1 

FDFAN(S) 1 

AIRHEATER I 0 

PRECIPITATOR 2 

PULVERIZERS 3 

INSTR. & CONTROLS 4 

FW TREATMENT 1 

Exhibit 2-133 

PLANT: REPUBLlKA·THERMAL 
UNIT: 4 

CAUSE RELIABILITY PERFORMANCE 
LEADTIME SHUTDOWN PROBLEMS PROBLEMS 

0 5 3 5 

1 5 3 3 

1 5 5 3 

5 5 0 0 

5 5 3 0 

1 0 0 3 

1 0 0 3 

1 0 0 0 

5 3 3 3 

2 3 3 3 

2 3 3 0 

3 3 0 0 

5 3 3 5 

5 3 5 5 

5 3 5 5 

5 3 0 3 

-------
DATE: 1S-Dec·93 
TIME: 11:20 AM 

WEIGHTED PRIORITY PRELIMINARY 
SCORE GROUP PRIORITY DESCRIPTION 

3.25 2 MEDIUM PRIORITY 

3.40 1 HIGH PRIORITY 

3.65 1 HIGH PRIORITY 

2.50 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

3.50 1 HIGH PRIORITY 

0.90 3 LOW PRIORITY 

0.65 3 LOW PRIORITY 

0.35 3 LOW PRIORITY 

3.20 2 MEDIUM PRIORITY 

2.40 2 MEDIUM PRIORITY 

2.10 2 MEDIUM PRIORITY 

1.20 3 LOW PRIORITY 

3.15 2 MEDIUM PRIORITY 

3.90 1 HIGH PRIORITY 

4.15 1 HIGH PRIORITY 

1.95 2 MEDIUM PRIORITY 
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PRIORITY GROUP CHART 

!cOMPONENT SAFETY 

FURNACE 2 

!SUPERHEATER 3 

ECONOMIZER 2 

DRUM 2 

CONV. SURFACE 

MAIN STEAM PIPING 3 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

10 FANIS) 1 

FDFANfS) 1 

AIRHEATER i 0 

PRECIPITATOR 2 

PULVERIZERS 3 

INSTR. & CONTROLS .. 
FW TREATMENT 1 

PLANT: 
UNIT: 

CAUSE 
LEADTIME SHUTDOWN 

0 5 

1 5 

1 5 

5 5 

5 5 

1 0 

1 0 

1 0 

5 3 

2 3 

2 3 

3 3 

5 3 

5 3 

5 3 

5 3 

Exhibit'2-134 

REPUBLlKA· THERMAL DATE: 18-Dec·93 
5 TIME: 11:20 AM 

RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

3 5 3.25 2 MEDIUM PRIORITY 

5 3 3.90 1 HIGH PRIORITY 

5 3 3.65 1 HIGH PRIORITY 

0 0 2.50 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

3 0 3.50 1 HIGH PRIORITY 

0 3 0.90 '3 lOW PRIORITY 

0 3 0.65 3 lOW PRIORITY 

0 0 0.35 3 LOW PRIORITY 

3 3 3.20 2 MEDIUM PRIORITY 

3 3 2.M) 2 MEDIUM PRIORITY 

3 0 2.10 2 MEDIUM PRIORITY 

3 3 2.25 2 MEDIUM PRIORITY 

3 5 3.15 2 MEDIUM PRIORITY 

5 5 3.90 1 HIGH PRIORITY 

5 5 ".15 1 HIGH PRIORITY 

0 3 1.95 2 MEDiUM PRIORITY 



-------

~ 
~ 

G> 

g 
::l o 
~ 
g 

",=E 
, CD 

.... CD 
-oJ;::; 
0)':3' 

:r 
; 
3 a o· 
;J 

~ 
:r 
o 

PRIORITY GROUP CHART 

COMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 3 

ECONOMIZER 2 

DRUM 2 

r.ONV. SURFACE 

MAIN STEAM PIPING 3 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

10 FAN(S) 1 

FDFA~~} 1 

IAIRHEATER I 0 

PRECIPITATOR 2 

PULVERIZERS 3 

INSTR. & CONTROLS .. 
FW TREATMENT 1 

LEADTIME 

0 

1 

1 

5 

5 

1 

1 

1 

5 

2 

2 

3 

5 

5 

5 

5 

- -- - - -------
Exhibit 2-135 

PLANT: REPUBLlKA· THERMAL DATE: 18-[)ec-93 
UNIT: R TIME: 11:20 AM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

5 3 5 3.25 2 MEDIUM PRIORITY 

5 3 3 3.40 1 HIGH PRIORITY 

5 3 3 3.15 2 MEDIUM PRIORITY 

5 0 0 2.50 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 3 0 3.50 1 HIGH PRIORITY 

0 0 3 0.90 3' LOW PRIORITY 

0 0 3 0.65 3 LOW PRIORITY 

0 0 0 0.35 3 LOW PRIORITY 

3 3 3 3.20 2 MEDIUM PRIORITY i 

3 3 3 2.40 2 MEDIUM PRIORITY 

3 3 0 2.10 2 MEDIUM PRIORITY 

3 0 0 1.20 3 LOW PRIORITY 

3 3 5 3.15 2 MEDIUM PRIORITY 

3 5 5 3.90 1 HIGH PRIORITY 

3 5 5 ".15 1 HIGH PRIORITY 

3 0 3 1.95 2 MEDIUM PRIORITY 
- --~ --

• 



Preliminary Disposition Chart 

REPUBLIKA - THERMAL 

UNITS 1 to 5 

Exhibit 2-136 to 2-141 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 

COMPONENT LIFE EXPIRED LIFE (RU 

FURNACE 300000 223000 71000 

SUPERHEATER 100000 45000 55000 

ECONOMIZER 100000 45000 55000 

DRUM 300000 223000 71000 

CONV. SURFACE 0 

MAIN STEAM PIPING 300000 223000 71000 

BRIL 300000 223000 71000 

FLUES 300000 223000 71000 

DUCTS 300000 223000 71000 

BURNERS 200000 223000 -23000 

10 FAN(S) 300000 223000 71000 

FD FAN(S) 300000 223000 71000 

AIRHEATER 100000 I 30000 70000 

PRECIPITATOR 200000 12000 188000 

PULVERIZERS 200000 223000 ·23000 

INSTR. & CONTROLS 300000 223000 71000 

FW TREATMENT 300000 223000 71000 

- -- - - - -- - - - -
Exhibit 2-136 

PLANT: REPUBlIKA· THERMAL I~ATE : 16-0ec-93 

UNIT: 1 TIME: 11:20 AM 

DESIRED GROUP UPGRADE DISPOSITION 

LIFE (DU RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

110000 1 2 1 121 REPLACE NOW THRU R.l. 

110000 1 1 2 112 UPGRADE NOW 

110000 1 1 2 112 UPGRADE NOW 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 1 2 112 UPGRADE NOW 

110000 1 3 1 131 MONITOR & REPLACE IF FUNDS AVAILABLE WITHIN R.L. 

110000 1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

110000 1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

110000 1 2 1 121 REPLACE NOW THRU R.l. 

110000 1 2 1 121 REPLACE NOW THRU R.l. 

110000 1 2 1 121 REPLACE NOW THRU R.l. 

110000 1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.l. 

110000 0 2 1 21 MONITOR & REPlACE WITHIN R.l. 

110000 1 1 1 111 REPLACE NOW 

110000 1 1 1 111 REPLACE NOW 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.l. 

----
~ 
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PRELIMINARY DISPOSITION CHART 

. ORIGINAL HOURS REMAINING 

COMPONENT LIFE EXPIRED LIFE (RU 

FURNACE 300000 200000 100000 

SUPERHEATER 100000 40000 60000 

ECONOMIZER 100000 40000 60000 

DRUM 300000 200000 100000 

CONV. SURFACE 0 

MAIN STEAM PIPING 300000 200000 100000 

BRIL 300000 200000 100000 

FLUES 300000 200000 100000 

DUCTS 300000 200000 100000 

BURNERS 200000 200000 0 

10 FAN(S) 300000 200000 100000 

FD FAN(S) 300000 200000 100000 

~IRHEATER 100000 ,15000 85000 

PRECIPITATOR 200000 105000 95000 

PULVERIZERS 200000 200000 0 

INSTR. & CONTROLS 300000 200000 100000 

FW TREATMENT 300000 200000 100000 

-------- - - --
Exhibit 2-137 

PlANT: REPUBLlKA· THERMAL I,DATE: 18-Dec·93 

UNIT: 2 TIME: 11:20 AM 

DESIRED GROUP UPGRADE DISPOSITION 

LIFE (DU RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 
I 

110000 1 2 1 121 REPlACE NOW THRU R.L 

110000 1 1 2 112 UPGRADE NOW 

110000 1 1 2 112 UPGRADE NOW 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L 

1 0 0 100 NOT APPLICABLE 

110000 1 1 2 112 UPGRADE NOW 

110000 1 3 1 131 MONITOR & REPlACE IF FUNDS AVAIlABLE WITHIN R.L. 

110000 1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

110000 1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 1 1 111 REPLACE NOW 

110000 1 1 1 111 REPlACE NOW 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
COMPONENT LIFE EXPIRED LIFE (RLl 

FURNACE 300000 190000 110000 

SUPERHEATER 100000 70000 30000 

ECONOMIZER 100000 70000 30000 

DRUM 300000 190000 110000 

CONV. SURFACE 0 

MAIN STEAM PIPING 300000 190000 110000 

BRIL 300000 190000 110000 

FLUES 300000 190000 110000 

DUCTS 300000 190000 110000 

BURNERS 200000 190000 10000 

IDFAN{S~ 300000 190000 110000 

FDFAN{S) 300000 190000 110000 

AIRHEATER 100000 190000 ·90000 

PRECIPITATOR 200000 115000 85000 

PULVERIZERS 200000 190000 10000 

INSTR. & CONTROLS 300000 190000 110000 

FW TREATMENT 300000 190000 110000 

- -- - - - -- - - - -
Exhibit 2-138 

PLANT: REPUBLlKA·THERMAl I,DATE: 18-~93 
UNIT: 3 TIME: 11:20 AM 

DESIRED GROUP UPGRADE DISPOSITION 
lIFE{DLl RL<Dl? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 1 2 112 UPGRADE NOW 

110000 1 1 2 112 UPGRADE NOW 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.l. 

1 0 0 100 NOT APPLICABLE 

110000 1 1 2 112 UPGRADE NOW 

110000 1 3 1 131 MONllOR & REPLACE IF FUNDS AVAILABLE WITHIN R.L. 

110000 1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

110000 1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 2 1 121 REPLACE NOW THRU R.l. 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 2 1 121 REPLACE NOW THRU R.L. 
I 

110000 1 1 1 111 REPLACE NOW 

110000 1 1 1 111 REPLACE NOW 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.l. 
---
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
COMPONENT LIFE EXPIRED LIFE (Rl) 

FURNACE 300000 195000 105000 

SUPERHEATER 100000 75000 25000 

ECONOMIZER 100000 75000 25000 

DRUM 300000 195000 105000 

CONV. SURFACE 0 

MAIN STEAM PIPING 300000 195000 105000 

BRIL 300000 195000 105000 

FLUES 300000 195000 105000 

DUCTS 300000 195000 105000 

BURNERS 200000 195000 5000 

10 FAN(S) 300000 195000 105000 

FD FAN(S) 300000 195000 105000 

AIRHEATER 100000 : 3000 97000 

PRECIPITATOR 200000 115000 85000 

PULVERIZERS 200000 195000 5000 

INSTR. & CONTROLS 300000 195000 105000 

FW TREATMENT 300000 195000 105000 

Exhibit 2-139 

PLANT: REPUBLIKA-THERMAL I~ATE : 18-Dec·93 
UNIT: .. TIME: 11:20 AM 

DESIRED GROUP UPGRADE DISPOSITION 
LIFE COl) RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 1 2 ! 112 UPGRADE NOW 
I 

110000 1 1 2 112 UPGRADE NOW 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

110000 1 1 2 112 UPGRADE NOW 

110000 1 3 1 131 MONITOR & REPLACE IF FUNDS AVAILABLE WITHIN R.L. 

110000 1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

110000 1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 1 1 111 REPLACE NOW 

110000 1 1 1 111 REPLACE NOW 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 
... 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING DESIRED 
COMPONENT LIFE EXPIRED LlFEtRU LIFE tDU 

FURNACE 300000 140000 160000 110000 

SUPERHEATER 100000 140000 -40000 110000 

ECONOMIZER 100000 140000 -40000 110000 

DRUM 300000 140000 160000 110000 

CONV. SURFACE 0 

MAIN STEAM PIPING 300000 140000 160000 110000 

BRIL 300000 140000 160000 110000 

FLUES 300000 140000 160000 110000 

DUCTS 300000 140000 160000 110000 

BURNERS 200000 45000 155000 110000 

10 FAN(S) 300000 140000 160000 110000 

FD FAN(S) 300000 140000 160000 110000 

AIRHEATER 100000 1140000 -40000 110000 

PRECIPITATOR 200000 140000 60000 110000 

PULVERIZERS 200000 140000 60000 110000 

INSTR. & CONTROLS 300000 140000 160000 110000 

FW TREATM~NT 300000 140000 160000 110000 

Exhibit 2-140 

PLANT: REPUBLIKA-THERMAl 'DATE: 18-Dec·~ 
UNIT: 5 TIME: 11:20AfJ 

GROUP UPGRADE DISPOSITION 
Rl<Dl? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

0 2 1 21 MONITOR & REPLACE WITHIN R.l. 

1 1 2 112 UPGRADE NOW 

1 1 2 112 UPGRADE NOW 

0 2 2 22 MONITOR & UPGRADE WITHIN R.l. 

1 0 0 100 NOT APPLICABLE 

0 1 2 12 POSSIBLY UPGRADE NOW 

0 3 1 31 MONITOR & MAINTAIN 

0 3 2 32 MONITOR & MAINTAIN 

0 3 2 32 MONITOR & MAINTAIN 

0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

0 2 1 21 MONITOR & REPLACE WITHIN R.l. 

1 2 1 121 REPLACE NOW THRU R.l. 

1 2 1 121 REPLACE NOW THRU R.L. 

1 1 1 111 REPLACE NOW 

0 1 1 11 POSSIBLY REPLACE NOW 

0 2 2 22 MQNITOR & UPGRADE WITHIN R.L 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
COMPONENT LIFE EXPIRED LIFE (Rl) 

FURNACE 300000 190000 110000 

SUPERHEATER 100000 55000 45000 

ECONOMIZER 100000 55000 45000 

DRUM 300000 190000 110000 

CONV. SURFACE 0 

MAIN STEAM PIPING 300000 190000 110000 

BRIL 300000 190000 110000 

FLUES 300000 190000 110000 

DUCTS 300000 190000 110000 

BURNERS 200000 190000 10000 

10 FAN(S) 300000 190000 110000 

FD FAN(S) 300000 190000 110000 

AIRHEATER 100000 !4000 96000 

PRECIPITATOR 200000 125000 75000 

PULVERIZERS 200000 190000 10000 

INSTR. & CONTROLS 300000 190000 110000 

FW TREATMENT 300000 190000 110000 

- - - - - - - -- - - -
Exhibit 2-141 

PLANT: REPUBLIKA • THERMAL I~ATE: 18-Dec·93 
UNIT: R TIME: 11:20 AM 

DESIRED GROUP UPGRADE DISPOSITION 
LIFE (DLl RL<Dl? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

110000 1 2 1 121 REPLACE NOW THRU R.l. 

110000 1 1 2 112 UPGRADE NOW 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.l. 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.l. 

1 0 0 100 NOT APPLICABLE 

110000 1 1 2 112 UPGRADE NOW 

110000 1 3 1 131 MONITOR & REPLACE IF FUNDS AVAILABLE WITHIN R.l. 

110000 1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.l. 

110000 1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.L. 

110000 1 2 1 121 REPLACE NOW THRU R.l. 

110000 1 2 1 121 REPLACE NOW THRU R.l. 

110000 1 2 1 121 REPLACE NOW THRU R.l. 

110000 1 3 2 132 MONITOR & UPGRADE IF FUNDS AVAILABLE WITHIN R.l. 

110000 1 2 1 121 REPLACE NOW THRU R.l. 

110000 1 1 1 111 REPLACE NOW 

110000 1 1 1 111 REPLACE NOW 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.l. 



Upgradibility Group Chart 

L1ULIN - HOT WATER 

UNITS 1 TO 5 

Exhibit 2-142 to 2-146 
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Exhibit 2-142 

UPGRADIBILITY GROUP CHART PLANT: LlULlN • HOT WATER 
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STATE Of 
COMPONENT TECHNOLOGY 

FURNACE 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 3 

MAIN STEAM PIPING 

BRIL 2 

FLUES 3 

DUCTS 3 

BURNERS 2 

10 FAN(S) 

FOFAN(S) 3 

AIRHEATER, 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 2 

FWTREATMENT 1 

UNIT: 1 

WEIGHTED UPGRADE 
ADAPTABILITY COMPATIBILITY SCORE GROUP 

3 2 2.50 2 

0.00 0 

0.00 0 

0.00 0 

3 3 3.00 2 

0.00 0 

2 3 2.30 2 

.. .. 3.80 3 

.. .. 3.80 3 

2 2 2.00 1 

0.00 0 

2 0 1.60 1 

0.00 0 

0.00 0 

0.00 0 

2 2 2.00 1 

1 1 1.00 1 

~ .... '- -- -
I·DATE: 18-Dec·93 
TIME: 02:21 PM 

PRELIMINARY 
UPGRADE DESCRIPTION 

UPGRADE COMPONENT 

NOT APPLICABLE 

NOT APPLICABLE 

NOT APPLICABLE 

UPGRADE COMPONENT 

NOT APPLICABLE 

UPGRADE COMPONENT 

KEEP COMPONENT 

KEEP COMPONENT 

REPLACE COMPONENT 

NOT APPLICABLE 

REPLACE COMPONENT 

NOT APPLICABLE 

NOT APPLICABLE 

NOT APPLICABLE 

REPLACE COMPONENT 

REPLACE COMPONENT 
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Exhibit 2-143 

UPGRADIBILITY GROUP CHART PLANT: L1ULlN - HOT WATER 

UNIT: 2 

STATE OF WEIGHTED UPGRADE 

COMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY SCORE GROUP 

FURNACE 2 3 2 2.50 2 

SUPERHEATER 0.00 0 

ECONOMIZER 0.00 0 

DRUM 
0.00 0 

CONV. SURFACE 3 3 3 3.00 2 

MAIN STEAM PIPING 0.00 0 

BRIL 2 2 3 2.30 2 

FLUES 3 .- .- 3.80 3 

DUCTS 3 .- .- 3.80 3 

BURNERS 2 2 2 ' 2.00 1 

IDFAN(S) 0.00 0 
'. 

FDFANfS) 3 2 0 1.60 1 

AIRHEATER i 
0.00 0 

PRECIPITATOR 0.00 0 

PULVERIZERS 0.00 0 

INSTR. & CONTROLS 2 2 2 2.00 1 

FW TREATMENT 1 1 1 1.00 1 

I·DATE: 18-0ec-93 , 
TIME: 02:21 PM 

PRELIMINARY 
UPGRADE DESCRIPTION 

UPGRADE COMPONENT 

NOT APPLICABLE 

NOT APPLICABLE 

NOT APPLICABLE 

UPGRADE COMPONENT 
; 

NOT APPLICABLE 

UPGRADE COMPONENT 

KEEP COMPONENT 

KEEP COMPONENT 

REPLACE COMPONENT 

NOT APPLICABLE 

REPLACE COMPONENT 

NOT APPLICABLE 

NOT APPLICABLE 

NOT APPLICABLE 

REPLACE COMPONENT 
, 

REPLACE COMPONENT 
-------

, 
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Exhibit 2-144 

UPGRADIBILITY GROUP CHART PLANT: 
UNIT: 

STATE OF 
CoMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY 

FURNACE 2 3 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 3 3 3 

MAIN STEAM PIPING 

BRIL 2 2 3 

FLUES 3 .. .. 
DUCTS 3 .. .. 
BURNERS 2 2 2 

IDFAN{Sl 

FDFAN(S} 3 2 0 

AIRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 2 2 2 

FW TREATMENT 1 t t 

LlULIN • HOT WATER I~ATE: is-Dec·93 

3 TIME: O2:2t PM 

WEIGHTED UPGRADE PRELIMINARY 
SCORE GROUP UPGRADE DESCRIPTION 

2.50 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

2.30 2 UPGRADE COMPONENT 

3.80 3 KEEP COMPONENT 

3.80 3 KEEP COMPONENT 

2.00 t REPLACE COMPONENT 

0.00 0 NOT APPLICABLE 

1.60 1 REPLACE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

2.00 1 REPLACE COMPONENT 

1.00 1 REPLACE COMe9~EN~ 
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Exhibit 2-145 

UPGRADIBILITY GROUP CHART PLANT: 
UNIT: 

STATE OF 
COMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY 

FURNACE 2 3 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV.SURFACE 3 3 3 

MAIN STEAM PIPING 

BRIL 2 2 3 

FLUES 3 4 4 

DUCTS 3 4 4 

BURNERS 2 2 2 

10 FAN(S) 

FDFAN(S) 3 2 0 

AIRHEATER i 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 2 2 2 

FW TREATMENT 1 1 1 

LlULlN· HOT WATER IDATE: 18-Dec:·93 

4 TIME: 02:21 PM 

WEIGHTED UPGRADE PRELIMINARY 

SCORE GROUP UPGRADE DESCRIPTION 

2.50 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3.00 2 UPGRADE COMPONENT , 

, 

0.00 0 NOT APPLICABLE 

2.30 2 UPGRADE COMPONENT 

3.80 3 KEEP COMPONENT 

3.80 3 KEEP COMPONENT 

2.00 1 REPLACE COMPONENT 

0.00 0 NOT APPLICABLE 

1.60 1 REPLACE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 
I 

0.00 0 NOT APPLICABLE 
I 

2.00 1 REPLACE COMPONENT I 

1.00 1 REPLACECQMPONENT I 
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UPGRADIBILITY GROUP CHART 

STATE OF 
COMPONENT TECHNOLOGY ADAPTABILITY 

FURNACE .. .. 
SUPERHEATER 

ECONOMIZER 

DRUM 

CONV.SURFACE 3 3 

MAIN STEAM PIPING 

BRIL 2 2 

FLUES 3 .. 
DUCTS 3 .. 
BURNERS 2 2 

IDFAN(S) 

FD FAN(S) 3 3 

~IRHEATER , 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 2 2 

FW TREATMENT 1 1 

PLANT: LlULlN· HOT WATER I·DATE: 18-Dec·93 
UNIT: 5 TIME: 02:21 PM 

WEIGHTED UPGRADE PRELIMINARY 
COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION 

.. ".00 3 KEEP COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

3 2.30 2 UPGRADE COMPONENT 

.. 3.80 3 KEEP COMPONENT 

.. 3.80 3 KEEP COMPONENT 

2 2.00 1 REPLACE COMPONENT 

0.00 0 NOT APPLICABLE 

3 3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

2 2.00 1 REPLACE COMPONENT 

1 1.00 1 REPLACE COMPONENT 

- ..... 



Priority Group Chart 

LIULIN - HOT WATER 

UNITS 1 to 5 

Exhibit 2-147 to 2-151 
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PRIORITY GROUP CHART 

~OMPONENT SAFETY lEADTIME 

FURNACE 2 0 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 2 1 

MAIN STEAM PIPING 

BRll 2 1 

FLUES 1 1 

DUCTS 1 1 

BURNERS 3 5 

10 FAN(S) 

FD FAN(S) 1 2 

AIRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 5 

FW TREATMENT 1 5 

Exhibit 2-147 

PLANT: lIULIN • HOT WATER DATE: 18-Dec·93 
UNIT: 1 TIME: 02:21 PM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

5 3 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 0 3 0.90 . 3 LOW PRIORITY 

0 0 3 0.65 3 LOW PRIORITY 

0 0 0 0.35 3 LOW PRIORITY 
! 

3 3 3 3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 0 0 1.95 2 MEDIUM PRIORITY 
: 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE ! 

0.00 0 NOT APPLICABLE 

3 5 5 4.15 1 HIGH PRIORITY 

3 3 3 2.70 2 MEDlllM PRIORITY I 



.. .. .-r; .. ... ilia "" - - .. .. - • .. @Ill .. -' .. .. 

~ c.o 

e 
6' 
C1I 
~ 
o 
o 

~ 
o 
~ 

",,=: 
I C1I 

.... 111 
co;::; 
(l)':r 

5" 
; 
3 
g. 
~ 

~ 
5" 
o 

PRIORITY GROUP CHART 

COMPONENT SAFETY LEADTIME 

FURNACE 2 0 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 2 1 

MAIN STEAM PIPING 

BRIL 2 1 

FLUES 1 1 

DUCTS 1 1 

BURNERS 3 5 

ID FAN{S) 

FDFAtilS~ 1 2 

~JRHEATER I 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 5 

F'!I TR~TMENT 1 5 

Exhibit 2-148 

PLANT: lIULIN • HOT WATER DATE: 18-Dec-93 
UNIT: 2 TIME: 02:21 PM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

5 3 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 0 3 0.90 3 LOW PRIORITY 

0 0 3 0.65 3 LOW PRIORITY 
1 

0 0 0 0.35 3 LOW PRIORITY 

3 3 3 3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 0 o . 1.95 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 
! 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 5 4.15 1 HIGH PRIORITY 

3 3 3 , 2.70 2 MEDIUM PRIORITY i 
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PRIORITY GROUP CHART 

COMPONENT SAFETY lEADTIME 

FURNACE 2 0 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV.SURFACE 2 1 

MAIN STEAM PIPING 

BRIL 2 1 

FLUES 1 1 

DUCTS 1 1 

BURNERS 3 5 

IDFAN(S) 

FDFAN(S) 1 2 

AIRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS .. 5 

FW TREATMENT 1 5 

Exhibit 2-149 

PLANT: LlULIN - HOT WATER DATE: 18-0Ic-93 

UNIT: 3 TIME: 02:21 PM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 

SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

5 3 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 0 3 0.90 3 LOW PRIORITY 

0 0 3· 0.65 3 LOW PRIORITY 

0 0 0 0.35 3 lOW PRIORITY 

3 3 3 3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 0 0 1.95 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 5 4.15 1 HIGH PRIORITY 

3 3 3 2.70 2 
-----~ 

MJ;DIUM_PRIORITY 
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PRIORITY GROUP CHART 

I"OMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 2 

MAIN STEAM PIPING 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

10 FAN(S) 

FD FAN(S) 1 

AIRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS .. 
FW TREATMENT 1 

PLANT: 
UNIT: 

CAUSE 
LEADTIME SHUTDOWN 

0 5 

1 3 

1 0 

1 0 

1 0 

5 3 

2 5 

5 3 

5 3 

Exhibit 2-150 

lIULIN - HOT WATER DATE: 18-Dec-93 .. TIME: 02:21 PM 

RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

3 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

5 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 3 0.90 ·3 Lc:Nt/ PRIORITY 

0 3 0.65 3 LOW PRIORITY 

0 0 0.35 3 LOW PRIORITY 

3 3 3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 0 1.95 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

5 5 ".15 1 HIGH PRIORITY 

3 3 2.70 2 MEDIUM PRIORITY 
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PRIORITY GROUP CHART 

COMPONENT SAFETY LEADTIME 

FURNACE 2 0 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 2 1 

MAIN STEAM PIPING 

BRIL 2 1 

FLUES 1 1 

DUCTS 1 1 

BURNERS 3 5 

IDFAN(S) 

FDFAN(S) 1 2 

AIRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 5 

FW TREATMENT 1 5 

Exhibit 2-151 

PLANT: lIULIN • HOT WATER DATE: 18-Dlc·93 
UNIT: 5 TIME: 02:21 PM 

I 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY I 

SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION! 

5 3 0 2.75 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 0 3 0.90 . 3 LOW PRIORITY 

0 0 3 0.65 3 LOW PRIORITY 

0 0 0 0.35 3 LOW PRIORITY 

3 3 3 3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 0 0 1.95 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 3 3 3.45 1 HIGH PRIORITY 

3 3 3 2.70 2 __ ... I;DIUM PRIORITY I 



Preliminary Disposition Chart 

LlULIN - HOT WATER 

UNITS 1 TO 5 

Exhibit 2-152 to 2-156 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
[cOMPONENT LIFE EXPIRED LIFE (Rl) 

FURNACE 300000 51567 248433 

SUPERHEATER 0 

ECONOMIZER 0 

DRUM 0 

~ONV. SURFACE 28000 23567 4433 

MAIN STEAM PIPING 0 

BRIL 200000 51567 148433 

FLUES 300000 51567 248433 

DUCTS 300000 51567 248433 

BURNERS 110000 51567 58433 

10 FAN(S) 0 

FD FAN(S) 300000 51567 248433 

AIRHEATER 0 
: 

PRECIPITATOR 0 

PULVERIZERS 0 

INSTR. & CONTROLS 300000 51567 248433 

FW TREATMENT 300000 51567 248433 

." ............... __ .. . 
Exhibit 2-152 

PLANT: L1ULlN • HOT WATER I~ATE: 18-o.c.93 
UNIT: 1 TIME: 02:21 PM 

DESIRED GROUP UPGRADE DISPOSITION 
LIFE (Dl) RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.l. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 3 2 32 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 1 1 11 POSSIBLY REPLACE NOW 

110000 0 2 1 21 MONITOR & REPLACE WITHIN R.L. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
~OMPONENT LIFE EXPIRED LIFE (Rl) 

FURNACE 300000 67560 232440 

~UPERHEATER 0 

ECONOMIZER 0 

DRUM 0 

~ONV. SURFACE 28000 11560 16440 

MAIN STEAM PIPING 0 

BRIL 200000 67560 132440 

FLUES 300000 67560 232440 

DUCTS 300000 67560 232440 

BURNERS 110000 67560 42440 

IDFANLS) 0 

FDFANIS) 300000 67560 232440 

~IRHEATER 0 

PRECIPITATOR 0 

PULVERIZERS 0 

INSTR. & CONTROLS 300000 67560 232440 

FW TREATMENT 300000 67560 232440 

....... ta> ............. .. 

Exhibit 2-153 

PLANT: LlULlN· HOT WATER I~ATE: 18-Dec·S3 
UNIT: 2 TIME: 02:21 PM 

DESIRED GROUP UPGRADE DISPOSITION 
LIFE (Dl) RL<DL7 PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 
I ~: 

110000 0 3 ,., 2 32 MONITOR & MAINTAIN 

110000 0 3 ,3 33 MONITOR & MAINTAIN 

110000 0 3 '3 33 MONITOR & MAINTAIN 

110000 1 2 ·t 121 REPLACE NOW THRU R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 1 1 11 POSSIBLY REPLACE NOW 

110000 0 2 1 21 MONITOR &.REI'.l.ACE WITHIN R.L. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
COMPONENT LIFE EXPIRED LlFEJRl) 

FURNACE 300000 45861 254139 

SUPERHEATER 0 

ECONOMIZER 0 

DRUM 0 

CONV. SURFACE 28000 17861 10139 

MAIN STEAM PIPING 0 

BRIL 200000 45861 154139 

FLUES 300000 45861 254139 

DUCTS 300000 45861 254139 

BURNERS 110000 45861 64139 

IDFANlS~ 0 

FDFANIS) 300000 45861 254139 

AIRHEATER I 0 

PRECIPITATOR 0 

PULVERIZERS 0 

INSTR. & CONTROLS 300000 45861 254139 

FW TREATMENT 300000 45861 254131) 

~, .. ____ .. , .... Ia_ .... 

Exhibit 2-154 

PLANT: LlULIN - HOT WATER I·DATE: 18-Dec·93 
UNIT: 3 TIME: 02:21 PM 

DESIRED GROUP UPGRADE DISPOSITION 
LlFE(DLJ RL<DL 1 PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE , 
110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 3 2 32 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 1 2 1 121 REPLACE NOW THRU R.L{ 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 1 1 11 POSSIBLY REPLACE NOW 

110000 0 2 1 21 MONITOR & REPLACE WITHIN R.L. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING DESIRED 
COMPONENT LIFE EXPIRED lIFEIRl) LIFE (Dl) 

FURNACE 300000 54178 245822 110000 

SUPERHEATER 0 110000 

ECONOMIZER 0 110000 

DRUM 0 110000 

~ONV. SURFACE 28000 26178 1822 110000 

MAIN STEAM PIPING 0 110000 

BRll 200000 54178 145822 110000 

FLUES 300000 54178 245822 110000 

DUCTS 300000 54178 245822 110000 

BURNERS 110000 54178 55822 110000 

10 FAN(S) 0 110000 

FD FAN(S) 300000 54178 245822 110000 

~IRHEATER 0 110000 

PRECIPITATOR 0 110000 

PULVERIZERS 0 110000 

INSTR. & CONTROLS 300000 54178 245822 110000 

FWTREATMENT 300000 54178 245822 110000 

Exhibit 2-155 

PLANT: lIUlIN • HOT WATER I~ATE: 18-Dec.!r. 
UNIT: .. TIME: 02:21 PPJ 

GROUP UPGRADE DISPOSITION 
RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

0 2 2 22 MONITOR & UPGRADE WITHIN R.l. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

0 3 2 32 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

1 2 1 121 REPLACE NOW THRU R.L. 

1 0 0 100 NOT APPLICABLE 

0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

0 1 1 11 POSSIBLY REPLACE NOW 

0 2 1 21 MONITOR & REPLACE WITHIN R.L. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
!cOMPONENT LIFE EXPIRED LIFE (Rl) 

FURNACE 300000 12846 287154 

SUPERHEATER 0 

ECONOMIZER 0 

DRUM 0 

ICONV. SURFACE 28000 12846 15154 

MAIN STEAM PIPING 0 

BRIL 200000 12846 187154 

FLUES 300000 12846 287154 

DUCTS 300000 12846 287154 

BURNERS 110000 12846 97154 

10 FAN(S) 0 

FD FAN(S) 300000 12846 287154 

IAIRHEATER 0 

PRECIPITATOR 0 

PULVERIZERS 0 

INSTR. & CONTROLS 300000 12846 287154 

FW TREATMENT 300000 12846 287154 

...... _--_ .. - .... -
Exhibit 2-156 

PLANT: LlULIN • HOT WATER IDATE: 18-Dec-~ 
UNIT: 5 TIME: 02:21 PfJ 

DESIRED GROUP UPGRADE DISPOSITION 
LIFE (Dl) RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

110000 0 2 3 23 MONITOR & MAINTAIN 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 3 2 32 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 1 1 11 POSSIBLY REPLACE NOW 

110000 0 2 1 21 MONITOR & REPLACE WIT~IN R.L. 
-~ 



Upgradibility Group Chart 

ZEMLIANE - HOT WATER 

UNITS 1 to 5 

Exhibit 2-157 to 2-161 



.. - .. - ...... -- - ...... -

~ -.....£) 

G) 

[ ... 
o o 
3 
3 
g 

t-,):E 
I (1) 

... Ill 
w;:+ 
ooJ 

a 
(1) 

3 
~ 
ci" 
::l 
III 
:-
:; 
p 

Exhibit 2-157 

UPGRADIBILITY GROUP CHART PLANT: 
UNIT: 

STATE OF 
~OMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY 

FURNACE 2 3 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 3 3 3 

MAIN STEAM PIPING 

BRll 2 2 3 

FLUES 3 " " 
DUCTS 3 " " 
BURNERS 2 2 2 

10 FAN(S) 

FO FAN(S) 3 2 0 

AIRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 2 2 2 

FW TREATMENT 1 1 1 

ZEMLlANE· HOT WATER 
1 

WEIGHTED UPGRADE 
SCORE GROUP 

2.50 2 

0.00 0 

0.00 0 

0.00 0 

3.00 2 

0.00 0 

2.30 2 

3.80 3 

3.80 3 

2.00 1 

0.00 0 

1.60 1 

0.00 0 

0.00 0 

0.00 0 

2.00 1 

1.00 1 

- .. .. _ .. -
I,DATE: 18-Dec-93 
TIME: 02:00PM 

PRELIMINARY 
UPGRADE DESCRIPTION 

UPGRAOECOMPONENT 

NOT APPLICABLE 

NOT APPLICABLE 

NOT APPLICABLE 

UPGRADE COMPONENT 

NOT APPLICABLE 

UPGRADE COMPONENT 

KEEP COMPONENT 

KEEP COMPONENT 

REPLACE COMPONENT 

NOT APPLICABLE 

REPLACE COMPONENT 

NOT APPLICABLE 

NOT APPLICABLE 

NOT APPLICABLE 

REP~ECOMPONENT 

REPLACE COMPONENT 
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Exhibit 2-158 

UPGRADIBILITY GROUP CHART PLANT: ZEMLIANE - HOT WATER 
UNIT: 2 

STATE OF WEIGHTED UPGRADE 
COMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY SCORE GROUP 

FURNACE 2 3 2 2.50 2 

SUPERHEATER 0.00 0 

ECONOMIZER 0.00 0 

DRUM 0.00 0 

CONV. SURFACE 3 3 3 3.00 2 

MAIN STEAM PIPING 0.00 0 

BRIL 2 2 3 2.30 2 

FLUES 3 .. .. 3.80 3 

DUCTS 3 .. .. 3.80 3 

BURNERS 2 2 2 2.00 1 .. 
IDFAN(S) 0.00 0 

FD FANIS) 3 2 0 1.60 1 

~IRHEATER 1 0.00 0 

PRECIPITATOR 0.00 0 

PULVERIZERS 0.00 0 

INSTR. & CONTROLS 2 2 2 2.00 1 

FW TREATMENT 1 1 1 1.00 1 

IDATE: 18-Dec-93 
TIME: 02:00PM 

PRELIMINARY 
UPGRADE DESCRIPTION 

UPGRADE COMPONENT 

NOT APPLICABLE 

NOT APPLICABLE 

NOT APPLICABLE 

UPGRADE COMPONENT 

NOT APPLICABLE 

UPGRADE COMPONENT 

KEEP COMPONENT 

KEEP COMPONENT 

REPLACE COMPONENT 

NOT APPLICABLE 

REPLACE COMPONENT 

NOT APPLICABLE 

NOT APPLICABLE 

NOT APPLICABLE 

REPLACE COMPONENT 

REPLACE COMPONENT 

.... 
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UPGRADIBILITY GROUP CHART 

STATE OF 
COMPONENT TECHNOLOGY ADAPTABILITY 

FURNACE 2 3 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 3 3 

MAIN STEAM PIPING 

BRIL 2 2 

FLUES 3 .. 
DUCTS 3 .. 
BURNERS 2 2 

IDFANCSI 

FDFAN(S) 3 2 

IAIRHEATER ! 

PRECIPITATOR 

PULVERIZERS 

tNSTR. & CONTROLS 2 2 

FW TREATMENT 1 1 

Exhibit 2-159 

PLANT: ZEMLIANE - HOT WATER IDATE: 18-Dec-93 
UNIT: 3 TIME: 02:00PM 

WEIGHTED UPGRADE PRELIMINARY 
COMPATIBILITY SCORE GROUP UPGRADE DESCRIPTION 

2 2.50 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 " 0 NOT APPLICABLE I 

3 3.00 i 2 UPGRADE COMPONENT , 

0.00 0 NOT APPLICABLE 
i 

3 2.30 l 2 UPGRADE COMPONENT 

.. 3.80 i 3 KEEP COMPONENT 
I .. 3.80 3 KEEP COMPONENT 
, 

2 2.00 1 REPLACE COMPONENT 
, 

0.00 0 NOT APPLICABLE 

0 1.60 1 REPLACE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 ; 0 NOT APPLICABLE 

2 2.00 1 REPLACE COMPONENT 

1 1.00 1 REPLACE COMflQNENT 

• 
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Exhibit 2-160 

UPGRADIBILITY GROUP CHART PLANT: ZEMLIANE • HOT WATER 

UNIT: .. 
STATE OF WEIGHTED UPGRADE 

r.OMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY SCORE GROUP 

FURNACE 2 3 2 2.50 2 

SUPERHEATER 0.00 0 

ECONOMIZER 0.00 0 

DRUM 
0.00 0 

~ONV. SURFACE 3 3 3 3.00 2 

MAIN STEAM PIPING 0.00 0 

BRIL 2 2 3 2.30 2 

FLUES 3 .. .. 3.80 3 

DUCTS 3 .. .. 3.80 3 

BURNERS 2 2 2 2.00 1 

IDFAN(S) 0.00 0 

FDFAN(S) 3 2 0 1.60 1 

~IRHEATER 
0.00 0 

PRECIPITATOR 0.00 0 

PULVERIZERS 0.00 0 

INSTR. & CONTROLS 2 2 2 2.00 1 

FW TREATMENT 1 1 1 1.00 1 

lDATE: 18-Dec·93 
TIME: 02:00PM 

PRELIMINARY 
UPGRADE DESCRIPTION 

UPGRADE COMPONENT 

NOT APPLICABLE 

NOT APPLICABLE 

NOT APPLICABLE 

UPGRADE COMPONENT 

NOT APPLICABLE 

UPGRADE COMPONENT 

KEEP COMPONENT 

KEEP COMPONENT 

REPLACE COMPONENT 

NOT APPLICABLE 

REPLACE COMPONENT 

NOT APPLICABLE 

NOT APPLICABLE 

NOT APPLICABLE 

REPLACE COMPONENT 

REPLACE COMPONENT 
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Exhibit 2-161 

UPGRADIBIUTY GROUP CHART PLANT: 
UNIT: 

STATE OF 
COMPONENT TECHNOLOGY ADAPTABILITY COMPATIBILITY 

FURNACE 2 3 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV.SURFACE 3 3 3 

MAIN STEAM PIPING 

BRIL 2 2 3 

FLUES 3 .. .. 
DUCTS 3 .. .. 
BURNERS 2 2 2 

IDFAN(S) 

FD FAN(S) 3 2 0 

AIRHEATER I 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 2 2 2 

FW TREATMENT 1 1 1 

ZEMlIANE· HOT WATER I~ATE: 18-Dec·93 
5 TIME: 02:00PM 

WEIGHTED UPGRADE PRELIMINARY 
SCORE GROUP UPGRADE DESCRIPTION 

2.50 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3.00 2 UPGRADE COMPONENT 

0.00 0 NOT APPLICABLE 

2.30 2 UPGRADE COMPONENT 

3.80 3 KEEP COMPONENT 

3.80 3 KEEP COMPONENT 

2.00 1 REPLACE COMPONENT 

0.00 0 NOT APPLICABLE 

1.60 1 REPLACE COMPONENT 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

2.00 1 REPLACE COMPONENT 

1.00 _1_ REPLACE COMPONENT 



Priority Group Chart 

ZEMLIANE - HOT WATER 

UNITS 1 TO 5 

Exhibit 2-162 to 2-166 
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PRIORITY GROUP CHART 

COMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 2 

MAIN STEAM PIPING 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

10 FANtS) 

FO FANtS) 1 

AIRHEATER , 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 

FW TREATMENT 1 

- - - .. -- - .. .. _ .. -
Exhibit 2-162 

PLANT: ZEMLIANE - HOT WATER DATE: 18-Dec:-93 
UNIT: 1 TIME: 02:00PM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
LEADTIME SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

0 5 3 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

1 3 5 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

1 0 0 3 0.90 3 LOW PRIORITY 

1 0 0 3 0.65 3 LOW PRIORITY 

1 0 0 0 0.35 3 LOW PRIORITY 

5 3 3 3 3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

2 5 0 0 1.95 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

5 3 5 5 4.15 1 HIGH PRIORITY 

5 3 3 3 2.70 2 MEDIUM PRIORITY 
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PRIORITY GROUP CHART 

COMPONENT SAFETY LEADTIME 

FURNACE 2 0 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 2 1 

MAIN STEAM PIPING 

BRIL 2 1 

FLUES 1 1 

DUCTS 1 1 

BURNERS 3 5 

IDFAN{S) 

FD FAN{S) 1 2 

AIRHEATER : 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS .. 5 

PI! TR~J_MENT - __ 1_ 
-

5 __ 

Exhibit 2-163 

PLANT: ZEMLIANE - HOT WATER 
UNIT: 2 

CAUSE RELIABILITY PERFORMANCE WEIGHTED 
SHUTDOWN PROBLEMS PROBLEMS SCORE 

5 3 3 3.05 

0.00 

0.00 

0.00 

3 5 3 3.05 

0.00 

0 0 3 0.90 

0 0 3 0.65 

0 0 0 0.35 

3 3 3 3.20 

0.00 . 
5 0 0 1.95 

I 

0.00 

I 0.00 
t 

0.00 

3 5 5 ".15 

'--- 3 3 --
3_ 2.70 

.. .. ...... -
DATE: 18-0Ic·93 
TIME: 02:00PM 

PRIORITY PRELIMINARY 
GROUP PRIORITY DESCRIPTION 

2 MEDIUM PRIORITY 

0 NOT APPLICABLE 

0 NOT APPLICABLE 

0 NOT APPLICABLE 

2 MEDIUM PRIORITY 

0 NOT APPLICABLE 

'3 LOW PRIORITY 

3 LOW PRIORITY 

3 LOW PRIORITY 

2 MEDIUM PRIORITY I 

0 NOT APPLICABLE 

2 MEDIUM PRIORITY 

0 NOT APPLICABLE 

0 NOT APPLICABLE 

0 NOT APPLICABLE 

1 HIGH PRIORITY 

2 MEDIUM PRIORITY 
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PRIORITY GROUP CHART 

COMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV.SURFACE 2 

MAIN STEAM PIPING 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

ID FANIS) 

FD FAN(S) 1 

~RHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 

FW TREATMENT 1 

- - .... _---- .. _-
Exhibit 2-164 

PLANT: ZEMLIANE • HOT WATER DATE: 18-Dec-93 
UNIT: 3 TIME: 02:00PM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
LEADTIME SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

0 5 3 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

1 3 5 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

1 0 0 3 0.90 3 LOW PRIORITY 

1 0 0 3 0.65 3 LOW PRIORITY 

1 0 - 0 0 0.35 3 LOW PRIORITY 

5 3 3 3 3.20 2 MEDIUM PRIORITY I 

0.00 0 NOT APPLICABLE 

2 5 0 0 1.95 2 MEDIUM PRIORITY 

, 0.00 0 NOT APPLICABLE 
I 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE , 
5 3 5 I- 5 4.15 1 HIGH PRIORITY 

5 3 3 : 3 2.70 2 MEDIUM PRIORITY 
-_._. __ ._--

------.- ------- . 
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PRIORITY GROUP CHART 

COMPONENT SAFETY LEADTIME 

FURNACE 2 0 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 2 1 

MAIN STEAM PIPING 

BRIL 2 1 

FLUES 1 1 

DUCTS 1 1 

BURNERS 3 5 

10 FAN(S) 

FD FAN(S) 1 2 

AIRHEATER I 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 5 

FW TREATMENT 1 5 

Exhibit 2-165 

PLANT: ZEMLlANE· HOT WATER DATE: 18-0ec·93 
UNIT: 4 TIME: 02:00PM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

5 3 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0 0 3 0.90 . 3 LOW PRIORITY 

0 0 3 0.65 3 LOW PRIORITY 

0 0 0 0.35 3 LOW PRIORITY 

3 3 3 3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

5 0 0 1.95 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE i 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

3 5 5 4.15 1 HIGH PRIORITY 

3 3 3 2.70 2 
-~-

MEDIUM PRIORITY 
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PRIORITY GROUP CHART 

COMPONENT SAFETY 

FURNACE 2 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV.SURFACE 2 

MAIN STEAM PIPING 

BRIL 2 

FLUES 1 

DUCTS 1 

BURNERS 3 

10 FAN(S) 

FOFANjSl 1 

AIRHEATER : 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 4 

FW TREATMENT 1 

-- .. _---- - .. - .. 
Exhibit 2-166 

PLANT: ZEMLIANE • HOT WATER DATE: 18-Dec·93 
UNIT: 5 TIME: 02:00PM 

CAUSE RELIABILITY PERFORMANCE WEIGHTED PRIORITY PRELIMINARY 
LEADTIME SHUTDOWN PROBLEMS PROBLEMS SCORE GROUP PRIORITY DESCRIPTION 

0 5 3 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

1 3 5 3 3.05 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

1 0 0 3 0.90 3 LOW PRIORITY 

1 0 0 3 0.65 3 LOW PRIORITY 

1 0 0 0 0.35 3 LOW PRIORITY 

5 3 3 3 3.20 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

2 5 0 0 1.95 2 MEDIUM PRIORITY 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

0.00 0 NOT APPLICABLE 

5 3 5 5 4.15 1 HIGH PRIORITY 

5 3 3 3 2.70 2 MEDIUM PRIORITY 



Preliminary Disposition Chart 

ZEMLIANE - HOT WATER 

UNITS 1 to 5 

Exhibit 2-167 to 2-171 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
r.OMPONENT LIFE EXPIRED LIFE (RU 

FURNACE 300000 89362 210638 

SUPERHEATER 0 

ECONOMIZER 0 

DRUM 0 

ONV. SURFACE 28000 S364 22636 

MAIN STEAM PIPING 0 

BRIL 200000 89362 110638 

FLUES 300000 89362 210638 

DUCTS 300000 89362 210638 

BURNERS 110000 89362 20638 

10 FAN(S) 0 

FD FAN(S} 300000 89362 210638 

AIRHEATER I 0 

PRECIPITATOR 0 

PULVERIZERS 0 

INSTR. & CONTROLS 300000 89362 210638 

FVII TREATMENT 300000 89362 210638 

.. - - - - - -- - .. - -
Exhibit 2-167 

PLANT: ZEMlIANE· HOT WATER I~ATE: 18-Dec-93 
UNIT: 1 TIME: 02:41PM 

DESIRED GROUP UPGRADE DISPOSITION 
LIFE (DU RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 3 2 32 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 1 1 11 POSSIBLY REPLACE NOW 

110000 0 2 1 21 MONITOR & REPLACE WITHIN R.L. 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING DESIRED 

!cOMPONENT LIFE EXPIRED LIFE IRU LIFE IOU 

FURNACE 300000 82407 217593 110000 

ISUPERHEATER 0 110000 

ECONOMIZER 0 110000 

DRUM 0 110000 

CONV.SURFACE 16000 26407 ·10407 110000 

MAIN STEAM PIPING 0 110000 

BRll 200000 82407 117593 110000 

FLUES 300000 82407 217593 110000 

DUCTS 300000 82407 217593 110000 

BURNERS 110000 82407 27593 110000 

IDFAN~S) 0 110000 

FD FAN(S) 300000 82407 217593 110000 

AIRHEATER I 0 110000 

PRECIPITATOR 0 110000 

PULVERIZERS 0 110000 

INSTR. & CONTROLS 300000 82407 217593 110000 

FWTRE~MENT 300000 82407 217593 110000 

Exhibit 2-168 

PLANT: ZEMLIANE • HOT WATER 

UNIT: 2 

GROUP UPGRADE DISPOSITION 

Rl<Dl? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

0 2 2 22 MONITOR & UPGRADE WITHIN R.l. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 2 2 122 MONITOR & UPGRADE WITHIN R.l. 

1 0 0 100 NOT APPLICABLE 

0 3 2 32 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

1 2 1 121 REPLACE NOW THRU R.l. 

1 0 0 100 NOT APPLICABLE 

0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

0 1 1 11 POSSIBLY REPlACE NOW 

0 2 1 21 __ MPNITOR & REPLACE WITHIN R.L. 

- -
I~ATE: 18-Dec·93: 
TIME: 02:49PM 
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PRELIMINARY DISPOSITION CHART 
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COMPONENT 

FURNACE 

SUPERHEATER 

ECONOMIZER 

DRUM 

CONV. SURFACE 

MAIN STEAM PIPING 

BRIL 

FLUES 

DUCTS 

BURNERS 

IDFAN(1n 

FD FAN(S) 

AIRHEATER 

PRECIPITATOR 

PULVERIZERS 

INSTR. & CONTROLS 

FW TREATMENT 

. 

ORIGINAL HOURS REMAINING 
LIFE EXPIRED LIFE (Rll 

300000 62489 237511 

0 

0 

0 

16000 4489 11511 

0 

200000 62489 137511 

300000 62489 237511 

300000 62489 237511 

110000 62489 47511 

0 

300000 62489 237511 

0 

0 

0 

300000 62489 237511 

300000 62489 237511 

-- ... ----- - - --
Exhibit 2-169 

PLANT: ZEMLIANE - HOT WATER I~ATE: 18-Dec-93 
UNIT: 3 TIME: 02:GPM 

DESIRED GROUP UPGRADE DISPOSITION 
LIFE (DL) RL<DL? PRIORITY GROUP CATEGORV PRELIMINARV DISPOSITION 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.l. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 3 2 32 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 1 2 1 121 REPLACE NOW THRU R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 1 1 11 POSSIBLV REPLACE NOW 

110000 0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

I 
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PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING DESIRED 
r.OMPONENT LIFE EXPIRED LIFE (Rll LIFE (Dll 

FURNACE 300000 53415 246585 110000 

SUPERHEATER 0 110000 

ECONOMIZER 0 110000 

DRUM 0 110000 

~ONV. SURFACE 16000 25415 ·9415 110000 

MAIN STEAM PIPING 0 110000 

BRIL 200000 53415 146585 110000 

FLUES 300000 53415 246585 110000 

DUCTS 300000 53415 246585 110000 

BURNERS 110000 53415 56585 110000 

10 FAN(S) 0 110000 

FD FAN(S) 300000 53415 246585 110000 

AIRHEATER 0 110000 

PRECIPITATOR 0 110000 

PULVERIZERS 0 110000 

INSTR. & CONTROLS 300000 53415 246585 110000 

FW TREATMENT 300000 53415 246585 110000 

Exhibit 2-170 

PLANT: ZEMLIANE - HOT WATER IDATE: 1S-Dec-93 
UNIT: 4 TIME: 02:49PM 

GROUP UPGRADE DISPOSITION 
RL<DL? PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

0 2 2 22 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 2 2 122 MONITOR & UPGRADE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

0 3 2 32 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

0 3 3 33 MONITOR & MAINTAIN 

1 2 1 121 REPLACE NOW THRU R.L. 

1 0 0 100 NOT APPLICABLE 

0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

1 0 0 100 NOT APPLICABLE 

0 1 1 11 POSSIBLY REPLACE NOW 

0 2 1 21 MONITOR & REPLACE WITHIN R.L. 
~-- - .~ 

I 



-------

~ 

8 
iT 
(1) 

2. o 
~ 
~ 
:;, 

N:!: 
, (1) 

Nil> 
... ;:+ 
N=-

~ 
:; 
Il> 
~ 
o 
:;, 
Il> 

s-
o 

PRELIMINARY DISPOSITION CHART 

ORIGINAL HOURS REMAINING 
~OMPONENT LIFE EXPIRED LIFE (Rl) 

FURNACE 300000 24820 275180 

~UPERHEATER 0 

ECONOMIZER 0 

DRUM 0 

r.ONV. SURFACE 16000 3180 12820 

MAIN STEAM PIPING 0 

BRll 200000 24820 175180 

FLUES 300000 24820 275180 

DUCTS 300000 24820 275180 

BURNERS 110000 24820 85180 

10 FAN(S) 0 

FDFAN(Sl 300000 24820 275180 

~IRHEATER 0 

PRECIPITATOR 0 

PULVERIZERS 0 

INSTR. & CONTROLS 300000 24820 275180 

FW TREATMENT 300000 24820 275180 

-- .. _---- - - --
Exhibit 2-171 

PLANT: ZEMLIANE • HOT WATER I~ATE: 16-Dec-93 
UNIT: 5 TIME: 02:49PM 

DESIRED GROUP UPGRADE DISPOSITION 
LIFE (Dl) Rl<Dl1 PRIORITY GROUP CATEGORY PRELIMINARY DISPOSITION 

110000 0 2 2 22 MONITOR & UPGRADE WITHIN R.l. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 2 2 122 MONITOR & UPGRADE WITHIN R.l. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 3 2 32 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 0 3 3 33 MONITOR & MAINTAIN 

110000 1 2 1 121 REPLACE NOW THRU R.l. 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 2 1 21 MONITOR & REPLACE WITHIN R.L. 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 1 0 0 100 NOT APPLICABLE 

110000 0 1 1 11 POSSIBLY REPLACE NOW 

110000 0 2 1 21 MONJIORf, REPLACE WITHIN R.l. 
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3.0 

3.1 

3.1.1 

3.1.2 

BASES FOR ENGINEERING AND 
ECONOMIC ANAL VSIS 

INTRODUCTION 

It is recognized at the outset that although a district heating plant is basically a 
cogeneration plant, it differs from a utility type cogen plant in that its main purpose 
is to provide heat, not electricity. This is especially true under current environment 
in Bulgaria, where selling of electricity is not necessary profitable. Refurbishment 
of existing facilities will improve efficiency, as well as their replacement with more 
modern design, thus creating trade-off between capital investment, reduced 
operating cost, and varying ratio of heat to electricity production. Additional 
dimension of the study is provided by the requirement to consider present and 
future Bulgarian emission limits. This section sets the stage for the technical and 
subsequent economic analysis by establishing the demand requirements on each 
district heating system. With this information, unit size can be set, equipment 
selected, and cost estimates can be prepared to match projected future 
requirements. 

OBJECTIVE 

The objective of this section is to establish a basis for the size and characteristics 
of heat/electrical production units which are considered as options, and then 
evaluated for each district heating system. A secondary purpose is to establish a 
method for making these decisions and facilitate future refinement of this study 
which may occur as the project is implemented. 

SCOPE DEFINITION 

In this section, the peak demand requirements, and associated margins for heat 
and steam are established to facilitate selection of major equipment. The month 
by month load profiles through a typical year are presented for heat and steam. 
The load profiles are used directly in the economic analysis to simulate dispatch of 
operating units through the study period and calculate associated fuel and other 
operating costs. 

Gilbert/Commonwealth International, Inc. 
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3.1.3 

3.2 

3.2.1 

ORGANIZATION OF THE SECTION 

This section is divided into five subsection including this introduction. 

• Subsection 3.2 discusses district heating systems peak loads and provide 
methodology how the peak loads were developed. The future heat demand 
for each district system will be presented with a detailed description on 
rational and logic used to develop peak systems load and future demands. 

• Subsection 3.3 discusses load profiles and load duration curves for each one 
of the plants. Description of the methodology and how the district heating 
systems hourly loads were translated into monthly load duration curves will 
also be provided in this subsection. 

• Subsection 3.4 describes properties, availability and cost for solid, liquid and 
gas fuels. 

• Subsection 3.5 presents the Environmental Limits for plant operations and 
describes penalties for non-compliance as well as means to reduce such. 

• Subsection 3.6 provides conclusion for this section. 

PEAK LOAD DEMAND PROJECTIONS 

A main reason for developing a plant peak load and load demeaned projection is 
to allow for an timely planning and orderly introduction of new generating 
capacities to meet new system demands. In a new plant design, the peak load 
demand is usually estimated by method involving degree-days, empirical 
relationships for heating loads, estimation of losses, and analysis of load 
types/coincidence (Reference 3.1). However, in an existing plant, peak loads can 
best be determined by utilizing existing heat production, heat losses, records, and 
taking into account of future growth and possible system improvements. 

In Bulgaria today, hot water heating is of primary importance, while process steam 
is secondary due to declining demand. Based on calculated demand, actual 
production, and required margins (Reference 3.2 through 3.5), it has been agreed 
among the Bulgaria delegation, Bulgaria consultant (Direct Company), and GIC, 
the following are the design peak loads for hot water: 

PLANT HEAT LOAD, MWt 

Sofia TPHs 800 

Trajco Kostova TPHs 1180 

Zemliane Hs 

liuJin Hs 

Republika TPHs 

513 

385 

275 

SOFIA DISTRICT HEATING SYSTEM PEAK LOAD AND FUTURE DEMAND 

Demand estimates for the Sofia and neighboring systems are required to 
support the program for unit reconstruction, purchase of new equipment, and 

Gilbert/Commonwealth International, Inc. 
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also decisions regarding the allocation of capital expenditures. With limited capital 
resources, funding must be appropriated for repairs to energy supply equipment, 
distribution system repairs/upgrades, or even end-use conservation. This 
appropriation should be done on the basis of a free-market approach, i.e. what 
investment provides the best return on investment? This subject is treated in 
more detail in the "Economic Analysis" (Section 8.0). 

In the United States, considerable emphasis is being placed on what is called 
"Demand-Side Management" (DSM). In an analysis of DSM, energy demands are 
met through either a supply-side source, or a demand-side source (through 
conservation). This approach may be effective when operating in a fairly efficient 
system where improvements are incrementally small, and judgment decisions 
must be made between these small differences. 

In the Bulgarian situation, however, there are some very basic needs that must be 
fulfilled on both the supply - (including distribution) and demand -side that 
transcend the evaluation of incremental improvements. Once these basic needs 
are met, then a more sophisticated analysis can take place in a "Phase II" program 
which fine tunes the system to optimize efficiency and conservation in a true 
market economy. These basic needs include emissions control improvements, 
heat/steam distribution network improvements, and end-use conservation to bring 
Sofia from a presently unacceptable situation to some reasonably acceptable level 
in a ten year correlated program. In this context, a peak demand projection was 
made which accounts for: 

• system growth 

• distribution system repair/improvement 

• end-use conservation. 

The purpose of this analysiS is only to determine the size of supply necessary to 
provide a reliable source of heat/steam. The economic model will use a reduced 
"typical" average peak demand and load duration curve. This section presents this 
projection, presents the method of calculation, and provides support for each of 
the assumptions. 

Exhibit 3-1 presents the demand projection. As shown on Line 17 the total gross 
(plant sendout) peak heat demand starts at 800 MWt, rises slightly in the early 
years, and then settles back to approximately the same level in the year 2010. A 
similar analysis is prepared for steam demand. Existing and planned plant 
capacities, designed to meet this projected demand, are shown in a combination of 
retirements, "mothballed" plants (held in inactive status), and new facilities. A 
margin, accounting for system needs, coincident hot water/steam demand, and 
unit reliability is required in addition to the value shown on Line 17. 

A brief explanation of the development of the results follows: 

Line 1: Peak hot water demand is calculated by back-calculating from the value 
of 800 MWt shown in Line 17. This demand represents the "end-use" 
value of required heat, and should correlate with a calculation of heat 
requirements of individual dwellings, commercial and public buildings. 

Gilbert/Commonwealth International, Inc. 
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SOFIA TPS 

Parameter 

1 Peak Hot Water Demand (plantsendout. historical) 

2 Adj. for design ambient (-I5C) 

3 Maximum Expected End-Use Demand 

4 Expected Connection of New DH Consumers 

5 Cumulative Expected Connection of New Consumers 

8 Expected DH Growth with New Housing 

7 Expected DH Growth with New Publlc/Commerclal 

8 CumulaUve DH Growth with New Public/Commercial 

9 

10 CumulaUve DH Growth 

11 Total Antlclpated HW Oem. iSendout) wiD Cons. 

12 Reduction for End-Use ConservaHon 

13 CumulaHve End-Use ConservaHon Effect 

14 Total Expected Peak HW Demand 

15 Distribution Heat Loss as HL are repalred (oross) 

18 In-Plant Heat ExchanRer Loss 

17 Total Gross HW Peak Demond (from pianO. MWt 

18 Peak Steam Demand 

19 Adj. for design ambient (-15C) 

20 Maximum Expected End-Use Demand 

21 Expected Connection of New DH Consumers 

22 Expected DH Growth with New Industry 

23 Cumulative DH Growth 

24 Total Anticipated Steam Oem. (sendout) wiD Can •• 

25 Reduction for End-Use Con.ervaHon 

28 CumulaHve End-Use Conservation Effect 

27 Total Anticipated Steam Peak Demand 

28 Percent Heat Loss as HL are repaired 

29 Total Grass Steam Peak Demand (from plant!. MWt 

30 ReducHon (steam) for Coincidence 

31 Coincident Net Steam Peak Demand 

32 Total Gr ... HW end Steam Coincident Demand 

Exhibit 3-1 

Sofia District Heating System Peak Load and Future 
Demand Projection 

Year 

Units 1992 1993 1994 1995 1998 1997 1998 1999 2000 2001 2002 2003 

f------
541 541 541 541 541 541 541 541 541 541 541 541 

~ 90 90 90 90 90 90 90 90 90 90 90 90 

MWt 830.58 630.56 630.58 630.58 630.58 630.58 630.56 830.58 630.56 830.58 630.58 630.58 

MWt 0.0 0,0 B.O B.O 8.0 8.0 Ii.o M 6.0 B.O . 8.0 e.o 
MWt 0.0 0.0 0.0 1~.O litO 24.0.' 30.0 35.8 <li.i:i 47.9 .53.~ 59.9 

%lyear 0.00% 0.00% 0.50% D.~ 0_ 0.50% Q,5m4 0.!iQ-i Q.50% 0.1iO% 0.50% O~ 

%/year 0.00% 0.00% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 

% 0.0% 0.0% 0.7% 1.3% 2.0% 2.7% 3.4% 4.1% 4.B% 5.5% 8.2% 6.9% 

MWt 0.0 0.0 4.2 8.6 13.1 17.6 22.3 27.1 32.0 37.0 42.2 47.4 -
MWt 0.0 0.0 10.2 20.8 31.0 41.8 52.3 63.1 74.0 85.0 96.1 107.3 

MWt 830.8 830.8 64O.B 851.2 8B1.6 872.2 882.8 893.8 704.5 715.8 726.7 737.9 

%lyear 0.00% O.~ 0.5O'JIo 0;75" 1.00% 1.50% 2.00% 2.50% 2.50% 2.Dmr. 1.50% 1.25% 

% 0.0% 0.0% 0.5% 1.3% 2.3% 3.8% 5.9% 8.5% 11.2% 13.5% 15.2% 16.8% 

MWt 830.8 830.8 637.6 643.0 646.8 646.6 842.7 834.5 825.4 819.2 618.5 815.4 

% :;!(I.IiD% 20.00;6 20.00"" 19.riOoi la.oo'4 17.iiQi 1~·IIO"" 1!~:00% l4.50'16 1 •• 00% 1~:50% 13.00<;4 

% 1.50% ·1.5OOi. 1.50% 1.i;(jij(, 1.60% . 1.56i 1.50% t.!iCli j,ilii<JI; 1.50% 1.150% I~ 

MWt 800 800 809 808 801 781 771 758 743 731 724 718 

~ 
108 108 108 108 lOB 108 lOB lOB 108 lOB 108 lOB 

~ 18 lB 18 18 18 18 18 18 18 18 18 18 

128.12 126.12 128.12 126.12 126.12 126.12 12B.12 128.12 126.12 126.12 126.12 126.12 

MWt 0.0 0.0 (2.5 (5.0 {!H:( (2.5 
.... 

0.0 .2.1$ 2.5 2.5 2.5 '2.5 

MWt 0.0 ii.o 0.0 0.0 0.0' 0.0 0.0 2.5 3.8 5.0 5.0 !i.o 
MWt 0.0 0.0 -2.5 -7.8 -12.8 -15.1 -15.1 -10.1 -3.8 3.8 11.4 18.9 

MWt 126.1 126.1 123.8 118.5 113.5 111.0 111.0 118.0 122.3 129.9 137.5 145.0 

%Iyear 0.00% 0.00% 0.15% 0.25% 0.50% 0.75% 1.00% 1.25% 1.50% 1.25% 1.00% 0.75% 

% 0.0% 0.0% 0.2% 0.4% 0.9% 1.7% 2.7% 4.0% 5.5% 8.8% 7.9% 8.7% 

MWt 126.1 128.1 123.4 118.1 112.5 109.1 108.0 111.4 115.8 121.0 126.6 132.4 

% 25.00% 25.00% 25.00% 23.00% 21.00% 20.00% 19.00% 18.00% 17.00% 16.00% 15.00% 14.50% 

MWt 189 188 185 153 142 138 133 138 139 144 149 155 

-15.0% (19 (19) (19 (18 (1~ (16) (IB) (17) (17 (18) __ 1!9 (20) _ .. _.-' _. 
149 149 148 138 126 120 117 119 122 126 130 135 

849 940 955 842 1Il!8 1111 894 877 884 857 854 853 

2004 

541 

90 

630.58 

8.0 

I as.S 
O.~ 
0.17% 

7.6% 

52.8 

118.7 

749.3 

1.00% 

17.8% 

816.2 

12.i!O% 

;;50% 

715 

108 

18 

126.12 

2.5 

5.0 

2B.5 

152.8 

0.50% 

9.3% 

138.5 

14.00% 

181 

(21 

140 

855 
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90 90 90 
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8.0 B.O 6.0 ,iii 1'1.8 63.8 
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DISTRICT HEATING FEASIBILITY STUDY BASES FOR ENGINEERING AND ECONOMIC ANALYSIS 

The 800 MWt value was determined from experience based on a maximum peak 
of 533 MWt experienced in 1992, where the minimum outside temperature was 
-10°C. To provide a reasonable operating margin, this value must be increased 
according to the minimum expected outside temperature of -15°C. 

The overall adjustment takes place in Line 2 of Exhibit 3-1, resulting in the 
maximum end-use demand shown in Line 3. This is shown as a constant for all 
years and any adjustments are taken in other lines of the exhibit. 

Line 4: This line shows the expected connection of new consumers. This 
demand is drawn from a pool of consumers currently served by small 
decentralized boilers, which now represent approximately 30% of the 
area served by Sofia. Of course, the connection of all consumers may 
not be practical due to an excessive distance from primary lines or 
incompatible systems. The potential to connect consumers to an 
existing district heating system is usually determined by an "economic 
distance," an accounts for the price differential in fuels, capital cost 
associated with the DH installation, the number of such consumers in 
close proximity, and available capacity on existing substations. In this 
case, judgment was used to make an estimate that approximately 
one-half of these available consumers would actually be connected over 
the entire study period. 

Line 5: This line shows the cumulative effect of consumer growth. 

Lines 6 and 7: These lines show the effect of new growth in housing and 
public/commercial buildings. This represents new construction. Growth 
in Sofia was based on data for volume (m3) of buildings served in 1992 
and 1993 (12,549,145 to 12,797,794 respectively. This growth 
represents nearly a 2% growth during a single year, but includes both 
new construction and connections of existing buildings. This growth is a 
carryover from better economic times, and it has been assumed for this 
study that this kind of growth, at least in new housing, will not be 
duplicated in the near future. For this reason, a more conservative 
growth for new housing of 0.5%/year has been assumed, and one-third 
of this value assumed for public/commercial buildings. These 
assumptions result in a cumulative growth of 93.8 MWt by the end of 
the study period, as shown in Lines 8 and 9. 

Line 10: The line sums the cumulative growth of DH requirements, without 
accounting yet for system losses or conservation. The resulting value at 
the end of the study period is very significant at 201.8. 

Line 11: This line sums this growth with the assumed baseline to represent the 
total anticipated HW demand. 

Line 12: This line identifies a percentage deduction attributed to "end-use" 
conservation, which does not yet include heat distribution to dwellings. 
Line 13 shows the cumulative effect, and Line 14 shows the total 
resulting demand. Residential, commerCial, and public building 
consumers are expected to conserve significantly from their present 
level. The potential of this conservation effort is in the 35-40% 
range as identified in several studies of typical eastern Europe 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY BASES FOR ENGINEERING AND ECONOMIC ANALYSIS 

buildings connected to district heating systems. This potential reduction 
could take place for many reasons, but includes the following: 

• improved incentive according to higher heat prices based on 
metered delivery of heat, 

• improved ability to control heat, 

• improved insulation in buildings, 

• improved construction methods to new buildings, and 

• lowered indoor temperatures due to more acceptable 
comfort levels in dwellings. 

The current method controlling heat by opening windows will be replaced through 
the use of individual metering and control of heat. It is understood that this 
change will not happen immediately, even if metering/controllegislation is 
enacted. Also, all buildings may not lend themselves to individual control. 
Controls and metering are expensive and it is likely that the expense cannot be 
borne by the consumer alone, but should be shared with the district heating 
company and possibly encouraged through some form of government tax 
incentive. This subject is treated in more detail in Section 8.0. 

It is assumed that a realistic level of conservation will eventually result in a 
reduction of 20% from current levels over the study period. The change shown 
according to year is achievable. As shown in Exhibit 3-1, the impact is greater in 
early years since many of the savings can be realized with minimal capital 
expenditure. This objective is reasonable and must be met if Bulgaria's energy 
economy is to approach European standards. 

Line 15: Line 15 presents our assumption for losses in the distribution network. A 
value of 20% is assumed for the current year through 1994. This value 
is supported in a separate analysis presented in Section 5.0. A program 
of distribution line and SUbstation repair is presented in Section 5.0 in 
which a reasonable length of primary heat line is replaced/repaired with 
state-of-the-art piping (with leak detection) per year, reaching a peak of 
100 km/y (compared to the present "emergency repair" quantity of 
20 km/y). If this program is implemented, a significant savings in 
demand is possible in a short period of time, and this savings provides a 
direct impact on the bottom line. As seen in Line 15, large savings are 
assumed in early years, with some diminishing returns in later years, 
approaching the 10% loss shown at the end of the study period. 

Line 16: Line 16 shows losses associated with in-plant heat exchangers. This 
value should be approximately 1 percent with heat exchangers in good 
repair; we have assumed 1.5% for the Sofia system. 

Lines 18 through 29: These lines show a similar exercise for steam demands, 
with two differences. First, less conservation is shown because much of 
this steam is for process use, assumed to be constant. To support this 
assumption, it is further assumed that more efficient use of the steam 
resulting from process improvements would be offset by increased 
productivity. 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY BASES FOR ENGINEERING AND ECONOMIC ANALYSIS 

3.2.2 

3.2.3 

Lines 30 and 31: These lines provide a reduction to the steam which is based on 
coincident demand of heat and steam, meaning heat and steam do not 
peak at the same time. 

Line 32: The total heat (heat and steam) required to be supplied is shown in this 
line 

At the peak condition, in the case of a unit outage, there is actually a reduced load 
requirement. This is established by taking a reasonable percentage of the total 
load requirement. This physically represents a situation as follows: If at the peak 
load condition (probably a few days per year) the largest unit is out of service, less 
heat may be supplied to the system until the unit can be brought back on line. 
This means that houses will be a little colder for this period, but certainly presents 
no threat to health or comfort. A conservative 90% was considered. 

The existing peak capacity margin is very large, which still indicates that this 
system has a tremendous over capacity. It is somewhat overstated because the 
large number of hot water boilers, while adding capacity, may not be of 
economical capacity because they do not provide any electricity to offset operating 
costs. In spite of this large number, there is a question of how this demand will be 
met, which units will be retired or placed on standby, and which new/repowered 
units may be added to provide a system which operates more economically and 
presents the least cost solution to operations and emissions compliance problems. 

As part of the evaluation of alternatives, older units are retired, significantly 
reducing the capital required to bring these units up to standard or to meet 
emissions requirements. Other units are placed on standby, providing an 
inexpensive source of backup capacity in the case of unit outages, and also as a 
source of supply during construction periods of new and retrofitted equipment. 
Through the study period, the margin is reduced to a more reasonable number. 

The above discussion illustrates that this system exceeds the required peak 
demand. The peak heat load can be met even with assumed retirement and 
'mothballing' of some of the existing equipment and without addition of any new 
facilities. 

TRAdCO KOSTOV TPHs PEAK DEMAND 

Peak load requirements for the Trajco Kostov TPH system were determined in the 
same fashion as the Sofia system. A value of 1180 MWt was agreed as the 
design peak reqUirement, relating to an experienced peak load of 797 MWt during 
1992. Assumptions regarding load growth, heat distribution loss improvement, 
conservation, and margin requirements were the same as in the Sofia system. 
The analysis showing peak demand requirements through the study period is 
shown in Exhibit 3-2. 

ZEMLIANE DISTRICT HEATING SYSTEM PEAK LOAD AND FUTURE DEMAND 

Peak load requirements for the Zemliane HS system were determined in the same 
fashion as the Sofia system. A value of 513 MWt was agreed as the design peak 
requirement, relating to an experienced peak load of 347 MWt during 1992. 
Assumptions regarding load growth, heat distribution 1055 improvement, 
conservation, and margin requirements were the same as in the Sofia 

Gilbert/Commonwealth International, Inc. 
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Exhibit 3-2 

Trajco Kostov TPH System Future Demand Projection 

TRAJCO KOSTOV TPHs Year 

Parameter Units 1992 1993 1994 1995 1998 1997 1998 1999 2000 2001 2002 2003 2004 

1 Peak Hot Water D.mand (plant s.ndout, historical) 797 797 797 797 797 797 797 797 797 797 797 797 797 -
2 Adj. for desl9n ambient (-ISCJ ~ 133 133 133 133 133 133 133 133 133 133 133 133 133 

3 Maximum Expected End-Use Demand MWt 929.83 929.83 929.83 929.83 929.83 929.83 929.83 929.83 929.83 929.83 929.83 929.83 929.83 

4 Expected Connection of New DH Consumers MWI 0.0 ci.D 8.S '8.8 e~8 &.11 lI.il :$',il 8.a :. -,.8 8.1i .... s.a 8.8 
I J '.' 

70.1 
I' ... , , ' .. :.,.:, 

5 Cumulative Expected ConnecHon of New Consumer. MWt 0.0 M Ittl 17.7 28.S 35.3 44.2 53.0 81.8 ·79.5 ' ea.3 .... 111.2 

8 Expected DH Growth with New Housing %!year 0.00% 0:00% 0.50% o.sci% om 0.50% 0,50% o.sci% 6.50% O.!iO% O.!iO'II. O~ Q.5o<Ji; 

7 Expected DH Growth with New Public/Commercial %lyear 0.00% 0.00% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 

8 Cumulative DH Growth with New Publlc/Com merclal % 0.0% 0.0% 0.7% 1.3% 2.0% 2.7% 3.4% 4.1% 4.8% 5.5% 8.2% 8.9% 7.6% 

9 MWt 0.0 0.0 8.3 12.7 19.3 28.0 32.9 40.0 47.2 54.8 82.2 70.0 17.9 

10 CumulaHve DH Growth MWI 0.0 0.0 15.1 30.3 45.8 81.3 77.1 93.0 109.0 125.3 141.7 158.3 175.0 

11 Total Anticipated HW Oem. (sen doutj w/o Can •. MWt 929.8 929.8 944.9 980.2 975.8 991.2 1008.9 1022.8 1038.9 1055.1 1071.5 1088.1 1104.9 

12 ReducHon for End-Us. ConservaHon %/year 0.00% O~~ Q.5O% li.iS% 1:00% l.!iO% 2.00% 2.~ 2.emi4 2.00" UO% 11.25% Loo" 

13 CumulaHve End-Use ConservaHon Effecl % 0.0% 0.0% 0.5% 1.3% 2.3% 3.8% 5.9% 8.5% 11.2% 13.5% 15.2% 18.6% 17.8% 

14 Total Expected Peak HW Demand MWI 929.8 929.B 9402 948.1 953.5 953.5 947.7 935.8 922.1 913.1 909.1 907.5 9OB.8 

15 DlltrlbutionHealLoss asHL are repaired (gross) % eo.oo'll. 2O~OO% ~,OO% ili,OO" la:OIi" i7.oo% Hi.oo," 15.00% 14.liO% 14,00" 13:50% 13.00% 12.!iO% 

18 In-PlanlHeal Exchanger Los. % t.5()% i.~ 1.5Mi. 1.50" ltiO% .1.50% 1.50% '1.15O'JI. l.m 1.50" 1.50% 1.50% t.5O'ii. 
17 Total Gross HW Peak Demllld (from I)lanll, MWt MWt llBO 1,180 1,193 1,188 1,180 1,188 1,145 1,118 1,095 1,078 1,087 1,059 1,054 

1 B Peak Steam Demand 128 128 128 128 12B 129 12B 128 12B 12B 128 12B 128 

19 Adj. for design amblenl (-ISC) ~ 
~ 21 21 21 21 21 21 21 21 21 21 21 21 21 

20 Maximum Expected End-Use Demand 148.77 148.77 148.77 148.77 148.77 148.77 148.77 148.77 148.77 148.77 148.77 148.77 148.77 

21 Expected ConnecHon of New DH Consumere MWt 0.0 0.0 (3.0 '(8.0 I)~'~ \.(:to '0.0 3.0 '.3.0 .. ·:i.o >3.0 ·,::to '·';i.e 
22 Expected DH Growth with New Industry MWt 0.0 0.0 0.0 0.0 0.0 0.0 Q.O 3.0 4.5 a.O II.Q 8.0 G.O 

23 Cumulative DH Growth MWI 0.0 0.0 -3.0 -8.9 -14.9 -17.9 -17.9 -11.9 -4.5 4.5 13.4 22.3 31.2 

24 Total AnHclpaled Steam Oem. (sendoutj w/o Coni. MWI 148.8 148.8 145.8 139.8 133.9 130.9 130.9 138.9 144.3 153.2 182.2 171.1 180.0 

25 ReducHon for End-Use ConservaUon %lyear 0.00% 0.00% 0.15% 0.25% 0.50% 0.75% 1.00% 1.25% 1.50% 1.25% 1.00% 0.75% 0.50% 

28 CumulaHve End-Use Con.ervaHon Effecl % 0.0% 0.0% 0.2% 0.4% 0.6% 1.7% 2.7% 4.0% 5.5% 8.8% 7.9% 8.7% 9.3% 

27 Total AnHclpaled Steam Peak Demand MWI 148.8 148.B 145.8 139.3 132.7 128.7 127.4 131.5 138.3 142.8 148.3 158.2 183.3 

28 Percent Heat Loss as HL are repaired % 25.00% 25.00% 25.00% 23.00% 21.00% 20.00% 19.00% 18.00% 17.00% 18.00% 15.00% 14.50% 14.00% 

29 Total Gross Steam Peak Demand{from plantj, MWI MWI 198 198 194 181 168 161 157 180 164 170 176 163 190 

30 ReducHon (steaml for Coincidence -15.0% (22 (22) (22) (21 (20 (19 (19 (20) (20 (21 (22) (23 (25) 

31 Coincident Nel Steam Peak Demand 178 178 172 180 148 142 138 141 144 149 153 159 185 

32 Tot ... GrOll HW and Sleam Concldent Demand 1,358 ~~ 1,385 1,348 1,329 1,308 1,284 _-,,2~ ~239 1,226 1,220 1,218 -,,220 

.. -

2005 2008 2007 

797 797 797 

133 133 133 

929.93 929.83 929.83 

"8.8 :"0:"$,$ il.a .. 
tOii.6 t14.8 123.1 

0,56" ci.5O% 0.50% 

0.17% 0.17% 0.17% 

8.3% 9.0% 9.7% 

88.0 94.2 102.7 

192.0 209.1 229.4 

1121.8 1138.9 1158.2 

0.15% O.!!ii% b.25'lCi 

18.7% 19.2% 19.5% 

912.8 919.7 930.2 
.. 

1~!:2Ii'll. iz.OO% 11,75% 

1,50% 1.5()% 1.5Mi. 
1,058 1,081 1,070 

128 128 128 

21 21 21 

148.77 148.77 148.77 
I····i;.ii · .. ·"3.0 .. 

3.0 

e.il 8.0 8.0 

40.2 49.1 58.0 

188.9 197.9 208.B 

0.20% 0.10% 0.10% 

9.5% 9.8% 9.7% 

171.0 178.9 188.7 

13.50% 13.00% 12.75% 

198 206 214 

(2B) (27] (2BJ 

172 179 16B 

~.~8 1,240 1,258 

.. -

2008 2009 2010 

797 797 797 

133 133 133 

929.83 929.83 929.83 

$.G a:e ;.8 

132.5 141.3 100.2 
o.sci% 0.50% QJio% 

0.17% 0.17% 0.17% 

10.5% 11.2% 12.0% 

111.3 120.2 129.2 

243.8 281.5 279.3 

1173.7 1191.3 1209.2 

O.IS" 0.12% 0.10% 

19.7% 19.6% 20.0% 

942.2 954.7 987.5 

11,50% 11.25% 10.00% 

1.509i'. 1.60% 1.50% 

I,OBI 1,092 1,091 

128 12B 12B 

21 21 21 

148.77 148.77 148.77 
' .. 3.0 "iil 3.0 

8.0 8.0 8.0 

66.9 75.9 84.B 

215.7 224.8 233.8 

0.10% 0.10% 0.10% 

9.8% 9.9_~ ~ 
194.8 202.4 210.2 

12.50% 12.25% 12.00% 

222 231 239 

(28 (30 (32) 
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1,274 1,292 1,299 
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DISTRICT HEATING FEASIBILITY STUDY BASES FOR ENGINEERING AND ECONOMIC ANALYSIS 

3.2.4 

3.2.5 

3.3 

system. The analysis showing peak demand requirements through the study 
period is shown in Exhibit 3-3. 

LIULIN DISTRICT HEATING SYSTEM PEAK LOAD AND FUTURE DEMAND 

Peak load requirements for the Liulin HS system were determined in the same 
fashion as the Sofia system. A value of 385 MWt was agreed as the design peak 
requirement, relating to an experienced peak load of 280 MWt during 1992. 
Assumptions regarding load growth, heat distribution loss improvement, 
conservation, and margin requirements were the same as in the Sofia system. 
The analysis showing peak demand requirements through the study period is 
shown in Exhibit 3-4. 

REPUBLIKA DISTRICT HEATING SYSTEM PEAK LOAD AND FUTURE DEMAND 

Peak load requirements for the Republika TPS system were determined in the 
same fashion as the Sofia system. A value of 275 MWt was agreed as the design 
peak requirement, relating to an experienced peak load of 186 MWt during 1992. 
Assumptions regarding load growth, heat distribution loss improvement, 
conservation, and margin requirements were the same as in the Sofia system. 
The analysis showing peak demand requirements through the study period is 
shown in Exhibit 3-5. 

DEVELOPMENT OF HOT WATER AND STEAM LOAD PROFILES 

While design peak load information is normally required to make decisions 
whether to add or remove capacity from a system, it is not useful as a direct 
indicator of annual operating costs, or in anticipating the dispatch requirements of 
base and peaking units. Further, design peak loads represent the coldest 
anticipated ambient situation rather than a "typical" or average ambient situation. 

Load duration curves are required to capture typical fuel requirements and 
operating costs, and therefore provide the most accurate comparison between 
alternatives. Daily, weekly, and monthly load duration curves, if available, provide 
the best representation of real plant operating characteristics so that the most 
accurate annual operating costs can be calculated. 

Daily summaries of "Round-the-Clock" quantities of hot water, steam and electric 
energy produced by TPS Sofia and TPS Trajco Kostov were provided in chart for 
the period April, 1992 through March, 1993. From these data, a table 
summarizing daily production of both hot water and steam was transcribed and 
rearranged initially in order of ascending daily hot water loads as illustrated with 
Sofia data in Exhibit 3-6. 

Since all demands in excess of the monthly minimum demand "pass through" that 
minimum level, it follows that hot water requirements of at least that minimum 
level are represented in each day of the current month. Demands at the next 
higher level are imposed on all but the minimum load day, and so forth until the 
maximum load is represented only on the maximum day or days. 

Gilbert/Commonwealth International, Inc. 
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ZEMl.IANE HS 

Parameter 

1 Peak Hot Water Demand (plant lendout. hIstorIcal) 

2 Adl. lor desIgn ambIent (-I5C) 

3 MaxImum Expected End-Use Demand 

4 Expected Connection 01 New DH Conlumers 

5 Cumulative Expected Connection of New Consumerl 

8 Expected DH Growth with New Housing 

7 Expected DH Growth with New Publlc/Commerclal 

8 Cumulative DH Growth with New Publlc/Commerclal 

9 

Units 

Exhibit 3-3 

Zemliane HS System Peak Load and Future Demand 
Projection 

Year 

19921 19931 19941 19951 19961 1997 19981 19991 2000 I 2001 I 20021 20031 2004 

~ 
3471 3471 3471 3471 3471 347 

M M 58 M M M 
3471 3471 3471 3471 3471 3471 347 

M M M M M M M 

2005 

347 

M 

20081 20071 20081 20091 2010 

3471 3471 3471 3471 347 

M M M M M 

MWt 404.25 404.25 404.25 404.25 404.25 404.25 404.25 404.25 404.25 404.25 404.25 404.25 404.25 404.25 404.25 404.25 404.25 404.25 404.25 

::::::b:: i :ZJ::,li ,::: ;:::i~:: ;:: ~:: ~:: ;::~t~:: ~:: ~:: 5::: 8::: ~::I 
~~~-~~.~~~~~~

~~~~~~.I 

%lye.. 0.00% 0.00% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 

% 0.0% 0.0% 0.7% 1.3% 2.0% 2.7% 3.4% 4.1% 4.8% 5.5% 8.2% 6.9% 7.8% 8.3% 9.0% 9.7% 10.5% 11.2% 12.0% 

MWt 0.0 0.0 2.7 5.5 8.4 11.3 14.3 17.4 20.5 23.7 27.0 30.4 33.9 37.4 41.0 44.7 48.4 52.2 58.1 

~ Cumulative DH Growth MWt 0.0 0.0 8.8 13.2 19.9 28.7 33.5 40.4 47.41 54.5 
83.5 9O'9198.41~ 108'~ 113~7 121.4 

t-!!. Tolal Anticipated HW Dom. (sondouQ w/o ConI. MWt 404.3 404.3 410.8 417.4 424.1 430.9 437.8 444.7 45!!.L 458.7 

12 ReductionlorEnd-U.oConservallon %lye.. 0.00% 0.00% 0.5O'lC. 0.76,,".,1.00% 1.50% 2.00% 2.!Io% 2.5O'lC.I 2.1ia% 
~=+c-..c;;;.:::...~~7 ... 7 485.2 _5027 510.3 _~!!9 .!i~ 

Q.'75% O.!IO% 0.25% 0.15% 0.12% 0.10% 

13 Cumulative End-Use Conservallon Effect % 0.0% 0.0% 0.5%1 1.3%1 2.3%1 3.8%1 5.9%1 8.5%1 11.2%1 13.5%1 15.2%1 16.8%1 17.8% 18.7% 19.2% 19.5% 19.7% 19.9% 20.0% 

14 Tolal Expected Peak HW Demand MWt 404.3 404.3 408.81 412.21 414.51 414.51 412.01 408.81 400.91 397.01 395.21 394.51 395.0 396.7 399.91 404.41 409.61 415.01 420.8 

15 DIstrIbution Heat Loss as HL are repaired (grosl) % 2O.CiO,j, t!ii.oo'l' j::1 1~~=1'!::1 t~:=ll~:=:Llt=ll;:ll;:=ll:::ll~:ll~::: 1~.25" 
t5i:i'li> 

1.2.00%1 ".7$'11>1 lU;O""1 ~1·2!I%ll0.00% 
·t.5O%1.5O'lC. 1./10% 1.1;0'" 1.so% 

18 In-Plant Heat Exchangor Losl % .'I.!56'" :i.isti% 

17 I Total GrOll HW Peak Demond (from pianO. MWt I MWt 5131 5131 5191 5171 5131 5071 4981 4881 4781 489 4941 4901 4581 4591 4911 4951 4701 475 474 

18 Peak Steam Demand 

t9 Adl. for design ambient (-I5C) 

o 0 000 0 0 a 0 0 

o 0 000 000 a 0 00000000 

~ 
20 MaxImum Expected End-Use Demand ~ 0 .0 00 .. ~ 0 0 0 0 0 !! 0 0 _~O __ 0 __ .~O _o~_ o 0 O~ 0 I t I 0 

o 
o 
o 

21 Expected ConnecHon of New DH Conlumers 

22 Expected DH Growth with New IndUStry 

23 CumulaHve DH Growth 

24 1 Total AnticIpated Steam Dem. (sendoull wlo Coni. 

25 ReducUon for End-Use ConservaUon 

28 CumulaUve End-Use ConservaUon Effect 

27 Total Anticipated Steam Peak Demand 

281 Percent Heat Loss as HL ere repaired 

29ITotal Gross Steam Peak Deman~o"!j)l~ MWt 

30 I ReducHon (steam) for CoincIdence 

311ColncidentNetSteam Peak Demand 

32 I Total Groll HW and Steam Concldent Demand 

MWt 

MWt 

MWt 

MWt 

%lyear 

% 

MWt 

% 

MWt 

~15.0% 

0.0 p.o I 0.0 .11.0 • ~.O ~,o y.o D.O 11.11 11·0 

0.0 0.0 o~oii.OI 0.0 6.0. 0;0 CUI 0.0 0.0 

M M M M M M M M M M 

0.0 0.0 .. ii.o .11.0 11.0 0.0 D.!! 0.0 

O.D 0.0 0.00.0 h.ii M· ii.o 0.0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 

0.0 
0.0 

MI MI MI MI MI MI MI MI MI MI MI MI MI MI MI MI MI MI M 

0.00% 
O.IO%t 0.10% 

0.0% 
9.7% 10.0% 

0.0 
0.0 0.0 

25.00%125.00%125.00%123.00%121.00%120.00%1 19.00%1 18.00%1 17.00%118.00%115.00%114.50%114.00%1 13.50%1 13.00%1 12.75%1 12.50%1 12.25%1 12.00% 

a o o a o a o o o o o o a o o a o o a 

o o o o o o o o o o o a o o o o o o o 

a o a o o o o o o o o o o o o o o 01 0 

513 513 519 517 513 507 498 498 478 489 484 480 458 459 491 485 470 4751 .474 
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Exhibit 3-4 

Liulin HS System Peak Load and Future Demand 
Projection 

Ve .. 

- .. .. .. .. 

u. Its I 1992\ 1993\ 1994\ 19951 1998\ 1997 1998 1999\ 2000 2001 2002\ 2003 2004 2005 2008\ 2007\ 20OS\ 2009\ 2010 

I Peak Hot Water Domand (plMt .ondout. historical) ~ 280 280 280 280 280 280 260 

43 
2801 280 260 

43 

2801 280 260 

43 

260 

43 
2601 2801 2801 2801 280 

2 AdJ. lor design am blent(-I 5C1 ~ 43 43 43 43 43 43 43 43 43 43 43 43 43 43 43 

3 Maximum Expecled End-Uso Domand MWt 303.33 303.33 303.33 303.33 303.33 303.33 303.33 303.33 303.33 303.33 303.33 303.33 303.33 303.33 303.33 303.33 303.33 303.33 303.33 

4 Expectod Connection 01 Now DH Consumers MWt' 0.11 :: 0.0 2~9 '2.8:">:2.9' '2.9 2.9\2.112.9 2.S ·2.9 2."··2j .. ' 2.9::2.11 a.92.S 2.92.9 

5 CumulaUve Expectod ConnecUon 01 New Conlumer. MWt 0.0 0.0 2.8 ~.iI 8.6 WI 14.4 11.3 20.2 23.1 as.1i 2ilJi 31.1 34.837.& 40.3 43.2 48.1 49.0 

8 Expectod DH Growth with Now Housing %lyear (1.00% .. ' O.DO% .' 1I.sii% II.~ .,: O~ .(I.50'i4 0.50%0.50% . O.~ 0.50'" O.i!O% 0.iiD%0.5o% O.~ (I~50'li. ·1I.i!O'J> 0.50% 0.50% 0.&% 

7 Expected DH Growth with Now Publlc/Commerclal %lyear 0.00% 0.00% 0.17'J> 0.17% 0.17% 0.17'J> 0.17% 0.17'J> 0.17% 0.17% 0.17% 0.17% 0.17'J> 0.17'J> 0.17% 0.17% 0.17'J> 0.17% 0.17'J> 

8 CumulaUve DH Growth with New Publlc/Commerclal % 0.0% 0.0% 0.7% 1.3% 2.0% 2.7% 3.4% 4.1% 4.8% 5.5% 8.2% 8.9% 7.8% 8.3% 9.0% 9.7% 10.5% 11.2% 12.0%1 

9 MWt 0.0 0.0 2.0 4.1 8.3 8.5 10.7 13.0 15.4 17.8 20.3 22.8 25.4 28.0 30.7 33.5 38.3 39.2 42.11 

10 CumulaUve DH Growth MWt 0.0 0.0 4.9 9.9 14.9 20.0 25.1 30.3 35.8 40.9 46.2 51.8 117.1 82.8 88.2 73.8 79.5 85.3 91.1 

II\Total Anticipated HW Dom. (sendou~ wlo Cons. I MWt I 303.31 303.31 3OB.31 313.21 31B.31 323.31 328.51 333.71 338.91 344.21 346.8 I 355.0 ( 380.41 388.01 371.51 3n.21 382.91 3S8.8 ( 394.5 

12 ReducUon lor End-U.o ConservaUon %/year I o.oo%IO:~ I O.m r ii.71l" It~OO% 1,.50%12;;% 12.50% '2.!i~ 2.oci%l . 1.eO~1:2!1% 11.ai>% T 0.75%/":50%1 0.25" 1 0.11l" I 0.12% I 1i.;0% 

13 CumulaUve End-Use Con.orvaUon Effecl % 

14 Total Expected Peak HW Demand MWt 

15 Distribution Heat Los. as HL are repaired (gros.) % 

18 In-PlantHeatExchangorLos. % 

0.0% 0.0% 0.5% 1.3% 2.3% 3.8% 5.8% B.5% 11.2% 13.5% 15.2% 18.8% 17.8% 18.7% 19.2% 19.5% 19.7% 19.9% 20.0% 

303.3 303.3 306.7 309.3 311.0 311.1 309.2 305.2 300.8 267.9 298.6 298.0 298.4 267.7 300.0 303.5 307.4 311.4 315.8 

2O.liO% 20;00%20.60" '9.00%I':00~ 17:00% 1$.00% 1$~OO" 14~% ,"~gO~ 13:50% 13.00% tUb" 12;25% 12.Po%11.75% 11~~~ 11.~% 10.00% 

1.i;O%i~1.~1.i;O" j~t~.l5b%(~i~ .:I.&o%,.isO'ir..I.5O;r. 1.!iO%t50% 1:50% 1.5O<Jj,f,i;o;r.t.oo% \.60% 

17\Total Grosl HW Peak Domond (frolllplanll.MWt I MWt I 3851 3851 3891 3881 3851 3801 3741 3851 3571 3521 3481 3451 3441 3441 3481 349\ 353\ 356\ 356 

16 Peak Steam Demand ~ 0 0 0 0 0 0 a 0 0 a 0 0 0 0 0 0 a 0 a 

19 Adl.fordeslgnamblent(-15C) ~ 0 0 a 0 0 0 0 0 0 0 a 0 a a 0 0 0 0 0 

20 Maximum Expectod E.d-Uso Demand 0 0 0 0 a a 0 0 0 0 0 0 0 a a a 0 a a 

21 ExpectedConnecUonolNowDHConsumers MWt~'?/~·ea.~~:o •..•.. ?'f~.ij/?~OIl.O?~ .'.~.o (j.0 ~.DO.?~.ij ~.~ 0.0 0.0 0,11 0.0 

22 Expected DH Growth with Now Industry MWt 0.0 0.0 0.0 11.0 0.0 . 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . (1.0 0.0 M 0.0 0.0 

l 23 Cumulative DH Growth MWt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O.~ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

24 Total Anticipated Bloam Dom. (.endou~ wlo Coni. MWt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

25 1 ReducUon lor End-UseCon.ervation 1 %lyearl 0·00%1 0.00%1 0.15%1 0.25%1 0·50%1 0.75%/,.00%11.25%11.50%1,.25%11.00%1 0.75%1 0.50"'1 0·20%1 0.10%1 0.10%1 0.10%1 0.10%1 0.10% 

26 CumulaUve End-Uso Consorvation Effect % 0.0% 0.0% 0.2% 0.4% 0.8% 1.7'J> 2.7% 4.0% 5.5% 6.8% 7.9% 6.7% 9.3% 9.5% 9.6% 9.7% 9.6% 9.9% 10.0% 

271Total Anticipated Sleam Peak Demand I MWt I 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0,01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.0\ 0.0\ 0.0 

28' Percent Hoat Los. as HL are r~alred % 25.00%' 25.00%' 25.00%' 23.00%' 21.00%' 20.00%' 19.00%' 18.00%' 17.00%' 16.00%' 15.00%' 14.50%, 14.00%' 13.50%1 13.00%, 12.75%, 12.50%' 12.25%1 12.00% 

28ITotal Gross Bleam Poak Demand (from plant), MWI I MWt 0\ 0\ 0\ 0\ 0' 01 01 0\ 01 0) 01 01 01 01 01 0\ 0\ 0\ 0 

30 \ RoducUon (sleam)I .. Colncldonce I. ";:1$.0" a o a o o o o a o a o o a o o o o o a 

31 \ Coincident Not Stoam Peak Domand a o o o o a o o o o o o a a o a o o o 

32 \ Total Gross HW and Steam Coincident Demand 385 385 389 388 385 380 374 385 357 352 348 345 344 344 348 349 353 358 358 
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REPUBLIKA TPHs 

Parameter 

1 Peak Hot Water Demand (plant lendout. hlltorlcal) 

2 Adj. for design ambient (-lSC) 

3 Maximum Expected End-Use Demand 

4 Expected Connection of New DH Consumers 

5 Cumulative Expected Connection of New Conlume" 

8 Expected DH Growth with New Houllng 

7 Expected DH Growth with New Publlc/Commerclal 

8 Cumulative DH Growth with New Publlc/Commerclal 

9 

10 Cumulative DH Growth 

11 IT otal Anticipated HW Oem. (sen douQ wlo Coni. 

12 Reduction for End-Use Conservotion 

13 Cumulative End-Use Conservation Effect 

14 Total Expected Peak HW Demand 

15 Distribution Heat Loss as HL are repaired (gross) 

16 In-Plant Heat Exchanger Loss 

17 I Total Gross HW Peak Oem WId (!rom planQ. MWt 

18 Peak Steam Demand 

19 Adj. for design ambient (-15C) 

20 Maximum Expected End-Use Demand 

21 Expected Connection of New DH Consumers 

22 Expected DH Growth with New Industry 

23 Cu mulative DH Growth 

241Total Anticipated Steam Oem. (sendouQ wlo Coni. 

25 Reduction for End-Use Conservation 

28 Cumulative End-Use Conservation Effect 

27 Total Anticipated Steam Peak Demand 

281 Percent Heal Losl as HL are repaired 

29ITotal Gross Steam Peak Demand (from plant!. MWt 

30 I Reduction (steam) for Coincidence 

311 Coincident Net Steam Peak Demand 

321Total Gros. HW and SIeam Concldent Demand 

Exhibit 3-5 

Republika TPS System Peak Load and Future Demand 
Projection 

Year 

UnKs I 18921 18831 18941 19951 18981 19971 19981 18991 20001 20011 20021 20031 20041 20051 20081 20071 20081 20091 2010 

1861 1681 1681 1861 1881 1681 1861 1861 1881 18BI 1881 18BI 1881 1881 1881 18BI 168 
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 

217 217 217 217 217 217 217 217 217 217 217 217 217 217 217 217 217 

1881 188 
31 31 

217 217 
~ 

MWt 

MWt 0.0 O.()·\i. f2.li.J'.<?12.12.1 2~11!.1 ~.1 2.12"2;12.1I~.12.1 
MWt b.D 0.0 2.1 . 4.1 .::::c u 8.2 10.31;1;4 14.4 le.5 18.6 20.8 .· •. 2:1.1 24.1 . 26.8 28.9 3o.a 3:::1 ~:~ 
~~~~~~~~~~~~~~~~~~ o.!i0'J6\ 0.~0% 
%lyear 0.00% 0.00% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 0.17% 

" 0.0% 0.0% 0.7% 1.3% 2.0% 2.7% 3.4% 4.1% 4.8% 5.5% 8.2% 8.9% 7.8% 8.3% 9.0% 9.7% 10.5% 11.2% 12.0% 

MWt 0.0 0.0 1.5 3.0 4.11 8.1 7,7 9.3 11.0 12.7 14,5 18.3 18.2 20.1 22.0 24.0 26.01 28.01 30.1, 

MWt 0.0 0.0 3.5 7.1 10.7 14,3 18.0 21.7 25.4 29.2 33.1 36.8 40.9 44.8 48.8 52.8 56.9 81.0 65.2 

MWt I 217.01 217.01 220.51 224.1J 227.71 231.31 235.01 238.71 242.41 248.2J 250,11 253,91 257.91 281.81 285.81 289.81 273.91 278.01 282.2 

%lyearl 6.~IIi·~t ·rl:~I~,75"ltiiiiil···.1.~1 2'&%1 do"I' 2'~1 a;"""1 ~'~I' 1.2~1· 1·00%1 o,7~"I·O·!5ii;r.11i.25'lC.1 0.,5"1 0.,2%1 0.;0% 
% ~.O% 0.0% 0.5%' 1.3% 2.3% 3.8% 5.8% 8.5% 11.2% 13.5% 15.2% 18.8% 17.8" 18.7% 19.2% 19.5% 19.7% 19.9% 20.0% 

MWt 225.8 

% 10.00'lC. 
% t.5o% 

MWt 

I·' 17% 

275 

o 
o 
o 

275 

o 
o 
o 

278 

o 
o 
o 

277 

o 
o 
o 

275 

o 
o 
o 

272 

o 
o 
o 

287 

o 
o 
o 

281 

o 
o 
o 

258 

o 
o 
o 

252 

o 
o 
o 

249 

o 
o 
o 

247 

o 
o 
o 

248 

o 
o 
o 

248 

o 
o 
o 

248 

o 
o 
o 

250 

o 
o 
o 

252 

o 
o 
o 

255 

o 
o 
o 

255 

o 
o 
o 

::: I"::: 0.0 

0.0 
0.01 1).01 ... 0.01 D.O 
i06.6 .' ". o;~ 6.0 :::1::: 0.0 

ito 
0.0 

0·0 
0.0 

0.6 
0.1i 
0.0 

0.0 

~.O 
~.o 

0.0 
0.0 

ito 
0.0 

0.0 

0.0 

0.0 

0,0 

0.6 
0.0 

0.0 

MWt 

MWt 

%lyear 

% 

MWt 

% 

MWt 

"';11.0% 

0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.0 

0.01 MI MI MI MI MIMI MI MI MI MI MIMI MI MI MI MIMI M 

0.00% 0.10% 

0.0% 10.0% 

0.0 0.0 

25.00%1 25.00%1 25.00%1 23.00%1 21.00%1 20.00%1 19.00%1 18.00%1 17.00%1 18.00%1 15.00%1 14.50%/ 14.00%1 13.50%1 13.00%1 12.75%/ 12.50%1 12.25%1 12.00% 

01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 0 

o o o o o o o o o o o o o o o o o o a 
o o o o o o o o o o o o o o o o o o o 

275 275 278 277 275 272 287 281 258 252 249 247 248 248 248 250 252 255 255 
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Aprll 1992 

1 
2 
3 
4 
5 
e 
7 
8 
9 

10 
II 
12 
13 
14 
15 
18 
17 
18 
19 
20 
21 
22 
23 
24 
25 
28 
27 
28 
29 
30 
31 

HW 
8250 
8300 
8150 
8400 
8800 
5700 
5400 
SOOO 
4000 
3400 
4100 
7500 
7800 
7500 
8300 
5850 
5900 
8000 
8800 
8500 
8700 
7500 
5900 
5100 
5900 
4900 
SOOO 
4900 
2800 
2950 

S18am 
2350 
2300 
2350 
1000 

750 
1800 
1750 
1700 
1700 
1750 
1300 
1000 
1000 
1150 
2000 
1800 
1250 
750 
850 

1250 
2250 
3000 
1900 
1750 
500 
300 
300 

1000 
1300 
1150 

.. 
May 

HW Steam 
2800 300 
2350 350 
2450 300 
2400 800 
2800 1100 
2800 1050 
2200 1050 
2000 950 
3100 500 
3400 400 
2800 1000 
2550 1800 
2800 1850 
2800 1750 
3250 1850 
2800 750 
2750 450 
2800 1250 
2250 1800 
2500 1800 
2800 1500 
2550 1400 
2750 500 
3000 350 
4000 1050 
2800 1800 
2800 1800 
2500 1450 
2400 1400 
2400 500 
2700 400 

.. 
June 

HW S18a 
2100 1000 
2400 1100 
2750 1350 
2500 1300 
2300 1500 
2200 800 
2450 350 
2150 1000 
2100 1500 
1800 1450 
1850 1350 
2100 900 
1800 100 
1700 
850 

900 
900 

1000 
950 

1300 
1400 
1350 
1550 

800 
450 
800 

1100 

.. ... .. .. .. ' .. 
Exhibit 3-6 

Hot Water and Steam Demand Data 
(April, 1992 through March, 1993) 

...... _-r ......... '" 
July Au ust September October NOIIIImber December 

HW S18am HW S18am HW StMm HW S18am HW S18am HW Steam 
1250 2200 300 2100 1200 1500 1000 4900 800 8800 2400 

400 1250 2350 350 1800 llSO 2100 300 4800 1000 9400 2400 
1200 950 2800 850 2000 llSO 2100 300 5100 1300 10300 2500 
2100 1100 2800 850 1750 1000 2000 200 5300 1300 9800 2300 
2300 450 2700 900 2000 300 1700 700 5400 1300 7200 1900 

850 200 2800 900 1900 150 1800 1200 5700 1200 7200 1900 
2300 1000 2700 900 2150 1000 1800 1200 8300 850 7300 1350 
2300 1000 2500 300 1850 1000 1700 1200 5800 500 8000 2200 
2850 900 2300 300 1800 900 1700 1200 5900 1100 9100 2750 
2850 900 2400 850 2000 900 1900 300 8500 1500 8900 2400 
2800 300 2400 850 2000 900 1900 200 noo 2000 8000 1500 
2750 250 2800 850 21SO 200 2000 800 7100 2200 8200 2000 
2800 700 2150 850 2200 200 2000 1400 noo 2300 9000 1700 
2850 900 2250 800 21SO 700 2400 1500 noo 1400 10000 2000 

850 950 2250 200 2050 1000 2900 1550 9000 1250 9200 2700 
1800 850 2300 200 2400 1000 2800 1800 9800 2000 10000 2500 
2850 850 2400 450 2050 1100 2700 700 9000 2400 10900 2500 
2350 300 2250 900 2150 700 2700 500 7500 2300 11100 2300 
2400 200 2100 900 1900 200 2800 1000 7300 2200 11100 2100 
1750 700 2250 850 2150 ISO 2900 1800 8200 2000 11300 1800 
1400 900 2050 800 2100 700 2900 1500 9000 1800 11700 2500 
1250 900 2000 200 2100 1000 2700 1200 9100 1400 11100 2800 
1150 900 1850 250 2100 1000 2800 2000 eooo 2000 l0e00 2400 
1950 1000 2000 800 1300 1000 3200 800 eooo 2500 11000 1800 
1800 700 2100 850 1300 900 3300 500 8300 2400 10800 1800 
1900 300 1750 1000 1550 250 4300 1300 8200 2300 11200 1300 
2000 850 1800 1050 2300 200 5100 2200 7100 2100 11200 1500 
2000 1100 2000 850 2350 750 5800 1800 noo 1800 9800 1500 
2200 1050 2100 350 2150 1050 4800 1300 7800 1400 11200 1400 
2200 1150 1900 300 2150 1100 5100 1100 8100 2000 12000 1500 
2300 950 1900 65(1L-- - ~-~L--- _ 12200 1500 

.. .. .. 
January, 1993 February March 

HW S18am HW Steam HW Steam 
11800 1500 11800 2500 10300 2300 
12000 1700 12000 2900 10700 2300 
12100 1500 11900 2800 l0e00 2000 
12800 1750 10800 2700 10800 2400 
10000 1800 9700 2500 l0e00 2400 
8200 1900 8500 1800 8500 2350 

12700 2100 8500 1550 11800 2000 
12400 2400 9900 2200 11000 2500 
12000 2000 9950 2400 11100 2800 
11500 1900 9700 2350 8000 2800 
11700 2200 9750 24SO 10250 2800 
10300 2400 10250 24SO 9800 2200 
11900 2500 11200 2000 9150 1900 
8800 2400 10800 1950 8500 1500 
8700 1800 10500 2500 8400 2000 
7800 1750 12100 3000 8350 2250 
8900 1700 11850 3000 9100 2100 
8200 2000 11900 2900 7500 2300 
8100 2400 11700 2800 7800 1500 
8400 2500 10400 2000 8000 1100 
9300 2500 l0e00 1900 7500 850 
8800 2000 9950 2500 8700 1400 
8850 1800 11500 2950 5100 1450 
8150 1800 11100 2900 4900 120 
8000 2000 11300 2800 4700 1250 
9000 2400 11900 2850 5100 1200· 

10000 2500 11700 2200 e950 700 
10700 2400 12000 2100 8900 

1~~1 l0e00 2350 7300 
9700 2000 8400 1400 

11500 1800 9000 1400 
f7UaG C2t5O 13000 322150 31050 21!1000 _ 24.:JD __ tlillO ... 228150 18200 320lIO 2t1lm e0200 307«)0 13000 3'0700 13550 303O!iO elMO 2M8OO S.17O 

30 30 31 31 15 25 30 31 31 31 30 30 31 31 30 30 31 31 31 31 28 28 31 31 
Reamo.n"" In lise_In Order - S18am FolloWS 

2000 950 0 1250 1850 250 1500 1000 7200 1900 8200 1900 4700 1250 
2800 1300 2200 1050 1350 400 1250 1750 1000 1300 1000 1800 1200 4800 1000 7200 1900 7800 1750 4900 120 
2950 1150 2250 1800 850 200 1800 1050 1300 900 1700 1200 4900 800 7300 1350 eooo 2000 5100 1450 
3400 1750 2350 350 1400 850 950 1900 300 1550 250 1700 700 5100 1300 8000 2200 8100 2400 8500 1800 5100 1200 
4000 1700 2400 500 800 1150 900 1900 850 1750 1000 1700 1200 5300 1300 8000 1500 8150 1800 8500 1550 8000 2800 
4100 1300 2400 800 450 1200 950 2000 850 1800 900 1800 1200 5400 1300 8200 2000 8200 2000 9700 2350 8500 1500 
4900 300 2400 1400 800 1250 900 2000 200 1800 l1SO 1900 300 5700 1200 8800 2400 8400 2500 9700 2500 8700 1400, 
4900 1000 2450 300 1550 1400 900 2000 800 1850 1000 1900 200 5800 500 8900 2400 8700 1800 97SO 24SO 8900 750 
SOOO 300 2500 1800 1300 1750 700 2050 800 1900 200 2000 200 5900 1100 9000 1700 8800 2400 9900 2200 8950 700 
SOOO 1700 2500 1450 1100 1800 700 2100 900 1900 ISO 2000 1400 8300 850 9100 27SO 8800 2000 99SO 2500 7300 1150 
5100 1750 2550 1800 1800 850 2100 850 2000 llSO 2000 800 8500 1500 9200 2700 8850 1800 9950 2400 7500 850 
5400 1750 2800 750 900 1900 300 2100 350 2000 300 2100 300 7100 2100 9400 2400 8900 1700 10250 24SO 7500 2300 
5700 1800 2800 1800 900 1950 1000 2150 850 2000 900 2100 300 7100 2200 9800 2300 9000 2400 10400 2000 7800 1500 
5850 1800 2800 1800 2000 1100 2200 300 2000 900 2400 1500 7300 2200 9800 1500 9300 2500 10500 2500 8000 1100 
5900 1250 2800 300 1000 2000 850 2250 850 2050 1100 2700 700 7500 2300 10000 2500 9700 2000 l0e00 19SO 8350 2250 
5900 1900 2800 1100 950 2100 1100 2250 200 2050 1000 2700 1200 noo 2300 10000 2000 10000 1800 10800 1900 8400 1400 
5900 500 2800 1750 850 2200 1150 2250 900 2100 1000 2700 500 noo 1400 10300 2500 10000 2500 10800 2700 8400 2000 
8000 750 2800 1850 1700 2200 1050 22SO 800 2100 1000 2800 2000 noo 2000 l0e00 1800 10300 2400 11100 2900 8500 2350 
8150 2350 2800 1000 1800 14SO 2300 450 2300 300 2100 700 2900 1800 noo 1800 l0e00 2400 l0e00 2350 11200 2000 9000 1400 
8250 2350 2700 400 1800 100 2300 1000 2300 200 2100 1200 2800 1000 7800 1400 10900 2500 10700 2400 11300 2800 9100 2100' 
8300 2300 2750 450 1850 1350 2300 950 2350 350 2150 700 2900 1500 eooo 2000 11000 1800 11500 1800 11500 2950 9150 1900 
8300 2000 2750 500 2100 1000 2300 1000 2400 850 21SO 200 2900 1800 eooo 2500 11100 2300 11500 1900 11700 2200 9800 2200 
8400 1000 2800 1500 2100 1500 2350 300 2400 850 2150 1050 2900 1550 8100 2000 11100 2100 11700 2200 11700 2800 10250 2800 
8500 1250 2800 1050 2100 900 2400 200 2400 450 21SO 1000 3200 800 8200 2300 11100 2800 11800 1500 11800 2500 10300 2300 
8700 2250 2800 1250 2150 1000 2800 300 2500 300 2150 150 3300 500 8200 2000 11200 1400 11900 2500 11950 3000 l0e00 2000 
8800 850 2550 1400 2200 800 2850 900 2800 850 2150 700 4300 1300 8300 2400 11200 1300 12000 1700 11900 2900 10700 2300 
8800 750 3000 350 2300 1500 2850 850 2800 900 2150 1100 4800 1300 9000 1800 11200 1500 12000 2000 11900 2850 l0e00 2400 
7500 1000 3100 500 2400 1100 2850 900 2700 900 2200 200 5000 500 9000 2400 11300 1800 12100 1500 11900 2800 l0e00 

5J 7500 3000 3250 1850 2450 350 2850 900 2700 900 2300 200 5100 2200 9000 1250 11700 2500 12400 2400 12000 2900 11000 
7500 1150 3400 400 2500 1300 2750 250 2900 850 2350 750 5100 1100 9100 1400 12000 1500 12800 1750 12000 2100 11100 
7800 1000 4000 1050 2750 1350 2800 700 2800 850 2400 1000 5800 1800 . 9800 ,--2OOQ. 12200 1500 12700 2100 12100 3000 11800 
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DISTRICT HEATING FEASIBILITY STUDY BASES FOR ENGINEERING AND ECONOMIC ANALYSIS 

This progression is developed in Page 1 of Exhibit 3-7 both as cumulative 
megawatt hours and subsequently as average megawatts over 24 hour 
decrements from maximum hours in the month through the 24 hour peak. Finally, 
in Page 2 of Exhibit 3-7, data are reorganized in a matrix with X axis coordinates 
from zero to maximum hours in the month and Y axis coordinates in descending 
order from maximum to minimum levels of hot water demand. Hot water load 
duration curves representative of these data are developed for each test month in 
the two pages of Exhibit 3-8. 0 

Since historical data were provided only on a daily basis, it was not possible to 
represent demand levels other than as daily (24 hour) averages. However, given 
the relatively long reaction time of hot water loads, this was considered not 
unreasonable for purposes of this analysiS. 

Since one of the principal functions of the economic analysis model applied in 
Section 8.0 is to establish a reasonable approximation of fuel costs under 
alternative system configurations, it is essential also to access data representing 
total megawatt hours through various load levels, i. e., the area under the 
respective monthly load duration curves. Exhibit 3-9 illustrates the development 
of MWH relationships (% of total monthly MWH) at each tenth percentile of peak 
hot water demand, the basis utilized within the model to interpolate production 
levels. 

While hot water load criteria have been controlling in the development of demand 
data described above, simultaneous steam requirements have been represented 
as well. Since in most cases, heat in the form of hot water and steam is served 
from the same facilities, it is inappropriate to consider independent load profiles for 
each commodity. On the other hand, as demonstrated in the two pages of 
Exhibit 3-10, it is difficult to establish a meaningful pattern of steam loads 
coincident with hot water demands. Consequently, in the table of load simulation 
model inputs summarized in Exhibit 3-10, steam loads are treated uniformly 
through all time periods. Total monthly production of hot water and steam and 
average electric internal use based on provided statistics are shown at the bottom 
of this exhibit. Where minor differences with detail data occur, these reported 
statistics are assumed to prevail. 

In a manner similar to that illustrated for TPS Sofia, demand criteria was also 
established from information provided for Trajco Kostova. The resultant load 
duration curves are shown in the two pages of Exhibit 3-11. A comparison of Sofia 
and Trajco Kostova load profiles is shown in Exhibit 3-12. Since necessary detail 
was not available for either Liulin or Pernik, Sofia load profiles were applied as a 
surrogate. 

In each case, however, such generalized load shapes were related to actual 
monthly production totals available for both locations. 

Gilbert/Commonwealth International, Inc. 
3-14 
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Exhibit 3-7 

Toml MWH owr .. ..Q!!l a 
Hot Water and Steam MW at 24 Hour Use Intervals 

31 0 82000 0 0 51150 0 46500 0 ~ ~112200 

30 84000 eeooo 0 12000 52500 39000 48000 ~44000 0 

== 29 85550 65250 0 24650 52200 0 49300 42100 ~117oo 

28 95200 fl5800 0 0 53200 43400 0 142800 ~4OOO = 27 10B000 64800 0 31050 0 47250 0 143100 0 

26 l0ee00 0 0 31200 52000 48800 48800 140400 13200 ~132OO 

25 122500 0 0 31250 0 0 47500 142500 220000 ~loooo 

24 0 5B6OO 0 33IlOO 0 <44400 0 39200 213800 = 23 115000 57500 0 40250 47150 43700 46000 135700 207000 

:'2 0 0 0 39600 46200 0 0 13B600 200200 0 

:<1 107100 53550 0 0 0 42000 0 136500 193200 ~65850 

20 10B000 52000 0 38000 0 0 42000 142000 166000 ~78000 

19108300 0 0 37050 40850 0 0 0 162400 171000 

18105300 0 0 36000 3Il6OO 0 43200 131400 176400 167400 

17 100300 0 0 0 36250 34650 45900 127500 170000 ~64900 

16 0 0 0 33IlOO 0 0 0 123200 0 1I10000 

15 0 0 12750 33000 0 31500 0 0 154500 0 

14 84000 0 23800 0 0 0 39200 0 146400 144200 

13 70050 0 234DO 29900 29900 0 0 0 140400 37600 

12 75000 32400 0 0 0 0 0 93800 130600 126400 

11 69300 30250 20350 0 25650 23650 31900 86000 21000 26500 

10 0 0 21000 0 24000 0 0 0 111000 0 

9 57600 25200 0 21150 0 0 0 72900 0 0S300 

6 S2000 0 0 19200 0 0 25600 85600 0 94400 

7 46900 0 15050 16200 17500 0 23100 0 76400 63300 

8 4OBOO 17100 13200 15900 15600 0 25600 4aeoo 0 72000 

5 0 15000 11500 0 0 0 24000 4SOOO 0 0 

4 30000 12400 aeoo 0 10600 8600 20000 0 45200 46400 

3 0 9750 7350 0 0 6900 15300 0 35100 37200 

2 0 8800 SOOO 5500 5600 4700 0 16200 24000 25200 

1 7600 4000 2750 2800 0 2400 5600 aeoo 12200 12700 

Hot Water MW .t Hours Use Lewis - Steam Follows 

Hrs "" .... ... - ""- ...... >tN_ ...- >tN_ ...... >tN_ ...- >tN_ -- >tN_ -- >tN_ ... - HW_ -- >tN_ --
744 0.0 0.0 83.3 39.6 0,0 0.0 0.0 52.1 66.6 10.4 0.0 0.0 62.5 41.7 0.0 0.0 300.0 79.2 256.3 79,2 

720 118.7 54.2 91.7 43.8 0.0 56.3 18.7 52.1 72.9 41.7 54.2 41.7 66.7 50.0 200.0 41.7 300.0 79.2 325.0 12.9 

696 122.9 47,9 93.8 75,0 0.0 0,0 35.4 8.3 75.0 43.8 54.2 37.5 70.8 50.0 204,2 25.0 304.2 56.3 333.3 83.3 

672 141.7 72.9 97.11 14.6 0.0 56.3 35,4 39.6 79.2 12.5 84.8 10.4 70.8 29,2 212.5 54.2 333.3 111.7 337.5 100.0 

648 168.7 70.8 100.0 20,8 0.0 33.3 47.11 31.5 79.2 27.1 72.9 41.7 70.8 50.0 220.8 54.2 333.3 62.5 339.6 66.7 

624 170.8 54.2 100.0 33.3 0.0 18.8 50.0 39.8 83.3 35.4 75.0 37.5 75,0 50.0 225.0 54.2 341.7 83.3 341.7 83,3 

600 204.2 12,5 100.0 58,3 0.0 33.3 52.1 37.5 83.3 8.3 75.0 47,9 79.2 12.5 237.5 SO.O 386.7 100.0 350.0 104.2 

578 204.2 41,7 102.1 12.5 0.0 64.8 58.3 37,5 83.3 25.0 77.1 41.7 79.2 8.3 241.7 20.8 370.8 100.0 3112.5 75.0 

552 208,3 12.5 104,2 75.0 0.0 54.2 72.8 29.2 65.4 33.3 79,2 8.3 83.3 8.3 245.8 45.8 375.0 70,8 366.7 100,0 

528 208.3 70.8 104.2 80.4 0,0 45.8 75,0 29.2 87,5 37.5 79.2 8.3 83.3 58.3 262.5 27.1 379.2 114.8 366.7 83,3 

504 212.5 12.9 108.3 86.7 0.0 0.0 75.0 35.4 87.5 35,4 83.3 47.8 83.3 33.3 210.8 62.5 383.3 112.5 366.8 75.0 

480 22S.0 72.9 108.3 31.3 0.0 37.5 79.2 12.5 87.5 14.8 83.3 12.5 87.5 12.5 295.8 87.5 391.7 100.0 370.8 70.8 

456 237,S 68.7 108.3 86.7 0.0 37.5 81.3 41.7 sa.8 35.4 83,3 37.5 67,5 12.5 295.8 91.7 400.0 as.8 375.0 100.0 

432 243.8 75.0 108.3 86.7 0.0 0.0 83.3 45.8 91.7 12.5 83.3 37.5 100.0 62.5 304.2 81.7 408.3 62.5 387.5 104.2 

408 24S.8 52.1 108.3 12.5 0.0 41.7 83.3 35.4 93.8 35,4 65.4 45.8 112.5 29.2 312.5 95.8 418.1 104.2 404.2 83.3 

384 245.8 79.2 108.3 4S.8 0,0 39.8 87.5 45.8 93.8 8.3 65.4 41.7 112.S 50.0 320.8 as.8 418.7 83.3 418.7 75.0 

380 245.B 20.8 108,3 72.9 35.4 0.0 91.7 47.9 93,8 37.5 87.5 41.7 112.5 20.8 320.8 58.3 429.2 104.2 418.7 104.2 

338 250.0 31.3 108.3 66.8 70.8 0.0 91.7 43.8 93.8 33.3 87.5 41.7 118.7 83.3 320.8 83.3 441.7 75,0 429.2 100.0 

312 258.3 97.9 108.3 41.7 75.0 80.4 95.8 18.8 95.8 12.5 87.5 29.2 118.7 fIB.7 320.8 75.0 4SO.0 100.0 441.7 97.9 

2BB 28D.4 97.9 112.5 18.7 75.0 4,2 95.8 41.7 95.8 8.3 87.5 50.0 118.7 41.7 325.0 58.3 454.2 104.2 445.8 100.0 

264 262.S as.8 114.8 18.8 n.l 56.3 95.8 39.8 97.9 14.8 89.8 29.2 120.8 62,5 333.3 83.3 458.3 75.0 479.2 75,0 

240 262,5 83.3 114,8 20.8 87,5 41.7 95.8 41.7 100.0 35.4 89.6 8.3 120.8 86.7 333.3 104.2 462,5 95.8 479.2 79.2 

218 288.7 41.7 118.7 62,5 81.5 62.5 97.9 12.5 100.0 27.1 sa.8 43.8 120.8 64,8 337.5 83.3 462.5 87.5 487.5 91.7 

162 270.& 52,1 118.7 43.8 87.5 37.5 100.0 8.3 100.0 18.8 89.8 41.7 133.3 33.3 341.7 95.8 462.5 106,3 491.7 62.5 

168 279.2 93.8 116,7 52.1 89,8 41.7 106.3 12.5 104.2 12.5 89.8 8.3 137.5 20.8 341.7 83.3 466.7 58.3 495,8 104.2 

144 283,3 27.1 118.8 58.3 91.7 25.0 110.4 37.5 106,3 35.4 sa.8 29.2 179.2 54.2 345,8 100.0 486.7 54.2 500.0 70.8 

120 283.3 31.3 125.0 14.8 as.8 62.5 110.4 35,4 106.3 37.5 89.6 45.8 200.0 54.2 375.0 75.0 486.7 62.5 500.0 83.3 

98 312.5 41.7 129,2 20.8 100.0 45.8 110.4 37,5 112.5 37.5 91.1 8.3 208.3 20.8 375.0 100.0 470.8 75.0 504,2 62.5 

72 312.5 125.0 135.4 66.8 102.1 14.8 110.4 31.5 112.5 37.5 as.8 8.3 212.5 81.7 375.0 52.1 487.5 104.2 516.1 100.0 

48 312.5 47.9 141.1 18.7 104.2 54,2 114.8 10.4 118.7 35,4 81.8 31.3 212.5 45.8 379.2 58.3 500.0 62.5 525.0 72,8 

24 318.7 41.7 186.1 43.8 114.8 56.3 118.7 29.2 118.7 27.1 100.0 41.7 241.1 66.7 408.3 83.3 508.3 62.5 529.2 87.5 

0 318.7 0.0 186.7 0.0 114.8 0,0 111'·7 --
0.0 118.7 0.0 100.0 0.0 _241.7 ~OQ ~3 0.0 508.3 Q.I) .J;;!9.2 0.0 

.. ~ .. ' ... 
0 45700 
0 47000 
0 47900 

~ 0 
0 162000 

~ 89000 
0 67500 

~ 185600 

f!2noo 159650 

~16900 60600 
0 157500 

~ 0 

~97600 144400 
189000 144000 

l102OO 41950 
0 134400 

162000 0, 

155400 ~19000 
145600 117000 
35600 109200 
26500 00650 
17000 96000 

0 92250 
94400 62400 
62950 742001 
71400 64200' 

0 540001 
0 0 

36000 

=1 0 
12100 

>tN_ ... - ttNIMlhtIIN 

0.0 0.0 195.8 52·!1 
0.0 0.0 204.2 5.01 
0.0 0.0 212.5 

:::1 354.2 86.7 212.5 
354.2 84.8 250.0 108.3 
404.2 97.9 270.8 62.5 
404.2 104.2 279.2 58.3 
408,3 102.1 267.5 31.3] 
412.5 81.7 289.6 29.2 
414.8 104.2 304.2 47.8] 
414.8 100.0 312.5 35.4

1 427.1 102.1 312.5 95.8, 
433.3 83,3 318.7 62.51 
437.5 104.2 333.3 45.8, 
441.1 81.3 347.8 93.81 
441.7 79.2 350,0 58.3, 
450.0 112.5 350.0 83.31 
462.5 120.8 354.2 97.9, 
466.7 83.3 375.0 58.3 
470.8 118,7 379.2 87.5 
479.2 122.9 381.3 79.2 
487.5 91.7 408,3 91.7 
487.5 106,3 427.1 108,3 
491.7 104.2 429.2 95.81 
493.8 125.0 441.7 83.3 
495.8 120.8 44S.8 95.8 
495.8 118.8 450.0 100.0 
495.8 118.7 450.0 100.0 
500.0 120.8 458.3 104.2 
500.0 87.5 462.5 116.1 
504.2 125.0 491.7 83.3 
504.2 0.0 -

481,7 -- 0.0 
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Descendlna Order 
Hrs tfNIMI _UN 

0 316.7 0.0 
24 316.7 41.7 
48 312.5 47.9 
72 312.5 125.0 
96 312.5 41.7 

120 263.3 31.3 
144 283.3 27.1 
166 279.2 93.8 
192 270.8 52.1 
216 266.7 41.7 
240 262.5 83.3 
2B4 262.5 95.8 
286 260.4 97.9 
312 256.3 97.9 
336 250.0 31.3 
360 245.8 20.8 
384 245.8 79.2 
408 245.8 52.1 
432 243.8 75.0 
458 237.5 00.7 
480 225.0 72.9 
504 212.5 72.9 
528 206.3 70.8 
552 208.3 12.5 
576 204.2 41.7 
BOO 204.2 12.5 
624 170.8 54.2 
B48 166.7 70.8 
672 141.7 72.9 
696 122.9 47.9 
720 116.7 54.2 
744 0.0 0.0 

- --. .. ..... ..... .. .... 

Exhibit 3-7 (Cont'd) 

Hot Water and Steam MW at 24 Hour Use Intervals 

_UN _UN tftilMl _IMI tftiUN _UN _UN soinUN _UN _UN _UN _UN HWIMI _IMI tftilMl _IMI _UN 

100.7 0.0 114.6 0.0 116.7 0.0 116.7 0.0 100.0 0.0 241.7 0.0 406.3 0.0 508.3 0.0 529.2 
100.7 43.8 114.6 56.3 118.7 29.2 116.7 27.1 100.0 41.7 241.7 00.7 408.3 83.3 508.3 62.5 529.2 
141.7 16.7 104.2 54.2 114.6 10.4 116.7 35.4 97.9 31.3 212.5 45.8 379.2 56.3 500.0 62.5 525.0 
135.4 66.8 102.1 14.6 110.4 37.5 112.5 37.5 95.8 6.3 212.5 91.7 375.0 52.1 487.5 104.2 516.7 
129.2 20.8 100.0 45.6 110.4 37.5 112.5 37.5 91.7 8.3 208.3 20.8 375.0 100.0 470.8 75.0 504.2 
125.0 14.6 95.6 62.5 110.4 35.4 108.3 37.5 89.8 45.6 200.0 54.2 375.0 75.0 466.7 62.5 500.0 
118.8 56.3 91.7 25.0 110.4 37.5 108.3 35.4 89.6 29.2 179.2 54.2 345.8 100.0 400.7 54.2 500.0 
116.7 52.1 89.6 41.7 108.3 12.5 104.2 12.5 89.6 6.3 137.5 20.6 341.7 83.3 466.7 56.3 495.8 
116.7 43.8 87.5 37.5 100.0 6.3 100.0 18.8 89.6 41.7 133.3 33.3 341.7 95.6 462.5 108.3 491.7 
116.7 62.5 67.5 62.5 97.9 12.5 100.0 27.1 89.6 43.8 120.8 64.6 337.5 83.3 462.5 87.5 487.5 
114.6 20.8 87.5 41.7 95.8 41.7 100.0 35.4 89.8 8.3 120.8 00.7 333.3 104.2 462.5 95.6 479.2 
114.6 16.8 77.1 56.3 95.8 39.6 97.9 14.6 89.6 29.2 120.6 62.5 333.3 83.3 456.3 75.0 479.2 
112.5 16.7 75.0 4.2 95.8 41.7 95.6 8.3 87.5 50.0 116.7 41.7 325.0 56.3 454.2 104.2 445.8 
108.3 41.7 75.0 80.4 95.8 18.8 95.8 12.5 87.5 29.2 116.7 00.7 320.8 75.0 450.0 100.0 441.7 
108.3 66.8 70.8 0.0 91.7 43.8 93.8 33.3 87.5 41.7 116.7 83.3 320.8 83.3 441.7 75.0 429.2 
108.3 72.9 35.4 0.0 91.7 47.9 93.8 37.5 87.5 41.7 112.5 20.8 320.8 58.3 429.2 104.2 416.7 
108.3 45.8 0.0 39.8 87.5 45.8 93.8 8.3 85.4 41.7 112.5 50.0 320.8 95.8 418.7 83.3 416.7 
108.3 12.5 0.0 41.7 83.3 35.4 93.8 35.4 65.4 45.8 112.5 29.2 312.5 95.8 416.7 104.2 404.2 
108.3 00.7 0.0 0.0 63.3 45.8 91.7 12.5 83.3 37.5 100.0 62.5 304.2 91.7 406.3 62.5 387.5 
108.3 66.7 0.0 37.5 81.3 41.7 89.6 35.4 63.3 37.5 87.5 12.5 295.8 91.7 400.0 95.8 375.0 
108.3 31.3 0.0 37.5 79.2 12.5 87.5 14.6 63.3 12.5 87.5 12.5 295.8 87.5 391.7 100.0 370.8 
106.3 66.7 0.0 0.0 75.0 35.4 87.5 35.4 63.3 47.9 83.3 33.3 270.8 62.5 383.3 112.5 368.8 
104.2 60.4 0.0 45.8 75.0 29.2 87.5 37.5 79.2 6.3 63.3 56.3 262.5 27.1 379.2 114.6 368.7 
104.2 75.0 0.0 54.2 72.9 29.2 85.4 33.3 79.2 6.3 63.3 8.3 245.8 45.8 375.0 70.8 368.7 
102.1 12.5 0.0 64.6 56.3 37.5 63.3 25.0 77.1 41.7 79.2 8.3 241.7 20.6 370.8 100.0 362.5 
100.0 56.3 0.0 33.3 52.1 37.5 63.3 8.3 75.0 47.9 79.2 12.5 237.5 50.0 366.7 100.0 350.0 
100.0 33.3 0.0 18.8 50.0 39.6 83.3 35.4 75.0 37.5 75.0 50.0 225.0 54.2 341.7 83.3 341.7 
100.0 20.8 0.0 33.3 47.9 37.5 79.2 27.1 72.9 41.7 70.8 50.0 220.8 54.2 333.3 62.5 339.6 

97.9 14.6 0.0 56.3 35.4 39.6 79.2 12.5 64.6 10.4 70.8 29.2 212.5 54.2 333.3 91.7 337.5 
93.8 75.0 0.0 0.0 35.4 8.3 75.0 43.8 54.2 37.5 70.8 50.0 204.2 25.0 304.2 56.3 333.3 
91.7 43.8 0.0 56.3 16.7 52.1 72.9 41.7 54.2 41.7 66.7 50.0 200.0 41.7 300.0 79.2 325.0 
83.3 39.6 0.0 0.0 0.0 52.1 00.8 10.4 0.0 0.0 62.5 41.7 0.0 0.0 300.0 79.2 256.3 

... 

.. III&J 

_UN -UN _UN 

0.0 504.2 0.0 
87.5 504.2 125.0 
72.9 500.0 87.5 

100.0 500.0 120.8 
62.5 495.8 116.7 
83.3 495.8 118.8 
70.8 495.8 120.8 

104.2 493.8 125.0 
62.5 491.7 104.2 
91.7 487.5 108.3 
79.2 487.5 91.7 
75.0 479.2 122.9 

100.0 470.6 116.7 
97.9 466.7 83.3 

100.0 462.5 120.8 
104.2 450.0 112.5 
75.0 441.7 79.2 
63.3 441.7 61.3 

104.2 437.5 104.2 
100.0 433.3 83.3 
70.8 427.1 102.1 
75.0 414.8 100.0 
63.3 414.6 104.2 

100.0 412.5 91.7 
75.0 406.3 102.1 

104.2 404.2 104.2 
63.3 404.2 97.9 
66.7 354.2 64.6 

100.0 354.2 00.7 
63.3 0.0 0.0 
72.9 0.0 0.0 
79.2 0.0 0.0 

..... 

-UN _UN 

491.7 0.0 
491.7 83.3 
462.5 116.7 
456.3 104.2 
450.0 100.0 
450.0 100.0 
445.8 95.8 
441.7 83.3 
429.2 95.8 
427.1 108.3 
406.3 91.7 
381.3 79.2 
379.2 87.5 
375.0 56.3 
354.2 97.9 
350.0 83.3 
350.0 56.3 
347.9 93.8 
333.3 45.8 
316.7 62.5 
312.5 95.8 
312.5 35.4 
304.2 47.9 
289.6 29.2 
287.5 31.3 
279.2 58.3 
270.8 62.5 
250.0 108.3 
212.5 50.0 
212.5 80.4 
204.2 5.0 
195.8 52.1 

.. ' 
a 
en 
-t ::a 
C; 
-t 
:z 

e -z 
G) 

"II 

~ 
en -III -I"" 
~ 

= C 

~ 

! 
rn 
"11 o 
:a 
m z 
Ci) 

Z 
m 
m :a 
Z 
Ci) 

~ 
c 
m 
(') 
o z o 
3: o 
~ 
~ 

!< 
en 
en 



I , 
I , 
I 
I 
I 
I 

I 
t 
I 

I , 

I 

DISTRICT HEATING FEASIBILITY STUDY BASES FOR ENGINEERING AND ECONOMIC ANALYSIS 

Exhibit 3-8 

Load Duration Curves - Sofia 
Hot Water 

(April, 1992 - September, 1992) 

APRIL 

Percent of Peak 
~~TT~~~~~~~~~~~~~~~100 

90 
80 
70 

·········~c; .... ·; .. "" .. ·:i 80 
· .. ····; .. '1'''' .... ·''150 

40 

rL:~:I.~:L:rr!ITIT:::;r;:;:':':'1]l: 
10 

~~~~~~~~~~~~~~~~~~O 

018 96 144 192 240 288 336 384 432 0180 528 576 624 672 720 
72 120 168 216 264 312 380 408 456 504 552 600 648 696 

Hours 

JUNE 

Percent 01 Peak 100 

90 
80 
70 

.!.... ..... 60 

50 

~ 20 
12 10 
o 0 

o 018 96 144 192 240 2B8 336 
24 72 120 188 216 264 312 380 

Hours 

AUGUST 

Percent of Peak 100 

" ...... ; ........ ; ............... 90 

80 
70 
80 
50 
40 
30 
20 

12 ........ ,. 10 

o 0 
o 018 96 144192240288336384432480528576624672720 

24 72 120 168 216 264 312 380 408456 504 552 600 648696 744 
Hours 

MAY 

,· .... ; .... ; .... ,···; .. ·H90 

80 
70 
80 
50 
40 

~ 30 
20 

.......................... , .............. :i 10 

o 0 
o 018 96 144 192 240 2B8 336 384 432 0180 528 576 624 672 720 

24 72 120 188 216 264 312 380 408 456 504 552 600 6018 696 744 
Hours 

JULY 

Percent of Peak 

12F, .... ·;· .. · .. ·· .. · .. ··.' ...... · .. 
O~~~~~~~~~~~~~~~~~~~ 

o 018 96 144 192 240 288 336 384 432 0180 528 576 624 672 720 
24 72 120 168 216 264 312 380 408 456 504 552 600 648 696 

Hours 

SEPTEMBER 

Percent of Peak 
~~~~--__ ~~~----~--~~~~~100 

"' ••••• • •• ;. 4' ~ •••••••••••••• < •• ~ ••• ~ ••• , ••• , •• , _ ~. , 

•• , •••• ~ •• R ••• ~ •• R •• • l ... ~ _." . .:. .. 

90 
80 
70 
80 
50 
40 
30 
20 
10 

~~~~~~~~~~~~~~~~~~O 

96 144 192 240 288 336 384 432 480 528 576 624 672 720 
72 120 188 216 264 312 380408 456 504 552 600 6018 696 

Hours 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY BASES FOR ENGINEERING AND ECONOMIC ANALYSIS 

Exhibit 3-8 (Cont'd) 

Load Duration Curves - Sofia 
Hot Water 

(October, 1992 - March, 1993) 

OCTOBER 

Percent d Peak 
~~~--~~--~--~~--~----------,100 

.. , ....•.. , ..•.. , ... ':1 eo 
·;··········~·.··'·+···i··+i··'·+·i·+;··t-,···,·,··,·+·i-·,··:>··,····,···,·"··,~ 

70 
~ 

50 
40 
30 

20 
10 

o 0 
o 48 96 144192240288336384432480528576624672720 

24 72 120168216264312360408456504552600848696744 
Hours 

DECEMBER 

~ 

70 
.... : ... , .................... ::~-<d ~ 

50 
40 
30 
20 

51 10 
o 0 

o 48 96 144 192 240 288 336 384 432 480 528 576 624 672 720 
24 72 120 168 216264 312360 408 456 504 552 600 848 696 744 

Hours 

FEBRUARY 

Percent of Peak 

~~~~~~~~~~:.:=:~==~~:=J:l~ 
~ 

70 
60 
50 
40 
30 
20 

51 10 
o 0 

o 48 96 144 192 240 288 336 384 432 480 528 576 824 672 
24 72 120 168 216 264 312 360 408 456 504 552 600 848 

Hours 

389 
328 
287 
246 
205 
164 
123 
82 

NOVEMBER 

Percent of Peak 100 

eo 
"; ... ,.; .. ,.,., ...... " .. ':I~ 

70 
·,,+··,··,·,,··'··.,~c·, .... , .. ··: .. ··+-"I ~ 

., .. , ..•••• ;",....o....d 50 

40 
30 
20 

~ ro 
o 0 

400 
350 
300 
250 
200 
150 
100 
50 

o 48 96 144192240 288 336 384 432 480 528 576 624 672 720 
24 72 120 168 216 264 312 360 408 456 504 552 600 848 696 

Hours 

JANUARY, 1993 

~~~~~--____ ~~~~~~~~100 

eo 
~ 

70 
~ 

50 
40 
30 
20 
10 

o 0 
o 48 96 144192240288336384432480528576624672720 

24 72120168216264312360408456504552600848696744 
Hours 

MARCH 

... , .. 

20 
.. .... ........ 10 

o 0 
o 48 96 144 192 240 288 336 384 432480 528 576 824 672 720 

24 72 120 168 216264 312360408456 504 552 600848696 744 
Hours 

Gilbert/Commonwealth International, Inc. 
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Exhibit 3-9 

Cumulative Hot Water MWH at Peak Load Percentiles 
Q.mi .... MWH .. 'oIPe'" t.o.d - Hoi W_ DrIv 

00" "01' .. IIWH "'ofP .. IIWH 'hlPooi IIWH ~oIP" IIWH ~oIPooi IIWH ~oIPooi IIWH ~oIP .. IIWH ~oIP'" MWH ~oIPooi MWH ~oIP" IIWH "ofP .. 
S, 0..000 0. D._ 82000 0..000 0. 0..000 0. 0..5811 51150 0..000 0. 0..25a ~ 0..000 0. 0.._ 223Z)O 0.._ 1Q2l1lO 0.000 
30 0.._ l14OOO 0..550 l18OOO 0..000 0. 0.143 12000 0..025 54150 0..542 3l1OOO 0..2711 48500 0..4DO 1_ 0._ 223Z)O 0..1114 2403JO 0..000 
2D D._ _50 0..553 

_ 50 
0..000 0. 0..304 23050 0..1143 55Il00 0..542 3DOOO D.2D3 52400 

D. _ 
1_ D.5DII 22/1'00 0..1130 24l1OOO 0..000 

28 0..447 100Q60 0..588 72250 0.000 0. 0..304 25050 0.1178 5Il4OO 0.l14li 4000) 0..2D3 52400 0..520 152500 0.11511 245700 0._ 24Il8OO 0.702 
27 0..525 117150 0..Il00 73Il00 0..000 0. 0..411 33150 0..1178 5Il4OO 0..728 51400 0..2D3 52400 0..541 157DOO 0..l15li 245700 0..1142 250150 0..702 
28 0..538 11D7S0 0..Il00 73Il00 0..000 0. 0..428 34450 0..714 111000 0..750 52700 o..S,o. 55000 0..551 1110500 0..1172 25ODOO 0..l14li 251_ 0..1102 
25 0..1145 1311750 0..Il00 73Il00 0..000 0. 0.._ 35700 0..714 111000 0..750 52700 0..328 57500 0..502 1_ 0..721 205DOO 0..l1li1 25Il415O 0..1102 
24 0..1145 1311750 0..11'3 74500 0..000 0. 0.._ - 0..714 111000 0..771 53DOO 0.._ 57500 0..582 170400 0..730 - 0..l1li5 2lI3II5O 0..I0Il 
23 0..l15li 142050 0..025 75_ 0..000 a 0..025 47350 0..732 02150 0..782 55050 0..345 5DIIOO 0..1102 172700 0..7311 270800 a.1ID3 2II5D5O 0..81. 
22 0..l15li 142050 0..025 75D50 0..000 0. 0..1143 _50 0..750 113250 0..782 55050 0..345 ISD800 0..1143 1111500 0..7411 272800 0.._ 2115D50 0..1122 
21 0..1171 144'50 0.._ 77000 0..000 0. 0..1143 

_ 50 
0..750 113250 0..1133 571110 0..345 5DIIOO 0.._ 115700 0..754 274DOO D.1ID7 2117000 0..1122 

20 0..711 150150 0..1150 7l1000 0..000 a 0..1178 50450 0..750 113250 0..1133 57"0. 0.._ 111Il00 0..724 187700 0..770. 2711DOO 0..70.1 - 0..1147 
18 0..750 1551150 0..1150 7l1000 0..000 0. 0.._ 51400 0..7l1li 11420) 0..1133 57150 0.._ 111Il00 0..724 187700 0..7117 2Il27OO 0..7OD - 0.._ 
11 0..770. '511550 0..1150 7l1000 0..000 0. 0..714 52300 0..7l1li 115100 0..1133 57150 0..4'4 11720) 0..745 20'300 0.._ - 0..732 275300 0.._ 
17 0..7711 ,5D400 0..1150 7l1000 0..000 0. 0..714 52300 0..804 115D50 0..1154 5l1OOO 0.._ 72300 0..7115 204700 0..120 288700 0..7114 2112'00 0..11711 
III 0..7711 15D400 0..1150 7l1000 0..000 0. 0..750 53DOO 0..1104 115850 0..854 5l1OOO 0.._ 72300 0..7l1li 207DOO 0..120 288700 0..7117 2IIIIDOO 0..8711 
15 0..7711 15D400 0..1150 7l1000 0.._ 12750 0..7l1li - 0..804 115850 0..175 511750 0.._ 72300 0..7l1li 207DOO 0.._ 2D431O 0..717 2IIIIDOO 0.._ 
1< o..711D 1l10800 0..1150 7l1000 0..1111 24150 0..7l1li - 0..1104 115_ 0..175 5117110 0.._ 73700 Q.71111 207DOO 0.._ - 0..1111 281100 0..8'7 

'S D.IIOD '112750 0..1150 7l1000 0..1155 25D5O 0..1121 511700 0..1121 IlII5OO 0..175 5117110 0.._ 73700 0..7111 207DOO D.IIIIS 301000 D.1S5 2D5OOO o..D211 

'2 0..1122 '1131150 0..1175 78200 0..1155 25D5O 0..1121 511700 0..821 IlII5OO 0..175 587SO 0.._ 73700 a.7D11 208100 0.._ 302a)Q 0..1143 2DII2OO 0.._ 
11 0.._ 1114500 0.._ 787SO 0..1173 2Il5OO 0..821 511700 0..1138 117,SO o..IDII 5D3OO 0.._ 74Il00 0..11111 211300 0..D02 - 0.._ - D.D50 
,0. 0.._ 1114500 0.._ 787SO 0..7114 2DOOO 0..1121 511700 0..157 11711SO D.IDII 5D3OO 0.._ 74Il00 0..1111 211300 0..810. 304300 0.._ 305000 0..D117 
8 0..1142 1Il5400 0..700 IlO2O) 0..7114 2DOOO a.1I3D 57150 0..1157 11711SO a.1DII 5D300 D._ 74Il00 0..127 2123)0 0..810. 304300 0..821 30IlIIOO a.DII7 
I 0..155 'IlII200 0..700 11020) 0..7114 2DOOO 0..1157 57550 0..1157 1171150 D.IDII 5D3OO 0..552 7720) 0..1137 213000 0..810. 304300 o..D2D 307_ 0..875 
7 D.B82 ta7S)() 0..700 IlO2O) 0..7112 2D35O D.D2D 58850 o..1ID3 l1li350 a.IIDII 5D3OO a.SIID 77DOD D.1S7 213000 0..811 305000 o..D37 30Il3OO 0..818 
II 0..1185 1l1li310 0..7'3 l105OO 0..Il00 _50 0.._ 5D25O o..D2D 118850 o..1DII 5D3OO 0..741 I13DOD 0..1147 213800 0..811 305000 0..845 - 0.._ 
5 0..1185 1IlII200 0..750 11250 0.._ 30150 0.._ 58250 0..828 II8D5O 0.._ 5D3OO 0..l12li IlII4OO 0..8111 217'00 0..811 305000 0..845 - 0.._ 
4 0.DII7 171000 0..775 11lIII0 0..173 - 0.._ 58250 0.._ 118350 0..817 5D500 0..l1li2 87200 0..8111 217100 D.D211 305400 D.D53 3OD3OO 0.._ 
S 0.DII7 171000 0..1113 112100 0..1181 30700 0.._ 58250 0.._ IID3SO 0.._ 5DIlOO 0..818 87500 0..811 217100 a._ 30Il8OO a.87a 310310 0._ 
2 D.DII7 171000 0.850 82400 D.DOD - o..D82 -so 1.000 118550 0..818 5DDOO 0..1178 117500 0.D2D 217300 0.._ 307310 0.._ 310800 0.._ 
1 1.000 171100 1.000 l13OOO 1.000 31_ 1.000 5D5OO 1.000 1ID55O 1.000 5DD5O 1.000 _.IlII200 1.000 21l1000 1.000 - 307400 ~ooo 310.700 '.000 

Domondl.o .. ' .,cl(:urnJ_ MWH .. TooolBI - FhtP •• 

" IOW(" IIWH 1IW(24 IIWH 1IW(24 IIWH 1IW(241 MWH 1IW(24 IIWH 1IW(241 IIWH IIW ,.. MWH 1IW(24 IIWH 1IW(241 IIWH 1IW(24 IIWH 1IW(241 

0."" 
'D."" 7117.7 23030 _.0. '2525 277.1 41117 2112 .• l14li5 252.11 117l1li 242.4 7273 585.8 111112 DID.8 2DIID7 12323 - 1252. 387118 1222.2 
20."" 1535.4 - 11011.1 2505' 555.11 IS33 5115.7 EAR 585.7 17535 _.11 14_ 1171.7 - 18711.11 - _II 

7_ 2585.7 7_ 2444.4 
SO."" 23030. - 12'21 37518 1133.3 12500 141.5 247110 l14li.5 211303 727.3 211118 1757.a 113340 _11.7 - _7.0. 114lI0II 3114&5 1111303 _7 

40."" S070.7 _70 111'11.2 50101 1111.1 EAR 1131.3 32045 l1st3 S5071 _.7 2DODI 23434 115375 _a 11117511 48283 152Il01l 5131.3 15D071 _8 
50."" 3838.4 111_ 20202 82000 1311118 EIlII 1414.1 EIlII 1414.1 - 12121 - 2D2D3 74Il00 48411.5 ,_ a1111 .• 181010. 11414.1 ERR 11111.1 
110."" 4lI0II1 130D74 24242 73Il00 '_7 237110 11187.0. 454110 111D7.D - 1454.5 <2D20 3515.2 ERR _4 172148 73113.8 22l1li51 71187.0. 232252 7333.3 
70.."" 5373.7 1411220 282&3 IlO2O) 18444 27175 187D.1 515110 '81811 118740 '1ID7.D <D3II1 410.1.0. 824110 118283 1821110 _3 25l1li23 11018. 211711D2 8555.a 
110."" 11141.4 1111540 32323 ., DOD 22222 2DII!O 2282.11 551130 22112a 115533 18311.4 553DO _8 15430 78111.2 - D115U 2115'00 102112.11 2111K211 8777 .• 
DO."" IIDOD, "58345 _4 82IlOO 25000. 30128 2545.5 511135 2545.5 _30 21111.11 - 527Z7 171S31 1IDOD1 2'5125 11ODD.8 302S2O 11545.5 30'483 11000.0. 

'00."" 7117l1.li 171100 4040.4 l13OOO 2777.1 31_ 282Il3 5D5OO 21128.3 1ID55O 24242 5DD5O _a IlII2OO _0. 211000 12323.2 307400 121131.3 310.700 12222.2 

......... MWH .. · •• "'Aln ,MI.OO d 
~ MWH MWH MWH MWH MWH MWH MWH MWH MWH MWH 

D."" 
10."" 23030 12525 41117 l14li5 117l1li 7273 111112 - - 3117118 
20."" - 25051 IS33 111822 17535 14545 - 5D3D4 7_ 7_ 

30."" - 37518 12500 247110 211303 21118 113340 8DOD1 114lI0II 118303 
40."" DOII70 50101 1112SO 32045 35071 2DOD1 115375 1111751 152_ 15D071 
150."" 111_ 82000 20000 38753 438311 - 74500 1411DOO 181010. 1858711 
110."" 130D74 73Il00 23750 454110 - <2D20 7lIII30 172148 22l1li51 232282 
70."" 148220 11020) 27175 515110 58740 4D3111 824110 1821110 2581123 211711D2 
110."" 1111540 81DOD _so 551130 115533 553DO 85430 - 2115'00 2IIDOZIS 
DO."" '118345 82IlOO 30728 511135 118430 5D32IS 871S31 215125 302520 3014D3 

'00."" 171100 l13OOO 3'050 IID500 118550 _50 IlII2OO 211000 307400 310.700 

",~ ...... -... ODoIRIn.~oIToIIIMWI 
" .. - " ...... " ....... " ...... " .. - " .. - " ...... ~ .. - " .. -. " .. - ~ .. -

D."" 
10."" 13.4II~ 15.~ 1S.4~ 14.211~ 12.1I'~ 12.13~ 20.~ 13.112% 12.43~ 12._ 
20."" 211._ 30.18' 211.114~ 27.84~ 25.21"" 24._ 4'.18' 27.24' 24.115~ 25._ 
SO."" 40.38~ 45.27~ 40.211~ 41.81'" 37.1I~ 38.38' 1IO.4II~ 40.117' 37.211' 38._ 
40."" 53.11~ 80.38'" 52.33' 53.111~ 50.43~ 411.53' 74.1~ 54.4~ 48.71' 51.~ 

150."" 115211~ 74.7~ M.41~ 115.13"" 113.03~ 110.l1li' 84.8" 117._ 112.14' I12.DII~ 

110."" 711.55~ 88.87'" 78.<~ 711._ 74.80% 71.5~ 1ID.15' 78.87' 73.73' 74.78% 
70.K 1III.113~ 1MI.1S3% 117.52% 68.156% 85.D0.~ 82.34' 83.48% 88.UI1{, 114.13' l1li.111' 
110."" 1M.4'", 88.87% 85.4a~ D3.I13~ 84~ 82._ 8O,se" De.OII' 82.75' D3.~ 

DO."" l1li.- l1li.112% lIII.a7~ 87.7" l1li.- DII._ 18.:M% l1li.118% l1li.4''''' 87.04"" 

.. 
- ~oIP" 

0. 0.._ 
0 0..415 
0. 0.._ 

23IlOIIO 0.._ 
23IlOIIO 0..5011 - 0..551 - 0.._ 
270400 0..5115 
2731150 o..SIID 
274_ 0..1118 274 _ 

0.._ 
2IIOD5O 0.._ - 0.._ 
2115Il00 0..1171 
2117300 0..7011 
2117300 0..712 
2D03OO 0..712 
2D4500 0..720 
285800 0..71S 
287000 0..771 - 0..775 
3013)Q 0..131 
3013)Q 0.._ 
302000 0..1173 
3023150 0.._ - D.D07 - 0..815 - 0..815 - D.D32 - 0..841 
303050 1.000 

- 1IW(241 

34222 1181.8 - 231S.8 
102IIII7 S575.8 ,_ 

<7117.7 
171111 _II 
205333 7151.5 - 11343.4 - _4 
2811113 10727.3 

-~ !11l!~.2 

MWH 

34222 -102IIII7 
1_ 
171111 
205333 
23_ -2811113 
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" .. -
11.2D' 
22.~ 

33.88~ 

45.17~ 

58.~ 
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.. 
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258100 
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~ 
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208350 
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DISTRICT HEATING FEASIBILITY STUDY BASES FOR ENGINEERING AND ECONOMIC ANALYSIS 

Exhibit 3-10 

Coincident Hot Water and Steam Demands 
Sofia 

(April, 1992 - September, 1992) 

APRIL 

% of Hot Water Puk 1.0.--------------------------...,.,.,.., 

0.8 

• 

.o.o.o .. . ...... .. 
.. 

.& .." --- Hot Water 
o~ ........ ~~~~~~~~ ................................... ~--Steam 

JUNE 

'" 01 Hot Waler Peak 1.0..----------------..., 
. /~ ..... , .. ~~ 

.... ... ~ .. :.( ...... 
.. I .. 
/// .. .. .. 

./ 

a .. /, __ ------1 
l-----!.~---/7 .... 

// 
-- HotWater ..... ____ .... __ ...... ....,;;; .................................................. -- Steam 

AUGUST 

'" of Hot Water PNk 
1.0,..;..;.....;.;.;.;.;..~,;.;..;~--------_ 

0.8 

.. " 
.. .a • .& ...... ...... 

.... .. .. -- HotWater 
....... Steam 

~~~~~~~~~~~~~~ 

MAY 

'" 01 HotWaler Peak 1.0..---------------..., 
...• 

0.8 

0.6 ..... 

... ~ .• 
£ • .......... .................. :-----. ........ ::---. ...-. .. -

0.4 

0.2~.o .. . 

. .o . . . 
.~ . 

------------..... .a .. .. ...- Hot Water 
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OCTOBER 

Exhibit 3-10 (Cont'd) 

Coincident Hot Water and Steam Demands 
Sofia 

(October, 1992 - March, 1993) 

NOVEMBER 

'" of Hot Water Peak 1.0r;...;.....;.;.;;.;.;.;,;;;.;.;...;..;;.;;;.;....-------_ ... 
1.0r:-"'..:0I:...;H,;;;ot;..W:.;.at;;;e;:.;.r;..pe;;.;a;;;.k ________ ,.-, 

•• 
0.8 . 0.8 . 

0.6 

...... 
6 

6 

"" ................. . 
6 6 

..... HotWater 
0 ..................... J...J;..l~ ..... 6 .... 6 ....................................................................... -- Steam 

..... Hot Water 
0~6 ....................... ~ ....................................... ~ ........................ ~--~eam 

DECEMBER 

,. 01 Hot Waler Peak 
1.0r-------------~ .... 

0.8 

0.4 

0.2 ...... " .. ~ .. ~., .... ... 
6 6 66 6 ..... Hot water 

6 .. 

01J-l-............................................................................................................ -- ~eam 

FEBRUARY 

,. 01 Hot Water Peak 
1.0.------------=-=-=lr:1F_ .... ., 
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0.4 

0.2 ........ ....... .... -...... .i. .. .. .... 
. ... ~ .......... 

..... HotWate, 
OL.&....l. ........................................................................................................................ --~eam 

JANUARY 

,. 01 Hot Water Peak 
1.0~....;.;.;;..:.;.=.;...;.;;:.;...--------=,....., 

0.8 . 

0.6 

0.4 

0.2 .......... ~ •........•......•..... -...... . .... .......•.... ;& .... . .......... ..... HotWater 
O~ ............................................................................................................ ~--~eam 

MARCH 

,. 01 Hot Water Peak 
1.0....-------------_., 

0.8 . 
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0.4 

0.2 
..... HotWate, 

o ...................... U6 ................ 6 .............................................................................. ~ -A- Steam 

6 .. 
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Exhibit 3-11 

Load Duration Curves - Trajco Kostov 
Hot Water 

(April, 1992 - September, 1992) 
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go 
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~·'···'''+·+'''··;''i·"+··",,,,,,···;···'''''·;·f''·i·''''''··;·'';''~"'''~~'';'"'''''''';''''''';'''Heo 
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40 
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20 
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~~~~~~~~~~~~~~~~~~o 

48 96 144 192 240 288 336 384 ~ 480 528 576 624 672 720 
72 120 168 216 264 312 380 408 456 504 552600 648 696 
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~~~ __ --~--~~~----~---------,100 
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50 
40 

30 

20 
10 

o 0 
o 48 96 144 192 240 268 336 384 432480 528 576 624 672 720 

24 72 120 168 216264 312 380 408 456 504 552 600 648 696 744 
Hours 

SEPTEMBER 

~~~~ __________________ ~P~e~rce~nt~of~P~ea~k100 

.. , .......... ,.,.............. . 90 

........................ ..... eo 
...... , ...... , ............. , 70 

eo 
50 
40 
30 

20 
14.5 . 10 

o 0 
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24 72120168216264312380408456504552600648696 
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Exhibit 3-11 (Cont'd) 

Load Duration Curves - Trajco Kostov 
Hot Water 

(October, 1992 - March, 1993) 
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Exhibit 3-12 

Comparative Hot Water Load Duration Curves 
Sofia vs. Trajco Kostov 

(April, 1992 - September, 1992) 

APRIL MAY 

200 Megawatts 
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50 : ........•.•... , ............ : ...•......... , ...•.. ; ......•........ ,. 
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Exhibit 3-12 (Cont'd) 

Comparative Hot Water Load Duration Curves 
Sofia vs. Trajco Kostova 

(October, 1992 - March, 1993) 

OCTOBER 

1 -Sofia 
01.1.· .u..,L..I...JU-I..I..I..u..,L..I...JU-I..I..I..u..,L..I...J...L..I..u..u..UJ ... Tr Kostova 
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: j : ;: :. 

750 :~":~~, .. ·7 t J ..... ,., ....... ,' ....;, .. . 
;.' : 

500~·· . 
: ~.,; •••••••• i' • -; .~.,:.~~,~. 

250 : .• 

-Sofia 
O~.u..U-I.u..u..U-I..I..I..u..~..I..I..u..,L..I...J...L..I.~··· Tr KostoYa 

o 48 9614419224C128833638443:a481D2ffi78324672720 
2472120168216!64312l6010845ffi0455:!lOC648396744 

Hours 

MARCH 

750 • 

-Sofia 
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3.4 FUEL PROPERTIES, AVAILABILITY AND COST 

3.5 

In the City of Sofia today, the fuels burned are 95% natural gas and 5% Mazut. 
Natural gas has rather standard properties and Matuz is essentially a heavy oil 
with properties close to a NO.6 oil (Exhibit 3-13). While the latter is available from 
direct importation or from local refinery which processes imported oil, the former 
comes from Russia. It is supplied at a low price as a compensation to Bulgaria's 
contribution in the construction of the "friendship pipe line". This arrangement is to 
expire by 1997. 

Only local coal is being burned in the City of Republika. This coal from local mine 
is of poor quality. It has high ash content (over 60%) and low heat value (about 
3780 Btu/lb-LHV, Exhibit 3-14). It is estimated that the local mine will be 
exhausted in about 15 years. 

Current prices for the fuels are as follows: (Exhibit 3-15 at 32 Leva/U.S.$): 

• Natural gas U.S. $2.03/106 BTU 

• Mazut (heavy oil) U.S. $2.411106 BTU 

• Gazol (light oil) U.S. $4.93/106 BTU 

• Coal U.S. $0.67/106 BTU 

In the economic analysis following, it is assumed that the fuel prices will catch up 
to the free market world prices in five years. 

ENVIRONMENTAL LIMITS AND PENALTIES 

Emissions reduction is one of the primary reasons for upgrade of the Cities of 
Sofia and Pernik district heat systems. The Ministry of Environment has issued 
regulations which are strict by any standards, and place an extreme 
burden/challenge upon organizations who must comply. In summary, new plants 
must now meet strict standards shown in Exhibit 3-16. These standards are 
equivalent to or more strict than current western European and U.S. standards. 
For example, compare to European Community standards, limit on S02 is more 
than 60% lower for solid and liquid fuels; limit on NOx is more than 7% and 14% 
lower for solid and gas fuel respectively. 

Plants placed in service prior to the end of 1992 must meet these standards prior 
to 31 December 1995. 

Penalties for non-compliance are shown in Exhibit 3-17. 

Gilbert/Commonwealth International, Inc. 
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NATURAL GAS 

Natural gas composition: 
CH4 

C2H6 

C3H8 

C4H10 

C5H12 

N2 

C02 

Specific gravity - 0.725 kg/m3 

LIQUID FUELS 

Exhibit 3-13 

Bulgaria Feasibility Study 
Fuel Properties 

(Natural Gas and Oil) 

LHV of the gas supplied 
92.96% '85-8072 kcallm3 

2.97% '86-8074 kcallm3 

0.83% '87-7933 kcal/m3 

0.33% '88-7916 kcal/m3 

0.366% '89-7919 kcal/m3 

2.4% '90-7917 kcal/m3 

0.14% '91-7946 kcal/m3 

'92-7939 kcal/m3 

Mazut 

1. Kinematic viscosity, sqm/s 115 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Conditional viscosity, degrees 15 

Ash content, % 0.14 

Sulfur content, % 3.5 

Particulates, % 0.5 

Acids and alkalis able to be solved in water Not Allowed 

Water, % 1.0 

Specific gravity, g/cm3 0.96 

Freezing temperature, C No higher than 25 

Temperature of supplying to the burner, C No less than 110 

Heat value, kcallkg No less than 9550 
or kJ/kg 40,015 

Gilbert/Commonwealth International, Inc. 
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Gazol 

8 

0.02 

1.0 

0.1 

Not Allowed 

Not Allowed 

0.84 

No higher than 10 

No less than 60 

No less than 9995 
41,880 
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No. Indicator 

1. Ash (dry) 

2. Moisture 

3. Ash, A.R. 

4. Carbon 

5. Hydrogen 

6. Oxygen 

7. Nitrogen 

8. Sulfur 

9. Specific heat of 
combustion 

10. Volatiles 

11. Grindability 
factor by VTK 

12. Ash composition 

- Si02 
- A1203 
- Fe203 
- CaO 
- MgO 
- S03 

Exhibit 3-14 

Bulgaria Feasibility Study 
Coal Properties 

Max 
Unit Guaranteed Moisture 

% 62.0 60.0 

% 14.5 16.0 

% 53.0 50.4 

% 21.4 22.3 

% 2.1 2.1 

% 7.2 7.3 

% 0.5 0.6 

% 1.3 1.3 

kcal/kg 1860 1950 
kJ/kg 7786 8163 

% 

% 
% 
% 
% 
% 
% 

49-52 

1-1.2 

58-62 
25-32 
4-8 
1-4 
0.4-1.8 
0.5-3.5 

Gilbert/Commonwealth International, Inc. 
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Max Max 
Ash (dry) Heat Value 

65.0 58.0 

13.0 15.0 

56.5 49 

19.6 23.8 

2.0 2.2 

7.1 7.6 

0.5 0.6 

1.3 1.3 

1690 2100 
7074 8790 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DISTRICT HEATING FEASIBILITY STUDY BASES FOR ENGINEERING AND ECONOMIC ANALYSIS 

13. Temperature of ash 
melting: 

- beginning of 
deformation, t1 

- beginning of melting, 
t2 

- beginning of flow, t3 

14. Density of dry mass 

15. Specific weight 

°C 

°C 

°C 

Exhibit 3-14 (Cont'd) 

Bulgaria Feasibility Study 
Coal Properties 

1050-1200 

1150-1350 

1250-1400 

g/cm3 1.85-2.0 

kg/m3 800-1250 

Gilbert/Commonwealth International, Inc. 
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PERIODS 

01.01 - 15.01 
16.01- 31.01 
01.02 - 15.02 
16.02 - 29.02 
01.03 - 15.03 
16.03 - 31.03 
01.04 - 15.04 
16.04 - 30.04 
01.05 - 15.05 
16.05 - 31.05 
01.06 - 15.06 
16.06 - 30.06 
01.07 - 15.07 
16.07 - 31.07 
01.08 - 15.08 
16.08 - 31.08 
01.09 - 15.09 
16.09 - 30.09 
01.10 - 15.10 
16.10 - 31.10 
01.11- 15.11 
16.11 - 30.11 
01.12 - 15.12 
16.12 - 31.12 

Exhibit 3-15 

Prices of Fuels, Established by the 
Cabinet for 1993 

LEVA 

1000 N.CUB.M. 1 TON 
NATURAL GAS 

MAZUT 1 TON INDUSTR. 1 TON DIESEL 
FUEL OIL OIL 

1771 
1715 
1729 
1848 
1890 
1967 
2016 
2044 
2002 
2009 
1848 
1701 

2530 
2450 
2470 
2640 
2700 
2810 
2880 
2920 
2860 
2870 
2640 
2430 

Gilbert/Commonwealth International, Inc. 
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4550 
4410 
4440 
4750 
4860 
5060 
5180 
6260 
5150 
5170 
4750 
4370 

7530 
7760 
8060 
8970 
9210 
9700 
9400 
9880 
9880 

10120 
9640 
9160 
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Exhibit 3-16 

Bulgarian Emission Standards for Existing and New Plantsa 

Fuel Type 

Local Coala 

Imported Coala 

Oil Fuelb 

Gas Fuelb 

Notes: a. 

b. 

Plants in 
use prior 
to end of New 

1994 Sites 

200 3500 1000 250 100 650 600 250 

150 2000 1300 250 80 650 600 250 

50 1700 700 170 50 650 450 170 

10 500 100 10 300 100 

Solid fuels based on 7% 02 for stoker boilers, 6% for dry bottom boilers, 

and 5% for wet bottom boilers. 
Oil and gas fuels based on 3% 02. 

Gilbert/Commonwealth International, Inc. 
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Emission 

Exhibit 3-17 

Bulgarian Parliament Emission 
Penalties 

Penalty in Leva/tonne 

Particulate (dust) 200 

SOx 

NOx 

CO 

Gilbert/Commonwealth International, Inc. 
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300 

400 

0 
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3.5.1 

3.5.2 

EMISSION REDUCTION SCHEMES 

It is indeed a challenge to meet the stringent environmental limits with old and 
outdated equipment in Bulgaria. Several backend clean up devices must be 
considered. Appendix 3A provide information on available technologies for NOx , 
SOx' and particulated emission reduction and control. 

EMISSION SUMMARY AND EMISSION FACTORS 

To summarize and to facilitate calculations of emissions in the economic model, 
Exhibit 3-18 was prepared. The procedures are discussed in the following 
paragraphs. Gas factors associated with each fuel were also calculated. 
Estimates were made for each emission using the best available basis. A Single 
emission factor was prepared for each boiler "situation," that is, a specific 
boiler/fuel/emissions control situation. Emission values and compliance limits are 
shown in both mg/m3 and Ib/106Btu. A single factor for emissions and emission 
penalties is used, as shown in Exhibit 3-18. Potential methods of emissions 
control are discussed further here. 

Particulate (dust) emissions for Republika TPH station in Pernik were based on 
emissions measurements provided, which gave an indication of the poor 
performance of existing electrostatic precipitators. Clearly, emission limits are not 
met, and either an upgrade to the ESP, a new baghouse, fuel switch, or retirement 
of the boilers is required to avoid penalties. Particulate emissions for Sofia also 
result in a compliance problem for heavy oil, which is used only a small fraction of 
the time. If emissions are measured continuously, however, controls must be 
applied, or a switch must be made to a lower ash liquid or gas fuel. 

S02 emissions are based on fuel composition, adjusted by methods suggested in 
AP42 (EPA method of emissions estimating). For Republika, S02 limits are not 
met, and the addition of a flue gas scrubber is required if the present fuel mix is 
maintained. In such case, either wet scrubber or dry scrubber may be employed. 
Limestone is used as a sorbent in the former cleanup system, while lime is used in 
the later. Due to the short residence time associated with the dry process, it 
requires a more chemically reactive sorbent in lime. While the cost of the dry 
scrubber is about 30% lower, the cost of the lime is about five times higher than 
limestone. On the other hand, a dry scrubber with less removal efficiency may be 
adequate to bring the particulate emission to within compliance in some cases. 
Repowering with fluidized bed combustion (FBC) technology would also resolve 
this problem. The comparative cost of each solution is the subject of this study. 
For all plants burning heavy Mazut oil, as with particulate, a change is required. 
Even with the light oil which is currently used, there is a compliance problem. If oil 
is to be used in the future, then the specification must be such that emissions 
levels are met. This specification must limit fuel sulfur to approximately 0.4%. 

Due to lack of test data from Bulgaria, NOx emissions were estimated based on 
experience with similar boilers where emissions measurements were available. 
When data became available for the Sofia boilers, comparisons were made to 
verify the emissions factors, and they were found to be accurate to within 
5 percent. The nature of the high ash fuel with relatively low volatile content used 
at Republika results in lower NOx emissions. However, the Republika coal-fired 
plants still exceed the strict Bulgaria limits. To achieve compliance, NOx 
reduction equipment will be required. Recent extensive work by Gilbert in 
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Umeslon 

CODE Boiler Size{Type/Fuel Required 
Ib/MMBTU 

Individual Boilers 50 to 300 MWt 
PC2-A1 PC-brown coal wlo particulate control 
PC2-AL1 PC-brown coal wlo particulate control & LNB 
PC2-E1 PC-brown coal wi existing ESP 
PC2-EL1 PC-brown coal wi existing ESP & LNB 
PC2-EF1 PC-brown coal wi eXisting ESP & wet FGD 10.41 
PC2-EFL1 PC-brown coal wi existing ESP, wet FGD & LNB 10.41 
PC2-E2F1 PC-brown coal wi upgrade ESP & wet FGD 10.41 
PC2-E2Fl1 PC-brown coal wi upgrade ESP, wet FGD & LN 10.41 
PC2-B1 PC-brown coal wi baghouse 
PC2-BL1 PC-brown coal wI baghouse & LNB 
PC2-BF1 PC-brown coal wI baghouse & wet FGD 10.41 
PC2-BFL1 PC-brown coal wI baghouse, wet FGD & LNB 10.41 
PC2-BF21 PC-brown coal wi bag house & dry FGD 11.18 
PC2-BF2L1 PC-brown coal wI baahouse, dry FGD & LNB 11.18 
FB2-E1 CFB-brown coal wi new ESP 38.14 
FB2-BL1 CFB-brown coal wi baghouse 38.14 
ST2-A6 Heavy oil wlo particulate control 
ST2-AL6 Heavy oil wlo particulate cntrl & low NOx burners 
ST2-E6 Heavy Oil wI existing ESP 
ST2-EL6 Heavy oil wI existing ESP & low NOx burners 
ST2-B6 Heavy Oil wI baghouse 
ST2-BL6 Heavy Oil wI baghouse & low NOx burners 
ST2-A7 Ughtoil 
ST2-AL7 Light Oil wI low NOx burners 
ST2-A8 Ughtoil - low sulfur 
ST2-AL8 Ughtoil - low sulfur & low NOx burners 
ST2-A9 Natural Gas 
ST2-AL9 Natural Gas wI low NOx burners 
ST2-A95 95% Ga5/5% Mazut 
Individual Boilers 5 to 50 MWt 
ST3-C1 Grate-brown coal wo particulate cntrl 
ST3-E1 Grate-brown coal wI cyclones 
ST3-B1 Grate-brown coal wI baahouse 
ST3-AS Heavy oil wlo particulate control 
ST3-E6 Heavy oil wI existing ESP 
ST3-EL6 Heavy oil wI existing ESP & low NOx burners 
ST3-B6 Heavy Oil wI baghouse 
ST3-BL6 He!vy' Oil wI baghouse & low NOx burners 
ST3 A7 Light oil 
ST3-A8 Lightoil - low sulfur 
ST3-AL8 Lightoil- low sulfur & low NOx burners 
ST3-A9 Natural Gas 
ST3-AL9 Natural Gas wI low NOx burners 
GT-251- W251 on Natural Gas 
GT-643 Siemens 64.3 on Natural Gas 
GT-B13 BBC Type 130n Natural Gas 
GT-lM6 GELMSOOO 
GT-6FA GE6FA 

- - - -
Exhibit 3-18 

Emission Factors 

Ash Emission Factor Summary 
Disposal Particulat SO. NOx CO 

Ib/MMBTU Ib/MMBTU Ib/MMBTU Ib/MMBTU Ib/MMBTU 

85.09 45.817 6.532 0.594 0.018 
B5.09 45.817 6.532 0.594 0.018 

128.94 1.961 6.532 0.594 0.018 
128.94 1.961 6.532 0.357 0.01B 
136.44 1.961 0.523 0.594 0.018 
135.44 1.961 0.523 0.357 0.018 
138.12 0.229 0.523 0.594 0.018 
135.17 0.229 0.523 0.357 0.018 
130.81 0.092 6.532 0.594 0.016 
130.81 0.092 6.532 0.357 O.ot5 
138.35 0.046 0.523 0.594 0.018 
138.35 0.046 0.523 0.357 0.018 
138.86 0.092 0.98 0.594 O.ot8 
138.86 0.092 0.98 0.357 0.018 
158.04 0.327 0.588 0.307 0.018 
158.29 0.082 0.588 0.307 O.ot8 

0.10 0.276 3.863 0.495 0.073 
0.1 0.276 3.863 0.321 0.073 

0.37 0.006 3.863 0.495 0.073 
0.37 0.006 3.863 0.321 0.073 
0.38 0.001 3.863 0.495 0.073 
0.38 0.001 3.863 0.321 0.073 
0.05 0.016 1.055 0.156 0.013 
0.05 O.ot6 1.055 0.093 0.013 
0.04 0.016 0.422 0.156 0.013 
0.04 O.ot6 0.422 0.093 0.013 
- - - 0.140 0.014 
- - - 0.077 0.014 
0.01 0.014 0.193 0.158 0.017 

129.44 1.463 6.532 0.438 0.229 
130.17 0.732 6.532 0.438 0.229 
130.90 0.007 6.532 0.438 0.229 

0.10 0.276 3.863 0.495 0.073 
0.37 0.003 3.863 0.495 0.073 
0.37 0.003 3.863 0.495 0.073 
0.38 0.001 3.863 0.495 0.073 
0.38 0.001 3.863 0.495 0.073 
0.05 O.ot6 1.055 0.156 0.013 
0.04 0.016 0.422 0.156 0.013 
0.04 O.ot6 0.422 0.156 0.013 
- - 0.120 0.014 
- - - 0.120 0.014 
- - - 0.092 0.012 
- - - 0.092 0.012 
- - - 0.092 0.012 
- - - 0.102 0.062 
- 0.102 0.030 

- - -
Emission Penalties 

Particulatl S02 NOx CO 
SJMMBTl SJMMBTL SJMMBTl SlMMBTl 

$0.1296 $0.0253 $0.0003 -
$0.1296 $0.0253 - -
$0.0053 $0.0253 $0.0003 -
$0.0053 $0.0253 - -
$0.0053 - $0.0003 -
$0.0053 - - -
$0.0004 - $0.0003 -
$0.0004 - - -

- $0.0003 -
- $0.0253 - -
- - $0.0003 -
- - - -
- $0.0018 $0.0003 -
- $0.0018 - -

SO.0007 - - -
- - - -

$0.0007 $0.0146 $0.0011 -
$0.0007 $0.0146 SO.0001 -

- $0.0146 SO.0011 -
- $0.0146 $0.0001 -
- $0.0146 $0.0011 -
- $0.0146 $0.0001 -
- $0.0026 - -
- SO.OO26 - -
- - - -
- - - -
- - - -
- - - -

!SO.oooo $0.0007 I SO.0001 -
SO.OO38 $0.0200 - -
$0.0018 $0.0200 - -- $0.0200 - -
$0.0007 $O.ot36 $0.0011 -

- $0.Q136 $0.0011 -
- $0.0136 $0.0001 -- $0.0136 $0.0011 -- $0.0136 $0.0001 -
- $0.0017 - -- - - -
- - - -

- - -
- - - -
- - - -
- - - -
- - - -
- - - -

-

-
Composite 

$0.1551 
$0.1549 
$0.0308 
$0.0306 
$0.0056 
$0.0053 
$0.0007 
$0.0004 
$0.0003 
$0.0253 
$0.0003 

-
SO.0021 
SO.0018 
$0.0007 

-
$0.0164 
SO.0154 
SO.0157 
$0.0148 
$0.0157 
SO.0148 
$0.0026 
SO.OO26 

-
-
-
-

I SO.OOO8 
-

$0.0238 
SO.0218 
$0.0200 
$0.0154 
SO.0147 
$0.0138 
$0.0147 
$0.0138 
SO.0017 

-
-
-
-
-
-
-
-
-
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the area of NOx reduction has shown that low NOx burners will be the most 
cost-effective solution when moderate reduction is required; therefore, this 
technology was selected, as required. Since the existing burners are in poor 
condition, and in need of replacement, changing to the low NOx burners will not 
result in additional, otherwise unneeded expenditures. All boilers using heavy oil 
are estimated to require NOx reduction, even though this fuel is only used for a 
small percentage of the time. Controls are not needed when burning gas fuel, and 
so some consideration for offsetting the occasionally higher emissions with heavy 
oil would be suggested, if this would be acceptable to the state. 

CO emissions are caused by incomplete combustion of the fuel. There is currently 
no penalty for exceeding CO compliance limits; however, there is a regulation. 
CO emissions for large plants are usually relatively low, compared to smaller 
boilers, especially home furnaces. If a boiler experiences high CO emissions, it is 
usually related to a problem with the method of boiler operation, a deteriorated 
condition of the boiler or fuel delivery systems, or a boiler controls problem. An 
assumption was made that CO emissions will be in compliance because boiler 
upgrades will include checkout and improvement of these systems. 

Emissions from gas turbines with dry low NOx combustors at 15% 02 are also 
included therein, based on manufacturer's data. 

Historical emissions measurements and calculations received from Bulgaria are 
shown. These values were compared to the factors presented in Exhibit 3-18 and 
found to have reasonable agreement. 

Gilbert/Commonwealth International, Inc. 
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3A 

3A.1 

3A.2 

DISCUSSION ON THE ENVIRONMENTAL 
CONTROL TECHNOLOGIES 

EMISSION REDUCTION SCHEMES 

It is indeed a challenge to meet the stringent environmental limits with old and 
outdated equipment in Bulgaria. Several backend clean up devices must be 
considered. This section discusses these devices. 

• NOX REDUCTION 

LOW NOX BURNER 

To meet ever increasingly stringent requirements on NOx emissions, Babcock & 
Wilcox (B&W) has developed Dual register burners (ORB) - type XCL to provide 
greater NOx emission reductions for new and retrofit applications. These burners 
rely on slow and controlled mixing between fuel and air in order to minimize the 
availability of oxygen to the high temperature part of the combustion process. 
This minimizes the production of NOx' The XCL burner (Exhibit 3A-1) uses a slide 
damper to control total secondary air to each burner. A pilot grid is used to 
measure and balance secondary air among the burners. Downstream of the pilot 
grid are the inner and outer air zones. Adjustable vanes in the inner zone are 
positioned to stabilize ignition at the tip of the nozzle. The outer zone, the main air 
path, is equipped with two stages of vanes. The upstream set are curved and 
fixed in position, and used to improve peripheral air distribution within the burner. 
The down stream set are positioned to provide proper mixing of this secondary air 
into the flame. The design of the XCL burner enables its use in open windbox 
configurations. This facilitates usage in retrofit applications where use of a 
compartmented wind box would be difficult or expensive. Some of the functional 

Gilbert/Commonwealth International, Inc. 
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COnical 
DIHuser 

Exhibit 3A-1 

XCL Low NOx Burner 

Sliding Air 
Damper 

/ 

• 

Inner secondary air with some 
recirculation to base of flame 

Outer Secondary 
Air M,Xing 

@ High temperature - fuel rich devolatization zone 

® Production of reducing species 

@ NOa decomposition zone 

@ Char oxidizing zone 

Gilbert/Commonwealth International, Inc. 
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3A.3 

3A.4 

attributes of the XCL burner are derived from another low NOx burner HT-NR 
burner. Consequently, the functional sizing and some mechanical features, 
design. The result is a reduction of NOx about 25% below that of earlier ORB 
design. (Exhibit 3A-2) 

Modifications to the combustion process is the most effective first step toward 
reduction of NOx emissions. Other systems can be employed downstream of the 
combustion process to reduce NOx. However, catalysts are required to promote 
reaction at flue gas temperature available downstream of the boiler. Capital costs 
to retrofit these downstream systems are at least twice as much as those for 
combustion modifications. Operating costs are also lowest for combustion 
modifications and result in the lowest cost per ton of NOx removal. Consequently, 
combustion modifications are usually called on to control NOx emissions. Severe 
NOx restrictions may require use of downstream systems in combination with 
combustion process modifications. 

SELECTIVE CATALYTIC REDUCTION (SCR) 

SCR is a post-combustion technology in which ammonia (NH3) is injected into the 
gas turbine or boiler exhaust to reduce NOx to N2 and water. A catalyst is used to 
accelerate the reaction and achieve high removal efficiencies. In cases where 
water or steam injection or low NOx combustors cannot meet pollution discharge 
requirements, SCR is an available option. Combined with steam injection into the 
combustor and low NOx combustor, SCR reportedly can achieve emission levels 
of less than 10 ppm. Several operating parameters influence catalyst 
performance, including gas temperature, gas flow distribution, the presence of 
sulfur compounds, and catalyst age. High NOx removal efficiencies require 
uniform distribution of the NH3 across the gasflow cross section. In addition the 
catalyst must operate below a maximum temperature to prevent degradation and 
possible sintering, and above a minimum temperature to provide the required 
removal efficiency. The optimum operating temperature range is 570°F to 770°F. 
Also, as removal efficiency increases, the residence time in the catalyst module, 
the catalyst volume, and/or the NH3-to-NOx feed ratio must increase as well. The 
result is that space velocity and pressure drop to parameters that affect steam 
generator operation - must be optimized for the most cost-effective design. 

• SOX REDUCTION 

FLUE GAS DESULFURIZATION RETROFIT 

Flue Gas Desulfurization (FGD) retrofit was considered for the Bulgaria units to 
reduce S02 emissions to or below compliance levels. While FGD has become 
much more cost competitive in recent years, with the development of dry systems, 
and wet systems with fewer major vessels, the FGD system still requires an 
extensive reconstruction of the facility, and the cost is expected to be prohibitive. 

Gilbert/Commonwealth International, Inc. 
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NOx Performance Comparison - ORB 

.tOO 

300 

20C 

100 

1 10 

- ORB 
---- XCl 
--- HT·NR 

/ 

/Y 
/, . 

.y ,/ 

,"''-/' 
", . 

"' ......... "" ........... /. -' 

120 130 

Burnet' SlOlCPllOtI'Ie1ry 

Gilbert/Commonwealth International, Inc. 
3A-4 

5 

4 

3 

2 

1.0 

-::I ... 
CD 

~ 
... 
€ 
0 z 

><;1 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
·1 
I 
I 
I 
I 
I 
I 
I 

DISTRICT HEATING FEASIBILITY STUDY BASES FOR ENGINEERING AND ECONOMIC ANALYSIS 

3A.S DUCT SORBENT IN.JECTION 

Duct Sorbent Injection (DSI) technology was developed as a low capital cost 
alternative to conventional FGD scrubber systems. In addition to low initial 
investment, other significant advantages of a duct injection system are its 
simplicity and that it may be applied at plants with limited available space and/or 
difficult construction access because the exiting duct(s) is used as the reaction 
vessel. Modifications to the duct(s) are required to install the injection equipment 
(humidification and/or sorbent injection nozzles), but no large reactor vessels are 
required. A duct injection process results in few changes to the existing flue gas 
system, and minimal plant real estate is required. The retrofit of a duct injection 
system is relatively simple, and it can be accomplished quickly. 

Additional advantages to using a duct injection system include: 

• minimal operation and maintenance personnel requirements, 

• generation of a dry solid waste product, 

• no requirement for a gas reheat system, and 

• will not affect unit operation and heat transfer surface requirements. 

Few O&M personnel are required for a duct injection system due to its Simplicity 
and limited new equipment requirements. The dry solid waste produced is an 
advantage because it can typically be handled by the existing fly ash handling 
system. No dewatering equipment such as thickeners or vacuum filters are 
needed. A flue gas reheat system is not required in the system design because 
the temperature of the gas after sorbent injection/humidification is sufficiently 
above the saturation temperature as to minimize corrosion potential in the duct 
leading to the 10 fans and chimney and in the 10 fans and chimney themselves. 

Disadvantages of duct injection technology are: 

• S02 removal is limited to 50-70% 

• low reagent utilization efficiency 

• use of relatively expensive reagents 

• an increase in particulate loading to the ESP 

• the potential for solids deposition in the ductwork and ESP 

little full-scale operating experience in the U.S. 

Duct injection technology has been successfully demonstrated at the pilot plant 
scale. However, full scale applications of this technology are limited. 

Although lower in capital cost than conventional scrubber systems, the inherently 
moderate S02 removal and low sorbent utilization tend to drive the levelized cost 

Gilbert/Commonwealth International, Inc. 
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3A.6 

of duct injection (in terms of dollars per ton of S02 removed) relatively high. 
Factors which favor a low capital cost, high levelized cost technology are: 

• low sulfur coal 

• requirement for a moderate S02 removal 

• small to medium-sized plants 

• low plant capacity factors 

• short remaining plant life 

Exhibit 3A-3 is a flow sheet for a lime slurry injection system. Exhibit 3A-4 and 
Exhibit 3A-5 show $Iton of S02 removal as a function of % sulfur removal based 
on U.S. economics. 

These are the general plant criteria which should be considered when evaluating 
the application of duct injection technology to a specific plant. 

OSI technology provides a viable option to the fuel switch for Bulgaria. However, 
due to lack of operating experience, this option should be considered only as a 
possible native in the event the fuel switching option fails. 

FUEL SWITCHING 

Fuel switching is a common option which can be used to meet environmental 
regulations. Units designed to burn high- or medium-sulfur coal or matzu can be 
successfully switched to low-sulfur coal or low sulfur light oil in order to meet S02 
environmental regulations. The effects of fuel switching on the existing unit are 
dependent on the unit's design and the characteristic of the proposed fuel. For 
proposed fuels that are similar in nature to the design fuel, the impact on the plant 
performance and facilities is low. Conversely, when the proposed fuel is 
considerably different from the design fuel, the changes may require extensive 
modifications and result in a loss in generating capacity. 

In evaluating a potential fuel switch, consideration must be given to the effect of 
the proposed fuel on the following areas: 

• steam generator, (burners, superheaters, economizers, sootblowers, etc.) 

• balance of plant equipment, (pulverizers, ESP, air heaters, fans, etc.), 

• plant facilities, (coal and ash handling, fire protection, etc.), 

• effects on performance/operation, (auxiliary load changes, boiler 
efficiency, minimum load, etc.), and 

• effects on capacity (slagging, erosion, fouling, corrosion, throughput 
limitations, etc.). 

GilberUCommonwealth International, Inc. 
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Exhibit 3A-3 

Duct Sorbent Injection Process Flowsheet 

Gilbert/Commonwealth International, Inc. 
3A-7 

.... IIUI __ I 

_U.NI_ 



I 

I 
I 
I 
,I 
I 
I 
I 
I 
,I 

I 
I 
I 
I 
I 
I 
I 

DISTRICT HEATING FEASIBILITY STUDY BASES FOR ENGINEERING AND ECONOMIC ANALYSIS 

Exhibit 3A-4 

U.S. Levelized Control Cost vs. Coal Sulfur % with Duct Sorbent Injection 
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3A.7 

Any coal switching program which proceeds beyond the initial study phase should 
utilize long and short term test bums to verify design and operational impacts. 

The advantages of fuel switching to a low -impact low-sulfur coal include: 

• potentially limited capital costs, 

• no additional reagent handling required, and 

• no additional real estate is required. 

The advantages of switching to low sulfur light oil are similar to those for the 
low-impact low-sulfur coal, except that the capital cost will sometimes be higher. 
The disadvantages of fuel switching include: 

• likely higher fuel costs, and 

• potential unit derating, performance loss, or impact to minimum load 
capability. 

Factors which may favor fuel seitching include: 

• availability of low sulfur fuel at a reasonable cost, 

• small to medium-plant size, 

• low plant capacity factor, and 

• short remaining plant life. 

For the Republika units, the bailer was originally designed for a low grade lignite 
fuel. Switching to low sulfur coal will present design problems that must be 
overcome. First, pulverization of the harder import coal will require rework or 
replacement of the coal mills on each unit. Second, the unit must be retrofitted 
with additional particulate control, since the existing electrostatic preCipitator (ESP) 
performance will be reduced with the lower sulfur coal due to an anticipated 
change in ash resistivity. While this can sometimes be accommodated through 
ESP modification or flue gas conditioning with S03 or NH3, projected performance 
improvements are not quantifiable without a detailed analysis. Therefore, a 
bag house was specified in this study for particulate control. If capital requirements 
are too high, the ESP modification alternate approach should be investigated 
further. 

• PARTICULATE REMOVAL 

ELECTROSTATIC PRECIPITATOR (ESP) 

Electrostatic precipitators produce an electric charge on the particles to be 
collected and then propel the charged particles by electrostatic forces to the 
collecting curtains. The collection efficiency of the electrostatic precipitator is 
related to the time exposure to the electrostatic field, the strength of the field, and 
the resistivity of the dust particle. An efficiency of 99% plus is obtained at a 
cost generally favorable in comparison with other types of equipment. 

Gilbert/Commonwealth International, Inc. 
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3A.8 

3A.9 

Hence, a very high percentage of particulate-removal units installed in commercial 
boiler plants are electrostatic precipitators. 

BAGHOUSE FOR PARTICULATE REMOVAL 

Baghouses are gaining in popularity because of their capability to routinely reduce 
particulate emissions to extremely low levels. In the past, their cost has been 
higher than comparable ESP installations, but recent trends toward extremely low 
particulate emission standards have made the cost more competitive. Also, the 
recent trend toward fuel SWitching has increased the popularity of baghouses 
because of their reduced sensitivity to coal type. 

A switch to low sulfur coal will generally cause problems in an ESP because the 
original design plate area and electrical equipment is sized to correspond to a 
particular ash resistivity and other ash characteristics. Lower sulfur coals generally 
have higher ash resistivities and require additional surface area, which is not a 
simple retrofit. While performance can be enhanced by flue gas conditioning, the 
bag house offers a reasonable solution, especially for a small to medium sized 
plant. 

An equipment which removes all three pollutants is described next: 

SOx NOX ROX BOX (SNRB) 

SNRB or the Hot Catalytic Scrubbing Baghouse is an advanced, air pollution 
control system for the combined removal of sulfur oxides (SOx), nitrogen oxides 
(NOx), and particulates emitted from fossil-fired boilers or processes (Exhibit 3A-6, 
3A-7). All three of these removal processes are combined into a single, major 
device - a high temperature baghouse. SOx removal is accomplished by using 
either a calcium - or sodium - based sorbent injected into the hot flue gas 
downstream of an economizer. NOx removal is accomplished in part by ammonia 
injection with a selective N0x- reduction catalyst. 

Finally, the particulate and spent SOx sorbent are collected upstream ofthe air 
heater with high - temperature, woven - ceramic - fiber bags. The sorbent 
selection depends on plant location. 

Advantages of SNRB includes: 

• Longer catalyst life - SOx and particulates are removed prior to contact 
with the selective NOx - reduction catalyst. Catalyst plugging, poisoning, 
and erosion are minimized. 

• Dry material handling - Sorbent and waste streams are dry. Preparation 
and disposal costs are minimized. 

• No reheat required - NOx removal upstream of the air heater eliminates 
reheating and cooling the flue gas stream to optimize NOx removal. 

Gilbert/Commonwealth International, Inc. 
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Exhibit 3A.6 

Schematic of the SNRP Process (Calcium-Based) 
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SNRB Technology 

I· 
: I:. 
'1.: 

MIGK-~Jll;liIU.TUhF. CERAMIC 
FLTER I"C wmt CATALYST 
AHD .. n .... EII 

Gilbert/Commonwealth International, Inc. 
3A-12 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DISTRICT HEATING FEASIBILITY STUDY BASES FOR ENGINEERING AND ECONOMIC ANALYSIS 

• More plant power output - S03 removal prior to the final boiler heat trap or 
air heater permits significant reductions in flue gas temperature. Overall 
power system efficiency increases of 1 % to 3% are possible. Therefore, 
the boiler system may be able to produce more power than before. 

Reduction and removal efficiency range are as follows: 

• SOx - 70% - 90% 

• NOx - 90% 

• Particulate - 99% 

Costwise, SNRB is 3 - 25% less expensive than adding three pieces of equipment 
together for NOx, SOx and particulates removal. But in view of the relatively new 
technology in high temperature scrubbing, recommendation of employment of this 
device should be delayed for the time being. 

Gilbert/Commonwealth International, Inc. 
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4.0 

4.1 

ENGINEERING ANALYSIS • SUPPLY 
SIDE 

INTRODUCTION 

This Section describes the engineering analysis used to: 

(1) define the preferred District Heating Systems supply side technologies; 

(2) define the optimal District Heating Systems supply side equipment 
configuration; 

(3) analyze the proposed equipment configuration performance and efficiencies; 
and 

(4) size and optimize parameters of the proposed configuration equipment at 
each district heating generation site. 

The results of this Section augment an equipment rehabilitation program, 
developed in Section 2.0, and elaborate on findings and results developed in 
Section 3.0. 

The Sofia and Pernik District Heating systems produce hot water by several 
multi-fuel fired thermal plants. Due to a different design and operating philosophy, 
the analyzed District Heating systems are not optimized and do not use enough 
cogeneration to maximize the overall system efficiency. As a result, an 
unjustifiably high percentage of hot water boilers is used to cover the base and 
peaking system loads. To increase efficiency of the District Heating systems 
several configurations were proposed and analyzed in this section. These 
configurations which replaced existing steam and hot water peaking boilers with 
the other viable technologies are currently available and used in the West. 

A number of suitable technologies for application to the district heating systems 
supply side were analyzed and evaluated for performance. An identification of 
suitable technologies is mainly governed by the: (1) high efficiency of new 
technologies; (2) its integration with the existing plant equipment configurations; 
and (3) plant design features and operating parameters. 
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4.1.1 

4.1.2 

From the list of suitable technologies several preferred technologies were selected 
through an elimination and ranking process. The preferred technologies selection 
was based on an objective, structured decision making process applicable for 
these type of tasks. The basic plant technologies selected for further analysis and 
equipment configurations optimizations are: 

• Existing boilers and steam turbine - equipment rehabilitation option 

• Gas turbine - combined cycle options 

• Gas turbine - repowering options 

• Fluidized bed combustion (FBC) and steam turbine - repowering option 

The preferred technologies were analyzed for their efficiencies. Based on the 
performance analysis and applicable equipment configuration arrangements, a 
final equipment configuration and sizing for each site was selected. 

OB.lECTIVE 

The objective of this task was to analyze the existing generating plants and 
evaluate equipment upgrades and alternate system configurations to provide 
reliable, safe service with high efficiency but at a minimized capital expenditure. 

While improvements in overall system efficiency were pursued through an 
increase of cogeneration and electric power production, the maximization of the 
electric power generation was not the priority for this study. 

SCOPE DEFINITION 

This Section deals with the District Heating systems supply side management 
portion (power generation). The demand side management portion that deals with 
the demand optimization and savings was not considered a part of this section. 

The scope of the Section is defined by the following six groups of activities: 

• Identification of available technologies 

• Selection of preferred option(s) 

• Definition of equipment configuration 

• Configuration eqUipment selection and preliminary equipment sizing 

• Analysis of the proposed equipment configuration efficiencies 

• Selection of the equipment configuration design parameters at each site 

In executing the defined scope, the GCII team ensured that the new equipment 
configuration meets following criteria: 

• proposed technologies are proven and reliable in operation; 

• technology can be easily integrated with the existing operating equipment at 
the sites; and 

• added equipment should lead to substantial overall district heating efficiency 
gains. 
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4.1.3 ORGANIZATION OF SUBSECTIONS 

In the following Subsections, a more detailed discussion of the methodology used 
in this study and the proposed equipment configuration structure and performance 
are presented. 

This Section is divided into seven main Subsections including this introduction. 

Subsection 4.2 describes the methodology used by the GCII team to identify 
suitable technologies for the District Heating systems rehabilitation and select 
preferred technologies for further analysis. The Subsection provides information 
on the: (1) design and operating details of surveyed technologies; and 
(2) discusses eliminath~n and ranking criteria used for selection of the preferred 
technologies. 

Subsection 4.3 presents the approach used to integrate the preferred technologies 
with the District Heating existing equipment into a workable and efficient 
configuration. The Subsection discusses components of each configuration and 
the interfaces between new and existing eqUipment at site. 

Subsection 4.4 discusses equipment selection and equipment sizing to allow 
performance evaluation of different proposed configurations. Information on 
equipment sizing and efficiency, as provided by the equipment manufacturers, is 
also presented in this Subsection. 

Subsection 4.5 discusses the basis of the comparison between different equipment 
configuration efficiencies. The comparison was performed to determine which of 
the proposed new equipment configuration promises the highest overall efficiency 
and eventually the best return on investment. 

Subsection 4.6 defines the equipment configuration at each site in detail and the 
optimized design parameters of the proposed new equipment for the maximum 
efficiency gain. Heat balance calculations and methodologies and computer codes 
used to optimize design and flow parameters are also presented in this 
Subsection. The equipment configuration design and operating parameters 
developed in this Section are a direct input into Section 8.0, "Economic Analysis." 

Subsection 4.7 provides recommendations for rehabilitation or upgrades of the 
plants. It should be noted that these recommendations are based primarily upon 
technical considerations with a focus on production. In the larger context and 
scope of the study, GCII used this information as input for the economic and 
financial analyses which also considered the piping and hot water distribution 
system configurations. 
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4.2 

4.2.1 

TECHNOLOGY SELECTION PROCESS AND PRODUCTS 

METHODOLOGY DESCRIPTION 

The technology evaluation process used to review existing and potential supply 
side options for the Sofia and Pernik District Heating systems is based on a 
structured and objective methodology that is used by US utilities when they 
consider rehabilitation of their plants. The methodology used in this analysis 
consisted of three phases: 

• Technology Survey - Phase 1 

• Technology Elimination - Phase 2 

• Technology Ranking - Phase 3 

A schematic representation of the evaluation process and the products of each 
step of the process are shown in Exhibit 4-1. To develop consistency in the 
terminology used, the following convention was established throughout the study: 

• Technologies included in the Phase 1 are called "suitable Technologies" 

• Technologies left after the Phase 2 elimination process are called "Screened 
Technologies" 

• Technologies left after Phase 3 ranking process for further technical and 
economic analysis are called "Preferred Technologies" 

Below is a brief discussion on each of the three technology selection phases. 

Technology Survey - Phase 1 

During the survey Phase suitable technologies are identified, briefly analyzed, and 
compatibility with the existing district heating systems is checked. The compiled 
list of suitable technologies serves as a base for further screening and ranking and 
final selection of preferred options. Both commercial and emerging technologies 
are included in the list during the technology survey phase. 

Technology Elimination - Phase 2 

Technology elimination Phase serves to exclude technologies that violate some of 
the basic criteria established by the scope of work or that strongly interfere with an 
established public opinion. The elimination process is performed during the brain 
storming engineering sessions. Client partiCipation is desirable during these 
sessions to convey to the review team specifics of the technical, business and 
SOCial environment important for technology acceptance. 

Technology Ranking - Phase 3 

The ranking system compares, on a relative basis, the available technology 
options remaining in the process after the elimination phase. The main objective 
of the evaluation is to rank, identify and recommend those technologies that 
should be evaluated more thoroughly. The results of the quantitative assessment 
form the basis for the acceptance or rejection of technologies. Technologies 
recommended for further evaluation are those considered most likely to be able to 
improve efficiency and contribute to capacity. 

The evaluation procedure employs formal rules for ranking. A "major criterion" is 
given a weighting factor of from 1 to 6, with 6 representing the most significant 
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ACTIVITY STAGE 

Exhibit 4-1 

A Schematic Representation of the Evaluation 
Process on the Products 

ACTIVITY 

• Technology Survey· 

• Pulverized Coal Fired Plant 
• Fuel Cell 
• Integrated Gasification Combined Cycle 
• Atmospheric Auidized Bed Combustion 
• Presurized Auidized Bed Combustion 
• Gas Turbine Combined Cycle 
• Gas Turbine Repowering 
• Cheng Cycle 
• Waste Incineration 

- Technology Elimination· 

• Integrated Gasification Combined Cycle 
• Atmospheric Auidized Bed Combustion 
• Gas Turbine Combined Cycle 
• Gas Turbine Repowering 
• Waste Incineration 

- Technology Ranking -

1. Gas Turbine Combined Cycle 
2. Gas Turbine Repowering 
3. Atmospheric Auidized Bed Combustion 

- Equipment Selection and Sizing -

• Define Equipment Configurations 
• Select Equipment Type(s) 
• Define Equipment Size(s) 

- Configuration Perfonnance Evaluation-

• Define Heat utilization Rate 
• Compare emclency of Repowerlng 

Option to Combined Cycle Option 

- Configuration Optimization -

• Optimize Equipment Configuration 
at each Site 

• Perform Heat Balance Analysis to 
Fine Tune Equipment capacities 

Gilbert/Commonwealth International, Inc. 
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4.2.2 

4.2.3 

criterion. The status/characteristic of each candidate technology is then evaluated 
with a relative ranking within each major criterion, values between 5 and O. A 
relative ranking of 5 is awarded to the best ranking technology, and 0 to the 
lowest. With the system chosen, the maximum possible score for a technology is 
100 points. Exhibit 4-2 illustrates the evaluation weighting for the procedure used 
here. These weights were used to rank the evaluated technologies. 

SURVEY OF SUITABLE TECHNOLOGIES 

A review of suitable technologies for the district heating systems resulted in a 
selection of the basic technologies similar to those usually investigated by a utility 
company for cogeneration plants. Both commercial and emerging technologies 
were included for further evaluation to determine their potential applicability. 

Technologies being considered can be divided into three groups: (1) operations 
improvement; (2) emissions reduction; and (3) emissions reduction/system upgrade. 
This study quantitatively addresses emissions reduction/system upgrade 
technologies and qualitatively addresses all other options. Cycle technologies which 
were considered for the Bulgaria district heating plants include the following: 

• Pulverized Coal Fired Boilers 

• Fuel Cells 

• Integrated Gasification Combined Cycle (IGCC) 

• Atmospheric Fluidized Bed Combustion (AFBC) 

• Pressurized Fluidized Bed Combustion (PFBC) 

• Natural Gas, Gas Turbine (GT) Combined Cycle 

• Natural Gas, Gas Turbine (GT) Repowering 

• Cheng Cycle 

• Waste Incineration Plant 

More information and technical details on surveyed technologies is presented in 
Appendix 4-1 of this section. 

TECHNOLOGY ELIMINATION PHASE 

To limit the amount of engineering analysis and screening for the technologies that 
are applicable to Bulgarian cases, the GCII team together with the Bulgarian 
experts performed preliminary elimination of the technologies identified in 
Subsection 4.2.2. 

In order to understand the benefits that might be perceived for various methods of 
generation and cogeneration, it was important to discriminate between 
technologies that are ready for commercial service with little technical risk, and to 
screen out those that are not sufficiently proven as reliable energy sources, 
although they might become so at some time in the future. These screening 
procedures help show those technologies that are most suited for service at the 
present time. 

Gilbert/Commonwealth International, Inc. 
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MAJOR 

CRITERION 

COMMERCIAL AND 
DEVELOPMENTAL STATUS 

TECHNICAL 

CONSIDERATIONS 

LICENSING AND LEAD 

TIME RISKS 

ENVIRONMENTAL 

COST UNCERTAINlY 

CAPITAL COSTS 

VARIABLE 
OPERATING COSTS 

MAXIMUM POSSIBLE TOTAL: 

Exhibit 4-2 

Evaluation Criteria and Characteristics 
for Relative Ranking of Technologies 

CRITERION STATUSI RELATIVE 

WEIGHTING CHARACTERISTIC 

6 

5 

3 

3 

1 

1 

1 

Utility integration 
Engineering demonstration 
Development 

Pilot 
Hypothetical 

Technically mature 

Technically demonstrated 

Technically viable 

Technically developed 

Technically inadequate 

Low 
Moderate 

High 
Unknown 

Evaluate all Table 3 

Lowest is ranked 5, 

highest ranks o. 
Rest ranked by percentage 

difference relative to 
these two. 

Low 
Moderate 

Uncertain 
High 
Unknown 

Evaluate all per EPRI TAG. 

Lowest is ranked 5, 
highest ranks o. 
Rest ranked by percentage 
difference relative to 

these two. 

Evaluate variable 
operating cost and 
maintenance per EPRI TAG. 
Lowest is ranked 5, 
highest ranks o. 
Rest ranked by percentage 
difference relative to these two. 
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RANKING 

5 

4 
3 

2 
1 

5 

4 
3 

2 
0 

5 

4 
3 
0 

5 

5 
4 
3 
2 
0 

5 

5 

MAXIMUM POSSIBLE 

POINTS 

30 

25 

15 

15 

5 

5 

5 

100 
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4.2.4 

The screening provided a preliminary evaluation of the performance, technical 
readiness, economics and environmental performance. Several technologies 
were eliminated as a result of the screening process. The following is the list of 
the eliminated technologies: 

• Pulverized Coal Fired Boilers 

• Fuel Cells 

• Pressurized Fluidized Bed Combustion (PFBC) 

• Cheng Cycle 

Pulverized-coal (PC) fired boiler technology, while feasible, was estimated to be 
higher in cost for locally available fuels when flue gas desulfurization must be 
included for S02 removal. PC boilers were not considered for new additions and 
are not included in the selection process. 

Fuel Cells, PFBC and Cheng Cycle were eliminated from further considerations 
because these technologies are still in development Phase and no proven, full 
scale plant with sufficient operating experience exists to justify its application in 
Bulgaria. 

After the screening phase, the following technologies remained for further 
evaluation: 

• Natural gas GfT combined cycle plant 

• Natural gas GfT Repowering 

• Coal integrated gasification combined cycle plant 

• AFBC steam plant 

• Waste incineration plant 

These technologies would undergo further evaluated and subjected to the ranking 
process to select those suitable for the detailed economic analysis. 

TECHNOLOGY RANKING PHASE 

The technology ranking Phase judged a number of subjective and qualitative 
factors for each of the technologies evaluated. This ranking allowed the selection 
of the short list of final technologies that were given detailed evaluations. This 
Subsection describes the preliminary ranking methods and results, leading to the 
technologies chosen for detailed review. 

The result of the ranking is a table with points associated with each technology, 
ranked from most to least, shown in Exhibit 4-3 (see page 4-82). Those 
technologies with the highest rankings were selected for more detailed study, 
eventually leading to the selection of the new plant addition recommendations. 

In this evaluation, results from one eastern U.S. electric utility company's 
technology ranking were used for the majority of the data. Those pieces that were 
missing were developed consistent with their evaluation basis by the GCII team 
and by the Bulgarian specialists during their study review trips to U.S. 

It is evident from the Exhibit 4-2 ranking criteria that some of the technologies 
considered are not quite ready for commercial use. This is due to the high value 
that should be placed on prior demonstrations on a scale similar to the intended 

Gilbert/Commonwealth International, Inc. 
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4.2.5 

4.3 

use in Bulgaria. For example, a record of reliable service is a critical weighting 
factor. Even though coal gasification has been demonstrated, coal 
gasification-based plants for this application remain to be demonstrated in full 
scale and in operation in an integrated system, before being accepted as a proven 
technology. 

A low score in this type of ranking does not necessarily indicate a long term view 
of the potential for a technology, only its lack of suitability for purchase today. 
These technologies, even the rejected ones, need to be retained as potential 
choices as emerging technologies suited as future generation candidates or if 
current effort prolongs long enough to allow maturation of these technologies. 

RESULTS OF THE RANKING PROCESS 

Exhibit 4-3 shows the results of the ranking process. Of the initial technologies 
considered, only those with the highest rankings were selected for detailed 
evaluation. Those selected for further detailed investigation are the following: 

• Natural gas: GIT combined cycle plant (Highest ranked) 

• Natural gas: 

• Coal: 

GIT repowering 

AFBC steam plant 

(Second ranked) 

(Third ranked) 

Those rejected from further consideration at this time were the following: 

• Coal: integrated gasification combined cycle plant (IGCe) 

• Waste: incineration plant 

The technologies that were rejected from consideration were deleted because their 
selection would not be prudent in an application that is to be built in the near 
future. Either the experience base with the rejected techn910gies is not sufficient, 
or the preliminary assessment of their other benefits are not sufficiently attractive 
to warrant detailed assessment. 

DEFINITION OF EQUIPMENT CONFIGURATION 

In Subsection 4.2 only preferred technologies for new power generation options 
were selected. The equipment configuration that integrates the new technologies 
to the existing district heating generation stations was not addressed in the 
selection. However, an optimal equipment configuration that leads to the 
least-cost option depends on several parameters that go beyond the generation 
technology component. 

The parameters that govern the least-cost option(s) are both technical and 
economic and are influenced by the equipment configuration and how the new 
generating unit integrates with the existing equipment at the site. The equipment 
configuration design, construction, operation, and maintenance features can have 
dramatic impact on a fuel consumption and man power requirements, driving 
certain operating cost components upward or downward. The technically most 
advanced and efficient option will therefore not necessarily be the most 
economically attractive option when evaluated on a life-cycle basis. 

Gilbert/Commonwealth International, Inc. 
4-9 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DISTRICT HEATING FEASIBILITY STUDY ENGINEERING ANALYSIS - SUPPLY SIDE 

To address the uncertainties that each capital project brings and to determine the 
least-cost option, GCII team developed several different equipment configurations 
for each site. The configurations are developed in accordance with: 

(1) the technical requirements of the preferred technologies, selected in 
Subsection 4.2.3; 

(2) integration requirements to optimize interfaces between preferred 
technologies to the existing equipment at the site 

(3) gradual increase in configuration capital cost and efficiency. 

The following are the proposed general configurations: 

• Rehabilitation of existing equipment including components identified in 
Section 2 as requiring replacement or upgrade now or within the next 
10 years 

• Repowering option with the gas turbine and heat recovery steam generator 
(HRSG) 

• Combined cycle with introduction of gas turbine, heat recovery steam boiler, 
and new steam turbine 

• Repowering option with the AFBC steam plant 

Of the 16 potential options at each of four stations, a total of nine (9) cases were 
fully developed for the Sofia Thermal Power Station (S cases), Republika Thermal 
Power Station (P cases), Trajco Kostov Thermal Power Station (K cases), and 
Liulin Heating Station (L cases). Some of the potential options were not 
developed due to factors such as unavailability of natural gas and public 
opposition to coal firing in the cities. 

Minimal rehabilitation of the existing systems are evaluated as cases S1, P1, K1 
and L 1 for Sofia, Republika, Trajco Kostov and Liulin plants, respectively. 
Repowering of the existing system with the gas turbine/HRSG is analyzed as 
Case S2. Operation with gas turbine combined cycle is investigated as Case S3, 
K2, and L2, and fluidized bed combustors are evaluated as Case P3. The gas 
turbine/HRSG option was not evaluated at any of the other plants since the 
analysis at Sofia proved the gas turbine combined cycle option and the gas 
turbine/HRSG option to be of comparable present worth. 

The identified cases will be discussed in detail in Subsection 4.6 and each 
equipment configuration will be fine tuned for each site. 

The extent of repowering/combined cycle was limited by the criteria requiring 
optimization of District Heating systems for heat production and limitation of 
capital expenditure for the new equipment. Therefore only one new equipment 
combination with a highest expected efficiency and the least life-cycle cost was 
anticipated for each generating site. 

Gilbert/Commonwealth International, Inc. 
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4.4 

4.4.1 

4.4.2 

EQUIPMENT SELECTION AND SIZING 

To conduct a technology performance evaluation the GCII team contacted most of 
the major equipment manufactures to obtain design and operating data on gas 
turbines, AFBC, boiler components (burners and I&C), and heat recovery boilers. 
This initial information was further analyzed and processed to prepare data for 
performance assessment of the selected equipment and for design optimization 
performed in Subsection 4.6. 

STEAM BOILERS 
Boiler Selection 

Rehabilitation of the existing steam boilers will be performed in accordance with 
the recommendations and schedules presented in Section 2. All performance 
analysis for the rehabilitation is based on the information and efficiency data 
provided by B&W. 

For the AFBC, several manufacturers were contacted. However, the most 
complete data and best AFBC performance was provided by Foster Wheeler. 
Therefore, for the technology performance evaluations, the Foster Wheeler AFBC 
is used. 

Boiler Efficiency Data 

Exhibit 4-4 provides B&W calculated boiler efficiencies for the three thermal power 
and heating (TPH) stations burning natural gas and compares them with the 
efficiencies reported by the Committee of Energy (COE). The more recent COE 
reported efficiencies are much higher than those reported for previous years. 
Since use of natural gas (as used today) is expected to result in a lower efficiency 
than use of oil (used earlier) due to the loss associated with formation of water 
from hydrogen in the fuel, it is believed that the COE supplied data may not 
accurately reflect the Bulgarian situation. After several discussions, the 
efficiencies shown in Exhibit 4-4 were determined to be reasonable for existing 
conditions used in this study for thermal boilers as well as hot water boilers firing 
natural gas and oil fuel. 

Exhibit 4-5 gives the existing boiler efficiencies for the coal firing units at 
Republika plant. 

Efficiency for the new fluidized bed combustor is based on Foster Wheeler'S data 
provided in Exhibit 4-6. 

GAS TURBINES 
Gas Turbine Selection 

Only advanced gas turbine designs of high efficiency are considered for 
rehabilitation. Power output should be in the range of 40 MW - 70 MW in order to 
suit the Bulgaria plants load curves developed in Section 3. 

For the performance evaluation and further optimization and design analysis, 
Stewart & Stevenson LM6000 and General Electric Frame 6FA gas turbines were 
selected for repowering and combined cycle options, respectively. Several 50Hz 
advanced gas turbines by General Electric, Westinghouse, Siemens, and ABB 
Power Generation were originally considered for selection. Based on the 
International Standards Organization (ISO) performance on natural gas, the 
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STEAM GENERATOR 

Natural Gas 

#6 Oil 

Coal 

HOT WATER BOILER 

Natural Gas 

#6 Oil 

(Efficiency Per Bulgaria) 

BOILER DESIGNED 
1983 

No.1 1985 76 

No.2 1985 78 

Reserve 1983 79 

No.3 1983 75 

No.4 1983 78 

No.5 1986 81 

SOFIA 

#1-9 
84 

(91.1-95.2) 
87 

(90.4-92.) 

#1-6 
84 

188.6) 
87 

(86.8) 

Exhibit 4-4 

Boiler Efficiency 
(B&W) 

KOSTOV PERNIK 

#1-7 #1-5 
84 

(92.3-94.1 ) 
87 

(91.1-92.9) 
87 

(81.3-83.7) 

#1-8 
84 

(92.7-94.1) 
87 

-<86.4t 

Exhibit 4-5 

Existing Boiler Efficiency [%] 

Republika Thermal Power Station 

REALIZED PER YEAR 

1984 1985 1986 1987 1988 1989 1990 

81 82 81 76 82 81 81 

80 78 76 77 81 82 81 

LULIN 

#1-4,5 
84,86.4 

---
--

1991 

83 

81 

82 82 82 77 81 82 Repair Repair 

81 

82 

83 

78 82 80 82 Repair 

82 78 79 79 80 

82 84 83 83 85 
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82 81 

83 82 

85 83 

ZEMLIANE 

#1-6 
84 
---
---

1991 PER 
1992 9 MONTH 

83 -

81 81 

82 82 

82 82 

82 82 

84 84 
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FUEL 

Exhibit 4-6 

Summary Performance Sheet 
Efficiency Data 

100% MeR 

Bituminous Coal 

STEAM FLOW 458,600 Ib/hr (208 Tone/hr) 

HEAT LOSSES 

DRY GAS 

HYDROGEN & MOISTURE IN FUEL & LIMESTONE 

MOISTURE IN AIR 

UNBURNED COMBUSTIBLE 

RADIATION 

CALCINATION 

ASH SENSIBLE HEAT 

UNACCOUNTED 

MANUFACTURER'S MARGIN 

FAN CREDIT 

SULFATION CREDIT 

NET LOSSES 

EFFICIENCY 

DESIGN PARAMETERS 

CALCIUM TO SULFUR RATION (CAlS) 

BED OPERATING TEMPERATURE 

EXCESS AIR 
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- 5.09 % HHV 

-10.16 % HHV 

- 0.12 % HHV 

-2.84 % HHV 

- 0.28 % HHV 

-2.24 % HHV 

-1.24 % HHV 

- 0.15 % HHV 

-1.00 % HHV 

0.74 % HHV 

2.08 % HHV 

20.3 % HHV 

79.70 % HHV 

2.42 

1600°F 

20% 
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4.4.3 

4.4.4 

LM6000 clearly has the best simple cycle heat rate for a repowering appfication, 
and Frame 6FA, a scaled down version of GE's state-of-the-art Frame 7FA, is the 
most efficient for combined cycle application. 

From an emissions pOint of view, both proposed gas turbines employ dry low NOx 
burners, guarantee 25 ppmv NOx at 15% 02, and meet Bulgaria's future 
emissions requirements. Exhibit 4-7 shows LM6000 power output as a function of 
ambient temperature. Unlike a typical industrial type gas turbine, whose power 
increases as ambient temperature decreases, this aero-derivative engine's power 
peaks near 48°F. To compensate for this shortcoming, a chiller and a heater are 
added to maintain a constant 48°F temperature to the compressor inlet regardless 
of the ambient. Thus, peak power is maintained throughout the ambient range at 
the expense of 1.5% loss in auxiliary power. Similarly, power output of Frame 6FA 
at high ambient temperature can be improved as much as 4 MW by adding a 
chiller. 

Gas Turbine Performance Data 

Standard gas turbine performance, supplied by a gas turbine manufacturer 
(Exhibit 4-8), is corrected by the site conditions, inlet and exhaust duct losses, 
gear loss, etc. and is used for the performance comparison performed in 
Subsection 4.5. 

HEAT RECOVERY STEAM GENERATOR 
HRSG Design Selection 

For most combined cycles with an advanced gas turbine, exhaust energy recovery 
is maximized with a triple pressure HRSG design. The highest pressure level is 
used for throttle steam. Medium pressure steam is generated for injection to the 
gas turbine for power augmentation or induction to the steam turbine. Lowest 
pressure is usually used for induction, thereby generating additional power from 
the low pressure stages of the steam turbine. The Frame 6FA turbine even 
employs a reheat steam cycle to further improve steam turbine performance and 
hence enhance overall plant heat rate. 

In this study, however, a single pressure HRSG was chosen with no induction and a 
non-reheat steam turbine, leaving the triple pressure - reheat cycle for further 
analysis. 

HRSG Performance Data 

Standard HRSG design and performance data, supplied by a Deltak Corporation, 
is used for performance comparison performed in Subsection 4.5. 

STEAM TURBINES 
Steam Turbine Selection 

For electric utility applications, a condensing steam turbine is generally chosen. 
The plant is loaded to the maximum capacity factor. In a cogeneration plant for 
heat and power, where the first priority is to produce heat, a back pressure steam 
turbine may be a better choice. But, in such case, the plant would run only during 
a few cold winter months, and the investment is not justifiable with a low capacity 
factor. A condensing turbine would allow the plant to generate electricity all year 
long and the revenue from the sale of electricity may offset part of the operating 
expenses. Only a small percentage, about 5%, of the steam flow may need to go 

Gilbert/Commonwealth International, Inc. 
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Exhibit 4-7 

GE LM6000 Gas Turbine 

GENERATOR SET PERFORMANCE 
OPERATION AT SEA LEVEL, NO INLET/EXHAUSTLOSSES 

NO WATER/STEAM INJECTION _ 

45,000 .... --------------------., 
.----------- MASSFLOIN,LBJSEC GASEOUS FUEL 

10 Hz POWER ---- FUEL FLOIN, MMBTUIHR (LHV) 
..................... EXHAUST GAS TEMP, ., 

~ 
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.\..... . \ i a: 
t!! 
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~ 
~ a: w z w 
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• , 
. ~ 

t 175 Mt.1BTU~R \ ........... \. l\ 
15,000 .... ------....:.----..... -------....:.--------~ 
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Exhibit 4-8 
Gas Turbine Performance Data 

STEWART & STEVENSON/GE LM6000-PA, INTRODUCTORY RATING; NOT GUARANTEED NAT GAS 

BULGARIA DISTRICT HEATING SYSTEM REPOWERING PROJECT - GILBERT/COMMONWEALTH - DLN MARGINES APPLIED 

-100% TO 10% LOAD 

CASE # 

LOAD % 

AMBIENT COND 

DEG,F 

RH,% 

ALT,FT 

ENGINE INLET 

DEG,F 

RH,% 

CONDITIONING 

60 HERTZ 

KW,GENTERM 

BTu/KW-HR 

FUEL 

MMBTu/HR, LHV 

FUEL,PPH 

WATER,PPH 

WATER/FUEL 

WATER TEMP DEG F 

NOZSTEAM 

PPH 

MANIFOLD,F 

MANIFOLD, PSIA 

STEAMIFUEL 

TOTAL HP, PPH 

HP%A1RFLOW 

FILTER IN H20 

VOLUTE IN H20 

EXHAUST IN H20 

PT, RPM 

HPCOMP, RPM 

COMP DISCH, PSIA 

COMP DISCH, F 

BORESCOPE, PSIA 

T48,R 

EXHAUST 

DEG,F 

PPS 

PPH 

1007 

100% 

48.0 

60.0 

0.0 

48.0 

60.0 

NONE 

41,623 

8,745 

364,00 

19.158 

o 
0.00 

o 

o 
o 

0.0 

0.0 

o 
0.00 

4.0 

4.0 

10.0 

3,600 

10,44B 

436 

1,005 

419 

2,049 

8BO 

283.46 

1020443 

1009 

90% 

48.0 

60.0 

0.0 

4B.0 

60.0 

NONE 

37.439 

8,794 

329.24 

17,329 

o 
0.00 

o 

o 
o 

0.0 

0.0 

o 
0.00 

4.0 

4.0 

10.0 

3,600 

10,145 

408 

970 

393 

1,982 

843 

270.45 

973606 

1009 

80% 

48.0 

60.0 

0.0 

48.0 

60.0 

NONE 

33.250 

8,917 

296.47 

15,604 

o 
0.00 

o 

o 
o 

0.0 

0.0 

o 
0.00 

4.0 

4.0 

10.0 

3,600 

9,925 

378 

936 

363 

1,926 

817 

254.29 

915442 

1010 

70% 

48.0 

60.0 

0.0 

48.0 

60.0 

NONE 

29.056 

9,191 

267.07 

14,056 

o 
0.00 

o 

o 
o 

0.0 

0.0 

o 
0.00 

4.0 

4.0 

10.0 

3,600 

9,771 

349 

907 

335 

1,881 

803 

237.41 

854659 

1011 

60% 

48.0 

60.0 

0.0 

48.0 

60.0 

NONE 

24.858 

9,576 

238.05 

12,529 

o 
0.00 

o 

o 
o 

0.0 

0.0 

o 
0.00 

4.0 

4.0 

10.0 

3,600 

9,635 

317 

876 

304 

1,838 

796 

218.16 

785364 

1012 

50% 

48.0 

60.0 

0.0 

48.0 

60.0 

NONE 

20,656 

10,131 

209.26 

11,014 

o 
0.00 

o 

o 
o 

0.0 

0.0 

o 
0.00 

4.0 

4.0 

10.0 

3,600 

9,471 

292 

844 

280 

1,765 

766 

204.92 

737699 

1013 

40% 

48.0 

60.0 

0.0 

4B.O 

60.0 

NONE 

16,44B 

11,072 

182.11 

9,5B5 

o 
0.00 

o 

o 
o 

0.0 

0.0 

o 
0.00 

4.0 

4.0 

10.0 

3,600 

9,309 

267 

812 

155 

1,698 

739 

191.20 

6B8316 

1014 

30% 

48.0 

60.0 

0.0 

4B.0 

60.0 

NONE 

12,236 

12,724 

155.69 

8,194 

o 
0.00 

o 

o 
o 

0.0 

0.0 

o 
0.00 

4.0 

4.0 

10.0 

3,600 

9,135 

240 

767 

230 

1,627 

716 

175.80 

632864 

NOTES: 1. 

2. 

POWER SHOWN IS 98% OF B&W LOAD POWER (DRY LOW NOx MARGIN) 

HEAT RATE SHOWN IS 101% OF BASE HEAT RATE (DRY LOW NOx MARGIN) 

Gilbert/Commonwealth International, Inc. 
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1015 

20% 

4B.0 

60.0 

0.0 

48.0 

60.0 

NONE 

8.019 

16,126 

129.32 

6,806 

o 
0.00 

o 

o 
o 

0.0 

0.0 

o 
0.00 

4.0 

4.0 

10.0 

3,600 

8,932 

213 

730 

203 

1,553 

692 

159.76 

575138 

1016 

10% 

48.0 

60.0 

0.0 

4B.0 

60.0 

NONE 

3,79B 

27,097 

102.91 

5,416 

o 
0.00 

o 

o 
o 

0.0 

0.0 

o 
0.00 

4.0 

4.0 

10.0 

3,600 

8,709 

183 

688 

175 

1,464 

666 

142.19 

511873 
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4.5 

4.5.1 

4.6 

through the condensing section in order to reduce the windage and friction losses 
in the low pressure end of the bladings during maximum extraction. 

For the combined cycle option, new ABB turbines were selected with the Ecolaire 
supplied condensers. 

Steam Turbine Performance Data 

Steam turbine performance is based upon miscellaneous information from 
Bulgaria such as performance diagrams, expansion lines, correction curves and 
test results whenever available. A 5% degradation is assumed for all old turbines. 
Performance of new turbines is calculated by computer programs. 

Performance parameters for the rehabilitated existing turbines was based on the 
Eliot Company data. The new ABB turbine data were based on the manufacturers 
guaranteed parameters. 

Performance parameters were calculated by a model specifically developed for 
this study. The process that describes how the turbine is modeled and how 
performance parameters are derived is presented in Appendix 4A.2. 

CONFIGURATION PERFORMANCE EVALUATION 

To compare overall efficiencies of the preferred technologies and equipment 
configuration selected in Subsections 4.2.5 and 4.3, and analyze its technical 
merits, GCII team performed performance analysis of repowering and combined 
cycle options with the selected eqUipment defined in Subsection 4.4. This 
performance evaluation also helped to fine tune the proposed equipment 
configuration. The performance evaluation was based on a Heat Utilization Factor 
(HUF). 

The performance analysis described in this Subsection is not intended to be 
rigorous and detailed to the point of providing guaranteed performance, but rather 
is intended to provide a basis of efficiency comparison for the various 
configurations examined. 

HEAT UTILIZATION FACTOR 

A HUF, used to measure the efficiency of different cycle configurations in this 
study, is defined as follows: 

3413 
HUF = 

Heat Rate (Btu/kWh) 

OPTIMIZATION OF CONFIGURATION DESIGN PARAMETERS AT 
EACH SITE 

General equipment configurations for the Sofia and Pernik District Heating 
systems were defined in Subsection 4.3. These configurations, however, only 
provide a guidance for further optimization at each generating site. The final 
selection will be based on the heat balance analysis and integration requirements 

Gilbert/Commonwealth International, Inc. 
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imposed by the existing equipment design and operating parameters. The 
following Subsections provide: 

(1) description of the equipment configuration at each generating site with the 
supporting flow diagrams 

(2) heat balance calculation for heat and mass optimization between existing 
and added equipment 

(3) preliminary design and operating parameters for each configuration 

4) preliminary equipment arrangement drawings. 

A summary of the selected configurations is shown in Exhibit 4-9. 

Gilbert/Commonwealth International, Inc. 
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Exhibit 4-9 

Plan Cycle Evaluation - Case Study 

TECHNOLOGY FUEL TYP % 
Existing plant with usable boiler/stea!'" turbine natural gas 95 

mazut 5 
Gas turbine/combined cycle - natural gas 100 
Repowering -
Gas turbine/combined cycle - natural gas 100 
New Unit 
Fluidized bed (FBC) boiler/cogen coal· 100 

Existing plant with usable boiler/steam turbine coal 100 

Select from Sofia results - coal/ 
Conventional steam cycle or combined cycle natural gas 
Fluidized bed (FBC) bOiler/cogen coal 100 

Existing plant with modification natural gas 95 
mazut 5 

Select from Soifia results - natural gas 
Conventional steam cycle or combined cycle or mixture 
Existing plant with modification natural gas 95 

mazut 5 
Gas Turbine with HRSG natural gas 100 

~_L 
~~--~--

PLANT COMMENTS 
SOFIA Minimum boiler upgrade 

SOFIA Replace existing boiler 

SOFIA Replace existing boiler 

SOFIA Replace existing boiler 
Scale from Republika's FBC 

REPUBLIK Minimum boiler upgrade 

REPUBLIK Compare to FBC Case P3 
Pending Sofia results 

REPUBLIK Replace existing boiler 

KOSlOV Minimum boiler upgrade 

KOSlOV Pending Sofia results 

LlULIN Minimum boiler upgrade 

LlULIN Supplementary firing option 
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4.6.1 SOFIA POWER AND HEAT STATION CONFIGURATIONS 

This plant was built in 1948. It has been reconstructed in stages in 1958, 1963 and 
1985. It was the first heat energy source for the centralized district heating system 
in the City of Sofia. 

Much of the Sofia Thermal Station equipment is old, inoperable and has been 
retired. A site plan is presented in Exhibits 4-10. Exhibit 4-11 (see page 4-89) lists 
the station major equipment, based on B&W's assessment, and historical data 
provided by Bulgarian specialists. Technical data at rated design conditions as 
well as operating conditions in 1992 were assembled through available information 
from Bulgaria. For the purpose of this study, it is believed that this will provide 
consistent performance data, at least for relative comparison, among the various 
cases. 

4.6.1.1 Sofia TPH Station. Case S1 

Summary of the proposed activities for the Case S1 is presented in Exhibit 4-12. 
This is the "minimum rehabilitation" Case also defined as a "Base Case" for the 
economic analysis. Case S1 is defined by the B&W recommendations "Necessity 
and Enhancement" presented in Subsection 2.5. Simplified schematic of this case 
is shown in Exhibit 4-13. 

Excluding some efficiency gains due to new burners, better boiler firing control, 
refurbished auxiliary equipment, and slightly improved turbine performance this 
option does not provide any increase in electric power generation nor bring an 
increase in overall station efficiency. 

Thermal and Hot Water Boilers Modification: Due to the reduced industrial 
steam demand, caused by the current recession"and restructuring, only one of the 
three industrial steam producing boilers should be rehabilitated for further use. 
Considering that Boiler No.3 is newest and in best condition, the recommendation 
is to rehabilitate this boiler. Boiler No.2 should remain mothballed and eventualy 
rehabilitated if steam demend increases in the future beond the production 
capacity of the Boiler NO.3. The Boiler No.1 should be retired and eventually 
dismantled. Hot water boilers No.1 and 2 should be removed from service, but 
mothballed for eventual future demand. 

Thermal Boiler Nos. 4 through 8 and Hot Water Boiler (HWB) Nos. 3 through 6 will 
be rehabilitated according to the "necessity" and "enhancement" schedule by B&W 
recommendation. 

Steam Turbines Modification: Steam Turbine Nos. 4 and 5, 6 and 8 will be 
rehabilitated starting from year 1994 and inspected and overhauled every five 
years to maintain operability and efficiency as described in Subsection 2.4 of this 
study. 

The facility data sheet (Exhibit 4-14) summarizes boiler efficiency and turbine 
performance formulated for the economics model in accordance with 
Section 6.3.9. Boiler efficiency is based on a 95% natural gas and 5% Mazut oil 
mixture. Turbine performance is based upon curves in Exhibits 4-15 and 4-16 for 
Turbine Nos. 4 and 5, and for No.6, respectively. 

Gilbert/Commonwealth International, Inc. 
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Performance of Turbine NO.8 is estimated from the operating conditions during 
1992 and the performance curve (Exhibit 4-17). 

The turbines can be dispatched to follow the hot water heating demand load 
duration curves. Turbine NO.6 is dispatched first and covers 20% of the peak 
demand (533 MWt) followed by Turbine Nos. 4 and 5, each contributing 31.5 MWt. 
Turbine NO.8 is mainly used to fulfill the process steam requirement, but can be 
called upon to deliver 41 MWt by throttling to provide heat via high pressure 
heater. The rest of the demand is made up by the hot water boilers. 

Total contribution of the cogeneration facilities in Case S1 is about 40% in this 

case. 

Cogeneration percentage is defined here as a ratio of the thermal megawatts of 
heat available for hot water through turbine extractions versus the peak thermal 
demand for hot water from the plant. 

Gilbert/Commonwealth International, Inc. 
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BOILERS TYPE 

Thermal Boilers: 
Boiler No.1 
Boiler No.2 
Boiler NO.3 
Boiler No.4 
Boiler NO.5 
Boiler No.6 
Boiler NO.7 
Boiler No.8 

Hot Water Boilers: 
Boiler No.1 
Boiler No.2 
Boiler NO.3 
Boiler No.4 
Boiler NO.5 
Boiler No.6 

Steam Turbines: 
Turbine No.4 
Turbine No.5 
Turbine NO.6 
Turbine NO.8 

Exhibit 4-12 

Summary of Case 51 

ACTIVITY 

Retire 
Retire (Mothball for eventual future demand increase) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 

Retire (Mothball for eventual future demand increase) 
Retire (Mothball for eventual future demand increase) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 

Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
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Sofia TPH Station - Case S1 
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Exhibit 4-14 

Facilities Data Sheet and Simulated Results - Year 2010 
TPS Sofia - Case S1 
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4.6.1.2 Sofia TPH Station· Case S2 (GT Repowering) 
Configuration Description 

Summary of the proposed Case S2 configuration is presented in Exhibit 4-18. 
This option considers replacing one of the thermal boilers with the combination of 
Gas Turbine and HRSG. A simplified schematic of this Case is shown in 
Exhibit 4-19. 

Repowering Modification: Thermal boiler No.4 (the oldest among the boilers at 
this station), rated at 212 MWt with 220 tons/hr (481,000 pph) steam flow, is 
replaced by two LM6000 gas turbines. Each GT is followed by a Heat Recovery 
Steam Generator (HRSG). Supplementary firing is initiated to match the design 
steam flow. With afterburner efficiency near 100%, this HRSG is definitely more 
fuel efficient than the conventional boiler. At lower loads, firing may be reduced to 
match the required load, thus allowing more flexibility. 

By introducing the Gas Turbine/HRSG, the overall system efficiency increases and 
additional electric power generating capacity of 74.4 MWe will be introduced into 
the system. The new generating capacity comes from two LM6000 gas turbines, 
each at 37.2 MWe capacity (Exhibit 4-20 Facility Data Sheet). 

Thermal Boilers Modification: Due to the decreased demand for an industrial 
steam, caused by a current recession and industrial base restructuring, only one 
boiler should be retained for further operation. Boiler No.3 is the newest among 
three industrial steam boilers and should be rehabilitated in accordance with B&W 
recommendations, presented in Subsection 2.5.1.1. Boiler No.2 should be 
mothballed to serve as a backup if future industrial steam demand increases while 
Boiler No.1 should be retired and eventually dismantled. 

Hot Water Boilers Modification: Hot Water BOilers No. 1 and 2 should be 
removed from service and mothballed for future demand increases. Hot Water 
Boilers No.3 to No.6 should be reconditioned in accordance with 
recommendations summarized in Exhibit 4-18 (details of recommendation are 
presented in Subsection 2.5.1.1). 

Steam Turbines Modification: All steam turbines should be reconditioned in 
accordance with recommendations presented in Subsection 2.5.2.1 of the study. 

Assuming that project funding will be available during 1994 and considering the 
normal gas turbine project three year lead time, this system could start operation 
by year 1997. 

Heat Balance Analysis 

A heat balance analysis was performed to simulate repowering a portion of Sofia 
TPH by the replacement of an existing boiler with a modern GT/HRSG system. 
The system arrangement and resultant heat balance is shown in Exhibit 4-21. The 
boiler chosen for replacement was PGST No.4 (or its twin PGST No.8) with the 
following mainstream production conditions: 

• 
• 
• 

Pressure 

Temperature 

Mass Flow 

1451.4 psia (10 MPa) 

950.00oF (510°C) 

485,100.0 Ib/hr (220 tlh) 

Gilbert/Commonwealth International, Inc. 
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In order to simulate the performance of this system, a computer program was used 
to model the HRSG and perform the heat balance calculations. Principal input 
included the following: 

• GT exhaust conditions are based upon gas turbine Model LM6000 
manufacturer data. 

• Supplementary firing was performed assuming the use of natural gas with 
the following molar composition: 

CH4 92.960 % 
C2H6 2.970 % 
C3H8 0.830 % 
C4H10 0.330 % 
C5H12 0.336 % 
N2 2.400 % 
CO2 0.140 % 

• Feedwater inlet to the HRSG was assumed at 230°F from a feedpump 
taking suction from a 20 pSia deaerator. 

• HRSG steam exit conditions were set to match those of the replaced No.4 
boiler. 

• Duct burning fuel flow was calculated to achieve a 20°F differential between 
the HRSG gas exit temperature and the feedwater inlet temperature. 

It should be noted that two LM6000 GT turbines with HRSG are required to 
produce the desired steam flowrate (485,100 Ib/hr). 

Gilbert/Commonwealth International, Inc. 
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BOILERS TYPE 

Thermal Boilers: 
Boiler No.1 
Boiler No.2 
Boiler NO.3 

Boiler No.4 
Boiler NO.5 
Boiler NO.6 
Boiler NO.7 
Boiler NO.8 

Hot Water Boilers: 
Boiler No.1 
Boiler No.2 
Boiler NO.3 
Boiler No.4 
Boiler NO.5 
Boiler No. 6 

Steam Turbines: 
Turbine NO.4 
Turbine NO.5 
Turbine NO.6 
Turbine NO.8 

Exhibit 4-18 

Sofia Power and Heat Station 
Case 52 

ACTIVITY 

Retire 
Retire (Mothball for eventual future demand increase) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Retire and replace With two (2) LM6000 Gas Turbine and two (2) HRSGs 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 

_ .. 
~ .~ 

Retire (Mothball for future demand increase) 
Retire (Mothball for future demand increase) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 

Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
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Exhibit 4-19 

New Gas Turbine/HRSG/Existing Steam Turbine 

Sofia TPS Case S2 

FUEL·NATURAL GAS 

GENERATOR· 
37,226 KW 

LEGEND 
p= psia 
F= of 
H= btullb 
W= Ib/hr 
Q= btU/hr 

AIR 48 F 

Generator output 
corrected for auxiliary loss 
of chiller/heat pump 
needed to maintain 48 OF 
inlet air 

341.54 X 10 6 Q 

FUEL·NA TURAL GAS 

7,885 W (HHVI 

HHV· 22,674 H 
LHV· 20,471 H 

o EXISTING STEAM TURBINE 

1451.4 P 
1000.0 F 
1494.1 H 

242,550 W 

Gilbert/Commonwealth International, Inc. 
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1527.8 P 
598.7 F 

1168.7 H 

<;:ROM PUMP 

1600.0 P 
230.0 F 
202.5 H 

242,550 W 

964,040W 
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4.6.1.3 Sofia TPH Station. Case S3 (GT Combined Cycle) 
Configuration Description 

Summary of the proposed Case S3 configuration is presented in Exhibit 4-22. This 
option considers: (1) replacing one existing hot water boiler with the combination 
of Gas Turbine/HRSG; and (2) adding a condensing steam turbine with one 
extraction for hot water production. A layout of this Case inside the turbine 
building is shown in Exhibit 4-23. 

Combined Cycle Modification: Three existing hot water Boilers PTVM - 100, 
each rated at 396.90 MBtu/h, are replaced with a General Electric state-of-the-art 
gas turbine (Frame 6FA) in a combined cycle, one-on-one configuration. An ABB 
non-reheat condensing steam turbine (1450 PSIG, 1000DF) with one controlled 
extraction, bottoms the cycle and provides the energy for hot water heating 
(Exhibit 4-24). On a ODF day, the combined plant will produce a total electric 
output of 118.2 MWe. 

The steam turbine contributes a third of the electric power output plus 86.6 MWt 
steam for hot water heating (Exhibit 4-25 Facility Data Sheet). Supplementary 
firing, through new HRSG, is again used to bring the throttle steam to 
339,090 Ibs/hr. Unlike a back pressure turbine, which would run only during the 
heating season, a condensing turbine allows the plant to run all year, producing 
electricity and maximizing the capacity factor. 

This configuration increases cogeneration to 56.2%. 

Thermal Boiler Modifications: Due to the decreased demand for an industrial 
steam, caused by a current recession and industrial base restructuring, two of the 
industrial steam boilers should be removed from service. Boiler NO.3 is the 
newest among three industrial steam boilers and should be rehabilitated in 
accordance with B&W recommendations, presented in Section 2. Boiler No.2 
should be mothballed to serve as a backup if future industrial steam demand 
increases while Boiler No.1 should be retired and eventually dismantled. 

Bolier Nos. 4-9 should be rehabilitated in accordance with the B&W 
recommendations, presented in Subsection 2.5.1.1 

Hot Water Boiler Modifications: Hot Water Boilers No.1 and 2 should be 
removed from service and mothballed for future use because of lack of demand. 
Hot Water Boiler 3 is to be removed from service and mothballed because the 
new combined cycle is displacing its need. Hot Water Boilers No.4 to No.6 
should be reconditioned in accordance with recommendations summarized in 
Exhibit 4-22 (details of recommendation are presented in Subsection 2.5.1.1). 

Steam Turbine Modifications: Turbines No.4, No.5, NO.6 and NO.8 should be 
reconditioned in accordance with recommendations presented in 
Subsection 2.5.2.1 of Section 2. 

Assuming that the investment starts in 1994, considering a 5 year lead time, the 
plant could be operational in 1999. 

Gilbert/Commonwealth International, Inc. 
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Heat Balance Analysis 

A heat balance analysis was performed to simulate the addition of a modern gas 
turbine heat recovery steam generator steam turbine (GT/HRSG/ST) combined 
cycle to the Sofia TPH. The combined cycle arrangement and resultant heat 
balance are shown in Exhibit 4-26. 

In order to simulate the performance of the combined cycle, computer programs 
were used to model the HRSG and the steam turbine/generator. 

Principal input to the HRSG/ST models included the following: 

• GT exhaust conditions are based upon the data from General Electric for the 
model PG6101 (6FA) 

• Supplementary firing was performed assuming the use of natural gas with 
the following molar composition: 

CH4 92.960 % 

C2H6 2.970 % 

C3H8 0.830 % 

C4H10 0.330 % 

C5H12 0.336 % 

N2 2.400 % 

CO2 0.140 % 

• Feedwater inlet to the HRSG was assumed at 230°F from a feed pump 
taking suction from a 20 psia deaerator. 

• HRSG steam exit conditions were set to match those of the existing boiler. 

• Duct burning fuel flow was calculated to achieve a 20°F differential between 
the HRSG gas exit temperature and the feedwater inlet temperature. 

It should be noted that HRSG with supplementary firing is required to produce the 
desired steam flow rate (485,100 Ib/hr). 

4.6.1 A Sofia TPH Station· Case 54 (AFBC Repowering) 

All the Sofia TPH boilers were originally designed for coal firing. They have been 
converted to natural gas and Mazut. All coal handling equipment has been 
abandoned and has deteriorated or is inoperable. To return to coal firing, all new 
equipment will have to be installed and coal will have to be imported. In view of 
the massive new capital investment required for this case, it was decided not to 
study the feasibility of this option at this time. 

Gilbert/Commonwealth International, Inc. 
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An additional factor that makes this Case unattractive is that the generating station 
is located in the city and introduction of coal firing can have adverse effect on 
pollution, transportation, and public opinion. The option was seriously considered 
during the engineering Phase but was finally rejected due to listed 
option drawbacks and strong resistance from the Bulgarian District Heating 
Management. 

The same logic was used to reject AFBC repowering option for other power 
stations in Sofia. 

Gilbert/Commonwealth International, Inc. 
4-37 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DISTRICT HEATING FEASIBILITY STUDY ENGINEERING ANALYSIS· SUPPLY SIDE 

BOILERS TYPE 

Thermal Boilers: 
Boiler No.1 
Boiler No.2 
Boiler NO.3 
Boiler No.4 
Boiler NO.5 
Boiler NO.6 
Boiler No.7 
Boiler NO.8 

Hot Water Boilers: 
Boiler No.1 
Boiler No.2 
Boiler NO.3 
Boiler No.4 
Boiler NO.5 
Boiler NO.6 

Steam Turbines: 
Turbine No.4 
Turbine NO.5 
Turbine NO.6 
Turbine NO.8 

Exhibit 4-22 

Sofia Power and Heat Station 
Case 53 

ACTIVITY 

Retire 
Retire (Mothball for eventual future demand increase) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 

Retire (Mothball for future demand increase) 
Retire (Mothball for future demand increase) 
Retire (Mothball for future demand increase) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 

Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
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Sofia Thermal Power Station 
Combined Cycle Configuration 
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Exhibit 4-24 

Sofia TPH Station 
Case S3 GT Combined Cycle 
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Facilities Data Sheet and Simulated Results -
Year 2020 Sofia - Case S3 
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Exhibit 4-26 

Sofia TPH Station - Case 53 
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4.6.2 TRA.lCO KOSTOV POWER AND HEAT STATION CONFIGURATIONS 

While Sofia TPH station supplies the northern sector of the Sofia heating district, 
Tr. Kostov TPH station supplies the eastern sector. This station was also built in 
stages in 1964 and 1967. 

A site plan of this station is displayed in Exhibit 4-27. Design conditions and listing 
of major equipment are summarized in Exhibit 4-28 (see page 4-92). 

Technical data at rated design conditions as well as operating conditions in 1992 
were assembled through available information from Bulgaria. For the purpose of 
this study, it is believed that this will provide consistent performance data, at least 
for relative comparison among the various cases (K1 through K2). 

4.6.2.1 Trajco Kostov TPH Station· Case K1 (Base Case) 

As in Sofia Case S1, K1 is a minimum rehabilitation case. A summary of the Case 
K1 is presended in Exhibit 4-29. Schematic of the plants is presented in 
Exhibit 4-30. An equipment layout of the boiler/turbine building is shown in 
Exhibit 4-31. 

Boiler and turbine performance are summarized in Exhibit 4-32 based on the 
curves of Exhibit 4-33 and Exhibit 4-34 (Turbine No.4 and 5, respectively). 
Cogeneration in this Case is about 34.3%. 

Excluding some efficiency gains due to new burners, better boiler firing control, 
refurbished auxiliary equipment, and slightly improved turbine performance this 
option does not provide any increase in electric power generation nor bring an 
increase in cogeneration percentage. 

Thennal and Hot Water Boiler Modifications: Thermal Boiler Nos. 1 through 7 
and Hot Water Boiler (HWB) Nos. 1 through 8 will be rehabilitated according to the 
"necessity" and "enhancement" schedule prepared by B&W as presented in 
Section 2 of this study. 

Steam Turbines Modification: Steam Turbine Nos. 1 through 5 will be 
rehabilitated starting from year 1994 and inspected and overhauled every five 
years to maintain operability and efficiency as described in Subsection 2.5 of this 
study. 

The facility data sheet (Exhibit 4-34) summarizes boiler efficiency and turbine 
performance formulated for the economics model in accordance with 
Section 6.3.9. Boiler efficiency is based on a 95% natural gas and 5% Mazut oil 
mixture. Turbine performance is based upon curves in Exhibits 4-33 and 4-34 for 
Turbine Nos. 4 and 5, and for No.6, respectively. 
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Exhibit 4-27 

Trajco Kostov Thermal Power Station Site Plan 
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BOILERS TYPE 

Thermal Boilers: 
Boiler No.1 
Boiler No.2 
Boiler NO.3 
Boiler No.4 
Boiler NO.5 
Boiler NO.6 
Boiler NO.7 

Hot Water Boilers: 
Boiler No.1 
Boiler No.2 
Boiler NO.3 
Boiler No.4 
Boiler NO.5 
Boiler NO.6 
Boiler NO.7 
Boiler NO.8 

Steam Turbines: 
Turbine No. 1 
Turbine No.2 
Turbine NO.3 
Turbine No.4 
Turbine NO.5 

Exhibit 4-29 

Summary of Case K1 

ACTIVITY 

Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 

Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 

Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
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Trajco Kostov Thermal Power Station 
Case K1 Configuration 
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Exhibit 4-31 

Trajco Kostov Thermal Power Station 
Case K1 Boiler Turbine Building 
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Exhibit 4-32 

Facilities Data Sheet and Simulated Results -
Trajco Kostov Case K1 
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Exhibit 4-33 

Trajco Kostov T.P.H. Boiler and Turbine 
Performance 
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DISTRICT HEATING FEASIBILITY STUDY ENGINEERING ANALYSIS - SUPPLY SIDE 

4.6.2.2 Trajeo Kostov TPH Station· Case K2 (GT Combined eye.'e) 

For this case, a gas turbine combined cycle system would be installed to 
supplement existing thermal and power generating equipment while displacing one 
hot water boiler. Exhibit 4-35A presents the summary of Case K2. A schematic of 
the system is provided in Exhibit 4-35 while the station layout and site plans are 
depicted in Exhibits 4-36 and 4-37, respectively. 

Combined Cycle Modification: General Electric's state-of-the-art gas turbine 
(Frame 6FA) combined cycle, with a one-on-one configuration is to be installed. 
An ABB non-reheat condensing steam turbine (1450 PSIG, 1000 F) with one 
controlled extraction, bottoms the cycle and provides the energy for hot water 
heating (Exhibit 4-35). On a 0 F day, the combined plant will produce a total 
electric output of 108.2 MWe. 

The steam turbine contributes a third of the electric power output plus 86.6 MWt 
steam for hot water heating (Exhibit 4-38 Facility Data Sheet). Supplementary 
firing, through new HRSG, is again used to bring the throttle steam to 
339,090 Ibs/hr. Unlike a back pressure turbine, which would run only during the 
heating season, a condensing turbine allows the plant to run all year, producing 
electricity and maximizing the capacity factor. 

Thermal and Hot Water Boiler Modifications: Thermal Boilers Nos. 1 through 7 
and Hot Water Boilers Nos. 1 through 7 will be rehabilitated according to the 
"necessity" and "enhancement" schedule prepared by B&W as presented in 
Section 2 of this study. Hot Water Boiler NO.8 will be retired and mothballed for 
future hot water demand. 

Steam Turbine Modifications: Steam Turbine Nos. 1 through 5 will be 
rehabilitated starting from year 1994 and inspected and overhauled every five 
years to maintain operability and efficiency as described in Subsection 2.5 of this 
study. 

The facility data sheet (Exhibit 4-38) summarizes boiler efficiency and turbine 
performance formulated for the economics model in accordance with 
Section 6.3.9. Boiler efficiency is based on a 95% natural gas and 5% Mazut oil 
mixture. Turbine performance is based upon curves in Exhibits 4-39 and 4-40 for 
Turbine Nos. 4 and 5, and for No.6, respectively. 

By introducing the Gas Turbine/HRSG/stem turbine overall system efficiency is 
increased and additional electric power generating capacity of 108.2 MWe is 
introduced into the system. Gas Turbine power rating is 71.76 MWe and 
condensing turbine power rating is 36.44 MWe. 

Cogeneration improved to 44.6% tor this case. Economic results will show 
whether this is beneficial trom a rate-ot-return viewpoint. 

Gilbert/Commonwealth International, Inc. 
4-51 
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BOILERS TYPE 

Thermal Boilers: 
Boiler No.1 
Boiler No.2 
Boiler NO.3 
Boiler No.4 
Boiler NO.5 
Boiler NO.6 
Boiler NO.7 

Hot Water Boilers: 
Boiler No.1 
Boiler No.2 
Boiler NO.3 
Boiler No.4 
Boiler NO.5 
Boiler NO.6 
Boiler NO.7 
Boiler NO.8 

Steam Turbines: 
Turbine No.1 
Turbine No.2 
Turbine NO.3 
Turbine No.4 
Turbine NO.5 

Exhibit 4-35A 

Summary of Case K2 

ACTIVITY 

Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 

Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Retire (Mothball for future demand increase) 

Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.2.1) 

Gilbert/Commonwealth International, Inc. 
4-51A 
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Trajco Kostov Thermal Power Station 
Case K2 Combined Cycle Configuration 
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Trajco Kostov Thermal Power Station Site Plan 
Case K2 Combine Cycle Configuration 
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Exhibit 4-38 

Facilities Data Sheet and Simulated Results -
Trajce Kestev Case K2 
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Exhibit 4-39 

Trajco Kostov T.P.H. Boiler and Turbine 
Performance 
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Exhibit 4-40 

Trajco Kostov Boller and Turbine 
Characteristics 
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DISTRICT HEATING FEASIBILITY STUDY ENGINEERING ANALYSIS - SUPPLY SIDE 

4.6.3 REPUBLIKA POWER AND HEAT STATION CONFIGURATIONS 

Republika TPH station is one of the oldest power plants in Bulgaria. It burns local 
coal of high ash content (60%). Construction of thermal boiler No.6 was left 
incomplete due to lack of funds. 

Turbine No.6, intended to form one unit with boiler No.6, replaced turbine No.3. 
The major equipment list (Exhibit 4-41, see page 4-95) summarizes the design 
conditions along with operating conditions in 1992. 

4.6.3.1 Republika TPH Station. Case Pi (Base Case) 

. Summary of the proposed activities for the Case P1 is presented in Exhibit 4-41 A. 

This is the minimum rehabilitation Case for the Republika TPH station. The station 
schematic is presented in Exhibit 4-42. Boiler efficiency and turbine performance 
(Exhibit 4-43, Facility Data Sheet) is based on performance data shown in 
Exhibits 4-44 and 4-45. 

At maximum realized peak hot water demand of 165 MWt (Exhibit 4-46), 
cogeneration equipment capacity in this Case exceeds 100% (Exhibit 4-47). 

There are six coal fired thermal boilers. All are of Czech design. The boilers are 
connected to a common high pressure header which supplies steam for turbine 
No.4. The high pressure common header is connected with the intermediate 
pressure header via a pressure reducer, and can receive throttled steam from 
Boiler No.5. 

Thermal Boiler Modifications: The five existing thermal boilers and the reserve 
boiler will be rehabilitated per B&W recommendations in Section 2. The sixth 
boiler, presently incomplete, will remain out of service. 

Steam Turbine Modifications: Existing turbines 4, 5, and 6 are to be 
rehabilitated per B&W recommendations in Section 2. 

Turbine Nos. 1, 2 and 3 have been retired. Turbine No.4, at 25 MWe, has two 
controlled extractions. Turbine No.5 is a 55 MWe turbine with one controlled 
extraction. It is connected to boiler No.5. Turbine No.6 is a 25 MWe back 
pressure turbine with one controlled extraction and a condenser where district 
heating water serves as a cooling medium. 

Process steam comes from Turbine Nos. 4 and 6. Since there is no hot water 
boiler in this plant, peaking demand may be available through the high pressure 
heater. 

4.6.3.2 Republika TPH Station· Case P2 (GT Combined Cycle) 

This Case was not investigated due to the unavailability of natural gas fuel at this 
site. 

Gilbert/Commonwealth International, Inc. 
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EQUIPMENT 

Thermal Boilers: 
Boiler No.1 
Boiler No.2 
Boiler No.3 
Boiler NO.4 
Boiler NO.5 
Boiler No.6 

Reserve Boiler 

Steam Turbines: 
Turbine 4 
Turbine 5 
Turbine 6 

Exhibit 4-41A 

Summary of Case P1 

ACTIVITY 

Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Inoperable 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 

Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
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Republika Power and Heat Station 
Case Pi 
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Exhibit 4-43 

Facilities Data Sheet and Simulated Results - Year 2010 
Republika TPH Station - P1 
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Turblng 4a 

Exhibit 4-44 

Performance Data 
Case P1 

RCDubllka TPHS - Turblnc -4 

GO - mtO. 91 - mtnblli. 91 & mtnbh2 
1 st iteration 

~
I GO-I60t/h.I-80tllI 

Gj. gl - 7.3 tlh. g2-17.6 tlh (Fig 33) 
In condensing mode. at GO - 80 tlh. 
gl - 3 tlh. g2· 4 tIll (Fig 32) ,...9. 17.6 - 4· 13.6 till. 7.3 - 3 - 4.3 tIll 

Turbine 4a flow - 80 + 13.6 +4.3 - 97.9 tIll 

2nd Iteration : 

From Fig 23. 

Tumml! 43· 

'~ 
If 

L 0 

.. . 
Z.I ,'" 

Z.l 

Z 

160-97.9-62.1 tlh.gl-1.55t1h.g2-2.3t1h 
17.6 - 2.3 - 15.3 tlh. 7.3 - 1.55 - 5.75 till 
G04A - 80 + 15.3 + 5.75·101.05 tlh 

h1.2 - 714kcal/kg - 1285.2 Btu/lb 
II 1.1 • 757 kCll/kg· 1362.6 

pO. 1024 pSla. to • 923.5 F. hO· 1455 Btullb 
KWA· (91(hO-h1.1) + (I + gl)(IIO - 111.2»/3413)(0.974 

• 10406 KW 101.05 till 100 ~ 
- 7804 KW 75 JO 
- 5203KW 50S 
-2601KW 25" 

Makeup to the deaerator. tmu - 121.7 C - 251 F. 
lImu - 223.4 Btu/lb. II Sink - 1285.2 - 223.4 - 1061.8 Btu/lb 

H· 70 till, GO - 118 till 
9 I - mtnbh2. 92 - mtnbll I, g3 - mtnhh3 (Fig 32) 
III - 111.1. 112 - 111.2. 113 - 112.1. h4 - 112.2 

gl ·6.2 tIll. 
91 - 7.2 t/h. 
g3· 3.1 tIll. 

111.1 - 751 kcal/kg· 1352 Btu/lb 
111.2·726 iccal/kg· 1310 Btullb 
112.1 ·694 Iccal/kg· 1249 Btu/lb 
112.2 - 675 kcal/kg - 1215 Btullb 

KWB • (g3(110-112.1 )+g2<IIO-II 1.2) + gHIIQ-h 1.1 )+H(1I0-h2.2» 
1(2205)(0.974/3413 

• (3.1< 1455-1249)+7.2< 1455-1 3 I 0)+8.2(1455-1352) 
'-----::5 +70( 1455-12 I 5»1<2205xO.97413413 

·,2,62 100" 
9121 75 

60BI 
3040 

SO" 
25 

pH - 1.089 ata· 15.5 PSI. IIf - 148.6 Btu/lb. hslnk - 1212 - 148.6 - 1066 
Btu/lb 

p2 - 2.06 psla. hFW - 373 Btu/lb. tFW - 203 C - 397 F 
r - (110 - 112) / (110 - hFW) - 0455 -1080) / (1455 -373) 

- 0.346 

Feed water heating cporrectlon: 
G-GO-6Idle-122-10.567-111.413t111 
W/O feed water heating. 
MWe- 111.413 x 2205 (1455 - lOBO) x 0.974/3413-26290 
With feed water heating. 
MWe -25000 
correction factor - 25000/26290·0.951 
Power/Heat ratiO - 0.951 x r· 0.95 I xO.346 • 0.329 

Gilbert/Commonwealth International, Inc. 
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Design peak loss - 366 MW 

Exhibit 4-46 

Republika TPH Station 
Case P1 

Maximum realized peak load - 165 MW 

Proposed by Pernik variation - 275 MW under the same conditions as have been decided for Sofia. 

February 1993 - the month with the greatest amount of 
thermal energy produced in 1992-1993 

Direct set water temperature °C 

Date 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

95 93 94 97 91 90 93 91 93 93 81 82 100 94 92 101 98 102 95 100 

Revers set water temperature °C 

Date 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
69 62 67 68 67 65 66 66 66 66 60 60 69 67 66 71 69 72 68 71 

Average hourly terealload [Bcal/h] 

Date 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

21 22 23 24 25 
97 93 93 101 106 

21 22 23 24 25 
68 68 67 69 74 

21 22 23 24 25 

26 
99 

26 
71 

26 

27 28 
102 100 

27 28 
72 71 

27 28 
111 131 115 123 104 106 116 111 116 118 91 99 136 117 115 133 128 132 115 127 129 110 116 138 139 123 131 129 

Gilbert/Commonwealth International, Inc. 
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Exhibit 4-47 

Republika TPHS 
Heat Load (Hot Water) Duration 

-........ 

'" " ~ r\ 
\ 
'\ 

............. 

1440 2160 2880 3600 4320 5040 5760 6480 7200 7920 8640 

nrne,Hr 
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4.6.3.3 Republika TPH Station· Case P3 (AFBC Repowering) 

The summary of this case is presented in Exhibit 4-48. 

In this case, an AFBC replaces thermal boiler No.1 and No.2. Thermal boiler 6 
will be completed and placed in service. A new-35 MWe steam turbine will be 
added to the system and the existing 25 MWe steam turbine NO.4 will be retired. 
Turbine 6 will then operate at near-design conditions. A summary of the efficiency 
and performance is presented in the facility data sheet, Exhibit 4-49. Total 
cogeneration increase about 10% compared to Case P1. A schematic of the 
system is provided in Exhibit 4-50, the station layout is shown in Exhibit 4-51 and 
the station site plan is shown in Exhibit 4-52 .. 

Thermal Boilers: Boilers No.1 and No.2 and the reserve boiler are retired since 
the AFBC is displacing them. Boiler 3 is retired since Boiler 6, expected to be 
much more reliable, is to be completed and brought into service. Boilers No.4 
and NO.5 will be rehabilitated per B&W recommendations in Section 2. 

Steam Turbine Modifications: Turbine 4 will be retired, as discussed above. 

Turbines 5 and 6 will be rehabilitated per B&W recommendations presented in 
Section 2. 

Gilbert/Commonwealth International, Inc. 
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EQUIPMENT 

Thermal Boilers: 
Boiler No.1 
Boiler No.2 
Boiler No.3 
Boiler No.4 
Boiler No.5 
Boiler No.6 

Reserve Boiler 

Steam Turbines: 
Turbine 4 
Turbine 5 
Turbine 6 

Exhibit 4-48 

Summary of Case P3 

ACTIVITY 

Retire 
Retire 
Retire 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Complete Boiler and Place in Service 
Retire 

Retire 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 

Gilbert/Commonwealth International, Inc. 
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Exhibit 4-49 

Facilities Data Sheet and Simulated Results - Year 2010 
Republika - Case P3 _ ... 
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Republika Power and Heat Station 
Case P3 Configuration 
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Exhibit 4-51 

Republika Thermal Power Station Boiler/Turbine Building 
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Exhibit 4-52 

Republika Thermal Power Station Site Plan 
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4.6A lJULIN/ZEMLINE HEAT STATION CoNFIGURATIONS 

Liulin and Zemline are the main heat sources for their heating district. They both 
rely on hot water boilers to meet heating demands and are very much alike. 
Therefore, only one of them, Liulin, will be treated in this study. 

4.6A.1 Uulin Heat Station. Case L 1 (Base Case) 

The summary of proposed activities for this case is presented in Exhibit 4- 53. 

A summary of the efficiency and performance is presented in Exhibit 4-54, the 
facility data sheet. 

Major equipment of the Liulin station consists of a total of five hot water boilers 
(HWB): four PTVM-100, and one VK-100 HWB, and two KM-12 steam boilers. A 
third steam boiler, PKM-12 was never completed. 

The HWBs have a capacity of 100 Gcal/h (116 MWt) each. They can burn either 
natural gas or mazut. The two steam boilers were designed for dual fuel firing, but 
they have been converted to burn natural gas only. The steam boilers were not 
included in the study evaluation because they are a very small capacity. 

For Case L 1, all five hot water boilers will be rehabilitated per the 
recommendations by B&W presented in Section 2. 

Exhibit 4-55 shows a schematic for the L 1 configuration. 

Gilbert/Commonwealth International, Inc. 
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EQUIPMENT 

Hot Water Boilers: 
Boiler No.1 
Boiler No.2 
Boiler No.3 
Boiler No.4 
Boiler No.5 

Exhibit 4-53 

Summary of Case L 1 

ACTIVITY 

Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 

Gilbert/Commonwealth International, Inc. 
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Exhibit 4-54 

Facilities Data Sheet and Simulated Results -
Year 2010 Liulin - Case L 1 
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Exhibit 4-55 

Heat Station Liulin 
Case L 1 Configuration 

I I I 
HWB3 HWB4 HWB5 

+ + + 

Gilbert/Commonwealth International, Inc. 
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From Pumping Station 

HWB Output 
Po=116MW 
Thw=302F 

. To Consumers 



LIULIN HEAT" STATION 

CASE L2 • GT COMBINED CYCLE 

l~' ------------------------.. 
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4.6.4.2 Liulin Heat Station· Case L2 (GT Combined Cycle) 

The summary of proposed activities for this case is presented in Exhibit 4-56. 

A summary of the efficiency and performance is presented in Exhibit 4-57. 

Hot Water Boiler No.1 is retired and replaced by the Frame 6FA combined cycle. 
Since there is no electric facility here, capital investment for a power station is 
required. Exhibit 4-58 illustrates this plant. 

All other Hot Water Boilers, Nos. 2-5, will be rehabilitated per the 
recommendations by B&W, presented in Section 2. 

By introducing the Gas Turbine/HRSG/steam turbine the overall system efficiency 
is increased and additional electric power generating capacity of 1108.2 MWe is 
introduced into the system. Gas Turbine power rating is 71.76 MWe and 
condensing turbine power rating is 36.44 MWe. 

Gilbert/Commonwealth International, Inc. 
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EQUIPMENT 

Hot Water Boilers: 
Boiler No.1 
Boiler No.2 
Boiler No.3 
Boiler No.4 
Boiler No.5 

Exhibit 4-56 

Summary of Case L2 

ACTIVITY 

Retire 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 
Minimum rehabilitation per B&W recommendations (Subsection 2.5.1.1) 

Gilbert/Commonwealth Intemational, Inc. 
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Exhibit 4-57 

Facilities Data sheet and Simulated Results - Year 2010 
Liulin Heat Station - Case L2 
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Mothball 

Exhibit 4-58 

Liulin Heat Station 
Case L2 GT Combined Cycle Configuration 

Added New Configuration 

4-----r------r----l.----;-----..,----;----- From P 

HWB3 HWB4 HWB5 

GilberUCommonwealth International, Inc. 
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4.7 

4.8 

CONCLUSIONS 

1. Current district heating systems in the City of SOfia and City of Pernik are 
adequate with existing equipment and without addition of any new facilities. 
Peak demand heat load should follow the actual produced heating energy 
recorded in 1992 and 1993. System design should emphasize rehabilitation 
and promote cogeneration of heat and power with minimum capital 
expenditure and best rate of return on investment. 

2. A heat utilization factor (HUF) has been defined to 'measure' the efficiency 
of a system configuration. However, associated economic results are 
required to make a fair comparison. 

3. Combined cycle performance should be optimized by further study. A chiller 
should be added to enhance the power output in hot ambient days. 
Estimated gain would be about 4 MWe. Also, triple pressure level HRSG 
with steam induction should be considered. 

4. For further study, thermal energy storage should be considered. This 
technology allows the turbine to operate during non-peaking period and store 
the heat energy produced in a nearby storage tank. Heat is recalled from 
the tank when peak heat demand requires it (Reference 6.9). Cost of heat 
will be low since it is produced during non-peaking period. Capital 
expenditurewill be reduced since there is no need to invest in additional 
heat producing equipment. 

5. Repowering (Case S2) has the same advantage as Case S3 (combined 
cycle) over Case S1, except that the power gain would be less. 

6. Similarly, Case P3 (FBC) has the same advantage as Case S3 (combined 
cycle). 
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2. Comments on the Future Technological and Economical Development of 
Heat Energy Sources on District Heating System of Sofia - Tzoko Nehrizov. 
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Konstantin Schushulov, Technical University. 

4. District Heating Company Sofia, Bulgaria - Data Transmittal from Alexandar 
Oboushtarov to F. Angelini dated July 13,1993. 

5. Program for Reconstruction of the District Heating Networks in the 
Centralized District Heating System in Bulgaria - Tzoko Nehrizov et ai, 
December, 1993. 

6. ASPEN/SP (Advanced System for Process Engineering) A Software System 
for Process Design Developed by MIT. For Complex Configurations 
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(e.g., Integrated Coal Gasification Combined Cycle (IGCC) and Pressurized 
Fluidized Bed Combustion (PFBC). 

7. PROTEUS (Program for Optimal Thermal Energy Utilization in Systems) - A 
Gilbert Developed Computer Program for Cycle Optimization. 

8. GATE/CYCLE, A Computer Program Developed by Enter Company and 
Patented by EPRI for Gas Turbine/Combined Cycle Power Plant System 
Analysis. 

9. Combined Thermal Storage and Transport for Utility Applications, Mausz, 
W., prepared by GE Tempo for EPRI, RP1199-3, 1979. 
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Exhibit 4-3 

Technology Ranking Results 

PLANT RANKING ROLLUP 

eVOLVETM Technology Ranking Procedures 

•..•.. ··TECHNO[OGY 

Commercial and DevelqpmentStatus . Paae 2 5;00 6;00 ·30.00 
Nat gas GfT combined cycle plant 4.50 6.00 27.00 
Natural gas GfT repowering 4.50 6.00 27.00 
Coal integrated gasification combined cycle plant 4.00 6.00 24.00 
Coal FBC steam plant 4.00 6.00 24.00 
Waste incineration plant 2.00 6.00 12.00 

[Technical ConsIderations . Page~3 ~ 5;00 5,00 25.00 
Nat gas GIT combined cycle plant 4.50 5.00 22.50 
Natural gas GfT repowering 4.50 5.00 22.50 
Coal integrated gasification combined cycle plant 4.00 5.00 20.00 
Coal FBC steam plant 3.00 5.00 15.00 
Waste incineration plant 2.00 5.00 10.00 

Licensingand.Leadl ime· Risks Page 4 .... <5;00 3;00 15;00 
Nat gas GIT combined cycle plant 4.80 3.00 14.40 
Natural gas GfT repowering 4.30 3.00 12.90 
Coal integrated gasification combined cycle plant 4.10 3.00 12.30 
Coal FBC steam plant 3.50 3.00 10.50 
Waste incineration plant 3.50 3.00 10.50 

Environmental·.· PageS •.•••.. ...... S.OO ··• •• ·3;00 15;00 
Nat gas GIT combined cycle plant 4.63 3.00 13.88 
Natural gas GfT repowering 2.69 3.00 8.08 
Coal integrated gasification combined 9'cle plant 1.86 3.00 5.59 
Coal FBC steam plant 1.67 3.00 5.01 
Waste incineration plant 1.62 3.00 4.85 

higest ranked 
higest ranked 

lowest ranked 

higest ranked 
higest ranked 

lowest ranked 

higest ranked 

lowest ranked 
lowest ranked 

higest ranked 

lowest ranked 

~~~~~~~~~~~~~ ______________ +-________ -7~+-____ ~~+-____ ~4~.8~0~h~estranked 
4.50 

lant 4.60 
2.50 

~~~~~~~~~ ______________________ ~ ________ ~~ ______ ~~~ ______ 2_.0~0~wwestranked 

Technical Consideration ·Paae7 5;00 1,00 
Nat gas GIT combined cycle plant 5.00 1.00 
Natural gas GfT repowering 3.97 1.00 
Coal integrated gasification combined cycle plant 3.59 1.00 
Coal FBC steam plant 3.66 1.00 
Waste incineration plant 0.00 1.00 

Variable Operating Costs Page8 - .. ~ 5~00 ~1.00 
Nat gas GIT combined cycle plant 0.82 1.00 
Natural gas GIT repowering 0.00 1.00 
Coal integrated gasification combined cycle plant 1.01 1.00 
Coal FBC steam plant 0.10 1.00 
Waste incineration plant 5.00 1.00 

OVERALL ROLL·UP 
IAIl Criterion rnaximum possible score: 

Nat gas GIT combined cycle plant highest 
Natural gas GIT repowering 
Coal integrated gasification combined cycle plant 
Coal FBC steam plant 
Waste incineration plant lowest 

Gilbert/Commonwealth International, Inc. 
4-82 

5.00 
S.OO higest ranked 
3.97 
3.59 
3.66 
0.00 lowest ranked 

5,00 
0.82 
0.00 lowest ranked 
1.01 
0.10 
5.00 higest ranked 

100.00 
88.40 higest ranked 
78.95 
71.10 
60.77 
44.35 lowest ranked 
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Exhibit 4-3 (Cont'd) 

Technology Ranking Results 

Commercial and Development Status 

eVOLVETM Technology Ranking Procedures 

Evaluation Gritenon· Weight 
Utility integration 5.00 
Engineering demonstration 4.00 
Development 3.00 
Pilot 2.00 
Hvpothetical 1.00 

··Evaluato~ 
Eastern U.S. Utilit 
Eastern U.S. Utilit 
Eastern U.S. Utilit 
Eastern U.S. Utilit 
G/C 

Technical Considerations 

eVOLVETM Technology Ranking Procedures 

EValuation Critenon.···· •.... .. 
Technically mature 
Technically demonstrated 
Technically viable 
Technically developed 
Technically inadequate 

. TechnoloQY Evaluator ~ 
Nat gas GfT combined cycle plant Eastern U.S. Utilit 
Natural gas GfT repowering Eastern U.S. Utilit 
Coal integrated gasification combined cycle plant Eastern U.S. Utilit 
Coal FBC steam plant Eastern U.S. Utilit 
Waste incineration plant GIC 

Gilbert/Commonwealth International, Inc. 
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Weight 
5.00 
4.00 
3.00 
2.00 

.. Evaluator's Average 
Weight Weight 

4.50 4.50 
4.50 4.50 
4.00 4.00 
3.00 3.00 
2.00 2.00 
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r'···· " .' '::'::' " 

Low 
Moderate 
High 
Unknown 

Exhibit 4-3 (Cont'd) 

Technology Ranking Results 

Licensing and Lead Time Risks 

eVOLVETM Technology Ranking Procedures 

EvaluationCntenon .:"' .. :<.",., ',. Weight 
5.00 
4.00 
3.00 
0.00 

."":" • ,:", , .» '< ' ••••.. ""., ""'<) .••• : ••.•• '.:. , ..... ': '.,':,,"'" '.' , ...... ",.".", . Evaluator's .. >Average 
> .>':'.': .. :,.. • .• '. •.•..• . TechnologY < . ,.," •• , .. ,:,"".""", .',.'. <Evam~t6hrwel~:Jtlt· "Welght 

Nat gas G/T combined cycle plant PEPCO 4.80 4.80 
Natural gas G/T repowerinQ PEPCO 4.30 4.30 
Coal integrated gasification combined cycle plant PEPCO 4.10 4.10 
Coal FBC steam plant PEPCa 3.50 3.50 
Waste incineration olant GIC 3.50 3.50 

Gilbert/Commonwealth International, Inc. 
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Exhibit 4-3 (Cont'd) 

Technology Ranking Results 

Environmental 

eVOLVETM Technology Ranking Procedures 

··t::va uatlon C ritenon .,: W6I!JI"t 
Lowest emissions I J I j 5.00 
Highest emissions I I I I 0.00 

I I I I 

.... .....•.•••.••..•.•••.•• <- ~L:'< ....•.•.•.. 
• •••••••••••••••••• 

ISO •.••.•...• "'Cl'2D~O% i¥(lC10;o% • 1q<f .. !i;O~ .sOlid Wast • Average· 
j •••••• . .. 1··30;0% 35;0% • weigh} 

Nat gas Grr combined cycle plant 1.50 1.00 
Natural gas Grr repowering 1.50 0.33 
Coal integrated gasification combined cycle plant 0.00 0.88 
Coal FBC steam plant 0.04 0.90 
Waste incineration plant 1.37 0.00 

·HeatRate •• StUlkWh ... . IPageS •.. ···.1 
Nat gas Grr combined cycle plant 7,360 
Natural gas Grr repowering 9,647 
Coal integrated gasification combined cycle plant 8,950 
Coal FBC steam plant 8,714 
Waste incineration plant 15666 

All Emissions per kWh 

N.Q, .. >. NOJBtu •• · I.· 
Nat gas Grr combined cycle plant 4.000E-07 0.0029 
Natural gas Grr repowerinR 6.800E-07 0.0066 
Coal inteQrated gasification combined cvcle plant 4.000E-07 0.0036 
Coal FBC steam plant 4.000E-07 0.0035 
Waste incineration plant 5.310E-07 0.0083 

.... .. VUl 
Natj!as Grr combined cvcle plant 
Natural gas Grr r~oweriml 
Coal inteQrated Qasification combined cycle plant 
Coal FBC steam plant 
Waste incinerationmant 

. lil.. • .·liUi!l'tu lil..I,!KWn 
Nat gas Grr combined cycle plant 1.148E-04 0.84 
Natural gas Grr repowering 1.569E-04 1.51 
Coal integrated Qasification combined cycle plant 1.569E-04 1.40 
Coal FBC steam plant 1.569E-04 1.37 
Waste incineration plant 9.500E-08 0.00 

Solid Waste xHR "roDart 
Nat as Grr combined cycle plant 0.00 0.00 
Natural gas Grr re~oweriTlR 1.00 0.62 
Coal integrated gasification combined cycle plant 1.00 0.57 
Coal FBC steam plant 1.30 0.72 
Waste incineration plant 1.00 1.00 

Gilbert/Commonwealth International, Inc. 
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0.27 
0.19 
0.21 
0.22 
0.00 

5.00 
5.00 
0.00 
0.13 
4.56 

5~OO 
5.00 
1.64 
4.41 
4.50 
0.00 

5;OU 
2.65 
1.92 
2.14 
2.22 
0.00 

:>.00 
2.21 
0.00 
0.36 
0.48 
5.00 

5.00 
5.00 
1.92 
2.14 
1.38 
0.00 

0.11 1.75 
0.00 0.67 
0.02 0.75 
0.02 0.48 
0.25 0.00 

Eastern U.S. Utility 
Eastern U.S. Utility 
Eastern U.S. Utility 
Eastern U.S. Utility 
G/C 

no sulfur 

4.63 
2.69 
1.86 
1.67 
1.62 

5% S 14,000 Btu/lb 90% removal 
5% S 14,000 Btu/lb 90% removal 
5% S 14,000 Btu/lb 90% removal 
refuse at 3,654 Btu/lb 

GPU: Gilbert STAG Units 4,5,6, & 7 
GPU: Conemaugh 1&2 
equals Gil combined cycle 
equals Gil combined cycle 
SELCHP, London 

proportional by heat rate 
proportional by heat rate 
proportional by heat rate 
proportional by heat rate 
proportional by heat rate 

100 % CH. 23,875 Btu/lb 
60%C 14,000 Btullb 
60%C 14,000 Btu/lb 
60%C 14,000 Btu/lb 
refuse at 3,654 Btu/lb 

no ash 
proportional by heat rate 
proportional by heat rate 
1.3*proportion by heat rate 
assume no ash 

I 
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Exhibit 4-3 (Cont'd) 

Technology Ranking Results 

Cost Uncertainty 

eVOLVETM Technology Ranking Procedures 

'.,' ••. , ••• ,·'EvalUationCriterion .. ,.,. 
" 

,. , . Weight 
Low 5.00 
Moderate 4.00 
Uncertain 3.00 
High 2.00 
Unknown 0.00 

I ' •. " ,··· ••• ', .. · •.•• '$ec:hnOIOgy 
_ •.•••. , .. - ".' ........ " ...... . . Evafuator's, Average 

." . ·.C .' ....••. ' ... ' ...•..•..•.• 'i~valu~t()~··, •• ·, , ... ' ... ' ..... ···.WeiQhl·····' "'. Weight. 
Nat gas Grr combined cycle plant Eastern U.S. Utilit 4.80 4.80 
Natural gas Grr repowerinQ Eastern U.S. Utilit 4.50 4.50 
Coal integrated gasification combined cycle plant Eastern U.S. Utilit 4.60 4.60 
Coal FBC steam plant Eastern U.S. Utilit 2.50 2.50 
Waste incineration olant GIC 2.00 2.00 

Technical Consideration 

eVOLVETM Technology Ranking Procedures 

. Evaluation critenon' > 
Low 
High 

c~ .-CC 
" ", 

evaluato!" ' ... " ,.,' Te6tm~logy .' .... . ".' 
Nat gas GfT combined cycle plant Eastern U.S. Utilit 
Natural gas GfT repowering Eastern U.S. Utilit 
Coal integrated gasification combined cycle plant Eastern U.S. Utilit 
Coal FBC steam plant 
Waste incineration olant 

Eastern U.s. Utilit 
GIC 

Gilbert/Commonwealth International, Inc. 
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Weight " 
5.00 
0.00 

Evaluators Average 
.• $/kW .,.' Weight 

$571 5.00 
$1,378 3.97 
$1,676 3.59 
$1,622 3.66 
$4500 0.00 
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· Evaluahon Cnterron 

Exhibit 4-3 (Cont'd) 

Technology Ranking Results 

Variable Operating Costs 

eVOLVETM Technology Ranking Procedures 

I~ I I I I I I 
,., 

.' 
' ' ... ,. .. ,.. .. , Vanabl.e. 

Taohnclogy< ....... ,.,.,., ........ '.".,.,., .. ' ... ' Evaluator,,,,·,, O&M ,. HaatRate 
.> ,.""""", .. , .. ,' ... I , ..... , .. ':.' . ,SIkW!i"·' . •• Btiilkwh ., 
Nat gas G/T combined cycle plant 
Natural gas G/T repowering 
Coal integrated gasification combined cycle Dlant 
Coal FBC steam plant 
Waste incineration plant 

Eastern U.S. Uti lit $0.0045 7,360 
Eastern U.S. Uti lit $0.0062 9,647 
Eastern U.S. Utilit $0.0048 8,950 
Eastern U.S. Utilit $0.0076 8,714 
GIC $0.0024 15666 

Gilbert/Commonwealth International, Inc. 
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Costof " ·.Fuel 

i·.tfuel 
.•.•••• 

•• ·costs···,. 
IMBtiJ"", ilkWh' 

$2.26 $0.0166 
$1.77 $0.0171 
$1.77 $0.0158 
$1.77 $0.0154 
$0.50 $0.0078 

Tolal Average 
Costs Welghl 
$lkWh , 

$0.0211 0.82 
$0.0233 0.00 
$0.0206 1.01 
$0.0230 0.10 
$0.0102 5.00 
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Steam Generators 

N Data Boller No. 1 

1 ModellMaker B&W 

UK 
2 Year of Manufacturing 44 

3 Year of Pulling Into Operation 49 

4 Design Capacity. IIh 75.00 

Iblh 165,375.00 

5 Design Steam Parameters 

Temperature, C 410.00 

F 770.00 

Pressure, MPa 3.15 

psia 457.18 

6 Design Efficiency, % 92.6 

7 Design Fuel Coal 

8 Hours Worked to the End of '92 23856 

9 Steam Paramelers as to the End 
of '92 

Minimum Steam Production, IIh 20.00 

Iblh 44,100.00 

Maximum Steam Production, tIh 60.00 

Iblh 132,300.00 

Temperature, C 410.00 

F 770.00 

Minimum Steam Pressure, MPa 2.00 

psla 290.28 

Maximum Steam Pressure, MPa 2.50 

psia 362.84 

Minimum Efficiency, % 92.00 

Maximum Efficiency, 'Y. 93.00 

10 Number of Cycles Operated 531 

11 Number of Scheduled Major 12 
Repairs 

12 Short Description of Transferred to 
Reconslructlons Performed mazutfirlng; 

air heater 
replaced. 
Transferred to 
N. Gas and 
Mazut firing; 
burners 
replaced. 

.. 
Boller No. 2 

B&W 

UK 
44 

49 

75.00 

165,375.00 

410.00 

770.00 

2.15 

457.18 

92.6 

Coal 

235000 

20.00 

44,100.00 

60.00 

132,300.00 

410.00 

770.00 

2.00 

290.28 

2.50 

362.84 

91.20 

93.70 

597 

13 

Transferred to 
mazut firing; 
air heater 
replaced. 
Transferred 10 
N. Gas and 
Mazut firing; 
burners 
replaced. 

- - -- .. 
Exhibit 4-11 

Sofia TPHS 
List of Major Equipment 

Boller No. 3 BOllerNo.4 Boller No. 5 

B&W TP-170 1M TP-170 1M 

UK Russia Russia 

44 54 54 

49 56 57 

75.00 170.00 170.00 

165,375.00 374,850.00 374,850.00 

410.00 510.00 510.00 

770.00 950.00 950.00 

23.15 10.00 10.00 

457.18 1,451.38 1,451.38 

92.6 86-92 86-92 

Coal Coal Coal 

236917 223796 216742 

20.00 110.00 110.00 

44,100.00 242,550.00 242,550.00 

60.00 220.00 220.00 

132,300.00 485,100.00 485.100.00 

410.00 510.00 510.00 

770.00 950.00 950.00 

2.00 10.00 10.00 

290.29 1,451.38 1,451.38 

2.50 10.00 10.00 

262.84 1,451.38 1,451.38 

91.40 91.50 91.00 

94.20 93.50 94.60 

564 613 679 

16 17 17 

Transferred to Transferred to Transferred to 
mazutfirlng; mazut firing; mazutfiring; 
air heater replacement replacement 
replaced. ofthe healing of the healing 
Transferred to surface and surface and 
N. Gas and superheater's superhealer's 
Mazutfiring; schematics. schematics. 
burners Transferred 10 Transferred 10 
replaced. N. Gas and N. Gas and 

Mazutfiring; Mazutfiring; 
burners burners 
replaced. replaced, 
changed air changed air 
healer healer 
schematics, schematics, 
increased increased 
economizer economizer 
surface. surface. 

.. .. .... 
Boller No. 6 Boller No. 7 Boller No. 8 

TP-170 1M TGM-151 B TGM-151 M 

Russia Russia Russia 

54 62 62 

57 63 63 

170.00 220.00 220.00 

374,850.00 485,100.00 485,100.00 

510.00 540.00 540.00 

950.00 1,004.00 1,004.00 

10.00 10.00 10.00 

1,451.38 1,451.38 1,451.38 

86 -92 92.0-95.5 92.0- 95.5 

Coal Mazut Mazut 

207301 171287 162261 

110.00 110.00 110.00 

242,550.00 242,550.00 242,550.00 

220.00 220.00 220.00 

485,100.00 485,200.00 485,100.00 

510.00 540.00 540.00 

950.00 1,004.00 1,004.00 

10.00 10.00 10.00 

1,451.38 1,451.38 1,451.38 

10.00 10.00 10.00 

1,451.38 1,451.39 1,451.38 

92.00 91.80 91.80 

94.30 95.10 93.50 

592 994 772 

16 16 15 

Transferred to Transferred to Transferred to 
mazutfiring; N.Gasand N.Gasand 
replacement of Mazutfiring; Mazut firing; 
the heating bumers burners , 
surface and replaced, air replaced, air' 
superhealer's healer healer 
schematics. replaced. replaced. 
Transferred to 
N. Gas and 
Mazutfiring; 
burners 
replaced, 
changed air 
healer 
schematics, 
Increased 
economizer 
surface. 

- ~ 

I 
Boller No. 9 J 

1st Brno 
I Zavod 

Czechla 

78 

85 

220.00 

485,100.00 

540.00 

1,004.00 

10.00 

1,451.38 

93-96 

Mazut/N. Gas 

46719 

65.00 

143,325.00 

220.00 

485,100.00 

540.00 

1,004.00 

10.00 

1,451.38 

10.00 

1,451.38 

95.20 

95.20 

135 
. 
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DISTRICT HEATING FEASIBILITY STUDY 

Hot Water Boilers 

N Data 

1 Model 

2 Year of Manufacturing 

3 Year of Putting into Operation 

4 Design Capacity, Gcallh 

MBtulh 

5 Parameters 

Maximum Water Flow, tIh 

IbIh 
Minimum Water Flow, tIh 

Iblh 

Minimum Water Temperature at 
the Boiler's Inlet, when Firing 

N. Gas, C 

F 

Minimum Water Temperature at 
the Boiler's Inlet, when Firing 

Mazut, C 

F 

Water Pressure at Boiler's Outlet, 
MPa 

psia 

Water Pressure at Boiler's Outlet, 
MPa 

Maximum Water Temp. at Boiler's 
Outlet,C 

F 

EffICiency, when Operating on 
N.Gas,% 

Efficiency, when Operating on 
Mazut,% 

6 Fuel 

7 Hours Worked to the End of '92 

8 Number of Scheduled Major 
Repairs 

Exhibit 4·11 (Cont'd) 

Sofia TPHS 
List of Major Equipment 

HWBNo.1 HWB No. 2 HWBNo.3 

PTVM-100 PTVM-100 PTVM-100 

1962 1963 1970 

1967 1967 1973 

100.00 100.00 100.00 

396.90 396.90 396.90 

2,140.00 2,140.00 2,140.00 

4,718,700.00 4,718,700.00 4,718,700.00 

1,500.00 1,500.00 1,500.00 

3,307,500.00 3,307,500.00 3,307,500.00 

70.00 70.00 70.00 

158.00 158.00 158.00 

110.00 110.00 110.00 

230.00 230.00 230.00 

1.60 1.60 1.60 

232.22 232.22 232.22 

1.00 1.00 1.00 

150.00 150.00 150.00 

302.00 302.00 302.00 

88.60 88.60 88.60 

86.80 86.80 86.80 

N. GaslMru!ul N. GaslMazut N.GaslMazut 

32688 34068 34461 

5 5 5 

Gilbert/Commonwealth International, Inc. 
4-89 

ENGINEERING ANALYSIS· SUPPLY SIDE 

HWBNo.4 HWBNo.S HWBNo.6 • 
PTVM-100 PTVM-100 PTVM-100 

1971 1979 1977 

1973 1983 1981 

100.00 100.00 100.00 

396.90 396.90 396.09 

2,140.00 2,140.00 2,140.00 

4,718,700.00 4,718,700.00 4,718,700.00 

1,500.00 1,500.00 1,500.00 

3,307,500.00 3,307,500.00 3,307,500.00 

70.00 70.00 70.00 

158.00 158.00 158.00 

110.00 110.00 110.00 

230.00 230.00 230.00 

1.60 1.60 1.60 

232.22 232.22 232.22 

1.00 1.00 1.00 

150.00 150.00 150.00 

302.00 302.00 302.00 

88.60 88.60 88.60 

86.80 86.80 86.80 

N.GSA/Mazut N.GaslMazut N. GaslMazut 

44802 32251 26038 

2 . -
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DISTRICT HEATING FEASIBILITY STUDY ENGINEERING ANALYSIS· SUPPLY SIDE 

-

Exhibit 4-11 (Cont'd) 

Sofia TPHS 
List of Major Equipment 

Steam Turbines 

N Data Turbine No. " Turbine No.6 

1 ModellMaker VT·25-4 VT·25-4 
Russia Russia 

2 Year of Manufacturing 1954 1954 

3 Year of Putting into Operation 1956 1957 

<4 Design Power, MW 25.00 25.00 

5 Inlet Steam Parameters 

Temperature, C 500.00 500.00 

F 932.00 932.00 

Pressure, MPa 8.82 8.82 

psia 1,280.12 1,280.12 

Design Steam Flow, tfh 125.00 125.00 

Ibfh 275,625.00 275,625.00 

Maximum steam Flow, tfh 156.00 156.00 

Ibfh 343,980.00 343,980.00 

5a Condensing Pressure, in HG 1.38 1.38 

6 Hours Worked up to the End of '92 215456 213138 

7 Operational Data as to the End of '92 

Electric Power, MW 18.00 18.00 

Inlet Steam Temperature, C 500.00 500.00 

F 932.00 932.00 

Inlet Steam Pressure, MPa 8.82 8.82 

psia 1,280.12 1,280.12 

8 Cycles Worked 239 282 

9 Number of Schedules Major Repairs 15 13 

10 Maximum Industrial Extraction Pressure, 
ala NlA NlA 

psia NlA NlA 

Minimum Industrial Extraction Pressure, 
ata NlA NlA 

psia NlA NlA 

Maximum Industrial Extraction Flow, tfh NlA NlA 

Ibfh NJA NlA 

Minimum Industrial Extraction Flow, tfh NlA NlA 

Ibfh NlA NlA 

11 Maximum Healing Extraction Pressure, ata 2.50 2.50 

psia 35.56 35.56 

Minimum Heating Extraction Pressure, ala 1.20 1.20 

psia 17.07 17.07 

Maximum Heating Extraction Flow, tfh 
100.00 100.00 

Ibfh 220,500.00 220,500.00 

Maximum HeatfPower Ration 2.01 2.01 

Summary 

Total Production of Steam tfh Ibfh 

1 2.5 MPa, 410C (Boilers 1, 2, 3) 180.00 396,900.00 

2 10 MPa, 510C (Boilers 4, 5, 6) 360.00 793,800.00 

3 10 MPa, 540C (Boilers 7, 8, 9) 360.00 793,800.00 

Total Maximum Production of Electricity, MIN 111.00 

tfh Ib/h 

1 Total Maximum Industrial Steam Extraction 450.00 992,250.00 

2 Total Maximum Heating Steam Extraction 360.00 793,800.00 

3 Total Maximum Industrial Steam 630.00 1,389,150.00 
Production 
(Boilon 1. 2, 3 + Industr. Eldr. + 8PT Elch.) 

4 Total Maximum Heating Steam Production 440.00 970,200.00 
(Hoot. Eldroctl .... + Eldr. from 8PT E>chousl) 

Gilbert/Commonwealth International, Inc. 
4-90 

Turbine No.6 Turbine No. B 

VPT·50-2 R·25-90f10 

Russia Czechia 

1961 1979 

1962 1985 

50.00 25.00 

535.00 535.00 

995.00 995.00 

8.82 8.82 

1,280.12 1,280.12 

200.00 220.00 

441,000.00 485,100.00 

380.00 220.00 

837,900.00 485,100.00 

1.38 . 
211420 74955 

50.00 25.00 

535.00 535.00 

995.00 995.00 

8.82 8.82 

1,280.12 1,280.12 

187 87 

9 1 

16.00 13.00 

227.60 184.92 

10.00 8.00 

142.25 113.80 

230.00 220.00 

507,150.00 485,100.00 
. 180.00 

. 396,900.00 

2.50 NlA 

35.56 NlA 

1.20 NlA 

17.07 NfA 

160.00 NlA 

352,800.00 NlA 

1.54 1.41 



Exhibit 4·28 

Trajco Kostov TPHS 

List of Major Equipment 
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Steam Generators 

N Data 

1 ModellMaker 

2 Year of Manufacturing 

3 Year of Putting into Operation 

4 Design Capacity,lIh 

Ib/h 

5 Design Steam Parameters 

Temperature, C 

F 

Pressure, MPa 

psia 

6 Design Efficiency, % 

7 Design Fuel 

8 Hours Worked to the End of '92 

9 Steam Parameters as to the End of '92 

Minimum Steam Production, IIh 

Iblh 

Maximum Steam Production, IIh 

Iblh 

Temperature, C 

F 

Efficiency, % 

10 Number of Cycles Operated 

11 Number of Scheduled Major Repairs 

12 Short Description of Reconstructions 
Performed 

- -

Boiler No. 1 

Brno 

Czechia 

63 

64 

220.00 

485,100.00 

540.00 

1,004.00 

9.60 

1,393.32 

91.00 

Mazut 

156032 

100.00 

220,500.00 

185.00 

407,925.00 

540.00 

1,004.00 

N/A 

458 

6 

Transferred to 
mazut and gas 
firing, Babcock. 
Steam air 
heater, spray 
nozzles and 
superheater 
added. 

.. -; .. - - .. 
Exhibit 4-28 

Trajco Kostov TPHS 
List of Major Equipment 

Boiler No. 2 Boller No. 3 Boller No. 4 

Brno Brno Brno 

Czechia Czechia Czechia 

64 66 66 

64 67 68 

220.00 220.00 220.00 

485,100.00 485,100.00 485,100.00 

540.00 540.00 540.00 

1,004.00 1,004.00 1,004.00 

9.60 9.60 9.60 

1,393.32 1,393.32 1,393.32 

91.00 91.00 91.00 

Mazut Mazut Mazut 

147724 153661 144035 

100.00 100.00 100.00 

220,500.00 220,500.00 220,500.00 

185.00 185.00 185.00 

407,925.00 407,925.00 407,925.00 

540.00 540.00 540.00 

1,004.00 1,004.00 1,004.00 

N/A N/A 88.50 

456 426 360 

6 5 5 

Transferred to Transferred to Transferred to 
mazut and gas mazut and gas mazut and gas 
firing, Babcock. firing, Babcock. firing, Babcock. 
Steam air Steam air Steam air 
heater, spray heater, spray heater, spray 
nozzles and nozzles and nozzles and 
superheater superheater superheater 
added. added. added. 

Boiler No. 5 

Brno 

Czechia 

79 

88 

220.00 

485,100.00 

535.00 

995.00 

13.63 

1,978.23 

92.00 

Gas,Oil 

21939 

120.00 

264,600.00 

190.00 

418,950.00 

535.00 

995.00 

N/A 

117 

. 
The firing 
system control 
and automation 
changed. 

-- .. -

Boller No. 6 Boller No. 7 

Brno Brno 

Czechia Czechia 

80 79 

88 89 

220.00 220.00 

485,100.00 485,100.00 

535.00 535.00 

995.00 995.00 

13.63 13.63 

1,978.23 1,978,23 

92.00 92.00 

Gas,Oil Gas,Oil 

21169 18933 

120.00 120.00 

264,600.00 264,600.00 

190.00 190.00 

418,950.0 418,950.00 

535.00 535.00 

995.00 995.00 

N/A 91.50 

136 78 

. . 

.. .. 
a -
= :II -~ 
:I: 
11'1 

= -Z 
G) 

Oft 
11'1 

= -II -r-
~ 
en 
tot 
C 

~ 

m z 
Ci) 

Z 
m 
m :a 
Z 
Ci) 

~ 
". 
!( 
en en 
1 

en 
C 
"0 
." 
!( 
en 
6 
m 



.. 

v'" 

~ 

~ o 
3 
3 
g 

"""i I 1\1 
CO::O: 
I\.)J" 

I 
:;
p 

~ 

.. .. - @III .. 

Hot Water Boilers 

N Data 

1 Model 

2 Year of Manufacturing 

3 Year of Putting into Operation 

4 Design Capacity, Gcallh 

MBtulh 

5 Parameters 

Maximum Water Flow, tIh 

Iblh 

Minimum Water Flow, tIh 

Iblh 

Minimum Water Temperature at the 
Boiler's Inlet, When Firing N. Gas, C 

F 

Minimum Water Temperature at the 
Boiler's Inlet, When Firing Mazut, C 

f 

Water Pressure at Boiler's Inlet, MPa 

psia 

Water Pressure at Boiler's Oullet, MPa 

Maximum Water Temp. at Boiler's 
Outlet,C 

F 

Efficiency, % 

6 Fuel 

7 Hours Worked to the End of '92 

8 Number of Scheduled Major Repairs 

Hot Water Heaters* 

N Heater 

1 Low Pressure Heaters 

2 High Pressure Heaters 

* Details N/A 

-

HWB No. 1 

VK-100 

71 

74 

100.00 

396.90 

2,500.00 

5,512,500.00 

1,300.00 

2,866,500.00 

70.00 

158.00 

110.00 

230.00 

1.80 

261.25 

1.25 

150.00 

302.00 

86.40 

N. GasIMazut 

46118 

2 

Number of 
Heaters 

4 

2 

.. .. - .. .. 
Exhibit 4-28 (Cont'd) 

Trajco Kostov TPHS 
List of Major Equipment 

HWBNo.2 HWB No. 3 HWBNo.4 

VK-100 VK-100 VK-100 

71 75 75 

74 75 75 

100.00 100.00 100.00 

396.90 396.90 396.90 

2,500.00 2,500.00 2,500.00 

5,512,500.00 5,512,500.00 5,512,500.00 

1,300.00 1,300.00 1,300.00 

2,866,500.00 2,866,500.00 2,866,500.00 

70.00 7.00 70.00 

158.00 158.00 158.00 

110.00 110.00 110.00 

230.00 230.00 230.00 

1.80 1.80 1.80 

261.25 261.25 261.25 

1.35 1.35 1.35 

150.00 150.00 150.00 

302.00 302.00 302.00 

86.40 86.40 86.40 

N. GaslMazut N. GaslMazut N. GasIMazut 

39123 30906 33544 

2 4 3 

- .. .. 

HWB No. 5 HWB No. 6 

VK-100 VK-1oo 

77 78 

77 81 

100.00 100.00 

396.90 396.90 

2,500.00 2,500.00 

5,512,500.00 5,512,500.00 

1,300.00 1,300.00 

2,866,500.00 2,866,500.00 

70.00 70.00 

158.00 158.00 

110.00 110.00 

230.00 230.00 

1.80 1.80 

261.25 261.25 

1.35 1.35 

150.00 150.00 

302.00 302.00 

86.40 86.40 

N. GaslMazut N. GasIMazut 

38348 31177 

1 - 1 

.. .. .. 

HWBNo.7 HWBNo.B 

VK-100 VK-1oo 

78 78 

82 82 

100.00 100.00 

396.90 396.90 

2,500.00 2,500.00 

5,512,500.00 5,512,500.00 

1,300.00 1,300.00 

2,866,500.00 2,866,500.00 

70.00 70.00 

158.00 158.00 

110.00 110.00 

230.00 230.00 

1.80 1.80 

261.25 261.25 

1.35 1.35 

150.00 150.00 

302.00 302.00 

86.40 86.40 

N. GasIMazut N. GasIMazut 

37588 30110 

1 
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DISTRICT HEATING FEASIBILITY STUDY ENGINEERING ANALYSIS· SUPPLY SIDE 

Steam Turbines of Tr. Kostoy Cogen. Plant 

N Data 

1 ModellMaker 

2 Year of Manufacturing 

3 Year of Putting into Operation 

4 Design Power, PIMI 

5 Inlet Steam Parameters 

Temperature, C (F) 

Pressure, MPa (psia) 

Design Steam Flow, tIh (IbJh) 

Maximum Steam Flow, tIh (IbJh) 

5a Condenser Pressure, ata (psia) 

6 Hours worked up to the End of '92 

7 Operational Data as to the End of '92 

Electric Power, PIMI 

Inlet Steam Temperature, C (F) 

Inlet Steam Pressure, MPa (psia) 

8 Cycles Worked 

9 Number of Scheduled Major Repairs 

10 Maximum Industrial Extraction 
Pressure, ata (psia) 

Minimum Industrial Extraction 
Pressure, ala (psia) 

Steam Turbines of Tr. Kostoy Cogen. Plant 

N Data 

Maximum Industrial Extraction Flow, tIh 

IbJh 

11 Maximum Heating Extraction 
Pressure', ata (psia) 

Minimum Heating Extraction Pressure', 
ala (psia) 

Maximum Heating Extraction FlOW", tIh 

IbJh 

12 Maximum HeaVPower Ration 

Exhibit 4·28 (Cont'd) 

Trajco Kostov TPHS 
List of Major Equipment 

Turbine No.1 Turbine No.2 Turbine No.3 

VPT-30 VPT-30 VPT-30 

·90/11/1.2 -9011111.2 ·90111/1.2 

Czechia Czechia Czechia 

63 63 63 

64 64 64 

30.00 30.00 30.00 

535.00 (995.00) 535.00 (995.00) 535.00 (995.00) 

8.83 (1,281.57) (8.83) (1,281.57) (8.83) (1,281.57) 

118.00 118.00 118.00 
(260,190.00) (260,190.00) (260,190.00) 

200.00 (441,00.00) 200.00 (441,00.00) 200.00 (441,00.00) 

0.06 (0.78) 0.06 (0.78) 0.06 (0.78) 

163876 163876 163876 

NlA NlA 30.00 

NlA NlA 535.00 (995.00) 

NlA NlA 8.83 (1,281.57) 

558 455 663 

10 8 6 

13.00 (184.92) 13.00 (184.92) 13.00 (184.92) 

8.00 (113.80) 8.00 (113.80) 8.00 (113.80) 

Turbine No.1 Turbine No.2 Turbine No.3 

90.00 90.00 90.00 

198,450.00 198,450.00 198,450.00 

2.50 (35.56) 2.50 (35.56) 2.50 (35.56) 

1.20 (17.07) 1.20 (17.07) 1.20 (17.07) 

70.00 70.00 70.00 

154,350.00 154,350.00 154,350.00 

1.74 1.74 1.74 

Turbine ~ has a bol/er-condenser:;; heating extraction parameter:; al8 parameter:; oflile backpleSSUI8. 

'. Maximum and minimum allowable PI8SSUI8S for tile boI/eroCOfldenser ofturlJlne~. 

Summary 

Total Production of Steam 

1 9.6 MPa, 540C 'Boilers 1, 2, 3, 4) 

2 13.63 MPa, 535 C (Boilers 5, 6, 7) 

Total Maximum Production of Electricity, MW 

1 Total Maximum industrial Steam 
Extraction 

2 Tolal Maximum Heating Steam 
Extraction 

tIh Iblh 

740.00 1,631,700.00 

570.00 1,256,850.000 

186 

tIh IbIh 

1 
610.00 ,345,050.00 

510.00 1,124,550.00 

Gilbert/Commonwealth International, Inc. 
4-93 

Turbine No." Turbine No.6 

VPT·30 PR 68166 

·9011111.2 ·130110/0.8 

Czechia • Czechia 

63 80 

64 88 

30.00 66.00 

535.00 (995.00) 530.00 (986.00) 

(8.83) (1,281.57) (12.75) (1,850.51) 

118.00 (260,190.00) (496,125.00) 

200.00 (441,000.00) 420.00 (926,100.00) 

0.06 (0.78) 0.80 (11.38) 

163876 163876 

30.00 66.00 

535.00 (995.00) 535.00 (995.00) 

8.83 (1,281.57) 12.75 (1,850.51) 

617 558 

7 10 

13.00 (184.92) 13.00 (184.92) 

8.00 (113.80) 8.00 (113.80) 

Turbine No." Turbine No.5 

90.00 250.00 

198,450.00 551,250.00 

2.250 (35.56) 2.50 (35.56) 

1.20 (17.07) 0.10 (1.42) 

70.00 230.00 

154,350.00 507,150.00 

1.74 . 
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Republika TPHS 

List of Major Equipment 
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DISTRICT HEATING FEASIBILITY STUDY 

Republlka Thermal Power and Heat Station 

Steam Generators 

N Data 

1 Manufacturer 

2 Year of Manufacturing 

3 Year of Putting into Operation 

4 Steam Output, tIh 

IbIh 

After Reconstruction, tIh 

IbIh 

5 Design Steam Conditions 

Pressure, kg/cmA2 

psia 

Temperature, C 

F 

Efficiency, % 

6 Design Fuel 

Particles Size 

Heat Value, kcaUkg 

BTUnb 

Humidity, % 

Ash in Fuel Bumt, % 

7 Hours in Operation up to December 
1992 

8 Startup/Shutdown Cycles 

9 Year of the Last General OVerhaul 

10 Number of General OVerhauls up to 
1992 

11 Hours of Operation in 1990-1992 

12 Parameters of Operation by 1992 

Steam Output, tIh 

IbIh 

Pressure, kg/cmA2 

psia 

Temperature, C 

F 

Efficiency, % 

Feed Water Temperature, C 

F 

1 Total Production of 950-1 000 psia 

900-930 F Steam 

2 Total Production of 1280 psia 

980 FSteam 

Exhibit 4-41 

Republika TPHS 
List of Major Equipment 

Boller No. 1 Boller No. 2 Reserve 

CKDDukla CKD Dukla CKDDukla 

1951 1951 1956 

1951 1951 1958 

110.00 110,00 125.00 

242,550.00 242,550.00 275,625.00 

130.00 130.00 

286,650.00 286,650.00 

SO.OO 80.00 78.00 

1,137.98 1,137.98 1,109.53 

500.00 500.00 500.00 

932.00 932.00 932.00 

85.00 85.00 83.00 

0-30 0-30 0-30 

2,500.00 2,500.00 2,500.00 

4,500.00 4,500.00 4,500.00 

17.0 17.0 17.0 

45.00 45.00 45.00 

228,512 197,596 188,988 

1,066 1,149 843 

1,988 1,990 1,991 

15 10 12 

12,134 7,727 3,523 

76.50 90.50 95.16 

168,682.50 199,552.50 209,827.80 

67.00 71.00 69.90 

953.06 1,009.96 994.31 

482.00 496.00 500.00 

899.60 924.80 932.00 

84.50 81.80 84.11 

IbIh tIh 

1,030,991.85 467.57 

453,392.10 205.62 

Gilbert/Commonwealth International, Inc. 
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Boller No. 3 Boller No.4 Boller No.5 

CKD Dukla CKDDukla 1st Brno 

1956 1956 

1959 1958 1967 

125.00 125.00 220.00 

275,625.00 275,625.00 485,100.00 

78.00 78.00 96.00 

1,109.53 1,109.53 1,31'.5.58 

500.00 500.00 540.00 

932.00 932.00 1,004.00 

83.00 83.00 86.00 

0-30 0-30 0-30 

2,500.00 2,500.00 2,500.00 

4,500.00 4,500.00 4,500.00 

17.0 17.0 17.0 

45.00 45.00 45.00 

189,472 193,722 138,819 

826 853 674 

1,990 1,992 1,988 

15 16 12 

12,862 6,558 14.074 

103.90 101.51 205.62 

229,099.50 223,829.55 453,392.10 

70.10 72.00 90.10 

997.16 1,024.18 1,281.65 

493.70 495.30 526.40 

920.66 923.54 979.52 

82.89 82.04 82.00 

216.00 

420.80 
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Exhibit 4-41 (Cont'd) 

Republika TPHS 
List of Major Equipment 

Steam Turbines 

N Data Turbine #4 Turbine #5 

1 Manufacturer 1st Bmo Skoda 

Works 

2 Rated Capacity, MW 25.00 55.00 

3 Inlet Steam Parameters 

Pressure, MPa (psia) 7.16 (1,037.68) 8.82 (1,278.26) 

Temperature, C (F) 490.00 (914.00) 535.00 (995.00) 

Maximum Throttle Flow, tlh (Iblh) 160.00 (352,800.00) 220.00 (485,100.00) 

4 Years of Operation 34.00 19.00 

5 Hours of Operation until December 254,690.00 146,881.00 
1992 

6 Parameters at the end of 1992 

Electric Output, MW 16.15 35.25 

Inlet Steam Pressure, MPa 6.78 7.46 

psia 982.61 1,080.43 

Inlet Steam Temperature, C (F) 479.20 (894.56) 514.30 (957.74) 

Maximum Throttle Flow, tJh Oblh) 

7 Industrial Extraction 

Minimum Pressure, MPa (psia) 0.78 (113.62) 

Maximum Pressure, MPa (psia) 1.27 (184.64) 

Maximum Steam Flow, tlh (Iblh) 80.00 (176,400.00) 

8 Heating Extraction 

Minimum Pressure, MPa (psia) 0.12 (17.04) 0.12 (17.04) 

Maximum Pressure, MPa (psia) 0.25 (35.51) 0.25 (35.51) 

Maximum Steam Flow, tlh Ob/h) 70.00 (154,350.00) 150.00 (330,750.00) 

9 Minimum Steam Flow to LPT, tlh (Iblh) 15.00 (33,075.00) 8.00 (17,640.00) 

10 Back Pressure, MPa (psia) 

11 Cooling Water Flow, tlh 3,000.00 8,000.00 

Ib/h 6,615,000.00 17,640,000.00 

12 Design Cooling Water Temperature, C 30.00 24.00 

F 8S.00 75.20 

13 StartupfShutdown Cycles 641 446 

14 Year of the Last General Overhaul 1992 

13 Hours of Operation in 1990-1992 20181 10496 

'Parameters of Heating Extraction for the Turbine #6 are Given for its Exhaust 

summary 

Actual Design 

Total electric outpul, MW 51.40 105.00 

Iblh tlh 

TOlallnduslrlal SIeam Extraction 286,650.00 130.00 

Tolal Heating SIeam Extraction 728,091.00 330.20 

MMBTUIh GcaVh 

Total Heat Available for District Heating 706.25 177.94 

Gilbert/Commonwealth International, Inc. 
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Turbine #6 

Skoda 

25.00 

9.00 (1,304.35) 

535.00 (995.00) 

208.00 (458.640.00) 

7.50 

1,086.96 

480.00 (89S.00) 

160.00 (352,800.00) 

0.78 (113.04) 

1.38 (199.28) 

50.00 (110,250.00) 

0.12 (17.04) 

0.25 (35.51) 

110.20 (242,991.00) 

18.40 (40,572.00) 

0.12 (17.39) 

MWt 

206.95 
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4A.1 

1.1 

1.2 

DISCUSSION ON THE SURVEYED 
TECHNOLOGIES 

FUEL CELLS 

Fuel cells use pure hydrogen or make hydrogen from natural gas or another fuel in 
a catalytic process. The hydrogen then reacts with oxygen through an electrolyte 
to generate an electrical current. The reaction ends up recombining some of the 
hydrogen and oxygen, which produces hot water while the hydrogen reforming 
process produces carbon dioxide. By converting natural gas to electricity through 
a chemical process instead of combustion, the fuel cell emits barely a trace of 
pollution. It is also very quiet since there are no moving parts in the cell itself, 
though compressors and pumps in the system generate a small amount of noise. 
However, fuel cells are still in an early development stage and are costly: about 
$3000 per kilowatt at approximately 40% effiCiency. While it is a feasible 
technology for district heating, it is too capital intensive for further consideration in 
this project. 

INTEGRATED GASIFICATION COMBINED CYCLE 

As the name implies, this plant integrates a coal gaSifier with a gas turbine 
combined cycle system. Gasified coal is used to fuel the gas turbine. Gasifiers 
can be classified into three generic types: moving-bed, fluidized-bed, and 
entrained flow. The gasifier could be air-blown or oxygen-blown. It may include 
slurry or dry coal feed systems or different heat recovery systems for the large 
amount of sensible heat in the coal gas. IGCC has the capability to meet stringent 
environmental requirements. Technologically, many improvements still need to be 
made. Examples are the fouling and plugging of the syngas coolers; materials 
problems for the syngas cooler tubes for high sulfur coal; and refractory life and 
modifications to the advanced gas turbines that have been primarily designed for 
natural gas. Licensing of a gasification plant could be challenging, since 
regulatory agenCies may not be too familiar with gasification emissions. 

Gilbert/Commonwealth International, Inc. 
4A.1-1 
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1.3 

The capital cost for an IGCC plant is quite high. Variable operating and 
maintenance costs are less than those for a conventional PC unit, however, fixed 
O&M costs are higher. Performance wise, an IGCC has an efficiency near 40% 
compared to a 35% efficiency of a conventional PC coal unit. An IGCC plant may 
burn low cost and high sulfur coal, providing advantages in both cost and 
emissions. 

IGCC is a viable option that was selected to be investigated further. 

ATMOSPHERIC FLUIDIZED BED COMBUSTION 

Atmospheric Fluidized Bed Combustion (AFBC) technology is characterized by the 
use of a solid material contained in a vessel in which air and fuel are introduced 
and combustion takes place. The solid material may be limestone, allowing a high 
level of S02 removal to take place during the combustion process. Therefore, no 
post-combustion technology is needed to remove S02. Combustion temperatures 
are generally designed between 780 and 870°C and provide inherently low NOx 
emissions. Initial designs were "bubbling" types, characterized by air velocities of 
1.2 to 3 m/s. Current designs called "circulating" fluidized beds (CFBs) have much 
higher velocities, and continuously recirculate entrained solids using cyclones. 

The progress of AFBC development has been monitored in several conferences, 
highlighted by the International Conference on Fluidized Bed Combustion which 
has been held bi-annually for approximately 25 years. FBC technology is 
available with "commercial" guarantees by many international vendors. 

CFB boilers can be deSigned for a wide variety of fuels, and for lower quality solid 
fuels. CFB has become the "technology of choice." They are very suitable for the 
types of coals found in eastern Europe, and can also co-fire biomass and waste 
materials. 

CFB installations can be retrofit, utilizing existing steam turbine equipment, and 
sometimes even existing boiler foundations and other equipment. In these cases, 
the existing boilers would be removed. 

A few installations have utilized a boiler retrofit concept which involves removal of 
the bottom portion of an existing top-supported boiler and substituting a 
bottom-supported bubbling-type FBC unit beneath the existing boiler. 
Consideration of this type of retrofit requires a more detailed deSign study to 
determine feasibility. Vendors of FBC boilers are generally less willing to bid on 
this type of retrofit due to problems which have occurred with previous 
installations. Since FBC boilers are shown to be one of the favored options in this 
study, a follow-on study could include the investigation of an FBC boiler retrofit. 
Since some cost savings may result, this option may be favorable from a financial 
viewpoint. 

The FBC technology chosen for further screening is a circulating-type FBC (CFB) 
boiler which is offered by several international vendors. The U.S. vendor who 
supplied design information and costs for a CFB boiler is the Foster Wheeler 
Energy Corporation (FWEC). FWEC has initiated discussions with a 
Czechoslovak boiler manufacturer, where most of the fabrication of a boiler would 
take place. Foster Wheeler would provide most of the boiler design and the 

Gilbert/Commonwealth International, Inc. 
4A.1-2 
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1.4 

1.5 

manufacture of a few of the components. Competitive bidding for the FBe boiler 
would result in the least-cost design which conforms to the specification. 

PRESSURIZED FLUIDIZED BED COMBUSTION 

Pressurized Fluidized Bed Combustion (PFBC) is a promising technology to burn 
low grade, low cost indigenous fuels in district heating systems. PFBC results in a 
much higher electric/heat ratio compared to its AFBC counterpart, and is actually 
more comparable to a gas-fired gas turbine combined cycle. PFBC is also lower 
in NOx emissions. 

There is currently a project in the Ostrava, Czechoslovak area to construct a 
PFBC plant for district heating. This plant will be similar to four others which have 
recently been built and operated. 

While this technology is promising, it is not ready for commercial application in the 
time required for this project. Therefore, it will not be considered for this project at 
this time. However, the selection of a CFB boiler would allow re-consideration of 
PFBC technology when additional demonstration time has been accrued. 

GAS TURBINE COMBINED CYCLE 

Gas turbines are available in discrete sizes from less than one MWe to over 
150 MWe in electrical output. Waste heat boilers are available for almost any gas 
turbine. Gas turbines and waste heat boilers are used in combination with steam 
turbines in the gas turbine combined cycle (GTCC). The efficiency of the gas 
turbine has risen through the years, and the popularity of GTCC technology has 
risen significantly throughout the world. Two primary advantages of this 
technology are the relatively low capital cost and the short construction time. In 
the United States, gas turbines are generally used to meet peak loads, but the 
GTCC has also recently been used to meet some intermediate electrical loads. 
The short lead times have been useful because there has been a long delay in 
construction of larger coal-fired base load plants, and the recent low natural gas 
prices have encouraged its use. 

A disadvantage of the use of large gas turbines in the Bulgaria project is the 
requirement to import the most expensive portion of the equipment, making this 
technology less cost competitive than in the West. Maintenance for this 
equipment is also considered to be higher due to the import of spare parts. In the 
near future, it may be possible to lower the cost since there have been discussions 
about the manufacture of large gas turbines in East Europe by BrNo. Since most 
of the manufacturing work would be done within East Europe, the cost would be 
considerably reduced; however, the situation would not be as competitive as in the 
western world, so that the cost advantage may be somewhat diminished. Also, 
special financing and other arrangements proposed by the manufacturer in a 
competitive bid may soon enhance the competitiveness of this technology. 
Natural gas prices will also control the application of GTCC in Bulgaria. While the 
world capital cost of the gas turbine is relatively low, compared to coal burning 
technologies, fuel prices remain higher. In the United States, natural gas prices 
are very low and many competitive situations have been created for GTCC. 
However, in Bulgaria, we expect that the competitiveness of imported natural gas 
prices is expected to be less, and certainly, the security concern associated with 
heavy dependence on this fuel are also greater. 

Gilbert/Commonwealth International, Inc. 
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1.6 

1.7 

For the purposes of this study, the gas turbine portion of the GTCC is assumed to 
be imported and to carry a world market price. 

GAS TURBINE OR ENGINE REPOWERING 

A gas turbine or reciprocating engine can also be used to "repower" an existing 
boiler to allow production of electricity from an existing low pressure steam or hot 
water boiler, or to obtain a higher electric to heat ratio for an existing cogeneration 
system. 

In this configuration, the exhaust from a gas turbine or engine firing natural gas or 
oil is used as a heat source input for an existing boiler. Supplementary firing is 
used in the boiler to obtain full steam or hot water output. Thermodynamically, 
there are many advantages to such a system. The cost effectiveness of any 
installation is dependent on the price of premium gas/oil fuels and the sales price 
of electricity that can be negotiated with the electric utility. 

There have recently been many opportunities for small bOiler repowering and 
cogeneration systems in the United States. While overall efficiency cannot 
compete with larger units, a potential advantage is often tied to "peak shaving," 
where the equipment and operating costs are justified by the savings of peak 
demand charges assessed by a utility. These situations are very site specific and 
require a site specific assessment to determine economic attractiveness. Where 
electricity is generated only for internal use by a customer, there may also be 
savings. Where a single unit is proposed, a utility would be required to provide 
standby power to the user, in the Case of a unit outage. It is possible that if a 
large number of units were proposed, less standby power would be required, 
because the combined reliability of many units would be higher than a single unit. 

While not selected as an option for further screening, repowering is recommended 
for future consideration, as this choice requires significant site-specific engineering 
to establish or eliminate feasibility. 

CHENG CYCLE 

The Cheng cycle is fundamentally a steam injection scheme, with the steam sent 
to a gas turbine combustor shell. Steam is added for power augmentation to 
within the limits of compressor surge margin. The increased mass flow, higher 
specific heat in the turbine results in increased pressure ratio. The combination of 
added turbine mass flow and increased cycle pressure ratio results in a greater gas 
turbine output and improved heat rate. As with any turbine water or steam 
injection scheme, the NOx emissions may reduce slightly due to increased 
moisture content, but the CO emissions will increase. 

The problem with the Cheng cycle is not with its potential benefit, but rather the 
lack of an established "track record" in a size suited for use in the Bulgaria plants. 
The largest size demonstrated so far by the International Power Technology 
Company is approximately 2 MW to 6 MW, too small for the Bulgaria plants. 
While General Electric Company has applied a similar cycle to their aeroderivative 
engines of 27 MW size such as LM 2500, their success report from introdUCing 
such a scheme to large industrial gas turbines of 150 MW class, namely 
Model 7FA, is not yet forthcoming. It is ill advised to experiment on apparent 
benefit for these plants in large size; instead, proven technology must be chosen. 

Gilbert/Commonwealth International, Inc. 
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1.8 

For this reason, the Cheng cycle was rejected. It ranked low in commercial 
development status and in technical considerations largely due to the limited test 
experience for this type of cycle in an appropriate size for application to the 
Bulgarian plants. 

WASTE INCINERATION PLANT 

Incinerating waste to generate power is not a new idea. One of the major reasons 
for its not being in widespread use is that these plants are too expensive to build. 
They are refuse disposal plants, not power plants. They bum the worst fuel 
possible and the refuse can be stored for no more than four days. The quantity and 
quality of available fuel is uncertain. 

Energy released in the waste burning process is recovered in the boiler by 
generating steam. This steam is used to produce power via a steam turbine. 
Steam could also be extracted from the steam turbine to provide heat for district 
heating, generating revenue and reducing the cost of waste disposal. The capital 
cost of building these plants is about $4500 per kilowatt. Due to vast interest in 
this type of plant, it will be passed on to participate in the screening process in the 
next section. 

Gilbert/Commonwealth International, Inc. 
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4A.2 

2.1 

TURBINE MODELING 

INTRODUCTION 

The purpose of calculating turbine performance is to match a turbine's thermal 
output to that required by the heat load duration curves for hot water and industrial 
steam. 

The program calculates the required amount of extraction flows, as if they were 
produced by separate back pressure turbines with the back pressures equal to the 
extraction pressures. To do this, one cogeneration turbine with two controlled 
extractions is divided into three turbines: A, B, and C where: 

• A is the turbine with the back pressure equal to the pressure of industrial 
steam extraction 

• B is the turbine with the back pressure equal to the pressure of hot water 
heating extraction 

• C is a condensing turbine. 

All three turbines are connected to one steam header and have parallel feedwater 
heating lines with the same pressure levels in corresponding feedwater heaters. 
(A typical model of Sofia TPHS, Turbine NO.6 is shown in Exhibit 2-1). 

The program calculates performance of back pressure turbines, corresponding to 
the required heat load, by interpolating between the points in the turbine 
performance tables, that contain turbine performance at 100, 75, 50 and 25% of 
the required exhaust flow. The steam produced by the boiler and not used in the 
back pressure turbines goes to the condensing turbine, the gross power output of 
which is calculated by multiplying available heat by the power-to-heat ratio. 

Available data for input includes: 

• Turbine expansion lines 

• Turbine performance charts 

GilbertfCommonwealth International, Inc. 
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Typical Model of Sofia TPS Turbine No.6 
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2.2 

2.3 

• Turbine correction curves 

• Turbine thermal test results 

• Results of new turbines' performance 

However, none of the turbines has a complete set of available data. 

ASSUMPTIONS: 

All old turbines are derated by 5% due to aging. 

Back pressure turbine efficiency is independent from the heat load (since the 
actual flow through the turbine is unknown at the beginning of the program run). 

Unless test data is available, a 10% pressure drop from extraction point to the 
heater is assumed; likewise, the TTD for the surface heater is assumed to be 5#F. 

BACK PRESSURE TURBINE PERFORMANCE: 

Performance is calculated as follows: 

1. The inlet water enthalpy is equal to the enthalpy at the feedwater pump exit. 

2. Calculate extraction enthalpies multiplying turbine Section enthalpy drop by 
the derating factor of 0.95. 

3. Calculate pressure in the feed water heaters, using the pressure drop of 
10%, and the corresponding saturation temperatures. 

4. Calculate the feed water temperature at the heater outlet, using the TTD of 
5°F. 

5. Solve the heat balance equation for the extraction flow: 

ian2- ian1 
Wan = In 

han1- han2 

where Wan is the extraction flow, ian1 and ian2 are water enthalpies at 
heater inlet and outlet, han1 and han2 are steam enthalpies at heater inlet 
and outlet, In is the water flow through the heater, and in is the number of 
the heater. 

6. Find the water flow to the next heater by adding the water flow and 
extraction flow. 

Gilbert/Commonwealth International, Inc. 
4A.2-3 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DISTRICT HEATING FEASIBILITY STUDY ENGINEERIGN ANALYSIS - SUPPLY SIDE 

2.4 

7. 

8. 

Calculate turbine net output at 100% load as: 

1* (hO - ha2) + RWan * (hO - han1) 
MWa = ---------------------------*ge 

3413 

where I is the maximum industrial steam extraction, ge is the generator 
efficiency, hO is the throttle steam enthalpy, ha2 is the industrial extraction 
enthalpy. 

Calculate turbine net output for 75, 50 and 25%. 

If thermal test results are available, then feedwater heating extraction is 
calculated directly from the extraction curves. 

The same procedure is used for turbine 8; the no is equal to 0 for the deaerator. 

CONDENSING TURBINE PERFORMANCE: 

Ratio is defined as turbine C gross power divided by the available heat, which in 
Case of a condensing turbine is equal to the boiler duty, Qduty, where 

Qduty = Qhw + Qstm + (MWa + MWb + MWc) I ge + Qrej 

The turbine C power is given by 

Wc * (hO - hc2) + RWcn * (hO - han1) 
MWc = *ge 

3413 

and the boiler duty is 

Qb= W x (hO-hfw), 

where hfw is the feed water enthalpy. 

If the turbine doesn't have regeneration, then 

R = 
(hO - hc2) 

(hO- hfw) 

Gilbert/Commonwealth International, Inc. 
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If performance data is available, then first calculate the turbine power as if there is 
no regeneration, then correct it by the regeneration correction factor 

MWc * (hcO-hc2) 
q = 

3413 * MWcch 

where MWcch is the power at the corresponding throttle flow from the 
performance chart or other turbine performance data. 

Gilbert/Commonwealth International, Inc. 
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4A.3 HEAT UTILIZATION FACTOR EQUATIONS 

The equations defining the Heat Utilization Factor (HUF) and parameters that 
model the factor are presented in Exhibit 4A.3-1. 

Gilbert/Commonwealth International, Inc. 
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I Exhibit 4A.3-1 
Heat Utilization Factors 

MAJOR CRITERION STATusl RELATIVE MAX. POSSIBLE 

I CRITERION WEIGHTING CHARACTERISTIC RANKING POINTS 

COMMERCIAL AND 6 utility integration 5 30 
DEVELOPMENTAL STATUS engineering demonstration 4 

I development 3 
pilot 2 
hypothetical 1 

I 
TECHNICAL CONSIDERATIONS 5 technically mature 5 25 

technically demonstrated 4 
technically viable 3 
technically developed 2 

I technically inadequate 0 

LICENSING AND LEAD TIME 3 low 5 15 
RISKS moderate 4 

I high 3 
unknown 0 

ENVIRONMENTAL 3 evaluate all 5 15 

I 
Exhibit 6.2,1-3 
Lowest emiSSions is 
ranked 5, 
highest ranks o. 

I Rest ranked by 
percentage 
difference relative to 
these two. 

I COST UNCERTAINTY 1 low 5 5 
moderate 4 
uncertain 3 

I high 2 
unknown 0 

CAPITAL COSTS 1 evaluate all per EPRI 5 5 

I TAG. 
Lowest is ranked 5, 
highest ranks o. 
Rest ranked by 

I percentage 
difference relative to 
these two. 

I VARIABLE OPERATING COSTS 1 evaluate variable 5 5 
operating cost and 
maintenance per EPRI 
TAG. 

I Lowest is ranked 5, 
highest ranks o. 
Rest ranked by 

I 
percentage 
difference relative to 
these two. 

I 
MAXIMUM POSSIBLE TOTAL: 100 

I 
I 
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6.0 

6.1 

6.1.1 

ENGINEERING ANALYSIS 
INSTRUMENTATION AND 
CONTROLS 

DESIGN CRITERIA 

• 

Each District Heating Company function is to sell steam to their industrial users 
and hot water to their commercial/domestic users. The commercial/domestic 
users shall be defined as small business, apartment buildings, private dwellings, 
etc. The steam and hot water shall be purchased from the central power plant 
located within the district. 

To determine the amount of steam and hot water required for purchase, a 
computer monitoring system is recommended to be installed such that (1) the 
quantity of steam being used by each industrial user is recorded, and (2) the 
quantity of hot water used by each type of domestic/commercial building for 
heating and domestic hot water is recorded. The quantity of each required will be 
dependent on the season of the year. The information gathered at each user 
location shall provide the demand requirement from the District to the central 
power utility for steam and hot water, and provide the District with the ability to 
charge each user for the actual amount of steam or hot water used on a monthly 
basis. 

Since there are various substation configurations that may exist, we have 
assumed two basic types. One is for building heating and the other is for building 
heating and domestic hot water. (Exhibits 6-1 and 6-2) 

FLOW MEASUREMENT (STEAM AND HOT WATER) 

Even though steam flow elements exist, additional flow elements should be added 
to the lines. These elements, an annubar with dual flow (differential pressure) 
transmitters, would provide the flow data required within an accuracy of ±1 % to the 
District Heating Computer System for monitoring and totalizing. (Exhibits 6-3A, B, 
C, D and 6-4) 

Gilbert/Commonwealth International, Inc, 
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6.1.2 

Each annubar would be supplied with dual transmitters, having a 5 valve test 
manifold valve, and a redundant 24VDC power supply. Transmitters, manifold 
valves and power supply will be located in a NEMA 4 temperature controlled 
enclosure mounted near the pipe. 316 stainless steel tubing shall connect the 
annubar to the transmitters/manifold valves located in the enclosure. 

Substation hot water flow usage shall be monitored by a hot water flow 
meter/integrater (Exhibits 6-5A thru 6F) located in the substation ground floor and 
mounted in the discharge line. The output of the meter/integrator shall go to a 
remote telemetry unit (RTU) located in the area. The hot water entering the 
substation should pass through a filter to remove any dirt, etc. and the water 
quality should be maintained between a ph-value of 8.5 and 10.0. The meter 
internal materials shall be constructed accordingly to accept this ph-value. 

In addition, the same configuration of annubar/transmitters would be added to 
each pumping station hot water pump discharge line to measure flow. This flow 
data would be brought back via an RTU to the central control system so that the 
discharge flow could be compared to the return flow. This comparison could then 
be used to advise the District Heating Company of possible leaks or illegal tapping 
of water from the line. 

SUBSTATION CONTROL 

Exhibits 6-1 and 6-2, depict the various control elements, i.e.: controller, control 
valves, Rtds, and RTU, that are the essential instruments in monitoring and 
controlling the hot water in the substation. The controllers (Exhibits 6-6 and 6-7) 
shown will vary from one Exhibit to the other due to its function. We will assume 
that Exhibit 6-2 is the most common type. The controller characteristics are, as 
follows with values displayed together including explanatory text on the front of the 
display panel. 

a) 

b) 

c) 

d) 

Automatic adjustment of reset curve, as well as magnitude and duration of 
night setback 

Continuous and automatic monitoring and adjustment for factors such as 
seasonal variations 

Domestic hot water control with separate night and day setpoints 

Time channels for HW recirculation pump control 

Temperature elements (Exhibits 6-8 and 6-9) are duplex 100 ohm platinum spring 
loaded type per DIN 43760 standards. The well is 316 stainless steel with 1/2" 
NPT connections for pipe mounting. 

The flow meter/integrator was discussed in Section 6.1.1. 

The control valves (Exhibits 6-10 and 6-11) shall be sized to accommodate the 
various flows and differential pressures. Valve bodies will be flanged and rated as 
PN25. Body material will be nodular iron or cast steel. Valve internal trim will be 
of stainless steel material. Actuator will be electronic to accept the signal from the 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY 
ENGINEERING ANALYSIS

INSTRUMENTATION AND CONTROLS 

6.1.3 

6.2 

controller. In pipe lines larger than 108mm, it is recommended that a high and low 
range control valve be used to improve controllability and manageability due to 
seasonal flow demands. 

The instrument control valve wetted process materials are designed based on the 
criteria that all dirt, etc. has been filtered out of the hot water inlet substation line, 
and that the ph value is in the range of 8.5-10.0. This same criteria would also 
apply to the heat exchangers, pumps, etc. being used within the substation. 

PUMPING STATIONS 

Each pumping station will have a remote telemetry unit (RTU) located within its 
area. As stated in Section 6.1.1 each pump discharge line will have an 
annubar/transmitter added to measure flow. The output of the transmitters will go 
to an RTU. In addition, pump control, besides being local, can also be done 
through the RTU. Any pump bearing and motor temperature elements may be 
wired to the RTU. The RTU output will interface with the fiber-optic data highway 
for the SCADA System. The addition of this data will provide valuable information 
for the District Heating maintenance personnel. 

SCADA SYSTEM 

To monitor, maintain and generate billing for the four (4) District Heating 
Companies in Sophia and the District Heating Company in Pernik, a fiber-optic 
based SCADA System (Exhibit 6-12) is proposed. The system would include a 
communication network, central control facility and remote telemetry units (RTU's). 

Each central control facility system shall be located in the District Heating 
Company's main facility. The system would include two (2) engineers/operators 
consoles, one (1) redundant data-link server, one (1) redundant historian, and 
one (1) calculator station. In addition the system will have video wall displays 
(complete district layout of the heating distribution system) along with the 
appropriate appurtenances. 

The software programs included in the central control facility system will provide 
the district with the capability of billing each substation each month for the amount 
of hot water consumed, and its industrial users for the amount of steam consumed. 
In addition the quantity of steam and hot water is recorded. Therefore trending 
programs can be developed to provide information as to consumption based on 
monthly or seasonal temperature variations. This data could be provided to the 
central power utility for load projections. Also maintenance records could now be 
kept on the pumping station pumps, etc. Information on piping leakage could be 
monitored and indicated on the CRT screen and graphically displayed via the 
video wall. 

Each substation and pumping station will include a remote telelemetry unit (RTU) 
located within. All field points to be monitored will be wired to a RTU. The output 
of the RTU is a fiber-optic link that connects to a fiber optic data highway. Each 
fiber-optic data highway is connected to the central control facility. 

Gilbert/Commonwealth International, Inc. 
6-3 
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DISTRICT HEATING FEASIBILITY STUDY 
ENGINEERING ANALYSIS· 

INSTRUMENTATION AND CONTROLS 

6.3 

The RTU listed in the SCADA System is one type. The number of analog and 
digital inputs from each substation or pumping station will determine the actual 
RTU design. 

It is assumed that 1000 km of fiber-optic cable will be required for Sophia, and 
400 km of fiber-optic cable for Pernik. 

MISCELLANEOUS 

Internal apartment heat control can be improved by adding at each radiator a 
thermostatic radiator valve. (Exhibit 6-13) In addition a radiator allocator may 
also be added (Exhibit 6-14). 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY 
ENGINEERING ANALYSIS -

INSTRUMENTATION AND CONTROLS 

Exhibit 6-1 

Substation - Building Heating Only -
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Exhibit 6·2 

Substation - Building Heating and Domestic Hot Water· 

Sketch SK-111993 
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ANNUBAR • DIETERICH STANDARD 
DRAWINGS 

C·91 00, C·91 01, C·4950 and C·5250 

Exhibit 6·3A to 6·30 
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~f-; 

....... ) '",,<: 

.~",..u# 

ITEM SERIAL NO. TAG NO. MODEL I SENSOR 10 WALL HEAD I VAL VES * I MOUNTING I ODF OTHER OPTIONS I NOTES: 
HEAD SIDEI DPP SIDE 

OFF 35/36 HA2 FASC 

* FOR INSTRUMENT VALVE OPTIONS. SEE DWG '" 

HIGH PRESSURE SENSIBNPORTS 

WALLl 10 

ODT--f4 -; 
I 

". 

.1'0. .1'0. 

SECTION A-A / 

LpPO"T~ "" NOUNTING 

NOTES: 

& 
2. 

,&. 
& 
&, 

B. 

7. 

HARDWARE (DFF-36) 

~" 

\- :LANNUBAR SENSOR (31BL) 

L.LOW PRESSURE SENSING PORTS 

Exhibit 4.2-1D 

PERMANENT RUSTPROOF METAL TAG SHOWING MODEL NUMBER, PIPE SIZE, SERIAL NUMBER, 
STRUCTURAL LIMITS AND INFORMATION AS SUPPLIED BY CUSTOMER. 

ANNUBAR ORIENTATION SHOWN FOR DETAIL ONLY. FOR ACTUAL RECOMMENDED LOCATION AND 
ORIENTATION SEE INSTALLATION INSTRUCTIONS. 

FIELD WELD. SEE INSTALLATION INSTRUCTIONS FOR PROPER HOLE AND WELD REQUIREMENTS. 

STANDAND INSTRUMENT HEAD, HA2. OPTIONAL HV2 REQUIRED FOR VERTICAL PIPES. 

OPTIONAL INSTRUMENT HEAD HP2. 

PRESSURE IS PER ANSI FLANGE RATING, MAXIMUM TEMPERATURE IS S500F FOR 
THE SENSOR. 
ADDITIONAL NOTES: _________________________ _ 

PAGE OF 

MSS 4-1/S" STANDARD CALLOUT SHOWN 

MOUNTING HARDWARE: 2" CONTOURED MOUNTING, 
2" ANSI WELD NECK FLANGE (SEE FLANGE 
TABLE), SPIRAL WOUND GASKET, 
STUD AND NUT SET '\ &. 

#- RATINGI ODF 

FASC 150 

ODH 

4-lIS" S-3/4" 
FASS 150 I 
FBSC 300 • 
FBSS 300 4-3/S" 9-1/S" • 

FCSC BOO 
FCSS BOO 4-3/4"19-7/S", 

LOW PRESSURE CONNEC~ 
1/2" NPT 

CUSTOMER: _______________________________________ _ 

PROJECT: 
P.O. NO: ______________________________ __ 

DSC FILE NO: 

DFF-35 AND DFF-36 
APPROVAL LATEST REVISION 

. Date By £t.'/v/ I Date ¥~.;I 3Z,I Letter 

Scale Drawn by I Checked by I Dale drawn 

R. f.u...I., ..... J 9. ~ 2- Z~'8& "i.A. 

~ Dieterich Standard 
-, A > -) Industries Company 

Box 9000 Boulder, Colorado 80301 USA 

C-5250 

. 
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~ if, 
~ 

SA 1 - 1/4' NPT SA2 :- 1/2' NPT SP1 - 1/4' NPT SP2 - 1/2' NPT SV 1 - 1/4' NPT SV2 - 1/2' NPT 

r------, , , 
I , 

VALVE: NEEDLE TYPE I VALVE: NEEDLE TYPE I VALVE: (2) BALL (SV1), (2) OS&Y GATE (SV2) 

MAXIMUM PRESSURE :4600 PSIG (SAl), 3600 PSIG (SA2) MAXIMUM PRESSURE :3960 PSIG (SP1), 3080 PSIG (SP2) MAXIMUM PRESSURE: 850 PSIG (SV1), 1200 PSIG (SV2) 

MAXIMUM TEMPERATURE: 5000 F (SA1), 6000 F (SA2) MAXIMUM TEMPERATURE: 5500 F (SP1), 6000F (SP2) MAXIMUM TEMPERATURE: 5500 F (SV1). 775°F (SV2) 

SB 1 - 1/4' NPT SB2 - 1/2' NPT 

VALVE: HIGH TEMPERATURE OS&Y GATE 

MAXIMUM PRESSURE: 1200 PSIG 

MAXIMUM TEMPERATURE: 775°F 

NOTES 

1. USE WITH DRAWING NUMBER 

2. APP.LICABLE OPTIONS: 

3. ADDITIONAL NOTES: 

SC 1 - 1/4' NPT SC2 - 1/2' NPT 

r-----l 
1 __ . ___ . I 

VALVE: HIGH TEMPERATURE OS&Y GATE 

MAXIMUM PRESSURE: 1200 PSIG 

MAXIMUM TEMPERATURE: 7750 F 

Exhibit 4.2-1A 

PAGE of 

INSTRUMENT HEAD SENSOR 
CONNECTIONS REQUIRED SIZE 

SAl HAl 15/16 
SA2 HA2 25/26, 35/36 

SBl HAl 15/16 
SB2 HA2 25/26, 35/36 

SC1 NIPPLE ONLY 10 

SC2 HP2, HPF 25/26,35/36,45/46 

SP1 NIPPLE ONLY 10 
SP2 HP2 25/26,35/36,45/46 

SVl HVl 15/16 
SV2 HV2 25/26, 35/36 

FOR STAINLESS STEEL OPTION ADD S TO INSTRUMENT 
CODE. EXAMPLE SA2S SEE CATALOG DS-l00l FOR 
STAINLESS STEEL PRESSURES AND TEMPERATURES. 

STEAM INSTRUMENT CONNECTION HARDWARE OPTIONS 

APPROVAL 

By /L:// I Date 3/?- (,,/~c.1 Leiter 

LATEST REVISION 

Date 

Drawn by Checked by I Date drawn 

.~ '-3-1&' 

Scale 

;LtI/4 NA 

=lI! Dieterich Standard 
~ A > -I Industries Company 
..,." Box 9000 Boulder. Colorado 80301 USA 

C-9100 
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'~ 

I 'XjJ 

- - - - - - - - - - - - - - - - - -
CA 1 - 1/4" NPT CA2 - 1/2" NPT CP 1 - 1/4" NPT CP2 - 1/2" NPT 

INSTRUMENT HEAD SENSOR 
CONNECTIONS REQUIRED SIZE 

CA1 HA1, HV1 15/16 
r-------, CA2 HA2, HV2 25/26, 35/36 , , 
I 

, 

~~ 
CB1 HA1, HV1 15/16 1-' _ 

~ --~ 

- - CB2 HA2, HV2 25/26 35/36 

CC1 NIPPLE ONLY 10 

II I II CC2 HP2, HPF 25/26,35/36,45/46 

CP1 NIPPLE ONLY 10 

CP2 HP2, HPF 25/26,35136,45146 

VALVE: NEEDLE TYPE VALVE NEEDLE TYPE 

MAXIMUM PRESSURE :4630 PSIG (CAl), 3600 PSIG (CA2)1 MAXIMUM PRESSURE :4630 PSIG (CP1), 3600 PSIG (CP2)1 FOR STAINLESS STEEL OPTION ADD S TO 

MAXIMUM TEMPERATURE: 5500F (CA1), 6000 F (CA2) MAXIMUM TEMPERATURE: 5500F (CP1), 6000F (CP2) INSTRUMENT CODE. EXAMPLE: CA2S 

CB 1 - 1/4" NPT CB2 - 1/2" NPT 

VALVE: HIGH TEMPERATURE OSay GATE 

MAXIMUM PRESSURE :1200 PSIG (CB1), 1200 PSIG (CB2) 

MAXIMUM TEMPERATURE: 715 0F (CBH, 775°F (CB2) 

NOTES 

1. USE WITH DRAWING NUMBER 

2. APPLICABLE OPTIONS: 

CC 1 - 1/4" NPT CC2 - 1/2" NPT 

r-----I 
n 1Il=fl~--~. I rmu ><= 

VALVE: HIGH TEMPERATURE OSay GATE 

MAXIMUM PRESSURE :1200 PSIG (CC1), 1200 PSIG (CC2) 

MAXIMUM TEMPERATURE: 775 0 F (CCH, 7750 F (CC2) 

GAS AND LlaUID INSTRUMENT CONNECTION 
HARDWARE OPTIONS 

APPROVAL 

Exhibit 4.2-1B By~£h' I Date :V;:u;,/yc.ILetter 

Drawn by 

LATEST REVISION 

- Date 

Scale 

-

~ 
Checked by I Dale drawn 

p.~ ~-7-B'C IVA- C-9101 

3. ADDITIONAL NOTES: ~ Dieterich Standard 
-:I A>-Jlnduslrles Company 

PAGE of Box 9000 Boulde,. Colorado 80301 USA 
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ITEM SERIAL NO. TAG NO. MODEL SENSOR 10 WALL HEAD VALVES* MOUNTING ODF OTHER OPTIONS NOTES: 

HEAD SIDE OPP SIDE 

OFF 25/26 HA2 FA6C MS6 3-7IS STANDARD CALLOUT SHOWN 

* FOR INSTRUMENT VALVE OPTIONS, SEE DWG + 

3 V FlOW! \ ~ It Jll\tlll 9j1 4 I 
t V ~ ~ "-...--&.. ...... .-- FLANGE TABLE 

1. I ~A VL.... ,~_~ 

rn..E.-~""I:'l.."t"':.:.~"'~"1 I V~"""T/ /.,0. '/:: L_l r __ ~ CODE", RATING ODF ODH 

-.6-I)')\N:. .j. tr-"'- I :I I C1 L ~-- 2 ~5' FA6C 150 3-7IS" 8-3/16"1 

V' WAf 'U" J II (Lj' J. FA6S 150 , 

'l"///~ I [-1 -' FB6C 300 

SECTION r.v 1:S0.."~ 'I I V~""'\.~////.%~ F S 4-1/8" 8-9116"' 

~V I ~A V~' -VA ~ B6 300 

A-A V V ~ ~ "LlU FC6C 600 

V V II[ 1/111/11 I 4-7/16" 9-3116" 

V V ~ rz:a _ LOW PRESSURE CONNECTION L-F_C_6_S-L_6_0_0_--'-__ --L. __ 

~ ... .t\ V 112" NPT ' 

OPPOSITE SIDE MOUNTING ~- Li. ANNUBAR SENSOR (316L) 
: 

CUSTOMER: 

HARDWARE (DFF-26) LOW PRESSURE SENSING PORTS ----------------------
! 

MOUNTING HARDWARE: PROJECT: 
I 

1 112" CONTOURED MOUNTING 0 NO' 

FITTING. 1112" ANSI WELD NECK P.. .----------------------
-

NOTES' FLANGE (SEE FLANGE T ABLE!\ SPIRAL DSC FILE NO: 

. WOUND GASKET. STUD & NUT SET Exhibit 4.2-1C 

& PERMANENT RUSTPROOF METAL TAG SHOWING MODEL NUMBER. PIPE SIZE, SERIAL NUMBER, DFF- 2 5 AND DFF 26 

STRUCTURAL LIMITS AND INFORMATION AS SUPPLED BY CUSTOMER. 
APPROVAL LATEST REVISION 

2. ANNUBAR ORIENTATION SHOWN FOR DETAIL ONLY. FOR ACTUAL RECOMMENDED LOCATION AND By -RJ /Y // Dale?/.. _/~... Leiter Oale 

ORIENTATION SEE INSTALLATION INSTRUCTIONS. 
/(-V/)/ .>j:;l'Vu.... A 4/1":>/6'1 

1- FIELD WELD. (IMPORTANT: DRILL HOLE 7/Sin. IN PIPE FOR ANNUBAR INSERTION 0 b Ch k db 0 d S I 

~ 
rawn Y Be e y ate rawn CBB 

& STANDARD INSTRUMENT HEAD, HA2. OPTIONAL HV2 REQUIRED FOR VERTICAL PIPES. R.i. UnJu • .od p. ~ l. 27' BE. /'oJ. A. C-4950 

& OPTIONAL INSTRUMENT HEAD HP2 

6. PRESSURE IS PER ANSI FlANGE RATING, MAXIMUM TEMPERATURE IS 850°F FOR ~ 

THE SENSOR. 
-- Dieterich Standard 

7. ADDITIONAL NOTES: 
~ A >-lIndustrles Company 

~AGE ~ .. Box 9000_ ao-."'der, (;glorldo 80301U~ __ _ 
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MODEL 1151 

ALPHALINE® PRESSURE 
TRANSMITTERS 

• A complete family of transmitters 

• Ranges from 0-0.5 inH20 to 6,000 psig 

• Solid-state, plug-in circuit boards 

• Compact, rugged construction impervious 
to vibration 

• Local span and zero adjustments 

• Modular construction 

• Adjustable damping 

• Numerous options to permit greater 
application flexibility 

• Smart, analog, or low-power electronics 

INTRODUCTION 
This product data sheet highlights Rosemount® 

Model 1151 differential, absolute, gage, and high-line 
pressure differential transmitter features and options 
available for them. For information about the draft 
range, liquid level transmitters, transmitters with 
remote seals, and additional information on smart 
transmitters, refer to their respective data sheets 
referenced on the back page of this data sheet. 

INDUSTRY-LEADING PERFORMANCE 
AND FEATURES 

The Model 1151 Alphaline® series of pressure 
transmitters brings true precision to the measure
ment of flow, level, gage and absolute pressures, 
vacuum, and specific gravity. Direct electronic sensing 
with the completely sealed &-cell™ capacitance 
sensing element allows significant improvement and 
stability in pressure measurements. Welded stress 
isolation clamping in the sensor housing prevents 
introduction of errors caused by stresses and torques 
on the process flanges and minimizes effects of line 
pressure and overpressure. 

'.: Rosemount Inc., 1992. 
May be protected by one or more of the following U.S. Patent Nos. 3,854,039: 
3,975,719: 4,339.750: Re. 30,603, May Depend on Model. Other U.S, and 
Foreign Patents Issued and Pending, 

Product Data Sheet PDS 4360 
October 1992 

Installation, calibration, and commissioning are 
simplified by compact design, integral junction box, 
and local span and zero adjustments. 

The housing features an explosion-proof, weather
proof construction with separate compartments for the 
electronics and wiring connections. For most models, 
316L SST, Hastelloy C®, Monel®, gold-plated Monel, or 
tantalum materials are available for corrosive service. 
Modular construction and plug-in printed circuit 
boards aid in trouble-shooting and reduce parts 
stocking. 

APPLICATIONS 
Model 1151 Pressure Transmitters are available in a 

variety of configurations for differential, flow, gage, 
absolute, vacuum, liquid level, and specific gravity 
measurement applications. The transmitter model 
number, determined from the ordering information 
tables, specifies available features such as pressure 
ranges, outputs, and materials of construction that are 
basic to each transmitter. Additional options, such as 
accessories, certifications, and special manufacturing 
procedures are also available. 

ROSEMOUNT' Measurement 

Control 

Analytical 
Valves 



Model 1151 Alphaline:!l Pressure Transmitters 

OPERATION 
During operation, the isolating diaphragms and fill 

fluid on the high and low sides transmit the process 
pressure to the oil fill fluid. The fluid in turn transmits 
the process pressure to a sensing diaphragm in the 
center of the 8-cell sensor. The sensing diaphragm 
functions as a stretched spring element that deflects 
in response to differential pressure across it (in GP 
transmitters, atmospheric pressure is transmitted in a 
like manner to the low side of the sensing diaphragm). 
In AP transmitters, a reference pressure is main
tained on the low side. The displacement of the 
sensing diaphragm, a maximum movement of 0.004 in. 
(0.10 mm), is proportional to the pressure. Capacitor 
plates on both sides detect the position of the sensing 
diaphragm. The differential capacitance between the 
sensing diaphragm and the capacitor plates is 
converted electronically to an appropriate current, 
voltage, or digital HART® (Highway Addressable 
Remote Transducer) output signal. 

SPECIFICATIONS 
Functional Specifications 
Service 
Liquid, gas, and vapor applications. 

Ranges 
See Table 2 for ranges. Minimum span equals the upper 
range limit CURL) divided by rangedown. Rangedown 
varies with the output code. See Table 1. 

Outputs 

2 

Code S, Smart 

Code E, Analog 

Code G, Analog 

Code J, Analog 

Code L, Low Power 

4-20 mA dc, user selectable for 
linear or square root output. 
Digital process variable 
superimposed on 4-20 mA 
signal, available to any host that 
conforms to the HART protocol. 

4-20 mA dc, linear with process 
pressure. 

10-50 mA dc, linear with process 
pressure. 

4-20 mA dc, square root of 
differential input pressure 
between 4 and 100% of input. 
Linear with differential input 
pressure between 0 and 4% of 
input. 

0.8 to 3.2 V dc, linear with 
process pressure. 

Code M, Low Power 1 to 5 V dc, linear with process 
pressure. 

Power Supply 
External power supply required. Transmitter operates on: 

12 to 45 V dc with no load for Output Codes S, E, and J. 
30 to 85 V dc with no load for Output Code G. 
5 to 12 V dc for Output Code L. 
8 to 14 V dc for Output Code M. 

Where: 

RMAX r-------------.. 

Operating 
Region 

RMIN 

0 VM1N 

SO) 

E,J 

G 85
1 

RL = 20(Vs-30) 

(fJA minimum of 250 ohms is required for communication. 
Low power minimum load impedance: 100 !ill. 

Current Consumption (Low Power Only) 
Under Normal Operating Conditions 

Output Code L: 
1.5 mAdc. 

Output Code M: 
2.0 mA dc. 

Span and Zero 
Output Code S: 
Span and zero may be accessed with local 
adjustments or remotely via the Model 268 SMART 
F AMIL Y® Interface. 
Output Codes E, G, J, L, and M: 
Span and zero are continuously adjustable. 

Zero Elevation and Suppression 
Output Codes S, E, and G: 
Zero elevation and suppression must be such that the 
lower range value is greater than or equal to the 
(-URL) and the upper range value is less than or 
equal to the (+URL). The calibrated span must be 
greater than or equal to the minimum span. 

Output Code J: 
Zero is adjustable up to 10% of the calibrated flow 
span. 

Output Code L: 
Zero is adjustable ±10% ofURL and span is 
adjustable from 90 to 100% ofURL. 

Output Code M: 
Zero is adjustable ±50% ofURL and span is 
adjustable from 50 to 100% ofURL. 
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Rosemount Inc. 

TABLE 1. Rangeability. 

S (DP and GP, SST, Range 3-8) 
S (All others) 
E, G,J 
L 
M 

URU10 
URU6 
URU6 
URU1.1 
URU2 

2 x URL 
2 x URL 

URL 
URL 
URL 

Table 2. Model 1151 Transmitter Range Availability by Model (URL = Upper Range Limit). 

2 6 inH20 (1.49 kPa) NA NA NA NA NA NA 

3 30 inH20 (7.46 kPa) NA • NA NA NA 

4 1S0 inH20 (31.08 kPa) 

S 7S0 inH20 (186.4 kPa) • 

6 100 psi (689.S kPa) 

7 300 psi (2,068 kPa) • NA 

8 1,000 psi (6,89S kPa) NA NA NA 

9 3,000 psi (20,684 kPa) NA NA NA NA NA 

a 6,000 psi (41,369 kPa) NA NA NA NA NA 

CD See PDS 4294 for complete information. 

Table 3. Model 1151 Output Code Availability. 

S 4-20 mA, digital, Smart/variable 

E 4-20 rnA, linear, analoglvariable 

FCD 4-20 mA, linear, analoglvariable 

G 1 o-SO rnA, linear, analoglvariable 

J@ 4-20 rnA, square root, analoglvariable 

L 0.8 to 3.2 V, linear, low power/fixed 

M 1 to S V, linear, low power/fixed 

CD See PDS 4294 for complete information. 
@ Available with Ranges 3-S. 

Temperature Limits 
Electronics operating: 
Code S: -40 to 185 of (-40 to 85°C). 
Codes E, G, L, M: -20 to 200 of (-29 to 93°C). 
Code J: -20 to 150 of (-29 to 66°C). 

NA 

• 

• 

• • • 

NA NA NA NA NA 

• • 

NA NA NA NA 

• • NA 

NA 

Sensing element operating: 
Silicone fill: -40 to 220 of (-40 to 104°C). 
Inert fill: 0 to 160 OF (-18 to 71 °C). 

Storage: 
Code S: -60 to 185 of (-51 to 85°C). 
Codes E, G, L, M: -60 to 250 of (-51 to 121°C). 
Code J: -60 to 180 of (-51 to 82°C). 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 



Model 1151 Alphaline@ Pressure Transmitters 

Static Pressure Limits 
Transmitters operate within specifications between the 
following limits: 

Model 1151 DP: 0.5 psia (3.45 kPa) to 2,000 psig 
(13,790 kPa). 

Model 1151 HP: 0.5 psia (3.45 kPa) to 4,500 psig 
(31,027 kPa). 

Model 1151AP: 0 psia to the URL. 

Model 1151 GP: 0.5 psia (3.45 kPa) to the URL. 

Overpressure Limits 
Transmitters withstand the following limits without 
damage: 

Model 1151 DP: 0 psia to 2,000 psig 
(0 to 13,790 kPa). 

Model 1151HP: 0 psia to 4,500 psig 
(0 to 31,027 kPa). 

Model 1151AP: 0 psia to 2,000 psig 
(0 to 13,790 kPa). 

Model 1151GP: 

Ranges 3-8: 0 psia to 2,000 psig 
(0 to 13,790 kPa). 

Range 9: o psia to 4,500 psig (31,027 kPa). 
Range 0: o psia to 7,500 psig (51,710 kPa). 

Proof Pressure Limit 
All models: 10,000 psig (68.95 MPa) proof pressure on 
the flanges. 

Humidity Limits 
o to 100% relative humidity. 

Volumetric Displacement 
Less than 0.01 in3 CO.16 cm3). 

Damping 
Numbers given are for silicone fill fluid at room 
temperature. The minimum time constant is 0.2 seconds 
(0.4 seconds for Range 3). Inert-filled sensor values 
would be slightly higher. 

Output Code S: 
Time constant is adjustable in 0.1 second increments 
from minimum to 16.0 seconds. 

Output Codes E and G: 
ime constant continuously adjustable between 
minimum and 1.67 seconds. 

Output Code J: 
Time constant continuously adjustable between 
minimum and 1.0 second. 

Output Codes L, M: 
Damping is fixed at minimum time constant. 

Turn-on Time 

Maximum of2.0 seconds with minimum damping. Low 
power output is within 0.2% of steady state value within 
200 ms after application of power. 

4 

Performance Specifications 
(Zero-based calibrated ranges, reference conditions, 
silicone oil fill, 316 SST isolating diaphragms) 

Accuracy 
Output Code S: 

Ranges 3 through 8, DP and GP transmitters: 
±0.1 of calibrated span for spans from 1:1 to 6:1 of 
URL. Between 6:1 and 10:1 ofURL, 

accuracy = [±0.025 + 0.0125 x (URL)]% of span. 
span 

All other ranges and transmitters: 
±O.25% of calibrated span. 

Output Code S, square root mode: 

±[O.2 + 0.05 x (URL '\ ]% of calibrated flow span. 
span) 

Output Codes E, G, L, and M: 
±0.2% of calibrated span for Model 1151DP Ranges 3 
through 5. 
All other ranges and transmitters, ±0.25% of 
calibrated span. 

Output Code J: 
±0.25% of calibrated span. 

Stability 

Output Code S: 

±0.1 % ofURL for six months for DP and GP Ranges 3 
through 8. (±0.25% for all other ranges and 
transmitters.) 

Output Codes E and G: 
±0.2% ofURL for six months for Ranges 3 through 5. 
(±0.25 for all other ranges.) 

Output Codes J, L, and M: 
±0.25% ofURL for six months. 

Temperature Effect 

Output Code S (-20 to 185 of (-29 to 85°C)]: 
For DP and GP transmitter Range 4 through 8: 
Zero Error = ±0.25% URL per 100 of (56°C) 
Total Error = ±(O.25% URL + 0.25% of calibrated 
span) per 100 OF; double the effect for other ranges 
and transmitters. 

Output Code E, G, L, and M: 
For Ranges 4 through 0: 
Zero Error = ±0.5% URL per 100 OF. 
Total Error = ±(O.5% URL + 0.5% of calibrated span) 
per 100 OF; double the effect for Range 3. 

Output Code J: 
The total output effect, whether at zero or full scale, 
including zero and span errors is ±1.5% ofURL per 
100 OF (56°C). ±2.5% ofURL per 100 OF (56°C) 
for Range 3. 
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Static Pressure Effect 
DP transmitters: 

Zero Error: ±0.25% ofURL for 2,000 psi 
(13,790 kPa) or ±0.5% for Range 3, correctable 
through rezeroing at line pressure. 

Span Error: Correctable to ±0.25% of input reading 
per 1,000 psi (6,895 kPa), or to ±0.5% for Range 3. 
For Output Code J, the span error is correctable to 
±0.125% of output reading per 1,000 psi, or to 
±0.25% for Range 3. 

HP transmitters: 
Zero Error: ±2.0% ofURL for 4,500 psi 
(31,027 kPa), correctable through rezeroing at line 
pressure. 

Span Error: Correctable to ±0.25% of input reading 
per 1,000 psi (6,895 kPa), or to ±0.5% for Range 3. 
For Output Code J, the span error is correctable to 
±0.125% of output reading per 1,000 psi, or to 
±0.25% for Range 3. 

Vibration Effect 
0.05% ofURL per g to 200 Hz in any axis. 

Power Supply Effect 
Output Codes S, E, G, and J: 
Less than 0.005% of output span per volt. 

Output Codes L, M: 
Output shift ofless than 0.05% ofURL for a 1 V power 
supply shift. 

Load Effect 
Output Codes S, E, G, and J: 
No load effect other than the change in power supplied 
to the transmitter. 

Output Codes L, M: 
Less than 0.05% ofURL effect for a change in load 
from 100 !ill to infinite ohms. 

Short Circuit Condition (Low Power Only) 
No damage to the transmitter will result when the 
output is shorted to common or to power supply positive 
(limit 12 V). 

EMI/RFI Effect 
Output shift ofless than 0.1% of span when tested to 
SAMA PMC 33.1 from 20 to 1000 MHz and for field 
strengths up to 30 Vim. (Code J is 0.1% of flow span.) 

Mounting Position Effect 
Zero shift of up to 1 inH20 (0.24 kPa) that can be 
calibrated out. Range 3 transmitters with Output Code J 
should be installed with the diaphragm in the vertical 
plane. 

Physical Specifications, 
Standard Configuration 
Wetted Materials 

Isolating Diaphragms 

Inc. 

316L SST, Hastelloy C-276, Monel, gold-plated Monel, 
or tantalum. See ordering table for availability per 
model type. 

DrainlVent Valves 
316 SST, Hastelloy C, or Monel. See ordering table for 
availability per model type. 

Process Flanges and Adaptors 
Plated carbon steel, 316 SST, Hastelloy C, or Monel. 
See ordering table for availability per model type. 

Wetted O-rings 
Viton® (other materials also available). With gold
plated Monel diaphragms (diaphragm Code _6), 
special fluorocarbon O-rings are supplied. 

Non-wetted Materials 
Fill Fluid 
Silicone oil or inert fill. 

Bolts 
Plated carbon steel. 

Electronics Housing 
Low-copper aluminium. NEMA 4X. 

Cover O-rings 
Buna-N. 

Paint 
Epoxy-polyester. 

Process Connections 
1/4-18 NPT on 2.125-in. (54-mm) centers on flanges for 

Ranges 3, 4, and 5. 

1/4-18 NPT on 2. 188-in. (56-mm) centers on flanges for 
Ranges 6 and 7. 

1/4-18 NPT on 2.250-in. (57-mm) centers on flanges for 
Range 8. 

1/2-14 NPT on adaptors. 

For Ranges 3, 4, and 5, flange adaptors can be rotated to 
give centers of2.0 in. (51 mm), 2.125 in. (54 mm), or 
2.250 in. (57 mm). 

Electrical Connections 
1/2-14 NPT conduit with screw terminals and integral 
test jacks compatible with miniature banana plugs 
(Pomona 2944, 3690, or equivalent). The Model 268 
SMART FAMILY Interface connections are fixed to the 
terminal block on smart transmitters. 

Weight 
12lb (5.4 kg) for AP, DP, GP, and HP transmitters, 
excluding options. 



Model 11S1 Alphaline® Pressure Transmitters 

OPTIONAL SELECTIONS 
The following sections describe a variety of available options for the Model 1151 Transmitter. These options will 
permit greater application flexibility. 

1----1-- 2.625 (67) 
.. '--5.625 __ -l 

.. (143) 

Mounting Bracket Ordering Code B1, 84, and B7 

NOTE 
Dimensions are In inches (millimeters). 

[]I] Bracket for 2-in. Pipe Mounting 
• Bracket for mounting transmitter on 2-in. pipe. 

• Constructed of carbon steel with carbon steel 
U-bolt. 

• Coated with epoxy-polyester paint. 

1.4 (36) 

Panel Mounting Bracket Ordering Code B2 and B5 

NOTE 
Dimensions are In Inches (millimeters). . 

1 B21 Bracket for Panel Mounting 
• Bracket for mounting transmitter on panel or wall. 

• Constructed of carbon steel with carbon steel bolts. 

• Coated with epoxy-polyester paint. 
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1.40 
(36) 
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Flat Mounting Bracket Ordering Code B3, B6, and B9 

1 B31 Flat Bracket for 2-in. Pipe Mounting 
• Bracket for vertical mounting of transmitter on 

2-in. pipe. 

• Constructed of carbon steel with carbon steel 
U-bolt. 

• Coated with epoxy-polyester paint. 

I B41 Bracket for 2-in. Pipe with 316 SST Bolts 
• Same bracket as Option Bl with 316 SST bolts. 

I B51 Bracket for Panel with 316 SST Bolts 
• Same bracket as Option B2 with 316 SST bolts. 

I B61 Flat Bracket for 2-in. Pipe with 316 SST Bolts 
• Same bracket as Option B3 with 316 SST bolts. 

I B71 304 SST Bracket and 316 SST Bolts for 2-in. Pipe 
Mounting 
• Same bracket as Option Bl with all SST 

materials. 

~ 304 SST Flat Bracket and 316 SST Bolts for 2-in. 
Pipe Mounting 
• Same bracket as Option B3 with all SST 

materals. 

Rosemount Inc. 

• Options permit bolts and nuts for flanges and 
adapters in the specified material. 

ru ANSI! ASTM A - 193-B7 

IL4 1 Austenitic 316 SST 

[b[] ANSI/ASTM A193-BFM 

DrainNent 
Plug 

'!~~1!.\ 

\ / ' 
~ ~'. 

~~/..x;,.;'V\~\ 
process J 
Flange 

7 



Model 1151 Alphaline® Pressure Transmitters 

NOTE . . / 

Option Code M1 
Linear Scale 

Option Code M4 
Linear Scale 

Dimensions are in inches (millimeters). .': 

ANALOG 
• Meters have 2-in. (50.8 mm) scale. 

• Plug-in mounting configuration. 

• Indication accuracy ±2%. 

• Operating temperature limit: -40 to 150 of 
(-40 to 65°C) 

• Meters are enclosed in a housing certified by 
Factory Mutual as explosion prooffor Class I, 
Division 1, Groups B, C, and D; Class II, Division 
1, Groups E, F, and G and Class III, Division 1. 

• For Optional CSA explosion-proof approval, see 
certification Option Code E6. 

rMI1 Linear Analog Meter, 0-100% Scale 

1M2 I Square Root Analog Meter, 0-100% Flow Scale 

I M31 Special Scaling Analog Meter(Specify Range) 

I Msi Square Root Analog Meter, 0-10" Scale 

NOTES 

Meter Options are not available with Output Codes L or 
M, or Option Codes V2 or V3. 

Meter Options M2, M6, M8, and M9 are not available 
with Output Code J. 
Meter Options M4, M7, M8, and M9 are not available 
with Output Code G. 

8 

r7.5 Max. (191) ~0'75(19) 
Optional Meter Clearance for 

Cover Removal 
(Typical) 

~--------~~~--~ 

i 

LCD 

\ ' 
~: 
I~ 
I 

• 4-digit display. 

9.0 Max. (229) 

• Indication accuracy ±0.25% of calibrated span 
±1 digit. 

• Display resolution at ±0.5% of calibrated span 
±l digit. 

• Operating temperature limit: -4 to 158 of 
(-20 to 70°C). 

• Plug-in mounting configuration. 

• Meters are enclosed in a housing certified by 
Factory Mutual as explosion prooffor Class I, 
Division 1, Groups B, C, and D; Class II, Division 
1, Groups E, F, and G and Class III, Division 1. 

• For Optional CSA explosion-proof approval, see 
certification Option Code E6. 

I M41 Linear LCD Meter, 0 to 100% 

I M71 Special Scale LCD Meter (Specify Range, Mode, 
and Engineering Units) 

I Mal Square Root LCD Meter, 0 to 100% 

I M91 Square Root LCD Meter, 0 to 10 
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Rosemount Inc. 

VMAX = 40 V 
IMAX = 165 mA 
CI = 0 (Standard Model 1151) 
C, = 0.024 IlF (Smart)) 
LI=O 

VMAX =40 V 
IMAX = 225 mA 
C,=O 
C1 = 0.024 IlF (Smart) 
L, = 0 

TABLE 4. FM Entity Approvals. 

Vae ~40 V 
Ise~ 165 mA 
CA> 0 (Standard) 
CA > 0.024 IlF (Smart) 
LA> 0 

Vac~40 V 
Isc~225 mA 
CA> 0 
CA > 0.024 IlF (Smart) 
LA> 0 

TABLE 5. CSA Barrier Selection. 

Any CSA Approved Barrier ~ 30 V, ;:::330 Q or ~ 28 V,;::: 300 Q 
or ~ 22 V, ;::: 180 Q 

Foxboro Converters 2AS-131-CGB, 2AI-13V-CGB, 2AI-12V-CGB 
2AS-121-CGB, 3A2-12D CS-EfCGB-A, 3F4-12DA 1 CS-EfCGB-A, 
3AD-131A CS-EfCGB-A, 3A2-13D CS-EfCGB-A, 
AND 3A4-12DA CS-E/CGB-A 

Any CSA Approved Barrier ~ 30 V, ;::: 120 Q 

• • • 

NA NA • 

• • • • 

NA • • • 

NA NA • • 

Hazardous Locations Certifications 
Stainless steel certification tag is provided. 

Factory Mutual (FM) Approvals 

C6 Combination of 16 and E6, CSA Explosion Proof 
and Intrinsic Safety Approval. 

FM Explosion Proof tag is standard. Appropriate tag 
will be substituted if optional certification is selected. 

Explosion Proof: Class I, Division 1, Groups B, C, 
and D. Dust-Igniton Proof: Class II, Division 1, 
Groups E, F, and G. Suitable for use in: Class III, 
Division 1. Indoor and outdoor use. NEMA 4X. 

15 Intrinsic Safety and Non-incendive Approvals: FM 
certifications optional for specific Classes, 
Divisions, and Groups when connected in 
accordance with the FM entity approvals table, 
Table 4. 

Canadian Standards Association (CSA) Approvals 
E6 Explosion prooffor Class I, Division 1, Groups C 

and D; Class II, Division 1, Groups E, F, and G; 
Class III, Division 1 Hazardous Locations. 
Certified for Class I, Division 2, Groups A, B, C, 
and D; CSA enclosure 4, factory sealed. 

16 Intrinsic Safety Approvals CSA certifications 
optional for specific Classes, Divisions, and 
Groups when connected in accordance with the 
CSA barrier selection table, Table 5. Not available 
with Output Code G. 

Standards Association of Australia (SAA) 
Flameproof Certification 

E7 Ex d lIB T6; DIP T6; IP 65. 
Class I, Zone 1. 

Standards Association of Australia (SAA) Intrinsic 
Safety Certification 

17 Analog: 
Ex ia IIC T6; Class I, Zone O. 

Smart: 
Ex ia IIC T6; Class I, Zone O. 

Low Power: 
Ex ia IIC T4; Class I, Zone O. 

CESlfCENELEC Flameproof Certification 
ES 90.C.016: EEx d lIC T6 (without meter). 

90.C.OI7: EEx d lIB + H2 T6 (with meter). 
IP65. 

CESI/CENELEC Intrinsic Safety Certification 
IS EEx ia lIC T6 (Pmax = 0.35 W). 

EEx ia lIC T5 (Pmax = 1.00 W). 
IP65. 

9 



Model 1151 Alphaline ID Pressure Transmitters I 
BASEEFAICENELEC Intrinsic Safety Certification 
11 Smart: 

Schweizerischer Elektrotechnischer Verein (SEV) 
Intrinsic Safety Certification I 

I 
EEx ia IIC T5 (Tamb = 40°C). 
EEx ia IIC T4 (Tamb = 80°C). 

Analog: 
EEx ia IIC T5. 

BASEEFA Type N (Non-incendive) Certification 
Nl Output Code S: 

Ex N II T5 (Tamb = 50°C); Un = 45 V. 
Ex N II T4 (Tamb = 80°C); Un = 45 V. 

Output Code E: 
ExN IIT6; Un = 28 V. 

Output Code F: 
Ex N II T5; Un = 45 V. 

Output Code J: 
ExN II T5; Un = 30 V; In = 30 rnA. 

@II Side OrainlVent-Top 
• Drain/vent valve mounted in side of flange. 

• Top position used to vent gas buildup in liquid 
process applications with transmitter mounted 
vertically. 

• Plug of same material as requested flange 
inserted in end of flange opposite adapter. 

I 021 Side OrainlVent-Bottom 
• Drain/vent valve mounted in side of flange. 

• Bottom position used to drain liquid buildup in 
gas process applications with transmitter 
mounted vertically. 

• Plug of same material as requested flange 
inserted in end of flange opposite adapter. 

IC Smart: 
EEx ia lIC T5 (Tamb = 40°C). 
EEx ia IIC T4 (Tamb = 80°C). 

Analog: 
EEx ia IIC T6 (Pmax = 0.35 W). 
EEx ia IIC T5 (Pmax = 0.65 W). 
EEx ia lIC T4 (Pmax = 0.95 W). 

Standard 
OrainNent 

Replaced with 
Plug 

Top Position 
(Option Code 01) , / 

1-0-3-1-1-~---18--N-p-T-p-r-o-ce-s-s-c--on-n-e-c-ti-o-n------------- ~/ 
• Option provides 1/4-18 NPr process connection \ 

on flanges rather than standard 1/2-14 NPr. ~ 

• Flange adapters are deleted to provide desired Alternate 
Side 

connection. OrainNent 
Bottom Position 
(Option Code 02) 

1 061 316 SST Low Side Flange (Models 1151 GP and 
1151 AP Only) 
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on Adapters 
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lJS1] 1/4-18 NPT KynarH1 Process Flange Insert 

I K211/2-14 NPT Kynar Process Flange Insert 
• Options provide Kynar plastic process flange 

insert that prevents process from coming in 
contact with the metal of the flange. One process 
insert for Models 1151AP, GP and LT; two 
inserts for Model1l51DP. 

• Process connections are from the side. 

• Available with carbon steel and stainless steel 
process flanges only. 

• Pressure Maximum: 200 psi at 200 of with 
Kynar impulse piping; 300 psi at 200 of with 
metal impulse piping. 

[§1] Assembled with One Remote Diaphragm Seal 

. 1 s21 Assembled with Two Remote Diaphragm Seals 
• Options provide for the assembly of one or two 

remote diaphragm seals. 

• For Models 1151AP and 1151LT applications 
consult factory. 

• For seal choices, consult remote seal product 
data sheet PDS 4394. 

I s41 Assembled with Model 1195 Integral Orifice 
• Designed for highly accurate, small-bore flow 

measurement of any clean gas, liquid, or vapor. 
See product data sheet PDS 4686. 

• Reduce the costs associated with traditional 
orifice plate installations. 

• Several configurations are available factory 
assembled to Rosemount differential pressure 
transmitters. CD 

• Wide orifice bore/flow range capability. 

• Wide choice of process connections, including 
threaded, socket weld, and ANSI flanges. 

• Static pressure maximum limit is 3,000 psig. 

• Wetted materials are available that comply with 
NACE MR 01-75(90). 

• Available only with Ranges 2, 3, 4, and 5. 
• For integral orifice selection, see product data 

sheet PDS 4686. 

CDApplicable only to orifice assemblies without 
piping. 

Rosemount Inc. 

Kynar 
Insert 1/4-18 or 1/2-14 NPT 

Process Connection . 

MODEL 1151 TRANSMITIER 

OPTIONAL 
3-VALVE MANIFOLD 

MODEL 1195 
INTEGRAL ORIFICE 

ASSEMBLY 

11 



Model 1151 AJphaline" Pressure Transmitters 

IW2!Suna N 

! W3! Ethylene-Propylene 

!W4! Aflas® 

Iwsl Spring-Loaded Teflon® 
• Contains a Hastelloy spring that is in contact 

with the process fluid. Consult factory if 
Hastelloy is unacceptable. 

Standard Configuration 

Wetted 
O-rings 

• Unless otherwise specified, transmitter will be 
shipped as follows: 

Engineering Units: inH20 
4 rnA: 0 
20 rnA: Upper Range Limit 
Output: Linear 
Software Tag: Blank 

Customer may specify the above items at no 
charge. Software tag (8 characters) is left blank 
unless specified. 

I c91 Custom Configuration (C9 Option) 

12 

• If option code C9 is ordered, the customer may 
specify the following data in addition to the 
standard configuration parameters. Refer to 
Configuration Data Sheet CDS 4593. 

Descriptor: 
Message: 
Date: 
Damping: 
Burst Mode: 
Flange Material: 
a-Ring Material: 
Isolator Material: 
Sensor Fluid: 

16 characters 
32 characters 
Day, Month, Year 
Seconds 
Select Output Choice 
Model Code Information 
Model Code Information 
Model Code Information 
Model Code Information 

DrainNent: Model Code Information 
Integral Meter: Installed or None 
Remote Seal: Specified Information 
Failure Mode: High or Low 
Transmitter Security: Off or On 

[ill Hydrostatic Testing 
• Each transmitter is hydrostatic tested according to 

Table 6. 

• Test medium is water. 
• This option provided for transmitters with remote 

diaphragm seal on application only. 
• Rosemount Procedure 1746 outlines the testing 

procedure. 
TABLE 6. Hydrostatic Test Pressure 

1151DP 
1151HP 
1151AP 
1151GP 

Ranges 3-8 
Range 9 
Range 0 

1151 L T 
Class 150 Flange 
Class 300 Flange 

1151DR 

I P2 I Cleaning for Special Service 

3,000 psi 
6,750 psi 
2,000 psi 

2,000 psi 
4,500 psi 
7,500 psi 

450 psi 
1,100 psi 
1,500 psi 

• This option minimizes contaminants to the process 
system by cleaning wetted surfaces with a suitable 
detergent. 

• Rosemount Procedure 97412 outlines the cleaning 
procedure. 

I P4 I Calibration at Line Pressure 
• This option allows transmitters to be calibrated at 

an elevated line pressure rather than atmospheric 
pressure, 

• Customer must specify line pressure at which 
transmitter is to be calibrated. 

• Customer is provided with calibration data at line 
pressure and equivalent data at atmospheric 
pressure. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I' 
I 
I 
I 
I 
I 
t 
I 
t 



I 
I 
I 
I 
I 
I 
I 
I 
I 
'I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• Available with Models 1151DP and 1151HP 
only. (Not available with Remote Seals.) 

• Elevated line pressure and differential span 
desired for calibration must not exceed the rated 
pressure for that model of transmitter. 

• Minimum differential span that can be 
calibrated at elevated line pressure is 30 inH20; 
maximum is 300 psi. 

• Rosemount Procedure 3787 outlines the 
calibration procedure. 

I P5 I Calibration at Temperature 
• This option allows transmitters to be calibrated 

at temperatures other than room temperature in 
the range of 0 to 200 of (-18 to 93 °C). 

• Customer must specifY temperature at which 
transmitter is to be calibrated and calibration 
range. 

• Calibration temperature will be printed on 
instrument tag specified by customer, or on a tag 
wired to the transmitter if no tag is specified. 

• Rosemount Procedure 27823B outlines the 
calibration procedure. 

I P7 I Enhanced Temperature Performance 
for Analog Electronics 
• Transmitter is specifically compensated as a 

complete assembly and will exhibit 112 of the 
standard temperature coefficient over the 
ambient temperature range of20 to 140 OF (-7 to 
60 °C). Outside this range, the unit will meet the 
standard temperature effect specification 
published for that model. 

• Not available on Range 10, limited to 1,500 psi 
on Range 9. 

• The transmitter is compensated as an assembly; 
therefore, units in which the sensor module or 
electronics are changed after the P7 procedure 
has been performed will meet the standard 
published temperature specification for that 
particular model. 

• Available on DP, GP, and HP models, Ranges 
3-8, with SST diaphragms and Output Codes E, 
G,L,andM. 

[£§J 0.1 % Accuracy for Analog Electronics 
• Available on Model 1151DP (Ranges 3-8), GP 

(Ranges 3-8), HP, and LT transmitters with 
316 SST diaphragms and Output Codes E, G, L, 
andM. 

Rosemount Inc. 

[YI] Reverse Output 
• This option permits reversing of pressure input 

so that electrical output will increase as pressure 
input decreases. 

• This option applies only to Models 1151GP and 
1151LT. When this option is selected, the 
process flange, adapter, drain/vent valve, 
appropriate O-rings, and bolting are installed on 
low side of transmitter. Not available for Ranges 
9 andO. 

• Not available with Model 115IAP. Reverse 
output on Models 1151DP, 1151HP, and 1151DR 
can be obtained by connecting high-pressure 
input to low side of transmitter and vice versa. 

• This option should not be ordered with smart 
transmitters (Output Code S). The Model 1151 
Smart transmitter can be configured for reverse 
output through the Model 268 SMART 
F AMIL Y® Interface. 

I v211 n Test Resistor 
• A 1 n precision resistor is mounted across the 

test terminals to provide 4-20 m V output or a 
10-50 m V output if 10-50 rnA outp~t is used. 

• This option cannot be used with any meter 
options or 15 or 16. 

I V3 I 5 n Test Resistor 
• A 5 n precision resistor is mounted across test 

terminals to provide 20-100 mVoutput or a 
50-250 m V output if 10-50 rnA output is used. 

• This option cannot be used with any meter 
options or 15 or 16. 

~ 4-Wire, 0-20 rnA Output 

IZ214-Wire, 0-16 rnA Output 

IZ314-Wire, 0-10 rnA Output 
• These options provide a zero-based current 

output. 
• These options cannot be used with any meter or 

certification options, Vx options, or Output 
Codes G, L, M, or S. 
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Model 1151 Alphaline:!l Pressure Transmitters 

7.5 (191) Max. 
with Optional Meter n 0.75 (19) 

Clearance for 
1/2-14 NPT 

Conduit 
Connection 
(2 Places) 

Meter~ 
Housing """ 

I 
I 
I 
I 
I . 
"'-----

Terminal Connections 
This Side 

. 1/4-18 NPT on ---...... 
FlangesforPressure 

. Connectionwithout 
Flange Adapters 

1/2-14 NPTon 
. Flange . 

3,4,5 
6,7 
8 
9 
o 

Adapters 

2.125 
2.188 
2.250 
2.281 
2.328 

54 
56 
57 
58 
59 

Cover Removal 
4.5 (114) (Typical) 
. Max. 

A 
(See Table) 

Transmitter 
Circuitry 
This Side 

1.625 
(41) 

1/4"':18 NPT.for 
SideDrainNent· 
(Optional Top 

or Bottom) j . ,. .~ ~ " " 

~ ," ,-' I,~t'_'""" 

Blank Flange , :", , 
Used on, .,;:.~': 

AP and GP '."';<~,'t .'. 
Transmitters -?;;:;s 

Flange 
't :""', Adapter:.~. , 

,,)! 

NOTE . " 
Dimensions are in inches (millimeters). 

FIGURE 1. Model 1151 Transmitter Dimensional Drawing. 

~
. Blank Flange 

for AP1GP 
~ -, ' 

~ ~, 

~ 

FIGURE 2. Typical Transmitter Exploded View, Shown with Smart Electronics. 
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Permanent 
Tag (Optional) 

1 
9.0 (229) Max. 

Flanges Can 
Be Rotated 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 



I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

[]]+ 
+ 

NOTE· .. 
Signal Loop may be grounded at 
any point or left ungrounded. 

FIGURE 3. Wiring Diagram for Output Codes E and G. 

NOTE :'''1::,,';, :-,>;;,,;; . i:~~~~\:~~~!~>'J~~~~;~~:' 
Model 268 may be connected at any termination point in tl'!eloop:'f'}'.:::; 
Signal loop must have 250 ohms minimum load for cDmmunications~~'::'7'!" " 

. ':, '. .' ).' '> ": .;" .... " . <>",·.~.>.c·-- Xh"> "1-:'- "-i~};"'!'" 

FIGURE 4. Wiring Diagram for Output Code'S'. 

FIGURE 5. Wiring Connections for Output Codes Land M. 

Rosemount Inc. 
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Model 11S1 Alphaline.!l Pressure Transmitters 

TRANSMITrER OPTION INFORMATION 
The following table lists possible transmitter options as either standard or optional selections. 

The a symbol indicates selections that make up the typical model number "1151 DP 4 S 52 83 M1." 

Use this table to identify or order a Model 1151 Pressure Transmitter. 

I NA = Not Applicable 

Standard Selections 
~i>"-; ~~..;... '! :.. . ' • .... ,!~ . ~ ~ ~ '\ ~. ~ 1', ., ~ -: .t;.;.r. , - ~.;-:-": ~, ,,:'~ .~ .. :",~j!'-t~;r:r/ ... ~.;< '1:f:"'d.,~':'~i'~:~ .. l'~ 
tMODEC: ' TRANSMITTER'TYpEi(Sel~ct o~e)"'"' '~M'e_o",,,,;:~,,,,.: .~: '" .~ ",;_:w·-~;'j<f ~~:~~:,';~"L; . ..:. DP;,,;·~ tiWt~~;.:'G~~~p.. 

0' 1151DP 
1151HP 
1151GP 
1151AP 

Differential Pressure Transmitter 
Differential Pressure Transmitter for High Line Pressures 
Gage Pressure Transmitter 
Absolute Pressure Transmitter 

• 
• 

• 
• 

?:- ...... : ! " • ... ~ \ - ,: •. • .', '~<"\ ~.. ~:" :",,~:"" ; . .,.:~; -~"'~ .. ~ '~>' .... ~~ 

':'CODE'" PRESSURE RANGES (URL) (select one)' , :. " , " .. ,."~ - Dp· ~.,' Hp":·": GpO;>" API' 

, , 

3 
4 
5 
6 
7 
8 
9 
o 

S 
E 
G 
J 
L 
M 

30 inH20 (7.46 kPa) 
150 inH20 (37.3 kPa) 
750 inH20 (186.4 kPa) 
100 psi (689.5 kPa) 
300 psi (2,068 kPa) 
1,000 psi (6,895 kPa) 
3,000 psi (20,684 kPa) 
6,000 psi (41,369 kPa) 

. . , Rangeability , , ..., .' : 

Output Code 

5 (OP and GP, SST, Range 3-8) 
S (all others) 
E,G,J 
L 
M 

4-20 mNdigital, Smart/variable damping 
4-20 mA,linear, analog/variable damping 
10-50 mA, linear, analog/variable damping 
4-20 mA, square root, anaJog/variable damping 
0.8 to 3.2 V, linear, low power/fixed damping 
1 to 5 V,linear, low power/fixed damping 

Min. Span 

URU10 
URU6 
URU6 
URU1.1 
URU2 

~'. MATERIALS OF CONSTRUCTION (select one) 0·' 
:::CODE" FLANGES/ADAPTORS'" " . _. DRAINIVENTS· DIAPHRAGMS" ., FILL FLUID:' 

52 Nickel-plated carbon steel 316 SST 316L SST Silicon 
53 Nickel-plated carbon steel 316 SST Hastelloy C Silicon 
54 Nickel-plated carbon steel 316 SST Monel Silicon 
55 Nickel-plated carbon steel 316 SST Tantalum Silicon 
56 Nickel-plated carbon steel 316 SST Gold-plated Monel Silicon 
12 Cadmium-plated carbon steel 316 SST 316L SST Silicon 
22 316 SST 316SST 316L SST Silicon 
23 316 SST 316 SST HastelloyC Silicon 
24 316SST 316SST Monel Silicon 
25 316SST 316SST Tantalum Silicon' 
26 316SST 316SST Gold-plated Monel Silicon 
33 Hastelloy C HastelloyC Hastelloy C Silicon 
34 Haste/loy C Haste/loy C Monel Silicon 
35 Haste/loy C Hastelloy C Tantalum Silicon 

continued on next page 

NOTES 
G) Bolts and conduit plugs are plated carbon steel. 
:]) On GP and AP transmitters, the low-side flange is plated carbon steel. For a stainless-steel 

low-side flange, order process connections Option Code 06. 

16 

• • • NA 
• • • • 
• • • • 
• • • • 
• • • • 
• NA • • 

NA NA • NA 
NA NA • NA 

• • • • 
• • • • 
• • • • 
• • NA NA 
• • • • 
• • • • 

. ,'" . -. <PEl' ,. tJP9; 01"" HP-:: 

• • • • 
• • • • 
• • • • 
• NA • NA 
• NA • NA 
• • • • 
• • • • 
• • • • 
• • • • 
• NA • NA 
• NA • NA 
• • • • 
• NA • NA 
• NA • NA 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I Rosemount Inc. 

I J>..<x;,\:J_ ~ .. "..;J¥~''''' -~ .". ""'-V', ••.. 1",," .-- ~,~ ~'i ,\ •• ;t.;; ..... L".,,:'< .' ..... ,~:~"''' -. ,>:i·;.,.;.~q....,,4f1'_·""";~')~~~"'-~"-~;1!ri.~. ~.".'- .. ?>+~.~,!,~~::,{,",~}-... , ... "1:"">{"'1C(l~i!':~IMffc"F";:fi:~t:~Y.:ii~~"""· ,'!.rl ~;;(~:,:';: MATERI~l.S: OF.;CONSl'RUc;nON' lS'continued, frolTl'previous:page:~d;~foi,,-_~*,.;'l)"';:f;!r:':;fff:}~jl~~:~W,$*~~!I,{~:~Ii" 
rcori~tFLANGESiADAFrrOR~~litt~tr'DRAINJVENTSff~DIAPHRAG'MSi~((t:·FIi:.C:"F[uiDi'·DFifi,HPf;ff'GP.~p'. 

I 
36 Hastelfoy C Hastelfoy C Gold-plated Monel Silicon • NA • NA 
43 Monel Monel Haste/foy C Silicon • • • • 
44 Monel Monel Monel Silicon • • • • 
45 Monel Monel Tantalum Silicon • NA • NA 

I 
46 Monel Monel Gold-plated Monel Silicon • NA • NA 
73'2 316 SST Haste/foyC Hastelfoy C Silicon • • • • 
83G) Nickel-plated carbon steel Haste/foyC Haste/foy C Silicon • • • • 
5A Nickel-plated carbon steel 316 SST 316L SST Inert • NA • NA 

I 
5B Nickel-plated carbon steel 316 SST Haste/foy C Inert • NA • NA 
5C Nickel-plated carbon steel 316 SST Monel Inert • NA • NA 
50 Nickel-plated carbon steel 316 SST Tantalum Inert • NA • NA 
1A Cadmium-plated carbon steel 316 SST 316L SST Inert • NA • NA 
2A 316 SST 316 SST 316L SST Inert • NA • NA 
2B 316 SST 316 SST HastelloyC Inert • NA • NA 
20 316 SST 316 SST Tantalum Inert • NA • NA 
3B Haste/foyC Haste/foyC Haste/foyC Inert • NA • NA 
3D Haste/foy C Hastelloy C Tantalum Inert • NA • NA 
4B Monel Monel Haste/foyC Inert • NA • NA 
4C Monel Monel Monel Inert • NA • NA 
40 Monel Monel Tantalum Inert • NA • NA 
7BC§) 316 SST Haste/foy C Hastelloy C Inert • NA • NA 
8BC§) Nickel-plated carbon steel Haste/foy C Haste/foy C Inert • NA • NA 

I Optional Selections 

I 
I 
'I 
I 
I 
I 
I 
I 
I 
I 

B1 Bracket, 2-in. pipe mount 
B2 Bracket, panel mount 

a- B3 Bracket, flat, 2-in. pipe mount 
B4 B 1 bracket w/series 316 SST bolts 
B5 B2 bracket w/series 316 SST bolts 
B6 B3 bracket w/series 316 SST bolts 
B7 304 SST 81 bracket with 316 SST bolts 
B9 304 SST 83 bracket with 316 SST bolts 

a- M1 G) Analog scale, linear meter, 0-100% 
M2@ Analog scale, square root meter, 0-100% Flow 
M3G) Analog scale, linear meter, special scale 
M4G) LCD display, linear meter, 0-100%, user scalable 

M6ffi Analog scale, square root meter, 1-10-.J 
M7 6 LCD display, linear meter, special configuration 

M8~ LCD display, square root meter, 0-100% flow 
M95.6 LCD display, square root meter, 0-10-.J 

NOTES 
0) 80lts and conduit plugs are plated carbon steel. 
(2J On GP and AP transmitters, the low-side flange is plated carbon steel. For a stainless-steel 

low-side flange, order process connections Option Code D6. 
;:D These selections meet NACE material recommendations per MR01-75. 
8 Not available with Output Code L or M, or options ZX, V2, or V3. 
'-v Not available with Output Codes J, L, or M, or options Zx, V2 or V3. 
CD Not available with Output Codes G, L, or M, or options ZX, V2, or V3. 

• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 
• • • • 

• • • • 
• • NA NA 
• • • • 
• • • • 
• • NA NA 
• • • • 
• • NA NA 
• • NA NA 



Model 11S1 Alphaline® Pressure Transmitters I 
----------~--------------------------------------------------------~~----------------

E6 Canadian Standards Association (CSA) Explosion-proof Approval NOTE • • • • 
15:1i 

Factory Mutual (FM) Non-incendive and Intrinsic Safety Approval FM explosion-proof • • • • 
16,7 Canadian Standards Association (CSA) Intrinsic Safety Approval approval is standard. • • • • 
C6ca Combination of 16 and E6; CSA Explosion-Proof and Intrinsic Safety 

Approval (Requires 42.4 V dc max. power supply) • • • • 
E7 Standards Association of Australia (SAA) Flameproof Certification • • • • 
E8 CESIICENELEC Flameproof Certification • • • • 

:~~ 
BASEEFA Intrinsic Safety Certification • • • • 
Standards Association of Australia (SAA) Intrinsic Safety Certification • • • • 

18 14 CESI/CENELEC Intrinsic Safety Certification • • • • 
Nhs BASEEFA Type N Certification • • • • 
IC 8 Schweizerischer Elektrotechnischer Verein (SEV) Intrinsic Safety Certification • • • • 

CODE· BOLTS FOR FLANGES AND ADAPTORS (optional- select one) .• ~ ;,." DP" H~ GP::;:· AP: 

L3 
l4 
l5 

01 

02 

03 

06 
K1 G:Q) 
K2 G:Q) 
S1 GJ) 
S2 GJ) 
S4@ 

ASTM A 193-87 flange and adaptor bolts 
316SST flange and adaptor bolts 
ASTM A 193-87M flange and adaptor bolts 

{ 316SST 
Side drain/vent, top Hastelloy 

Monel 

{ 316SST 
Side drain/vent, bottom Hastelloy 

Monel 

{ 316SST 
Process adaptors deleted Hastelloy 

Monel 
316SST low side blank flange 
Kynarinsert, 114-18 NPT 
Kynarinsert, 112-14 NPT 
Attachment of one remote seal- See PDS 4394 for ordering information 
Attachment of two remote seals - See PDS 4394 for ordering information 
Attachment of Integral Orifice Assembly - See PDS 4686 for ordering information 

• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 

NA 
• 
• 
• 
• 
• 

• • • 
• • • 
• • • 

• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 
• • • 

NA • • 
NA • • 
NA • • 
NA • NA 
NA NA NA 
• NA NA 

.. CODE WETTED O-RING'MATERIAL. ." ." _ :, .' DP . HP,'~' GPl - AB' 

W2 
W3 
W4 
W6(@ 

NOTES 

Buna-N 
Ethylene-Propylene 
Aflas 
Spring-loaded Teflon 

o Not available with Output Code G or option lx. 
G) Not available with Output Codes G, J, L, M, or option lx. 
G) Allowable combinations are: D1 , 03, 06; 02, 03, 06; and 06, S1. 
G.Q) The maximum working pressure on this option is 300 psig. 
GJ) This option may only be used on ranges 4 through 8. 
G.V This option has a maximum static pressure rating of 3,000 psi, and is available for factory 

assembly only without associated piping and is available only for ranges 2, 3, 4, and 5. 

• 
• 
• 
• 

(@) Contains a Hastelloy spring that is wetted by the process; consult factory for Teflon O-ring without a spring. 
G Not available with Output Codes G, J, L, M, S, or option Zx. 
@ Not available with Output Codes G, L, M, or option Zx. 
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NA • • 
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Rosemount Inc. 

C9@ Software configuration • • • • 
P1 Hydrostatic testing, 150% maximum working pressure • • • • 
P2 Cleaning for special service • • • • 
P4 Calibrate at line pressure • • NA NA 
P5 Calibrate at specific temperature • • • • 

Improved temperature coefficient • • • • P7~ 
P8,18 Calibrate to 0.1 % accuracy • • • NA 

V1@ Reverse output NA NA • NA 

V21 4-20 mV test signal 
V3 20 20-100 mV test signal 
Z1 21 4-wire, 0-20 mA output 
Z221 4-wire, 0-16 mA output 
Z3@ 4-wire, 0-10 mA output 

NOTES 
,@ Available with Output Code S only. 
@ Not available on range 10; limited to 1,500 psi on range 9; not applicable with Output Code S. 
@ Available only with stainless steel isolators and for span of 10 inH20 and greater; 

not applicable with Output Code S; available only with Output Codes E, G, L, or M; 
not available on AP or DR transmitters. 

@ Reverse output option is not needed with smart electronics; configurable via 
Model 268 SMART FAMILY Interface. 

@ Not available with Output Code L or M. 
@) Not available with options Mx, Vx, Ix, or Ex, or output codes G, L, M, or S. 

Standard Accessories Calibration 

• • • 
• • • 
• • • 
• • • 
• • • 

All models are shipped with flange adapters, drain/vent 
valves and one instruction manual per shipment. 

Tagging 

Transmitters are factory calibrated to customer's 
specified range. If calibration is not specified, 
transmitters are calibrated at maximum range. 
Calibration is at ambient temperature and pressure. 

Optional Three-Valve Manifolds 
(Ranges 3-5) 

• 
• 
• 
• 
• 

Alphaline Pressure Transmitters will be tagged in 
accordance with customer requirements. Customer tag 
is 0.020 in. (0.051 cm) thick with 0.125 in. (0.318 cm) 
high letters. All tags are stainless steel. Part No. 1151-150-1: 3-Valve Manifold, Carbon Steel 

(Anderson, Greenwood & Co., M4A VIC 

Part No. 1151-150-2: 3-Valve Manifold, 316 SST with 
carbon steel bolts. (Anderson, Greenwood & Co., 
M4AVIS 

Rosemount, the Rosemount logotype, Alphaline, HART, and SMART FA MIL Yare registered trademarks of Rosemount Inc. 
!;·CeJl is a trademark of Rosemount Inc. 
Hastelloy is a registered trademark of Cabot Corporation. 
Monel is a registered trademark of International Nickel Co. 
Vi/on and Teflon are registered trademarks of E. I. du Pont de Nemours & Co. 
Af/as is a registered trademark of Asahi Glass Co., Ltd. 
Kynar is a trademark of Pemwalt Inc. 
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OTHER MODEL 1151 LITERATURE 
• Model 1151 Liquid Level (PDS 4526) 

Flange Mounted Liquid Level Transmitter 
Ranges from 25 to 2,770 inH20 

• Model 1151DR (PDS 4294) 
Draft Range Differential Pressure Transmitter 
Ranges from 112 to 6 inH20 

• Model 1151DP/1151GP (PDS 4394) 
Differential or Gage Pressure Transmitters with 
Remote Seals 
Ranges from 25 inH20 to 1,000 psi 

• Model 1151 Smart (PDS 4593) 
Microprocessor-based Transmitter 
Ranges from 5 inH20 to 6,000 psi 

• Model 1151 Smart Retrofit Kit (PDS 4594) 

Rosemount Inc. 
Measurement Division 
12001 Technology Drive 
Eden Prairie. MN 55344 USA 
Tel (612) 941·5560 
Telex 4310012 
Fax (612) 828·3088 
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WATER METER SVMV·1 
AB SVENSK VARMFMATNING SVM . 
Isolation Relay, Energy Meter and 

Energy Integrator SVM93 
Exhibit 6·5A to 6·5F 
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·~.",' I :\Y' 

Water Meter SVMV-1 (winged wheel) 
GSVM . 'ft3 

I ne SVft8ll·1 is u';ed as flow metor fer 
9fectronio energy meter~ inllel:ltlng or 
cwUlIg appliCal.lons. It i~ mmpatibl~ 
with Integration Unit!) SVME. 

The SVMV-1 is of dry dial ty~ anel 
winged wh~ deSign, wiln a powerful 
magnetic Nurm be1WflGn tho dry (lfId 
wet sections. The maglltfl:; CIle corro
SiUfl res/statn ana they lirA well protect
ed against contamination by mognetic 
dopo::lits. 

Thll meter i~ equipped with a digitai 
CIOCf( and 11 tllJilt·in contact device. 
~lJlse 'I3IU08 of 2.ti I or 251 art= common 
l;ilQrldard. 

Tecnnical Da1l: 
Max. temJ.lt'l'uture 120 'C 
Operating prASSure 16 bar 
Design with threaded ends i:IJUJ for hori" 
zontal mounting. 
Pul!;e rating mal(. 24 VIr! VA 0.2 A 

PULSI:; VALUE TO RE· CHOSEN 
CONSJOERING , I lz AS HIGHEST 
FREQUENCY 

I ype DesiQnation 615 220 220 
Nominal siLl;I m'/h 10 20 
COnl'lQotion = bCIro ---"';D;';':N~-~':;"----""""'--';2';;'6-~4(;';')--

1.5 ::l S 

15 <!O 20 
Max. peak load l\.ao m~/n 1:2 20 
ContklUu~: load 1.1. m'th 0 10 

1.2 :3 r; 
0.6 1.5 :2.5 

ACcuracv of water malAr 
±5% frnm q.... m'/h 0.090 n 200 0.012 0.030 U.Oso 
+2% from q. . ;,;;m..:,.' Ih!:.-.....=;~ ___ =..; __ ....;.;~;;:....-...;;Cr;;.:.6:.:.00.;;.-._I:;.::.6:.:.0.:"O _ 0,048 0.'50 n '50 
Lenath B· mm i:!D(J 300 110 190 190 
~hIH' ,_.~ 140 lS5 100 __ '35 135 
Ttln:liill 011 meter SSP 3/01 I 1 1 \14 2 
Thread on coupling OGP 1/2 3f4 J/4 1 11/2 
Weight __ . ____ . kg .. ~.--1JL~-'_A __ 5_.1_ 

Prco:;ure IQ~le;l 

1or:::..r==El;:R'~fI'=Fl~~ 

5 : . 

:. 
'" .5 

120 "C 

" '." ~,' . 

1:1" 

-, - -_ .. _. _ ... _--, 
i Orcft=rlng I<ey ; 

water Meter SVMV-a·bbb-cd."~ 

::~~". L __ .T T T 
... «I'C r I 

T~':;tJ:.·'·· ..... lr-o~. i e,~ - oiol\.IIIiot 
t"'t)b ,,."',,... 

_i'~" '·1.6111'111 
3 .. S",11h 
':'-:lo'N'Yh 
6··1c,oDf'n ... I1'I 

_'Ag 0 •. IlaII:1l)oltill f--
~L>I$ot"*Iutt' - '..5 II ... 11<0'" I 

Z-n'porpuloo . 9-_ .... _ ,._-. 
10110-... 

ILExamPle 
~1e~I-ml .. ~ __ --I 
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Water Meter SVMV -1 (Woltman type) 

The SVMV-1 if) used 83 a flow mete fIJI 
eleCtronic AOP.fOY mel«s ilnd ~t it 
eompatible MUI aU integrators of SVM 
type. 
The ,"IIflt::1r Is 01 WOitman type aM 
dMignod GO tha11ho impeller i~ U~ (Jnly 
IT\(')VlrlQ "art in ~ weI section 01 the 
meter. 

TrIP. J1IIL'l\e device Is of "pI1,lg-in" type 
with a 2 wCl.y sett1ng otfenng pIIL~ r.w.ttpuIS 
OOITotlpol'lClt'lg to 4 or 40 1)',lbE/:; per 
CB'Ilrp. poWlM'reVOlution. 

Opt~ Ghedt of !he Impelh:lr rotation IS 
M4;~ made from the top of tho meter 
tQ.tslng. 

TechnlGel ON 
MiIl\. tentIMBiUrv '30 ~ 
Operating prcMwe 1tl bar 
Halttonlal mounting 
Pulse ratingrniix. 24 VIZ VAID.l A 

Required length oi 6tfaiyht piping 
L1fW'f!ams 
afier =tingle oenc:1 Of'T .jlN.tlM 2 lI. D 
~ttOl non-rerum or trortle \ral"", 2 II 0 
After ct:IubIe bend a x 0 

~ILSE VALUE TO BE CHOseN 
CONSIDCAING 1 H7 A~ I-iIGHEST 
FREQUENCC 

TyPe dO:lignation 
CannOC1ion .: boi8 
Maw. peak load qmalC 
Contit..,OID lMd Qn 
Wl4t~ ~ IICCCIr2CY 

,!.!l ~ "\;1111 Cltnin 
~? % from q, 
~~'1mWQ 
Normal eo YiIlUc 
AlternatIVe pulse \/aJUG =. 1:.1 

H 
t loight n 
~ei~':'t 

oso 
DN 50 
m1ttl 30 
mJIh 1S 

m~.1h 0.3 
m'th 1.5 
"Wh 18 
I'"PUlse 2:) 
I'~IC(I ao 
mm 270 
mm 240 
mm 140 
Kg 16 

'Hv~t1t H reQUIred tor visual rp.arli!1o nf t.tio~at CIOClc 

Pressure IOSHl 

5 

~ 
t: 
~ 

! 10 

f a U.:i .. 
$2 
n 

MIl 080 100 160 
6b All 100 150 
IiO AS 125 300 
25 40 eo 1GO 

0.5 0.5 0.6 1.0 
~ J 4 III 
:IQ .fO 60 125 
25 ?Ii 25 250 
:!50 2:;0 ZOO 2500 
300 300 380 ::;00 
250 2~ 280 ~M 
150 160 180 290 
!If'I 2S ·16 '101 

'" LL ... 
$ 

~ ... 
t 
It 
! ... 

AS SVENSK vARMEMATNING SVM 
Box 60, 16494KISTA 

-_. -, 
; . 

r' ........ 
I ! 
I 

... 

.... ----R .... - ---

w.t. Meter 5YMv·a~bo' 04+2 rOrderlnO Key 

~~~~rel IT-
, J._ 40"0 

! T,.,. c;IOlIg.loiIliun .... """ L. I 
, T~U"'lab1e . 

I-'lAso value' = ::>!'i II", ..... ! 
3·· ::!t;OlI~ ; 
.. - 2500 l'JAAM 

EtcQmple 
, Wale' Meter S\IMV·'~.'4'.1I 

SVM tel. 08-632 U6 00 MALMO tel. (WO-29 44 65 
fax. 08·750 g7 20 fax. Q4002944 07 
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Isolation relay for potential-free output G SVM 
13;3 

Application 
The Isalati(lll 11;I1~y SVMZ93-4X IS tJseo 
wnen tOllnectina the l3~se outpUts from a 
heat I'TlP.tAr to A r.n"",utlJr or any other ex
ternal equipment. 

Tt. SVMZQS--tx can be uood in conjuno· 
tion wilh dllll fullowillg l:fpes of In1egratIOn 
unlIS: 

SVME62 
SVME68 
6VMESo family 

Design 
The SVMZ9:3-4x ie housed in a IJl;Il"tIliite 
c.illij muunted on the outside Of the me· 
ter. It IS connected 10 Ihe metar by 1'1. fiXNI 
tlRhlp. and has a terminal "rip for output 
signale. Tho OOGlng ia conveniently 
mUUll1.t;Kj IIIder the $VM90 and is fas· 
tenea With its backDJate to Ihe meter's 
sealino l'IcnilW, It can also be mountlKl im
mediately adja.oont to 1he meter. 

Measuring teehnique 
The unitwlIliiimi Iwe signal relays. one of 
whiCh is closed wilen tne energy counter 
adVantlAR, Thp. other relay is elosad wh;n 
tho volrma counter advances. 
The l'Ettcay:s 01/1;1 c,"Urnpiemen1ed wt1l'\ com· 
ponents to extend the Dulses (de:ayed 
swiICh-off). 

for circuit mnnitnring of the "Namur typ9,n 
th4re illl. "araion (SVMZ93 ~) whic:t1 has 
resiataneo built into the Ir::loq wrrlaclS. 
on the stanaam version (SVMZ93-41). 
the relay contacts arA l'.nnnF!r.tP.!'l rtirlllr.:tly 
to thQ output t81'1"11inill. 

The unit eQn;ume; current oll'OfY time Q 

relay i8 activClted. A 20°1JtA 1,;1#111 ~I1Uflt!1 
battery Ilfetlme can mere10re De expected 
wltn bat1ery·POWered metAI"l. 

Connection 
outputs (terminal strip\ 

1-2 R9Iall oont~r.' ""llImq pulse
S ,.., Flclay ccntllct cner9~ pulse 

Input9 (fixed clablq) 
Terminal number on the S"MI:-e2 
V Volume pulse (yellow I ::I 
U 81gnal ground (oreen) 6 
+ + feed (white) 1 
E Energy pulao (brown) 4 

Tt=ehnlcal data 
Pulse lengtn: 

(contact closure I 
r.t'lI'Itact load: 

Voltage: 
CLln.-11; 
POwer; 

Namur 1"P.~~ttlr!ll· 
Serio/): 
f"dI!IIlwl, 

ISQlatlon: 
RRSiRta~· 
VoIla98: 

F'rotecttOIlI,;!i:QRi. 
Olmenslons: 

with backplalp. 
Cable ler\gth: 

• 

approx~ms 
min. 150ms 

max. 200 V 
max.O.6A 
max. lOW 

2kn 
14kQ 

min. 1,000 Me 
MQx.100 V 
5EN~(IP63) 
78X53X36mm 
7R)(f\.Ii)(~ !TIm 
SOOmrn 

-6a ·90 
15 '2 

Fe 10 
19 16 
17 10 

AS SYENSK VARMEMATNING svu FlOX 1'00. Sw163 91 SpANGA, SWEDEN 

Ordering Key 
IlOlGthm Altay 

I_I"'"' N .. "" 10$1&«111 
_IhNllm,..,retlllOll 

Phone INT I 04& 0 701 70 70 Telefu +46 8 760 21 08 TI:IllIlC 13685 SVM S 
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j.t\i'11 AV: O-U-;;h) , 11,Uo,J , 

Application 
A eneryy IIlIIler III u~ 10 mM.SIXA tru~ 
heat energy dilltributed in is di::.trict hei=ll
ing sy!ltp.m (11' MY o1her sygtam ulili~,'g 
the: eirOOtlU\,/1l of water ~or orner heat mil
dial. h i$\Jt;Ua.ly reffllrred to as a "kWh me
ter' like lis countflrpart among electrical 
meter~, 

The registerod roadlngs 81'f: nQrmally 
usea as a oasiS tor nllHflO for neat distribu
tion. 
",. energy motor 00I'I QI~o be used 015 a 
monitoring dellICA tOf IhR folltvNlng tYP&l6 
of equipm~mt; 
• central hillating boilert 

heat recovery eqUI.,mP.nt 
ada! coI~lor6 

• heal pumps: 

Design 
A ~l1tflt1Y meter ConSists 01 tl'll'f!fil o2sic 
component;: 
• .A pair of teMperature EOntoro (roeist

iIIll,;ti thermometers) 
a flow OCnaor (water meter) 
an infAQration unit 

Plus oPtlulli1l functiOns sucn a.''l: 
power CGIcul .. tiol1 
pnnrP.l' 

· ~Qnnectlo" JOI 1:1 wmputer 

Operation 
Usi'a9 a pQir 01 tempercture 5e1l$Uf:; (with 
an eloclmnil'! I'NXlsurem~t cirt."Uit buill In 
to the int""'IC'lion unit). 1I'Ie t91llf'JP.rature 
aiffGr&nCe (utilized heat content) is "'tHl
SUrecl. 

In tI'IP. ,ntegrati'"n unit the temperature dif
fen:,,'ctI is mulUClleo by mp. flow volume, 
l'Ihioh io measure<! by it !iepanlltt lIuwsen
sor. 

Thf;l signal is then proOO"ACcI in tho inte
\.Iralian Unit. The Arnollnt nf ~nE!rgy iG not 
exactl~ proportionallQ the nlltClwred tern
peraUJrfl l'iiffp.renee and must be correot 
ed in reiatll;Ji'1 lu Ihe temoeraturllll, 
Tha correcting foetor, gener.!1y calh:!.., lil~ 
neat coefficient ~k-factorl, k normally ex
prcssed Ill5l(Wh;(III" 'C) I.e, the numMr 
01 kWh p!:'r c:ubic metor and centigrAde 
leml)t,<lotwre Clrrerence, 

it~ integra1l0n untt norm:1~y has an 1l1$O
tromec;:haflical c;ounte. wtlich calCUlates 
IhA Inial nun'lbc:M' of kWh (Md m3), 

Energy meter 

Flow sen&ors 

n 

I..::-'--~ 
.J 

As flow S9n!ltv1l l;\itMor traditlona' me 
Chanica! water nlltlJ;lUi or the rnagnArtn 11'\
duetlv8 type arc: normally used. 

In mechal'll~ mctcrll. a winged wht:tlll ur 
Impeller is AAt in motion by the water. The 
apeed of mtation i. uirettly proportioMI If.! 
the ip"o of Ih~ wl1tcr crum:nt al'l\J 11;1 
transferred via a m"Onetic clutch to a mo
chanlcal cOl.'oler. This ~ays, in cllnl!': 
meters. the total volume of waler mat hu::; 
",assea mrough. . 
The motor hall G bl.li!I-hl JJUll1tisensor. 01-
1M ir'I the form of a rObting magne. and 
reed .'eI<lV wUh a ::signal valuA ot ~S Ifpul9~. 

In ldUiUon to tne med'lar.iCIII mAaqlJrinO 
principlo, i1n inductive melmlJring princi
Ple is USRfI, I'hi~ i.;: based -lik. Iho dyna
mo on ~ bicycle - o. I "FWilUII\"S Law": an 
ilIGCtri<,l COI'Iductol mewing within II mag
neUe flekl Q8neratas An AI~c CUfr'ent 
proportional to !he velocity of H'tI curllluc
tr..r, In tni! ¢U9 the water funotiono d!I the 
'1!wle electriC COnductor. 

,AB SVENSK VIAUEUATNING 9VU BOX SO. $-103 91 5pmGA. 5~I:N 

GSVM 
~713 

re;n'i'l 
SEA/SOilS 

P~~E 7"'/lJ 

Temperature sensor. 
In lodQy'~ energy metll!r$. mainly ~11!j{J1!; 
of thfI! P!100 ty~ h us&d. The tompcm. 
turt:~""lmdent reSIStor buill IS mAnA of 
i=llatinum with a r~8iatanc" of 1 00 r;i II 11 i:lt 
O'C. I hI'! r8Si~ "'-Iue as a function of 
ti, e tti'lIltNflIlUre follOWS e standarn Fir.Aif:! 
as d&fllOd in DIN 43760. 

To attain requirea heat-rnt!I"'lil1u~racv. 
tM SEIfISOI'9 are dlosen in pllirll, wl1h toter
iJlIWIi \\~thln the I)8irs many 1!mP.!I clOS(lr 
thoo th0:3e 8pecifled by the DIN lilla, t\lard, 

For apeeial functions (1IIl;Il\lrlj for glycOl 
midllr8!1, fot exampla), Nil00-typc Hn, 
&oilS wilha nickel re&iSlt.ll' DulO are !lnrnlll
timo8uood, 

Phone INT +4Ei 8 i'Gt 70 70 Telt:ru +46 8 7(1O:.!1 0lI rf!IAv 13685 SVM S 
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Energy Integrator SVM 93 

Applioation 
The SVM93 is a univen;al enel'~Y int..,!.!1 .. -
lOr for both htating and cooling. Tog other 
with a flow meter (5VMV~·.l aOO A l'IIIir of 
Icmperture geI1aQ1'$ (3VMT2 .. ) it rOIIl~~. 
("J)mplete energy m9ter. 

Mechanical 09aign 
The inl~tor is built InlO a removable lid 
which Is mountet:l ontO a btllCk pllIl!'! r.n~ 
tDining ~ power :supply and lelillillCll 
connecliQns. 

There artt separate tennlnals for IAminO 
purpOfK)a. 

ThA integfatcr Is factory preadjusted and 
~u by Ii stamp at tne tram COver. 

FlowHneor 
SVM93 CI:U18CCept InPUlS from water IIIP.
tore h~ing pl,ll30 values 01 2. 5 25 200 and 
~~ litresor 110 100 and 1000 fitr9s. Tho 
det;;itutl tiltlps of volume pUlSe are set on 
tho Integrator by mO't'ing It -"1l1. Ie~r 
1oIIt'I1r.h adjusts 1M decimal setting of the 
erJelQV wid volume counters. 

Meaeurement 
SVM93 rnua!Ues the temper&iure Cilffcr
enco once per volume pulse. 

SVMItt has floating cOn"lpensation for the 
heal (;Q~lImliienl (k-factQr) fOllO'Mng the 
truo thoorctiCBI value oalculated upon the 
(1ern;t1y And entha~py of the ene!gy carrier. 
The fjliall.h:~nJ litIuilun ISOOlflPOl1satea ror 
water 00 tho energy carrier with the vo
lume hellO mF!MI.11'P.Id in the> IOWQr telTlpQr
atul'e line. 
ThoeleotroniQmo(lCUringcircuithaaauto
maliC zamlng Rnl'l u$esa quartz cty1llal u 
a refollJru. Thi$ llJl!,ltlUltlr WiUl1he hic;lh 
resolution m:tkoc; it very atAblo ewer the 
wnole mellsunno I'l'InOe and ensU'eg a 
high lovel of aG\iUf8C¥ tM:1I al tillliililem
peratUI'8 differenCfJEl. 

Regiltration 
SVM03 1'1_ 6 digit cIoctromeohanicai 
eoun1ers tor AnArgy lind volume. The 
PU~119 of an LED !,;ulllir 1111. receipt of vo
lume puh"" This signal alto containo in 
IQrfnatlon abOUl vOlume and tcmparalurA 
difference:. 

SVMY:~ M~ pulSlil output!:! (with sQparata 
drive.·!» lUI IlImjf~V CIS well as for volume. 
This makec itpo"....oiblc totrl1l1aferthe mell
suring resulttn I'AllV'ItA t'.t1I mters. datl.log
gers or compU1e!·6. 

AS SVeNSK VAAMD1ATNING SVM 

m-f-"m_~ 
( ~N[~~r~·tr: ] - ""N .. "" 

,"-- .. ,'" fIIt. ..... \I'o,,, m. 
~- .. oorc i."·,,, . .'M'''' ..... 
........ -..:.:.'1,... 1~"r. ,ft.""", I'IIIJ".Itnl' 

"'_0 ... ~ 19.001'- ..... ..,...,~ .... _ 

\ L .. __ _ 
Optiona Ordering Key 
The lower part or me Integrator is 1'8-
CClVcd for optional f unction$ IUGh as 

eneray Integr8tor SVME 93ahr.d .. fg 

• Power calculalion:s 
• Display 
• Analogue output 
MllInA J"II'IWI:Ir 5 VA wil be reqt.lilfijd for op
tlOll::'. 

Information on o...,nlltlblQ options i.3 pu
biLClhAI1 /'In ~oarate data she4M&. 

PT. sp-l 
'I ne :::'VM 93 Energy IntAgr-:ltnr i~ ~p_ I 

prO\lfl(j by I"1tl (~y$ikali5Ch-It:\;II-
niSC~9 Bundesans1alt) in Be~lin. W \ 

\ Gt:llIIClTlY 

~ 
UIi wt;:!1 as J 

Sf' (:llateIlA tJrl1llninosanstall) 
in Ooras, S~I:m .. _ 

BOX 130. S-tC3 91 SpANGA. SWEDEN 

<.Jp/o'31UIQ 1" FIO'II_ in 
""~ laW Nn,., 

~ 
.u~V 

2-Fio;,oo_ .... ,ill 
hrgn1llmp 

o - ElIlW!TlllII V 
1 -iiotlOf\', _oro 
3·-IloIIL.'~""'HI. I 
a - BIItt,.,. _0_. bllttt ill f-
J.-~:!O V ",oI •• SVA 
S-t20 V maift$' ,!iVA 1 
t)-11b\ll'll:llll$ ; 

.J 

I 
O\.LivL •• O-~IIV ~ 

1-1i aee Hl)8l'310 ilia 

i 
1\ c~'Sy 1 ., lAWn 

unJ1 '-A".AI 
3-GJ 

I
t lOw p.ue , - 2.5 . illP\lLiIlC 
"a',M ,- ~ 

3- * V-I 
I "t= i!6OO 

5- I 

~:,~ )(·10-81 
K-tU(,ll; I 

PItONE (tNT +46) 8 7e1 7070 TeleX 130eo 3VM 3 TEL.EFAX (INT -r-415l8 160 Z I 08 

II 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Technical Data SVME 93 

Power supply oattery or' m~ill~ 
6 \IOlt SVM battery pacK 

!:lLiI! in long life Mil 
a~ external :sIJ1,l11.ib' 

??Ol11fi volt ( .... '0. -15%); SV/SO Hz 
POWQl' consumption IllQ)( 3m 
~ for option3/elCtemai unit$ 

IH'IItl'!!)P. til12 y DC 
CUlIl:IIll 50 mA max 

Temperature sensors nnE! p~r ~'VMT 2 .. (Pt100, 
FlowflMMI' 
Water Meltll wiUI fwd "unl~ct 

CLA'qnt 0.1 rnA max 
fre(JJ8nCy 10 Hz max 
pulse length 0.04 5 min (Closed) 
pulsa inter/a.1 O.DS G min (oper) 

water Meter Wltn \/C'IIIAOI? output 
frecuency 10 Hl max 
'.lOltaga 0-1.8 V low level 

4 1.-7 V high level 
!Qed 100 kutIIt min 

MeI:l$'.lIilllJ lafl~ 0-1/;0'C 
120 ·C Max T -diff 

Ileaolution cttomp 11'edl)Ult:lll~1I1 
0,01 ·C 

PuI$eOutput 

VoltaA~ 
Load 
Lcn,,'1h 

Energy 8: Volume 
One puls~Jeol.lnter stap 
:;-e V 

Une resistane.e to 
- l~rntJ. sensor 
- flow 3Ofl80r 

Ambient temp 
PI(JI~lic')1I (;11:lS& 

Connactlons 

200 ohm min 
40 ma min 

10 onm max tot.;l 
~OOohm max 
50 "C InQX 

IP67 

1-2 
~-:i } 
or 
~-~ 
::t-ti 
7-6 
e-Q 
11-1:d 
10-'4 
15-16 

High temp ('l.IPPly) lleJ1:!or 

Lv", ltifllU (return) sensor 

l-II'IIAI sensor (Water meter) 
T~\~!-llli:li 
holt 
S!;IIIP. counter - Velume 
Oplil,a. 
SI~'/O oounlor - energy 

e,6, 10 Sicnai QmlJntI 
8, 11, 13, 15 16 ~oll 

A jumper 13 14 ac.tivate::. Mdi,.::; LED 

u 
R.~Jump¢r 

Dimensions 

Open 
U'ldo the :s"aling waIN 
Lift lid until it faatsl'le 
ipress SlI~IlY to thp. IArt) 

Close 
Wftlin Millin 
Pull ,lowly dowl' 

Remove 
uttllcJ 
0i3conned multi-~II '~OIlI1ector 
Pll~h lid to thQ right 

h.M Ballery ()perallC~ 

-...... -~ 

J~) 

-r- .... n1-~ 

J 
....... -._, Iii 1 " ... L IV '! 

R J:=Jli 
?Sil5S21il 



CONTROLLER 
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TA 9104 
Today's most advanced features in the simplest controller on the market 



Assists with energy statistics 
To assist with energy statistics, 
the controller calculates and re
cords the number of degree-

days. You can then use the figu
res to compare the energy con
sumption month by month. 

No unauthorized access 
Anyone can read temperatures But nobody can make any 
and other values, even without changes whatever without key-
the access code. ing in the appropriate access 

code. 

Prepared for communication 
You can connect the controller 
te the TA SYSTEM 7 monitoring 
system. This can be done either 
immediately on installation or at 
a later date, when several other 
buildings may also be monitored. 
The entire complex can then be 
monitored from a centralloca
tion, thus avoiding the need for 
dOing the rounds of the various 
installations. 

The TA 9104 keeps the central 
monitoring system informed of 
alarms, times and temperature 

levels. It also provides informa
tion for your energy statistics. 
You can alter the times and tem
perature levels from a central 
location. 

The TA 9104 supplies informa
tion on any faults that may 
occur, which eliminates unne
cessary visits to the plant. But 
when a service visit is necessary, 
the serviceman can be furnished 
with the appropriate spare parts 
before he sets off. 

One of the biggest 
There are no more than four or 
perhaps five companies in the 
world that produce more control 
equipment than Tour & Anders
son. But none of them has come 
as far in applying the newest and 
most advanced control techno
logy for indoor climate control. 

The indoor climate is more im
portant today than ever before. 
This is not only because of the 
continuing effort to save energy 
in order to combat escalating 
fuel and electriCity costs. There 
is also growing awareness that 
the indoor climate is of decisive 
importance to the well-being and 
productivity of people. 

With 2000 employees, TA is 
still small enough to be able to 
work quickly and flexibly. But 
because we have specialized in 
indoor climate control techno
logy, we are big enough to be 
able to maintain a commanding 
lead in the field. Our position is 
based of many years of expe
rience. We began manufacturing 
valves in 1865 and control equip
ment in 1925. 

Today, our activities are con
centrated on two fields: The 
Valve Sector develops, manufac
tures and markets valves, coup
lings and measuring equipment, 
and the Controls Sector is 
responsible in the same way for 
electronic controllers, actuators, 
sensors and computers. Together, 
we have the products and system 
expertise needed for everything 
involving the control of the 
indoor climate. 

This means that we can supply 
you with the new control techno
logy for all types of heating and 
air conditioning systems. We 
also offer today's most advanced 
equipment for the control and 
balancing of hot water and chil
led water systems - in a com
plete range that includes valves, 
measuring equipment, proce
dures and computer programs. 

We have the technology, the 
products, the expertise and the 
delivery capacity. See for your
self what we can deliver for your 
next project. 

fA 
TOUR & ANDERSSON LTD 

1535 Meyerside Dr. Unit 10, Mississauga, Ont L5T 1M9, CANADA 
Telephone (416)676-9015 
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Hutlng controller fA TA9104 

T A 9104 is designed for the control of hot water 
heating systems in apartment blocks, offices, 
schools and similar large buildings. 

- Simple to operate; minimum number of controls 
for taking readings and varying settings. 
All values are displayed together with an explana· 
tory text in the display window on the front 
panel. 

- Automatic adjustment of reset curve, as well as 
magnitude and duration of night setback. Con· 
tinuous and automatic monitoring and adjust· 
ment for factors such as seasonal variations. 

- Preset curve with minimum and maximum limi· 
ting functions. The curve features four variable 
design points to permit exact matching with 
the heating system. 

- Connected to SYSTEM 7 the unit can be used 
for heating control and to control the energy 
consumption in the building. 

- Automatic changeover to and from daylight 
saving time, with correction for leap years. 

- Extra time channel for control of optional func· 
tion such as lighting or outer door locks. 

- Four individually adjustable time settings for 
changeover from daytime to nighttime tempera· 
ture, with or without optimization. 

TECHNICAL DATA 

Part number .............. " .",,290·9104-000 
Operating voltage .. , , 24V AC/OC, -101+20%, 50-60 Hz 
Power consumption. , ..... , , , . , .... , , . , , , , 5 VA 
Inputs: 

Sensor inputs 81-B7 .. , , , , , , , . , , . , . , . Thermistor, 
1800 ohm/2So C (77° F) 

Calibration range. , . , , , -40 to 120°C (-40 to 248° F) 
Alarm inputs 21-23 , .. , ,Closing or opening contact to 

earth 
Pulse inputs, X 1, X2 ........ Closing contact to earth, 

min. pulse length approx. 60 ms 
Outputs: 

Analog outputs Yl, Y2 ..... , . 0-10V DC short circuit· 
proof. Drives up to 10 SPC inputs 

(impedance 100 kohm) 
Voltage output G 1 ....... , ...... , . 16V DC, 30 mA 

Battery, ,3V lithium, 190 mAo Total life approx. 10 years. 
Drives clock and RAM memory for approx. 2 years. 

Ambient temperature: 
Operating. . , , , .. , ...•. , , • 0 to 50°C (32 to 122° F) 
Storage, , , . , , , , ..•.• , ,-20 to 500 C (-4 to 122

0 
F) 

C-11-35 
1991-G6 

- ~. ,~ 
L. _."_ _ l-._ 

- Twelve programmable temperature reductions 
of optional duration for long weekends, school 
holidays or annual vacations. The controller 
may be programmed up to a year in advance. 

- Two separate inputs for alarm sensors with 
adjustable high and low alarm settings. 

- Three alarm inputs for equipment such as 
circulating pumps and expansion tanks, together 
with an output for a summated alarm. 

- Degree·day recording for computing energy 
statistics. 

- Limiting of max, power consumption in district 
heating systems. 

- Output for control of exhaust air fan. 

- Access cheCk prevents unauthorized individuals 
from changing settings. 

, . 
"-~-J 

.~ 

>--1--.:..:;,' ',...---:.~ 
.......-.:'1!1 

c8 1!1l2 

Measures withon brackets on inch~. 

Ambient humidity ....•.. , . , , .... , , . max. 90% RH Also see leaflet C·01·5 for detailed information regarding 
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Boiler system 

r RESET CURVE 

The outdoor reset curve for the supply 
temperature is based on four design 
points, defined at four different outdoor 
temperatures, see fig. 3. 
The design points are individually adjust· 
able with regard to the outdoor tem· 
perature which enables the curve to be 
tailored, with great accuracy, to the 
particular heating system. 
Both the minimum and maximum values 
on the curve may be limited. 

Automatic adjustment of reset curve 
The reference sensor permits automatic 
adjustment of the reset curve. 
Since the curve is corrected continuous· 
Iy, it eventually becomes specific to the 
particular building. 
If the system is not equipped with a 
reference sensor, or if the automatic 
curve adjustment function is inoperable 
for any reason, a "tailormade" reset 
curve may also be developed by varying 
the design points manually. 

Damped outdoor temperature 
The purpose of controlling the supply 
temperature is to maintain the room 
temperature at the correct value regard· 
less of variations in outdoor tempera· 
ture. 
The mass and thermal inertia of the build· 
ing means that a rapid change in outdoor 
temperature affects the indoor tempera· 
ture only after a certain time. TA 9104 
uses a damped outdoor temperature for 

GT,outdOO' 

Fig. 1 

f: . GT -outdoo' 
! t , 

District heating system 

Supply temperature 

C F ·c 
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86 30 
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Fig. 2 
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20 10 0 -10 -20'C 
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control purposes in order to make effi· 
cient use of the heat stored in the struc· 
ture of the building, see fig. 4. 
As the curves indicate, rapid changes in 
outdoor temperature exert only a minor 
influence on the damped value, produ· 
cing a variation equivalent to the change 
in temperature in the structure. 
The degree of damping is variable to suit 
all types of buildings. 
This function prevents poor comfort 
due to inadequate heating when building 
structure is cold and outside tempera· 
ture rises suddenly. It also prevents un· 
necessary heat supply when building 
structure is warm and outside tempera· 
ture drops suddenly. 

Outdoor tf'mprlilure 
Of. .c Mona,,, 
.. II 

00 '. 16 ,. 
" '0 · , • • 

Fig. 3 
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CONTROLLER 
TOUR AND ANDERSSON LTD. 
Data Sheets TA9106/C·11.37 

and D·11·15 
Exhibit 6·7 
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TA 9106 C-11-3/ fA Heating and hot water controller 1993.05 

Micro-processor based control unit for heating systems and hot 
water. 

TA 91 06 is designed for the control of hot water heating systems 
in apartment blocks, offices, schools and similar large buildings. 

- Simple to operate. Minimum number of controls for taking 
readings and changing settings. 

All values are displayed together with explanatory text in the 
display on the front panel. 

Automatic adjustment of reset curve, as well as magnitude and 
duration of night setback. Continuous and automatic monitor
ing and adjustment for factors such as seasonal variations. 

- The curve features four variable design points to permit exact 
matching with the heating system. 

- Domestic hot water control with separate night and day 
setpoints. 

- Connected to TA SYSTEM 7 the unit can be used for heating 
control and to control the energy consumption in the building. 

- Automatic changeover to and from daylight saving time, with 
correction for leap years. 

Extra time channels for fan control and HWC pump control. 

- Four individually adjustable time settings for changeover from 
day-time to night-time temperature, with or without optimiza
tion. 

- Twelve programmable temperature reductions of optional 
duration for long weekends, school holidays or annual vaca
tions. The controller may be programmed up to a year in 
advance. 

TECHNICAL DATA 

Part numbers T A 9106: 
Control unit ................................................. 290-9106-220 
Controller .................................................... 290-91 06-260 

Supply voltage ............... 24V AC -10% to +20%, 50-60 Hz 
Power consumption ...................................................... 6 VA 
Inputs: 

Sensor inputs B1-B7 ...... Thermistor, 1800 ohms at 25°C 
Measuring range -40 to 120°C 

Alarm input Z1 - Z3 ................. N.O. or N.C. to M. ground 
Pulse input X1, X2 ............................... N.O. to M. ground 

min pulse duration 50 ms 
Outputs: 

Voltage output G1 .................................... 16V DC, 30 mA 
Analogue outputs Y1, Y2 .... 0-1 OV DC, short-circuit proof 

max 10 SPC (imp. 100 ohms) 
Battery .................................................. 3V lithium, 190 mAh 

Enclosure rating ........................................................... IP 31 
Ambient temperature: 

Operation ........................................................... 0 to 50°C 
Storage ........................................................... -20 to 50°C 

Ambient humidity ............................................ max 90% RH 
Weight ......................................................................... 0 .9 kg 
Size ...................................................................... 4 modules 

Also see leaflet C-01-5 for detailed information regarding the 
Control 80 system. 

I 

One separate input for alarm sensor with adjustable high and 
low alarm settings. 

- Three alarm inputs for equipment such as circulating pumps 
and expansion tanks, together with an output for summated 
alarm. 

Degree-day recording for computing energy statistics. 

- Output for control of exhaust air fan. 
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Relay outputs RE6: 
Voltage ....................................................... Max. 250V AC 
Current ............................................... Max. 1 A, cos <p 0.5 
Fuses ................................................... 2, 50 x 20 mm, 2A i 

Size ...................................................................... 2 modules 
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RESET CURVE 

The outdoor reset curve for the supply 
temperature is based on four design points 
at different outdoor temperatures, see 
fig. 3. 

The design points are individually adjust
able with regard to the outdoor tempera
ture which enables the curve to be tailored 
to the particular heating system. Both the 
minimum and maximum values on the 
curve may be limited. 

Automatic adjustment of curve 
The reference sensor permits automatic 
adjustment of the reset curve. Since the 
curve is corrected continuously, it eventu
ally becomes specific to the particular 
building. 

In a system without a reference sensor, or 
if the automatic curve adjustment function 
is inoperable, a tailor-made reset curve 
may also be developed by varying the 
design points manually. 

Damped outdoor temperature 
The purpose of controlling the supply 
temperature is to maintain the room tem
perature at the correct value regardless of 
outdoor temperature. 

The mass and thermal inertia of the buil
ding means that a rapid change in outdoor 

TA9106 

temperature affects the indoor tempera
ture only after a certain time. TA 9106 
uses a damped outdoor temperature for 
control purposes in order to use the heat 
stored in the structure of the building. 

Rapid changes in the outdoor tempera
ture give only a minor influence on the 
damped value, producing a variation 

(0C) Supply temperature 

II TA 9106 

equivalent to the change in temperature in 
the structure. 

The degree of damping is variable to suit 
all types of buildings. 

This function prevents poor comfort when 
outdoor temperature rises suddenly and 
unnecessary heat supply during the nor
mally cold evening hours before a night 
setback occurs. 

Fig. 3 
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[TIME CONTROL 

T A 9106 has three 7 -day programs and a 
yearly program (holiday), and three sepa
rate time channels. 

7-day programs 
The zone program is used for reducing the 
room temperature, the hot water program 
controls the setpoint for hot water, and the 
external time program sets an output (op
tional output 4 or 5). All of the 7-day 
programs have four on/off switching times 
per day. The times are individual for each 
weekday. 

Morning heat 
The time for changeover to daytime ope
ration is optimized. TA 9106 varies the 
supply during the preceding period so that 
the room temperature is always correct at 
that time, see fig. 4. 

The controller computes the appropriate 
optimizing period. 

This is based on the magnitude and dura
tion of the night setback, the outdoor 
temperature and a self-correcting factor 
representing the capacity of the heating 
system. 

Without a reference sensor, the optimizing 
period varies with the damped outdoor 
temperature in response to a separate 
curve based on outdoor temperatures of 
-5°C and + 15°C, see fig. 4. 

Morning boost 
During the optimizing period, the control
ler boosts the supply temperature. The 
increase varies with the damped outdoor 
temperature. 

(min) Heating time 

1201------..... 

° 

The morning boost reaches a maximum 
at an outdoor temperature of 10°C, and is 
reduced successively to reach zero at 
20°C and at a variable minimum outdoor 
temperature. 

Variable night setback 
The night setback function is variable to 
ensure that the heating system will restore 
the room temperature after setback at a 
low outdoor temperature. 
The magnitude of the setback is deter
mined by the damped outdoor tempera
ture in accordance with a curve based on 
two variable outdoor temperatures, see 

(min) Optimization time 

120 

Outdoor temperature=O"C 

Zone difference 
SP-MV 

O~--~I--------'-------~I------~~I--~ (Oe) 
-1 -0,5 ° 0,5 Fig. 6 

Night setback is zero at the minimum 
setting, increasing successively as the 
outdoor temperature rises. 

If both temperatures are set to zero, the 
preset setback will always be imple
mented, regardless of the actual outdoor 
temperature. 

Monday effect 
After weekends when night setback has 
been activated for a longer period of time, 
T A 9106 can commence heating at an 
earlier point of time than the normal mor
ning heat function. This is aChieved 
through increasing the heating time by a 
certain percentage in the optimization 
curve. 

Optimized stop 
The normal daytime operation can be 
reduced according to a curve which is 
calculated from the outdoor temperature 
and the zone control difference. 

15 

Damped outdoor 
temperature 

20 
(0C) 

(%)Night setback 

100 

Fig. 4 

Holiday program 
The holiday program is used to reduce the 
room temperature for extended periods, 
such as during long weekends, school 
holidays and annual vacations. A total of 
twelve reductions may be programmed 
up to a year in advance. The year clock is 
used to program the period by setting the 
start and stop dates. Changeover from 
the normal 7-day program to the holiday 
program takes place at midnight without 
optimization. 

Time channel for fan control 
TA 9106 can control both the heating 
system and an exhaust air fan. An ana
logue output enables the fan speed to be 
varied continuously in relation to the out
door temperature. Although the speed is 
reduced as the temperature falls, the fan 
may be forced to operate at the maximum 
permissible speed for a given period dur
ing the day, by means of a separate time 
channel. The output may be used to oper
ate a damper actuator or to control a fan 
speed controller. 

A starting and a stopping time for forcing 
may be entered for an optional number of 
days, the times being the same for each 
day. 

Time channel for HWC-pump 
A starting and a stopping time for HWC
pump may be entered for an optional 
number of days, the times being the same 
for each day. 

o '--------+---~I--~I--------:~ (0C) 
-20 ·10 o 10 20 Damped outdoor 

temperature 
Fig.5 S'\ \ 



i BOILER CONTROL 

TA 9106 can control boilers with two or 
three stages. The number of stages is 
selectable from the operator's menus. 
The following example is used to describe 
the control principle of a two-stage boiler, 
see fig. 7 (see also installation): 

If the supply temperature falls below the 
low dead zone boiler stage 1 is started. At 
the same time, an integration of control 
difference is initiated. When the integral 
value exceeds an adjustable value 
(1S0Cmin) boiler stage 2 is started. 

Example: Boiler control with two boiler stages 

Supply temperature 

Error integration 

Boiler stage 2 is stopped when the supply 
temperature exceeds the high dead zone. 

If the temperature still exceeds the high 
dead zone when the integral value has 
fallen below the adjustable value, boiler 
stage 1 is stopped. 

If three boiler stages are selected, stage 3 
is handled in the same way. 

Stage 1 off 
degree-minutes 

Stage 2 off, 
error integration 
restarts 

restarts • 

Dead zone 

Setpoint 

Dead zone 

Stage 1 on, 
error integration 
starts 

Stage 2 on 
degree-minutes 

" 
" " 

Error integration 

L-D_O_M_ES_T_IC_H_OT_W_A_TE_R __ --'I I PUMP CONTROL 

TA 9106 can control one or several EM 
actuators. The output signal is 2-1 OV con
trol voltage. The domestic hot water may 
have separate day and night setpoints. 

For optimum function the controller should 
operate together with the rapid tempera
ture sensor EGWS. 

The hot water controller has PI-function 
with adjustable P-band (50°C) and I-time 
(30 s). A limitation of output signal pre
vents escalation of integration. To ensure 
a good stabilty at low demand, the hot 
water controller uses a variable dead zone. 
This means that a high dead zone is used 
during low demand (HWC-flow) and a low 
one during tapping. 

The purpose of the pump control logic is to 
utilise the heat stored in the building in the 
most efficient manner possible. Thus, the 
pump is operated only when an actual 
heating requirement exists. The following 
conditions apply: 

- The pump is stopped and the control 
valve closed when the lowest value of 
the calculated supply setpoint and the 
undamped outdoor temperature curve, 
falls below a preset value (21°C). 

- The pump starts and the valve opens 
only when both of the above calculated 
values exceed the setpoint (21°C). 

- The pump is stopped and the control 
valve closed when the damped outdoor 
temperature exceeds a preset "cut-off" 
temperature limit (18°C) with a hyster
esis of 1 .soC. 

When the conditions for stopping the pump 
have been satisfied, the pump is stopped 
with a fixed time delay of 5 minutes. 

A restart atter the pump is stopped can 
take place only after a preset delay 
(2 hours). 

Time 
Fig. 7 

TA 9106 can control a single pump or twin 
pumps. 

If twin pump function is activated and an 
error occurs on a pump in operation, the 
other pump is started. Pump switching is 
normally invoked every Monday at 12.00, 
but can be changed via a menu to occur 
at defined months instead. 

The HWC-pump is controlled either by the 
time group which controls the domestic 
hot water setpoint (night/day) or by a 
separate time channel. 

Anti-freezing protection 
The pump will start and the valve will begin 
to control to prevent freezing when the 
outdoor temperature falls below a preset 
limit (2°C). 

Exercising of pump 
The pump is started at 1200 hours each 
day and run for one minute to prevent 
seizure during the summer shutdown 
months. 
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LIMITATION OF RETURN WATER TEMPERATURE 

In a mixing valve control system, the 
limitation becomes effective as soon as 
the return temperature exceeds the pre
set limit at which point the controller re
duces the supply temperature. 

The limiting function is floating, in other 
words, it is controlled by the outdoor tem
perature in accordance with a separate 
reset curve based on design points of O°C 
and -20°C as illustrated in fig. B. 

An alarm is initiated if the reduction ex
ceeds 20°C (adjustable). 

(0C) Max return temperature 
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Fig. B 

'-P_OW_E_R_L_IM_IT_IN_G ____ ---'\ I ENERGY MEASUREMENT I I DEGREE-DAYS 

The power consumption may be limited to 
a preset high limit. 

As an example, this may apply to a district 
heating system in which the available 
power output must be distributed over 
periods of high load. If the power con
sumption exceeds the preset high limit, 
TA 9106 will gradually lower the setpoint 
for the supply temperature until the power 
output is below the set power limit. 

An alarm will be initiated if the limiting 
function remains in force for an extended 
period. 

By using the pulse inputs X1 and X2 it is 
possible to measure the energy consump
tion of the heating system. Measurements 
from the last day and for the last hour can 
be read off from the display. 

The scale factor (kWh per pulse) can be 
set, and the pulse input X2 also gives the 
possibility to measure an optional quan
tity, e.g. flow (m3 per pulse). 

When connected to TA SYSTEM 7, the 
values can automatically be transferred to 
the central system for storage and pre
sentation. 

TA 9106 computes and records degree
days for the purpose of compiling energy 
statistics. The number of degree-days in a 
24-hour period are calculated as the dif
ference between a variable reference 
temperature (17°C) and the daily mean 
temperature. 

If the mean temperature exceeds a vari
able firing temperature setting (12°C), no 
degree-days are recorded. 

The mean value of the outdoor tempera
ture is computed on the basis of hourly 
readings. 

L....-.A_LA_R_M_S ______ --!I I OPERATION \ c...1 _AU_T_H_O_R_IZ_A_TI_O_N_C_H_EC_K __ 

TA 9106 has built-in alarm central with 
three digital alarms and temperature 
alarms for all sensors except the outdoor 
and limiting sensors. In addition there is an 
output for sum alarm. The digital alarm 
inputs can be used for such as circulation 
pumps and expansion vessels. 

Alarms are indicated on the TA 91 06 by a 
flashing LED on the front panel accompa
nied by an explanatory text in the display. 

Reading and changing values require 
only a minimum of key operations by 
means of advanced menu techniques. 

All values are arranged in logical order 
under three main menus, each of which is 
divided into function menus. 

On the display all values are presented 
together with explanatory texts, which 
also helps in making operation easy. 

SUPPLY TEMP. 
OUTDOOR 

T A 9106 incorporates an authorization 
check designed to prevent unauthorized 
individuals from altering the settings. 

An access code is entered by the system 
manager, ensuring that alterations to the 
program can be made only by an indi
vidual who enters the correct code. How
ever, readings are freely available. 

I BATTERY BACKUP 

During a power failure all outputs will be 
reset. Because of the backup the control
ler will start up with user settings and work 
normally after the power failure. 



L-A_C_C_E_S_SO_R_I_E_S-,-' _' ___ ---l' I I COMMUNICATION' iti:'~ '", I ..... 1 _R_E_LA_Y_O_U_T_P_U_T_R_E_6 __ -----.! 

The TA 9106 is delivered either in a 
special locking case with a transparent lid 
or as a terminal block unit with a mounting 
kit. 

The locking case enables wall or flush 
panel mounting. 

Mounting kit for flush panel mounting of 
case: 

Part number: 912-1120-000 

Mounting kit for mounting of terminal 
block unit on a 35 mm DIN rail or equiva
lent: 

Part number: 912-1140-000 

\ INSTALLATION ' 

C1 M C2 M 81 82 - 83 84 
COM1 COM2 9~ (,)u.. ~~ ~1a'-b&> 00) 00) 00) RE6 C\I'I' C\I'I' C\I'I' C\lv 

~C\I ~C\I ~C\I ~C\I 

I I I I I I I I 
00) 00) 00) 00) 
1010 '?'? '?'? '?'? I I 

Connections on the terminal board 

C1} Communication (Refer to KE1! 
M with T A SYSTEM 7 KE2 Handbook) 
C2} Communication 
M with RE6 
81 Sensor input, supply water temp. 
82 Sensor input, outdoor temp. 
83 Sensor input, room temp. 
84 Sensor input, return water temp. 
M Measurement neutral 
85 Input, extended day/forced night. 
86 Sensor input. hot water. 
87 Input, extra temperature input. 
G1 +16V DC output 
M Measurement neutral 
Z1 Input, external alarm 1 
Z2 Input, external alarm 2/pump A 
Z3 Input, external alarm 3/pump 8 
X1 Digital input for energy measure-

ment and power limiting 1 
X2 Digital inp., energy measurement 2 
M Measurement neutral 
Y1 Analog output, hot water control 
Y2 Analog output, fan control 
GO System neutral 
G 24V AC/DC supply, input 

TA 9106 is designed to operate either as 
an independent controller or under a mas
ter computerized control and monitoring 
system. Either direct trunk line or the 
telecommunications system (via modems) 
may be used for communication. 

When connected to a TA SYSTEM 7 
central system, the operating conditions 
of the boilers, pumps, fans etc. can be 
monitored. Temperatures, energy con
sumption and alarms may all be read, 
while setpoints, time settings may be 
altered as required, as well as starting 
and stopping of pumps etc. 

The RE6 is connected to the TA 9106 via 
a shielded cable to terminal C2. The 
Signal is converted in RE6 into four single
polarity closing relay outputs. An address 
switch in the RE6 is used to select output 
from the TA 9106. 

A total of three RE6 units can be con
nected to the TA 9106. Communication 
with the TA 9106 is indicated by a LED. 

M 85 86 87 - G1 M Z1 Z2 Z3 X1-X2 M Y1 Y2 GO G 
(,)u.. 9~ ..L o 0 
00) 00) 

~~ ... 
00) ..L. • •• ...L'" ..... 

~ L. J C\lv C\I'I' 
~C\I ~C\I 

I I I I 
00) 00) 

'?'? '?'? 

RE6-A 

C\lv 
~C\I 

I I 
00) 

'?'? 

<C 
E 
0 

'" > 
~ 

'+ 

> o 

~ 

KC1 Common connection for relays K1 
and K2. 

K1 Incr. supply to zone/boiler stage 
(see table below) 

K2 Deer. supply to zone/boiler stage 
(see table below) 

KC2 Common connection for relays K3 
and K4. 

K3 Control pump A 
K4 Output sum alarm/time channel 
RE6-8 

KC3 Common connection for relays K5 
and K6. 

K5 Output time channel/sum alarm 
K6 Control pump B 
KC4 Common connection for relays K7 

and K8. 
K7 Sum alarm pumps 
K8 Control HWC pump 
RE6-C 

KC5 Common connection for relays K9 
and K10. 

Kg Output optimisation/morning heat 
K10 Output normal day operation. 

> o 

~ 

Cable lengths 

> o 

~ ~ 24V~ 

Fig. 9 

Max. 4 m of shielded cable to C1 and C2. 

Max. 100 m of 1.5 sq.mm cable to G, GO 
and G1 and K. 
Max. 200 m of 0.25 sq.mm cable to digital 
inputs. 

Max. 200 m of 0.5 sq.mm cable to other 
terminals. 

Boiler stage K1 K2 

1 1 0 

1 + 2 0 1 

1+2+3 1 1 

Note! Only K2 is set when boiler 
stages 1 +2 are active. Therefore you must 
make sure externally that boiler stage 1 is 
activated both by K1 and K2. 

~OV~ r24~viA~C __________________________________ ~--------~----~--------~----~--------------
Supply OUldoor Room Return Hot Fan 
temp temp temp temp. water control Shielded cable 

./ 
, 

i 

}TO n.><I1 
r-~--If-r---------r--~~---------4--~~----------- RES 

220VI 
24V 

The shield between TA 91 06 and RE6 
must only be connected to GO in TA 9106. 
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fA EGA, EGK, EGW 
Thermistor type sensors 

D-11-15 
February 1989 

WATER TEMPERATURE SENSOR, STRAP-ON SURFACE, TYPE EGA 

The EGA is designed for surface 
pipe mounting. 
To ensure good thermal transmis· 
sion to the copper plate and the 

thermistor the EGA must be 
mounted on an unisolated pipe 
section. 

TECHNICAL DATA 

Part number .................. 513·1100·000 
Ambient temperature, operation ...... min. _40

c
C 

max. 120°C 
Time constant .............. approx. 60 seconds 
Enclosure .......................... IP 54 
Material: 

Case ................. carbonate plastic. red 
Cover ............... carbonate plastic. black 

Weight ............................ 100 9 

WIRING DIAGRAM 

\ f-.2 
\ 

1-1 
3~.5 

C 

Electrical installation: 0 19 holefor 
conduit entry Pr 18.6. 

62.> 

40 

r· 

t .. 

L--------------------------------... -A'-.-A-.,~-"-,,-,,-.-.,-"-,,,,-.,-_.-. . /f4{ 
) t" 



EGW 

The EGW, EGWW and EGWS are 
designed for mounting in pipe 
systems without separate pocket. 
The insert pipe is of copper or 
acid· resistant steel. 

TeCHNICAL DATA 

Type: Insert length: 
EGW 120 Cu 120 mm 
E GW 220 Cu 220 mm 
EGW 120 St 120 mm 
EGW 220 St 220 mm 
EGWW 120 Cu 120 mm 
EGWW 220 Cu 220 mm 
EGWW 120 St 120 mm 
EGWW 220 St 220 mm 
EGWS 120 mm 

Weight: 
190 9 
220g 
190 9 
220 9 
190 9 
220 9 
190 9 
220 9 
150 9 

EGWS 

The EGWW comprises two tem· 
perature sensors, one for control 
and one for limit purposes. 
The sensor has pipe thread o.d. 
R 1/2" (ON 15). 

Part number: 
512·1720·000 
512·1730·000 
512·1720·010 
512·1730-010 
512·2720·000 
512·2730-000 
512·2720-010 
512·2730·010 
512·2770·010 

Ambient temperature, operation ...... min. -40°C 
max. 120

c
C 

Time constant: 
EGW,EGWW 

Copper ................. approx. 40 seconds 

Electrical connection: Q) 19 mm 
hole for conduit entry Pr 18.6. 

A r 40 

s 

Acid·resistant steel. ......... approx. 60 seconds WIRING DIAGRAM 
EGWS 

Acid·resistant steel ........... approx. 1.5 seconds 

Pressure rating: 
Copper . . . . . . . . . . . . . . . . . . . . . . . . . PN 10 
Acid·resistant steel. ................. PN 16 

Enclosure .......................... IP 54 1-1 
Material: 

Case ................. carbonate plastic, red 
Cover ............... carbonate plastic, black 

\ 

\ r-- 2 
C 

EGW 
EGWS 

\ 

1., 3\ t-2 
C 

3-1 

EGWW 
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UNDERSTANDING RTD TERMINOLOGY 

CALIBRATION 
All RTD's are positive temperature coefficient resistors; i.e., the 

resistance increases as the temperature increases. Most standard 

RTD's define the resistance at O°C; e.g., 100 ohm platinum, 120 ohm 

nickel. One notable exception is the 10 ohm copper RTD: this sen

sor is 10 ohms at 25°C. 

There is no standardized abbreviation for the various RTD calibra

tions. The calibration tables in this product sheet define the 

resistance at O°C (except for 10 ohm copper) and the ratio of the 

resistance at 100°C to the resistance at O°C. 

100 PT 1.385 defines the platinum (PT) RTD calibration as 100 

ohms at O°C and 138.5 ohms at 100°C: R100°C/RO°C=1.385. 

100 PT 1.392 defines the platinum (PT) RTD calibration as 100 

ohms at O°C and 139.2 ohms at 100°C: R100°C/RO°C=1.392. 

120 N11.672 defines the nickel (NI) RTD calibration as 120 ohms 

at O°C and 200.64 ohms at 100°C: R100°C/RO°C=1.672. 

10 CU 1.427 defines the copper (CU) RTD calibration as 10 ohms 

at 25°C. The resistance at O°C is 9.035 ohms and 12.893 ohms 

at 100°C. R100°C/RO°C=1.427. 

BASIC DESIGN FEATURES FOR ALL SPRING-LOADED FASTIP 

RTD'S 
Standard FASTIP RTD's have an accuracy of ±0.5%. This percen

tage relates to the resistance tolerance at O°C. For example, 100 

PT 1.385 sensors would have a resistance between 100.5 and 99.5 

ohms at O°C. The corresponding temperature equivalent is ±1.5°C. 

PRODUCT SHEET'500 defines PYCO's calibration terminology as 

well as the other basic terms used in selecting RTD elements and 

assemblies. Standard FASTIP RTD's can be used continuously up 

to 500°F (260°C). This limitation is due to the Teflon insulated leads 

and not to the sensor itself. 

22·4000 SERIES SPRING·LOADED FASTIP ASSEMBLIES 

22·6000 SERIES SPRING·LOADED FASTIP ELEMENTS 

TABLE 1 itemizes all standard FASTIP assemblies and elements, 

defining CALIBRATION, TYPE and FORM. 

TABLE 1 

Item Calibration Type Form 

01 120 NI 1.672 2-Wire Single 

02 120 NI 1.672 2-Wire Duplex 

03 120 NI 1.672 3-Wire Single 

04 120 NI 1.672 3-Wire Duplex 

05 10 CU 1.427 2-Wire SinQle 

06 10 CU 1.427 2-Wire Duplex 

07 10 CU 1.427 3-Wire Single 

08 10 CU 1.427 3-Wire Duplex 

09 100 PT 1.385 2-Wire Single 

10 100 PT 1.385 2-Wire Duplex 

11 100 PT 1.385 3-Wire Single 

12 100 PT 1.385 3-Wire Duplex 

13 100 PT 1.392 2-Wire Single 

14 100 PT 1.392 2-Wire Duplex 

15 100 PT 1.392 3-Wire Single 

16 100 PT 1.392 3-Wire Duplex 

A COMPLETE LINE OF 

THERMOCOUPLES 

RESISTANCE THERMOMETERS 

AND ACCESSORIES 

SPRING-LOADED 
RESISTANCE 
THERMOMETERS 

March, 1988 by PYCO Inc., Penndel, PA 

600 E. LINCOLN HWY. 
PENNDEL, PA 19047 
215/757-3704 
TELEX: 83-4703 
FAX: 215/757-3780 



TABLE 2 lists the standard 0.250" spring-loaded FASTIP assemblies and elements according to the hardware (nipple "N" or nippleunion-nipple "NUN") and head options (screw-cover head "SCH" or miniature twist-lock head "MTH"). 

TABLE 2 

Head Hardware Assembly PIN Element PIN 
SCH N 22-4018-ltem-"N" -' 'A" 22-6028-ltem-" L:' 
SCH N-U-N 22-4015-ltem-"N"-'W' 22-6028-ltem-" L:' 
MTH N 22-4026-ltem-" N" -' 'A" 22-6021-ltem-" L:' 
MTH N-U-N 22-4027 -Item-" N" -' 'A" 22-6021-ltem-" L:' 

UNDERSTANDING THE DIMENSIONS 
PHOTO A and SKETCH B show the relationship between the ele
ment length and the thermowell-hardware dimensions for ALL 
PYCO spring-loaded RTD's. 

"N" = Nipple length minus the thread engagement 
"A" = Cavity depth: Length of bore in the well. 
"L" = "N" + "A" plus AN ADDITIONAL LENGTH (See TABLE 
3) that will assure at least 0.3" spring-loading. TABLE 3 shows the 
additional length for assemblies using the screw-cover head (SCH) 
or miniature twist-lock head (MTH). 

TABLE 3 

Type of Head Element Length 
Screw-Cover SCH "L" ="N" + "A" + 2.2" 
Min. Twist-Lock MTH "L" ="N" + "P;' + 1.4" 

PHOTO C shows an assembly with a nipple "N" and miniature twist
lock head (MTH). PHOTO 0 and SKETCH 0 illustrates the assembly 
with an "Oil-ring seal. This assembly seals against a pressure of 
500 psi up to a temperature of 500°F (260°C). TABLE 4 shows the 
element length for all of the spring-loaded assemblies with the "0"_ 
ring seal. NOTE that this assembly is also available with the General 
Purpose Head (GPH). 

TABLE 4 

Head Element Length 
Screw-Cover SCH "L" = "A" + 3.5" 
General Purpose GPH " L" = "A" + 2.9" 
Min. Twist-Lock MTH "L" = "/Ii' + 2.7" 

TABLE 5 lists all of the standard "Oil-ring seal assemblies along 
with the part number of the respective replacement elements. These 
assemblies are shown in PHOTOS E, F and G. 

TABLE 5 

00 Head Assembly PIN Element PIN 
0.215 SCH 22-3051-ltem-"A" 22-6027 -Item-" L:' 
0.215 GPH 22-4039-ltem-"/Ii' 22-6027-ltem-" L:' 
0.215 MTH 22-4031-ltem-"A" 22-6029-ltem-" L:' 
0.250 SCH 22-3046-ltem-"A" 22-6028-ltem-" L:' 
0.250 GPH 22-4038-ltem-"A" 22-6028-ltem-" L:' 
0.250 MTH 22-4021-ltem-"A" 22-6021-ltem-" L:' 

PHOTO A 
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PHOTO C I 
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PHOTO 0 I 
'I," NPT 
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SKETCH 0 
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PHOTOS E, F and G. 
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FASTIP ASSEMBLY WITH HEAD (SCH, GPH, MTH) AND 
THE "O"-RING SEAL FITTING 
From TABLE 5 select the six-digit (22-XXXX) assembly part 
number which identifies the element sheath diameter (0.215" 
or 0.250") and the type of head (SCH, GPH, MTH). 
From TABLE 1 select the twa-digit item number which iden
tifies the CALIBRATION, TYPE and FORM. 

REPLACEMENT ELEMENT FOR ABOVE ASSEMBLIES 
From TABLE 5 select the six-digit (22-XXXX) element part 
number corresponding to the assembly with which it is used. 
For element length "[:' use the formula in TABLE 4. 

SEE THE EXAMPLES BELOW 

HOW TO ORDER SUMMARY 
FASTIP ASSEMBLY WITH HEAD (SCH or MTH) and HARD
WARE (ION" or "N-U-N") 

From TABLE 2 select the six-digit (22-XXXX) assembly part 
number which identifies the assembly in terms of head and 
hardware. 

From TABLE 1 select the two-digit item number which iden
tifes the CALIBRATION, TYPE and FORM. 

Specify the "N" dimension. (The shortest "N" dimension 
for a nipple is 0.4". Shortest "N" dimension for the nipple
union-nipple is 2.7". (See Table 8). 

Specify the "A" dimension to the nearest 0.1". 

REPLACEMENT ELEMENT FOR ABOVE ASSEMBLIES 

From TABLE 2 select the element part number correspond
ing to the assembly with which it is used. For element length 
"L", use the formula in TABLE 3. 

HOW TO ORDER FASTIP RTD'S 
Specify a FASTIP RTD assembly with a screw-cover head 
and a 3" nipple. (Refer to TABLE 2). The element is to spring
load into a well with a bore depth of 6.3". The calibration is 
120 ohm nickel (120NI1.627), 3-wire single (refer to TABLE 1). 
22-4018-03-2.3-6.3 

22·4018 = Assembly with a screw-cover head and 
nipple 

03 = 120N11.627 
TYPE = 3-wire 
FORM = Single 

2.3 = "N" dimension for a 3 inch long nipple 
(See PHOTO A and SKETCH B). 

6.3 = "A" dimension equal to the cavity depth of 
the well of 6.3". 

22·6028-03·10.8 specifies the replacement element for the 
above assembly. NOTE: The element length "[:' = 10.8". 
From TABLE 3, "[:' ="N" + "A" + 2.2 

10.8 = 2.3 + 6.3 + 2.2. 

22-3046-03-7.5 identifies an assembly with the "0" -ring seal. 
Calibration, type and form are the same as above. The "A" 
dimension is 7.5". 

ALL ASSEMBLIES WITH THE SCREW-COVER HEAD ARE 
AVAILABLE WITH THE 23-7513 (Two-wire) or 23-7514 (Three
wire) TRANSMITTER 

Above: 224018 Assembly 
Below: 22·6028 Replacement Element 

Above: 22-3046 Assembly 
Below: 22-6028 Replacement Element 

22·4019 and 22-4030 SPRING-LOADED HIGH RELIABIL
ITY ASSEMBLIES 

22-6030 SPRING-LOADED HIGH RELIABILITY ELEMENT 

This series offers 100 ohm PLATINUM elements (100PT1.385) 
in both single and duplex FORM. Also available in single 
FORM only are the 200PT1.385 and 500PT1.385 calibrations. 
ALL have a ±0.1% accuracy, equivalent to about ±0.3°C at 
O°C. ALL 22-6030 elements have a 0.250" sheath diameter 
with an integrally mounted terminal block. 

ALL of the 22·6030 elements conform to DIN 43760; i.e. 
RO°C/R100°C=1.385. Resistance sensors built to this DIN 

standard offer characteristics better suited to rugged in
dustrial applications that involve temperature cycling and 
vibration. 

NUCLEAR HIGHLITE 
The 22-4019 and 22-4030 assemblies using the 22-6030 ele
ment were tested and qualify for use in nuclear power 
generating stations. Qualification testing includes elevated 
temperature, background and accident level radiation, vibra
tion endurance, seismic and LOCA simulation tests in accord
ance with IEEE 323-1974, 344-1975, 382-1972, 383-1974, and 
MIL-STD 167-1. Thermowell assemblies comply with ASME 
BP&V Code Section III and, upon request, are analyzed in 
accordance with PTC 19.3. 



PHOTO H shows the 22-4030 assembly, and to its right, the 
22-6030 replacement element. 

1.---- "A" + 0.3" 
(··A'" = '·U'" + 1.5") 

-+ll-----'·A·· ---.-1 
Element Immersion Length or 
cavity depth 

. 35" 
:rhread engagement for y," NPT 

(''/I:' = .. U" + 1.5") 

'-___ ..."..,...._ .. L,..--~-----~ 
Element Length 

("N" + "A" + 2.2") 

SKETCH OF 22-4030 

0.3" 

The Silhouette above of the 22-4030 "NUN" assembly 
relates the 22-6030 element length to a typical threaded ther
mowell's "U" dimension. While not nuclear qualified, the 
assemblies using the miniature twist-lock head (MTH) use 
an element with the same design features as the 22-6030 
element except that the block used with the MTH is not an 
integral part of the element. 

TABLE 6 lists the part numbers for SCH and MTH assemblies 
with "N" and "NUN" hardware. The replacement element 
part numbers are listed. See Table 3 for the formula for 
calculating the element length "L". 

TABLE 6 

Head Hardware Assembly PIN Element PIN 

SCH N 22-4019-ltem-" N" -' W' 22-6030-ltem-" L:' 

SCH N-U-N 22-4030-ltem-" N" -' W' 22-6030-ltem-" L:' 

MTH N 22-4028-ltem-" N" -' 'A" 22-6022-ltem-" L:' 

MTH N-U-N 22-4029-ltem-" N" -"A" 22-6022-ltem-" L:' 

TABLE 7 itemizes ALL HIGH RELIABILITY assemblies and 
elements for CALIBRATION, TYPE and FORM. 

TABLE 7 

Item Calibration Type Form 

01 100 PT 1.385 2-Wire Single 

02 100 PT 1.385 3-Wire Single 

03 100 PT 1.385 2-Wire Duplex 

04 100 PT 1.385 3-Wire Duplex 

05 500 PT 1.385 2-Wire Single 

06 500 PT 1.385 3-Wire Single 

07 200 PT 1.385 2-Wire Single 

08 200 PT 1.385 3-Wire Single 

HOW TO ORDER HIGH RELIABILITY 
RTD'S 

HOW TO ORDER SUMMARY 

HIGH RELIABILITY ASSEMBLY WITH HEAD (SCH OR 
MTH) AND HARDWARE (liN" OR "N-U-N") 
From TABLE 6 select the six-digit (22-4XXX) assembly part 
number which identifies the assembly in terms of head and 
hardware. 

From TABLE 7 select one of the eight two-digit item numbers 
which identifies the CALIBRATION, TYPE and FORM . 

Specify the "N" dimension. (The shortest "N" dimension 
for a nipple is 0.4". Shortest "N" dimension for the nipple
union-nipple is 2.7".) 

Specify the "A" dimension to the nearest 0.1". 

TABLE 8 

Using a 1/2" IPS Nipple: 
liN" = 0.4", 1.3", 1.8", 2.3", 2.8", 3.3" 

With a 1/2" N-U-N: 
liN" = 2.7", 3.6", 4.1", 4.5", 4.6", 5.0", 5.1", 5.5", 
5.6", 6.0", 6.5", 7.0", 7.5", 8.0", 8.5" 

REPLACEMENT ELEMENT FOR ABOVE ASSEMBLIES 

From TABLE 6 select the element part number correspon
ding to the assembly with which it is used. For element length 
"L", use the formula in TABLE 3. 

SEE EXAMPLES BELOW 

22-4030-04-2.7-7.5 identifies a high reliability assembly with 
screw-cover head and nipple-union-nipple hardware. 

04 = CALIBRATION = 100PT1.385 
TYPE = 3-Wire 
FORM =Duplex 
"N" = 2.7" 
"A" = 7.5" 

22-6030-04-12.4 specifies the replacement element. 

ALL ASSEMBLIES WITH THE SCREW-COVER HEAD ARE 
AVAILABLE WITH THE 23-7513 (Two-wire) OR 23-7514 
(Three-wire) RTD TRANSMITTER. 

I 
I 
·1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



THERMO.WELLS 

PYCO Data Sheet 450·11 

Exhibit 6·9 



I 
I 
I 
I 
I 
I 

Thermowells are precision machined metallic structures designed to 
protect temperature sensing devices. They generally suit applications 
where pressures exceed 75 psi and can be used with any type of 
temperature sensing element. 

Engineering tables and application data (below and page No.4) 
will assist in matching a standard PYCO thermowell to your 
installation parameters. The standard thermowell designs (pages 2 
and 3) offer two advantages: (1) since they are produced on a 
large quantity basis, they bring about reduced cost. (2) the use of 
"standard" wells enables you to interchange sensing elements, re
duces the number of spare wells needed for safe coverage and thus 
minimizes down time. 

Nevertheless, should you run into a thermowell requirement beyond 
the scope of PYCO's "standards" please feel free to contact our 
representatives or sales engineers. 

The tables below present safe values for both tapered and straight stem thermowells 
under the application velocity!flows of air, gas, steam or materials of similar I density, and (bracketed figures) water flow. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Maximum flow/velocity in feet per second for 385" bore (14 gage) STRAIGHT STEM Thermowells 

214 414 714 

290 150 54.1 
(145) (BO) (4B) 

326 192 69.5 
(260) (144) 

349 199 71.9 
I (360) 

316 189 68.1 

Material 

8rass 

Carbon 
Steel 

A.I.S.1. 
304 & 316 

Monel 

Material 

Brass 

Carbon 
Steel 

A.I.S.I. 
304 & 316 

Monel 

INSERTION LENGTH - "U" 

1014 

27.6 

35.4 

36.6 

34.8 

2'h 

321 
(150) 

410 
(270) 

483 
(350) 

396 
(300) 

2% 

305 
(97.5 

386 
(175) 

440 
(243) 

354 
(195) 

1314 1614 1914 2214 MATERIAL 

16.7 11.1 B.O 6.0 Brass 

20.5 14.3 10.3 7.7 Carbon 
Steel 

21.2 14.B 10.7 B.O A.I.S.1. 304 
and 316s/s 

20.8 14.0 10.0 7.5 Monel 

Maximum flow (ft.!sec.) for .385" bore 
(14 gage) TAPERED Thermowell 

INSERTION LENGTH - "U" 

4% 7% 10% 13% 16% 19% 

129 46.8 23.6 14.5 9.6 6.9 
(83.5 

249 90.3 45.6 27.8 18.5 13.2 
(150) 

272 97.3 49.7 30.4 20.3 14.5 
(208) 

214 77.5 39.2 23.8 16.0 10.3 
(167) 

Maximum flow (ft.!sec.) for .260" bore 
(20 gage) TAPERED Thermowell 

INSERTION LENGTH -- "U" 

22% 

5.1 

9.8 

10.7 

7.7 

4% 7% 10% 13% 16% 19% 22% 

93.8 33.9 17.1 10.5 7.0 5.0 3.7 
(54.1) 

180 65.3 33.0 20.1 13.4 9.6 7.1 
(97.2 (58.3) 

197 71.2 36.0 22.0 14.7 10.5 7.8 
(134) 

155 56.1 28.4 17.3 11.6 7.5 5.6 
(108) 

A COMPLETE LINE OF 

THE RMOCOUPLES 

RESISTANCE THERMOMETERS 

AND ACCESSORIES 
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THERMOWELLS 
450-D: * Printed on Recycled Paper 

1977 by PYCO, Penndel, Pa. 

600 E. LINCOLN HWY. 
PENNDEL, PA. 19047 
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STRAIGHT HEX·HEAD THERMOWELLS:: ••••••••••••••••• 

r' 3/4"-'1"-' ,,~I .... I------"U"-----
(immersion Length) 

Part Number 
16·0043 
16·0047 

External Thread 
11/2" NPT 

3/4" NPT 

~~O'76" 
~ Dia 

Thread 

External 
Thread 

Part Number 
16·0089 
16·0059 
16·0061 

External Thread 
1/'1:" NPT 
3/4" NPT 
1" NPT 

••••••••••••• REDUCED TIP THERMOWELlS: ••••••••••••••• 
.. ..U"-----+_! 

1.--- 2.5" -t 

260" Bore 

_)1," NPSM 
Thread 

Part Number 
16·0083 
16·0048 
16·0054 

External Thread 
1/2" NPT 
3/4" NPT 
1" NPT 

Maximum 
Stem Diameter 
0,63" 
0.75" 
0.88" 

••••••••••••••• TAPERED THERMOWEllS: ••••••••••••••••• 

Maximum 
Part Number External Thread Stem Diameter 
16-0063 1" NPT I 1.062" 

0,76" 
Dia 

t 

I ..... _---"U"-----+-l 

Dia 

External 
Thread 

MAlERIALAVAILABLE : 

304 Stainless Steel 

316 Stainless Steel 

347 Stainless Steel 

410 Stainless Steel 

Inconel 

Monel 

Carbon Steel 

Hastelloy "B" 

Hastelloy "c" 
Brass 

Carpenter 20 

Nickel 

-)1," NPSM 
Thread 

~_I4_----"U"'----~ 

0.63" 

Maximum 
Part Number External Thread Stem Diameter 

HOW TO ORDER: 

16-0049 
16-0056 

3/4" NPT 0.88" 
1" NPT 1.062" 

Part Number - "u" (in inches) - Material 

Part Number - "U" (in inches) - Material - "T" (in inches) 

rT'-+-1 

41 g 
EXAMPLES: 16·0083·8"· 304s/s· T=3 

("T" dimension must be 
specified when ordering 
Thermowell w/lAGGING 
EXTENSION). 

indicates a 304s/5 reduced·tip well w/3" lag. Stem length is 8". 

NOTES: 1). All threaded wells are available with brass plug 

and chain. 

2). Van Stone or flanged thermowells' part numbers 
should include the following: 

(a) - Flange size 
(b) - pressure rating 
(c) - facing 
(d) - material 

EXAMPLE: 16·3010·4"· Monel w/1"·150 Ibs. RF Carbon Steel Flange 
(a) (b) (c) (d) 
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I 
I 

••••••••••••••• WELD-IN TYPE THERMOWELLS: ••••••••••••••• 

Ldt:~~ .. ~U .. ~i'~~1.75~ .. 1-,E= 
0.76" Pipe 
'1ia Size 

385" Bore 
Part Number 
16-5032 
16-5033 

y," NPSM 
Pi Size 
3/4" (1.050") 
1" (1.315") 

Part Number 
16-5037 
16-5038 

i1.75"1-"U'k=2:"' ~ 
-,-

Pipe 
Size 

y," NPSM 

Part Number 
16-5031 
16-5018 

Stem 
Size 

Pipe Size 
3/4" (1.050'" 
1" (1.315'" 

Stem Size 
0.75" 
0.88" 

0.63" Dia 

1" r-3"-1'~· --'U"---l-,~U 
~~:'~~: ~E~~I~~::~~~ 0.63" Dia 

~%" NPSM r= Bore t 
______________ VAN STONE THERMOWELLS: ____________ _ 

Part Number 
16-3008 
16-3009 

Pipe Size 

\1" 1-1/2" 

R 
2" 
2.88" 

o 

-" 
.260 Bore 

-.75" Stem 
Diameter R-/ 

I UI 

i 

~ y.; 

r-

"U" 

f-f-
I 1 

iv." 

.385" Bore 

O.SS" Ste m 
Diameter 

Part Number 
16-3010 
16-3011 

R 
2" 
2.88" 

IStraight: 
.260" BORE (20 Gage) 

Part Number: 16-2021 

~ .2 60" BORE (20 Gage) 
Tapered: 

Part Number: 16-2044 

I 
I 
I 
I 
I 

2.25"-1 

Bore 
Dia 

.385" BORE (14 Gage) 

Part Number: 16-2022 I 

FLANGED THERMOWELLS: 

5" 

O.SS" Min 

.385" BORE (14 Gage) 

Part Number: 16-2045 



One chooses the material of a thermowell primarily when considering the durability a material will have when exposed to the 
process environment. The following corrosive guide to materials selects certain atmospheres and recommends the least expen
sive material best suited to the application. 

CORRODE NT 

AcetIc ACId 

~tone 

AcetylerMI 

Alcohols (Ethanol and ButylJ 

AmmonIa. Dry 

Ammonium Hydroxide 

Ammonium Chloflde 

AmmonIUm Nitrate 

Ammonium Sulfate 

AspNll 

Atmosphere. IIndust,ialand Marine) 

81 .. ching POwMr 

Boric Acid 

Bromine 

Cllcium 8isulphile 

Cllcium Chloride 

CalCium Hydroxide 

C.,bon Dioxide. Dry 

Clrbonated Water and Beverages 

Carbon Te1r.chloride 

Chlorine, Dry and Moist 

Chloroform, Dry 

Chromic Acid 

CiuicAcid 

eopp.r ItOI Chloride 

Copper (10) Nitrate and Sulfate 

Copper Plating Soluticm ICYanide) 

Copper Plating Solution IAcidl 

en"",,. 
Ctude{)il 

Ethyl Chloride. Cry 

Ethylene Glyeolluninhlblted) 

Ethylene Oxide 

Fatty Acids 

Ferr;';Chloride 

Ferric Sulfau 

Formaldehvdco 

Frean 
Fluorine. AnhydrOUl 

GasoJiJW 

GluCOll and Glue ph 6."8 

G1vceriN! 

HydrobromiC Acid 

HydrOChloric:: Acid 137.38%) 

Hydrottn Chloride. Drv 

Hydrofluoric Acid 

Hydrofluogilic:ic Acid 

Hydrogen PerOXide 

TEMP 
F 

212 

212 

400 
212 

212 

212 

300 

300 

212 

250 

70 

212 

'00 
12S 

1S 

212 

300 

800 
212 

125 

100 

212 

300 

212 

212 

300 
180 

75 

200 

300 

500 

212 

1S 

500 

7S 

300 

212 

300 

100 

300 
300 

212 

212 

225 
500 

212 

212 

125 

CONe. 

" 
All 

All 

All 

All 

All 

SO% 
All 

All 

50% 

All 

All 

O,y 

All 

All 

20% 
All 

All 

All 

All 

All 

All 

All 

All 

All 

All 

All 

All .... 
Stee' 

All 

All 

All 

""" 4(,,, 
1()'10Q% 

RECOM. 
MAT. 

Monel 

:104SS 

:104SS 

:104SS 

304,316SS 
304,31655 

Monel 

:104SS 

31655 
30455 

304SS 

Monel 

Brass 
316SS 

Monel 
Hut.C 
Hut.C 
Hnt,C 

8ru$ 

304SS 

Monel 

MOMI 

Monel 

Hast.C 

Hau.C 
Hast.C 

31655 
304SS 

304SS 

304SS 

Monel 

Steel 

304SS 

Steel 

31655 

Hast.C 

304SS 

318SS 

5,..' 
304SS 

304SS 

BrlSs 
Hast.C 

Hast. B 

304SS 

Monel 
Monet 

300SS 

CORRODENT 

KIlr01ene 

Lacquer~ and Thinners 

lactiC Acid 

Lime 

Magnesium Chloride 

MagnesIum HydrO)ude 

Magnn1um Sulfate 

MerCUriC ChlOride 

Mercury 

Milk, Iresh or $Our 

Na1uralGu$ 

Nitric ACid 

NitrtCACld 

Oxygen 

Photographic 81eachmg 

PhosphoriC ACid 

Phenol 

Potaulum Compounds 

PrOj)ine 

Relln 

SeaWater 

Soap and D.etergent'. 

Sodium 8Icarbonat;' 

$odIum 8.sulphite 

Sodium Carbinale 

SodIum Chloride 

Sotilum Chromate 

So(hum Cyanide 

SodIum Hydroxide 

Sod"'m Hypochlorite 

Sodium N'Wlle 

Sodium Nitrile 

Sodium Sulfate 

Sodium Sulfide 

Sodium Sulfite 

SodIUm ThIosulfate 

511!am 

Sulfur 

Sultur Chloride 

Sultur Ol(n:ide and TriOXide 

Sulfuric ACid 

Sulfuric Acid 

Sulfuric ACid 

Sulfuric ACid, fumU'lg 

Sullurous Acid 

Tannic Acid 

Turpentine 

Zinc Chloride 

Zinc Sultate 

TEMP. 
F 

300 

300 

300 

212 

212 

'5 
212 

75 

700 
180 

'0 
'5 

300 

75 
100 

212 

212 

300 
700 

7S 

212 

212 

212 

212 

300 

212 

212 

212 

75 

212 

15 

"2 
21> 

212 

212 

500 

7S 

500 

212 

212 

212 

17S 

'S 

'S 
75 

112 
212 

CONe. .. 
All 

All 

All 

All 

50% 

All .... 
10% 

100% 

All 

All 

RECOM. 
MAT . 

Steel 

304SS 

316SS 

315SS 

Nickel 

304 SS 

304SS 

HaS1.C 

Steel 

:104SS 

304 SS 

:104SS 

316SS 
All Stetl 

All 304 55 

All 31655 

All 31655 

SEE SODIUM COMPOUNDS 

Steel 

100% 

All 

20% 

20% 

40% 

30% 

All 

All 

30% 

10% 

40% 

20% 

30% 
10% 

30% 
All 

0,. 
D,y 
10% 

10._ 

9().100% 

All 

All 

31655 

Monel 

304SS 

316SS 

304SS 

316SS 
Monel 

3165S 

304 SS 

316SS 

Hau.e 
304SS 

31655 

31655 

316SS 

304SS 

304SS 

304SS 

304SS 

316SS 

31655 

316SS 

Hast.S 

31655 

Hasl.C 

31655 

Hast. 8 

316SS 

Han.S 

316SS 

Three temperature-dependent factors influence ordering thermowells: (a) the corrosiveness of the 
en.vironment (table, page No.4), (b) the stress on material due to process flow/velocity (page No.1), 
and (c) the process pressure (below). 

PRESSURE/TEMPERATURE RATINGS 
(in Ibs. per square inch) for straight or 
tapered (.385" bore) thermowells.* 

~~~~~~~~~ PRESSURE/TEMPERATURE RATINGS 
(in Ibs. per square inch) for .260" bore 
tapered thermowells. * 

E~ 
.385" Bore (14 Gage) .260" Bore (20 Gage) 

TEMPERATURE _OF. TEMPERATURE _OF. 
MATERIAL 

700 200° 400
0 

600
0 

800
0 1000° 1200° 

MATERIAL 
70

0 
200

0 
400

0 
600

0 
800

0 
10000 ~200° 

Brass 5000 4200 1000 - - - - Brass 5300 4750 1100 - - - -
Carbon Steel 5200 5000 4800 4600 3500 1500 - Carbon Steel 5950 5750 5450 5250 11000 1750 -

A.I.S.1. 304 7000 6200 5600 5400 5200 4500 1650 A.I.S.1. 304 7800 7050 6400 6150 6000 5190 1875 

A.I.S.1. 316 7000 7000 6400 6200 6100 5100 2500 A.I.S.I. 316 7800 7800 7250 7100 6950 5800 2720 

Monel 6500 6000 5400 5300 5200 1500 - Monel 7450 6850 6150 6100 5940 1750 -
*Pressures shown are for a safe non-collapsing pressure per appropriate listed material temperatures. 

PYCO.INC. / 600 E. Lincoln Hwy. / Penndel, Pa. 19047 (215) 757·3704 Telex: 83:4703 
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Honeywell Stellantriebe und Hilfsgerate fur Stellgerate ... 
$erie 2000 Pneumatlsche Membranantrlebe 

Speziflkatlon 

1YP: 

Antriebsgr68en: 

Wirkungsweise: 
Temperatur
bereich: 
NennhUbe: 
Max. zulAssiger 
Druck: 
GerAte
information: 

Wirkungsweile: 
Temperatur
bereich: 
Nennhilbeam 
Hebel: 
Max. zullsslger 
Druck: 
Gerite
Information: 

Antriebsgr6Ben: 

Wllkungsweise: 
"'IiImperatur
bereich: 
Drahwinkel am 
Ausgang: 
Max. zu\lssiger 
Druck: 
Gerite
Information: 

Funktlon: 

BngangsslgnaJ: 
Tetnperatw
bereich: 
Nennhub: 
Hllfsenergie: 
Gerlte
Information: 

Membranantrieb mit 
Federri.ickstellung 
300 bis 2600 cm2 
wirksameAiiche 

Direkt unci umgekehrt 

-60 bis 130" C 
10bis 100mm 

6.0 bar 

~-12 

Membranantrieb mit 
Federriickstellung 

300 bis 600 cm2 
wirI<same Aiic:he 
DiIekt unci umgekeIvt 

-60 bis 130" C 

42bis263mm 

6.0 bar 

~-19 

Membranantrieb mit 
FederTUcksteilung und 
gekapseltem 
UmIenkgetriebe 

300 bis 2600 cm2 
wirI<same Aiic:he 
Oirekt und urngekehrt 

-60 bis 130" C 

60" -90" 

6.0 bar 

EIekIrischer 
ScIUlantrieb 
Otne ocJer mit 
integriertem RegIer 

4-2OmA 

-2Obis6O"C 
2Ound38mm 

24 Vund 220 V 

0A-20.1 

Hauptrnerkmale 
Kompakte StahlkonstnJktion, 
vibrations- unci stoBfest. 

Geeignet fOr rauhen Alltagsbetrieb 
unci extreme Umgebungs
bedingungen, hohe L.ebensdauer. 

8nfache Reversiertlarkei vor Ort. 
Multifederantrieb mit justierbalem 

Signalbemich. 

Erweiterte FunktionalitAt durch 
umfangreiches Zubehi:Ir. 

Hauptmerkmale 
Kompakte StahlkDnstruktion, 
vibIations- unci stoBfest. 

Geeignet fOr rauhen AIItagsbetrieb 
unci extreme Umgebungs
bedingungen, hohe Lebensdauet 

8nfache ReYe!siertlarke vor Ort. 
Multifederanlrieb mit justieIt:laIgm 
SignaIbereich. 

Erweiterte FunktionaIitlIt durch 
umfangreiches ZUbehClr. 

Geeignet fOr rauhen AlItagsbetrieb 
unci extreme Umgebungs
bedingungen, hoIie L.eI:iensdauer. 

8nfache ReIIersierbaJke IIOrOrt, 
MuItifederarltJ mit justieIt:laIgm 
SignaIbereich. 

Erweiterte FunktionalitAt durch 
umfangreiches ZubehOr. 

HauptmertuMIe 
Kompakt, niedrige BauhOhe. 
Montage in jeder Position, kraft
abhI!ngige EncIabschaIIung. 

Geeignet fOr Regelung ocJer Auf-ZU 
Betrieb bis ON 80. 

Sis zu 4 sindstellbare EndschaIter; 
Rilckfilhrpotentiomter; 
SteUungsregler. 

Nutzen fOr den Anwender 
Universelle Anwendung fOr aile 
IndustrieZweige unci SteilgerBte
Baureihen, reduzierte LagertlaJtung 
von Antrieben unci Ersatzteilen. 

Einsetzbar in allen Klimazonen 
von -60" bis 13O"C,~, 
extrem langlebig (>1OS ZykIen), 
geringer EtsaIzteilbedarf. 

8nfache Anpassung an gegebene 
Proze8bedingungen Kosten
einspaM"lg bel Inbetriebnahme unci 
Service. 

Passende Steliungsregler. SignaI
former; SchaIter. Handriider etc., 
ermoglichen nachtIi:igIiche 
Erweiterung. 

Hutzell fOr den AnwtInder 

Universelle Anwendung fOr ale 
Industriezweige unci SteIJgeriite
Baureihen. reauzierte LagertlaItung 
von Antrieben unci Ersatzteilen. 

Einsetzbar in allen KIimazonen 
von -60" bis 13O"C, wartungsfrei, 
extremlanglebig(>1OSZykIen), 
geringer Ersatzteilbedarf. 

Einfache Anpassung an gegebene 
ProzeBbedingungen Kosten
einsparung bel Inbetriebnahme unci 
Service. 
Passende StellurlgSleQler. Signal
former; SchaIter; HandriIder etc., 
ermOgtichen nachtragIiche 
Erweiterung. 

Nutzen fOr denAnwender 
Universelle Anwendung fOr aile 
OIehstellgeriite gemaB 
ISO 5210111, reduzierte Lager
haltung von Antrieben unci E:rsatz
teiIen. 
Einsetzbar in allen KIimazonen 
von -60" bis 13O"C, wartungsfrei, 

~~,geringer 

EinfacheAnpassung an gegebene 
ProzeBbedingungen, 
Kosteneinsparung bei Inbetrieb
nat1me unci Service. 
Passende Stellungsmgjer; SignaI
former; SchaIter; HandIider etc., 
ermiigIichen nachttriigliche 
Erweiterung. 

Hutzell fiirden AnwtInder 

ExzeIIentes Kosten-II..eistlrlgs
vertliIItnis bei kleinenAnlriebs
lriften, einfache Installation unci 
Inbetriebnahme, wartungsfrei. 

Anwendbar bel Serien 2000. 2003, 
2013, V 5066, gemeinsame 
Ersatzteilhaltung. 

8nfacheAnpassung an 
vorhandenen RegelkIeis, vieIseitige 
Anwendungen, prazise Regelung. 

,. 
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Eine breite Palette erprobter Stellgerate-Baureihen ... 
Serle 2060 Regelventll (2-Wege) fUr den Mltteldruckberelch bls PN 100 

Spezifikation 
Nennweiten: ON 15 bis ON 150 

Nenndriicke: PN 63, PN 100 

Temperatur-
bereich: -200 bis 540" C 

Stellvertl4ltnis: 50: 1 

Garite-
Information: 

Serle 600 Regelventil (2-Wege) mit Druclcausglelcfl 
Spez/fikation 
Nennweiten: ON 15 bis ON 150 

Nenndriicke: 

Temperatur
bereich: 
Stellvert1lItnis: 

Garite
Information: 

PN 16, PN 25. PN 40 und 
ANSI 300 

-200 bis 540" C 
50:1 

DA-18 

Serle 2003 Regelventll (3-Wege) fUr Mischbetrieb 

Serle 2013 Regelventil (3-Wege) fUr Vertellerbetrieb 

Spezifikation 
Nennweiten: ON 15 bis ON 300 

Nenndriicke: PN 16. PN 25, PN 40 und 
ANSI 300 

Temperatur
bereich: 
StelIvertl4ltnis: 

Gen\te
Information: 

-200 bis 540" C 
50:1 

DA-18 

Serle 9000 KAftgventiI (2-Wege) fUr hohe Setriebsdriicke bIs PN 160 

Spezifiketion 
Nennweiten: 
Nenndriicke: 

Temperatur
bereich: 
StellverhAltnis: 

Gen\te
Information: 

ON 25 bis ON 300 
PN 40. PN 63. PN 100 
PN 160undANSI300. 
ANSI 600. ANSI 900 

-200 bis 540" C 
50:1 

0A-24 

Hauptmerkmale 
Kempakt, obengefOhrt, universelle 
Anwendung. 

VerfOgbar in den hilufigsten 
AusfOhrungsfonnen. 

Gieiche Antriebe und Hilfsgerilte 
wie fOr die ubrigen Ventilbaureihen 
von Honeywell 

Hauptmertanale 
Schwere, kegelschaftgefiihrte 

Baureihe mit Druckausgleich. 

~in den haufigsten 
AusfOhrungsformen. 

GIeiche Antriebe und Hilfsgerite 
wie fOr die ubrigen \IentiI
baureihen von Honeywell. 

Hauptmertanale 
Sitzringgefiihrte Baureihe, einfach 
anzupassen an Misch- oder 
Verteilerbetrieb. 

\ierfUgbar in den haufigsten 
AusfOhrungsformen. 

GIeiche Antriebe und Hilfsgerite 
wie fOr die ubrigen Ventll
baureihen von Honeywell. 

Hauptmertanale 
KlifiggefOhrte Baureihe. wahIweise 
m~ oder otv1e 0ruckausgIeich. 

'krfOgbar in den hiiufigsten 
AusIOhrungsfonnen. weiler 
Anwendungsbe!eich. 

GIeiche Antriebe und Hilfsgerilte 
wie fOr die ubrigen Ventil
baureihen von Honeywell. 

Nutzen fUr den Anwender 

Gieiche Baugruppen wie Serle 
2000, reduzierter Elsatzteilbedarf. 

Weiler Anwendungsberei, 
praxiserprobt. 

Standardisiertes Antriebs- und 
ZubehOrprogramm (Stellungsreg~ 
SchaIter, SignaJumformer etc), 
minimale Kosten fOr 8satzteile 
und L..agerhaltung. 

Nutzen fUr den Anwender 

Holle Stabilit8.t bei gro6en 

Oriicken und OiIferenzdrUcken. 

Weiler Anwendungsberei. 
praxiserprobt. 

Standardisiertes Antriebs- und 
ZubehOrprogramm (Stellungsregler; 
SchaIter; SignaJumformeretc), 
minimale Kosten fOr 8satzteile 
und LagerhaItung. 

Nutzen fiIr den Anwender 

Keine zusatzlichen leile. "nge 
Kosten fOr gemeinsame Celie 
und L..agerhaltung. 

Weiler Anwendungsberei. 
praxiserprobt. 

Standardisiertes Antriebs- und 
ZubehOrprogramm (Stell~ 
(SchaIter; SignaJumformer etc), 
minimale Kosten fOr 8satztet1e 
und L..agerhaltung. 

Nutzen fUr den Anwender 

Extrem stabile Konstruktion fOr 
hohe OiIferzdrOcke. einfache 
'Mvtung Und Instandhaltung. 

Sehr gute dynamische StabirlW. 
lange l.ebensdauer; Gerau
SCharmut. praxiserprobte Baurelhe 
fOr schwierige AppIikationen. 

Standardisiertes Antriebs- und 
ZubehOrprogramm (Stellungsregler, 
SchaIter; SignaJumformer etc), 
minimale Kosten fOr 8satzteile 
Und lagerhaItung. 
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Serie V 5068 Regelventil (3-Wege) filr wannetrilger6le 
Spezifikation 
Nennweiten: ON 25 bis ON 80 
Nenndruc:k: PN 16 
Temperatur-
benIich: -60 bis 350" C 
StellverhAltnis: 30:1 
Gen1te-
Information: 0A-21 

Serle 2100 RegeIventIl (2-Wege) fOr zIhe oder venchmutzte Medlen 
Speziflkation 
NennweItan: 
Nenndriicke: 

Temperatur-

ON 25 bis ON 300 
PN 25. PN 40. PN 63. 
PN 100 unci ANSI 150. 
ANSI 300. ANSI 600 

bereich: -60 bis 350" C 
StelIverhIItnis: 100:1 
Gen1te-
Information: 0A-11 

Mie 2850 DrosaeIkIappe fOr hohen Durchtlu8 bel kIeInen DIIIerenzcIriic 
Speziflkation 
Nennweiten: 
Nenndriic:ke: 

ON 80 bis ON 800 
PN 10. PN 16. PN25U1d 
ANSI 125. ANSI 150. 

-10 bis 350" C 
30:1 

&erie 800-30 RegeIYentII (Ec~) fOr HochdnIck-AnwencIungwJ 
Speziflkation 
Nennweiten: 
Nenndriicke: 

Temperatur. 
bereich: 
Stellvertl4Jtnis: 
GerAte
Information: 

ON 25 bis ON 150 
PN 160. PN 250. 
PN 320 unci ANSI 900. 
ANSI 1500. AlNSl2500 

-60 bis 450" C 
50:1 

Hauptrnerkmale 
Spezia!baureihe fOr WiirmstragerOI
Anwendungen mit doppeI
wandigem EdeIstahl-Faltenbaig. 

Geeignet fOr Misch- unci Verteiler
betrieb ohne zusiitzliche 
Bauteile. 
Gleiche Antriebe unci Hilfsgeriite 
wie fOr die iibrigen Ventllbaureihen 
von Honeywell 

HauptIMrIcmaIe 
Patentierte DrehkageI-Ausfiihnxlg. 
sehr greBe Kv-Werte. 

Gerader Durt:hIIu8. keine UmIen
kungen oder1Otrilume. 

GIeiche Antriebe unci Hilfsgenlte 
wie fOr die iibrigen ventiI
baureihen von Honeywell. 

GIeIche Antriebe unci Hilfsgerite 
wie fOr die iibrigen VentiI
baureihen von Honeywell. 

IIauptrMrIcnIII 
KegeIschaftgefO tioc:tDuck-
8eureihe. mit I.Ild ohne Druck-

• ausgIeich. 

SpezieIIe FormQebI.rlg des Venti
geh!iuses. 

Anti-Kavilaticnsgar. 

GIeiche Antriebe unci HiIfsgeIj!te 
wie fOr die iibrigen \lentil
baureihen von Honeywell. 

Nutzen fOrclenAnMnder 
Wartungsfrei. keine Packungs
Ieckage. sehr giinstiges Kosten-I 
l.eistungsverhilltnis. 

Hohe FlexibiliUlt unci ZUver1assigkeit 
durch einheitliche Ausfiihrung. 

Standardisiertes Antriebs- U1d 
Zubehiirprogramm (StelIungsregIer. 
Schaller. Signalumformer etc). 
minimale Kosten fOr Ersatzteile 
U1d l...agert1aItun. 

NulzenfOrclen~ 

Gute dynamische StabiliUIt. kIeine 
AestIeCkmengen. Kostenein
sparung dun::h wahl airier kIeineren 
Nennweite mOgIich. 

Ksine Verstopfung oder Ansarrvn
Ulg von Fesistotren. hohe 
Betriebssichett bei zilhen. 
ac:hnMzigen Median. 8Ih/lhte 
Lsbensdauer bei Suspensionen. 

StanclardisiertesAntriebs- U1d 
~(Stalu1Qslagler. 
(Sc:haIter. SignWnformer etc). 
minimaIe Kosten fOr Etsatzteile 
U1dL.agerhaltung. 

Nutzenfllrclen~ 

ElczeIIentes Kosten-A.eistungs-
1IeI'hlIItnis. sehr gute RegeIbarkait. 
Gro6e FlexibilitAt bei Anpassung 
an GegenfIansche. einfache 
Montage. 

Standarcisiertes Antriebs- U1d 
~(Stellungsregler, 
(SchaIter. SiQnaIumformer etc). 
minima/e Kosten fOr ErsatzteiIe 
U1d L.agerhaItung. 

Nutzen fOrclen ~ 
Sehr robuste Konstruktion. QUte 
dynamische StabiIiUlt bei hohen 
DIfIerenzdrOcks . 
MinimalerVerschlei6I.1ld ert10hte 
lebensdauer. geeignet fOr abrasive 
Median. 
Hohe lebensdauer. 
Geriiuscharmut. 
Stanclardisiertes Antriebs-1.Ild 
ZUbehOrprogramm (Stellungsregler. 
SchaIter, Signalumformer etc). 
minimafe Kosten fOr ErsatzteiIe 
I.Ild LagerhaItung. 

.• 
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Nutzen fur den Anwender 

Geringer Platzbedarf. eintache 
Installation und Instandhaltung. 

Dichter AbschluB. kostengunstig. kein 
spezielles Absperrventil notwendig. 

Leichte Austauschbarkeit und 
Instandhaltung. perfekte Zentrierung. 
geringe SchlieBkrafte. 

Geringe Kosten fUr Lagerhaltung und 
\ Ersatzteile. 

, "The Right Fit". d.h. optimate 
Anpassung an die jeweiligen 
Betriebsbedingungen. 

GroBe Aexibilitat. leichte Anpassung 
an besondere Betriebsbedingungen. 
vertangerte Lebensdauer, Gerausch· 
armut. 

Leichte wartung. niedrige Kosten fUr 
Instandhattung. keine Spezial· 
werkzeuge. 

Pneumatischer Antrieb Serie 2000 
- " ..... AMerkmaie ·S!:·§! 

Kompakte Stahlkonstruktion. 
vibrations· und stoBfest. 

Geeignet fUr rauhen Alltagsbetrieb 
und extreme Umgebungs· 
bedingungen, 

Hohe Stellkrafte trotz geringer 
Abrnessungen. Tandem- AusfUhrung 
unter Verwendung gleicher Bauteile. 

Justierbare Signalbereiche und 
Umkehrung derWirkungsweise ohne 
zusatziiche Teile, 

Multifeder-Antrieb mit spezieller 
Stangenabdichtung. 

Nutzen fur den Anwender 

Universelle Anwendung fUr aile 
Industriezweige und Honeywell 
Stellgerata-Baureihen, 

Einsetzbar in allen Klimazonen von 
·OO·C bis 130·C. wartungsfrei. 
unempfindlich gegen StoB und 
Vibrationen. Seeklima. Industria
atmosphare. 

Kein Druckregler (bis max. 6.0 bar) 
erfordertich. Montage in jeder Position 
und nachtragliche Erweiterung als 
Tandem-Version meglich, 

Einfache Anpassung an gegebene 
ProzeBbedingungen. wezige Nenn
signatbereiche. reduzierter Ersatz
teilbedarf. 

Geringes Gewicht. extrem hohe 
Lebensdauer « 1 Million Hubzyklen) .• 

,-
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Serie 2000 

Regelventil Serie 2000 
==-..--:'-" Merkmale . ::::.-.::..: 

Kompakte Universal-8aureihe von 
ON 15 bis ON 300 gemaB DIN und 
ANSI Normen. 
NenndnJcke: PN 16, PN 25, PN 40 

ANSI 150, ANSI 300 
Temperaturbereich: -2OO-540°C 
Regelbarkeit : 50:1 
Gerate-Information: DA-13 

Einsetzbar bei den meisten (90%) 
industriellen Anwendungen, zahlreiche 
AusfOhrungsformen und PrOf
bescheide sind verfOgbar: 

o 6 verschiedene Werkstoffe 
o 4 verschiedene Oberteile 
o 5 verschiedene Drosselorgane 
o 3 Standard·Kennlinien 
o pneumatische und elektrische 

Antriebe 
o Zertifikate : VdTUV, DVGW, PTB, 

Germanischer Uoyd, DSRK, etc. 

Optimierter Stromungsverlauf, 
geringer Widerstand. 

Nutzen fOr den Anwender 
Sehr weiter Anwendungsbereich, 
keine verschiedenen Baureihen inner
halb einer Anlage, wirtschaftliche 
Lagerhaltung, reduzierter Ersatzteil
bedarf, lieferbar in allen gangigen 
AusfOhrungsformen, Werkstoffen, 
Druckstufen usw. 

Praxiserprobte Zuverlassigkeit, 
limitiertes Risiko, exzellentes Preis-/ 
Leistungsverhiiltnis ("The Right Frt"). 

UnterstOtzung durch erfahrene 
Anwendungsspezialisten von 
Honeywell. 
Mit HiHe von VALCAL wird durch auch 
dem Laien eine vemOnftige 
Berechnung und Auswahl ermtiglicht. 

Hohe DurchfluBkapazitii.t, geringe 
Turbulenzen, gerauscharm, hohe 
Lebensdauer. 

',"";,' '"'Merkmale ~' 

Niedrige BauhOhe, oben gefOhrter 
DrosseIk6rper. 

EinsitzausfOhrung bis ON 100. 

Optimierte Regelgamituren. 

Gerneinsarne Hilfsgerate fOr alle 
Stellgerate-Baureihen. 

GroBe Auswahl an verschiedenen 
Kv-Werten und Kennlinien. 

Verschiedene, auswechselbare 
Garnituren. 

KostengOnstige, einfache Ersatzteile 

" 



I 
I Honeywell SteII gerate: "The Right Fit" 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Honeywell Stellgerate zeichnen 
sich aus durch: 
• Innovative Technik 
• PrSzision und ZUVeriassigkeit 
• Hohes Quaiititsniveau 
• ComputerunterstUtzte 

Berechnung. Herstellung und 
Auswahl 

• Rasche Verfiigbarkeit (Jill 
• Einfache Installation und 

Instandhaltung 

Honeywellindustrie-Steligerate sind 
-die ideale Losung", urn Ihren Regel
kreis zu schlieBen. Sie sind in fast allen 
Industriezweigen anwendbar und 
stehen in zahlreichen Druckstufen, 
Nel"'nweiten und Werkstoffen zur 
Ve: Jng. Sie werden erganzt durch 
ein breites Sortiment von Hilfsgeraten, 
urn den Anforderungen des Marktes 
gerecht zu werden. Zu nennen 
sind : Pneumatische und elektro
pneumatische Stellungsregler; 
Signalumformer; Grenzwertgeber; 
Magnetventile usw. 

Honeywell-Stellgerate werden seit . 
mehr a1s 30 Jahren in Europa 
produziert. In diesem Zeitraum bewies 
das Untemehmen seine Leistungs-. 
fBhigkeit a1s weltweiter Hersteller von 
zuverlassigen, qualitativ hochwertigen 
Regelventilen. Die Anwendungen 
reichen von relativ einfachen 
Regelungen in der Gebaudea~o-. 
mation bis hin zu extrem schWiengen 
Aufgaben in Kemkraftwerken. 

Bei der Auswahl eines geeigneten 
Stellgerates mussen Sie stets aus 
einer Fulle moglicher Losungen die 
optimale herausfinden, d.h. eine 
Entscheidung treffen, die in technischer 
und okonomischer Hinsicht optimal ist. 
Dier 'ordert nicht nur grundliche 
Facl J,1ntnisse, sondem daruber 
hinaus einen betrachtlichen Zeit
aufwand fUr Berechnung, Produkt-

spezifikation und Auswahl. Urn 
wertvolle Zeit zu sparen und sicher
zustellen, daB Sie von Beginn an die 
richtige Entscheiding treffen, hat 
Honeywell VALCAL entwickelt, ein 
Computer-Programm fUr die 
Berechnung, Spezifikation und 
Auswahl des bestgeeigneten Stell
gerates. VALCAL ermoglicht eine 
rasche und optimale Auswahl aus einer 
breiten Palette maglicher Losungen 
und gewBhrleistet, daB Sie das 
Stellgerat identifizieren, das exakt 
Ihren spezifischen Anforderungen 
entspricht. Eine Kopie der Basisversion 
VALCAL 3.3 stellen wir unseren 
Kunden auf Anforderung kostenlos zur 
VerfOgung. 

Die folgenden Seiten zeigen das 
Standard-Stellgerate- und Zubehor
programm von Honeywell. Bei der 
Ausarbeitung spezieller; anwendungs-· 
spezifischer LOsungen. sind wir Ihnen 
geme behilflich. Falls Sie weitere 
Informationen wClnschen, oder an 
unserem Programm VALCAL 3.3 
interessiert sind, so wenden Sie sich 
bitte an die nachste Honeywell
Niederlassung. 

Baureihe 2000 
.•. variabel. okomisch. weltweit 
erprobt ... 

Honeywell-Stellgerate der Baureihe 
2000 sind in allen bedeutenden 
Industriezweigen fUr die unterschied
lichsten Anwendungen einsetzbar. Ihre 
hohe Zuverlassigkeit - auch unter 
extremen ProzeB- oder Umwelt
bedingungen-, die einfache wartung 
und Instandhaltung und - nicht zuletzt 
- die kUnftig zu betrachtende 
IntegrationsfBhigkeit in modeme 
ProzeBleitsysteme, werden Honeywell 
- Stellgerate der Baureihe 2000 auch 
in der Zukunft attraktiv erscheinen 
lassen. 

.>. 
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fA V 295 
2-way control valve 

The V295 is a flanged piston valve 
of nodular iron, size ON 40-100, 
pressure rating PN 25. 

The V295 is ideal for district hea
ting. 

TECHNICAL DATA 

The type of actuator fitted is de
termined by the control system: 
required torque, travel time, etc. 

Type ............................. V295 
Part number .................... See table 1 
Size ........................ DN 40-100 
Construction ............. Flanged piston valve 
Characteristic. . . . . . . . . . . . . . . . . . Logarithmic 
Kvsvalue ........................ 16-125 
Pressure rating ..................... PN 25 
Max. temperature water ............... 180

0 

C 
Max. f::,. Pm, valve open ............... 800 kPa 
Rangeability ......................... 30:1 
Max. leakage, closed valve ........... 0.1 % of Kvs 
Material: 

Body .............. Nodular iron SIS 0717-02 
Plug and seat .......... Stainless steel SIS 2333 

Packing ........... Spring loaded V-ring of PTFE 
Connection ....... Flanged ISO/R 2084, BS 4504 
Valve lift ................... 31.5-50.3 mm 
Weight ........................ 15-57.0 kg 

F-20-11 
December 1983 

As standard, the valve and actua
tor are supplied separately as an 
assambly but can be supplied for 
site assembly. 

t> 
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PRESSURE DROP DIAGRAM 

Pressure drop 
m wq kPa 

4(}-< 
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20-
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_IIPm 
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" ' 6' , '10 2b .3'0 40 sO" ,00 
Flow rate 

l1 Pm = max. pressure drop open valve (plug and seat material limitation). 

PART NUMBERS 

Size ON/Kvs Part number 

40/16 721-9574-000 
40/25 721-9546-000 
65/40 721-9550-000 
65/63 721-9554-000 

100/80 721-9558-000 
100/125 721-9562-000 

ACTUATORS 

Actuator M5C M15C 
EM5C 

Valve Max. differential pressure 
with valve closed, l1 Pc in 
kPa (Q leakage < 0.1%) 

ON 40 1600 1600 
ON 65 600 700 
DN 100 - 450 

DIMENSIONS 

4 Hales 
(ON 401 

/~D~o~e~. 
1001 

0d, 

I 

. INSTALLATION 

The valve should be mounted in the re
turn, where possible, to avoid unneces
sarily high actuator temperature. 

The actuator should not be located 
under the valve. 

A filter should be installed upstream of 
the valve if the medium contains sus
pended solids. 

The cavitation diagram shows permitted 
pressure drop l1 Pv across the valve to 
prevent cavitation occurring. 

ORDERING EXAMPLES 

kPa 
160D 

1400 

120D 

1000 

800 

600 

400 

200 

o 

Static pressure upstream valve 

ov oV ov ov ov 
'1>'" ... r§> ... ~'" ... <§>,~ ov 

'1-'" " V V V., rI. ., V V., V., ~ r7 
111" .,11"., 11'., ~ V 

/ ., .,~V 
1 / 1 ~ V 

/ / ~ V 

.,~ V 

~ V 
o 100 200 300 400 500 600 700 800 kP. 

Pressure drop t::. Py 

a) Valve ........ V295/0N 40/Kvs 25 ......... Part number: 721-9546-000 
b) Motorised valve assambled_ .......... EM5C/24V/180° 1V295/0N 40/Kvs 25 

Type of actuator ............................... EM5C/24V/180° 
Type of valve ............................... V295/0N 40/Kvs 25 

Size Dimensions (mm) 
ON A B C E 00 Oh ds H 

40 200 82 212 132 150 110 18 31.5 
65 290 106 228 148 185 145 18 40.9 

100 350 124 258 178 235 190 22 50.3 

I 
I 
I 
I 
I 

-; '1 
I 
I 
I 
I 

." I. 
I 
I 

"1 
I 
I 
I 
I 

~\11 



I 
I 
I 

i. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 

V295 F-20-11 

TA 
INCENTIVE GROUP 

Compensated two-way piston valve 
Ductile iron, PN 25 1993.10 

V295 is a two-way piston valve with flanged ends 

The valve is balanced (pressure-compensated), 

therebi requiring a low actuating force. 

APPLICATION 

The valve is primarily intended to be used in heating, air condi

tioning and distric heating installations with large pressure drops. 

For other types of applications, please contact your nearest T A 

sales office. 

TECHNICAL DATA 

Valve type ........................ 2-way compensated piston valve 

Pressure class : ................................................ PN 25 (bars) 

Flow characteristic ................................... Eq% (logarithmic) 

Rangeability ..................................................................... 25 

Leakage ...................................................... max. 0,1% of Kv 

tl.Pm ....................................................... max. 800 kPa, water 

Medium temperature: 
Max ........................................................................ 180°C 

Min ......................................................................... -20 °C 

Flange connection .............. hole pattern acc. to SS335 and 
IS02084 

Suitable weld flange with collar ................ ...... ........ SS 2034 

Materials: 
Body ............................................ ductile iron SS0727-02 

Piston and sleeve .................... stainless steel SS2346-02 

Stem ........................................ stainless steel SS2346-02 

Packing box, standard ................................................ type T 

SpeCial packing box for max. 50% glycol................. type Q 

We reserve the right to make minor changes. 

The V295 valve can be used with the following types of fluids: 

- hot water, or deaerated cooling water. 

- water with additives such as phosphate or hydrazine. 

- deaerated water with glycol-type antifreeze agent (max. 

50%), and brines (special packing box required, see "SPARE 

PARTS"). 

- with cooling medias at temperatures below 0 °C a stem 

heater must be fitted, to protect from stem seizure due to 

freezing. See "ACCESSORIES". 

Size Kv h Part number KVm'n 

ON m3th mm m3th 

40 16 31,5 721-9574-000 0,7 

25 31,5 721-9546-000 1,0 

65 37 40,9 721-9550-000 1,5 

51 40,9 721-9554-000 2,0 

100 80 50,3 721-9558-000 3,2 
113 50,3 721-9562-000 4,5 

Remarks 
The rangeability is the ratio of Kv to Kvm;n' 

~ is the valve flow at the max. lift and a pressure drop of 

100 kPa across the valve. 

Kvm;n is the minimum controllable flow at a pressure drop of 

100 kPa, within the flow range where the characteristic meets 

the requirements on characteristic slope according to I EC534-1 . 

h is the lift of the valve in mm. 

tl.Pm is max. pressure drop across a fully open valve. 

TAO-003·0178-0 (GB) 

• "".~ ', .• ~ '1f 
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The valve has a cylindrical piston which 
moves inside a cylindical seat, equipped 
with a number of holes. 
When the piston moves upwards the holes 
are gradually exposed, resulting in in
creasing flow. 

The piston is open at both ends and the 
valve is therefore compensated. This 
means that the pressure drop across the 
valve will not be affected by the move
ment of the piston. The valve can there
fore handle large flows without a corre
sponding increase in the required actuat
ing force. 

Flow 

The flow characteristic is equal percent
age (Eq"lo, also called logarithmic), giving 
an equal-percentage change in flow. The 
latter is necessary to give good control in 
systems with large load variations. 

100%~, ~-~~-~-----I~ Valve authority 

f---...:--I---+-'--i---+---.,----:'1-': i ~ ~ ~ 6:~ 

---
" O%~~_L~_L-~~~_L-~~ 

0% 50% 100% Lift 

Figure 1 Figure 2 

i ACTUATOR AND LINKAGE SELECTION 

Electric actuators 
The M5C and M15C actuators are con
trolled by increase/decrease signals. 

The EM5C actuator is controlled by a 
modtJlating 2-10 V DC signal. 

The linkage need be ordered separately 
only if the valve and the actuator are 
delivered as separate items. 

I INSTALLATION 

The valve is to be installed in the line so 
thatthe direction of flow coincides with the 
arrow on the valve body. 

Whenever possible, the valve should be 
installed in the return line, to avoid expos
ing the valve to unnecessarily high tem
peratures. The valve must not be mounted 
with the actuator under the valve. 

To prevent dirt from getting caught be-
tween plug and seat, it is recommended to 

Size M5C,EM5C ~c 
ON part number (kPa) 

40 911-1070-375 1600 

65 911-1070-475 600 

100 911-1070-575 -

~p c= Max. close-off pressure drop across 
the valve. 

A. Typical installation without local cir
cu�ating pump. 

To provide good function the pressure 
drop across the valve should be no 
less than half of the available pressure 
(~p). This corresponds to a valve au
thority of 50%. 

install a strainer upstream of the valve. 
Also flush and rinse the piping system API 
before installation of the valve. u 

Figure 3 

M15C 
T 

~c 
part number (kPa) 

911-1070-375 1600 

911-1070-475 700 

911-1070-575 450 

I B. Typical installation with local circu
lating pump. 

The Kv value of the valve to be selected 
so that the entire available pressure 
drop (~p) falls across the control valve. 

Figure 4 
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I I II I 

- -- - -/---1 - -'-L -'- - -l/ Ijl- - -- - ~Pm 

/ / / I / 
V / / / II 1/ 

1/ I I I II i 

II I I I 
/ : / / I 

1/ / i/ /l / I 

I V Y / I l j i 

/ 
/ I: / I 

/ 

/ If II Y ! ! I I 
I I I 

/ / I / 
I L 'J I 

/ V / ' / / ; 
/ / V i/ / 1 

I I / ! / I 

i i 
II / L -'- -'- : i 

/ I / I : 

/ / / II I 

/ I V ! ! ! 

V / Ii I 

/ 
/ V V ! 

I 
: I 

I I i I I 10 
1 2 3 4 6 8 10 20 30 40 50 60 80 100 150 lIs 

I 
I 
I 
I 
I 
I 
I 
I 
I· . 

I I I I 
4 6 8 10 

CAVITATION 

Cavitation takes place in a valve when the 

velocity of the flow between the plug and 

seat increases to the extent that gas bub

bles are created in the water. When, after 

the plug and seat, the velocity decreases, 

the gas bubbles collapse (implode), gen

erating considerable noise and causing 

considerable wear on the valve. 

By means of the cavitation diagram shown 

in figure 6 it can be checked if risk of 

cavitation exists with the working condi

tions in the pertinent installation. Proceed 

as follows: 

Using the static pressure before the valve 

(e.g. 1 000 kPa), plot a horizontal line to 

the line for the temperature of the liquid 

(e.g. 120 ec). From the intersection point, 

plot a vertical line downwards and read off 

the max. permissible pressure drop across 

the valve. If the computed pressure drop 

exceeds the value read from the diagram 

there is risk of cavitation. 

I 
20 

I I I I I I I I I I I I I I 

30 40 50 60 80 100 200 300 400 600 m3 /h 
Flow 

Figure 5 

Static pressure before the valve 
(kPa) 180'C 160'C 140'C 120'C 

1600 r----r---,---,-,.-,---.-r------...,.--....,.,,.......,. 100 'C 

20'C 

200 rf---7!''--f-t---t--t-'---t--+---j----i 

100 300 500 700 Pressure drop across 
the valve (kPa) 

Figure 6 
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I ORDERING EXAMPLE 
! 

The valve can be ordered in the following 
ways. 

1. Valve only 

V295 1 DN 40 1 Kv 16 

TTK~e 
Size 

Valve type 

MEASUREMENTS AND WEIGHTS 

H 

c 

E 

Ddia. 

B 

i Size Measurements in mm dia. 
i DN A I B C E D 

i 
40 200 82 212 132 150 I 

65 290 106 228 148 185 

100 1350 124 258 178 235 

2. Complete control valve with fitted ac
tuator, adjusted and ready for use. 

M5C 124 V 1 1800 1 V295 1 DN 40 1 Kv 16 

Actuato)deSignatio~ r. T 
Valve type Kv value 

8 holes 

Figure 7 

dia. dia. No. of Weight 
I Dh ds holes H kg 

110 18 4 31,5 15 

145 18 8 40,9 32 

190 22 8 50,3 54 
I 

3. Valve and actuator delivered as sepa
rate items 

Actuator designation M5C/24 V 11800 

Valve designation V295/DN 40/Kv 16 
Linkage, part number 911-1970-375 

Note thatthe linkage for the electric actua
tor must also be ordered as a separate 
item. 

SPARE PARTS 

Standard packing box 
Type T: max. 180°C 
Part number: 080-2064-005. 

Special packing box 
for max. 50% glycol 
Type Q: -20 to 30°C 
Part number: 080-4724-005. 

1 ACCESSORIES 

Stem Heater 
Heating element for the valve stem. 

Designed for actuators M5C, EM5C and 
M15C. 
Part number: 911-2062-000. 
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SCADA System for the City of Sophia, Bulgaria 

OVERVIEW 

* Cenualnqonnoring 
* GIS 
* Relational Database 
* Billing 
* Expandable 

CEN,TRAL CONTROL STA TION 

* WEStation Consoles 
* WEStation Historian 
* WEStation Calculator Builder 
* WEStation Data Link Server 

COnqnqUNICA TIONS SYSTEnq 

* Fiber Optic Backbone 
* use SONET 

REnqOTE TELEnqETRY UNITS 

* small, portable 
* downloadable 
* expandable 

INSTALLATION 
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SCADA System for the City of Sophia, Bulgaria 

OVERVIEW 

Westinghouse proposes a fiber-optic backbone based SCADA system to monitor, 

maintain, and generate billing for the heating distribution system for the City of 

Sophia, Bulgaria. 

This system would include a Central Control Facility, Communication System and 

Remote Telemetry Units. 

The Central Control Facility, would include "sate-of-the-shelf" hardware and 

software packages that would allow operators to monitor the entire heating 

distribution system from a central location, using a back projection Video Display 

Wall driven by powerful workstations. 

The Communication System is a fiber-optic based Metropolitan Area Network 

(MAN) using standards established by the Exchange Carriers Standards Association 

(ECSA) for the American National Standards Institute (ANSI). The communication 

protocol will be DaDB - Distributed Queued Dual Bus IEEE 802.6 which is a 

Switched Multimegabit Data Service (SMDS). 

The Remote Telemetry Units will be "intelligent" devices that can "stand-alone ". 

These remote units will consists of three types that will provide a handful of I/O 

such as standard 4-20ma analog input signals as well as pulse accumulators that 

will take contact closures. 

CENTRAL CONTROL FACILITY 

Monitoring the entire Heating Distribution System will be conducted at the Central 

Control Facility using powerful 32 bit workstations. Westinghouse is proposing 

three workstations with two monitors each that will interface to the back 

projection Video Wall. A redundant HISTORIAN will contain the Global Relational 

Database. A Calculator workstation will make all the necessary performance and 

heat usage calculations. A LOGGER workstation will perform all the reporting and 

billing print-outs. A Redundant Data-Link Server will collect and poll all the Remote 

Telemetry Units and pass the information to the Operator's Consoles, Historian, 

Calculator and the Logger. 
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VIDEO WALL 

The Video Wall will consist of two foot by two foot squares covering an eight foot 

by eight foot area. This Video Wall will provide a complete overview of the 

Distribution Area that can be easily seen by anyone in the room. The graphics 

displayed on this system will be resident in the workstations. At any time an 

operator sitting at one of the workstations, can take command of the entire Video 

Wall and display a graphic resident in their machine. The Graphics will be arranged 

in a hierarchial method starting first with a broad geographic overview "zooming" 

down into more specific distribution areas. The workstations will be mounted in an 

Evan's Console that will meet the ergonomic and operational demands of the City's 

operators. 

HISTORIAN 

A fully redundant Central Control Facility Historian will maintain a global database 

of all the I/O in the SCADA system. This Historian will use "shadow disk" 

technology that will periodically back-up data on a second hard disk which will 

minimize the impact of a hard disk "crash". The Historian will use an ORACLE 

Relational Database to store and manipulate the data. Through the use of SOL 

calls, application software packages can access the data in the relational database. 

The Historian will maintain historical data collected from the SCADA system as 

well as a customer database, and maintenance information such as calibration and 

service data. 

GIS 

The Historian will integrate with the Heating Distribution Systems Geographic 

Information System (GIS) which will provide a graphical front end to the global 

database. The GIS will graphically correlate the Heating Distribution parameters 

and display them in a logical format. For example, if an operator wants to locate 

sections of pipe that may need repair, the GIS system would access the Relational 

Database and compare acceptable heat loss for a certain section of pipe. In the 

cases where the historical data collected from the SCADA system compiled in the 

relational database calculates a heat loss that exceeds the acceptable rate, the GIS 

will highlight on a map the sections of pipe that exhibit a high loss rate, indicating 

"Ieaks" or other anomalies to the operator. The GIS will also be beneficial in the 

billing of customers where geographic locations can be isolated into billing areas to 

track usage and growth for specific regions, this would be helpful in providing cost 

analysis for booster pump stations and new generating facilities. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

LOGGER 

Billing will be facilitated through a device connected to the Historian that will 
generate the necessary billing forms. This device, LOGGER, will access the Global 
Relational Database making calculations and formatting invoices. These invoices 
can then be distributed to all of the Heating Distribution System's Customers. The 
LOGGER will also print-out preventative maintenance schedules, monthly operation 

and maintenance reports and daily reports. 
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OPERA TOR CONSOLES 

The Operator Consoles will utilize commercially available RISC (Reduced Instruction 

Set Computer) workstation technology and the UNIX operating system. The 

workstation will use a windows environment and very high resolution graphics 

utilizing X-window technology for compatibility with other hardware platforms. 

These stations will perform monitoring operations, tuning and maintenance 

functions all from the same console. 

FEATURES: 

* 1.3 Gigabyte mass storage capacity 

* Approximately 1K x 1K (16K x 16K virtual) display resolution 

* Independent Ethernet communications network 

* X-Windows Display 

* Configurable zoom/pan plus display 

* Single or Dual 19-inch CRT(s) 

* RISC based UNIX workstation 

* Alphanumeric keyboard and three button mouse 

* 300 CPS alarm printer 

The Operator Console will exhibit the following features: 

* Menu system 
- Diagram display 
- Program execution 
- Submenu hierarchy 

* General Message Display 

* Alarm Display 
- Unacknowledged List 
- Alarm List 
- Alarm History 
- Acknowledge Function 
- Normal/Priority Mode Selection 
- Alarm Message Review 

* Drag/Drop point names 

* "soft" keyboard functions 

* Point Information 
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* Point Search 

* Operator Event Logging 

* System Diagnostics 

* Security system 
- Up to 50 passwords, each mapped to one of ten levels of security 

* Control Tune 

Point Search 

The point search function allows the user to examine the data base for specific 

point values or point status. Point search results can either be displayed on the 

screen or sent to a local printer. The following criteria are available to define the 

point search 

* Entered value/limits 

* Sensor alarms 
* Points in alarm 
* Scan remove 
* Limit/Alarm check removed 

* Tagged-out points 
* Timed-out points 
* Point Quality 

Point Information 

The Point Information function allows the operator to view and change data for any 

selected process point. Every dynamic data point on a display is automatically 

given a point information poke field. The information displayed varies based on 

point type, and only certain fields of the data base may be changed. The poke field 

display contains the following: 

* Process Information 
* Point name, description, value and quality 

* Broadcast frequency 
* Scan status (on/off) 
* Alarm information 

- Alarm status (alarm check on/off, limit check on/off) 

- Alarm limits (low, high, incremental, deadband) 

* System information (e.g., origination node, system identifier) 

* Hardware information (e.g., I/O address, signal type) 
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The following data acquisition functions are available from a pull-down menu: 

* Change scan status 

* Change alarm status 
* Change value 
* Change limits 

Operator Event Logging 

Certain operator actions cause the OpCon to send an event message to a dedicated 

event logging node. The node then generates a time-tagged ASCII message which 

is sent to the Historian. Operator event messages can then be retrieved from the 

historical device for display on the screen or printout at a local printer. 

Alarming 

The Operator interface to the alarm system consists of three displays accessible 

through the alarm icon. Displays include Alarm History, Alarm List, and 

Unacknowledged List. Normal and Priority Mode filtering, and Alarm 

Acknowledgement functions are also available. Each alarm event can be printed as 

it occurs. 

Unacknowledged List - displays the oldest unacknowledged alarms and returns. 

Alarm List - displays the current alarms and, if selected returns. 

Alarm History - displays a list of all alarm events including alarms, returns, 

increments, digital state changes, etc. 

Acknowledge Function - allows the operator to acknowledge alarms and returns on 

a point-by-point or page-by-page basis. 

Normal/Priority Mode Selection - allows the operator to change the current 

display/prints based on the information defined by the filtering setup. 

Alarm Message Review 

The alarm message review function retrieves the alarm messages stored by the 

Historian. Based on a user-specified time period, options for review of alarm data 

history include: 

* Alarm and return messages 

* "Node status" alarm and return messages 

* Process point alarm and return messages 

* Digital change-of-state messages 
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* Analog process point alarm and return messages 
* Digital process point alarm and return messages 

Control Tune 

To speed debugging, controller loop and ladder functions appear in configuration 
displays in the precise form in which they were engineered - active and live. 
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HISTORIAN 

The Historian will be a RISC based workstation that provides mass storage and 

retrieval services for live data samples, sequence-of-events structures, and log and 

application files. The primary function of the Historian is to archive data and display 

trends of active variables on the control system network. The Historian will include 

the use of an Optical "juke-box" Storage Device. Standard features of the 

Historian include: 

* Local or Remote Display of Trends 

* Independent Ethernet communications network 

* Approximately 1 K x 1 K (16K x 16K virtual) display resolution 

* X-Windows display 
* Configurable zoom/pan plus display 

* Tape, disk media or Optical Disk options 

The Historian is used to collect and store data collected from the SCADA system. 

Point values, alarm messages, sequence-of-events messages and data files are 

stored on the Historian hard disk and archived periodically. Collected data may be 

stored in either the Main History subsystem for short-term periods, or the Long

Term History subsystem for storage periods of up to several years. 

The information on the Historian may be retrieved for use in CRT trends, review 

displays or printed reports. The Operator Console may be used to retrieve data that 

the Historian has archived to an optical Disk. 

Salient functional characteristics of the Historian include: 

* All points stored at a 1 second interval based upon change in value 

* Limited point count stored 10 times per second 

* Lab data entry function accepts files with time-tagged values 

* Alarm and operator event message storage 

* Sequence of events storage 

* Log and application file storage 

* Displays of up to 8 points per window (horizontal, vertical or X-Y format) 

* Zoom/pan search of trends 
* Point and message review 
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LOGGER 

The Logger is a RISC-based workstation that provides printed reports of on-line 

activity in the control system network. The Logger may be supplied either as an 

independent drop or as a package implemented on the Operator Console or 

Engineers Console. Standard Logger features include: 

* Local or remote display of trends 

* Independent Ethernet communications network 

* Up to four color log printers (300 CPS) 

* Up to three color alarm printers (300 CPS) 

* Color Video copier 

Plant operations typically require some form of hardcopy assessment of plant 

activity. The Logger has the following attributes: 

* Manages printouts and video copies from all drops 

* Collects and prints point alarms and stores data at Historian 

* Produces user-defined, free-format report layouts 

* Accommodates multiple data types 

- Current data 
- Historical data 
- Text data 
- Files 

* Initiates logs from multiple report triggers 

- Periodic 
- Event driven 
- On-demand 

* Logs alarms as well as data 

* Multiple redundancy capability 
- Backup printer 
- Redundant log servers 

* Dedicated or multipurpose printers 

Report content is defined using the report file definition function. Report 

information can include: 

* Point detail information 
* current values of process points which are accessed directly from the 

SCADA System 
* Process point data which has been stored in the Historian 
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The following additional functions allow users to get the information they need, in 

a format they want: 

* Addition 
* Subtraction 
* Multiplication 
* Division 
* Exponentiation 
* Form Text 
* Single or multiple page 
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COMMUNICA TION SYSTEM 

As SCADA Systems have evolved, so has the need to carry greater amounts of 

data across a single transmission media. Westinghouse is proposing the use of a 

Metropolitan Area Network (MAN) that would provide the communications 

backbone for the Heating Distribution System. 

Metropolitan Area Network (MAN) technology originally evolved from LAN 

designs. It uses digital backbones, specifically fiber optics, to carry traffic, link 

WANs and support applications such as high-speed file transfer, video 

conferencing, and integrated data, voice and text. 

The demand for high speed connectivity is driving all kinds of new technologies. 

The explosion of LANs ( Local Area Networks) and WANs (Wide Area Networks) is 

an excellent illustration and that is where the growth has been in data 

communications. LANs and WANs are usually private networks. The development 

of MAN (Metropolitan Area Networks) technology is being driven by local public 

telephone companies to meet the demand for local and metropolitan connectivity. 

A MAN consists of dedicated high-speed packet switches. MAN traffic initially will 

not carry voice but will share the communication paths in a local exchange carrier's 

SONET (Synchronous Optical Network) - based fiber optic transport plan. SONET 

is a standard interface designed to bring increased uniformity and new capabilities 

to fiber optic transmission. Based on light wave technology, speeds range from 50 

Mbps to nearly 2,500 Mbps. The benefits include faster access to new services, 

extra network capacity on demand, and instant recovery from network failures. 

The SONET signal is capable of carrying large amounts of information in a variety 

of formats from a variety of sources to a variety of destinations. Its optical carriers 

are very flexible in that way. SONET starts with twenty-four asynchronous digital 

signals or DSOs (64kb/s) are multiplexed onto a DS1 (1.544 Mb/s) signal. In the 

synchronous world of SONET, the equivalent of a DS1 is known as a virtual 

tributary 1.5 or VT1.5. The VT2 is equal to the European primary rate of 2. 048 

Mb/s. 

The SONET frame begins as a Synchronous Transfer Signal (STS) which contains 

28 VT1.5s (or 21 VT2s) plus a robust assortment of overhead blocks that provide 

OAM&P capabilities. The STS-1 is 51.84 Mb/s. 

The STS-1 does not have to be constructed of virtual tributaries. In the 

asynchronous world, the DS3 at 45 Mb/s is approximately the same as 28 VT1.5s. 

So an STS-1 could also contain a single OS3 plus its required overhead blocks. 

While still in the electrical domain, STS-1 signals are then interleaved to form 

higher rates (STS-NJ for transport over the SONET network. The electrical signals 

are then converted to standard optical carrier signals. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
-I 
I 

-I 
I 
I 
I 

In the international SDH environment, the synchronous frames are also contructed 

of both payload and overhead components. The SDH frame is called the 

Synchronous Transport Module (STM) and its consistuent elements are Virtual 

Containers. The standards and structure of the SDH frame C!re such that they easily 

permit interworking and connectivity across international boundaries. One STM 

carries three STS-l or OC-l signals. 

REMOTE TELEMETRY UNITS 

The Remote Telemetry Units will be intelligent stand alone devices. The devices 

will operate on downloadable configuration parameters. 

The RTU will monitor all the I/O connected to that particular unit and determine 

what points have changed over a specified period of time. The new values of the 

points that have changed will be organized and stored in a buffer. Once polled, the 

RTU will transmit all stored data to the Central Control Facility. Then the RTU will 

receive any pertinent information from the Central Control Facility. After this 

exchange is made the Central Control Facility will poll the next RTU in sequence. 

The RTU can be programmed for either digital logic or analog control functions. 

This gives the RTU the capability for performing rudimentrary calculation ability. 

An LCD programmer will be provided for the local programming of the RTU. 

The RTUs will support two analog inputs 4-20ma and two pulse accumulators and 

will include power supplies and environmental enclosures. 

The RTUs will be fiber-optic cable compatible. The protocol used to communicate 

to the individual RTUs will be an industry standard: Field Bus, CE Bus, MMS (this 

still needs some investigation). 

To increase data throughput of the system, a hierarchial approach of using multiple 

master RTUs and sub master RTUs may be used (this still needs some investigation 

and depends on the protocol used to communicate to the RTUs from above). 
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WEStation Product Overview 

Description 

The WEStation family of products 
represents the integration of 
powerful, commercially available 
RISC (Reduced Instruction Set 
Computer) workstation tech
nology and UNIXTM operating 
system with West net IITM, the 
industry's fastest and most 
reliable real-time control and 
monitoring network. WEStation's 
advanced control, graphical 
interface, and information 
processing capabilities are 
designed to perform a broad 
range of process control and 
information applications in 
manufacturing, water/wastewater 
treatment, chemical processing, 
metals processing and power 
production industries worldwide. 

Features 

• Open hardware and 
software platform 

• Commercially available RISC 
workstation technology 

• Real-time UNIXTM operating 
system 

• X-Window technology 

• Redundant Westnet IITM data 
highways 

• Ethernet® information 
highways 

Westinghouse Electric Corporation 
Process Control Division 
200 Beta Drive 
Pittsburgh, Pennsylvania 15238 USA 

WDPFII WEStation 

WEStation utilizes a common 
base hardware and operating 
system for each of the different 
applications which it performs. 
Specific WEStation functionality is 
defined by the implementation of 
Westinghouse and/or third-party 
software packages that best suit 
the desired application. 

Westinghouse-developed software 
products perform a wide range of 
operator, engineering and infor-

mation processing functions on 
WEStation. A brief description of 
each WEStation software package 
is noted below. For detailed infor
mation on anyone functional 
drop, please see the applicable 
descriptive bulletin. 

WEStation Operator - Provides 
graphical interface for control, 
diagnostics, trending, alarming 
and plant monitoring functions. 

Page 1 
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WEStation Engineer - Performs mation networks, providing disk memory, optical disk drives I all engineering functions required numerous advantages to users: and magnetic tape drives may be 
to configure, edit and implement housed within the console as 
a WDPF drop on the Westnet II • Operators, technicians, necessary to suit the specified 'I data highway. engineers, management and application. 

administrative personnel have 
WEStatlon Historian - Performs simultaneous access to vital The Westnet II data highway 

I historical data collection/storage real-time information - infor- controller card accesses and 

and information processing mation which can be used to updates the real-time process 

functions. make decisions and effectively information that is broadcast on 
operate, engineer, maintain the data highway. A dynamically -I 

WEStation Log Server - and enhance plant updated image of the entire 

Enables creation and printing of performance. 32,OOO-point WDPFII data base is 

free-format process reports, and maintained on this card, providing 

I printing of alarm and graphic • Up-to-the-second data can be immediate access to all of the 

displays. accessed graphically from any attributes of each variable defined 
local or remote station. within WDPF. For advanced con-

WEStation Data Link Server - trol and performance functions, I Provides an interface to non- • Direct connection to an dynamic reference to real-time 

WDPF networks. 
independent Local or Wide data is easily accomplished by 
Area Network (LAN or WAN) accessing the controller card's 

I WEStation Information 
provides the capability to memory via utility programs. 
create a totally integrated plant 

Manager - Provides a relational information network. Compatible with open architecture 
data base of all WDPF standards, all Westinghouse I information. • Third-party software and software packages operating on 

hardware can be easily WEStation utilize UNIX and X-
WEStation Computation integrated to meet the specific Window technology. The use of 
Server - Provides a platform for information needs of all levels UNIX provides the capability to -I advanced calculations. of personnel. easily integrate third-party 

software and user-developed 
To optimize overall system Only WEStation provides the custom functions onto WEStation. I performance, WEStation utilizes high-speed processing, powerful Third-party and custom packages 
multiple communications net- mathematical computation capa- can be interfaced directly to the 
works. Through a direct con- bility, and advanced graphics real-time Westnet II highway via 

I nection to the redundant, features demanded in today's the data highway controller card. 
deterministic Westnet II data process control and information Compliance with X-Window stand-
highway, WEStation accesses applications. ards enables users to graphically 
real-time process data. WEStation access real-time or historical data -I also communicates with an Function/Operation using other X-compliant third-

integral Ethernet® information party software packages. 

highway to support file and non- WEStation hardware packaging 
Communications I time-critical data transfers supports a variety of config-

between WEStations, and urations, each housing a work- WEStation is configured to 

between WDPF and other plant station processor, communi- communicate with a redundant 

information networks. cations hardware and required Westnet II data highway as well 

I peripherals. A VME backplane as an Ethernet information 

With its open hardware and contains the workstation highway. Standard packaging for 

software architecture, WEStation processor board as well as the the Ethernet highway consists of 

I integrates the WDPFII distributed Westnet II data highway controller a single connection through the 

control system and plant infor- card and the Ethernet adapter primary RiSe processor. An 
card. Peripherals such as hard optional redundant Ethernet 

I 
Page 2 
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connection can be supported 
through a VME-based board. 
Both the data and information 
highways are directly connected 
to the WEStation console. For an 
additional level of security, 
WEStation can be connected to 
the Westnet II data highway via 
remote interface. 

, 
WEStation enhances overall 
system performance by 
maximizing the benefits of both 
the probabilistic, Ethernet 
information highway and the 
deterministic, Westnet II data 
highway. For up-to-the-second 
plant process data, WEStation 
communicates via the data high
way. To retrieve and broadcast 
non-time-critical data such as 
configuration files or historical 
information, WEStation communi
cates via the information highway 
using TCP/IP protocol. 

As an option, the Ethernet 
information highway can be 
extended through a secure bridge 
to local or wide-area networks. . 
This extension allows all variables 
(real-time and non-real-time) as 
well as process graphic displays 
to be passed from the WDPFII 
distributed control system to the 
LAN or WAN. For controlled 
access, multiple layers of security 
may be administered through a 
WEStation. Linking the plant's 
control and administrative data 
bases allows users to combine 
pertinent real-time control data 
with resource, production and 
geographic information. 

For applications requiring 
multiple, isolated data highways 
serving unique plant or process 
areas, WEStation provides a 
a bridge between the networks. 
Within the VME chassis of each 
WEStation are expansion slots for 

up to three individual, redundant 
Westnet II data highway controller 
cards (see Figure 1). 

Requirements 

The base hardware provided with 
each WEStation is listed below. 
Optional WEStation hardware is 
listed in Table 1. 

• RISC workstation 

- Two RS-232 serial ports 

- 64 megabytes RAM 

- One SCSI port (Small 
Computer Serial Interface) 

Nameplate 7 

I I 

OB21-202 

- One Ethernet interface 

• One Westnet II Data highway 
controller card 

• 500 megabyte hard disk drive 

• VME backplane 

To ensure independent start-up 
and primary operation, each 
WEStation has at least one hard 
disk drive with a minimum of 500 
megabytes of memory. Ordinarily, 
the operating system, plant 
functional software, and appro
priate graphic and system load 
files are resident on this local 
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hard drive. The hard drive is 
accessed through the SCSI port 
provided on the RISC workstation. 

Specific CRT models are selected 
based on the application to be 
performed by the WEStation. 
As many as two CRTs may be 
utilized with a single set of 
WEStation electronics. In addition, 
touchscreen monitors are 
available for use with the 
WEStation Operator product. 

HARDWARE 

Additional or Upgraded 
Hard Disks 

Additional Westnet II Data 
Highway Controller Cards 

Additional RS-232 Serial Ports 

Optical Disk Drives 

Magnetic Tape Drives 

Floppy Disk Drives 

Monitors 

Pointing Devices 

Keyboards 

Local Printers 

'" Denotes standard option. 

UNIX is a trademark of Novell. 

DB21-202 II 

Two RS-232 ports are provided 
with each WEStation. Although 
most frequently used for con
nection to a local printer, these 
ports may also be used to 
support membrane control key
boards, touchscreen monitors, or 
third-party devices. Additional 
RS-232 ports may be added to 
the WEStation as needed. 

Standard input devices used with 
WEStation include a QWERTY 

keyboard and mouse, with which 
all which all operation, config
uration and system maintenance 
functions can be performed. For 
operator functions, a membrane 
keyboard, touchscreen and 
trackball are available. 

Table 1. Optional WEStation Hardware 

OPTIONS AVAILABLE 

1.3 Gigabytes 

2 Additional, for Interface to a Maximum of 3 Data Highways 

8 Port Expansion 
16 Port Expansion 

1 Gigabyte 
6.5 Gigabyte 

150 Megabyte (1/4" tape) 
2.3 Gigabyte (8 millimeter) 

1.44 Megabyte (3.5") 

17" Monochrome 
17" Color 
19" Color'" (1152 x 900 pixel resolution) 
27" Color (1152 x 900 pixel resolution) 

Mouse'" 
Trackball 
Touchscreen Monitor (19" only) 

QWERTY'" 
Membrane Control (Westinghouse design) 

Genicom Dot Matrix 
HP LaserJet 
Tektronix Color Screen Copier 
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Ethernet is a registered trademark of AT&T Corporation. 

Westinghouse Electric Corporation 
Process Control Division 
200 Beta Drive 
Pittsburgh. Pennsylvania 15238 USA 
Telephone (412) 963-4000 

CUSTOMER SATISFACTION 
If our normal sales and service operations have not 

satisfied your requirements, we have established 
24-hour toll-free contacts to address your concerns. 

Call 800-445-WPCD 
International and Pennsylvania: 

Call 412-963-4500 
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The WDPF WEStation OpCon is a RISC
based (Reduced Instruction Set Computer) 
workstation that uses a windows environ
ment and very high resolution graphics to 
perform operations, tuning and mainte
nance functions. Although its primary func
tion is to control and monitor a WDPF 
control system process, by incorporating 
functions from other WEStation drops the 
WEStation OpCon also has the capability to 
produce free-format printouts and perform 
historical functions and optimization calcula
tions. For more information on these func
tions, see Descriptive Bulletins 21-196 and 
21-197. 

Features 

To provide an open architecture base, sev
eral RISC processors with vendor-based 
UNIX@) operating systems are offered as the 
WEStation OpCon. Vendor-supplied hard
ware options such as main memory size, 
hardlfloppy disk media, printers and opera
tor interface tools may be selected based 
upon the user's specific application. Stan
dard features of the WEStation OpCon 
include: 

• 654 Megabyte or greater mass storage 
capacity 

• Compatibility with WDPF Westnet II@) 
Data Highway with access to all 32,000 
data points 

• Approximately 1K x 1K (16K x 16K virtual) 
display resolution 

• Independent Ethernet communications 
network 

e Large color palette 
.. "Windows" display 
• Configurable zoom/pan plus display 

paging 
.. Single or dual 19-inch CRT{s} 

Westinghouse incorporates the Westnet II 
Data Highway Interface into the workstation 
hardware. Once connected to the Data High
way, this interface provides a window to the 
process such that data acquisition, control, 
historical and other operational functions 
can take place. An open environment, com
patible to the inclusion of various third
party components, is maintained 
throughout. 

,T 
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Typical hardware for a WEStation OpCon 
would include: 

'" RISC-based UNIX workstation 
" 19-inch color monitor 
e Alphanumeric keyboard and three-button 

mouse 
• 200 CPS alarm printer 

Functions 

The control and monitoring functions of the 
WEStation OpCon are enhanced by high
resolution graphics and advanced display 
features such as zooming, panning and win
dowing. The computation power of the RISC 
workstation permits the development of 
advanced displays and maximizes the avail
ability of graphics and user functions 
throughout the system. 

Process Graphic with Live Configuration 

Zoom Function for Enhanced Detail 

The operator accesses the desired function 
by selecting one of several icons that 
appear at the top of the CRT display. Using 
these icons, functions such as standard 
alarming, configuration display, loop tuning, 
ladder configuration and custom process 

views may be activated into a window. Each 
window may then be sized and moved to 
present multiple displays in the desired for
mat. Up to seven displays including alarm
ing, configuration, tuning and four plant 
process displays can be in active windows 
simultaneously. Standard function displays 
can also be recalled for reference, review 
and environment adjustments. 

Custom diagrams that are developed with 
the CAD-style Graphics Builder on the 
WEStation EngCon are stored on disk on 
the target WEStation OpCon. Diagrams may 
either be shared among all OpCons or des
ignated to a specific drop(s}. For more infor
mation on the WEStation EngCon graphics 
building capabilities, see Descriptive Bulletin 
21-194. 

To speed debugging, controller loop and 
ladder functions appear in configuration dis
plays in the precise form in which they were 
engineered - active and live. 

In addition to standard loop and custom dis
plays, the WEStation OpCon provides the 
following: 

• Menu system 
- Diagram display 
- Program execution 
- Submenu hierarchy 

• General message display 
• Alarm display 
• Drag/drop point names 
• "Soft" keyboard functions 
• Point information 
• System diagnostics 
• Secu rity system 

- Up to 50 passwords, each mapped to 
one of ten levels of security 

Point Search 
The Point Search function allows the user to 
examine the data base for specific point val
ues or point status. Point search results can 
either be displayed on the screen or sent to 
a local printer. The following criteria are 
available to define the point search: 

• Entered value/limits 
• Sensor alarms 
• Points in alarm 
• Scan remove 
• Limit/alarm check removed 
• Tagged-out points 
• Timed-out points 
• Point quality 

Point Search Display 

Point Information 

1
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The Point Information function allows the 
operator to view and change data for any 
selected process point. Every dynamic data 
point on a display is automatically given a 
point information poke field. The informa
tion displayed varies based on point type, 
and only certain fields of the data base may 
be changed. 

Point Information Display 

The poke field display contains the 
following: 

• Process information 
• Point name, description, value and quality 
• Broadcast frequency 
• Scan status (on/off) 
• Alarm information 

- Alarm status (alarm check on/off, limit 
check on/off) 

- Alarm limits (low, high, incremental, 
deadband) 

• System information (e.g., origination 
drop, system identifier) 

• Hardware information (e.g., I/O address, 
signal type) 
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The following data acquisition functions are 
available from a pull-down menu: 

• Change scan status 
• Change alarm status 
• Change value 
• Change limits 

Point Attribute Change Display 

Operator Event Logging 
Certain operator actions cause the 
WEStation OpCon to send an event mes
sage to a dedicated event logging drop. The 
drop then generates a time-tagged ASCII 
message which is sent over the Westnet II 
Data Highway to a historical device. Opera
tor event messages can then be retrieved 
from the historical device for display on the 
screen or printout at a local printer. 

Every operator event message contains the 
following information: 

• Event subtype 
• Date/time (to the nearest second) 
• Event description 

Depending upon the type of event, each 
message also contains some of the follow
ing data: 

• Point, device or drop name 
• Point description 
• Old value/mode and new value/mode 
• Loop number, algorithm name and algo

rithm type 

The types of event messages that are initi
ated by the WEStation OpCon include: 

• Data Acquisition System (DAS) functions 
and failures as determined by scan status, 
alarmllimit check status, entered value or 
changed alarm limits 

• Algorithm tuning and failures 
• Update time 
• Forced values 
• Fault clear/acknowledge 

The Distributed Processing Unit (DPU) initi
ates the following types of event messages: 

• Discrete control messages 
• Modulating control messages 
• Miscellaneous messages (e.g., enter/exit 

edit mode) 
• Failures determined by the DPU software 

logic (e.g., mode changes, device actions) 

Alarming 
The operator interface to the alarm system 
consists of three displays accessible 
through the alarm icon. Displays include 
Alarm History, Alarm List, and Unacknow
ledged List. Normal and Priority Mode filter
ing, and Alarm Acknowledgement functions 
are also available. Each alarm event can be 
printed as it occurs if the WEStation OpCon 
is configured with an alarm printer. 

Unacknowledged list - displays the oldest 
unacknowledged alarms and returns 

Alarm List - displays the current alarms 
and, if selected, returns 

Alarm History - displays a list of all alarm 
events including alarms, returns, incre
ments, digital state changes, etc. 

Acknowledge Function - allows the opera
tor to acknowledge alarms and returns on a 
point-by-point or page-by-page basis 

Normal/Priority Mode Selection - allows 
the operator to change the current display/ 
prints based on the information defined by 
the filtering setup 

Alarm List Display 

Descriptive Bulletin 
21-195 

Page 3 

Alarm Message Review 
The Alarm Message Review function 
retrieves the alarm messages stored by 
the WEStation Historian (Descriptive Bulletin 
21-196). Based on a user-specified time 
period, options for review of alarm data his
tory include: 

• Alarm and return messages 
• "Drop status" alarm and return messages 
• "Drop status" alarm and return messages 

originating from a single drop 
• Process point alarm and return messages 

from a single drop 
• Process point alarm and return messages 
• Process point alarm and return messages 

for a single point 
• Digital change-of-state messages 
• Analog process point alarm and return 

messages 
• Digital process point alarm and return 

messages 

Benefits 

The WEStation OpCon is a process man
machine interface that provides centralized 
access to a variety of data that is pertinent 
to plant operations. Using window displays, 
individual informational activities appear 
simultaneously in an operator-friendly man
ner. Conventional graphics, data base and 
spreadsheet functions combine to offer the 
following benefits: 

• Operator may select any display in any 
window 

• Operator may view up to four functions 
simultaneously 

• Icons remind operators of functions that 
need attention 

• Enhanced resolution provides greater 
detail 

• Control displays and alarm lists are active 
simultaneously 

• Zoom and pan functions provide natural 
access to plant process 

• Option for additional icon programs 

With the WEStation OpCon, Westinghouse 
combines powerful WDPF highway commu
nications and application software with 
commercially available RISC hardware plat
forms. All from a single supplier, this seam
less integration of a high-performance 
workstation, powerful 32-bit process con
troller and 32,000 point Data Highway offers 
users a level of reliability and versatility 
unmatched by any other control system 
technology. 

UNIX is a trademark of ATT Corporation 
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Westinghouse Electric Corporation 
Process Control Division 
200 Beta Drive 
Pittsburgh, Pennsylvania, U.S.A. 15238 
Telephone (412) 963-4000 

CUSTOMER SATISFACTION 
If our normal sales and service operations have not 
satisfied your requirements. we have established 
24-hour toll·free contacts to address your concerns. 

Call 800-445-WPCD 
International and Pennsylvania: 

Call 412-963-4500 
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WDPF II WEStation Architecture 

The WDPF WEStation EngCon is a RISC
based (Reduced Instruction Set Computer) 
workstation that uses a windows environ
ment and very high resolution graphics to 
perform engineering, operations and main
tenance functions. Although its primary 
function is to configure drops on a WDPF 
control system network, by incorporating 
functions from other WEStation drops the 
EngCon also has the capability to produce 
free-format printouts and perform historical 
functions and optimization calculations. For 
more information on these functions, see 
Descriptive Bulletins 21-196 and 21-197. 

Features 

To provide an open architecture base, sev
eral RISC processors with vendor-based 
UNIX@) operating systems are offered as the 
WEStation EngCon. Vendor-supplied hard
ware options such as main memory size, 
hard/floppy disk media, printers and opera
tor interface tools may be selected based 
upon the user's specific application. Stan
dard features of the WEStation EngCon 
include: 

e 654 Megabyte or greater mass storage 
capacity 

Westinghouse Electric Corporation 
Process Control Division 
200 Beta Drive 
Pittsburgh, Pennsylvania, U.S.A. 15238 

Central 
Universal Telemetry 
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" Compatibility with WDPF Westnet II@) 
Data Highway with access to all 32,000 
data points 

" Dual performance as operator station 
when not performing configuration 

" Independent Ethernet communications 
network 

" Approximately 1K x 1K (16K x 16K virtual) 
display resolution 

" Large color palette 
II "Windows" display 
" Configurable zoom/pan plus display 

paging 
e Laser and line printer 
" Tape, disk media or optical disk options 
" Single or dual 19-inch CRT(s) 

Westinghouse incorporates the Westnet II 
Data Highway Interface into the workstation 
hardware. Once connected to the Data High
way, this interface provides a window to the 
process such that data acquisition, control, 
display design and other configuration func
tions can take place. An open environment, 
compatible to the inclusion of various 
third-party components, is maintained 
throughout. 

Functions 

The WEStation EngCon performs system 
administration functions and is the reposi
tory for all system software. System object 
code and application source code are 
housed within the station. 

The WEStation EngCon functions as either 
an operator station or an engineering sta
tion. In the engineering mode, applications 
software for all drops may be developed, 
loaded and maintained. New configurations 
are transferred over the Westnet II Data 
Highway to the destination drop. Specific 
engineering functions of the WEStation 
EngCon include: 

" Data base and control configuration 
" Plant display graphics and faceplate 

configuration 
" Report and historical point configuration 
" Configuration of data links to other 

networks 
" Loading of configurations to all other sta

tions and drops 
" Documentation of all designs 

Graphic Generation with Documentation 

Controller Configuration Editing 
Data bases, continuous loops, ladder 
sequences and batch languages are con
figured directly from the WEStation EngCon. 
Using conventional hierarchical configura
tion languages, the engineer can design 
control strategies from configuration win
dows and download them to the destination 
controller. Already familiar to current WDPF 
users, the language approach is easy for 
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WEStation EngCon 

first-time users to learn. Configurations that 
have already been developed on other 
WDPF products are compatible with the 
WEStation EngCon. 

The WEStation EngCon permits several con
figuration windows to be active simultane
ously, each directed at different target 
drops. This allows the user to quickly switch 
between several configuration sessions, 
thereby minimizing the time required to 
enter and exit each session. 

On-line Controller Configuration 

Graphics Building and Editing 
The Graphics Builder package is a CAD-type 
tool used to create and edit both the static 
and dynamic portions of diagrams dis
played on the WEStation OpCon (Descrip
tive Bulletin 21-195). 

Features of the Graphics Builder package 
include: 

• 8 standard colors and 256 configurable 
colors 

• 15 configurable line widths 
• Non-scalable text with 8 configurable 

character sizes and scalable text with no 
fixed configurable character sizes 

• 8 standard fill patterns and 256 configura
ble fill patterns 

• Built-in fill pattern builder/editor 
• 8 standard line patterns and 256 configur

able line patterns 
• Built-in line pattern builder/editor 
• Built-in shape/symbol editor to define up 

to 256 shapes 
• Macro support 
• "Click-and-drag" point names 
• Error detection 
• Auto-save 
• Grid/snap support 
• Cursor position display 
• Pan/zoom 
• Maintenance of aspect ratio on a resize 

operation 
• Clockwise and counterclockwise rotation 
• Inversion of items top-to-bottom and/or 

I eft-to-right 
• Up to 10 copies of an item or group of 

items 
• Grouping or ungrouping of items on the 

screen 
• Undo or redo of last edit performed in an 

edit session 
• Save comments in a graphic 

The Graphics Builder package provides a 
CAD-style user interface for editing and 
building graphics. A base window contains 
the drawing canvas and the control panel. 
Control panel buttons are then used to 
access the support windows and menus 
that are used to build and edit graphics. 

Graphics Builder Color Change in Zoom 

Users can create, edit and delete shapes. 
Shapes and symbols can be comprised of 
lines, rectangles, circles, dots, arcs, poly
gons and ellipses. Shapes are created by 
positioning the shape elements on the 
drawing canvas, and then selecting the 
"make shape" function. This standard 
"click-and-drag" methodology is also used 
to draw, move and resize shapes. A scroll
ing pictorial list of all the currently defined 
shapes is provided. In order that they may 
be shared between diagrams, all shapes are 
stored in an external file which is read at 
program start-up. 

Graphics Builder Featuring Shape Library 

Drawing attributes such as color, line width, 
fill pattern and text size are selected from 
menus or scrolling lists and remain current 
until new attributes are selected. 

Using the color library, the user can display 
a grid of lines or dots. The user may also 
specify the grid cell dimensions, and 
whether the grid cell should automatically 
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scale on a zoom operation. A snapping 
function, when activated, aligns all display 
items on grid points. 

Macros are mini-graphics that are designed 
to function as graphic templates. When 
added to a graphic, the macro is passed to 
a list of parameters which will be referenced 
in specified display items. A macro may 
contain up to 99 substitutable process point 
name parameters; up to 50 substitutable 
text parameters in the background section; 
and up to 50 substitutable text parameters 
in the foreground section. 

The maximum virtual coordinate range for a 
graphic is 16K x 16K. When a graphic is ini
tially loaded or created, the entire graphic is 
scaled to fit into the Graphics Builder draw
ing canvas. A "zoom" function allows the 
user to view a finer resolution. The Graphics 
Builder package also maintains an internal 
list of the previous 50 views (zoom levels), 
and supports a "zoom previous" function to 
return to an earlier view. 

A "zoom extents" function allows the user 
to define a rectangular portion of the entire 
16K x 16K virtual canvas to be interpreted 
as a full-screen diagram when displayed on 
the WEStation OpCon. 

Benefits 

The WEStation EngCon uses command con
ventions that are easy to learn and already 
familiar to existing WDPF users. These con
figuration approaches are based on industry 
standards and operate on existing control
lers. Benefits to users include: 

• Graphical display of configuration 
• Documentation in the same graphic 

language 
• Multiple windows to permit configuration 

of several drops simultaneously 
• Automatic compilation of graphic displays 

during design 
• Standard templates for graphics and 

control 
• Simultaneous configuration and on-line 

operation 

With the WEStation EngCon, Westinghouse 
combines powerful WDPF highway commu
nications and application software with 
commercially available RISC hardware plat
forms. All from a single supplier, this seam
less integration of a high-performance 
workstation, powerful 32-bit process con
troller and 32,000-point Data Highway offers 
users a level of reliability and versatility 
unmatched by any other control system 
technology. 

UNIX is a trademark of ATT Corporation. 
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Westinghouse Electric Corporation 
Process Control Division 
200 Beta Drive 
Pittsburgh. Pennsylvania. U.S.A. 15238 
Telephone (412) 963-4000 

CUSTOMER SATISFACTION 
If our normal sales and service operations have not 
satisfied your requirements. we have established 
24-hour toll-free contacts to address your concerns. 

Call BOO-445-WPCD 
International and Pennsylvania: 

Call 412-963-4500 
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Graphic and Trend Display 

Westinghouse Electric Corporation 
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The WDPF WEStation Historian is a RISC
based (Reduced Instruction Set Computer) 
workstation that provides mass storage and 
retrieval services for live data samples, 
sequence-of-events structures, and log and 
application files. The primary function of 
the WEStation Historian is to archive data 
and display trends of active variables on 
the WDPF control system network. The 
WEStation Historian may be supplied either 
as an independent drop or as a package 
implemented on the WEStation EngCon or 
WEStation OpCon. For more information on 
these two drops, see Descriptive Bulletins 
21-194 and 21-195. 

Features 

To provide an open architecture base, sev
eral RISC processors with vendor-based 
UNIX@) operating systems are offered as the 
WEStation Historian. Vendor-supplied hard
ware options such as main memory size, 
hard/floppy disk media, printers and opera
tor interface tools may be selected based 
upon the user's specific application. Stan
dard features of the WEStation Historian 
include: 

• Compatibility with WDPF Westnet II@) 
Data Highway with access to all 32,000 
data points 

• Local or remote (WEStation OpCon) dis
play of trends 

• Independent Ethernet communications 
network 

f!I Approximately 1K x 1K (16K x 16K virtual) 
display resolution 

• "Windows" display 
• Configurable zoom/pan plus display 

paging 
• Tape, disk media or optical disk options 

Westinghouse incorporates the Westnet II 
Data Highway Interface into the workstation 
hardware. Once connected to the Data High
way, this interface provides a window to the 
process such that historical and other oper
ational functions can take place. An open 
environment, compatible to the inclusion of 
various third-party components, is main
tained throughout. 
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Functions 

The WEStation Historian is used to collect 
and store data from the Westnet II Data 
Highway. Point values, alarm messages, 
sequence-of-events messages and data files 
are stored on the Historian hard disk and 
archived periodically. Collected data may be 
stored in either the Main History subsystem 
for short-term periods, or the Long-Term 
History subsystem for storage periods of up 
to several years. 

The information on the WEStation Historian 
may be retrieved for use in CRT trends, 
review displays or printed reports. The 
WEStation EngCon may be used to retrieve 
data that the WEStation Historian has 
archived to an optical disk. 

Salient functional characteristics of the 
WEStation Historian include: 

• All points stored at 1 second intervals 
based upon change in value 

e Limited point count stored 10 times per 
second 

e Lab data entry function accepts files with 
time-tagged values 

e Alarm and operator event message 
storage 

• Sequence-of-events storage 
e Log and application file storage 
G Displays of up to 8 points per window 

(horizontal, vertical or X-V orientation) 
", Zoom/pan search of trends 
", Point and message review 

Main History Points Collection 
The Main History subsystem of the 
WEStation Historian collects, stores and 
retrieves the value and status of process 
points on the Westnet II Data Highway. The 
Main History subsystem scans up to 16,357 
process points per second. A time-tagged 
history sample is taken for status or value 
changes greater than the specified 
deadband. 

To conserve storage space, time-tagged his
tory samples are stored in a compressed 
format on the Main History file hard disk. 
Because the operator is able to manipulate 
a closed file more than an open one, the 
Main History file is periodically closed and a 
new history file is opened as the current 
active file. 

To minimize data retrieval time, files remain 
on the hard disk until 80 percent of the area 
allocated for Main History files has been 
exceeded. Once the 80-percent level is 
reached, the oldest files will be deleted until 
50 percent of the allocated area becomes 
available. Depending on the level of process 
activity and collection dead band values, the 
WEStation Historian is able to maintain sev
eral months worth of Main History data. 

Long-Term History Points Collection 
A separate set of process point values and 
calculated values may be collected for stor
age into Long-Term History files. This sub
system uses the same methods for 
collecting, storing and retrieving informa
tion as the Main History subsystem. As with 
the Main History subsystem, points are 
scanned once per second and a time-tagged 
history sample is taken for status/value 
changes greater than the specified 
deadband. 

Up to 600 process points may be desig
nated for long-term storage. Depending on 
the level of process activity and collection 
deadband values, the WEStation Historian is 
able to maintain several years worth of 
Long-Term History data files on the hard 
disk. 

Trended Variables with Tabular Data 

On-Line Trending 
An On-Line Trending package is available 
on the WEStation OpCon, EngCon or Histo
rian to allow the operator to display up to 
eight process points on either a single 
graph or in tabular format. A background 
process collects 600 samples of data for up 
to 1,000 points at a predetermined collec
tion rate ranging from one second to 
approximately 80 hours. 

On-line trending features include: 

• Ten user-selectable intervals from 10 min
utes to 33.3 days 

• Horizontal, vertical-combined, vertical 
side-by-side, and X-V plot presentation 
options 

• Linear and logarithmic scaling 
• Tabular (numerical) display of data 
• Trend group display (display 1 of 600 pre

defined trend groups) 

Because it can run on any WEStation 
OpCon, EngCon or Historian with display 
capability, the trending package features all 
aspects of "windows" display. Using win
dows, the operator can simultaneously view 
trends, alarms, plant graphics and loop dis
plays on the CRT screen. 

Vertical Trend with Bias Fill 
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Benefits 

The capability to provide a file-structured 
storage repository for data of all types, 
including on-line variables and process
oriented application files, makes the 
WEStation Historian a valuable addition to 
any WDPF system. The live and historical 
trend display functions of the WEStation 
Historian are fully integrated with the WDPF 
graphics display package featured on the 
WEStation OpCon or EngCon. Benefits to 
users include: 

• High-speed and mass-storage capacity for 
virtually unlimited point sample storage 

• Storage of multiple data types 
• Query and sort functions for quick access 

to stored data 
• Simultaneous view of historical trends 

and other graphics on a WEStation 
OpCon or EngCon 

• Calculation/forecasting applications 

With the WEStation Historian, Westing
house combines powerful WDPF highway 
communications and application software 
with commercially available RISC hardware 
platforms. All from a single supplier, this 
seamless integration of a high-performance 
workstation, powerful 32-bit process con
troller and 32,OOO-point Data Highway offers 
users a level of reliability and versatility 
unmatched by any other control system 
technology. 

UNIX is a trademark of ATT Corporation. 
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Westinghouse Electric Corporation 
Process Control Division 
200 Beta Drive 
Pittsburgh, Pennsylvania, U.S.A. 15238 
Telephone (412) 963-4000 

CUSTOMER SATISFACTION 
If our normal sales and service operations have not 
satisfied your requirements, we have established 
24-hour toll-free contacts to address your concerns. 

Call BOO-445-WPCD 
International and Pennsylvania: 

Call 412-963-4500 
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WDPF II WE5tation Architecture 

The WDPF WEStation Logger is a RISC
based (Reduced Instruction Set Computer) 
workstation that provides printed reports of 
on-line activity in the WDPF control system 
network. The WEStation Logger may be 
supplied either as an independent drop or 
as a package implemented on the WESta
tion EngCon or WEStation OpCon. For more 
information on these two drops, see 
Descriptive Bulletins 21-194 and 21-195. 

Features 

To provide an open architecture base, sev
eral RISC processors with vendor-based 
UNIX@) operating systems are offered as the 
WEStation Logger. Vendor-supplied hard
ware options such as main memory size, 
hardlfloppy disk media, printers and opera
tor interface tools may be selected based 
upon the user's specific application. Stan
dard features of the WEStation Logger 
include: 

• Compatibility with WDPF Westnet II@) 
Data Highway with access to all 32,000 
data points 

• Local or remote (WEStation OpCon) dis
play of trends 

• Independent Ethernet communications 
network 

Westinghouse Electric Corporation 
Process Control Division 111. 

200 Beta Drive 
Pittsburgh, Pennsylvania, U.S.A. 15238 

• NDn~WDPF 
Computer 

Central 
Universal Telemetry 

P~~'ll:I·/un/n Interface 
(UPCQ • v~c~.~ 
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Remote Terminal 
Units 

• Up to 4 color log printers (200 CPS) 
• Up to 3 color alarm printers (200 CPS) 
" Color video copier 

Westinghouse incorporates the Westnet II 
Data Highway Interface into the workstation 
hardware. Once connected to the Data High
way, this interface provides a window to the 
process such that sampling, logging and 
free-format report functions can take place. 
An open environment, compatible to the 
inclusion of third-party components, is 
maintained throughout. 

Functions 

Plant operations typically require some 
form of hardcopy assessment of plant activ
ity. In cases where only a nominal amount 
of reporting is required, the WEStation Log
ger software can be applied to a WEStation 
EngCon or OpCon and the necessary 
reports can be generated while the station 
performs its primary duties. An independent 
WEStation Logger drop is advantageous 
when a greater amount of data is to be 
stored and reproduced in report format. 

As an independent drop, the WEStation 
Logger has the following attributes: 

• Manages printouts and video copies from 
all drops 

• Collects and prints point alarms and 
stores data at WEStation Historian 
(Descriptive Bulletin 21-196) 

• Produces user-defined, free-format report 
layouts 

• Accommodates multiple data types 
- Cu rrent data 
- Historical data 
- Text data 
- Files 

• Initiates logs from multiple report triggers 
- Periodic 
- Event-driven 
- On-demand 

• Logs alarms as well as data 
" Multiple redundancy capability 

- Backup printer 
- Redundant log servers 

" Dedicated or multipurpose printers 

Report Configuration 
The Report Builder, a utility program which 
resides on the WEStation EngCon, is used 
to develop free-format reports. A multilevel 
menu system allows the user to specify the 
content, format and source of data to be 
included in the report. Industry-standard 
spreadsheet configurations are used to 
define the presentation of the report sheet 
itself. Reports may be generated at user
defined intervals, on-demand, or on an 
event-triggered basis. 

Report content is defined using the report 
file definition function. Report information 
can include: 

• Point detail information 
• Current values of process points which 

are accessed directly from the Westnet II 
Data Highway 

• Process point data which has been stored 
in the WEStation Historian 

The following additional functions allow 
users to get the information they need, in a 
format they want: 

• Addition 
• Subtraction 
• Multiplication 
• Division 
• Exponentiation 
• Form Text 
• Single or multiple page 
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Benefits 

For those that require daily or fewer hard
copy reports, appropriate modules of the 
WEStation Logger software can be applied 
as a package on the WEStation OpCon or 
EngCon. Alternatively, when a number of 
mUltipurpose reports are required, an inde
pendent WEStation Logger drop provides 
numerous options for report style and fre
quency. In either case, the WEStation Log
ger offers the following benefits: 

41 Free-format printout capability for man-
agement reports 

e Redundancy for accurate report data 
" Multiple printers to reduce confusion 
Ii> Alarm history review to trace events 
C User-selectable printout time or frequency 
I> Report file storage capability for later 

review 

With the WEStation Logger, Westinghouse 
combines powerful WDPF highway commu
nications and application software with 
commercially available RISC hardware plat
forms. All from a single supplier, this seam
less integration of a high-performance 
workstation, powerful 32-bit process con
troller and 32,000-point Data Highway offers 
users a level of reliability and versatility 
unmatched by any other control system 
technology. 

UNIX is a trademark of ATT Corporation. 

Westinghouse Electric Corporation 
Process Control Division 
200 Beta Drive 
Pittsburgh, Pennsylvania, U.S.A. 15238 
Telephone (412) 963-4000 

CUSTOMER SATISFACTION 
If our normal sales and service operations have not 
satisfied your requirements, we have established 
24-hour toll-free contacts to address your concerns. 

Call 800·445·WPCD 
International and Pennsylvania.

Call 412·963·4500 
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AutoGRAPH™ Graphics Builder 

Description 

Part of the WDPFII family of 
distributed control and infor
mation products, AutoGRAPH is 
an AutoCAD®-based software 
package used to build, edit and 
compile high-resolution WDPF 
process diagrams for display on 
either a WDPF Standard Operator 
Station or a PCH (Personal Com
puter on the Highway) Station. 

Features 

• Open operating environment 
and drawing features of 
AutoCAD 

• Menu-driven drawing 
environment for the creation 
of process diagrams 

• Translators for conversion 
between AutoCAD (.dxf) file 
format and Westinghouse 
(.gcc) graphic file format 

• Shape builder and 
configurable shape library 

• Standard and configurable 
color library 

• Standard and configurable 
line and fill patterns 

• Pop-up dialogue boxes to 
display and edit graphic 
element attributes 

Westinghouse Electric Corporation 
Process Control Division 
200 Beta Drive 
Pittsburgh, Pennsylvania 15238 USA 

Process Diagram Creation 

Designed as an add-on package 
to AutoCAD release 11 or 12, 
AutoGRAPH combines WDPFII 
process diagram features with the 
industry standard drawing 
features of AutoCAD. By incor
porating the intuitive, easy-to-use 
features of AutoCAD, AutoGRAPH 
greatly reduces the overall time 
required to develop WDPF pro
cess diagrams. Process graphics 
created within AutoGRAPH are 
stored in AutoCAD (.dxf) file 
format and then translated to 
Westinghouse (.gcc) file format. 
These files are then compiled and 
downloaded to a WDPF Standard 
Operator Station or PCH. 

A full-function, PC-based 
Engineer Station is created when 
AutoGRAPH is used in 
conjunction with the PCH 
Engineer software module. For 
more information on PCH 
hardware and software, see 
Descriptive Bulletins 21-190 and 
21-193. 

Function/Operation 

During AutoCAD start-up, the user 
is given the option to initiate 
either a straight AutoCAD session 
or an AutoGRAPH session. If 
AutoGRAPH is selected, the user 
is presented with a Westinghouse 

Page 1 



designed menu of WDPFII 
graphic options. A specific 
graphic element such as a shape, 
trend, or bar chart may then be 
selected from the menu via a 
mouse. Prompts presented at the 
bottom of the screen query the 
user for all of the information 
necessary to implement the 
desired graphic. The user can 
enter requested information via 
keyboard, mouse selection of 
screen options, or acceptance of 
default entries. 

Each graphic element used in the 
overall process diagram has an 
associated pop-up dialogue box 
which displays its specific 
attributes including color, location, 
size, and associated conditional 
logic. To edit a particular graphic 
element, the dialogue box may be 
recalled and attributes changed 
through the entry fields. 

Although the code generated 
within AutoGRAPH is specific 
to WDPFII process diagrams, 
AutoGRAPH drawing conventions 
and techniques are provided by 
AutoCAD. These user-friendly 
drawing features dramatically 
reduce the overall time required 
to develop WDPF process 
diagrams. Drawing features 
include: 

• Click and Drag to position 
graphic elements within a 
process diagram 

• Snap to align graphic elements 
to specific character or vector 
coordinates 

• Copy, Move, Rotate, and Zoom 

• Configurable grid display 
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• Cursor position display to 
indicate character or vector 
coordinates 

AutoGRAPH also provides full 
access to a series of configurable 
libraries including: 

• Shape library that 
accommodates up to 256 
different shapes for use within 
a single process graphic 

• Color library featuring 8 
standard colors or 256 
configurable colors for use 
within a single process graphic 

• Line pattern library featuring 8 
standard line patterns, 8 
configurable line patterns, and 
line pattern builder/editor 

• Fill pattern library featuring 8 
standard fill patterns, 8 
configurable fill patterns, and 
fill pattern builder/editor 

These libraries are created 
through standard utilities provided 
with AutoGRAPH. Easy access to 
all libraries eliminates the need to 
redesign commonly used shapes, 
colors, lines and fill patterns. 

Once a process diagram is 
complete, it is saved in AutoCAD 
(.dxf) file format. Westinghouse 
translators are provided to 
convert the AutoCAD file to 
Westinghouse (.gcc) graphic 
source code format. These 
translators also provide 
the capability to convert a 

[U OrN('A 

. '1'CIl E..,er $1_ l.con V.ew 

~:H Grdflhit: Utitities teon View ,,[j 

0821·201 

;:Di 

€' ~~'"~!lIJild<!" llWIDPf\GHAPIl!t:s\COt.OIU III 

"~,~ eage Vl!m-----~ 

Custom Color LIbrary Editor 

Westinghouse file to an Auto
CAD file. Once a file is in 
Westinghouse (.gcc) graphic 
source code format, it can be 
compiled into object code for 
display at either a WDPF 
Standard Operator Station or a 
PCH. 

Requirements 

To operate AutoGRAPH, the 
following base hardware and 
software are required: 

• 386-based, IBM-compatible 
personal computer 

• Math co-processor 

• 4 megabytes RAM memory 

• 10 megabytes of available hard 
disk if using AutoCAD release 
11, or 25 megabytes of 
available hard disk if using 
AutoCAD release 12 

• VGA or higher-resolution color 
monitor 

• Mouse 

• AutoCAD release 11 or 12* 

* Operating system requirements are dictated by the AutoCAD version selected. AutoDESK offers DOS®, 
Windows® and Solaris® versions of AutoCAD, all of which are compatible with AutoGRAPH. 
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AutoCAD is a registered trademark of AutoDESK. 
DOS and Windows are registered trademarks of Microsoft Corporation. 
Solaris is a registered trademark of SUN Microsystems. 

Wntlnghou .. Electric Corporation 
Process Control Division 
200 Beta Drive 
Pittsburgh, Pennsylvania 15238 USA 
Telephone (412) 963-4000 

CUSTOMER SATISFACTION 
II our normal sales and service operations have not 

satisfied your requirements, we have established 
24-hour toll-free contacts to address your concerns. 

Call 800-445-WPCD 
International and Pennsylvania: 

Call 41 2-963-4500 
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Overview of Software Packages 

Background: WEStation software 
packages perform a wide variety of 
operator, engineering, and information 
processing functions. Each package 
utilizes UNIX and X-Window technology, 
and is, therefore, compatible with open 
architecture standards. The use of UNIX 
allows users to easily integrate third-party 
and custom software onto WEStation, 
and interface directly to the Westnet II 
real-time data highway. X-window 
displays allow users to graphically access 
real-time or historical data from 
WEStation as well as other X-compliant 
third-party software. Westinghouse
designed software packages include: 

WEStation Operator 
Real-time graphical interface for control, 
diagnostics, trending, alarming, and 
monitoring plant conditions. Operators 
and other plant personnel have immediate 
access to one-second updates of process 
variables, enabling rapid response to 
dynamic process parameters. To simplify 
the review and analysis of historical and 
live process data, access to information is 
provided through real-time data displays 
that feature high-speed, high-resolution 
process graphics; alarm screens; and a 
suite of graphical user interface (GUI) 
tools. 

WEStation Engineer 
Software tools to design, develop, 
implement, and maintain a controlled 
process. GUI-based (graphical user 
interface) functions are used to build and 
edit control logic, process graphics, and 
the system data base. Fill-in-the-blank 
graphical editors guide the user through 
the definition of control logic and the 
system data base, while a CAD-like 
graphics builder reduces the cycle time 
required to develop process graphics. 
Multiple levels of security and the 
structure of software directories at the 
WEStation enable control and ensure the 
integrity of system software. 

WEStation Historian 
Mass storage and retrieval of process 
data, alarms, sequence-of-events 
(SOE) data, and other control system 
information. Data is collected at intervals 
of 1 or 0.1 seconds and stored on-line for 
later retrieval and review. Format options 
include trends and tabular, report-style 
displays. For long-tenn storage, data can 
be archived to optical disk. 

WEStation Log Server 
Creation, storage, and printing of free
format reports as well as optional printing 
of alarms and graphic displays. Current, 
historical, text, or file data can be 
included in reports. Reports can be 
generated at scheduled intervals; on 
demand; or on an event-driven basis. 
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WEStation Computation Server 
Dispatching service for the execution of 
plant application programs such as 
process optimization and energy manage
ment routines. Application programs are 
initiated at the onset of specific system 
events, at scheduled intervals, or on 
demand. Additional features include 
initialization routines, system event and 
periodic checking functions, user inter
face functions, and a set of library 
routines to support application programs. 

WEStation Information Manager 
A central, relational data base (RDB) 
that reflects all WDPF system configura
tion and plant process information 
residing on individual controllers. With a 
valid logon, changes made to process data 
on the RDB are automatically downloaded 
to WDPF drops and controllers. Like
wise, changes made to point values and 
attributes at individual drops are automat
ically updated in the RDB. The RDB 
can also accommodate other pertinent 
data such as termination, wiring, field 
device, and maintenance information. 
Connection to the fully open Ethernet 
information highway allows mUltiple 
local and remote users to access data 
base information with Westinghouse and 
third-party software. 

WEStation Data Link Server 
Additional means to link WEStation to 
a variety of external devices including 
other computers and computer networks. 
These external devices may be connected 
to WEStation via user-installed networks 
such as ethernet or token ring. Also 
included are remote devices connected 
via serial links. The data link 
package supports industry standard 
communication protocols, allowing non
Westinghouse devices to communicate 
with the real-time Westnet II data 
highway. This software may be 
configured to run a variety of link 
protocols simultaneously. Note that 
TCP/IP-compliant devices can also be 
connected directly to the WDPF Ethernet 
information highway without using 
WEStation Data Link Server software. 
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• Users with mUltiple sites can instaU master 
units in their own engineering offices. 

Relational Oatabue Management System 
Option 

A System Maintenance Subsystem (SMS) can 
be used to maintain the current WDPF point 
infonnation and DPU configuration in a local 
Relational Database Management System 
(RDBMS). As an additional enhancement to 
the overall system, Westinghouse is offering this 
ROB MS. Access functions provide access to 
WDPF database point records using SHe 
library function calls. These functions are 
responsible for retrieval and storage of point 
attributes, point value, and point status. This 
infonnation is accessed using standard ANSI 
SQL. The SMS file definition is configured with 
entries representing aU database (no control) 
points originated by each drop on the system. 
The significance of the SMS is that: 

• It can generate itself automatically on any 
WDPF system interfaced to a WEStation, 

• Once in place, Structured Query Language 
(SQL) calls can be used to view, list or 
correlate multiple databases, 

• Changes to the SMS values or attributes 
are broadcast to update point data in 
other drops, . 

• Changes to values or attributes that occur 
in the other drops either due to program 
changes or MMI actions are automaticaUy 
updated in the SMS, and 

• Users may manipulate or view the data
base using third party software packages in 
addition to using Westinghouse programs. 

Training 

If Kennecott desires, aU tr3lI1lng can be 
conducted at the Kennecott site. This situation 
would allow Kennecott personnel to remain in 

BI541 

close proXImity to their designated job 
functions. In addition, Westinghouse will allow 

. Kennecott to video tape aU training courses in
order-to keep a library for future training 
needs. 

5-2 

5.2 Company Differentiations: 

u.s. Owned Company 

The value of a United States owned company 
differs greatly from one that has manufacturing 
in the United States. With Westinghouse, you 
can be sure that all research. development, and 
engineering will remain in the United States, 
with profits used to spur continued growth in 
our improving economy. Although it is difficult 
to place a doUar value on United States 
ownership, it has real wonh. 

Field Service, Project Management 

We have established the structure of our 
project team up-front for this proposal. Our 
team will ensure an implementation that 
exceeds your expectations. Our projects are 
managed in-house to maintain your schedules, 
provide no hidden surprises, and finish within 
your budget 

Once shipped we will offer expedient service to 
meet your stan-up schedules. We are proud of 
our track record, but we are never complacent 
or satisfied. Our experience will save 
approximately 10% of your time required for 
start-up. This will save on the direct cost of a 
Westinghouse engineer, but also with 
Kennecott engineers, constructors, and plant 
personnel. Westinghouse will enable you to get 
your unit on-line faster. 

experience, Long-Term Support 

Westinghouse has considerable experience 
applying WDPF IT to the ever changing needs 
of Industrial Markets, the stringent 
requirements of the Nuclear Industry, and the 
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Application Name: WDPF II Information Manager 

WDPF II is a distributed control system that provides integrated 
modulating control, sequential control and data acquisition for a wide 
variety of system applications in utility, chemical, and process 
manufacturing segments~ 

The WDPF Information Manager provides an Oracle interface to real time 
process data and associated configuration information. Traditionally, 
process information is distributed in flat file databases as close to the 
originating controller as feasible for timetagging and real time control 
response. The Information Manager provides a centralized link between the 
distributed real time information and both local and remote users of the 
information. The Information Manager is initially populated from 
distributed control system configuration data, or it creates a reflection 
of the on-line database by monitoring process control system data, then 
polls controllers for additional configuration details. With this 
representation in place, two-way updates of point values and attributes 
take place, keeping both the Information Manager and the distributed 
databases synchronized. 

Once in place, SQL calls can be used to view, correlate, or modify 
multiple process databases. Changes originating in the process databases 
due to plant changes or operator actions are automatically updated in the 
Information Manager database. Changes originated in the SQL interface are 
downloaded to real time processors. Limitations are placed on the SQL 
interface to prevent inappropriate modification of critical data. 

Key Features: 

Automatically create relational database from real time process 
databases 

Use SQL calls to view, list, or corrolate multiple process databases 

Change process database locally or remotely through SQL calls 

Manage SQL entry to protect real time data 
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Application Name: WOPF II Calculation Builder 

WDPF II is a distributed control system that provides integrated 
modulating control, sequential control and data acquisition for a wide 
variety of system applications in utility, chemical, and process 
manufacturing segments. 

The WDPF II Calculation Builder offers a method for users to easily define 
and execute miscellaneous calculations in a process control system 
environment. Calculations are entered in PL*SQL syntax using the 
WEStation Operator Station graphical user interface (GUI), and are stored 
in an Oracle relational database. The calculations can perform functions 
on any process point real-time or historical value. Calculations may 
include matrix manipulations or other complex functions not typically 
found in a control processor. Calculations may also call predefined 
subroutines such as those which calculate steam or gas properties. 

The Calculation Builder is designed to address the need for flexible 
calculation requirements. Calculations can be created and modified on 
line through a set of window based menus and can be executed without 
compiling and linking code. Each user can maintain a private collection 
of calculation sets and also have read access to those sets which are 
public. A set of calculations can run on demand or can execute on a 
predefined periodic schedule. Results are stored in the relational 
database where they can be further manipulated or transferred to the real 
time data highway. 

Calculation sets stored in the relational database may be sorted and 
printed in many different forms as needed for documentation. 

Key Features: 

Create and modify calculations on-line 

Execute calculations directly without compiling or linking 

Store inputs, outputs, and formulas in a relational database for 
later retrieval, modification, and documentation 

Call external routines written in a compiled 3GL language such as 
Fortran or C 
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Application Name: WOPF II Operator Log Book 

WOPF II is a distributed control system that provides integrated 
modulating control, sequential control and data acquisition for a wide 
variety of system applications in utility, chemical, and process 
manufacturing segments. 

In a typical industrial plant control room, a hard copy notebook provides 
a location for operational and supervisory personnel to record operating 
circumstances, events, and continuing activities during a work shift. 
This notebook is maintained at all times and is referred to by supervisors 
and maintenance engineers as needed. 

The Operator Log Book is designed to replace the hard copy operator 
notebook with a CRT-based, free format entry field "note pad" that allows 
a plant operator or engineer to write, read, and send directed messages. 
Entry fields are provided for operator name, time and a free form detailed 
message. 

A message pending indication appears at the operator's message icon 
whenever a message is queued. Messages can be retrieved and sorted by 
name or time, printed using SQL report forms, and retained for long 
periods of time. 

In order to make the Operator Log Book useful to operating personnel, it 
must have an easy to use entry system for storing messages and for 
searching previous entries. It also must provide a high speed user 
interface, be secure, and provide high integrity of retained information. 
A relational database was chosen for this function because of these 
requirements. 

Key Features: 

Replace hard copy notebook with computerized message storage system 

Easy to use operator entry via free format entry field 

Retrieve messages by name or time 

Print messages using SQL report forms 

Archive messages for later retieval 
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Application Name: WDPF II Maintenance Log 

WDPF II is a distributed control system that provides integrated 
modulating control, sequential control and data acquisition for a wide 
variety of system applications in utility, chemical, and process 
manufacturing segments. 

The WDPF II Maintenance Log provides information to the operator on 
designated process plant equipment. Displays and reports provide 
continuous monitoring of equipment attributes such as run time, number of 
starts, vibration, and instantaneous electrical current usage. This 
information can be used for: 

o determining the status of plant equipment and when equipment must 
be shut down for maintenance 

o scheduling preventative maintenance 

o analyzing trends for predictive maintenance 

o collecting statistical information on equipment performance and 
re 1 i abil ity 

The Maintenance Log provides three user interfaces: the definition and 
description of plant equipment to be included in the maintenance log; the 
viewing of collected maintenance data; and the reset of cumulative 
information (total running time and number of equipment starts since last 
maintenance period). The maintenance log uses the WDPF Historian to 
collect real time information. Periodically, the maintenance log queries 
and consolidates data from the historian and moves it into the relational 
database files. CRT displays and reports are produced from the data 
stored in the relational database. Reports include such information as 
equipment name and description, total runtime this period (e.g., this 
month), accumulated runtime since last maintenance, total number of starts 
this period, accumulated starts since last maintenance, peak vibration for 
period, peak current for period, and the date of last user reset of the 
runtime and starts accumulations. 

Key Features: 

Automatic collection of equipment run time statistics 

Operator display of key information 

Periodic maintenance reports for major equipment groups 

Reset of cumulative information since last maintenance 
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5. WDPF II WEStag 

WEStag is a plant tagout system running on a WDPF II distributed 
control system. It is an automated system designed to improve the 
process by which plant personnel establish and maintain equipment 
isolations in compliance with company and OSHA regulations. 

WEStag uses fill-in-the-blank screens to develop equipment tagouts, 
sometimes referred to as clearances or red tag procedures. A library 
of preplanned clearances can be developed following plant approved 
procedures. Sets of procedures can easily recalled for immediate 
implementation. Legible tag labels, check lists, and other legal 
documents can be printed that show, for instance, the location and 
sequence of tag placement. 

Numerous reports, such as tagout status, can be displayed or printed 
to provide timely management of current or planned outage activities. 
Bar coded tags can further improve tag accountability and 
productivity. 

Controllable equipment within the WDPF distributed control system can 
automatically be locked out from operator action based on "tag hung" 
status in the WEStag system. Process graphics display the current 
lock out status of equipment. 

, . , 
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NASA (National Aeronautics and Space Administration) 
Ames Research Center, Transonic Wind Tunnel 

Background: Designs and prototypes of 
space vehicles and of civilian and military 
aircraft are analyzed and tested rigorously 
at Ames, a leading research, development 
and testing facility in Moffett Field, 
California. Tests in a 12' diameter wind 
tunnel subject scale models or flight 
surface structures to aerodynamic 
conditions that actual aircraft might 
encounter in flight. 

Test procedures begin by mounting the 
structures to be tested on support stands 
that can be manipulated in six axes of 
motion to simulate pitch, roll, yaw, and 
other attitudes and angles of attack. 
High-speed winds are developed in the 
tunnel using a large, variable-speed motor 
that drives a fan. The velocity and 
pressure of winds are controlled precisely 
and continuously by variable aperture 
inlet guide vanes. 

System architecture: The WDPFII 
WEStation system includes: 

• Three dual-CRT and one single-CRT 
WEStation operator consoles. 

• One dual-CRT WEStation engineer 
console. 

• One WEStation historian. 
• Three WDPFII distributed processing 

units (DPUs). 
• Two WDPFII total control units 

(TCUs). 
• One redundant Westnet II data 

highway. 

FI..)f nl~)rl' illf()rnl~ltion. cnt1ta:.:t ~ oUr
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Application: The WDPFII WEStation 
system controls the entire environment in 
the tunnel: wind speed, temperature, and 
pressure; positions of inlet guide vanes 
and the model support stand; and other 
equipment such as valves, switches, 
motors, and controls for automatic start
up and safety shutdown. Each controller 
is dedicated to specific process functions, 
with DPUs and TCUs handling continu
ous control and sequential operations. 

The TCUs maintain the critical balance 
between wind velocity and test stand 
position. A correction function in the 
TCU that employs ultra-high speed, 
angular mathematics is used to make the 
minute adjustments in the test stand 
needed for accurate measurements. 

WDPFII's ability to handle broadcast 
variables at 10Hz and process loops at 
20Hz make it uniquely qualified to meet 
the high-speed control requirements of 
NASA's applications. 
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DESTEC Engineering, A Subsidiary of Dow Chemical Company 
Oyster Creek Power Station, A Cogeneration Plant 

Background: The Oyster Creek Power 
Station provides electricity and 
process steam to Dow Chemical's plant in 
Freeport, Texas. DESTEC, a subsidiary of 
Dow, specified a WDPFlI WEStation 
system to control three 80 MW gas 
turbines; one 185 MW steam turbine; 
three heat recovery steam generators; and 
balance of plant equipment. 

System architecture: The plant's seven 
separate equipment areas are connected 
by a redundant Westnet II data highway 
and an Ethernet information highway. 
Buildings are connected by fiber optic 
cable, drops within buildings by coax 
cable. The WDPFlI WEStation control 
system includes: 

• Five WEStation operator consoles. 
• Five WEStation engineer consoles. 
• One redundant WEStation historian! 

logger. 
• Twenty-one redundant WDPFlI 

distributed processing units (DPUs), 
one with two remote I/O units. 

• One WEStation data link server. 
Three Sun Microsystems workstations 
connected to the Ethernet information 
highway for remote log-in to 
WEStations. 

• A training system with a WEStation 
engineer console; a WEStation 
historianllogger; a redundant DPU; a 
Sun Microsystems workstation 
connected to the Ethernet information 
highway; and fiber optic repeaters. 
Connected to the primary control 
system by Ethernet, the training 
consoles can be used to control the 
plant in an emergency situation. 

For more' infonnatillll. COlHa,'1 : our 
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Application: DESTEC is performing 
system configuration on DPUs and 
WEStations for plant control, optimiza
tion, and reporting. Operator consoles 
dedicated to specific plant locations 
enhance system security, and graphics 
are specific to that location. All 
graphics, created easily using a 
WEStation Graphics Builder, are 
high-resolution and use pop-up windows 
for control. 

Communication to the plant LAN (local 
area network) is via the WEStation data 
link server. The network allows remote 
workstations to access process data for 
administrative and engineering functions. 
Each WEStation operator console in the 
control room can support three remote 
users who can, with a valid logon, access 
process diagrams, alarm information, 
trending, and historical data. For remote 
users, these functions are operative in 
monitor mode only; they provide fast, 
on-line displays of plant status and other 
information in an X-windows environ
ment, while maintaining overall system 
security. 

"We selected the WEStation 
WEStation for a historian for 
number of reasons, management 
including its reponing, engineer-
compatibility with ing analysis, and 
our existing DEenet performance 
highway and VAX calculations. 
mini computers. It Another imponant 
reduced our initial reason for selecting 
cost and gave us WEStation was the 
enterprise-wide convenience of 
access to data from data that's available 
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instantaneously in 
our people's offices. 
They no longer 
need to visit the 
control room to 
obtain critical 
information. " 

Gene Atteberry 
Distributed Control 
Systems Supervisor, 
DESTEC Engineering 
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Los Angeles Department of Water and Power 
Harbor Generating Station, A Combined-Cycle Plant 

Background: The Harbor Generating 
Station, completed in 1949, is being 
repowered at a cost of $220 million. 
Included in the repowering project are an 
advanced WDPFl/ WEStation distributed 
control and information system, heat 
recovery steam generators, emissions 
control and monitoring systems, and two 
new combustion turbines. When the 
repowering is complete, the station will 
generate 240 MW, and NOx emissions 
from the plant will be reduced 20 percent. 

System Architecture: The WEStation 
system features sophisticated, plant-wide 
data acquisition and control, information 
management, and remote networking. A 
WEStation console is located 11 miles 
away at the department's general office. 
The console can access process graphics 
via XII calls over a T1 phone link, and is 
the server for a network of UNIX-based 
workstations at the general office. 

The plant-wide data acquisition and 
control system includes a redundant 
Westnet II data highway that supports ... 

• Six single-screen WEStation operator 
consoles, each able to support up to 
three remote users. 

• One single-screen WEStation engineer 
console. 

• One redundant WEStation historian! 
logger. 

• Twenty-seven redundant WDPFl/ 
distributed processing units (DPUs) 
interfaced to conventional input/output 
(lIO) and a total of 323 field-positioned 
smart transmitters. Using QST cards 
in the DPUs, all values and operational 
parameters supported by the smart 
transmitters can be viewed and 
manipulated by operators at WEStation 
consoles. 

Fur 1l1l)rl' 11lfnnl1~~tl()!1. l'{)J1t~k't \ our 
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Application: The WEStation system 
includes controls for the two new 80 MW 
gas turbines. Each feeds one of two heat 
recovery steam generators, which in tum 
supply steam to drive an 80 MW steam 
turbine-generator. DPUs perform level 
one control and data acquisition for all 
production and balance of plant 
equipment. 

High-resolution, three-dimensional 
system graphics are produced with an 
Intergraph Microstation CAD package; it 
utilizes OpenLook standard features for 
interactive elements such as scroll bars, 
push buttons, and entry fields. 

A fully integrated, on-line relational data 
base management system (RDBMS) 
centralizes all data bases into one cross
referenced entity, allowing operations 
made in one application to be available 
to others. Data is modified when the 
RDBMS detects general-purpose 
messages that alter the on-line data base. 
The RDBMS serves on-site users and 
remote users at the general office with 
simplified sequential query language 
(SQL) support for on-line and historical 
data variables. 

"The largest benefit 
of having an open 
architecture in a 
distributed control 
system is information 
accessibility. The 
plant itself is 
basically a generator 
of information ... there 

are lots of entities 
within our compa
ny-operations and 
maintenance people, 
our engineers-who 
have very practical 
use for that data. " 
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Nathan Look 
Electrical Design 
Engineer, 
Los Angeles 
Department of Water 
and Power 
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Advanced Features: Because of its 
flexibility, the WEStation system can 
accommodate a number of advanced 
control, calculation, and management 
features and functions, The Harbor 
Station system includes the following: 

Feature 

Performance calculation 

Expert system (Nexpert Object) 

Alarms 

Automated plant tagging 

Operator log book 

Maintenance log 

Free-form calculations 

Function 

Optimize operations of generating equipment 

Predictive diagnostics 

Alarms, with icon windows of plant groupings and 
conventional text messages. 

Track status of plant equipment and generate reports 

Retain operator notes during daily operations 

Monitor and alarm operational characteristics of points 

'Forms' and text entry of formulae for on-line calculations 
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Worldwide Network of Offices and Partners 

I 
Regional Centers Sales Offices 

California California Austria Poland I 
Westinghouse Westinghouse Westinghouse Electric Westinghouse Electric 
Process Control Division Process Control Division Ges,m.b.H. Poland Ltd. 
783 Palmyrita Avenue, 3697 Mount Diablo Schaerdinger Strasse 5 AL. lerozolimskie 56C/3 
SuiteD Blvd. 4061 Pasching. Austria 00-803 Warsaw, Poland I 
Riverside, CA 92507 Lafayette. CA 94549 Phone: 43-7229·7 I 3-30·0 Phone: 48-2·630-2443 
Phone: 909-686·9880 Phone: 510-977-4600 Fax: 43·7229-713-40 Fax: 48-2-630-2446 

r Illinois Georgia Belgium Saudi Arabia 
Westinghouse Westinghouse Westinghouse Electric S.A. Westinghouse Saudi 

I 
Process Control Division Process Control Division Boulevard du Souverain Arabia Ltd. 

I 1055 West 175th Street 1299 North Side Drive 100 Suite 902. Fluor Bldg. 
Suite 101 NW 1170 Brussels. Belgium P.O. Box 620 
Homewood. IL 60430 Atlanta, GA 30318 Phone: 32·2-673-6148 Al Khobar 31952, Saudi 
Phone: 708-206-2907 Phone: 404-885-5259 Fax: 32·2·660-9021 Arabia 

Phone: 966-3·857-1 107 
New Jersey Kansas China Fax: 966·3·857-3025 
Westinghouse Westinghouse Westinghouse Electric S.A. I 
Process Control Division Process Control Division Suite 1607 Spain 
34 Russo Place 8900 Indian Creek China Science & Westinghouse Electric 
Berkeley Heights, NJ Parkway, Suite 200 Technology S.A. 
07922 Overland Park. KS Exchange Centre Serrano 27 
Phone: 908·665-8440 66210 22 Jianguomenwai Dajie 28001 Madrid, Spain 

I 
Phone: 913-451-6544 Beijing, 100004 Phone: 34-1·577-1629 

North Carolina People's Republic of Chin a Fax: 34·1·575·8648 
Westinghouse Massachusetts Phone: 86·1·512·9997 
Process Control Division Westinghouse Fax: 86·1-512·3540 Switzerland I 
The Renaissance Center Process Control Division Westinghouse Electric 
90 I Center Park Dri ve. 1500 West Park Drive Westinghouse Electric S.A. GmbH 
Suite 210 Westborough. MA 9-F Yan Dang Building Hauptstrasse 38 
Charlotte. NC 28217 01581 107 Yan Dang Road 4127 Birsfelden·Basel, I 
Phone: 704·357-0294 Phone: 508-836·7470 Shanghai Switzerland 

People's Republic of Chin a Phone:41·61-317-2111 
Texas Ohio 200020 Fax: 41-61-311-3677 
Westinghouse Westinghouse Phone: 86-21-372-5391/ 
Process Control Division Process Control Division 5750 Turkey 

I 
10510 Harwin Drive 203 Monticello Drive Fax: 86-21-372-0473 Westinghouse Electric 
Houston. TX 77210 Chagrin Falls, OH 44022 S.A. 
Phone: 713-778-4467 Phone: 216·247·9373 Czech Republic Cumhuriyet Cad 91/3 

Westinghouse Electric S.A. Elmadag, Istanbul, I 
Asia Pennsylvania & Westinghouse CR Spol. Turkey 
Westinghouse Westinghouse s.r.o. Phone: 90-1-240-6129 
Process Control Asia Process Control Division Vorsilska 10 or 90-1-248-4614 
No.9 Loyang Way 100 Matsonford Road 110 00 Prague I Fax: 90-1-230-5265 I 
Loyang Industrial Estate Building 2 - Suite 100 Czech Republic 
Singapore 1750 Radnor. P A 19087 Phone: 42-2-24910976 
Phone: 65·543·1033 Phone: 215-971-8660 (77,78,79) 
Fax: 65-543·0859 Fax: 42-2-24910980 I 

Westinghouse 
Europe Process Control Division Egypt 
Westinghouse 200 Beta Drive Westinghouse Electric S,A_ 
Process Control Europe Pittsburgh. PA 15238 4 Salah Salem Street 
Genfer Strasse II Phone: 412-963-4000 Heliopolis, Cairo, Egypt I 
60437 Frankfurt am Phone: 20-2-291-6178 
Main 50 West Virginia Fax: 20-2-291·1498 
Germany Westinghouse 
Phone: 49-69-5005-364 Process Control Division Italy I 
Fax: 49-69·507-2436 611 Seventh A venue Westinghouse Electric 

Suite 300 GmbH 
Huntington, WV25701 Via Armenia I 
Phone: 304-529-6404 20149 Milano, Italy I 

Phone: 39·2·39-21-12·92 

I 
Fax: 39-2·39·21·12· 70 
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I 
Partners and 
Distributors I 
Canada India Poland Turkey 
Westinghouse Electronic Systems Zaklady Automatyki EKA 
Automation Technology Punjab Ltd, Przemyslowej ZAP SA Elektronik Kontrol 
500 6130 Third Street B-81, Phase VII 63-400 Ostrow A1eteri 
SE Industrial Area Wielkopolski Saayi ve Ticaret A.S. 

I 
Calgary, Alberta T2H S.A.S. Nager(Mohali) ul. Krotoszyniska 35 Buyukdere Caddesi 
IK4 160055 Poland Ayazaga Asfalti 3 Y 01. 
Phone: 403-640-2050 NearChandigarh Phone: 48-653-15-72 No. 19 
Fax: 403-640-2075 India 80670 Instanbul, Turkey 

'1 
Phone: 91-17-2-507-492 Przedsiebiorstwo Phone: 90-1-276-5750 

Westinghouse Fax: 91-17-257-0572 Systemow Automatyki Fax: 90-1-276-1342 
Automation Technology Zapis 
65 West Beaver Creek Escorts Ltd. 63-400 Ostrow United Kingdom I 
Road Partap Building Wielkopolski NEI Control Systems 
Richmond Hill, Ontario Connaught Circus ul. Wiejska 18 Ltd. 
L4B IK4 New Delhi 11000 I, Poland 227 Kingsway, Team 
Phone: 416-731-1414 India Phone: 48-641-626-96 Valley I 
Fax: 416-731-2372 Phone:91-11-331-3026 Gateshead NE II OQJ 

Fax: 91-11-331-0271 Spain Phone: 44-91-487-081 I 
Czech Republic DISELS.A. Fax: 44-91-482-0006 
EUROMATIC Israel Av.Burgos,8-B 
Rumunska 12 Ardan Production & EdificioGenesis I 
12000 Praha 2 Industrial 28036 Madrid, Spain 
Czech Republic Controls, Ltd. Phone: 34-1-589-3434 
Phone: 42-2-29-3634 52 Golomb Street Fax: 34-1-589-3333 

66171 Tel Aviv, Israel I 
ZATa.s. Phone: 972-3-537-0122 Taiwan 
P.O. Box 45 Fax: 972-3-382-401 Lien Tung Ltd. 
261 80 Pribram VI-541 120-16, Chung Hsiao 
Czech Republic Japan East Road -I 
Phone: 42-306-21867 Daiichi Jitsugyo, Ltd. Section 4 

20 Kanda Nishiki-Cho Taipei 10646, Taiwan 
France 3-Chome, Chiyoda-Ku R.O.C. 
Jeumont Schneider Tokyo 101. Japan Phone: 886-2-711-1860 
Automation Phone: 81-3-296-6167 Fax: 886-2-721-7124 

I 
49, Avenue Franklin Fax: 81-3-296-6312 
Roosevelt Thailand 
B. P. 95 Korea International Engineering 
77212 Fontainebleau- Korea WAD Systems Co. Ltd. I 
A von, France Corp. Ltd. 388 Phaholyothin Road 
Phone: 33-1-64 69 65 00 Sae Han Building 12th Floor SP Building 
Fax: 33-1-64 69 65 01 319 6GA Dang San Phayathai 

Dong Bangkok 10400. '1 
Germany Young Dung PO-KU. Thailand 
Westinghouse Seoul Phone: 66-2-273-010 1-
Controlmatic GmbH Korea 20 
Genfer Strasse II Phone: 82-2-675-7187 Fax: 66-2-273-0592 
60437 Frankfurt am Fax: 82-2-675-7125 

I 
Main 50 
Germany 
Phone: 49-69-5005-208 
Fax: 49-69-507-3304 I 
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Only WEStation - the next level of 
performance in distributed control and 
information systems-adds to the value 
of both process and management 
information by combining them and 
making them accessible throughout the 
enterprise. This unique feature-plus 
myriad others-leads to unique benefits 
for users ... 

Reliability, built on WDPF experience 
and its platform of proven hardware and 
software. WEStation is an important 
extension of the WDPF control system 
that was introduced by Westinghouse in 
1982, and which now is operating in 
thousands of process plants and power 
generating stations worldwide. Like 
WDPF, WEStation hardware and 
software are proven in service to be the 
industry's outstanding performers. 
Features include the Westnet II data 
highway, the most powerful and reliable 
in the industry; the UNIX operating 
system; RISC-based workstation 
technology; an open Ethernet information 
highway to link process and business 
data; and an integrated relational 
data base. 

Flexibility/expandability to avoid 
obsolescence, widen choices of operating 
modes, and minimize operating costs. 
Open architecture standards, national and 
international communications protocols, 
X-compliant windowing environment, 
and ANSI-standard C code provide the 
power to expand and accommodate new 
technologies. And outstanding processing 
power and openness allow easy access 
to conventional field devices, and 
integration of third-party hardware 
and off-the-shelf software. 

WEStation can be connected to any 
number of local area and wide area 
networks (LAN sand WAN s) to create a 
plant-wide or enterprise-wide information 
system. And WEStation is extremely 
modular and scalable: start with a system 
of modest scope and expand it later; select 
certain hardware and software packages 
and add to them later as needs for 
information change and technology 
evolves. 

eWE5tation 

--.• :;,. 

Minimum costs through compatibility 
with existing information systems, and 
flexibility/expandability. WEStation can 
communicate and share information with 
existing field devices and other equipment 
such as PLCs, PCs, mini-computers, 
mainframes, workstations and analytical 
equipment - without in any way 
compromising the security, speed and 
responsiveness of the control system. 
And WEStation's flexibility/expandability ~ 

reduce costs by protecting initial 
investments against obsolescence. 

Expanded capabilities, to far beyond 
traditional highway communication. 
Only WEStation can offer a fully 
integrated, on-line relational data base 
management system to centralize all 
information in one cross-referenced 
data base. It combines process and 
management information for optimum 
benefits throughout the organization. 
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Common hardware 
platform and 
operating system to 
support multiple 
functions such as 
engineering, 
operations, data 
storage and retrieval, 
communication to 
third-party devices, 
and advanced 
computation. 

Engineering 
software with 
capabilities to build 
process graphics, the 
control data base, and 
control programs; 
load configurations 
to all other stations; 
and electronically 
document all 
designs on-line. 

Historian/logger 
packages for mass 
storage, retrieval, and 
reporting of real-time 
process data; SOE 
(sequence-of-events) 
data; and other 
events. 

Compatibility with 
third-party software 
enhances the value of 
WEStation by en
abling the addition of 
functions such as on
line document view, 
multi-media and/or 
video, geographical 
information systems, 
expert systems, 
spreadsheets, and 
many others. In 
addition, plant 
application software 
packages developed 
by Westinghouse are 
available to control 
and monitor specific 
processes. 

Operator package, 
the graphical 
interface for plant 
control, diagnostics, 
trending, alarming, 
and plant monitoring. 
Operators respond 
quickly to high
resolution, high
speed graphics, and 
advanced display 
features. Process 
diagrams, compre
hensive control 
functions, and many 
other plant parame
ters are instantly 
available. In 
addition, operator 
and maintenance log 
books can be created 
and viewed, and 
plant tag-outs can be 
managed automati
cally on-line. 

Westnet II data 
highway, the 
industry's most 
powerful and 
reliable, assures that 
the control system's 
process values are 
broadcast onto the 
highway every 
second, regardless of 
plant conditions. All 
critical WDPF 
process functions are 
integrated onto 
Westnet II, which 
interfaces directly 
~th\Ves1:inghouse' 
and industry-standard 
platforms such as 
IBM PCs, DEC V AX 
and Alpha comput
ers, and a variety of 
workstations. 

The Ethernet 
information highway 
links the WDPF II 
process control 
system with business 
and information 
systems without 
burdening the real
time Westnet II data 
highway. Non-real
time information 
such as configuration 
and historical files is 
distributed by the __ r:-' 
Ethernet highway [ ~ 
using open industry 
protocols. 

Control processors 
and I/O, including 
WDPFIIDPUs 
(distributed process
ing units) with local 
and remote va, 
central and remote 
telemetry units, batch 
control units, and 
others. 
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Design Features 

Proven Reliability 

Flexibility! 
Expandability 

Minimum Costs 

• Real-time UNIX operating system with multiple 
gigabytes of on-line mass storage capability 

• Ergonomically designed RISC hardware platform 

• X-compliant windowing environment 

• High-resolution, high-speed, full-color graphics 

• Comprehensive control functions for rapid response 
to dynamic process conditions 

• Open architecture to accommodate third-party 
hardware and software 

• Integrated relational data base capability 

• Based on WDPFII technology, with thousands of 
installations worldwide 

WEStation 

! 

-----------------------------------------------------------
• Deterministic Westnet II real-time data highway 

• Fully open Ethernet information highway that utilizes 
TCP/IP standard protocol 

• Easily accommodates third-party hardware and software 

• Integrates with all LANs, WANs, and existing 
information systems 

• Supports multiple functions and data highways 

• Compatible with existing PLCs, PCs, workstations 
and other hardware 

• Compatible with third-party software 

./ 

=~------------------------------------------------------------------Expanded 
Capabilities 

• The only information and control system capable 
of integrating business and process information 
and communicating to every location and function 
in the enterprise 

/ 

--------_.---------------------------------------------------------Customer 
Satisfaction 

• Complete, single-source responsibility 

• Commitment to customer satisfaction through total quality 
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Wide area networks 
(WANs) distribute 
information among 
any number of plants 
and other facilities, 
regardless of 
location. 

Financial 
managers and cost 
accountants, by 
combining process 
and business 
information, are able 
to determine costs at 
specified points in 
the process and 
continuously track 
the total costs of each 
plant's output. 

Operations managers 
are, because of 
WEStation, able to 
benchmark and 
compare the 
historical and current 
performances of all 
plants within the 
company, then adopt 
best practices. 

Local area networks 
(LANs) connect users 
throughout a plant 
with the Ethernet 
information highway 
andlor the Westnet II 
data highway. 

Plant operators, 
quality control 
engineers, and 
maintenance 
supervisors use 
information available 
from WDPFII 
WEStation to 
monitor plant 
conditions and 
operate plant 
processes, schedule 
maintenance, 
diagnose and resolve 
upsets, and in general 
raise plant 
productivity and 
efficiency···the 
conventional uses of 
data from process 
control systems. 

~,~ J \ .... '. , .. ~ 

Environmental 
engineers and 
compliance officers 
control and monitor 
plant emissions to 
assure compliance 
with regulations, 
including those for 
continuous emissions 
monitoring, using 
the real-time and 
historical information 
available from 
WEStation. 
Demonstrating 
compliance, and 
the results of steps 
taken to assure 
compliance, is 
simpler and more 
supportable. 

Design and planning 
engineers rely on 
information from 
WEStation to 
configure and test 
control strategies 
on-line, and integrate 
operations data from 
all the company's 
plants into designs 
for new plants and 
upgrades of existing 
plants. 

Plant managers 
benefit from WDPF II 
WEStation with a 
comprehensive view 
of operations that is 
far more timely and 
useful than the 
piecemeal views that 
have traditionally 
been available. 

'. 



Westinghouse pioneered, more than a 
quarter-century ago, the application of 
digital control to power generation and 
industrial processes. Now, with 
WEStation, Westinghouse has pioneered 
the integration of process control and 
business information. The expertise 
developed over those years is applied to 
projects from initial evaluation of needs 
through engineering support throughout 
the service life of the system. 

Services include conceptual design and 
definitive cost estimates ... design 
engineering ... manufacture and assembly 
of components ... systems engineering, test, 
and simulation .. .installation .. . 
commissioning and start-up ... training of 
operators and maintenance people ... 
spare and replacement parts ... service and 
long-term support, including development 
of enhancements to upgrade even the 
earliest digital systems to WDPF II and 
WEStation ... and the Westinghouse 
assurance of reliable performance. 

In independent surveys, Westinghouse 
process control systems receive 
consistently high marks from users for 
overall performance and customer 
satisfaction. One reason is the 
Westinghouse commitment to total 
quality; it focuses on doing the right 
things right the first time. With WDPFII 
WEStation, Westinghouse has again 
demonstrated its capabilities to assure 
the highest standards of quality in all 
products and services. 

ptST ftVIHLABLE copy 
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THERMOSTATIC RADIATOR VALVE 
TA RUT, TOUR AND ANDERSSON LTD 

Data Sheet AB·0321·15215 

Exhibit 6·13 
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THETARVT 
RVT Thermostatic Radiator Valve 

The new RVT cuts energy costs and 
improves comfort 

You limit or lock the temperature range with concealed 
pins in the handwheel. 

• RVT is a self-contained thermostatic 
valve for temperature control of indi
vidual rooms. It can be used with hot 
water systems and steam heating 
systems alike, offering great im
provements in heating economy and 
comfort. 

• You can count on a long service life 
for the valve. The valve body is made 
from a special copper alloy, Ametal®, 
resistant to dezincification, and then 
nickel plated. 

~='-~""""""&4~ 
.-----.~g ............ ~i9~; 

• 'L.--,...-__ ---fII#' 

The accuracy of the actuator is not influenced by the 
tamper proof guard. 

• You can get the valve in sizes from 
'h" to 11/4" NPT. The molded disc and 
plug give excellent flow characteris
tics. The valve is normally open with 
angle, straight or reverse angle body. 
The inlet is female NPT, the outlet 
either male NPT or sweat union. 

• The thermostatic actuator is calibra
ted to a high accuracy. You can 
choose from three different Control 
Unit models: Attached, remote bulb, 
or remote adjustment. 

fA 
TOUR & ANDERSSON INC· 1001 Briggs Road, Suite 205, Mt. Laurel, NJ 08054, Phone: (609)-778 1300 



Applications: 
Hot water and steam heating systems. 

Nominal temperature range: 
43-79'F. 

Max body pressure: 
200 psi (water), 15 psi (steam). 

Max static pressure: 250 psi. 

Max pressure drop: 
Yz" ..................... .. 
0/." ...................... . 
1" ...................... . 
.. '/4" • ~ •••••••••••••••.•••• 

VALVE BODIES 

(water) 
25 psi 
20 psi 
15 psi 
15 psi 

Max working temperature: 
+ 250°F. The thermostatic head may not 
be exposed to a higher temperature than 
+ 122°F or lower than - 4c F. 

The approx temperature for thermo
static head RVT 

., 1'2'3'4'5'6'7'8'9'· 
i I I Iii iii 

... 6 8 10 12 14 16 18 20 22 24 26 'C 
43 46 50 54 57 61 64 68 72 75 79'F 

RVT343 

Surface treatment: 
Nickel plated, 

Length of capillary tube: 
6 Ft standard, 15 Ft or 25 Ft. 

Material: 
Body '/,'_1": AMETAL" 
Body 1'/"': Brass 
Stem: Brass 
Disc: EPDM Rubber 

RVT 321 Straight ..,;P,...;rod=uc.:..-tn..:...um,...;b..:...er ___ ...:.c.. ___ ...:..::.=-C, Size 
Trim cartridge 

Product number 

~ W .,,§ 

RVT 323 Angle 

75321-915 
-920 
-925 

Product number 

75323-915 
-920 
-925 
-942U 

RVT 324 Reverse angle 

~' PrOduct number 

75324-915 
I \ -920 
L--

1.5 
2,0 
3.0 

C, 

1.9 
2,3 
3.0 
3.0 

C. 

1.8 
2.1 

Product numbers refer to valve body 
including unron nut. 

THERMOSTAT 

RVT 341 Attached sensor 

1/2' 
3/4' 

1" 

S,Ze 

1/2' 
3/4"" 
1" 

1':, 

Size 

1/2" 
3/4' 

PrOduct number Temp. range COlor 

RVT342 
Remote sensor 
adjustment 
on the valve 

!::::p::~ 

~/ 

ate' -: --." 
·I:I~ 
~ 

RVT 346 

50341-201 43-79'F 
50341-202 43-79'F 

PrOduct number Temp. range 

50342-201 43-79'F 
-251 43-79'F 
-281 43-79'F 
-401 43-79 F 
-451 43-79'F 

50342-202 43-79'F 
-252 43-79F 

-ArmorCabfe 

Remote sensing ProdUClnumber Temp.range 

and adjustment 50346-201 43 79'F 

~ 
=~~: :~=;::~ 
-301 50-86-F 

~ , !i-.' , =:~: :~=;::~ 
~ , WI" 50346-202 43-79'F 

, 'Armor Cable 1) Cooling Only 

24VAC 2-POSITION 
Thermo-electric actuator 

Product number 

E22C24 

Beige 
White 

Length of 
Color capillary tube 

6 Ft Beige 
15 Ft Beige 
25 Fl Beige 

6 Ft' Beige 
15 Ft Beige 
6 Ft White 

15 Ft While 

Lenglhof 
COlor capillary tube 

6 Ft Beige 
15 Ft Beige 
25 Ft Beige 

6 Ft 1) Beige 
6 Ft' 8elge 

15 FI Be'ge 
6 Ft White 

RVT701 
Union tail piece, NPT 

m 
RVT703 
Union tail piece, Sweat 

rf1l 
ilJJ 

50343-001 
-003 

PrOduct number 

50701-915 
-920 
-925 

75701-942 U 

1/2'-3/4' 
I-I", 

Size 

1/2" 
3/4' 
I' 

1. 

Note: Proouct number refers to tailpiece only 

PrOduct number 

50703-815 
-620 
-625 

1/2" 
314 
t' 

Note: PrOduct number refers to tailpiece onl~ 

Pneumatic actuators and adapters 

PNEUMATIC 
ACTUATOR 

BONNET 
ADAPTER 

RVT 
VALVE BODY 

--------
PrOduct number 

Pneumatic actuator 
PA 7 L 13-T ) PSI 

PA 7 H (8-111 PSI 

PA 7 C 18-111 PSI 

Bonnet adapter 
LV 228001 

RVT 101 1'/4" Insert 

~ 
1-pipe shown 
Accessories 

RVT349 

Product number 

75101-740U 
75101-791 U 

C, 

3.0 
3.0 

Type 

1-plpe 

2-plpe 

Product number Type Temp 

50-345-002 Lock,ng p,ns 
50-349-008 Spacer TF Increase 
50-399-001 Manual Handwheel 

Tamperproof guard for RVT 341 and 342 

tEJ PrOduct number 

50-349-003 
75-349-008 
50-349-009 

Type 

Rese1tool 
Disassembly tool 

~I 

I 
--I 
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RADIATOR ALLOC~TOR, ISTA 

(8 Pages in German) 
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Heizkostenverteiler 
Verdunstungsprinzip, eleldronisch 

.n Service und Beratuna vorn 
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.............. fakIO ......... tt • 

.... 1tteI. utlcl ftchtltl 
an .... cI.n 

Die mitt1ere Heizkijrpenempen.tur muB 
a\lf die Me6fllissigkeit bzW. den f'Ubler 
der Heizkostenvetteiler mOglichst 
intensiv einwirken. 
MaBge.bend dafUr sind U. 4. 

- die Cute des Winnekoo.taktes 
zwischen dem Rackenteil des HXV 
und der He1zldkperobelfliche im 
Montagepunkt (wesetltlieh al)hlbJ.gjg 
auc:b '10m Montageteil}, 

- die Warrneabstrahlung des HXV· 
Volderteils. die zudem noctl von der 
Umgebungatemperatur bestimmt 
wird. 

Es gtbt abel noch andere G.ttinde, 
wuum TemperanmmteDChiede 
auftreten. c.n bedeut~teo EiDIld 
baben die Hei!ktirperarten. wie %.B. 

- OI1ed.erheizkorper 
- plattenartis- HeiZk&per 
- KonveJaoten 
- Mischfomlen. 
Trotz gleichar Waxmeabgabe verschie
deller lfeimc'&per enanehen desMlb 
Wlterschiedliche Tempefaturen am 
montienen HKV. Die8e Unterschiede 
Mti88en mit Hilfe yon sagenannlen 
Xc-Wenen korrigien wer:den. Jade 
ICombinetion He~n
"..neiler bat ihlen speziftscl1en 
Ko-Wert. 
rur elns VleJzahl VOIl HeiIkOtpenuten 
werden fUr iata a.uf emem von der 
Eichbeharde ane%kaMten Pmt'a1and fUr 
Heizkostenverteiler erfordarliche 
K.,-Wert& gem essen. Eine staatIich 
anerkaDD.te PrUtste.ue .aach Heiz1casten
verordnunq Uberwecht diese .Azbeilen. 

BiD hoher Aufwand - ftl1hrer Sieber· 
heU! 

Haldrostenv .... eiler rIchtIv IIIOft ....... 

Qeichgtillig, ob HKVV ad. HICVE 
verwendet werd.en, die Iiahlige 
GeriiteDJOlItage 8I1tscheidet wesen~ 
Uch. ob <lie HeizkcstenermilllUng 
kotrekt wird. 

Bei einem I«VV ist daa Me8ergebnis 
die Menge der Meftfliiaaigkeit. die 
Uber die Zeitdauer dO{ TemperatuIeiJl
wixk\lng aua del MdamplUe VEl!dun. 
stet Bei emem HXVE W8l'CIen vom 
FWller elektrische Sigaale in Abbiin
gigkeit seinez Temperetur ala ZIJU. 
impuls an du ReclutnwelJc gegaben. 

Die YOQ der Me8flUaiglreitldem FUhJer 
autgenommene 'R!mperatUl'mu! 
desbalb reprasentatiV (mittlere Heiz
k6rpen.mperatur) fUr die W&rme
abgabe des ~ aein. Bei den 
awisteJl HeizkiXpem llegt d1eaa mitt
lent lleiakOrperlalperatur ba' 7596 
seiner BauMhe uad IIa der BauJinge. 
me Wlt&zsclhi~n Heidctirper
bauarCen abel verlangen umerac:bieci· 
liche Moncageteila und Befestigun~ 
anen rur die HeilkOateawrteilm. Jede 
Bei8$Qgungsart beduf besonderer 
Molltagetl!lile. DaraWl wieQemm erg&
ben sich unte.rsc:bied1icbs Xe-Bewer
tungsfaktoIen. Der _ Monteur wei6 . 
genau. wie zu monti.eken ilL 3ein 
McmtagebaDdbucb sage ihIn. WI8 zu tuA 
lit. an .... lc:ben PuDId: er moDIieNIl 
mua. mit welchen MoJllagereilen. Spa
zieU 8IltwiCk:ette ~ rur _ HeUkostenvezteil«t fib: fa8t aile 
vodc:ommendeJl HeiIkDrper .... 81'
mi5g11cben eiDe DIN-g.rechte Momage. 
Nor wenn rtchtig mon1iert wird. kalln 
t1chdg g.mesaen und. gemcht abge
mcdmer werden. 
ADwendlmgaicherMit eaJlCbek!et1 
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Beratung:JSicherheit bin. Anwendungs
sicharheit her - Sle als Vmmie18r und. 
EigenHimer des O.bjekte8 W1d wi!' 
aJs Jhr DienatieislUngSUDtamehmell 
k~mteD WI8 DOeh $0 &ehr beJDI1ben 
alia Jcorrekt zu. machen - weD Due 
Miatel' die lUr Abreclmung fUblenden 
Oatell Diehl prUfeu kOnnen. bleiben aie 
miBttauisc:b. Unci Sie selbet wollen ja 
seber aueh gem ga= genau wiUen, 
welcha eln_lnel1 Dalla • .-pitar lAD' 
HaizkcsbmAhrechnung fUhten. 
Offeniegw1g und PrUfbarkeit aIler role
vanten DaIRn lIChaffClI1 Vettnu8D UDCi 
Alaeptall2;. 

SObafd wi!' nach del MoJltage dar f!XV 
diCl via_ von UM .mobcMD Daten 
Jbrer Liagantchaft mfa!t babeD.legeu 
wir Ihnen clWM &ur Beatiti.gung VOt. 
Sollten eInma1 Fabler vorlumdan Min -
unsena Monteura IIind auch nur 
MenscheQ - k&mtm wir diese mir 
Ihnen ge.Dulin8am karrigieren. bcml 
die eme He!zkosteDabrecMuag
emteIlt wild. damit sie auch Iichtig und 
rechtssicher wIrd! 

Undo lhte Mieter? FUr sie ersteUen wir 
die .Nutzardokumen~tiOA·. Auch 
hleriD _au wU' ane MeBstelIon. die 

• " ¢ II 

.. fir .. ----I!II!i!NiPi. -----

:~ .. ~----.. '---
=--0" --.... -----dE 

MaAe der HeizkOrper. die Nummem 
<fer HKV. die IabEec:bmmQIart '* 
KQ8te1l etc. ... WIl' wolfeD nicIlCS 
UD1dar lulen. $OIId..a mit lhDen 
gemeiDsam hOc:bate SicherIIeU euei
Chen. Und das bmtita vcr _ emen 
H~. 

n.tiirIfCh ben<ltigt diases pumer
sehaftJicbe V.mwea • wenig Zeit: 

- .AuImeB dar Hei.l1Ulrpo1' 
- Ed .... 11 a1Ier Daten 
- 8esWigung del technilcben 

DakumentatiQQ. durch Sis 

-~ der Nul2erdokumenta 
IimI cturch DIre Mieter 

- Berechnung cIer BawertuDgstaJac 
bet UIIS aDlull\d dar tlestiitigteD 
Gnmddaeen. 

Und wd ... du an.. flIr Slo _teD 
woUara.lfeIem wir.u. .. HXV immer 
mit EiDheiUWtale. J~ Oeriit hat 
Ul\abblngig ~ der aroe. <1 .. Rei&
kO.rpem und d.em .nzuwudenden 
K.-Wen die glatcbe Skal. odet Aaei
gegeachwindigkvit. D. Montage der 
HICV kaDn ohlle VeaageruJlg durcl1ge
fQbrt werden. Sie kImmul tbre gesetZ. 
Hche MeBpOicbt umem1glich Ql'ftI1IeD. 

BEST AVAILABLE COP 

Eta we&l aile Daten gepriift .at. 
weuI.eD * DlN-sreMObtell Bewor
tuIlgafaktareD beetImmt. In dell ~ 
lUId ~U8D simS daml 
aile Daten Jdu ~ UDCi die 
BtndmwIg del' ~chiVMlte iat 
Ubemiabllich UDd JUlCtlvollziehber. 
Wean Sie es wtJuchen. rUstan wir bei 
dar __ ~ cUe HXV mit dell 
~ SkaM1I. dell eogeaaDJd8D 
ProdulctwD ..... lell, aus. Dei KVE 
geachieht d.u elekttODisch dIm:h 
U~derAuzeigag .. 
SChwiDdiglCell 

£1st prUfen - d8Im JicbIig belr8lt8D-
1ata-.Abreclmung.soSlcherbeitl-Svatem. 
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.~ • ...-: '!1?CWW"II 
7.ugelaaen D.8Oh ~V. 9*priift 
nach DIN 47I3 'l'eil a. Ausgabe MiiIz 
1990. 
.Abme&rnm.gen: siebe 

WarkatOffe: 
Unterteil 
Ob.neil 
Mef!ampul1e: 

MAftREliehnunaen 

Alu-Oruck;u8 228D 
POM 

Au1\eDlllde 90 )C 1.25 mm 
'WaDc:I$tirke 0.7 mm 
InDerldurchmesser 8.as mm zyJiadrisch 
MateMl GJas. ~iB 
Fltl3sigkeit: 
Bezeic::bnung 
Rei.nhaitsgtad 
SiAd6]!IUnkt 
Emammgapunkt 
Skal8J1S7Bfam: 

SlCaI.eDllnge 
VeTbrauoha-
811Hige 
AblNakoDlI'CIlIe 

Methylbenzoat 
99.Z% 
UHICC 
-laOC 
Einbeitsskala 0-40 
al.dWuuch 
Pfaduktskal.en 
Lei&t\m~ 
118.5 W bts 9304 W 
mittels 
82 SDleDgrot5eD 
sa.Smm 

An allen lumdelst1b1icbaD ~ 
aofam etas Cer.it im Tempemrurmittal
puDkt daa ~I$ QIOAti.rt 
wetden karm. 

Min. Auslegunga-
Vol'laultempenl1ur MOC 
Max. Aualegungs-
VorJauftempezatur 900C 

OlCihete 'lemperalu.ren zwl ADfmge: 
Entwurf DIN 4713 Teil2 ist:zu beachtea). 

BEST AVAILABLE COpy 

Die MetsDUaligkeit bestimmt .... m· 
lli;h die EinsatlgleDlen des 8KVV. Dt. 
~WiD.dtgkeit d.er 
MAM~t in del" PrUillioasamei\
ampuUe Dimmt mit falle~ '1'empe
nllUr biB lUI' lCa1tVerd:uDIICu1lgaate 
i1berpropor1ional atark abo Die Folga 
lind dun sehr gerlDga Am:afg ..... 
(siebe Diagramm S. 4). D-balb md 
die M~fltlaigk8it im HKVV im Mittel 
iiber die Heizperiode etwa 6S"C 
alll!llJ8Mlzt .. reiea.. Dei bebea TemPI" 
raturen ateigt dis F!I1ssigkei18abnahme 
Ube!propordOnal stark: bei sehr hemen 
Temper.UuIen bestebt die Getahr. da6 
die ~lceit vOUig varduaatet 
(Le~. [)esbalb i8tgemi8 
um 4'113 Teil a del' Ems_tc auf Reb· .,.me mitAWI~~e'D 
WlD 1I:IiadM*" .sete und. ma,.;",al 
9OQC~t. 

Bei System.TempeRtur Uber 90CIC bis 
130"0 sind gem. DIN 4713 "nIil2 beeon
dele anlagentechDiache BedJngungen 
Vorauseethmg fiir den Einlatl VOIl 
lK'VV. 
N"tclU ymnmdungsfiibig.ll8i 

-FuMIod~~n 
- Dec:keuIzahIwl9*Miaungen 
- kla~uenen HeizkCIpem 
- BachtwaDDenkO~.Idoren 
- ~vtteaeugem 
- Heiay3temen. die mit Disdligelell 

AWllegungsvorlauftamperaturaD aI8 
660(: arbaitaft 

- HeiasysleQlBf1. bei deneD die lieU:
kiirper mit Dampfbetrieben ~ 

- EiDrohrheiaungeD (eingescllriinld) 
- HeizkOrpem mit bai DIN-WIrme-

1eistDng nicht berUekaiC:hIigteD Ver. 
Jdoidungen 

H"aqbt ~g8fiihi.9_ 

- Anlagen mit mebrelen Regellcreiaen. 
sofem kein zentrala Mdgerit 
(Wlirmedh1er) se Regellaeis 
1JOIbanf1n.1.It 

- ADlagon mit 1 Regelkreis. jedcch 
untersc:bied1idn Oebiudeteilen 
mit ~zjftsch unteac:biedUchem 
Wli&'mabedar! 

- w8m1.adinwtecbnitch tmr. lege
hmgstecJmisch mode:miMrten 
Gebauden mit .PraIC1 AualegtU2gs· 
~unter68OC 

- GebiudeJeomhinationen mit naah 
alter Wld uch neue! Wiirm.eSCtwt&· 
veJordllung berechneter Gebaude
teile 

- e:rhebUch UberclimeDaioDilll1en 
ADlagen 

Rill ldusis:cu. Iddi:& Cw Dicht mobr 
AUaft!lidutIKW EiDaa~ VOD 

HICVV sind X'cstea .on mebr ala DM 
19.- je Verbraucbawarl: (sogen. S1rich
preis). ])as UUft 1ft vtelell.Albmlagen
m. Aus GrUndea der ~bajt 
del' HeizIrJosto~ _ in 
solchen nllen driDguclm empr"'n, 
dia ADIage und daa Ma8ayateDl tIbeI'
prtiIen zu luIeD. Dar EiDDIz ampftNt
licbeIer tmd IU.r die Becriebsb4IdiJa 
guDgen dar Aalageg~ 
Mdverfahrell ist in aller Regel weseat
licb gUna1iget als eine Anderung dar 
ADlagell(ecbJ'lik, 

In Anlagen mit bJiuagem Mieter-
1I8Cbaalsaigt der HJCVV aiDe pA~ 
liW:h badiDgte Schwkhe: iDfo!p der' 
~istdet 
WIizmeveIb!auch des auaiehenden 
Mieters in aller Regel nieht f~ellbu: 
Rechtalreitigke1len sind .prognm
mlart". 

EJektronjache Heiakoatemeneiler. 
l-FUhler·OeriiIe,. bieten in beide 
Fillen Abhille. 
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Elaktronisoha HICV lIiDd D4Ch zwei 
~tlich ~Il arCciten
de.D Gerlllealbm leU untanrcIleiden: 

- l-F1.U\let-Sy!ltem 

- !?-f'OhIQr-s,staID 

~ 
Wle bet HJCVV aEfaSI nUl' aiD. FUhler die 
He~mpemlm am Montag. 
punlct des HXV. AlbIrdiDg, weson1licb 
Prilzfaer. sctmAller UIId .airleer magi. 
rend. da es eiD eJa~ SenllOl' 
iat.]ec:Iach wild IIIJt:b bier nioht cJje. 

RawNufttemJ*atur ezfdt. 

III Wohngebiiadell b.e1DClball Ublicher· 
weise RaWQt.mpara1Dlen von 18-22 00. 
Dnbalbwarden die WInn.a~ 
warm dAr He~ gemiIB FOldenm· 
QRn Al .. DIN 4'l13 auf 200C Raumluft
temperal'lIf ~"" In dar m.ktrOllik 
dar Gware wild deher em f"esnrert tr.Ir 
2O"C RauaI1ufltemper simulieIt. 
So bildal d8JID daa RechcBwerk die 
DUFerenz 81J1S Heizlakpeztemperatur 
ablUglid\ZOOC~tUI: 
Dc bferaus sicb ergebellde Wen. die 
sag.mumta Ubertempenltur. nibt die 
ADzeige des Geriles. 

. 3-fllbler_.§ntul 

HI« wird zuA1Zlich zur Heizlci:ilpertem
peratur nCb. die ta1Sl.chlictla Ra\lJJloo 
lufttemperatur durc:h .men zweiten 
Ff1hler erfa1it. Nahuu eukt JcaJm so 
die talSiichliche WlrmeIeistung des 
~ ermittalt 'INl'dea. a·E'WIrer
garita IIriiSsen insbesowJ.ere 1m 
Niedertempetatur·8ereich .lngeMtzt 
werden. 

... 
~ .. =~ ... 
~'?: 
S' 

·rr·~ 
r
~. 

• 

Dimmt .. aJs '-to. 'Welt ~ao-c an. 
UDd daJait lechDtt ... tmd du bliIII
safmelI. iIlldeiDsla EiDIleiteQ. Diae 
.agt der m.c dum.ofCllt UIId 
dmlRDd aD. in ZableD. ftir jedermalIn 
deutlich t.ber. TIgUcJt. .sd1adliaII. ja 
80gIIr ill noch kIiaer_ ZaiIembeitaD 
we1.St er daD neuestea Stud BefDet 
BentcJuwugIlll au$. UDd daa an .. 5 
Jabre 1qg mit rnu: eiDI!II eiDaigeD 
Batterie • bergiever.aorgung. 
So :sUXt ilm. wih:rend din Ablesung 
Diemand beiRinar Albeit. Er ist 
acber. iuideren oder gar _ipuHe
-PHlliBt er aidl nid1t. 

BEST AVAILABLE COpy 
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.............. ,....... 
Du GeritauDteJMa beeteht IWII 

bochWl:m81eitDihtgem Material U' 
Montage am Hemb;rper. das Gerlt ... 
obel1eil aus IdImebestln<Ugem (Udst
atOff.. In Ibm lIiDd die AaIiJse mit allen 
elektronischen Bauteilen. eine 
LCO-ADl.eiQe. die Langzaitbanerie UDd 
der Heiaktil))8Zfiibler pIaziml Dar 
H~ ist 80 mcmtiert. daB er 
sehr eDkt die TemperalUr des GehiU
_ume:teil .. ctdt.lm ~ 
iIIt aill p!qyjqluteDS&er ~r. 
duch daa die LCD sieber abgelesen 
werdea JauuI. 
AuBerdem siIId. dabinter die Program
miellconlaJQe mr dis Bew8rtw'Jgatak
tarea zuglDgllt:!h. Du .F ..... ,.. HIbaI 
ist rlk Unbefugta aiD.g!iffaicher 
veraclliossen. 
a.rataobaneil UDd. -Ullterteil haben 
Nne zyliDdNcbe BQlutmg. duzd2 dill 
beida 'DUl8 gegaDliiDaDder vorplombt 
-..den. 
Dei d.er (lerlU •• ..tiibrw1g mit Fem
fUbler ist d.w ~dI1lIler iibw eill 
3m-lAbel aIlS clem OeJUiuaeoberteil 
h~ Nm dar FmJIffibler wird 
mit _iller mel8WllcbeD Gnmdplatte auf 
d.em ~ momJett: daa JWast. 
stotrvebilu. senna &a.!:abel.md 
tenspenturbutllndlg bia UO"C. Du 
Gerilblcbe\'teiJ wird auf aiD WIIDdga. 
bItuM ne):)en den HeI2kOIper geseat. 

PunIdI ......... 
Oae GeIllWleUDterteU iibemimmt die 
Temperatur Qer ~tperobedliche 
am Mo.ntagepuDkt UDd lette' 8fe an dea 
hochwenigen TemperatudUhler 1m 
HICVE. .\us dar Flihlertempemtur uIKl 
dern im HKVB lesteiDg4MtelUea W'ert 
¥OIl ao~ (ur die IlauaIlufhmperam 
bemc:lmet die Eleklronik die sage
naante UbedllmplRatur. EDIsprecbeIId 
det Zeitdau._ wid dIrr HOlle _ aDate-

Haden Ubertemperatur dblt das 
Oerit ADzeig8werte. die auf eiIier 
5etelligeD bochblrDpeJaturfesIeD multi· 
tumcIkmIlen LCD-ADzeige abgeleeelt 
werdeu 1dInnen. FUr die HeizkaateD· 
abreclmwsg wemen diIIM kDIe1tCI. 
werII! naCll DIN 4713 'l\!U3 beziigUc:b 
der jewei1igen BgeJlllCheften der Heiz.. 
kiiIl* bewenet. Die Bigeuchafteft 
ergebeD. aich a1l8 Grille. Bauart UDd 
Heizleistung des He~ cler 
Baam dea HEYE unci ___ MoaIIIga 
Art t\m HeizkOzpaE. 

Die Startlempefllt\lr fUr zjibllmpulse ist 
28.5"C. FWlledemperat\D'en. die 
kleiner .md. 'f'eranwaen keiBa ZibIim-

uIse.. £iDe Xa1tveJduDItuDg 1M beim lim kaJI.n daduzch Dicbt auftrelen. 
CerlDgtUgtge SQg8lWWe .Sommer
zIJJIimpuIse'" aDzd u. tJ. m(5gIfdr. waD 

durQb Fremdwirmequ.elJaa FWIJ.ertem
peratunm iiber as.SOC enl3te1um. 

HKYE·1FLC 
ZUIaIsImg IIEh HeiJkoI18DV 
gem. DIN-EilftlUrf. Stud Febr. 88 MOl/18M 

S~t,: 

SlIOmYeJaOrgUng: 

ICIimatiICbe 
An_DdWlgaJcluse~ 

~~ 

multUlmktlo .... ~ r.cg. bocIbJBmp ....... t 
(Ziff<Ra HXI. '.7 XUmm> 

DlN Oruppa A 

~az.~ 
aufW\luc:b~ 
LtHa~ llUWbIa 0304 W IIIfMI8 sa SkIIleJl 

BEST AVAILABLE COpy 
1 
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'11-'_1 _~:PI •• lf3leiiJpjil'''. ___ -·-''-·-''''''· ----------.-.-" •.•• __ .--.. _. __ ...... ",. .•• -

:t;;S96 lUI 10 K SAt", < 15 Ie: } mit 
±596mr lSIC:i4t",<40K At. ... 
:1:396 fUr iO K:;; ~ t,.-\. 
(Vezgleiche amtlich geeachte Warme
zabler) 
m der Proc:luktion werden in den 
Abgl.etchpunktan sehr vie} kleinere 
Toleranzen eiDgehalten (Emraplar
streuw.g goring). 

Max. Auslagungs-
Vor!.al1ftempamtUr 110QC; (~~ 
MIn. Au$1egungs. 
Vorle.Uftempemtur 400C ('l<lOC),* 

An Jast allAn handelsUbJichen HeizkOr 
~ .!JOfem du Ger. im Tempcmtur
DUltolgUDkt des KAiE\cOIpODI montimt 
werden kann. 

KlassIsches Anwendungsgebiet fUr 
fKVE-2FLC .ind Niedertempcratur· 
Anlagen und ISOlche. dwen praldische 
VorlaulteJaperalw' bela-B. -la"C Udter 

eo eo bleibt (i1berd.lD1ensioDi4Ute All 
anlagen). 

• lClammerwarta geltaniUr Ausfiihnmq 
mit Femfiihler. 

12 
BEST AVAILABLE COpy 

·~au ..... g~""' .• ""'2 
Del ~ DIN 4'713 'l'eil3 gefardelte 
~ un HKVB.~ reatiMne Manipu· 
la.tioDsschutz bewiIkt bei Wiinneetau 
eiQe Umscha1tung dar 8eaiebsart in 
den l·Fiihler-Betrleb. Dieser kaIIa 
uagewoUt. z.B. dutch HudtUcher iiber. 
oder Gcrd1fteD VOl dem H.gJd~rper. r 

oder auch am durch unglUcld:ic::be 
MDblierung hervorgezufea wemea. 
Je llmIer die HaizkHrperrampsratut' ist, 
um so !eichler/scbDana., tritt am 
sok:her Wi:naeatau auf. 
1m gzakdscban Einaatt. inshuoncl .. 
in Wobnanlagen mit raumwaise ohna
bin htiheren Tempararuren Ells 20 oc. 
wiRl daher sin Teil dtw Ged.t8 fut 
ausschlie6licft iJn l-FIibler:-8etrieb 
arbeiten. Die mdlecluUehen Vozteile 
eimts 2-FOhZer·CeriUe. kommllm dann 
Dieht zur 0eltuGta. Niabt auietzt 
aufgnmd dar Mp..ftrentabUldlt soRteD in 
solehen Anlagen hcIaer l-FUhler
Cenite wie der i$ta HKVE-lFLO 
ve:wendet welden. 
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7.0 

7.1 

7.1.1 

CAPITAL COST ESTIMATE 

INTRODUCTION 

This section describes the estimating approach and provides an order of 
magnitude cost estimate for 11 cases developed in Section 4.0 of this report. The 
cost estimate for all cases is developed in three different categories. These 
categories are: (1) cost for the rehabilitation of the existing equipment or the cost 
of the new one; (2) cost for the transmission and distribution systems; and 
(3) cost for I&C equipment. Exhibit 7-1 on page 7-10 provides comparison table 
for all analyzed cases according to the three estimating categories. 

The equipment and material cost data are based on the vendor quotes that 
represent their budgetary (list) prices for the equipment. Accordingly, the provided 
cost data and estimates should be treated as an indication and should be used 
only as a project(s) budgetary data. The order of magnitude estimates are based 
on the conceptual project data and are usually +/-30% of the final project cost 
estimate. 

GC II experience indicates, and was confirmed by the contacted vendors, the final 
equipment prices could be substantially lower than the budgetary prices. This 
particularly applies if the contracts are based on a volume purchase. Therefore, 
for the contract negotiation phase, the investor (owner) should have the project in 
a relatively advanced design stage, or even detailed equipment specifications and 
help from an experienced architect-engineer/consultant in contract negotiations. 

GOALS AND OB.JECTIVES 

The goal for this section was to develop an order of magnitude estimate, based on 
conceptual design data. When available, project preliminary design data were 
also used. The developed cost data was used for: (1) input into the economic 
analysis; (2) project budgetary purposes; and (3) preparation of the final bankable 
document. 

The cost data in the economic analysis will serve as a basis for the options least -
cost analysis and selection of the best option for an owner review and approval. 

Gilbert/Commonwealth International, Inc. 
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7.1.2 

The preparation of the final bankable document should be the first step for the 
owner loan application effort that should immediately follow completion of this 
study. 

SCOPE OF WORK AND LIMITATIONS 

The scope of the work included preparation of an order of magnitude cost estimate 
and corresponding cash-flow for: (1) district heating plants; and (2) distribution 
and transmission piping and substations of Sofia, Trajco Kostov, Liulin, and 
Republika plants district heating systems as identified below: 

Sofia THPS S1 Rehabilitation of the existing system in accordance 
with B&W recommendations for equipment 
rehabilitation provided in Section 2.5 and proposed 
new equipment configuration presented in 
Section 4.6.1.1 of the report. 

S2 Gas turbine/HRSG repowering option for retired 
steam boiler No.4 per proposed new equipment 
configuration presented in Section 4.6.1.2 and B&W 
recommendation for equipment rehabilitation 
provided in Section 2.5 of the report. 

S3 Gas turbine/HRSG/steam turbine combined cycle 
option for retired hot water boilers No.3, per 
proposed new equipment configuration presented in 
Section 4.6.1.3 and B&W recommendation for the 
equipment rehabilitation provided in Section 2.5 and 
of the report. 

Trajco Kostov THPS K1 Rehabilitation of the existing system in accordance 
with the B&W recommendations provided in 
Section 2.5 and proposed new equipment 
configuration presented in Section 4.6.2.1 of the 
report. 

K2 Gas turbine/HRSG/steam turbine combined cycle 
option for retired hot water boilers No. 8 per 
proposed new equipment configuration presented in 
Section 4.6.2.2 and B&W recommendation for 
equipment rehabilitation provided in Section 2.5 and 
of the report. 

Liulin TPS L 1 Rehabilitation of the existing system in accordance 
with the B&W recommendations for equipment 
rehabilitation provided in Section 2.5 and proposed 
new equipment configuration presented in 
Section 4.6.4.1 of the report. 

Gilbert/Commonwealth International, Inc. 
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7.1.3 

7.2 

RepubJika THPS 

L2 Gas turbine/HRSG/steam turbine combined cycle 
option for retired hot water boilers No. 1 per 
proposed new equipment configuration presented in 
Section 4.6.4.2 and B&W recommendation for 
equipment rehabilitation provided in Section 2.5 and 
of the report. 

P1 Rehabilitation of the existing system in accordance 
with the B&W recommendations provided in 
Section 2.5 and proposed new equipment 
configuration provided in Section 4.6.3.1 of the 
report. 

P3 Fluidized bed boiler option, for retired steam boilers 
No.1, and No. 2 and retired steam turbines No. 1 
No. 2 and No.3, per proposed new equipment 
configuration provided in Section 4.6.3.2 and B&W 
recommendation for eqUipment rehabilitation 
provided in Section 2.5 and of the report. 

Due to the similarity of liuJin and Zemliane systems, the liuJin cost data will be 
used for the ZemJiane system. 

The order of magnitude cost estimate includes direct cost component, indirect cost 
component, contingencies, and proposed cash flow. The order of magnitude cost 
estimate will include all cost elements, starting with the project design, equipment 
procurement, and project construction. 

The cash-flow for plant rehabilitation is based on B&W recommendations for 
equipment rehabilitation. Repowering/combined cycle options cash-flows are 
developed assuming as soon as possible replacement cases. The transmission 
and distribution component cash-flow was developed in accordance with the piping 
replacement schedule jointly developed by Bulgarian and GC II experts. 

ORGANIZATION OF THE SECTION 

In the following subsections, a more detailed discussion of the methodology used 
in this study for cost development and results of order of magnitude cost estimate 
will be provided. 

This section is divided into three (3) subsections including this introduction. 

Subsection 7.2 describes methodology used by GC II team to gather required 
data, and prepare the order of magnitude estimate. 

Subsection 7.3 presents the cost estimating results and briefly discuss the 
developed cost data. 

ESTIMATE APPROACH 

The cost evaluation effort was directed at developing a conceptual cost estimate 
for each case at each site. The general approach consisted of evaluating each 

Gilbert/Commonwealth International, Inc. 
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7.2.1 

case separately in order to define the modification scope at each of the district 
heating plants, and to quantify significant commodities and work activities. The 
bases for the order of magnitude estimate were 

DIRECT COSTS 

A variety of approaches were utilized to develop the direct cost depending on the 
engineered system design at each District Heating System plant site. 

Thermal/hot water boilers, turbine generator modifications, FBC, simple cycle and 
combined cycle plants were priced according to vendor budget prices. Budget 
prices exclude quantity discounts. Heating substation material and labor costs 
were inputs by the client. The major equipment and cost source (Vendor) are 
shown below: 

Item Vendor 

Thermal/Hot Water Boiler Modifications Babcock & Wilcox 

Fluidized Bed Boiler (FBC) 

Combustion Turbines 
LM 6000 DLG 
GE6FA 

Foster Wheeler Energy International, Inc. 

Steward & Stevenson Services, Inc. 
GE Industrial & Power System Sales 

Steam Turbine Generator Modifications Elliot Company 

Steam Turbine Generator (New) 

Condenser 

Heat Recovery Steam Generator 

SCADA System Costs 

I&C equipment 

Preinsullated Piping 

Substations 

ABB Power Generation, Inc. 

Ecolaire 

Deltak Corporation 

Westinghouse Corporation's Energy 
Systems 

Turn Andersen Co. 
Honeywell, Inc. 

Logstor Ror 
ABB I.C. Moler 

Alfa Laval 

Balance of Plant (B.O.P.) costs were derived from historical in-house data using 
as a basis, similar GC II projects. Demolition of existing turbine generators, 
bOilers, switchgear setup costs were derived from historical in-house data and 
anticipated local labor productivity. 

SCADA Systems costs for Sofia and Pernik Plants were budgetary quotes from 
Westinghouse Electric Corporation's Energy Systems. Kostov and Liulin Plants 
were factored from Sofia based on total length of pipe and quantity of substations 
per respective District Heating System plant. 

Gilbert/Commonwealth International, Inc. 
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7.2.2 

7.2.3 

7.2.4 

Heating distribution piping was based on replacement rates of heating supply 
pipelines for all plants. Sofia, Kostov, Liulin, and Pernik. Heating distribution 
piping costs were based on total length of pipe/DHS developed from piping lists 
showing length of pipe. All pipe/substation quantities were provided by Bulgarian 
heating districts and Bulgarian experts. 

All conceptual capital cost estimates are in 4th quarter 1993 U.S. dollars and 
Bulgarian Leva and are included in Appendix. 

INDIRECT COSTS 

The following are indirect cost elements that were included in the development of 
the order of magnitude cost estimate: 

• Construction hours split: The construction labor hours were distributed as 
20% foreign and 80% Bulgarian labor productivity. 

• Hourly Rates: Elliot Company stated that for the turbine rehabilitation work a 
Bulgarian mechanic receives $3.50/hour which includes food and 
transportation. GC II multiplied this hourly rate by 1.5 to include additional 
overhead costs which yielded a revised Bulgarian wage rate of $5.25/hour 
(U.S. $ equivalent). 

Foreign construction labor is based on the U.S. rate of $50/hour and local 
Bulgarian rate of $5.25/hour. 

• Plant Design Engineering: An allowance of 7.5% of Total Direct Cost was 
added to cover normal engineering, drafting, scheduling, cost engineering, and 
expenses. 

• Owner's Cost: An allowance of 3% of total direct cost was added to cover 
normal owner's interface engineering. 

• Freight: Major eqUipment including freight (FAS to U.S. east coast port). An 
allowance of 15% for ocean freight, and 2% for inland freight was included. 

CONTINGENCY 

A contingency was applied to direct and indirect costs in proportion to the level of 
information available. An allowance of 15% was applied to provide the unforeseen 
elements of cost within the current defined project scope. This contingency 
provides for trivial changes, normal claims, omiSSions, profit levels, weather, and 
so forth. It is expected that by the end of the project the entire contingency will be 
spent on either direct or indirect accounts. 

CASH FLOW 

The cash flow is shown on each District Heating System plant summary level 
tables. This cash flow is a compilation of individual cash flows and is an estimate 
of expenditures on an annual basis. 

Gilbert/Commonwealth International, Inc. 
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7.3 PRESENTATION AND DISCUSSION OF RESULTS 

7.3.1 

7.3.2 

The cost estimating results for Sofia and Pernik District Heating Systems are 
presented in a series of tables attached as an Appendix to this section. The 
District Heating System capital costs for all cases/sites follow the designation 
developed in Section 4.3 of the report and are summarized below. 

S1 Sofia THPS 
S2 Sofia THPS 
S3 Sofia THPS 

K1 Trajco Kostov THPS 
K2 Trajco Kostov THPS 

L1 Liulin HPS 
L2 Liulin HPS 

P1 Republika THPS 
P3 Republika THPS 

Each case/site includes capital costs (in U.S. $ and Bulgarian Leva), indirect 
costs, and annual cash flow. All costs are presented in current U.S. dollars with 
the exchange rates US$/Bulgarian Leva @ 32 Leva/U.S.$. 

Derived cost estimate results are presented in a group of tables, with each group 
containing higher level of details. The following are three group of tables: 
(1) comparison table: (2) summary level tables; and (3) detailed estimate tables. 

COMPARISON TABLE 

Comparison table is presented in Exhibit 7-1. This table presents a top level 
estimate data for three categories of improvements: (1) Plant Modifications; 
(2) Transmission and Distribution/Substation System upgrade; and (3) I&C System 
upgrade. Categories were developed to minimize interfaces among them and 
allow easier economic sensitivity analysis, i.e., where the future investment will 
result in an early return and have the largest impact. 

The table is intended to provide quick insight on an antiCipated level of investment 
for each site and each category. The information however does not contain any 
intelligence and the only purpose is to be used as a quick comparison between 
different options and different categories. 

From the Exhibit 7-1, it is obvious that the least capital intensive cases are those 
involving only necessary improvements, followed by repowering cases. The most 
capital intensive are cases that include T/G/combined cycle option(s). Exhibit 7-1 
also shows that there is no difference between different cases in the same District 
Heating Area for "Transmission and Distribution/Substation Systems upgrade" or 
"I&C System upgrade" cost categories. 

SUMMARY LEVEL TABLES 

Summary level tables, Appendix 7-1 provide more project cost insights then the 
comparison table. The purpose of these tables is to allow closer cost comparison 
between different options and equipment configurations. It also enhance control of 
obtained results and provide more data for analysis. 

Gilbert/Commonwealth International, Inc. 
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Each summary level table is divided into 11 categories. These categories are 
general definitions for all sites. The following is the brief description of categories 
used in this estimate: 

1. SITE IMPROVEMENTS 

1 b. DEMOLITION 

2. FOUNDATIONS 

3. STRUCTURES/BuILDINGS 

Where applicable grading, excavation, 
backfill, roads, site drainage, and 
fencing are included. 

Demolish existing boilers, turbine 
generators, pumps, and structures 
where applicable. 

Furnish new foundations for boilers, 
turbine generators, pumps, and 
structures were applicable. 

Furnish new buildings for boilers, 
turbine generators, controls, machine 
shop, and administration services where 
applicable. 

4a. GAS TURBINE GENERATOR Furnish total plant scope including site 
improvements, foundations, structures, 
combustion turbine, heat recovery 
steam generator, balance of plant 
miscellaneous mechanical equipment, 
piping, electrical equipment, and 
electrical bulk materials. 

4b. STEAM TURBINE GENERATOR Performance modifications to existing 
turbine generators, including where 
necessary new turbine generators with 
foundation, condenser, piping, 
electrical, and instrumentation & 
controls. 

5a. STANDARD BOILER Performance and safety modifications 
to existing thermal and hot water 
boilers. 

5b. FLUIDIZED BED BOILERS Install new Fluidized Bed Combustion 
plant with FBC bOilers, civil/structural, 
mechanical, piping, electrical, and 
instrumentation & controls accounts. 
Also included erection of existing boiler 
(currently in storage) for Republika 
(Pernik 6). 

5c. HEAT RECOVERY STEAM GENERATOR Furnish and install Heat Recovery 
Steam Generator (HRSG) for each 
Combined Cycle Plant. 

6. ENVIRONMENTAL CONTROLS Included with FBC unit. 

7a. MATERIAL HANDLING AND FUEL Included with FBC unit. 
SUPPLY 

7b. FEEDWATER, CONDENSATE, ETC. Included with respective plant. 

Gilbert/Commonwealth Intemational, Inc. 
7-7 
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DISTRICT HEATING FEASIBILITY STUDY 

7 C. OTHER MECHANICAL EQUIPMENT 

8. ELECTRICAL AND I&C 

9. POWER DISTRIBUTION EQUIPMENT 

10b. HEATING DISTRIBUTION PIPING 

10c. HEATING DISTRIBUTION I&C 

11. HEATING SUBSTATIONS I&C 

CAPITAL COST ESTIMATE 

Includes all Balance of Plant (B.O.P.) 
such as pumps, tanks, and heat 
exchangers. 

Includes all electrical equipment, cable, 
conduit, and other miscellaneous bulk 
materials. 

Includes motors, variable speed drives, 
transformers, and wire and conduit. 

Includes heating distribution piping laid 
down in duct, overhead, collector with 
insulation. 

Includes Supervisory Control and Data 
Acquisition (SCADA) equipment and 
fiber optic leasing costs. 

Includes controller, resistive 
temperature detection, substation 
wiring, control valves, and Btu meters. 

All listed categories include foreign and local equipment and labor costs. 

In Subsection 7.3.1 it was concluded that only differences between various cases in 
the same District Heating Area comes from the equipment related costs. Below is 
the brief summary of the cost per installed kW of existing and new equipment for 
different sites and different cases: 

CASE 1,000 U.S. $ NEWMW NEW$/KW TOTALMW TOTAL$/KW 

S1 46,035.50 111.00 414.73 
52 97,068.40 74.40 1,304.68 185.40 523.56 
S3 109,547.70 107.55 1,018.57 218.40 501.59 
SA 91,920.20 74.40 1,235.49 185.40 495.79 

K1 57,574.34 188.00 306.25 
K2 122,966.90 107.55 1,143.35 299.55 410.51 

L1 17,876.00 
L2 82,658.90 107.55 768.56 107.55 768.56 

P1 211,106.90 105.00 2,010.54 
P3 212,760.40 115.00 1,850.09 

The presented costs per kW represent installed capacities and include 7.5% 
engineering cost, 3% owner's cost and 15% contingencies. 

Costs represented as a $/kW of installed capacity are quick estimate values based 
on a similar installation. This method can yield significant differences depending on 
total plant scope, plant location (US versus foreign locations), labor source, labor 
cost, and productivity. Since these plants are located in Bulgaria where; (1) no 
construction track record exists; and (2) rapid change of labor cost is experienced 
in last few years, the provided information should be used as an indication of 
possible project cost or as a guideline with a substantial margin. 

Gilbert/Commonwealth International, Inc. 
7-8 
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DISTRICT HEATING FEASIBILITY STUDY CAPITAL COST ESTIMATE 

7.3.3 

It should be noted also that simple $/kW ratio could be misleading if this project is 
compared with other green field projects. The principal reason for that is because 
one of the major goals in this study was to optimize system overall efficiency and 
come with the least - cost option rather than develop least - capital intensive 
configuration. 

DETAILED ESTIMATE TABLES 

Detailed estimate tables provide detailed information on the GC II developed order 
of magnitude cost estimate. The tables account for each major piece of 
equipment, labor requirements related to the construction activities, and B.O.P. 
equipment, and transportation and custom issues. The information are intended 
for cost Bulgarian estimators and Financial Institutions that will scrutinize and 
review the cost estimating data. 

Appendix 7-2 contains Detailed Estimate Tables for all sites and all engineering 
cases developed in Section 4 of the report. 

Gilbert/Commonwealth International, Inc. 
7-9 
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DISTRICT HEATING FEASIBILITY STUDY 

Exhibit 7-1 

Summary Comparisons for all Sites 
Bulgaria District Heating Plants 

PlANT DESCmPT10N 

Rehabilitation of ElIIItIIQ SoIIa Syaleml 
Plant ModHIca\1ons 
Heating Dlstrlnrtlon EquIp •• ~Ing 
HeBllng OIstItbuIIon • S\Dlal1on I • C 
Heal Rep'-ment EquIp. (Bee. HeBler) 

TOTAl 

Cormustlon Turbine I HFISG AddItIon BI Softa 
Plant ModIlIcaIIons 
HeBllng DlstrI>utlon EquIp •• ""Ing 
HeBlIng DIstrIlutlon. S\DIaIIon I • C 

TOTAl 

Corrbusllon TUlbIne CorrtIInIKI eyer. Addition at Softa 
Plant MOCIlIIcaIIons 
Heating DIstrIlullon Equip •• ""Ing 
Heating DIstrIlullon" S\DIaIIon I .. C 

TOTAl 

CorrbusIlon Turbine CorrtIIned Cyde AddIIIon at Softa 
Plant MOCImcallons 
Healing Dlstrllutlon Equip ... ~ 
Healing DIstrIlutlon" SimBlatIon I .. C 

TOTAl 

Rehabnllallon 01 Exl!dlng rco.tov Syaleme 
Plant MOCIlncallons 
Heating DlSlrlluIIon Equip •• ""Ing 
HeBlIng DIstrIlutlon" Sublltalion I .. C 

TOTAl 

Combustion TUTbIne CorrtIInIKI eyer. AddIIIon at rco.tOY 
Plant Modlllcalions 
HeBllng DIsIrIlutlon Equip. " "",ng 
Heating Dlstrl>UIIon" S\DIaIIon I " C 

TOTAl 

RehabilKatlon 01 Emling I.JJIIn Syaleml 
Planl Modlllcalions 
Healing Dlstrllutlon EquIp ... ~ 
Heating OiIIIJIbullon. Sublltalion I " C 

TOTAl 

Combustion TUlblne ContllnlKl eyer. Addlllon at I.UItn 
Plant Modmcatlons 
Heating DlSlrllUIIon Equip. " !'Ping 
Heating DIstrIlution" Sublltallon I " C 

TOTAl 

Rallablillallon 01 Exl!d1rQ PernIk (RepIMICa) Syatems 
Plant Modmcatlons 
Heating Dlstrllutlon Equip ... !'PIng 
Healing Dlstrllutlon" SlDIIIaIlon I " C 

TOTAl 

Flutllzed Bed Boller AddKIon .. Pernik 
Planl Modlflcatlons 
Heating Dlstr1butlon Equip. " ""Ing 
Heating DlstrlbUllon " Simslatlon I " C 

TOTAL 

To'" 1..ocII, Total Foreign Total 
EItpendltu,.. Expendltur. Expendllur. 
L •• (xtODOI US S 1!!'000) US S 1](1000) 

66,604.8 44,266.6 46,035.5 
472,4113.6 50,943.2 65,708.3 
194,1532 41,252.8 47.320.0 

723,24'.6 '36,41l2.5 159,063.8 

122.7IJ5.2 13.231.4 17.068.4 
472.4113.6 50,943.2 115.708.3 
194.153.2 41,252.8 47.320.0 
789.421.9 185,427.3 210,096.8 

144,174.0 104,979.8 109,547.7 
472,4IJ3.8 50,943,2 65,708.3 
194.153.2 41.252.8 47.r!20.0 
812,810.8 1117,175.7 222,576.1 

122,436.0 16,094.1 111,1J202 
472,4113.8 50,9432 65,708.3 
194,153.2 . 41,:!l52.8 47,320.0 
789,072.7 180,290.0 204.848.11 

47,145.8 56,101.0 57,574.3 
750,024.7 711,0122 102,450.5 
256,21l2.4 54,453.6 62,462.5 

1,053,452.7 189,566.9 222,467.3 

136,737.2 1111,893.9 122,ge6.8 
750,024.7 79,0122 102,450.5 
256,282.4 54,453.6 112,4112.5 

1,143,044.3 252,159.7 287,879.9 

18,366.7 17,384.5 17,878.0 
233,240.0 25,2822 32,571.0 
139,790.5 29,702.0 34,070.4 
369,397.1 72,348.8 84,517.4 

'05,215.1 711.389.1 112,651.9 
233,240.0 25,282.2 32,571.0 
139.790.5 29,702.0 34,070.4 
478,306.5 134.353.3 149.300.3 

2111,lI9D./J 204,2118.5 211,108.9 
149,710.6 16,9972 21,877.5 
5II.1U8.7 14,471.1 16,310.1 

427,510.1 235,734.9 249,094.5 

281,764.2 203,1155.3 212,780.4 
149,710.6 16,9972 2U77.5 

511.11411.7 14,471.1 16.310.1 
490,383.5 235,423.6 250,748.1 

Gilbert/Commonwealth International, Inc. 
7-10 

SITE 

SO 

CAPITAL COST ESTIMATE 

To'" 1..ocII, Total Foreign Total 
EItpendltu,.. Expendltur .. Expenclll_ 
t_rx'ODOl US S CX1DOOI , US S CXl0001 

21,51t1.1 16,767.2 17,4311.11 
4,724.8 509.4 657.1 
3,W.1 825.1 948.4 

286,7511.9 0.0 6,961.2 
316,885.9 18,101.7 28.(}(U.4 
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BULGARIA DlSTRICf HEATING STUDY 

CAPITAL COST AND CASH FLOW 

y.-m/pmm:~~S~1~~SU~M==M~A~RY~~IA~I~I~u~n~i~ts~ ____________ ~ 
Technology: Rehabilitation of Existing Sofia Systems 

Demand: L-__________________________________________ ~ 

local Expenditures in Lev.x1000 Foreign Exchange Expendrures in US$.x1000 

Equipment Construction Engineering Total local Equipment Construction Engineering otal For. Exch 

Code Description and Material & Labor & Home Office Expendrure5 and Material Labor & Home Office ' ExDendrures 

1a Site ImpfO¥llments 
1b Demolition 
2 Foundations 
3 Structures/Buildings 

4a Combustion Turbine Generator 
4b Steam Turbine Generator 5.174.7 2.838.6 8.013.3 3.931.2 192.0 4.123.2 
5a Standard Boilers 36.440.6 36.440.6 28.176.1 2.464.9 30.641.0 
5b Fluid Bed Boilers 
5c Heal RecCM!lry Steam Generaton 
6 Environmental Controls 
7. Material Handling & Fuel Supply 
7b Feedwater. Condensate. etc. 
7c Other Mechanical Equipment 
8 EIeclricaI and I&C 
9 Power Dislri>ution & Transmissio 

108 Heating Dislri>ution Equipment 90.9 90.9 1.390.0 1.390.0 
lOb Heating Dislri>ution Piping 370.968.3 370,968.3 38.617.6 38.617.6 
lOe Heating Dislri>ution I&C 23.115.8 23.115.8 6.390.0 282.3 6.672.4 
11 Heatina Substation I&C 129.360.0 129.360.0 25.725.0 25,725.0 

TOTAL DIRECT COST 5,174.7 562.814.2 567988.9 $104,229.9 $2,939.3 $107169.2 
Plant Design Engineering 42.599.2 Plant Design Engineering 8,037.7 

~ = Assumed 1993 

Construction Supervision Construction Supervision 
Freight/Shipping incuded Freight/Shipping incuded 

Exchange Lev/US$ OWner's Costs 18.317.6 OWner's Costs 3,456.2 
Taxes and Permits Taxes and Permits 
other other 

SUBTOTAl.. 628.905.7 SUBTOTAl.. 118.663.1 

ESCALATION w/eConomics ESCALATION w/economics 

CONTINGENCY 94,335.9 CONTINGENCY 17,799.5 

TOTAl COST (Bulgaria part) 723,241.6 TOTAl COST _{FoI1Iign Exch. part) 136,462.5 

Total local Total local Total Foreign Noles: 
Expendrures Expendrures Expendrure5 

Year (Lev.x1000) I (US$.xl000) (US$x 1000) 1. 
1993 

1994 35,891.3 1,121.6 16.125.7 
1995 87.955.9 2,748.6 12,932.6 
1996 108.211.9 3.381.6 15,807.4 
1997 110,196.3 3.443.6 16,026.5 
1998 136.192.0 4.256.0 33,524.9 
1999 77.169.7 2,411.6 12,465.5 
2000 37.562.4 1.173.8 4.050.0 
2001 37.562.4 1,173.8 4.050.0 
2002 37,562.4 1,173.8 4.050.0 
2003 54,937.2 1.716.8 17,430.0 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTALlNUS$ 

OTALCOS- 723241.6 $22 601.3 $136462.5 (US$xl000) 
$159063.8 

Gilbert/Commonwealth page 1 24-Mar-9 
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BULGARIA DISTRICT HEATING STUDY 

CAPITAL COST AND CASH FLOW 

Varillnt I Plant: S2 SUMMARY I All Plants 
Technology: Combustion Turbine I HRSG Addition at Sofia 

Demand: ~ __________________________________________ ~ 

Local Expenditures in Lev.x1ooo Foreign Exchange Expenditures in US$.X1OOO 

Equipment Construction Engineering Total Local Equipment Construction Engineering tr otal For. Exch 

Code Description and Material & Labor & Home Office Exoenditures and Material Labor & Home Office Expenditures 

1a Site Improvements 
1b Demolition 3.520.0 3.520.0 
2 Foundations 
3 Structures/BuHdi'lgs 

4a Combustion Turbine Generator 27.320.8 27.417.7 54.738.5 41.835.0 1.854.6 43.689.6 
4b Steam Turbile Generator 5.174.7 2.838.6 8.013.3 3,931.2 192.0 4.123.2 
5a Standard Boilers 30.156.0 30.156.0 23.365.5 2.039.8 25.405.3 
5b Fluid Bed Boilers 
5c Heat Recovery Steam Generaloni 
6 Environmental Controls 

7a Material Handling & Fuel Supply 
7b Feedwater. Condensate. etc. 
7c Other Mechanical Equipment 
8 Electrical and I&C 
9 Power Distrilution & Transmissio 

108 HeatIng Distrilution Equipment 90.9 90.9 1.390.0 1.390.0 
10b HeatIng Distrilution Piping 370,968.3 370.968.3 38.617.6 38.617.6 
10c HeatIng Distrilution I&C 23.115.8 23.115.8 6.390.0 282.3 6.672.4 
11 Heating Substation I&C 129.360.0 129.360.0 25.725.0 25.725.0 

TOTAL DIRECT COST 32.495.6 587.467.3 619962.8 $141.254.3 $4.368.8 $145623.1 
Plant Design Engneering 46.497.2 Plant Design Englleering 10.921.7 

~ = Assumed 1993 
Construction Supervision Construction Supervision 
Freight/Shipping included Freight/Shipping included 

Exchange Lev/US$ OWner's Costs 19,993.8 OWner's Costs 4.696.3 
Taxes and Permits Taxes and Permits 
Other Other 
SUBTOTAL 686.453.8 SUBTOTAL 161.241.2 

ESCALATION w/economics ESCALATION w/economics 

CONTINGENCY 102.968.1 CONTINGENCY 24.186.2 

TOTAL COST (Bulgaria pari) 789.421.9 TOTAL COST (fonIign Exch. part) 185.427.3 

Total Local Total Local T otaJ Foreign Notes: 
Expendlures Expendlures Expendlures 

Year (Lev.x1ooo) (US$,x1ooo) I (US$x 1000) 1. 
1993 

1994 33.840.0 1.057.5 19.402.9 
1995 117.629.0 3.675.9 46.311.5 
1996 152.721.5 4.772.5 32.496.9 
1997 110.196.3 3.443.6 16.026.5 
1998 131.378.6 4.105.6 29.980.6 
1999 77.169.7 2.411.6 12.465.5 
2000 37.562.4 1.173.8 4.050.0 
2001 37.562.4 1.173.8 4.050.0 
2002 37.562.4 1.173.8 4.050.0 
2003 53.799.5 1.681.2 16.593.4 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTALINUS$ 

o ALCOS 789421.9 $24669.4 $185427.3 (US$x1000) 
$210096.8 

Gilbert/Commonwealth page 2 24-Mar-9 
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BULGARIA DISTRICT HEATING STUDY 

CAPITAL COST AND CASH FLOW 

VmBm/P~:~~S~3~_S~U~M=M~A~RY~1~A~I~I~p~la~n~t~s~ ____________ ~ 
Teclvlology: Combustion Turbine Combined Cycle Addition at Sofia 

DMmmd: L-__________________________________________ ~ 

Local Expenditures in Lev.xlooo Foreign Exchange Expend~ures in US$.xlooo 

Equipment Construction Engineering Total Local Equipment Construction Engineering rrotal For. Exch 

Code Description and Material & Labor & Home Office Expendiures and Material Labor & Home Office Expendiures 

la Site Improvements 
lb Demolition 373.1 373.1 
2 Foundations 41.971.2 6.917.3 48.888.5 1.311.6 467.9 1.n9.5 
3 Structures/Buildilgs 

4a Combustion Turbine Generator 7.199.6 7.199.6 23.740.8 487.0 24.227.8 
4b Stearn Turbile Generator 5.174.7 5.753.9 10.928.7 10.717.2 389.2 11.106.4 
5a Standard Boilers 35.007.8 35.007.8 27,205.6 2.367.9 29.573.5 
5b Fluid Bed Boilers 
5c Heat Recovery Steam Generators 2.675.9 2.675.9 5,294.3 181.0 5.475.3 
6 Environmental Controls 

7a Material Handling & Fuel Supply 
7b Feedwater. Condensate. etc. 
7c Other Mechanical Equipment 5.719.2 5.719.2 4.690.3 386.9 5.0n.2 
8 Electrical and I&C 4.003.3 4.003.3 4.934.2 270.8 5,205.0 
9 Power Distribution & Transmissio 

lOa Heating Distribution Equipment 90.9 90.9 1.390.0 1.390.0 
lOb Heating Distribution Piping 370.968.3 370.968.3 38.617.6 38.617.6 
10c Heating Distribution I&C 23.115.8 23.115.8 6.390.0 282.3 6.672.4 
11 Heating Substation I&C 129.360.0 129.360.0 25.725.0 25.725.0 

TOTAL DIRECT COST 47.145.9 591.185.0 638331.0 $150.016.6 $4.833.0 $154849.6 
Plant Design Engileering 47.874.8 Plant Design Engileering 11.613.7 

~ = Assumed 1993 
Construction Supervision Construction Supervision 
Freight/Shipping included Freight/Shipping included 

Exchange LevNS$ Owner's Costs 20.586.2 Owner's Costs 4.993.9 
Taxes and Permits Taxes and Permits 
Other Other 
SUBTOTAl.. 706.792.0 SUBTOTAl.. 171.457.2 
ESCALATlON w/economics ESCALATlON w/economics 
CONTlNGENCY 106.018.8 CONTlNGENCY 25.718.6 

TOTAL COST (Bulgaria part) 812.810.8 TOTAL COST (Foreign Exch. part) 197.175.7 

Total Local Total Local Total Foreign Notes: 
Expendiures Expendiures Expendiures 

Year (Lev.xlOOO) I 1US$.xlooo) 1US$x 1000) 1. 
1993 
1994 35.893.8 1.121.7 16.121.2 
1995 87.955.9 2.748.6 19.139.8 
1996 121.920.9 3.810.0 28.221.9 
1997 142.184.0 4.443.3 43.959.1 
1998 181.787.8 5.680.9 48.961.0 
1999 n.169.7 2.411.6 12.465.5 
2000 37.562.4 1.173.8 4.050.0 
2001 37.562.4 1.173.8 4.050.0 
2002 37.562.4 1.173.8 4.050.0 
2003 53,211.2 1.662.9 16.157.2 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTALlNUS$ 

OTAlCOS' 812810.8 $25400.3 $197175.7 (US$xl000) 
$222 576.1 

Gilbert/Commonwealth page 3 12-Jul-9 
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BULGARIA DISTRICT HEATING STUDY 

CAPITAL COST AND CASH FLOW 

VmBm/pmm:~-=S~A~~SU=M==M~A~RY~~IA~I~I~P~la=n~t~s~ ____________ ~ 
Technology: Combustion Turbine Combined Cycle Addition at Sofia 

Demmnd: L-__________________________________________ ~ 

Local ExpendibJres in Lev,x1000 Foreign Exchange Expendlures in US$,x1000 

Equipment Construction Engineering Total Local Equipment Construction Engineering tr otal For. Exch 

Code DescrilJlion and Material & Labor & Home Office Exoendlures and Material Labor & Home Office Exoendlures 

1a Site Improvements 

1b Demolition 373.1 373.1 

2 Foundations 41,971.2 6,917.3 48,888.5 1,311.6 467.9 1,n9.5 

3 StrucbJres/Buildilgs 

4a Combustion Turbine Generator 7,199.6 7,199.6 23,740.8 487.0 24,227.8 

4b Steam Turbile Generator 2,822.8 4,334.6 7,157.5 9,734.4 293.2 10,027.6 

5a Standard Boilers 20,136.7 20,136.7 16,029.3 1,362.0 17,391.3 

5b Fluid Bed Boilers 
50 Heat Recovery Steam Generators 2,675.9 2,675.9 5,294.3 181.0 5,475.3 

6 Environmental Controls 
. 

7a Material Handling & Fuel Supply 

7b Feedwater, Condensate, etc. 

7c Other Mechanical Equipment 5,719.2 5,719.2 4,690.3 386.9 5,On.2 

8 Electrical and I&C 4,003.3 4,003.3 4,934.2 270.8 5,205.0 

9 Power Distrbution & Transmisslo 

10a Heating DistriJution Equipment 90.9 90.9 1,390.0 1,390.0 

10b Heating Distrbution Piping 370,968.3 370,968.3 38,617.6 38,617.6 

10c Heating Distrbution I&C 23,115.8 23,115.8 6,390.0 282.3 6,672.4 

11 Heating Substation I&C 129,360.0 129,360.0 25,725.0 25,725.0 

TOTAL DIRECT COST 44,794.0 574,894.6 619688.6 $137,857.5 $3,731.1 $141588.6 

Plant Design Engneering 46,476.6 Plant Design Engneering 10,619.1 

~ = Assumed 1993 

Construction Supervision Construction Supervision 

Freight/Sh~ping inckJded Freight/Sh~ping inckJded 

Exchange Lev/US$ Owner's Costs 19,985.0 Owner's Costs 4,566.2 

Taxes and Permits Taxes and Permits 

Other Other 

SUBTOTAL 686,150.2 SUBTOTAL 156,n3.9 

ESCALATION w/economics ESCALATION w/economics 

CONTINGENCY 102,922.5 CONTINGENCY 23,516.1 

TOTAL COST (Bulgaria part) 789,072.7 TOTAL COST (Foreign Exch. part) 180,290.0 

Total Local Total Local Total Foreign Notes: 

Expendlures Expendlures Expendlures 

Year (Lev~100Q) '_(US$,x10oo) I (US$x 1000) 1. 

1993 

1994 27.999.4 875.0 9,454.7 

1995 87,955.9 2,748.6 19,139.8 

1996 121,920.9 3,810.0 28,221.9 

1997 142,184.0 4,443.3 43,959.1 . 
1998 172,181.3 5,380.7 42,611.2 

1999 n,169.7 2,411.6 12,465.5 

2000 37,562.4 1,173.8 4,050.0 

2001 37,562.4 1,173.8 4,050.0 

2002 37,562.4 1,173.8 4,050.0 

2003 46,974.2 1,467.9 12,287.8 

2004 

2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTALlNUS$ 

TOTAL COST 789072.7 $24658.5 $180290.0 (US$x1oo0) 
$204948.6 

Gilbert/Commonwealth pageS 
12-Jul-9 

n 



I 
I 

I 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

BULGARIA DISTRICT HEATING STUDY 

CAPITAL COST AND CASH FLOW 

v.mm/pmm:~~S~O~~SU~M~M~A~RY~~IA~I~I_P_I~an~t~s ______________ ~ 
Technology: Rehabilitation of Existing Sofia Systems 
OMmmd:~ ________________________________________ ~ 

Local Expenditures in Lev,xl 000 Foreign Exchange Expendlures in US$,xl000 

Equipment Construction Engineering Total Local Equipment Construction Engineering iTotal For. Exch 

Code Description and Material & Labor & Home Office Exoendlures and Material Labor & Home Office Expendlures 

1a Site Improvements 
lb Demolition 
2 Foundations 
3 Structures/BuDdngs 

4a Combustion Turbine Generator 
4b Steam Turbne Generator 5,174.7 2,838.6 8,013.3 3,931.2 192.0 4,123.2 
58 Standard Boilers 8,885.7 8,885.7 8,443.7 601.0 9,044.7 
5b Fluid Bed Boilers 
5c Heat Recovery Stearn Generaton 
6 Environmental Controls 

78 Material HandUng & Fuel Supply 
7b Feedwater, Condensate, etc. 
7c Other Mechanical Equipment 
8 Electrical and I&C 166,154.6 59,048.8 225,203.3 
9 Power Distrbution & Transmissio 

lOs Heating Distrbution Equipment 0.9 0.9 13.9 13.9 
lOb Heating Distrbution Piping 3,709.7 3,709.7 386.2 386.2 
10c Heating Distrbution I&C 462.3 462.3 127.8 5.6 133.4 
11 Heating Substation I&C 2,587.2 2,587.2 514.5 514.5 

TOTAL DIRECT COST 171,329.3 77,533.1 248862.4 $13,417.3 $798.7 $14215.9 
Plant Design Engineering 18,664.7 Plant Design Engineering 1,066.2 

~ = Assumed 1993 
Constructicn Supervision Constructicn Supervision 
Freight/Shipping inc"'ded Freight/Shipping inc"'ded 

Exchange LevlUS$ Owner's Costs 8,025.8 Owner's Costs 458.5 
Taxes and Permits Taxes and Permits 
Other Other 

SUBTOTAL 275,552.9 SUBTOTAL 15,740.6 

ESCALATION w/economics ESCALATION w/economics 

CONTINGENCY 41,332.9 CONTINGENCY 2,361.1 

TOTAL COST (Bulgaria part) 316,885.9 TOTAL COST (Foreign Exch. part) 18,101.7 

Total Local Total Local Total Foreign NoIIIs: 
Expendlures Expendlures Expendlures 

Year (Lev,x1000) I (US$,x1000) (US$x 1000) 1. 
1993 

1994 305,909.2 9,559.7 14,689.0 
1995 
1996 
1997 
1998 3,397.8 106.2 1,706.3 
1999 
2000 
2001 
2002 
2003 7,578.9 236.8 1,706.3 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTAL IN US$ 

OTALCOST 316885.9 $9902.7 $18101.7 IUS$ x1ooO) 
$28004.4 

Gilbert/Commonwealth page 4 12-Jul-9 
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BULGARIA DISTRICT HEATING STUDY 

CAPITAL COST AND CASH FLOW 
Variant I Plant: I----=.:K:..:1_...,;S::.:U::..:M:::M:::;A:.:;R:.:.,:Y:..J'I..:..A,::;II:....U.::..::.:";:,::il.::,.S--------1 

Technology: Rehabilitation of Existing Kostov Systems 
DMmmd:~ ________________________________________ ~ 

Local Expenditures in Lev,xl000 Foreign Exchange Expenditures in US$,xl000 

Equipment Construction Engineering Total Local Equipment Construction Engineering rr otal For. Exch 
Code Description and Material & Labor & Home Office ExDenditures and Material Labor & Home Office Expenditures 

la Site Improvements 
1b Demolition 
2 Foundations 
3 Structures/Buildings 

4a Combustion Turbine Generator 
4b Steam Turbine Generator 7,096.8 7,096.8 9,937.1 627.0 10,564.1 
58 Standard Boilers 29,928.4 29,928.4 31,469.8 2,024.3 33,494.1 
5b Fluid Bed Boilers 
5c Heat Recovery Steam Generaton 
6 Environmental Controls 

78 Material Handling & Fuel Supply 
7b Feeciwater, Condensate, etc. 
7c Other Mechanical Equipment 
8 Electrical and I&C 
9 Power Distribution & Transmissio 

lOa Heating Distribution Equipment 145.6 145.6 2,223.9 2,223.9 
lOb Heating Distribution Piping 588,8n.l 588,8n.l 59,827.3 59,827.3 
lOc Heating Distribution I&C 30,513.0 30,513.0 8,434.8 372.7 8,807.5 
11 HeatinQ Substation I&C 170,755.2 170,755.2 33,957.0 33,957.0 

TOTAl. DIRECT COST 827,316.1 827316.1 $145,850.0 $3,024.0 $148 874.0 
Plant Design Engineering 62,048.7 Plant Design Engineering 11,165.6 

~ = Assumed 1993 
Construction SUpervision Construction Supervision 
Freight/Shipping included Freight/Shipping included 

Exchange I.evNS$ Owner's Costs 26,680.9 Owner's Costs 4,801.2 
Taxes and Pennits Taxes and Permits 
Other Other 
SUBTOTAl. 916,045.8 SUBTOTAl. 164,840.8 
ESCALATION w/economics ESCALATION w/economics 

CONTINGENCY 137,406.9 CONTINGENCY 24,726.1 

TOTALCOST .... • I part) 1,053,452.7 TOTAL COST Jl'cJreign Exch. partt 189,566.9 

Total Local Total Local Total Foreign Notlls: 
Expenditures Expendit~es Expenditures 

Vear (Lev.xl000) (US$.xl00O) I (US$x 1000) 1. 
1993 
1994 42,290.2 1,321.6 13,152.5 
1995 152,171.6 4,755.4 20,587.5 
1996 187,961.1 5,873.8 25,267.5 
1997 190,061.1 5,939.4 25,488.8 
1998 217,906.4 6,809.6 57,662.2 
1999 91,582.9 2,862.0 15,351.5 
2000 39,301.3 1,228.2 4,243.0 
2001 39,301.3 1,228.2 4,243.0 
2002 39,301.3 1,228.2 4,243.0 
2003 51,316.3 1,603.6 15,965.2 
2004 
2005 
2006 
2007 
2008 2,259.1 70.6 3,362.9 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTAL IN USS 

TO AlCOST 1053452.7 $32920.4 $189566.9 (US$xl000) 
$222 487.3 

Gilbert/Commonwealth page 3 24-Mar-94 
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BULGARIA DISTRICT HEATING STUDY 

CAPITAL COST AND CASH FLOW 

V.-m/P .. :~~K2~ __ ~S~U~M~M~A~R~Y~I~A~I~I~P~la=n~t=s~ ____________ ~ 
Technology: Combustion Turbine Combined Cycle Addition at Kostov 

Demand: ~ __________________________________________ ~ 

Local Expenditures in Lev.x1 000 Foreign Exchange Expenditures in US$.X1OOO 

Equipment Construction Engineering Total Local Equipment Construction Engineering IT otal For. Exch 

Code Description and Material & Labor & Home Office ExPenditures and Material Labor & Home Office Expenditures 

1a Site Improvements 
1b Demolition 373.1 373.1 
2 Foundations 41.971.2 6.917.3 48.888.5 1.311.6 467.9 1,n9.5 
3 Structures/BUildings 

4a Combustion Turbine Generator 7.199.6 7,199.6 23.740.8 487.0 24.227.8 
4b Stearn Turbine G_rator 10,012.1 10,012.1 16.723.1 824.2 17,547.3 
Sa Standard Boilers 28,013.1 28.013.1 29.954.6 1,894.8 31,849.4 
5b Fluid Bed Boilers 
5c Heat Recovery Steam Generators 2,675.9 2,675.9 5.294.3 181.0 5,475.3 
6 Environmartal Controls 
78 Material Handting & Fuel Supply 
7b Feea.vater. Condensate, etc. 
7c Other Mechanical Equipment 5,719.2 5,719.2 4.690,3 386.9 5,On.2 
8 Electrical and I&C 4,003.3 4,003.3 4,934.2 270.8 5,205.0 
9 Power Distribution & Transmissio 500.2 500.2 2.053.4 2,053.4 

10a Heating Distribution Equipment 145.6 145.6 2,223.9 2,223.9 
10b Heating Distribution Piping 588.8n.1 588,8n.1 59.827.3 59,827.3 
10c Heating Distribution I&C 30,513.0 30,513.0 8.434.8 372.7 8.807.5 
11 Heating Substation I&C 170.755.2 170,755.2 33.957.0 33.957.0 

TOTAL DIRECT COST 41,971.2 855.704.6 897675.8 $193.145.3 $4.885.2 $198030.5 
Plant Design Engineering 67,325.7 Plant Design Engineering 14,852.3 

~ = Assumed 1993 

Construction SupelVision Construction Supervision 
Freight/Shipping included Freight/Shipping included 

Exchange Lev/USS OWner's Costs 28.950.0 Owner's Costs 6.386.5 
Taxes and Permits Taxes and Permits 
Other Other 

SUBTOTAL 993,951.6 SUBTOTAL 219.269.3 

ESCAlATION w/economics ESCALATION w/economics 

CONTINGENCY 149,092.7 CONTINGENCY 32.890.4 

TOTAL COST (Bulgaria part) 1.143.044.3 TOTAL COST (Foreign Exch. part) 252.159.7 

Total Local Total Local Total Foreign No ... : 
Expenditures Expenditures Expenditures 

Year {Lev.x1000\ I {US$.x10001 {US$X1OOO\ 1. 
1993 

1994 42.342.9 1,323.2 13,281.6 
1995 152.171.6 4,755.4 27,056.2 
1996 201.765.6 6,305.2 38,205.0 
1997 222.271.8 6.946.0 54,598.0 
1998 263.873.6 8,246.1 73.683.8 
1999 91,582.9 2,862.0 15,351.5 
2000 39.301.3 1,228.2 4,243.0 
2001 39,301.3 1,228.2 4,243.0 
2002 39.301.3 1,228.2 4,243.0 
2003 48.872.8 1,527.3 13,891.9 
2004 
2005 
2006 
2007 
2008 2.259.1 70.6 3.362.9 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTALINUS$ 

TOTALCOSl 1 143044.3 $35720.1 $252159.7 (US$x1000) 
$287879.9 

Gilbert/Commonwealth page 4 24-Mar-94 
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BULGARIA DISTRICf HEATING STUDY 

CAPITAL COST AND CASH FLOW 

v.-m/P .. :~~L~1 __ -=SU~M==M~A~RY~·~IA~I~I~U~n~i=ts~ ____________ ~ 
Technology: ~R.:.:e:..:h:::a:::b:::i::.lit:::a::ti:.:o:.,:;n=-o=-f=-=Ex:::i:.:sti:.::·:::n~g~L:::u:::l:::in.:...::S.LY"::st:::e:.,:;m:;,::..s _______ --t 

DMMmd:L-________________________________________ ~ 

Local Expenditures in Lev,x1000 Foreign Exchange Expenditures in USS,x1000 

Equipment Construction Engineering Total Local Equipment Construction Engineering frotal For. Exch 

Code Description and Material & Labor & Home Office ExDenditures and Material Labor & Home Office ExDenditures 

1a Site Improvements 
1b DemoHtion 
2 Foundations 
3 Structures/Buildings 

4a Combustion Turbine Generator 
4b Steam Turbine Generator 
Sa Standard Boilers 12.853.4 12.853.4 12.767.6 869.4 13.637.0 
5b Fluid Bed Boilers 
50 Heat Recovery Staam Genemon 
6 Environmental Controls 

7a Material Handling & Fuel Supply 
7b Feedwater. Condensate. etc. 
70 Other Mechanical Equipment 
8 Electrical and I&C 
9 Power Distribution & Transmissio 

108 Heating Distribution Equipment 61.8 61.8 945.2 945.2 
10b Heating Distribution Piping 183.110.4 183.110.4 18.909.9 18.909.9 
100 Heating Distribution I&C 16.643.5 16.643.5 4.600.8 203.3 4.804.1 
11 Heating Substation I&C 93.139.2 93.139.2 18.522.0 18.522.0 

TOTAL DIRECT COST 305.808.2 305808.2 $55.745.5 $1.072.7 $56.818.2 
Plant Design Engineering 22.935.6 Plant Design Engineering 4,261.4 

t==:BJ = Assumed 1993 

Construction Supervision Construction Supervision 
Freight/Shipping included Freight/Shipping included 

Exchange LevNSS Owner's Costs 9.862.3 Owner's Costs 1.832.4 
Taxes and Permits Taxes and Permits 
Other Other 

SUBTOTAL 338.606.2 SUBTOTAL 62.912.0 

ESCALATION w/economics ESCALATION w/economics 

CONTINGENCY 50.790.9 CONTINGENCY 9,436.8 

TOTAL COST (Bulgaria part) 389.397.1 TOTAL COST (foreign Exch. pm) 72.348.8 

Total Local Total Local Total Foreign Notes: 
Expenditures Expenditures Expenditures 

Year (Lev,x1000) I (uSS,x1000) (uSSx 1000) 1. 
1993 

1994 10.796.9 337.4 1.369.0 
1995 47.858.1 1.495.6 7,640.8 
1996 58.581.9 1.830.7 9.292.8 
1997 59.724.8 1.866.4 9.416.7 
1998 67.548.5 2.110.9 18.859.6 
1999 49.928.7 1.560.3 8.400.3 
2000 21.411.4 669.1 2.341.1 
2001 21.411.4 669.1 2,341.1 
2002 21.411.4 669.1 2.341.1 
2003 30.724.1 960.1 10.346.2 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTAlINUS$ 

IOIALCOs 389397.1 :>12168.7 :>72348.8 (US$ x100Ql 
$84 517.4 

Gilbert/Commonwealth page 5 24-Mar-94 
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BULGARIA DISTRICT HEATING STUDY 

CAPITAL COST AND CASH FLOW 

ylUillnt/PIanl: L2 SUMMARyl All Plants 
Technology: Combustion Turbine Combined Cycle Addition at Lulin 

Demand: ~ __________________________________________ ~ 

Local Expenditures in Lev,x1 000 Foreign Exchange Expenditures in US$,X1OOO 

Equipment Construction Engineering Total Local Equipment Construction Engineering Total For. Exch 

Code Description and Material & labor & Home Office Expenditures and Material labor & Home Office Expenditures 

1a SIte Improvements 
1b Demolition 373.1 373.1 
2 Fooodations 41.971.2 6.917.3 48.888.5 1.311.6 467.9 1.779.5 
3 Structures/Buildings 

4a Combustion Turbine Generator 7.199.6 7.199.6 23.740.8 487.0 24.227.8 
4b Steam Turbine Generator 2,915.4 2,915.4 6.786.0 197.2 6.983.2 
5a Standard Boilers 10.401.5 10,401.5 10.826.7 703.6 11.530.3 
5b Fluid Bed Boilers 
5c Heat Recovery Steam Generaton 2,675.9 2,675.9 5,294.3 181.0 5.475.3 
6 Envirorwnertal Controls 

7a Material Handling & Fuel SUpply 
7b Feect.vater, Condensate, etc. 
7c Other Mechanical Equipment 5,719.2 5,719.2 4,690.3 386.9 5.077.2 
8 Electrical and I&C 4,003.3 4,003.3 4,934.2 270.8 5.205.0 
9 Power Distribution & Tranamillsio 500.2 500.2 2,053.4 2.053.4 

108 Heating Distri>ution Equipment 61.8 61.8 945.2 945.2 
10b Heating Distribution Piping 183.110.4 183.110.4 18.909.9 18,909.9 
10c Heating Disbibution I&C 16.643.5 16,643.5 4.600.8 203.3 4.804.1 
11 Heating Substation I&C 93.139.2 93,139.2 18.522.0 18.522.0 

TOTAL DIRECT COST 41,971.2 333.660.2 375631.4 $102,615.1 $2,897.6 $105512.7 
Plant Design Engineering 28.172.4 Plant Design Engineering 7,913.5 

~ = Assumed 1993 

Construction Supervision Construction Supervision 
Freight/Shipping included Freight/Shipping included 

Exchange LevNS$ Owner's Costs 12,114.1 Owner's Costs 3.402.8 
Taxes and Permits Taxes and Permits 
Other Other 
SUBTOTAL 415,917.9 SUBTOTAL 116.828.9 

ESCAlAll0N w/economics ESCALAll0N w/economics 

CONTINGENCY 62,387.7 CONTINGENCY 17.524.3 

TOTAL COST (Bulgaria part) 478,305.5 TOTAL COST (Foreign Exch. part) 134.353.3 

Total Local Total Local Total Foreign NoIIes: 
Expenditures Expenditures Expenditures 

Year (Lev,x1000) I (US$,x1OO0) (US$x 1000) 1. 
1993 

1994 10,796.9 337.4 1,369.0 
1995 47,858.1 1,495.6 14.109.5 
1996 72,386.5 2.262.1 22.230.2 
1997 91,935.4 2.873.0 38.525.9 
1998 112,310.8 3,509.7 33,952.5 
1999 49,928.7 1,560.3 8.400.3 
2000 21.411.4 669.1 2,341.1 
2001 21,411.4 669.1 2.341.1 
2002 21,411.4 669.1 2.341.1 
2003 28,854.9 901.7 8,742.4 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTALINUS$ 

TOTAL "U~I 478305.5 :1>14947.0 :1>134353.3 (US$X100Qt 
$149300.3 

Gilbert/Commonwealth page 6 24-Mar-94 
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BULGARIA DISTRICT HEATING STUDY 

CAPITAL COST AND CASH FLOW 

y.am/P~:~~P~1~-=SU~M==M~A~RY~~IA~I~I~U~n~i~ts~ ____________ ~ 
Technology: Rehabilitation of Existing Pernik (Republika) Systems 
~d: ~ __________________________________________ ~ 

Local Expenditures in lev,x1 000 Foreign Exchange Expendlures in US$,X1OOO 

Equipment Construction Engineering Total Local Equipment Construction Engineering rr otal For. Exch 

Code DescriDtion and Material & Labor & Home Office Exoendlures and Material Labor & Home Office Expendlures 

1a Site Improvements 
1b Demolition 
2 Foundations 
3 StrucbJres/Buildilgs 

4a Combustion Turbine Generator 
4b Steam Turbi1e Generator 6.022.8 6.022.8 10.314.5 480.9 10.795.4 
5a Standard Boilers 165.880.5 165.880.5 138.402.8 11,220.0 149.622.8 
5b Fluid Bed Boilers 
5c Heat Recovery Steam GeneratOR 
6 Environmental Controls 

7a Material Handling & Fuel Supply 
7b Feedwater. Condensate. etc. 
7c Other Mechanical Equipment 
8 Electrical and I&C 
9 Power Distrbution & Transmisllio 

108 Heating Distrbution Equipment 90.9 90.9 1.390.0 1.390.0 
10b Heating Distrbution Piping 117,529.6 117.529.6 11,958.6 11.958.6 
10c Heating Distrbution I&C 24.040.1 24.040.1 6.661.1 293.6 6.954.7 
11 Heating Substation I&C 22.176.0 22.176.0 4.410.0 4.410.0 

TOTAL DIRECT COST 335.739.8 335739.8 $173.137.0 $11.994.5 $185131.5 
Plant Design Engileering 25.180.5 Plant Design Engi1eering 13.884.9 

~ = Assumed 1993 

Construction Supervision Construction Supervision 
Freight/Shipping inckJded Freight/Shipping inckJded 

Exchange lev/US$ Owner's Costs 10.827.6 Owner's Costs 5.970.5 
Taxes and Permits Taxes and Permits 
Other Other 

SUBTOTAl.. 371.747.9 SUBTOTAl.. 204.986.8 

ESCALATION w/economics ESCALATION w/economics 

CONTINGENCY 55,762.2 CONTINGENCY 30.748.0 

TOTAL COST (Bulgaria part) 427.510.1 TOTAl COST (Foreign Exch. pad) 235.734.9 

Total Local Total Local Total Foreign NotBs: 
Expendlures Expendlures Expendlures 

Year (lev.x1OOO) (US$.x1ooo) I (US$]( 1000) 1. :£'tJ C(..,~ 065> 1993 

1994 193.058.7 6.033.1 175.392.6 ~t/t 12oP/J1Ftt4#-{. 1995 26.733.7 835.4 4.323.0 
1996 32.898.1 1.028.1 5,277.3 
1997 33.557.1 1.048.7 5.355.5 
1998 64.693.7 2.021.7 32.338.3 
1999 24.555.9 767.4 4.410.5 
2000 12.550.8 392.2 1.458.4 
2001 12.550.8 392.2 1.458.4 
2002 12.550.8 392.2 1.458.4 
2003 13.455.7 420.5 2.860.5 
2004 
2005 
2006 
2007 
2008 904.9 28.3 1.402.1 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTALINUS$ 

~O ALCOS 427510.1 $13359.7 $235734.9 ~US$x1000i 
$249094.5 

Gilbert/Commonwealth page 1 24-Mar-9 
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BULGARIA DISTRICT HEATING STUDY 

CAPITAL COST AND CASH FLOW 

vmWm/P~:~~P~3~-=S~U=M=M~A~R~Y~IA~II~p~l=a~n=ts~ ____________ ~ 
Technology: Fluidized Bed Boiler Addition at Pernik 

DMNmd:L-________________________________________ ~ 

Local Expenditul8S in Lev.x1000 Foreign Exchange Expendlures in US$.x1000 

Equipment Construction Engineering Total Local Equipment Construction Engineering ota! For. Exch 

Code Descrilllion and Material & Labor & Home Office Expendrures and Material Labor & Home Office ; Expendrures 

18 Site Improvements 
1b Demolition 23,932.8 21.244.6 45,177.4 
2 Foundations 
3 Structures/BUildilgs 

4a Combustion Turbine Generator 
4b Steam Turbi1e Generator 6,847.4 6,847.4 11,909.4 529.3 12.438.7 
5a Standard Boilers 71.323.2 71,323.2 59,294.9 4.824.2 64.119.1 
5b Fluid Bed Boilers 97.932.0 97.932.0 76.508.6 7.107.3 83.615.9 
5c Heat Recowry Stearn Generatol'll 
6 Environmental Controls 

7a Material Handling & Fuel Supply 
7b Feedwater. Condensate. etc. 
7c Other Mechanical Equipment 
8 Electrical and I&C 
9 Power Distrbution & TranamislSio 

108 Heating Distrbution Equipment 90.9 90.9 1.390.0 1.390.0 
10b Heating Distrbution Piping 117,529.6 117.529.6 11.958.6 11.958.6 
10c Heating Distrbution I&C 24.040.1 24.040.1 6.661.1 293.6 6.954.7 
11 Heatina Substation I&C 22.176.0 22.176.0 4,410.0 4,410.0 

TOTAL DIRECT COST 23.932.8 361.183.8 385116.6 $172.132.6 $12.754.5 $184 887.0 
Plant Design Engi1eering 28.883.7 Plant Design Engi1eering 13.866.5 

~ = Assumed 1993 

Construction SUpervision Construction Supervision 
Freight/Shipping included Freight/Shipping included 

Exchange Lev/USS OWner's Costs 12.420.0 OWner's Costs 5.962.6 
Taxes and Permits Taxes and Permits 
Other Other 

SUBTOTAL 426.420.4 SUBTOTAL 204.716.2 

ESCALATlON w/economics ESCALATlON w/economics 

CONTlNGENCY 63.963.1 CONTlNGENCY 30.707.4 

TOTAL COST (Bulgaria part) 490.383.5 TOTAL COST (Foreign Exch. part) 235,423.6 

Total Local Total Local T ota! Foreign Not8s: 
Expendrures Expendrures Expendrures 

Year (Lev.x1000) I (US$ x1000) (uSSx 1000) 1. -1993 :t-IJCt-I/'p~ 
1994 146.573.5 4.580.4 75.855.1 

WI/? eO/J/He::,u7HL 1995 26.733.7 835.4 4.323.0 
1996 32.898.1 1.028.1 5.277.3 
1997 51.763.4 1.617.6 20.900.3 
1998 73.302.5 2.290.7 39.670.0 
1999 39.644.7 1.238.9 17.293.5 
2000 31.255.9 976.7 17.429.1 
2001 40.608.4 1.269.0 25.414.4 
2002 31.198.7 975.0 20,912.7 
2003 15.497.8 484.3 6.954.4 
2004 
2005 
2006 
2007 
2008 906.8 28.3 1.393.8 
2009 
2010 
2011 
2012 
2013 
2014 
2015 IrOTAL IN USS 

T01ALCOS 490383.5 $15324.5 $235423.6 (US$x1000) 
$250748.1 

Gilbert/Commonwealth page 2 24-Mar-9 
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SOFIA CASE S1, S2, S3, SA, SO 
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Code O.sal tion 

la Sit. Improv.ment. 
lb Oemo5tlon 
2 Foundatons 
3 Slruct .... s,lBulding. 

4a Combustion T ... blne G.nerator 
4b Steam T ... b1ne Generator 
Sa standard Boilers 
5b FlUId Bod Boilers 
5c Heat Recovery steam Generator 
6 Envirorvnental Controls 
7_ Material Handing & Fuel Supply 
7b Feadwaer, Condensate, atc. 
7c O1hor Mochanlcal Equlpm.nt 
8 Electrical and I&C 
9 Power Distribution & Transmlsslo 

lOa H.alng Distributon Equpmont 
lOb Healng Dlstributon Piping 
10c H.alng Dlstributon I&C 
11 H.alng Subst.lon I&C 

TOTAL DIRECT COST 

~ = Assumed 1993 
Exchang. L.v/US$ 

Total Local 
Expandl ..... 

v .... (Lev xl 000) 

1993 

1994 11,159.5 
1995 
1996 
1997 
1998 21,275.0 
1999 
2000 
2001 
2002 
2003 13.966.8 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTAL COST 46401.2 

GIIb.rt/Cornmonweanh 

- - - - - - - -
Variant I Plant I DETAIL Is 1 

T.chnology: I Boller Rehab IllIation at ExIstIng Sofia staUon 

Oomand: L. ________ ~------------------------------------~ 

Loc_IExp.nclt ..... ln Lev.xl000 Fonlgn Exchange Expendt ..... ln US$.xl000 

Eqlipment 
and Material 

ConstwHon I Engineering I Total Local I Equipment I Constwllon I Engineering frotal For. Exch 
& Labor & Home OllIe. ~ E_nci1<J'.. and Material Lab<r & Home OIIIco I E_ndH ..... 

38,440.8 

36,440.61 
Plant Design Engineering 7.5% 
Construction SUponAoIon 
Frelght/SHpptng 
OWner'. Coati 3.0% 
Tax •• and Perml. 
other 
SUBTOTAL 

ESCALATION 

CONTINGENCV 15.0% 

TOTAL COST (Bulgorla portl 

Total Local Tolal Foreign 
Expondlll •• E_ndllle. 

1 (US$xl000) (US$xl000) 

348.7 11,693.2 

884.8 15,849.5 

438.5 11,673.7 

TOTALIN US$ 
$1450.0 $39016.4 (uSSxl0001 

$40"66.4 

36,440.6 

36440.6 
2,733.0 

InckJdod 
~75.2 

40,348.9 

w/oconomc. 

6,052.3 

46,401,2 

Noloo: 

1. 

28,178.1 2,484.9 

$28,176.11 $2,484.11 
Plant Dloign Engineering 
Construction SUpenloion 
Frel~l/SHpplng 

OWner's Costl 
Tax •• and Perml. 
other 

30,841.0 

$30,841.0 

7.5% I 2,298.11 

InckJdod 

3.0%1 988.21 

SUBTOTAL 33,927.3 

ESCALATION w/oconomc. 

CONTINGENCV 15.0% 5,089.1 

TOTAL COST (Foreign Exch. portl 39,018.4 

page 1 

- - - - - - -
iNPuTMiiiA 

CAPITAL COSTS: 

I TOTAL CAPITALCQST, USt,xl000 I PERCENT OF TOTAL $ ~ LOCAL 

28,118; 3,60S.: 
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-

..J. 
">,)~ 

"".::.. 

- - ,- - - - - - - - -
BULGARIA D1SIRICf HEATING sruDY 

CAPITAL COST AND CASH FLOW 

Varlan!f Planl: I DETAIL Iso 81 82 
Tochnology: I S1Bam Turbine Generator Rehabilitation at Solia Station 

Demand: ~' ______ -. ____________________________________ ~ 

LocaIE_nell .... o.ln Lov,xl000 Forlil11 Exchange E_ndb.r •• In US$,xlooo 
Eqlipmont Conl,"ucllon Er9neerlng TolalLocal Equipment Cona~Uon Engineering olal For. Exch 

Code Descrlpllon and Malertal & Labor & Home OIIIco E_ndb.r .. and Malart.1 Labor & Home OllIe. EXPOndb.ro. 

la Slle l"lJrovemonts 
lb DomollUon 
2 FOll1datons 
3 SlrucI .... etlBUlldings 

4a Combustion TISbin8 Generabr 
4b stoam TLl'blno Goneralor 5,174.7 2,838.6 8,013.3 3,831.2 192.0 4,123.2 
5a standard Boilers 
5b Fk.id Bod BoIlor. 
5c Heat Recovery steam Generator 
6 Enwonmental Controls 
7a Malorlal Handing & Fuel Supply 
7b FeodWaler, Conden.ale, elc. 
7c othor Mechanical Eqlipmont 
8 Elocf!1cal and I&C 
9 Power astrlbutlon & Tranlmisolo 

lOa Hoalng Dlslrlbuion Eqlipmont 
lOb Healng DI.lrlbulon Piping 
10c Healng Dlslrlbulon I&C 
11 Hoalng SWotalon I&C 

TOTAL DIRECT COST 5,174.7 2,838.8 8013.3 $3,831.2 $192.0 $4123.2 
Plant Ootlgn Engineering 7.5% 801.0 Plant 0011111 Engineering 7.5% 309.2 

~ = AsSLrn8d 1 993 

ConatrucUon SUpenAlion ConatrucUon SUpenAlion 
Frli\tlt/SHpplng InckKfed FreightlSlipping InclUded 

Exchango Lov/US$ OWner'. Coot. 3.0% 258.4 OWner', Colta 3.0% 133.0 
Taxe. and Pemft. Tax .. and Porn1t. 
othor other 
SUBTOTAL 8,872.7 SUBTOTAL 4,585.4 

ESCALATION w/oconomc. ESCALATION w/oconomc. 

CONTINGENCV 15.0% 1,330.9 CONTINGENCV 15.0% 884.B 

TOTAL COST IButgari. pari) 10,203.8 TOTAL COST (Foreign Exth. pari) 5,250.2 

Total Local TolalLocal Tolal Forlil11 Noto" 
Expondll .... o. Expandl ...... E_ndl .... o. 

Vo .. (lov xl 000) (US$xl000) I (US$x 1000) 1. 
1993 
1994 3,397.B 108.2 1,837.8 
1995 
1996 
1997 
1998 3,397.8 108.2 1,70B.3 
1999 
2000 
2001 
2002 
2003 3,408.0 108.5 1,708.3 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTAL IN US$ 

TOTAL COST 10203.6 318.9 250.2 ruS$xlOOO\ 
5569.1 

Gllbort/CornmonwoaHh pago2 

- - - - - - -
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- - - - - - - - - - -BULGARIA D1SmlCr IffiATING sruDY 

CAPITAL COSI' AND CASIII'1..0W 
vart~I/PI~I: r--------=~~~-c~~~~----------------~ 

Tlchno~gy. ~~~==~~~~~==~==~~~~==~==~~ 

Codo 1 Dotalallon 

la Silo Impro\lOmonl. 
lb D.moIUon 
2 FoLnlaloni 
3 S\-uc1 ... oslBullclngl 
4. Combustion T ... blno Genera .... 
4b stoam TlJ'blne G.n .... lor 
5. standard Bolle" 
5b FUd Bod Boller. 
5c H.at Rec0vtrY steam Olnerabr 
8 EnwoMtonlal Controls 
7a Mal"'.1 Handing & Fuel Sl!>ply 
7b Flldwller, Condenslli. 010. 
7c other Mlchanlcal Eqllpmonl 
8 Ellctrlcal and I&C 
o Power tblrlbullon & Tranlmlltlo 

lOa Hlalng DI.tlbuton Eq..ipmonl 
lOb HI.lng Dlltlbuton PIping 
100 Hlolng Ol.tlbuton I&C 
11 Hulne S..,.lolon I&C 

TOTAL DIRECT COST 

321 • Auumod 1993 
Exchango Llv/US$ 

Totalloc.1 
Expondl ... 11 

VI., IllvXl000) 

1993 
1994 18.615.9 
1995 54.1149.8 
19ge 68.804.8 
1997 70.589.0 
1998 71,912.0 
1999 37,582.4 
2000 37582.4 
2001 37,582.4 
2002 37,562.4 
2003 37.562.4 
2004 
2005 
2008 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTAL COST 472483.6 

Glbort/COI'MtOnw •• Hh 

Dlmand: ~ ________________________________________ ~ 

Local Elq)lndl ..... In Llv,xlooo F ... 1I17\ Exchange Elq)Indl ..... 1n US$,xl000 

Eq..ipmonl I Con,hJcUon I Engineering I Tolal Local I Eqllprnont I Con,~ucUon I Engineering !Tolll F .... Exch 
ond M.IIII.I & Labor & Homo OIIIco ElIPIndl ... l. Mel Mal"'.1 Laba' & Homo OIIIel I ElIPIndlu' .. 

110.9 110.9 1,3110.0 1,390.0 
370,98e.3 370,988.3 38,817.8 38,817.11 

371059.2 371059.2 $40007.0 $40007.8 
Plant DIIII7\ Engineering 7.5'" 27829.4 PIInI 011117\ Englnlerlng 7.5'" ~.8 
ComMllon SUpenAlion Cono~on SUporI/lion 

I--j;;;;-UJodi FrllltltISHpplng JncUJod Frllltlll8Hpping 
o.wtor', Call, 3.0"- 111108.7 0Wner'1 Coot. 3.0%~.2 
ToxII ond Perml, Tax .. Mel Pomfl. 
other othIr 
SUBTOTAL 410,855.3 SUBTOTAL 44,298.4 

ESCALATION w/leonome. ESCALATION w/.eonome. 

CONTINGENCV 15.0'" 81,820.3 CONTINGENCV 15.0% 8,844.8 

TOTAL COST lBulaorla Port) 472,483.0 TOTAL COST lForoIgn Exch. port) 50,1143.2 

TolalLocal Tolal F ... 1I17\ Noll': 
ExponcllU'I' ElIPIncllu'l. 

I 

IIVS$ xloool IlVs*" 1000) 1. 

581.7 2,017.3 
1,717.2 5.010.0 
2,143.9 7,391.9 
2,205.9 7,810.9 
2,247.3 7,753.0 
1,173.8 4,050.0 
1173.8 4,050.0 
1,173.8 4,050.0 
1,173.8 4,050.0 
1,173.8 ",050.0 

TOTALINUS$ 
$14785.1 S501143.2 ruS$xl00Q) 

:(85708.3 

pago3 

-INPUTA!lE!.: 

VI .. 

1093 
19114 
1995 
1998 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2000 
2007 

- - - - - -
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BULGARIA DISTRICT HEATING STUDY 

CAPITAL COSfAND CASH FLOW 
Varlant/ Plant: I DETAIL IS1 S2 S3 SA 

T.chnology: I Distri)utlon Piping w/L.D.Sensors In SofIa Heating District 

Codo Dooal lion 

la Sita Improvements 
lb Oamollion 
2 Fotlldatons 
3 strucltr • ..,Bulldings 
4a Combustion T ... bln. Goneralor 
4b steam Tl.rblna Generalor 
5a standard Bollors 
5b FUd Bod Bollors 
5c Heat Recovery steam Generator 
6 Envlronmontal Controll 
7a Malorial Handing & Fuel Supply 
7b FoodWalor, Condonsal., .Ic. 
7c other Machanlcal Equlpm.nt 
8 EI.ctrical and I&C 
9 Powar Ilstrlbutlon & Transmlsolo 

lOa Haalng Dlstributon Equipment 
lOb Haalng Distributon PIping 
10c Hoalng Dlstributon I&C 
11 H.alng Subslalon I&C 

TOTAL DIRECT COST 

~ = Assumod 1993 
Exchango L.v/US$ 

TololLocal 
Exp.ndll .... 

v ... (lovxl000) 

1993 
1994 16,615.9 
1995 54,949.B 
1996 66.604.B 
1997 70,569.0 
1996 71.912.0 
1999 37,562.4 
2000 37,562.4 
2001 37,562.4 
2002 37,562.4 
2003 37,562.4 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTAL COST 472463.6 

Gll:>ertlConvnonwoaHh 

Domand: L. ____________________________________________ ~ 

Local Expencltu-•• In L.v,xl000 F ... oIgn Exchange Exponclll .... ln US$,xl000 
Equlpm.nt 
aOOM.lerlal 

Conatuction I Engineering I Tolal Local I Equipment I Conatuction I Englnearlng 
& Labor & Homo 0lIl00 Expencltu-.. lind Malerlal LoIxr 

90.9\ I 90.9 1,390.0 
370,968,3 370,988.3 38,817.8 

371,059.2T 3710511.2 $40,007.15 
Plant Ololgn Englneorlng 7.5'" 27,829.4 Plant Doolgn Englneorlng 7.5% 
Construcllon SUpenlllon Construction SupenAoIon 
Freight/SHpplng InckJdod FroightISHpplng 
owner's Coot. 3.0'" 11,988.7 0Wr1M'1. Cost. 3.0'" 
Tax .. and Parn1Is Tax.s and Porml 
othor other 
SUBTOTAL 410,B55.3 SUBTOTAL 

ESCALATION w/oconomlco ESCALATION 

CONTINGENCV 15.0'" 81,829.3 CONTINGENCV 15.0'" 

TOTAL COST IBulaariallort) 472,483.15 TOTAL COST (Foreign exch. port) 

TololLocal TolalF ... oIgn Noloo: 
Expandl ..... ExpendtitrOl 
I (US$xl000) I (US*" 1000) 1. 

5B1.7 2,017.3 
1,717.2 5,9111.8 
2,143.9 7,391.9 
2,205.9 7,Bl0.9 
2,247.3 7,753.8 
1,173.8 4,050.0 
1,173.8 4,050.0 
1,173.6 4,050.0 
1,173.B 4,050.0 
1,173.8 4,050.0 

TOTALIN US$ 
$14765.1 $50943.2 ruStx1000) 

$65.70B.3 

pagoS 

3,000.15 

InckJdod 
1,290.2 

44,298.4 

w/ocononlc. 

8,844.8 

50,943.2 

- - -
iN~~+Ailgr 

CASH FORECAST PERCENTS 
CASH F/C I Tolal Local ITolal F ... oIgn 

Expencltu-.. Expencltu-•• 
v ... 
1993 
1994 
1995 
1998 
1997 
199B 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
200B 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

ToTAL'" 

- - - -
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BULGARIA D1Sl1ucr HEATING STUDY 

CAPITAL COst AND CASH FLOW 
Varian" Plant: I DETAIL Is 1 S2 S3 SA 

Tochnology: I Control System ~grade for Sofia Heating DIstrict 
Demand: ~. ____________________________________________ J 

Local Expendl1. .... In Lov,xl000 Foreign Exchange Expendt .... e.ln UB$,xl000 
Eqllpment Constuctlon Engineering Total Local Eq<Jpmenl ConotucUon Engineering otal For. Exch 

Cod. O.sa-Ietlon and Matllial & Labor & Homo OIIIco Excondt .... o. and Matllial Labor & Homo OIIIco ExconcllU'o. 

la Sit. Improv.m.nt. 
lb Demontian 
2 FOU1dalons 
3 Struct ..... slBuildings 

4a Combustion T .... blno Gonoralor 
4b steam TLrbfne Gener.or 
Sa standard Boilers 
5b Fluid B.d Bolio'. 
5c Heat Recovery steam Generator 
S Emkonmonlal Control. 
7a Matortal HandHng & Fuel SUpply 
7b fesdwater, Condensate, atc, 
7c othe, Mechanical Equipment 
8 EI.ctrlcal and I&C 
9 Powe, Distribution & T,an.m/.slo 

lOa H.alng Olstrlbulon Equipment 
lOb Healng Ol.trlbulon PIping 
10c Healng Olstrlbulon I&C 23,115.8 23,115.8 8,390.0 282.3 8,872.4 
11 Hoalng Substalon I&C 129,360.0 129,360.0 25,725.0 25,725.0 

TOTAL DIRECT COST 152,475.8 152475.8 $32,115.0 $282.3 $323;7.4 
Plant Ooolgn Engineering 7.5% 11,435.7 Plant Ooolgn Engineering 7.5% 2,429.8 

~ = Assum.d 1993 
ConstrucUon SuponIlllon Conotrucuon SuponIlllon 
F,elghttSHpplnll InckJded F,lIIghl/SHpplnll InckJded 

Exchang. l.v/US$ owner'. Coat. 3.0% 4,017.3 OWner'. Coat. 3.0% 1,044.8; 
T .... and Porrrlts TIX .. and Pom1tl 
other othor 
SUBTOTAL 188,828.8 SUBTOTAL 35,872.0 

ESCALATION w/ocononici ESCALATION w/oconomc. 
CONTINGENCV 15.0% 25,324.3 CONTINGENCV 15.0% 5,380.8 

TOTAL COST (Bulgaria plrtl 104,153.2 TOTAL COST (Foreign ElIch. plrtl 41,252.8 

Total local Total local Total Forel~ 1 I Not .. : 
Exponcll1.n. Exponcll1.ro. Expondl1.r .. 

Vear I (lov.xlOOOl I (US$.xl0001 I ruSh 1 0001 1. 
1993 

1994 2,718.1 84.9 577.5 
1995 33,006,0 1,031.4 7,013.0 
1996 39,607.2 1,237.7 8,415.6 
1997 39,607.2 1,237.7 8,415.8 
1998 39,607,2 1,237.7 8,415.8 
1999 39,607.2 1,237.7 8,415.6 
2000 
2001 
2002 
2003 
2004 
2005 
2008 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTAL COST 194,153.21 $6,067.3 

Gllbert!Commonweafth page 4 
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1995 
1998 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
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BULGARIA OISl'RICf HEATING S11JDY 

CAPITAL cosr AND CASH FLOW 

VIfI ... 11 PI ... t I DETAIL -182 
Toemology: IAlternate #1 Boller Rehabilitation at Exlalng Solla SBIion 

Doma~:L. ______________________________________ ~ 

Local Elq)enellll'''In Lov,xl000 F ... oIlJ' Exchange Elq)e~IlI' .. ln US$,xl000 
E~pmtnt Conohlctlon Englneorlng TolalLoeal E~prNnt ConttucUon Englnaorlng ol.IF .... Exch 

Code D .. orID"on .ndMel"'.1 &L.,... & Home OllIe. E_ncIIlI' .. and Mal"'.1 LIIber & Home OIIIeo le-nelllI'oe 

la Slto Improvomenl. 
lb DemolUon 
2 FOLrldatons 
3 S1ructll'esiBUkings 
4a Combustion TlriJIno Gonerator 
4b steam TlI'bine Ge_oIor 
Sa standard Bci lerl 30,156.0 30,156.0 23,365.5 2,039.8 25,.405.3 
5b Fluid Bed Bcilers 
5c Heat Recovery steam Generabr 
6 Environmental Controls 
7a Material Handing & Fuel SUpply 
7b F •• dwalar. Condensal., etc. 
7e other Mechanical E~pmtnt 
8 Electrical and I&C 
9 Power Distribution & Tranlmlulo 

IDa Hoalng Dlltrlbulon E~pmtnt 
lOb Hoalng Dlltrlbulon PIping 
10c Hoalng Dlstribulon I&C 
11 Hoalng Slbslalon I&C 

TOTAL DIRECT COST 30,158.0 30158.0 $23385.5 $2,0311.8 $25405.3 
Plant DolIlJ' Englnaorlng 7.5% 2,261.7 Plant DolIlJ' Englnelflng 7.5% 1,005.4 

~ = Assumed 1993 
Cons1ruc"on ~lIon ConoWcUon ~lIon 
FrllghtISHpplng Inckldod FroightJSHpplng Inckldod 

Exchango Lov/US$ OWner'. Coli. 3.0% 1172.5 owner'. Coli. 3.0% 6111.3 
T .... andPerrrib T .... and Porrrit. 
0Ih0r O\hor 
SUBTOTAL 33,300.2 SUBTOTAL 211,130.0 

ESCALATION w/.cononle. ESCALATION w/.cononici 

CONTINGENCV 15.0% 5,008.5 CONTINGENCV 15.0% 4,2111.5 

TOTAL COST (8ulalfla '*', 38,3118.6 TOTAL COST CFonIan Exah. ..... , 32,3411.8 

TotalLocal Tot.ILocal Total F ... oIlJ' Nal.a: 
Expondtll'" ElCptndlll'o. Elq)enellll'o. 

Voar lLovxl0001 I /US$ .10001 I ruS$x 10001 1. 
1993 
1994 9,108.2 284.6 11,407.2 
1995 
1996 
1997 
1998 16,461.B 514.4 12,105.2 
1999 
2000 
2001 
2002 
2003 12.829.0 400.9 10,837.1 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTAL IN US$ 

TOTAL COST 38398.8 51200.0 S32349.6 ruS$.,000) 
33549.5 

GlbortJCommonweanh pageS 

- - - - - - -
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CAPITAL COSTS: 
TOTAL CAPITAL COST, US$,xl000 

Englnalflng Englnaerlng 

CASH FORECAST PERCENTS ._. 

CASHF/C Tol.ILocal Tol.1 F ... oIlJ' 
Elq)enellll' .. Elq)enellll' .. 

Vo .. %!Y ... %!Yo .. 
1l1li3 

I.·.······· 
19114 2i.N 1·····~·1% 
11195 I 
1996 
111117 I 

~d~ 199B ···.37.~% 
1999 
2000 
2001 
2002 
2003 3!~40;. .... 33.5% 
2004 
2005 
2006 
2007 
20011 
20011 
2010 .... .. : ....... . .... 
2011 ........... 
2012 
2013 I 2014 

•••••••••• 
2015 .......... 

OTAL" 100.000% 100.000% 

24-M .. -1I4 
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BULGARIA D1SfRICf HEATING STIJDY 

CAPITAL COST AND CASH PLOW 

VorI .. t I PI .. t I DETAIL Js2 
Technology: ILM-8000 Combustion TurbIne I mSG Addlllons 

Do~nd: ~. ________________________________________ ~ 

Locol E_ncl\U' •• ln L.v.xlooo ForollJ1 Exchange E_ncl\U' •• ln US$ ... looo 
EqoJpment Conatuc\lon Englnoorlng TolllLoel1 EqUpment C.nahJcllon Englnoorlng 0111 For. Exch 

Codo Oooc:rlctl.n IndMlloIIl1 &LIbor & H ..... OllIe. Excencllu' •• and Maloll.1 Labor & Horne OIIIce l~ncllu' •• 

la SII. I"",ovem.nt. 
lb Oomoltl.n 3.520.0 3.520.0 
2 Foundaton. 
3 ~uc\U'.slSullding. 
40 Combustion TLI"blno G.ner ..... 27.320.8 27.417.7 54.73!.5 41.835.0 1.854.! 43.!89.! 
4b steam TlFbine Generator 
Sa Standard Bol lers 
5b FUd B.d Boliera 
50 H.al Recovery ste.m G.n ....... 
'8 Environmental Controls 
7. Mat.rial Handing & Fuel SUpply 
7b Fo.dwaler. Condonsalo, etc. 
7c oth.r M.chanlcal EqUpm.nt 
8 Electrtcal and I&C 
9 P.w.r Ostrlbullon & Transnis". 

lOa H.alng Olstributon EqUpmont 
lOb Hoalng Olstribut.n PIping 
10c He.lng Olstributon I&C 
11 He.lna Subal.l.n I&C 

TOTAL DIRECT COST 2732O.! 30.1137.7 58258.5 $41.835.0 $1.854.! $4381111.8 

Plant OolllJ1 Englnoorlng 7.5% 4.389.4 Plant O.1I1J1 Englneorlng 7.5% 3.27!.7 

~ = Assumed 1993 

Constructl.n SUpenllion C.natnJc:U.n SUpenlII.n 
FrolsjlllSHpplng InckJdod Frllghl/8Hpplng tnckldod 

Exchange Lov/US$ owner·.C.st. 3.0% 1,878.8 Owner·.C .... 3.0% 1.409.0 
Tax .. ondPortril. Tax •• ond Porntt. 
Othor Olhor 

SUBTOTAL 84.508.7 SUBTOTAL 48.375.3 

ESCALATION w/.cononic. ESCALATION w/ocononi •• 

CONTINGENCY 15.0% 1I,87!.0 CONTINGENCV 15.0% 7.258.3 

TOTALCOBT ~.D.u 74.182.7 TOTAL COST (forolan Exoih. INriI H.831.! --

Tot.IL.cal Totol L •• ol TololForollJ1 Nol .. : 
Expondl\U' .. ExpandllLl"II E_ncl\U' •• 

Voar ...JL.v xl 000) I (US$,xl000) 11lLB$x lOOOJ. 1. 
1993 
1994 5.583.2 
1995 29,873.1 927.3 33,3711.0 
1996 44.509.! 1,390.9 1!.889.5 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2008 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTAL IN US$ 

TOTAL COST 74182.7 $2318.2 ..1.55831.6 rusS"xtooo} 
~57949.8 

GIIb.rt/CornmonweaHh page II 
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CAPITAL COSTS: 

CASH FORECAST PERCENTS 

CASH F/C I Tolol Local IT.lol ForollJ1 
~ncIIu'o. E_ncl\U' •• 

Va" %/Yo" %/Y." 
11193 
11194 
11195 
19911 
11197 
11198 
19119 
2000 
2001 
2002 
2003 
2004 
2005 
200II 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTAL 

- - - -
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BULGARIA DlSIRICf HEATING STUDY 

CAPITAL cosr AND CASH FLOW 

Variant/ Plant I DETAIL IS3 SA 
Tochnology: I CT -fJlFA Combus1lon Tutblne Combined Cycle Additions 

Oemand: LI ________________________________________________ ~ 

Local Expendt ...... ln Lov.xl000 Forel", Exchange Expendl .... e.ln US$.xl000 

E",pment Con,hJcUon Engineering TolalLocal Eqlipment ConshJctlon Englne ... lng Dial For. Exch 
Code Oesorlptlon and Malet1al & Labor &Homeomc. Expendl1.r •• and Malet1al Llber & Homeomco ElCDendt .... o. : 

la SII. Improv.m.nts 
lb O.moitlon 373.1 373.1 
2 Foundatons 41,971.2 8,917.3 48,888.5 1,311.8 487.g 1,779.5 
3 Strucl .... eS/Buildings 

4a Combustion T .... blne G.n .... 1or 7,199.6 7,199.6 23,740.8 487.0 24,227.8 
4b steam TlIblne Genermor 2,915.4 2,915.4 8,788.0 197.2 8,983.2 
Sa Standard Boi lors 
5b FkJld B.d Boil.ro 

5,475.3! 5c Heat Recovery steam Generakw 2,875.9 2,1175.9 5,294.3 181.0 
8 ErMronmontal Controls 
7a Mal.rial Handfing & Fuel SUpply 

5,077.21 
7b Feedwater. Condensme, atc. 
7c other Mechanical Equipment 5,719.2 5,719.2 4,890.3 388.9 
8 Electrical and I&C 4,003.3 4,003.3 4,934.2 270.8 5,205.0 
9 Power DIstribution & Transmloso 

lOa H.alng Dlsblbu10n Equipment 
lOb Healng Olstrlbu1on PIping 
10c H.alng Olstrlbu1on I&C 
11 Healng Subslalon I&C 

TOTAL OIRECTCOST 41,971.2 29,803.8 71774.8 $48,757.2 $1,990.7 $48747.11: 
Plant 00.", Englne ... lng 7.5'" 5,383.1 Plant 0111", Engineering 7.5'" 3,8511.1, 

Construction &.penIoIon Conotructlon &.penIoIon 

~ = Assumed 1993 Frolsj1lJSHpplng Inckldod Frelsj1t/S1ipplng Inckldod 
Exchange Lev/US$ Owner'. Coli. 3.0'" 2,314.7 0WnIr'1 Colta 3.0'" 1,572.1 

Taxo' and Pomfl. Tax .. and perml. 

other othtr 

SUBTOTAL 711,472.7 SUBTOTAL 53,978.1 

ESCALATION w/economci ESCALATION w/econorrici 

CONTINGENCV 15.0'" 11,920.9 CONTINGENCV 15.0% 8,0911.4' 

TOTAL COST (Bulgaria port) IIl,3g3.8 TOTAL COST (Foreign Exch. port) 82,072.5 

v.'" 

I Notos: 

1. 

1993 

1994 
1995 8,207.3 
199B 13,709.0 42B.4 12,414.5 
1997 31,987.7 999.8 27,932.8 
1998 45,896.6 1,426.0 15,518.1 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTAL COST 91.393.81 52.856.0 

GI".rlJCommonw.a~h pago7 
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BULGARIA DlSfRICf HEATING sruDY 

CAPITAL COSfAND CASH FLOW 
Vllllanil Plant I DETAIL Iso 

Technology: IAlternate #2 Boller Rehabll1ta1lon at Exls1lng Sofia Sta1lon 
Demand: L. ________________________________________ --J 

Local E_nell ..... In Lev,xl0oo Forolgn Exchange E_ndlu'e, In USblooo 
Eqtlpmanl ConohlcUon Engineering Total Local Eqtlpmenl ConohIcUon Engineering 1T0iai For. Exch 

Code D ..... lotlon IndM.t"'al & Labor & Home OIIIco Exoenell ... 01 and Mallllal Labor & Home OIIIce E_ncIIu' •• 

la Silo Improvemenls 
lb Oamoltian 
2 Foundalont 
3 Slrucl ... eS/Btilding. 

4a Combuo\lon T ... bine Generalor 
4b Sleam TLrbine Generator 
Sa standard Boilers B,BSS.7 B,B8S.7 B,4<l3.7 601.0 11,04<1.7 
5b FlLidBed Boilers 
Sc Heat Recovery steam Generabr 
6 EnvironmenlalConlrol8 
7. Mal.rial Handing & Fu.1 Supply 
7b Feedwater, Condensate, elc. 
7c other M.chanlcal Eqtlprnent 
8 Electical and I&C-Elec.HIn. 166,154.6 59,048.8 225,203.3 
9 Power txolrlbullon & TranSmittio 

lOa Healng Dlsbtbuton Eqtlpmant 0.11 0.9 13.9 13.11 
lOb Healng Dlsbtbuton PIping 3,709.7 3,709.7 388.2 388.2 
IDe Hoalng Dlsbtbuton I&C 482.3 462.3 127.8 5.6 133.4 
11 Hoalng Subslalon I&C 2,587.2 2,587.2 514.5 514.5 

TOTAL DIRECT COST 188,154.8 74,894.8 240849.1 $9,488.1 $806.7 $10092.7 
Plant Dotign Engineering 7.5% lB,003.7 Plant Dotign Engineering 7.5% 757.0 

~ = Assumed 1993 
Construction S\4)erIjtion ConotrucUon S\4)erIjlion 
FrelltlllSHpplng Inckldod FrelltlllSHpplng Inckldod 

Exchange L.v/US$ OWner'. Colt. 3.0% 7,787.4 owner', Cost. 3.0% 325.5 
Tax .. and perml. T ..... and perml. 
other ott.. 
SUBTOTAL 288,880.2 SUBTOTAL 11,175.2 

ESCALATION w/oconomlc, ESCALATION w/oconomci 

CONTINGENCY 15.0% 40,002.0 CONTINGENCY 15.0% 1,11711.3 

TOTAL COST (Bulgllll. port) 308,882.2 TOTAL COST (Foreign Exch. pllll) 12,BS1.5 

Noloe: 
ExpondlllJ'o, ExpondllJ' .. Expencllu'OI I V.,. (Lov.l00D) IUS$xl00D) 11US$x 1000) 1. 

1993 

1994 302,511.4 11,453.5 12,851.5 
1995 
1998 
1997 
1998 
1999 
2000 
2001 
2002 
2003 4,170.9 130.3 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTAL COST 306,662.21-- ~583.8 

Gll>ertlCommonwoanh pageB 
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1995 
19911 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 

12-Jul-94 
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BULGARIA DlSIRICf HEATING sruDY 

CAPITAL COST AND CASH FLOW 

Variant I Plant: I DETAIL ISA 
Technology: IBoiler Rehabilitation at ExIsting Softa Station 

O.mand: L. ________________________________________ --J 

Local Expendl" •• ln Lov,xl 000 Forol"" Exchange Expendh.r •• ln US$,xlooo 
Eqt.ipmont Con.tucflon Englneorlng Total Local Equipment Conshlctlon Engineering trotal For. Exch 

Code Oe .... 1 lion and Mateflal & Labor & HomeOlllce EXDendh.r •• andM.torlal Labor & Home OIIIco Expendh.r •• 

la Site Improvements 
lb Demolition 
2 Fot..r1datons 
3 SlrucllIo",BUlldingo 
4. Combustion TlIblne Genarab' 
4b steam TlIblne Generator 
Sa Standard BoIloro 20,138.7 20,138.7 18,029.3 1,382.0 17,391.3 
5b FUd Bed BoIloro 
5c Heat Recovery steam Generator 
8 Environmental Controls 
7a Malorial Handing & FUll Sl4'P1y 
7b FeodWater, Condensate, elc. 
7c other Mechanical Eqt.ipment 
8 Eloctrical and I&C 
9 Power Distribution & Tranomlsolo 

lOa Hoalng Distribuion Eqt.ipmont 
lOb Ho.lng Distribuion PIping 
lac Healng Dlstribulon I&C 
11 Ho.lna SWstalon I&C 

TOTAL DIRECT COST 20,138.7 20 138.7 $18,029.3 $1382.0 $17391.3 
Plant Deol"" Englneorlng 7.5% 1,510.2 Plant 0001"" Englneorlng 7,5% 1,304.3 

t=EJ = Ass<rnod 1993 
Construction SUpenloion Construction SUpenI oIon 
FrolghllSHpplng InclJdod Frolghl/Stfpplng InclJdod 

Exchange Lov/US$ Qwnor'.Coli. 3.0% 849.4 0Wnw1
• Com. 3.0% 580.9 

Taxe. and Permit. T""". and Permli. 
other other 
SUBTOTAL 22,298.3 SUBTOTAL 19,258.5 

ESCALATION w/ocononic. ESCALATION w/ocononic. 

CONTINGENCV 15.0% 3,344.4 CONTINGENCV 15.0% 2,888.5 

TOTAL COST IBulaarla Plftl 25,840.8 TOTAL COST (Foreign Exch. Dlrtl 22,145.0 

Tot.ILocal Tolallocal Tot.1 Forol"" Noto" 
Expond"'o. Expendt ... o. Expendh.ro. 

Vear ILov.xl0001 ruS$.x10001 lUS$xl0001 1. 
1993 

1994 4,888.e 152.1 5,503.0 
1995 
1998 
1997 
1998 13,18e.5 411.5 9,884.1 
1999 
2000 
2001 
2002 
2003 7,807.8 237.7 8,977.9 
2004 
2005 
2008 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTALlNUS$ 

TOTAL COST 25640.8 $801.3 $22145.0 (US$x10001 
$22,948.3 

Gllbort/CornmonwoaHh page 9 
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BULGARIA D1STRICf HEATING STUDY 

CAPITAL COST AND CASH FLOW 
Variant/ Plant I DETAIL iSA 

Technology: I Steam TurbIne Generator Rehablll1ation at Sofia Slatlon 

Coda Oaserl tlon 

1. Sita Improvemonts 
lb Oameltlon 
2 Foundalons 
3 StrucllreslBLildings 

4a Combustion TlI"blna Goneralor 
4b steam Tu-blne Generaor 
50 standard Bol Iors 
5b Hid Bod Bol lor. 
5c Hoal Rocovery Steam Goneralor 
6 Em.1ronmental Controls 
7a Malenal HandHng & Fuel Supply 
7b Feedwater, Condensate, ate. 
7c other Mechanical EqlJpmont 
8 Eloctrical and I&C 
9 Power C1strlbutlon & Transrrislilo 

lOa Haalng Olstributon EqlJpmant 
lOb Hoalng Dlstributon PIping 
10c Healng Dlstributon I&C 
11 Haal ng Substalon I&C 

TOTAL DIRECT COST 

~ = Asst.med 1993 
Exchange LevNS$ 

Vew: 

1993 

1994 
1995 
1996 
1997 

1998 
1999 
2000 

2001 
2002 
2003 
2004 

2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTiilCi5S'f 

GIIbertJCommonwaa~h 

1,798.7 

1,798.7 

1,804.1 

5.401.8 

Denwnd: L. ____________________________________________ J 

Local ElCPIncll1.re.ln Lev,xl0oo Forolgn Exchange ElCPIndll .... ln US$,xl000 

EqlJpmont 
and MalOllal 

Cond'ucllon I Engineering I Total Local I Equipment I Constuctlon I Engineering fTo.tal For. Exch 
& Labor & Home OIIIea E_ncll1.re. and Malerlal Laber & Home OIIIea I E 

2,822.8 1,419.3 4,242.1 2,948.4 98.0 

2,822.81 1,4111.31 4242.1 $2,948.41 $98.01 

Plant OosllJ\ Engineering 7.5'" 318.2 Plant Deolgn Engineering 7.5'" 228.3 

ConstrucHon SUpenloIon Construc1lon S..,...... .. on 
Frolgh\JSHpping IncJucled Frolgh\ISHpping IncJucled 

O\mer'.Coat. 3.0"- 138.8 owner'. Coat. 3.0'" 98.2 

Tax .. and Pornt1. Tex .. and Pomft. 
other ott. 
SUBTOTAL 4,897.1 SUBTOTAL 3,370.9 

ESCALATION w/.cononici ESCALATION w/economc. 

CONTINGENCV 15.0'" 704.8 CONTINGENCV 15.0'" 505.8 

TOTAL COST lBulaari. port, 5,401.8 TOTAL COST . (Foreign Elich. port, 3,878.5 

Nole.: 

1. 

58.2 1,358.8 

58.2 1,259.9 

58.4 1,259.9 

188.6 

page 10 
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1999 
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BULGARIA D1SfRICf HEATING STUDY 

CAPITM.. cosr AND CASH FLOW 

- .. - - - - -
Vert." I PI.,t: I DETAIL IS3 

Tochnology: I Boller Rehabilltation at ExIsting Sofla Station 
Oonwnd: L. ____________________________________________ ~ 

Local Expend" .... In Lov,xl000 Forlil11 Exchange Exp.nd ...... ln US$,xl000 
EqlJpmont Conal1Jctlon Engineering TolalLocal Eqt.iprmnt Conol1Jctlon Engineering olal For. Exch 

Code Oasc:rlpjlon IndMalerial & Labor & Homo OllIe. E .... nd ...... and Malerlal Labor & Home OllIe. Expend ...... 

la Sile Improvemenls 
lb Damoltion 
2 Foundalons 
3 StrucllJ"."'Bullcingo 

4a Combustion TlIbine Ganerab' 
4b st.am TlJ"blna G.n ..... or 
Sa standard Bellars 35,007.8 35,007.8 27,205.8 2,387.11 211,573.5 
5b Fluid Sed Sellers 
5c Haal Racovery steam Gon ... ator 
6 Enworvnental Controls 
7a Malerial Handing & Fuel ~Iy 
7b Fa.dwalar, Cond.nsala, ale. 
7c othar Machanlcal Eqt.iprnant 
8 Elaclrtcal and I&C 
9 Power Clstrlbullon & Tr.norriulo 

lOa He.lng Ololrtbuton EqlJprnlnt 
lOb Haalng Dlolrtbuton PIping 
10c Haalng Dlslrtbuton I&C 
11 Ha.lng Subslalon I&C 

TOTAL DIRECT COST 35,007.8 35007.8 $27,205.8 $2,387.11 $211573.5 
Plant Dooll11 Engineering 7.5'" 2,825.8 Plant 0.01111 Engineering 7.5'" 2,218.0 

~ = Assumed 1993 
Con,tructlon ~oIon Construction ~"on 
FrolghtJSHpplng Inckldod Frolght/Stipplng Inckldod 

Exchanga Lav/US$ OWner'.Coat. 3.0'" 11211.0 Owner'. Coat. 3.0'" 053.7 
Taxo, and Ponril. Tax .. and Ponrit. 
othar 0Ih0r 
SUBTOTAL 38,782.4 SUBTOTAL 32,745.3 

ESCALATION w/.conomc. ESCALATION w/.conomc. 

CONTINGENCV 15.0% 5,814.4 CONTINGENCV 15.0'" 4,1111.8 

___ TOTAlJ:QST (Bulglrla DIrt) 44,578.e TOTAL COST /F ..... gn Exch. Port) ..... __ 37,857.1 

Nolo.: 

Va. I 1. 
1993 
1994 
1995 
1998 
1997 
1998 21,174.01 881.71 15,587.4 
1999 
2000 
2001 
2002 
2003 12,240.81 382.51 10,400.9 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTAL COST 44,576.81 if,SlIl.a 

GllbertIConrnonwaaHh page 11 
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BULGARIA DlSTRICf HEATING sruDY 

CAPITAL cosr AND CASH FLOW 

Variant I Plant I DETAIL IS3 
T.chnology: I Steam Turbine Generator Rehablillation at Sofia Slatlon 

Demand: L' ________________________________________________ ~ 

Local Expendltrosln Lov,xl000 Foreign Exchango Expendl",.sln US$,x1000 
Ecr-ipment Constuc\lon Engineering TolalLocal Ecr-ipmant Conshlcllon Englnoerlng olal For. Exch 

Cod. O."",lollon and Malillfal & labor & Horne 0lIl00 Expendltr.s and Malerlal Labor & Horne OIIIco E_ndltr •• 

18 Sit. Improvements 
lb O.mofitlon 
2 FOU1dalons 
3 strucll.roa/Blilcings 
4a Combustion Tl.rblne G.neralor 
4b steam TLf'blna Generator 5,174.7 2,838.8 8,013.3 3,931.2 192.0 4,123.2 
Sa Siandard BoIl.r. 
5b FUd Bod Bollor, 
5c Hoat Rocovery st.am Generalor 
8 Envlronm.ntal Comroit 
70 Material Handing & Fuel Supply 
7b F .edW"er, Condens"e, otc. 
7c other Mechanical Ecr-ipment 
8 Elect'1cal and I&C 
9 Pow.r Distribution & Transmlttlo 

IDa Healng Ol,lribulon Ecr-ipment 
lOb H.alng Olslribulon PIping 
10c H8alng Olslribulon I&C 
11 H •• lng Swstalon I&C 

TOTAL DIRECT COST 5,174.7 2,838.8 8013.3 $3,1131.2 $192.0 $4,123.2 
Plant Ootlgn Engineering 7.5% 801.0 Plant Ootlgn Engineering 7.5% 309.2 

~ = Assumed 1993 

Construction Suponition Construction SLponition 
Frolltlt/SHpplng Inckldod FrelltltISHpplng Inckldod 

Exchango LovNS$ owner's Coli. 3.0% 258.4 OWner'. Coli. 3.0% 133.0 
Tax .. and Pomits Taxe. and Perrrtts 
other other 
SUBTOTAL 8,872.7 SUBTOTAL 4,585.4 

ESCALATION w/oconomc. ESCALATION w/oconomles 

CONTINGENCY 15.0% 1,330.11 CONTINGENCY 15.0% 884.8 

TOTAL COST IBuklarta parli 10,203.8 TOTAl COST !F ...... gn ElIch. 1*11 5,250.2 

TolalLocal Total Local Total Foreign Not •• : 
Expencll".s Expenclt"01 Expendltr •• 

Y .... ILev Xl 0001 I /UShl0001 /U8$x 10001 1. 
1993 
1994 3,397.8 108.2 1,837.8 
1995 
1996 
1997 
1998 3,397.8 100.2 1,708.3 
1999 
2000 
2001 
2002 
2003 3,408.0 100.5 1,708.3 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTALtN US$ 

TOTAL COST 10203.8 $318.9 $5250.2 (US$xl000) 
_.$5,569.1 

GllbortiCornmonwoaHh page 12 
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FILE: 
DATE. 
nME. 

seLRM51.YoK3 
31-Jln-IM 

01:11PM 
THEFIIIN. BOIlER Il00FICA nONS - SOFIA PUWTS - 51 

SOfIA - 1.2." 3 
reureunb' &2 

SOfIA -", SI. 

SOFIA - 7 &.a 

SOFlA - • 

ITEM 
BURNERS 
8U~NERMGM'T 

COMS. CONTROlS 
FOFANOPnON 
eUCT wOR< FOR 8lRNERS 

SOOi81.DWERS 

WATERWAUS 
BURNERS 
BURNER MGM'T 
COMB. CONTROLS 
SOO18LOWERS 
MAINSTEAM UNE 
AIFlHEATEA RET\J8E 

WATERWAUS 

BuRNERS 
BUANEA MGM'T 
COJoll. CONTROlS 
SOOTUlOWERS 
AIAHEATER AETUBE 

BURNERS 

muq,1Ier 

SlMTOTAL 

SUBTOTAL 

SUBTOTAL 

SUBTOTAL 

NO. Of 
PLANTS 

TOTAl SOFIA COSTS 

• TOTA1.AlLUNITSATPlANTTHECosTlS 0.1a 

INSTALlAnoN" STAATlJI' Q.711 

SINCE nos PROPOSED fOR TQ1ALPlANT rr 
SHOULD BE DONE AT THE SAME TIME t~. 

COST 
21 •. 30 

181.30 
58.70 
92AO 

.... , 

ACnoN 

REPLACE NOW 
REPlACE NOW 
REPlACE NOW 
REPLACE 5 yEMS 
REP~ENOW 
REPLAcE 5 vENtS 

3134.5 REPlACE 5 YEAAS 
1227.1 REPlACE NOW 

REPLACe ... OW 
REPlACE NOW 

831.:S REPlACE 5 - 10 YEARS 

1341.4 REPlACE NOW 

1273.11 REPlACE Ii - 10 VEARS 

831'.8 

311413.' 
1582.1 

tIM .• 

"8.2 

..... 2 

REPLACE 5 YENIS 
REPLACE NOW 
REPlACE NOW 
REPlACE NOW 
REPL.ACE !I - 10 YEMS 
REPlACe 5 - 10 VENtS 

I25A REPlACE 10 YEARS 

m. 
115953.2 
3011.10 mutlPlied by 0.7 ... 
<401.50 mU1lp1ied tly 0.1", 

NECESSITY 
NECESSITY 
NECESSITY 
NEcessm 
ENHANCEMENT 
HECEssrtY 
ENHANCEMENT 

ENHANCEMENT 
NECeSSITY 
NECESSITY 
NECESSITY 
ENHANCEMENT 
NECESSITY 
ENtW.cEMENT 

ENHANCEMENT 
NECESStTY 
NECEssrn' 
NECESSIlY 
ENtwCEMENT 
ENHANCEMENT 

NECESSITY 

.. 
TotAL 

0.10 

.... 

.AO 
0.,. 

,.~ 

HOT WAJCR BOlER 1I00000CAnONS - SOFIA PlJINTS - 51 

SOFIA-I -. 
,.(Jr.unltsl -2 

SOQ1BlaWERS 
WATEAWAtJ.3, 
BURNERS 
BURNER CONTROlS 

mu~1itf 

SUBTotAL 
TOTAlS 

• TaTALAllUNlTSATPLAHTTI-lECQSltS 

INSTAI..I..ATION" STARTlP 
SINCE THIS PROPOSED FOR TQTALPlANT rr 
SHOULD BE DONE AT THE SAME TlME {NOY4l. 

MODEL COST SUMMARY rus S' 

4 ''''.10 REPlACE S YENIS ENHANCEMENT 

0.50 11111.20 REPLACE 5 - 10 YEARs. ENHANCEMENT 

~1Pl 

"54.80 ~EPLACE WIThIN 5 YEN'S NECESSfTY 
REPLACE wrTl1IN 5 VEM9 NECESSITY 

~~ L~ 

1722.30 Jed~byO.~ 

115 00 r.cluctd by 0.50"4 

~ ~ !!AU 
0.000% 

b!!!.Q!! 
31.601% 28178 1 3603.7 

Mn .. 
SUBTOTAl. 

ClA11 

..... 
0.111 
0.114 

.AO' 
0.141 

0.," 
0.11:2 
0.1&3 

0.5" ..... 
0.'" 
0.131 

, .... 

0.0s. 
0 .... 
0 .... 
0.000 

, .... 

C.F. 
Y£NI , ... , ... , ... , ... 
' ... 
'''' 
, ... ,, ... , ... .... , ... .... 
' ... , ... , ... ,.... .... 
.... 

, ... .... .... .... 

.. -

ocEAN-U.S. 
50 0.15 

CNlIIMTl 
U.S. I 

.... ... 

...... 
'230.52 

INI...N«l-U.s. 
0.02 01 

TOTAl. \IlL 
U.S •• 251., 

311.38 

FREIGKT 
31.11 
52.151 

27.42 181.72 
I.M II .• 

tlUl loe.11 

142.73 

117.11 
zoe.74 
21o.ot 

'4'.32 
228.40 
2'1.55 

...... 
4252.37 
1438." , ....... 
.12." 

1571.80 
1410.35 

.. .. 

O.S l.'8OR (""" OF MAl"lI 
US/B1Jl.Q !.EVA. 1.1 

0,2 3Z 0.1155 

u.s. SULB TOTAL L8R. 

L.08DR L.08DR "'l.ANT 
U.S. , u.s. , lEVA 
2!U4 11.80 

1-" '-7. 

18.17 '.72 
1.17 3.17 

10.11 4." 

- .. 

S.IS IlUUlRAT!US' 
til BUlB RATE LEVA 

\IlL CJ'. TOTALI'/EAR ,-
251" . ...... 
.. ... 

'U.s. ,_ 2000 

'11.12 

101..11 

,-
11.10 
UI 

3.11 

70.21 .2.47 32.-47 ",AI _IS 0.00 11." 

425.24 
143." 
~,. 

17.21 
157." 
'4'.OS 

111.41 
".37 
15.t4 . ... ..... 
12." ..... 

,_ .. ,_ .. 
1171.80 

4212." 

.12. .. 

,-" 

.... , 
'1.14 

'U4 

12M.52 1123." 11171.3:1 1001." 484.70 154.10 "".00 42Q.$1 3412..7 1154""1 

1235.152 

... ... 

....04 
2tO-OC 

".42 
144.M 

1235.152 1311,17 _ .. 
...... ....... 

, ..... 
1158." 

3237.14 

1722.3 94.21 

:130." 
'11.32 

0." 

1722.3 e5l.82 

TOTALMAT"l 

4520.41 
1151.14 
1445.11 

211.22 .. ... 
1021.31 

tOl1n 

1011.11 
22271.14 

ml.~ 

2314.41 
1351.12 

0." 
........ 

21171.0. 

21111.01 

452.04 
lU.tl 
~,. 

21.12 .. ... 
71O.M .,. 

1.11 
1175.25 

m.13 
231A. 
135.11 

0." 

...... 
:MM." 

...... ..... 
IS.14 
0." .... .. ... 

1151.14 
'_51 

4520.41 

2'1.22 .. ... 
"'.2 m'.2CI 4120AI 12M.7I 

Uo 

a.7'! ..... , 

103.01 
101.131 ..... 

0.00 

UI 

0." 

272,44 ".11 0.00 
u$I.ea 251.21 ..... $ ... 

-A. OF TOTAL 21.1"'" 

'c.3.11 

0.00 1013.11 

2231.31 
2S14A1 
1351.12 

0.00 

22al.al 3MI.11 
"SOD'" 14:11AI 

40."'" 2I.12'Yo 

.. ... 
'1.14 

100," 

0.00 

0." 
273 .• 1 

24.05 .... 

.. 

BULB 
L.08DR US, , ... 

1.12 

4." 

".1' 
111.-48 

'H.41 ... ... 

2 ..... 

.... 

10',Q8 

103.01 
522.10 

45.a.s .. 

-

...,. 

0.00 

.. .. .. ... 
l1t.l1 

'.H .. ... .. ... 
or. 

UO 

101.13 ..... .... 
'''.3S 
$42.11 

3O.tD""o 

-
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.. .. - • .. .. .. - .. - - - .. -
HEATING DISTRIBUTION EQUIPMENT (10a) 

COST OTY OF FREIGHT TOTMAn RATE TOTAL RATE TOTAL 

UNIT /UNIT SUB- OCEAN INLAND INC FGT. UNIT TOTAL us I HR LABOR BUL I HR LABOR 

11.EM DESCRIPTION VENDoR OTY "AT"L. USS {DooL STATION _ US${~ U.S HOOOL USS.lIlOOl _M!!l1R------'MftiRS_ MNHRS _ US .~~ ._.Me L MNHRS_ _LE1LA __ LEYA {_ 

MOTOR 
VSO 

STEP -UP TRANSFORMER 
ISOlATION TRANSFORMER 
WIRING I CONDuIT 

VALUES 

SUBTOTAL 

EA 
EA 
EA 
EA 
LT 

00 
200 
00 
54 

2 

ll!!! 

1,390 MATERIAL (U9 II 

OJ ,.,., 
CI) 
-4 
h 
§ 

~ 
~ ,.,., 
(") 
a 
"b 

"'" 

o LABOR (US I, 
SUBTOTAL 

.. LABOR/tEVAj D 

---~~-

MODEL COST SUMMARY IUS $) 

1m 

1389.88 

0.00 
1.389.ae 

//D.1/2 

EQUIPI 
~ 

1389.911 

12 
30 

• • 

.!!!!! 

0.00 

0.00 
•. 00 

D.DD 

LABOR 
2.114 

m 400 ~ ~ ~ m v 

702 32.00" 50 108,81 1. 
211 24.00 72 50 71 111 13 

110 24.00 72 50 71 181 13 

7 38.00 108 so "1 111 20 

--------- ---------
SI,3IJD us 10 LEVA 11 

CASH FLOW 10001 

!!!! !!!!! !!!! i!l!!!I i!!!!l. Wi i!l!li! i!!!!! ~ 1:!!!1!! 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 •. 00 •. 00 0.00 •. 00 •. 00 0.00 0.00 0.00 

•. 00 •. 00 •. 00 0.00 0.00 0.00 •. 00 •. 00 •. 00 •. 00 

0.00 D.OO D.DD O.DD O.DD O.DD 0.00 0.00 D.DD D.DD 

PERCENT lOCA\, 

tM!:!: I.MQ!!I 
O.OO~ 100.00" 

.. .. 

i!!2! W! 

0.00 0.00 

0.00 000 
•. 00 •. 00 

D.DD D.DD 

- .. 
FILE. 51EOUIPWK3 

CATE: 1-0.e-93 

DATE: 31-JM-N 

TIME: 01:41 AM 

~ rug 

0.00 0.00 

0.00 •. 00 
0.00 0.00 

O.DD 0.00 
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SOFIA PlANTS ( 10 b 1 ) 

PIPE FTas 
MeTRIC U.S. U.S. WALL WALL USS{ ALLOW 

QIMENSION DIA. SCH IMt:!! l't:'! 12M • 112M 

ON 40 0048/100 I"," 40 2.60 0.10 107 100 

ON SO -6011:25 2" 40 2.90 0,11 130 ., 
ON 85 ~78/140 2112' 40 2.90 0.11 157 110 

ON 80 ..a9/IElO 3' 40 320 0.13 '.7 112 

ON 100 ~114f200 4' 40 3.60 0.1' 258 143 

ON 125 -1391225 5' 40 3.60 0.1. 311 134 

ON 150 -168/250 6' 40 400 0.18 388 144 

ON 200 -219/3H:i 6' 20 450 018 58' I •• 

ON 250 ~73/400 10' 20 5.00 0.20 895 ... 
ON 300 -323/450 12' 20 580 0." 1.095 27' 

ON 350 -3551500 14' 10 !UO 0.22 1,320 2M 

ON 40D -408/520 16' '0 6.30 0.5 1.'50 200 

ON 450 -457/560 16' 10 8.30 0.2! 1,610 '42 

ON 500 -eOBlB30 20' '0 830 025 1.908 ... 
ON 550 ~!59nl0 22' 10 9.30 0.25 2.281 

ON 600 -e09nSQ 24' 10 7.10 0.28 2.794 

ON 650 -aSO/840 '8' '0 8.00 0.31 3 .... 

ON 700 -71 If9QO '8' 10 880 0.35 4,910 

ON 750 -7621900 30' • 0 8.80 0.35 5.3 .. 

ON 800 --8131tOOO 32' - 880 0.35 !:I.Ge2 

ON 850 ~64/1100 34' 8.80 0.35 9.921 

ON 900 -914/1100 38' - 10.00 0.39 7.235 

ON 1000 -1011511200 40' - 1000 0.39 8.334 

ON 1100 -111711400 .. ' - 11.00 0.43 12,055 

ON 1200 -1220/1400 48' - 12.00 0.47 14,155 

ON 40 -48/100 1112' 40 260 0.10 107 100 

ON 50 -601125 2" 40 2.90 0.11 130 91 

ON B5 -781140 "12' 40 2.90 0.11 157 110 

ON 90 -89(160 3' 40 3.20 0.13 '87 112 

ON 100 -1,./200 4' 40 3.60 0.14 .56 143 

ON 125 -139/225 5' 40 3.60 0.'4 311 134 

ON 150 -1681250 8' 40 4.00 0.18 388 144 

ON 200 --219/315 8' 20 4.50 0.18 58. 19. 

ON 250 -213/400 10' 20 ~oo 0.20 •• 5 ... 
ON 300 --323/450 12" 2. 5.60 0." 1,095 27. 

ON 350 ...,]55/500 14' 10 •• 0 022 1.320 2 .. 

ON 400 -406/520 10' 10 830 0.25 1,450 200 

ON 450 -457/580 18' 10 8.30 0.25 1.810 .42 

ON 50D ~09f630 20' 10 6.30 0.25 1,go8 "". 
ON 550 -5581710 22' 10 .30 0.25 2.281 

ON 600 -e09I780 24' 10 7.10 0.28 2,764 

ON 6!50 -660/840 ,6' 10 8.00 031 3.684 

ON 700 -711 f900 28' 10 8.80 0.35 4.910 

ON 7SO -762/900 30' 10 8.60 0.35 5.322 

ON 800 -81311000 32" 880 0.35 5.942 

ON 850 -864/1100 34' - 8.80 0.35 6.921 

ON 900 -91411100 36' - 10.00 0.39 7,235 

ON 1000 -1016/1200 40' - 10.00 0.39 8,334 

ON 1100 -1117/1400 .. ' - 11.00 '43 12.055 

ON 1200 -122011400 48' - 12..00 047 14,755 

(1) LABOR PERCENT PROVIDED BY CUENT 

- .. .. .. .. .. - - .. - .. .' - .. 
FllE:S1PIP1aB.WK3 

DATE: 22-Nov-93 

HEATING DISTRIBUTION PIPING WOf AlARM COMPONENTS (10b1) DATE: 23-Mlr-IN 

LAID ooWN IN (EX1ISTlNGJ DUCT 
m'E: 03:JQPM 

PIPE MATERIAl. FREIGHT PPE.f'TGS LAB. COST (f) 

usal QTYREa COST OCEAN INtAt«:J INCFGT. 
30SClFJllArL 

M~ER ~METERS! US se US s~ US se US lezgI (tEVA-pe?! 

17.21 2,1.2 37 • 1 '3 
.f. 

18.42 39,088 720 lOll ,. .. 2 .. -
22.2" e9.718 1.552 233 31 1,IUI 

17,.32 

24.93 120.988 3.017 '52 60 3,529 
3.\_ 

33.28 38,758 1,223 163 2' 1."31 
f3.739 

37.08 24.50&2 .,0 13. la 1,_ 
f0,2fll 

44.30 51,700 2,200 344 .a 2.87. 
2!<723 .. ... 11.088 1,110 ,.7 22 1,_ '2 .. 72 

93.23 3,942 388 55 7 '30 ".'26 
114.08 8,078 .93 104 ,. .11 

7,7#U 

132.00 .0 8 1 0 • U 

14500 7.280 I,Ose 188 ., 1.235 ",aM 

154..29 l,el0 ... 37 5 291 
~no 

182.85 7.024 1,2154 193 .. 1,503 '4.4at 

188.42 a 0 0 0 
0 

232.00 14.418 3,345 5D2 67 3,91" 
37,61' 

307.00 0 0 0 0 
0 

409.17 7,_ 3.257 ... 65 3,.,1 
30;_ 

443.50 0 0 0 0 
0 

495.17 1.890 837 1211 17 170 9.-
578.75 0 0 0 0 

0 

802.92 0 0 0 0 
0 

_.50 1,1138 1,278 ,., .. 1.493 ' .. -
1.004.~ 0 0 0 0 

0 

1.221.58 0 0 0 a 0 

4'3,818 US 127.180 LEVA 2iiim 

LAID DOWN - INSVLAT10N FOAM CONCRErE 

17.21 a 0 a 0 

18.42 0 0 0 
0 

22" a 0 0 0 
0 

24.93 23,980 597 110 " ••• .. T,O 

33.28 7.198 239 38 ! 280 ~-
37.08 7,738 2117 43 331 3.22' 

44.30 7.n2 344 52 '03 
3.487 .. ... 9,0154 590 •• 12 ,., ..... 1 

9323 5.2118 493 7' 10 577 
6,537 

114.08 5,240 ••• OD I. so. «7'3 
132.00 1,044 138 " 3 181 

,,516 

145.00 13,890 t,gas ... '0 2.323 ~29/J 

1~.29 180 '8 • 1 32 
3f2 

182.85 4.818 ... 127 17 98. " . .,. 
188.42 0 0 a 0 

0 

232.00 3._ 601 '20 " "" "00' 
307.00 0 0 0 a 0 

409.17 0 0 0 0 
0 

443.50 0 0 a a 0 

495.17 a 0 0 
0 

57a.7S 0 0 
0 

802.92 • 0 
0 

894.50 0 
0 

1,004 58 0 
0 

l,m.M 
0 

89,264 US $1!,.128 LEVA 7«0'0 

PAGEl 
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OVfiRHEAO I COLLECTOR - INSUlATION GlASS IKlOL & ALUAfINUAf SHEET 

ffEMOVEOID INSULATION. ctEANPPE. SLPPLy.olNSTAU NEWINSULATIONj 

PIPE FTGS PIPEn'TGS 

IHSUL INSUL. INooL. INSULATION FAElGKT INSULATION UNIT UNlT TOTAl. FlATE L.AB.COST 

METRIC U.9. U.S. WALL WALL USS/ ALLOW USII QTYAEQ C09T OCEAN INLAND INCFGT. MH/M MH/M MNHA9 I Iff INSULATION 

QIMENSION OIA. SOH IM~ II!:!! 12M S112M METER iMETERSl US II~ US Sl~ US 'Ie US 110001 INSUI. REMOVAL INSUL IW:~ !EVA-e!!! 

ON 40 -481100 1112' '" 2.'" 0.10 121 91 18.81 0 1.~O 0 .... 0 , .... '" 0 

ON 50 -60"25 2: .. 2.90 0.11 131 105 20.27 0 t..ce 0.729 0 , .... '" 0 

ON 65 -7B/140 21/2" 40 2.90 0.11 ,.7 "8 2'.'2 0 0 t.8S 0.829 0 , .... '" 0 

ON so ...e9It60 3' 40 3.20 0.13 108 131 23.92 0 0 1.80 0.7M 0 '''''' 0 

ON too -1141200 
., .. 3.BO 0.1' 2 .. 184 38.08 0 0 1.74 0 ..... 0 ,sa", D 

ON 125 -1391225 5' 40 a.., 0.1' 305 139 37.00 0 0 0 0 1.08 0.B42 0 ,sa", D 

ON 1150 -IB8I250 8' '0 '.00 0.111 341 104 31.08 1,'30 ,. I 12 t,e! D.ne 3,327 , .... '" 11M 

ON 200 -219/315 8' 20 4.50 O.IB '04 123 43.92 1,470 15 10 71 1.90 0._ 4.184 , .... '" 703 

ON 250 -273/'00 10' 20 500 020 502 128 52.." 80 • 1 5 2.04 1.020 2'5 , .... '" ., 
ON 300 -J:23/450 12: 20 5.80 0.22 72' 185 74.08 1,380 101 15 111 2.70 1.352 5,515 ,sa", ,.. 
ON 350 -J5!515OO ,.' 10 5.BO 0.22 800 143 79.08 720 57 8 1 17 2..8 1.490 3,21' , .... '" !W, 

ON 400 -4001520 18' 10 0.30 0.25 881 115 88.33 .,420 382 57 8 .. I 3.41 1.734 22.GG7 , .... '" 3,1180 

ON 450 -4571580 18' 10 '.30 025 90S 104 84.00 140 12 2 0 
,. 3.82 I.SOB 759 , .... '" '28 

ON 500 --508/830 20' 10 8.30 0.25 1.137 72 100.75 ".528 .50 08 8 !134 3.7! 1.873 25,,,",. '68,,,, 4,275 

ON 550 -558"'0 2r 10 8.30 0.25 1,2~ 1GU7 0 0 0 0 '.33 2.107 0 'sa'" 0 

ON 800 -609neO 2" 10 1.10 0.28 1.291 107.58 5,382 079 07 12 177 ".82 2.310 37.297 , .... '" 6,_ 

ON 650 -6BO/840 28' 10 0.00 0.31 1."20 118.33 0 0 0 0 5.02 2._ 0 , .... '" 0 

ON 700 -111/900 20' 10 ,.0 0.35 1.524 127.00 2.050 2'" 39 5 3DS Ul 2.108 18,842 , .... '" 2,_ 

ON 750 -762/900 30' 10 080 035 1.628 135.67 0 0 0 0 5.78 2.808 0 , .... '" D 

ON eoo -813/1000 32' - 000 0.35 1,909 159.08 1702 211 41 5 317 8.73 4.387 22.291 , .... '" 3,746 

ON 850 --684/1100 34' - !.SO 0.35 2,022 lsa.M 0 0 0 0 9.21 4.837 0 , .... '" D 

ON 900 -91411100 38' - 1000 0.39 2,135 177.92 0 0 0 0 1.11 4.B90 0 , .... .., D 

ON 1000 -101611200 40' - 10.00 0,39 2.311 198.42 2,980 591 .. 12 882 10.sKJ 5.4.51 48.721 , .... '" 6,'''' 
ON 1100 -11 t1Ju.oo '" - 11.00 0.43 2,800 217.33 0 0 0 0 11,95 5.973 0 ' .... '" 0 

ON 1200 -12201"00 '0' - 12.00 0.47 2.85oC. 237.83 0 0 13.07 1,_ 0 '68,,,, D 

28,282 US 1,,312 
LEVA 32;03i 

SOFIA PLANTS ( 10 b 1 ) HEATING DISTRIBUTION PIPING WOf ALARM COMPONENTS (10b1) 

CASH FLOW (000) tAlO ClOWN IN (EJOSTlNGJ DUCT 

~ 1995 1991 1m 1m '''' i!!1!!!! 2001 l!m i!!1!!!! 

27180 MATERIAL IUS $) 951.30 2201.58 27"5.11 2SKJ8.28 J018.le 3071.34 3071.34 3071.34 3071.34 3071.311 

% 3.!50~ 8.10% 10,1~ 10.70" 11.10" 11.3,", 11.30-. tt.30'1t 11.30" 11.30% 

260928 LABCR(LEVA, 9'32,41 2"35'4 26353.§ 219'.25 28942.97 2(UN.II3 294"'83 294tu.1I3 29484.83 294M.a 

EXCA~AlAT'L/lEVA' .. '" .. '" .... .... D.'" .. '" .... .... .... ..'" 
260928 TOTAL /lEVA' 9132.41 21135. '4 263:UtIfI 2791f1.28 2B9tl2§7 294tu.83 29481.83 29484.113 29184.113 29481.83 

% 3.50" 11.10" 1o.,O'J. 10,70il. 11. 1 Oil. 11.30-. 11.3Mr.o 11.3OiI. 11,30" 11,30'S 

~!EcEm !.:oc~ I 
!Mre Mlli. !.@OO 

MODEL COST SUMMAR'/' /US $I '0,179.98 II, 153.99 0.00% 100.00% 

PAGE 2 



.. - - .. - - .. - - .. .. .. ' .. .. .. .. .. - .. 
CASH FLOW (0001 WD DOWN - INSULATION FOAM CONCRETE 

!!!! 1995 !!!!!! 1m !!!!!! 

., .. MAT9I'AL (US $I .... 30 1825.21 2031.51 ~1.51 2031.51 

'" !.Im' 20.00% 25.00% 25.00% 25.00% 

78010 LABOR (LEVA) 3S00.5' ,500203 19:10264 1950Z54 ,9502./U 

EXCAV.MAT"L/l.EVA/ "00 "00 "00 "00 "00 

780tO TOTAL /l.EVA) 3S00." ,5If02.03 19502.54 te0251 19.5D254 

" 5.""" 20.00"," 25.<HMO 25.00% 25.00% 

rnChl5' ~!!cEFI' Ci'5CM 
!!m. ~ 1MlJ, ~ 

MODEL COST SUMMARY !!!S SI 8,126.08 g,437.82 O.OK 100.00% 

CASH FLOW (0001 OvelHEAD I COLLECroR - INSULATION GLASS KOOL .I ALUIAIMIIA SHEEr 

!!!! !!!!!! !!!!!! 1m !!!!!! 

3312 MATER'AL (US II 185.58 1182.32 1127.91 827.81 127.11 

" 5.00" 20.00% ~.ao'" 25.00% 25.00" 

3203' LABOR (LEVA) 1601.53 5C0fl 10 6DOT.f13 Il007.83 MJ07.S3 

EXCAV.MAT"L/l.EVA) "00 """ "00 "00 ,,00 

32031 TOTAL /l.EVA} ftlOr.~ tUOtJ. 1O _7.113 SCOT-53 MJ07.tS3 

" 5.00" 20.00% 25.00% 25.00% 25.00% 

P:J I N 

~ !MJ:!, ~ !!m. ~; 

MODEL COST SUMMARY rus $I 3.311.112 1.000.95 0.00% 100.00% 

"--l 
h CASH FLOW (OOO) roTAL DlSTRl8IJTION PIPING 

~ !!!! !!!!!! , ... '997 '99. WI! !!!!Ql! ~ 2002 w:! 

~ 
h 3a818 MAT9IIAL (US II ,!i23.t' 44111.11 15804.80 15787.88 5178.40 3071.34 3071.301 3071.34- 3071.34 3011.34 

t'.IJ " "94" 11,"" 14.5t% , • .IM',," '5.22% 7.15" 7.85'" 7.85'" 7.85'" 7.815"" 

r-
rr, 310968 LABeR (LEVA) 14834.50 43'''3.27 !S3lJ83.M 5!U29.43 5tU73. 'of 2IJ41N.U 29484.83 291"".113 29414.63 294tU.1I3 

<J EXCAV.MAT'L/l.EVA/ "00 0.00 0."" 0.00 0.00 0.00 "00 0."" 0.00 "00 

a 
'"0 370968 TOTAL /l.EVA) '4f13f.5D 43'43.27 53M3.BlI 55429.43 5&f73..'" 2IMlU.33 2&1811.&3 29484.63 294".113 29«".63 

"'" '" .... " 11.153"" 14.5~ 14.94" t5.~ 7.15" 7 •• 5% 7,9'" 7.85" 7.'5~ 

EdUlPI 
Mm !.MQ! 1MlJ, ~ 

MODEL COST SUMMARY rus $I 38.817.114 11.592.78 0.00% 100.0K 
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ITEM DESCRIPTION VENDOR 
UNrr 

QTYMAT'L 

FLOW ELEMEms 3 EA 

SUBTOTAL 

SCAOA EOUIPMENT (WESTINGHOUSE) 

R8ER OPTIC LEASING 
LT 
LT 

O::J 

~ 
'--! 
h 

TOTAL USS 

VALUES 
137 MATERIAL (US $, 

1 LABOR (US II 
SUBTOTAL 

I. LABOR(lEVA) 

8.218 WEST. SCAD" eQUIPMENT 

JB FIBER OPTIC LEASING 
281 WEST, SCAD" LABOR (US ') 

SUBTOTAL 

B.872 TOTAL USI 

" 
23 .• 00 wEST. SCAOA LABOR (lEVA) 

23,118 TOTAL (lEVA) 

" 

COST 
iUNrr 
USS 

13000 

5,312.500 
31,500 

!,350,OOO 

199. 

1.92 

0.02 
1.93 

0.112 

87.02 
0.53 
3.94 

91.48 

93 .• ' 

1.400% 

323.40 
323.62 

1.400% 

§ 
j:::: 
h MODEL COST SUMMARY (US $ 

~ 
I'l1 
("") 

S6 
"< 

.. .. - - - ... .. - .. .. 
SOFIA (4) DISTRICT HEATING DISTRIBUTION I & C (SCADA) (10c) 

QTYOF 
9US

S"[ATION 

12 

FREIGHT 
OCEAN 

US, 

,.50 

796875 

INLANO 
USS 

280 

10B2!5Q 

TOT.MArL RATE TOTAL RATE TOTAL 

INCFGT. UNrr TOTAL US /HR LASOR SUL. /HR LASOA 

USSC_ _M~l!1'._ MNHRS __ ---"NHBS .IlSS .. USIIQ!1Ot ___ MNtLRS ~A._.LEVAI __ 

!!<II 12.00 432 .. 
---------1137 (.25 MtA. TIPl.IER-25" ALLOT FOR SORA) 

821. 
3S 

8.390 

N/A N/A NIA NIA 

50 380 1ee 54 

US $1 LEVA $1. 

281 NIA NIA 23100 

282 23.111 

CASH FLOW (000) 

~ !!M 

23.27 27.93 

0.18 0.22 
23.4S 28.15 

2.1' 3.2. 

10M.sa 128799 
11.31 7.85 

41.1!11 57.38 
1.110.84 1,333.01 

1.1~.30 1,381.1' 

17.000-4 20.400% 

392700 47'2.tfO 
3,929.71 4,715." 

11.000% 20.400'% 

eOUTPI 
MM:!. ~ 

6.390.02 1.004.70 

1m 

27.93 

0.22 
28.1!5 

3.28 

1287.99 
HI5 

57.38 
1,333.01 

1,381.1' 

2O . .cQ0% 

41'2,40 
".715.66 

20.400'4 

~ 

27.93 

0.22 
28.15 

3.28 

1287.98 
7.85 

57.38 
1,333.01 

1,381.18 

20.4O[)% 

41f2.40 
4.715 .• 

20.400% 

Mm ~ 
0.00,", 71.899% 

J§ 

27.93 

0.22 
28.15 

120 

12e7.99 
7.85 

57.38 
1,333.01 

',381.1' 

20.400'% 

411240 
",T15.6IJ 

20.-40044 

.. .. - .. 
FILE; 81 SCAOA.WKot 

DATE: - t-Oee-93 

DATE: 23-Mw-1J4 

TIME: 03:52 PM 
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SOFIA (4) HEATING SUBSTATIONS I & C (11) 

ITEM OESCAlPllON _VENDOR 

SUBSTATION (AVERAGE SIZE) NOTE 1 
CONSISTING OF: 

~ .... 
h 

CONTROLLER 
ATO 
CONTROl VALves 
HEAT EXCHANGERS 
eiRe. WATER PUMPS 
WATER FILTER 
INLET/OUTLET SHUT-OFF VALVES 

TQTALUSS 

VALUES 

UNIT 
OTYMArL 

1 LOT 

§ 
r=: 
h 
t:\) 
r
rfj 

2',725 MATERIAL (US S) 

o LABOR IUS I) 
SUBTOTAL 

'29,360 LABORtlEVA) 

% 

~ 
" 

COST 
/UNIT 
USS 

7000 

l!!! 

360.15 

0.00 
350.15 

11111.04 

1.400% 

MODEL COST SUMMARY IUS Sl 

QTYOF 
SUB

STAnON 

3875 

~ 

4373.25 

0.00 
4,373.25 

21911120 

17.000% 

eCUIPI 
Mm. 

25.725.00 

FREIGHT 
OCE.ON 

USI 

INC. 

TOT.MAT·L 
INlAND INC FGT. 

U9I USI 

INC. 25725 

$25.725 

CASH FLOW (0001 

W! 1m .!!!! 

52"7.90 5247.90 5247.90 

0.00 0.00 0.00 

5,247.80 5.247.80 5,247.90 

26349." 831m." 2631J9.U 

21>.000% 2'UOO% 20.400% 

~ 
PERCENT lOCAL 

Mm. ~ 
4.042.50 0.000% 100.000% 

NOTE 1: 
COSTS (MATERIAL. LABOR & SUBST AllON QUANITY) SUPPliED BY CLIeNT 

.!!!!! 

!5247.90 

0.00 
',247.90 -.... 
20.-400% 

.. 

LABOR 
/SUBSTATION 

USI 

1000 

-
TOTAL 
LABOR 

USI 

3.m 

i'" .. 

TOTAL 
LABOR 

LEVA fOOD 

12!.3eQ 

S12V .... 

.. - - .. 
FILe: SlHOsnC.WK3 

OATE: 1-0ec.-9J 

OATE: 23-M.,-M 
TIME: 00I:11l PM 
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FILE: 
DATE: 
nME: 

.. 

SBlRMS2.W<3 

.. 

31-Jan-94 
01:27PM 

. ~ .. .. .. 

THE1&fAL SOlLER MOaF/CA DONS - sa/A PlANTS - 511 

NO. Of 
ITEM PlAHTS COST ACTION 

SOFIA - 1 ,2,~" 
r.Ur. urvtl 1 &'2 

SOFLA-<4, 5&, 

SOFIA - 7 
,.dr.una 7 

SOFIA - II 

SOFIA -. 

8~NERS 

BUflNEAMGM"T 
COMB. CONTROLS 
FDFAN OPnoN 
DUCT WOR< FOA BURNERS 
SOOTBLQWERS 

WAT'ERWAUS 
8LRNERS 
BUANERMGM'T 
COMEI. CONTROLS 
s0018LOWERS 
M.AJNSTEAM UNE 
~HEATeR RETUBE 

WA'TERWALlB 
B~NERS 

BUFINEAMGM'T 
COMB. COHl'ROlS 
SOOlULOWERS 
~HEATEAAEl\.I3E 

WATEAWAUS 

BURNERS 
SUFINERMGM'T 
COMS. CONTROlS 
SOOT8loweRS 
AlRHEATER RETUBE 

BURNERS 

muq,1W 

",.30 
..... 

SLBTOTAL 

SUBTOTAl. 

SUBTOTAl. 

SlJITOTAl. 

SUBTOTAL 
TOTAL SOFIA cosnr 

• TOTALALLUNITSATPlANTTHECOSftS 0.11 

INSTAL.L.AnoN &. STAAnP 0.71 

SINCe THISPROPQSEJ FeR TOTALPlANT rr 

SHO\JlD Be CONE AT THE SAME TIME ~. 

:111.30 REPLACE NON 
REPlACE NOW 
REPLACE NOW 

0.00 REPt..M:E!i YEN'S 
151.70 REPIJ,CE NOW 

0.00 ~EPlACE 5 veAAS 

277 

"'.1 REPLACE 5 YEARS 
1227.' REPLACE NOW 

REPLACE NC1N 
REPlACE NCNt 

Ins RePLACE' - 10 YEARS 
t34I.4 REPLACE NOW 
1213.. REPLACE IS - 10 YEARS 

831'.' 

REPLACE 5 YEMS 
REPLACE NOW 
REPLACE NOW 
REPLACE NC1N 
REPlACE 1- to 't'EAAS 
REPlACE. - 10 YEARS 

tat.' REPLACE 5 'fEN'S 
711.3 REPLACE NOW 

REPLACE NC1N 
REPI.OC( NC1N 

12.4 REPlACe 5 - to YENtS 
424.' REPLACe, - to YEARS 

3240.' 

825A REPu.ce 10 YEARS 

I25A 
12451.4 
".eo muqllild by 0.7'''' 

401.50 m~lIdbyQ.7.'" 

NECESSITY 
NECEssrrt 
NEceSSITY 
NECESSITY 
EIIl<ANCEMENT 
NEcessrrv 
fNHAHCEMENT 

ENHANCEMENT 
NECeSSftY 
NECESSITY 
NECeSSfrY 
ENHANCEMENT 
NECESSITY 
ENHANCEMENT 

ENHANCEMENT 
NECESSITY 
NECESSIT'I 
NECESSITY 
ENHNOCE"ENT 
_EMENT 

ENHANCEMENT 
NECESSITV 
NECESSITY 
NECESSITY 
ENHANCEMENT 
ENtu.NCEMENT 

NECESSItY 

-

... 
TOTAl. 

0.10 

D.20 

'.20 

0.40 

0. •• 

'.000 

MTl ... 
SU8TOT~ 

0.7aa 

..... 
0.212 
n ... 

,AO' 
0.141 

0.100 
0.112 
0.153 

..... 
0. ... 

D .... ..... 
UII ..... ..... ..... 
•. 021 
0.t31 

. .... 

HOT WAn:R BDlL£R MOOIFICADONB - SCFIA PlANTS - 511 

4 150410 REPlACESYEAAS ENHANCEMENT 
SOflA-1-' 
'.1.,. unO 1 -2 

SOOlBLOWERS 
WATERWAlJ,S 

BURNERS 
mu~'" 0.10 '''1.20 REPLACE S - 10 YVoRS ENHANCEMENT 

BURNER CONlROlS 

SUllTOTAI. 
TOTALS 

• TOTAL ALL UNITS ATPLANT THE COST is 
INSTALLAnON &. STAR~ 
SINCE THIS PROPOSED FaA TOT,6LPl.Nff rr 
SHOULD BE DONE AT THE SAME nME (~. 

MODEL COST' SUMMARY 

,,&4.10 REPLACe wmtIH 5 '1E.NUI NECES5(lY 
REPlACE wrTtfN S YEARS NECE§TY 

3311.' 

1122.10 r.dUC«I.'tO.5O'I. 
115.00 r.-d~.y o.~ 

:auJPT 
~ LABoR 

23385 5 29ii2.2 
M!D. 

0000.. 

NTI.OCAL 
!.!!!Q!l 

31601% 

'.000 

0.051 
n ... 
•. 301 ..... 
..... 

.. .. ., - ' .. .. .. 

C.F. 
Y£Nl ...'111 .'111 

'111 ..... ..... ..... 
• 111 .... 
• 11M ..... .... 
.111 . -.... .... .... .... 
.... 

'111 .... .... .... 

OCeAN - u.s. 
so 0.15 

IHlANl - u.s. 
0.02 0.' 

CNl'R un. TOTAL un.. 
u.s.. FREtGHl' U.S .• 

37.11 2M.41 

301." 52.51 311.3' 

...... 
817.71 

0.00 0.00 
.... ea .• 
0.00 0.00 .. ... 

117 .• 7 .... ,. 
105.02 

141.32 
mAO 
21'.55 

tes .... 

4252.31 
1A3I." 

122.71 

t ..... 
1571 .• 
lAICUS 

117.1. 1511." 1041t.1.51 

.... 

D." 

1235.152 

12S1.12 

...... 

...... 
247t.IM 

1722.3 

.... .. .. . ... 

.. .. . ... .... 
32Ul 
134.52 
210.01 

'1.71 
72.18 

...... . ..... 
, ..... 

aa.17 

.... 21 ... ... 
1H.U 

D." 

. ... .. .. . ... . ... . ... .... 
..... 21 ...... 
1441 .• 

101.11 -,. 
....A. 
tGa.l1 

,OU.,. 
17 ....... 

22'31.31 
2314.41 
U.s'.,2 . .. 

D •• l..'BoA_Of .... T'\l 
UWLA.G LEVA 1.1 

0.2 32 0.1155 
5.25 BUI.4RATEUSS 
, .. BUUl RATE l£VA 

u.s. BULG TOTAl. UIR. Ml\. C.F TOTAl. ('fEAR 

LMOR ~OR A'UUO' $U.S. 

u.s. S u.s. S i£VA 11M , ... ~ ,* 
25.51 1t.1O "'A' 

311 .• 1.1' 3.71 

0.00 0.00 .... 
1.87 ;1.17 .... 
0.00 0.00 .... 

40.10 

.a24 

.,u." 
".Sf 

17.8 
tl7." 
''''.03 
.... 4. . .. .. .. 

..'" . ... 

..'" . ... 
221.112 
H." 
32.71 

10." 
41.11 

411.11 

.... 
I." 

1450.10 

22S.1J 
23.AI 
131.11 . ... 

".7' 

, ..... 
".S7 

7.57 
0." 

".M 
72.14 ..... 

451.1S . ... .. .. .... .... . ... .. .. . ... 
104.42 
4 .. 77 
1 •.• 4 . ... .... 
22." ...... 

".11 "AI 

'Ga.M 
722,.18 

IS71.aD 

.... 
4252.37 

. ... 

a72.12 

14iO.3I 

152.. J7i11.22 4252.37 24112.17 . .. 
D." 

0." 

...... ........ 

fJ" .• 

.. .. 

.... 
..... 21 

. .. 
0." .... 

.0111 

..... 7. 

~.21 ecM." 

;1.71 3.71 1083.11 

S.7. 0.00 0.00 tON." ...... 

103." 2231.31 

tOl.a 2;),4'" 

12.42 .351.12 

0.00 0.00 

'1.10 
:u. 

3.17 

11.11 

sa.37 
7.57 

, .... 
14'.11 . .. .... 

. ... 
42.n 
1&.14 

17.11 

... 

t7Z2.S ...... 5IH..n 511." 272.44 ...... ".11 0.00 2211.S1 au." .... 
21.5.55 

:ZUII.IS 2O».R 24 •. 03 ""'01 174J." 71121.157 

TOTALMATL aUIS.A 
.... OfTOTAL n.aH. 37A21io ;s3.~ 21'''' 

-

BULG 

LABOR US, 

'001 

.... 
n .. .... . ..... 

,,,AI . ... 

. ... 
t04.42 

'D4A2 

..'" 

IOS.OI 

103.01 
4031.', 

42.'"" 

:-

.... 

. ... 

..... 
1I.!lS 

113.7' 

D." 
D." 

..00 

... 
... 15 

27.15 

3.71 

3.11 

,OI.l:) 
.... 2 
D .. 

'''.35 
"4.11 

33.4" 

.. 
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I.M6000Dl.N S-1 SOFIA PLANT 4. 

CG41-0MWRJ MID - RANGE 52 CombuslioD TurbiDe GeDt:rJlIOr / HRSG AddilioDS 4 II 

TIEM4. 

TIEM5c 

TIEM3 

CT MATERIAL 

CT FREIGHT 

TOTAl.MATERIALUSS 

TOTAL MATEIUAL,lFREIGHT CT .. FOR 2 UNITS 

HRSG MATERIAL 

HRSG FREIGHT 

TOTAl. MATERIAL USS 

TOTAL MA'IERlALIJ'REIGHT HRSO .. FOR 2 UNrIS 

B.OoP. MATERIAL 

B.OoP. FREIGHT 

TOTAl. MATERIAL USS 

TOTAL MA'IEIUAL,lFREIGHT B.OoP ... POR 1 UNITS 

MATERIAL CHECK 

TOTAl.MAn..2 UNITS 

FREIGHT CHECK 
TOTAl. FOT2 UNITS 

'I1'C2 UNITS 

THEREFORE: 

TJEMNo. 
3 = B.OoP. MIL + FOT + LBR 

4. _ CTMIL+FOT+LBR 

5c = HRSG MIL + FOT + LBR 

DEMOLmON - REMOVEEXIST.T/G 1 &2. 12&6MWEA. 
AHF (US.) 100,000 100000.000 

LEVA ( U.s.S) 100,000 1.100 

MODEL COST SUMMARY (USS) 

EQUIPI 
MAn.. 

41,688.8 

!!!i!I! 
14,200.000 

1.414.000 

16.614,000 

33,218.000 

1,960.000 

333,200 

1,2!13,200 

",586,'100 

2;1.07 ,2IlO 

375,200 

1,582.400 

.. ,874 • ..00 

36,486,21lO 

36,486,21lO 

6,202,600 
6,202.600 

51,961.680 

9,919,480 

36,397,400 

S,644,BOO 

= BASE 
110.000 

MATERIAL 

3.122,400 

PERCENTLOCAI.. 
MAn.. LABOR 

2.OOO'JIf, 31.601 'JIO 

!lli!il 
14,200,000 

1.414.000 

16,614.000 

1,960,000 

333,200 

2,293,21lO 

1,959.000 

333.000 

1,191,000 

BEST AVAILABLE COpy 

FILE: CTHRSGS2.WK3 

DATE: 09-Feb-9<4 
TIME: J1:47 AM 

I 
II~> 
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HEATING DISTRIBUTION EQUIPMENT (10a) 

ITEM OE_SCRlPrION vENDOR 

MOTOA 
VSO 

STEP-UP TRANSFORMER 
ISOLATION TRANSFORMER 
WiRiNG & CONDUIT 

SUBTOTAL 

COST 
UNIT /UNIT 

aTY MArl us S 000 

3 EA 00 
EA 200 
EA 00 
EA .. 
LT • 

~ 

VALUES 
1,390 MATERIAL (US S, 

o LABOR IUS I) 
SUBTOTAL 

.r lABORjI,EVA} a 

MODEL COST SUMMARY IUS SI 

CTYCF FREIGHT 
SUB- OCEAN 

STATION uss 

•• 
30 

• 

1m l!!!!! 

1389.ae 0.00 

0.00 0.00 

',389.M 0,00 

go,." a.DO 

eQUIPI 

!!m ~ 
13811.118 2.84 

TOT.MArL 
RATE TOTAL 

INLANO INOFGT. UNIT TOTAL US /HR LABOR 

US USS MNHR MNHAS MNHRS US US 

.11 ".00 ... 00 

702 32.00 H 00 

• 11 24.00 72 00 

.SO 24.00 7. 00 

7 38.00 .08 00 

------------------ us 10 
11,380 

CASH FLOW 10001 

~ l!!!!! .- iQ!!!! i!!!!! 2QQi Wi! 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 000 0,00 0.00 0.00 

0,00 0.00 0.00 0.00 0.00 0.00 0.00 

a.DO O.QD a.DO a.QD O,DO o.DO a.DO 

P~!:!;;;~NT !'QgAI. 
!!m ~ 

0.00" 100.00" 

.. .. 

RATE TOTAL 

SUI.. /HR LABOR 
MNHA!; LEVA lEVA 

.SI ... .7 

.04 . .. 11 

7' ... .3 

7 • ... .. 
"' ... 20 

---------LEVA 11 

i!!!!! iQ!!!! 2001 

0.00 0.00 0.00 

0.00 0.00 0.00 

0.00 0.00 0.00 

a,DO a,DO a.DO 

- -

WI ~ 

0.00 0.00 

0.00 0.00 
0.00 0.00 

a.oo a.QD 

.-" .. 
FilE: S2EQUIP WK3 

DATE: 1-0ec-U 

DATE: at-Feb-a. 

TIME: 11:13 AM 

i!lQ! 20.0 

0.00 0,00 

0.00 0.00 
0.00 0.00 

a.DO a.QD 



-

0," 
f1'\ 
(I) 
-4 
b. 
§ 
j::: 
)::. 
III 
r-
I'T! 

~ 
~ 

C") 
0 
"1) 

"< 

.. .. .. .. 
SOFIA PLANTS ( 10 b 1 ) 

PIPE 

MeTRIC U.S. U.S, WAlL WALL US" 
OIMENSION CIA. SCH IM~ lit:!! 12M 

ON -40~100 11/2' '0 2.60 0.10 107 

ON 50 -60/125 2" •• ~90 ~1I 130 

ON 85 -7B1140 21/2' 40 2.90 0.11 157 

ON eo ~9/160 :r '0 3.20 0.13 107 

ON tOO -114/:200 •. 40 '80 0.14 
.,. 

ON 125 -139/225 5' '0 3.80 0.14 '" ON 150 -19812&1 8' 40 '.00 0.18 3M 

ON 200 -219/315 8' 20 ':50 0.18 S112 

ON 250 -273/'00 10' 20 5.00 0.20 e •• 

ON 300 ~231450 12" 20 5.80 •. 22 1.~ 

ON 3&1 -3551500 14' 10 ~60 022 1,320 

ON 4.00 -4081520 18' 10 S.30 0.25 1,450 

ON £!50 -4571560 I.' 10 '.30 0.25 1,810 

ON 500 -5081830 20' 10 •. 30 0.25 1.808 

ON 550 -6!S8/710 22" I. S.JO 0.25 2,261 

ON 600 -609n80 .. , 10 7.10 0.28 2,784 

ON 650 -&80/840 '8' 10 8.00 0.31 '.-
ON 700 -711/900 '8' 10 B.60 0.35 4,910 

ON 750 -782/900 30' I. e.80 0.35 5.322 

ON 800 -813/1000 '2" - e80 0" 5.942 

ON 850 ~6411100 34' - 8.80 0.35 8.921 

ON 900 ~1"11100 30' - 10.00 0.39 7.23' 

ON 1000 -1018/1200 40' - 10.00 0.39 8.334 

ON 1100 -1117/1.400 .. ' - 11 00 •. 43 12.055 

ON 1200 -1220/1£00 48' - 12.00 0.47 14.155 

ON 40 -48/100 11/2' '0 2.80 0.10 107 

ON 50 -60/125 2" •• '.90 0.11 130 

ON 85 -78114Q 21/2' 40 2.90 0.11 157 

ON 80 -89/t80 3' 4. 3.20 0.13 187 

ON 100 -1141200 . ' .0 3.eo 0.'4 2" 

ON 125 -1391225 5' •• 3.60 0.'4 311 

ON 150 -IB8I250 8' 40 400 0.18 3M 

ON 20D -2191315 .' '0 0.:50 0.18 SII' 
ON 250 -273/400 10' 2. 5.00 n20 895 

ON 300 -323/4!50 12' 20 5.80 0.22 1.095 

ON 350 ....J!5515CC ~4' 10 5.60 0.22 1.32:3 

ON .00 ..... 061520 '8' 10 8.30 0.25 1.4!50 

ON 450 -45715M 18' 10 8.30 0.25 1,810 

ON 500 -«lBle30 20' 10 '.30 0.25 1.908 

ON 550 ~5617tO 22" 10 8.30 0.25 2.281 

ON 800 -B09neo '0' 10 7.10 n •• 2.784 

ON 6:50 -8601840 .S' I. '.00 0.31 3.684 

ON 100 -711/900 28' 10 .80 0.35 £.910 

ON 750 -782!900 30' I. •. 80 0." 5.322 

ON 800 -81311000 32' - 8.80 0.3!5 5.942 

ON 850 -864/1100 34' - .... 0.3!5 8.921 

ON 900 -91411100 '0' - 1000 0.39 7,235 

ON 1000 -1016/1200 40' - 10.00 0.'. 8.334 

ON 1100 ·1117/1.00 ". - 11.00 003 12.055 

ON 1200 -1220/1400 .. ' - 12.00 ~'7 1 •• 155 

(1) LABOR PERCENT PROVIDED BY CUENT 

- ... ... - r,,, .. .. . \ : .. .. ... '- .. .. 
FILE:S3'IP10B.WK3 

DATE: 22-Nov-03 

HEATING DISTRIBUTION PIPING WOI ALARM COMPONENTS (10b1) DATE: 23-Mar-M 

lAID lXI_,N (EJOrSl1NG1DVCT 
TIME; 03:34PM 

FTGS PIPE MATERIAL FREIGHT PPe.FTGS LNl.COST III 

ALLOW USSi QTYREQ COST OCEAN INl»'CI INCFGT. ",",OF MArL 

Sl12M METER IMETER!!! US se US.le US 11m USI!"'"'I !l.EVA-DOOI 

100 17.21 2.1.2 '7 0 1 43 
.,. 

91 18.42 39,081 720 lDO ,. ... ~-
110 tt24 69,nl 1.= 233 31 1 •• ,8 17,"3Z 

112 2£.93 120,981 3,017 402 eo 3,521 "..,-

143 33.21 38,7!5e 1.223 183 '0 1.431 ,~"'" 

134 37.08 24.542 .'0 136 10 1,_ '",:Zl. 

144 44.30 51.700 2.290 ... .. 2,078 2~= 

199 ".99 17,088 1,110 '.7 tt 1,_ 12.47% 

220 93.23 .. ~ .8. 55 7 430 
4,18 

274 "".08 8.078 893 104 ,. .11 7.nu ... 132.00 80 • 1 0 8 
,. 

290 145.00 7.280 1 .... 158 " 1.235 
ff.8511 

,'2 1M.29 t,llilO ... '7 5 291 
20_ 

.88 112..15 7,024 1.2M I.' 20 1,!IO' 
,4,4. 

1M.U 0 0 0 0 
D 

232.00 14,41' 3.~ 502 87 3,914 
37,57. 

307.00 0 ~ 0 0 
D 

409.17 7.980 3,257 ... •• 3,.11 
34_ 

443.50 0 0 0 0 
0 

495.17 1,890 037 '20 17 070 
§,3H 

578.75 0 0 0 0 
0 

802.92 0 0 0 0 
0 

.... 50 1._ 1.278 10' 20 1.483 '4.338 

1,004.~ 0 0 0 0 
0 

1,229.5B 0 0 0 0 
0 

413,178 US 127,1'0 LEVA ~ 

lAID IXI_- INSULATION FOAM CONCRtm: 

100 17.21 0 0 0 0 0 
0 ., 11.£2 0 0 0 0 0 
0 

110 22.24 0 0 0 0 0 
0 

112 24.93 23.980 507 10 12 11811 
~110 

143 33.2B 7,191 238 36 5 200 
20 .... 

134 37.01 1.738 207 43 • 330 "'ZlI 

144 44.30 7.772 ... 52 7 403 ~M7 

199 .. 99 ..... 510 .0 12 .. , etal ... 93.23 ..... .93 74 10 577 
~1l31 

'70 114.08 '.'" .0. DO 12 11811 
I1.n3 

2M 132.1JQ 1.044 13/1 " 3 18' 
I._ 

290 145.00 13,890 1 .... 290 40 2,323 
22._ 

"2 154.29 180 20 • 1 32 
31:Z 

290 1152.85 4,ens ... 127 17 ... 114'" 

188.£2 0 0 0 0 
0 

232.00 3 .... 80' 120 ,. 936 
§,OOI 

307.00 0 0 0 0 
D 

-409.17 0 0 0 0 
0 

443.50 0 0 0 0 
0 

495.17 0 0 0 0 
0 

!571.75 0 0 • D 

802.92 0 0 
0 

.... 50 0 0 
0 

I,QO.t.SI 0 0 
0 

1,229.58 0 0 
0 

SS,2M us $8,128 LEVA n.oro 
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- .. .. .. - .. .. ... .. .. .. .. .. .. .. .. - - .. 
OVE~EAD I COUECTOR - INSlJI.ATION GI.ASS ItOOL "AWMIMIM SHEET 

fiEMOVE OlD INSUlA TION, CLEAN PIP/;, SLlPPL Y a INSTALL NEW INSUlATION) 

PIPE FTGS PIPeJFTGS 
IHSUL INSUL INSUL INSULAnON FREIGHT INSULATION UNIT UNIT TOTAl RATE lAB-cosr 

",ernie U.S u.s. WALl WAll. USS/ ALLOW US" OTYREQ COST OCEAN INlMO INCFGf. MHIM MHIM MNtflS I HR INSUlATION 

OIMENSION OIA. SCH IM~ II~ 12M Sl'2M METER IMETERS) us Sl222! us $IODD! us SI22!! USSI22m lNSUl. REMOVAL INSUL a.EV~ I!:EVA-22!! 

ON 40 ..... 8/100 11/2" '0 ~80 0.10 127 97 ".81 0 • 1.40 0.891 • '"'''' 0 

ON 50 -80/125 'Z' 40 2.90 0,11 138 105 20.27 0 0 1.48 •. 729 • ,64"" 0 

ON 65 -781140 21/2" '0 ~90 ~11 147 14' 24.42 0 0 • 1.8e •. 029 0 '64"" 0 

ON eo ~91tBO 3' 40 3.20 0.13 150 13. 23.12 0 • 0 .... 0.798 • , .. "" 0 

ON too -1141200 4' 40 3.80 0.14 269 ... 38." 0 0 • 1.74 •. 009 0 , .. "" 0 

ON 125 -139122:1 5' 40 3.80 0.14 30! 139 37.00 • • 1.88 0.&*2 0 , .... "" 0 

ON 150 -1B81250 .. 40 400 0.18 34. '()01 37.01 1,430 53 02 1.50 o.ne 3.327 '''00 -
ON 200 -2191315 8' 20 4.80 0.18 4001 '23 43.92 1.47Q 85 •• 7. '.90 0.949 .,184 ' .... 00 703 

ON 250 -2731400 '0' 20 5.00 0.20 !502 128 52.50 .0 • • 5 .... '.020 245 ,6400 ., 
ON 300 -'123/450 I'Z' 20 5.80 n22 724 '.5 74.01 1.380 '01 '5 11. ~70 1.352 5.515 , .... "" -
ON 350 -3551500 t4' 10 5.80 0.22 808 143 79,08 720 57 • 87 2.98 1.'go 3.211 ,6400 ~f 

ON 400 ....s06152O • O' '0 8.30 025 ••• 175 .8.33 4.420 38 • 57 ... 3.47 1.734 2'2.917 ' .... 00 " .... 
ON 450 -4571560 '8' '0 e.30 0.25 """ 1()o1 ..... .40 '2 2 14 3.Ba 1.80a 759 ' .... 00 ,a 

ON 500 ~a/B30 ... '0 •. 30 0.25 1.137 72 l00.7Si 4,528 4" .0 534 3.7Si 1.873 2Si.448 'MOO 4.275 

ON 550 -6S8nl0 2'Z' '0 •. 30 025 1,2SO 104.17 0 0 • • .,3 2.187 0 ' .... 00 0 

ON 600 ..fJ09f7BO 24' 10 7.10 0.29 1.291 107.58 5,382 571 87 12 an 4.92 2.310 37,297 '''00 li-

ON 850 ~BOJ840 ... '0 000 031 1,420 1111.33 0 0 0 0 ~02 B .. 0 , .. "" D 

ON 700 -711t900 2.' •• 8.80 0.35 1,524 127.00 2.050 280 3. • 305 5.41 2.708 18,842 ' .... 00 21911 

ON 7!SO -76Z9OQ 30' '0 •. 80 0.35 1.8'28 135.17 0 rj 0 • 5.78 use 0. ' .... 00 0 

ON 800 --813/1000 3'Z' - 8.S0 0.35 '.909 159.08 1702 27. •• 5 317 8.73 4·387 22 .... '''00 ,l,T4S 

ON 850 -a8411100 34' - .80 0.35 2.022 168.50 0 0 • 9.27 4.837 0 ' .... 00 D 

ON 900 -91411100 3.' - 10.00 0.39 2,135 '".92 0 0 0 9.78 4.890 • ,6400 0 

ON 1000 -1018/1200 4" - 10.00 0.39 2.381 198.42 2.980 591 os •• 8 .. 10.90 5.451 48.727 , .. "" II'" 
ON t 100 -1117/1400 .. ' - 11.00 Q43 ~808 217.33 0 0 0 0 11.95 '.873 0 ' .... 00 D 

ON 1200 -1220/1400 .. ' - 12.00 O.Al 2 .... 237.83 0 0 13.01 •. !134 0 '''00 D 

28,202 US 13.312 LEVA 3iim 

SOFIA PLANTS ( 10 b 1 ) HEATING DISTRIBUTION PIPING WOf ALARM COMPONENTS (1 Ob1) 

CASH FLOW (000) /.AID DO_IN (EXlSTlNGI DUCT 

~ 1995 ~ 1m .!m .!!!!! 2000 200' i!!!!i i!!!!il 

21160 MATEfUAl (US $) 951.30 2201.58 2745.111 2901.21 3011." 3071.34 3071.34 3071.34 3071.34 3011.34 

Q) 
" 3Jlio,," ....... 10.10% to.7'" 11.10% 11.3~ 11.3,"" 1'.3~ 11.:JO-JC, 11.30"10 

r,., 
til 260928 

~ 
LABCR(LEVA) 9132.47 21135. ,,, 2fI353._ 271128 2S9tI297 294Sf.~ 29484.a 294M.a 2'94t!U.83 2S484.S3 

h EXCAV.MAT'L(LEVA) 0.00 0.00 0."" 0.110 0.00 0.110 0.00 0.00 0.110 0.110 

§ 260928 TOTAL (LEVA) 913247 21135,4 28353._ 219111,28 281162.97 29484.83 29454.13 21454.53 29484.83 Z!l4Sf.S3 

r:::: " 3.50,," 8.10'1. 10.10'1. 10.70% 11.101' 11.3 .... 11.3~ 11.307t 11.30~ 11.30% 

h 
fl:l 

QUIP/ C 

r-. !MIl ~ MID. ~ 

I"rI MODEL COST SUMMARY illS $I 27,179.98 8,153.99 0.0'"' 100..00% 

n 
Q 
"'0 
"'<: 
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§ 
r::: 
'h 
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0 
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.. .. '. .. - .. .. - .. - - .. -- .. .. .. --
CASH FLOW (0001 lAID OOWN - INSULATION FOAM CONCRElC 

, ... 1m '990 .!!!l ~ 

.. 2<1 MAT8'\'AL IUS', 4oe.30 1825.21 2031.51 2031.51 2031.51 

" 5.00'4 2O.cmIo 25.00" 25.cmIo 2!.cmIo 

711010 LABOR/LEVA) 3900.5' ,MQZD3 '950Z'" 111502.54 ,/1502.'" 
EXCAV.MAT·L/lEVA) a,", 0.00 0.00 0.00 0.00 

78010 TOTAL /lEVA) 3soo.51 ,MQZD3 1950:2.54 '9$0254 ,9502.'" 

" 5.00'" 2O.cmIo 2!.OO'" 25.00" 2!.cmIo 

m011!i J!EBCERT ~eJI 
!!!ll LABeR M!D: ~' 

MODEL COST SUMMARY IUS tI 8.128.011 2.437.82 O.Ocnfo 100.0cnf0 

CASH FLOW (0001 OVERHEAD I COLLECTOR - INSULATION GLASS IKIOL • ALUMINUM SHEEr 

~ 1m ~ l!!! ~ 

33" MAT8'\IAL IUS ., 185.151 882.32 827 •• ' 127 .• ' 827.81 

" 5.00" 2O.cmIo 25.cmIo 25.cmIo 25.cmIo 

3203' LABOR/lEVA) 1101.53 SloatD Il007.113 lOO7.a 1IOO7.tJ3 

EXCAV.MArL/lEVA/ 0.00 0.00 ClOO CIllO ClOO 

32031 TOTAL /lEVA) '80f.~ 14M 10 etIIJ7.e:J lItXJ7.e:J MJtIT.33 

" ~""" 2O.cmIo 25.cmIo 25.cmIo 25...,. 

EQulpl 
!!!ll ~ MArL -~ 

MODEL COST SUMMARY I!!S !I :1.311•82 1,000.115 O.Ocnfo 100.0cnf0 

CASH FIDW (0001 TOTAL DISTRIBUTION PIPING 

ru! 1m 1990 '991 '990 l!!!!! ~ iQQ! iQ!!i m! 

38818 MAT8'\IAL IUS', 1523.111 4488.11 51!104.60 15787.811 5178.40 3011.34 3071.34- 3071.34 3071.34- 3071.34 

" 3.94% ",82'% ,.,!S, .. ".84"" ,5. .... 1.15'" 7.15" 7.95" 7.85'" 7.15 .. 

370988 LABOR/LEVA) '4834.50 43'43.27 53J1J3.1JlJ 55429.43 !tUT3.'" 29flU.1J3 2911J1.83 294 ... 83 2SH1U.tJ3 29f1U.1J3 

EXCAV.MAT'L/lEVA/ a,", 1100 ClOO ClOO ClOO ClOO 1100 ClOO 0.00 CIllO 

370988 TOTAL /lEVA) '4534.50 43143.27 5361J3.N 55429.43 $6473.'4 2N1U.63 29ftu.tJ3 294tU.63 294"".63 2Naf.1J3 

11.153" 14.152% 

" 3.94% ' .... 94"" 15.22"" 7.15" 7.95% 7.915" 7.95% 7.115" 

I N 

MID. LABCA MAll ~ 
MODEL COST SUMMARY IUS SI 38.617.114 11.592.78 O.Ocnfo 100,Ocnfo 

PAGE 3 
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'G'"" --

.. .. - .. .. .... I." - - .. - .. 
SOFIA (4) DISTRICT HEATING DISTRIBUTION 1& C (SCADA) (10c) 

COST 
UNIT !UNIT 

ITEM DESCRIPTION VENDOR 'aTYMAT'L uas 

FLOW ELEMENTS 3 EA '3000 

SUBTOTAL 

SCAOA EQUIPMENT (WESTINGHOUSE) , LT 5,312.!OO 

FIBER OPTIC lEASING , LT 31.500 
TOTAL US S 5.350,000 

'994 
VALUES 

137 MATERIAL IUS II '.92 

, LABOA IUS ., 0.02 
SUBTOTAL 1.93 

,. LABOR~EVA) 0.22 

8.218 weST. SCADA eQUIPMENT 87.02 

38 FIBER OPTIC LEASING O.~3 

28' WEST. SCAOA LASOR (US II 3.94 
SUBTOTAL 91.48 

8.672 TOTALUU 93,""1 

" 1.400"-

23, '00 WEST. SCAOA LABOR ~EVA) 323.40 

tYJ 
~ 

23,"6 TOTAL /lEVA} 323.112 

" 1.400% 

'"'I 
h 
§ MODEL COST SUMMARY (US $1 

r::: 
h 
ro 
r-,.,., 
('J 
o 
"tI 
"'< 

OTYOF 
SUB-

STATION 

'2 

W! 

23.21 

a.HI 
23.4S 

2.11 

1058.88 
UI 

47.lIt 
1,110.84 
1,134.30 

17.000"-

3!J2T.OO 
3.92fI.n 

17.000% 

eQUIPI 

~ 
8.390.02 

FREIGHT TOT.MAT'L RATE TOTAL 

OCEAN INLAND INCFGT. UNIT TOTAL US fHR LABOR 

uas US USS MNHA MNHRS MNHR9 uas US. 

'''"'' 2!10 ,.. 12.00 432 e8 !SO 

------------------$'31 (.25 MIA.TlPl.fER-25" ALLOT FOR SOFIA) US S1 

798875 '08250 92'. NfA "fA "fA NfA 211 

36 
1,390 212 

CASH FLOW (0001 

!!!! '991 '098 '899 

21.93 27.93 27.93 21.93 

0.22 0.22 022 0.22 

2B.15 28.15 28.15 28.15 

3.2e 3.2e 3.2e 3.2e 

1287.119 1287.99 la7.99 1287.91 

1.85 7.155 1.05 7.85 

57.31 57.38 57.31 51.38 
1,333.01 1,333.01 1,333.Q1 1,333.01 

1,311.18 1.31t.11 1,381.18 1,311.11 

20.<00% 2O.4Oaf. 20.400% 20.<00% 

4712.40 4712.40 4112.40 4712.40 

".n5 .• ... n!S.llII 4.1f5.M ... n5.tJIl 

20.<00% 20.400% 20 . .00" 2O . .a0% 

PERCENT LOCAL 
LABQR Mm. ~ 

1.004.10 0.000" 11.899" 

.. -
RATE TOTAL 

SUL, fHR LABOR 
MNHA9 A A 

380 'OIl 54 

---------
LEVA SlI 

NfA NfA 23'00 

23.118 

.. ' .. .. \ .. 
ALE: S2_SCAOA.WIQ" 

OATE: 1-0K-a3 

DATE: 23-M.,.-!M 

nME: 03:5S PM 



-

.,-J 
-tr 
\~ 

- .. - .~ ' .. .. .. .. .. .. 
SOFIA (4) HEATING SUBSTATIONS I & C (11) 

llJ 
I'l1 
(I) 
"'--I 
h 
§ 
r::: 
h 
to 
r
I'l1 
(') 

~ 
"" 

ITEM oeSCRlPTlON VENDOR 

SUBSTAnON (AVERAGE SIZE) NOTE' 
CONSISTING OF: 

CONTROLLER 
RTO 
CONTROl. VALVES 
HEAT EXCHANGERS 
CIAO. WATER PUMPS 
WATER ALTER 
INLET/OUTLET SHUT -OFF VALVES 

TOTAL US • 

VALUES 

UNIT 
OTYMAr 

, LOT 

25.725 MATERIAL (US I) 

o LABOR (US ') 
SUBTOTAL 

129.360 LA8OR(lEVA} 

% 

COOT 
/UNIT 
uss 

7000 

!!!! 

3110.15 

0.00 
380.15 

181t.04 

1.400" 

MODEL COST SUMMARY IUS SI 

OTYOF 
SUB-

9TA1J~_ 

3lI75 

,-
4373.25 

0.00 
",373.25 

211191.20 

17.000% 

EQUIP/ 

!!ffi. 
25.725.00 

FReiGHT 
OCEAN 

usa 

INC. 

TOT.MAT·L 
INLAND INC FGT. 

usa usa 

INC. 25725 

S2!1.725 

CASH FLOW (000) 

J!!!§ 1m .!!!!! 

!52.1.90 !247.80 52".80 

0.00 0,00 0.00 
5.247.80 15.247.80 5,247.80 

2fJ3l/S1 .... 2rJ3lIII." 2fJ3l/S1 .... 

20.400% 20.400% 2Q,AQo,," 

PERCENT LoyAl 

LABOR !!ffi. lABOR 

4.042.50 0.000" 100.000" 

NOTE 1: 
COSTS (MATERIAL. LABOR & SUBSTATION QUANITV) SUPPLIED BY CLIENT 

!!!!!! 

5241.90 

0.00 
'.247.10 

2tJ3IIII."" 

20.400% 

IJII 

LABOR 
/SUBSTATION 

UBa 

'000 

, .. 

TOTAL 
LABOR 

US 

3.1175 

.. i" .. 

TOTAL 
LABOR 

.EIIA (000 

129,380 

1121.380 

~ .. ,-
FILE. S2HDSnC.WK. 

OATE: 1-Dee-a 

DATE: 23-"' ... -14 
TIME: 0<:23 PM 



I 
I 
J 
I 

I 
I 
I 
I 
I 
I 
I 
I 
1\ 
I 
I 
I 
I 

t~re;.""" C075.MWlFA .IG -IWICIE 
...... AHI-TEMP 

IFGT 

~25I11'E~ 

141.- I'OUNDATlONII 

112.715 tnAUCTURES 

.. -.I2t COMII/8TlON TUIIIINE 

Jll,210 HEAT I'IECCNERV STEAM CENEllATCfI 

... 000 TUlllIIE CENERATOR 

-._ • .o.P. MISC. MECtWiICAl. ECIUH'MENT 

Ia440 I'I'ING - CUI8IIE 

o I'I'ING - INIIIE 

112.1. EI.ECmIICAL EaLIIPMENT 

1114.7. E1£CI1ICAIJIIoC.ULK MA'I'EIIW.S 

TOI'AL Dll'lECT CCST 

..... M? FI'IEICIHT - CIC&M & INLMD 

TOI'AL 

IIMtICIUIIB (8') 

ClECK 

ITEM No DESCRIPTION 

II III1EWORK, FDNS & STRUCTUIES 

4a COMIUSTIONTUNIINE 

4b TUNlINE GENERATOR 

... MIllO 

7c •. 0 .... 

I ElECTfICAL I laC 

1t1 DEMOUTION -10 .... 82 

TOI'AL U.s.' 

8-1 COMBINED CYCLE .. LANT 

CT • 7IIOOC)Icw, TO • _ 

MT lABOR TOTAL 

.... S22 _.171 1._.000 _013 
',147,.." 2._.100 

145,115 2I7.a1E -'000 

1!I,a1,111O z.-.• lI2.7H,8I 

•• 125,000 "'000 1.430.000 

1._.11)0 -.aoo ,,"',000 

2._.., 111.- .... .«10 

''-.001 ',1112.- 2," •• 'JDO 

W/IIJV. w/MV. w/MV. 

.. 012 .... -... ..... 11)0 

',21)4.- W1Jff11 2.112,Il10 

--------- ---------- ---------., .... _ .... - 11,C111,_ 

,,114,a47 .... ,a47 

--------- --------- ---------.. oea.7<14 ..... a.aza.-

MIw 
U.s. I/MH 

I2l,21O .. DNL (I'IEI'EI'IENCE) 

.. CIZ2.«IS 

us.';';;;, U.S~$'; U.S.'S~ L~~OR 

1, ... ,. ..... 01 U07.23 lit."'" 
•• 740.12 71'. M.4528D lit . .,," 
.. .,.- .... , 7,G74.11 11."'" 

"_.II ...uz .....17 .... ." .. 
.. .., .. ... 11 1.2'1.10 .... ." .. 
4.-.1. -- UID .• .... ." .. 

". " .. 100.~ 

--------- --------- ---------..... 74 2.122." ao.-I5 

BEST AVAILABLE coPt 
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HEATING DISTRIBUTION EQUIPMENT (10a) 

COST QTYOI' FREIGHT TOT.MAT'L RATE TOTAL 

UNIT ,uNIT SU8- OCEAN INlAND INCFGT. UNIT TOTAL US /HR LABOR 

ITeM o SCRlPrION VENDOR QTYMAT'l us STATION US US us MNHR MNHR9 MMHAS US us 

MOTOR EA 10 '2 21' ..... '44 0 so 

VSD EA 200 30 702 ..... .. 0 so 

STEP-UP TRANSFORMER EA 10 • 211 24.00 72 0 so 

ISOlATION TAANSFOfWER EA 54 • ,10 24.00 72 0 so 

WIRING & CONDUIT • LT 2 0 7 ..... '01 0 so 

--------- ---------
SUBTOTAL 

11,3f10 us 10 

CASH FLOW 10001 

.!B!!! ,- m!! !!I! l!!!!! .!!!!! ~ iI!!!!!. 2!l!!I Z!!!!i 

VALUES 
'.310 MATERIAL (US" 0 1318." ... 0." 0.00 0." 0.00 0.00 0.00 0.00 

o LABOR (US " 0 0.00 0.00 000 0.00 0." 0." 0.00 0.00 0.00 

SUBTOTAL 1,311." 0.00 0.00 0.00 0." 0." 0.00 0." 0.00 

II LABOR-,EVA/ 0 ." .. 0 .... 0 .... 0 .... 0 .... 0 .... 11. ... D .... 11. ... 

"eaulP/ 
!!m. I.YQ!! !!m. . ~ 

MODEL COST SUIIIIARY IUS II 1388.1. 2_ •• 0_00'" 100.00'" 

- .. - .. - ... 
FILS: S3EOUIP WK3 

DATE: '-OK-a:! 

DATE: 01-F.b-M 

TIME: 11:13 AM 

RATE TOTAL 

BUL /HR LABOR 
MNHRS L VA LevA 

,$I , .. 'Z1 

'01 , .. ,. 
71 , .. ,. 
71 , .. , . 

,II , .. 20 

---------lEVA ., 

2!!!1! i!!!l§ i!!!!I i!!!!l 2!l!!I 2!l!!I i'1!! 

0.00 0.00 0.00 0.00 0." 0.00 0.00 

0.00 0.00 0." 0." 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0 .... 11. ... 11. ... D .... 0 .... D .... 0.00 
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FILE: S1'OMOOS3.WK3 
OAT£: 12-JtJ-N 
nME: 07"lSIAM 

TVA!!N!!! GENERATOR - M001FCATlONS - SOFM PLANTS - ~ 
NO.Of 

ITE. PLANTS 

SOFIA -. AIRCOOLEDOENERA.TOR 
MW CLEAN. CHECIC, 8A.LANCE ROTOR 

" AT SHOP 
REPLACE LA8RfINTH RlNQS 7." 

SUSTOTAL 

SOfIA. -5 AIR COOLED GeNERATOR 
MW CLEAN, CHECK, 8ALAHCE ROTOR 

ATSHQP 
REPLACE LAIR'I'INTH RlNQS 7." 

SUBTOTAL 

50''-' -I HYDAOOfN COOLEDO!H!RATQA 
MW CLEAN, CHECK. BA ..... NCE fIOTOR 

50 ATSHOP 
REP(.J.CE LA,mIHTlof RINelS .. 1.00 
REP ..... CE H P. O'tUNOER I-TIM! 
REP .... IMECONomoH H.P. CYI.. ..... 

SIJ8fOTAL 

SOF.-. -I HYDROGEN COOLEDOlH!AATOR 
MW CL!AH, CH!CK. BA ..... NCE ACTOR .. ATSHOIt 

REPLACE LA8Rt'INTM RlNDI .. 7." 
REPLACE H.P. O'tUNOER I-TIME 
R!P .... IM!OONomOH H.P. CYL n ..... 

SIJITOTAL 

TOT .... LS 

II 
!!Ml. 

MOOfL COST SUM".I,AV 40112.9 

- - - - - - - - .. - .. - ..' 

'"" "". OC!AN - U.S. HOT!lJt)Ay , .. SO.oou.'. 
CA'. CAP. 0.11 MEAUI1JAY .. .E. • L..,' IHO 

EXI'. !XI'. INLAND - U.S. CAR/DAY .. weEKS • .. UIBULOIHUS • 

'.11 '.11 '.02 WEEKS • 'Uaul.OINUVA 

'" '/1 .. 
EXP."!N • ",y. 7 

• n. TOTA\. .. TL u.s • TOTALLBR. • n.. LAOO • Mn.. 

" C.P. TOTALMTL IPLAHT EXPENSES INSTAll.AnOH lNsr.lUAnoN IPLANT • u.s. "" . L"" 
COST SUITOTAL YEA. flAl!lGHT U.s., U.S., L"" U.S •• L"" L"" ,- ,- - ,- ,- .... '"' , ... .... 

130.00 130.00 22." 152.10 ...... ..... ..... ... .• 
10.00 10.00 t.70 ft.70 .... ... .... .... .... .... .... 

'.0.00 140.00 ..... 183.10 , .... ...... ..... ...... ...... IN.IO '$UO ISS.to ...... ...... ...... 3".00 ...... , ..... 
130.00 130.00 22." 112.10 , ..... ..... .... ..... 

10.00 " .. t.70 11.70 ... .... .... .... .... .... .... 
140.00 140.00 ..... 113 . .0 113.10 , ..... ..... ...... -zt;1.to 113.10 113.10 113.10 ...... ..... ...... 3a2.00 , ..... ...... 
220." ...... 31 . .0 211.40 • 70 . .0 ..... ..... ..... 

10.00 to.OO 1.70 U.7G .... .... .... 
150.00 110.00 21.10 171.50 .... .... .... . ... ..... ..... 13.80 ..... 
...... ...... ".20 .,. ... 531.20 .. 70.40 ..... ...... ..... 1131.20 ...... ...... ...... ,.. ... 211.10 &70 .• 0 470.40 470.40 

...... ...... 37.40 217.40 470.40 ..... ..... ... .. 
10.00 to.OO f.10 1t.70 .... .... .... 

110.00 ...... 21.10 171.10 .... .... .... . ... ... .... .... .... 
310 ... 310 ... ..... ...... ...... 470.40 .... ...... ..... ...... ...... ...... ...... ...... ...... .70.40 470.40 470.40 

lI!YA. ln4.eo US!- 1071.20 t071..20 1071.20 10715.20 101120 1724.10 1724.80 1724.10 

LEVA. 1011.20- 1071.20 1071.20 

..... 1310.40 .... ...... ..... 1310.40 t2t •• 10 12".10 us.- ..... ..... 
lMQ!! !!t.Il. 373.80 

280.704 3.9!5'" 31.801" 
LEVA - lJ-CI.t. LAeoR1HC1~'AOQ 

_n.. Induded", LB. 
TOTAL US '-3_ ..... , ...... ... 2tO.7a LABORIH US ,'OR3PLANTS 
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FILE: 
DATE: 
l1ME: 

-

SBLAMS3.'M(3 

-

12-Jul-1M 
07:48AM 

- - - - - -

THERMAL BOILER MOCfFICA17ONS - SOFIA PLWTS - 51 

- - - -
OCEAN - u.s. 0.5 ~OR (50% OF MATI.) 

50 0.15 US!BULG \.EVA 1.1 
INLAN:) - U.S. 0.2 32 0.1155 

0.02 0.15 U.S. BULB TOTAL LBA. 

-

5.25 BULB RATE US. 
18!1 BULB RATE LEVA 

-

MT1.. C.F. TOTAL /YEM 
NO. OF 

_WITS 
.. Mlt. .. C.F. 

YEAR , ... , ... , ... , ... , ... , ... 

CNTR M11.. TOTAl Ml\.. l.A8OR l.A8OR ..,lAHT SU.S. 

SOFIA - 1,2,&';5 
retire units 1 & 2 

SOFIA-., 5&8 

SOFIA-7&S 

SOFIA- 9 

ITEM 
BURNERS 
BURNERMGM'T 
COMB. CONTR01.9 
FO FAN OPTION 
ouer WOA( FOR BURNERS 
SOOTBLOWERS 

WATERWAlLS 
BURNERS 
BUANERMGM'T 
COMB. CoNlFl:aLS 
SOOTBLOWERS 
MAlNS'T'EAM UNE 
AIAHEATER AETUBE 

WATERWAlLS 
BURNERs 
eURNERMGM'T 
COMB. CONTROlS 
SOOlBLOWERS 
AJAHEATER RETIJBE 

BURNERS 

mu~itf 

SUBTOTAL 

SUBTOTAl. 

SUBTOTAL 

SUBTOTAl. 
TOTAL SORA COSTS 

• TOTAlAlLUNITSATPLANTTHECQSTtS 0.78 
INSTALLATION & STARTUP 0.78 
SINCE THIS PROPOSED FOR TOTAL PLANT rr 
SHOULD Be DONE AT THE SAME TIME (NOW). 

COST 
218.30 

161.30 
5&.70 ..... 
530.7 

AcnON 
REPLACE NOW 
REPLACE NOW 
REPLACE NOW 
REPLACE 5 VEAAS 
REPl,ACENOW 
REPLACE!5 YEARS 

3634.5 REPLACE 5 YEARS 
1227.9 REPLACE NOW 

REPLACE NOW 
REPLACE NOW 

831.3 REPLACE 15 - 10 YEAAS 
1348." REPLACe NCNi 
1273.S REPLACe!5 - 10 YEARS 

83111.9 

3883.' REPLACE 15 VEMS 
1582.8 REPlACE NOW 

REPLACE NOW 
AEPLACENOW 

184.8 REPLACE 5 - to VEMS 
849.2 REPLACE !Ii - to YEARS 

...., .. 
825.4 REPLACE 10 YEARS 

".A , ...... 
308lUO multlplledbyO.1S" 
0401.50 mU~lIedbyo.711" 

NECESSITY 
NECESSITY 
NECESSCTY 
NECESSnv 
ENHANCEMENT 
NECESSITY 
ENHANCEMENT 

ENHANCEMENT 
NECESSrrr 
NECESSITY 
NECESSITY 
ENHANCEMENT 
NECESSITY 
ENHANCEMENT 

ENHANCEMENT 
NECESSITY 
NECESSITY 
NECESSITY 
ENHANCEMENT 
ENHANCEMENT 

NECESSITY 

TOTAl. 

0.10 

.... 

.AO 

0.10 

, .... 

HOT WATER 8OILERMOD/FICA17ONS - SOFIA PLW1S - 51 
3 138.80 REPLACE5YEAA9 ENHANCEMENT SOFIA-1-1 

retlreunltS1 - 3 
SOOTBLOWERS 
WATERWAllS 
BURNERS 

muliller O.SO 1483.85 REPLACE! - 10 YEAAS ENHANCEMENT 

BURNER CONn:lOLS 

SUBTOTAl. 
TOTALS 

.. TOTAlAU.UNfTSATPl,J.NTll-IECOSl'lS 
INSTAUATION & STARruP 
SINCE THIS PROPOSED FOR TOTALPlANT IT 
SHOULD Be CONE AT nil:: SAME TIME (NO\\1. 

MODEL COST SUMMARY rus 5' 

868.10 REPLACE wrTHlN 5 YEARS NECESSrTY 
REPLACE WITHIN II YEARS NECESSITY 

24M.35 

1722.30 ~~byQ.15O% 

185.00 ~uc.d by 0.50% 

:QUiPI 
~ ~ MATI. 

27205.6 __ 3481.9 O.CIC)Q% 

ceNT\.OCAI 

~ 
31,501'" 

, .... 

SUBTOTAL 
0.411 

0 .... 
0.111 
0.174 

~ ... ..... 
0 .... ..... 
0.000 

..... ..... 

..... 
0.131 

'.000 

, ... , ... , ... 
t ... .... , ... .... 
, ... , ... , ... , ... .... .... 
.... 

0.058 19M 
O.5N 2003 
0.348 2003 
0.000 200S 

1.000 

U.S. S FREIGHT U.S. $ U.S. S u.s. • LEVA , ... 
255041 
;le1.3t 

,... 2000 

,.. ... 

...... 
1235.52 

31.11 255.41 
52.51 381.39 

21042 lM.12 
V.98 a8.88 

15.71 108.11 

142.73 

817.87 
201!1.74 
210.04 

'4'.32 
229AO 
218.55 

H2.~1 

"252.31 
1.t34.&C 
1445.58 

1172.62 
'578.&0 
1490.35 

25.54 11.&0 
8.18 3.78 

'8.117 8.72 
8.1117 3.17 

10." 4.99 

70.25 

425.24 
'043.88 

32.18 

17.21 
157.ea 

' ... 03 

.... 7 

IN.4111 
.... 7 
15.14 
..00 ..... 

72," ..... 
1235.52 1823.81 11171.33 l005.&C 4".70 

1235.52 

...... ... ... 
210.04 

31.42 
144.31 

123&.52 1311.87 

...... 
,.. ... ,.,.. ... 

" .... 
,m.. 

158.83 

lM.83 
3231.14 

3'1.35 ...... 
'.1.24 

•. 00 

715.1!1 

4520.41 
'S51.&C 
14415.58 

2"1.22 ....... 
9027.38 

1093.11 

'0113.11 
22278.'4 

21n.25 
'735.87 
1013.34 

•. 00 

452.04 

'85.1' 
32.78 

21.82 ..... 
71O.1M 

'.11 
'.11 

12175.2& 

217.73 
173.51 
101.33 

•• 00 

4921 .• 1 482..15 
27205.10 . ~.IO 

TOTAL MArt 27205.80·-

... ... ..... 
15.14 
•. 00 .... .. ... 

385A • 

3.7. 

3.71 
868.37 

100.51 

".20 ..... 
•. 00 

227.80 
lotS.87 

..... 
32.41 1850411 

143111.84 
1445.158 

157111.eo 

'88.72 

101.11 

2111.83 •• 00 

"252.37 

.72.82 

, ...... 
4481.00 4252.'1 2482.a7 

18$'.54 , ....... 
..... .. 

2111.22 .... ... 
3217.20 41520.4' ':ZOIU. 

3.78 

•. 00 

1083.11 

0.00 lD93." 

2177.25 
1135.87 
1013.34 

0.00 

75.a7 0.00 21n.2S 27 ... .21 
112.12 I!I44I.U· 11~1.88 75t!5.0Ii 

"'OFTOTAL 31.04"- "'.34% 27.112% 

'OM 
11.80 
3.7. 

3.17 

la.7B 

81.37 
15.14 

,., .. 
154.45 

..... 
15.'4 

100.88 

0.00 

•. 00 
213.81 

25.04"" 

-

BULG 
lABORUS$ , ... 

'.72 .... 
13.71 

UM .• a 

19110411 ... ... 

208." 

.... 

100.59 

100.151 
51'.eo 

.7.50% 

-

.... 

0.00 

..... .. ... 
"3.79 

.... .. ... 
5S.el 

3.78 

3.75 

".20 .'.82 
•. 00 

127.0t 
300AB 

27A~ 

-
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SOFIA PLANTS ( 10 b 1 ) 

PIPE FTGS 

MeTfIlC U,S, U.S. WALL wAtl. US" AlLOW 

DIMENSION 01 .... SCH IMMI II~ 12M 1/12M 

ON 40 -481100 1112" 40 280 0.10 101 100 

ON 50 ~0I12!5 2" 40 2.90 0,11 130 ., 
ON 85 -781140 2112" 40 2.90 0,11 ,.1 110 

ON 80 ..e9/180 3' 40 ]20 0.13 ,.1 112 

ON 100 -114/'200 4' 40 3.60 0.14 2," 143 

ON 125 -1391225 O' 40 3'" 0.'. 311 134 

ON ISO -t6Sl'2:50 .. '0 4.00 0.1' 388 144 

ON 200 -219/315 B' 20 , .. 0.18 :182 198 

ON 250 -273/400 10- 20 '.00 0.20 89. 22C 

ON 300 -\3231450 12" 20 '.eo 0.22 1,095 27. 

ON 350 -35!51500 14' 10 '.eo 0.22 1,320 214 

ON 400 -406/520 , .. 10 •. 30 02' '-450 290 

ON 450 -457/S90 lB' 10 •. 30 02. 1,810 2'2 

ON 500 ~08I6JQ ... 10 •. 30 0.2:5 1.908 ... 
ON MQ ..-558/710 22' 10 .30 ~2' a261 

ON 600 ..eooneo 24' 10 7.10 0.28 2.784 

ON 8M -680/840 ... 10 •. 00 0.31 3,'" 

ON 700 -7111900 26' 10 .... 0.3' 4,IUO 

ON 150 -762!SOO 3D" 10 •. 90 0.35 5.322 

ON 800 -.81311000 32" - .... 0.35 ~"2 

ON 950 -68411 100 34' 8.80 0.35 8.921 

ON 900 ..Q14/1100 36' - 10.00 0.39 7.23:5 

ON 1000 -101811200 ... - 10.00 039 8,334 

ON 1100 -111711400 .. ' - 11.00 0.43 12,055 

ON 1200 -122011AOQ .. ' - 1200 047 14,7!! 

ON 40 -4e/l00 1112" 40 2." 0.10 101 100 

ON 50 -«l/12:5 2" 40 2.90 011 130 91 

ON 65 -7e/1M) 2112" 40 2.90 0.11 157 110 

ON 90 -89/180 3' '0 3.20 0.13 187 112 

ON 100 -1141200 " 40 3.60 0.14 2'. 143 

ON 125 -1391225 S' 40 3.60 0.14 311 134 

ON 150 -1681250 .. 40 400 0.18 306 144 

ON 20D -219/3115 .' 20 .... 0.18 :182 ,., 
ON 250 -2731400 10' 20 '.00 0.20 895 224 

ON 300 -323/450 12" 20 '.60 0.22 1,095 274 

ON 350 -3:5!515OO ,.' 10 '.60 022 1.320 264 

ON 400 -406/520 16' 10 B.30 0.25 1,450 290 

ON 450 -457/580 I.' 10 6.30 025 1.610 242 

ON 500 -6081830 20' 10 8.30 0.25 1.908 2" 

ON 550 ~!58I710 22' 10 .30 0.25 2,281 

ON 800 -609n80 2.' 10 7.10 0.29 2,784 

ON 650 -660fBCO 2.' 10 8.00 0.31 3 .... 

ON 700 -711/900 28' 10 8.80 0.35 4.910 

ON 750 -7e2f900 3D" 10 .... 0.35 !U22 

ON 800 -61311000 32" - .... 0.35 :5,942 

ON 850 -884/1100 34' 8.eo 035 8,921 

ON 900 ..Q14/1100 3" - 10.00 0.39 7,235 

ON 1000 -1016/1200 40' - 10.00 0.39 8.334 

ON 1100 -1117/1400 .. ' - 11.00 0.43 12.055 

ON 1200 -1220/1400 .. ' - 12.00 o.·n 14,755 

(1) LABOR PERCENT PROVIDED BY CUENT 

- - - - - - - - - - - - - -
FILe:S:PIP10B.WK3 

DATE: 22-Nov-03 

HEATING DISTRIBUTION PIPING WOI ALARM COMPONENTS (10b1) CATE: 23-Mar-!M 

WDDOWNIN(EX11SnNGJ DUCT 
TIME: 03:31PM 

PIPE MATERIAl. FA8GHT PPEA'TGS LAB.COSTI'I 

US$l QTYAEQ COST OCEAN 1N\.ANl INCFGT. ~OFAlAT'L 

MEm'I IMETERSI US Sl222J US Smse US '122m us'g /I.EVA-O!!9l 

17.21 2.142 37 • 1 '3 
.,. 

".42 39.088 120 100 " 
.. 2 .. -

222C S9.ne 1.!5S2 233 31 1,.,8 17,432 

24.83 120,988 3,017 C.2 80 3..29 ~-
33. .. 307,. 1.223 183 2C 1,431 

,a_ 
37.08 24,5(2 .,0 13. ,. 1 ..... 

'11,:111 

".30 51,700 2.290 344 •• 2.07. 
250m 

".99 17.0BS 1,110 ,.7 22 1.2511 f~412 

93.23 3.942 300 so 1 c30 "'21 
11 •. 08 M78 893 104 " 

.11 
7,1. 

13200 .. • 1 0 • 19 

145.00 7 .... 1,056 151 21 1.235 
ff, 85#! 

1$4.21 1.810 2" 37 • 291 
2,1PIJ 

t82.85 7.024 1 .... 193 20 I,""" ' ..... 211 

lea42 0 0 0 0 
0 

23200 14.41B 3.345 ... 61 3,814 37.571 

301.00 0 0 0 0 
0 

409.17 1.900 3,257 ••• .5 3,811 
31._ 

443.50 0 0 0 0 
0 

.... 17 1,1590 937 '" 17 .79 ,,-
57'.15 0 0 0 0 

0 

002.92 0 0 0 0 
0 

"'.50 1.631 1,278 ,., 20 1,413 '''.338 
1.004.51 0 0 0 0 

0 

1.229.58 0 0 0 
0 

'''3,.871 US 127,180 
LEVA 2iiiU2i 

WD DOWN - INSlJUtTlON FOAM CONCRETE 

17.21 0 0 0 0 0 
0 

".'2 0 0 0 0 0 
0 

222C 0 0 0 0 0 
0 

24.13 23 .... 597 .. 12 ... ,,710 

33." 7,198 239 38 5 "0 
2, ..... 

37.015 1.738 .. 1 43 • 331 3,22' 

44.30 7.m 344 52 7 '03 
3,A7 .... . .... ... • • 12 ... <\13' 

03.23 5._ . ., l' 10 .77 "$37 

"4.01 5,240 ... 90 12 ... "713 

132.00 1.044 138 21 3 181 
1.54. 

l~.OO 13,890 1,915 ... 40 2.323 
22,291t 

1$4.28 110 20 • 32 31" 

16265 4,S18 ... 127 17 .u 9, ... 

11111.42 0 0 0 0 
0 

232.00 3 .... 601 120 1. 93. ,,00' 
307.00 0 0 0 0 

0 

409.17 0 0 0 0 
0 

44350 0 0 0 0 
0 

45.17 0 0 0 0 
0 

578.75 0 0 0 0 
0 

602.92 0 0 0 0 
0 

_50 0 0 0 
0 

t,004.58 a 0 

1.229.58 0 
0 

89.284 US $8,1215 LEVA 14010 

PAGE t 
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OVERHEAD I COLLECTOR - INSULATION GUlSS KOOL & ALUlA/MIlA SHEET 

,.EMOVF;OID 'NSULATION, CLEANPFE S!I'I'LYalNSTALLNEWINSULATIONj 

PIPE FlGB PIPen:TG9 

INSUL IN9UL IHSUL INSULAnoll FABGHT INSULATION UNIT UNIT TOTAl. RAT!" LAacosr 

METRIC U.S. U.S. WALL WAU USS/ ALLOW US $I OTYAEQ COST OCEAN INlANQ INCFGT. "'HIM MHIM MNIflS I I-R INSULATION 

DIMENSION 01A. 9CH 1M!:!! It~ 12M $112M METER IMeretS! US 11m us Sl22!?l us '122!:!I USSll!!!!!I INSUL REMOVAL INSI/L ~~ I1EVA:;.e 

ON 40 -'81100 11/2' •• 2.SO 0.10 127 .7 18.tl7 1.4<1 .. - .. "" a 

ON 50 --60/125 2' 4<1 u. 0.11 131 105 20.27 ue 0.729 '6/l"" a 

ON 85 -781140 21/2' •• 290 0.11 147 .. e 24.4Z • 1.M •. 528 • .. "" a 

ON 80 -89/180 :r •• 3.20 0,13 lise 131 23.12 • 0 1.00 •. 7ge 0 '."" 0 

ON 100 -114/200 . ' 40 3." 0.14 ... 1114 31.011 • • 1.74 0 .... 0 '6/l"" a 

ON 125 -1391225 5' •• 3.SO 0.1' 305 13. 37.00 • 0 0 1.I!IS 0.842 0 .. "" a 

ON 150 -1881250 .. 4<1 '.00 0.115 341 104 37.08 1,430 03 .. 1.55 o.n8 3.327 '6/l"" -
ON 200 419/315 .. 20 '.50 •. 18 ... 123 43.12 1.470 6S 10 7, 1.90 G.S'S 4,184 .. "" 7Il3 

ON 250 -2731400 10' 20 5.00 0.20 502 128 52.50 so • 1 5 2.04 1.020 2'. ,."" ., 
ON 300 -3231450 12' 20 5.60 0.22 72' ,.5 74.08 1,360 ,., 15 ". 2.70 1.352 5.51. .. "" -
ON 3!50...:J!5!5~ 14' 10 5.SO 0.22 eoe 143 79.08 720 57 9 17 2..8 1.490 3.21' ,."" 54' 

ON 400 -t06l!20 '" ,. a30 0.25 .. , "5 M.33 4,420 382 07 448 3.47 1.134 ...... , .. "" ....... 
ON 4SO .... 57/560 18' 10 8.30 Q.25 .. , 104 84." 14<1 12 2 I~ 3." 1.508 m ,."" '211 

ON 500 ~1!IB30 20' ,. 9.30 0.25 1,137 72 100.75 4,!528 ... 88 - 3.75 l.a73 ~,"a ,."" 4,275 

ON 550 ~!581710 22' 10 8.30 0.25 1,2~ 101.17 0 a a '.33 2.187 • '."" a 

ON 800 -609"8Q 2" 10 7.10 028 1,211 107.9 5,382 ". 87 12 an '.12 2.310 37.297 ,."" .. -
ON 650 -680/940 2 .. 10 800 0.31 1,420 118.33 0 a 0 0 ... 2 2.50S 0 .. "" a 

ON 100 ·7111900 28' 10 8.SO 0.35 1,524 127.00 2.050 280 3. • 305 5.41 2.7011 18,&&2 ,."" li_ 

ON 7~ -7621900 30' ,. 8 .. 0.35 1,628 135.tl7 Q 0 0 • 5.78 2.088 Q '611"" 0 

ON 800 -813/1000 32' - .... 0.35 1.'" 159.08 1102 271 41 • 317 1.73 4.387 ...... ,."" ~7"'. 

ON 850 -esclt 100 34' 8." 0.35 2.'" 188.SO 0 0 • 0 8.27 '.837 0 ,."" a 

ON 900 -G14/1100 3" - 1000 0.39 2,135 In.92 a Q 0 0 g.71 .... 0 ,."" 0 

DN 1000 -IOIB/t2CO 40' - 10.00 0.39 2,381 198'2 2.1100 5., 8. 12 ..2 10.90 ~U5' 41.727 ,."" 1J,'8I 

ON 1100 -111711400 .. ' - 11.00 0.43 2.eoe 211.33 0 0 • 0 ".95 5.973 0 ,."" 0 

ON 1200 -1220/'400 ... - 12.00 0.47 2,8504- 237.83 0 0 a 13.07 a.034 ,."" 0 

.... - US $3.312 LEVA ~ 

SOFIA PLANTS ( 10 b 1 ) HEATING DISTRIBUTION PIPING WOf ALARM COMPONENTS (10b1) 

CASH flOW (0001 UlID DOWN /N (EXlSl1NGI DUCT 

1994 ~ 1m 1M! JRI W!! ;!9!!Q ~ 2002 ~ 

27180 MATERIAL (US S) 951.30 2201,5111 2745.111 29082e 30'1. •• 3071.34 3071.34- 3071.31 3071.at 3071.34-

" 
3._ 

Ll"'" 10.'O~ 10.73 ".10,," 1'.~ 11.3O'A 1'.301' 11.307. 11.30% 

260928 LABOR(LEVA} JI3247 2"35, 1.f. 2S353.B9 2~'S.28 289112..' 29484.a 21>184.83 29f."'.~ 29484.63 294M.1f3 

EXCAUIAT'L(LEVA} noll 0.00 0."" 0."" 0.00 0.00 0.00 0.00 0.00 0.00 

260929 TOTAL (LEVA} 11132.47 211",14 2S353.69 2T§1a24 281JB2.9' 29484.83 29444.83 291"'." 29444.63 294Sf.1f3 

" 3._ Ll"'" 10.1~ 10.70" 11.1o-A 11.3OY. ".3crJ, 11.""" 11.30% 11.30"10 

Uli!, j!5f!~N' !"QC.A!. I 
.... n LABOR !!ffi, l,MQ! 

MODEL CQST SUMMARY (Us $) 27,179.96 8,153.99 0.011'1' 100.011'1' 

PAGE 2 



- - - - - - - - - - - - - - - - - - -
CASH FLOW (000) lAID DOWN - INSUUoTlON FOAM CONCRETe 

, ... ~ .... '997 .998 

8128 "ATER'AL (US II 408.30 182!5-21 2031.51 2031.51 2031.51 

" .. - 20.""'" 2!i.oo-4 ~.oo% 2 .. 00% 

78010 U.SOR{LEVA} """",., 1581J2.03 11I5D2.1SO 11I5D2./U '9$02.51 

&CAV.,vAT·L/lEVA} a ... ClOO ClOO aoo 0.00 

78010 TOTAL /lEVA} 3S00..' 1581J2.03 11I5D2./U 11I5D2./U 11I5D2.1SO 

" .. - 20.00'" 25.00'" 25.00% 2 .. ""'" 

rnlJl~' ~m~ENT !.~~ 
!!m b§2!. Mm ~ 

MODEL COST SUMMARY IUS ~, 1'-128.08 2.437.112 0.110% 100.00% 

CASH FLOW (000) OVERHEAD I COUECIUR - INSUUoTlON GUoSSItUOL & AWM'MJM SHEET' 

~ ~ 

,_ 
1m. j!H 

33'2 .. A TERIAL (US II 185.58 882.32 827,91 821.91 827 .• ' 

" 5.00% 20.00% 25.""'" 25.00% 2"00% 

32031 U.SOR{LEVA) rllOr.53 &foe. 10 MJ()7.e:J stJ01.B3 _7.83 

&CAV.,vAT·L/lEVAj 4'" aoo 0.00 400 400 

3203' TOTAL /lEVA} 'BOf.$) 84M '0 8001.tJ3 BlJDT.t13 6D07.53 

" .. - 20.00% 25.00% 25.00% 25.00% 

~~uI1!1 ~Et!CENT t~~ 
!!m ~ !!m b§2!. 

MODEL COST SUMMARY I!!S !l :1.311.82 1000.95 0.110% 100.00% 

CASH FLOW (000) roTAL DISTRIBUTION PIPING 

~ ~ .... ~ 1!!§ ~ i!!!l!! Wi ~ i!!!!;! 

3881B .. ATERIAL IUS II 1523.1' 044119.11 904.80 5187.88 5.78.40 3071.:M 3071.34 3071.34 3071.34- 3071.34-

" 3.1M"" 1'.~ 1 •. 51'" 14."% 15.22% 7.95'" 7.85Y- 7.as .. 7.e .. 1.85'" 

370968 U.SOR{LEVA} '4834.$0 43'43.21 $38tJ3.1IlI 55129.43 58173.'" 2114 •. 63 29fM.a:J 291184.113 2/Itf",113 294 .... 83 

&CAV.MAT·L/lEVAj 0.'" aoo 0.00 400 0.00 aoo 400 400 0.00 400 

370§88 TOTAL /lEVA} '4834.50 43143.27 53863.116 5!U2fl43 58473..'iI ~tu.63 29481.63 29t11U.&J 294".113 29481.113 

" 3.94" 11.83'" 1 •. 152% 14.14% 15.22% 7.85'10 7.&5% 7.15% 7.85'" 7.85% 

reDIP} PERCENT lOCAL 
Mffi, b§2!. !!m LABCI'I 

MODEL COST SUMMARY IUS Sl 311.817.64 11.592.711 0.00% 100.00% 
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- - - - - - - - - - - -
SOFIA (4) DISTRICT HEATING DISTRIBUTION I & C (SCADA) (10c) 

COST 
UNIT /UNIT 

ITEM DESCRIPTION VENOOR QTYMArL US. 

FLOW ELEMENTS 3 EA ,3000 

SUBTOTAL 

SCADA eaUIPMENT (WESTINGHOUSE) , LT S,312.SOO 

FIBER OPTIC LEASING ' LT 31.500 

TOTAL uss 5.350.000 

, ... 
VALUES 

137 MATERiAl (US ') '.92 

, LASOA (US I, 0.02 
SUBTOTAL 1.93 

,. LABOR/lEVAj 0.22 

8,218 WEST. SCAD" eQUIPMENT 87.02 

38 FlBER OPTIC LEASING 0." 
281 weST. SCAD"' LABOR (US I) 3." 

SUBTOTAL 81 .• 

3,812 TOTAL US, 93.41 

" 1.400'" 

23. '00 WEST. sc<OA LABOR /lEVA} 323.40 

23.U6 TOTAL /lEVA} 323.82 

" 1.400" 

MODEL COST SUMMARY (US $ 

OTYOF FREIGHT TOT.MArL 

SUB- OCEAN INLAND INCFGT. UNIT TOTAL US 

STAnON USI USI USI MNHA MNHRS MNHRS ,. ,eo 200 ... 12.00 .... 81 

---------Sl3T (.2$ MULTlPl.IER-2:S" ALLOT FOR SORAJ 

796875 '00200 1121. N/" NIl. N/" 
36 

8,390 

CASH FLOW (000) 

1m 

23.27 

0.1111 
23.45 

2.11 

1051.88 
•• 311 

.7.81 
1,110.&& 

1,13-1.30 

11.0(10% 

~7.00 

3.929.11 

17.000% 

EQUIP/ 

m! 

27.93 

0.22 
28.15 

3.20 

1287.91 
7.115 

57.38 
1.333.01 
t,381.18 

20.400'% 

471R.40 
",715.1J11 

2Q,4Qa% 

Mill !,gQ!! 
8.390.02 1.004.70 

l!!l 

21.93 

0.22 
28.15 

3.20 

1287." 
7.05 

157.38 
1,333.01 
1,381.1' 

..... "" 
47124D 

4.715 .• 

2D.COO% 

J!!! 

27.83 

0.22 
21.H5 

3.20 

1287 .• 
T.e 

57.31 
t,333.01 

1.381.1' 

..... "" 
47'~.40 

",715.l1li 

..... "" 
e~B!i!;tff !'QS;iAi. 

~I Mill 
0.000" 71.899" 

.!!!!! 

27.83 

022 
21.15 

3.20 

1287 .• 
T.e 

ST." 
1,333.01 
',3111.18 

..... "'" 
41f2 . .fD 

4,715 .• 

..... "'" 

RATe TOTAL 
IHA LABOA 
USI USI 

SO 

---------US $' 

N/" 2111 

282 

- - -
RATe TOTAL 

BUI.. IHA LASCA 

MNHRS EVA .. 
380 ,01 &I 

---------LEVA .,e 
NIA NIl. 23100 

23,111 

- - -
FILE: $3 _SCAOA.W~ 

DATE: 1-0K-93 

DATE: 23-Mw-M 
nME: 03:55 PM 



-

~ -= 

- - - - - - - - - -' 
SOFIA (4) HEATING SUBSTATIONS I & C (11) 

ITEM DESCRIPTlON VENDOR 

SUBSTATION (AVERAGE SIZE) NOTE' 
CONSISTING of: 

CONTROlLER 
RTD 
CONTROL VALVES 
HEAT eXCHANGERS 
CIRe. WATER PUMPS 
WATER FILTER 
INLET/OUTLET SHUT -OFF VALVES 

TOTAL USS 

VALUES 

UNIT 
OTYMAr 

1 LOT 

25,72! MATERIAL (US SJ 

o LABOR (US ') 
SUBTOTAL 

129,360 lASORiLEVA/ 

% 

COST 
NNIT 
uss 

7000 

~ 

3SO.15 

0.00 
380.15 

18".lU 

1.400% 

MODEL COST SUMMARY IUS SJ 

OTY 01' 
SUB

STATION 

31175 

'995 

.073.25 

0,00 
4,373.25 

2r1lll1.20 

17.00Qt4 

EQUIPI 

!!m 
25,725.00 

FReiGHT 
OCEAN 

USS 

INC, 

TOT.MAT'L 
INLAND INC FGT, 

un USI 

INC. ~72' 

S25,72S 

CASH FLOW (000) 

Wl!! .!!!! Wl!! 

5247.90 5247.90 5247.90 

0,00 0,00 0,00 

5,247.80 5.247.10 5.247.80 

2«3MI,44 2f36g • .u 2II,.9.U 

20,000% 20.000% 20,000% 

PERCENT LOCAL 

WQ!! Mm ~ 
4.042.50 o.ooo~ l00.000~ 

NOTE t: 
COSTS (MATERIAL, LABOR A SUBSTATION QUANITV) SUPPLIED BY CLIENT 

, ... 
5247.80 

0.00 
5.247.80 

#389." 

20,00"" 

-
LABOR 

/SUBSTATION 
US 

1000 

-
TOTAL 
LABOR 

USI 

3.175 

- -
TOTAL 
LABOR 

LEVA 

121.380 

-

$121,380 

- - -
FILE: S3HDSTlC.WK3 

DATE: t-Oec-83 

DATE: 23-M.-14 
TIME: 04:24 PM 



I 
I 1~~re"7J;"'" CG75.MWIIFA BIG - RANGE S-A COMBINED CYCLE PLANT 

PQe1118FA HI-TEMP 
CT = 75OOOkw; TG = 3IIOOOkW 

$FGT MTL LABOR TOTAL 

I 148,425 SITE IMPROIIEMENTS 8e1,322 _,878 1,_,000 

141,1184 FOUNDATIONS 835,083 1,247,418 2,082,500 

112.755 STRUCTURES 545,815 2lI7,385 1133,000 

I 3,4411,521 COMBUSTION TURBINE 2D.291,3OO 2.434,_ 22.728,258 

7811,250 HEAT RECOVERY STEAM GENERATOR 4,525,000 1105.000 5,430,000 

-.000 TURBINE GENERATOR 5,800,000 -.000 8,788,000 

I 
455,0511 B.O.P. MISC. MECHANICAl. EQUIPMENT 2.878,1120 S1,580 3,211S,400 

2211.440 PIPING - OUTSIDE 1,332,001 1,342,. 2,1174,700 

o PIPING - INSDE W/NJV. W/NJV. W/NJV. 

512,138 ELECTRICAl. EQUIPMENT 3.012,564 _,436 3.4311,000 

I 204,7118 ELECTRICAIJI&C BULKMATEIIIALS 1.204,l1li3 1127,507 2.132.200 
---------- ---------- ----------

TOTAl. DIRECT COST 41,0S4,S7 11,1153,l15li 51,0311.058 

I 
e,IIS4,347 FREIGHT - OCEAN & INLAND 8.IIS4,347 8,11S4,347 

---------- ---------- ----------
TOTAl. 48,088,744 11.1153,l15li 58,022.403 

t.I<w 
U.S. t.'MH 

I 
MANHOURS (53) 228,220 44 DP&L (REFERENCE) 

CHECK 511.022.403 

I 
ITEM No. DESCRIPTION U~'$~~ U.S.$c~ U.S'~;~ LOC~~~ 

3 SITEWORK. FDNS & STRUCTURES 2.1123.18 884.08 3,Sil.23 31.eo1" 

4a COMBUSTION TURBINE 23,740.112 711 •• 24,452.80 31.eo1" 

I 
<Ib TURBINE GENERATOR 8,7l1li.00 2l1li.31 7,074.31 31.eo1" 

5c HRSG 5,284.25 2114.112 5,558.117 31.eo1" 

7c B.O.P. 4,8110.32 !585.se 5,255.110 31.eo1" 

8 ELECTRICAl./I&C 4,_.111 3115.811 5,330.08 31.eo1" 

I 1b DEMOLITION - 50" of 82 11.88 11.88 100.00cw. 
---------- --------- ----------

TOTAL U.S. $ 48,088.74 2.1122.11 50,l1li0.85 

I 
I 
I 
I 
I. 
I 
I BEST AVAILABLE COpy 

I 



-

, 
~ 

\.} 

- - - - -

FILE: STOYODlA..W1O 
CATE: lZ-J\I-M 
TIME: 01:4I"M 

TURSIN!! GfNER.l.TOA - MODIFCAnoNS - SO,''' PLANTS - o&b 
NO.O' 

""" .LANtS 

SO"'" -. AIR COOLED GENERATOR 
RETlREUNrT4 UW CLEAN, CHECK. !A,LAIiCE ROTCA .. ATSHOP 

REPLACE LASRr!NTM R1NQI 7.10 

SUBTOTAL 

SO,,\o\ - S AIACOOlEDOENERATOR 
REnAE UNIT 5 MW ClEAN, CHECK. BALANC! ROTOR 

" ATSHOP 
REPLACE LAeRtfNTli RINOS 7." 

SUBTOTAL 

SOF'" -. HVDROOEN COOLEDOI!Ni!RATOA 
OW CLEAN, CHECK, IlALANC! ROTOR 

50 AlSHOP 
REPLACE LA8RflNnt AlNOS '" 7." 
REPLACE H.P. CYLINDER I-11M! 
REPAIMtECONDmON H.P. CYL ".00 

SUBTOTAL 

SOF", -. H'fDAOGENCOOLEOOENERIoTOR 
OW CLEAN, CHECK, BALANCE ROTOR 

" ATSHOP 
REPLACE LABRt'INTH AlNOS .. 7,. 
REPLACE H.P. CYUNO!R' -11M! 
REPAIMECONDmON H.P. CYL " 10.00 

SUBTOTAL 

TOTALS 

EaUlP; 
!Wl. 

MODEL COST SUMMARY {US_ ''- __ 303B.8 

- - - -

11121 . ",. OCEAN - U.S • HOTEWAY , .. 
"" .. "" .. 0.15 M!AUIDAY IS 
EXI'. """. INLAND - U.S. CAPiDAl' .. 
.. II t .•• .... 

"5 

On. TOTALMTl.. 

" C.,, TOTAl Un. (PLANT 

COST SUIf1'OTAL V". 'REIGHT U.I.' US., 

0 .. .... .... 0." .... '.00 000 0." .... 0.00 0.00 
0.00 .... 0." 0.00 

'.00 0." 0.00 

0" .... 0.00 0.00 
000 0." .... 0.00 

000 0.00 .... 
.00 0.00 0.00 .... 
0." .... 0.00 0.00 .... 

...... ... ... 31.40 2'7 . .0 
10.00 to.OO 1.70 11.70 

'.00 .... 0.00 
110.00 ISO.oo .... 171.10 .... 0.00 0." 0.00 ..... .. ... 13.10 ., ... 
...... ...... 7'.20 .,. ... .3 .... 

...... =.00 31.0 211 . .-0 
10.00 to.OO 1.70 11.70 

0." 0." 0.00 
110.00 1150.00 21.10 t71.10 

0.00 '.00 0." 0." 
0." 0.00 0.00 0." 

310.00 310." ..... ... ... ...... 
LelA -

USI- ..... 0 

J.Y2l! 
PER¢EHT= 

140.352 2.~31.!W' 
Mn.. 

TorAL US'''3 - 303 ... 

- - - - - - - - -

10.00 U.S. 

"'" • UV' / .. 
WEEKS • ,. U'luLQINuaa 
WEEKS • ,,,eULQIN UVA 

'" '" '" EXP."!N • CAVS 7 

U .•• TOTAL lilA. M1\.. LAIIO. "n.. 
DPEPtSES INSTAUA1'1ON INSTAU.AnoN (PLANT tU.'. LEVA l"" 

l"'A U.I.' l"" l ... ,- '"' .... ,- , ... - ,- , ... .... 
.... .... 

0.00 0." .... '.00 0.00 0." 0.00 .... . ... 0." 000 0.00 0.00 

0.00 0.00 

0." 0.00 0.00 0." .... 0." 0.00 0." 0.00 .... 0.00 0.00 

470.40 ..... ..... ..... 

&70 . .0 ..... ...... ...... '3U' ...... ...... ... ... ...... ..... .70 . .0 &70.40 UO.4O 

&70.40 .. 00 .... ..... 

&70 . .0 ..... ..... 0 ...... ...... ...... ...... ...... ...... ...... &70.40 &70.CO .70.40 

"0.10 US!- A7.eo 131.10 13'10 537.10 1.31.10 ...... ...... ..... 
LEVA - 531.10 537.10 537.80 

..... 110.00 ,. ... ...... ..... ...... US'- 3:1.00 ".00 ..... 
LEYA- &73.Ge I.ABOA INC t.,.. PROD 

........ w l •• ...... <to ,",0.31 LAI!IOR IN US, 'OR3 PLANTS 



-

..). 
~ 
-~ 

-

FILE: 
DATE: 
TIME: 

-

SBLRMSA.W<3 

-

12-Jul-94 
07:47 AM 

- - - - - -

mERNAl. BOIlER UQaFlCA nONS - SOFIA PL4NTS - 51 

- - - -

OCEAN - U.S. 0.5 USOR (50% OF MAT't.J 
&0 0.15 US/BULG LEVA 1.1 

INLAND - U.S. 0.2 32 0.1155 
0.02 a.s U.S. BULB TOTAL L.8A. 

-

15.25 BUlQ RAte us s 
188 ButG RATE LEVA 

-

MTL C.F. TOTALIYEAA 
NO.a .. Mll. .. C.F. 

YEAR , ... , ... 
CNTR MTL TOTAL MTL lABOR lABOR "'lAHT SU.S. 

ITEM PlANTS COST AcnON 
SOFIA - 1.2,& 3 
reUr.unbl &2 

BURNERS 
8U~NERMGM"T 

COMEt CONTROLS 
FOFANOPTION 
DUCT WOA< FOR BURNERS 
SOOlBLOWERS 

SOFIA - 04, 5 • • wATEAWAUS 
retlr. units ... II & 8 BURNERS 

BURNERMGMT 
COMB. CONTROLS 
SOOTBlOWERS 
MAlNSTeAM UNf 
A1RHEATER RETlJeE 

ScFIA-7&a 

SOFIA - 9 

WATERWAUS 
BURNERS 
BURNERMGM'T 
COMB. CON1l=lOLS 
SOOTBlOWERS 
A1RHEATER RETlJBE 

BURNERS 

mU/!il1lll' 

SUBTOTAL 

SUBTOTAl. 

SUBTOTAL 

SUBtoTAL 
rorIU. SOFIA COSTS 

• TOTAL AlL UNITS A,TPl,ANT THE COST 19 0.1. 
INST"UAnON&ST~ruP 0.78 
SINCE nils PROPOSED FOR TOTAL PlANT rr 
SHOULD SEDaNE ATTHE SAME TIME (NOYt1. 

218.30 REPLACE NOW 
REPLACE NOW 
REPlACE NOW 

'.'.30 REPLACE 5 YEARs 
58.70 REPlACE NOW 
;a.40 REPL.ACE 5 YEARS 

!500.7 

REPLACE 5 YEARS 
REPLAeENOW 
REPLACE NOW 
REPLACE NOW 
REPlACE II -10 YEARS 
REPLACE NOW 
REPLACE 5 - 10 YEN4S 

3&83.8 REPLACE II YEARS 
1582.1 REPlACE NOW 

REPLACE NOW 
REPLACE NOW 

1&4.. REPlACE IS - 10 YEARS 
&&8.2 REPLACE 5 - 10 YEAA.$ 

84110 .• 

825.4 REPlACE to VEMS 

..... , ..... 
3Q88.8Q mullpW by 0.7n. 
«11.50 mu~lIedbyO.75% 

NECESSITY 
NECESSITY 
NECESSITY 
NECESSrrv 
ENHANCEMENT 
NECESSITY 
ENHANCEMENT 

ENHANCEMENT 
NECESSItY 
NECESSITY 
NECESSITY 
ENHANCEMENT 
NECESSITY 
ENHANCEMENT 

ENHANCEMENT 
NECESSITY 
NECESSITY 
NECESSITY 
ENHANCEMENT 
ENHANCEMENT 

NECESSITY 

TOTAL 

0.10 

0.40 

OAO 

0.10 

'.000 

HOTWA7ER BOILERUODIRCAnONS - SOFIA PlNtTS - 51 
SOFIA-l-e 
,.tu.unltst -;5 

SOOlBLOWERS 
WATERWAllS 
BURNERS 
BURNER CONmOLS 

muq,11iIt 

SUBTOTAL 
TOTALS 

• TOT"L~LLUN!TSATPL.ANTTHECOSTIS 
INSTA.UAll0N & STAATlJP 
SINCE THIS PROPOSED FOR TOTALPLANT IT 
SHOULD BEOONEATTHESAMEllME (NOW). 

MODEL COST SUMMARY IUS S· 

3 138.80 REPLACE 15 YEAAS ENHANCEMENT 
a.1SO 1483.85 REPLACE 15 - 10 YEARS ENHANCEMENT 

UiP7 

1181.10 REPLACE WITHIN 15 YEARS NECESSITY 
REPLACE wrnilN 15 YEARS NECESSITY 

..... :IS 

1722.30 teductd by 0.50% 
195.00 red~byO.~ 

pEFfCENT"Loc, 
~ ~ ~ lABOR 

100293 '991.3 O.()()()% 31.601"" 

1.000 

SUBTOTAL 

0""1 

..... 
0.111 
0.174 

0.000 
0.000 

0.000 
•. 000 
0.000 

0.598 ..... 
•. 029 
0.131 

'.000 

' ... , ... , ... 
' ... 
' ... ,-
' ... ' ... .... ,.... 
' ... ' ... , ... ,.... .... 
.... 

0.058 1991 
0.518 2003 
0.348 2003 
0.000 2003 

'.000 

U.S. S FREIGHT U.S. S U.S. • u.s. S lEVA 19M tHII 2003 

308.88 

3011." 

0.00 

•• 00 

1235.52 

37.11 255 ... , 
52.51 381.3& 

27.42 188.12 
9.98 M.SS 

HUl 108.11 

142.73 

..00 .... .... 
BOO .... 
0." 
0.00 

85 ... , ... ... 
2tO.04 

01A2 
144.~ 

'112.31 

0.00 
0.00 . ... 
n .. .. .. 
0." 
0.00 

4520.41 
1851.14 
1445.158 

218.22 ...... 

25.54 1t.80 
8.1' 3.78 

11.17 1.72 
1.17 '.17 

10.lIt 4.981 

70.28 

0.00 
0.00 
0.00 

•. 00 
0.00 
•. 00 

•• 00 

...... 
185.11 
32.70 

21.12 ..... 

32.47 

.... 
0." 
0.00 
0.00 
n .. 
•• 00 
0.00 

•. 00 

201.&4 
115.55 
1S.t4 .... .... 
45.10 

123$.52 1311.57 1027.31 790.M 3115,42 

301.88 ... ... 
1ass.a 

1722.3 

1722.3 

1M.83 

, ..... 
"'3.23 

3UUS ...... 
147.24 .... 
715.81 

1*.11 

lON.11 
11102.11 

2177.25 
1735.17 
1013.34 

0.00 

I",. 

8.1' 
MIA' 

217.73 
173.58 
101.33 

•. 00 

o4I2t.4 cn.15 
11S021.27 1382.08 

TOTAL MAn 1802f~1 

3.711 

3.71 
401.87 

100.511 
00.20 
4a,82 . ... 

227.1G 
... .27 

255 .... , 
311.38 

..... 
32,47 eas .... 

0.00 .... 
0." 

0.00 

lSS,.14 , ...... 

' ... 72 

108.11 ...... 
0.00 

•. 00 

4!520.41 

0.00 

noo 

0.00 

0.00 

211.22 ...... 
3297.20 4&20..41 1201.78 

3.78 

0.00 

10113.11 

0.00 1oe~.tt 

2177.25 
1735.87 
1013.304 

0.00 

75.87 0.00 2117.25 27 ..... 21 
112.12 31112.U: SIMA. 5052'.to:·· 

'" CE TOTAL 24.M" ca.""''''' 31.52% 

,
".eo u. 

3.17 

111.71 

.... 
•. 00 

0." 

•• 00 

..... 
15.14 

100.88 

•. 00 

0.00 
11 .... 

18.98" 

-

8ULQ 
l.A8OR US S , ... 

.. 72 .... 
13.71 

0.00 

0.00 

200." 

...... 
0.00 

100.51 

100.15. 
32:1.115 

-

.... 

.... 

0.00 

0." 

0.00 

. ... 
".00 ..... 
~.71 

l.lS 

00.20 
41.12 

•• 00 

121.01 
1M.U 

51.35% 29.17% 

-



-
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- - - - - - - - - - - - - - -

ITEM DESCRIPTION VENDOR 

MOTOR 
VSD 

STEP-UPTRANSFDRMER 
ISOLATION TRANSFORMER 
WIRING & CONDUIT 

VALUES 

SUBTOTAL 

'.390 MATERIAL (US $1 

o LABOR (US$I 

HEATING DISTRIBUTION EQUIPMENT (10a) 

COST CTY OF FREIGHT TOT.MATl RATE TOTAL RATE TOTAL 
UNIT /UNIT SUB- OCEAN INLAND INC FGT. UNIT TOTAL US I HR LABOR BUL I HR LABOR 

QTY MArl us S (OOOL ___ STATION US $ COOOI us s (0001 us S lOOQI MNHR MNHRS MNHAS us S US. MNHRS LEVA LEVA 10001 

EA so 12 2.' 4.00 , ... 0 50 "'" lea 27 

EA 200 :lO 102 32.00 .. 0 50 ,oe lea I. 
EA BO 2" 24.00 12 0 50 19 , .. t3 

EA ".. .BO 24.00 72 50 19 ,ea '3 

3 IT 2 1 311.00 .08 50 119 ,ea 20 

--------- --------- ---------
11.390 us $0 LEVA 9' 

CASH FLOW (000\ 

~ 1m .- 1997 .... 1m 2000 200' Wi 2003 2!!Q! m!l! 200II 

1389.98 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

SUBTOTAL 1,389.98 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

OJ 

~ 
'""'i 
b. 
§ 
r:: 
b. 
OJ ,.... 
n, 
(') 
o 
"'0 

"" 

91 LABOR~EVAJ 0 SO.9:/! 0.00 

eQUIP/ 

~ !.llil!! 
MODEL COST SUMMARY (US $1 1389.911 2.84 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

PEF!2ENT LOCAL 
MID. ~ 

0.00"" 100.00"" 

2007 

0.00 

0.00 
0.00 

0.00 

- - -
FILe: SAEOUIP.WK3 

DATE: l-Dec-93 

OATE: 12-.JuI-Q.& 

TIME: 07:40 AM 

2008 ~ 20.0 

0.00 0.00 0.00 

0.00 0.00 0.00 
0.00 0.00 0.00 

0.00 0.00 0.00 
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SOFIA PLANTS ( 10 b 1 ) HEATING DISTRIBUTION PIPING WOf ALARM COMPONENTS (10b1) 

lAID DOWN IN DUCT, OVERHEAD. COLLECTOR. INSUlA nON FOAM-POLyURETHANE 

- - -
UNIT TOTAL 

- -
FILE: SAPlP1oB.WK3 

DATE: 22-Nov-93 

CAre: 12-Jul-1U 

m.4E: 07:~AM 

PIPE FTGS PIPE MATERIA1. FREIGHT PIPEA'TGS UNIT eCAV. eCAV. UNIT TOTAL MTE LAB.Q1ST ElCCAIf. CTY ALMMIRE AL/,1M1RE UNIT TOTAL LA8.CX>ST 
METRIC 

DIMENSION 
U.s. u.s. WALL WALL USSI ALLOW USI' QTYFlea aJST OCEAN INlANO INCFGT. MHIM VOlJM TOTAL MH/M MNHRS I HR PlPE/EXC MATt AL..ARMS W/FGT W/FGT MH MNHAS ALMlWRe' 
DIA. SCH IMM) liN) 12 M S/12M MIITER IMELE8S) USSIOOD) US .(000) US SlO!>Ol US.II!!C!Ill ._.J'lF'E. _._(CM) ICMI ECAV. PI~C Il!;YAJ. It!;Y.A-DOOI /LEVA__ B!;Q'P ___ JJS.S._U.S,J(gQIlI ALMMIRE AL!MW1RE n IlEVA-Q?Ol 

ON 40 -481100 1 lIZ' 
ON 50 -60/125 ~ 
ON S5 -7811.40 2 112' 
ON 80 ~/180 3" 
ON 100 -1141200 4' 
ON 125 -139122! 5' 
ON 1M -1681250 8' 
ON 200 -219/315 S" 
ON 250 -213/400 10' 
ON 300 003231450 12" 
ON 350 --3MJ&IO 14" 
ON 400 -4061S20 18" 
ON 450 -4571560 lS' 
ON ~ ~8/830 20" 
ON ~ -!'j.58(71Q 22" 
ON 600 -609nSO 24" 
ON 850 --6601840 2s-
ON 700 -71 11900 2S" 
ON 750 -7821900 30" 
ON 800 -813/1000 32" 
ON 850 -86411100 34' 
ON 9DO ..Ql4111QO 36" 
ON 1000 -101811200 ~ 

ON 1100 -1117/1400 44' 
ON 1200 -1220/1400 48" 

ON 40 --481100 1 lIZ' 
ON 50 ~/125 2" 
ON B~ -78/10C0 2 1/2' 
ON eo --89/160 3" 
ON 100 -11~ ." 
ON 125 -1391225 5" 
ON 150 -1881250 S" 
ON 200 4191315 S" 
ON 2~O -2731400 ~O' 

ON 30Q -.323/450 12" 
ON 3M --355/SOO I." 
ON 400~20 18' 
ON 450 ~7156O lS" 
ON 500 -50B/e30 20" 
ON 550 -6!8J710 22" 
ON 600 -eoon80 2." 
ON 650 -660/840 28" 
ON 700 -7111900 29" 
ON 750 -7821900 30" 
ON 800 ...at3l1000 32" 
ON S50 -86411100 34" 
ON 900 -81411100 36-
ON 1000 -1018/1200 40" 
ON 1100 -1117/1400 44-
ON 1200 -1220/1400 48-

4Q 2.60 0.10 
40 2.90 0.11 
40 2.90 0.11 
40 3.20 0.13 
40 3.80 0.14 
40 3.SO 0.14 
40 4.00 0.18 
20 •. 50 0.18 
20 5.00 0.20 
20 5.80 0.22 
10 5.60 0.22 
10 8.30 0.25 
10 8.30 0.25 
10 8.30 0.25 
10 8.30 0.25 
10 7.10 0.:28 
10 8.00 0.31 
10 8.SO 0.35 
10 8.80 O.~ 

- 8.80 0.35 
- 8.SO 0.35 
- 10.00 0.39 
- 10.00 0.39 
- 11.00 0.43 
- 12.00 0,47 

40 2.60 0.10 
4Q 2.90 0.11 
40 2.90 0,11 
40 3.20 0.13 
40 3.60 0.14 
40 3.60 0.14 
40 4.00 0.115 
20 4.50 0.111 
~ !5.00 0.20 
20 5.60 0.22 
to 5.80 0.22 
10 8.30 0.25 
10 8.30 0.25 
10 11.30 0.25 
10 8.30 0.25 
10 1.10 0.28 
10 8.00 0.31 
10 880 0,35 
10 8.SO 0.35 

8.80 0.35 
- 8.80 0.3:1 
- 10.00 0.3; 
- 10.00 0.39 
- 11.00 0.43 
- 12.00 0 .• ' 

107 
130 
157 ,.7 
258 
311 
3M 
5B2 
•• 5 

1,095 
1,320 
1."" 
I,B10 
1,90S 
2.2.' 
2,784 
3,'" 
4,910 
5,322 
5 ..... 
8.921 
7.m ..... 

12.055 
14,755 

,.7 
130 
157 
187 
258 
311 

'88 
M2 ... 

1,095 
1.320 
1."" 
1,810 
1.908 
2.281 
2,784 
3 .... 
4,910 
5,322 
5 ..... 
8,921 
7,m ..... 

12,055 
14,755 

100 17.21 
91 18.42 

110 22.24 
112 204.83 
143 33.21 
134 37.08 
144 44.30 
198 So4.99 
2'204 93.23 
274 114.08 
284 132.00 
29D 145.00 
242 154.29 
298 182.85 

188.42 
232.00 
307.00 
409.17 
443.50 
"95.17 
1578.75 
B02.62 
_50 

- I,CI04.S8 
- 1,22I.M 

tOO 17.21 
91 18 . .&2 

110 22.24 
112 24.83 
143 33.28 
134 31.06 
144 44.30 
198 a.UKI 
224 93.23 
274 114.08 
2&4 132.00 
290 145.00 
2042 1$t.29 
:i!B8 11S2.85 

188.42 
232.00 
307.00 
409.17 
443.50 
4915.17 
578.75 
802.62 
.... 50 

- 1,(X)4.58 
- 1,229.58 

1,071 
19,583 
34 .... 
BO,'" 
18,37& 
12.271 
28._ 

9,218 
2.011 
3,118 

390 
5.850 

875 
5.n15 

'.900 
5,005 

1,'" 

2,408 

21111,244 

• o 
o 

11,080 
3,!81! 
",8" 
'.888 
',542 
2,,,... 
2,820 

522 ',-
90 

2,309 

1,727 

44,83' 

18 
360 
77. 

1,511 .... 
455 

1,181 
BD3 
187 ... 

51 ... 
135 

1,058 

• 2,297 
o 

2,0<8 

• 
~ 

• • 
1,873 

o 
• 

• o 
o 

2S9 
120 
143 
172 
295 
248 
2S9 
.8 

993 .. ... 
• 401 
o 

3 
54 

"' 227 

•• ... 
177 
90 
2. 
84 

8 
'27 
20 

1!!11 

• 
345 

o 
307 

o 
'28 

• o 
251 

o 
o 
o .. 

18 
22 
2. .. 
37 .. 
10 

'''' 2 
83 

• eo 

• 7 
15 
30 
11 
I 

2. I. 
• • 1 

17 
3 

21 
o .. 
o .. 
o 

17 

• o 
33 

• o 

us 

22 -908 
1.751 

1138 
532 

1.382 
705 
21. .... 
80 

992 ... 
1,2315 

2,887 

2,398 

.113 

1.957 

$17,MI 

0.S7 
0.81 
0.93 
1.03 
1.34 
1.82 
UI7 
2.22 
2 .... 
3.14 
3.31 
3.92 
'.30 
4.98 
8.84 
9.29 

10.M 
12.51 
15.28 
18.45 
21.18 
2 ... 3 
39.11 
50.90 
85." 

2.100 
2.187 
2,238 
2.305 
2,"7 
2.593 
2.743 
3.058 
3.387 
3.734 
4.098 
4 .• 79 
4.S77 
5.262 
5.723 
8.172 

'.'" 7.120 
7.620 
8.138 
1.870 
•. 220 

10.372 
1'.Ml 
12,878 

2,2'" 

".-77,622 
139.848 
4O,Q77 
31,819 
73,142 
28,3!54 
8,811 

13.883 
U98 

28.2<12 
4,_ 

30.1587 

• 81,103 
o 

33,838 
o 

13,798 

• o 
24,998 

o 
o 

lAID DOWN - INSUlA nON FOAM CONCRETE 

1 
20 

• 
8 
o 
• o 
o 

us 

o 
• • 348 

140 
188 
201 
34S 
2sa 
350 ., ,_,81 
II ... ... 

S4,J)83 

0.87 
0.81 
..93 
1.03 
1.34 
1.82 
1.87 
2.22 
2." 
3.14 
3.31 
3.62 
'.30 
4,99 
U4 
'.29 

10.as 
1251 
15.28 
18.4! 
21.19 
:i!8.83 
39.11 
50.90 
65." 

2.100 
2.187 
'.238 
2.305 
2."7 
2.593 
2.743 
3.058 
3.387 
3.734 
4.098 
4.478 
4.877 
5.262 
5.723 
8.172 
8.838 
7.120 
7.820 
8.138 
8.870 
•. 220 

10.372 
11.!S91 
12.818 

o 
o 
o 

27.814 

','" 10,032 
10.859 
13.880 
8.9" 
9,783 
2,139 
3O,8~ 

439 
12.219 

• 
10.89 

• • o 

..... .. -
0.478 
0.481 
0.521 
0.552 
0.'" 
0,851 
0.722 
0.795 
0.072 
0.9!54 
1.038 
1.121 
1.218 
1.315 
1.0414 
1.518 
1.623 
1.733 
1 .... 
1 .... 
2.209 
2. ... 
2.7 .. 

0 .... ..... 
0.478 
0.481 
0.521 
0.552 
0.!l84 
0.851 
0.722 
0.795 
0.B72 
0.954 
1.038 
1.128 
1.219 
1.315 
1.414 
1.518 
1.623 
1.733 
1 .... 
1 .... 
2.209 
2. ... 

2.7" 

1,201 
2 ..... 
.... 033 
62,'" 
30,481 
28.708 
e,!581 
28,_ 

8,795 
14,842 

1.1531 
28.520 

4,1571 
35.251 

o 
104,968 

• 70,212 
o 

34,224 
o 
• 99,!\2S 
o 

18,210 .,'" 
8.421 

'.554 
13.063 .. -
10,318 
2,183 

33,371 
480 

14,092 
o 

18,311 
o 
o 

'MOO 
'68.00 
'68.00 
'68.00 
'l1li.00 
'68.00 
'68.00 
,68.00 
'68.00 
'68.00 
'68.00 
'68.00 
'68.00 
'68.00 

168.00 

168.00 

'68.00 

168.00 

LEVA 

168.00 
'68.00 
168.00 
11J400 
IMOO 
168.00 
168.00 
168.00 
'68.00 
168.00 
11J400 
11J400 
168.00 
IMOO 

168.00 

168.00 

168.00 

IMOO 

tEVA 

202 .", 
1/,238 

111,4" 
"i/21 
4, .. 7 

",0.4 

.. -'.'~ 
2,-

274 
4, Til' 

7S5 
11,1122 

o 
r7,834 

o 
1',79Il 

o 
11,750 

o 
o 

11/,120 
o 
o 

~ 

o 
o 
o 

3,0119 
'.1~ 1."'6 
1,605 
2,/95 
',sa, 
1,733 

387 
IJ,BOIJ 

at 
2,387 

o 
3,078 

o 
o 
o 
o 
o 
o 
o 
o 
o 

2""311 

178 
3,3 ... 
1/,'03 

",OtJO 
3,'74 
2,1f20 
11,7113 
2,2" 

IJ39 
l,tOO 

127 
2,om 

338 
2,42' 

o 
4,6311 

o 
2,422 

o 
1,_ 

o 
o 

1,9m 
o 
o 

SI,B25 

o 
o 

2, 117 
097 
T1I5 -1,_ 
1011 
775 
IBIJ 

2, ..... 
3$ -o -o 

D 
o 
o 
o 
D 
o 
o 
o 

11,55' 

• • o 
o 
o 
o 

• • o 
o 
o 
o 

1,432 
1.432 
1.432 
1,432 
1.432 
1,432 
1,432 
1,432 
1,432 
1,432 
1.432 
1,432 
1,432 
1.432 
1.432 
1,432 
1,432 
1.432 
1.432 
1.432 
1.432 
1,432 
1,432 
1.432 
1,432 

us 

1,432 
1,432 
1.432 
1,432 
1.432 
1.432 
1,432 
1,-432 
1.432 
1.432 
1.432 
1,432 
1,432 
1.432 
1.432 
1,432 
1.432 
1.432 
1.432 
1,432 
1,432 
1,432 
1,432 
1.432 
1,432 

us 

• o 
o 
o 
• o 
o 
o 
o 
o 
o 
o 
o 

so 

o 
o 
• o 
• o 
o 
o 

so 

18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
115.00 
18.00 
18.00 
18.00 
18.00 
18.00 
t8.00 
18.00 
18.00 
18.00 
18.00 

18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
115.00 
18.00 
18.00 
18.00 
18.00 
18.00 
U!I.OO 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 
18.00 

• o 
o 
o 
o 
o 
• o 
o 

LEVA 

o 
o 
o 

o 
o 
o 
o 
• o 
o 

• o 
o 
o 
o 
o 
o 
o 

tEVA 

D 
o 
o 
o 
o 
o 

• o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

--0 

o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

--a 
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SOFIA PLANTS ( 10 b 1 ) HEATING DISTRIBUTION PIPING WOI ALARM COMPONENTS (10b1) 

CASH FLOW (000) LAID DOWN IN DIJCT. OVERHEAD, COLLECTOR, INSULAT10N FOAM-POLYURETHANE 

~ 1995 m! .1!!! W! ill! 2000 i!!!!l Wi 2003 

17559 MATERIAL (US I' 814.55 1"22.25 1773.42 1878.71 , ....... 1984.12 19114.12 1911 ..... ,2 1984.12 1884.12 

% 3. • .,. .. ,"'" 10.10" 10.70% 11.10% 11.30S 11.30% 11.3InIo 11.30'" 11.30% 

12047Q LABDR(LEVA) 421444 9~4tu 121tI7.43 tn9t126 13312'3 13813.07 ,3813.07 t3tJt:J.QT 13313.07 t3IJ13.07 

518215 EXCAv.AIArLII.EVA,I 18'3.17 4'117.61 1JZU.3O 5lU5.25 5752.55 566420 _420 _20 _420 _420 

172294 rDTAL (LEiVA) Sll3D.3O 13955.84 17401.73 11U3460 19'2«116 1tu89.28 1tut19.2B ,1Ull9.211 'fU89.2B f1HB9.2t1 

% 3. • .,. .. ,"'" 10.10'5 10.70% 11.101' 11.30% 11.30S ".30% 1'.3~ 1'.~ 

:aUIPI j!~ACEt:!f i:Q~A!. 
~ l.@.Q!! ~ 1MQ8 

MODEL COST SUMMARY IUS 1'19178.11 37114.68 8.44" 100.00"1 

CASH FLOW (000) LAID DOWN - INSIJLAT10N FOAM CONCRE7C 

~ ,- , ... '''7 '998 
4063 MATERIAL (US I' 203.15 812.111 1015.78 1015.78 1015.78 

% !I.D", 20.00% 2".00% 2"-00" 2"'00" 

24130 LABDRII.EVA) ' .... 52 482407 """ZIIB _ZIIB /I/JOZIIB 

11551 EXCAV.MAT·LII.EVA} 577.51' 23ta.,11 _7.70 2887.10 2887.70 

3588' rDTAL (LEiVA) '7If.(011 713&24 _30 1/920.30 _30 

% !I.D'" 20.00% 2".00% 2".00" 2"'00% 

:atIiPl- j!E~E~" ~QCAI 
~ l.@.Q!! ~ l.@.Q!! 

MODEL COST SUMMARY IUS I' 4423.99 754.07 8.16" 100.00'll01 

CASH FLOW (000) TOTAL DISTRlBIJT10N PIPING 

~ ,- W! 1M W! , ... 2000 i!!!!l Wi W;J 

2'822 MATERIAL (US I, "7.70 ..... 85 2719.17 288"" 2914.7' 188"'12 1884.12 1984.12 198"'12 1984.12 

% 3.78"4 10.34'" '2.1101/0 13.39" 13.71" 9.1." 9.18" S.18"'- '.18" a.18% 

, ..... LABDR(LEVAI 5<22.95 '4684 , 1 14200.02 ,SII22." 194DC.12 136'3.07 1311,3,07 13813.07 13613,07 131113.07 

63378 EXCA"MArLII.EVA) 2391.41 6507.97 .'2200 /J43ZS! 0/U/125 _420 _420 _420 _420 566420 

207976 10TAL (LEVA) 7.,4.38 2109208 26322.03 2735$111 2S(U4.g7 ftU69.25 19469.28 'tu8II.2B 19469.2tf 19469.25 

% 3.78"4 10.14'" 12.68'" 13.11"% 13.48% S.38" 9.38% 8.3Il110 9.3Il110 a.381ft 

eQUIP' iSl;ACgNT !.OCA~ 
~ l.@.Q!! ~ ~, 

MODEL COST SUMMARY IUS $'23602.10 4518.75 8.39" 100.00"1 

.. - - - -
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- - - - - - - - - - - .. - - - - - - .. 
FIle: SA SCAOA.WK: 

DATE: - l-DK-03 

SOFIA (4) DISTRICT HEATING DISTRIBUTION I & C (SCADA) (10c) DATE: 12- .Al1- 04 
TIME: 07:43 AM 

COST aTYOF FREIGHT TOT.MAT'L RATE TOTAL RATE TOTAL 
UNIT NNIT SUB- OCEAN INLANO INCFGT. UNIT TOTAL US /HR LABOR BUL /HR LABOR 

ITEM DE9CRIFtlON VENDOR O1YMAT'~ US. STAnON US, US! US $1000) MNHR MNHRS MNHRS US. USle MNHRS LEVA _LEVAJQ!!!II 

CONTROLLER EA '000 14700 22' 30 e.oo .., 0 ,e. 
ATD EA 2eo ,.700 39 5 .. .., .., 0 .88 

SUBSTAnON WIRING LT .eo 14700 .. 3 30.00 .., 0 '88 
CONT.VLVS. 

"/'Z'(4OMM) EA '400 7350 210 28 2.eo 0 .., '88 
1112"(4CIMM) EA '400 2940 210 28 2.eo 0 .., '88 
2'/'Z'16.MM) EA 2'00 1470 3'5 'l! 4.10 0 .., '88 
4° (1OOMM) EA 3000 2940 525 70 •. 00 0 .., ••• WTR. MTRS. 
1.5CM/HR EA 87. 735 '0' 14 '.00 0 .., 0 '88 0 
2.5CM/'HR EA .75 1470 '0' ,. '.00 0 .., 0 '88 0 
SCMIHA EA 720 3875 ,oe ,. 

"00 0 50 0 ••• 0 
8CM/HA EA 720 51<5 '08 •• '00 0 50 0 .88 0 
10CMIHR EA 890 2940 '3' ,. '.00 0 .., '88 0 
15CMIHA EA '200 738 .eo .. '.00 0 .., ,e. 0 

THEARAOVLV o LT .., B82OO0 '.00 50 '88 

FLOW ELEMENTS 3 EA '3000 .2 '9.., 200 508 12.00 432 •• 50 380 '88 .. 
HEAT ALLOCATORS o EA '2 '.00 50 .88 

ALARM COMPONENTS-ABS/Ge o LT 
ISEENarE ') --------- --------- ---------SUBTOTAL $'37 (.25 MUl T/PI./ER-"." ALLOT FOR SOFIA) US It LEVA •• 

SCAOAEOUIPMENT (WEST.NGHOUSE) • LT 5,312.500 796875 ...... 0 82'6 N/A N/A N/A N/A 28' N/A N/A 23'00 
FIBER OPTIC LEASING ILT 37.~O 38 

TOTAL US S 5,3.!50,ooo 6.39Q 282 23.118 

CASH FLOW 10001 

~ '99!! ~ '997 ~ '999 
VALUES 

.37 MATERIAL IUS I) 1.92 23.27 27.93 27.93 27.93 27.93 

• LABOR (US I) 0.02 0.18 0.22 0.22 0.22 0.22 
SUBTOTAL 1.93 23.<5 28.15 28.15 2 •. 15 28.15 

18 UlSOR(LEVAJ 0.2.2 2.71 3.26 .. 26 3.26 3.26 

8.218 weST. SCAO" EQUIPMENT 87.02 1058.aa 1287.99 1287.99 1281.99 1281.99 
38 FIBER OPTIC LEASING 0.53 8.36 7.85 7." 7.65 7 .• ' 

2.' WEST. SCADA LABOR (US $I 3." 47.81 57.38 57.36 57.38 57.38 
SUBTOTAL 91.48 1,110.84 1,333.01 1,333.01 1.333.01 1,333.01 

9,672 TOTAL us S 93 . .&' 1,134.30 '.381.111 I,M1.18 1.381.11 1,381.18 

" 1.400% 17.000% 20.400% 20.~01' 20.400% 20.400% 

23.100 WEST. SCADA USOR (t..EVA) 323.40 3927.00 4712,41) 4712.40 ""2 . .fO 4Tt2.tfO 
23,118 TOTAL (LEVA) 3:J3.B2 3,929.71 ",7r5.tstI 4,T15.66 ".715.68 4.T15.66 

" 1.400% 17.000% 20.400% 20.400% :2O.4IlO"t. 2O • .coO% 

ECUIPI PERCENT LOCAL 

Mffi. LABOR !ill:!. !.MQ!! 

I MODEL COST SUMMARY IUS 'I 6390.02 1004.70 0.000'" 71.899'" 

NOTE 1: SEE SOFIA lObI & tOc' FOA DETAILS OF PIPE LENGTHS & QUANITY OF ALARMS 
NOTE 2: seE SOFIA 11 FOA SUBSTATION INSTRUMENTS & CONTROLS 

~ 

~ 



- - - - - - - - - .. - .. - - - - - - .' 

FILE: SA.AlARMS.wK: 
DATE: 22-Nov-93 

SOFIA PLANTS (10c1) HEATING DISTRIBUTION PIPING WI ALARM COMPONENTS (10c1) DATE: 12-.).11-901 

UNIT TDTAL 
PIPE FTGS PIPE MATERIAL FREIGHT PIPEiFTGS UNIT ECAV. ECAV. UNIT TOTAL MTE. LAB.COOT EX~V. OlY ALM"""RE ALMNlIRE UNIT TOTAL LAB.COOT 

METRe U.S. U.S. WALL WALL USS/ ALLOW USS/ OlYREO COST OCEAN INLAND INCFGT. MHIM VOL/M TOTAL MHIM MNHRS I HFI PlPE/EXC AlAT'L ALARMS W/FGT W/FGT MH MNHRS AL_FIE 
DIMENSION OlA. SCH IMMI IINl 12M Sl12M M~R IMillFt3) USlfm us Sl~ us s~ us 110001 PIPE I~MI (eM) eCAV. PIP~C t!,EVAI It,EVA-OOOI a.EVA-~ ~Q'D us I us tlOOID ~!.M~Ae A~~IAe a,EVA-2PS 

ON -40 -48/100 11~ 40 2.SO 0.10 107 100 17.21 1,071 18 3 22 0.81 2.100 2,2'" 0.4-48 1.135 1811.00 '9' 176 89 1,432 12. 18.00 l,tJlJ7 270 
ON !SO ..eoI12!5 0- 40 2.90 0.11 130 ., HU2 18.~3 3<10 54 422 0.74 2.187 42,313 0 .... 23 ..... 7 156.00 3,_ 3,356 I,SlO 1,432 2,335 18.00 29,34' ',-
ON 85 -78/140 21~ 40 2.90 0.11 157 110 22.2< 34,eo4 77< 118 15 ... a.lI! 2 .... 77.822 0.478 48.012 t6lJ.OD 7,742 _.r53 2,900 t,432 4,154 tUX) !52.2DIS _,77t 
ON 80 ..a9Il80 3' 40 3.20 0.13 t87 11. 24.93 72,sao t,SOI 271 3S 2.117 0.84 2.305 197,280 0.4111 103,508 16tJ.OO t7.~11 13.Z41 8,0.1 1,432 _,880 18.00 108,848 16.286 
ON 100 -1141200 4' 40 3.SO 0." 258 1<3 33.28 18,818 .85 100 13 na 1.22 2.4&7 48,.' 0.521 3',745 ,BtI.OO S,a37 3,671 t.e85 1,432 ',- IS.DO 2t.se4 5,O:U 
ON 125 -139/225 5' 40 3.90 0.14 311 134 37.08 18,1.0 5 .. 90 t2 700 t. .. 2._ 41,M1 0.552 32.7"" '''.00 5,501 3,315 1.345 1,432 1,928 19.00 24.210 4,061 
ON 150 -1881250 6' 40 4.00 0.18 381 1 .. ".30 30.551 1,353 203 27 1,583 1.10 2.7<43 83,801 0.50< 88.908 '58.00 ",745 .,537 2,548 1,432 3,8" 18.00 45,827 7,trW 

ON 200 -219/315 S' 20 <.50 0.18 582 ,.8 ..... 13,a:zO 8aa 135 ,. 1,051 2.02 3.0sa 42.23< 0.SS1 38,951 16400 11,2011 3,:u5 1,152 1.432 1,848 18.00 20,730 3._ 
ON 2:50 -273{01100 10' 20 5.00 0.20 e&!5 .. 0 93.23 4.855 .,. 85 • 50. 2.42 3.387 15.188 0.722 14,805 188.00 Z,454 ',2411 ,.. 1,432 55. 115.00 •. 953 1.173 
ON 300 -323/OCSO 10- 20 5.SO 0.22 1.095 270 114.08 .,330 723 10. .. .... 2.88 3.734 23,688 0.795 23.148 '68.00 3,IJ6g '.67" 528 1,432 75. IS.oo 9.507 r,U7 
ON 350 ...:3s!5.P.500 '" 10 5.60 0.22 1,320 ... 132.00 912 120 ,. 2 ... 3.01 0.098 3.737 0.872 3,_ 'SS.OO 595 29IJ 7. 1.432 109 18.00 1._ = 
ON 400 -'061520 16' 10 •. 30 0.25 t.<50 290 145.00 12,.15 1,&41 278 37 2,154 3.57 4.478 58,881 0.'" 57,385 1SS.00 9.1137 4,_ 1.0sa 1,432 1,5U5 18.00 11:1,043 3,1. 
ON 4!50 ~7f5BO 18' 10 8.30 0.25 I,S10 .<2 154.2' 165 '''' .. 3 174 3.91 "·8n 4,708 1.038 4.n .. '88.00 802 373 so 1,432 "' 18.00 1 .... 243 
ON 500 -<508/830 20' 10 8.30 0.25 1.90a 28. 182.S5 ..085 1,478 222 30 1,730 4.52 5.292 42.788 1.128 45,885 168.00 7,575 3,_ ... 1,432 ... 18.00 12.128 2.037 
ON 550 00658/710 ..- 10 8.30 0.25 2.281 181.42 0 0 0 .... 5.723 0 1.219 0 0 D 0 1.432 0 18.00 0 0 
ON eoo~n80 24' 10 7.10 0.28 2.71W- 232.00 11,627 2,897 405 54 3,158 .... 8.172 71,762 1.315 113,459 168.00 '9,061 5,_ ... 1.432 1,388 18.00 17,441 2,_ 
ON 850 -6801840 26' 10 '.00 0.3t 3 .... 307.00 0 0 0 9.71 "'38 0 1.414 0 0 0 0 1,432 0 111.00 0 0 
ON 100 -711/900 2" 10 8.SO 0.35 4,810 -409.17 5.005 2 .... 307 .. 2,398 11.38 7.120 35.83. 1.516 8.t,S18 flJlJ.DD fD,ll3g 2,022 "7 1,432 S97 18.00 7.508 t,2tl, 
ON 750 -7821900 30' 10 8.60 o.as 5,322 443.50 0 0 0 13.87 7.820 0 1.823 0 0 0 0 1.<32 a 18.00 0 D 
ON 800 -813/1000 30- 8.SO 0.35 5 .... 4.95.17 t,898 ... 120 17 8.3 t •. n 8.138 13,791 1.733 31,380 '88.00 S.272 ',093 .. , 1,432 20. 18.00 2,'" 027 
ON 850 -864111 QD 34' 8.SO 0.35 IU21 578.75 0 0 0 19.27 8.810 0 1 .... 0 0 0 0 1.432 0 18.00 0 0 
ON 900 ...a1411100 38' - 10.00 0.38 7,235 802.82 0 0 0 28.03 9.220 0 1._ a 0 0 0 1,432 0 18.00 0 
DN 1000 -101611200 4l1' - 10.00 0.38 8,33-4 894.50 2 .... t,873 251 33 1,857 35.55 10.372 24.988 2.201 90,981 168.00 f6.a1 t,9~ 201 1,432 '.7 18.00 3,IS14 1107 
ON 1100 -111711400 .. ' - 11.00 0.<3 12,055 - 1,004.58 0 0 0 .. .28 11.591 0 2 .... 0 0 0 0 1,432 0 18.00 0 
ON 1200 -122011400 ... - 12.00 0.47 14,ni' - 1,221.58 0 511.53 12.878 0 2.742 0 0 D 0 1.432 0 18.00 0 

282,878 US $21,122 LEVA 7i.i.057 ""'ii.3ri US 131,372 LEVA ~ 

CASH FLOW (SEE lOci 

MATERIAL (US I, 
LABOFI(t.EVA) 

EXCAV.AlAT"L(t.EVA) 

~\. 
-" 
~'\ 



..J 
~ 

- - .. - - .. - - - - -
SOFIA (4) HEATING SUBSTATIONS I & C (11) 

COST OlYOF FREIGHT TOT.MAT'L 

UNIT /UNIT SUB- OCEAN INLANO INCFGT. UNIT TOTAL US 

ITEM OE9CFlIPTlON VENDOR CTYMAT'l US! STATtON US! USS U51,0001 MNHA MNHRS MNHRS 

CONTROLLER EA I!IOO 14700 225 30 25799 •. 00 Il82OO 17640 

ATO EA 290 14700 39 5 28830 1.50 132300 ze.oao 

SUBSTATION WIRING LT 180 14700 2< 3 2752 30.00 441000 "200 

CONT.VLVS. 
l1f2"(40MM) EA 1400 7350 210 28 24079 2." 411110 8232 

',rz-(40MM) EA 1400 294Q 210 2. 9831 2." , .... 3293 

21~(65MM) EA 2100 1470 315 .. 722< 4.10 12054 2411 

4' (I00MM) 2 EA 3!100 294Q 525 7. 2~79 6.00 3526. 7056 

WTR. MiRS. 
1.!5CM/HR EA 87!1 735 ,., 14 580 '.00 294Q ... 
2 .• CMMR EA .75 1470 ,., 14 tUI1 '.00 . - 1118 

8CMIHR EA no 3675 108 14 3098 '.00 14700 294Q 

eCM/HR EA no 5145 10. 14 4334 '.00 2D58. 411e 

tOCM/HR EA BOO 294Q '34 1. 3081 '00 11760 2352 

15 CMIHA EA '200 738 '" 2. '032 <.00 294Q ... 
FLOW ELEMENTS • EA '3000 12 '950 290 12.00 

ALARM COPJIPONENrS-ABB/GC o LT 

(SEE NOTE I) ---------
SUBTOTAL 

$33,'" (.25 Ut.LT/ptfER-2S" ALLOT FOR SOFIA) 

SCADA EOUIPMENT (WESTtNGHOUSE) o LT 
N/A NfA NfA 

(SEE NOTE 2) TOTAL US $ 
33.414 

CASH FLOW 10001 

~ 1995 ,- .!!!!! ,- 1999 

VALUES 
33,.414 MATERIAL {US $I -487.80 5880.45 8818.54- 8811.54 88111.54- 88111.54 

2,083 LABOR (US ') 21.11 350.73 420.'1 420.81 420.18 420.111 

SUBTOTAL .&98.89 e,031.111 7.237.43 7ZJ7.43 7.237.43 7.237 . .&3 

30,502 LABDR(lEVA) 427.02 5'M.2fl 8222.31 6222.31 6222." =3' 

o WEST. SCADA. EQUIPMENT O.DO 0.00 •• DO •• DO •• DO •. DO 

o WEST. SCADA LABOR (US ') O.DO 0.00 •• 00 •• DO •• DO •• DO 

SUBTOTAL 0.00 0.00 0.00 0.00 •. 00 •. 00 

35.~7a TOTAL us I 49IUI9 1!I,031.18 7.237.43 7.237.43 7.237.43 7.237.43 

.. 1.400'" 17.000'% 20.40"" 2O.~0% 20.40"" 20.40"" 

o WEST. SCADA LABOR (lEVA) 0.00 0.00 0.00 0.00 0.00 0.00 

30,502 TOTAL (lEVA) Q7.D2 5, .as.2ft 8.222.31 8,222.31 8,222.3' 8,222.31 

% 1.400% 17.000% 20.400% 20.400% 20.400'% 20.40"" 

QUIP/ f;AC~m "ggAI 
!m:l. ~ !m:l. ~. 

I MODEL COST SUMMARY IUS $1 33414.43 3016.32 0.000'110 31.601'110 

OPTIONS: 

THERRAOVLV 220500 EA 50 B 12B99 1.00 220500 44100 

HEAT ALLOCATORS 225000 EA 12 2 0 3159 1.00 225000 45000 

NOTE 1; SEE SOFIA tDbt & tOct FOA DETAilS OF PIPE LENGTHS & QUANrrY OF ALARMS 

NOTE 2: SEE SOFIA toc FOR FlOW ELEMENTS, ALARM COMPONENTS. & SCADA (WESTINGHOUSE) EQUIPMENT 

.. - - - - - - -
FILE: SAHCsnC.WK3 

DA.TE: 1-0.c-93 

OATS; 12-JuI-fM 

TtME; 07:'" AM 

RATE TOTAL RATE TOTAL 

/HR LABOR BUL /HR LABOR 

US! USSW MNHR9 ~fil!A LEVA (000 

50 I!S2 718 .. I .. 13,039 

50 1,323 111S42" '" 19,559 

50 4,410 3S",,". , .. ~,197 

50 412 39221 , .. e,QB5 

50 185 , .... , .. 2,434 

50 121 lQ80S '" 1.782 

50 353 31048 ,.a 5,218 

50 29 2587 '" 435 

50 50 5174 , .. BB • 

50 ,.7 12939 '" 2,173 

50 ... 18110 168 3,043 

50 "8 10349 , .. 1,739 

50 29 2587 , .. 435 

50 '" 
--------- ---------

US $2,083 LEVA 3Q,!02 

NfA N/A NfA 

2,083 30.502 

50 2,205 194040 16B 32,599 

50 2,250 198000 168 33,264 
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FIL!. SlGWODSa WK3 .' OAT! 03-feo-N .. 
TIME: tI:t~A" .. 

TVRBIN! OENERATOR - I,IOOtFCATIONS - SOFIA Pl»ITS - At) 
NO.OF 

",N 'LA"'" 
SOfIA -. AIR COOl!DOENI!RATOA 

CLeAN, CH!CK.IALANC! ROTOA 
.lTSIotOP 

REPV.CE LA!Fft'INTH AlNM ". 
SUBTOTAL 

SOFito - 5 AIR COOLED GENERATOA 
MW CLEAN. CHECK,IALANCE ROTOR 

AlSMOP 
REPlACE LABRfINTH RINOS ". 

SUBTOTAL 

SOF~-8 HYOROOENCOOlI!DGEN!AATOfil 
MW CLEAN. CHECK. BALANCE AOTOA 

" AT SHOP 
REPLACE LAIIRnHTH RLNGS " ". 
REPLACE H P CYLINDER I-TIME 
REPAIMtECONDmON H P CVL 10.00 

SUBTOTAL 

SOF ... -. HYDROGEN COOL!.D OfNEFlATOA 
MW CLEAN. CHECK. .... UNC! ROTOR 

" AT SHOP 
R!pI..lCe LAamlNTH RINas 20 , .. 
REPLACE H P. CYLINDER 1-TIMI 

" REPA1R';AECONOffiON H.P. cYL. .... 
SUSTOTAL 

TOTALS 

ij"J5"/"""-

l!!£l, 

MODEL COST SUMMARY IUS • "092.1 

- .. - - - - .. - -

'"" "'SO Oe!AN - U.S. HOTELJOAY '00 SO.ooU.S. 

CA'. CA' • 11 MI!ALSI04Y II M'. • ,,,,A ,H" 
!X1'. .... INLAND - U .•. CARiDAY .. WUKS • ,. I.ft 1000 IN US • 

'.11 '.11 .... WEEKS • tHIUlO IN LtvA 

". '" .. 
EXl'MEN 

, 
DAYS , 

TOTALMn.. U.S, lOYALL"'. IITL 
Nn. .. C.,. TOTALYn.. IPLANT EXPENSES IHITAU,ATlOH tNITAllAno" IPt,lNT tu .•. 

LEVA .",A ,- .... 
COST SUBTOTAL V". FREIGHT U.S., 

, .... , .... 22.10 'It-IO 

10.00 to.OO 1.70 11.70 ... ... .... .... .... ... .... 
1010.00 lCO.OO z~uo 

,,. .. , .... 22.10 15t.tO 

10.00 10.00 1.70 It.l0 .... 0" ... 
'.00 .... ... 0" 

''''00 IMI_OO n.IO 113.10 

.... 00 ..... ,,, . 257.40 .... 10.00 ,",0 n7t) .... ... .... 
lSO.oo 150.00 aUO 17110 .... ... .... ... ..... .... 131.10 '31.10 

410.00 ...... '12' 5:11.20 

...... ..... 317.40 ,,, .. 
10.00 10.00 1.70 11.10 .... ... .... 

110.00 110.00 ..... 171.10 .... ... ... ... 
000 .... ... 0." 

'1000 ,.. ... .... ..... 
LI!IfA. 

US •• 

I'IiHliit"IWI.oAIr 

W2!! !!!!J, Ja2!! 
280.704 3.9511' 31.101"" 

lOTA-LUS '·31· 

U.S., LEVA US., 

3H.OO .... 
113 10 312.00 .... 

312.00 .... 
, .... 312.00 ..... 

no 0&0 .... 

"' .. 470.40 10.00 

470.40 .... 

..... • 70.40 ..... 
1724.10 us.-

1310.40 " .. 320.00 

:173 . .0 

LEYA. 

un. 1I'w:Iud'~w 

4012t 409'Z.' ... 

..... 281.' 

...... ...... IA.1tO '13.10 , .... 
,II' 211 .• 

, .... ...... IU.to IU.to 113.10 

'"' .... 

..... ...... "" .. ..... 
.... ..... 

au.1O ..... ..... ..... 444.10 

1071.20 1075.20 

L!IIA· 

..... 1310.40 12tl.1O 12t11O us • ., 

•••. 11 LABOR INC I~ 'ROD 
LI. 

210.70 LAlOR IN us. FOR S PLANTS 

- .. - .. 

LAlOR Nn.. 
LEVA .EV. 

'1M ,.1 ..., ,- ,- ..." 

..... ... ... 2".10 SH.OO .... 00 3H.00 

..... ... .. ...... :112.00 ,noo :112.00 

2M.to 2f,1.1O 25110 470.010 no 010 470.40 

HI.IO 2M 10 2".10 47040 4713.413 

1071.20 t01l 20 1071.20 1124.10 11Z'.1O 1724.10 

107120 107120 107120 

&400 U.OO 
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DATE: 
nME: 

SOFIA - 1.2,& 3 
rell,. unItS t • 2 

SaFIA-4.5&' 

safIA-7&S 

SOFIA - 8 

seLAMSO. 'NC3 

ITEM 
BURNERS 
SVRNERMGM'T 

03-Feb-94 
11:09 AM 

COMS. CONiRaLS 
FDFANOPnON 
DUCTWOR< FOR BURNERS 
SOOTBLOWERS 

WATEAWALLS 
BURNERS 
SURNERMGM'T 
COMa. CONTROLS 
SOOTBLOWERS 
MAINSTEAM UNE 
AIRHElTER RETUSe 

WA.TERWAUS 
BURNERS 
BURNER MOM'T 
COMB. CONTROLS 
SOOTBLOWEAS 
AIRHEATER AETUBe 

BURNERS 

mu~liIr 

SUBTOT.t.L 

SUBTOTAL 

SUBTOTAL 

SUBTOTAl. 

m~AL BOILER MODlFICAnONS - SOFIA PLCIITS - 50 

m~ 
~ 

PLANTS COST ACTlON NECESSITY TOTAL 

211!1.30 REPLACE NOW NEcessrrv 

REPLACE NOW NECES$ITY 
REPLACE NOW NECESSITY 

0.00 REPLAce 5 YEARS ENHANCEMENT 

58.70 REPLACE NOW NecESSITY 

D.OQ REPLAcE 5 YI!AAS ENHANCEMENT 

277.0 

o REPLACE !5 YEAA9 
'227.' REPLACE NOW 

REPLACENQW 
REPLACe NOW 

o REPLACE 5 - 10 YEARS 
1)49.4 REPLACE NOW 

o REPLACE 5 - 10 YeARS 

25n.3 

o REPIJ"CE !5 YEARS 
t!5a2.1!1 REPLACE NOW 

REPUCENOW 
REPLACE NOW 
REPLACE 5 - 10 't'!AAS 
REPLACE 5 - 10 YENlS 

1&82.' 

o R8'LACE 10 YEARS 

ENHANCEMENT 
NECESSITY 
NECESSITY 
NECeSSrTY 
ENHANCEMENT 
NECEssrrY 
ENHANCEMENT 

ENHANCEMENT 
NECEssrTY 
NECfSSIlY 
NECEssrTY 
ENHANCEMENT 
ENHANCEMENT 

NECESSITY 

0.10 

0.'. 

OAO 

0.10 

Jtm'l. SOFIA COSTS 
• 

44315.' '.000 

• TOTAl.AUUNfTSATPL4.NTntECOSTIS 0.715 3OS8.15O mu~a.d by 0.715'" 

INSTALLATION & STARTUP 0.715 "01.50 mu~a.d by 0.715'"4 

SINCE THIS PROPOSED FOR TOTAlPLANTfT 

SHOULD BE CONE AT THE SAME TIME (NOW). 
HOT WATER BOILER MOO/FICA nONS - SCF/A PUNTS - 511 

SOFIA-I-a 
retire uno I - 2 

SOOTBlOWERS 
WATERwALLS 
aURNEf;.S 
BURNER CONl1=l.OLS 

mull.~lier 

SUBTOTAL 
TOTALS 

• TOTAl. AU. UNfTS ATPiANT ntE COST IS 

INSTAlLATION & STARnJP 

SINCE THIS PROPOSED FOR TOTAlPLANTrr 

SHOULD BE CONE AT THE SAME TIME (NOwt. 

MODEL COST SUMMARY (US $' 

4 0.00 REPLACE S YEARS ENHANCEMENT 

0.50 0.00 REPlACE 5 - 10 'fEARS ENHANCEMENT 

aulP( 

!1lli 
8443.7 

o.co R!PtAcE WIT1-4!N 5 VEARS NECESSITV 
REPLACE wrrHlN $ YEMS NECessrrt 

1722.30 reduced by O.~ 

185.00 reducld by 0.50% 

k'!lQ!! 
818.7 

MArl 
O.iiiiii% 

NTLi5CAi 
J.!!lQ!! 

31.80''''' 

'.000 

MT1. 

" SUBTOTAL 
D.ll!1! 

0.000 
0 .. , 
0.000 

•. 000 
OA1S 

•. 000 
0.524 
•. 000 

0.000 
'.000 

•. 000 
•. 000 

0.000 

0.000 
•. 000 
0000 
0.000 

0.000 

- .. - .. - - .. 

OCEAN - U.s. 0.5 ..... OR ( ..... OF ..... ru 
50 0.15 US!9ULG LEVA t. t !I.2!1 eULG RAT! US S 

,88 BUI,QRATElEVA 

C.F. 
YEAR 

'11M 
'11M ,a" , ... 
'11M , ... 
,a" , ... , ... .... 
2003 , ... 
2003 

'1M 
'OM 
'1M 
'1M 
2003 
2003 

2003 

, ... 
2003 
2003 
2003 

CNTRMT\. 
U.S.S 

305.158 

...... 
1235.52 

1235.52 

1235.52 

12S5.52 

0." .... 
2m.92 

INl.AM) - U.s. 
0.02 0 .• 

TOTAL MTl.. 
FREIGHT 

37.11 
52.51 

U.S. $ ..... ' 
31'.3' 

0.00 0.00 
t.as Y.M 
0.00 0.00 .. ... 
0." 

208.74 
210.04 

0." 
.. gAO 

0.00 

.... ,. 
0.00 

219.04 
210.01 

0.00 
0." 

471.08 

0.00 

0.00 
123.1!I1IS 

0.00 
0.00 
0.00 
0.00 

0.00 

TOTAL MArl. 

88$.". 

.... 
'43 ..... 
1445.5. 

0." 
1571.80 

0." 

44t1.oo 

0." 
tISt.84 
1~5.51 

0." 
0." 

32t7.20 

0." 
0.00 ....... 

... 
0.00 
0.00 
000 

0." 
1loW3.&I 

8443." 

0.2 32 0.1155 
U.S. BULB TOTAL l.8R. Ml1.. C.F. TOTAL /YEAR 

WlOR WlOR /PUNT 
U.S. S u.s. $ LEVA 
2'.54 11.80 

SU.S. 
,",11M 

255Al 

2003 

11.1' 3,78 

0.00 0.00 
8.87 3.17 
0.00 0.00 

40.10 

..00 
1~." 

32.71 

.... 
151.81 

•. 00 

OSC ... 

0." 
1155.1' 

tt" 

0." 
0." 

217." 

'.tl 

1.1' 
101.02 

0." 
0." 
•. 00 

0." 

115.11 

•. 00 
8'.~1 
t5.1' . ... 

..00 , .... 
•. 00 

1&4.45 

0.00 
155.55 

15.'" 
•. 00 
0." .... 

100.'. 
".78 

".111 
211JI1 

•. 00 
0.00 .... 
•. 00 

381.'" 

..... 
111.11 1115.41 

1431.14 
'"5.58 

15715.150 

51.". 4411.00 

3.71 

1851.64 
1445.51 

337.20 

0.00 

0." 
.... 02 

0.00 0.00 0.00 

277.117 7".02 1S443.11S8 

.... OF TOTAL l00.~ 

0.00 

0.00 

0.00 

0." 

0.00 

0." 

0.00 

0." 

..00 

0.00 

0." 

0." 

0.00 

.... 
0.00 

0.00 

•. 00 

.... 

0.00 
0.00 
•. 00 

0.00 0.00 
0.00 0.00 

0.00-. o.~ 

'9M 
11.80 

S.7S 

3.11 

111.71 

se,,7 
15." 

72." 

us.us 

as.55 
1514 

100.18 

0.00 

•. 00 
21$.8' 

".154% 

.. 

BULa 

lABOAUSS , ... 
•. 00 

..00 

•. 00 

0.00 

0.00 

0.00 

0.00 

0.00 

•. 00 

0.00 
0.00 

o.OO'lt" 

-

2003 

0.00 

0.00 

0.00 

0.00 

0.00 
•. 00 

0.00 

3.78 

3.78 

0.00 
•. 00 
0.00 

•. 00 
S.18 

1.3ee4 

-
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STOYOOSo.WIU . , 11121 

OAT!. tI-.... -M •• CAP. 

TIME: 03.ot'" S3 ..... , .. 
TVAIINE aENEAATOR _ MODIFJ:ATlONS - SOF ... PLMTS - &b 

-
25/S0 
CAP. ..... , .. 

1m. .. C.F. 

- .. 

OCUK -u.S. ... 
IN!.AND - U.S. 

O.OZ 

tcOTEL..OAV 
MUoLSmAY 

CARlO"V 

, .. 
II 
so 

111 

TOTALMlL 
TOTAL loin.. ,p,",NT 

-
" .. 

WEEKS 
WEEKS ". 

EXP.IoI'N 
DAVS 

-
so.ooul. · • • .. 

• , 
.. 

tNST"llAnoN INST"U,ATlON 
u.s., ,!VA 

-
,!VA ,. 

TOTALLIIR. 
,P!,ANT 
....,A 

-
/II. 
U.IULGINUS. 
1M IIUl-G IN LEY" 

un.. 
'U.S. , ... ,'" NO.OF 

""" 
PU .... COST SUBTOTAL y .. , FREtaHT U.S., U.S.S 

U.S, 
EXPENSES ,"A _ .. .... 

SOFIf,-. AIACOOLEDGEN!MTOR 
130.00 130.00 

IW ClEAN. CHECK. SALlNCf ROTOR 
.. .. 10.00 ... .. ATSHOP 

REPLACE LAIRI'lNTH RINGS 'SO ... . .. 
SUBTOTAL "0.00 Ito.OO 

90f.-6 AIRCOOLEDGENEMTOA "' ... 130.00 

MW CLEAN, CHECK. BALANC! ROTOR 
to.oo 10.00 .... .. USHOP 

RE'LACe LAIIR'fINTH !lUNas 'SO ... . .. 
SUBTOTAL '4000 , .... 

SOFIo\ -. ~DROGEN COOU:D GENIMTOA ...... ..... 
MW C1.EAH, CH!CI(.IALANC! AC)tOA 

, ... 10.00 .... 
SO AUHO' 

REPLACE LABIWINTH RlNOS .. 'SO 110.00 lSO.oo 

REPLACE H.'. CYLINDER I-11M! 
.... ... 

REPAIMIECONOITIOH H.P, CYL. ..... .... .... 
SUBTOTAL ...... ...... 

SOfilo .t I«OAOGEN COOLED GENERATOR 
...... .... 00 

MW cLEAN. CHECK. BALANCE ROTOR 
10.00 to.OO ... 

" "UHOP 
REPLACE LJ.IRtINTH RINGS .. '.SO , .... tlO.OO 

REPLACE H.'. CYLINDER ,_nul! ... .... 
REPAIMECONDmON H.', en .. 1'1 ..... .... .... 

SUBTOTAL 3M.OO uo.oo 

TOTALS 

MODEL COST SUMMARY IUS • 

~ ft;tK.OSl'!!w'Y .... 

!!!Do I.Y2!! !!!Do I.Y2!! 
.. 092.1 211O.7M 3.8!1'% 31,801" 

22.10 
t.l0 ... .... 

2"" 
22.,' 
t.l0 ... .... 
"' ... 
3740 

1.10 
0." 

21.50 .... 
tUO 

llZ.10 
1170 .... .... 

1113.10 

112.10 
1170 ... ... 

113.10 

ZI1.40 
11.70 .... 

171.10 
.oo ..... 

71.20 UI.IO 

3140 ZI1.40 
t.10 11.70 
0.00 0.00 

Z'.IO 111.10 
0.00 0.00 
0.00 0.00 

... to "" 10 

l.£VA -

uso· 

TOTAl, US '·3-

, .... , .... 
...... 

113.10 :112 ... 

470.&0 

...... 470.40 

470.40 

...... 0470.&0 

172fi.1O 

1310.40 .U. 

un.. \nCIUded" 
4012:.' ...... 

..... 

..... .... 
..... 
.... 

..... 

..... 

..... 
US!-

320.00 

313.10 

l.ei" -

NO 

.... 
..... ...... 1113.10 , .... 

H •.• ..... 

..... ...... tI~1.1O 113.10 

..... .... 

...... ...... ... ... ..... 
.... ..... 

..... _ .. ...... ...... 
1011.20 1011.20 

".00 1310.40 IZ".IO 

.... 1.L.AltOAINCIO'If.PAOD , .. 
210.10 LAlOR '" US. FOR 3 PUNT'S 

- - - ' .. -\ 

.... '-'10" "n.. 
""A ,"A ,- ,- ... , . ... .... 

183.10 ... .. 211.10 
_ .. , ..... 312.00 , ..... 

113.10 2 .... ...... ..... ...... ... ... ... ... 

... ... 2M.to 'HI.IO ZOIO 47040 470.40 470.40 

... ... ... ... ..... 281.10 470.40 470.40 410 ao 

1071.20 107120 1071.20 I1Z.1O 1124.10 '72410 

l.1N" - 1071 20 107120 1071.20 

Ittl.to us,· .... .... .... 
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FILE.: 

DATE: 
T1ME: 

.. 

seL.AMSO.W<3 

-
11-Mflr-94 

03:07PM 

- - - - - .. 

THEFIMAL BOILER MOCJFlCA nONS - SOFIA PlANTS - 511 MT\. 

- - - -
OCEAN -u.S. •. 5 WlOR!SO" OF ..... Tt) 

50 0.15 US/BULG lEVA 1.1 

1Hl..ANJ - U.S. 0.2 32 0.1155 

0.02 O.S U.S. BULa TOTAL LBR. 

.. 

15.25 !ut.G RA1"1! us S 
til BULB RATElEYA 

-

r.m.. C.F. TllTAl.1YEAA 

NO. OF " TOTAL " SUBTOTAL 
C.F. 

YEN> .... .... .... .... .... .... 

CNTRMTL TOTALMTL WlOR WI""",LANT • U.s. 

ITEM PlANTS COST ACTION 

SOFIA - 1,2,& J 
retlr. units t &. 2 

SOFIA - ... 5& I 

SOflA-7&e 

soFIA - 9 

BURNERS 
BURNERMGM'T 
COMEt CONTROLS 
FOFAN OPTION 
OUC'TWOff( FOR BI..RNERS 
SOOTBLOWERS 

WATERWAUS 
Bu:tNERS 
BURNERMGM'T 
COMB. CONTROlS 
S00l9LOWERS 
MA1NSTEAM UNE 
AlRMEATER RETUBE 

WATERWAUS 
BURNERS 
BURNERMGM'T 
COMe. CONTROLS 
SOOTBlOWERS 
AIRHEATER RETUBE 

BURNERS 

mU-.,1Ief 

SUBTOTAL 

SUBTOTAL 

SUBTOTAL 

SUBTOTAL 
roTAL SOFIA COSTS 

• TOTAL ALL UNITS ATPlAN'T THE COST IS 0.78 

INSTALLATlON" STAATtJP 0.78 

SINCE THIS PROPOSED FOR ToTALPLANT IT 

SHOULD BEDONE ATTHE SAME TIME (NOWj. 

218.30 REPLACE NOW 
AEPLACENOW 
REPLACE NOW 

0.00 REPlACE 5 YEARS 
!SIUD REPlACE NOW 

0.00 REPlACE 5 YEARS 

271.0 

o REPI..ACE5Y9rAS 
1227.9 REPLACE NOW 

REPLACE NOW 
REPlACE NOW 

a REPLACE 5 - 10 YEAAS 
13411.4 REPlACE NOW 

o REPlACE! - 10 YVAs 

2577.3 

o REPlACE 5 VENtS 
t582.1 REPLACE NOW 

AEPlACENOW 
REPlACE NOW 
REPLACE 5 - to YEARS 
REPlACE 5 -10 YEARS 

...... 
o REPlACE 10 YEARS 

...... 
3088.10 muQlIIed by 0.75" 
401.50 mu~1Ied by 0.78% 

NECEssrT'i 
NECESSITY 
NECESSITY 
NECESSITY 
ENHANCEMENT 
NECESSITY 
ENHANCEMENT 

ENHANCEMENT 
NECESSrTY 
NECESSITY 
NECESSITY 
ENHANCEMENT 
NECESSITY 
ENHANCEMENT 

ENHANCEMENT 
NECESSllY 
NECESSITY 
NECESSITY 
ENHANCEMENT 
ENIWICEMENT 

NECESSITY 

0.10 

OAO 

0.40 

0.10 

',000 

HOT WATER BCILERMCXJfFICAnONS - SOFIAPLVITS - 511 

SOFIA-1-1 
retlreunb1 - 2 

SOOlSlOWERS 
wATEAWAUS 
BURNERS 
BURNER cONmOLS 

mu~1er 

SUBTOTAL 
TOTALS 

* TOTAL AU UNITS AT PLANT THE COST IS 

INSTAl.l.ATlON &STARnJP 
SINCE THIS PROPOSED FOR TaTAl..PLANT IT 

SHOULD BE DONE AT THE SAME TIME ~. 

MOOEL COST SUMMARY IUS 5' 

• 0.00 REPUte 5 YEN\S ENHAHCEMENT 

0.50 0.00 REPLACe 5 -10 YEARS ENHANCEMENT 

UiP1 
MArt. 

8«3.7 

0.00 REPlACE WITliIN 15 YEARS NECESSflY 
REPLACE WITHIN 15 YEARS NECESSfTY 

1722.30 teduee:t by 0.!5Q44 
195.00 reducedbyo.5O"Jtt 

~ 
878.7 

!!ill 
0.000% 

""OR 
31.801% 

'.000 

0.758 

0.000 
0.212 
0.000 

0.000 
0 .• 711 

0.000 
0.524 
0.000 

0.000 
'.000 

0.000 
0.000 

.... .... .... ..... 
200S .... 
200S 

.... .... .... .... 
200' 
200' 

0.000 2003 

0.000 
.,000 
0.000 
0.000 

0.000 

.... 
200S 
200S 
2003 

U.S. S FREIGHt U.S. S 

37.11 25SA1 

308.88 52.5' 3111.31 

""' ... 
1235.152 

1235.152 

1235.52 

1235.52 

0.00 

0.00 
2771.112 

0.00 0.00 
I.M sa.88 
0.00 0.00 

",10 

0.00 
208.7. 
210.01 

0.00 
mAO 

0.00 

8018.'15 

0.00 ... ... 
210.01 

0,00 
0.00 

.11.08 

0.00 

0.00 
lm.M 

.,00 
•. 00 
•. 00 
.,00 

0.00 

TOTALMAT( 

185 .• 1 

..00 
1431.&4 
1445.51 

•. 00 
15711.80 

0.00 

4411.00 

0.00 
1851. ... 
...... 51 

0.00 
•• 00 

"'7.20 

0,00 

0.00 ....... 

•. 00 
0.00 
•. 00 .... 
0.00 

&443." 

8443.81 

U.S. • U.S. • LEVA 1894 lltS 2003 1854 

~.54 11.80 

8.111 3.71 

0.00 0.00 
1.17 3.17 
0.00 0.00 

40.80 

.... 
143.11 
32.71 

.... 
157.118 

•. 00 

334.30 

0.00 
1&5.1' 

32.78 

.,00 
0.00 

217.82 

8.11 

..,. 
SOt.02 

0.00 
0.00 
0.00 
'.00 

HUe 

0.00 
n.37 
15.1. 
0,00 
0.00 ,.. .. 
0.00 

lMAS 

0.00 
05," 
111.1. 
0.00 
000 
O.DC? 

tOO.18 

:ua 
3.71 

277.S7 

0.00 
0,00 
0.00 
0.00 

oeaA. 
381.311 

..... 
11.71 aaSAI 

'438.14 
1445.151 

'1578.50 

!li1 All 4481.00 

18!1iUM 
• .... 51 

"".20 

3.78 

0.00 

0.00 
."1.02 

0.00 0.00 0.00 
277.87 74.02 844t.U 

"II. oF TOTAL l00.00"Jtt 

0.00 

0.00 

a.oo 0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

•. 00 

0.00 

0.00 

•. 00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 
.,00 
0.00 

0.00 0.00 
0.00 0.00 

O.OO"JIf. O.~ 

11.80 
u. 

3.17 

111.71 

".37 
15.14 

..... 
154,045 

05.05 
15.14 

100.18 

0.00 

0.00 

m." 

98." .... 

-
auta 

LABOR US S .... 
~oo 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

•. 00 
0.00 

0 ...... 

-

2003 

0.00 

0.00 

0.00 

0.00 

0.00 
0,00 

•. 00 

3.71!! 

3.18 

0.00 
0.00 
0.00 

0.00 
3.71 

.. -

-



. DETAILED ESTIMATE TABLES 

KOSTOV TRAJCO CASE K1, K2 

LlULIN CASE L 1, L2 
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BULGARIA DISfRICI' HEATING STIJDY 

CAPITAL COST AND CASH FLOW 

VwI .. 1/ PI .. t: I· DETAIL IK1-- INPUT AREA 
Technology: Boller Rehabilitation at ExIstIng Kosbr station 

Demand: ~ _________________________________________ ~ 

Code D ..... I tlon 

11 Sito Improvements 
lb Domollion 
2 FOlJ:1dalons 
3 Slruch.rosIBllklng. 
4. Combustion T"bI", Genera">!' 
4b Stoam Tu-blna Goner .. or 
5. StandllfdBoIlar. 
5b HAd Bad Bollars 
5c Heat Rocovery steam Gonera">!'. 
8 EnWonmentalControls 
7. Matortat Handing & Fuel Supply 
7b FoedWaler, Condeno"o, atc. 
7c other Mechanical EqUpmant 
8 Electrical and I&C 
9 Power Distribution & Tran.mlollo 

lOa Hoalng DI.trlbulon EqIlpmant 
lOb Hoatng DI.trlbulon PIping 
lOe He.lng DI.trlbulon I&C 
11 Hoalng BIb.talon I&C 

TOTAL DIRECT COST 

~ = A .. l.mod 1993 
Exchange LovNSS 

Tot.llocll 
Exptncltu-o. 

Vo. a..v Xl 0001 

t993 

1994 4,192.0 
1995 
199B 
1997 
1998 24,181.1 
1999 
2000 
2001 
2002 
2003 9,755.0 
2004 
2005 
2008 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTAL COST 38109.0 

Glbort/COIlYTlonwo.nh 

local E_ncItu"e.ln l.v,xlooo 

Eqo..jpmant COnlhJctlon Enginloring Totolloc.1 
andM.torl.t & labor & Homa OIIIca E_ncItu"a. 

29,928.4 29,928.4 

29,028.4 29928.4 
Plant D.1I1J1 Enginioring 7.5% 2,244.8 

Construction ~lIon 
Fr.",tlSlfpplng Inc ...... d 
OWner'. Call. 3.0% 985.2 
Tax .. and Parntt. 
othIr 
SUBTOTAl 33,138.2 

ESCALATION w/.conontc. 

CONTINGENCY 15.0% 4,970.7 

TOTAl C08T (lIuIgwta.,.., 38,109.0 

Tot.lloclt Totll ForlllJ1 Not .. : 
E_ncllIJ'o. E_ncItu".o 

11US$.xt 0001 'lUstx.lOOOI 1. 

131.0 5,829.7 

755.0 28,880.4 

304.11 8,350.3 

TOTALIN USS 
51190.9 2849.3 IUS$.xtoool 

3840.2 

FOI'IIIJ1 Excholnge E_ndllJ'a.1n US$,x1ooo i 

EqUpmant COnltuction Enginioring otllFor. Exch 
and Motorllt labor & Homa OIIIca E_ncItu" •• 

31,480.8 2,024.3 33,494.1 

, 

I 

I 

! 

, 
I 

$31489.8 $2024.3 &33.494.1' 
Plant D.1I1J1 Enginloring 7.5% 2,512.1 
Construction ~lIon 
Frll",tlSlfpplng Inc ...... d 
OWner'. Call. 3.0% 1,080.2, 
Tax .. and Pormt. 
othIr 
SUBTOTAL 37,088.4 

ESCALATION w/.conontc. 

CONTINGENCY 15.0% 5,583.0 

TOTAL COST IForeign Exch. p.t) 42,849.3 

POlll8 

CAPITAL COSTS: 

CASH FORECAST PERCENTS 
CASH F/C 

VO" 
1993 
1_ 
IDD5 
1998 
1907 
1098 
109D 

2000 
2001 
2002 
2003 
2004 
2005 
2008 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
fAt: 

- .. - - .. 

24-M .. -94 
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RUWARIA D1SI'RICf HEATING gruDY 

CAPITAL COSfANDCASH FLOW 
Varlonl I Planl: I DETAIL IK1 

Tochnology: I Staam Tulblne Generator Rehabilitation at KoaIoIt Slatlon 
D.~nd: L. ________________________________________ ~ 

Loc.1 Expenclb.ro,ln Lov,xl000 Forallr1 Exchange Expendb.ro,ln US$.xl000 

E~pment ConstructIon Englne .... ng Tol.ILo .. 1 E~pment ConotucUon EngineerIng 01.1 For. Exch 
Code Doscrlption ondM.I ..... 1 & Labor & Ho .... 0lIl .. E __ nclb.r.o ondM.I .... 1 Labor & Homo 0lIl .. E_nclb.r •• 

1& SII. Improvemonts 
lb O.maltlon 
2 Foundalon. 
3 S1ructu-.s,lBLilcings 

4& Combustion Tu-b1n. G.nerab-
4b Steam TU'blne Ganercior 7.098.B 7.098.B 9.937.1 827.0 10.584.1 
Sa standald Bolio .. 
5b FiJldBod Bolio,s 
5c Hoat Rocovery steam Gonorab-
e EmAro..."ontal Controls 
7. Material Handing & Fuol SUpply 
7b F •• dwal .... Condonsall .• Ic. 
7c other M.chanlcal EqLiprnent 
8 Eloclrlcal and I&C 
9 Power Dlslrlbutlon & Transml.oIo 

lOa Hlalng Olslrlbuton EqLiprnent 
lOb H.alng Olslrlbuton PIping 
10c H.alng Olslrlbuton I&C 
11 Hlalng Substalon I&C 

TOTAL OIRECTCOST 7 ose.B 7098.8 $9.037.1 $827.0 $10584.1 
Plant O.oIlr1 Englne .... ng 7.5" 532.3 Plant O.oIlr1 Englnetrlng 7.5" 792.3 
Conatructlon s...>onIoion ConotucUon s...>onIalon 

::::::EJ = A •• u-nod 1993 FralghtlSlipplng Inckldod Frolghl/Slfpplnll InckJdod 
Exchange Lo.IUS$ ewr-', Call. 3.0"- 228.g OW\'1tr·.Coot. 3.0" 340.7 

Tax .. ond Ptrnfl. Tax .. ond Ptrnfl. 
other other 
SUBTOTAL 7.857.0 SUBTOTAL I!,e07.1 

ESCALATION w/oconamc, ESCALATION w/.conamc. 

CONTINGENCV 15.0% 1.1711.7 CONTINGENCV 15.0"- 1.754.8 

T9TAL COST (Bulgarl.~ - -~.~~ _ TOTAl COST !!':orelll!l ElIch. c-tl 13.451.7 

TolalLocal Tol.ILoc.1 Tol.1 Forallr1 Notaa: 
Expenclt" .. E_ncllu-.. E_ncl"'o, 

Vo .. ft. •• xl 000) ! (UShl000) I (US$x.lOOO) 1. 

1993 
1994 2.259.1 70.8 3.382.9 
1995 
199B 
1997 
199B 2.259.1 70.8 3.382.9 
1999 
2000 
2001 
2002 
2003 2.259.1 70.8 3.382.9 
2004 
2005 
2008 
2007 
2008 2.259.1 70.8 3.382.9 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTAL IN US$ 

TOTAL COST 9038.8 $282.4 513451.7 (US$,xlOOO\ 
_ $13.734.1 

Gll:)lrtJCommonweaHh pogo II 

- - -
INPutAAEA 

CAPITAL COSTS: 
TOTAL CAPITAL COST. US$,xt 000 

CASH FORECAST PERCENTS 

Vo .. 

CASH FIC I Tol.1 Loc.1 ITol.1 Forallr1 
E_nclb.r.. E_nclb.r .. 

"/yo.. %/Y ... 
11193 
11194 
11195 
l11ge 
1997 
199B 
1909 
2000 
2001 
2002 
2003 

2004 
2005 
2008 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

'OTAL" 

~d4. ·8,0%1 

.. ~.O%! 

- .. .. -

24-101 .. -94 
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BULGARIA D1SfRICf ImATlNG mmy 
CAPITAL COST AND CASH FLOW 

VorI .. I' PI .. \: I DETAIL 1K2 
Technology: I Boller RehabllHatlon at ExIstIng ICosIDIr station 

Oenumd: L. ________________________________________ ~ 

Local Expendllre.In Lev,xl0oo FortllJ'! Exchange Expendllr •• In US$,x1 000 

EqlJpmont Conshlcflon Engineering TotalLo.al EqlJpmont Co",tucllon Englnewing otal For. Exch 
Code DeoalDtlon and Mal"'al & Labor &Ho .... OIIIc. E_ndIlr •• and Mal"'al Laba' &Ho .... OIII .. 1e-nd\U" •• 
1. Sit. """'Owmont. 
lb Domoltion 
2 F o,"""alons 
3 Structu-es/Bulldings 
4. Combustion Tu-blne Generalor 
4b Steam TlI'blne Generator 

31,849.41 Sa Standard Boller. 28.013.1 28,013.1 29,954.8 1,8IM.8 
Sb Fluid Bed Boll ... 
Sc Heat Rocowry Stoam Goneralor 

I 6 Enwormental Controls 
7. Material Handing & Fuel SLll'PIy 
7b Faectwaler, Condensate, .tc. ! 

7c other Mechancal EqoJpmenl 
8 Electrical and I&C 
9 Power Distribution & Transmlsolo 

10. He.lng Dlstrlbuton EqoJpmont 
lOb Heatng Dlstrlbuton PIping 
10c Heatng Distrlbuton I&C 
11 Hoalng SIbst.lon I&C 

TOTAL DIRECT COST 26,013.1 28013.1 $28.154.8 $I,8IM.8 $31848.4 

Plant OoollJ'! Engineering 7.5% 2,101.0 Plant D.oIlJ'! Engineering 7.5% 2,388.7 

:=.g] = A.sLI11ed 1993 

Con,1nJCtion SUpenI oIon Constucllon SUpenltlon 

FrtlghlJSHpplng IncUdod FrtlghlJSHpplng IncUdod 

Exchange Lov/US$ OWner', Coli, 3.0% 003.4 OWner',ColI, 3.0% 1,027.1 

Tax •• and Permit. Tax •• and Permit. 

Other Other 
SUBTOTAL 31,017.8 SUBTOTAL 35,285.2 

ESCALATION w'.conomlc, ESCALATION w,.conomlc. 

CONTINGENCY 15.0% 4,852.8 CONTINGENCY 15.0% 5,288.8 

TOTAL COST (Bulgwta port) 35,870.2 TOTAL COST (FonIgn Exch. p.-t) 40,555.0 

Total Local Tot.ILocal Total FortllJ'! Nol .. : 
Expendtu-., E"".ndtu-II Expendl" •• 

Y"t (l.v xl 0001 I IUShlOOOI lUS$xlOOO1 1. 
1993 

1994 4,244.6 132.8 5,758.8 

1995 
1996 

1997 

1998 24,113.1 7S3.S 28,510.2 

1999 

2000 

2001 
2002 

2003 7,312.4 228.S 8,288.0 

2004 

2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTAL IN US$ 

TOTAL COST 35870.2 51114.7 540555.0 IUS$xloool 
541,888.7 

GIIl.rVConmonw •• Hh page 8 

- .. .. .. .. .. 
INPUTAAEA 

CAPITAL COSTS: 

CABHFORECASTPERCENTS 

CASH Ftc I TotalLocal ITotalFortllJ'! 

Y!!:. 
1993 

1884 

1895 

1998 

1997 

11198 

1090 

2000 
2001 

2002 

2003 

2004 
2005 
2008 
2007 
2008 
2009 
2010 
2Oi1 
2012 
2013 
2014 
2015 

'OTAL 

Expendllr •• Expencltl.r., 

%IY'. 

PERCENT OFTOTAL $ • LOCAL 

engineering 

.. 

24-M .. -04 
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BULGARIA DISTRICT HEATING sruDY 

CAPITALCOSfANDCASHl'LOW 
V8If .. 1/ PI .. t I DETNL ]K2 

Technology: IStaam Tumlne GaneratorRehBbllltation lit ICoIrto\r Stltlon 

Code D .. al on 

la Slto Improvoments 
lb Domoltlon 
2 Foundatons 
3 StructlJ'.SlBulldings 
~. CombUstion TlJ'blno G.ner."" 
4b steam TlJ'blno Gonerlilor 
Sa st.ndsrcl Baliors 
5b FUd Bod Bailors 
50 Hoal Aecovery st. am Goner."" 
8 Envlrorvn.ntal Co,*oll 
7a M.lortal Handing & Fuel ~Iy 
7b F •• dW' •• r, Condensat., etc. 
7c other Moehanleal Equipment 
8 Eioctrlcal .nd I&C 
8 Power DIstribution & T,ansmlsio 

10. Ho.lng Dlstrlbuton E ..... pment 
lOb Ho.lng Dlstrlbuton PIping 
10c Ho.lng Dlstrlbuton I&C 
11 He.ln Subsl.lon I&C 

TOTAL DIAECTCOST 

3~= ASlumed1993 
Exchange Lo.NS$ 

YOIII 
1993 

1994 
1995 
1996 
1997 
1999 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2008 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTAL COST 

GlbertiComrnonw.anh 

2.259.1 

2.259.1 

2,258.1 

2,259.t 

9.038.11 

Dtnwnd: L _________________________________________ ~ 

Local Expenclhre.In Lov,xl0oo Foreign Ex"'- Expendlu'uln USS,x1000 

E ..... pmont Iconorucuon I Englnlloring I Tol.ILoeal I EcPpnltnt IcolllhJcUon I Englnlloring !TolaIFor. Exch 
ond M.lootal & Labor & H ...... 0IIIc. Expenclhr., and Maloot.1 Laber & H ...... otic. I E: 

7,09II.B 7,09I1.B 0,037.1 827.0 

7,0911.8T 7098.11 $0037 . .-, $827.0' 
Plant DOign Englnlloring 7.5% 532.3 Plant D.ign Englnlloring 
ConllrucUon SUponIlion ConohJcUon SUponIlion 

7.5%, .n.~, 

F,oIghtISHpplnD InctJdod Freighl/Sl'lpplnD InctJdod 
Qwnor',ColI, 3.0% 22B.8 owner', Coli. 
T .... and Pomfl. Tax .. and PomflI 

3.0%1 Mo.71 

othtr other 
SUBTOTAL 7,857.0 SUBTOTAL 11,8117.1 

ESCALATION w/,eanomle. ESCALATION 

CONTINGENCY 15.0% 1,178.7 CONTINGENCY 15.0%1 

TOTAL COST 1BUta.rt • ...u ',0311.8 TOTALC08T 

Nol •• : 

1. 

70.8 3,382.0 

70.11 U82.0 

70.8 3,382.11 

70.8 3,382.8 

282.4 

page 19 

- ... -
INPUTAAEA 

CASH FORECASTPEACENTS 
CASH FIC I Total Local ITola. Foreign 

ExpendltlJ'.. Expondlu'o. 
Y ... 
1893 
1_ 
1895 
1898 
1897 
1111111 
1889 
2000 
2001 
2002 
2003 
2004 
2005 
2008 
2007 
2008 
2008 
2010 
2011 
2012 
2013 
2014 
2015 

'OYAL 

~ - .. -

24-MIII-84 
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BULGARIA DJS\'RICT ImATlNG STIJDY 

CAPITAL COST AND CASH PLOW 
Vorl .. " PI .. I: I DETAIL IK1 K2 

ToclVlology: I DlstrlJUtion PipIng wlLD.Sensors In Kostov Heating DllltrIct 
Domand: L. ________________________________________ ~ 

Local Expendtu-o.ln Lov,xlooo Forol", Exchange Expondt"o.ln USS,xlooo 
E~nt ConshJcUon Engineering Total Local EqJpment Con.hJcUon Engineering otaIF .... Exch 

Code DosaiDtlon andM_terial & Labor & Home OIIIeo Expendt" .. and Material Labor & Home OIIIco E_ncttu-o. 

1. Sit. Improvement. 
lb Demoilion 
2 FOll1dalons 
3 S1ruet"eS/Blildings 

4a Combustion Tllblno Generator 
4b Steam TlJ'blno Gonerolo, 
5. standard Bolle,s 
5b Fluid Bed Boilers 
5c Heat Recovery steam Oenerabr 
8 Environmental Controls 
7. Malorial Handing & Fuel SupplY 
7b F •• dw~er, Condensal ••• tc. 
7c othe, Mochancal EqJpment 
8 Electrical and I&C 
9 Power Distribution & T,ansmisllo 

10_ Healng Dlstributon EqJpment 145.11 145.11 2,223.11 2.223.11 
lOb He.lng Dlslrlbuton PIping 588,817.1 588,877.1 59,827.3 59,827.3 
IOC Healng Dlslrlbuton I&C 
11 H._lng Substalon I&C 

TOTAL DIAECTCOST 5811,022.7 5811022.7 $82.0S1.3 $112051.3 
Plant 0.11", Englneorlng 7.5% 44,1711.7 Plant 0.11", Engineering 7.S% 4,1153.8 

~= Assllned1993 
Construction 8I4>onIlion Construction 8I4>onIlion 
Frel~tJSH"",ng IncUdod Frel~tJSH"","1I IncUdod 

Exchange L8v/US$ OWner'. Coli. 3.0% 18,1198.0 OWner'. Cost. 3.0% 2,001.2 
T .... and Permt. T .... and Ptmflt 
other other 
SUBTOTAL 1152,1115.4 SUBTOTAL 88.7011.3 

ESCALATION wl.eonomie. ESCALATION wl.conomie. 

CONTINGENCV 15.0% 117,8211.3 CONTINGENCV 15.0% 10,305.11 

TOTAL COST fBura-ta p.t) 750,024.7 TOTAL COST (F~ Exeh. part, 711,012.2 

Tolal Loca' Total Lac_I Tol_' Forel", Nolo" 
Expendt" •• Expendtu-•• Expendt"o. 

V.", I lI..v xl 0001 I tuS$ xl 000) IlUs$x 10001 1. 
1993 
1994 32,251.1 1,007.8 3,397.5 
1995 108,803.8 3,393.11 11,330.4 
1998 135,879.5 4.240.0 14,IS9.0 
1997 137.779.5 4,305.8 14,380.2 
1998 139,204.8 4,350.1 14,530.3 
1999 39.301.3 1,228.2 4.243.0 
2000 39.301.3 1,228.2 4,243.0 
2001 39,301.3 1,228.2 4,243.0 
2002 39.301.3 1,228.2 4,243.0 
2003 39.301.3 1,228.2 4,243.0 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTAL IN US$ 

TOTAL COST 750024.7 $23438.3 ~9012.2 ruS$JelOOOI 
$102450.S 

Gllbort/Commonwoafth page 10 

- \ ..... 
iNPUTAAEA 

CAPITAL COSTS: 

CASH FORECABTPERCENTS 

Vo .. 

CASH FIC I Total Locel ITotaIF ... eI'" 
Expandt".. Expendll.ro. 

%/Y... %/Yo .. 
11193 
111M 
11195 
1098 
19117 
11198 
1099 
2000 
2001 
2002 
2003 
2004 
2005 
20011 
2007 
2008 
20011 
2010 
2011 
2012 
2013 
2014 
2015 

'i'O'i'At' 

4.3% 
··.t4.3%! 
···17.KI 

~.tI.2'lr. 

/ .. .. r" ... 

24-M .. -M 
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BULGARIA DISTRICf HEATING STUDY 

CAPITAL cosr AND CASH FLOW 
V"anll Planl: I' DETAIL IK1 K2 IN~ut AREA 

Technology: . Control Sylllam '-"grade for Koebr "-Ina DIstrIct 
DI~:L-______________________________________ -J 

Code Dual tion 

I, Silo Improvement. 
lb Dernoltion 
2 Foundalon. 
3 struct"e"'Buildings 
40 COmbuollon T"blno aonera ... 
4b steam TlI'blne Generaor 
Sa Standard Bollor. 
5b Fluid Bod Boller. 
5c Heat Recovery steam Generator 
8 Envtronmantal Controls 
7a Matarial Handing & Fuel SUpply 
7b FeedWaler. Condenstie, elc. 
7c other Mechanl.al Equipment 
B Electrical and I&C 
9 Power Distribution & Transmillio 

lOa H.alng Dlstributon Equipment 
lOb Hoalng Dlstributon PIping 
10C Hoalng Dlstributon I&C 
11 H.aln!! SlJl.talon I&C 

TOTAL DIRECT COST 

321 = Assumod 1993 
Exchange LeV/US$ 

Total Lo.al 
Expendt" •• 

Ve", (Lov.l000) 

1993 

1994 3,588.0 
1995 43,588.0 
1998 52,281.8 
1997 52,281.8 
1998 52,281,8 
1999 52,281.8 
2000 
2001 
2002 
2003 
2004 
2005 
2008 
2007 
200S 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTAL COST 258282.4 

GIIbert/Commonwe.Hh 

Local ElCP'ndItJ"lIln LIY,xl000 Foreign Excmr.g. ExpendltJ"lI In US$,xl000 

EcPpment 
Mel Malortal 

Conshlctlon I EngI ... ortna I Tolal Local I E<M>mant I Conotucllon I Engineering ITolal For. Exch 
I. Labor I. Ho .... OIIICI E_ndltw.1 and Malortal Labor I. Home OftIce I ElCP'ndltw .. 

30,513'~1 30,513.0 B,434~1 372,71 8,807.5 
170,755.2 170,755,2 33,957.0 33,957.0 
201,288.21 201288.2 $42,391.81 $372,71 $42784.5 

Plant Dollgn EngI ... ortna 7,5% 15,095.1 PIInI D.oIgn EngI ..... na 7.5% 3,207.3 
Construction S~lIon Conshlctlon Sl4>enlelon 
Frell:l1l/S11pp1ng inckJded Frell:l1l/S11pp1ng incM:lod 
OWner', Colli 3.0% 8,490.9 OWner's Calls 3.0% ~79.2 
Tax .. andp..mts Tax .. Mel Porn1I, 
other other 
SUBTOTAL 222,854.2 SUSTOTAL 47,351.0 

ESCALATION w/lconomcs ESCALATION w/.conomcs 

CONTINaENCV 15.0% 33,428.1 CONTINGENCV 15.0% 7,102,8 

TOTAL COST 18ura-ta port) 258,2~4 TOT~COI3L Ifarol"" Exch. p~ !I4,453.8 

TetalLecal Tolal Foreign Nol." 
Expendlt ..... E_ndltw .. 

IruSSxl0001 ruS$x.l0001 1. 

112.1 782,4 
1,381.5 9,257,1 
1,833.8 11,10B.5 
1,833.B 11,10B.5 
1,833.8 l1,10B.5 
1,833.8 11,108.5 

• 

TOTAL IN US$ 
$8,OOS.S $54453.8 ruSSxl0001 

582482.5 

page 11 

CASHFORE~STPERCENT5 

CASHF/C 

Va. 

1993 

1994 
11195 
11198 
1997 
1998 
11199 
2000 
2001 
2002 
2003 
2004 
2005 
2008 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOT, 

.. 

1,4% 
11,0% 

~:::I 
20.~" 

.20.4% 

.. .. ,- .. 

24-Mar-94 
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Code O ..... lptlon 

la Slto Improvements 
lb Oomollfon 
2 FOLridatonl 
3 structll'oS/Bulldings 
4a Combustion Tllbine Gonerator 
4b steam TlI'bine Generator 
Sa Standard Boliero 
5b FkJld Bod Boilers 
5c Heat Rocovery st.am G.nerator 
6 EnWorvnental Controls 

7a lIIatortal Handing & Fuel Supply 
7b F o.dw"er, Cond.n ..... otc. 
7c other lIIochanical EcPpmlnt 
6 Eloctrical and I&C 
9 Power Distribution & Transmis.o 

lOa Hoal ng Olstri bulon EcPpmlnt 
lOb H •• lng Olstrlbulon PIping 
lOt Healng Olstribulon I&C 
11 Hoalng Sub.talon I&C 

TOTAL OIAECTCOST 

~ = Assumod 1993 
Exchange l.v/US$ 

Total local 
Expandlll'o. 

Voar /lOll xl 000) 

1993 
1994 
1995 
1996 13,604.8 
1997 32.210.7 
1998 4M15.2 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTAL COST 92030.4 

GlborllCorrvnonwoanh 

- .... *II .. .- .., 
: .. -

vort.,t/ PI.,t I DETAIL IL2 K2 
Technology: I CT -FA Combua1lon Tulblne CombIned Cycle Additions 

Demand: ~. ________________________________________ ~ 

local EJq>endtll .. ln lev.xl 000 ForellJl Exchange EJq>endtllooln US$.xlooo 
EcPpmlnt ConshlcUon Englne .... ng Tot.llocal E(Jipmant Con.tucflon Engineering otal For. Exch 
and 111.1 .... 1 & Labor & Horne 0lIl .. ExPendtllo. endlll.t .... 1 l8bor & Horne 0lIl .. I ExPendtllo. 

373.1 373.1 
41,071.2 MH.3 48,888.5 1.311.11 48U 1,7711.5 

7,1119.8 7,11111.8 23,7"'0.8 487.0 24,227.B 
2,1115.'" 2,1115.4 8,788.0 1117.2 11,1183.2 

2,1175.11 2,875.11 5,2114.3 181.0 5,475.3 

5,7111.2 5,7111.2 4,890.3 388.11 5,On.2 
4,003.3 4,003.3 4,1134.2 270.8 5,205.0 

500.2 500.2 2,053.4 2,053.'" 

41.971.2 30,303.11 72275.0 $48,810.5 $1,1190.7 _*5OIIOU 
PIenI Oo"gn Englne .... ng 7.5% 5,420.8 Pllnt OO"1Jl Engineering 7.5% 3,Bl0.l 
Con.tucHon SUper.lllon ConstucHon SUper.lllon 
Frol~t/St/pplnll InclJdod Frel~l/SHpplnll InclJdod 
Owner'. Co ... 3.0% 2,330.11 owner'.Co ... 3.0% 1838.3 
T .... and Porrrtt. Tax .. and Permit. 
other 0Ih0r 
SUBTOTAL 80,028.5 SUBTOTAL se,2411.7 

ESCALATION w/oconomic. ESCAlATION w/oconomc. 

CONTINGENCV 15.0% 12,004.0 CONTINGENCV 15.0% 8,437.5 

TOTAL COST IBUl!lwlal>lril 112,030.4 TOTAl COST IFOI'IIII11'1 Elech. part) 84,887.1 

Tot.llocal Total ForellJl Note.: 
Expanclt"o. EJq>endlll'tI 
I/UShl000) I IUSSx. 1 000) 1. 

8,488.7 
431.4 12,937.4 

1,008.8 29,109.2 
1,438.0 18,171.8 

TOTAL IN US$ 
52,678.0 54 BB7.1 IUSblooo) 

~7583.1 

p.g.7 

.. ,. .. 
INPiITAREA 

CAPITAl COSTS: 

50.122.1 

CASH FORECAST PERCENTS 

CASH FIC I Totalloc.1 ITot.1 ForellJl 
EJq>endtlltl EJq>endlll' .. 

Vo., %/yo., %/Yo., 

1993 
111114 
111115 
1998 
1997 
11198 
19911 
2000 
2001 
2002 
2003 
2004 
2005 
2008 
2007 
2008 
20011 
2010 
2011 
2012 
2013 
2014 
2015 

6iAL";t' 

.. .. .. .. 

24-111.,-114 



-

~ , 
'-"ti 

.. ... - .. 
BULGARIA DlSfR leT HEATING S11JDY 

CAPITAL COST AND CASH FLOW 

-- .. .. .. .. ,. . .. 
V.-Iontl Plont I DETAIL It. 1 

Tochnology: IBoIler Rehabilltatioo at ExIstIng Lull" S1a.tIoo 
Dom.nd: ~. ________________________________________ --J 

loc.1 EJCperdttre,In lov,xl0oo Forol", Exchango EJCperdltl .. 1n US$,xl000 
Eqo..ipment ComMflon Englnoerlng Tot.lloCilI Equlpmont Con,~ucUon Englnoorfng 01.1 For. Exch 

Code DOlCJ"lpllon andM.I .... 1 &llbor • Homo OfIICII ElCDOrdItI .. andM.IIII.1 lober & Homo OIIICII ElCDOndltloS 

1. Sit. Improvemonts 
lb Oamoltlon 
2 Foundalons 
3 Struclu-o!I/BLildings 
4. Combuo1lon Tu-blno Gonera"" 
4b Steam Tu-blno Generator 
5. Standard Boilers 12.853.'" 12.853.4 12,787.8 a89.'" 13,837.0 
5b FUd Bod Boilers 
5c Heat Aocovory Steam Gonera"", 
8 ErMronmenial Controls 
7. Material Handing & Fuel ~Iy 
7b F •• dWale" Condensat".tc. 
7c OIher Mechanical Eqo..ipment 
8 Electrical and I&C 
9 Power DIstribution & Tran.mI."o 

lOa Ho.lng Dlstributon Eqo..ipment 
lOb Healng Dlstrlbuton PIping 
100 Hoalng Dlstributon I&C 
11 He.lng Slb,t.lon I&C 

TOTAL DIAECTCOST 12,853.'" 12853.'" $12,787.8 S889.'" *13837.0 
Plant Do"", Englnoorfng 7.5% IIM.O Plant Do"", Englnotrlna 7.5% 1,022.8 
Cons~on ~tlon Comtructlon SI4>tN"on 

~= Assu-ned1993 FrolghllSHpplng Inckldod Frolghl/SHpplng Inckldod 
Exchango lov/USS OWner',Cool, 3.0% """'.5 ownor'a Coota 3.0% "'39.8 

T .... and Ponrila T .... and Permlla 

0Ih0r 0IhIr , 
SUBTOTAL '''',231.11 SUBTOTAL 1 15,099.8 

ESCALAnON w/oconomca ESCALAnON w/.conomca 

CONnNGENCV 15.0% 2,13<4.8 CONnNOENCV 15.0% 2,2M.1I 

TOTAL COST. (lI!IIgorIa p.t, 
. -- ...18,388.7 TOTALCOSL(Foreign Exoh. p.tl 17,3M.5 

Nolos: 

!!!: 1. 
1993 

1994 
1995 
1996 
1997 
199B 7.05401 220.41 0,350.5 
1999 
2000 
2001 
2002 
2003 9,312.81 201.01 11,005.1 

2004 
2005 
2006 
2007 
200B 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTAL COST 1--16,3811.11' --$511.5 

GllbortICommonweanh pago12 

.. ,-
iNPUTAAEA 

CAPITAL COSTS: 

CASH FOAECABTPERCENTS 
CASH FIC 

Vo .. 

1l1li3 ,_ 
1l1li5 
1098 
11197 
1l1li8 
1090 
2000 
2001 
2002 
2003 
2004 
2005 
2008 
2007 
20011 
2000 
2010 
2011 
2012 
2013 
201'" 
2015 

'OTAL-" 

.. .. .. .. .. 

2"'-M .. -94 
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BULGARIA DISI'RICT HEATING sruDY 

CAPITAL cosr AND CASH l'LOW 

V..t.1I I Plan\: I DETAIL IL2 
T.chnology: I Boller Rehabilitation at ExIstIng lulln Station 

Code 0 ..... 1 lion 

la Slto Improllllmont. 
lb Domoltlon 
2 FOll1datonl 
3 strucllsesIBulklngs 
4. Combustion TLI'blna Ganera"" 
4b steam TII"bine Ganerltor 
Sa standard Boilers 
5b FUd Bad Bolio,. 
Sc Haal Recovery steam Generabr 
II Environmental Controls 
7_ Material Handing & Fuel ~Iy 
7b F •• dwater, Condensale, ItC. 

7c other Mochanlcal Equipment 
8 Eloctrlcal and I&C 
9 Power DIstribution & T,anlml.tlo 

lOa Hoalng Dlstrlbuton Equlpmont 
lOb H •• lng Dlstrlbuton PIping 
10c Hoalng Dlstrlbuton I&C 
11 Hoalng SuI:>.t.lon I&C 

TOTAL DIRECT COST 

.:gJ = A.su-nod 1993 
Exchange Lov/US$ 

2004 

2007 
2008 
2009 

2012 
2013 
2014 

Gllbert/Convnonw.anh 

D.mand: L. ________________________________________ ~ 

Local E_nc:IIIr •• ln L.v,xlooo Foreign Exchange E_nc:IIIre. In USS,xlooo 

Equipment I Constuctlon I Engineering I Tot_I Locol I Equipment I Constuctlon I Engineering 1T0tot For, Exch 
and Mot"'ol & Labor & Homo 0lIl.. E_nc:IlIr.. and M_t"'ol Laber & Homo 0lIl .. 1 E_nc:IIIr .. 

10,401.5 10,401.$ 10,11211.7 703.11 11,530.3 

10,401.51 10401.$ $10,11211.7l. $703.111 I $11530.3' 
Plant O.tlgn Engineering 7.$% 7110.1 Plant D.tlgn Engineering 7·$%L IIM.I!! 
Conotructlon ~tlon Construction ~elon 

Incklclodl F"I~l/SHppIna Inckldod Frel~tJSH"",na 
3.0%1 OWner'.Cotl. 3.0% 33$.4 OWner'lCOtll 371.~ 

T .... and Pomfl. T .... and Pomfl. 
other other 
SUBTOTAL 11,$17.1 SUBTOTAL 12,71111.9 

ESCALATION w/.cono,"c. ESCALATION w/.cono,"c.] 

CONTINGENCV 15.0% .....1:!!!! CONTINOENCV 1$.0% 1,815.01 

13,244.7 TOTAL COST IF ...... an Exch. part) 14,8Il.1!1 

Not •• : 

1. 

page 18 

.. .. ~ .. .. 
iNPUTAAEA 

CAPITAL COSTS: 

CASH FOAECASTPERCENTS 

CASH Ftc I Tot_I Local ITotal Foreign 
~nc:lIIr.. E_nc:IIIr •• V.. %/'f.. %/'f •• 

1993 
11194 
19115 
111l1li 
19117 
11198 
19911 
2000 
2001 
2002 
2003 
2004 
2005 
20011 
2007 
20011 
20011 
2010 
2011 
2012 
2013 
2014 
2015 

'OTAl 

PERCENT OF TOTAL' • LOCAL 

.. ,,1 

24-M.-94 
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BULGARIA D1SIRICf HEATING SI1JDY 

CAPITAL cosr AND CASH PLOW 

V-.1.,t I PI.,t: I DETAIL Il1 l2 
Technology: I Dlstrbutlcn Piping w/LD.Sensors In lulln Heating DIstrIct 

Code 00 .... 1 tion 

la Sito I""",ovomonts 
lb Oomoilion 
2 F oll1datons 
3 SlructU'oS/Bl.ildings 
4. Combustion TU'bin. Gonera"" 
4b Stoam TU'blna Gonaraor 
5. standard Boilers 
5b Fluid Bad Bollors 
Sc Hoat Aocovery Stoam Gonera"'" 
a Enwonmontal Controls 
7_ Matorial Handing A Fuel S"",,1y 
7b Foodwa.,. Condomso. otc. 
7c Other Mochanlcal Erppmenl 
8 Electrical and lAC 
II Powor Distribution & TranslTill'o 

lOa Hoalng Olstrlbuton EqlJpmeni 
lOb H.alng Olstrlbuton PIping 
loe H.alng Dlstrlbuton lAC 
11 H.al S..,stalon lAC 

TOTAL OIRECT COST 

~= Asslnlod1993 
Exchange L.v/US$ 

Total Lo •• 1 
ExpondtU'OI 

V .... tL.vxl000) 
1993 

1994 8.839.8 
1995 24.093.7 
1996 30.064.8 
1997 31.207.5 
1998 31.977.2 
1999 21,411.4 
2000 21.411.4 
2001 21.411.4 
2002 21.411.4 
2003 21.411.4 
2004 
2005 
2006 
2007 
200B 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTAL COST 233240.0 

Glbert/Convnonw.aKh 

Demand: L. ________________________________________ --J 

LocaIE"".ndh .... ln Lev,xl0oo Forolgn Exc:hange E"I'Ondlu'ltln US$,xl000 
Erppment 

II1d M.t .... 1 
Cono"ucllon I Engineering I Tot.1 Locat I Eqtjpment I Cono ...... Uon I E. nglneorlng 1T0tai For. Exch 

& Llbor & Homo OllIe. E"I'OlICIhro, .net M.I .... I Le.r " Homo 0lIl .. 1 E_ndIu'o. 

111.8 81.8 04'.2 045.2 
183.110.4 183.110.4 18.1109.11 18.009.0 

183.1722 183172.2 $lo.e'5.1 *181155.1 
Plant O.lIgn Engineering 7.'% 13.737.11 Plant Ololgn Englne-.ing 7.'% 1.4811.1 
Con ....... llon ~lIon COMitruction ~lIon 
FrlighI/SHpplng inckKlod Frolghl/SHpplng InckKlocii 
ownor·.Coll. 3.0% 5.1107.3 OWner'. Coli. 3.0% &40.~ 
TaxOlIl1d Pornfl. Taxo • .net Porrrit. 
othor othor 

SUBTOTAL 202.817.4 BUBTOTAL 21.1184.51 

ESCALATION w/econolTi.1 ESCALATION w/o.onolTi •• 

CONTINGENCY 1'.0% 30.422.8 CONTINGENCY 1'.0% 3,207.7 

TOTAL COST (Bu/aar1.1MfI1 233.240.0 TOTAL COST (Farolgn Exch. pwt, 25,2822 

Total Lo._1 Total Forolgn Nol.o: 

I 

ExpandhlOi E"I'OndIu'OI 
1US$.xl0001 1US$x.l0001 1. 

278.2 853.1 
752,8 2,5111.4 

I 

039.5 3.233.11 
875.2 3.357.5 
91111.3 3.440.11 
8811.1 2.341.1 
8811.1 2.341.1 
8811.1 2.341.1 
889.1 2.341.1 
8811.1 2,341.1 

TOTAL IN US$ 
57288.7 525282.2 /US$.xl0001 

$32571.0 

page 13 

~ .. .. ... .... 
if,jPUTAREA 

CAPITAL COSTS: 

CASH FORECAST PERCENTS 

CASH Ftc I Total Local ITol_1 Forolgn 
E"I'OndIu'.. Expendt"o. 

Ye. I %/'f.. %/Y •• 
1l1li3 
1l1li4 
111115 
ll111B 
1l1li7 
1l1li8 
1l1li11 
2000 
2001 
2002 
2003 
2004 
2005 
200II 
2007 
2008 
200II 
2010 
2011 
2012 
2013 
2014 
2015 

'OTAL 

<I~ ·.··is'" 
ici~3%i'i~.~", '. ' .• ·.:;1: ..........••••• j:.:;1 
'1 ~.7%·1(;,e%! 
... I,ri.<> ~.S% 

ii:ri. ...••..... itS", 
I.ri· ••• ···/D~3'" 
I.ri •··.··· .. •• •. 3% .• .2% ... 'l3~ 

foo.OOO% 

PERCENT OF TOTAL $ • LOCAL 

.. ... 

24-M .. -1I4 
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BULGARIA DISI'RICf HEATING m-uDY 

CAPITAL cost AND CASH FLOW 

Vai .. 11 PI .. t I DETAIL /l1 L2 
T.chnology: I Control System ~rada for Lulln Heating DIs~ 

D.numd: L. ____ ~· ____________________________________ ~ 

Loc.I Elcpendlu" •• In L.v,xIOOO 

E,,-,pmenl COl1ltuctton Englnoortng 
Code C.ocrtption MdM.IIIt.I &LIIbor & Homo OllIe. 

I. Silo IfTllI"ovomont. 
lb Cemcilion 
2 Fo~alon. 
3 ~uc"'etlBlilcfngs 
4. Combustion Tlrblno Gener.tor 
4b 51.am Tlrblno Glneralor 
5. 51andard Boile" 
5b FUd Bed Boiler. 
50 Hoal Recovary steam Gener.tor, 
8 Envlronmenlal Contro .. 
7. Mate~al Handing & Fuel ~Iy 
7b Fo.dwaler, Condon .. '., .Ic. 
7. other Mochanlcal e"""""nI 
8 Electrical and I&C 
g Power llI.ltlbullon & Tran."".lIo 

IDa H •• lng Dlstributon e"""""nI 
lOb Hoalng Distributon PIping 
IDe Healng Dlstributon t&C 111,843.5 
11 H.alng SUb.talon t&C 113,139.2 

TOTAL DIRECT COST 1011,7112.7 
Plant Doll", Englnoortng 7.5% 
COl1ltucllon St4>tnIlion 

~= As.umed1993 Fr"l11tJSt/pplng 
Exchange Lev/US$ OWner'. Coli. 3.0% 

Y ... 

1993 

1994 
1995 
199B 
1997 
199B 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2008 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 

Tax .. and Pormtt. 
other 
SUBTOTAL 

ESCALAnON 

CONTINGENCV 

TOTAL COST 1BuIaarI • ...-I1 

Tot.I Loc.I I Tot .• 1 LOClI ITO'.I For"", 
Expend"'o. E_ndIu"o. E_ndIu" .. 
I ILov.xl000) (US$,xl000) (US$x.l0001 

1.957.1 111.2 415.8 
23,7114.4 742.11 5,040.3 
28,517.3 8111.2 11,058.2 
28,517.3 891.2 11,059.2 
28,517.3 1191.2 11,058.2 
28.517.3 1181.2 11,058.2 

15.0% 

2015 I I ITOTALIN US$ 
TOTAL COST. 139,790.5 sa.388.5 $211,702.0 (US$.xl000) 

. $34.070 .... 

GIIbort/convnonw •• Hh 

Tol.ILoClI 
E~ .. 

18,843.5 
113,138.2 

10117112.7 
8,233.7 

IncUdtd 
3,540.5 

121,558.11 

w/.conomc. 

111,233.5 

138,7110.5 

HDIt.: 

1. 

For"", Exchange Elcpendll .... 1n US$,xtOOO 

E"-'pmenI COl1ltuctton Englnoortng 01.1 For. Exch 
andM.IIIt.1 L ..... & Horne 01101 E_ndIu"lI 

4,1100.11 203.3 4,804.1 
18,522.0 111,522.0 

$23122.11 $203.3 $23328.1 

Plant Coli", Englnoortng 7.5% 1,748.5 

COI1lWctlon SUptnlllon 

Fr"l11tJSt/pplng IncUdtd 
OWner'. Coli. 3.0% 752.3 
Tax .. and Ptrmltl 

other 
SUBTOTAL 25,1127.11 

ESCALAOON w/.cononfc. 

CONnNGENCV 15.0% 3,1174.2 

TOTAL COST IF_an Exah. .... , 211702.0 

pago 14 

~ - .. 
iNPutAAEA 

CASH FORECAST PERCENTS 

CASH Ftc I Tol.ILoClI ITot.IFor .. gn 
Expend"'.. E_nd ...... 

'l./Yo.. %/Yo .. v ... 
163 
1_ 
165 1_ 
167 
1098 
160 
2000 
2001 
2002 
2003 
2004 
2005 
20011 
2007 
20011 
2000 
2010 
2011 
2012 
2013 
2014 
2015 

'OfXL% 

·a~)~~, 

'I '(Iii 

I 

100.000% 100.000% 

.... .. ... \~ 

24-M .. -04 



KOSTOV TRAJCO CASE K1, K2, L 1, L2 

LIULIN CASE L 1, L2 

DETAILED ESTIMATE BACKUP 

INFORMATION 

/ 
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nM!f: 

S."".,IUW!Q 

tI-Oec-tl 

0157'" 

.1(0 

KOSTOY" 1,2.'" 41UF1NELitS 

IURHE"MQM1' 

co .... CONTROLS 

fO FAN OPTlOH 

DUCT WOAK'OR IURHEAS 

500T!lOWtAl 

MAINSTtAM UH! 

.. ' .. .. - .. 

f
CALCu 

.... 

n

"" Ir"'-FACTORS octA" .. U." 

INLAND -u.t. 

1HERMAll/OllER MOOIFICAOONS - KOSroV P!JWTS - 5 .. II. 

NO 0" MAn,UAL 

"-'IITS 

.Ia'" 

SutlTOTAl 

.. " ... 
271' .. ". 

COITblOOO 

"2.4 

I,Olli 

... .. 
t,1c ... 

1.7'1.2 

'.110 .• 

lCTlOH 

"E~ct 10 Y!MS 

A!I't.ACtIYI!M5 

H!CE$Sfl'Y 

NECtstrn' 

RE ....... CE I Yl,I.AS NECEsam' 

REPt,.l..C! t,1VrAS ENHA ... CEMENT 

REI'tACl ,nfNIJl IEH ... AHC!MENf 

"(PlAce to '11M' ENHAHCEMEKJ' 

"EPlAC! to YfMS ENHANCEMENT 

" " 
TOTAL 

.~ 

SuelOTA1. 

O.Ito 

..... 
'.21. 

',SU 

- 'JIll .. .. 

r ....... I 
a.. '1AeaI 

3 ".... tOOlli 

C. ",cwn 

v~ .... 1TOTAL Mll..1 f~ltoN 
fREKJHT U." • Ml\. us. 

,... 221440 

..., .... .... .... 
22M." 

117.0 -.. 
,n' ,. . 
t .... ,.. .. 

1$10.7 

"., .. 
• it ..... 

"'-' 
$27.., ., .... 

12.101.' 

",'" , 

I.U." 
2 ........ 

''=1., 
274.7 , ..... 

1.1oe.I 

",7 •. ' 

LOCA1.M11... 

U .... 

TOTAL 

1M ... 

cu. •.• ..... ... .. 
127.' 
tt7 .• ... .. ..... 

....... 

KOstOV ....... 7 WATERWAI..L5 

IUAN!R' 

eUFlN!RMaMT 

COMe CQPfJROLS 

1'3.' I.IA' 7 "E"-ACt: H(WIiI NECESSITY 

N!CSsn'Y 

NECESSITY 

1.000 '1M StU 12.'''' lot &<I.e 
2.0,U 

..... 
'11.' 

SUBTOTAL 1.",,7 

REPlItCEHQW 

RENClHOW 

""" 
lhi5'T WAtER irJliER UOlJI':ICATDNS - IDSTOV Pf.AN19 - 5 • 

J(OSTov _ , ... SOOTlt.DWe'AS 

WAT£AWAU,S 

• J 12 .• M., 
luRNEI'$ 

luRHEPlCOH"J1IIOI.S 

SuBTOTAL 

TOTALKO.STOVCOSB 

-TOrAL ALL IJNfT! AT JtU.NTTHE COlT I 

IHSTAtJ...\TlON .. STARTUP 

SINCE nllS PRor<>sED fOR TOTAL nANT (1' 

S!iOUlDBf DOHE AT THE "'WlTlIol£~. 

to 

EQUIP/ 

MOOeL COST SUMWJ=IY Wl 

$} 31,489.8 

"" 

UU REPlACE IYEARS 

7 .•• :&1 REPlAce IYEMS 

2.IIU AE~''tEARS 

A!P\.Ac(nEMs 

!!.:!!!.:! 
lI.aa.3 

ENHANCEMENT 

EHKAHC£MlN1' 

!HHolNClM!N1' 

(HHANelU!HT 

'.10&0 

1710 

10TAL I&C UATlAIAl 

tOTAL. I&C INSTAUA1JOH l 

I.ru!!! 
2,959.8 

!!!n 

&3'; 

..... .. ,.. 

ttfC t720.10 

, ... 
, ... 
, ... 
, .. 

17zo.IO 

...... 

...... ....... 

au 12.0UI.3 

lOt.' ........ 1 

121.7 

1.341.2 

"I.J 

710.' 

2."" 
".Inl 

..... 
"._0 
u.*' 
fl .•. ' 

t' •. "".1 

13' ...... 

........ 1 

_. 
..... 
I .... ' 
I .. ... 

,.a ....... 
Nt ••.• 

'.tt'" 

_. 
S,IMC 

Uoe.. ..... 
.!:!!!! 
1I,tt'-1 

- .. ... .. - ... 

IWJI, UAOIII (IO'!Ii Of MA.T'U 10.00 USI..QOlilAATI l.t 1"RODUCTMT't 

........... 1.2' 8UUJRAtt USI o.".~1MaI 

~'."'''LAIHr 
, .. Iuc.aMTlLfVA ~ 

fORm" LOCM. L<J<:aI. 

1M ... 

fOfl:flGN c .• , TOrA1.lYl.tA LOC«L 

IMao 

~ ... 
.~ 

u.. 

I •. ' .... 
tto.' 
UI.' _. 
' .... 1 ,. .. 
..... 

,U 

71." 

tt •.• 

'tW.' 

~ .. -. 

...... 
AdJ'flU!:..!! .... 

24.0:1: 

... n 
to.1I 

IUt 

111.12 

.... .. 

111M 
t.4tZ. .. , ... 
I.MQ.I 

~7.t 

t,ta7 

2."'1 

'.f.27.& 

,-

.... 
tI.cd 

.. ,.,10, z.~. 

'7'" 2.otaS 

,os .• o ' .. _I 43IIt.H 

s..t. l.ot:t.l 

_.Il " .... 3 

':It.at '.112.2 

41.01 '.137." 

.... 71 ' •. 200 •• 

"'.at !!:!!!!. _,Mt.:I 

c.fTOrALa , ... 
r'Of_rQTAL 0.131 

.u.a. ,-
UK. 

~ 
U4'" 

t.'" ,. ... 
',4017 

UKO 

2,7M" '.118.' 

..... 
.O.MJ 

J.ltU 

.... 7:1.1 

,.,., .. 
22,m.' .,"'" 

N3,".2 ,-
0.812 0.,ge 

,-

... \ 
".0 
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0.110 
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0.834 
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_.S 
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~ 
....l£a 
0 .. 258 
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..5' 
~ 

- .. .. - .. tIIIJ .. .. ~ .. .. - .- III .. .. .. 
FILE: STGMCXlKt.W<' $1 1S12t1 25IISO HOT£l.ft)A'f loo.H ,00 .S.8aMRI.. - -~----f1.'- PJOi:j~-Loc;aI 

DATE; U-Jan-M 52 ~. CH'. MEAlSiOAl 11 lOCIIl# M H 0.1155 e:ompo.Ael.Ocall.abotfac:I:W 

nME: 12:53 PM 53 EICP. EXP. CNlJQAV eo WEEKS-Bue 5.25 BUUI .... US. 
1.U 1." weEKS-AIl. ," SlAB IN LEVA 

USOaiIVEsI 115 S.tO 32 ~Rat.uv,* 

'n# Men 
=-"'" .. CAY! 
uaOR~. 

TlJRSNEGEHERATOR-IlDaFICAJlalS-KDSTOVPlANTS-4b TOTAL 10m. U.S, FORElGt(T Li>cAi. T -LcCAL 

ITEM ::.: =- =:~AL .:i:i. FREIGHT ::;'ALIom .. /Unit/~.:::-.: OTAL""'" ~~:u I'NST~TIOHI'N'T~TIOHIIHST~ , ... FOR;:" (U.S;.,!'. .... ' ... L~ CU.B;': .... 

AACOOl£D GENERATOR 0.00 0,00 0.00 0.00 0,00 0.00 0.00 0 

MW C1.£AN. CHECK. BAl.AHCEROTOR 0.00 0.00 0.00 
0 

15 ATSHOP 0.00 0.00 0.00 
a 

REPl.ACE LJBRYlNnt RING! D.DO 000 0.00 
a 

SUBTOTAL 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

AA COOlED GENeRATOR 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 

MW CL£AH, tHEa<. SAlNCE ROTOR 0.00 0.00 0.00 
0 

1 IS AT SHOP 0.00 0.00 0.00 
a 

REPLACE lJ8RYlNTH RIHG~ 0.00 0.00 0.00 
a 

SUBTDTAL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 a.DO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

UiCmuli 1.23 

KOSTQV - tfI1)ROGEN COOl£DGEN~TCIA 270.10 270.10 .'.00 S11.1O 7.35 24.00 11.01 ".12 ~7.H2 a41.11S1 541.1&2 :!41.M2 11.0lIl 11.OM 11.081 11.0&1 

MW Cl..£4N. CHEa<, B.Al..AACEROTOA 12.30 12.", 2.01 14.31 
'4.)1' 14.311 ''''311 14..3111 0 0 0 0 

8111 AT SHOP 0.00 0.00 0.00 
0 0 Q a 0 0 0 

FlEPLACelloSFlYINTHRtNG! 20 7.50 1&4.50 184.50 31.37 11lS.81 
2UlMl 211.111 211._ 211." 0 0 a 

FlEPLACEHP.CYUr«lER1-TIME 0.00 0.00 O.DO 0.00 
0 0 0 0 0 a a 

REPAFI,ftECONOIllONH.P.I 10.00 MAO HAD ".73 115.tS 
115.128 111.128 115.128 115.121 0 

SUBTOTAL 515.10 sa.1O .,. 111." ea,... 2M1.14 7.. 34.OG 11.. SI4.12 ns.M IN.M a3.S4 IU.M l1.at 11.01 11.011 11.01 

U/CmutL 1.15 

KOSTOV- H't[)ROGENCOQlEDaENERATaI 250:5.00 1012,00 ..sOl 1055.01 21AO 18.00 .... $5 1411.21 1110.4' 1180.41 lllD.41 11.a.41 ..... * 44.352 44.* "".352 

MW ClEAN. CHEa<. BALANCE ROTOA 11.50 .... 00 1." 41." 
47.MS 47.151 47.1155 47.155 0 0 a a 

:)0 ATSHOP 0.00 0.00 0.00 
0 0 0 D 0 0 a 0 

REPLACE LABRYJN»tR1NG! 20 7.50 172.150 UO.DO 21.$3 711.33 
111.325 71'.sa 71'.321 71'.321 a a 

REPLACE HP. C'tUN:IEA I-TIME O.DO D.DO 0.00 0,00 
0 0 a 0 0 0 

FlEP~"'ECONOIllON H.P. q1 10.00 0.00 0.00 0.00 0.00 
0 0 a 0 0 

SUBTOTAL --;1~~- -~;;;:; 74,21 t!22.2! 455.57 72tW.tI --;.:.;- M.DO ..... SIS -;;,;.;; an.', 1au." ''''1.'' ''''7.'' ...... 35 .... .sa 44.SI 44.35 

TOTAI.flJlAHT t2,S13.1 S170.5 $2,4&4.S •• 137.1 131.' "20.0 SM." $2.841.0 S:2.M1.0 $2..'.0 U.t4t.D ISlA SMA $!I4A $&I5A 

LEVA • 1774.08 

C.F. TOTAl. to !MM. 1.8 

TOT Fa:liSGHL,HIOA&ElGIeHSE $127.0 

,,,,FTOT C.2~0 O.2~0 0.250 0.250 0.250 0.250 0.2~0 0.250 

CIA mI .• 

MOOEL COST SUMMARY U.S, S 

... .. 
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- .. .. - .. .. - iIitt .. -- - ; .. 
HEATING DISTRIBUTION EQUIPMENT (10a) 

ITEM OESCRIPTlON. VENDOR 

.. orOA 
vso 

STEP-UP TRANSFOAMER 
ISOlATION TRANSFORMER 
WIRING & CONOUrr 

VALUES 

SUBTOTAL 

UNIf 
aTVMArl us 

EA 
EA 
EA 
EA 
LT 

2.22' MATERIAL IUS II 

o LABOR IUS I) 
SUBTOTAL 

,., lABOR(l.EVA} 

COST 
NNIf 

III 
200 
III 
&0 

2 

1994 

0 

MODEL COST SUMMARY IUS SI 

QTYOF FREIGHT 
SUB- OCEAN 

STATION USI 

12 
30 

0 

• 0 

1m ~ 

2223." 0.00 

0.00 0.00 
2.223..14 0.00 

145.41 D.DO 

eQUIPI 
!!m. ~ 

2223.U 4.55 

TOr.MAn 
RATE TOTAL 

INLlND INCFGT. UNIf TOTAL us /HA LABOR 

USI us MNHA MNHAS MNHAS us us 

21' ".00 '" 0 50 0 

• 102 32.00 .. 0 50 0 

, 211 24.00 n 0 50 0 

, '10 24.00 72 0 50 0 

·0 7 31.00 '01 
50 

------------------ us 10 
12.224 

muftlpl .... al1.1 01 90ft-. 

CASH FLOW (000) 

1m ~ !!!! 2!1!l!! i!l!!! i!!!!i i!l!!1 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 

D.DO D.DO D.DO D.DO D.DO D.DO D.DO 

PEACEtt! LOCA\. 

!!m. ~I 

O.OO~ 100.00~ 

.. - .. - .. ... 
FILE; K1EQUIP.wK3 

DATE: 1-0114;-113 

DATe: :n-JM-M 
nME: 02:54PM 

RATE TOTAL 

BUL /HA LABOR 
MNH A A 

1!11 1118 21 
101 1. 

,. 
TI 'II ,3 

70 'II 13 

III '118 20 

---------LEVA ,05 
l'IIultlpIletCll1.' d'S. 

i!!!l! i!!!l!! N!!! i!!2! i!1!!! !!9!l! i!!!l! 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 

D.DO D.DO D.DtI D.DO D.DO D.DO 0.00 



- - - I.e - ... - - .. - eM - .. - - - .. .. .. 
FILE;K'PIP10a.WK:;I 

OATE: 22-Nov-83 

KOSTOV PLANTS ( 10 b 1 ) HEATING DISTRIBUTION PIPING WOI ALARM COMPONENTS (1 Ob1) 
DATE: 24-Mat-M 

lAID DOWN IN (EXlISTlNG] OOCT 
nME: to:oUNA 

PIPE FTGS PIPE MATERIAl. FAElGKT PPE.flGS 
lAacosr(IJ 

METRIC u.s. U.S. WALL WALL US$! Al.LOW US$! QTYAEQ COST OCEAN INWIJ INCFGT. 
_OI'AlArL 

OIMENSION 01A. SCH M I 12M SI12M METER METERS USS USS USS uss :c-

ON A.O -48/100 1112' 40 2.80 0.10 '01 '00 17.21 .. .,.. 87 '3 2 .02 .'" 
ON 50 -60/12' 2" 40 2.90 0.1' '30 ., UI.42 31.948 ... 88 '2 888 li-

ON 85 -781140 2 '12' 40 2.90 0.11 ,.1 ". 22.24 48,878 '.083 '82 22 '.- ,,,'11' 
ON 80 -891190 3' 40 320 0.13 ,.1 "2 24.93 38.232 9'" '43 •• I.'" 

'0,107 

ON 100 -1141200 " 40 3.80 0.14 258 '43 33.28 37.428 1,246 ,.1 2' 1,457 
'3,lIII0 

ON 125 -1391225 5' 40 3.80 0.14 3" 
,,.. 31." 20.532 1.' "4 

,. ... 11".7 

ON 150 -1681250 .. 40 400 0.18 388 '" ".30 29,320 '.299 ,n 25 1,520 '''.5U 
ON 200 -219/315 8' 20 '.50 0.18 582 '98 ..... 27.194 1.787 255 35 2.088 

, .. ~, 
ON 250 -273/400 , .. 20 '.00 0.20 89. 224 93.23 13,212 1.232 ,SS 25 1,441 

,3,-
ON 300 --323/450 '2" 20 '.80 0.22 1,095 21. ,,4015 13.021 , .... 223 30 1.731 '11119' 

ON 350 ..a!51500 ,.' '0 '.80 0.22 '.320 2" 132.00 7 .. .3 ,. 2 '0. '.-
ON 400 -4061S20 , .. '0 0.30 0.2' .... 0 290 14$.00 23.1415 3.358 503 07 3,827 

37,1197 

ON 4!50 -457/560 '8' '0 0.30 0.25 1.810 242 154.29 3" 8' 9 , 7t -
ON 500 -6081830 20' '0 0.30 0.25 , .... 288 '82.SS 13,004 2.310 351 .. 2.782 

flII,107 

ON 550 ~58ntO 22" '0 030 0.2! 2.281 188.42 0 0 0 • 0 

ON BOO -809n80 24' '0 7.tO 0.28 2,7M 232.00 0 0 0 • 0 

ON 650 00960/840 26' 
,. 8.00 0.31 3 .... 301.00 0 • 0 0 

0 

ON 700 -7111900 28' '0 0.80 0.35 4,910 409.17 7,124 2.915 437 58 3,4'. 
..,7.0 

ON 750 -782/900 30' '0 '.80 0.35 5.322 443.50 0 0 0 0 
0 

ON 800 ~1311000 32" - '.80 0.35 5,942 485.17 '.- "' ... 398 53 3,_ 
2fI._ 

ON 850 -8&4/1100 34' - 0.80 0.35 8.121 571S.75 0 • 0 0 
D 

ON 900 -914/1100 36' - 10.00 0.3a 7.235 802.92 2'" 1,'72 22. 29 ',723 
'11537 

ON 1000 -1018/1200 4" - to.oo 0.38 '.- 894.50 0 • 0 0 
D 

ON 1100 -111711A.00 .. ' - " .. 0.43 12.055 1.004.58 0 0 0 0 
0 

ON 1200 _1220/1A.00 .. ' - 12.00 0.47 14,755 1,229.SS 122 0 .. '33 1. 1,031 ... " 
311,4M US 128,438 

LEVA ~ 

lAID DOWN - INSULATION FOAM CONCRETC 

ON 40 ~81100 1112' 40 '.80 0.10 '07 100 17.21 • 0 0 
0 

ON 50 ..eoJ125 2" 40 2.90 0.11 '30 
., 11.42 0 0 0 0 0 

D 

ON 65 -78/140 2 '12' 4. 2." 0.11 157 110 22.24 0 0 0 • 0 
0 

ON so -891180 3' 40 3.20 0.13 ,.1 112 24.93 73,9811 , .... 2T7 31 2.'" 
2tl,Tl5 

ON 100 -1'41200 
., 40 380 O.tA. 258 '43 33.25 24.290 .oo 12' '0 ... ..-

ON 125-139~ 5' 40 3.80 0.'4 3" .34 31.08 21.900 012 '22 
,. .,. 1,,'6 

ON 150 -18151250 .. 40 4.00 0.18 388 '" ".30 19,1t3O 883 .32 ,. ',033 .,.'. 
ON 200 -2191315 8' 20 '.50 0.18 582 ,.0 .. 08 14,854 985 14' ,. 1.1H 

fQ,"''' 

ON 250 -273/400 , .. 20 5." 0.20 ••• 224 83.23 '2.332 1.150 172 23 l,:JA5 
ta.,3 

ON 300 ~23'4~ '2" '0 '.80 0.22 , .... 274 114.08 9."84 1,079 '82 22 1,283 ''''25 
ON 350 -3"""" ,.' ,. 560 0.22 1.320 2&01 '32.00 1,698 224 ,.. • - ,,5'5 
ON 400 .... 08/520 , .. ,. 0.30 02' 1,450 290 ,.'.00 4.230 813 02 " 11. li-

ON 450 -457/560 ,.' 1. ,30 0.25 Ul0 242 1504.29 1972 304 .. 0 35' 
3,." 

ON ~ ~081830 20' '0 •. 30 0.25 1,908 288 182.85 3.290 a02 .. 
" 

704 
IIT1S7 

ON 550 -658nl0 22" 1. 830 0.25 2.29' 188.42 0 0 0 0 
0 

ON BOO -609n80 24' ,. 7.10 0.28 2,784 232,00 2.238 51. 7. '" 807 
5,_ 

ON 850 ~60/B40 28' ,. 0." 0.31 3 .... 307.00 0 • 0 0 
0 

ON 700 ·7111900 28' '0 0.80 0.35 4.910 409.17 10.840 4.478 011 .. 5,237 
5D,1l'" 

ON 750 -782/900 30' 10 880 •. 35 5.322 443.50 0 0 • 0 
0 

ON 800 -813/1000 32" - 8.80 0.35 15.842 495.17 0 0 0 0 
0 

ON 850 -8&4/1100 34' - 8.80 0.35 11.921 578.18 • 0 0 
0 

ON 900 ..Q1411100 3a' - 10.00 0.39 7.235 802.92 0 0 • D 

ON 1000 -10H!I,200 ... - 1000 0.39 8.334 894.50 0 • 0 
0 

ON 1100 _1117/1A.00 .. ' - 11.00 0.43 12,0" 1.OCM.5I 0 0 • D 

ON 1200 -1220/1400 4.' _ 12.00 047 14,755 1,229.58 • 0 0 
0 

(11 LABOR PERCENT PROVIDED BY CUEm 201,'02 US $'8,707 
LEVA '111\-

PAGe, 

.".,,-... ' 



- - .. - - - - - - -- - - - - - .. - - -
OVERHEAD I COLLECTOR - /NSUUtOON GLASS MOOL "ALUM/HIIM SHEET 

ffEMOVI! ow INSUlATION, CLEANPI'E. SII'PLY" INSTALL NEW INSUlATION) 

PIPE FTG9 PIP~G9 

INSUL INSUL INSUL INSULAnON FRBGHT INSULATION UNIT UNIT TOTAl RAn; LAB.COST 

MeTRIC U.9. U.S. WALL WAlL U9$/ AlLOW US., OTYREQ COST OCEAN INlNCI INCFGT. MHIM MHIM MNHRS I ffi INSULATION 

DIMENSION 01A. SOH IM~ II~ 12M '!12M METER IMETERSI us 11m us Ie us SI922! USSe INSUL REMOVAL INSUL ~EV! t!;EVA::,!!! 

ON olD ~Sll00 1112' 40 2.eo 0.10 127 97 18.17 0 0 0 0 0 ua 0. ... 0 IdilOO 0 

ON 50 ..eol125 2' 40 .. 90 0.11 138 lOS 20.27 0 0 0 0 Q 1." o.m a .11&00 0 

ON 8!5 -7811040 2112' 40 .. 90 QlI 147 , .. 24.42 ~272 eo 12 2 t3 1." 0.11211 1,130 .11&00 ~3R 

ON so ..as/tso 3' 40 3.20 0.13 1M 131 ""'2 3._ ., 12 2 15 1.eo 0.788 1,130 '11&00 ',-
ON 100 -114/200 .' 40 3.eo 0.14 269 1 .. 3e.a. 2,732 .. " • 115 1.14 0 .... 7.122 .1!400 f,'.7 

ON 125 -139/225 . ' 40 3.eo 0.14 30. 139 3Hxl 3.121 ". 17 2 135 1.88 0.842 7.192 .11&00 ',-
ON '50 -1681250 B' 40 '.00 0.18 '" 104 31.08 ..... '" 29 • 22tI t.'S 0.n8 12.213 '11&00 ~-
ON 200 419/315 9' 20 .SO 0.18 404 123 "'02 3.OCI 1 .. 20 3 ,.7 1.90 0 .... 1.870 .86.00 1,<157 

ON 250 473/400 10' 20 '.00 0.20 !02 ,.8 52. .. '.238 222 33 • HO 2.04 1.020 t2.111 .611.00 ~,n 

ON 300 ~23/450 12' 20 '.eo 0.22 72. , .. 74.08 '.838 ct. 83 8 .88 .. 70 1.352 ...... .611.00 ~-
ON 350 -35!515OD ,.' 10 '.80 0.22 "'" ,.3 70.08 3.520 278 42 8 328 .... 1.C8Q 15,730 168.00 ~IM3 

ON 400 .... 0BJ520 '" 10 •. 30 0.25 881 17. 88.33 lQ,029 ... 130 17 1,013 3."7 1.734 .2,185 .86.00 .. TIM 

ON 450 .... 57/580 19' 10 9.30 0.25 90. 104 ".09 I."" 139 21 3 18. 3.82 1.e08 ..... 111&00 '.S" 
ON 5QQ -MBI830 20' 10 9.30 0.25 1,137 72 tOO.75 3.830 39B 55 7 .28 3.75 1.873 20.~02 .86.00 ~427 

ON 5~ -6~f110 22' 10 a30 .2' 1.250 1a..17 0 a a Q '.33 2.187 a '86.00 0 

ON 600 -609nBD 24' 10 7.10 0.28 1,291 107.M 2.200 237 38 5 217 .... 2.310 15 .... 188.00 ~58' 

ON 850 -680/840 26' 10 •. 00 0.31 1,420 111.33 a 0 a a 5.02 ..... 0 '611.00 0 

ON 700 -7111900 29' 10 8.BO 0.35 1,524 121.00 ".332- 2.328 .. g '7 2.724 5.41 2.709 '48,81' '/5400 n_ 

ON 150 -782/900 30' 10 •. eo 0.35 1.628 135.87 a 0 a Q '.78 ..... a '11&00 a 

ON BOO ..Q13il000 32' - ... 0.35 1,909 1!!19.01!J "SO 231 .. • 270 '.73 '.387 115,891 '611.00 ~ ... 
ON 850 -86411100 34' ... 0.35 2.022 laa.5O a a a 0 ... 7 4.837 0 1611.00 0 

ON 900 -91."'00 3.' - 10.00 Q3. 2,135 In.82 a 0 a a 97. 4.890 a 186.00 a 

ON 1000 -1018/1200 40' - 10.00 0.39 2.381 198.42 0 a 0 0 10.80 5.451 a '68.00 0 

ON noo -11171'.00 &C' - 11.00 0.43 2,508 217.33 a a 0 a ".~ 5.973 0 11!400 0 

ON 1200 -122011400 .. ' - 12,00 0."7 2.95C 237.83 ... " 8,159 1,014 13. 7.9011 13.07 ..... 557,050 IdilOO 113,_ 

at.981 U9 ".,882 LEVA "i5i47i 

KOSTOV PLANTS ( 10 b 1 ) HEATING DISTRIBUTION PIPING WOf ALARM COMPONENTS (1 Ob1) 

CASH FLOW (0001 UtJD DOWIV /N (EXlS17NGJ DIlCT 

~ ~ !!!!!! .!!!l !!!!!! !!!!!! i!!Q!l i!l!!! 2!m !1!1!!;! 

29439 MATERIAL IUS $I ...... 2303.50 21172.27 3042.110 315485 3213.83 3213.53 3213.!53 3213.53 3213.53 

,. 3.50% •. 10% ID.ID1' 10.70% ".10'Yt 11.3Q1l. ".3K 11.~ 11.3"", 11.30'1' 

273008 L4Ba/(LEVA' 95$!128 22"3.8' 27573. TS 292",.' 30303._ ~.45 3OiU1I." 308CaM 3080t1l.8!J .1OIIUalJ5 

E>'CAV.MAT·L/lEVA, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

273008 roTAL /lEVA' 95M28 22,,3.8'1 27S7aT6 29211." 3030.:UU 3051285 ",OSUl.S 3OSIa85 3OM •• M 3OIUa1J5 

,. 150" 1-1"", 10.10% 10.7"' 11,10% 1'.3O'S 11.30"1' 11.30"" 1'.3~ 11.3m' 

:aUlPI pE!~m ~OC!t 
~ ~ M!!b ~ 

MODEL COST SUMMARV tuS S\ 28,438.28 a,~1.49 0.00% 100.00'II. 
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CASH FLOW (0001 WD DOWN -INSUL411ON FOAM CONcRETE 

, ... 1m m!! 1!!I m!! 

18107 MATElUAL (US $, 135.37 3341 ..... .,71.13 41711.83 4178.83 

% 5.""" 2O.1l1I% 2"-1l1I% 25.00% 25.00Y0 

,00390 LAB~/LEVA) MI.!1 320TaM 400II7.55 .fDtJllr." .f«»7.~ 

EXCAV.MArL(lEVAJ 0. ... 0. ... 0. ... 0. ... 0. ... 

'80390 TOTAL (lEVA) 8019.51 320TaM 40097.!5 40097.5$ 4l)1J111.55 

% 5.00" 2O.00Y0 25.00% 25.00% 25.00% 

~ MID LASCA 
012.19 0.00'!I0 100.00% 

MODEL COST SUMMAR'( {US 

CASH FLOW (0001 OVERHEAD I COU£ClOR - INSUL4110N GLASS MXJL "ALUAl/MJAI SHEET 

1l!!!! , ... m!! ~ ~ 

.. 882 MATERIAL {US $, 73 ..... 2931.35 3870.44 3870.44 3810.44-

% 5.00'% 20.""" 25.""" 25.00% ... """ 
1!5~79 LABOR/LEVA} 1773.1Jt1 3'095.85 

_112_.112 _112 
EXCAV.MAT'L(lEVA} 0 .... 0. ... 0. ... 0.00 "' ... 

155479 TOTAL (lEVA} m3.1Jt1 3,D95.'5 3S8IJ9.82 388t19. tl2 
_.112 

% .. """ 20.""" 25.00% ,"00% 25.""" 

Ie, 

MID ~ MID ~ 

MODEL COST SUMMAR'( (US S! 14 Ml.74 41S511.73 0.00'!I0 100.00% 

CASH FLOW (0001 lOTAL DlSffi/BU11ON PIPING 

, ... ~ m!! !!!l m!! 1!!!!! = ~ ~ N!i1 

!59&21 MATERIAL {US $, 2584.71 1S81.31 1071'.53 toatO.1. ,'003.11 3213.53 3213.53 32'3.53 3213.53 32'3.153 

% "'9% 1 .... 31~ 17.13 1 •. 20% 18.3", 5.371' 5.371' 5.37% 5.371' 5.371' 

.... 77 LABOR(lEVA} 2~47" 6628T.!fD 108$11.'2 fotl.nl1 '011211.20 3OI!U'.U :JOIN'.M 
3QiMa.85 3tJ84 .. ~ 3OtUa.s 

EXCAV.MAT'L(lEVA} 0.00 0.00 0. ... 0. ... "'00 ",00 0.00 0.00 0.00 0.00 

.... 77 TOTAL (lEVA} 25301474 652S7.!fiJ 1065,,-'2 .000rn .• T 'CII121'.2O .3084au 3OIU'.U 
30tNae 308f,"~ 3QSIa., 

% 4.30" 14.48'% '8.01" 1 •. 37" ,I.'''' '.24'" 5.24'" 5.24'" 5.24'" 5.24'" 

MODEL COST SUMMAR( {US 

M!I!. !.M!m ~ !.M!m 
59.827.34 18.402.41 0.00% 100.00'!10 

PAGE 3 
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KOSTOV (4) DISTRICT HEATING DISTRIBUTION I & C (SCADA) (10c) 

COST 
UNIT /UNIT 

ITEM OESCRlPI'lON VENDOR OTY MAT'L USI 

FLOW ELEMENTS 
, EA ,3000 

SUBTOTAL 

SCAD ... EQUIPMENT (WESTINGHOUSE) t LT 7,Q12.SOO 

FI8ER QPT1C LEASING 
TOTAL us S 

1 LT 49,$10 
7.082.000 

1_ 

VALUES 

to 
f1"1 
til 
~ 

},. 

§ 
r:: 
h 
OJ 
r
f1"1 
() 
a 
""tI 
""< 

181 MATERIAL {US $) 2.'" 

1 LABOR (US '1 0.02 
SUBTOTAL 2.55 

21 lA80R~EVAI 0.30 

8.205 WEST. SCAD" eaUIPMENT 114.88 

5(] FIBER OPTIC LEASING 0.89 

371 weST. SCAD. LABOR (US II 5.20 
SUBTOTAL 120.78 

a.B07 TOTAL us I 123.30 

.. 1.COO'" 

30.<82 weST. SCODA LABOR ~EVAI 42.8' 

30,"3 TOTAL (l.EVM 427.111 

.. 1.400% 

MODEL COST SUMMARY IUS $. 

arvOF 
SUB-

STATION 

'2 

1m 

30.72 

0.24 
:lO." 

'.$6 

1394.71 
1.42 

83.11 
1,488.31 

1 .... 1.27 

t7.oaa.. 

51U84 
5,'"7.22 

17.000% 

EQUIPI 
MID. 

8.434.82 

FREIGHT TOT.MAn 

OCEAN INLAND INCFGT. UNIT TOTAL US 

USI US. US SI!!S MNHR MNHRS MNHRS 

,9OQ 200 5-48 12.00 432 M 

---------.,., (.33 IoIUI. TIPlIER-"" ALLOT FOR KOSTa. 

1051875 1402.50 8205 
IJO 

8.435 

CASH FLOW 1000) 

~ 

38.M 

G.20 
37.15 

'.30 

1813.7'" 
10,10 
15.74 

,,759.51 
',788.73 

20.""" 

_.31 
6,22".87 

20.400'% 

LABOR 

1.328.21 

1!!!! 

38.se 

G.20 
31.15 

'.30 

1813.74 
10.10 
75.74 

',759.58 
1,788.73 

20.«10'% 

6220.37 
6,22 .... 7 

2O.AOO'% 

AcEl'If 
MID. 

0.000"-

~ 

38.M 

G." 
37.15 

'.30 

1873.7" 
10.10 
~.74 

1,759.58 
',79f1.73 

20.""" 

_.31 
6,22".67 

20 . .400% 

1.1 
~ 

71.899"-

N/A N/A N/A 

1m 

38M 

G." 
37.15 

'.30 

111573.74 
10.10 
75.14 

t,7!8.!58 
,,781.73 

2O.4001C0 

6220.37 
6,22".67 

20.400% 

RATE TOTAL RATE TOTAL 

/HR LABOR SUI.. /HR LASOR 

US. US'm!!D MNHR9 LEVA L[!Ae2!! 

50 380 1M .. 
------------------

US It LEVA 12' 

N/A 371 N/A N/A 30492 

373 30.513 

- - - -
FllE:K1.SCADA.WK~ 

DATE: 1-0..::-1113 

DATE! 23-Mar-g.& 
TIME: 04:04 PM 
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KOSTOV (4) HEATING SUBSTATIONS I & C (11) 

ITEM DESCRlP1'ION VENDOR 

SUBSTATION (AVERAGE SIZE) NOTE 1 
CONSISTING OF: 

CONTROlLER 
ATO 
CONTROL VALVES 
HEAT EXCHANGERS 
CIRe. WATER PUMPS 
WATER FILTER 
INLET/OUTLET SHUT _OFF VALVES 

TOTAL US S 

VALUES 

UNIT 
OTYMAr 

1 LOT 

33.957 MATERIAL (US $) 

O'J 

~ 
~ 

h 
§ 

o LABOR (US $1 
SUBTOTAL 

Iro,l~ LABDR(lEVAI 

" 

COST 
/UNIT 
US, 

1000 

~ 

475 .• 0 

0.00 
475.40 

2390.61 

1.400"-

r:: 
h 
!Xl r
n, 

MODEL COST SUMMARY (US SI 

(") 

QTYOF 
SUB

STAnON 

4851 

~ 

5172.89 

0.00 
5,772.88 

29D2S . .-

11.000' 

eQUIPI 

Mill. 
33.157.00 

FREIGHT 
OCEAN 

ust 

INC. 

TOT.MArL 
INLANO INC FOT. 

ust US 

INC. 33957 

$33,9!57 

CASH FLOW (ODD) 

~ ill! !U§ 

6927.23 8927.23 11927.23 

0.00 0.00 0.00 

8.827.23 8,921.23 11,121.23 

34634.08 34634.08 34834.011 

20.400'10 20.~""" 20.400% 

PERCENT LOCAL 

IMQ!! Mill. LASOA 

5.338.10 0.000" 100.000" 

S6 NoTE 1: ""<.. COSTS (MATERIAL, LABOR & SUBSTATION OUANITYl SUPPLIED BY CLIENT 

1m 

1!927.23 

0.00 
•• 127.23 

34634.08 

20.400% 

-
LABOA 

/SUBSTAnON 
US 

lOCO 

-
TOTAL 
LASCA 

U9. 

4.!St 

- -
TOTAL 
LASCA 

LEVA 1000 

170.755 

$170,7155 

- - - -
FILE:K1HOsnCWK3 

DATE: 1-0..::-83 

OATE: 23-M.,-M 
TIMe: Q.t::z5PM 
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FILE. STGMOOI(2.w<3 St 18125 flflO ~EAH .. -us.--I----IHOTMAY---'OO [---iHOU .. -_.-.0:00" ............ T '.' p"",",,--LoiaI 

O"TE: 17-Jan-M sa CJP. aP. 15"" MEALS,OAY 15 loclU' MeN. 0.1155 ~loc.U •• bc2tF.c:cor 

TIME: 07:53AM a EXP. EJIP. INL..AJoO-U.S. c.aMJ.A.Y eo WEEKS-Ba.. • I 5.25BUUJIHUSS 

168 1.M _ -----.2"'. _ ---- wEEKS-.... I t .. BUlJ] INL£VA 

USO~E~ 175 5 • .40 ~ EJchar'QtRat" • ..,,, 

For n#""" 
LExpenMOA'tS 

TURBINE GENERATOR - II0ClFlCATlO<IS - KOSTOV PlANTS - • b TOTAL Iffi.. ~s~.El<P'NSI!:OREIG~OCAI.~ - LOCAL 

NO. Of UNIT .... TOTAl C.F. TOTAL Iffi.. /Unlt/OUIaOO ~OTAL. jrOTAL-'!!J. ElIPENS.S I INSTALl.ATlOHI INSTALl.AT1OHIINSTALlAT\q FOREIGN (U.S. SI J LOCAl. (U.s. " 

ITEM PI.AHT$_ COST MTtI YE!oR FREIGHT Po< 0... • u.s 0 AGES u.S. u.S. • I U.S. • I . u.s. • I uv I ,_ '010 __ ___,_ ,... .... ""'" 

Aft COOUD GENERATOR 0.00 O.DO O.~ I I I 0.00 0.00 0.00 0.00 I . I 

MW Cl.£AN. CHEa<, BALANCe ROTOR 0.00 0.00 0.00 

111 AT SHOP 000 0.00 0.00 

REPLACE L,.&SA"'NTH RING! 0.00 0,00 0.00 

sUBTOTAL 0.00 0.00 0.00 ---;;,1 0.00 1 .1 •. 00 1 0.00 0.00 D.OO ---~~ I 0.00 0.00 0.00 0.00 I 0.00 0.00 0.00 0.00 

.IS' COOLED GENERAl'" 0.00 0,00 0.00 0.00 0.00 0.00 0.00 

MW ClEAN. CHEQ(. eALAHCE ROTOR 0.00 0.00 0.00 

HI AT SHOP 0.00 0.00 0.00 

REPL.ACE lASRYlNnt RINC!! 0.00 0.00 0.00 

SUBTOTAL D.OO 0.00 0.00 0.00 0.00 0.00 0.00 a.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

U,fCmulli. 1.2S 

KOSTOV- HYDROOENCOOlEDGENeRATOR a7D.eo 270.eo ".00 S1'.1O 7.~ 24.00 11.ot s&4.a "'7.112 347.M2 S.1.152 MI.. 11.oee 1t.0BI 11.011 11.011 

MW CLEAN. CHECK, BAl.ANCE~OToA 12,:10 12.30 2.01 14." 
14 .• ' ' •. SIII \4.. 14..' 0 0 0 

.. ATSHOP 0.00 0.00 0.00 
0 0 0 0 0 0 0 

f'EPlACE LA8RVlNTH RING! 20 1.150 1M so 1&4.10 :51.31 :n8.81 
218.l1li ::n5." 215.... 215." 0 0 

f'EPLACEHP.CYUNOER1-Tl~E 0.00 0.00 0.00 0.00 
a 0 0 a a 0 

REPAJ\fIECOr«lrTlON H.P.I t 80.00 18.40 IlAO 11.73 1ta.IS 
1111.121 115.121 115.1211 111.128 0 

SI.8TOTAl. 585.80 51&.10 ... ,. II'.. 111." 2847." 1.31 :M.OO 11.. ".R IIS.M tll.s4 8U.M IU.M I1.M 11.01 11.01 11.M 

UIC mulL 1.16 

KOSTaV - ttYOAOGEN COOt.£O GENERATOR 253.00 1012,00 401 t05&OI 2IAO ... 00 44.~ ,., .. 21 11110.41 111JD.41 1110.4. nlO..' 44.362 44.352 44.SU 44.;sa 

JSN CI.EAN. CHECK. BAl.ANCEROTOA 11.50 .... 00 1." "'.M 47.815& 4'.", "'.IM 47._ 0 0 0 0 

30 AT SHOP 0.00 0.00 0.00 
0 a 0 a 0 0 

REPLACE LJ,8AVlNTH RING! 20 7.50 112.50 no.OO 21.33 "1.33 
7'1.321 "1.325 711.325 "'.m a 

REPlACEHP.cYUNOff'I-nME 0.00 0.00 0.00 0.00 
0 0 a 0 a 

REPAI\flECOt.OfTlON H.P, 111 10.00 0.00 0.00 0.00 0.00 
a a 0 0 a 

SLetOTAL -~;,~,;;~ --t;;~ 14.21 -t~;. 455.51 18 72CW.tI -~;.:.-;- --,:;:; 44.. --;,~:; ... l... Ml." 1M'.. 1141.. 44~ 44.35 44.15 44.H 

TOTALHLNn' $a,J15.1 1170.1 12.4&'.' sa,t;t7.1 138.1 "20.0 SSSA a.1".0 12. .. 1.0 $2..'.0 a..'.O SMA SMA I55A SoMA 

lEVA - .n ..... 

TOTALFciAeoGH...."OR~EXPENiE "'7 .• 
C.F. TOI~t ""ii ..... .,. S22,. 

..OfTCTAll 0.250 0.250 0.250 9.250 0.250 0.250 0250 0.250 

.TOTAl.LOCAl LAB.PA. $221.' 

rM~EL COST SUMMARY u.s .• 
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fiLE. 

DATE. 

nWE: 

SIIlJI,MQWKl 

U-M-" 

It:" ..... 

IT!M 

KOSTO", - :2.3 &; 4 luRNERS 

IUfU.EA WGMT 

COMB CONTROlS 

FD'ANOf'TJON 

OUCTWOfI~ fOA IURN!RS 

SOOTILOWEAS 

"A.NITtA .. UN! 

NO. Of 
..... .,. 

lJ:z.sI 

SUBTOTAL 

,.". .. , 
217.' .... 

I CA\.C1J<.<nOH [ .......... -

'ACTORS OCEA" - U.S. 

""11'"'''' 
COST .... OOO Acnooo 

, ... AEl"lAct 10 YENtS NECUSITY 

REPlACE. ,UM Ni!en.,., 

fIIEPt..ACE l'i'I!AM NEctSSf1'Y 

7,',7 "U'l .... CI'OY!MS ENHANCEMENT 

n" AEPtAC! ,O'tEMS (NHANCEMI!NT 

U'.3 "EPlACE '0 TEMS EHKlNClUENT 

1,304"" AEPlACI,ol(MS INKANCEW'NT 

3,"1.3 

.. .. 
TOTAL sUiTor ..... 

.... 

0.'10 

0 .... 

0.045 

0.214 

O.:M" 

-

i M ..... 
, ... ... 

c... L&CMn. 

YUIll UI.' .... 
, ... 1143.7' 

.... .... .... .... 
, .... " 

KOITOY _ 5.' &. 1 WATEAWAL1S 

lUANEM 

lUANE"WQY'T 

COMI.COfIf'ROI.I 

113' 1 .... 1.7 REPlACE HOW 

REPtAClNOW 

REPlACE HtOW 

NEeESam' 

HECESSITY 

NEcelSITY 

1.000 , ... 

SUBTOTAl. 1.141.7 "" 
TWAlER 8OILERIIOOIFICATIONS- trDSTOVPtANTS- 5. 

KOSTOY - t -. SOOlllOWfRS "na un REI'lACI! • 'EARS ENHANC(MI[N1' 

WATEAWAUS 

IURNE"I 

,UANfIIII CONTROLS 

suefOTAL 

TOrAL KOSroV COSTJ 

-TorALAU UNITS AT P\.ANTTHfcoet. 

INSTAl1.lnOH .. ST.lRTUIt 

SINCE THIS PAOPOSt!:O'CIA TOTAll't.I.NT IT 

SHOUlD If QOfIt: AT fli! "WE Tnl!~, 

EOUI'I 

MOOEL COSTSUMMAR't !!!!n 
US$! 2G.954.8 

.... 1 7,"2.1 

317.4 2."12 

11,271.2 

1I .... a 

~.-. "'.0 

W!l!I 
2.770~2 

REPUCE I YlN'S ENHANCEMINT 

fIIEPUCII'lAM ENHANCE"!H1' 

fl,IPlAClI Y!AM IHMAHeUIEH1' 

TOTAltACM",TEfI, .... 1. 

toTAL I&C IHlTAUAnoH 

~' 

I!m I.YllI! 
31.1501", 

.... 

. -
0.702 

,... IIQ.." 

,, ... ,,-

'ta.n 

"1&'" 
..,&.., 
.... 00 

- -
........ 
'fCIJ,... 100' 

1 TOTAL MTLI fOAIUCIM 

U.I. • I MTL. US. 

121 3 SMaI J .. u 
113 .• 

'SI .• .... 
t4'3 ..... 
,H.' 

12..1IU 

tHU ..... 
,,72t 

1t.IXI 

".701.' 

:111.1 tz.'''' 
31:1.4 a1,111.t 

m.' .... 111 .• 

,.U 
1.I4U 

"".3 
0> ... 

2.1It .• 

•• H:U 

..... 
H,HI.O 

"'.0'''' 
".711.4 

Itl."'.7 

121 ...... 

U57.' 

..... ...0 

.7U 

1.171." 

".71t .• 

2.tM' 

1.117.' 

14.IU.' 

.... 
1.2:"0 

3.OM' 

1,711.4 

a!!:!!!:!. 
121 ..... 

-

LOCALII'R.. 

u .•.• 

- - - - - -

TOTAl. 
WlCII 

- @,IA.II _. 
..... _. 
..., 

.11.7 

114.7 

1.1".' 

.... _. 
t,tn.1 

... 
5 .... 4 ,_. 

U7.t 

~ 
"'74.' 

ICI'II. I..AICR(Wti.MMAT'U 

:sa l.£YAII 

:IJItt ' •• 'UDc 

10.00 US t.QQIII RAn. 

U'IUUlIUol'l USI 

I"'~ 

;-

U PfllOOUCT'lYm 

O.I'.~loclII 

fOR.EtGN 

WlCII 

(U •••• I 

LOCAJ. 

.... "" 
.... I·4(~ .. ~ 

LOCAl. fOREIGN C .•. TOTAl. If'e,aa 
\.aM'~ 

LOCAL 

, .. 
41.1 

,U 
,7.1 

0>.' 

IOU 

.,,1.5 

, ... 
.t.' -.. 

n. 
71'.3 

:IIt,1 

111.4 

'..:!!!:!. 
',IMI 

.. .. 
It." 

.... 
l.t4 

31 .• ' ..... 
t ..... 

WI"" 
~ 
',GU3 

.n.' 
1,170.4 ..... 
'.-0 
• ..... 0 

'.H'.' 

,-

.... 
113t 

2.121.1 2,»1.0 

117.' :I., .... 

..... :s.MO.ul.u.,." 

$i.1' 1.0t'2.1 

.... H ... a 

'It." 5.172.2 

1t.4I t.&47 .• 

In.at '.,5".1 

111.. ZI.Ota .• •• 137.' 

[C.,.TOT ... 

'"' 
l"-OIITOTAI 0.1.42 

.u ... ,-
2.1H.I 

~ 
• .M . ., 

1.001.5 ..,.. 
1.0&&' 

1,71U' 

2.1".' .,.M.3 

., ... 
to .• S 

3.Ut.. 

1.1a' 

!!!!!:!. 
22.S"'.1 

'ON 

0.703 

•. nc.a 

!!!!!!:! .... 
0.155 

,-

..., 
, .. 

'04,_ 

104.4 

,-
0.119 

LAlQII ust ,-
11.3 

1'.3 

.. .. ..... 
'2'.0 

'1.1 

!!!:!. .... 
,-

0.87ft 

-

~ 
".0 

... 
" .... 
.u 

,n.' 

,,. . 
.!!!!! 
...iii:!.l. 
0.205 



I 
I 

ID~TE:;~"" C07S._FA BIG - MNGE L-2 COMBINED CYCLE PLANT--KOSTOY PLANT 

fIGItt.A HI-TEMP 

I 
CT • 7IOOOkw, TO -18DCCkW 

,FelT MTl LMOR TOTAL 

-...25 SITE IMI'RO\'EMENTS 881,322 _.8,. ''-.000 

I 
",.- FOUNDATIONS -'OID 1,347.4" 2._.-

",.5 8TIIUCTUfES 
_.815 187,185 -'000 

"-J121 =-USTlON TUI'IIINE 1D.2111.- 2.4lt4.- 22.72UIiI 

1a2IO HEAT fECO\/ERY 81EAM CIENEIIATOR 4.ezs.aoo I05.00O 1.4ID.aoo 

I -.000 TUMINE GENEIlATCIR ....,.aoo -'000 I,lW.ooo 

411.0II8.0.P. MISC.IECHANlCALEQUtPUENf 2.1711.1120 181.110 ..... 
......, I'II'ING - OUTSIDE 

,._ 
1,142._ 1.174 •• 

I 
o I'II'ING - IN8I)E 

W/MY. WlMY. WlMY. 

.12.,. IE1£CrIICAL EQUIIIMENf Il.0'l2 .... -.411 .... .aoo 

_.'711 ELECTIIICAI.,4I.C 8ULK MATEIUUI ,'-'- rtDMI 2.112 .... 

I 
--------- ---------- ---------

TClrAL DIlECT COST 41.1114.117 1,151 •• ., .... -
.... ,147 FfElGHT - OCEAN I.IHl.AND ..... lM7 .... ,147 

---------- ---------- ---------
TarAL ..... 744 1,151 •• ..1IIZ2.4m 

I 
... 

U.S. WH 

MIWHOUIIS IS:I) IaUID 44 DNL IIIDEIIENCE) 

I 
CHECK II.CIU.4OS 

ITEM No DESCRIPTION 
u'B.'.w,;;;;, u.s~m;; _U.S.'.;;; ~~;;R 

s 8IIEWOIIK. FDNS .IITIIUCTUfES 2.e.1' ..... UCJ7.Zt 81.101" 

I ... ca.eUSTlONTUABIIE D,MQ.12 7'11. ..MUD 81.101 .. 

.., TUNINEGENEAATCIR ......... -.., 7,1174.11 81.101 .. 

Ie HIIIG ..... ..... .... .17 81.101 .. 

I 
7c 8.0.P. .. --- ..... ...... 81.101 .. 

• ELEc:TIICAL I ac: .._.1. ...... UIO.DI 81."''' 

1b DEMOUTION -10 .. 0182 11 •• n .. too.OOIWo 

--------- --------- ---------

I 
TClrAL U.s.' 

_ ... 14 
2.122.1' eo.-. 

I 
I 
I 
I 
I 
I 
I 

BEST AVAILABLE COpy 
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.I') 

"'i 
b. 

~ 
~ 
b. 
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" 
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ITEM OESCRlPTlON VENDOA 

swvo. BKA. 1200". 2JDKV. WJPANB. 
TAANSFOAMEA. 120 MVA 

GeNERATOR BKR 2000" 
GENERATOR BKR. 04000" 
TRANSFORMER, !5MVA 
GROUND RESISTOR 
SWrrCHGE.AR, 4.18 t<V 
TRANSFORMER. 1000 tfYA 
MOTOR CONTROL CENTER 

WIRING & CONOUIT 

SUBTOTAL 

VAlUES 
2.053 MATERIAL (US S1 

OLABOA (US$) 

- - - - - - - - - - -
SWITCHYARD DISTRIBUTION EQUIPMENT (9) 

COST OTY OF FREIGHT TCT.M"T·l RATE TaTAL RATE TOTAL 

UNrr /UNrr SU8- acE"N INLANO INCFGT. UNrr TOTAL US /HR LASOR 8Ul. /HR LABOR 

aT'( MAT'l US, t9OO? STAttON us 'm us, lOD!?t U9! togO! MHHA MNHRS MNHF! US, us. MNHR9 lEYA ley" lOOIlI 

EA 
EA 
EA 
EA 

, EA 
EA 
EA 
EA 
EA 

, IT 

200 
lOll 
100 
3SO 
IS 

• ,so 
20 .., 
2 

U!!! 

513.3' 

0 

J,!g 

1021.81 

0.00 

30 234 240.00 240 !5G 2M tM " 

120 " 138 1«)0.00 1.00 0 50 Q ,$40 ,M 251 

15 Z 117 200.00 200 0 50 0 220 ,. 31 

53 7 .. 'A 400.00 GJ D 50 0 440 1. 74 

13 Z 91 ZOO.OO 200 0 50 0 220 til 37 

1 0 • 40.00 40 0 eo Q .. 1. 7 

23 3 171 10.00 10 0 50 0 .. 1. 1'5 

3 Q 23 10.00 10 0 50 0 II 111 15 

I 1.7 30.00 30 Q 50 0 33 1. • 

Q a 38.00 31 Q 50 0 .to 1. 7 

--------- ----------------- ---------
12.053 U9 80 2877 lEVA 500 

CASH FLOW (000) 

~ 1m ~ 1!!!!! l1!!QIl i!!!!! l!!!!!I i!!S!I ill!!! i!!!§ m!l 

513.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

SUBTOTAl. 513.34 1,028.11 513.34 0.00 0.00 0.00 
0.00 
0.00 

0.00 
0.00 

0.00 
0.00 0.00 0.00 0.00 0.00 

500 LABOR~EVAI tR&D2 250.03 '25.02 0.00 400 400 0.00 dOO 0.00 d'" 400 0.00 4'" 

eOOIPI 
!!m !.WlfI !!m b!!!Q!! 

MOD EL COST SUMMARY IUS $1 2053.35_ 15.13 o.oo~ 100.00~ 

- -

m ~ 

0.00 0.00 

0.00 0.00 
0.00 0.00 

0..., 0..., 

- -
FILE: K2SWYARO.WK 

DATE; '2-"""'-13 

CATE: 18-JM-M 

nME: 01:28 PM 

m!!. 2Q!2 

0.00 0.00 

0.00 0.00 
0.00 0.00 

0.00 0.00 



-

'<::I> 

C) 

- - - - - - - - - - - -
HEATING DISTRIBUTION EQUIPMENT (10a) 

ITEM DESCRIPTION VENDOR 

MOTOFI 
VSD 

STEP-UP TRANSFORMER 
ISOLATION TRANSFORMER 
WIRING &. CONOUIT 

SUBTOTAL 

COST 
UNIT /UNIT 

CTYMAi US. 

EA eo 
EA 200 
EA eo 
EA !54 

3 LT 2 

!!!! 

D.) 
1'1-, 
Vi -.., 
h 

" 1' . ...... ,.... 
h 
to ,.... 
,.,.., 
() 
a 
"t1 

'" 

VALUES 
2.224 MATERIAL {US .) 

o LABOR {US .) 
SUBTOTAL 

,4!j LABORjlEVAI 0 

MODEL COST SUMMARY IUS SI 

aTYOF FFEIGHT 
suB- OCEAN 

9TAnON USS 

'2 
30 

• • 

1m Wl! 

2223.94 0.00 

0.00 0.00 

2.223.94 0.00 

'45."7 0."" 

eQUIPI 

rill:!. !.MQ!! 
2223.94 4.55 

TOT.MATL 
AATe TOTAL 

INLAND INCFGT. UNIT TOTAL US /HA LlIIOA 

uss US MNHR MNHAS MNHR9 USS USS 

211 ".00 , ... 0 50 

702 32.00 .. 0 50 

2" 24.00 72 0 50 

'10 2 •. 00 72 0 50 

1 30.00 '01 50 

------------------ U9 SO 
12.224 

multipllet 011 ,8 01 Soft. 

CASH FLOW (000) 

!@!l I ... ~ i!l!!!! !12!!!. ~ ~ 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0."" 0."" .. "" 0."" 0."" 0."" 0."" 

PERCENT LOCAL 
MID. ~I 

0.00"'" 100.00"'" 

- - - -
AATE TOTAL 

aUL. /HA LlIIOA 

MNHR9 L A A 

, .. , .. 27 

'01 
, .. 11 

1. , .. '3 
11 , .. .. 
"I , .. 20 

---------LEVA ,<5 
mulHpler aI U!I d Sofia 

~ ~ ~ ~ 2000 

0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 

0."" 0."" 0."" 0."" 0."" 

- -
FILE: K2E:OUIP.wK3 

DATE: t-O-.e-83 

DATE: 01-Feb-IM 

TIME: 11:25 AM 

~ ~ 

0.00 0.00 

0.00 0.00 
0.00 0.00 

0."" 0."" 



- - - - - - - - - - - - - - - - - - -
FilE- K2PIPtOB,WI(3 

DATE: 22-Nov-93 

KOSTOV PLANTS ( 10 b 1 ) HEATING DISTRIBUTION PIPING WOf ALARM COMPONENTS (10b1) OATE, 24-PMr-94 
LAID OO_,N (EXIISTlNGJ DUCT TIME: 10:48 AM 

PIPE FTGS PIPE MATERIAL FRBGHT PPEFTGS LAS.cogr III 
METRIC U.S. U.S. WALL WA!.L USSI ALLOW US SI OTYREO COST OCEAN INI.ANO INCFGT. ..... QFJlArt 

DIMeNSION 01A. SCH IMr:! II~ 12M S112M METER IMETERS! us Sl2:22l us 11m us SI222l us *,0001 4EVA::OOOI 
ON 40 -481100 11/2' '0 2.60 0.10 107 100 17.21 '.048 .7 13 2 102 .18 
ON 50 -60/12!. 2' '0 2.90 0.11 130 91 18.-'2 31.948 ... as 12 ... 'I""" ON a5 ~7B1140 21/2' '0 2.90 0.11 157 110 22.24 48,878 1.083 182 22 ',287 r.z,r., 
ON eo -89/180 " •• '.20 0.13 ,.7 112 24.93 38,232 953 143 19 1.115 10,707 
ON 100 -11 .. /200 .' •• 3.60 0.'4 . .. 143 33.21 37,421S ',241!1 187 25 1,4S7 1~_ 
ON 12:5 -139122:5 0' 40 3.f10 0.14 311 134 31.0S 20.1532 7., 114 15 890 '1547 
ON ISO -168J2M .. 4. 4.00 O.IS 388 144 44.30 29.320 1.299 198 21 1,520 ' .. -ON 200 ·219/315 8' 20 450 018 "2 , .. .... 27,194 1,787 2S5 35 2,088 ,.,161 
ON 250 -2731400 10' 2. 0.00 0.20 S9. 224 93.23 13.212 1.232 1~ 2' 1,441 ,~-
ON 300 00323/450 12' 20 'SO '22 1,09' 274 11408 13.028 1 .... 223 3Q 1.738 ,.dIt, 
ON J50~!5!5~ ", 10 :5.1S0 0.22 1,320 2 .. 132.00 70. 93 14 2 109 ',-ON 400 -4061S20 IS' '0 8.30 0.25 1,4$J 290 '.'.00 23,1.8 3.'" 503 .7 3,927 37.a7 
ON 4SO --457/580 18' '0 83. 0.25 1,810 242 154.29 , .. 81 a 1 71 -ON 500 -50&/830 20' 10 8.30 02. 1.908 2" 182.815 13,()O.& 2,378 307 48 2,782 2S,707 
ON 550 -658nl0 22' '0 8.30 0.25 2.281 188.42 • 0 0 0 0 
ON 600 -609nao 24' 10 7.10 0.28 2.704 232.00 0 0 0 • 0 
ON 650 ~60/840 2S' 10 800 0.31 3,864 301.00 0 0 0 0 0 
ON 700 -711/900 2B' 10 8.80 0.35 4.810 408.17 7.124 2,915 437 50 3,410 ~74D 
ON 750 -7621900 30' '0 8.80 0.35 5,322 443.50 0 0 0 0 tJ 
ON 800 -81311000 '2' 8.00 0.35 !!,M2 495.17 '.334 2,8&1 398 .. 3,090 2I!_ 
ON 850 -864/1100 34' 0.00 0.35 8.921 57e.7!! 0 0 0 0 0 
ON 900 -914/1100 , .. - 10.00 0.39 7,235 602.92 2442 1,.72 221 29 1,723 '8,537 
ON 1000 -1011!f1200 40' - 10.00 0.39 0.334 e94.~ 0 0 0 0 tJ 
DN 1100 -111711.00 .. ' - 11.00 0.43 12,055 1,004.58 0 0 0 0 0 
ON 1200 -122011400 , .. - 12.00 '47 14,755 t,ZZI.sa 722 ... 133 18 1,_ .. ", 

317,.94 US S2S,438 tEVA iT.iDOi 

LAID 00_ -INSVIATION FOAM CONCRETE 

ON 40 -48/100 11/2' 40 2.80 0.10 '07 100 17.21 0 0 0 0 0 0 
ON 50 ..e01125 2' 40 2.90 0.11 130 81 18.42 0 0 0 0 0 tJ 
ON 85 -18/14Q 2 '/2' 40 2.90 0.11 157 110 22.24 0 0 0 0 0 0 
ON 80 -891160 " 40 320 0,13 187 112 24.83 73,968 1 .... 2n 37 2,151 .... 715 
ON tOO -1 to4rzoo 

., 
40 3.80 0.1. 2!511 143 33.2B 2 •. 290 608 121 18 1148 .0lI0 

ON 125 -139/225 .' •• 3.80 0.14 ,It .34 37.01 21,DOO 812 122 18 150 .. ". ON 150 -188/250 .. 40 '.00 0.18 388 144 4430 19.930 BIl3 132 11 1,033 .,8'" 
OJ ON 200 -219131!! B' 20 4.50 0.18 '92 '" .... 14,854 ... 1<5 18 1.129 '0, .. 3 

ON 250 -2731400 10' 2. '00 0.20 89. 22' a:123 12.332 1.U50 172 23 1,345 '2,.,3 hi ON 300 ..0323/450 12' 20 'SO 022 1.005 274 11 •. 01 a .... 1,071 182 22 1,2M '2125 t/) ON 350 ..J55i500 .. ' '0 !!i.au 0.22 1,320 204 132.00 1._ "4 34 4 212 ~5f5 ..... ON 400 -408/520 '" 10 030 0.2' 1.450 290 '.5.00 .,230 813 92 12 718 'I .... 
):" ON 450 -4571580 'S' 10 8.30 0.25 1,!ll0 2.2 154.28 1972 304 48 8 ... ~417 

ON 500 .-!OS/830 20' 10 6.30 0.25 1.908 2" f52,e 3.290 002 90 12 704 '1757 .,... ON 550 ~5en10 22' 10 8.30 0.25 2,281 188.42 0 0 0 0 tJ }:: ON 600 ~09n80 24' 10 7.10 0.28 2,784 232.00 2.'" '" 70 1. 807 IJ,U7 

;:::: ON 650 -6601840 28' .0 000 0.31 3,886 307.00 0 0 • • 0 
ON 700 -111/900 2S' 10 e.80 0.35 4,910 409.17 to.94O 4,471S 07t 90 5.237 5tJ,218 h ON 750 ·782f900 '0' " SS. 0.35 5.322 443.50 0 0 0 0 tJ 

t:{) ON 800 ~1311000 '2' - 8.80 0,35 5,9'2 495.17 • 0 • • 0 
ON 850 -8St/l100 '" 8.80 '3$ 8,921 578.7S • 0 0 • 0 r-- ON 900 --9'4/1100 ,S' - 10.00 0.39 7,235 002.92 0 0 0 0 0 r;, 
DN 1000 -1018/'200 40' - 10.00 0.39 8,334 894.50 0 0 0 0 0 

<) ON ftoo -1111/1400 .. ' - 11.00 0.43 12,055 1.004.51 0 0 0 0 

a ON 1200 -1220/1400 '8' - 12.00 0.47 14,755 1,229.51 0 0 • 0 

~ (1) LABOR PERCENT PROVIDED BY CUENT 201,102 US SUl,TOl tEVA rdQ.3SO 

"" 

PAGE 1 

~ -~ 



- - - - - - - - - - - - - - - - - - -
OVI:RHEAD / COLJ.ECTt:JFl - INSUlA noN GlASS KtIOL .. .4lUMINUM SHEET 

f'EMOVfi ow INSULATION. CLEAN PP£ SLPI'LY & INSTALL NEW INSULATION) 
PIPE FTGS PIPEIFTOS 

INSUL INSUL INSUL INSULATION FRSGHT INSULATION U .. T UNIT TOTAl. RATE I.A8.COST 
METRIC U.S. U.S. WAlL WALL US*, ALLOW USS! OTYREC COST OCEAN INLANO INC FOT. MHIM MHIM MNIfOS II-fi INSULATION 

DIMENSION OIA. SCH 1M!:! I'~ '2M I/12M METER ,METERSl US SU~!D US'122m US se US II!!!!!!! INSUL. REMOVAL INSUL ~~ Il;EVA-!!!!!!l 

ON 40 -48/100 1112' 40 2.60 0.10 '27 .7 1!!1.S7 0 0 0 0 '.40 0.698 0 'MOO 0 
ON 50 -60/125 2' 40 2.90 0.11 , .. '05 2027 0 0 0 0 , ... 0.729 0 'MOO 0 
ON II' -781140 • '12' 40 '.90 0.11 "7 

,.. 2&.42 3,212 60 ,. .3 , ... O.I!I2! '.131 ''''00 
,,_ 

ON eo 0.89/160 3' 40 3.'20 0.13 ,eo '3' 23.12 3,3" ., 12 9' '.60 0.7915 .,'30 , ... 00 ,,-
ON 100 -11'/200 4' 40 360 0.14 2119 ... ".00 2.7l2 .. 15 "' 1.74 0 .... 7.'22 15/loo 1,"7 
ON 125 -1391225 5' 40 3.60 0.14 30. '3. 37.00 3,128 II. '7 .3' Lea o.&<. 7,112 , ... 00 ,,-
ON 150 -le8/2~ 8' 40 '.00 0.18 34. '04 37.08 5.2114 ... 29 • 229 ,.55 a.nll '2.293 IMOO ~-ON 200 -219/315 e' 20 '.50 0.1. 404 '23 43.12 3,04B 134 20 3 '57 '.90 0 .... 1.070 IMOO 1,457 
ON 250 -273/400 '0' 20 5.00 0.20 502 , .. 52.50 4,238 222 33 • .00 '.04 1.020 12,171 , ... 00 ~1" 
ON 300 -3231"'50 ,.- 20 5.60 022 72' , .. 74.08 5,83d ... 53 • • •• 2.70 1.352 22.853 'MOO ~-ON 350 -355/500 '" '0 5.60 0.22 .OB '43 79.08 3.520 278 4' • 320 2. •• U90 15,730 .MOO ~"'3 
ON 400 -408JS20 '8' '0 8.30 0.25 B.' '75 88.33 10,028 ... '30 '7 1,Q13 3.47 1.7:W '2,185 IMOO 

__ 
ON 450 -4~7/!80 '0' '0 0.30 0.25 905 '04 &<.00 1.658 '31 2' 3 ,.3 3.02 1.608 0,'" ''''00 1,5" 
ON 500 -&18/830 20' '0 830 0.25 1.137 72 100.75 3,830 388 55 7 ••• 3.75 1.873 20,402 '6&00 30427 
ON '50 ~5BI710 22' '0 8.30 0.25 '.250 104.17 0 0 0 0 '.33 2.187 0 , ... 00 0 
ON 600 ..eosn80 24' '0 7.10 0.211 1.291 107.51 '.200 237 38 5 .n .... 2.310 15.248 ''''00 2$81 
ON 850 -860/840 '8' '0 8.00 0.31 1,420 t11.33 0 0 0 0 5.02 2.508 0 ''''00 0 
ON 700 -7111900 20' '0 8.80 0.35 1.524 127.00 18.332 2.'" 349 '7 2,724 5.41 2.708 148,e18 16&00 ~002 
ON 750 -782/900 30' '0 8.60 0.35 1.828 135.87 0 0 0 0 '.7' 2. ... 0 'MOO 0 
ON soo ..a1311000 32' s.so 0.35 ',909 tSB.ce 1450 231 35 5 .70 •. 73 4.387 te.us 16&00 ~,., 

ON 8M -884./1100 34' 0.80 0.35 2.022 '''50 0 0 0 0 9.21 4.1531 0 '6&00 0 
ON 900 -914/1100 '8' - 10.00 0.39 2,135 1n.92 0 0 0 0 8.7' 4.890 0 , ... 00 0 
ON 1000 -1018/1200 40' - 1000 0.39 2,381 198.42 0 0 0 0 10.10 5.451 0 'MOO 0 
ON 1100 -111711400 '" - 11.00 0.43 2. ... 217.33 0 0 0 0 11.85 5.a73 0 IMOO 0 
ON 1200 -122011..ao '8' - 12.00 0.47 2.854 237.83 2&<11 1.159 1,014 , .. 7,_ 13.01 ..!534 5!57.~ 16&00 N!SM 

gatHS Us "4,882 LEVA i5i:i1i 

KOSTOV PLANTS ( 10 b 1 ) HEATING DISTRIBUTION PIPING WOI ALARM COMPONENTS (10b1) 
CASH FLOW (000) LND DOWN IN (EXlSTlNGJ DUCT 

, ... ,- , ... '997 , ... , ... 2000 200' iQ!!g gQ!!! 

ttl 
MATERIAL (US $1 .. 5.34 2303.50 2872.27 3042.90 311!51.e 3213.53 3213.53 3213.53 3213.53 3213.53 r-r, .&<38 

V:t " 3._ e.l~ 1D.1nt 10.7K 11.1K 11.30 .... 11.3""" 11.30"'- 11.3"" 11.3D'S 

'" h 273008 LABCR/LEVA) '5M-IM 22113.S1 2767318 292ft.llf 303t13.1U 3084 .. 45 3OIU .. 1JlS 3OtJIQ45 30tNaS 3Ot!Uas 

§ ElrCAv.AlArLjl.EVA) 1100 1100 1100 1100 1100 1100 1100 1100 1100 1100 

r::: 273008 TOTAL jl.EVAI I/5$!lIM 22ft3.S' 27573711 292t1." 30303,. 30fUIlU 3OtuQS5 3OIUa55 30fUalJlS 3OIU.l1JlS 

h 
" 3._ 1.1"" 10.10% 10.7m. 11.1'"' 11.30 .... l'.3O"f. 11.3OY. 11.30'10 11.30'4 

i:l:) 
r--
hj 

IMODEL OOST SUMMARY (US $I 

EQUIPI !!E8!1 
() MM:l. lMQ'! Mm ~ 

28,438.28 8.531.49 0.00% 100.00% a 
1:) 
~, 

PAOE2 

~ ..-
~ 

r 



-

~. 
'<:~ 

-

t1 
f1-; 
V) .... 
h 
}i 
"-
I'"' 
:h 
ttl 
i'"' 
f"'rJ 
C"") 
a 
'b 
'<: 

- - - - - - - - - - - - - - - - .' 
CASH FLOW (000) lAID ooWN - INSULAT70N FOAM CONCRE7C 

, .... , ... ,99t!I 1m l!!!! 

18707 MATERIAL (US II 135.37 33011.48 .178.13 41711.83 4171.83 

" 5.00% "".00% 25.ao-.c. 2!5.00-.c. ~.oo ... 

160390 LABCIl(LEVA) 6019.5' 320T4Df. <lDmll'.5!J 400f17.55 400II1.55 

EXCAV.MAT'L!lEVA} "DO "DO "DO O.DO aDO 

160390 TOTAL !lEVA, sa'S.!H 320711.." 4«»7.56 40097.55 40097.85 

" 5.00~ "".00% 25.00% 25.00% 25.00" 

:t5jjl~' ~m~':ir m~;: 
MM:!. ~ MM:!. LABa< 

MODEL COST SUMMARY IUS $I 18,707.31 5,012.19 0.,"", 100.0ln' 

CASH FLOW (000) OVERHEAD / COUECTOR - INSULAT70N GLASSIK)OL &IILUMINUM SHEEr ,- , ... 199t!I 1m ,99t!I 

14882 MATER'AL (US I) 731.09 2S3I.~ 3870." 3170."'" 3870."'" 

" 5.00% "".00% 25.00% 25.00% 25.00% 

15!50479 LABCIl(lEVA, 777396 310S5.45 361J8t1.82 31U1t111.U _112 

EXCAV.MATl!lEVA, "DO aDO aDO 0.00 o.DO 

155479 TOTAL (lEVA, 7773911 ,,095.45 3M6tI. tl2 .1&Mrl1l2 _112 

" 5.00% "".00% 25.00% 25.00% 25.00% 

~i51j,"7 ~~~ERr t~iM 
MM:!. ~ MID. ~. 

I MODel COST SUMMARY I!!S ~ 14,881.74 4,8511.73 0.'"'" 100.'"'" 

CASH FLOW (000) TOTIIL DISTRIBUTION PIPING 

J!!! ~ ,99t!I 'SS7 ,99t!I I ... 2000 2001 = 2003 

59821 MATERIAL (US I, 25114.78 11511.31 lD718,53 10890.1. 11003.81 3213.53 3213.53 3213.153 3213.153 3213.53 

" ".29" 14.34" 17.92'1. 111.20-4 t8.38~ ,..7'$ 5.37"., 5.37'" 5.37-' "'7'$ 

58e877 LABCIl(LEVA) 2SU&74 85287.50 rD1J54 I. 12 toe,7tI. 17 109211.20 3tOISf,aa .:J05fa.u 
__ .. 85 _ .. 85 __ .. 85 

EXCAV.MATl(lEVA} aDO 0.00 0.00 0.00 0.00 0.00 "00 aDO aDO aDO 

5BBI!77 TOTAL !lEVA) 2S3I&74 _7.!SO tDtJ54f.12104'711.17 109271.20 3(»1..'" 308fae 3OM .. 65 __ .. 85 __ "U 

" 4.30% 14.4." 11.0111" U!.37'S II.se-..:. !5.2''S 5.2'~ 5.2'''' 5.2<" 5.2<~ 

I MAT·L J.!!!Ql. MM:!. ~ 
MODEL COST SUMMARY IUS $) 59.827.34 18.402.41 0.0ln' 100.0"" 

PAGE 3 
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- - - - - - - - - -' - - - - -
KOSTOV (4) DISTRICT HEATING DISTRIBUTION I & C (SCADA) (10c) 

COST OTY OF FREIGHT TOT.MAT'L RATE TOTAL RATE TOTAL 
UNIT !UNIT SUB- OCEAN INLAND INCFGT. UNIT TOTAL US /HR LABOR BUL. /HR LABOR 

ITEM OeSCRIPTlON VENDOR eTY MATl US, STATION U9 S US S U9 'fOOO! MNHR MNHR9 MNHR9 U9, U91M MNHR9 LEVA LEVA (OOQ) 

FLOW ELEMEI<TS 3 EA '3000 

SUBTOTAL 

SCADA EQUIPMEI<T (WESTINGHOUSE] 
ABER OPTIC LEASING 

1 LT 7.012.500 
, LT 49.~O 

~J;, 
, ttl 
(/; 
-1 

};;;. 
",' 

j:; 
r: 
.~ 

to 
f-
"'1 
') 
a 
11 
< 

TOTAL US S 7,062,000 

1m 
VALUES 

••• MATERIAL IUS $I 2.~ 

• LABOR IUS II 0.02 
SUBTOTAL 2.55 

21 LABOR(lEVA} 0.30 

8.205 WEST. SCAO" eQUIPMENT 11 .... a8 
50 FIBER OPTIC lEASINO 0.89 

31. WEST. SCADA LABOR IUS II '.20 
SUSTOTAL 120.78 

8,807 TOTALUSI 123.30 

'" 1.400% 

30.492 WEST. SCAOA /.ABOR (lEVA} ':lU, 
30,5'3 TOTAL (lEVA! 427.'. 

'" 1.400" 

MODEL COST SUMMARY IUS $ 

'2 '9M 

1051875 

~ .-
30.12 ..... 

0.24 0.29 
30." 37,15 

'.56 '.30 

1394.79 1873.7. .. ~ 10.10 
53.1' 75.74 

1,488.31 1,75'.51 
1,487.27 1,798.73 

11.00~ 20.400'% 

5163.64 622D.37 
5,187.22 tI,224.tl7 

17.ODO% 20.40""'-

EQUIPI 

MID. ~ 
8.434.82 1.3211.21 

""" ... 12.00 <132 .. .., 380 ... 014 

liB. {.33 loll(. nPl./ER-•• " ALLOT FOR KOSTO~ US S1 LEVA 121 

140'250 120! N/A N/A N/A N/A 311 N/A NIA 30482 
!lO 

B.43S 313 30,513 

CASH FLOW (0001 

'991 .... .OSS 
..... ..... 3U!l8 

0.2\1 0.2\1 0.29 
37.15 37.15 37.15 

'.30 '.30 '.30 

11173.74 1873.74 1873.74 
10.10 10.10 10.10 
75.74 78.74 75.74 

1.751.58 1.79.51 1.7!S8.~ 
1.7911.73 1.791.73 1,7H.73 

20.400'5 20 ... .,. 20 ... .,. 

5220." tl22O.37 1220.37 
6.1Z24.61 tI.224.87 8,:124.8? 

20.400-4 20.400% 20.400% 

PERCENT LOCAL 
!!!I!. LABOR 

0.000"" 71.899"" 

- - -
FILE: K2 SCADA.WK:: 

CATE; - t-O.c-83 

OATE: 23-M.,-04 
nME: 04:08PM 



-
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- - - - - - -- - - - - - - - -
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J::" 
~ 
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I' 
h 
tl:J 
r-
r., 
() 
o 
'l:l 

KOSTOV (4) HEATING SUBSTATIONS I & C (11) 

ITEM oeSCRlPrlON VENDOR 

SUBSTATION (AVERAGE SIZE) NOTE' 
CONSISTING OF: 

CONTROLLER 
ATO 
CONTROL VALVES 
HEAT EXCHANGERS 
CIAC. WATER PUMPS 
WATER FILTER 
INLET/OUTLET SHUT -OFF VAlves 

TOTAL us S 

VALUES 

UNIT 
QTYMAT'L 

I lOT 

33,957 MATERIAL (U9 " 

o LABOA (USS) 
SUBTOTAL 

'70,755 LABOR(l.EVAI 

" 

COST 
NNIT 
USS 

7000 

,-
'75.40 

0.00 
475.40 

2390.57 

1.400% 

aTY"" 
SUB

STAnON 

485. 

, ... 
5772.89 

0.00 
5,772." 

29<12t/.~ 

17.00~ 

eQUIPI 

Mm 

FREIGHT 
OCEAN 

US, 

INC. 

TOT.MArL LABOR TOTAL TOTAL 
INLAND INC FGT. /SUBSTATION LABOR LABOA 

US, US •• ""'" nUS __ ----.Yll(gOgl__ LEVA (000 

INC. 33957 '000 4,,"1 f70.7M 

$33,8!7 $170.7M 

CASH FLOW (000) 

, ... .!ill , ... '999 

B927.23 B927.23 0927.23 B927,23 

0.00 0.00 0.00 0.00 
1."7.23 1."7,23 8.827.23 1,821 .23 

34834.Dtf :ua34./Jd 348:U.DtJ ""-./Jd 

20.400"4 ".40"" 2O • .a"'" 2O.40eJ'C, 

PERCENT LOCAL 
LABOR Mm !HQ!! 

MODEL COST SUMMARY lUSS) ___ 33.957.00 5.338.10 0.000" 100.000" 

NorE 1: 
COSTS (MATERIAL, LABOR & SUBSTATION QUANIT't) SUPPLIED BY CLIENT 

- - .. 
FILE: K2HOSTICWK3 

OATE: 1-0~-9J 

DATE: 23-M.,.-94 
TIME: 0.:27 PM 



-

, -""'-:;;' 

r.:'~ 
~ .. :) 

-

FIlE: 

CAlC: 
TIME: 

lUUM - 1-4 

-

58l.Aa.4Ll.WK3 

IlEW 
BURI£AS 

-

13-Jan-M 

12:43P" 

BlJU£A MGU'T 

COMB. CONTROlS 

FDFAHQI'TION 

DUCT waR( FOR BUAPERS 
SOQTBlaNERS 

WJNSTEAM uN: 

soomU)'NERS 

WATERWAUS 

BllUERS 

Bl~UER CONTROLS 

- - - - -

t:
CULATIJNJL1f~ 

FACT~S . .. OCEAN - u.s. 
_ _ _ _ _ INlANO - U.S. 

15~ .,. 

-

r ... -
THERMAL BOILER MODIFICATIONS - LULIN PLANTS - 5. MTL 

NO. Of 

PLANTS 

SUBTOTAL 

MATERIAl. 
COST IxIOOO ACTIOfI 

0.0 REPt.ACE 10 'l9AS 

•.• REPlACE _"tEARS 
••• RePt.ACIi ''lEAAS 
0.0 REPLACE 10 ~s 
0.0 REPl.ACE 10 YEARS 

0.0 REPLACE tolEAR! 
0.0 REPt.ACE10~9 

• I .... "'".8 REPlACE • 'lEAAS 
1 •. 1 use... REPLACE 10'flARS 

577.4 %,301.' REPlAC£ 5 'I9RS 
•.• REPlACE • "tEARS 

NECESSItY 
tECESSIlY 
tECESSITY 
ENttAHC:eUENT 
ENttAHC:eUENT 
ENttAHC:eUENT 
ENHANCliUENT 

ENttAHC:eMENT 
ENttAHC:eUENT 
tECESSlTY 
tECESSItY 

,. 
TOTAL 

.... 

.. 
SUBTOTAL 

CE. 

'lfM 

0.051 1_ 

0_ 2003 , ... 

IlCUTl 

u.9.1 

.... 

. ... 

1111 221 .... 0 

-

lC. ...... 

~FCf~ 

.,. 
, .... 

- -

T TOT .... IITLI fOREIGN I LOCALIITL 
FREIGHT U.I. • IITL usa U.8. • 

•. 0 •.. 
..0 

•. 0 ... ... 
•. 0 

0." 

12.8 
112.. ..... ..... 

.... .... 
".0 .... .... .... .... 
.... 

. .. . .. 
0 .• . .. ... 
u ..• 
.... 

...... , ..... 
.... _0 4,121.0 
12,7VU 2,7VU 
12.1.... 2,8 .... 

. .. . .. 
0.0 . .. . .. ... 
..0 

~ .. 
•. 0 •.. . .. 
0 .• 

ror .... 

- - - - - -

_ lJI!OR tWo' Of MAT'll 

32 iriAn 
_fonmlC.Ubot 

fOREIGN lOCAl. lOCAl. 

50.00 USI.A8ORAATE 

5.25 8UlQRAlE US I 
, .. IUlQRAJi IrIA 

1.1 PROOUCTMTY 

o.1155~locaI 

Ubot_1 

fOREIGN C.F. TOTALf'/ENI lOCAl. 
lABOR lABOR lABOR lABOR I IU.I. I lABOR US 1 I 
(\1.8.11 (11.1.11 AOrcI(U.I.1I ... 

..0 ... •.. 
0 .• ... 
0 .• . ... 

114.1 

1,"1.2 
1,154.1 

210.0 

. .. 
..0 ... . .. 
..0 
..0 
..0 . ... 

37.0 ..... 
231.0 

5z.o 

. ... .... 
0." .... . ... 
0." .... . ... 

11.01 

'12.71 
101.70 

24.02 

1l.£1li 'fNl , ... 1 2003 ,fNl , ... 1 ,.., 
u u U 0.0 ... U ... 

U ... U ... ... u u 
u ... u u u ... u 
u u u ... u u u 
u ... U 0.0 U ... ... 

u u ... ... u u u 
u u u ... ... u ... 

.... 
lOlA 

5.141.1 

UI4.S 

7 .... 

0." . ... . ... 
0.0 ...... 0.0 

0.0 0.0 5.02 .... 
0.0 2,133.2 0.0 

0.0 2.1311.4 0.0 

. ... 
... ... ... 
0 .• 

. ... 
17.1 . .. 

101.7 

".0 

. ... 
..• 

tlU 

0.0 

•• 
SUBTOTAL UU .• . ... 2auo 151.'0 IOM'.lll 10N1.1' .... 3171." l1U. :t1I .• 1 lN7I." 0.00 •• ".OS 5Mt.13 . ... 147.'0 112.71 

LUUH -_ SOOTBLOYo1OAS 
WATERWAUS 

BURI£AS 

'i 12.' 
to.., 

I:l.:! 
rli 
V) 
"'1'~ __ 

h 

" h -.. 
1-
h. 
ttl 
r
I"?) 

i) 
() 
'0 
~ 

BUUER CONTROlB 

stJIITOTAL 

rorAL LWII GOS'rs 
-TOTAL AlL UNITS AT Pl.AH1' TIE COST 19 
INSTAlL.AT1CN& STARTl.. 
SINCE THISPACi'OSED fCR TQTAlPLAHT IT 
SHOUtD IE DOtE AT TIE WE TIlE 1f«l\\1. 

EauP/ 

MODEL COST SUMMARY !!Ml 
12767.' 

32U 

12.' _."tEARS ENttAHC:eMENT 
ENIWICEUENT 
NECESSItY 
tECESSItY 

.... 1 AEPt.ACl10~ 

327.' REPlACE 5 "tEARS 
•.• REPlACE • 'lfN18 ,_. 

..... 5 

1 2M ... • 
_ 325.00 

~ 
1.271.1 

TOTAL Ile MATERW. J 
TOTAL I&C IHSTALlATION 

PEACENT LOCAl. 

!!!!:l. lJIlOR 

0.000% 31.801% 

•. 20 

1. ... 

0.011 ,til 

.. 702 2003 

1 ... , ... 573.to 

573.10 -... 

15.7 
1 •. 1 

55.7 

'7.5 

337 ... 
11$5.13 

"01.' , , • ., 
".117.2 1.157.2 

ta3.. -.1 
1171.1 '71.1 

2311.1:11 23''''' 
127I7.U 1 .'2,7IU 

... ... ... •.. 
4U 

.1"" 
, ... 7 .... 

... .. .. 
31.7 
,~. 

4.27 
4570 

15.f3 

'.01 

,311., 
1,412..3 ..... 

112.2 

... ..• 
0.0 . .. 

117.3 0.0 

0.0 1.2".2 

"'5.1 0.0 
tau 0.0 

... ... ..• 
~. 

... 
..0 

15.t . .. 
... 

45.7 ... ... 
'.00 I '"AI tlSl... 71.1. 2271.11 I 0.00 1211.21 12'51.1' t 0.00 HAO 4 .. 70 

to.' I ",347.3 .... 401.11 12.151', 0.0 7,351.3 1,280.', 0.0 173..2 221..51 

CF.TOTAlI "3,131.1 $401.7 , ... 19N I 2003 , ... '911 ,.., 
!'.a=TOTAl 0.000 0.539 O.'SI 0.000 0.431 0.569 



-

~--" .;:, .-

- - -

ITEM OeSCRlPTION VENDOR 

MOTOR 
VSD 

STEP- uP TRANSFORMER 
ISOLATION TRANSFORMER 
WIRING A CONDUer 

- - - - - - - - - - - - -
HEATING DISTRIBUTION EQUIPMENT (10a) 

COST OTYOF FReIOHT TOT.MAn RATE TOTAl. RATE TOTAL 
UNIT AlNIT SUB- OCEAN INLAND INC FOT. UNIT TOTAL us I HR LABOR BUr.. I HR LABOR 

OTY MAT'l us S (~ STATION us S fDOlJt us s 10001 us S 10001 MNHR MNHRS MNHR9 U9' U9! MNHR9 lEVA LEVA 

3 EA 10 t2 21' ".00 ... 0 so U51 .11 '0 

EA 200 30 102 32.00 " 0 so tDO III II 

EA 10 • . .. 24.00 12 0 so 11 .11 '3 

EA 50 '10 2".00 12 0 so 11 '" '3 

LT 2 1 31.00 'DO 0 so ... '" 20 

--------- --------- ---------US 10 LEVA .. '"'" multlplllfof.81 olSofta muNp" 01 .81 cI Sefta SUBTOTAL 

1:1. 
fl
u; 
-, 
h 
~ :h 
r::: 
b 
t'tJ r
rr, 
(') 
a 
l) 
~ 

.!!!!! 
VALUES 

945 MATERIAl. (US $) 

o LABOR (UU) 
SUBTOTAL 

S2 LABOR(lEVA/ 0 

MODEL COST SUMMARY IUS *1 

1115 

9£5.17 

0.00 
94&.17 

.',&1 
EQUIPI 
!!m 

945.17 

m! !!!! ,-
0.00 0.00 0.00 

0.00 0.00 0.00 
0.00 0.00 0.00 

0./10 0./10 0./10 

PERCENT LOCAl 

~ !!m LABOR 

1.93 0.00'" 100.00'" 

CASH FLOW (000) ,- ~ l1!l!!! i!!Qi i!m :1!!!!! i!1!!l! 20DI i!!!!! 20DI 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0./10 0./10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0./10 

.. -
FILE: l1EOUIPWK> 

DATE: t-Oec-13 

DATE: 31-""-14 
nME: 03:4$ PM 

2!!!!!! 2010 

0.00 0.00 

0.00 0.00 
0.00 0.00 

0.00 0.00 



- - - - - - - - - .. .. .. - .. - - - .. .. 
FILE:L1PPtOB.W1(3 

DATE: 22-Nov-93 

LULIN PLANTS ( 10 b 1 ) HEATING DISTRIBUTION PIPING WOf ALARM COMPONENTS (10b1) DATE: 24-Mar-94 

WD 00_ IN (EX1ISTlNG} DUCT TIME: 10:47 AM 

PIPE FTGS PIPE ""'TalIAI. FREIGHT PPE.f'TGS LNLCOST(I) 
METRIC U.S. U.S. WAlL WALL US./ ALLOW US'/ QTYREQ OOST OCEAN INL»C INCFGT. 30$ OF MArl 

DIMENSION olA. SCH IM~ ll~ 12M SI12M METER !METeR! US SI£!!!! US se US 1m!!!! US11!!!!!!l llEVA-oogt 

ON 40 -181100 1112' 4lI ~ .. 0.10 107 100 17.21 0 0 0 0 
ON 50 -«)1125 2' 4lI 2.90 0.11 130 ., 18.42 14,894 271 " 317 ",0<0 
ON 65 -78/140 2112' '0 2.90 0.11 157 110 22.24 32.720 728 100 " 

.. , .,7 .. 
ON SO .as/t60 3' 4lI 3.20 0.13 ,.7 112 24.83 28,_ ... .. 13 no 1;392 
ON 100 -"4/200 4' 4lI 3." 0.14 250 143 33.20 21.254 707 108 ,. .2. 7,9415 
ON 125 -1391225 .' 4lI 3." 0.14 311 134 37.01 21.130 aoo 121 ,. 

"7 g,DlJ7 
ON ISO -188t25O 8' 4lI 400 0.18 3BO 1 .. ".30 18,422 .,. 122 ,. .55 9,11IIJ 
ON 200 -2191315 8' 20 0.50 0.1. .82 '" .... 20,502 1,332 200 27 ',558 ''',HlJ 
ON 250 --27310t00 10' 20 '.00 0.20 ... 224 ".23 0,198 ... 129 17 1,003 ,,-
ON 30D ~2314!50 12' 20 .... 0.22 1,095 27. 114.01 3.410 ... 51 I . .. 0.-
ON 3!50 ~5/500 14' 10 !." 0.22 1.320 264 132.00 0 0 0 0 0 0 
ON .aoo -4oemzo 18' 10 1.30 0.25 1.450 290 145.00 10,171 1,478 221 30 1.727 18,615 
ON 4!0 -4571560 18' 10 ~3O 0.25 1,810 242 1 ..... 0 a 0 0 a D 
ON !500 -alBl830 20' 10 8.30 0.25 1.901 2" 182. .. 4,158 7" 114 

" 
... ,,-

ON 550 ~sanl0 22' 10 •. 30 0.25 2,281 1 •. 42 0 0 0 0 D 
ON 1500 -ooen80 20' 10 7.10 0." 2.7114 232.00 11 ... 2,752 413 55 3.220 3(;\"'0 
ON I5SO -6801840 28' 10 8.00 0.31 3,884 307.00 • 0 0 • 0 
ON 700 .. 711/900 2S' 10 ... 0.3' 4,910 401.17 132 340 51 301 ",-
ON 7SO -7152/900 30' 10 .... 0.35 5,322 .... 50 0 • • • D 
ON 800 -61311000 32' - .... 0.35 5,142 485.17 2,728 1.350 202 27 1,57. ,~,., 

ON ~ -86411100 34' - .... 0.35 8,821 578.75 0 • • a 0 
ON 900 ..Q14tl1DO 38' - 10.00 0.39 7.235 802.02 0 0 0 0 0 
ON 1000 -101811200 40' - to.OO 0.39 •. 334 .... 50 0 0 • a 0 
ON 1100 -111711400 .. ' - 11.00 0.43 12,0!5 1,004.51 0 a 0 0 0 
ON 1200 -122011.tOO 48' - 12.00 0.47 14,755 1,221.51 0 0 0 0 D 

lH,11O US 115,401 LEVA t:ii'm 

WD 00_ -INSULATION FOAM CONCRETE 

ON 40 -48/100 1112' 4lI ~ .. 0.10 107 100 17.21 0 0 0 
ON ~ -6OI12~ 2' 4lI ~9O 0.11 130 ., 1 •. 42 0 a 0 • D 
ON 85 -761140 2112' 4lI 2.90 0.11 157 110 22.24 0 0 0 0 0 
ON 80 -89/1110 3' 4lI 120 0.13 ,.7 112 24.83 2 .... ., 1 72 tJlJ1 
ON 100 .. 1141200 0' 4lI 180 0.14 258 143 33.20 1 .... .. 1 ., llel 
ON 125 -139/225 .' 00 3." 0.14 311 134 37.DI!I 1.502 51 1 87 548 
ON 1M -1B812SO 8' 4lI 4.00 0.18 3BO 1 .. ".30 520 23 0 27 29 
ON 200 -2191315 8' 20 450 0.18 ... 101 ..... 1._ 102 1. 2 ". ','4$ 
ON 250 473/400 10' 20 5.00 0.20 SO! 22. 83.23 a 0 0 0 a D 
ON 300 ...:J.2314:iO 12' 20 .... 0.22 1.095 27' "4.01 2,104 24. .. • 21' ::-
ON :JSO~!S~CO ~4· 10 15.150 0.22 1,320 2 .. '32.00 0 a 0 0 0 D 
ON 400 .... oem20 18' 10 •. 30 0.25 1,450 290 145.00 1,1eM 180 2' 3 117 va 
ON 450 -4S7156O 18' 10 •. 30 0.215 1,810 2.2 1s..21 0 a 0 0 a D 
ON !500_3O 20' 10 •. 30 0.2' 1.901 2" 182.15 ... 121 ,. 2 142 1.-
ON !SSO -6581710 22' 10 •. 30 0.25 2,281 181..42 a 0 a • D 
ON BOO-«l1lI7" 24' 1. 7.10 02. 2.711 232.00 0 • 0 0 0 
ON 850~ 28' ,. •. 00 0.31 3,514 307,00 0 a 0 • D 
ON 700 .. 711 t900 28' 10 1," 0.35 4,'110 401.17 0 0 0 a 0 
ON 7!SO -7ll219OD 30' 10 .... 0.35 5,322 "'.50 0 a 0 • D 
ON 800 -41311000 32' - •. 10 0.35 5,1142 495.17 0 a 0 0 0 
ON MO -8SA1I100 34' - •. 10 0.35 5,921 571S.7S 0 a 0 0 
ON 90Q -81411100 38' .. 10.00 0.39 7.235 1102.92 a 0 0 D 
ON 1000 -101811200 40' .. 10.00 0.39 .,334 594.M 0 0 0 D 
ON 1100 -1117/1400 .. ' .. 11.00 0.43 12.0S! 1,004.51 0 0 0 D 
ON 1200 -1220/1400 ... - 12.00 0,47 1.,755 1,229.!SII 0 0 0 

(1) LABOR PERCENT PROVIDED BY CUENT 11,520 US , ... LEVA " 1m 
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OIlERH64D I COUECTOR - /NSVUlTION GLASS IKIOL 41 ALUIi/MlIi SHEEr 
f'EMOVI1 OlD INSULATION, CLEAN PI'E. S!l'PLY" INSTAJ.1. NEW INSULATION} 

PIPE FTGS PIP&l'TGS 
INSUL INSUL IHSUL INSULATION FREIGHT INSULATION UNIT UNIT TOTAL RATE LAaOOST 

METRIC U.S. U,S. WAlL WALL US., ALLOW USlf QTYREQ COST OCEAN INlMO INCFGT. MHIM MHIM MN'*'S I HR INSUlATION 
DIMENSION OIA. SCH IM~ I'tj! '2M I 112M METER !METERSl US SI222! U9 1m2!! US sg U9 *(.2221 INSUL. REMOVAL INSUL C!;EV& t!oEVA;:e 

ON 4O~100 11/2' CO 2." 0.10 '27 .7 11U7 0 ... 0 0 .... 0 160.00 II 
ON 50 --601125 2" CO 2.00 0.11 .31 .05 2027 0 0 0 .... 0.720 0 '''''''' 0 

ON 6.5 -761140 2'/2' CO 2.00 0.11 '47 ... 24.42 0 0 0 1.111 0.820 0 , ... 00 0 
ON 80 -89/180 3' CO 3.20 0.13 158 131 23.82 0 0 0 .... 0.'" 0 , ... "" 0 
ON 100 -1141200 .' CO 3.60 0.1. 201 , .. 3 .... 0 0 0 1.74 0.88t 0 166.00 0 
ON 12S -1391225 S' CO 3.60 0.'4 305 138 37.00 0 0 0 0 , ... 0.&&2 0 166."" 0 

ON 1M -1881250 8' CO '.00 O.le 34' .04 37.ce '31 5 , 0 1 1.55 o.na 311 166.00 113 
ON 200 -2181315 S' 20 .... 0.11!! ... 123 43.82 210 12 2 0 ,. '.00 0 .... 711 166."" ,N 
ON 250 -27310400 10' 20 S.OO 0.20 0102 128 52.150 ... 23 3 0 27 2.04 1.020 1.350 , ... 00 :128 

ON 300 -3231450 '2" 20 5.60 0.22 724 '05 74.08 721 ,. a 1 83 2.70 1.3S2 2,944 , ... 00 405 

ON 3150 -35S13OO ,.' '0 5.10 0.22 501 143 78.08 0 0 0 0 0 2.91 1.490 0 166.00 0 

ON 400 ~061020 '8' 10 •. 30 0.23 111 175 11.33 ... .. • 1 71 3.U 1.7~ 3.1132 111400 .'0 
ON 4!0 -4571580 ,.' '0 •. 30 0.25 805 104 ".08 0 0 0 0 0 3.82 1.000 0 , ... 00 0 

ON 1500 -<i08/830 2D' .0 8.30 0.23 1,137 72 100.75 0 0 0 0 0 3.75 1.113 0 111400 0 

ON 550 -e58l110 22" '0 •. 30 a.2! 1,250 104.17 0 0 0 0 0 '.33 2.187 0 111400 0 

ON l5OO-<I09noo 2" '0 7.10 0.28 1.291 107." 1.700 183 27 4 21. 4.82 2.310 11,71!11 111400 I,.'" 
ON 850 -880/840 28' '0 •. 00 0.31 1,420 1".33 0 0 0 0 5.02 2._ 0 I ... "" 0 

ON 700 -711/900 .. ' .0 .... 0.35 1.524 127.00 ..... ... '32 
,. 1,031 5.41 2.708 SS.308 111400 1,4511 

ON 7~ -7821900 30' '0 •. 60 035 1.1121 135.17 0 0 0 0 5.71 2.0" 0 '11400 0 

ON 800 ...a131tOOO 32" - 8.80 0.35 1._ 158.01 1152 183 27 • 21. a.73 '.387 15,082 166.00 :!,1S3II 
ON eo..a&l/1100 ,.' - 860 ~35 2._ , ... 150 Q 0 0 0 •. 27 4.837 0 11100 0 

ON 900 ~14/1 100 38' .. 10.00 0.31 2,135 m.82 0 0 0 0 '.11 '.880 0 111400 0 

ON 1000 -1011511200 ... .. 10.00 0.38 2,381 ,ae.4a 3.520 11M 105 14 •• 7 10.80 5.451 57.557 166.00 I.e'" 
ON 1100 -1117/1400 .. ' .. 11.00 0.43 2 .... 217.33 0 0 0 Q 11.15 5.1173 0 160.00 0 

ON 1200 -122011<WO .. ' - 12.00 0.47 ..... 237.83 0 0 0 0 13.07 .. s.. 0 166.00 0 

'''_ us $2,4.7 LEVA "2i'j;9 

LULIN PLANTS ( 10 b 1 ) HEATING DISTRIBUTION PIPING WOI ALARM COMPONENTS (1 Ob1) 

CASH fLOW (000) UlJD DOWN IN (EXJSTW~ /}/JeT 

m! 1m , ... 
' .. 7 

, .... 1!!! 2000 i!l!!! l!!S i!!Q;! 

,,. .. .... TERIAL (US I, 542.41 1255.30 1585.25 11151.24 1720.23 1751.22 1751.22 1751.22 1751.22 1751.22 

'" 3.50% 11.1"" 10.10% 10.7~ 1t.l~ 11.34)tI, 11.30% 11.30% 11.30% 11.30" 

14Bm LABM/LEVA) !52OT. ra 12051190 tts02f143 1511'11.011 145'4.20 If111rr.7!J rSIJ",T$ ,.",15 '.".75 rtJlfff.T5 

EXCAY..llArL/lEVA) 0."" 0."" 0.00 0."" 0.00 0.00 0."" """ 0."" 0.00 

, .. nr TOTAl. /lEVA) 52aT.ra 12flM.90 ,5tJ:M.43 ,u,a09 '15'4.20 161111.1'6 fUrr.75 rNrr.T6 ,unTS ,aff.75 

'" 3."''' •. IQ% 10.10% 10.10% 11.10% 11.30% 11.3OY. 11.~ ",3O'S. tt.3O% 

EQUIPI 
MID. !.lli!! MID. !.lli!!; 

MODEL COST SUMMARY (US Sl 15.497.511 '.849.27 O.Oml. 100.00'll. 

- -. - - .. 

PAGE 2 



- - ,- - - - - .. - - - - - .. .. .. .. - .e' 

CASH FLOW (000) WD DOWIV - INSUlATION FOAM CONCRETE 

.!!!!! ~ .!l!l!! '90' ~ ... MATSl'AL IUS SJ 47.7' 191.14 238.03 238.03 238.03 

" 5.""" 20.~ 25.""" '''Im' 2 .. """ 
9175 LABCR/LEVA} 45474 tlJ:U.t15 ~a 22O.'l/l# ~a 

&CAUlArL/lEVAj 0.00 0.00 0.00 /100 0.00 

9175 TOTAL /lEVAj 45&1" raxe 22113.. 22113.tISI 22O.'la 

" 5.00'" 20.~ 2!5.1m' 25.00'" 2!5.1m' 

IPI ~l!L!B! t~~!J: 
!!!!l. ~ !!!ll ~ 

MODEL COST SUMMARY ruS $I 1155.70 21111.71 o.omt. 100.0mt. 

CASH FLOW (000) OVERHEAD I COLLECTOR - INSVIAT10N GlASS KOOL "ALUMINUM SHEET 

.!!!!! ~ ~ l!!! , ... 
2457 MATSlIAL IUS II '22.03 "11.33 "4.17 8' .... 17 814.17 

" 5.00" 2O.DO'lI. 2!5.1m' 25.1m' 2 .. """ 
2519 LABCR/LEVA} t257.R5 6031.42 B21JII77 B21JII77 ..... 77 

&CAV..llArL/lEVAj 0.00 /100 0.00 0.00 0.00 

251'8 TOTAL /lEVA} '251.~ Sl3f.U ..... 77 _77 ..... 77 

" 5.00" .a.DO'lI. 25.1m' 25.DO'lI. 2!5.1m' 

:l5CIP) ~Ee~EB" tt!~1 
!!!!l. ~ !!!ll ~ 

MODEL COST SUMMARY ruS $I 2.458.. 7811.22 o.omt. 100.Gmt. 

CASH FLOW 10001 TOTAL DlSTFlIBlJT10N PIPING 

.!!!!! ~ l!!!! '907 l!!!! , ... i!l!l!! iQ!!l Wi ~ 
18910 MATSlIAL IUS II 713.03 1837.7' 2411.34 2511.33 2573.32 1751.22 17151.22 1751.22 1751.22 1751.22 

" 3.71" 10.25" 12.71" 13.21"'- 13.1,,, ....... 1.2'" 1.28'" •. 2ft ....... 
183110 LASCR/LEVA} •• 2 ... ' 18117.87 231DaU 24502" 25tJt17.1JB 1M",75 18/1".76 ttJ6".7~ 11161'1.75 11111rr.75 

&CAV..llAT·L/lEVAj 0.00 /100 0.00 0.00 /100 0.00 /100 0.00 /100 /100 

183110 TOTAL /lEVA} 6923..' r.'7.117 23«18..9 2450255 25OSI7.M ulllrr.n '.11.75 '.11.15 '.11.75 1Mn.75 

" 3.71'" 10.33% 12,0" 13.31'1. 13.71% D.l." 8.11" '.1." I.,a" 1.18" 

UIP} ~EB~;8' t(5~ 
!!!!l. ~ !!!ll ~ 

MODEL COST SUMMARY illS $I 18.909.92 5,722.20 o.omt. 100.0mt. 

PAGE 3 
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~ 
~ 

-r'"""'';''''= 

- ... - - - - .. - - .. ~ - .. - -
LULIN (4) DISTRICT HEATING DISTRIBUTION I & C (SCADA) (10c) 

COST aTYOF FFleIOHT TOT.MAT·L RATE TOTAL RATE TOTAL 
UNIT NNIT SUB- OCEAN INLAND INC FOT. UNIT TOTAL US I HR LABOR BUI.. I HR LABOR 

ITEM OESCRIPTION VENDOR OlY MArl US. STAnON U9. US. U9 'room MNHR MNHRS MNHR9 US S US 11m MNHRS LEVA LEVA 19OO! 

FLOW ELEMENTS 3 EA '3000 '2 , ... 2M ... 12.00 ... II !SO 4 380 , .. .. 
--------- --------- ---------SUBTOTAL S99 (.Ia MULTIP1.IER-Ia$AUOTFORLULIN} US ., LEVA $11 

SCADA EOUIPMENT (WESTINGHOUSE) , LT 3,825,000 573780 78!500 4475 NIA NIA NIA NIA 203 NIA NIA '8832 RBER OPT1C LEASING 1 LT 27.000 27 
TQTALUS$ 3,1!!5,2.ooo 4,801 203 fe,ee3 

CASH FLOW 1000) 

~ '995 l!!! VALUES 
'997 l!!! 1m 

99 MATERIAL (USS) 1.38 ".78 20.11 20.11 20.11 20.11 

, LABOA (U9I) 0.01 0.1' 0.1' 0.111 0.18 D.'. SUBTOTAL 1.3D " .. 20.27 20.27 20.27 20.27 

" LABOR(LEVA} 0.16 .... 5 2.~ 2.~ 2.35 2.35 

4.47S WEST. SCADA EQUIPMENT 82.85 780.78 912.'5 112.a5 912.85 912.15 
27 FIBER OPTIC LEASING 0.38 '.SIO 5.51 5.51 5.5' 5.51 

203 WEST. SCADA LABOR (US $I .... .4.4 • 41.31 41.31 41.31 41.31 
SUBTOTAL 85 .• 7 7 •. " Q!III.77 _.77 9!58.77 ea.77 '.- TOTALUSI 87.211 "'.70 110.03 ND.G3 810.03 810.03 

" 1.400" 17.000% 2O.o4DOS 20.400% 20.400% 20.400% 

16.632 WEST. SCAD.< LABOR (lEVA,J 232.6$ 2627.44 3.W." .... ., 3392.13 3.W.13 
'6.643 TOTAL (LEVA} 233.DI 2.tta.311 3,3115.27 3,385.2T 3.3527 3,:.5.2T 

" 1.400% 17.000% 20.40~ 20.400% 20.400"- 20.400% 

eQUIP, PERCENT LOCAL 

!!AU !8Q!! !!AU ~ 
MODEL COST SUMMARY (US SI 4.1100.81 723.39 0.0011% 71.899'" 

.. .. -
ALE: L 1 SCAOA,WK3 

DATE; ~ 1-0ac-9J 

DATE: 23-MII-N 
TIME: 04:09 PM 



-

d...:> 

~ 

- - - - - - - - - - - - .. -
LULIN (4) HEATING SUBSTATIONS I & C (11) 

COST OTY OF FREIGHT TOT.MAT'L LABOR TOTAL TOTAL 
UNIT NNIT SUB- OCEAN INLAND INC FGT. /SUBSTATION LABOR LABOR 

ITEM DESCRIPTION VENDOR OrY MArl US, STATION US. US. U9' fOOO! US! US I lOOO! LEVA 1000 

SUBSTATION (AVERAGE SIZE) NOTE I 
CONSISTING OF: 

CONTROlLER 
ATC 
CONTROl VALVES 
HEAT exCHANGERS 
CIRe. WATER PUMPS 
WATER FILTER 
INLET/OUTlET SHl./T -OFF VALVES 

TOTALUSS 

VALues 

, LOT 

18,522 MATERIAL (US $, 
o LABOR (US'' 

SUBTOTAL 

93. '39 LA80RflEVA) 

" 

7000 

'99' 
2511.31 

0.00 
~g.31 

f303.1H1 

1.400" 

MODEL COST SUMMARY IUS $) 

NOTE I: 

2848 INC. 

'99' !!!! 

3148.7" 3ne .• 

0.00 0.00 
3,141.7. 3,na.4I 

161133 •• fgooQ.40 

17.000% 20.400% 

EQUIPI 
~ LABOR 

18.522.00 2.910.80 

COSTS (MATERIAL. LABOR & SUBSTATION QUANtn1 SUPPl.IEC BY CLIENT 

INC. I"" 1000 2 ...... 93.131 

11f1,!22 193.139 

CASH FLOW (000) 

'997 , ... ill! 

3nl." 3nll .• 3771 .• 

0.00 0.00 0.00 
3.n •.• 3.n'.48 3,771.48 

'9000.«1 19000.40 '1H1OO.4D 

20.400% 20.400" 20.400% 

PERCENT LOCAL 
Mm W!9!! 

0.000" 100.000" 

.. - - '-
FllE:L lHCSTIC.WK3 

DATE: 1-0ec:-a3 

DATE: 23-Mar-94 
TIME: 04:3 PM 



I IDATE:";="" C07I.1oIMFA BIG - IWIGE L-2 COMBINED CYCLE "LANT--LULIN .. LANT 

"-1IFA HI-TEMP 

I 
CT • 7SOOOkw: TO • 8IIIIOOIcw 

IFGT 
MT LASCA TOTAL 

_,425 SITE IMPROIIEMENTS 181,322 104,1171 ',_,000 

14't.IM FOUNDATIONS lII5.OI3 ',147 ,411 2.CIIZ,ICIO 

I 82.711 81'I'IUC'I'UAEB 
.... ,5 117,185 -.000 

1.-,II2t CQeUSTlON TUlllIIE 2D.2II'_ 2. .... 22.72UM 

-.no IEAT fECOt'ER't B'1'EAM CIENEMYCA 4,8,000 -'000 .... 1llIO 

I 
-'000 TUI'IIINE ClENEMTOA I,D),OOO -'000 .. ,..000 

411.018 B,O,", MISC, IoIECHMIICAL ECIUII'MENI' U71.I2IO ..,..., .... -
-.- PIfIING - cuntCIE '.,IID1 ,,-,- 2.174,700 

I 
o I'IP'tNO - INSU WIlBY. WIlBY. WIlBY. 

1t2.'111 1i1ECTIIICAL EQUHIMENT 1.012,114 -...- "-.000 

_,7. ElE~C BIILKMAttfMLS ''-'- 1IDM7 2.'12.810 

--------- ---------- ---------

I 
TOI'AL DIlECT carr 4',III4,a17 UU,- It,,,,,, 

.... ,847 REIGHT - OCEAN & .. LNCI .... NfI .... NfI 

--------- --------- ---------
TarAL 

..... .".. uu.- II.GI2ID 

I 
Mew 

U.s. I/MH 
MNlHCIURB CS.) za22D .. ON!. CfEFEllENCE J 

I 
ClECt< II.GI2ID 

ITEM No DESCRIPTION 
:;'s~ us r"m:: U.S',;;;; J.~~OR 

• BITEWCfU<. FDNS & STRUCTUfES 2,tI2lI,1. 114.011 UII7.23 ., . ." .. 

I 
., CQeUSTlON TUIIIINE ,,740.82 ", . IM.4IUD at . .,," 

4b TUlllIIE ClENEMTOA 
.. .,.. ...., 7,CI74.11 at • .,," 

Ie HASB ...... ..... 82 ..... 17 at.101" 

I 
7c .. 0. ... ... _.82 -- .... at • .,," 

• ElECTRICAL lac "'_.1. IIUI I,DI" at.lO," 

'b DEMCUT1QN - 10 ""'8Z 
,,. " .. 100.00lI'II0 

--------- --------- ---------TOI'AL U.s .• ..... 74 2.112." ---
I 
I 
I 
I 
I 

I 
I 



-

~. 
~ 
:.~ 

-

Fn.E: 
DAle: 
TIlE: 

... 

SBUU.I12.WK3 

-

13-J¥J-M 

12:44 PM 

- - -' :-. -

Ir.o. 
2!\ I CAlCUlATIlH Ir-'~ FACTORS OCE.IH - u.1. 

IHVJID -U.I. 
THERMAL BOILER MOOIFICATIONS - LutlN PLANTS - $a IITl 

- - -

r 
... - ".LoCIiI go:. 

~Fc:nig'I 1~ 

- .. -

.... L\8IlA!SO" OF MAT'll 
» l£V .... 

mF~!.1.Jbat 

TOTAl. FOAEIGN lOCAl. lOCAl. 

- - - -

50.00 US uaCRRATE '" PACDUCnvnv 
525 BUlGRATEUSI 0.1155 ~LcaI 

til 8ULGRAle LEVA lIbor FKIof • 
FOAEIGH C$. TOTAl.fIE.IA lOCAl. 

IlEM 
NO. OF 

PINtTS 
MATERIAl 

COSTtr;1DOD ACTION 
.. .. C$. IlCIITl 

TOTAl. SUBTOTAl. 'rail U.8.1 I TOTAl.1I1L1 FOAEIGH IlOCAl.IIIL 
FAlIGHT U.I.' IITL U8I U.I.' 

..... CR ..... CR ..... CR 

_(11.1." (u·~.1I A4'~1I 
..... 0111 IU.8. I ..... CRUS. 

J!gJ!) '"' I , ... 1 2003 '"' I , ... 1 -Bl.I!t£AS 
8l.1!t£A MGMT 
COYB. CONTROlS 

FDF~OPTIOH 

DUCTWOA< FORSl.I!t£AS 
SOOTBlOWEAS 

1oIAINSTE.<MUIE 

S18TOTAl 

0.0 AEPLN:e 10 'IEMS 

0.0 REPlACE I ~ 
0.0 f6Il..ACE 5 YE/IRS 
0.0 REPlACE IO~ 
0.0 AEPLJa 10 't9IlS 

0.0 REPlACE 10_ 
0,0 REPlACE 10_ 

NECESSITY 
NECESSITY 
NECESSITY 
ENlWlCEIENT 
ENlWlCEMENT 
ENlWlCEMENT 
EHIWICEMENT 

LWM - " 2' .. SOOTBL0'tt£R9 31.... 217.2 REPIACE.~ ENHANCEMENT 
ENlWlCEMENT 
NECESSITY 
NECESSITY 

WATERWALLS 

Bl.I!t£AS 
8l.1!1£ACDNTROU! 

..... 2.01'" REPlACE 10_ 
577 A 1.1J;U REPLACE 5 'laM 

lWN-5 SOOTBlOWEAS 
WATERWAliS 

Bl.I!t£RS 
8UAt£A CDNTROU! 

S18TOTAl 

SUBTOTAl 
TOTAL LUUN CDSnI 

"'OTAI. ALl UNITS AT PlANT TIE COST IS 
INSTAI.1.ATION& STAAT\F 

SINCE THlSPAa'OSEO FOR TOTAlPINtT IT 
SIIOUlD IE DONE AT TIE SAllE TIlE (NOWI, 

1111.4 ..... 
327 .• 

EQUPI 

MODEL COST SUMMNlV !!!!l. 
US.) 1012S.7 

0.0 REPlACE 5_ 

.. 7U 

.... REPIACEI~ 

".1 REPlACE 10YENl$ 

327,. REPlACE • ~ 
0.0 fEPtA(E 5 'laRS 

1t1l1 .• 

1305.1 

ENlWlCEMENT 
ENHANCEMENT 
NECESSITY 
NECESSITY 

_.00 

325." 
TOTAlIlCMAlEAIAl I 
TOTAl.IlC IHSTAllATIOH 

~ 
1,028.8 

PEBaHT lQC!L 
!!lli. ~ 

0.000% 31.1101% 

0.00 

0,7. 

O~ 

'.000 

0.00 

~OO 

0.051 ,,.. 

0.... 2003 
.011 

'III 215'.00 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,0 

0.00 

4'.1 

IOU 
au 
305,7 

2151.00 12n.11 

0.0" 1tt1 
0.702 2003 

.011 

'OIl 717.00 

711.00 

-.00 

15.7 

'''.1 
15.7 

121.1 

311.40 

,573.11 

10,0 

IO.D 

10.0 
IO,D 

10.0 
100 
10.0 

0." 

D.O 

0.0 
0.0 
U 

0.0 
O.D 

0.0 

0.00 

'32<.3 I 32 ... 
13,47U 3,471.7 

".021.7 2.021.7 
12.511.1 2.$,U 

1331.411 IUIA1 

"01.'1 .01.. ".117.2 1.151.2 
S3I11 3.3.1 
1131.1 .. I 

:MI7.:IO 1 24.7.:10 

'_,711 ".,121.1 

0.0 

~o 

0.0 
0,0 
U 

0.0 
0.0 

0,00 

~o 

0.0 
0 .• 

0.0 

0." 

0.0 

0.0 

D.O 

D .• 

D,O 

0.0 
0,0 
D .• 

0.0 
0,0 

0.0 

D.OO 

131.1 
...... 7 ..... 
2.U 

Z732.1O 

C8.2 ... .. 
"'" .U 

u 
u 
0.' 
u 
~O 

U 

0.0 

0.00 

27.7 

211.7 

'73.2 .... 
5CIAZ 

u .... 
32.7 
.U 

0.00 
o.ao 
0.00 
0,00 
0.00 
0.00 
0,00 

0.00 

12.11 

137.01 
10.03 

Z2.5Z 

Z5ZA1 

4.27 

"'70 
15..11 

1.5, 

" 0.0 0.0 0.0 0.0 0.0 
" 0.0 0.0 0.0 U 0.0 
" U 0.0 0.0 0.0 U 

" 0.0 0.0 0.0 0.0 U 
~ 0.0 0.0 0.0 0.0 0.0 
~ 0.0 0.0 0.0 0.0 0.0 

" U 0.0 U 0.0 0.0 

D." 

4.1.1 
4,3 .... 

2.51'" 
720.7 

~OO D.OO 0.00 

a.a m.o 0.0 

0.0 0.0 3.711.5 

0.0 2.111.1 0.0 

0.0 Z,SI5A 0.0 

D.OO 

0,0 
D.O ... 
D.O 

D." 

12.1 
D .• 

100 

22.5 

D •• 

0.0 
DA 

o.D 
0.0 
D .• 

0 .• 

0.00 

D •• 

137.1 

DA 

..D 

1071.27 '.01 SU7.:HI 3'18.47 •. 00 I,s.n 117.01 

131.' 
1,412.3 

414.0 

240.2 

O.D 

D.O 

0.0 
0.0 

117.3 0.0 

0.0 1.25A.2 

41$.1 0.0 

15$.1 0.0 

0.0 

D. 
D.' 
0,0 

U 

D.' 
15.1 

7.5 

'.D 

".7 
0.0 

0.' 

0.011 715.70 111.14 72.10 DU.," 0.00 1_.21 lH1.111 0.00 21." 45.10 

to.' lUlU lau 325.01 10.401.41 0.0 1.505.' 5,024.' I 0.0 142.3 112.11 

C$.TOTAI., Sl1.w..3 

'"' 1!!11 2003 
~rsTor_Al 0.000 0.564 0.438 

' ... , ... 
0.000 0.438 

1325.D , ... 
0.562 



- - - - - - - - - - - .. - .. - - - -' -
ALE: l2SWYARO.wK: 

DATE: 12-JM-13 

SWITCHYARD DISTRIBUTION EQUIPMENT (9) DATE: ll-oan-a.t 
nME: 01:2$ PM . 

COST QTYOF FREIGHT TOT.MAT·L RATE TOTAL RATE TOTAL 
UNIT {UNIT SUB- OCEAN INLAND INCFGT. UNIT TOTAL US IHR LABDR BUL IHR LABDR 

ITEM O~SCRlPnDN VENDOA QI! MATl US! 15!!!!I STAnON US!I!!!!!~ USle US! leeeI MNHR MNHRS MNH!!\! Usl US! MNHA9 I&l!A L~A'29!!I 

SWYO. BKA. '200A. 230KV. W/PANB. EA 200 30 4 .... 240.00 a.., ,., 2114 'II .. 
TRANSFORMER. '20 MVA EA 100 '20 \I l13li 1400.00 ,- ,., ,1140 'II -GENERATOR BKR. 2ODOA EA 'OIl '5 2 117 200.00 200 !SIt 220 'II 37 
GENERATOR BKA. 4000A EA :ISO 53 7 4'0 _.00 - ,., ..., 'II 74 
TRANSFORMER. SUVA EA 85 '3 a .. 200.00 200 ,., 220 'II 37 
GROUND RESISTOR EA • , • "'.00 .., ,., .. 'II 7 
SWrrCHGEAR. ".16 KV EA ,,., 23 '78 ".00 .. ,., II ,II '5 
TRANSFORMER. '000 KYA EA 20 3 23 ".00 .. !SIt II 'II '5 
MOTOR CONTROL CENTER EA .., I 47 30.00 30 50 33 'II 8 
WIRING & CON:QUR' , LT 2 a 2 31.00 31 ,., .., 'II 7 

--------- ----------------- ---------SUBTOTAL 12.053 us so 21177 LEVA !5ItO 

CASH FLOW 10001 

1!!!!! .!!!! l!!!!!! !!!Z ,- .!!!!i i!!Q!! i!l!!l. i!!!!i i!!!!l i2!1! i!1!1l! iI!!!!!! = iI!!!!!! iQ!!!! = VALUES 
2.003 MATERIAL IUS " 513.34 1028.88 513.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 D.OO D.OO 

DLABOR IUS II 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 D.OO 0.00 0.00 0.00 D.OO D.OO DOO 
SUBTOTAL 1513.34 1.021 ... S13.34 D.OO D.OO D.OO 0.00 D.OO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 D.OO 

5CO LABDRJEVA/ 125.02 ZSIlCQ 1Z5.0ll D.DO D.DO D.DO D.DO D.DO D.DO D.DO D.DO D.DO D.DO D.DO D.DO D.DO D.DO 

EQUIPI 
!MU !.!!!QfI Mlli. !.!!!QfI1 

... ODEl COST SU ..... ARY IUS $1 2053.35 15.13 0.00% 100.00% 

~ 



-

~ 
\'" 
'(' 

- -

ITEM DESCRIPTION 

MOTOR 
VSD 

BTEP-UPTRANSFORMER 
ISOlATION TRANSFORMER 
WIRING & CONOUf1' 

-

VENDOR 

- - - - - - - - - - - - -
HEATING DISTRIBUTION EQUIPMENT (10a) 

COST QTYOF FAEulHT TOU.An. RATE TOTAL RATE TOTAL 

UNIT /lINrT SuB- OCEAN INLAND INCFGT. UN[f TOTAL uS IHA LA80A BUL. /HR LABOR 

OTY "'~T'l u" 100QI 'TAnQN US 110001 US $11)00, US. 1000'- "NHR "NHAS "NHAS .. US.. . _ ~J!' "!!H!'!!L ~ . ..J.E'!L ___ . ___ \£VA 

EA 50 12 211 •. 00 144 50 ,sa 181 21 

EA 2DO 30 702 :la.DO H 50 tOl tea " 

EA 10 8 211 24.00 12 50 7. 181 13 

EA ~ • 190 24.00 72 $S 7. 1. 13 

LT 2 0 7 38.00 108 50 .,1 tea 20 

--------- ---------
SUBTOTAL 

$8<45 US sa LEVA 82 

multlpller 01 .88 <If Solia 
muftlpll., 01 .61 01 Sofia 

CA~ FLOW JOOOI 

,- ~ 1m 1!!! WI! 1!!! i2!1!! N!!. 2!l!!i i!m i!l!l! ~ W!! = i!!!l!! 

VAluES 
.~ "ATERIAL (US ., 945,17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

o LABOR (US II 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

SUBTOTAL 145.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

6Z LABOR-.EVAI a .,.a 0.00 o,QIJ o,QIJ O.QIJ o,QIJ o..QIJ o,QIJ O.QIJ o,QIJ o,QIJ o,QIJ o,QIJ O.QIJ 

EQUIPI peRCENT LOCAL 

~ \MQ!! !!!!:!. ~I 

MODEL COST SUMMARY IUS $1 845.17 1.13 O.OO~ l00.00~ 

- -
FILE. \.2EOUIP.WK3 

DATE: 1-0.c-93 

DATE: al -F.b-M 

TIME: 02:01 PM 

ilm 20'0 

0.00 0.00 

0.00 000 
0.00 0.00 

o,QIJ •. QIJ 



-

..,.() 

~~ 

- - - -
LULIN PLANTS ( 10 b 1 ) 

PIPE 
METRIC u.s. U.S. WALL WALL USSI 

DIMENSION OIA. SCH IMt:3 II~ 12M 

ON ~ .... 8/100 11/2" 40 2.80 0.10 '01 
ON 50 -801125 2' 40 2.90 0.11 '30 
ON 85 -78/140 21/2" 40 2.90 0.11 '51 
ON eo -419/180 3' '0 3.2. 0.13 ,.1 
ON 100 .. 114J200 .' .. 3.60 0.1' 2'" 
ON 125 -1391225 " 40 '.80 0.'4 311 
ON 150 -18812~ .. 40 '00 0.18 , .. 
ON 200 -219131!5 8' 20 .... 0.18 '02 
ON 250 -2731"00 '0' 20 '.00 0.20 895 
ON 300 ...32314M '2' 20 5.SO 0.22 1.095 
ON 350 -3,!/500 '" '0 !.BO 0.22 1,320 
ON "OO~20 , .. '0 8.30 0.25 1.4:50 
ON 450 -4'71580 ,.' '0 '.30 0.25 1,810 
ON 500 --6081830 20' ,. 8.30 0.25 ' .... 
ON 550 -a5B/7tQ <:r '0 15.30 0.25 2.281 
ON BOO -eo9neo 24' '0 7.10 0.28 2.1 .. 
ON 8SO --6801840 28' ,. 800 0.31 3,1584 
ON 700 -711/900 20' '0 8.SO 0.'5 ·.910 
ON 750 -7B219OO 30' '0 8.80 0.35 5.322 
ON BOO -11311000 '2' - 8.80 0.35 5,942 
ON 850 -684/1100 ,.' - 8.80 0.35 8,921 
ON 900 -Qt4/t tOO ,.. - 10.00 0.39 '.235 
ON 1000 -'018/1200 40' - 10.00 0.39 ~ ... 
ON 1100 -"'7/1400 .. ' - 11.00 0.43 12.055 
ON 1200 -122011400 ... - 12.00 0.47 14,75:1 

ON 40 .... 81100 11/2" 40 2.SO 0.10 '01 
ON 5(1 -60/125 2' 40 2.90 0.11 '30 
ON 65 .. 781140 2'/2" .. 2.90 0.11 '57 
ON 80 -I9IUIQ 3' 40 3.2Q 0.13 ,., 
ON 100 -1141200 4' 40 3.80 0.14 2'" 
ON 125 -1391225 5' 40 3.60 0.1. '" ON 1!SO -18812!50 8' 40 4.00 0.18 , .. 
ON 200 -219/315 .' 20 ... 0.18 '02 
ON 250 -2731400 '0' 20 500 0.20 895 
ON 300 ..;323/4:50 12' 20 5.80 0.22 I,OS5 
eN 350 -355l5OO .. ' 10 5.SO 0.22 1.320 
ON "'00 -4061520 , .. '0 "0 0.25 1,450 
ON 450 --4571580 18' '0 8.'0 0.25 f.i!IfO 
ON ... ~8/83O 20' ,. '.30 0.25 ' .... 
ON 550 -65B1710 <:r '0 8.30 0.25 2.261 
ON 600 -6091780 24' '0 7.10 0.215 2.784 
ON B!SO -B60/B40 20' '0 8.00 0.31 3,684 
ON 700 -711/900 28' '0 •. SO 0.35 4,910 
ON 750 -762/900 30' '0 •• 0 0.3' '.322 
ON 800 -81311000 32' - 8.80 0.35 !5.94~ 

ON 850 -eSCIt 1 00 ,.' - 880 0.35 8,921 
ON 900 --914/1100 '8' - 10.00 0.39 7.23:5 
ON 1000 -101811200 40' - 10.00 0.'9 ..... 
ON 1100 -11 17/1400 .. ' - 11.00 0.43 12.055 
ON 1200 -122011400 48' - 12.00 0.47 14,755 

(I) LABOR PERCENT PROVIDED BY CUENT 

- - - - - - - - - - - - - -
FILE:l2PP10B.WK3 

OATE; 22-Nov-13 

HEATING DISTRIBUTION PIPING WOI ALARM COMPONENTS (10b1) DATE: 24-Mar-1M 

lAID DOItlIIIN (EXIISTlNG] OIIcr nME: lD:.qAM 

FlGS Pipe MATERIAl. FRElGKT PPE.f'TOO I..U.COST('J 
mow USI! QTYReQ COST OCEAN INWD INCFGT. """OFAlArL 
./12M METER IMETERSI us Ie us Sl222! us Ie USI!!!!!!!I ItEVA-oogz 

'00 17.21 0 0 0 0 0 " 91 18.42 14,894 271 ., 5 317 ~.,." 
110 22.2' '2.720 121 '09 '5 .51 "174 
112 24.&3 28,398 8M n " 

no 7,:Jn 
143 33.28 21.254 101 '08 .. .20 7,"'$ ,,. 37.08 21,830 1109 121 ,. 1141 .,007 
1 .. ".30 18.422 .,. '22 11 .55 II''''' 
'SO ..... 20.502 '.332 200 21 1.559 14.S6fJ 

22' 93.23 9,198 ... '29 17 '.003 II ..... 
21_ 114.08 3,410 ,.. .. • ." 4._ 
204 132.00 0 0 0 0 0 " 200 145.00 1D,I78 1,478 22' 30 '.727 ',.,$7/1 
242 154.29 0 0 0 0 0 " 208 '82.88 ",1M '80 ". '5 ... ....... 

188.42 0 0 0 0 " 232.00 11882 2,752 41' 88 3,_ 30,.8'10 
307.00 0 0 0 0 0 0 
.-os.17 032 "0 ., 1 ... ~-"'.50 0 0 0 0 0 
... ,7 2.728 '.m 202 21 1.57. ,~ fI" 
518.75 0 0 0 0 " 802.02 0 0 0 " ..... 50 0 0 0 0 

1,1»'.51 0 0 0 
1,229.51 0 0 " 

19&,110 US 115,'" LEVA ",.,177 

lAID ooltlll- INSVIAJ10N FOAM CONCRETE 

'00 17.21 0 0 0 0 " ., 18.42 0 0 0 0 " 110 22.24 0 0 0 0 " 112 24.83 2.'" 
., • 72 .. 7 

'43 33.28 ',554 52 • ., 116. ,,. 37.08 '.552 .. • 87 ""8 , .. ".30 520 2. • 21 251 
'SO .... 9 ' .... '02 15 ". f,145 
224 93.23 0 0 0 0 0 
274 114.08 2.'04 240 38 2" ~-: .. 132.00 0 0 0 0 " 290 145.00 1,104 ,so 24 117 '.-242 154.29 0 0 0 0 0 
2 .. 182.85 8 .. '2, '8 '42 1 ..... 

181U2 0 0 0 " 232.00 0 0 0 0 
307.00 0 0 0 " "09.17 0 0 0 0 .., ... 0 0 0 " "95.17 0 0 0 " 571575 0 0 0 
802.1'2 0 0 0 
894.50 0 0 0 

I,OOC.SI 0 0 " 1,229,58 0 0 0 

11.520 us .... LEVA ~'75 

PAGEl 
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OVl:RflEAD / COUECTDR - INSUlATION GlASS KOOL .. ALUMINUM SHEET 

ffEMOvr;OlD INSULATION. ClEANPPE. SlPPLY& INSTALL NEW INSULATION/ 
PIPE FTGS PIPEiFTG9 

IN9UL INaUL INSUL INSULAnoN FREIGHT INSULATION UNIT UNIT TOTAL BollE LAB-COST 
METRIC U.S. U.S. WALl WALL US II AlLOW USst CTYREC COST oceAN IN1..<NO INCFGT. MHiM MHiM MN,*,S Ilfi INSULATION 

DIMENSION 01A. SCH IM~ II~ 12M S/12M METER IMETERS~ US SI22m US SI222l US '10001 USS!!!!!!l! INSUL REMOVAl INSUL ~~ /l;EVA-!!!!!!Z 

ON 40 -48/100 11/2" 40 2." 0.10 127 97 18.87 0 0 Q 1.40 0.8U 0 ./IIlOO 0 
ON 50 ~125 2" 40 2.90 Q.11 138 10. 20.27 0 Q 0 1.~8 0.720 0 ./IIlOO a 
ON 65 -78114(] 21/2" •• 2.90 0.11 147 ". 24.42 • Q 0 0 .... 0 .... 0 '/IIlOO 0 
ON eo -89/160 3' 4. 3.20 0.13 1M 131 2392 Q 0 0 0 1.S0 0.7B8 0 '/1400 a 
ON 100 -114f2OC1 .. '0 3." 01. 269 184 38." 0 Q Q 0 1.7' 0 .... 0 ,/IIlOO 0 
ON 12$ -139(225 .. 40 3." 0.14 30S 139 37.00 0 0 0 0 0 "'8 0.842 0 ,/IIlOO 0 
ON 150 -1681250 .. 40 4.00 0.18 341 104 37.08 138 5 1 0 8 1.55 o.ne 311 ./IIlOO 113 
ON 200 -2191315 8' 20 '.50 0.111 404 123 43.92 .70 12 2 0 " 

1.80 0.1148 7I!fI ,/IIlOO '211 
ON 250 -273'<400 10' 20 '00 0.20 502 ,.8 52.SO ... 23 3 27 2.04 '.020 1.359 ,/IIlOO 11211 
ON 300 ...:J23f4!50 12" 20 '.50 0.22 72" ,., 74.08 728 54 I .. 2.70 1.3S2 ..... '/IIlOO 405 
ON 3:50 --35S/SOO ,.. 10 ... 0.22 lOS 143 79.08 • • 0 0 UI t.490 0 ,/IIlOO a 
ON 400 ~08I520 1.' 10 8.30 0.25 88' 17' 115.33 ... 80 9 71 3.47 1.734 3,83 • '/IIlOO .'0 
ON 450 -4571560 18' I. 8.30 0.25 90. 104 84 .. • 0 • • 3.92 1 .... 0 'MOO a 
ON 500 ~8/830 20' I. 8.30 0.25 1,137 72 tOO.75 • 0 • 0 3.75 1.873 • ,/IIlOO a 
ON 550 -558(710 22" 10 8.30 0.25 1.250 104.17 0 • • • 4.33 2.187 • '/IIlOO a 
ON 600 -609neo 2" I. 7.10 0." 1.211 107.~ 1.700 '83 27 21. ... 2.310 11.781 'MOO '.'1'8 
ON 650 -660/640 2" I. 8.00 0.31 1,420 118.33 • 0 • '.02 2.501 0 'MOO a 
ON 700 -7111900 28' 

,. 
8." 0.35 1.524 127.00 8,_ 181 13. 18 1,031 5 .• ' 2.708 ",_ 'MOO ~'5<I 

ON 7M -182/900 ,.,. 10 .... 0.35 1.921 135.87 • • • • !!I.7S 2.888 • 'MOO 0 
ON BOO -81311000 32" - ... 0.35 1,9Q9 159.08 1152 '13 27 21. 11.13 4.381 15.092 flSlf.m 2._ 
ON 850 -86C/l100 34' - 8.80 0.35 2,022 lS8.5O 0 • • 11.27 '.837 • ,/IIlOO Q 
ON 900 -814/1100 38' - 10.00 .38 2,13.5 177.92 • 0 0 • 1.71 ... 80 0 ,tiltOO 0 
ON 1000 -10111/1200 '0' - 10.00 0.39 2.381 188.42 3,820 ... 105 14 817 10.80 5.451 .57 • .557 ,/IIlOO ~"7D 
ON 1100 -1117/1400 ... - 11.00 0.43 2,008 217.33 0 • 0 11,95 5.973 0 'MOO 0 
ON 1200 -1220/tAOO 48' - 12,00 0.47 2,854 231,83 • 13.07 8.534 • ,/IIlOO Q 

18.512 us $2.,457 LEVA 2iiii 

LULIN PLANTS ( 10 b 1 ) HEATING DISTRIBUTION PIPING WOf ALARM COMPONENTS (1 Ob1) 

CASH FLOW (000) LAID DO_IN (EXISTIN(f WCT ,_ 
~ '''' 1!!! ~ '''' i!!!!!! m! = i!l'B 

15498 MATERIAL (US " 512,41 1255.30 1585.25 111!51.24 11:20.23 1751.22 115U22 1151.22 115t.22 ,"1.22 
" ... "" 8.10% 10.10"" '0.70% H.tll' 11.~ 11.30% 11.3." l'.:wA 11.30'5 

148117 LA80'1(LEVA) 5201.111 '=90 tlS02tl43'StROII tMt4.20 'BIJtf.75 ,AU.TS tMU.T5 ,.".75 ,.,,"75 
E.>:CAV.MAT'L(lEVAJ 1100 I1DO 1100 1100 1100 1100 1100 11.., 0100 0100 

148777 70TAL (lEVA) 5207. III '=90 1502&43 ,grfl.OII '65'4.20 '8811.75 '''''.15 'MU.n 'Ntt.76 ItJlJf1.TS 

" 3.50" 8.10% 10.1,"" 10.70'S 11.10% 11.30% 11.30'5 1'.~ 11.3OYt 11.30"-

eQUIP! EEEiL_ . 
I!!MJ, l.!!!Q! !!!ffi. ~ 

MODEL COST SUMMARY (US $1 15.497.58 4.149.27 0.00% 100.00% 

- - - - -

PAGeZ 
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CASH FLOW (000) lAID DOWN - INSUlATION FOAM CONCR~ 

~ ~ ,- '997 W! ... MATERIAL (US I, 47.78 lS1.1. 238.93 238.13 23&93 

" ~OO'" 20.00~ 25.00% 25.00% 25.00'" 

9175 LA8~(LEVAI 45&74 flJ3ll.9!S 2293.t1tI 2293./19 2293.SS 

exCAV.MAT'L/lEVA! tlOO tlOO tlOO tlOO tlOO 

9175 TOTAL /lEVA! 45414 1834.95 2293.t1tI 2293.l/9 2293.t1tI 

" 5.~ 20.00'" 25.00'" 25.00"" 25.00'" 

EdulP' 
!!!m ~ MID. ~ 

MODel COST SUMMARY !!!S 'I 955.70 2811.71 0.001(. l00.00ll. 

CASH FLOW (0001 OVERHEAD I COI.LECTOR - INSUlA TION GlASS KOOL .. ALUMIWM SHEET 

~ ,- ''''''' '991 W! 

2457 MATERIAL (US I, '22.83 481.33 814.17 I!Jl •• 17 814.17 

'" 5.00'" 20.00% 25.00'" 25,00"," 25.00'" 

~159 LA8~(LEVAI '257.g! !lD31.B2 5289.T7 /12M. 11 82U.77 

exCAV.MAT'L/lEVA! 0.00 0.00 0.00 0.00 0.00 

2!5H59 roTAL /lEVA! '257.9$ 5031.82 _11 _" U6R17 

" 5.00'" 20.00% 25.00'" 25.00"4 2"00'" 

lreiull!' pmr;EFi' ~C!t 
!!!m ~ !!!m ~ 

MODel COST SUMMARY !!!S !l g,456.811 7811.22 0.001(. 100.00ll. 

CASH FLOW (0001 TOTAL DlSTRlBVTJON PIPING 

~ '995 ,- 1!!Z ,- , .... ~ 
_I 

= 2003 

18910 MATERIAL IUS I, 713.03 1937.71 24UI.34 2511.33 2573.32 1751.22 1751.22 1151.22 1751.22 1751.22 

" 3.n", 10.2!5'" 12.7ft 13.28" 13.81"" liI.a .. .... '" 1.2K ....... 9.21% 

183110 LA8~(LEVAI 6923,'7 ,,917,57 23t109.H ~502.55 25097.6IJ 'Aff.75 fS6tf.15 111411.75 18611.75 tAU.7!S 

exCAV.MAT'L/lEVA! 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

183110 TOTAL /lEVA! 6923.87 189f7.57 23llOIl .• g 2rC5D255 25C91.t18 flM1f.l!S J8IJU.15 ttlllt1.75 111811.75 '53ff.13 

" 3.78" '0.33"" 12.81'" 13.38" 13.71'10 8.18% '.111" '.1'" 8.1''10 9.18'" 

gaul 
!!!m LAB~ ~ ~ 

MODEL COST SUMMARY (\/S S! 18,909.92 5,722.20 0.00lI0 100.00ll. 

PAGE 3 
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lULIN (4) DISTRICT HEATING DISTRIBUTION 1& C (SCADA) (10c) 

ITEM OESCRIPTION VENDOR 
UNIT 

CTYMAT'l 

COST 
/UNIT 
uss 

FLOW ELEMENTS 3 SA 13000 

SUBTOTAL 

SCAC" ECUIPMENT (WESTINGHOUSE) 
FIBER OPrIC LEASING 

LT 3,825,000 
LT 27.000 

TOTAL US S 3,8~2.000 

1994 
VALUES 

99 MATERIAL (US $) 1.38 

1 LABOR (US $) 0.01 
SUBTOTAL 1..'39 

It LABOR/lEVAI 0.'8 

4.475 WEST. SCADA eaUIPMENT 82.85 
27 FIBER OPTIC LEASING 0.38 

203 WEST. SCADA LASOA (US S) 2.84 
SUBTOTAL 85.87 

4,804 TOTAL US S 57.28 

% 1.400% 

16,632 WEST. SCADA LABOR (l..EVAJ 232.85 
16.643 TOTAL (lEVA} 233.0' 

%; 1.0100% 

MODEL COST SUMMARY (US $ 

OTYOF 
SUB

STAnON 

12 

'99! 

te.78 

0.'3 
HUg 

'.9$ 

790.79 .... 
34.43 

799.a1 
811.70 

17.000% 

2f12T.44 
2,829.311 

17.000% 

EQUIPI 

!!m 
4.800.81 

FREIGHT 
OCEAN 

US. 

1950 

573750 

TOT.MArl AATE TOTAL RATE TOTAL 
INLAND INCFGT. UNIT TOTAL US fHA LABOR BUl. fHA LABOR 

US s US SIOOD1 MNHR MNHR9 MNHA9 ___ US. us "com MNHR9 LEVA LEVA IOIX!I 

2M S48 12.00 43. 88 50 380 188 e& 

--------- --------- ---------S99 (. I. "IJI.TlPlfER- I." ALLOT FOR LlJI.fN) US 
., lEVA $" 

76""" 447! NfA NfA NfA NfA 203 NfA NfA 1883. 
27 

4,801 203 18,843 

CASH FLOW 10001 

1m '997 ~ 

,_ 
20.11 20,1' 20.11 20.11 

O.IS 0.18 0.111 0.18 
20.27 20.27 20.27 20.27 

2.35 2.35 2.35 2.35 

912.95 BIZ.9S 912.95 912.95 
S.!51 !S.51 lUst 5.St 

41.31 41.31 4'.31 41.31 
951.77 ~.77 9!U7 958.71 
980.03 980.03 8aO.03 880.03 

20.400'% 20.400% 2CUOD'% 20.400% 

339l?13 339l?13 339l?93 3382.13 
3,3115.27 3,395.27 3,3115.2T 3.3§.2T 

20.400% 20.400% 20.400% 20.400% 

PERCENT LOCAL 
LABOR !!m LABOR 

723.39 0.000" 71.899" 

- - - -
FILE: 1.2 SCAOA.w1(3 

DATE: - 1-0.:-113 

DATE: 23- .... .,-94 
TIME: 04: 10 PM 
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~ 

- - - -

ITEM DESCRIPTION VENDOR 

SUBSTATION IAVERAGE SIZE) NOTE' 
CONSISTING OF: 

CONTROLLER 
ATO 
CONTROL VALVES 
HEAT EXCHANGERS 
eiAC. WATER PUMPS 
WATER FilTER 
INLET/OUTLET SHUf-OFF VALVES 

TOTAL US S 

VALUES 
18,522 MATEAIAL (US $, 

OLABOR IUS S) 

- - - - - - - - - - - -
LULIN (4) HEATING SUBSTATIONS I & C (11) 

COST CTY OF FREIGHT TOT.MAT·L LABOR TOTAL TOTAL 
UNIT !UNIT SUB- OCEAN INLAND INC FGT. /SUBSTATION LABOR LABOR 

OTY MAT'L US I srAnON uS S US S US S (QOO\ US S US * fOOD! LEYA (000 

I LOT 7000 - INC. INC. 'O!522 '000 2.1IoOe 83.138 

111,522 193,139 

CASH FLOW (000) 

'904 !ru 1m , .. , , ... 1M! 

2511.31 3148.74 3nl . .cs 3778." 3nS.49 3nl . .q 

0.00 0.00 0.00 0.00 0.00 0.00 
SUBTOTAL 258.3' 3.148.74 3,nl.4I 3.771.48 3.771.41 3,778.48 

93.139 LABOR/lEVAj '303." 15633.811 '9000.40 rlOtJO.40 'tIOOO.4O 19000.40 

'" 1.400" 17.000% 20..00% 20.400% 20.400% 20 . .00% 

ECUIPI PERCENT LOCAL 

MID. LABOR !!ID. !,M!Q!:! 

MODEL COST SUMMARY IUS $) 11.522.00 2.910.60 0.000,," 100.000'" 

NOTE 1: 
COSTS (MATERiAl. LABOR 8; SUBSTATION QUANITy) SUPPliED BY CLIENT 

- - -
FILE: L2HOSnC.WK3 

DATE: t-Oec:-93 

DATE: 23-M.,-14 
nME: 04:21PM 
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BULGARIA DlSI'RICf HEATING mJDY 

CAPITAL COST AND CASH fLOW 

V.t.lIl PI .. t I DETAIL P1 
T.chnology: I Boller Rehablll1atlon at ExIstIng Republlka S1atlon 

Code Oeserl lIon 

1. Sile Improvement. 
lb Oomoilion 
2 FOll"1dalon. 
3 Strucl"o.,SLilding. 
4. Combustion TU'blna Genarabr 
4b Sleam T"blne Genora ... 
Sa Slandanl Boitor. 
5b F klId Bed Boliero 
5c Heat Recovery steam Generator' 
8 ErMronmonlal Controls 
7. Malorial Handing & Fuel &.,ply 
7b F •• dw.er, Conden •• " ttc. 
7c Othor Mechanical Eq.JIpment 
8 Electrlcal and I&C 
9 Power Distribution & Transml.oIo 

lOa Ho.lng Olstrlbu'lon Eq.JIpment 
lOb Healng Olstrlbu'lon PIping 
10c He.lng Dlstrlbuion I&C 
11 He.lng Sub.lalon I&C 

TOTAL DIAECTCOST 

~ = A.strnod 1993 
Exchange Lev/US$ 

Vear 
1993 

1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTAL COST 

Gllborl/CornmonwoaHh 

181.439.8 

29,782.3 

211.221.8 

D.mand: L. ______ -. ________________________________ --J 

Local ElCPlndlu"lIln L,v.xl000 ForolJF1 Exchange ElCPlndlu""In US$,x1000 
Eq.JIpment 
ondMlleril1 

Conduction I Engineering I Tolll Local I Eq.JIpment I Cona ..... Uon I Englne .... ng 1T0111 For. Exch 
& Labor & Home OllIe. E_ncltu-II end Malerial labor & Ho"", OllIe. I E: 

185,880.5 185,880.5 138,402.8 11,220.0 

185,880.51 1115880.5 $138,402.81 $11,220.01 
Plont O.oIJF1 Englne .... ng 7.5% 12,441.0 Plant O.oIJF1 Engineering 7.5%l==!221.7 
Construction ~oIon Conatrucllon ~oIon 
Froighl/SHpplng Incllded Frolght/SHpplng Incllded 
OWner',Cool' '.0% 5,349.8 0-', Cool, M%L 4.825.3 
Tax" end Pern1la TaxOl end Pern1Ia 
other 0IhIr 
SUBTOTAL 183,871.2 SUBTOTAl 185,889.9 

ESCALATION w/aconomca ESCALAnON w/a.onoml., 

CONTINGENCV 15.0% 27,550.7 CONnNGENCV 15.0% 24,850.5 

TOTAl COST IBulalrla Dor1I 211,221.8 TOTAl COST (FonIII"tExch. p.t) 190,520.4 

Notea: 

1. 

5,870.0 184,890.8 

g30.7 25,529.7 

6.600.7 

pagel 

- - -
INPutAil~A 

cASHFOAE~TPEACENT8 

CASH Ftc I Total Locil ITot11 ForolJF1 
ElCPlndl".a ElCPlndlu"., V.. "IoIY.. %IY ... 

1893 
1994 
1895 
19ge 

1997 
1898 
1899 
2000 
2001 
2002 
2003 

2004 
2005 
2008 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTAL "10 

- - - -

24-Mor-94 
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BULGARIA DlSI1Ucr ImATlNG sruDY 

CArITAL cosr AND CASH PLOW 

VarI.,1I Plant: I DETAIL r 1 

TOC::::: I Steam TU~lne Generator Rehablllllltion at Replbillca Station I 

Code Dosetl lion 

1. Sit. Improvements 
lb Domoltlon 
2 FOllldalons 
3 struct,nslBuildings 
4. Combustion TlSbine alnerabr 
4b Steam TU'blne Generalor 
Sa standard Bollors 
5b FlUId Bod Boller. 
5c Heat Recovery steam Generator 
e Envfrormental Controll 
7a Matortal Handing & FUll ~Iy 
7b Foodwalor, Condansalo, otc. 
7c othor Mochanlcal EqLipment 
8 Electrical and I&C 
9 Powor Ilstrlbutlon & Transml,oIo 

lOa Healng Dlslrtbuion EqLipmont 
lOb Healng Dlslrtbuion PIping 
10c Hoalng Dlslrtbuion I&C 
11 Hoall]i! Substalon I&C 

TOTAL DIRECT COST 

~ = Assumed 1993 
Exchange LovJUS$ 

v • ., 
1993 

1994 
1995 
1998 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2008 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTAL COST 

Gllbort/Convnonw •• fth 

4,954.2 

904.9 

904.9 

904.9 

7.669.0 

LOCllElIPIndhrolln Lov.xl000 Fortlgn Exchango ElIPIndltloo In US$,xl000 
EqLipmont 
and Mltto1al 

Constuctlon I Englnoorlng 
.. labor .. Ho .... Offtco 

8,022.8 

8,022.8 
Plent Doolgn Englnoorlng 
ConstrueHon Suponloton 
Frlfft\tJSI1pp1ng 
OWner', Cost. 
Toxo, and Pomfl. 
other 
SUBTOTAL 

ESCALATION 

CONTINGENCV 

TOTAL COST 

154.8 

28.3 

28.3 

28.3 

11,5311.8 

1,402.1 

1,402.1 

1,402.1 

7.5%1 

3.0% 

15.0%1 

i239.7 
TOTALINUS$ 

-$'"'1""3"",7"'48""."'21 (U~.xl00.Ql 
If3.1185.a 

TolalLocal I EqLipmoni Iconstuctlon.1 Engl. no .. wing lTol.IFor.Exch 
ndItIo. and Malto1al L~ .. He.... OIIcol E 

8,022.8 

8022.8 
451.7 

InckKlod 
1114.2 

8.888.7 

w/oeonome. 

1,000.3 

__ 7_,8811.0 

NOIoI: 

1. 

10,314.5 480.11 

$10,314.5 
Plant Doolgn Englnoorlng 
Conotrucllon ~oIon 
Frtl~tJSI1pp1ng 

OWner'. Coot. 
Tax .. and Pomilo 
otIwr 
SUBTOTAL 

ESCAlATION 

CONTINGENCV 

TOTAlCOBT 

p.~2 

$10,105.4 

7.5%1 8011.71 

InckKlod 

3.0%1 348.21 

11,1153.2 

w/oconomci 

1.703.0 

13,748.2 

- - - - - -
INPUTAAEA. 

CASH FORECAST PERCENTB 

v •• 

CASH FIC 1 Total Local ITota, Forlfgn 
ElIPIndItJ'o. ElIPIndItJ'o. 

%/yo. %/yo. 
11193 
111114 
10115 
1098 
111117 
l1111B 
10911 
2000 
2001 
2002 
2003 
2004 
2005 
2008 
2007 
2008 
2000 
2010 
2011 
2012 
2013 
2014 

TO~~~% 

"&4.~ 89.4%! 

.' ., .. ,. 
;df' ······10.2% 

. "':'J". 

. 1 f.8% , 

L 

I 
':'." """>Ii ·'UI%.,· 

~ 

'00.000% 

10:2% 

10.2% 

100.000% 

PERCENT OF TOTAL $ • LOCAL 
Englnoorfng 

-

24-Mar-1I4 
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BULGARIA DISfRICf HEATING STUDY 

CAPITAL COST AND CASH FLOW 

VerI .. 1/ PI .. t I DETAlL"1 P3 
Toclwlology: IDlslrlJutIon Piping w/LDSensors In Pernik Healing DIstrIct 

Codl 0000'1 lion 

la Sit. Improwments 
lb Oomoilion 
2 FOl.l1dalons 
3 StrucltrosIBuilcings 

4a Corrbustlon Tllblne Genera'" 
4b steam TlIbine Generator 
Sa Standard Boilers 
5b FUd B.d Bolle .. 
5c H.at R.cowry St.am Gonerator 
8 EnWonm.ntal Controls 
7a MallOtal Handing & Fuel Supply 
7b Fo.dwalor, Cond.nsal., ole. 
7c other Mochanlcal EqUpment 
8 Electrtcal and I&C 
9 Power Distribution .. Transmlsslo 

10. H •• lng Dlstrtbuton E,ppmont 
lOb H •• lng Olstrtbuton PIping 
10. H.alng Olstrtbuton I&C 
11 Ho.ln; Subslalon I&C 

TOTAL DIRECT COST 

321 = Assumed 1993 
Exchange L,v/US$ 

Tolallocal 
Exp.ndll' .... 

Vo ... fLov.10DD) 
1993 

1994 5,841.1 
1995 18,729.4 
1996 20,893.0 
1997 21,552.0 
1998 22,001.3 
1999 12,550.8 
2000 12,550.8 
2001 12,550.8 
2002 12,550.8 
2003 12,550.8 
2004 
2005 
2008 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTAL COST 149770.6 

GllbertlCommonwe.Hh 

Demand: L. ________________________________________ --J 

LocaIE"IMn<ft1IollnJ..v,x1000 Foreign Exchange E"IMnclt''''11n US$,xl000 
EqUpmont 

andMltMll1 
ConlhJctlon I Englne.Wlng I Total local I EqUpmoni I Conehlction I Englneorlng 1T0tai For. Exch 

.. L_ .. Ho .... 011.. E"IMndhr'l and MatlOtal LIIbcr 

90.11 1109 1,390.0 1,390'~1 
117,529.8 117,529.8 11,1158.8 11,1158.8 

117,820.5 117820.5 $13,348.5 $13348.51 
Plant O.oIgn Englneorlng 7.5'" 8,821.5 Plant Oollgn Engineering 7.5'" ~1·iJ 
Consirucilon ~tlon Conltrucilon ~tlon 

~lJdldl Frtlght/SHpplng InclJdld Freight/SHpplnll 
ClYmer'. Coot. 3.D"- 3,7113.3 0Wn0r'. Colli 3.0'" 430.Sj 
T .... and Penrils Taxo. and Pornfl. 
other othor 
SUBTOTAL 130,235.3 SUBTOTAL 14,780.21 

ESCALATION w/ocononlci ESCALATION w/.eononl.1! 

CONTINGENCV 15.D"- 1t,535.3 CONTINGENCV 15.0'" 2,217.0 

TOTAL COST (Bula8rfa I*iI 1411,770.8 TOTAl COST (Foreign ElIch, portl 18,897.2 

Total local Tolal Foreign Noto.: 
Expondll" .. E"IMndhr •• 
i (UShl000) I (US$x.l000) 1. 

182.5 859.5 
522.8 1,882.9 
852.9 2,325.2 
873.5 2,403.4 
887.5 2,454.4 
392.2 1,458.4 
392.2 1,458.4 
392.2 1,458.4 
3922 1,458.4 
392.2 1,458.4 

TOTAL IN US$ 
880.3 181197.2 (uSbl000) 

21877.5 

page 3 

- .. -
INPUTAAEA 

CASH FORECAST PERCENTS 

CASH Ftc I Totilloell ITotal Forolgn 
E"IMndhr.. E"IMncll ..... V... %/Y... %/Y ... 

1993 
1994 
111115 
1998 
1997 
11198 
11199 
2000 
2001 
2002 
2003 
2004 
2005 
2008 
2007 
2008 
2000 
2010 
20H 
2012 
2013 
2014 
2015 

'OTlll'" 

'iI.7'" 
'4.''''1 

.• ·144%! 
'.8'Ji. 
11.8% 
1.8% 
e.e% 
a.8~. 

- - - -

24-M .. -94 
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BULGARIA DISI'RICf HEATING SI1JDY 

CAPITAL COST AND CASH PLOW 
vertOllI! PIOIlt I DETAlLJ-1 P3 

Tlchnology: I Control System ~grade for Pernik Heeling D1s1rlct 

Dlmand: ~. ------------____________________________ --J 

Locel E"""ncII1Il.ln Lev.xl000 ForollJ1 Exchange Expencll1l .. 1n US$,x1000 
Eq.ipment Con.hJctIon Englneoring TolalLocal Eq.ipment ConthJctlon Englneoring olal For. Exch 

Codo D.oc:rlption and Maloofal & Labor & Homo OItIco E_ncII1I .. and Moloofol Laber & Homo OIIIcI E_ncII1Ia. 

la Silo Improwmonls 
lb DomoUlon 
2 F otndatons 
3 S1ruellloliBuilcingo 

4a Cornl:>uollon Tllblno Gonerator 
4b steam Tl..l'blne Generalor 
Sa standard Boilers 
Sb FUd Bid Bolla .. 
50 Hoal Rocovery steam Generator' 
8 EnWonmenlal Controls 
7. Malarial Handing & FuolSuppIy 
7b F.odw"er. Conde ........ olc. 
7c other Machanlcal Eq.ipment 
8 Electrical and I&C 
9 Power Ilslrlbullon & Transmillio 

lOa Healng Dlstributon Eq.ipment 
lOb Hoalng Distributon PIping 
10c Hoalng Distributon I&C 24.040.1 24.040.1 8.881.1 33.8 8.954.7 
11 Hoalna Slbslalon I&C 22.178.0 22.178.0 4.410.0 4.410.0 

TOTAL DIRECT COST 48.218.1 48218.1 S11.071.1 $33.8 $11.384.7 
Plant D.IIlJ1 Englneoring 7.5% 3.488.2 Plant D.IIlJ1 Englnoerlng 7.5% 852.4 

~=A'."".dI993 
Construction SupoNlion Con.tucllon Supenillon 
Frllghl/SHpplng InckJdod Frolght,tStlpplng InckJdod 

Exchange lav/US$ Dwnor·. Coat. 3.0% 1.490.5 owner'. Cool. 3.0% 388.5 
TIXII and Pemff. TIX .. and Pom1\a 
0Ih0r O\hor 

SUBTOTAL 51.172.8 SUBTOTAL 12.583.8 

ESCALATION wl.conomc. ESCALAnON wllconomc. 

CONnNGENCV 15.0% 7.875.0 CONnNGENCV 15.0% 1.887.5 

TOTAL COST IBukMrlo-') 
.--~. 

58.848.7 TOTAL COST /Forelan ElIch. -'I 14.471-1 

Totatlocal Tolatlocet Tolot ForlllJ1 Not .. : 
Expanclllli. Expanclill .. Expancllu'll 

Vlar ...Il.vxl000) i[USbl000) i lUS$x 1000..1. 1. 
1993 
1994 823.9 25.7 202.8 
1995 10.004.3 312.8 2.480.1 
1998 12.005.1 375.2 2.952.1 
1997 12.005.1 375.2 2.952.1 
1998 12.0051 375.2 2.952.1 
1999 12.005.1 375.2 2.952.1 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTAlINUS$ 

TOTAL COST 58848.7 $18311.0 $14471.1 IUS$Xl000) 
18310.1 

GilbortJCommonw •• ~h pago4 

- .. - - - -
INPutAAU; 

CASH FORECAST PERCENTS 

CASH FIC I Toiol local ITotal ForollJ1 
Expancllu'l. Expancllu'l • 

VI.. %!YI.. %!YI .. 
1993 
1994 
Igs5 
Igs8 
1997 
1998 
1_ 
2000 
2001 
2002 
2003 
2004 
2005 
2008 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

ToTAL % 

.1.4"-
17.0% 
l!c)04% 

20."% 

100.000% 

PERCENT OF TOTAL $ • LOCAL 
Englnoorlng 

_I 

24-Mor-94 
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BULGARIA OISfRICf ImATING sruOy 

CAPITAL COST AND CASH PLOW 

VMt .. 1/ PI .. t: I OETAIL P3 
Tochnology: I Fluidized Bed Baller Addition atRep.mllka station 

Dom.M:L. ______________________________________ ~ 

loc.IE_ndllt .... ln l.v,xl0oo Forll", Exchange E_MIu' •• 1n US$,xlooo 
EqUpment Cone"uctl.n Englne .... ng Tot.llocal E~prnent C.netuelf.n Engineering .t.IF .... Exch 

C.de Dualpll.n andM.tort.1 & labor & H.",. 0lIl .. EXDenCIItr .. and Mat ..... 1 UIbcr & Ho .... OIII .. l~ndIIu'.a 
II Silo Irt1lI'ovementl 
lb D.moItl.n 
2 F.undatons 
3 S1ruct"eslBulldngo 
'I. C.mbusll.n T"blna lleneralDr 
4b Stoam T"blna Iloneralor 
Sa Standtlfd Boilers 
5b FkJd Bad Bolierl 97,1132.0 117,1132.0 78,508.8 7,107.3 83,815.11 
Sc Heat Racovary steam aaneraw 
8 EnvIr.nmental C.ntr.ls 
71 Materlal Handing & Fuel S"",1y 
7b Fa.dwal:er, Condensate, .tc. 
7c other Mechanical E~pment 
8 Ellctrical and I&C 
9 Power Distribution & Tranonil.' 

101 H.alng OIstribut.n Equipment 
lOb H.alng Dlstributon PIping 
loe Hoalng Dlstribut.n I&C 
11 H •• loo Stbslalon I&C 

TOTAL DIRECT COST 117,1132.0 1171132.0 $78,50U $7107.3 $&,815.11 
Pllnt D.II", Engineering 7.5% 7,3'1'1.9 Plant D.II", Engineering 7.5% 8,271.2 
C.nltruellon SUponIllon Conetruc1lon SUponIllon 

~ = Alsumed 1993 Frll\t1l/SHptlIng InclJdod Frll"'lJ8I'/IlIlInll InclJdod 
Exchange Lov/US$ owner'. Colla 3.0% 3,158.3 owner'a Colla 3.0% 2,898.8 

Tax .. and PomfIl TIX .. and Pomfla 
other other 

SUBTOTAL 108,435.2 SUBTOTAl 92,583.7 

ESCALATION w,.conorrica ESCALATION w'.COnorriCI 
CONTINGENCV 15.0% 18,285.3 CONTINGENCV 15.0% lU87.8 

TOTAL COST lBUIaarIa PIFI) 124,700.5 TOTAL COST CForIIan ExdL PIFII 108.471.3 

Not •• : 

v ... I Ilov.xl0001 I ruSS.xlooo1 I fUS$x 10001 1. 
1993 
1994 1,745.8 54.8 1,4110.8 
1995 
1998 
1997 18.208.3 588.11 15,544.8 
1998 27.309.4 853.4 23,317.2 
1999 15,0888 471.5 12,883.0 
2000 lB.705.1 584.5 15,1170.7 
2001 28.057.8 B78.B 23,1158.0 
2002 15.587.8 487.1 13.308.11 
2003 
2004 
2005 
2008 
2007 
200B 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTAL IN US$ 

TOTAL C05T._ 124,700.5 53.898.9 51011.471.3 1US$.xl0001 

GlbtrtlConmonweatth page 5 

- .. - - - - -
INPutAliEA 

CAPITAl COSTS: 

CASH FORECAST PERCENTS 
I CASHFIC I I 

V." 
1l1li3 
111M 
1l1li5 
1l1li8 
111117 
ll111B 
1l1li11 
2000 
2001 
2002 
2003 
2004 
2005 
2008 
2007 
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BULGARIA D1SIRICf HEATING !ITUDY 

CAPITAL cosr AND CASH FLOW 
V.-1 .. 11 PI .... t I DETAIL r3 

T.e:::: Isteam Turbine GanendorRehabllltation at Replfllllca Station I 

localE>cpendltl.,In l.v,xlooo Forti", Exchange E>cpendhr •• ln USS,xlooo 

E~pmenl Construction E~neorlng Tol.ILoc.1 E~pmonl ConshJcllon E~neorlng 01.1 For. ElICh 
Coda D .. all)llon ..... M.lorI.1 &LIbor & Ho .... OllIe. E_ndItI •• and M.I",.I llber & Ho .... OllIe. l~ndItI .. ,. 511. Improvements 
lb Domoltlon 
2 Foundalons 
3 Slruch ... S/Bulldngs 

4a Combustion T"blno Gloora'" 
4b stoam T"b1no Generalor 11.847.4 11.847.4 11,909.4 529.3 12,438.7 
Sa 51andard Boller. 
5b Fluid Bed Boilers 
5e Heat Rlcovwy Steam Glnerabr 
II En'lirorvnent.1 Conlrolo 
7. Mal"'al H.ndlng. Fuel SUpply 
7b F •• ctw.ef. Condensat., ItO. 

7c other Mechanical Equipment 
II Electrical and I.C 
9 Power Distribution. rran,rri.llo 

IDa He.lng Dlstrlbuton Equipment 
lOb He.lng Dlstrlbuton PIping 
IDe Hoalng Dlstrlbuton I.C 
11 Hoalng Subslalon \&C 

TOTAL DIRECT COST 11,847.4 11847.4 .1',90IU 5529.3 *12.438.7 
Plant Doll", E~neorlng 7.5% 513.11 Plant Doll", E~neorlng 7.5% 032.0 

~ = Assumed 1993 
Conatructlon SUptnlllon ConaMlton SUpanltlon 
Frtlght/Slfppfng Incklded Frtlght/Slfpplng Incklded 

Exchange Lov/USt Owner'. Coal. 3.0% 220.11 Owner'. Coli' 3.0% 401.1 
Ta ........ Porn1I1 Tax ... nd Porml. 
0Ih« 0Ih« 
SUBTOTAl 7,5111.8 SUBTOTAL 13,772.8 

ESCALATION w/.conomc. ESCAlATION w/.conomc, 

CONTINGENCV 15.0% 1,137.3 CONTINGENCV 15.0% 2,085.0 

TOTAL COST (Bulgarla...-t) 8,7111.0 TOTAl COST (Farelgn Exch. 1*1) 15,838.7 

Tol.ILocal Tol.ILocal Tolal Forti", No",: 
Expendl"., ElCPInclh .... ElCPInclhr •• 

Vo .. I (l.v xl 000) (US5xlOOO) (US$x.lOOO) 1. 
1993 

1994 898.1 28.1 1,400.0 
1995 
1998 
1997 
1998 908.9 28.3 1,393.8 
1999 
2000 
2001 
2002 3,080.4 85.11 11,145.4 
2003 2.947.0 92.1 5,498.0 
2004 
2005 
2006 
2007 
2008 90M 28.3 1,393.8 
2009 
2010 
2011 
2012 
2013 
2014 
2015 TOTAL IN US5 

TOTAL COST 8719.0 5272.5 515838.7 (US$ xl 0001 
5111.111.2 

Glbo.vCornmonwoanh pago15 

- -
iNPurAAEA 

CASH FORECAST PERCENTS 
CASH Ftc 

Va .. 

1893 
1_ 
1995 ,_ 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
20De 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

om 

- - - - -
PERCENT OF TOTAl 5 • LOCAl 

E~naortng 
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BULGARIA DISfRICf HEATING SI1JDY 

CAPITAL COST AND CASH FLOW 

Varian" Plant: I DETAIL r3 

Tochnology: 1801_ Rehabilitation at ExIstIng Republllca Station 

Code O .. al lion 

1. SlI. Improvements 
lb Oomoilion 
2 Foundslons 
3 Struclll .... BLilcings 

4a Corrbustlon Tllbino a.n ....... 
4b steam Tllbine aon&ralor 
Sa st.ndard BoIlors 
5b FUd Bod Boll .. , 
Sc Heat Recovery steam Generator" 
8 Enwonmontal Contro" 
7. Malertal Handing & Fuel s"",,1y 
7b Foodwalor, Condonsalo, ole. 
7c other Mochanlcal EqUpmont 
8 Electrical .nd I&C 
9 Power Distribution" Transrnlllio 

10. Ho.lng Distribuion E~pmont 
lOb Hoalng Distribuion PIping 
10c Ho.lng Dls1ribuion I&C 
11 Hoalng Subslalon I&C 

TOTAL DIRECT COST 

~ = A.sumed 1993 
Exchang. Lov/US$ 

Tolallo.al 
Exponcll"01 

Voar {lov xl 000) 

1993 
1994 79.738.7 
1995 
1996 
1997 
1998 11.079.9 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2008 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTAL COST 90818.5 

OlbertiConvnonweaHh 

Dom.nd: ~. ________________________________________ ~ 

Local E>q>encllllo.ln L.v,xlooo Foroll7l Exchange E>q>endhn. In US$,xl 000 

EqJlpment I Con,l'uctIon I EngineerIng I Tolal Local I EqUpmant I Conal'uctlon I Englneoring 1T01.1 For. Exch 
.nd M.I .... I .. Labor .. Home 0lIl.. E_ncllllo. and M.I .... I lIIbcr 

71,323.2 71,323.2 59,294.11 4,824.2 

71,323.21 71323.2 $511,294.111 $4,824.2 
Plant 0001171 Englneorlng 7.5% 5,349.2 Pr.n\ 0001171 Englnoorlng 7.5% 
Constucllon SUpor.Illon Conotucllon SUpor.IoIon 
Frll~lIBtIPIlIng Inclldod Frol~tlSlfpplng 

Qwnor', Coli. s.o% 2,300.2 OWner'. Coli. 3.0% 
T .... and Porrrit. T .... and Porntt. 
other other 
SUBTOTAL 78,1172.8 SUBTOTAL 70,0115.0 

ESCALAnON w/oconorric. ESCALAnON w/oconorric. 

CONnNGENCV 15.0% 11,845.11 CONnNOENCV 15.0% 10,8411.4 

TOTAL COST /BuIaIri • ...-t1 00,818.5 TOTAL COST (F ..... an ElIch. p.tl 81.845.3 

Tolallo .. ' Tolal Foroll7l Nol .. : 
Exponclllf .. E>q>encllll .. 

1 (uS$.x1ooo) ,(US$x 1000) 1. 

2.491.8 72.0112.8 

348.2 11,552.5 

TOTAL IN US$ 
2838.1 1845.3 ruShlOOO) 

-'.84483.4 

page 18 

.. -
INPutAi\i:A 

CASH FORECAST PERCENTS 
CASH FIC 

Voar 
111113 

11194 
111115 
111118 
111117 
10118 
101111 
2000 
2001 
2002 
2003 
2004 
2005 
2008 
2007 
2008 
20011 
2010 
2011 
2012 
2013 
2014 
2015 

'OrAi" 

- - - .. -
PERCENT OF TOTAL •• LOCAL 
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BULGARIA DlSlRICf HEATING SI1JDY 

CAPITAL COST AND CASH PLOW 
v ..... " PI ... !: I DETAIL -P3 

Tocmology: I Demolition-Boiler 1. 2 & R8IIerve; 
Demand: Turbine Gen. 2. 4 & U1IIIty Grid 25MW 

Codl Dotc:rl Han ,. S1le ImproVlment, 
lb Domoltion 
2 Foll1dalon, 
3 S\ruclu-e!I/B<Jklngs 
4. Combustion Tt.rbino aoneralor 
4b steam Tt.rbine aeneralor 
Sa standard Boller, . 
5b FUdBed Boller, 
5c Hoal Recovery Sloam aoneralor 
0 ErMro",""nl81 Conlroll 
7. Malerlal HandIng & Fuel Supply 
7b Foodwale" Condenoalo, olc. 
7c other Mochanlcal Eqo..jpmont 
8 Electrical and I&C 
0 Powor DI,trlbutlon & T,anoml.oIo 

lOa Hoalng DI.l!lbulon Eqo..jpment 
lOb He.lng DI.l!lbulon Piping 
ICC Hoalng DI.l!lbuton I&C 
11 Hoaln Slbelalon I&C 

TOTAL DIRECT COST 

~ c AIIl.m8d 1993 
Exchango Lov/US$ 

Vo .. 

1993 

1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 
2014 
2015 

TOTAL COST 

albor1/Commonw •• fth 

57,5211.1 

57.5211.1 

Local Expandlu'''In Lov,xl000 .. _ Forollrl ExcMnga Expand\lJ'o.1n USS,xl000 
Eqo..jpmont 

ancIM.I .... 1 
Conohlclion I EngineorfnOl Tol.lloc.1 I Eqo..jpmont I conohlcliGn.1 EngInooring 

& Labor & Homo OllIe. _E.xpand\lJ'OI W1d M.t .... 1 Laba' _ _ & Homo OIIIco 

23,932.11 21,244.0 45,177.4 

23,1132.81 21,244.01 45177.4 
Plant Doolgn Englneorlng 7.5" 3,388.3 Plant Doolirl Engineering 
ConoNction SUponIlion Conohlclion SUponIlion 

7.5" .... , ___ ; 

Frll"'VSHpplnll Inckldod Frol"'VSHpplnll Inckldod 

Owner'oColI' 3.0" 1,457.0 Owner'o Coli. 
Taxo. W1d Pornilo TaxOl and Porn1t. 

3.0% .... , ___ ; 

other other 
SUBTOTAl 50,022.7 SUBTOTAl 

ESCALATION w/oconomici ESCAlATION w/ocononfc. 

CONTINGENCV 15.0% 7,503.4 CONTINGENCV 15.0" ... , ___ ~ 

TOTAL COST IBukart. ~I --!!:.528.1 TOTALC08T 

Nolo.: 

1. 

1,7117.7 

",7117.7 

p.gol7 

- -
I~P\JtAAEA 

CASH FORECAST PERCENTS 
CASH Ftc 

Vo .. 

11103 

11194 
11105 ,_ 
10117 
111118 
111011 
2000 
2001 
2002 
2003 
2004 
2005 
2008 
2007 
2008 
20011 
2010 
2011 
2012 
2013 
2014 
2015 

'OTAl 

- - - - -

24-Mor-94 



REPUBLIKA CASE P1, P3 

DETAILED ESTIMATE BACKUP 

INFORMATION 
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.. 

FIlE: 
DATE; 
TIME: 

- -
STGMOORI W<1 

,3 .. Jan-94 
12:!9PM 

s, 
sa .. 

- -
,
CII'. .,... 
l.rB 

......, 
CN'. 
OP. 
1.1. 

TIJRBINEGENERltTOR - UDOlF/CATIONS - REPUBUKJI PU.NTS - 4 /I 

ITEM 
NO. Of I UNIT SlSTOTAL 

PlNITS COST _Mll. S 

AA COOLED GENERATCA 
tIW Cl.£.l.N, CHECK, BAlANCE ROTOR 
11 AT SHOP 

REPlACE lABRYIH'TH R[NG~ 

SUBTOTAL 

~ COOLED GENERATCA 
MW ClEAN, CHECK, BAlANCE ROTOR 
II AT SHOP 

REPUBUCA-
.5 MW 

CONl. .. 

REPUBlJ(A
MW .. 

WAS ... 

NOW'S 
25MW-EP 

REPLACE lABRYINTH RING! 

St..IHOTAL 

UiC mull 1.10 
HYDROGEN COOLED GEHERATCA 
CLEAN, CHEa<, BALANCe ROTOR 

AT SHOP 
REPLACE lASRYlNTH RING! 20 
REPLACE HP CYUNOER too nME 
REP~ECONJITION H.P,' 1 

st.eTOTAL 

UIC mull. 1.00 
HYDROGEN COOI..ED GENERATOR 
ClEAN. CHEcx. BALANCE AorOA 

ATSHOf' 
RepLACE LABRYINTH RlNG~ 20 
REPI.ACE H.P. CYUf«JER , .. TIME 
REP~ECONCnnON H.P.l'll 

Sl.STOTAL 

REPUBUCA'4.. NEW a lAW n..R8INE GENERATOR 
(NEW) MW CONJENSER 

25 FOUNOATION 
PtplNG 20 
ELECllUCALI'& C 

SUBTOTAl. 

1." 

10.00 

1.10 

".00 

.... 

.... 
...... 

11.00 

188.00 .... 
".00 

...... 
220." 
10.00 

t5O.DO ... .... 
...... 

....... 
131.00 ..... ...... 
137.50 

•. 00 .... .... .... 
.... 
.... .... .... .... 
.... 

242.00 
11.00 .... 

,e.oo .... ..... ... ... 
...... 

to.OO . ... , ..... 
•. 00 .... 

310." . ...... 
131.00 .. ... ..... 
137.50 

5211.&0 5271.10 

TOT AL/PLANT ".117 .• 

r:EL COST SUMMAAY U S .• 

.. .. .. - .. .. .. .. .. .. -

C.F. 
'IEAA 

I 
OCEAN-U.S. 

150:0. 
lNlAHO .. U.s. ... 

HOTELtDAY 
MEALS,1:)AY 

CAA!DAY 

USOaltLb 

TOTALMTL I TOTAL M1'-~/Un6t10ua.q. ~OTAL. 
FReIGHT ~'U) .. a. __ .U.S. • OUTAGES ... . ... . ... . ... . ... .... . ... . ... . ... . ... 

41.14 
1.17 .... ..... .. .. 

14." 

..... 

..AD 
1.70 .. .. ..... .... .... 
..... 

nl.ot 
2O.U 

7.71 
12." ..... 

_21 

".061 .• 

. ... . ... . ... . ... 
0.00 . ... 
000 
0.00 . ... 
..00 

.... ,. 
12,11 . ... 

'1".05 . ... , ..... 
.... .. 
2SUO 
11.70 .... 

171.50 . ... . ... ... ... 
5311 .• 

112.13 
53.18 

..aa.lz 
1110 •• 

"11.01 

17,:204.' 

0." 

.... 

512.02 

_.ID 

ItM.OI 

100 ~_~t.H0UIS SO.OI'-ij.S.Ba .. Aa"~ 1.1 Prod~-I.OQI 
15 LOCII# UEN 0.1151 CompOlULocaIUbOlFa=w 
80 WEEKS-au.. 5.25 euUl 'N US S 

,. 

·OTAl. ... n. 
~ 

. ... 
0.00 

..... .. 

lm.4O 

"11.0"1 

'to.~4.5 

WEEKS-AI I 'II BU!.G IN LEVA 
5 • 060 ~ IEKMf911 Rata LrI/1 

For n.~n 
n .. OAl! 

LABOR • EXPENSES 

"'- .... "' ........ ft.. ... .,..,.. •. A'~ .... U"~'..-l--;;:;';;;~;';"d-=~~=!-;;'i"i.~;..;l 
~~~~s -1J94~~;'';" , .... -;;;, 20011 IKe"~ I"'-_~ 

0." ..00 0." 

0." .... . ... . ... . ... 0." 

. ... 0.00 0.00 

us ".00 11.01 

.... 

0." 

..00 

0." 

...... 

0.00 

.... 
314.41 

12.87 
o 

113.05 

• , ..... 

.... 

. ... 
314M 

12.17 
o 

'Uo<S 
o 

102 .• 

. ... 

. ... 
3'4AI 

12.117 

• 183.05 

• ,02." 

. ... 

•. 00 

314..41 
12.117 

• 
113.05 

o 
102." 

.... 

0." 

II .• 

• o 

..00 

0.00 

11.OM 
o 
• 

0." 

0.00 

11.0lIl 
o 
• • • 

~-

•. 00 

•. 00 

It.OM 

• o 
o 

7.35 ".00 ", . 354.12 I 823.37 ta.37 123.37 12'.$7 I U.c. 11.08 11.De 11.01 

7.31 

7.35 

1.31 
0.00 
7." .... 
..00 

1.!C.70 

..... 

..... 

..... 
155.82 
~ .. 

20." 
".10 
111.10 

211." 

,2IOA 

11.(. 

11 •• 

71 .• .... .... ... 
7.21 

_ .. 
...." 

11.7 

• 175.5 

• • 

.... " 11.7 

• 
'''" • o 

.... n 
11.7 

• 
1715.1 

• o 

2&5.715 
11,7 

• 
171.5 

• • 

11.081 11.OM 

• o 
• • 

11.0&8 

• 
11.oea 

• 

SS4.121 4715.85 471.15 471.15 471.111 "'.01 l1.oe tt.08 I1.De 

2*l3." 
1002 ... ... 

278"" ...... 
5525.1. 
117.13 
I\.20 .. , .. 

17 ..... 

71.11 
"31 
1.30 . ... 
7.21 

".'t___ atlM.I.II3' •. OI n.51 

S'21.7 
L£VA- SlN.eo 

C.F. TOTl 

17 .... 7.4 11,081.3 ",011.3 ".011.31 .'21.7 122.2 $22.2 $22.2 

10,7".4 1M1.2 
TOTAL FOREIGN lA8Qi~E 

"OFTOJ~69~ 9.j0L Q.l02 -Q.102[ 0.647 0.118 0,1180.1181 
TOT. 'II. 

- -



-

J::.. .-~~ 
------

.. - -

ITEM DESCRIPTION VENDOR 

MOTOR 
vso 

STEP -UP TRANSFORMER 
ISOLATION TRANSFORMER 
WIRING & CONDurr 

VALUES 

suorOTAL 

1,390 MATERIAL (US $) 

a LABOR (US ., 

.. - .. .. .. .. .. "'1 - - -
HEATING DISTRIBUTION EQUIPMENT (10a) 

COST OTY OF FREIGHT TOU.'AT'L RATE TOTAL RATE TOTAL 
UNIT NNIT SUS - OCEAN INLAND INC FGT. UNIT TOTAL US / HR LASOR SUL. / HR LABOR 

OTY MATl US $(10001 STATION US t 100CIt US S 10001 US $ (OQOL__ MNHR MNHRS MNHFIS US, US, MNHFIS !.EVA LEVA '000t 

Ell 00 '2 28' ".00 , ... ~ 0 '51 'II 27 

EA 200 30 702 32.00 ... ~ 0 '01 'II 18 

EA 10 • 211 24.00 72 ~ 0 7. 'M '3 
EA $4 • '80 2COO 72 ~ 0 71 'II '3 
LT 2 0 7 38.00 '01 ~ III 'II 20 

--------- --------- ---------
$1.310 US SO LEVA It 

CASH flOW (0001 

1!!! ~ ,- ' .. 7 ,- , ... iOO!! i!!!!! i!!!!i i!m ~ 2OD5 ~ 

1389.91 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 000 0.00 000 0.00 

SUBTOTAL 1,:389.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 

91 LABOR(1EVA} 0 80./12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

EQUIP/ PERCENt' LOCAL 

MID. LABOR MID. ~ 
MODEL COST SUMMARY IUS SI 1389.S8 2.8. 0.00"," 100.00"," 

- -

2007 2!!Q! 

0.00 000 

0.00 0.00 
0.00 0.00 

0.00 0.00 

.. .. 
File: A1EOUIP WK3 

DATE: 1-0ec-93 

DATE: OI-Feb-D4 

TIME: 02: 11 PM 

2008 20'0 

0.00 0.00 

000 0.00 
0.00 0.00 

0.00 0.00 



-

J. ....c... 
\1--

.. - - .. -
REPUBLIKA PLANTS (10 b 1 ) 

PIPE FTGS 
METRIC U.S. U.S. WALL WALL USSi AlI.OW 

DIMENSION O'A SCH IM!:!l Iitt 12M '112M 

ON 40 -.48/100 11/2' 40 2.60 0.10 107 100 
ON 50 ..so/12!5 2" 40 2.90 0.11 130 ., 
ON 85 -78/140 21/2' '0 ~90 0.11 157 110 
ON 80 ..a9/180 3' '0 320 0,13 187 112 
ON 100 -1'4/200 ." 40 3.80 0.14 2M 143 
ON 125 -1391225 so 40 3.60 0.,4 311 134 
ON 150 -188/250 6' .0 '.00 O.tl! 3 .. 144 
ON 20D --219/315 .. 20 450 0.18 582 198 
ON 250 -273/400 10' 20 5.00 0.20 8" 22' 
ON 300 -323/450 12" 20 5.60 022 1,095 27. 
ON 350 ..JS5/!500 ,." 10 5.60 0.22 1,320 264 
ON 400 -4061~20 16' 10 •. 30 0.25 1.450 290 
ON 450 -4S71!58O , .. 10 .30 0.215 1,810 242 
ON 500 -!508/B30 20' 10 •. 30 0.25 1,900 208 
ON 550 ~581710 22" 10 •. 30 0.25 2,281 
ON 600 ~09f780 2." 10 7.10 0.28 2,784 
ON 850 -880/840 2" 10 8.00 0.31 3.604 
ON 700 -7111900 20" 10 8.60 0.35 4.910 
ON 750 -762/900 30' 10 8.60 0.35 5,322 
ON 800 ..el3Jl000 32" - ... 0.35 5,942 
ON 8SO -864/1100 34" .80 035 8.921 
ON 900 ~14/1100 36' - 10.00 0.39 7,235 
ON 1000 -101811200 40' - 10.00 0.39 .,334 
ON 1100 -1117/1.(00 44' - 11.00 0.43 12,0", 
ON 1200 -1220/1.(00 40" - 12.00 0.47 '.(,7!55 

ON 40 ...t.BlIOO 1112" 40 2.60 0.10 107 100 
ON 50 -60/125 2" 40 ~90 0.11 130 ., 
ON as -76/140 21/2' 40 2.90 0.11 157 110 
ON 80 -891180 3" 40 3.20 0.13 187 112 
ON 100 -114/200 ." 40 3." 0.14 .,., 143 
ON liS -1391225 5" 40 3.60 0.1,( 311 134 
ON ISO -1681250 6' 40 '.00 0.18 ... 144 
ON 200 -219/315 ." 20 '.50 0.18 582 198 
ON 250 -213/400 10' 20 5.00 0.20 . ., 22' 
ON 300 ...J2314!50 12" 20 5.60 022 1.095 27. 
eN ls.:! ~S5,'5CO 14" 10 5." 0.22 1,320 254 
ON 400 ...t.08/!i20 16' 10 e.30 0.25 1,450 290 
ON .(50 .... 571560 '" 10 8.30 0.25 1,810 2'2 
ON 500 -608/830 20' 10 8.30 0.25 1,900 ... 
ON !SO ~581710 22" 10 8.30 0.25 2.261 
ON 600 ~09f780 2." 10 7.10 0.28 2,784 
ON 850 -8601840 26' 10 ... 0.31 3,8&4 
ON 700 -7111900 2." 10 ... 0.35 4,910 
ON 750 -782J900 30' 10 '.60 0.35 5,322 
ON 800 ..at3/1000 32" - 860 0.35 5,942 
ON 850 -864/1100 ,." - .... 0.35 8.921 
ON 900 --61.(/1100 36' - 10.00 0.39 7.235 
ON 1000 -1016/1200 40' - 10.00 0.39 1.334 
ON 1100 -1117/1400 .. " - It.oo 0.43 12.0$5 
ON 1200 -122011400 .. " - 12.00 0.47 14.755 

(1) LABOR PERCENT PROVIDED BY CUENT 

.. - - - .. ' .. - ,. - - - - .. 
FllE;R1PIP10a.WK3 

OATE, 22-Nov-83 

HEATING DISTRIBUTION PIPING WOI ALARM COMPONENTS (10b1) OATE: 24-Mer-a.& 

LAID OOWN IN (EXlISnNGJ DUCT TIME: to:5OAM 

PIPE MATERIAl. FREIGHT PPEflGS I.AB.COST III 
US" QrYAEQ COST OCEAN INI..AN) INCFGT. 3OSQF&lAn 

METER !METERSl US SI.222! US lie us t19!!!! us 110001 a.EVA-O!lOI 

17.21 0 0 0 0 0 
".042 0 0 0 0 0 
22.24 0 0 0 0 0 0 
24.13 188.570 ',M2 ... 03 .. .. 3 52;:H_ 
33.28 0 0 0 0 0 0 
37.0<1 0 0 0 0 0 
44.30 0 0 0 0 0 
84.99 3,878 258 3. 5 302 ~-93.23 1,938 181 27 • 211 ~""" 114.08 2,_ 278 '2 8 327 M34f 
1~00 232 31 5 1 3. """ 145.00 5.894 ... 12' 17 868 9,273 
154.29 0 0 0 0 0 0 
182." 8,854 1.2n' 183 2' 1,.28 ,,,,-
188.42 0 0 0 D 0 
232.00 1308 317 .e 8 371 ....... 
301.00 0 0 0 0 D 0 
408.11 0 0 0 0 0 0 
"'.50 0 0 0 0 
4~.11 0 0 0 0 
!i78.75 0 0 0 0 
60292 0 0 0 0 
694.SO 0 0 0 0 

1,004.58 0 0 0 0 
1,229.!58 0 0 

2QS,IlIDO us $9,082 LEVA '7,'88 

LAID OOWN - INSUUtTlON FOAM CONCRETE 

11.21 0 0 0 0 0 
UU2 0 0 0 0 0 
22.24 0 0 0 0 0 
24.93 11,148 27. '2 325 ~r21 

33.28 0 0 0 0 0 
31.08 0 0 0 0 0 
4430 0 0 0 0 0 ..... 1,884 101 1. 127 ',216 
93.23 1,.(2" 133 20 155 r,49' 

114.08 3,822 .38 .5 "0 4,1197 
132.00 ~ 0 0 0 0 
145.00 .. , 11 10< 
154.29 0 D 0 0 
182.85 0 0 0 
188."2 0 0 
232.00 0 0 
307.00 0 0 
408.17 0 0 
443.50 0 0 
495.17 D 0 
578.75 0 0 
602.oa 0 0 
894.SO 0 0 

1,00.&.58 0 0 
1,229.58 0 0 

18.120 US $1,12. LEVA IQU. 

PAGE 1 



- .. - '. - - .. .' .. .. - .. - ... - - .. - .. 

OIlERHEAD I OOUECTOR - INStJlA1ION GlASS KOOL "AWMIMJM SHEff 
fifEMOVE OLD INSULATION, CLEANPP", SII'PLY" INSTALL NEW INSUlATION) 

PIPE FTGS PIPen:Tas 
IHSUL INSUL INSUL INSULATION FREJGHT INSULATION UNIT UNIT TOTAl. RATE LA/lCOST 

MeTRIC U.S. U.S. WAlL WALL USII ALLOW US" QTYREC COST OCEAN INL.ANl INCFGT. MHIM "'HIM MNH=lS / Ifi INSULA nON 
DIMENSION 01A. SCH IM~ II~ 12" ','2M METER IMETERSl US 112S2! US 'I22£! US $12221 US *12221 INSUL REMOVAl. INSUL I!;EV&! /!;a'A-OOO! 

ON ''0 --481100 1112' 40 2.eo 0.10 '2T 07 ".17 0 0 0 ... 0 0 .... , ... 00 0 
ON SO -«1/125 2' 40 2.90 nil , .. '05 20.27 0 0 0 1.04' 0.729 , ... 00 0 
ON 6$ -76/14Q "12' 40 2.90 0.11 147 '48 2".42 0 0 0 0 1.8 .. 0 ..... , ... 00 0 
ON 60 ..a9/180 .. 40 3.20 0.13 , .. '3' 23.02 0 0 0 0 1.80 0.7. , ... 00 0 
ON 100 -114f2OQ 4' 40 3.eo 0.1. 2M ,&4 ..... 0 0 0 0 1.74 0 .... , ... 00 0 
ON 125 -139f225 S' 40 3.eo 0.1. 305 '3. 37.00 0 0 0 0 , ... 0.842 ,"'00 0 
ON teo -1881250 .. 40 4.00 O.UI .. , , .. 37.08 0 0 0 0 '.5O o.n. ''''00 0 
ON 200 --219/315 .' 20· 4.50 0.18 4 .. , .. 43.02 0 0 0 0 , ... 0.948 , ... 00 0 
ON 250 -273/400 ,0- 20 '.00 0.20 002 , .. 02.!SO 0 0 0 0 2. .. '.020 '6400 0 
ON 300 ~23/"SO '2' 20 •. eo 0.22- 72' , .. 74.01 1102 .. 0 70 2.70 1.3S2 3,252 , ... 00 IUS 
ON 350 ~51500 ,.' '0 S .. 0.22- ... , .. 70.08 0 0 0 0 "'8 1.490 0 ''''00 0 
ON .. 00 --4oe~20 , .. '0 8.30 0.25 .. , 17. ".33 0 0 0 0 3.47 1.734 0 ''''00 0 
ON 450 -457mao , .. '0 •. 30 0.25 905 , .. ".08 0 0 0 0 3.<12 1.8" 0 '6400 0 
ON 500 -60BfB30 20- '0 •. 30 0." 1,131 72 100.75 '.- '48 22- 173 3.15 1.873 8,25' , ... 00 '.-ON 550 -Manlo 22' '0 •. 30 0." 1.250 104.11 0 0 0 0 '.33 2.117 0 '6400 0 
ON eoo -609n80 2" '0 7.10 0.28 1,291 107.51 720 n '2 o. 4.8. 2.310 '.- , ... 00 ... 
ON 850 -660/840 2e- '0 •. 00 n3' U20 11a33 0 0 0 5.02 H .. 0 '6400 0 
ON 700 -1111900 28' '0 .... 0.35 1,!$24 121.00 0 0 0 0 5 .... ' 2.7" 0 ' ... 00 Q 

ON 750 -7621900 30- '0 ... 0.35 ',828 13e.e7 0 0 0 0 5.715 2. ... 0 , ... 00 0 
ON 800 ..$1311000 32' ... 0.35 ',m 1!1.OI ..... ... '30 17 1,012 1.73 ".3e7 71,217 '6400 ",1154 
ON 850 -864/1100 34' - .... 0.35 2.022 118.50 0 0 0 0 8.27 4.837 0 , ... 00 0 
ON 900 -91411100 ... - 10.00 0,39 2,135 '".92 ,- ... 52 7 4" 8.78 4.890 28.451 ' ... 00 ",18' 
ON 1000 -10HI/1200 40- - 10.00 0." 2. .. , 191 .... 2 0 0 0 0 0 ,0." 5.451 0 , ... 00 0 
ON 1100 -111711400 .. ' - 11.00 0.43 2 .... 217.33 0 0 0 0 11,e 5.1173 0 , ... 00 0 
ON 1200 -122011400 48' - 12.00 0 ... 7 2.854 237.83 0 0 0 0 13.07 ..... 0 '6400 0 

'0._ US $1,7.11 LEVA fiiTe 

REPUBLIKA PLANTS ( 10 b 1 ) HEATING DISTRIBUTION PIPING WOf ALARM COMPONENTS (10b1) 
CASH FLOW (000) lAID DOWN IN (EXlSTlNGI (]/JCT 

I- ~ W!! , .. 7 , ... ~ ;ggg m1 = ~ 
9082 MATERIAL IUS II 317." 735,83 1117.27 "'.711 10011.08 .02L25 '02L25 1028.25 1028.25 102S.25 

" "50" 1.10" 10.1,", '1170% 11.1"'" 11.3D'S 11.3O'!r. '1.30" ... ~ ".~ 
!l71Se LASOOILEVA) 305f.lSO '-.04 ....... 75 1132tJ.a7 9877.11' gel •• SIIe, ... 935'.96 _'.88 N5t.fNI 

&~U/AT'L(LEVA} aoo aoo aoo aoo aoo aoo aoo aoo aoo aoo 

871158 TOTAL (LEVA) 3051.50 1lJ<IZ04 ....... 75 11321J.a7 9(177.11, 845'.91 1NJ5,.H 9&5'.1IfJ _'.88 SUt.N 

" 1..,. 1.10"" to.l0'" to.70% 11.1'"' ".30% 11.30'" 11.30'" 11.30% ... ""'" 
mUIi!1 l5!8c!m !'QCA!. 
!!!ill. I.A8C1l !!!ill. ~ 

MODEL COST SUMMARY tus $I 9.081.114 2.724.55 0.00% 100.00% 

PAGE 2 
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.. 

J;J 
..:S. 

- - - - - .. - .. - .. 

CASH FLOW (000) lAID DOWN -INSVUiTlON FOAM CONCRETE 

, ... ~ .!l!!!!! '997 '991 

1128 MATER'AlIUS $I ..... 225.SO 211.9. 281.81 281.8. 

" '.00% 20.00" 25.00'" 25.00-4 25.00% 

10828 /.ABO'/(LEVAJ 5"'40 21S$.lJr 2707.0' 2707.01 21'07.01 

aCAI'A/ArL(lEVAJ 0.00 QDO 0. DO aDO aDO 

10828 TOTAL (lEVAJ 511.40 2'85.B, 2107.01 27rJ7.0t 2107.01 

" 5.00% 20.007. 25.00" 25.m,," 25.00" 

U1J5, I!EE!CEe! b~' 
!MD. !.@Q! MAT'l l.MQ:! 

MODEL COST SUMMARY /US $) 1.127.92 338.38 0.0(1% 100.0J!!.. 

CASH FLOW (000) OVCRHEAD I COLLECTOR - INSVUiTlON GUiSS IKIOL .. ALUMIMJM SHEEr 

1BH '995 .!U:§ 1!!! ,-
1749 MATER'AllUS II 87.44 348.78 431.20 431.20 437.20 

" 5.00'" 20.00% 25.00% 25.00"" 25.00" 

19516 LABO'/(lEVAJ '7"" ...... ,. 4'7&M 4874M .. '7&M 

aCAlf.MArL(lEVAJ 0.00 aDO QDO aDO 0.00 

19518 TOTAL (lEVAJ 97$.60 ...... ta .,8741N1 4'T&N .f.T&1M 

" 5.00'" 20.~ 25.00" 25.00% 25.00% 

IP/ ~~~E~,.t~ 
!MD. ~ !MD. LASCA 

MODEL COST SUMMARY /US $) 1,7411.81 1509.87 0.00% 100.00% 

CASH FLOW (000) TOTAL DISTRIBUTION PIPING 

1BH ,995 .!l!!!!! '997 ,- '999 2000 i!l!!! i!!!!i ~ 

" ... MATER'AllUS II 481.70 1310.88 11!31.45 ,190. ... 1721.27 1021.25 lD.28.25 1028.25 1021.25 1028.25 

" 3.88'- 10.88~ 13.118"- 14.14"" 14.""'% 8.SO" .... " L5a ... I."''' .. SO" 

117!530 /.ABO'/(LEVAJ ..... 70 1313C1&3 rtJ3"f.74 1118'''.611 '7283.80 ~'.fJIJ M6f.H N5'.N 945' .• 1NI5'.H 

aCAlf.MAT·L(lEVAJ 0.00 0.00 0.00 0.00 aDO 0.00 QDO 0.00 aDO 0.00 

117530 TOTAL (lEVAJ ..... 70 13134&1 flUII,.? .. 1611,4,8& 17283.00 M5t,H ~, .. 9115 •.• 9IJ51.S. 9Im'.H 

" 3.88% 11.17"- 13.15% 14.38% 1 ... ,", 8.38" 1.31" •. 3." 1.38" 1.38'1t 

'/ PEACENT CoCAl 
!MD. LASCA !MD. !.@gj 

MODEL COST SUMMARY /US $) 11.958.58 3.872.80 0.0(1% 100.0(1% 

.. .. - - ,- - .. .. 

PAGE 3 
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REPUBLIKA DISTRICT HEATING DISTRIBUTION I & C (SCADA) (10c) 

COST QTY OF FASIGHT TOT MArl RATE TOTAL RATE TOTAL 
UNIT ruNIT SUB- OCEAN INLANC INC FGT. UNIT IOTAL US I HR LABOR eUL. I HR LABOR 

rTEM DESCRIPTION VENDOR aTY MArl US. STATION US! US S us s tooa! MNHR MNHRS MNHRS US S US! (0001 MNHRS LEVA LEVA '000l 

FLOW ELEMENTS 3 EA '3000 .... • 80 • 37 12.00 .08 22 .. .. '88 •• 
--------- --------- ---------SUBTOTAL $137 US S1 LEVA , .. 

SCACA EQUIPMENT (WESTINGHOUSE) • LT 5.'25.000 828750 110500 .... N/. Nt. NI. N/' 293 N/. N/. . .... 
FIBER OPTIC LEASING J LT lSD,OOO 00 

TOTAL US S 5.585,000 B,Ml ... 24,040 

CASH FLOW (000) 

l!!M ~ l!!! ~ 1998 .... 
VALUES 

137 MATERIAl. IUS $) 1.92 23.'7 27.93 27.93 27.93 27.93 

1 LABOR IUS II 0.0. 0.18 0.22 0.22 0.22 022 
sueTOT.L 1.93 23." 28.15 28.15 211.15 28.15 

16 USOR(lEVA} 0.22 2.71 3211 3." 3. .. 3.211 

8,46. WEST. SCAOA EQUIPMENT 90." 1091.82 131f1.71 1318.71 1318.71 1318.71 
80 FIBER OPTIC LEASING 0." 10.20 12.24 12,24 1224 12.2' 

293 WEST. SCADA LAeCR IU9 ') 4.10 41.73 sa.87 ".07 59.81 SIU7 
SUBTOTAL ".43 1,158.85 1,390.82 1,390.52 1,390.82 1,390.82 
TOTAL US, 97.37 1.182.30 1,41'.78 1.41'.78 1.41'.71 1.418.78 

" 1.400" 17.ODDtt. 20.400% 20.400% 20.400% 20.400% 

24,024 WEST, SCADA LABOR (LEVA) 336.34 4O/l4.(J11 4SOO.$O 4SOO.$O 4SOO.$O 4SOO.$O 
24 TOTAL /LEVA} 33e.55 4,088.78 4,fNU.15 4,904.'5 4,g(J4.15 4,9tU.t5 

" 1.400" 17.000% 20.400% 20.400% 20.400% 20.400-4 

EQUIPI PERCENT LOCAL 

!!ill. \.YQ!! !!ill. LABOR 
MonEL COST SUMMARY (US I) 1.881.14 1.044.13 0.000" 71"i02% 

~ .. .. .. 

FILE: A1 SCAOA.WK~ 
DATE: - 1-0..:-83 

DATE; 23-M.,-&4 

TIME: 04:10 PM 
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.. - .. .. - .. .. .. .. .. ... .. i" .. .. 

REPUBlIKA HEATING SUBSTATIONS I & C (11) 

1Tl!'" DESCRIPTION veNOOR 

SUBSTAnON (AVERAGE SIZE) NOTE 1 
CONSISTING OF: 

CONTROLLER 
ATO 
CONTROL VAWES 
HEAT EXCHANGERS 
CIAC. WATER PUMPS 
WATER FILTER 
INLET/ounET SHUT-OFF VALVES 

TOTAL US S 

VALues 

UNIT 
QTYMArL 

1 LOT 

4,"10 MATERIAL (US $) 

D LABOR (US II 
SUBTOTAL 

22."6 LA80R~EVAI 

" 

COST 
/UNIT 
USI 

7DOD 

~ 

151.7. 

D.DD 
111.7. 

310." 

1.400'" 

... oOEl COST SU ...... ARY IUS 

NOTE 1: 

DTYoF 
SUB

STAnON ... 

~ 

7<9.7D 

D.DD 
748.10 

3TBII.U 

17.000'1, 

eQUIP! 
Mm. 

4.410.00 

COSTS ("'ATERIAL. lABOR. SUBSTATION QUANITY) SUPPliED BY CLIENT 

FREIGHT TOT .... AT'L LABOR TOTAL TOTAL 
OCEAN INLAND INC FGT. /sUBSTAnON LABOR LABOR 

USI ______ USI USIIDDDI USI USI(OOOI lEVAU)D", 

INC 

W!§ 

..8" 
D.DD 

111.84 

4523."" 

20."''''' 

I.!IQ!! 
883.00 

INC 441D 

.,410 

CASH FLOW 10001 

1m 
,_ 

899.84 88984 

D.DD D.DD 
818 ..... n8.84 

4523."" e23.M 

20."''''' 20.400% 

PERCENT LOCAL 
~ L@QBI 

0.000'110 100.0 ..... 

lDOD ... 22.1711 

22.171 

I_ 
898.'" 

O.DD 
e81.84 

.e23.80 

20.400% 

,,- - .. 
FILe; A1HosnC.WK3 

DATE: I-OK-D3 

DATE: 23-M.,-94 
TIME: ~:32 PM 



-

~ ~ 

.. - ' .. .' .. - .. .. - .. 

'lie .. '" 
""'''ft1'f~ 

OCI!M- V ... 

II«.ANO~ u.s. r-.. 
"" 'IIoLoc.8l ~. _ "IIlPiJ" tOO'lt 

011:04"" 

FlUIDCZED BED COM8USTOI - REI'UBUK.A I'LNtTS , D 

IMTtRLAL '!It e •. 

• 'M COST tdooo ACTION '.mOTH. 

fWW .... C SOIlflil. 

t«)UCftl,IN" MOfOIil OI'lVl! 

I"GHOOSI. 

21.tOo.o !'!!PUCI! NOW 

II9l.'CIfNOW' 

~K' III~I~W 

I'lmAClMOW 
'IJIIINAC! .4m SYSI!IUII 

.... TJlU~AnOH 'Olll!"SS W,qV.1 wldY. fll!PVtCl! NOW 

Nl!clUrTY 

Hl!CU.rt 

Nt:C1!'stV 

HlcIS.rv 

Hl!eU.N 

NeelSan' 

N1!CI!IIIIT't 

N!clsl!nY 

'NCIIi tvsrtM !.II 

'OUNo,t,nON. IJI 

MCC.nl!C. 'W~I 

~owl!llWIIIII'tQ 

.....,.,ocs 

IHSTJlUueiTAnoN '0l1li OCS 

n..ICTP1C,Il.llIIJ(S 

N!l..UMUTONI!: 

III!CI!MNCI. ~I!' .. CONW:"tlMQ S'I'8TtMI 

flJal.UIJESTONl!lUHI'ZRS 

8~T...,t4C~Q 

'fI!OWAT[ltICHEIoICAl 

TJlEA'JoCrtT 

STACKS IRUCHING 

C"""''' """CH sri! WOJlt( V 

tAU "U .~'HOW 

.. 00 1IIut..,.lCIHOW 

2010.0 

JI.!Pl,t.CI!HOW 

2.0000 III!PVoCINOW 

fll!PVtCl!HOW 

REP'LAClHOW 

IIII!M.ACI!HOW 

I'I'!I'\ACIHOW 

.'!P'l.'ClHOW 

"I!M.ACI!HOW 

• 9t,.,IoeI!HQW 

,.elSSTV 

HII'I;IIST't 

NlCrs.-rv 

HlCU.-rv 

HlCUlIITY 

NlCfSSTY 

Nl!crs.,-, 

Nl!C!S.-rv 

.W·O ENCLOSURe. STeIL H,...!OD I "''''tOO 

"-'leoD H~eOD. 

III!PlA(;1!NOW 

JIIEPLACINOW 

"~C1!HOW 

JII!PlAC1!HOW 

l'lIJO\.ACINQW 

Hlell.art' 

Ht:c.,art 

Ntcu.rY 

N!CI!IIITY 

N1C1.11TY 

su.,otAl. 

,-"" 
jII~'UICA. .wsr~'~IIJN'" 

-aHI$"""~Sro.lL'lG2' 

SuITOTAl. 

rOrAI..If~.U"" COlT. 

"fOTALAU, UMTS AT PVHTTH!.eOSf If 

IHtT.-u.AnOH. SUllrv' 

SHCl THlIJIfIO'OSm I'OA TOTAL fI'lNtTIT 

!HOUlJ)SI!OOHeATTHI S~m.tI! !HOWl. 

UNIT 9 PC J MOOEL COST SUMM.'IRY 

rus 

I!OUl" 

"'" 

'Q"'" 
FBe 12) MODEL COST SUMM.'IRY ~ 

tuSS) 78,508.! 

I<lUII"/ 

PC & FBe (2) I MCOEL COST SUMM.'fIY ~ 

S~ 18.5011.11 

....... 

.sltl! I'I~II!HOW Klcnan 

f"".'112 TOT.lL16CWt.TVVoL I 
I ____ ' ... 0 TOTAl16CINSTAL.LAnoN _ 

Ia2II 
1,257.3 

~ 
IU1Q4 

~ 
10,191.1 

~ 
!!m ~ 

31.801% 

~ 
!!!!I. ~ 

21.888' 

".CpULOG ..... 

~ 1.!!2! 
30.099-4 

'.44' SRC:' 

loot teCP' 

OIU SUet 

toot. saell 
SEI!c' 

0.011 SHe, 

.oa sUc' 
'040 SUc' ... .,. 
004f sde' 

'M? .ftc" 
0.047 UIC" 

'0» sUC .. 

• .ot. SPlCl' 

00.7 SUC .. 

0'" UI!C' 

0012 Inel 

0.004 tftcP 

~e .... 
u .... 

r TOTAL MILl 'Ollll ... 

~, UA •• Ml'LU" ......... 
.nu 

1.510.' .... 70.. 
_. 

".'12 ... 
h"O 

'1M' .1 .. ' ... . 
4U.s u ...... s 

701..0 

"~M.' .... ~. 
A.SM.7 ., .... 
,1.1:10.2 

...... 

....... 
".'U.' 
~ 

S.OM" n.II'" • .,.. ..... 

..... 

SOIM.OO U"..... 7MOt .. 

IM.f 

S.IIS.' 

S.S •. f 

I LOC .... MI'L, 

u ... . 

.. 

u~. -TOTM. 

LUO. 

"' .... 
7.7H.' 

2.MS.' 

I~t. 

"" 

..... 

...... 

",aM.' 

. .-, 
...... 
.-" 

- ... , . .. .. .. -
JI ........ ~!S.'O, ... l"U .......... 
w., ...... 1.abGr 

'0111.,... LOC .... ..... ....... 
4'1.'." ..... r.cu ..... 

on .• 

. ... 
" .. 

.... 

"1.0 

.... T,a 

-. 

,. .. , 
"'.11 

..... 

..... 

VSt.HQAIIlArI: ",00Uf;n\IfTY 

.... IUlQMT1U" C/llftOM"~ 

ltAA MT1 LEVA LaD., .... 
LOCMoI '0fI.... CJI. TOy .... /'fV.I4 LOC...... I 
I.t\IIOIt tu... tu.,. LAaoAu •• 

~ , ... , , .. ,I -- I nul ~J ----I 00 .. 1 ~u .. _ . 
M' 

• ...... 1 

I.OM.' 

..... 
'.1"" 

._ . 

11."" 

,.ttt_ 

... , 

171.1. 

4.2'" 

., ... 

1.1",2 

'" 

" " 

.... 

-.. U1'.' ' .. n .... 

11.7» ." .. 
1;J1.TOT ...... "S,2 •. 0 tl.7:tf.. 

CASH FtOW (0001 
.. poe 

UNIT I!I PC 'OllllHlU_ 880.0 12413.4 18620.1 10344.5 

& ... 0" TOT"" 0.014 O. UI!I 0.218 0.121 

1stFBC 397.3 399.! 599.2 33 9 

toOl 1 md soot 1 
"OlltllHtIJ... 12413.4' 1B82O.11 10344.5 

2ndFBC I ... OfIITOT.... 0.150 I 0.:225\ 0.125 

399.!5 S99.2 332.11 
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FILE. 

DATE. 

molE: 

; .• 

SlLAWt3WK3 

13-JM-" 

t2.4JPII 

- till .. .. -

t""""'nOHI"-"''''· .... 
".CTORS .. OCE,lN - us. 

___ . 1Nt..Arc)-US. 

THE1lIofAL BOILER lfOOIF1CA11ONS - REPUSUKA PLANT9 - 5. un. 

AfiPUllUKA.s -" 

"ET~f-l" 

PLACE) 

Afl"ueUKA • 

IT •• 

ccomoOlS 
IIUf!NERS& fANS 

UOHoutfi 

I"'CKOIO Ct..f.&HUP OI'TlOHS 

wET SCRUB 

HOOf 
PUHfS 

Sua"otAL 

AE~U8UICA '-2 REtJOVfD 

"A~I"'L 

COSTbtOlJO A"""" 

REPlACi! NOW NECESSITY 

tit I 71t.' RE ....... cf • 'fEARS ENHANCft,IINT 

4OtO 4.0100 A1PlACE NOW NI!CUsnY 

MZU ... 25.0 ONIOf THESE NECESWlY 

14.~' 

R(PUIUMI ECOHO"IZ~ 

SUPff!HElTffi 

INATERW.t.u.s 

PULVERIZERS & fANS 

I l)()M.z .,.OMt AEPUCI NOW NECISSITT 

CONTROl-' 

SHHEACf.ROi'"11OH 

PRECIPITATORS 

luRNERS & fANS 

1lAGt40US! 

e.t.CKENO C\lAHUP 0ftTl0rH$ 

."'" DR"tSCRUB 

wnSC'f'UI 

£5'50lC 

Sat 

SUITOTAl 

TOTAL It'PUfJUKA CO$~ 

'"TOTAL AU UNITS AT Pt..AHTlliE COST. 

INSTAlLATION & STARTUP 

SINCE THIS ~OPOUD fOA TOTAl PlANT If 

SHOUlD IE CONI AT THE ...... ETlME (HOW). 

EQUIP! 

MOOEL COST SUMMARY !!!!l. 
59.2949 

I&IQ.., '.H4'-3 

4313.. ..3t1' 

1380 ',32'10 

H01 n07 ..... 
11t.' 7It .• 

40lI0 •. oso,o 

.. 21.0 "lUG 

.-.. 
.7 .• m .• 

[ 
3.OUI 

321.0 

I.YSl!! 
7.053.1 

REPUCE HOW NICES3m' 

AEPUCt: I y!Nta t:NMAHCEMENT 

AEPU.et: HOW NECESSTT 

REPlACI HOW HECES$tTY 

REPlACE HOW NIC!SSTY 

REPlACE I .. IOYEARtI!NHANClWEHT 

REPlACI! nUAS EHHAHCtMENT 

REPlACE NOW 

ONE OfTHlSl 

OHEOfITH£S! 

ONlOflHElI 

ONE OfItHES! 

ONI 01 THill 

NlCEltcTY 

NECEStcTY 

NECESsrrv 

NECESSfTY 

NECESSITY 

NECISIfTY 

TOTAL lie MAttR .... L 

TOTAL I&;C IMt'AW.nott 

!!!II. 

J 

.. .. 
TOTAL S\JI.TOTAl 

.... 

.-

.... 
Ot72 

.,so 
o lit 

.... 
O.ca. 
OtZ. 

... , 

•• 

"" ... r ....... 
C .• , I&CMTL 

YE.tII U .•.• 

, ..... 
, ... 
, ... 

.. 

.. ...... 
""(I'~ 

.. 

,~J 
I TOTAL IfTLI .00EMlN 

FA!1ClKT U... • ..n.. us, 

..... , ... .... 
11.I0Il' ..... 
.... 7 •. 3 

l,tot.. .... 
4,711.3 

tM4 ',f.3Il3 1".311" "..2t'1.~ 

t...... z.n&' tI,m. ".nt .• 

,,
'HI ,, ... 
, ... -, ... ,-
,n. 

1144.40 

12 •. 7 

-., ,,,. -.. ..u .. .• 
t:M .• -, 

'.PI.:I 

U'10. 
....... 0 

".0471 

".2:31.4 

.uou 
I1M7 

..... 
.... 7., 

Itt ... , ~ 

:Ul0. 

....... 0 

'.1M7.' 
.,asu 
1.10&. 

'M.7 

... .• 
4.7"'3 

",Z".3 

.. 

l1.oeALIfTL 

U .•.• 

~ !!!!!! ~ ~ 
300&10 "'lUG '-10 ..... .. 

- .. 

TOTAL 

WI"" 
JU.~ 

tI:U .... 
2,041.0 

.,112.1 

7.41'" 

1,s.u.l 

t.wo.2 
2., ... . 

~ ... . 
' .. . 
II.' 

.... 
~ .... 
4.112.1 

~ 
24111.30 

~ WOA (10"0. Of WAT'U 

"!FlAil 
20' ,. ... LabeI' 

FORflClN lOCAl 

LABOR ...... Cft 

(U .•• It Adr4CU".!I 

32.1 

'U .... 
tl2.1 

' . ....,,3 

,... .... 
Ut .• 

UU .... 
11'.1 

" .. .... 
.. u 

~ 
4U4.ZI 

.... .... , .... 
..... 
.... 

142 •• 

",".0 

'N .• 
2".01 

1I.1M , ... 
.. .. , ... 
..... 

.!!!!!! _" 

.. -
1000 U'luaoRRATI! 

5.alut.aAAT1 US. 

'''.P.A.GMTtI.£VA 

... .. 

t.f I'AOOUClNm 

O.11.~~ 

~ 
lOCAl fQA(tO... c." TOT"LNEN' lOCAl 

LU(III us. .... "" 
-.1!EVJ ,- • U.S. ,-

.... 1 t .... 
1.tl0.1 1,001.' 

1,0&&1 1,114.3 

t.,Za' I 12.2ZS.' 

Z1.ta. I tI.av.' t.OO'" 

.,112.1 

',317' 

'.37710 

7,'''.0. .... 
HU 

l,no. 
.,04&7 

H.me 

~ 
7tR'l." 

C.'.TQTALS 

'01 TOTAL 

3.".' 
1,2'40. 

•• 7 ..... 

I,"" 

1:t •.• 

I,'N.S 

12,223.' 

~ ........ 
,-

Q78j 

' .• 7.' 

1.00&1 

~ 
' .... 70. 

'"" Q.'1"1'i 

.... 

.... " •. 2 ... , 

, ... 

"' 
,ItO 

... , 
IOU 

14a. 
HZ.' . .. , 

1.1 

.... 0 

... , 

~ 
,-'" 

,-
O.i7i 

,-

... 

.. .• 

, .. , 

>e. 

~ 
272.41 

It" 
'Q.1'22 

.. 

-

h.ta. ... , 
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\/, 
~ 
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FILE: 
OATE. 
TIME: 

- -
STGMOOR3,W<3 

23-Mar-94 
0909 AM 

91 

•• sa 

- .. 
1012$ 
CN'. 
EXP. 

.. ,.. 
CN'. 
EX!' 

1.18 1.715 

TURBINE GENERATOR - ",oaF/CAnONS - REPllBUKJI PLANTS - 4 b 

rrEM 
NO. OF 

PWITS 

REPUBLKA -
'5 'MW 

CONe. 55 

REPUBU<A -
MW 
25 

wAS'e 
NOW #3 
25MW-EP 

U/CmylU. 1.10 

HYOROGEN COOLED GENERATOR 
CLEAN. CHEa<. BALANCE ROTOR 

AT SHOP 
REPLACE LABRYINTH RING~ 20 

REPLACE HP CYUt-IlER I-TIME 
REPAIR,fIECONOmON H.P. ' 1 

SU9TOTAL 

U/C mull!. t.OO 
HYDROGEN CooLEO GENERATOR 

ClEAN, CHECK. BAl,1.NCE. ROTOR 
AT SHOP 

REPLACE lABRYINTH RING! 20 

REPLACE HP CYUt-IlER 1-TIME 
RE,P"IRJRECONomON KP. 11 

SUBTOTAl 

REPUBU(A #4 - NEW~' MW TUABINE GENERATOR 

(NEWl MW CO~ENSEA 

25 FOUNOATION 
PIPING 
ELEcTRICAL I I & C 

SUBTOTAL 

REPUBLKA. #2 NEW 35 MW TURBINE GENERATOR 

(NEW) MW CONDENSER 
35 FOUNDATION 

PIPING 
ELECmlCAL II & C 

SusrOTAL 

AEPUBLKA #5 NEW 55 MW ruRBINE GENERATOR 

(NEW! MW CONDENSER 
55 FOUNDATION 

PIPING 
El.EC"mICAL. f I & C 

SuBTOTAL 

7.50 

00.00 

7.50 

00.00 

TOTALJPl.ANT 

LO:COS~SUMM"YU~' 

UNrr 
COST 

242.00 
11.00 

te5.OO 
0.00 

".00 

500.00 

220.00 
10.00 

150.00 
0.00 
0.00 

300.00 

....... 
13'.00 

45.&0 ...... 
137.50 

5271.80 

..... 00 
139.00 
".00 

4&C.00 
174.00 

1835.00 

..... 00 
190.00 
".00 

.... 00 
207.00 

7918.00 

SU8TOTAL 
MTU 

2~2.00 

tt.OO 
0.00 

185.00 
0.00 

".00 

500.00 

220.00 
10.00 

0.00 
150.00 

0.00 
~OO 

300.00 

0.00 
0.00 
0.00 
~OO 
0.00 

0.00 

..... 00 
138.00 
".00 

.84.00 
17 •. 00 

8835.00 

0.00 
0.00 
0.00 
0.00 
0.00 

~oo 

17,521.a 

.. 

C.F. 

YEAR 

.. . .. .. .. .. r.- .. .. - .. - .. 

I 
OCEAN - U.S. 

15'" 
INLAND - u.s. .... 

HQTEl..,UAY 
MEAI,Sl)A'f 

CAAtoAY 

_USD.~_EsI 

TOTAlMTL 

TOTAL MlL l'unltJoutaga ~OTAL # 

FREIGHT I P.r OutaQe S . U.S. S OUTAGES 

A1.14 
UI7 
0.00 

28.a5 
0.00 

1 •. 98 

e •. 02 

37.4a 
1.70 
0.00 

25.50 
0.00 
~oo 

...... 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

851.00 
23.83 .... 
78.811 ..... 

1127.95 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

S1,278.11 

283.1. 
1~.1I7 

0.00 
183.05 

0.00 
ta2.1M 

...... 
25740 

11.70 
0.00 

175.sa 
0.00 
0.00 ... ... 
0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

8788.00 
182.83 

87.efI 
5042.88 
~ ... 

7782.95 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

sa,799 .• 

• ... 02 

... ... 

0.00 

178295 

0.00 

too LPutaat ~ours &0.00 U.S.sa .. ~te 

:Iw'e~~~~ ! • • .. 17. 

'OTALMn,.. 
u.s.-

2388.08 

1778.40 

0.00 

77 ..... 

0.00 

$11.909." 

WEEKS-All 
--...!L! 
FQfa!gn # Men 

en_OAYS 
OFI&epENSES 
U.S, I FOREIGN LOCAL 

EXPENSES IINSTALLATIONIIN9TAUAnON 
u.s. S U.S. , _____ U,9---", 

7." 

7.315 

7." 

7." 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

7.35 
0.00 
0.00 
0.00 
0.00 

h. 

0.00 
000 
0.00 
0.00 
0.00 

0.00 

$22.1 

24.00 

.... 00 

2".00 

24.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

lU.U!l 

'.00 ..... 
23.118 
t •. 72 

271.20 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

S3t1.2 

11.08 

11.01 

11.09 

II.a. 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

9ua 
Ul 

11." 
to.13 
1.11 

125.28 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

SU17.5 
LEVA-

5529.3 

LOCAl 
INSTAl..lAll 

l.EIt 

...... 

t. t ProdUcttvity-Locat 

0.1155 CampotlteLoc&ILabafFactot 

5.25 BUUlIN us S 
til BUlB IN !.EVA 
32 Excnan;. Rate LevIS 

FOREKlN tIl.S • ., 

1994 19M 2002 ~3 

" ...... 
12.111 

o , .... 
o 

102." 

314A1 
12.87 

o 
193.05 

o 
102 .. 

314.41 
12.117 

o 
113.05 

o 
102.96 

2000 

31 ....... 
12.117 

o 
193.05 

o 
102.96 

LOCAl. (U.s. $) 
1994 1998 ~ 

1t.0I!I1I 

o 
o 
o 
o 

11.oee 
o 

2003 

11.0811 

--~ 

tt.088 
o 
o 

354.82 1 123.37 123.31 12~ . .s7 823.371 11.08 11.08 11.08 1'.ag 

, ..... 288.75 
11.7 

o 
17!5.$ 

o 
o 

288.15 
11.1 

o 
175.5 

o 
o 

354.52 1 4715.15 "75.15 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

2115.17 
73.92 

3711 .... ,.. ... 
2&1.52 

4001.40 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

288.75 
11.7 

o 
175.5 

o 

288.75 
11.1 

o 
175.5 

o 
o 

11.088 11.oee 
o 
o 

"75.85 475.851 11.09 U.O& 

"'94.32 27".Zt 
100.58 87.05 

511.10 37.40 
331.13 zze.82 
133.18 89.32 

"8204.90 3211.80 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 

0.00 
0.00 
0.00 
000 
0.00 

0.00 

11.0118 
o 
o 

11.058 
o 
o 

11.011 11.08 

S4 ee 35.44 

1.39 0.92 
7.11 .74 

'.5' 4.31 
5,047 3.84 

75.18 50.12 

Sl,a9I.3 $1,019.3 S4.8a4.' ..... 3159 $1.099.31 $22.2 $22..2 S75.2 $72.3 $22.2 

$4,111.0 

.c.F.lQTAL 12.4315.8 $2,4.0 

TO..!!LFOFIEIGN lABORi EXP.ENSE 

TOTALlQ¢AL~OR 

I ... OFTOTAU· 0.088 0.088 0.388 0.347 0.088\ O. T04 0.104 0.351 0.338 0.1041 

$21 ... 0 
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.. .. - - - ... .. ... ... .. .. -
HEATING DISTRIBUTION EQUIPMENT (10a) 

RATE TOTAL 
COST QTYOF FREIGHT 

UNIT /UNIT SU8- OCEAN UNIT TOTAL US /HA LABOR 

~ESCAIPT10N VENDOR QTY MAT'l US S 1000 STATION uS S 000 MNHA MNHRS UNHRS US US. 

MOTOR 
EA 80 12 281 ".00 ,'- 50 

VSO 
EA 200 30 702 32.00 .. 50 

STEP-UP TRANSFORMER 
EA 80 

211 24.00 72 50 

ISOLATION TRANSFORMER EA 54 
100 24.00 72 50 

WIRING & CONDUIT 
LT 2 

7 3<1.00 108 50 

--------- ---------
S1,39D 

US 10 

SUBTOTAL 

CASH FLOW (ODD) 

~ ~ 1m .1!!! 1m 1999 2!!!!!! ~ ~ ~ 

vALueg 
1,390 MATERIAL (US I) 1389 sa 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 

oLABOA (US$) 0.00 0.00 0.00 0.00 0.00 0.00 000 000 0.00 

SUBTOTAL 1,368.98 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

91 LABOR(lEVAI D SO.r.I! D.OO 0.00 D.OO D.OO D.OO 0.00 0.00 D.OO 

eQUIPt PERCENT LOCAL 

~ ~ !!!ll ~ 

MODEL COST SUMMARY (US $1 1389.911 2.114 O.OO~ IOO.OO~ 

- .. - - .. .. 
FILE: AJEOUIP.WK3 

DATE: t-Oec-93 

DATE: D1-Fe-M 

TIME: 02:13 PM 

" RATE TOTAL 

BUL. /HR LABOA 

MNHRS LEVA LEVA 

I,," '" V 
108 '" II 

70 '" 13 

70 '" 13 

11. I. 20 

---------
LEVA 01 

i!!!!! £!lQ!! £!lQ!! i!l!l! !!!ill! 2001 ~ 

0.00 000 0.00 0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 0.00 000 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 

D.OO 0.00 D.OO D.OO D.OO D.OO D.OO 



- ... ... .. - .. ... .. .. --- .. .. - .. .. - .. .. .... 

FllE.A3P1P10B.WK3 
DATE: Z2-NO'¥-93 

REPUBLIKA PLANTS ( 10 b 1 ) HEATING DISTRIBUTION PIPING WOf ALARM COMPONENTS (10b1) OATE: 24-Mat-M 

lAID DOIm IN (EXIISnNG) ooeT 
TIME: 10:51 AM 

PIPE FlGS PIPE MATERIAL FREIGHT Pf'EFTGS LAB. COST (I) 

METRIC U.S U.S. WALL WM.L US., ALLOW US 1/ OTYAEQ COST OCEAN IN""" IHCFGT. 
3O$QFMAT'L 

DIMENSION 01A. SCH !M~ I'r:!! 12M S/12M METeR IMETERSl US Sl22!!l US'I22!!I US '10001 US $\0001 (LEVA-ooat 

ON 40 -48/100 I1/Z 40 '.00 010 107 100 17.21 0 0 • 0 

ON 50 -60/125 2' 40 290 0.11 130 91 18.42 0 a • 0 

ON 65 ~76/140 "/2" 40 2.90 .11 1!7 11. 22..' 0 0 • • 0 

ON BO -891160 3' 40 3.20 0.13 '.7 11. 24.93 186.570 .4,652 .g. 93 15 .... 3 
52,;!4S 

ON 100 -114/200 4' 40 3.00 0.14 '5& 143 33.28 a • 0 a 0 
0 

ON 125 -1391225 .' 40 360 0.14 311 134 37.08 a 0 • • 0 

ON 150 -168/250 8' 40 400 0.16 lB. 1 ... 44.30 • • 0 0 
0 

ON 200 -219/315 .' 20 '00 ". "'. 198 . .... 3.978 .58 3. ! 302 
z_ 

ON 250 -273/400 10' 20 '.00 0.20 ••• 22- 93.23 1,938 181 .7 .11 Z029 

ON 300 ",:)23/450 lZ 20 .60 0.22 1,095 '7_ 114.08 ...... .7. 4, 3.1 
3,138 

ON 350 -355/500 '" 10 ... 0.22 1.320 '84 132.00 .32 31 • 1 38 
30U 

ON 400 -406/520 16' 10 '.30 0.25 1,450 290 145.00 5,694 ••• '" 17 ae. 
9,273 

ON 450 -4S7l~ 18' 10 830 ••• 1.810 "2 15429 0 0 0 • 0 
0 

ON !SOO -5OBl63O '0' I. 8.30 0.25 1.908 ,.8 18285 8,654 1.219 ,.3 •• 1,428 
'3,_ 

ON !Sso -6Sanl0 22" I. 0.30 0.25 2.281 188.42 0 0 0 
0 

ON 600 ~09n80 '4' 10 7.10 0.28 2,784 232.00 1388 311 •• 371 
3,-

ON e50 ~eOI840 28' 10 0.00 0.31 3 .... 307.00 0 0 0 • 0 

ON 700 ~71t/900 20' 10 ... 0.35 4,910 40917 0 • 0 0 
0 

ON 750 -7621900 30' I. a.eo 0." '.322 4113.50 • 0 • • 
ON 800 -813/1000 3Z - a .. 0.35 5,142 495.17 0 0 • 0 

ON e50 -864/1100 34' - .60 0.35 8.921 578.75 0 0 • 0 

ON 900 ...Q14/1100 30' - 10.00 0.39 7.235 802.9. 0 0 0 • 
ON 1000 -101811200 40' - 10.00 .3. ~334 ...... 0 0 0 

0 

ON 1100 -1117/1400 .. ' - 11.00 0." 12,055 I.CXM.!58 0 0 • • 
ON 1200 -1220/1400 4" - 12.00 0.47 14,755 1,229.9 0 0 0 

0 

201,1190 US ",082 
LEVA 81,Tsi 

lAID DOIm -INSVUtTlON FOAM CONCRf:TE 

ON 40 .... 8/100 11/2" 40 2." 0.10 107 100 17.21 • 0 0 • • 
ON 50 -601125 Z 40 290 ~11 130 .' 18.42 • 0 0 • • 0 

ON e5 -761140 '1/2" 40 2.90 0.11 157 11. 22.2_ 0 0 0 0 • 0 

ON 80 -89/160 3' '0 3.20 0.13 117 11. 24.93 11,148 27. •• • 3 •• 3,'2' 

ON 100 -1141200 .' 40 3.80 0,14 2!B 143 3128 • • 0 0 • 0 

ON 125 -1391225 S' 40 3.60 0.14 311 134 31." 0 0 0 0 • 0 

ON 150 -1681250 0' 40 400 ~1. 388 '''' ".30 • 0 • 0 • 0 

ON 200 -219/315 
., 

.0 4.00 0.18 
,.. lae 84.99 1,884 10. 

,. 2 121 
',215 

ON 250 -2731400 10' 20 5.00 0.20 ••• 22_ 93.23 1,424 133 20 3 ... r,4S1 

ON 300 ~23J450 12' 20 '.60 0.22 1,095 ,7- 114.08 3,822 ... •• • ... 4,897 

ON 350 -.3S5/~ I" 10 !.60 0.22 1,320 ... 132.00 0 • • 0 • • 
ON 400 -406/520 IS' 10 '30 0.25 1.4!O 290 145.00 84 • 1 • 11 '04 

ON 450 -4!57r.ifiO 10' 10 0.30 0.25 1.810 ••• 154.29 0 0 0 0 • 0 

ON 500 .J5OS/830 20' 10 '.30 0.25 1,908 2'. 182.85 0 0 0 
0 

ON 550 ~58f710 22" 10 0.30 0.25 2.261 188.42 0 • 0 

ON 800 -609n8O 24' 10 7.10 0.28 2,184 232.00 0 0 • 0 

ON esc -660/840 2S' 10 8.00 031 ~ ... 307.00 0 0 0 
0 

ON 700 -711/900 2" 10 •• 0 0.315 4.910 4.09.17 0 0 • • 
ON 7150 -7621900 30' 10 8.S0 0.35 '.322 .... 3.50 0 0 

0 

ON 800 -81311000 3Z - .... 0.35 5,942 4.95.17 0 • 0 

ON 850 -86411100 34' - 8.60 0'" 15.921 578.75 0 • 0 

ON 900 -614/1 too 3S' - 10.00 0.39 1.235 002.92 • 0 

ON 1000 -10H!/1200 40' - 10.00 0.39 •. 334 ...... 0 
0 

ON 1100 -1117/1400 .. ' - 11.00 0.43 12.055 1.0G4.58 
0 

ON 1200 -122011400 .. ' - 12.00 0.47 14.7155 1,229.58 
0 

(1) LABOR PERCENT ProVIDED BY CUENT 11,120 US 11,1211 LEVA 10,_ 

PAGE 1 

~ 
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- .. .. - .. .. ... .. .. .. ... - .. 
OVERHEAD I COllECTOR - INSULATION GLASS KOOL & ALUMINUM SHEff 

(tEAIOVfi OlD INSULATION, CLEANPPE, SlPPL Y 5 INSTAll NEW INSULAnONj 

PIPE FTGS PIPen:TGS 
INSUL INSUL INSUL INSULATION FAE1GHT INSULATION UNIT UNIT TOTAl. FlATE LAS. COST 

METRIC U.S. U.S. WALL WALL US SI ALLOW USS! OTYAEO COST OCEAN INLAI«) INCFGT. MHIM MHIM MNHRS I tR INSUlAnON 

DIMENSION O'A. SCH IMMl !I~ '2M Slt2M METER IMETERSl US $~22!?J US Sl.222! US SIDOOI US lloool INSUl.. REMOVAl 'NSUL dEY:!! I!,EVA-e 

ON 40 -48ItOO 1112' 40 2.60 0.10 121 91 UUS7 0 0 1.40 0.899 'MOO 0 

ON 50~125 2" 40 2.90 0.11 138 105 2021 0 0 1.48 0.129 'MOO 0 

ON 65 -76/'40 2112' 40 2.90 0.11 141 146 24.42 0 0 1.88 0.829 0 'MOO 0 

ON BO ~9"60 3' 40 3.20 0.13 1 .. 131 23.92 0 0 1.ea 0.798 0 'MOO 0 

ON 100 -114f200 4' '0 3.60 0.1' 28' 184 38.08 0 0 1.74 0.889 0 '/laoo 0 

ON 12S -1391225 5' 40 380 0.14 305 13. 37.00 0 0 0 1.68 0.842 0 l/laoo 0 

ON 150 -168/250 8' 40 4.00 0.111 341 '04 31.08 0 0 0 1.55 o.ntI 0 , ... 00 0 

ON 200 -:2191315 8' 20 4.50 O.IB 404 123 43.;2 0 0 0 1.90 0.946 0 1t1lJ.OO 0 

ON 250 -2131400 10' 20 5.00 0.20 "'" 128 52.!50 0 0 0 0 2.04 1.020 0 168.00 0 

ON 300 ..,J23f'~ 12" 20 580 022 72' 185 74.08 IID2 59 9 10 2.10 t.3!52 3,252 '61100 $</1 

ON 350 --3551500 14' 10 5.60 0.22 a08 143 19.08 0 0 0 0 2.9. 1.490 0 ' ... 00 0 

ON 400 -4081520 18' 10 8.30 025 881 11. 88.33 0 0 0 0 0 3.47 1.734- 0 161100 0 

ON 450 -45715E10 18' 10 8.30 0.25 90' '04 M.08 0 0 0 0 0 3.82 1.800 0 '61100 0 

ON !500 -5081630 20' '0 •. 30 0.25 1,137 12 100.75 1,4158 '48 22 3 ,,3 3.15 1.873 11,251 161100 ,,-
ON 550 -e58f710 22' 10 830 0.25 1.250 104.11 0 0 0 0 0 4.33 2,187 0 IMoo 0 

ON 800 -eosn80 24' '0 7.10 028 1.291 107M 120 11 ,2 2 9' 4.82 2.310 _.990 1/la00 /J3/J 

ON 650 -eBOJ&40 28' '0 8.00 0.31 1.420 111.33 0 0 0 0 "02 2._ 0 161100 0 

ON 700 -711/000 28' '0 8.BO 0.35 1.524 127.00 0 0 0 0 5.41 2.108 0 161100 0 

ON 750 -762/900 30' '0 •• 0 0.35 1.628 13'.87 0 0 0 0 '.78 2. ... 0 161100 0 

ON 600 -81311000 32" B.80 0.35 ' .... 159.08 543. ••• '30 11 1,012 8.73 ..,81 71,217 161100 ft,9Sf. 

ON 850 -884/1 toa 34' 8.eo 035 2,022 1S1.SO 0 0 0 0 9.27 4.837 0 161100 0 

ON 9DO -1)14/1100 38' - 10.DO 0.39 2.135 '".92 '940 345 52 1 404 9.78 .&.890 28.451 161100 4,161 

ON 1000 -1018/1200 40' - 10.00 039 2,3B1 191.42 0 0 0 0 0 10.90 !5 . .&St 0 161100 0 

ON 1100 -1117!t400 44' - 11.00 0.43 2.8011 217.33 0 0 0 0 11.95 5.973 0 161100 0 

ON 1200 -1220/1400 48' - '2.00 0.47 2,854 237.83 0 0 0 0 13.07 8.!534 161100 0 

10,388 US 11,74. LEVA 1iiii 

REPUBLIKA PLANTS ( 10 b 1 ) HEATING DISTRIBUTION PIPING WOf ALARM COMPONENTS (1 Ob1) 

CASH FLOW (000) LAID DOWN IN (EJOSTlNGJ DUCT 

~ 1m I .... '997 1!!! 1m 2!1!!!! 200' 2002 2003 

9082 MATERIAL (US I) 317.88 735.83 817.27 871.7" 1ooll08 1028.25 1028.25 1028.25 1028.25 1028.25 

.. 3.50,", 8.10% 10.1O'J. 10.70" 11.10,," ,1.30% 1'.:JQ-I. 11.30" 11.30% 11.30"1t 

87186 LA8OR(LEVA} 305r.:SO ,.....". MOd 'II 9.2 ... ' 9fl77.5f IItl$t.H 9tl5r.1Hl 965'.96 gs1.9a 9861._ 

EJrCAV.MAT'L/l.EVAJ aoo aoo aoo 0.00 aoo aoo aoo aoo /l00 0.00 

87188 TOTAL /l.EVAJ 3051.50 ,.....". 8005.T!S 9328.61 9Il77.81 945' .• 9tI6 •• 9tJ 9tJ51.9tI 9451.98 !M5t.tM 

.. 3.50" 11.10" 10.10'5 10.70% 11.10" 11.3mr. 11.30"," 11.30,," 11.30" 1'.307t 

PSE!CENT !..QCAI 
.... BOR MAT'L ~ 

MODEL COST SUMMAR'( filS SI 9.081.84 2.724.55 0.01n!. 100,Oln!. 

.. .. .. .. .. 

PAGE 2 



- .. '. - - .. .. .. .. .. - .. .. - .. - - - .. 

CASH FLOW (000) UtID DOWlY - INSVUtTlON FOAM CONCRETE 

• 994 , ... , ... l!!! mJ 

1128 MATER'AL IUS $) ~.40 2215.:111 281.98 281.S& 211.98 

% 5.00" 20.~ 25.00% 25.00% 25.00'.1. 

.0828 UBOO(LEVA} lU,.4D 218$.111 2707.01 2101.01 2701.0' 

EXCAV..,AT·l(LEVA} 0.00 0.00 0.00 0.00 0.00 

10828 roTAl (lEVA) 541.40 218$.61 27tJT.01 2701.0' 2107.D1 

% 5.00" 2Q.OO% 25.00% 25.00% 25.00l!. 

roUt. 

~ !.lli8 ~ blli!! 
MODEL COST SUMMARY illS !I 1,127.92 338.38 0.00% 100.00% 

CASH FLOW (000) OVERHEAD I COllEC1DR - INSVUtTlON GUtSS MJOl & ItlUMIMJM SHffT 

!!!!! IS9!! , ... 1m 1m 

1149 MATERIAL IUS $I 87.44 349.71 431.20 437.20 437.20 

% ~Ii.DO" 20.00" ~.OO'" 25.00l!. 25.00l!. 

19518 UBOO(lEVA} 975.00 3903. ,. 4'7&96 4814118 ... 74ge 

EXCA""AT"l(LEVA} 0.00 0.00 0.00 0.00 0.00 

19518 TOTAL (LEVA) 975.00 39Q1 ,. 4,7&H 4.,498 .. TaIJS 

% 5._ 20."" 25.00" 25.00% 25.00 .. 

mOlrJ7 "m~EFn' ~C!t 
~ !.lli8 MAD. blli!! 

MODEL COST SUMMARY illS S! 1,748.81 609.87 0.00% 100.00% 

CASH FLOW (0001 70Tltl D1STRISVTlON PIPING 

!!!!! ~ , ... 1!U 1!H !!!! 2000 m1 ~ ~ 

11959 MATERIAL IUS S) 4111.70 1310.911 1138.45 1690.IM 1727.27 lC128.25 1021.25 1028.25 1028.25 1028.25 

% 3.8"% to.an. 13.SS'" 14.1.% 14 ..... '" .. 58'110 1.51" 1.158'" 8.158" 1.51'" 

117~ UBOO(lEVA} 
._70 ,3130.113 1tJ39f.14 169'4.68 ,1:!SallO 9IJ!S,.M ,,"',98 tM6t.M N5t.H 1NJ51.9IJ 

EXCA""AT"l(lEVA} aDO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

117m TOTAL (LEVA) 
._70 1313483 1639',74 16"4.88 ,72S3.1JO 9115'.98 985' .• 9851.911 9851.M 98$r.gtl 

.. 3.89% 11.17% 13.85% 14.39'" 14.8.'" 0.38'110 8.38" 8.38" 8.38'" 11.38% 

EdWPI 
~ LABeR 

MAD. -- blli!! 
MODEL COST SUMMARY IUS S1 11.9511.58 3.872.80 O.OQ'l(. 100.00% 

PAGE 3 
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- - - - .. ~ .. - .. - - ... .. .. - ... .. .. -
FILE' A3 SCAOA.WI(: 

DATE' - 1-01tC-93 

REPUBLIKA DISTRICT HEATING DISTRIBUTION I & C (SCADA) (10c) 
OATE: 23-Mar-94 

TIME: 04:14PM 

COST OTYOF FREIGHT TOT.MArl RATE TOTAL RATE TOTAL 

UNIT /UNIT SUB- OCEAN INLAND INCFQT. UNIT TOTAL US /HR LABOR BUl. /HR LABOR 

ITEM oeSCAlPnON VENDOR CTYMArL uss STATION uss USI uss MNHR MNH MNHRS USI USI MNHRS lEVA lEVA 

FLOW ELEMENTS ' EA '3000 '950 260 ,,7 '2.00 ,oa 22 50 95 , .. ,. 
---------------------------

SUBTOTAL 
S137 US It lEVA s,. 

SCAOA eQUIPMENT ('NESTINGHOUSE) , LT S,525,OOO 828750 110000 8404 N/A N/A N/A N/A 29' N/A N/A 2<02< 

Fl8ER OPTIC LEASING ' LT 60,000 00 

TOTAL us S 5.585,000 8,1581 
.. < 2""Q.40 

CASH flOW (0001 

~ 1m , ... '997 1m JW! 

VAlues 
131 MATERIAL (US $) '.92 23.27 21.93 27.93 27.93 27.93 

I lABOR (US S, 0.02 0.18 0.22 0.22 0.22 0.22 

SUBTOTAL 1.93 23.45 28.15 2S.HIi 28.15 28.15 

16 LA80R~EVAJ 0.22 2.71 3.28 3.28 3.2S 3.28 

8,46-4 WEST. SCADA EQUIPMENT 90.50 1098.92 1318.71 131'.71 1318.71 1318.11 

eo FIBER OPTIC LEASING 0.84 ,o20 12.24 12.24 12.2. 12.2. 

293 WEST. SCADA LABOR (US I, 4.10 48.73 59.87 5987 59.87 59.87 

SUBTOTAL 9!U3 1.158.85 1,390.82 1.390.82 1,390,82 1,390,82 

TOTAL US I 87.37 1,112.30 1,418.78 1,418.78 1,4' •. 78 1,41t1.7. 

% 1.400" 11.000% 20 . .00'% 20.400% 20.400% 2O."~ 

24,024 WEsT. SCADA LABOR (LEVA) 331134 ~os <SOO.!lO <SOO.!lO '-.90 <SOO.90 

24 ToTAL /lEVA) 335.56 tI,OIllI.19 4.9tU.'~ ",9tH. 15 4,tKU.15 4.9IU.15 

% 1.400% 17.000% 20.400% 20.400% 20.""" 2O."~ 

EQUIPI PERCENT LOCAL 

!!ID. ~ !!ID. ~ 
MODEL COST SUMMARY (US S' 8.881.14 1.04'.83 0.000'" 71.902% 

~ 
~ 
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REPUBLIKA HEATING SUBSTATIONS I 8 

ITEM OESCRlPrION VENDOR 

SUBSTATION (AVERAGE SIZE) NOTE t 
CONSISTING OF: 

CONTROLLER 
ATD 
CONTROL VALVES 
HEAT EXCHANGERS 
CIRe. WATER PUMPS 
WATER FILTER 
INLET/OUTlET SHUT _OFF VALVES 

TOTAL uS, 

VALUES 

UNIT 
OTYMlT 

t lOT 

4.410 MATER1AL (US') 

o lABOR (US II 
SUBTOTAl 

22, r10l.ABOR/lEVA/ 

" 

COST 
NNIT 
USI 

7000 

1!M 

81.74 

0.00 
111.74 

3ft'"" 

1.400"-

MOOEL COST SUMMARY IUS I' 

arvoF 
SUB-

STATION 

030 

~ 

749.70 

0.00 
741.70 

371S11.112 

17.00K 

EQUIPI 
MID. 

4 .• '0.00 

Nore 1: 
cOSTS (MATERIAl, LABOR & SUBSTATION aUANIT'/l SUPPLIED BY ClIENT 

F"IOIGHT TOT.MATl 
OCEAN INlAND INCFGT. 

USI USS USI 

INC INC 44'0 

4.410 

CASH FLOW 10001 

J!!! 

8".84 

0.00 
01.801 

eZJ.1ID 

2O • .ta0% 

~ 
183.00 

1!!l 

•. 84 

0.00 
•• t.14 

"'23.110 

20.400% 

PERCENT 
MID. 

0.000Il10 

J!!! 

891.1" 

0.00 
lal"!l4 

451n.'" 

20.400% 

A' 
LABOR! 

.00.0 ...... 

W!! 

899.84 

0.00 
1"1.14 

45n.'" 

20 • .00'% 

- - - -
(11 ) 

LABDA TOTAL 
/SUBSTATION LABDA 

US, USI 

'ODD 1130 

-

TOTAL 
LABOR 

lEVA 

22.171 

22.171 

- .. - -
RLit R3HOSTIC.WK3 

DATE: 1-0.c-83 

DATE: 23-"" ... -84 
TIME: 04:35 PM 
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8.0 

8.1 

8.1.1 

8.1.2 

ECONOMIC ANALYSIS 

INTRODUCTION 

The economic analysis described in this section develops the present worth of 

projected district heating operating costs as simulated under each altemative 

system configuration defined in Section 4.0. For each location, these results are 

compared to projected costs considering no system changes other than 

modifications required to maintain continued operation and to satisfy 

environmental constraints. Conclusions and recommendations for further system 

development are then set forth considering primarily the least cost options. 

O • .JECTIVES 

It is the purpose of this section to set forth the criteria, inputs and methodology 

employed in establishing measures of the relative merit of each district heating 

system configuration as considered from an economic perspective. 

SCOPE OF WORK AND LIMITATIONS 

A computer spreadsheet model was specifically created as a vehicle for the 

simulation of annual system operations over the projected period through the 

year 2010. Typical model output illustrative of analysis application are contained 

in Subsection 8.3. AnalysiS results developed for each variant are summarized in 

Subsection 8.4, and sensitivity analyses are accomplished in Subsection 8.5. 

Also, in this section, certain system modification components, uniformly 

incorporated in each case as initially developed, are explicitly examined to 

determine their individual viability. "Baseline" cash flows at each plant location 

are then established, consisting only of those operating and capital costs 

associated with future developments previously demonstrating economic merit. 

Finally, conclusions established on the basis of the economic analysis are 

enumerated in Subsection 8.6. These conclusions and the analysis upon which 

they are based are limited by the necessarily generalized approach taken in their 

development. While every effort has been made to establish a realistic basis for 

the evaluation of alternatives, such projections are by their nature not a preCise 

determination of actual results and should not be considered as such. To the 

extent that projected results are influenced by general and specific assumptions 

Gilbert/Commonwealth International, Inc. 
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underlying the analysis, those assumptions are set forth in the following 

paragraphs. 

8.2 ANALYSIS ASSUMPTIONS 

By its nature, any projection of future circumstances necessitates the adoption of 

certain assumptions with respect to study elements that cannot be predetermined 

with any degree of certainty. In order to ensure credible analyses, it is important 

that all assumptions remain consistent for all cases studied unless specific 

conditions, properly noted, require otherwise. Further, it is essential that such 

assumptions be explicitly stated so that analysis results may be properly 

interpreted. Details of the assumptions underlying technical criteria are presented 

in earlier sections. Additional major assumptions employed in this analysis are as 

follows: 

1. Because District Heating demands vary significantly throughout the year, 

simulations are developed under conditions prevailing in each calendar 

month. Actual data available for the period April, 1992 through March, 1993 

are adapted for this purpose in the manner described in Subsection 8.3.1. 

2. It is assumed that load shape characteristics represented in historical data 

will be equally representative through the analysis period. 

3. Similarly, in the absence of overall load projections, it is assumed that 

increases in system demand and improvements in operating efficiencies 

through the reduction of losses, etc. will directly offset each other with the 

net effect that total peak loads and annual energy requirements will remain 

constant throughout the forecast period. 

4. Electrical loads including pumping and operational requirements as 

developed from actual operating statistics are also assumed to apply 

throughout the analysis period. 

5. All capital expenditures and operating expense unit costs are assumed at 

year 1993 price levels. In all cases where currency conversions are 

required, a conversion rate of 32 Leva per SUS has been applied. 

6. A provision for minor commodity (hot water) shortfall penalties is assumed at 

a level of US $10.00 per mWH. 

GObert/Commonwealth Intemational, Inc. 
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7. In other respects, the following (1993) unit costs have been adopted in the 

development of operating expenses: 

Fuel Costs: us $/mmBTU OtherO&M: US $/mWH 

Natural Gas $2.027 Raw Water & Treating $0.03 

Mazut $2.407 Demineralized Water $0.34 

Lignite $0.668 OtherO&M $0.75 

Black Coal $2.34 US IlTon 

Sorbent (Limestone) $3.28 

8. Fuel costs listed above are based upon subsidized levels presently prevalent 

in Bulgaria. However, it is assumed that the cost of oil will reach world price 

levels within three years and that costs for natural gas and coal will reach 

world price levels within five years. This relationship is shown graphically in 

Exhibit 8-1. 

9. Costs for purchased power, if, and as required, and prices associated with 

sales of excess electric generation are assumed at the following 1993 tariff 

levels: 

Power Purchases Power Sales 

Leva/KWh US Cents/KWh Leva/KWh US Cents/KWh 

Winter: (1) 

Peak Tariff 1.527 

Day Tariff 0.826 

Night Tariff 0.407 

Weighted (2) 0.862 2.692 

Summer: (1) 

Peak Tariff 1.324 

Day Tariff 0.716 

Night Tariff 0.351 

Weighted (2) 0.746 2.332 

Note: (1) Winter: 1 October - 31 March; 

(2) Winter 

Peak 0800 - 1100; 1800 - 2100 

Night 2200 - 0600 

Day All Other Hours 

Gilbert/Commonwealth International, Inc. 
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DISTRICT HEATING FEASIBILITY STUDY ECONOMIC ANALYSIS 

It is further assumed that a market exists for all electrical generation in 

excess of internal requirements. 

10. Assumed scheduled maintenance is based on estimates for individual plants 

based upon allocation of 1993 budget figures as developed in Exhibit 8-2 

and as summarized in Exhibit 8-3. 

11. In order to give consideration particularly for the temperature sensitive 

characteristics of gas turbines (Cases S2 and 53), the following ambient 

temperatures are adopted for the respective months: 

Month °c Month °C 

January -1.7 July 21 

February 1 August 21 

March 5 September 17 

April 11 October 11 

May 16 November 6 

June 19 December 1 

12. In the model simulation or projected operating results, emisSions and 

emissions penalties for individual units are based upon assigned emissions 

codes and reference to criteria contained in an Emissions Matrix as shown 

on Exhibit 8-4. 

13. Unit dispatching is prioritized generally giving consideration to fuel types, 

operating efficiencies and power cogeneration capabilities. While we 

believe dispatching sequences to be a reasonable representation of 

probable operations, no attempt has been made to fully optimize unit 

dispatch. 

14. For purposes of Economic Analysis, projected costs are developed in 

thousands of U.S. Dollars, in all cases exclusive of General Inflation. Where 

appropriate, however, estimated Real Escalation has been employed at 

levels as shown in Exhibit 8-5. 

15. No equity participation has been assumed for project expenditures. 

16. Accordingly, in establishing Present Worth criteria, a Real Discount Rate of 

8% is applied, equivalent to the assumed cost of domestic loans in the 

absence of inflation. For discounting purposes, it is assumed that all 

expenditures occur at mid-year. 

Gilbert/Commonwealth International, Inc. 
8-5 
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DISTRICT HEATING FEASIBILITY STUDY ECONOMIC ANALYSIS 

Exhibit 8-2 

Projected Maintenance Expense 
IiOflA 

tNT .- I N§T~ =:'I:;~ -:= ==.-.----~,,-.-~-.~~~~~~~-~ . 
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Exhibit 8-3 

Maintenance Expense Matrix 

I VARIABLE MAINTENANCE Seale = 1:10 

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

Y E A R 

Unit Coda 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1 1.002 1.003 1.00401 1.00501 1.00602 1.00702 1.00803 1.00904 1.01005 1.01106 1.01207 1.01308 1.01409 1.01511 1.01612 1.01714 

~blika Blr #1 Blr" 1.25 1.25 1.26 1.26 1.27 1.28 1.28 1.29 1.31 1.32 1.33 1.35 1.37 1.39 1.41 1.43 1.46 

Republika Blr #2 Blr'2 1.25 1.25 1.26 1.26 1.27 1.28 1.28 1.29 1.31 1.32 1.33 1.35 1.37 1.39 1.41 1.43 1.46 

!lepublika Blr #3 Blr#3 1.10 1.10 1.11 1.11 1.12 1.12 1.13 1.14 1.15 1.16 1.17 1.19 1.20 1.22 1.24 1.26 1.28 

Republika Blr #4 Blrl4 1.00 1.00 1.01 1.01 1.01 1.02 1.03 1.04 1.04 1.06 1.07 1.08 1.09 1.11 1.13 1.14 1.16 

Republika Blr #5 Blrl5 1.00 1.00 1.01 1.01 1.01 1.02 1.03 1.04 1.04 1.06 1.07 1.08 1.09 1.11 1.13 1.14 1.16 

~publika Blr #6 Blr'6 1.00 1.00 1.01 1.01 1.01 1.02 1.03 1.04 1.04 1.06 1.07 1.08 1.09 1.11 1.13 1.14 1.16 

Republika CFB If 1 CFB #1 0.80 0.81 0.81 0.82 0.83 0.84 0.85 0.86 0.87 0.88 0.90 0.91 

ReDUblika CFB #2 CFB 12 0.80 0.81 0.81 0.82 0.83 0.84 0.85 0.86 0.87 0.88 0.90 0.91 

SCHEDULED MAINTENANCE 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

$(000) $(000) $(000) $(000) $(000) $(000) $(000) $(000) $(000) $(000) $(000) $(000) $(000) $(000) $(000) $(000) $(000) 

Sofia Boilere 13 SB3 186 96 99 102 105 209 108 111 114 118 235 121 125 129 132 265 136 

Sofia Boiler. 14-6 SB4 530 1060 546 562 579 596 1193 614 632 652 671 1343 692 712 734 755 1511 

Sofia Boiler 17 SB7 226 233 465 240 247 254 262 524 270 278 286 295 590 304 313 322 332 

Sofia Boiler 18 SB8 383 394 406 812 418 431 443 457 914 470 485 499 514 1028 530 545 562 

Sofia Boiler 19 S8918 303 312 321 439 662 341 351 483 372 745 384 531 407 419 838 585 445 

Sofia HWB #3-6 SHWB 121 125 128 132 264 136 140 144 149 297 153 159 163 168 335 172 ln 

Sofia Turb #4 ST4 142 159 179 202 227 

Sofia Turb #5 ST5 140 157 ln 199 
_. 

Sofia Turb '6 ST6 279 314 354 398 

Sofia OT Cue S2 OT-1.M6 1400 1800 1800 1800 2170 2170 2170 1400 1800 1800 1800 2170 2170 2170 

Sofia CC Cue 53 OT -6FA 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 1200 

Sofia Turb S3 STS3 
200 200 

-_. 
Republika Blr II' 1 PBl 150 lSO lSO lSO 

Republika Blr #2 PB2 lSO 150 150 lSO 

. 
Republika Blr #3 PB3 250 250 2SO 

. -
Republika Blr 14 PB4 300 300 300 

Republika Blr #5 PBS 300 300 300 

Republlka Blr #6 PBS 300 300 300 

-
Republika CFB CFBl 

500 500 500 500 

Uulin HW BI ... 1-4 LHWB 1026 1057 2113 1088 1121 1155 2309 1189 1225 1262 2523 1300 1339 1379 2757 1420 1463 

Uulin HW Blr IS LHWB5 126 130 134 138 276 142 146 151 301 155 160 165 329 169 175 180 3601 
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Exhibit 8-4 

Emissions Matrix 
Umeeton Ash Emission Factor Summary EmissIOn Penalties 

CODE Boiler SlzelTypa/Fuel Requileci IliIpcMa Particulat S02 NOlI CO Particulat S02 NOlI CO eoq,-

lbiMMBTU lbiMMBTU lbiMMBTU Ib/MMBTU lbiMMBTU lbiMMBTU SIMMBn SIMMBTlJ SIMMBTlJ SlMMBR 

Individual Boile,. 50 to 3OO_M'Yt 
PC2-Al PC-blOwn coal w/o psrticulate control 85.09 45,817 6.532 0,594 0,018 $0.1296 $0.0253 $0.0003 - $0.1551 

PC2-Al1 PC-blOwn coal w/o particulate control & LNB 85,09 45,817 6,532 0,594 0.018 $0.1296 $0.0253 - $0.1549 

PC2":'E"1-- PC-blOwn coal wI existing ESP 128,94 1,961 6,532 0.594 0.018 $0.0053 $0.0253 $0.0003 - $0,0308 

PC2-El1 PC-blOWl'l coal wI existing ESP & LNB 12B.94 1.961 6.532 0.357 0.018 $0,0053 $0.0253 - - $0,0306 

PC2-EFl PC-blOwn coal wI exiating ESP & _t FGD 10.41 136.44 1.961 0.523 0.594 O.ot8 $0.0053 - $0.0003 - $0.0056 

PC2-EFl1 PC-blOwn coal wI existing ESP, _t FGD & LN8 10.41 135,44 1.961 0.523 0.357 O.ot8 $0.0053 - - - $0.0053 

PC2-E2Fl PC-blOwn coal wI upgrede ESP & _t FGD 10.41 138.12 0.229 0.523 0.594 O.OlB $0.0004 - $0.0003 - $0.0007 

PC2-E2FLl PC-blOwn coal wI upgrade ESP. _t FGD & LN 10.41 135.17 0,229 0.523 0.357 0.018 $0.0004 - - - $0.0004 

PC2 Bl PC-blOwn coal wI bapuse 130,81 0.092 6.532 0.594 0.016 - $0.0003 - $0.0003 

PC2-Bl1 PC-blOwn coal wI baghouse & LNB 130.81 0.092 6.532 0,357 O.ot5 - $0.0253 - - $0.0253 

PC2-BFl PC-blOwn coal wI baghouse & _t FGD 10.41 138.35 0.046 0.523 0.594 O.OlB - - $0.0003 - $0.0003 

PC2-BFU PC-blOwn coal wI baghouse, _I FGD & LNB 10.41 138.35 0.046 0.523 0.357 0.018 - - - - -
PC2-BF21 PC-blOwn coal wI baghouse & dry FGD 11,18 138.86 0.092 0.98 0.594 O.otB - $0.0018 $0.0003 - $0.0021 

PC2-BF2U PC-blOwn coal wI ba~house. d~FGD & LNB 11.18 138.86 0.092 0.98 0,357 O.ot8 - $0.0018 - - $0.0018 

FB2-E1 - CFB-blOwn coal wI new ESP 38.14 158.04 0.327 0.588 0.307 0.018 $0.0007 - - - $0.0007 

FB2-=~~1.. ___ CFB-blOwn coal wI baghouse 38.14 158.29 0.082 0.588 0.307 O.OlB - - - - -
ST2-A6 ~a\iy oH w/o particulate control 0.10 0.276 3.863 0.495 0.073 $0.0007 $0.0146 $0.0011 - $0,0164 

ST2-AL6 Heavy oM w/o particulate cntd & low NOx burnars 0.1 0.276 3.863 0.321 0.073 $0.0007 $0.0146 $0.0001 - $0.0154 

ST2-E6 Heavy Oil wI existing ESP 0.37 0.006 3.863 0.495 0.073 - $0.0146 $0.0011 - $0.0157 

ST2-EL6 Heavy oK wI existing ESP & low NOx burnars 0.37 0.006 3,863 0.321 0.073 - $0.0146 $0,0001 - $0,0148 

ST2-86 Heavy Oil wI baghouse 0.38 0,001 3.863 0.495 0.073 - $0.0146 $0.0011 - $0.0157 

ST2-BL6 Heavy Oil wI baghouse & low NOx burnar. 0,38 0.001 3.863 0.321 0.073 - $0,0146 $0.0001 - $0.0148 

ST2-1\7 - Ughtoil 0.05 0.016 1.055 0.156 0.013 - $0.0026 - - $0.0026 

ST2-AL7 UghlOil wI low NOx burnara 0.05 0.016 1.055 0,093 0.013 - $0.0026 - - $0.0026 

ST2-AB Ught oM - low sulfur 0,04 0.016 0.422 0.156 0.013 - - - - -
ST2-AL8 UghtoM - low sulfur & low NOx burnara 0,04 0.016 0.422 0.093 0.013 - - - - -

--
ST2-A9 Natural GIIII - - - 0.140 0,014 - - - - -

ST2-AL9 Natural GIIII wI low NOx burnara - - - o.on 0,014 - - - - -

ST2-A95 95% Gas/5% Mazut 0.01 0,014 0.193 0.158 0.017 .~OOOO -,,>,0007 $0.0001 - -$0.0008 

Individual Bolle,. 5 to 50 MWt 
-

ST3-Cl Grata-brown coal wo psrticulate cntd 129.44 1.463 6.532 0.438 0.229 $0.0038 $0,0200 - - $0.0238 

ST3-El Grata-brown coal wI cyclonea 130.17 0,732 6.532 0,438 0.229 $0.0018 $0.0200 - - $0.0218 

ST3-Bl Grate-brown coal wI baghouse 130,90 0.007 6.532 0,438 0,229 - $0.0200 - - $0.0200 

ST3-A6-' Heavy oK wlo particulate control 0.10 0.276 3.863 0.495 0.073 $0.0007 $0.0136 $0.0011 - $0.0154 

ST3-E6 Heavy oa wI existing ESP 0.37 0.003 3.863 0.495 0,073 - $0.0136 $0.0011 - $0,0147 

ST3-EL6 Heavy oft wI existing ESP & low NOx bumers 0.37 0.003 3.863 0.495 0.073 - $0.0136 $0.0001 - $0,0138 

ST3-86 Heavy Oil wI baghouse 0,38 0.001 3.863 0.495 0.073 - $0,0136 $0.0011 - $0.0147 

ST3-BL6 Heavy Oil wI baghouse & low NOx bumers 0.38 0.001 3.863 0.495 0.073 - $0.0136 $0.0001 - $0.0138 

ST3-A7' 
_. 

Ughtoil 0.05 0.016 1.055 0.156 0.013 $0.0017 $0.0017 - - -
ST3-AB Ughloil - low sulfur 0.04 0.016 0.422 0,156 0.013 - - - - -

ST3-AL8 Ughtoil -low sulfur & low NOx bumers 0.04 0.016 0.422 0.156 O.ot3 - - - - -
- .. 

- ,-

Sf3":'A9 Natural Gas - - - 0.120 0.014 - - - - -

ST3-AL9 Natural Gas wI low NOx burnars --------- - - 0.120 0.014 - - - - -

GT:::251- W251 on Natural Gas - - - 0.092 0.012 - - - - -

GT-643 Siemens 64,3 on Natural Gas - - - 0.092 0.012 - - - - -
GT-813 8BC Type 13 on Natural Gas - - - 0.092 0.012 - - - - -

GT-lM6 GEl.M6OOO - - - 0.102 0.062 - - - - -

GT-6FA GE6FA - - - 0.102 0.030 - - - - -
---
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Exhibit 8-5 

Estimated Real Escalation Rates 

1994 1m lilt mz lilt !lilt zggg 2!IQ1 za 2SI!!iI 

Reel Escalation 
N.tUl1lI Ga, 0.1532 0.1532 0.1532 0.1532 0.1532 0.0253 0.0254 -0.0100 -0.0100 -0.0100 

01 O.oee4I 0.0IMI8 0.0IMI8 0.0261 0.02e2 0.0262 0.02e3 -0.0103 -0.0103 -0.0103 

lignite 0.2315 0.2315 0.2315 0.2315 0.2315 0.0195 0.01. 

BlaekCoal 
P~chal8d St_m COlI 
P~c"Md PO'MI' COlI O.oee4I 0.0IMI8 0.0IMI8 0.0261 0.02e2 0.02e2 0.02e3 

"-Sa .. AwentMa O.oee4I 0.0IMI8 0.0IMI8 0.0261 0.02e2 0.02e2 0.02e3 

AIh RemoIIIII 
OIherO&M 
Emluiorw Perah_ 
c.pt.1 COlt - FOfeign 

Ii) Cllpt.1 COlt - 00meItic 

i 
i:: COMPOUNDED: 
0 Reel Escalation 
0 Natural Gal 1.1532 1.32G9 1.53311 1.78118 2.0395 2.01111 2.1442 2.1221 2.1015 2.0805 

3 
3 01 l.oee4I 1.1378 1.2133 1.2440 1.2778 1.3110 1.3455 1.3317 1.3170 1.3044 

0 Ugnite 1.2315 1.5185 1.8875 2.2OIMI 2.1321 2.l1li73 2.043D 2.0430 2.0430 2.0430 

i Black Coal 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

CJO!lI: P~chaMd St_m COlt 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

<.O::r ~e"l8d "-e. Ca.I l.oee4I 1.1378 1.2133 1.2440 1.2778 1.3110 1.3455 1.3455 1.3455 1.3455 

i Power Sa .. Rev_ l.oee4I 1.1378 1.2133 1.2440 1.2778 1.3110 1.3455 1.3455 1.3455 1.3455 

AIh ReIllOWl 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

3 OIherO&M 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

Ill: 
0 EmIlaionB P_It_ 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

j c.p_.1 COlt - FOfeign 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

5' 
c.p •• 1 COlt - 00meIIlc 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 

P 

<><0 

~ 

.. .. -
29lH 21m 2!!!!!1 

-0.0100 -0.0100 
-0.0103 -0.0103 

2.0597 2.0391 2.0381 
1.2900 1.2n8 1.2n8 
2.9430 2.0430 2.043D 
1.0000 1.0000 1.0000 
1.0000 1.0000 1.0000 
1.3455 1.3455 1.3455 
1.3455 1.3455 1.3455 

1.0000 1.0000 1.0000 

1.0000 1.0000 1.0000 

1.0000 1.0000 1.0000 

1.0000 1.0000 1.0000 

1.0000 1.0000 1.0000 

.. .. 

2!I!IZ 2!!!!!1 ~ 

2.0391 2.0391 2.0391 
1.2718 1.2778 1.2778 

2.0430 2.0430 2.9439 

1.0000 1.0000 1.0000 

1.0000 1.0000 1.0000 
1.3455 1.3455 1.3455 

1.3455 1.3455 1.3455 

1.0000 1.0000 1.0000 

1.0000 1.0000 1.0000 

1.0000 1.0000 1.0000 

1.0000 1.0000 1.0000 

1.0000 1.0000 1.0000 

-
2!lli! 

2.0391 
1.2778 
2.0439 
UIOOO 
1.0000 
1.3455 
1.3455 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 

.. 
" -en 
-t 
:II -n 
-t 
Z 

= -t -Z 
D ... 
III ,. 
fit -• -,.. -~ 
fit 
-t 
C 

~ 

i 
o 
I: 
C; 

! 
;,;; 
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8.3 

8.3.1 

8.3.2 

THE ECONOMIC MODEL AND AN ILLUSTRATIVE APPLICATION 

MODEL FLOW DIAGRAII 

As previously indicated, the primary tool for investigating the economic merit of 
altemative district heating system configurations is a spreadsheet model designed 
to simulate plant operations under each circumstance. A simplified flow diagram 
illustrating the logic employed in the model is shown in Exhibit 8-6. 

ILLUSTRATIVE MODEL ApPLICATION 

Since, except for specific component operating characteristics and relevant inputs, 
the same model and therefore the same methodology has been applied in the 
analysis of each variant, a deSCription of model outputs related to Case S2 will be 
generally descriptive. 

The unique characteristics of each variant are represented in a "Facilities Data 
Sheet" descriptive of all plant facilities in place. The initial data sheet for Case S2 
is illustrated in Exhibit 8-7. 

This Data Sheet, which characterizes the present situation, includes specifics as to 
the operating efficiencies, minimum operating levels, and maximum outputs of 
each applicable commodity (steam, hot water, electricity). In addition, primary and 
secondary fuels and other operation and maintenance expense criteria are 
identified, as well as each unit's availability during each month of the year. 
Individual Data Sheets of this type are, in fact, the essence of each case. 

Since, however, system components and characteristics obviously vary over time 
even within a given case, multiple Data Sheets are required to represent the 
evolving situation at each pertinent interval. For example, in connection with the 
year by year simulation of operating results under the subject variant, 
replacement Facilities Data Sheets, Similar in fonn but different in content, are 
read into the model in the respective years on account of the following 
circumstances: 

• 1994 Present Situation 

• 1995 Revised Efficiencies 

• 1997 Two gas turbines (Model LM6000), and HRSG's are introduced replacing 
existing BOiler #7 

• 1999" Revised Efficiencies 

• 2004 Revised Efficiencies 

In the simulation for intervening years, facilities as represented in the most 
recently introduced Data Sheet are utilized in meeting current loads. That is, the 
operating characteristics as represented in a particular Data Sheet remain in effect 
until such time as a new data sheet is read into the model. 

Gilbert/Commonwealth International, Inc. 
8-10 
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Exhibit 8-6 

Economic Model Flow Diagram 

Fuel 7i eMf & 

Focttd & Venable 

Gilbert/Commonwealth Intemational, Inc. 
8-11 

ECONOMIC ANALYSIS 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

DISTRICT HEATING FEASIBILITY STUDY ECONOMIC ANALYSIS 

Exhibit 8-7 

Typical Facilities Data Sheet 

CASE 82 
Facilities Data . • ,e " .. 

1:)(15 NG FA 1t:5 

UNIT BI,.4-5 I BI,. 5-6 Boller #7 Boller #6 Blr#9 Blr #3 HWB 3-e 

;;;::: ~~tD Full Load 84.2% 84.2% 84.2% 84.2% 84.2% 

""Load 84.2% .84.2% 84.2% 84.2% 
Minimum Load 84.2% 84.2% 84.2% 84.2% 84.2% 84.2% 

Minimum Cpetatlon 26.7% 26.~ .40.0'1& 4O.0'lI0 4O.0'lI0 
419' 419" 212' 

:aoactv . M\'YI &1.000 !5O.000 135.000 135.000 
IuanlilY ~Ib/Hr 7l '.85 _ 727.85.ftJ.2112 485.1 _: 142 485. 

PSUI 1451 _- . 14~ - 1451.fM 115.751 .451 
em! 'F 9!iO" ,..... 85C 12.333 '004" ,_. 38.908 1004" 

Enthalpy lB' II:) 1.4511 ....... ~ .u.~ 1._ •. _ 115.342 . __ 
IPRe DUe . - LP.~ 'riol 5 

Mlbl . !507.15 43(1.000 132.300 
M\III 166.700 159.000 53.00 
PSIA 165 14 !.25 363 

Pit, rttv 

CaoabIIlY - c Steam 1(1 .: 18000 1254<: 18000 2922'i!50000 25000 
% iteIlm K'I 9405 21Q2( i60 11375 
%: iteIlm K'I 6270 1461: 73 1875 

Enthalpy Drop - Turbine ME Ibl 0.293 1.293 0.184 1.3C 221 
Sink MBTUlbs 1.0475 .0475 1.121 O. iI8C . O. 179( 

Ganeralor Elliciency %II 11.7.4%.-'17.4% r.4'K! _B7.4% 98.tr BI.8 98.6% '.5'!1 

@E~~~~mm~~mbmmmBmmmmmOm'··~mmmm~mnmm~moommmmmrtmrnmrtmmmrtmri°·mm~mm.:mmmmmmmm.1 
PrtmaryFuel 

Cost 
Pen:entUse 

1Fue 

Percent Use 

ICOSTDATA(I993 Baslst 
lumber of Personnel 

. ~FIxed Costs 
leW Water & Treating COsts 

I I Water Costs 
)ther Veriable 0&1.4 Costs 
imesto~ 
~aste Disposal Co~ 
,missions COde -Fuel' 
,missions Code -Fuel 2 

"MMBTI 

SlMMEITI 

lumber 
iCO 0) 
1(0 0) 

5,MWHW 
!!WHo 
IMWH 

on 

C Ee2 
m 

7~ 

3.0 

iO.75 
i3.28 
-

Gas 
52.03 
95.''''' 

Mezu 
$2. 
5.0'lI0 

ST2-AS. 
SB4 ST4 

52.03 
i5.0'lI0 

Mazut 
52.41 
5.0% 

S12-l\I! 
ST2-AEi 

SBS ST5 

52.03 
95.0'lI0 

Mazut 
$2.41 
5.0'lI0 

3as 
52.03 
i5.0'lI0 

Mazut 
52.41 
5.0'lI0 

ST2-A6 ST2-A6 
SB7 .SB.~ ST6 

Gas 
$2.03 

52.41 
5.0'lI0 

ST2-AQ 
ST2-A6 
5B9TB 

Gas 
52.l3 
95. 

Mazu 
52.· 
5. 

$2.03 
95.D'Iio 

Mazut 
$2.41 
.5.D'Iio 

ST2-AQ 
ST2-A6 
SHWB 

len -1. '00% 100% '00% '00% ,00% 100% ,00% 'OIl 1('00% 
eb 100% '00% 100% ,00% '00% 100% ,00% 100 I( ,00% 
Mr 4. 00% 100% 100% .100% '00% 100% '00% 100 I( _,00% 
'Ilr 0.1 0%,00%,00%'00%,00% 100% 100% lOll ,e ,00% 

. MaY.. 3% 33% 100% '00% '00% '00% '00% .00 .e _-
luneB.C ~ 67% 6~ 67% ,00% loo%~_ .CM..,. ,e _ 
July. 1.2 0% 00% 33% 33% '00% - 50% &..,. 'OIl .-

eDt 16. 0% 00'lIo .'CC 00'lI 'CM '11C)'lb .CM..,. .0 ..,. 1C - -

loy 5. I~ 0'lI0 ICC O'lI,CM .110% till"" IQI)%'I.OO% '00% 
>ec n ..111O'l!!. _'.OO'lfo'CC O'lI,ex 10%'0 ..,. ,~tOO%,OO% '00'lI0 

GilberUCommonwealth International, Inc. 
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In the simulation for each year, available facilities are dispatched to meet steam 
and hot water demands in accordance with a dispatching order stipulated in the 
currently effective Data Sheet. Loading is assumed in accordance with load 
duration curve characteristics defined for each month of the year. Load durations, 
measured in hours at each tenth percentile increment of peak demand, and 
cumulative MWH expressed as a percent of total production are developed from 
data representative of historical loading conditions in the respective months as 
summarized in Exhibit 8-8. Absolute requirements in terms of peak MW demands 
and total KWH of energy produced in each month are based on actual reported 
statistics. 

The projected energy requirements of each commodity in the year 201 0 and the 
assigned duty cycles for each of the then available facilities in meeting the 
respective loads are shown in Page 1, Exhibit 8-9. Initially indicated without 
regard to minimum restrictions, loadings are subsequently adjusted in recognition 
of individual unit criteria. 

In Page 2 of Exhibit 8-9, service to meet steam and hot water loads is 
consolidated as cumulative outputs for individual facilities. Although electric 
outputs are summarized in subsequent exhibits, related thermal requirements for 
both back pressure and condensing tUrbines1 are combined at this point to 
establish total thermal unit utilization expressed in megawatt hours (MWh) as 
illustrated graphically in Exhibit 8-10. 

Finally. in Exhibit 8-9, energy requirements are restated in mmBTU's preparatory 
to the application of individual plant efficiencies in establishing gross energy 
inputs. 

Based upon these data, fuel costs are developed in Exhibit 8-11 recognizing the 
specific fuel or fuels applicable for each operating unit. Unit prices indicated in 
this schedule are a weighted composite expressing the relative utilization of 
primary and secondary fuels. This exhibit serves further to demonstrate the 
manner and basis under which other variable expenses including emissions 
penalties are incorporated in total prOjected costs. 

Average electrical output (in kW) for back pressure turbine/generators is shown in 
Exhibit 8-12 giving recognition to the level of flow through each extraction stage of 
the respective turbines measured relative to the level of flow necessary to attain 
maximum electrical output Output at reduced flow levels is interpolated Iinear1y 
from data at 25% flow intervals for the respective turbine components included in 
the currently effective Facilities Data Sheet. The electrical output indicated for 

It may be noted that steam turbines 4, 5 and 6 requirements are identified as "a", "b" or "c". This convention has been adopted 

to maintain the indentity of steam deliveries thorugh the extraction stage (a) and hot water through the exhaust (or secondary extraction 
stage) (b) of steam turbine generators. The subscript "c" identifies condensing units. 

Gilbert/Commonwealth International, Inc. 
8-13 
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Exhibit 8-8 

Hot Water and Steam Load Simulation Criteria 

TPSSoIIa 
TEST YEAR PERIODS: 

Pen:enIIIe Ja"uri Feb"*,, MIlIch Apr1t May June July Auguet L~mbell 0ct0IMr NcJwoem.... o.c.m .... 
1"01"-") 

HOT WATER 
0 744 

10 744 
20 744 
30 744 
40 744 
!!O 744 
III -70 5111 
III 3311 
110 212 

100 0 

0 O.~ 

10 12.~ 

20 25.~ 

30 311.~ 

40 51.~ 

50 112.~ 

III 74.~ 

70 8II.1ft 
III 83.~ 

110 117.04~ 

100 l00.00~ 

Mmc Full OuIV Load _ ~ 01 Peek Load 54.0 I 
Peocentlle 
I" 01 Peek) 

STEAM 0 744 
10 744 
20 744 
30 744 
40 744 
50 744 
III 744 
70 744 
III 744 
110 744 

100 744 

0 O.~ 

10 10.~ 

20 20.~ 

30 30.00'lI0 
40 40.00'lI0 
50 !!O.~ 

III III.~ 

70 70.~ 

III 111.00'lI0 
110 IIO.~ 

100 l00.00~ 

..... Full OuIV Load _ ~ 01 P_ 1.-1 'Mnl 

......... 
BASEOATA 

..... Full OuIV - HoI W_ MW 310.4 
..... Full Duly - _m MW '24.11 
P_ Load - HoI W_ MW 574.7 

P_Load - S-m MW 124.8 
MWH - HotW_ MWI! 3337211 

MWH - S-m MWh l12li311 
EIec1I1cIlY-KW AvgKW 20215 

Montlllv T_mal CeDecIlY FIIC10f 78.011% 

Hot W_ Hours at P...,.ntIIe 
tJ72 744 7l!O 744 3110 744 744 
tJ72 744 7l!O 744 3110 728 744 
tJ72 744 7l!O 744 3110 712 744 
tJ72 744 7l!O 744 3110 l17li 744 
tJ72 732 700 744 353 II3IS 744 
tJ72 tMO 1144 740 3311 !5115 744 
tJ72 521 !51111 57e 312 1120 730 
tJ72 3l1li 4l1li 144 2111 432 5111 
5152 2411 312 72 lDB 2811 312 
3110 1111 120 311 411 120 120 

0 0 0 0 0 0 0 

Cumutaav. ~ 01 TCIIIII Hot W_ MWH at Percentile 
O.~ O.~ O.~ O.~ O.~ O.~ O.~ 

11.211% 14.211'11t 13.~ 15.011% 13.~ 14.2IWo 12.1I1~ 

22.~ 2II.11K 211.112'1. 30. 1ft 211.114~ 27.IM~ 25.21~ 

33.11ft 42.113% 4O.~ 45.~ 4O.2IWo 41.1I1~ 37.~ 

45.1~ !511.53% 53.11~ III.~ 52.33% 53.11ft !!O.43Wo 
!511.~ 811.~ 1I!5.211'11t 74.~ 114.41~ 1I!5.1ft 113.~ 

117.~ 1II.51~ 7II.11K 811.~ 711.411'1. 711.~ 74.~ 

78.0!5~ IIII.~ 811.113% l1li.113% 117.~ 8II.11ft 11!5.~ 

117.~ IM.~ 1M.41~ IIII.~ l1li.411'1. 83.113% IM.~ 

l1li.011% IIII.Ol~ IIII.~ IIII.~ IIII.~ 117.71~ IIII.~ 

l00.00~ loo.oo~ l00.oo~ loo.oo~ l00.00~ l00.oo~ loo.00~ 

71.51 311.0 I 37.0 I 48.11 30.0 I 17.1 I !57.d 

s.m Hours at Percentile 
tJ72 744 no 744 no 744 744 
tJ72 744 no 744 no 744 744 
tJ72 744 720 744 no 744 744 
tJ72 744 no 744 no 744 744 
tJ72 744 no 744 no 744 744 
1172 744 no 744 no 744 744 
tJ72 744 no 744 no 744 744 
tJ72 744 no 744 no 744 744 
tJ72 744 720 744 720 744 744 
tJ72 744 no 744 no 744 744 
tJ72 744 no 744 no 744 744 

Cumulllllvil ~ 01 ToIIII s.m MWH at Pen:enIIIe 
O.~ 0.00'lI0 0.00'lI0 0.00'lI0 O.~ O.~ 0.00'lI0 

10.00'lI0 10.~ 10.00'lI0 10.~ 10.~ 10.~ 10.~ 
20.~ 20.00'lI0 20.00'lI0 20.00'lI0 20.~ 20.00'lI0 20.00'lI0 
30.00'lI0 30.00'lI0 3O.~ 30.00'lI0 3O.~ 30.00'lI0 30.00'lI0 
40.00'lI0 40.00'lI0 40.00'lI0 40.00'lI0 4O.~ 40.00'lI0 40.00'lI0 
!!O.OO'IIo !!O.OO'IIo !!O.OO'IIo !!O.OO'IIo 50.00'lI0 5O.~ !!O.OO'IIo 
111.00'lI0 111.00'lI0 III.~ 111.00'lI0 III.~ 111.00'lI0 111.00'lI0 
70.~ 70.00'lI0 70.00'lI0 70.00'lI0 70.~ 70.~ 70.00'lI0 
111.00'lI0 111.00'lI0 III.~ 111.00'lI0 III.~ III.~ 111.00'lI0 
110.00'lI0 110.00'lI0 IIO.~ IIO.~ IIO.~ IIO.~ IIO.~ 

100.00'lI0 l00.00~ l00.00~ l00.00~ l00.~ 100.00'lI0 l00.00~ 

'Mill 'Mill 1M II] 100.0 I _too..ol --'loo.ol 1lID.oJ 

--.. Merell ADriI Mey June JIq ~uat 

3110.0 180.1 '02.2 75.4 3'.7 2'.11 511.2 
140.4 711.1 113.7 311.15 311.7 211.3 25.0 
4l1li.7 4111.11 275.11 '53.11 1015.7 127.7 102.2 
140.4 711. I 113.1 311.5 311.7 211.3 25.0 

2II'ODB 2311Dn 147524 74l1li5 273411 Il33OO 511251 
8434' !5IIDB5 _8 211383 27l1li, 2'0!53 ,81134 
1II1II5 131131 111132 1M21 41121 7047 IIIDB 
118.~ 1III.5~ 74.2IWo 11!5.~ 3!5.IM~ 811.114~ n.~ 

Gilbert/Commonwealth Intemational, Inc. 
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7l!O 744 7l!O 744 
no 744 no 744 
no 744 no 744 
no 1124 no 744 
no 408 no 744 
no 2114 - 744 
l17li 1811 57e 7l!O 
1112 130 4711 1!812 
4110 114 312 ... 

114 42 110 2111 
0 0 0 0 

O.~ O.~ O.~ 0.00'lI0 
12.13% 20.~ 13.~ 12.43% 
24.2IWo 41.1ft 27.24~ 24.~ 
311.~ 1II.4ft 4O.~ 37.2IWo 
411.53% 74.1ft 54.411'1. 48.71~ 
1II.11ft 114.1I1~ 117.31Wo 112.14~ 
71 .• 1III.1~ 711.87'!I. 73.~ 
112.34~ 83.411'1. 8II.1ft 114.1~ 
82.~ 1III.1Ift l1li.011% 82.~ 
IIII.~ 1III.34~ 1III.1Ift 1III.41~ 
loo.00~ l00.~ 100.~ 100.00'lI0 

51.0 I ::!!I.O I 48.0 I !IA.!,; 

no 744 no 744 
720 744 7l!O 744 
720 744 no 744 
no 744 7l!O 744 
no 744 no 744 
no 744 7l!O 744 
720 744 no 744 
720 744 720 744 
no 744 no 744 
no 744 no 744 
720 744 no 744 

O.~ O.~ O.~ 0.00'lI0 
10.00'lI0 10.~ 10.~ 10.00'lI0 
20.00'lI0 20.00'lI0 20.~ 20.00'lI0 
3O.~ 3O.~ 30.00'lI0 30.00'lI0 
40.00'lI0 4O.~ 40.00'lI0 40.00'lI0 
!!O.OO'IIo !!O.~ 5O.~ 50.00'lI0 
111.00'lI0 1II.C1O'11o III.~ 111.00'lI0 
70.~ 70.~ 70.00'lI0 70.00'lI0 
III.~ 111.00'lI0 III.~ 111.00'lI0 
IIO.~ IIO.~ 110.00'lI0 110.00'lI0 
100.00~ l00.00~ 100.~ l00.~ 

_l00.ol 1M II I 1M II I ,Mn 

~ 
_ .... o.c.mbiii 

54.11 112.4 2'11.2 232.3 
211.0 311.4 112.11 1115.11 

107.1 2411.5 447.1 3l1li.11 
211.0 311.4 112.11 1115.11 

111,70 l1li)' II 23n3!5 23111117 
2OII!50 270411 45324 831144 

11082 '0027 151107 111207 
711.30% 47.4ft 73.~ 81.01~ 
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TPS SolIe - c.. 52 

PACDUCT - LP STEAM 

CusIom ... Requ .. m .... t 
~U ... u....n:. 

HeaOe< 

Sir #11 

Un~ 

Header 

Blr #9 

Total 
SlII8m Nat Serwd 

I PRODUCT - HOT WATER 

CUllom ... ReQul,.m..,! 

I 
StatIOn U ••• Laa_. etC, 

I 

~~ 

I HW83-11 

I 8Irs 4-5 
I Blrs 5-8 
IBlr"lI 
I HeaOe< 

Total 

UM 

HW83-6 

, 8Irs 4-5 
i Biro 5-8 
l8Ii-o 
IHea .... 

Total 

Exhibit 8-9 

Load Dispatch and Energy Use - Year 2010 

(Page 1 of 2) 
WINTER SUMMER WINTER 

..-n FeD Mar ~J:tr ~. June ""'1l' Ayg !:leD! ~ Nov -oec 

MWH 1 8:1 8=1 S:l 4:1 ~I ~J 'e405J t877~ I '110'11\ 2::1 4:1 
58l1li4 

MWH - '1148 '1166 '83' 411!SO 

I 112838 I 11434' I !i8Q8!j I 458881 211383 I 27811' I 2'053 I ,l1li34 I 20lI5O I 270481 45324-, 83844 

• • .1 .1 .1 ,I .1 • I ,.1 .. I .. I .. I .. I , . 
MWts A--.. loading - MW 

- - - - - - - - - - - - -
- - - - - - - - - - - - -
- - - - - - - - - - - - -

,ee.700 , 8.8 22.3 - - - - - - 211.0 - - -
- - - - - - - - - - - - -
- - - - - - - - - - - - -

'511.000 "8.0 "8.' 78.' 83.7 311.5 38.7 28.3 25.0 - 38.4 82.11 85.8 

- - - - - - - - - - - - -

Unrt En ... 3V Output - MWHj:wor. Ad'ustment fer Minimum Loading LimitatiOn 

- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

5048 '4_ - - - - - - 20lI5O - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

87792 711342 58085 45888 211383 27891 21053 ,l1li34 - 27048 45324 83844 

- - - - - - - - - - - -
112838 114341 !i8Q8!j 45888 211383 278111 21053 ,l1li34 20lI5O 27048 45324 83844 

MWH 

----

MWH 1~12:~:1~~1'~:J ;;:1 ~=I ~~I :1 =~I =I'=I'~= 
MWH -

I 333728 I 211'008 1 2311077 I 147524 I 74l1li5 I 2734111 a3300 I 511251 I 81170 I 880161 237135 I 2311187 

• • ,I II .1 ,1 .1 .1 ,.1 ,I ,.\ .. \ .. I ' . 
MWIw 1._08 L .ding - IIW 

- - - - - - - - - - - - -
- - - - - - --- -- -- --"' 

-----
- ;; 

1_.000 238. 220, '27.0 3 -
-----

.~ -"0 

-----
~ 118, 'OB.8 

- - - - - -
-----

--"' 
----- ----- -----

- -
35.'110 3!i ~ 3 -

----- ----- ----- -----
).2 3<1 35. 

35. '110 3!i. ~ 3 '0.0 _U ~1 --"' ~ S.~ 35. 35. 

41.000 41. 4C 4 14. 28.11 28.11 13,4 

--
1.11 41 4'. 

'0' .300 1C It 11 ,e 114.2 2:1.:1 e4.5 1.3 84.5 !.4 -,of 0' 

44e 43: 33 2' 4 lt8.8 IIU! '03.5 e4.7 112.1 l1li.0 330.2 321.1 

Un~ Ene< Iv Cutout - MWH n_ Adluat_t II: r Mlnlmur I Loadlno Umltetlon 

- -- .. - -
-----

~ ~ 

-----
- - -

- - - - - -- -- ~ ~ --"' - -
758' ,- 1!CID2' 1'511; - - - -- -- ~'8_ 841187 80853 

- - - - - --- --- ---- -----
~ - -

8'! 

~ 
Il1O tIS! S82 

~ 
- - - - 173 24115S 28'8' 

801 64 2CI 145 - 'Z,4 -- ~; !i29O. -25337 28t8' 

051 lIZ 2874' ~ ~ - ~-_ :!0504 

~ 87888 150 72' 18' ~ .1~ ~ ~ 110824 72l13li 7531!1 

3i 3To II 211'008 2 !IIi 17 ,47! 524 74l1li6 273<111 a3300 511251 81'70 880'8 Z!7735 Z311187 

MWH 

.~ •• ~.~ FOR MINIMUM L lADING - MWH 

I--
I 

: Sir "II 

: Total 

IHoIW-

HW8:j:"I'-

Irs 1-5 I 

lro I-a 

... , ... 

.". 

-- ._----, 

Un~ JUhzatiOn _ AdiuH ... entfer MI",mum I.oading - MWH (S:_ml ___ • __ 

-- - - - - - - - -- ~.±- =--r---7--
- - - - - -- -- --- ------ - - - - - - - - - - -

5048 ,- - - - - - -- -- ----
- -

- - - - - -~ 

---
~ ~ 

-----
- -

-
----

--"" ~ - - - - - - -
877112 711342 5e085 45888 211383 Z7811' ZI05: 

,_ - Z704e 45324 83844 

- - - - - - - - - - -- ;;.-

112838 114341 5lIOII5 45888 211383 Z1811' ZIO:1a 1_ 20lI5O 27048 -45324 83844 

unn ~_ alter llor Intmum .dlna - MWH (Hell W....., 

- - - -- - - - - - - -
- - .. .~ - - - - - - - -

1773112 148342 II888C 18442 - _____ _____ ~ - 2875 

- - - - --- ~ .~ ~ -----
2441)2 1178' - . - --"0 _____ 

28083 ZOI5II5 281; 5115. _ 1214 -_ ~; 
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Exhibit 8-9 

Load Dispatch and Energy Use - Year 2010 

(Page 2 of 2) 

STEAM TO' I TURl!iINES 
""""e'"" __ MWH 

........ 111 __ , IU1PUI NIl -.d i._· _ "'''Miec11on - I0Il111 HI 

TurDOC 
.Turtl~ 

Turtlllc 

INPUT ENERGY AECUAlC BEFORE ! 

BTU_ 
EIooIer .. , .:l412 

HWB3-11 3.412 

!!Irs .-s 3.412 
81rs 5-8 ~4'-'l. 
81' If; 3.412 

r_ 

BOILER EFFICIENCIES 

L BASIS ~11iI 

'" ..a 
Booter Ole 

HWB3-8 

81,. 4-5 
81,. 5-e 
81' ." 

- - - - - -- - - - - - - - - - - -- - ~ ""- .- -- - - - - - -- - - -
13 ~ 101211 - - - - - 2123 II1II1 11!5!51! _7 

11111' 8783 !51111 2110 - - 10&4 2&l3 IIe03 M23 
- - .-. - -

---
- ,~ - .- -- -. 

1I11III2 12401 1~ , 187112 22!5110 -- - - "IIOII!I 24241 178011 _184Q:;!. 

............. ".". - BOILERS ON!. Y 

Eneraylnl>u1bo_ 1- IMBTU 
.~ 

l:nD!l' .1238'5_ 13~1 ,_ ';'.1011' 
-""- 1370111 1370111 ,- 1370111 1- 1370111 

--- - .~ - .-
----

- ~ 

---
.-

---
--- a14, 3031110 l12li23 - - - - - 11lIOII 3038eC 2117300 - - - - - - - - - - - -

140234 13100II 1211022 101211 - - - - - 1;14; '271145 13II1I:I7 
!.l. .1~7I11L ~1. 14S211S 

.. 718 42354 3MCI3II 2IIS532 141447 151_ ,- 10!5245 - 152eD3 30'1115 38'455 - - - - - - - - - - - .--'_II 1:J'M1Z 1l1li7'211 __ 211'_ ,_, lIAIIlV iI4aoJ2:> I.,.,., _nil '_7 10117177 

EIIIc_ ...... ...... ...... 11'.'" 11'.'" 

... -.. S" ".5" ".K ..... ...... ..... ..... ...... 11'.'" ..... ..e .. ...... ...... 
"4" ..... .. ... .. ... ..... ..... 
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Exhibit 8-10 

Unit Utilization for Thermal Loads - Case S2 
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Exhibit 8-11 

TPS SCIlla - c.e S2 
Fuel Cost and Other O&M Expense - Year 2010 

WINTER SUMMER WINTER 

FUEL COST - BOILERS (Gas) _co _TU 
Fuel COSt - Natural Gas S(OOOi 

Boller #8 S1.II3 312 282 312 302 312 - 312 312 302 312 302 31 

- - - - - - - - - - - - -
HWB3-6 $1.113 1381 1155 692 144 - - - - 22 694 6 

- - - - - - - - - - - - -
81ts 4-5 $1.93 319 298 294 182 - - 44 291 31 

Blrs5-6 $1.93 330 298 323 271 8 8 13 - 12 82 320 3 

Blr#9 $1.93 1071 967 814 675 323 347 322 240 - 349 690 8 

- - - - - - - - - - - - -
Total 3413 3001 2434 1574 643 355 647 552 314 809 2296 24 

FUEL COST - BOILERS (Mazut) -_co 
IIMMIITU Fuel COSt - MazUl ttOOOi 

Boiler #8 $0.12 19 18 19 19 19 - 19 19, 19 ' 19 19· ; 
-

- - - - - - - - - - - , - -
HWB3-6 $0.12 86 72 43 9 - - - - - 1 43, 

- - - - - - - - - , - - - , -
81rs4-5 $0.12 20 19 18 11 - - - - - 3 18 ' 1 

Blrs5-6 SO.12 21 19 20 17 0 1 1 - 1 5 201 

Blr#9 $0.12 67 60 51 42 20 22 20 15 - 22 43 

- - - - - - - - - - - - -
Total 213 188 152 98 40 22 40 35 20 51 143 

HOT WATER SHORTFAU MWH 

Assumed Equivalent COSt S/MWH $10.00 

SUPPLEMENTAL HOT WATER COST - S(OOO) 

Water and Other Variable O&M ExPenses - BoIlers $(000) 

, Basis Basis - - Variable O&M ElIPe1Se S(OOO 

Boller #8 SO.03 $0.75 36 33 36 35 36 - 34 34 36 36 35, 

- - - - - - - - - - - - - -
HWB3-6 SO.03 SO.75 137 115 69 14 - - - - - 2 69 

HRSG #2 SO.03 $0.75 31 37 26 24 22 - - 24 36 20 25 

Blrs 4-5 SO.03 $0.75 37 34 35 22 - - - - - 5 34T 

B111I5-6 SO.03 SO.75 38 34 37 31 1 1 1 - 2 10 37 ' 

, Blr#9 SO.03 SO.75 140 126 104 86 43 45 40 31 - 45 871 11 

: HRSG #1 SO.03 SO.75 45 41 45 43 45 19 20 - 45~ 45 431 

Total 464 421 351 256 147 65 96 89 119 164 330 3 

Umestone and Ash Removal ElCDenses - BoIlers S 000) 

Umestono Remov .. 

i-=.,-;--=,--______ -I-'S�M=M""B:.:.TU~SIM=M::!:B:.:.TU~--_r_--_r_--~....!::u"'m':!est:;:one=..!!ln::<'I8CtlOn=r""'-'&::.:::As::.h;-:Rem-=,",ov
aJ=rExPe=~rnses=rSl::(CO",-OOl~r ___ ' ____ _ 

! Boller #8 

, HWB3-6 

811114-5 
81rs 5-6 
Blr#9 

Total 
Removal COSIS Only 
By- ProdUCI SaJes S(OOO) 

EmiSsions penam.s - BoIlers S(OOO) 

I 
eml .. "", 
SlMM8TlJ 

801 ..... #8 0.0008 

, HWB3-6 0.0008 
HRSG tl2 -

; Blrs 4-5 0.0008 

; 81rs 5-6 0.0008 

'Blr tl9 
, 0.0008 

HRSG #1 -
Total 

EmissiOns by Type - Tons 
! Poundl 
i 1* Ton", 

: Particulate 1 2205 

ISO I 2205 

. NOX 2205 

,CO 2205 

---r--- .,. -.---+---~ - ---..- ---r- _ _ " 
,--.;:.- --::--.,.. 

--~----~----~----+---~-----.~=-~--=--

0 
-

1 

- I 
0, 
0 
0, 

-

111 
155.0 . 
126.6 . 

13.6 ' 

Emlsalontl PerIaIt* S OOQ). 

0 0 0 0 - 0 

- - - - - -
0 0 0 - - -

- - , - - - -
0' 0: 0 - - -
0 01 0 0 0 0 

01 0' 0 0 0 0 

- 1 - - - - -
o o o 

EmiSSIons - Tons 

9.7 ' 79 1 5.1 I 2.1 ' 12 2.1] 

136.3· 110.5) 71.5\ 29.2 ! 16.1 29.4 ' 

111.3, 90.3 I 58.41 23.8 I 132 24.0, 

12.01 9.7 6.3 2.6 1.4 2.6 
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DISTRICT HEATING FEASIBILITY STUDY ECONOMIC ANALYSIS 

Exhibit 8-12 

Electrical Generation, Net Power Interchange and Gas Turbine Fuel Cost 
WINTER 

.II!! Ell! 
A_go KW Aequftd 202'5 '1IIIC5 
_u..Unc:lAbow, 

T ... , 202,S '8IQe 

...... Required -IMISO -um 

CON)ENSlNG TURBINE OUTPUT - AVERAGE KW --E-':' 

Tutb .. c 117.4% 31163 3237 
Turb 50 111.4% ~ 3227 

Turb8c: l1li.8% II03Il 853' 
.,., t;ondeno Turb Output .41M8 '2IIIi!I 

Sa ...... ReQUired -7117l1li -8'772 

GT capabilly @FuilLoad 37286 37286 

Sa ...... ReQU,red (KW) -154330 -1_ 

Hours in Penod 7 .. 872 

Sa ...... Required (MWH) -114822 -10e031 

PURCHASED POWER 75% 7e% 
P_ko. ... ndKW 

o. ... nd Chargo - SIKW 
EMf9Y Cha,go - canlSiKWt 0.02IIII 0.02IIII 

o. ... nd Cha,go - 1(000) 

EMf9Y Chargo - 1(000) 

TolaI- '(0001 

POWER BAI.ES 
EMfgy Credil - Cen1s/KWH 0.02e0 0.02e0 

EMf9Y CrediI '(0001 28110.2 2735.4 

GAS TURBINE 
Poorcen,Load 

I 

- -

'~ ---
. -. 

.ooa.. 'OO.a.. 

I 

GT -LMIIOOO 254'08 22QS'5 

GT-LMIIOOO 254'06 22QS'5 
S082'2 

F .... Coo, - Gas Turbone,s) (Gat! SlOOOJ 

SUMMER 

M!.! ~ !!In .!l!Il! ~ !!IA 
'383' 11832 1M2' -, 70017 1I0OI 

'383' 11832 1M2' _1 _7 100II 

-83e08 -- -33205 -'4- -2e420 -20170 

Condenlin TurbineO """ - KW 

- ~7 

= 3733 n85 '~5 

U78 11'71 'OIIM 
l70SQ 18378 '84711 '~5 -- -n..a -5181li -1_ -2e420 -20170 

37286 37286 37286 372118 372118 372118 

-1e5200 -'S'IIIIO - .2112.7 -_,7 -83111 -514311 

1 .. 720 7 .. 720 7 .. 7 .. 

-1,,.. -1_ -_7 -82'83 _13 -42733 

7e% 7e% 7S% 7e% 7e% 7S% 

0.02IIII 0.0233 0.0233 0.0233 0.0233 0.0233 

0.02e0 0.022e 0.022e 0.022e 0.022e 0.022e 

3007.0 2311'.0 1831.2 1403.5 '008.11 _.5 

P_LOId 

--- --- ---
.-. -- - - - - -

----
-"" .. - .- --. - - - .- -

'00.a.. '00.a.. '00.a.. '00.a.. - '00.a.. 
'CIO~a.. 'oo..a.. '00.a.. '00.a.. '00.a.. -

254'08 24!!Q011 I 254108 

254'08 254'06 24!!Q011 254'06 

S082'2 411'8'8 S082'2 48'1'1 254.06 254.06 
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!is! Qg tm Q& 
IIOQ2 'C027 ,51107 ~eao71 
IIOQ2 '_7 '_7 '1a07 

I 

-2713' -45145 -110.47 -6288S 

- 4374 .a33 
6363 4767 32'6 32.6 

8327 11478 87'2 1712 
,nl0 22211 ,1!302 li511111 -, -873e6 -7_11 -781SO 

37286 37266 37266 37266 

-1111813 -'41_ -1~' -'53382 
720 1 .. 720 7 .. -- -II1II75 -.08708 -114"e 

7S% 7e% 7e% 7e% 

0.0233 0.02811 0.02811 002811 

_. --------

0.022e 0.02e0 0.02e0 0.02e0 

1173.8 233$.3 2830.11 2117'.8 

-- .~ ~ 

- - - -
- - -. .... 
- - - -. 

'00.a.. l00.a.. '0).0% 0.0% 
'00.0% '00.0% '00.0% '00.0% 

I 

2458011 254'08 
254'06 254'06 

411'8'8 S082'2 411.8.8 S082'2 
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DISTRICT HEATING FEASIBILITY STUDY ECONOMIC ANALYSIS 

condensing turbines (Stage C) is established based on formulae taking into 
account total capabilities and the steam flows and electrical production previously 
established in connection with extraction stages of the respective turbines. Since, 
in the sample case, two Type LM6000 Gas Turbines have been introduced, 
substantial increments of electrical output are available from this source as further 
indicated in Exhibit 8-12 and Exhibit 8-13. 

Although regulated by the thermal requirements of the HRSG's served from gas 
turbine exhausts, the dispatching priority assigned to this source dictates that the 
gas turbines are fully utilized whenever available for duty. 

To the extent that total electrical generation exceeds intemal system 
requirements, it is a basic assumption of this analysis that a ready market exists 
for sales to the local network. As further shown in Exhibit 8-12, in the sample 
case, substantial excess electrical generation (represented as negative 
requirements) results in all months. Revenues from external sales are credited to 
Case S2 in aggregate amounts developed by applying the appropriate seasonal 
price to the level of excess generation represented in the respective months. 

The availability and utilization of gas turbine exhaust heat in each simulation 
month is detailed in Exhibit 8-14. Although the simulatIon model provides for 
recognition of alternative operating characteristics on account of variations in 
ambient temperature throughout the year, the LM6000 gas turbine represented in 
the sample case is configured to compensate for such effects with the result that 
outputs are maintained at constant levels under all conditions. (The effect of such 
variations may be seen in Case S3 where a Type 6FA gas turbine is included.). 

Utilized HRSG energy in thermal MW as reflected in Exhibit 8-14 is the average 
requirement developed by dividing dispatched MWH (see Unit Utilization in 
Page 2 of Exhibit 8-9) by the number of hours of HRSG service in the respective 
simulation months. Where this requirement exceeds energy directly available 
from gas turbine exhaust heat, incremental energy from duct burner firing is 
induced. Recognition of the additional fuel costs aSSOCiated with such 
supplementary firing is also included in Exhibit 8-14 

In the manner described above, available facilities were hypothetically dispatched 
to meet projected load requirements in each analYSis year 1994 through 2010. For 
each year, fuel costs, other variable operating expenses and revenues (expense 
credits) for sales of electricity were developed, but at this stage, always in terms of 
base year (1993) dollars. Exhibit 8-15, which also characterizes the facilities in 
place in year 2010, provides a summary of net operating expenses on this basis 
by time periods for that year. However, maintenance expenses are not included 
at this point. 

For economic analYSis purposes, annual expenses determined in the manner 
described above are adjusted only for estimated real escalation in the summary of 
projected operating and capital expenditures shown for Case S2 in Exhibit 8-16. 
In addition to those expenses detailed through the discussion of the preceding 
model outputs, maintenance expenses are included in this summary on the basis 
of the maintenance schedule previously referenced in connection with the list of 
assumptions set forth above, but only to the extent that specific facilities are 
among those available for any specific case in any projection year. 
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Exhibit 8-13 

Electrical Generation by Source 
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Exhibit 8-14 

Gas Turbine Exhaust Heat Utilization and Supplementary Firing 
WINTER 

lI!!l 
GAS TURIII'lE 

f§ !9r 

Exha .... T--. .... ." 

GT-LMIIODO lIIIO lIIIO lIIIO 
GT-LMIIODO lIIIO lIIIO lIIIO 

InIerpollliedExhauet F_ M"IM' 

GT-LMIIODO _.2 _.2 _.2 
GT-LMIIODO _.2 _.2 _.2 

..... ;111_ Exhauot HMI 1.11MB, UIMr 

- - -- - -- - -- - -
r-L_ '58.8'8 '58.8'8 '58.8'8 

G~-LM8OOC 158.818 158.8111 158.818 

Steam Avatiable - MIN per Hour (Without SuQD6llmentary Firing) 

HRSG#2 
HRSG'" 

Enthal" 
RiM 
3 .• '2 
3.412 
3 .• '2 
3.412 
3 .• ,2 
3.412 

4&.1102 4&.1102 
4&.1102 45.1102 

"'- 111.1104 

St .. m Su~ted from SuPP'emental Firino - JItN per Hour 

21.533 
Utilized HRSG e".,gy MW ~ Hr 

HRSG#2 4511 
MRSGtll 117.5 

"3.3 
EleCtnc 0ut1>Ul Flaloo 311~ 
Utilized H ... RatIO 110.3'110 

38.342 

811.8 
1175 

127.1 
37.'"'-
83.,",-

Steam FIatec:t;on - "'00 MW ~ o Coolin" Tower! I Muwnum 
c.. ... "" 

From COn ...... ng 200.000 27.3 23.7 
From Ga. Turblnetll 200.000 

To,.1 27.3 23.7 

SuPPlementary Finn E,...cw IrtDUI - -"MBTU 

I 

, HRSG4Ia 
HASGII' - 11'035 

'·~-·'-t~1· ~, 
. HRSG#2 I ;03 i 

HRSGII'1 203 . ,,, '85 
Tot. 1 " , 185 

45.1102 
45.1102 
111._ 

' •. 844 

311 , 

1175 
108.11 .. ".., 

58.li'ii0 

31,1 

3" 

37883 

71S 
78 

SUMMER 

2 M!I ~ .!w!I ~ &2! 

Exhauot T.m~ .. uu .. '" 

lIIIO lIIIO lIIIO lIIIO lIIIO 
lIIIO lIIIO lIIIO lIIIO lIIIO 

Exhauet F_ M"IM, 

_.2 _.2 _.2 _.2 _.2 
_.2 _.2 _.2 _.2 956.2 

Exhauot H. ,I MMBTUIM 

- - - - - -- - - - - -- - - - - -- - - - - -
'58.8'8 '58.8'11 '58.8'8 - '58.11'11 158.8111 
158.818 158.818 158.818 158.818 - 156.6'8 

Total Steam AwilatMe without Su~mentlllY Firino MWlHr 

45.1102 4&.1102 4&.1102 .5.1102 .5.1102 
45.1102 4&.1102 45.1102 45.1102 48.1102 
111._ 111'- 111._ .8.1102 45.1102 111.-

13.745 8.1811 28.838 
8.1811 28.1138 

HRSG E_ .. UlIUZIOd - MW/Hr 

38.0 32.5 37.11 52.11 
117.5 117.& 30.7 31.11 67.& 

11)5.& 100.0 30.7 31.8 37.11 120." 
41 .... .2.n. 70 .... 53 .... .11'" 38.2'10 
58 .... &7.3'110 211.2'110 411.2'110 eo ..... 81 .... 

StMm~;on - ... _~ MW 

38 .• 38.8 15.0 27.11 &5.11 110.3 
S1.1 140 11.0 

35_ 38.11 711.1 "'.8 113.11 80.3 

337117 20787 703411 

Sue-!X Firln!il F .... Coal S~ 

811 42 143 
811 42 ,.3 
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lIIIO lIIIO lIIIO 

_.2 _.2 _.2 
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158.818 '58.818 158.8'8 
158.818 156.618 158.618 

45.1102 48.1102 
.5.1102 
111._ 111._ 81._ 

5.324 15.454 15."54 

211.6 311.11 311.8 
87.& 117.5 87.5 
117.1 107.3 107.3 

43.4'" .'.0% "'.ow., 
58 .... 8110'lI0 &11.'"'-

----- - '1 

40.5 
---------1 28.7 291, ---- '----:--' -----.0.5 -- -2i 7---a;-

'3518 37_ 3l122li 

I 
: 
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27 77 80 
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Exhibit 8-15 

Facilities Data Sheet and Simulated Results - Year 2010 
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Total Fuel Cost 
St.pplemental Coat (~ 
P~chased Power Cost 

Crad' for Power Sa ... 
Net Power I .... rchange 

Fixed O&M and 0\.Ier'-II 
Other Varlabla 0 & M 
Sotbent and Ash Removal 

Crad': By-Product Salel! 
Emission Pena1lles 
Maintenance Elcpe .... 
Plart Removal Costa 

TotaIO&M Elcpenae 

CAP!TAlCOSTS 
Foreign 

DomestIc 
Total 

TOTAL COST 

- - - - - - - -
Exhibit 8-16 

Projected Operating and Capital Expenditures 

29,034 33,428 38,549 53,925 82, 187 83,104 85,322 84,889 

1,878 1,781 1,908 1,448 1,484 1,520 1,580 1,544 

68,882 68,213 

LP Steam 545,178 545,178 545,178 545,118 545,178 545,178 545,178 545,118 545,118 545,178 

- - - -

545,118 545,178 545,178 545,178 545,118 

Hoi Water 1,862,339 1,882,339 1,882.339 1,882.339 1,682,339 1,882.339 1,882.339 1,882.339 1,882,339 1,882.339 1,882,339 1,882,339 1,882,339 1,882,339 1,l1li2,339 

Bootricity 595,117 595,117 

COST OF PROOUCnON - SiMWH (Varlabla Costa only) 
LP Steam 510.54 $11.95 

Hot Water $10.41 511.81 

Bootricity 514.28 518.18 

NOT SERVED - MWH 
LP Sleam 
Hoi Water 
EJectricity 

EMISSIONS - TONS 
Particulates 82 

SO. 
NOx 

595,117 1,148,707 1,148,707 1,148,701 1,148,707 1,148,707 1,148,707 1,148,707 1,148,707 1,148,707 1,148,701 1,148.707 1,148,707 

513.58 518.44 521.04 521.55 $22.01 521.88 521.85 521.45 521.19 $20.99 $20.99 $20.99 $20.99 

513.44 518.42 521.05 521.54 $22.08 521.85 521.84 521.43 121.20 521.00 521.00 521.00 $21.00 

518.40 512.09 513.82 514.14 514.48 514.34 514.20 514.01 513.92 513.79 513.711 513.79 513.711 

80 
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$20.99 
$21.00 
513.79 
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8.4 

Estimated capital expenditures assumed in connection with modifications of 
existing facilities or the installation of new facilities are shown in the year incurred. 
Finally, in Exhibit 8-16 the present worth of annual expenditures is established 
applying a real discount rate of 8% under the convention of average expenditures 
occurring at mid-year. The cumulative present worth of such annual costs is then 
considered the primary figure of merit in the evaluation of proposed alternative 
system configurations. 

Exhibit 8-16 also develops data further indicative of operating consequences 
under the example case. Total production of each commodity, while generally 
dictated by demands in the case of steam and hot water, is useful in 
demonstrating the level of electrical production, and, in isolated cases, of 
shortfalls occurring primarily in the production of hot water. Unit costs represented 
in connection with the production of each commodity are developed from a 
detailed recapitulation of each facility's utilization and may be useful in further 
comparison of variants or for other purposes. It should be noted, however, that 
while these costs include fuel and other variable expenses, they do not include 
maintenance costs, personnel and general plant costs or capital expenditures each 
of which would require some allocation basis and could be subject to considerable 
variation from year to year. 

Simulation model outputs similar to those discussed above are included for each 
analysiS case in the Appendix to this report. For reference purposes, case 
descriptions are included as Exhibit 8-17. 

ANALYSIS RESULTS 

Total projected operating and capital expenditures resulting from model 
simulations performed under circumstances representative of each altemative 
case analyzed are summarized by major cost elements in Exhibit 8-18. 

The cumulative present worth of these costs and that of cost savings represented 
in alternative cases in each operating region are detailed in Exhibit 8-19, shown 
graphically in Exhibit 8-20 and summarized below: 

Plant 
and Case 

Sofia 

S1 (Base) 

52 

S3 

Tr Koslov 

L1 (Base) 

L2 

liulin 

L1 (Base) 

L2 

Pernik 
(Republika) 

P1 (6ase) 

P2 

Present Worth of Total Cost 

Capital Operating Total 
Requirement Expenses expenditure 

$ 

US $(000) US $(000) US $(000) 

115,769 383,927 499,695 

161,309 342,328 503,637 

165,980 344.629 510,608 

162,549 542,885 705.434 

213,784 508.347 I 722.132 

59,456 208,519 267,974 

110,117 163,732 273,848 

155,529 122,408 277,936 

143,546 117,396 260,942 

Gilbert/Commonwealth International, Inc. 
8-25 

Present Worth of Cost Savings 
as Compared to Area Base Case 

Capital Operation Total 
Requirement Expenses expenditure 

$ 

US $(000) US $(000) US $(000) 

(45,541) 41,598 (3,942) 

(50,212) 39,298 (10,913) 

(51,236) 34,538 (16.698) 

(50,661) 44,787 (5,874) 

11,983 5,011 16,994 
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Exhibit 8-17 

Economic Analysis Case Studies 

GAS 
DESCRIPTION TURBINE REPLACE 

Existing Plant with Boiler, Steam Turbine, 
Distribution System and I&C Upgrades. 

As S1, except 2-LM6000 Gas Turbines 
and HRSG's replacing Boiler #7. 2x LM6000 Boller #7 

As S1, with a Type 6FA Gas Turbine and 
HRSG with new Steam Turbine; 1 x6FA HWB#3 
retire one hot water boiler. 
Existing Plant with Boiler, Steam Turbine, 
Distribution System and I&C Upgrades. 

As K1 with new combined cycle unit 
replacing one hot water boiler. 1 x6FA HWB#8 

Existing Plant with BOiler, Steam Turbine, 
Distribution System and I&C Upgrades. 

As L 1 with new combined cycle unit 
replacing one hot water boiler. 1 x6FA HWB#1 

Existing Plant with BOiler, Steam Turbine, 
Distribution System and I&C Upgrades. 

As P1 with 2-CFB replacing 
Boilers #1 & #2; 
Install Boiler #6 to reolace Boiler #3 

COMMENTS I! 

Use existing Steam Turbines only 

Add Combined Cycle 

Add Combined Cycle 

Add Combined Cycle 
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Exhibit 8-18 

Summary of Costs 

CUMULATIVE COST1994 - 2010 $(000) 

Capital & FUEL COST Net Fixed & I Sorbent. A~ ~ Total I Total Capital 

CASE 1\ Removal Natural I 011 I Ugnite I Black I Total Power .,~~~~~I~_ R:~~ .. ~~ Malntenanc ~~~~~~~ &.,~peratlng 

Costs Gas Coal Interchanae 

S1 (Base) \I 159.06411 819.1281 33.710 1 1 1 852.8381 (267.191)1 92.4031 1821 41.9421 720.1741 879.238 

S2 210.09711 973.0891 26.3291 999.4181 (521.080)1 91.6341 1431 64.0451 634.158 1 844.255 

S3 II 223.99211 1.01S.9071 28.631 1 1.045.538\ (572.045)1 98.5231 155\ 58.5451 630.7161 854.708 

lt$:*'*#*~@:~ii'~~~~~"*M;:;"i%.~t~m:t~M¥_:¥hli&i3: ¥.iidWi.~£
.$.Mii~![iJ.@$M~~:@iL2&kQ ·qij

@~&A~.&_~ 

K1 (Base) 222.488\1 1.515.668 62.373 1.578.041 I (805.864) 132.198 336 121.256 \ 1.025.967 1.248.455 

K2 287,880 II 1.704.304 56.938 1,761.240 1 (1.079.649) 137,690 307 127.563\ 947.151 1.235.032 

1®Mlli1@~::;::::~!'&@j~.,..~~W&'Mt._fu'%:'&**iM%@~:@@@:ii@J .. Mm@I.Mti£i@A§«®it@MmM.t.§l.',
&_kOOi.%:i~lllil@i&EiI ,.KJ:J·lj;biit.KJi1:m

,m-~W"M~llii'imm&:l 

L1 (Base) 84.517 300.380 12.362 312.742 17,575 29.023 67 28,963 388,370 472.887 

L2 149.300 517.637 8.091 525,728 (319.868), 36.587 44 43,763 286.254 435.554 

: .. ~~::~1::11:}~~'?~~~:w .:,.. ..~ .. ~~ .. ~~.- .: .w', . . : . . . .... 
:-X.' ',. *: . ..r~~; . ~~. ....: 

II 

P1 (Base) 179.903 4.929 239,173 244,101 .. 2.752\ 107,365 2.607 33.309 224,630 404.533 

P3 204.ns 111.694 103.182 214.875 (158.418) 106.603 18.550 31.215 212.825 417,601 
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CASE 

S1 (Bale) 

S2 

S3 

Kl (Bue) 

K2 

Exhibit 8-19 

Summary of Economic Analysis Results 

CUMULAllVE PRESENT WORTH $(000) 

c.pHal& 1~~~~~ __ ~ __ ~FU~E~L~C?OS~Tr--=~ __ ~~~~~ 
Removal Natural 011 Ugnllie BlIICk Total 

Costs Gas Coal 

115,788 437,383 18,!i88 e5,830 

181,309 511,878 14,875 l528,853 

185,980 525,1148 18,300 541,848 

182,548 809,118 34,347 843,483 

213,784 893,238 31,922 925,1!i8 

" • ~ .... o! • 

Net 
Power 

(1411,838) 

(288,815) 

(281,211) 

(440,181) 

(!i81,847) 

Fixed & 
VIIl'IabIe 

"'. 

51,152 

54,244 

73,718 

78,155 

Sorbent, A.~ Total 

~moval: Maintenance ~attng 

101 22,308 383,827 

82 32,858 342,328 

89 28,858 344,828 

187 85,880 542,885 

175 88,508 1108,347 

489,895 

1503,837 

1110,808 

705,434 

722,132 

I U'L2'" 1~ __ ~ __ '411 __ 8~~ __ '_8O_'4_34-4 _____ 8_'8_1'~ ______ -+ ______ ~ ___ '_~_,2_4II-4 _____ 8_~ __ ~ __ '_8_'1_8_4+-_____ ~~ ____ '_5_'4II_4~ ___ 208 __ ~_1_9+-__ 28_7_,9_7_4~I 
110,117 257,375 4,808 282,283 (140,133) 19,543 27 22,012 183,732 273,848 

PI (Base) 1115,528 

P3 143,548 

G CepHal & 
Removal Natural 011 

Costs Gas 

S1 (Base) BASE BASE BASE 

S2 (45,541) (74,514) 3,~1 

S3 (50,212) (88,185) 2,288 

Kl (Base) BASE BASE BASE 

K2 (111,236) (84,121) 2,4211 

:.:.:.;.-••••• :.: •• -:.;.:.:.:-:.:.:.:.:-:0::: •• .; •• -:-:.;.:.:.:.:-: ... 

L1 (B ..... ) BASE BASE BASE 

L2 (50,661) (96,941) 1,903 

P1 (Base) BASE BASE BASE 

P3 11,983 - -

4,743 128,154 130,897 (88,895) ~,889 2,285 

89,828 118,203 (88,332) ~,424 

PRESENT WORTH COST SAVINGS $(000) (VerauaBale Cue) 

FUEL COST Net Fixed & 

Ugnllie BlIICk Total P- VIIJ'iabIe 

Coal Interchanae EXllenae. 

BASE BASE BASE BASE BASE 

- - (70,823) 122,878 ~4 

- - (85,919) 135,272 (2,718) 

BASE BASE BASE BASE BASE 

- - (81,8911) 121,488 (2,440) 

BASE BASE BASE BASE BASE 

- - (95,038) 148,733 (3,380) 

BASE BASE BASE BASE BASE 

(43,835) 56,329 12,894 (2,563) 44!5 

Gilbert/Commonwealth Intemational, Inc. 
8-28 

8,799 

Sorbent, A.~ 
Removal & 
PenaJ1les 

BASE 

19 

12 

BASE 

13 

BASE 

10 

BASE 

(6,514) 

18,252 122,408 277,938 

17,303 117,398 280,942 

Total Total CepHal 

Maintenance Operattng & Operattng 

Ex""n .. s t:::'<I, .. nae1l 

BASE BASE BASE 

(10,547) 41,~8 (3,942 

(7,348) 39,298 (10,913) 

BASE BASE BASE 

(2,828) 34~8 (16,898) 

BASE BASE BASE 

(8,556) 44,787 (5,8741 

BASE BASE BASE 

948 5,011 18,994 

Internal 
Rate of 
Return 

(1) 
BASE 

8.119% 

4.35% 

BASE 

2.40% 

BASE 

6.113% 

BASE 

I 

NA 
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2500 

2000 

1500 

1000 

500 

o 

Exhibit 8-20 

Summary of Economic Analysis Results 

Total Cost 

US $Millions 

··········,············,···············1 III Other O&M 
Iffil Fuel 

··········,·····,······,·····,··········1 0 Capital Cost 
a Net Power 

-150012:::============':1 

2000 

1500 

1000 

500 

o 

S1 S2 S3 K1 K2 L1 L2 P1 P3 
Case 

Present Worth 
US $Millions 

-500 _ Other O&M 
IEHl Fuel 

-1 000 ..... , ..... , ..... , ..... , ..... , ........................ ···············1 0 Capital Cost 

mE Net Power 

-150012:::::============:7 

S1 S2 S3 K1 K2 L1 L2 P1 P3 
Case 

Gilbert/Commonwealth International, Inc. 
8-29 
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8.5 

8.5.1 

From a strict interpretation of the results summarized above, it may be concluded 

that, given the level of fuel prices, power sales revenues, capital costs and other 

factors assumed in the analysis, only in Pernik (TPS Republika) is the introduction 

of alternative technology (CFB) an economic choice. It would appear that for all 

Sofia locations, the restoration of existing facilities represents a lower cost than 

that for any of the alternatives posed. However, even in Sofia, in no instance is 

the present worth of an alternative case more than 3% greater than that for the 

corresponding base case. 

With results defined within such a narrow range, clear-cut ''winners'' are not 

readily apparent, and the future courses of action may necessarily be dictated by 

factors other than those drawn exclusively from the economic analysiS of 

alternatives. 

The above results and related conclusions are, of course, based on those capital 

costs and other assumptions underlying the analyses as previously described. In 

order to investigate the potential impact of alternative factors on initial 

conclusions, additional analyses were performed as set forth in Subsection B.S. 

SENSITIVITY ANALYSES 

Several sensitivity analyses were conducted to explore the effect of changes to 

selected initial assumptions and potential outcomes. A "Breakeven Analysis" is 

employed to quantify the magnitude of adjustments necessary to make costs 

associated with each variant, as developed above, comparable to those projected 

under the Base Case in each area. Secondly, since all analyses to this point 

include, in addition to critical production plant restoration, the combined capital 

costs and composite effect of proposed (1) control system upgrades, 

(2) production plant "enhancements" and (3) transmission/distribution piping and 

related improvements, it is pertinent to examine the efficacy of each of these 

components independently. Finally, so-called "Baseline" cases are defined for 

each area as the end result of the selective elimination of those components 

determined not to be cost effective. 

BREAKEVEN ANALYSIS 

Rather than performing reanalyses under conditions reflecting somewhat arbitrarily 

established increases or decreases in sensitive assumptions, i. e., Capital Costs 

+20%, Fuel Costs -15%, etc., we have chosen instead to represent, for each major 

component of cost, the unit cost adjustment that would be required in order for the 

overall present worth of each variant to be equivalent to that for the respective 

Base Cases. 

Exhibit 8-21 indicates the magnitude of adjustments required in each viable cost 

component under the assumption that all other cost components for that case and 

the Base Case remain unchanged. For example, in order for the present worth of 

total costs for Case 52 and for the Base Case (51) to be equal, Case 52 capital 

costs would have to be reduced by approximately 2.4%, or the price of natural gas 

would have to be approximately 5.3% lower. Conversely, the price achieved for 

external electric sales (net power interchange) would have to be increased by 

approximately 3.2%. An indication of "NA" means that it is not possible to attain 

equilibrium through any logical adjustment of this factor in isolation. 

Gilbert/Commonwealth International, Inc. 
8-30 
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Capital & \I 
CASE II Removal Natural 

Costs (1) Gas 

91 1 .... 1 
BASE BASE 

S2 -2.4% -5.3% 

-

I S3 
II 

-6.6% -12.4% 

Exhibit 8-21 

Breakeven Analysis 

ADJUSTMENT REQUIRED IN SPECIFIC COST ELEMENTS IN ORDER TO EQUATE 
CUMULATIVE PRESENT WORTH OF THIS CASE WITH THAT OF THE BASE CASE 

FUEL COST Net Fixed & Sorbent,Ast1 
011 Ugnlte Black Total Power Variable Removal & 

Coal Interchan~e ExDenses Penalties 

BASE BASE BASE BASE BASE BASE BASE 

209.8% NA NA -5.6% 3.2% 1154.6% NA 

581.6% NA NA -12.7% 8.1% -401.4% NA 

Total 1 Total Capita 
MaintenancE Operating & Operating 

~~enses ExoenS4 

BASE BASE I BASE 

I -37.4% I 109.5% I -0.8% 

I -148.5% I 127.8% I -2.1%1 

isim:f~~~~:~i~:~::::~:$?~~?:~{.:iil1;@t?!i~i_,. »:3*' . . &hdm ::' .. : %'iJ ... ;w'*fMtdiS'M'@tffi<:ffl:Wif}.Wi .JimmWW tMiWk#! ;:'¢l.$!¥!¥!#Mi U[DmMMi:Mfui@ii\i 

K1 (Base) BASE BASE BASE BASE BASE BASE BASE BASE BASE BASE BASE BASE 

K2 -7.8% -19.9% 788.6% NA NA -20.4% 13.7% -684.5% NA -590.9% 148.3% -2.3% 

t-W*t<P:;@J*~fU¥*i1WtW@!£'jMi$@MtW«@W#.W:#t:¥-@i·M.@l1k?¥tl¥\"!i!Ii.j $ M% i¥M*i$iMiMMi@wLu#.I@Wi!@:i&&iiM.fMi1 ¥M¥%ii£w,wti?-*-
i .. .. i I I I i I I Iii i 

L1 (Base) BASE BASE BASE BASE BASE BASE BASE BASE BASE BASE BASE BASE 

L2 -5.3% -6.1% NA NA NA -6.2% 3.9% I -174.8% NA -89.6% 113.1% -2.1% 

m=:i~~_~~~~§\'!;~m~:u.:w-w:r@~i~ i""mJP:J&3··~iW'f?W3:o~ ::Q~F7F7 ::~ij:Cs.=V85 m.*i~4Q1iQQ£Ql~~D:1t4W1 

P1 (Base) BASE BASE BASE BASE BASE BASE BASE BASE BASE BASE BASE BASE 

P3 11.8% NA NA 38.9% NA NA 663.0% NA 260.9% NA NA 6.5% 

NOTE: (1) Adustment in Capital Cost for altemative case only, i.e., no corresponding adjustment in Base Case. 
All other adjustments apply for both Base Case and Altematlve Case. 
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DISTRICT HEATING FEASIBILITY STUDY ECONOMIC ANALYSIS 

2 

8.5.2 

The fact that relatively minimal adjustments are required in pivotal cost 
components in order to reverse initial conclusions is further evidence of the narrow 
margin between alternatives. 

EVALUATION OF INDIVIDUAL SYSTEM MODIFICATION COMPONENTS 

The primary purpose of each system variant developed to this point has been to 
evaluate the efficacy of alternate production plant technologies in the SOfia and 
Pernik operating environments: various gas turbine or combined cycle 
configurations in the former case, and fluidized bed in the coal-fired latter case. 

In other respects, all variants to this point are identical in that they each include 
costs associated with the following system modifications: 

• Critical Production Plant restorations 

• Upgrades in T&D Control Systems 

• Recommended Production Plant Enhancements. 

• T&D Piping and related improvements 

Although it is considered that the critical Production Plant investments are 
indispensable to continued operation and are therefore necessary in any case, 
each of the other proposed modifications is subject to a measure of its cost 
effectiveness. In order to accomplish this test, the simulation model was 
reemployed to establish the cumulative present worth of the respective area costs 
with each of the latter three investments and their assumed consequences on 
system operations removed in tum. The referenced cases, each accomplished 
under the specific circumstances for TPS Sofia, TPS Tr Kostov, HS Liulin and 
TPS Republika (Pernik) are defined as follows: 

• Case 01 - Control system costs removed and hot water demands 
increased by a maximum of 15% to account, on an 
estimated basis, for the absence of otherwise repressed 
demands representing price elasticity under more stringent 
controls and utilization measurements.2 

• Case 02 - Excluding Production Plant investments categorized as 
recommended but not critical enhancements. Unit operating 
criteria do not reflect increments in efficienCies otherwise 
associated with the proposed modifications. 

• Case 03 - Excluding capital costs proposed for improvements in T&D 
piping and related facilities. Hot water demands increased 
over the analysis period by a maximum of approximately 
23% to account for the fact that loss containment otherwise 
assumed will not be realized. 

For purposes of the analyses previously described, it has been assumed that any reduction in requirements for hot water 
production resulting from implemented controls or loss remediation will be offset by new requirements such that overall demands remain 

level over time. For the present purpose, it is assumed that such new requirements will remain, and as a consequence, failure to 
implement controls or remediate losses will result in overall increases in system demand. 

Gilbert/Commonwealth Intemational, Inc. 
8-32 
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DISTRICT HEATING FEASIBILITY STUDY ECONOMIC ANALYSIS 

The cumulative present worth of projected operating and capital expenditures 
under each of the above circumstances is summarized in Exhibit 8.-22. below: 

Exhibit 8-22 

Supplementary Analysis Results 

Sofia Pernik 

Case TPS TPS HS HS TPS 

Sofia Kostov Liuline Zemliane Republika 

Sub No. S K L Z P 

Reference Case 499,695 (S1) 705,343 (K1) 267,974 (L1) (1) 260,942 (P3) 

Modifications: 

Excluding Control Upgrades °1 494,452 - 711,678 + 261,459 - (1 ) 254,938 -
Excluding Production Plant °2 483,375 - 676,952 - 257,350 - (1) 253,992 -
"Enhancements" 

Excluding T&D Piping, etc. 0 ... 494,831 - 701,695 - 271,749 + (1) 254,512 -
Baseline Case: 

3 

Excluding Control Upgrades & 0 482,565 677,788 257,098 308,287 241,677 

Production Plant Enhancements 

It follows that if the cumulative present worth of projected operating and capital 
expenditures under modified circumstances is lower than that for the related 
reference case as previously established (51, K1, L 1 or P3), the proposed 
modification is not cost effective. Under these criteria, the implementation of 
control system upgrades appears beneficial only at Tr Kostov, and distribution 
piping modifications only at Liuline (and at Zemliane, by inference). In each case, 
(K01 and L03 ' respectively) the present worth of projected costs in the absence of 
the respective improvements is higher than that for the related reference cases 
wherein they are included. By the same criteria, Production Plant enhancements 
appear not to be cost effective at any location.3 

Recognizing these conclusions, a final "Baseline" case is established for each area 
considering only those components determined to be cost effective. As indicated 
above, this would include the critical Production Plant restorations at all locations, 
control system upgrades at Tr Kostov and distribution piping modifications at 
Liuline and Zemliane. In all Sofia locations, these modifications are incorporated 
in an overall plan including Production Plant facilities as presently constituted. At 
Pernik, although none of above modifications appear cost effective, the overall 
plan does include the phased introduction of fluidized bed technology, the efficacy 
of which was previously demonstrated in the superiority of Case P3 over Case P1. 

This is not to say that either program is conclusively impracticable. The basis for measuring the effect of each in this context is 

tenuous at best, and a well designed test procedure to establish respective impacts more precisely could easily result in conclusions 

contrary to those represented herein. 

Gilbert/Commonwealth Intemational, Inc. 
8-33 
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DISTRICT HEATING FEASIBILITY STUDY ECONOMIC ANALYSIS 

Projected annual costs for operation and maintenance and for capital expenditures 
established on this basis are summarized in Exhibit 8-23. These costs serve as 
the basis for the financial analyses which follow. 

8.6 CONCLUSIONS 

On the basis of results developed through the economic analysis described above, 
the following conclusions are drawn: 

1. The present worth of projected capital and operating costs for TPS Sofia, 
TPS Tr Kostov, HS Liuline and HS Zemliane is least under continued (but 
restored) operation of facilities as they presently exist. 

2. The above conclusions reflect the assumed price for external sales of 
electricity employed in the analysis. The viability of altemative combined 
cycle/combustion turbine installations may be substantiated should actual 
future prices for such sales be even rn~derately higher than presently 
anticipated. 

3. The present worth of projected capital and operating costs for TPS 
Republika at Pernik is least when fluidized bed boilers are phased into 
operation along with a new 35 MW turbine/generator. Timing of the new 
facilities was not optimized but included in the analysis on the following 
basis specified by the Client: 

CFB #1 - Start construction in 1997; In service 2000 

CFB #2 - Start construction in 2000; In service 2003 

35 MW T/G - Start construction 2002; In service 2003 

4. The overriding advantage of the CFB plants is the assumed ability to bum 
coal as presently utilized at Pernik. Based upon conclusions developed by 
the client, all existing facilities at Pernik will be forced to switch to 
substantially higher grade (probably imported) coal at a price significantly 
higher than that presently experienced. 

5. A similar cost advantage is not available at the Sofia area plants since all 
alternatives investigated are gas fired, the same basis as existing facilities. 
This factor shifts emphasis to the price for electric sales as indicated in 
Item 2 above. 

6. With respect to component modifications as separately analyzed in 
Section 7.5.1 above, the following conclusions are drawn: 

a. The implementation of control system upgrades to the degree and at the 
costs assumed in the economic analysis appears to be cost justified only 
in the service area of TPS Tr Kostov. 

b. Improvements to distribution piping installations to the degree and at the 
costs assumed in the economic analysis appear to be cost justified only 
in the service areas of HS Liuline, and by inference, HS Zemliane. 

Gilbert/Commonwealth Intemational, Inc. 
8-34 
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DISTRICT HEATING FEASIBILITY STUDY ECONOMIC ANALYSIS 

c. In all cases, production plant "enhancements" appear not to be cost 
justified when measured against the economic impact solely of the 
assumed relatively minor improvements in operating efficiencies. 

d. On the other hand, other production plant modifications characterized as 
"necessities" are considered to be indispensable to continued operation. 

e. For analysis purposes, the measure of the impact of system 
improvements by reason of each of the components described above 
was possible only in the most general sense. In the final analysis, 
conclusions must more properly be drawn from analyses including data 
much more specific than currently available and supplemented by 
comprehensive field test studies. 

Gilbert/Commonwealth International, Inc. 
8-35 



-

0. 

~ 
a 
3 
3 
g 

Q)~ 
I DI 

(.0.).,., 
O>:::T 

~ ;:::> 

~ 
i. 
~ 
5' p 

~ - - - .. 

I 
1994 1995 199ft 

I OPERAllON a IIAltfTENANCE ElCPEMSE8 - t(OOllt 
SORA: 

I 

TPSSoIta 24,940 29,530 35,8 
TPS Tr KOIIlof 31.333 39,_ 48.l1li2 
HSUdln 14,9n 18,772 20,249 
HSlemilarw 17._ 19,820 23,791 

Tolal SofIa 88,918 105,208 125,9110 

PERNIK: -' TPS Republiial 8,842 13.878 13._ 

TOTAL 97558 118,883 139842 

CAPITAl COST: FonII .. - tPJOl 
SOFIA: 

TPSSoIta 13.531 - -
TPS Tr KOIIlof 9.755 9.257 11.109 
HSUdln 953 2,591 3.234 
HSlemilarw 1334 3828 4527 

ToIa! SolIs 25.573 15.478 18,870 

PERNIK: 
TPS Repubilial 29.230 - -

TOTAL 54803 15 .. 78 18.870 

CAPlTALCOST: Ilo!-* - tPJOl 
SORA: 

TPSSoIia 455 - -
TPS Tr KOIIlof 314 1.362 1.834 
HSUdln 278 753 940 
HSlemllarw 387 1.054 1.315 

ToIaiSofla 1.432 3.189 3.889 

PERNIK: 
TPS Republiial 2,758 - -

TOTAL ~.II!O 3.1. 3889 

- - - .. - .. - .. - - - -
Exhibit 8-23 

Summary of Costs - Baseline $(000) 

-

.1J!ll 199ft 1999 2000 2001 29Q2 2003 2!!!!! 2!!2l! 2!!!!!t 200l 200II 2!!!!i 2!!n! 

43,049 52.312 55,030 l1li,747 l1li,1119 l1li,3311 l1li,221 57,1135 57,808 57.515 57,8n l1li,328 57.1191 l1li,8&4 
l1li,"18 72.381 n.l05 78,703 78,"79 78.217 79.2&4 n,_ 78,940 n.198 79.072 78,210 78.-'04 78,507 
22,082 25,1107 28.870 29,118 27.785 27.717 27,m 28.414 28,_ 27.172 27,052 28.438 27.104 27.327 
28.205 30,410 31.712 34.423 33.024 32.929 32.542 33.533 32,042 32.245 32,125 33.509 32,1n 32,400 

149.752 1110.710 190.517 200._ 197.457 197.199 197,42" 197.550 193,557 194.128 198.128 198,483 195.378 198,8911 

1",188 14.838 15,348 14.954 1".782 15.950 14.841 15,817 1".549 14,784 15.1103 15,353 15.507 14,M2 

183.8111 195 !Wi ~- !l15943 '1'239 '1!1U9 '1'285 213.187 208.108 208.892 2tt.1!lD 213l13li 210.883 211880 

-I - 1.708 - - - - 1.708 - - - - - -
11.109 14.472 11.109 - - - 3.383 - - - - 3.383 - -
3.3511 12,0111 2,341 2.341 2,341 2,341 2,341 - - - - - - -
4701 1U37 3278 3278 3278 3278 3278 - - - - - - -

19.188 "1.878 18.728 5.819 5.819 5.819 10 •• - - - - 3.383 - -

15.545 24.711 12,883 15,971 23.958 19.454 5._ - - - - 1.394 - -
31.71!1 88387 1lII.8ft 21590 !:IG·5711 l!!I07!1 1811Y - - - - "757 - -

: - 108 - - - - 107 - - - - - -
1.834 1.705 1.834 - - - 71 - - - - 71 -

975 1.192 8119 889 8119 889 889 - - - - - - -
1.3M 1._ 937 037 937 937 937 - - - - - - -
3.97" 4.595 3.240 1.808 1.808 1.1108 1.784 - - - - 71 - -I 

589 880 472 5115 8n 583 92 - - - - 28 - -I 

... ~.m 3Z!2 2.1111 2.483 2.189 1.IIlI - - - - ___ 99 ___ - __ -

-
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Estimated Fuel Costs (Excluding General Inflation) 

I. Based on World e8nk Projections 
Constant 7990 Dollars 

OIL 
SUS PER BARREl 

World Bank Annual SUS per 
Year Projection Extrepolatio MMBTU 

1993 $15.70 $15.70 $2.74 
1994 $15.00 $15.00 $2.72 
1995 $15.00 $15.00 $2.72 
1996 $16.05 $2.80 
1997 $16.5'2 $2.88 
1998 $17.00 $2.97 
1999 $17.49 53.05 
2000 $18.00 $18.00 $3.14 
2001 $17.8> $3.10 
2002 $17.59 $3.07 
2003 $17.39 $3.03 
2004 $17.3) $3.00 
2005 $17.00 $17.00 $2.97 
2006 $17.00 $2.97 
2007 $17.00 $2.97 
2008 $17.00 $2.97 
2009 $17.00 $2.97 
2010 $17.00 $2.97 

Assume: IbsJBarreI 290.64 
BlUJlb 1972> 

II. Mocflfied to 1993 price levels 

Incremental 

Escalation 

-
-0.64% 

0.00% 
2.90% 
2.90% 
2.90% 
2.90% 
2.90% 

-1.14% 
-1.14% 
-1.14% 
-1.14% 
-1.14% 

0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

Adjusted for 7993/1995 G-5 MiN Index 
OIL 

sus per SUS per Incremental 

Barre( MMBTU Escalation 

1993 $17.35 $3.03 -
1994 $17.24 $3.01 -0.64% 
1995 $17.24 $3.01 0.00% 
1996 $17.74 $3.10 2.90% 
1997 $18.26 $3.19 2.90% 
1998 $18.79 $3.28 2.90% 
1999 $19.33 53.37 2.90% 
2000 $19.8:1 53.47 2.90% 
2001 $19.67 53.43 -1.14% 
2002 $19.44 53.39 -1.14% 
2003 $1922 53.35 -1.14% 
2004 $19.00 $3.32 -1.14% 
2005 $18.79 $3.28 -1.14% 
2006 $18.79 $3.28 0.00% 
2007 $18.79 $3.28 0.00% 
2008 $18.79 $3.28 0.00% 
2009 $18.79 $3.28 0.00% 
2010 $18.79 $3.28 0.00% 

Ill. Adjusted for Transportation Costs 
Per Barrel $2 00 

OIL 
SUS per SUS per lnelilmental 

8aneI MMBTU esc.JaIIon 

1993 $19.35 $3.38 -
1994 $19.24 $3.36 -0.57% 
1995 $19.24 53.36 0.00% 
1996 $19.74 $3.44 2.60% 
1997 $20.26 $3.53 2.61% 
1998 $20.79 $3.63 2.62% 
1999 $21.33 $3.72 2.62% 
2000 $21.8:1 $3.82 2.63% 
2001 $21.67 $3.78 -1.03% 
2002 $21.44 $3.74 -1.03% 

i 2003 $21.22 $3.70 -1.03% 
2004 $21.00 $3.66 -1.03% 

I 2005 $20.79 $3.63 -1.03% 
1 2006 $20.79 $3.63 0.00% 
1 2007 $20.79 $3.63 0.00% 
--2008 $20.79 $3.63 0.00%1 - 2009: $20.79 $3.63 0.00% 

2010, I $20.79 i $3.63 0.00% 

COAL 
SUS PER TON 

World Bank Annual SUS per Incremental 

Projection ExIr&DOlatio. MMBTU escalation 

$36.00 $36.00 $1.57 -
537.00 537.00 $1.61 2.78% 
$37.00 537.00 $1.61 0.00% 

537.95 $1.65 2.57% 
$38.92 $1.69 2.57% 
$39.92 $1.74 2.57% 
$40.95 $1.78 2.57% 

$42.00 $42.00 $1.83 2.57% 
$42.00 $1.83 0.00% 
$42.00 $1.83 0.00% 
$42.00 $1.83 0.00% 
$42.00 $1.83 0.00% 

$42.00 $42.00 $1.83 0.00% 
$42.00 $1.83 0.00% 
$42.00 $1.83 0.00% 
$42.00 $1.83 0.00% 
$42.00 $1.83 0.00% 
$42.00 $1.83 0.00% 

Assume: BTUJlb 11,500 

COAL 
Coal to 011 sus per sus per Incremental 

Ratio Ton . MMBTU Escalation 

0.571 $39.79 $1.73 -
0.591 $40.9> $1.78 2.78% 
0.591 $40.9> $1.78 0.00% 
0.589 $41.95 $1.82 2.57% 
0.587 $43.02 $1.87 2.57% 
0.585 $44.13 $1.92 2.57% 
0.583 $45.26 $1.97 2.57% 
0.582 $46.42 $2.02 2.57% 
0.588 $46.42 $2.02 0.00% 
0.595 $46.42 $2.02 0.00% 
0.602 $46.42 $2.02 0.00% 
0.609 $46.42 $2.02 0.00% 
0.616 $46.42 $2.02 0.00% 
0.616 $46.42 $2.02 0.00% 
0.616 $46.42 $2.02 0.00% 
0.616 $46.42 $2.02 0.00% 
0.616 $46.42 $2.02 0.00% 
0.616 $46.42 $2.02 0.00% 

Per Ton $1400 
COAL 

CoalIDOft IUSpel' IUS pel' Inc:IIttMntal 

Ratio Ton MMBTU EscalaIIon 

0.693 $53.79 $2.34 -
0.711 $54.90 $2.39 2.05% 
0.711 $54.9) $2.39 0.00% 
0.706 $55.95 $2.43 1.91% 
0.702 $57.02 $2.48 1.92% 
0.697 $58.13 $2.53 1.94% 
0.692 $59.26 $2.58 1.95% 
0.688 $60.42 $2.63 1.96% 
0.695 $60.42 $2.63 0.00% 
0.702 $60.42 $2.63 0.00% 
0.710 $60.42 $2.63 0.00% 
0.717 $60.42 $2.63 0.00% 
0.724 $60.42 $2.63 0.00% 
0.724 $60.42 $2.63 0.00% 
0.724 $60.42 $2.63 0.00% 
0.724 $60.42 $2.63 0.00% 
0.724 $60.42 $2.63 0.00%1 
0.724 $60.42 $2.63 0.00%1 

GAS 
SUS PER 1000 NM) 

World Bank Annual SUS per Incremental 

Projection Extr~1aIio MMBTU Escalation 

$93.00 $93.00 $2.49 -
$92.41 $2.48 -0.64% 
$92.41 $2.48 0.00% 
$95.00 $2.55 2.90% 
$97.85 $2.62 2.90% 

$100.69 $2.70 2.90% 
$103.62 $2.78 2.90% 
$106.62 $2.86 2.90% 
$105.41 $2.83 -1.14% 
$104.21 $2.79 -1.14% 
$103.03 $2.76 -1.14% 
$101.86 $2.73 -1.14% 
$100.70 $2.70 -1.14% 
$100.70 $2.70 0.00% 
$100.70 $2.70 0.00% 
$100.70 $2.70 0.00% 
$100.70 $2.70 0.00% 
$100.70 $2.70 0.00% 

Assume: SCF/NM3 37.31 
BlU/SCF 1000 

GAS 
Gas to Oil sus per sus per Incremental 

Ratio 1000 NMJ MMBTU Escalation 

1.100 $124.24 $3.33 
1.100 $123.45 $3.31 -0.64% 
1.100 $123.45 $3.31 0.00% 
1.100 $127.03 $3.40 2.90% 
1.100 $130.72 $3.50 2.90% 
1.100 $134.51 $3.61 2.90% 
1.100 $138.42 $3.71 2.90% 
1.100 $142.44 53.82 2.90% 
1.100 $140.82 $3.77 -1.14% 
1.100 $139.22 53.73 -1.14% 
1.100 $137.64 53.69 -1.14% 
1.100 $136.07 $3.65 -1.14% 
1.100 $134.53 $3.61 -1.14% 
1.100 $134.53 $3.61 0.00% 
1.100 $134.53 $3.61 0.00% 
1.100 $134.53 $3.61 0.00% 
1.100 $134.53 $3.61 0.00% 
1.100 $134.53 $3.61 0.00% 

Per 1000 NM' $20 00 
GAS 

GuIDOiI SUS per sus per lnelilmental 
Ratio 1oooNM' MMBTU esc.JaIIon 

1.145 $144.24 $3.87 -
1.145 $143.45 $3.84 -0.55% 
1.145 $143.45 $3.84 0.00% 
1.144 $147.Q3 $3.94 2.50% 
1.143 $150.72 $4.04 2.51% 
1.142 $154.51 $4.14 2.52% 
1.141 $158.42 $4.25 2.53% 
1.140 $162.44 $4.35 2.54% 
1.140 $160.82 $4.31 -1.00% 
1.141 $159.22 $4.27 -1.00% 
1.141 $157.64 $4.23 -0.99% 
1.142 $156.07 $4.18 -0.99% 
1.142 $154.53 $4.14 -0.99% 
1.142 $154.53 $4.14 0.00% 
1.142 $154.53 $4.14 0.00% 
1.142 $154.53 $4.'4 0.00%1 
1.142 $154.53 $4.14 0.00%1 
1.142 $154.53 $4.14 O.OO"'{' i 
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TPS Sofia - Case Sl PROJECTED OPERAllNG AND CAPITAL EXPENDITURES 

COST EXCllNELAllON (000) 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

OPERAllNG EXPENSES 

Fuel Cost - Natural Gas 29.034 33.428 38.549 44.455 51.285 52.467 53.799 53.261 52,729 52.202 51.576 51.060 51.060 51.060 51.060 51.060 51.060 

Oil 1.678 1.787 1.906 1.955 2.007 2.055 2.109 2.068 2.066 2.045 2.020 1.999 1.999 1.999 1.999 1.999 1.999 

Llgnite 
Black Coal 

Total Fuel Cost 30.712 35.215 40.455 46.410 53.272 54.522 55.909 55.349 54.795 54.246 53.596 53.059 53.059 53.059 53.059 53.059 53.059 

Supp lemental Cost (Shortfal~ 

Purchased Power Cost 
Credit lor Power Sales (12.923) (13.783) (14.701) (15.085) (15.411l) (15.885) (16.300) (16.300) (16.303) (16.303) (16.300) (16.300) (16.303) (16.303) (16.303) (16.303) (16.303' 

Net Power Interchange (12.923) (13.783) (14.701) (15.085) (15.4111) (15.685) (16.300) (16.300) (16.300) (16.303) (16.300) (16.303) (16.300) (16.300) (16.300) (16.300) (16.300: 

Fixed O&M and Overheads 2.518 2.518 2.518 2.518 2.518 2.518 2.518 2.518 2.518 2.518 2.518 2.518 2.518 2.518 2.518 2.518 2.518 

Other Variable 0 & M 2.917 2.917 2.917 2.917 2.917 2,917 2.917 2,917 2,917 2,917 2.917 2,917 2,917 2.917 2.917 2,917 2.917 

Soment and Ash RemCIIIBI 
Credit: By-Product Sales 

Emission Penalties 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 

Maintenance Expenses 1.705 2.284 2.145 2.185 2.329 1.915 2.703 2.222 2.516 2.619 2.333 2.827 2.568 2.830 3.148 2.379 3.254 

Plant RemCIIIBI Costs 
TotaIO&M Expense 24.940 29.142 33.345 38.951 45.567 45.998 41.755 46,114 46.454 46.009 45.012 45.029 44.nO 45.032 45.350 44,581 45.456 

CAPITAL COSTS 
Foreign 16128 12933 15801 16021 33525 12466 4050 4050 4050 17430 

Domestic 1122 2149 3382 3444 4258 2412 1114 1114 1174 1717 

Total 17241 15681 19189 19470 3n81 148n 5224 5224 5224 19141 

TOTAL COST 

Present Worth 40.594 39.936 43.339 44.630 58.951 39.887 32.125 29.161 28.886 31.363 20.089 18.583 17.108 15.933 14.851 13.523 12.767 

Cumulative Present Worth 40.594 80.530 123,870 168.500 227.451 287.318 299.443 328.604 355.470 386.834 406.923 425.506 442.614 458.547 473.404 486.928 499.695 

OPERAllNG STAllSTlCS 

TOTAL PRODUCll0N - MWH 
lPSteam 545.176 545.176 545.176 545.176 545.176 545.116 545.176 545.176 545.176 545,176 545.176 545.176 545.116 545.176 545.176 545.176 545.176 

Hot Water 1.882.339 1.882.339 1.882.339 1.882.339 1.862.339 1.882.339 1.862.339 1.862.339 1.862.339 1.862.339 1.862.339 1.862.339 1.862.339 1.862.339 1.862.339 1.862.339 1.882.339 

Electricity 595.117 595.111 595.117 595.117 595.117 595.117 595.117 595.117 595.117 595.111 595.111 595.111 595.111 595.111 595.111 595.117 595.117 

COST OF PRODUCll0N - $/MWH (Variable Costs only) 

lPSteam $10.54 $11.95 $13.58 $15.44 $17.51 $11.99 $18.42 $18.24 $18.07 $17.90 $17.68 $17.52 $17.52 $17.52 $17.52 $17.52 $17.52 

Hot Water $10.41 $11.81 $13.44 $15.29 $17.42 $17.81 $18.24 $18.06 $17.89 $11.12 $17.52 $11.35 $17.35 $17.35 $11.35 $11.35 $17.35 

Electricity $14.28 $16.18 $18.40 $20.92 $23.83 $24.34 $24.93 $24.69 $24.46 $24.22 $23.96 $23.73 $23.73 $23.73 $23.73 $23.73 $23.73 

NOT SERVED - MWH 
lPSteam 
Hot Water 
Electricity 

EMISSIONS - TONS 
Particulates 82 82 82 82 82 81 81 81 81 81 81 81 81 81 81 81 81 

SO. 1.144 1.142 1.142 1.142 1.142 1.140 1.140 1.140 1.140 1.140 1.137 1,137 1.137 1.137 1.137 1.131 1.137 

NOx 934 932 932 932 932 931 931 931 931 931 929 929 929 929 929 929 929 

CO 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

-Sl -....... 
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TPS Sofia-C- SI 

CASES, 

PRCOOCT - U'STeAM 
~ 

~~HOTWA1ER 
.....all' 

,-SUDoIV 

]URSINE DATA 

fACIUTlESDATASHEET ANOSIMULATEO RESULTS - YEAR2010 

THI Y .... = 20,0 

Facilities Data . • • 
EXI:> IN ... fA( II::> 

UNIT Btl ~-CI ~. eo .... 8 

'JI.l 

.. "!I.lI'" 
.'11" 

!WI 51 00 50.~ 135. m 
bM" '.115 TZl.e5 ell 
51! ,~, ,.~, '.~1 

~ II! 158 1150" '~ 

114.8'J1. 

40.,", 

.'11" 

13! I)() 

lSI 

'0 

5 
.507,'5 
'68.100 

J85 
5511.4" 

'.302 

'" .. 
at fi at '3 HWB 3-6 

,.5, 
'OIM" 

1 •• l1li 
2 

.30.Il00 

'511.000 
,.2.25 
-
.2e6 

.• '" 84.5" 

.,. "'.5'10 
O'JI. 'O.O'JI. 

132.3lC 
53.!XII 

770" 
1.403 

158" 

"F 
lib 

... iIy 
Ntw ~~~-~~.,~m+-----~~~,~~+-----;------r-----+----~r-----+-~'O,~~~r-----+--.~,ooo~r-----+-~~~~!OOO 

. .....,'F 2' 2' ~ 2< 0" 302" 

" ,. " '58' 

r. TIrt><Ia Tlrt>ec TIrt> 5a TIrt>5c Tlrt>ea TIrt> til> TIrt> lie TIrt>8 

'-'" KW5CI '48'3 ,. 
101m KW25 73lT1 .; 

PrmarvFuoI 
Cos! _MBTt $2.03 $2.03 $2.0: $2.03 $2.~ .. $2.03 $2.03 

.,. U.. 115.0'JI. 115.0'JI. 115.0'JI. 115.0'JI. 115.0'JI. 115.0'JI. IS.O'JI. 

I"" I 'fill MazLC MazuC .~ MazuC MazLC MazuC MazuC 
::ost _MaTt $2 .• ' $2 .• ' 12 .• ' $2 .• ' $2 .• ' 12 .• ' $2 .• ' 

I 

I 
I 
I 
I 

~:~O* ~~~~~~+-----;-----~-----r-----r-----r-----+-----+-----+----~----~------r-----+-----+-----
,&- a 3.0 

Coots 10.34 

TESTYEAA SIMULATION I'ESULTS: 
OPERATING EXPENSES 

N ..... alGM 
Oil 
UgniIe 
BIacl<CoaI 

ToIII Fuel CosI 
SUppIomonIaI CosI-5har1Ian "-'Iy) 
Pu'chMed Power CosI 

credit tor Power SaIH 
Nol Power ln1 ... chango Cost 

0Iher O&M - FIXed. OH & 0Iher 

•• 068 
254 

•• 322 

('.5046) 
(,.5046, 

2'4 
V",iable 464 

Limestone InflCbon & Ash Removal 
credrt,or By-ProdJct Sales 

3.8113 

(' .• 3') 
('.431) 

'93 

.2' 

3.IM9 
,III 

('.563) 
(,.563) 

2'4 
35' 

2,,83 

'35 

(1.'11» 
('.'11» 

207 
256 

'.220 
76 

',296 

(68Q 

2'4 
'47 

682 
55 

1137 

(5751 
(5751 
207 

"5 

1117 

(39S1 
(399l 

214 
'01 

828 

(3~ 

(3231 
2'4 

90 

1187 
152 

'.IMII 

(568) 
207 
119 

'.369 
86 

' •• S4 

(89') 
(89" 

2'" 
'64 

2.896 ,e, 

3.077 

('.433) 

('.433) 
207 
330 

3.0119 

'114 

3.293 

('.528 
('.5281 

2'" 
358 

TOTAL 

25.040 
'.565 

26.606 

..1'2.117 
('2.'17) 

2.5'8 
2.917 

Em~s~P~ft~S =:~ __ ~~2~_'~~'--~~~'----~97~~--~:O~--~~O~--~8'~~~--~~0----~~'--~~'~ __ ~~ __ ~~'~'~ 
T01al Excludng Ma"'onanco --3:456 3.076 2.243 1.583 6B4 633 807 942 2.'82 2.336 '9.935"'; 
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FACILITIES DATA SHEET AND SIMULATED RESULTS - YEAR 2010 

UNIT UTILIZATION 
600 

l500 

4100 

.. .., 
I: 
os 
~300 
0 
z: 
~ 

200 

100 

o July 

MONTH 

lh--jI Blr#9 ~ Blrs 5-6 ~ Blrs 4-5 lZSa HWB 3-6 ~ Boiler #8 t::ZI Boiler #7 

ELECTRICITY PRODUCED 
120 

100 

110 

of! 
I: 

II 60 
'" 0 
z: 
~ 

40 

20 

0 

MONTH 

.. Turbine #8 ~ Turbine #6 ~ Turbine #5 r5L:Sl Turbine #4 



I TPS Sofia - CASE S1 LOAD DISPATCH AND ENERGY LISE - YEAR 2010 Fa~" ~.~ 

WINTER SUMMER WINTER 

I PRODUCT - LP STEAM 
, 

Cus"mer Requirement MWH 
1 8:1 8~1 ~I 4::1 

27705
1 ~I 1~1 16n~/ 19019/ 

2=1 4:/ 
58894 

Station Use. Losses. etc. MWH - 1818 1648 1855 1831 4950 

I 
1 926381 94341 1 580651 458881 293831 27891 , 210531 18634 J 20850 1 27046 1 453241 63644 

~ 3 .1 51 .1 ,J .1 .[ 101 "I ,,1 131 1.1 IS 

MWts Awrage Loading - MW 

- - - - - - - - - - - - -

I - - - - - - - - - - - - -- - - - - - - - - - - - -
HalCler 166.700 I 6.8 22.3 - - - - - - 29.0 - - -- - - - - - - - - - - - -

- - - - - - - - - - - -

I 
Blr#9 159.000 118.0 118.1 78.1 63.7 39.5 38.7 28.3 25.0 - 36.4 62.9 85.8 

- - - - - - - - - - - - -

Unit Unit Ener 1'1 Qu1put - MWH Uelore Adjustment lor Minimum Loading Umilation 

I 
- - - - - - - - - - - -- - - - - - - - - - - -
- - - - - - - - - - - -

Header 5046 14998 - - - - - - 20850 - - -- - - - - - - - - - - -
- - - - - - - - - - - -

I 81r#9 81782 79342 5e085 45888 29383 27891 21053 18634 - 27046 45324 63844 

- - - - - - - - - - - -
TDIaI 92638 94341 5e085 45888 29383 27891 21053 18634 20850 27046 45324 63844 

Steam Not SerYed MWH 

I • PRODUCT ,HOT WATER 

Cus.,mer Requirement MWH 290369,12~= I ~~ 1'~: I 37~1 ~=I =1 :1 =~I =I'=j~= Station Use, Losses. etc. MWH -

I 
I 291008 I 23S0n I 147524 I ,I 27349 1 63300 I 59251 I 61170 I 880161 23n35 , 239187 

, 3 ·1 51 ., '/ ., .1 '0 I "/ .. I ." .. , .. 
~~ MWtw "wrage Lc Ilding - MW 

I 
- - - - - - - --

---
- - - -

- - - - ,- - - - - - - - -
HWB3-6 464.000 J!36.1 220.7 127.0 31.I. ,~ 

---
- - - 26. 118.' 108.8 

- - - - - - - - - - - - -
II!! 4-5 35. 3 - - 13.5 - - 302 34.7 3!>.2 

I 
II!! 5-6 35. 3 1.5 10 - 9.5 82 7.6 ,25.=! _35.2 35.2 
'#9 41.0 .. 41.6 14.7 5.9 34.4 28.5 -- 28.9 41.0 41.0 

,eal :ler 101.3 11 10 10 1.6 942 37.8 45.!!, 49.7 84.5 88.4 10'1.3 10' .3 
0181 .. 433.1 33:!.7 231.4 118.8 43.7 102.9 86.5 92.1 199.0 330.2 321.5 

I 
Unit Unit : - MWH ~:IeIore . Minimum Loading I Im;""tinn' 

- - - - - - -- ~ - - - -- - - - - - - - - - - -
lJiWJ!3-6 175631 148298 ,~t 11593 -

----
- - - 1618 84987 809S3 

- - - -- - -- - - - - - -
.811!!4-5 28159 2360e 23060 16562 - - 3688 - - 1955 ,26181 

I 
IB11!!5-6 2e087_ 2360e 24954 20445 285 - 384Il )4(1 347 i337 26181 
81r#9 30504 27506 30192 26741 4681 117 21931 2' 04 - I52CJ 30504 
Header 75367 67988 704'850 12181 1IlO49 2723' 3384' 37 06 60824 6 !936 75367 
Total 333728 291008 Z!fiJ071 147524 74995 27349 63300 59 !51 61170 8 2: '735 239187 

Hot Water Not SerYed MWH 

I ADJUSTED FOR MINIMUM LOADING MWH -
Staam 

Unit UtiIImtion alter o\dutltment for Minimum Loadino - MWH r.: team} 

- - - - - - - - - - - -

I 
- - - - - - - - - - -- - - - - - - - - - - -

Header 5046 14998 - - - - - - 20650 - -- - - - - - - - - - - -- - - - - - - - - - -

I 
Blr#9 87792 79342 58085 45888 29383 27891 21053 18634 - 27046 45324 63844 

- - - - - - - -
Total 92638 94341 58085 45888 29383 27891 21053 18634 20650 27046 45324 63844 

Hot Water Unit Utilization alter Adjustment for Minimum Loadi~ - MWH (Hot Water) 
- - - - - - - - - -

I - - - - - - - - - -
HWB3-6 171392 148342 88860 18442 - - - - 2875 89062 84203 

- - - - - - - - - - - -
Blrs 4-5 I 24407 23579 21098 9848 - - 4898 - - 2594 20880 22931 
81rs 5-6 , 26059 23608 24542 20745 353 - 2896 1690 610 5959 25337 26181 

I 
81,#9 ; 30504 27509 29807 27172 6393 327 22933 21769 - 11146 29520 30504 
Header 75367 67970 74770 71316 68250 27021 32573 35793 60560 65443 72936 75367 
Total 333728 291008 239077 147524 74995 27349 63300 59251 61170 8801'5 237735 239187 

I 



I 
TPSSofl8-CaseS1 LOAD DISPATCH AND ENERGY USE - YEAR 2010 

WINTER WINTER SUMMER 

I TOTAl UNIT UTlUZATlON BEFORE REOUIREMENTFOR ELECTRIC GENERATION MWH -
Unit Ou1put to meet Steam and Hot Water Requlranents - MWH 

- - - - - - -
- - - - - - - - - - - -

I HW83-6 177392 148342 B8860 18442 - - - - 2875 89062 64203 
Header 5046 14998 - - - - - - 20850 - - -
Blrs4-5 24407 23579 21098 9848 - - 4898 - - 2594 20880 22931 
Blrs5-6 2!lO59 23606 24542 20745 353 - 2696 1600 610 5959 25337 26161 
BIr#9 116296 106851 87892 730lIO 35775 28216 43ge6 40403 - 38191 74844 94348 

I 
Header 75387 67970 74770 71316 68250 27021 32573 35793 6Cl56O 65443 72936 75367 
TaIBI 426588 385346 297163 193411 104378 84353 62020 115062 263()!B 303031 77885 55239 

ADOmONAl REOUIf'EMENT FOR BACKPRESSU'IE STEAM TUlBINES MWH -
Basis 

I 
%a Thermal output 181: _led In electric :JeMI1lton - MWH1 

- - - - - - - - - - - - -
- - - - - - - - - - - - -
- - - - - - - - - - - - -

TUlb6a 0.99 896 2668 - - - - - - 3709 - - -

I 
TUlb4a 0.97 81127 8624 7716 3802 - - 1792 - - 949 7637 8387 
Turb Sa om 9531 8635 8976 7588 129 - 1059 616 223 2179 9267 9576 
Turb6 0.98 19077 17231 16177 13296 5597 3988 7429 6630 - 6136 13643 17450 
TUlb6b 0.99 26206 23634 25999 24798 23731 9396 11326 12446 21056 22756 25361 26206 
To1&I 64638 60791 58869 49264 29456 13384 21606 19694 24990 32020 55907 61619 

I STEAM TO CONDENSING TUlBINES AND RE.ECT1ON - MWH 

Incremenllll1herma1 lIJ1put represen1ed in electric C eneralion and rejectia1 - MWH1 
- - - - - - - - - - -
- - - - - - - - - - - -

I - - - - - - - - - - - -- - - - - - - - - - -
Turb 4C 7770 6200 9536 10090 - - 5019 - - 2102 8961 esse 
Turb 5c 6889 6164 7696 6683 552 - - 2640 953 2684 6603 6823 

- - - - - - - - - - - -

I 
Turb6c 16962 12461 18754 16762 22590 44820 - - 19221 24241 17809 • 18402 

I 
I 
I 

INPUT t:Nt:HuT 'AO.JJSlMENT _ Ann ~ nNI V 

1b4!1oreEfficio!fICY AriO. --, -I IMBTU BlUM 
1 BOiler" 1.41 137061 123815 137061 132659 137061 - 149783 - 132659 137061 132659 137061 
1 BOiIer"6 1.41 267710 291529 270731 25Q2III 253I(;ti 277182 - 1645ill 295195 246564 263494 2722T. 

I 
1HW83-6 1.41 ti052W 506143 30311D CI2923 - - - - - 9608 30388: 2673C 

- - - - - - - - - - - -
IBlrs4-5 3.412 140246 13103> 130651 80316 - - 39951 - - 1926C 127945 136057 
1 Blrs5-6 3.412 144936 131112 140631 119473 353C - 13496 16661 6097 _366~ 140596 1452ffi 
IBlrll'9 3.412 466716 423319 355085 294847 141164 109666 175427 160476 - 151245 301915 381456 

- - - - - - - - - - - -

I To1&I 1783949 16Oe1l97 1337589 949318 535609 387070 378657 341947 433951 600815 1270490 1359454 

BOIlER EFFICIENCIES 
BASIS BASIS 

"" 'W.2 EIIicierIcv 

I Boller #7 - - 84.8% 84.8% 84.8% 84.8% 84.8% - 84.8% 84.B'Ib 84.B'Ib 84.8% 84.8% 
BOiler #6 - - 84.8% 84.8% 84.8% 84.8% 84.8% 84.8% - 84.8% 84.8% 84.8% 84.8% 84.8% 
HWB3-6 -. - 84.5% 84.5% 84.5% 84.5% - - - - - 84.5% 84.5% 84.5% 

- - - - - - - - - - - -
Blrs4-5 - - 84.B'Ib 84.8% 84.8% 64.8% - - 84.B'Ib - - 84.8% 84.8% 84.8% 

I 
81",5 6 - - 84.B'Ib 64.B'Ib 84.8% 84.B'Ib 84.B'Ib 84.8% 84.8% 84.B'Ib 84.8% 84.8% 84.8% 
81rll'9 - - 84.4% 84.4% 84.4% 84.4% 84.4% 84.4% 84.4% 64.4% - 84.4% 84.4% 84.4% 

- - - - - - - - - - -

I 
INPUT ENERGY REOUIRED 

Unit Ener IY Input MMBTU J 
BoiterN7 - 161747 146094 161747 156529 161747 - 176736 - 156529 161747 156529 161147 i 
BoilerNB - 339461 343967 319446 305956 299510 3270$ - 194207 348313 290931 310907 321271 I 

I 
HWB3-6 - 716264 5969ffi 3588(l; 74465 - - - - 11607 359621 340000 

- - - - - - - - - - - -
Blrs 4-5 - 1654!P. 154507 154397 94771 - - 4:"140, - - 22725 l509!F 160~J 
Blrs ~-€ .- 17101G 154704 1659")5 140971 4165 - 15924 'iW1B 7194 43491 165697 171427 ' 
B1r#9 - 555351 501622 420717 349106 167256 130100 207852 190137 - 179200 357719 451961 1 

I 
- - - - - - - - - - - I . -

Total 2109361 1900000 1581049 11218X) 632676 457256 447652 404263 512037 709701 1501642 1606945 
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TPS Sofia-Case S1 FUEL COST AND OTHER O&M EXPENSE - YEAR 2010 

: 

FUEL COST - BOILERS (Gas) 
w.V"tIod 
SlMMBTU 

Boiler #7 $1.93 312 
Boiler #8 $1.93 655 
HWB3-6 $1.93 1381 

- -
Blrs4-5 $1.93 319 
Blrs5-6 $1.93 330 
Blr#9 $1.93 1071 

- -
Total 

FUEL COST - BOILERS (Mazut) 

w.v-
SlMMBTU 

Boiler #7 $0.12 19 
Boiler #8 $0.12 41 
HWB3-6 $0.12 86 

- -
Blrs4-5 $0.12 20 
Blrs5-6 $0.12 21 
Blr#9 $0.12 67 

- -
Total 254 

HOT WATER SHORTFALL MWH 
Assumed Equivalent Cost S/MWH $10.00 

SUPPLEMENTAL HOT WATER COST - $(000) 

Water and Other Variable O&M ~. - Boilers $(000) 
Basis Basis 
w- S/MWH 

Boiler #7 $0.03 $0.75 36 
Boiler #8 $0.03 $0.75 76 
HWB3-6 $0.03 $0.75 137 

- - -
Blrs4-5 $0.03 $0.75 37 
Blrs5-6 $0.03 $0.75 38 
Blr#9 $0.03 $0.75 140 

- - -
Total 

Umestone and Ash Removal E:xpenses - Boilers $(000) 

Boiler #7 
Boiler #8 
HWB3-6 

Blrs4-5 
Blrs 5 6 
Blr#9 

Total 
Removal Costs Only 
By-Product Sales $(000) 

UmHlont Removal 
SlMMeTU SlMMeTU 

Emissions Penalties - Boilers $(OOOj 
Emlnlon 
SlMMBl\J 

Boiler #7 O.OOOB 
Boiler #8 • 0.0008 
HW83-6 0.0008 

Blrs 4-5 0.0008 
Blrs 5-6 0.0008 
Blr#9 0.0008 

-
Total 

Emissions by Type - Tons 
Pounds 

perTonn 

0 
0 
1 

-
0 
0 
0 

-
2 

i Particulate 2205 132 

L~9,,-- 2205 ~~.8 
NOx f---=22(}5 lSO.9 
CO 2205 16.2 

WINTER 

282 312 
663 616 

1155 692 

- -
298 298 
298 320 
967 811 

- -
3664 3049 

18 19 
41 38 
72 43 

- -
19 19 
19 20 
60 51 

- -
229 191 

33 36 
78 71 

115 69 

- -
34 35 
34 37 

126 104 

- -
421 351 

0 0 
0 0 
0 0 

- -
0 0 
0 0 
0 0 

- -
2 

11.9 9.91 
166.4 138.51 
135.9 113.1 : 

14.6 12.2 ' 

SUMMER 

Fuel Cost - Natural Gas S(OOO) 
302 312 - 341 - 302 
590 578 631 - 375 672 
144 - - - -
- - - - - -
183 - - 91 - -
272 8 - 31 38 14 
673 323 251 401 367 -
- - - - - -

2163 1220 882 863 780 987 

Fuel Cost - Mazut $(000) 
19 19 - 21 - 19 
37 36 39 - 23 42 

9 - - - - -
- - - - - -

11 - - 6 - -
17 1 - 2 2 1 
42 20 16 25 23 -

- - - - - -
135 76 55 54 49 62 

Variable O&M ExJ>e.nse $(000 
35 36 - 38 - 36 
68 67 80 - 41 81 
14 - - - - -- - - - - -
23 - - 11 - -
32 1 - 3 5 2 
85 43 35 49 44 -- - - - - -

256 147 115 101 90 119 

Umestone In~1i<lrI & Ash Removal $(000) 

Emissions Penalties $(000) 
0 0 - 0 - 0 
0 0 0 - 0 0 
0 - -- - - -
0 - - 0 - -
0 0 - 0 0 0 
0 0 0 0 0 -

- - - - - -
o o o o 

Emissions - Tons 
7.0 4.01 2.91 2.81 2.5 3.2J 

98.3 55.4 I 40.1 1 3921 :!5.4 44.9, 
aD.3 45.3 : 32.7 I 32.0 I 28.9 36.61 

8.6 4.9 I 3.51 3.4 I 3.1 3.91 

WINTER 

312 302 
561 600 
22 694 

- -
44 291 
84 320 

346 690 
- -

1369 2896 

19 19 
35 37 

1 43 
- -

3 18 
5 20 

22 43 
- -

86 181 

36 35 I 
65 69 I 

2 69 

- -
5 34 

10 37 
45 87 

- -
164 330 

0 0 
0 0 
0 0 

- -
0 0 
0 0 
0 0 

- -

4.4 J 9.4 I 
62.2+ 131.5 I 
SO.8 I 107.4 

5.5 I 11.5 

31 2 
620 
656 

-
31 o 
331 
87 2 
-

3099 

1 9 
39 
41 

-
1 9 
21 
54 

-
194 

-

7 
36 

1 
65 

36 
38 
2 11 

-
358 

-

-

o 
o 
o 

o 
o 
o 

10. 1 
a 
o 
4 

1<\0. 
115. 

12. 



I 
I 

TPS SorlS - CASE S1 ELECTRIC GENERATION AND NET POWER INTERCHANGE - YEAR 2010 

WINTER SUMMER WINTER 
Jan Feb Mar ~ ~ June ~ ~ §!!ill Oct Nov Dec 

I Average KW Required 20215 19805 13831 11832 9421 4821 7047 8008 9092 10027 15907 18207 
Station Use (Inc! Above) 

Total 20215 19805 13831 11832 9421 4821 7047 8008 9092 10027 15907 18207 

I 
BACK PRESSURE TURBINE/GENERATOR OUTPUT AVERAGE KW -

BASIS 
UNITe Back Pressure Turbine/Generator Output & Contract Purchase 

- - - - - - - - - - - I -- - - - - - - - - - - I -

I - - - - - - - - - - 1 -
Turb6a 1189 3912 - - - - - - 5076 - - I -
Turb4a 11686 12500 10102 6390 - - 6389 - - 7408 10331 I 10980 
Turb5a 12477 12515 11751 11635 4750 - 2540 4750 4750 10152 125361 12536 
Turb8 25000 25000 21200 18005 7335 5401 9736 8688 - 8041 18474 I 22868 
Turb6b 34713 34660 34438 33942 31435 12861 15003 16486 28823 30142 347131 34713 I Total T/G Output 85065 88586 77491 69972 18261 33668 29925 38649 55744 76054 81096 

Balanoe Required -64850 -68781 -63660 -58140 -34100 -13440 -26621 -21916 -29558 -45717 -60147 -62889 

I CONDENSING TURBINE OUTPUT - AVERAGE KW 
Genend.o 
Ellicleney Condensill!: Turbine Oulput - KW 

- - - - - - - - - - - -

I 
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

Turb4c 97.4% 3662 3235 4494 6444 - - 6444 - - 5909 4374 4033 
Turb5c 97.4% 3247 3227 3628 3689 7305 - - 7305 7305 4468 3216 3216 

- - - - - - - - - - - -
Turb6c 98.6% 8039 6531 8878 9178 10694 21926 - - 9403 11476 8712 i 8712 I TOIaI Condens Turb Output 14948 12993 17000 19311 17999 21926 6444 7305 16708 21853 16302 15961 

Balanoe Required I GT Capability @ Full Load 

-79798 -81774 -80661 -77451 -52099 -35366 -33065 -29222 -46265 -67570 -76449 -78850 

71785 71220 70317 68746 67426 66490 65885 66050 67123 68609 70069 71220 

GAS TURBINE OUTPUT - AVERAGE KW 

I Gas Turbine Output - KW 

I Total GT Output (KW) 

Balanoe Required (KW) -79798 -81774 -80661 -77451 -52099 -35366 -33065 -29222 -46265 -67570 -76449 -78850 

Hours in Period 744 672 744 720 744 720 744 744 720 744 720 744 I 
Balanoe Required (MWH) -59370 -54952 -60012 -52271 -30112 -25464 17699 -14299 -25183 -34205 -55043 -58664 

PURCHASED POWER 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 
Peak Demand KW 

Demand Charge - $IKW 
I 

Energy Charge - Cents/KWt 0.0269 0.0269 0.0269 0.0233 0.0233 0.0233 0.0233 0.0233 0.0233 0.0269 0.0269 0.0269 

Demand Charge - $(000) 
Energy Charge - $(000) I 
Total - $(000) 

I POWER SALES 
Energy Credit - Cents/KWH 0.0260 0.0260 0.0260 0.0226 0.0226 0.0226 0.0226 0.0226 0.0226 0.0260 0.0260 0.0260 

Energy Credit $(000) 1546.1 1431.1 1562.8 1179.8 679.6 574.7 399.5 322.7 568.4 890.8 1433.4 1527.7 

I 
I 
I 
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TPS Sofaa - CASE Sl 

WINTER 

I Interpolated Exhaust Temperature OF 

I 
I Interpolated Exhaust Flow M#/Hr 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Awilable Exhaust Heat MMBllJ/Hr 

Steam AlIIlilable - MW per Hour (Wrthout SuPPiemenarv Firing) 
EnlhaJP\' 

Rise 
3.412 - -
3.412 - -
3.412 - -
3.412 - -
3.412 - -
3.412 - -

Steam SuODlied from Su I Firina - MW per Hour 

Utilized HRSG Enerav MW per Hr 

Electric Output Ratio 
Utilized Heat Ratio 

Steam Reiection - Ava MW (i 
Maximum 
Capacil-l 

From Condensing 200.000 
From Gas Turbi~ 200.000 

Total 

o Cooing Tower) 

27.3 23.7 
- -
27.3 23.7 

-
-
-
---

31.0 
-

31.0 

HEAT REJECllON - YEAR 2010 

SUMMER WINTER 

Exhaust Temperature of 

Exhaust Flow M#/Hr 

Exhaust Heal MMBllJ/Hr 

Talal Steam Awilable without Su FiringMW/Hr 

- - - - - - - - -
- - - - - - - - -- - - - - - - - -
- - - - - - - - -- - - - - - - - -- - - - - - - - -

Steam Supplied from Su Firina - MW per Hour 

HRSG Enei' ~Utilized - MW/Hr 

Steam Rejection - Average MW 
352 35.9 65.1 11.8 41.3 58.4 39.9 29.7 29.1 

- - - - -
352 35.9 65.1 11.8 41.3 58.4 39.9 29.7 29.1 
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I WINTER SUMMER WINTER 

Average MW utilized before Incremental MWe and Relection - Coaen Units Onl 

- - - - - I - - - - -

I - - - - - I - - - - - - -
- - - - - - - - - - - -

Turb6a 8.0 26.3 - - - - - - 34.1 - - -
Turb ... ...... 8 47.9 38.7 24.5 - - 24.5 - - 26.4 39.6 42.1 
Turb5a 47.8 411.0 45.1 ...... 6 18.2 - 9.7 18.2 18.2 38.9 411.1 411.1 
Turb8 184.8 184.8 139.9 119.9 55.6 44.7 69.1 83.2 - 59.6 122.9 lSO.3 
Turb6b 138.5 138.3 135.4 133.5 123.6 SO.8 59.0 84.8 113.4 118.5 136.5 136.5 I IASIS T __ 

Maximum Steam Flow - MW!(WI _ 

I - - - - - - - - - - -
- - - - - - - - - - - - -- - - - - - - - - - - - -- - - - - - - - - - - - -

Turb 4C 18000 - 55.2 57.1 51.5 42.9 3.0 12.5 42.9 27.9 27.9 45.3 52.1 53.6 
Turb5c 18000 - 57.1 57.2 55.4 55.1 39.0 12.5 3.7 39.0 39.0 51.7 57.2 57.2 

- - - - - - - - - - - - -
Turb 6c 50000 - 167.3 181.1 160.6 159.5 154.0 112.8 29.4 30.2 174.2 151.1 161.3 161.3 I 

ES1ablish Coaen Unit Incremental MW (to Condensing Turbine & Cooling Towel) 

Steam to Condensing Turbine - Average MW (Maximum Steam less Steam UtiliZed for Process and Hot Water) 

- - - - - - - - - - - -I - - - - - - - - - - - -- - - - - - - - - - - -

I - - - - - - - - - -
Turb 4C 10.4 9.2 12.8 18.4 3.0 12.5 18.4 27.9 27.9 18.9 12.5 11.5 
Turb 5c 9.3 9.2 10.3 10.5 20.8 12.5 20.8 20.8 12.7 9.2 9.2 

- - - - - - - - - - - -
Turb 6c 22.8 18.5 25.2 26.1 30.4 62.3 - - 26.7 32.6 24.7 24.7 

I 
42.5 37.0 411.4 55.0 54.2 87.3 18.4 48.8 75.5 62.2 46.4 45.4 

Maximum Hours Use 

Maximum Hours Use 

- - - - - - - - - - - -- - - - - - - - - - - -
7 ..... 672 en 366 - - - - - 62 720 744 

Turb6a 7 ..... 672 - - - - - - 720 - - -
Turb ... 7 ..... 872 744 549 - - 273 - - 125 720 744 
Turb 5a 744 672 744 635 26 - 406 127 46 209 720 744 
Turb8 7 ..... 672 744 720 7 ..... 720 744 744 - 7 ..... 720 744 
Turb6b 744 672 744 720 744 720 744 744 720 744 720 744 I 

Average Load - MW 

I AW!f1Ige Load - MWI 

- - - - - - - - - - - -
- - - - - - - - - - - -

238.4 220.7 131.2 SO.4 - - - - - 46.4 123.7 113.2 
Turb6a 6.8 22.3 - - - - - - 29.0 - - -
Turb4a 32.8 35.1 26.4 17.9 - 17.9 - - 20.8 29.0 30.8 
Turb5a 35.0 35.1 33.0 32.7 13.3 - 7.1 13.3 13.3 28.5 35.2 35.2 
Turb 8 159.0 159.0 118.1 101.5 48.1 39.2 59.1 54.3 - 51.3 103.9 126.8 

I 
Turb6b 101.3 101.1 100.5 99.1 91.7 37.5 43.8 48.1 84.1 88.0 101.3 101.3 

I Average Load - MlblHr 
IASIS 

MBTU/Ib Awtraae Load - Thousand Pounds IHIr Hour 

I - - - - - - - - - - -- - - - - - -- - - - - - - - - -
1.1218 20.8 87.9 - - - - - 88.1 - -
1.0475 108.9 '14.3 92.4 56.4 - 58.4 - 87.7 94.5 '00.4 
1.0475 114.1 114.4 107.4 108.4 43.4 - 23.2 43.4 43.4 92.8 114.6 1"'.6 
0.9790 554.1 554.2 411.7 353.6 167.6 136.6 208.0 189.3 - 178.9 362.3 442.0 
0.9801 352.7 352.1 349.9 344.8 319.3 130.7 152.4 167.5 292.8 306.2 352.7 352.7 I 

I 
Average Load - % 

1i-____________ + __ -Ir-__ .,-__ -,-__ --. __ --'ArY;.:e;;..;ra;:.o19"'le Load - Percent of Rated Capacity 

--------------------4------t------+_-----~------r_-----t------~! - - - - - - I - I 
- 1 - - - - - - I - ! 

I 
i 51.4% 47.6% - i - - - - 10.0% 26.7% I 24.4% I 28.3% 10.9% 

"C.~'..: u:;r=-b-=4.:::a __________ + ___ -l.--:9==3::;.2%~-+--=!?9~.7,;:%~-,BO='.6%=+_~5':::1~.0%'::7-t-;:;:;c-;::;::"1-'-----L 51.0% - ~,... _~. __ ~c!...~ _~~~ 1 8~§.% j 
Turn 58 I 99.5% 93.8% 93.7% I !!2.1l% 37.9% I - i 20.3% 37.9% 37.9% 81.0%, loo.o%~oo.O% ' 

i Turb 6a 4.1% 13.4% - - - I - - - 17.4% - - I -

Turn 8 I I 79.5% 79.5% 59.1% 50.7% 24.0% I 196% 29.6% 27.2% - 25.7% 52.0% I 634% I 

I 
Turn 6b I I 100.0% 99.8% 99.2% I 97.8% 90.6% I 37.0% 43.2% 47.5% 83.0% 86.8% 1 100.0% I 100.0% i 
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I 
WINTER SUMMER WINTER 

Steam SUDDlv - Percent 01 Output and Total Cost 

I Percent 01 Total O~ ut 

- - - - - - - - - - - -
- - - - - - - - - - - -

HWB3-e - - - - - - - - - - - -
Bini #8&#7 4.1% 12.3% - - - - - - 16.8% - - -
Bini 4-5 - - - - - - - - - - - -
Bins 5-6 - - - - - - - - - - -
Blr#9 63.11% 63.11% 55.8% 53.1% 71.0% 86.8% 40.11% $.8% - el.O% 51.2% 57.1% 

I 
- - - - - - - - - - -

I 
Cost d 9mam S!!2ely: 

Gas 718 717 453 358 22!! 217 164 145 137 211 353 4as 
Oil 45 45 28 22 14 14 10 9 9 13 22 31 

Ugnlte 
Coal 

OtherExp 94 95 58 45 31 30 20 18 20 27 45 64 
Tdal 857 857 539 426 274 261 194 172 185 251 420 593 I Hot Water Supply - Percent d Output and Total Cost 

Percent 01 Total QI!!I ut 

- - - - - - - - - - - -
- - - - - - - - - - - -

HWB3-6 100.0% 100.0% 100.0% 100.0% - - - - - 100.0% 100.0% 100.0% 
Blrs #8& #7 60.5% 55.8% 62.6% 62.1% 59.8% 33.3% 74.2% 74.2% 48.3% 58.2% 62.6% 62.8% 

I 
Bins 4-5 59.4% 61.4% SS.O% 41.6% - - 41.8% - - 46.0% 55.7% 57.5% 
Blrs 5-6 61.3% 61.4% 59.5% 59.2% 34.2% - 73.2% 34.2% 34.2% 55.2% 61.5% 61.5% 
Blr#9 22.2% 22.2% 28.6% 31.5% 15.5% 1.0% 44.8% 46.3% - 25.1% 33.4% 27.3% 

- - - - - - - - - - - -I 
Cost d Hot Water Sueely: 

Gas 2507 2163 1771 1062 502 180 454 418 403 606 1762 1771 
Oil 157 136 111 66 31 11 28 26 25 38 110 111 

Ugnite 
Coal 

OtherExp 283 24B 207 133 69 27 57 53 57 81 205 20B 
I 

Total 2,946 2,568 2,089 1,262 602 219 539 497 486 725 2,078 2,089 

I 
EIectr1c Supply - Percent d Output and Total Cost 

Percent d Total Ollt! ut 
- - - - - - - - - - - -- - - - - - - - - - -

HWB3-6 - - - - - - - - - - - -
Blrs #8&#7 35.4% 31.8% 37.4% 37.11% 40.4% 66.7% 25.8% 25.8% 35.1% 41.8% 37.2% 37.2% 
Blrs 4-5 40.6% 38.8% 45.0% 58.2% - - 58.2% - - 54.0% 44.3% 42.5% 
Bini 5-6 38.7% 38.8% 40.5% 40.8% 65.8% - 26.8% 65.8% 65.8% 44.8% 38.5% 38.5% 

I 
Blr#9 13.11% 13.11% 15.5% 15.4% 13.5% 12.4% 14.4% 14.1% - 13.8% 15.4% 15.8% - - - - - - - - - - -

I Cost d EIectr1c Sueely: 
Gas 696 620 111M 607 354 38B 194 159 299 418 643 688 
Oil 43 $ 43 38 22 24 12 10 19 26 40 43 

Ugnite 
Coal 

OtherExp 89 80 87 78 48 58 24 20 42 56 82 88 
Total 828 738 814 724 424 470 230 189 360 SOl 764 819 I 

I 
I 
I 
I 
I 
I 
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TPS Sofia - Case S2 

PROJECTED OPERAllNG AND CAPITAL EXPENDITURES 

\,;U;:'I -'::A~L n .. rl..Mllv .... IUUU 

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

OPERAllNG EXPENSES 
Fuel Cost - Natural Gas 29.034 33,428 38,549 53,925 62.187 63,704 65,322 64.669 64,022 63,382 62,661 62,034 62,034 62,034 62,034 62.034 62,034 

Oil 1,678 1,787 1.906 1.446 1.484 1.520 1.560 1.544 1,528 1.513 1.494 1.478 1,478 1.478 1,478 1,478 1,478 

Ugnite 
Black Coal 

Total Fuel Cost 30.712 35,215 40.455 55.371 63.670 65.224 66.882 66.213 65.551 64.895 64.155 63.513 63,513 63,513 63.513 63.513 63,513 

Supplemental Cost (Shortfall) 

Purchased Power Cost 
Credit for Power Sales (12,923) (13,783) (14,701) (32,047) (32,886) (33,748) (34,636) (34,636) (34.636) (34,636) (34,636) (34,636) (34,636) (34,636) (34,636) (34.6361 (34.636 

Net Power Interchange (12.923) (13.783) (14.701) (32.047) (32,886) (33.748) (34.636) (34.636) (34.636) (34,636) (34,636) (34.636) (34.636) (34,636) (34.636) (34.636) (34,636 

Fixed O&M and Overheads 2.518 2.518 2.518 2.518 2.518 2.518 2,518 2.518 2.518 2.518 2.518 2.518 2.518 2,518 2,518 2.518 2.518 

other Variable 0 & M 2.917 2.917 2.917 2.863 2.863 2.863 2.863 2.863 2.863 2.863 2.863 2.863 2,863 2.863 2,863 2.863 2,863 

Sorbent and Ash Removal 
Credit: By- Product Sales 

Emission Penalties 11 11 11 8 8 8 8 8 8 8 8 8 8 8 8 8 8 

Maintenance Expenses 1.705 2,264 2,145 3.345 3.882 3,461 4.241 3.868 4.416 4,511 3,447 4.332 3,778 4,326 5,005 4.227 5,092 

Plant Removal Costs 
Total O&M Expense 24.940 29,142 33,345 32,058 40,054 40,326 41,876 40,834 40,719 40.158 38,354 38,597 38,043 38,591 39.270 38.492 39.357 

I 

CAPITAL COSTS 
Foreign 19403 46312 32497 16027 29981 12466 4050 4050 4050 16593 

Domestic 1058 3676 4773 3444 4106 2412 1174 1174 1174 1681 

Total 20460 49987 37269 19470 34086 14877 5224 5224 5224 18275 

TOTAL COST 45,400 79,129 70,615 51,528 74,140 55,203 47.100 46,058 45,943 58433 38,354 38,597 38,~ 3!!,591 39270 38,492 39,357 

II Present Worth 
43.688 70,502 58,255 39,360 52,438 36,152 28,561 25.860 23,885 28,128 17,095 15.929 14.537 13.654 12,865 11,676 11,054 

cumul~ive Present Worth 43.686 114.188 172,443 211,803 264.242 300,393 328.954 354,814 378.698 406,826 423,921 439,850 454,367 468,041 480,907 492.583 503,637 

OPERAllNG STAllSl1CS 

TOTAL PRODUCllON MWH 

LPSteam 545.176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 

Hot Water 1,862,339 1,882,339 1,862,339 1,862,339 1.862,339 1.862,339 1,882.339 1.862.339 1.862,339 1.862,339 1,862,339 1,862,339 1,862,339 1,862,339 1,862,339 1,862,339 1,862,339 

Electricity 595,117 595,117 595,117 1.148.707 1,148.707 1,148,707 1,148.707 1,148,707 1,148,707 1.148,707 1.148.707 1.148,707 1.148,707 1.148,707 1.148,707 1,148.707 1,148.707 

COST OF PRODUCll ON - $/MWH (Variable Costs only) 

LPSteam $10.54 $11.95 $13.58 $18.44 $21.04 $21.55 $22.07 $21.86 $21.65 $21.45 $21.19 $20.99 $20.99 $20.99 $20.99 $20.99 $20.99 

Hot Water $10.41 $11.81 $13.44 $18.42 $21.05 $21.54 $22.06 $21.85 $21.64 $21.43 $21.20 $21.00 $21.00 $21.00 $21.00 $21.00 $21.00 

Electricity 514.28 $16.18 $18.40 $12.09 $13.82 $14.14 $14.48 $14.34 $14.20 $14.07 $13.92 $13.79 $13.79 . $13.79 $13.79 $13.79 $13.79 

NOT SERVED - MWH 
LP Steam 
Hot Water 
Electricity 

EMISSIONS - TONS 
Particulates 82 82 82 60 60 60 60 60 60 60 60 60 60 60 60 60 60 

SO. 1.144 1,142 1,142 844 844 843 843 843 843 843 841 841 841 841 841 841 841 

NOx 934 932 932 689 689 688 688 688 688 688 687 687 687 687 687 687 687 

CO 100 100 100 74 74 74 74 74 74 74 74 74 74 74 74 74 74 

~ 
~ 
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CASE S2 

""" Lo.d 

M'''''''m' .,_on 

Be .EROU"PU 

'rOiour. 
'.mpor .... 
'n1l1.1.,. 

[PRI DUCT - LP STEAM 
luantlY 

',.1...,. 
'n' .. eov 

'pRe'Due '- HOT WATER 

,- SUpp!\< 
R.cum 

..... ..,-

UNIT 

0"", 

IWI 
b1Hr 

'A 
.mp'F 

~IbIHr 
M_ 
PSII 
.mp'F 

TU/lb 
'rio"", 
MWtw 
.mp'F 
Iml>'F 

JNIT. 
'liorilY 

20'0 

• 

Cooina 
200,000 

, 

I B~"-5 

60,000 
48 

,'68 

31i,1110 
2,10" 

10' 

FACILITES OAT A SHEET AND SIMULATED RESULTS - YEAR 20'0 

-
12, 
48,885 

· EX IS' 
, B~. 5-6 

13,3'" 
418' 

4li.l 

168 

1;0 

urb6a 

Facilities Data . _._ .. 
IG F A IE S 

Boilo< la HR50 I' HR50 12 

62,aga 

-
12,; 
48,886 

Turb 50 

1.8'" 

I,'''' 
10,0% 
18" 

100,0% 100,0'" 
100,o", 100,0% 

135,000 87,600 87.600 

185,1 
1451 

1004' 

,',;. " 

2 

6 
60,',16 

lee,700 
116 

668,4' 
1.302 

'0',300 
240' 

" 

116,761 
30,806 

" 

,:' 

1451 
1004' 

2 
430,000 
16g,,00_ 

142,26 

-
,aea 

2 

Urb~::' Turb8 

_ Ral.d \W 26000 26000 56000 25000 

_ C~bii1y -_ Max Sloom KW' 18000 !501 18000 ma, "" 60000 25000 

. 75_'" Sloom KW75 ,.O! 211120 20>06 18376 

.60.,. ""oom KW6< 1271 14813 184 11875 

S1 .. m R.QUir.d - "aximum MI/Hr_ hll 114 11. ,W 607,160 352.100 480,640 

Mlni".,m MIIHr_ ~in 
'92,260 

" 
•• I; HWa'-1 

.; ::'" 

-'70' 

4e ,000 

~1"S1.amP",~" PSI 2~!S __ ~),~~8~~~~!"~75 __ ~0~,498+-____ ~ __ ~r-__ -f~~~'85+-_~~!~,,,7~6 ____ ~~'~'2!~",2+-____ ~ __ ~1 

Ii--"'-'" En1l1=.Il>·u 10~rOl>'''::'': -'~Urbin!!!...'-lf--:M~B'T,!!!UII~lb'II-__ -I _____ -+---,~0;:,~~3~ 0,293 0,1849 0,307 O,~B 

~nk MBTU/lbs 1,~76j----~r-~I,~~75+-----+---~~---f-----+-~I~,,'211'~B-~0
IJ~~80'~----+-~0~,g)~'7110+---~~--~1 

Genora" 'Efficiencv.,.o _I!L..... _gU'" .JI7~ J!1,'" .JI8c~ .l8,S_" g"S.... 97,6'" 

• Factor Factor 0,360 0,360 0,35, 

,::.; 

LS DATA 
imary u.1 
Col1 

I Fu 

COST DATA 11993 eali.) 
Numbor 01 PorlOnn.1 
A ..... g. Wago & Ben_ 

0Ih ... fiu,1 Co ... 
I.w w.a, ... _ & 'fre.ting Co'" 

'COI1. 

:1th ... Variabl. O&M Co ... 
,m.ston. 
I .... OlSposal Cost, 

Emslions Cod. - Full 

Emslions Codo -Fu112 
Sch.dul.d 

.F'!Jrc~"clPowor 
En ..... ' 

SlIMB1 
U .. 

'ypo 

Sli MBTU 
U .. 

:;:;';':':: 

lumbor 
1(000) 
1(000) 
'MWHw 
rMWH. 

IWH 
on' 

,01 
.2 
. m 

740 

!SI8,0 

,75 
1.21 

-

Jln -'.7 V .. 

F.b 0,8 V •• 

Mar •. • •• 

AD< 10,8 r .. 

M.y '5,6 r .. 

Jun. ,g,O V .. 

IUIv _21.2 V •• 

"0 20.8 '~. 

OCt 1,3 ' •• 

No. 5,. ,!s 

TEST YEAR SIMULATION RESULTS: 

OPERATING EXPE NSES 
Natural Ga. 
Oil 

UgM. 
Baack Coal 

Total Fuel Cost 

Supplemental Colt-Shortfall Penatty: 

Purchased Power Cost 
Credit for Pow« Sal •• 
Net Power Int«change COlt 

Other O&M - Fiud, OH &. Oth« 
Variabl. 

Limestone Inj.ction &. Ash Remonl 
Cr.dit tor By-Product Sale. 

Emillions Penelli •• 
Total Exctu~ng_M.in1tn.nc. 

',656 
2'3 

4,769 

(2,8110) 
(2,8110) 

214 
.64 

2,'58 

4.0Qi7 

188 

4.285 

(2,735) 
(2,735) 

,;3 

421 

2.165 

$2.03 
96,0'" 

MaZU1 
52,4' 
5,0'" 

ST2-AS 
ST2-AS 

se. ST • 

AVAILABIL 
100.,. '00.,. 

'J19%. _'OQ.'" 
,OC'.,. '00.,. 
,OC'.,. ,OO'!(, 

,e ,.,. 00' 

. 'OO~ 00' 
10).,. 
10)'" 
10''''' 00 

.Il! ).,._ '00_'" 

3,69' 

(3,007) 
(3,007) 

2" 
351 

'.253 

2.s.t1 
88 

2,739 

(2,381) 
(2,39') 

207 
256 

8'2 

12,1 
85i 

MI.u 
52.' 
6,' 

· Sn __ ~ 
· ST~-A~ 

SB5 

'00 

'00' 
100' 

I~ 

100"," 

1,757 

(',831) 
(,.g3') 

2" 
147 

o 
'87 

ST5 

'00'" 
'00'" 

100'" 
'OO'!(, 

1,3S. 

~ 

1,376 

(1.403) 
(1.403) 

207 
65 

o 
2" 

$2,' 
~-' 

M.zu 
52, 
5,' 

t>T2 .. AS 

$2,03 52,03 
100,0% 100,0% 

" .; :.: :. 

SB8 GT - LM6 HR50 

'00'" 

'QO"'--

'00'" 

1,203 

(1.007) 
(',007) 

2" 
fI6 

506 

'01)'" 
,OO'!(, 

'00'" 

-
,00.,. 
'00.,. 
100'!(, . 

1.103 

(984) 

o 
4.2 

'00' 
.'00' 
100' 
,e 
100' 
'00' -

(' 174) 
(1.'74) 

207 
11g 

o 
627 

.. 

'00'" 
'00"" 
100'" 
100'" 
100'" 

Ie ).,. 
,e )'!fo 

1.H8 
5' 

1 •• '8 

(2,335J 
(2,335) 

2" 
164 

o 
(31l) 

ST6 

... ; ..... 

100 
100 
100 
,e 
100 

).,. 

'e )'!fo 

'0)"" 
10)"" 

3.372 
'43 

3,5'5 

(2.831) 
(2.831) 

207 
330 

',223 

., 

';: 

'00 
100 
100 

'00 
'00 

76'" 
'00'" 
,e )'!fo 

'e )"" 
'00"" 

3.681 
'55 

3,74. 

(2,872) 
(2,972) 

2" 
359 

',347 

Ga. 
52,03 

52." 
5.0'" 
" .: 

§l2-AS 
SBilT8 

,00.,. 

100.,. 
'00.,. 

,00.,. 
100% 
-
100.,. 
,00.,. 

100"" 

30.422 
1.157 

31.57. 

(25,702 
(25,702) 

2,518 
2,863 

11,226 

Goo 
52,03 
g5,O.,. 

M.zu! 
52," 

'.: ',': 

Gil 
52,03 

ST.-A. 

.5,!2-.M_ 
SHW8 

USS 
,00'" 

100'" 
,00'" 

-
-

---
,OO'!(, 

'00'" 
100"" 
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UNIT UTILIZATION 

~ ~------------------------------------
--------------------------~ 

100 

o 
MONTH 

.. HRSG #1 ~ HRSG #2 

IK2l Blrs #4-#6 ~ Boiler #8 

~Blr#9 
[Z] HWB3-6 

ELECTRICITY PRODUCED 
~ r-----------------------------------

----------------------------~ 

o 
MONTH 

III GT #1 (LM6000) ~ GT #2 (LM6000) ~ Turbine #8 

~ Turbine #6 ~ Turbine #5 [Z:J Turbine #4 



I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
J 
I 

TPS Sella - Case S2 

PRODUCT - LP STEAM 

Customer Requirement 
Station Use, Losses, etc. 

Header 

Blr#9 

Unit 

Header 

Blr#9 

Tots! 
Steam Not Served 

PRODUCT HOT WATER 

Customer Requirement 
Station Use, Losses, etc. 

HW83-6 

. Blrs 4-5 
81rs 5-6 
81r#1 

Totsl 

Unit 

tJlWH 
tJlWH 

2 

tJlWts 

--
-

lea.700 
--

159.000 
-

MWH 

MWH 
MWH 

MWtw 

--
14B4.00c 

-
35.190 

41.000 
101.300 

-

~ 

t 

LOAD DISPATCH AND ENERGY UlSt:: - Y cAn "''' I v 

WINTER SUMMER WINTER 

Jan Feb Mar ~ M~ June JulY Aue Sect Oct Nov Dec 

I ~I 87033
1 ~I 42829/ 27705/ ~I 19405

1 
1677~ I 1OO19l 2::1 

41289J 58894 

7300 3059 1678 1648 1855 1831 4035 4950 

1 928381 94341 1 580851 458881 293831 27891 I 21053 I 18634 I 20850 1 270461 453241 63844 

.1 .1 .\ 71 .1 .1 'D I ttL '2J ,~I ,.1 t5 

Awraae Loadine - MW 

- - - - - 1 - - - - - - -
- - - - - 1 - - - - - - -
- - - - - - - - - - - -
6.6 22.3 - - - - - 29.0 - - -
- - - - - - - - - - -
- - - - - - - - - - - -

118.0 118.1 78.1 63.7 39.5 38.7 28.3 25.0 - 38.4 62.9 65.8 

- - - - - - - - - - - -

Unit Ener~y Output - MWH (Before Ad'ustment lor Minimum Loading Limitation 

- - - - - - - - - - - -
- - - - - - - - - - - -

- - - - - - - - - - - -
5046 14998 - - - - - - 20850 - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

87792 79342 58085 45888 29383 27691 21053 18634 - 27046 45324 63844 

- - - - - - - - - - - -
92838 94341 58085 45888 29383 27891 21053 18634 20850 27046 45324 83844 

1
29036912491021202460 11177621 374061 12028J 34221 1 309551 35621 / 62321 /1832291272620 

43359 41906 3e617 29762 37589 ~532129079282961 25349 25695 54!Kl6_ -_33!33_ 

1 333728 1 291008 1 239077 1 147524 1 74995 1 27349 1 63300 1 59251 1 61170 1 88016 1 237735 1 239187 

.1 .\ .1 1 I .1 • J ,.\ " I 121 131 1.\ " 

AWrilgll L I8dine - tJiW 

- - - - - - - - - - - -
- - - - - - - - - - - -

127. 31.7 -""- - - - --- 118. 108.8 

- - - - - - - - - - - -
31.p 

- ""-= --- -- 30.2 

35.0 35.1 33.5 32.2 10.0 8.8 12.1 - 7.6 25.3 35.2 35.2 

41.0 40.9 40.6 37.1 14.7 28.9 26.9 13.4 - 28.9 41.0 41.0 

, 101.3 101.2 100.6 100.3 94.2 23.5 64.5 71.3 84.5 ea.4 101.3 10 .3 

448.6 433.0 332.7 231.4 118.8 61.2 103.5 64.7 92.1 199.0 330.2 321.5 

Unit Ener~Y Outout - MWH Illetore --. ... , I te . Minimur Loadina ,"n", 
- - - - - - - - - - - --
- - - - - - - - - - - -

JiW~3 __ 6_ 11593 - - - - - 1618 84987 
17563' 148298 86021 

80953 

- - - - - - - - - - - -
Blrs 4-5 

l562 - - - - - 3'3 2 
!3 iO 

11 

Blrs 5-6 
)445 265 595 1214 - 347 2 

Tats! 33 291)0 2390 7 14 '524 74995 27349 63300 59251 61170 88016 237: 15 23918 

Hot Water Not Served MWH 

ADJUSTED FOR MINIMUM LOADING - MWH 

Steam 
Unit Utilization after Adjustment for Minimum Loading - MWH(Staam) 

- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

Header 5046 14998 - - - - 20850 - - -
- - - - - - - - - -

- - - - - - - - - - - -
81,#9 87792 79342 58085 45888 29383 27891 21053 18634 - 27046 45324 63844 

- - - - - - - - - - -
Total 92638 94341 58085 45688 29383 27891 21053 18634 20850 27046 45324 63844 

Hot Water Unit Utilization after Ad'ustmentlor Minimum Loading - MWH Hot Water 

- - - - - - - - - - -
- - - - - - - - - - - -

HWB3-6 177392 148342 88860 18442 - - - - - 2875 89062 84203 

- - - - - - - - - - - -
Blrs 4-5 24402 23571 20454 9781 - - - - - 2555 20880 22931 

Blrs 5-6 26063 23608 24954 20595 285 595 1214 - 347 5625 25337 26181 

Blr#9 30504 27517 30040 27389 6461 10366 14643 6534 - 11519 29520 30504 

Header 75367 67970 74770 71316 68250 16387 47443 50717 00824 65443 72936 75367 

Tots! 333728 291008 239077 147524 74995 27349 63300 59251 61170 88016 237735 239187 



I 
TPS SOfia - Case S2 LOAD DISPATCH AND ENERliY u .. t: - It:'''',,v Iv 

I 
I 
I ClI:nI . FOR BAC • DCI~"'" IClO:;STEAM TUR8lf11E~ -_MWH_ 

e:1s 
Thermal output I in electric -MWHt 

- - - - - - - - - - - - .-

I - - - - - - - - - - -- - -
- - - - ~ .. --- - - - - - - -

Turb5a 0.99 B98 2666 - - - - - - 3709 -- - -
urb 4a _O.~ 8925 8621 7481 iT. - - - - - 934 17 83e7 

I 
urb Sa 0.97 9532 .8635 912,[ ~ lc:l4 217 444 - _1~ ~ 9576 

urb· 0.98 19017 j7g31 16223 1; 338 _56~ 6Z!8 556C .~7I. ~. 1220 1: 17450 

urb'Sb 0.99 26206 23634 25999 2- 798 23731 56118 16497 17635 21150 Z ]756 2, 26206 

rolal 64636 60788 56830 41 ~46 29448 121014 ~520 21312 24985 3967 5] )7 61619 

STEAM TO CONDENSING TURBINES AND REJECTION - MWH 

I Incremenlal1hermal oU1Put represented in electric C eneration and refection - MWHt 

- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

I 
- - - - - - - - - - - -

Turb 4C m3 6204 98SO 10126 - - - - - 2123 8961 6558 

Turb 50 6887 6164 7478 6763 588 260 - - 1094 2843 6603 6B23 

- - - - - - - - - - - -
Turb 6c 16962 12461 18754 16762 ~590 - - - 19066 24241 17809 18402 

I UNIT UTILIZATION TOTAL MWH -
Unit Unit Utilization MWH 

Boller #8 - 40176 36288 40176 38S8O 40176 - 40176 40176 38S8O 40176 38S8O 40176 

I - - - - - - - - - - - - -
HWB3-6 - 117392 148342 8S66O 16442 - - - - - 2875 69062 64203 

HRSG#2 - 34103 40062 29127 27396 24175 - - 26176 36117 ~4 28626 29560 

Blrs 4-5 - 41100 36396 37814 23484 - - - - - 5612 37499 39876 

Blrs 5-6 - 42482 38427 41559 34891 978 1072 1657 - 1588 10524 41207 42560 

I 
Blr#9 - 137373 124090 104348 86615 41456 44465 41276 30845 - 44784 88466 111796 

HRSG#1 - ~ 45360 ~ 46600 ~ 22066 23763 - 46600 ~ 46600 ~ 

Total 522846 470965 392104 278308 157005 67643 106673 99198 127165 176235 372359 396433 

I 
I 
I BOILER EFFICIENCIES 

BASIS BASIS 
%1 'lb2 Efficiency 

Boiler #8 - - 84.6% 84.8% 84.8% 84.8% 84.8% - 84.8% 84.8% 84.8% 84.8% 84.8% 84.8% 

I - - - - - - - - - - - - -
HWB3-6 - - 84.5% 84.5% 84.5% 84.5% - - - - - 84.5% 84.5% 84.5% 

- - - - - - - - - - - - - -
Blrs 4-5 - - 84.8% 84.8% 84.8% 84.8% - - - - - 84.8% 84.8% 84.8% 

81rs 5-6 - - 64.8% 64.8% 84.8% 84.8% 84.8% 84.8% 84.8% - 64.8% 64.8% 84.8% 64.8% 

I 
Sir #9 - - 64.4% 64.4% 84.4% 84.4% 84.4% 84.4% 64.4% 64.4% - 64.4% 644% 84.4% 

- - - - - - - - - - - - - -

INPUT ENERGY REQUIRED 

I Unit Ener IY Input MM8TU 

Boiler #8 - 161747 146094 161747 156529 161747 - 161747 161747 156529 161747 156529 161747 

- - - - - - - - - - - - -

HWB3-6 - 716284 598966 358S05 74465 - - - - - 11607 359621 340000 

I 
- - - - - - - - - - - - -

81rs 4-5 - 165467 154562 152239 94546 - - - - - ~595 l5096B 160539 

Sirs 5-6 - 171031 154704 167314 140466 3937 4315 6673 - 6311 42371 165697 171427 

81r#9 - 555351 501652 421644 350156 167592 179836 166666 124698 - 181046 351719 451961 

- - - - - - - - - - - - -

I 
Total 1789880 1556018 1261949 816165 333276 184154 335266 288444 162840 419366 1190735 1265674 
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TPS SofIa - Case S2 FUEL COST AND OTHER O&M EXPENSE - YEAR 2010 

FUEL COST - BOILERS (Gas) 
Vielgilod 

$lMMBTU 

Boller #8 $1.93 312 

- -
HWB3-6 $1.93 1381 

- -
Blrs4-5 $1.93 319 

Blrs5-6 $1.93 330 

Blr#9 $1.93 1071 

- -
Total 3413 

FUEL COST - BOILERS (Mazut) 
WelCl*d 
$lMMBTU 

Boller #8 $0.12 19 

- -
HWB3-6 $0.12 86 

- -
Blrs4-5 $0.12 20 

Blrs5-6 $0.12 21 

Blr#9 SO.12 67 
- -

Total 213 

HOT WATER SHORTFALL MWH 

Assumed Equivalent Cost S/MWH S10.00 

SUPPLEMENTAL HOT WATER COST - $(000) 

Water and Other Variable O&M Expenses - Boilers S(OOO) 

Basis Basis 
$/MWHw $/MWH 

Boiler #8 SO.03 SO.75 36 

- - -
HWB3-6 SO.03 $0.75 137 

HRSG#2 SO.03 SO.75 31 

Blrs4-5 $0.03 SO.75 37 

Blrs5-6 SO.03 SO.75 38 

Blr #9 $0.03 SO.75 140 

HRSG #1 SO.03 $0.75 45 

Total 464 

Umestone and Ash Removal I :xpenses - Boilers $(000) 

Boiler #8 

HWB3-6 

Blrs4-5 
Blrs 5-6 
Blr#9 

Total 
Removal Costs Only 
By-Product Sales $(000) 

Umestone 

SlMMBTU 

-
-
-
-
-
-
-
-

Emissions Penalties - Boilers $(000) 

Boller #8 

HWB3-6 
HRSG #2 
Blrs4 5 
Blrs 5 6 
Blr #9 
HRSG #1 
Total 

Emissions by Type - Tons 

Particulate 
SO 
NOx 
CO 

Removal 

SlMMBTU 

- -
- -
- -
- -
- -
- -- -
- -

Emissions 

SIMMBTU 
0.0008 0 

- -
0.0008 1 

- -
0.0008 0 
0.0008 0 
0.0008 0 

- -

Pounds 

per Tonn. 

2205 11.1 
2205 155.0 
2205 126.6 
2205 13.6 

WINTER 

282 312 

- -
1155 692 

- -
298 294 
298 323 
967 814 

- -
3001 2434 

18 19 

- -
72 43 

- -
19 18 
19 20 
60 51 

- -
188 152 

33 36 

- -
115 69 
37 26 
34 35 
34 37 

126 104 
41 45 

421 351 

- -
- -
- -
- -
- -
- -
- -
- -

0 0 
- -

0 0 
- -

0 0 
0 0 
0 0 

- -

9.7 7.9 
136.3 110.5 
111.3 90.3 
12.0 9.7 

SUMMER 

Fuel Cost - Natural Gas ~(OOO) 

302 312 - 312 312 302 

- - - - - -
144 - - - - -
- - - - - -
182 - - - -
271 8 8 13 12 

675 323 347 322 240 -
- - - - - -
1574 643 355 647 552 314 

Fuel Cost - Mazut $(000) 

19 19 - 19 19 19 

- - - - - -
9 - - - - -

- - - - - -
11 - - - - -
17 0 1 1 - 1 

42 20 22 20 15 -
- - - - - -

98 40 22 40 35 20 

variable O&M Expense S(OOO 

35 36 - 34 34 36 

- - - - - -
14 - - - - -
24 22 - - 24 36 

22 - - - - -
31 1 1 1 - 2 

86 43 45 40 31 -
43 45 19 20 - 45 

256 147 65 96 89 119 

Umestone Infection & Ash Removal Expenses $(000) 

- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -

Emissions Penalties $(000) 

0 0 - 0 0 0 

- - - - - -
0 - - - - -

- - - - - -
0 - - -
0 0 0 0 - 0 

0 0 0 0 0 - I - - - - - -
o o o o o 

Emissions - Tons 

5.1 2.1 1.2 2.1 1.8 1.0 

71.5 29.2 16.1 29.4 25.1 14.3 

58.4 23.8 13.2 24.0 20.5 11.6 

6.3 2.6 1.4 2.6 2.2 1.3 

WINTER 

312 302 31 

- - -
22 694 6 

- - -
44 291 31 
82 320 3 

349 690 8 

- - -
809 2296 24 

19 19 1 

- - -
1 43 

- - -
3 18 1 
5 20 

22 43 
- - -

51 143 

36 35 
- -

2 69 
20 25 

5 34 
10 37 
45 87 11 
45 43 

164 330 3 

- - -
- - -
-
- -
- - -
- - -
- - -
- - -

0 01 
- - 1 -

0 01 
- - --

0 oj 
0 01 --

01 
01 - - : -
o 

2.6 7.5 8 
36.7 104.3 112 
30.0 85.2 92 

3.2 9.2 9 



I 
TPS Sofia - ea.. S2 ELECTRIC GENERATION. NET POWER tNT t:HCHA"''''~ ,,,,..., ""'" ,"""" ... _. 

WINTER SUMMER WINTER 

>I!!!. Ell! !!!!r &?!. M!¥ June ~ W laR! ~ ~ Q!£ 

Average ~ Required 20215 19S05 13831 11832 9421 4"821 7047 800B 9092 10027 15907 18207 

Slation Use (inel Above) 
TOIaI 20215 lQ805 13831 11832 9421 4821 7047 800S 9092 10027 15907 18207 

I BACK PRESSURE TURBINE/GENERATOR OUTPUT AVERAGE ~ -
BASIS 
UNITe Back Pressure Turbine/Generator 0 rtput & ContJact Purchase 

I 
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

TurbBa 1189 3912 - - - - - - 5076 - -
Turb4a 11894 12496 9794 6346 - - - - - 7296 10331 10980 

Turb5e 12479 12515 11948 11551 3836 3126 4303 - 2698 9583 12536 12536 

I Total T/G Output 88582 69901 19361 33467 28178 36722 55172 76054 81096 
TurbS 25000 25000 21260 18062 7355 6434 7312 4819 - 8151 18474 2266B 

Turb6b 34713 34660 34438 33942 31435 7800 21852 23360 28948 30142 34713 34713 

BaIa~ Required -848S0 -89m -83e09 -58069 -33205 -14540 -26420 -20170 -27631 -45145 -60147 -62689 

I CONDENSING TURBNE OUTPUT AVERAGE ~ -- Condensin, Turbine Output - ~ 
Ellc:oIencv 

- - - - - - - - - - - -
- - - - - - - - - - - -

I 
- - - - - - - - - - - -
- - - - - - - - - - -

Turb4c 97.4% 3663 3237 4656 8467 - - - - - 5966 4374 4033 

Turb 5c 97.4% 3246 3227 3525 3733 7785 1345 - - 8383 4767 3216 3216 

- - - - - - - - - - - -
Turb Be 98.6% 8039 6531 8878 9178 10694 - - - 9327 11476 8712 8712 

I 
TOIaI Condens Turb Output 14946 12995 17059 19378 18479 1345 17710 22211 16302 15961 

Balance Required -79798 -81772 -80688 -77448 -51685 -15885 -26420 -20170 -45341 -87356 -76449 -78850 

GT Cepabilly @ Full Load 37266 37266 37266 37266 37266 37266 37266 37266 37266 37266 37266 37266 , 
I 

Balance Required (KW) -154330 -156304 -155200 -151980 -126217 -90417 -63886 -57436 -119873 -141888 -150981 -153382 

Hours in Period 744 872 744 720 744 720 744 744 720 744 720 744 I 
Balance Required (MWH) -114822 105037 -115469 -105938 -85567 -82163 -44613 -42733 -52005 -89675 -108706 -114116 

PURCHASED POWER 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 

Peek Demand ~ 
Demand Charge - $~ 
Energy Charge - Cents~~ 0.0269 0.0269 0.0269 0.0233 0.0233 0.0233 0.0233 0.0233 0.0233 0.0269 0.0269 0.0269 J 
Demand Charge - S(OOO) 
Energy Charge - $(000) 

TOIaI - S(OOO) I 
POWER SALES 

Energy Credit - Cents~H 0.0260 0.0260 0.0260 0.0226 0.0226 0.0226 0.0226 0.0226 0.0226 0.0260 0.0260 0.0260 

Energy Credit S(OOO) 2990.2 2735.4 3007.0 2391.0 11131.2 1403.5 1006.9 1164.5 1173.8 2335.3 2830.9 2971.8 

GAS TURBINE I 
Percent Load 

I 
Percent Load 

GT-LM6000 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

GT-LM6000 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

I 
I 
I 
I 
I 
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TPS Sofia - Case S2 GAS TURBINE EXHAUST HEAT UTILIZATION AND SUPf-'Lt:Mt:1'< IAM1 ron""" -

WINTER 

GAS TURBINE 

Interpolated Exhaust Temperature 'F 

- - -
- - -
- - -
- - -

GT-LMSOOO B80 B80 B80 

GT-LMSOOO 880 8BO B80 

Interpolated Exhaust Flow M#JHr 

GT-LMSOOO 1156.2 1156.2 858.2 

GT-LMSOOO 958.2 1156.2 956.2 

Available Exhauet Heat MMBTUJHr 

- - -
- - -
- - -
- - -

GT-LMSOOO 156.618 158.618 156.618 

GT-LM6000 156.618 156.618 158.618 

Steam Available MW per Hour (WIthout Supplementary Firing) -
Enthelpy 

Ai ... 
3.412 - -
3.412 - -
3.412 - -
3.412 - -

HASG#2 3.412 45.902 45.902 

HASG#1 3.412 45.902 45.902 
91.804 81.804 

Steam Supplied from Supplemental Firin.g - MW per Hour 

HASG#2 

HASG#1 

Utilized HASG Energy MW per Hr 

HASG#2 
HASG#1 

EltlClric Output Ratio 
Utilized Heat Ratio 

21.533 
21.533 

--
--
45.8 
87.5 

113.3 
39.7% 
60.3% 

35.342 
35.342 

--
-
-
!59.6 
87.5 

127.1 
37.0% 
63.0% 

Steam Rejection - Avg MW (To Cooling Tower) 

Maximum 
Capacity 

From CondenSing 200.000 27.3 

From Gas Turbin .. 200.000 -
Total 27.3 

Sul22lementary Firin Energy InDut z MMBTU 

HASG#2 
HASG#1 54662 

Sup~emenlaryFiring Fuel Cost (Gas) 

HASG#2 
HASG#1 

Tolal 

Unit Cost 
SiMMBTl 

2.03 
2.03 111 

111 

23.7 

-
23.7 

81035 

165 
185 

----
45.902 
45.902 
91.804 

14.844 
14.844 

----
39.1 
87.5 

1OB.6 
41.1% 
58.9%. 

31.1 

-
31.1 

37883 

76 
76 

SUMMER 

Exhaust Temperature 'F 

- - - - - -
- - - - - -
- - - - - -
- - - - - -

880 8eo B80 - B80 B80 

B80 B80 8BO B80 - B80 

Exhauet Flow M#JHr 

858.2 856.2 856.2 

956.2 956.2 956.2 956.2 956.2 

Exhaust Heat MMBTUJHr 

- - - - - -
- - - - - -
- - - - -
- - - - - -

156.618 156.618 156.618 - 156.618 156.618 

156.618 156.618 156.618 156.618 - 156.618 

Total Steam Available without Supplementary Firing MWJHr 

- - - - - -
- - - - - -
- - - - -
- - - - - -

45.902 45.902 45.902 - 45.902 45.902 

45.902 45.902 45.902 45.902 - 45.902 

91.804 91.804 91.804 45.902 45.902 91.804 

Steam SUPDlied from SUDDlementary Firlna - MW per Hour 

13.745 
13.745 

--
-
-
38.0 
87.5 

1OS.5 
41.4% 
58.8% 

35.4 

-
35.4 

33767 

69 
89 

8.189 
8.189 

--
--
32.5 
87.5 

100.0 
42.7% 
57.3% 

HASG Ene :IY Utilized - MWJHr 

-----
30.7 
30.7 

70.8% 
29.2% 

-
----
31.9 
31.9 

53.8% 
46.2% 

--
--
37.9 

-
37.9 

49.9%. 
50.4% 

Steam RejtlClion - Average MW 

36.8 15.0 27.9 55.9 

- 61.1 14.0 8.0 

36.8 76.1 41.9 63.9 

20787 

SUDDlementary Firing Fuel Cost S(ooo) 

42 
42 

28.636 
28.636 

--
--
52.9 
87.5 

120.4 
38.2% 
61.8% 

60.3 

-
60.3 

70349 

143 
143 

-
-
-
-

880 
B80 

956.2 

---
156.618 
156.618 

----
45.902 
45.902 
91.804 

5.324 
5.324 

--
--
29.6 
87.5 
117.1 

43.4% 
56.8% 

40.5 

-
40.5 

13516 

27 
27 

WINTER 

---
-

B80 
8BO 

856.2 
956.2 

---
-

156.618 
156.618 

----
45.902 
45.902 
91.804 

15.454 
15.454 

--
-
-
39.8 
67.5 

107.3 
41.0% 
59.0% 

29.7 

-
29.7 

37964 

77 
77 

----
B80 
B80 

1156.2 
956.2 

-
---

156.618 
156.618 

----
45.902 
45.902 
91.804 

15.454 
15.454 

-
--
39.8 
67.5 

107.3 
41.0% 
!S9.0% 

29.1 

-
29.1 

39229 

eo 
eo 



I 
TPS SoflS - Case S2 SUPPLEMENTARY DA1A - Yt:AH~U1U 

WINTER 
WINTER SUMMER 

I 
A verage MW utilized before Incremental MWe and Rejection - Cogen Units Only 

- - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

Turb6a 8.0 26.3 - - - - - - 34.1 - - -

I 
Turb4a 44.8 47.9 37.5 24.3 - - - - - 28.0 39.6 42.1 

Turb 5a 47.8 48.0 45.8 44.3 14.7 12.0 16.5 - 10.3 36.7 48.1 48.1 

Turb8 184.6 184.7 140.3 120.3 55.7 61.8 55.5 41.5 - 60.2 122.9 150.3 

Turb 6b 136.5 136.3 135.4 133.5 123.6 30.7 85.9 91.9 113.9 118.5 136.5 136.5 

I 
BASIS TCIIIII Bolio< 

Maximum Steam Flow - MW KW1 IIIW 

- - - - - - - - - - - - -
- - - - - - - - - - - - -
- - - - - - - - - - - - -

I 
- - - - - - - - - - - - -

Turb4c 18000 - 55.2 57.1 50.8 42.8 3.0 12.5 27.9 27.9 27.9 45.0 52.1 53.6 

Turb50 18000 - 57.1 57.2 55.9 54.9 36.9 15.8 4.1 27.9 34.3 50.3 57.2 57.2 

- - - - - - - - - - - - -
Turb 6c 50000 - 167.3 181.1 160.6 159.5 154.0 25.4 74.7 76.6 174.4 151.1 161.3 161.3 

I Establish Cogen Unit Incremental MW Ito Condensina Turbine & Coolina Tower) 

Steam to Condensina Turbine - Averaoe MW (Maximum Steam less Steam Utilized for Process and Hot Water) 

- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

Turb 4c 10.4 9.2 13.3 18.4 3.0 12.5 27.9 27.9 27.9 17.0 12.5 11.5 

Turb 50 9.3 9.2 10.1 10.6 22.2 3.8 - 27.9 23.9 13.6 9.2 9.2 

I 
- - - - - - - - - - - -

Turb 6c 22.8 18.5 25.2 26.1 30.4 - - - 26.5 32.6 24.7 24.7 

42.5 37.0 
63.2 46.4 45.4 

48.5 55.1 55.6 27.9 55.9 78.3 16.4 

Maximum Hours Use 

I 
Maximum Hours Use 

Boiler #8 - - - - - - - - - - - -
- - - - - - - - - - -

HWB3-6 744 672 677 366 - - - - 62 720 744 

Turb Ba 744 672 - - - - - - 720 - - -

I 
Turb4a 744 672 744 549 - - - - - 125 720 744 

Turb 5a 744 672 744 635 26 68 100 - 46 209 720 744 

Turb8 744 672 744 720 744 720 744 744 - 744 720 744 

Turb 6b 744 672 744 720 744 720 744 744 720 744 720 744 

I Averaoe Load - MW 

Average Load - MWt 

Boiler #8 - - - - - - - - - - - -

I 
- - - - - - - - - - - -

HWB3-6 238.4 220.7 131.2 50.4 - - - - - 46.4 123.7 113.2 

TurbBa 6.8 22.3 - - - - - - 29.0 - - -

Turb 4a 32.8 35.1 27.5 17.8 - - - - - 20.5 29.0 30.8 

Turb 5a 35.0 35.1 33.5 32.4 10.8 8.8 12.1 - 7.6 26.9 35.2 35.2 

I Turb8 159.0 159.0 118.4 101.8 48.2 53.1 48.0 36.5 - 51.8 103.9 126.8 

Turb6b 101.3 101.1 100.5 99.1 91.7 22.8 63.8 68.2 84.5 88.0 101.3 101.3 

I 
Average Load - Mlb/Hr 

BASIS 

MBTUllb Averaoe Load - Thousand Pounds per Hour 

- - - - - - - - - - - - -
- - - - - - - - - - - - -

I 
I 

- - - - - - - - -
1.1218 20.6 67.9 - - - 88.1 - -
1.0475 106.8 114.3 89.5 58.0 - - 66.7 94.5 100.4 

1.0475 114.1 114.4 109.2 105.6 35.1 28.6 39.3 24.7 87.6 114.6 -~~ 
0.9790 554.1 554.2 412.8 354.7 167.9 185.2 167.2 127.3 180.7 362.3 442.0 I 

0.9801 352.7 352.1 349.9 344.8 319.3 79.2 222.0 237.3 294.1 306.2, 352.7 ; 352.7. 

Average Load - % ---r 
I 

I 
Averaoe Load - Percent of Rated Capacity 

Boiler #8 - - - - - - - - - -
- - - - - - - - - - - -

HWB3-6 51.4% 47.6% 28.3% 10.9% - - - - - 10.0% 26.7% 24.4% 

Turb Ba 4.1% 13.4% - - - - - - 17.4% - - -

I 
Turb 4a 93.2% 99.7% 78.1% 50.6% - - - - - 58.2"10 82.4% 87.6% 

Turb 5a 99.5% 99.8% 95.3% 92.1% 30.6% 24.9% 34.3% - 21.5% 76.4% 100.0% 100.0% 

Turb8 79.5% 79.5% 59.2"10 50.9% 24.1% 26.6% 24.0% 18.3% - 25.9% 52.0% 63.4% 

Turb 6b 100.0% 99.8% 99.2% 97.8% 90.6% 22.5% 62.9% 67.3% 83.4% 86.8% 100.0% 100.0% 

I 



I 
TPS SoflS - Case S2 SUPPLEMEN1AHY UAII'I - YI::I'I"«V.v 

WINTER 
WINTER SUMMER 

I Steam Supply - Percent of Ol.ltputand Total Cost 

Percent ofTotal Output 

Boiler #8 4.1% 12.3% - - - - 16.6% - - -

I 
- - - - - - - - - - - -

HWB3-6 - - - - - - - - - - - -
HRSG#2 1 GT 4.1% 12.3% - - - - - - 16.6% - - -
Blrs 4-5 - - - - - - - - - - - -
Blrs5-6 - - - - - - - - - - - -

I 
Blr#9 63.9% 63.9% 55.7% 53.0% 70.9% 62.7% 51.0% 60.4% - 60.4% 51.2% 57.1% 

HRSG#1 1 GT 4.1% 12.3% - - - - - - 16.6% - - -
Cost of Steam SUm!I~ 

Gas 722 731 453 358 229 217 164 145 157 211 353 498 

Oil 44 41 28 22 14 14 10 9 3 13 22 31 

I 
Ugnite 
Coal 

OtherExp 94 95 58 45 31 28 21 19 20 27 45 64 

Toial 860 866 539 426 274 259 195 173 179 251 420 593 

Hot Water Supply - Percent of Outout and Total Cost 

I Percent ofT etal O_UI!: ut 

Boiler #8 60.5% 55.8% 62.6% 62.1% 59.6% 74.2% 74.2% 74.2% 48.4% 58.2% 62.8% 62.8% 

- - - - - - - - - - -
HWB3-6 100.0% 100.0% 100.0% 100.0% - - - - - 100.0% 100.0% 100.0% 

I 
HRSG#2 1 GT 60.5% 55.8% 62.6% 62.1% 59.6% 74.2% 74.2% 74.2% 48.4% 58.2% 62.8% 62.8% 

Blrs 4-5 59.4% 61.4% 54.1% 41.6% - - - - - 45.5% 55.7% 57.5% 

Blrs5-6 61.4% 61.4% 60.0% 59.0% 29.2% 55.5% 73.2% - 22.1% 53.4% 61.5% 61.5% 

Blr#9 22.2% 22.2% 28.8% 31.6% 15.6% 23.3% 35.5% 27.7% 25.7% 33.4% 27.3% 

HRSG #1 1 GT 60.5% 55.8% 62.6% 62.1% 59.6% 74.2% 74.2% 74.2% 48.4% 58.2% 62.8% 62.8% 

I 
Cost of Hot Water SUm!I~ 

Gas 2579 2245 1844 1133 571 456 738 298 460 673 1834 1845 

Oil 137 118 92 49 15 5 22 19 9 22 92 92 

Ugnite 
Coal 

I 
OtherExp 282 248 207 133 69 25 56 52 57 81 205 208 

Total 2.999 2.612 2.144 1.315 654 486 816 369 526 m 2.131 2.145 

Electric Supplv - Percent of Output and Total Cost 

Percent of Total ~UI!: ut 

I 
Boiler #8 35.4% 31.8% 37.4% 37.9% 40.4% 25.8% 25.8% 25.8% 35.0"';' 41.8% 37.2% 37.2% 

- - - - - - - - - - - -

HWB3-6 - - - - - - - - - -
HRSG#2 1 GT 35.4% 31.8% 37.4% 37.9% 40.4% 25.8% 25.8% 25.8% 35.0% 41.8% 37.2% 37.2% 

Blrs 4-5 40.6% 38.6% 45.9% 58.4% - - - - - 54.5% 44.3% 42.5% 

I 
Blrs 5 6 38.6% 38.6% 40.0% 41.0% 70.8% 44.5% 26.8% - n.9% 46.6% 38.5% 38.5% 

Blr#9 13.9% 13.9% 15.5% 15.4% 13.5% 14.0% 13.5% 11.9% - 13.9% 15.4% 15.6% 

HRSG #1 1 GT 35.4% 31.8% 37.4% 37.9% 40.4% 25.8% 25.8% 25.8% 35.0% 41.8% 37.2% 37.2% 

Cost of Electric Supplv 
Gas 738 655 729 651 401 181 261 109 340 468 685 732 

I 
Oil 32 28 32 27 11 3 8 7 7 15 29 32 

Ugnite 
Coal 

OtherExp 89 80 87 78 48 12 20 19 42 56 81 87 

Total 859 763 848 757 460 196 288 135 389 539 796 852 

I Check 516 466 516 499 516 499 516 499 516 499 516 

Avera!l!! Cost p!!r Me!l!!watlhour: 
Steam $9.27 $9.18 $9.28 $9.27 $9.32 $9.30 $9.26 $9.29 $8.60 $9.29 $9.27 $9.29 

I 
Hot Water $8.99 $8.97 $8.97 $8.91 $8.72 $17.78 $12.89 $6.22 $8.61 $8.82 $8.97 $8.97 

Electricity $6.62 $6.45 $6.74 $6.61 $4.97 $2.98 $5.79 $2.n $6.65 $5.55 $6.62 $6.67 

I 
I 
I 
I 
I 
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TPS Sofa - Case S3 PROJECTED OPERAllNG AND CAPITAL EXPENDmJRES 

COST EXCl INFLAll 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009- - 2010' 

OPERAllNG EXPENSES 

Fuel Cost - Natural Gas 29,034 33,428 38,549 44,455 51,265 69,10'5 70',860 70,152 69,450 68,756 67,990 67,311 67,311 67,311 67,311 67,311 67,311 

Oil 1,678 1,787 1,906 1,955 2,007 1,627 1,670 1,653 1,636 1,619 1,599 1,583 1,583 1,583 1,583 1,583 1,583 

lignite 
Black Coal 

Total Fuel Cost 30,712 35,215 40,455 46,410 53,272 70',732 72,530 71,804 71,086 70,374 69,590 68,693 68,893 68,893 68,893 68,893 68,893 

S~plemental Cost (Shortfall) (D) (D) (0) (0) (0) (0) (D) (0) (D) (0) (0) (0' 

Purchased Power Cost 
Credit for Power Sales (12,923l !13,783l (14,7011 (15,0851 (15.4811 (40,692l (41,7621 (41,7621 (41,762) (41,762) (41,762) (41,7621 (41,762) (41,7621 (41,7621 (41,762l (41,762 

Net Power Interchange (12,923) (13,783) (14,701) (15,085) (15,400) (40,692) (41,762) (41.762) (41,762) (41.762) (41.762) (41,762) (41,762) (41.762) (41,762) (41,762) (41,762 

Fixed O&M and Overheads 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2.518 2,518 2,518 2,518 

Other Variable 0 & M 2,917 2,917 2.917 2.917 2,917 3.427 3.427 3.427 3.427 3.427 3.427 3.427 3,427 3.427 3.427 3,427 3.427 

Soment and Ash Removal 
Credit: By-Product Sales 

Emission Penalties 11 11 11 11 11 8 8 8 8 8 8 8 8 8 8 8 8 

Maintenance Expenses 1.70'5 2,264 2.145 2.185 2,329 3.324 4,011 3.533 3.830 4.137 3.768 4,148 3.893 4.159 4,680 3.844 4.590 

Plant Removal Costs 
TotaIO&M Expense 24.940' 29,142 33,345 38.957 45,567 39,318 40,733 39.529 39,108 38,703 37.549 37.233 38.978 37.244 37.765 36.929 37.675 

CAPITAL COSTS 
Foreign 16126 19140' 28222 43959 49043 12466 4050 4050 4050 17430 

Domestic 1122 2749 3810 4443 5684 2412 1174 1174 1174 1717 

Total 17247 21888 32032 48402 54727 148n 5224 5224 5224 19147 

TOTAL COST 42.1117_ 5J.03O_ Ji5.a7L __ 87~35~ _100.294. _ ~95 ___ 45.957 __ ~.753 __ 44.33L _ 57.850 _ 37.549 37.233 38.978 ~Z244 ~Z165 36.929 37.67, 

Present Worth 40.594 45,466 53.934 66.731 70.937 35,492 27.867 25.127 23.047 27.847 18.736 15.366 14.130 13.178 12.372 11.202 10.582 

Cumulative Present Worth 40.594 66,061 139.995 206.726 2n.862 313.154 341.022 366.149 389.196 417,043 433.n9 449.144 463.275 478.452 486.824 500,027 510.608 

OPERAllNG STAllSllCS 

TOTAL PRODUC1l0N - MWH 
LPStaam 545.178 545.178 545.176 545.176 545.176 545.176 545,176 545.176 545.178 545,176 545.176 545.176 545.178 545,176 545.176 545.176 545.176 

Hot Water 1.662.339 1,862.339 1.862.339 1.862.339 1.862.339 1.862.339 1.862.339 1.862.339 1.862.339 1.862.339 1.862.339 1.862.339 1.862.339 1.862.339 1.862.339 1.862.339 1.862.339 

Electricity 595,117 595,117 595.117 595.117 595.117 1.365.781 1.365.781 1.365.781 1.365.781 1.365.781 1.365.781 1.365.781 1.365.781 1.365.781 1.365.781 1.365.781 1.365.781 

COST OF PRODUC1l0N - $/MWH (Variable Costs only) 

LPSteam $10.54 $11.95 $13.58 $15.44 $17.57 $18.00 $18.43 $18.26 $18.09 $17.92 $17.70 $17.54 $17.54 $17.54 $17.54 $17.54 $17.54 

Hot Water $10'.41 $11.81 $13.44 $15.29 $17.42 $20.23 $20.72 $2o.s2 $20.32 $20.13 $19.91 $19.72 $19.72 $19.72 $19.72 $19.72 $19.72 

Electricity $14.28 $16.18 $18.40 $20.92 $23.83 $19.54 $20.01 $19.82 $19.63 $19.45 $19.25 $19.06 $19.06 $19.06 $19.06 $19.06 $19.06 

NOT SERVED - MWH 
LPSteam 
Hot Water 

(0) (0) (0) (0) (0) (D) (0) (0) (0') (0) (0) (0' 

Electricity 
EMISSIONS - TONS 

Particulates 82 82 82 82 82 64 64 64 64 64 64 64 84 64 64 64 64 

SO. 1,144 1.142 1.142 1.142 1,142 902 902 902 902 902 900 900 900 900 900 900 900 

NOx 934 932 932 932 932 737 737 737 737 737 735 735 735 735 735 735 735 

CO 100 100 100 100 100 79 79 79 79 79 79 79 79 79 79 79 79 

, .-S:::> 

I~ 
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UNIT UTILIZATION 
GOO r--------------------------------------------------------------------, 

~r_~~~--------------------------------------------------~ 

100 

o 

200 

150 

100 

50 

o 

_HRSG#1 

bZSl Boiler #8 

July 

MONTH 

~Blr#9 
~Boiler#7 

~ Blrs#4-#6 

LZJ HWB4-6 

ELECTRICITY PRODUCED 

MONTH 
_GT-6FA ~ Turbine S3 ~ Turbine #8 ~ Turbine #6 ~ Turbine #5 [Z] Turbine #4 
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TPS Sofia - Case 53 

PRCDUCT - LP STEAM 

Customer Requirement MWH 
S1ation Use, u-es, etc. MWH 

~ 

MWts --
Heaeler 166.700 --
Blr#9 159.000 

--

Unit 

Heaeler 

Blr#9 

TOIaI 
Staam Not Served MWH 

PACDUCT - HOT WATeI 

Customer Requirement MWH 
S1ation Use, Loeses, etc. MWH 

-
I HWB 4-6 348.000 -
Blrs 4-5 35. 90 

Irs 5-6 '. Meier 1. 
RSC 1#1 
'otal 

Unit 

IHWB4-6 

I Blrs4-5 
I Blrs5-6 
IBlr#9 
1 Heaeler 
IHRSG.1 

Total 
Hot Wata' Not Served MWH 

LOAD DISPATCH AN:) ENERGY USE - YEAR 2010 

WINTER SUMMER WINTER 

I ~I 8~1 S:l 42829
1 217~J ~I 1~1 len~1 19019

1 2::1 4:1 
58894 

- 7308 3059 1878 1848 1855 1831 4950 

I 928381 843411 5e0851 458881 293831 27891 I 21053 1 18634 1 208S01 27046 1 453241 63844 

~ .1 .1 .1 • J .1 .1 101 "I •• 1 ,,1 .. I •• 
A_08 Loadlna - MW 

- - - - - - - - - - - -- - - - - - - - - - - -
• 6.7 22.3 - - 39.5 - 28.3 25.0 29.0 - - -- - - - - - - - - - - -

- - - - - - - - - - - -
118.0 118.1 78.1 63.7 - 38.7 - - - 36.4 62.9 85.8 

- - - - - - - - - - - -
- - - - - - - - - - - -

Unit EnemvOulDut - MWH RIeforeAd'ustmentlorMinlmum LoadinoUmtlation 

- - - - - - - - - - - -- - - - - - - - - - - -
5020 14998 - - 29383 - 21053 18634 208SO - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

87818 79342 58085 45888 - 27891 - - - 27046 45324 63844 - - - - - - - - - - - -- - - - - - - - - - - -
82838 84341 58085 45888 29383 27891 21053 18634 208SO 27046 45324 63844 

/
2903IS I 2491Cl! I 20248)1 111762 I 374061 120281 34221 1 309551 35821 1 62321 1 183229 1 27263) 

- .~ .~ I 366171 297621 375891 15321 1 290791 28296.1 ~91 ~ 1 545061 -33433 
1333~129'0C1112390771'475241 749951 273491 633001 592511 611701 8801612317351239187 

.1 .1 .1 .1 .1 .1 wi "I ~I ,,1 .. I •• 
"_08 Leading - r.1W 

- - - - - - - - - - - -
155.1 134.4 79.5 - - - - - - - 69.3 51.8 

- - - - - - - - - - - -
.32~ 31.6 19.8 - - - - - 30.2 11.0 
32.4 32. 21.4 - - - -
4'1.0 40.9 38. .31.7 5.9 - -. -

• 10',.1 101.1 98. 87.5 20.9 37.8 23.7 10.7 - 1. 
BlI.6 86.2 85. 85.1 82.5 - 70.2 75.8 17.6 

448.6 433.0 383J 245.5 103.4 43,7 83.8 86.5 88.3 3 341. 

UnIt EI1III' IY OuIDut - MWH 0 Iefore, I Leadlno Umtlation' - - - - - - - - - - - -
115363 90337 37099 - - - - - - - 3522C 26916 - - - - - - - - - - - -
241 1719 1132 - - - -

!1222 5659 - - - - 5310 j;1221667 22736 
3C ~ 1&473 - 11~ - -. -_ 3807 27932 29952 

~..!1 12992 13587 27231 11088286E1. ... 25478 72936 75367 
i35Cl2 11268 61408 - 52212 56385 55860 58220 82158 64436 

33312 291 239077 "17524 74995 27349 63300 59251 61170 811016 2a77a:J 239187 
-0 o 

ADJUSTED FOR MINIMUM LOADING MWH -
s.m 

UnIt Utlllzaton after Adjustment lor MInimum Loading - MWH r. _1IIl - - - - - - - - - - - -- - - - - - - - - - - -
Header 5020 14998 - - 29383 - 21053 18834 208SO - - -- - - - - - - - - - - -- - - - - - - - - - - -
Blr#9 87818 78342 58085 45888 - 27891 - - 27046 45324 63844 - - - - - - - - - - - -- - - - - - - - - - -

Total 92838 84341 58085 45888 29383 27891 21053 18834 208SO 27046 45324 63844 

HotWll1er Unit Utlilmton after Adjustment lor Minimum Loading - MWH jl'lo! water) 

- - - - - - - - - - -
HW84-6 1181S! 90828 41174 - - - - - - - 38281 31867 

- - - - - - - - -
Blrs4-5 22084 23142 13&44 1132 - - - - 15493 14984 
Blrs5-6 24074 23827 21717 6346 - - - 7137 694 21&45 23465 
81r#9 29746 27509 27205 16674 - 327 - - - 3824 27453 29066 
Header 75236 66002 72142 65158 35504 27021 14853 7251 - 35939 7250B 75367 
HRSG#1 64436 57900 63195 58215 39492 - 4&«7 52000 54034 41759 62158 64436 
Total 333726 ~10C11 239077 147524 74995 27349 €3300 59251 61170 88016 231735 23918i 
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TPS Sofia - Case 53 LOAD DISPATCH AND ENERGY USE - YEAR 2010 

WINTER SUMMffi WINTER 

TOTAL UNIT UllUZAllON BEFORE REQUIREMENT FOR ELECTRIC GENERA1l0N - MWH 

Unit 
OUtput to meet Steam and Hot Water R!qulrements - MWH 

- - - - - - - - - - - -
HWB4-6 118152 90828 41174 - - - - - - 38281 31867 

Header 5020 14998 - - 29383 - 21053 18634 20850 - - -
Blrs4-5 220&4 23142 138« 1132 - - - - - - 15493 14984 

B111I5-8 24074 23627 21717 6346 - - - - 7137 694 21845 23465 

Blr#9 1175ffi 108851 852110 82S62 - 28218 - - - 30669 72777 92912 

Header 75238 88002 72142 65158 35504 27021 14853 7251 - 35939 72508 75367 

HF\SG#1 fI4438 57900 63195 58215 39492 - 48447 52000 54034 47759 l!2156 84438 

TOIaI 4265116 385348 297163 193411 104318 55239 84353 77885 82020 115062 283059 303031 

....... -~ DCI"\I "ft~ • ~FORr IRI;SIEAM TI ...... t.n:e; -_MW!i_ 

e: Thermal OUIDut' In~ I-MWHt 

- - - - - - - - - - - - --
... - - - - - - - - - - - - -

UI;)6a_ OjJ9 - - 5226 - 3745 3314 3709 - - -
~1;)4a_ OjJ7 414 - - - - - -
U1 158_ 0jJ7 2321 - - - - 261(l j4 

UI;)8 0J18 11 i1 - 39BB - - -
TUI ;)6b 0.99 _21 2 2 12345 9396 5165 252' - 1: 

TUIb S3a 0.99 20 189 1 'SE 2 11629 - 14958 18276 H127 1-

TOIaI 83901 79405 74111 55336 29201 13384 23867 22112 23446 3' !4 

STEAM TO CONDENSING TURBINES NIJ REJECllON - MWH 

TUlb4C 
Turb 5c 

Turb6c 
Turb S3c 

UNIT UllUZAllON - TOTAL MWH 
Unit 

I BoIIer#, 
1HW94-§ -

loiler#8 -
111114-5 -
IIrs5-6 -
IIr#9 

- -
--

TOIaI 

INPUT ENERGY ~FnI .ft, . ", 

B11JIk' 
1.4' 

IHWB4-6 1.41 

IOiIer"S i.41 

IIrs4-5 
IIrs5-6 1.4' 

11'''9 1.41 

TaIBI 

BOILER ETFIOENCIES 
BASIS BASIS 

%1 1(,2 

BoIleftn -
H1M:14-e - -
BoIIar#8 - -
Blrs4-5 
Blrs5-6 - -
Blr#9 --- -

INPUT ENffiGY REQUIRED 

Boilertl7 -
HWB4-6 -
Boilertl'8 -
Blrs ~-5 
E'lrs ~-!' -
Blr tl9 -

L -
J 

Toml 

Inaemen1lll1hem1al lUlDut In electric C eMt1lton and reiecI len - MWHt 

- - - - - - - - - - - -
- - - - - - - - -
- - - - - - - - - - - -

9010 6433 8405 994 - - l!238 9851 

7948 6174 6450 4003 - 10001 663 7453 8273 

- - - - - - - - - - -
17067 12442 20300 22386 335B3 44820 - 54848 24305 18081 18402 

20165 16624 21866 25192 54368 - 42084 37213 30925 43027 19790 20165 

UnIt UtillZaton MWH 

40176 36288 40178 3B88O 3844(l 81238 - - - - 3888C 40176 

--"8~52 90828 41174 - - - - - - - 38281 31867 

~ i!OO I54(j 7 il 71318 77f132- 44815 32506 7940672741 7fl9CX 79800 

171 1803 2 2540 - - - - - - 293IJl 30315 

!127 1844 3 - - - - 19747 1811 37261 4C!20 

- - - - - - - - - -~ ~ -

584658 508431 428294 3013Z' 22153) 113444 150304 13791115 2012«1 214968 4<l8S5O 438046 

'ADJUSTMENT- BOI~ ONLY 

~y Input before Elficiuncy, , - UMBTU 

137061 23815 137C 132659 1311$ 277182 - - - - 1~ 1181 

403135 OIIQ(!; 1404 - - - - - - - 111 _'C '31 

211721S 1161 263Ii 243337 264TTl - 1529CB 11091~ 270934 248191 2, !n 

13652 297SI! 922 II66B - - - - - - 1( 135 

I93(J2 16 1232 43232 - - - - 67378 5498 I~ _,< ;73 

~ i6221 42336 3444 251~ - 109B1!B - - - 119855!9349 _31 i6B 

- - - - - - - - - - - -
- - - - - - - - - - - ~ 

156E1B79 1'109655 1101411 679795 395933 387C10 152900 110910 338312 373546 1048681 1134684 

E~, 

84.8% 84.8% 84.8% 84.8% 84.8% 84.8% - - 84.8% 84.8% 

84.5'1(, 84.5'1(, 84.5'1(, - - - - - - - 84.5'1(, 84.5'1(, 

84.8% 84.8% 84.8% 84.8% 84.8% - 84.8% 84.8% 84.8% 84.8% 64.8% 84.8% 

84.8% 84.8% 84.8% 84.8% - - - - - - 84.8% 84.8% 

84.8'J(. 84.8% 84.8% 84.8% - - - 84.8% 84.8% 64.8% 84.8% 

84.4% 84.4% 84.4% 84.4% - 84.4% - - - 84.4% 84.4% 84.4% 

- - - - - - - -
- - - - - - - -

Unit Enet'l1V Input MMBTU 

161747 1~ 161747 156523 154757 327059 - - - - 156523 161747 

477063 366752 166256 - - - - - 154576 128675 

338984 344Oe5 311412 287123 312421 - 180424 130866 319686 292851 309597 321271 

157701 153142 1OS8W 10227 - - - - - - 118350 122047 

164~ 1547fP '45375 51011 - - - - 79502 648B 150118 162328 

5!"23~ 5C1622 4QS12J 298461 - 13Cl00 - - I - '~2000 3477'A 445000 

- - - - - - - - - I - - -
- - - - - - - I - - - -

1852277 1666463 1301n6 803351 467178 4572$ 180424 1308Ei8 399188 441347 1236913 1341078 
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TPS Sofia - Case S3 FUEL COST AND OTHER O&M EXPENSE - YEAR 2010 

FUEL COST - BOILERS (Gas) 
w.~ 

SlMMBTU 

Boiler #7 $1.93 312 

HWB4-6 $1.93 920 

Boiler #8 $1.93 654 

Blrs4-5 $1.93 304 

SIrs 5-6 $1.93 317 

SIr #9 $1.93 1065 

- -- -
Total 3572 

FUEL COST - BOILERS (Mazut) 
w.~ 

SlMMBTU 

Boiler #7 $0.12 19 

HWB4-6 $0.12 57 

Boiler #8 $0.12 41 

Blrs4-5 $0.12 19 

SIrs 5-6 $0.12 20 

BIr#9 $0.12 67 

- -
- -

Total 223 

HOT WATER SHORTFAll MWH 

Assumed Equivalent Cost $/MWH $10.00 

SUPPLEMENTAL HOT WATER COST - $(000) 

Water and Other Variable O&M Expenses - Boilers $(000) 

Basis Basis 
$iMWHw S/MWH 

Boiler #7 $0.03 $0.75 36 

HWB4-6 $0.03 $0.75 92 

Boiler #8 $0.03 $0.75 76 

Blrs4-5 $0.03 $0.75 36 

Blrs5-6 $0.03 $0.75 37 

Blr#9 $0.03 $0.75 139 

$0.03 $0.75 -
HRSG#1 $0.03 $0.75 95 

Total 509 

Umestone and Ash Removal Expenses - Boilers $(000) 

Boiler #7 
HWB4 6 
Boiler #8 
Blrs4-S 
BlrsS-6 
Blr#9 

T01al 
Removal Costs Only 
By-Product Sales $(000) 

RenIoIBI 
$.IMMBl\. $.IMMBTl 

Emissions Penalties - Boilers $(0001 
Emlaelonl 
SlMMB'ru 

Boiler #7 0.0008 

HWB4-6 0.0008 

Boiler #8 0.0008 

Blrs4-S 0.0008 

Blrs S 6 0.0008 

Blr#9 0.0008 
-

HRSG#1 -
Total 

b T EmiSSions >V I VIle - T ons 

I 
Pounds 

per Tonne 

I Particulate 2205 

SO 2205 

NOx 2205 

! CO 2205 

0 
0 
0 
0 
0 
0 

-
-

2 

11.6 
162.3 
132.5 
142 

WINTER 

282 312 
707 321 
664 601 
295 210 
298 280 
967 787 

- -
- -

3214 2510 

18 19 
44 20 
41 38 
18 13 
19 18 
60 49 

- -
- -
201 157 

-0 

-0.0 

33 36 
70 32 
78 69 
34 25 
34 32 

126 101 

- -
85 95 

462 391 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

- -
- -

10.4 8.1 
146.0 114.Q 
1192 93.1 

12.8 10.0 

SUMMER 

Fuel Cost - Natural Gas $(0001 

302 2981 631 - - -
- - I - - -
554 603 - 348 252 617 

20 - - - - -
98 - - - - 153 

576 - 251 - - -
- - - - - -
- - - - - -

1549 901 882 348 252 770 

Fuel Cost - Mazut $(000) 

19 19 39 - - -
- - - - - -

35 38 - 22 16 39 

1 - - - - -
6 - - - - 10 

36 - 16 - - -
- - - - - -
- - - - - -

97 56 55 22 16 48 

Variable O&M Expense $(000 

35 381 80 - - -
- - 1 - - - -

64 77 - 44 33 86 

2 - - - - -
12 - - - - 19 

75 - 35 - - -
- - - - - -

93 102 - 99 98 94 

281 217 115 144 131 200 

Umestone Injection & Ash Removal Expenses $(000) 

Emissions Penalties $ )()()) 

0 0 0 - - -
- - - - -

0 0 - 0 0 0 

0 - - - -
0 - - 0 

0 - 0 -
- - - - - -
- - - - - -

o o o o o 

Emissions - Tons 

S.O 1 2.91 2.9 1.1 0.8 2.5 

70.41 40.91 40.1 15.8 11.5 35.0 

57.S I 33.41 32.7 12.9 9.4 28.6 

6.21 3.61 3.5 1.4 1.0 3.1 

WINTER 

- 3021 312 

- 298 ! 248 
565 597 620 

- 228 235 
13 290 313 

274 671 858 

- - -- - -
851 2385 2586 

- 19. 19 

- 19 16 
35 37 39 

- 14 15 
1 18 20 

17 42 54 

- - -
- - -

53 149 162 

o 

0.0 

- 35' 36 

- 30 ; 25 

68 69 71 

- 27 28 
2 34 36 

37 85 111 

- - -
100 92 95 
206 370 401 

- 0 0 
- 0 0 

0 0 0 
0 0 

0 0 0 
0 0 0 

- - -
- - -

o 

2.81 7.71 8.4 
38.7 108.3 i 117.5 
31.5j 88.5 i g5.9 

3AI 9,5 : 10.3 
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'IPS Sofia - Case S3 ELECTRO GENERATION, NET ~R INlERCHANGE AND GAS TURBINE FUEL COST - YEAR 2010 

WlNlER SUMMER WlNlER 
o!!!! E!2. Mar W. ~ June ~ ~ ~ Oct Nov ~ 

Average KWRequired 20215 19800 13831 11832 9421 4821 7047 800B 9092 10027 15907 18207 
SlaIion Use Qncl Above) 

Total 20215 19800 13831 11832 9421 4821 7047 800B 9092 10027 15907 18207 

'IRI';n"'''''''''' I OUTPUT - AVERAGE KW 

= . Output & Corrmct Purchase 

---
- - - .--- - - - - - - -- - - - - - -

----
- - - -

la 3912 - - 8923 - 4960 .gI() !5076 - - ~ 

Ia Ii III8C .""- - - - - - 8359 

- .- - - 5146 12'1> 

- 50101 - .-- ---
.~497 

b 3C816 ,- 12861 10857 9252 - Z 34713 
I3a 274112 153115 - 196Cl3.. .21~ 23431 27655 

Iall l/lj OUIput I 115673 11 1 .'00/' 16261 356Z) 35191 33653 5018 B IOC D 104459 

-90376 -118068 -117816 -75!1110 -31917 -1:M40 -28573 -27163 -24561 -44619 -64613 -116252 

~ 31NE OUTPUT - AIIERAGE KW 

== I-KW 

- - - - - - - - - -
----- -----

-----
- - - - - - - - - -- -
~ 

- - - - - - - - -
Tuib4c 97.4'11> 4246 33:>7 11097 - - - - - - 4691 5410 
.!!!!b lie 97.4% 3746 3222 ~ - - - - 7097 6266 aIIZO! 3699 

-. - - - - - - - - - - -
Tuib6c 96._ 606C 6521 =!i 10951 

,_ 
21928 - - 26631 

,_ 
II8a5 1712 

TUib 53C 96.'" 117l1li 6987 11346 23898 - 16342 16219 13927 18753 6913 8766 
TOIaf Condens I UID OutPut 24660 220116 3371J2 - 21928 16342 lliZ1S .7mii ~ - 26IIIIi 

EIaIMce Required -11S!36 -1111154 -11!1613 -1011!112 -71181 -35366 ~5 -0402 -72417 -85744 -111275 -113061 

GT CllpebHly@FuIlLaad 71m 71Z!D 10317 118746 8743> 171m 71Z!D 

GAS~INE OUTPur - 10.\ ERAGE KW 

Gas' :-tW 

- - - - - --- -
---- -- - - -- - - - - - - - - - - -- - - - - .- - - - - - -- - - - - - - - - - - -- - .- - .--- - - - - - - -

, GT-f!FA 71m 71Z!D 70317 68746 6743> - 658115 660Sl 671m 611609 70069 71Z!D 
fOlaf GT OUIput IKWI 717115 71Z!D 10317 66746 8743> - 658115 660Sl 671m 611609 70069 71Z!D 

EIaIMce Required (KW) -161Q2() -168374 -1119131 -178036 -13E07 -35366 -113100 -109452 -13&541 -154353 -161344 -164281 

Hours In Period 744 672 744 720 744 720 744 744 720 744 720 744 

BeIance Required tMWHl -139143 -127259 -134166 -113156 -101385 -25464 -110836 -77033 -tmc3 -97722 -128173 -135653 

PlR::HASED POWER 75% 75% 75% 75% 75% 75'lro 75% 75% 75"- 75'lro 7S% 7S% 
Peak Demand KW 

Demand a.tge - Sfr(W 
EIIIIIVY CIIaIge - CeIIIsI1<Wt 0.0219 0.0219 0.0219 0.0Zl3 0.QZJ3 0.C1Z13 0.0Zl3 0.0Zl3 0.0Zl3 0.0219 0.0219 0.0llIiB 

Demand Chuge - 1(000) 
EIIIIIVY Chuge - I(OOQ 
ToIa! - I(OOQ 

POWERSAl£S 
EIIIIIVY Cntc:III - CenIsII(\\ti 0.0210 0.0210 O.OBI 0.0226 0.0226 0.0226 0.0226 0.0226 0.0226 O.OBI 0.0210 O.OBI 

EIIIIIVY Cntc:Iit $(000) 36236 331 ... I 3494.5 2554.0 2211&3 574.7 16267 1736.6 22Ir>2 2544.9 3337.9 35327 

GASTUR8INE 
Pe<eent load 

"-nIlaIod 

GT -BFA lQO.O'j(, 100.0% 100.0% 100.0% IOD.o% lOD.o% 10DD% IOD.o% IOD.o% 100.0% 100.0% 

Fue4 Flow - MMBTU 

Fue4 Flow - MMBTU 

GT-6fA 523297 469EII2 514168 469755 4961112 <190502 491~1 4813)4 505331 <4961'65 520017 
ToIa! 523297 469IIl2 514168 469755 4961112 <480502 491401 4813)4 505331 4961'65 520017 

Fuel Cost - Gas Turbine(s) (Gas) ${IXXll 
UnI 

Cost Fuel Cost - Gas $(000 

- =-1=-=-- - -
'----::---I -;:---r--::--

GT-6FA $2.03 10623 953.5 1045.0 9942 1012.8 995.7 997.5 976.8 1025.8 10084 10556 
Total 1062.3 953.5 1045.0 9942 1012.8 995.7 997.5 976.8 1025.8 10084 10556 

q/~l\ 
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TPS Sofia - Case 53 GAS TURBINE EXHAUST HEAT UTlUZATlON AND SUPPLEMENTARY FIRING - YEAR 2010 

WINTER SUMMER WINTER 

GAS TURBINE 
Interpolated Exhaust Temperature Of 

Exhaust Temperature Of 

GT-ef'A 1088 1088 1091 1098 1101 1107 1108 1102 1097 1092 1088 

Exhaust Flow M"'/Hr 

GT-6FA 1576.8 1568.7 1555.6 15332 1514.4 1492.5 1494.8 1510.1 15312 1552.0 1568.7 

Available Exhaust Heat MMBTU/Hr 

Exhaust Heat MMBlV/Hr 

GT-6FA 363.1119 362.091 3&0293 357.329 354.841 351.879 352200 354284 357.072 359.785 362.091 

Steam Available - MW per Hour /WithOut Supplementary FirIng) 
Enthalp) 

Rise Total Steam Available without Supplemenlllty Rring MW/Hr 
3.412 - - - - - - - - - - - -
3.412 - - - - - - - - - - -
3.412 - - - - - - - - - - - -
3.412 - - - - - - - - - - - -
3.412 - - - - - - - - - - - -

HRSG"'1 3.412 106.447 106.123 105.596 104.727 103.998 - 103.130 103224 103.829 104.652 105.450 106.123 
106.447 106.123 105.596 104.727 103.998 103.130 103224 103.829 104.652 105.450 106.123 

Steam Supplied from Supplemental Firing - MW per Hour 

---
--

HRSG#1 35.339 
35.339 

UtIlized HRSG Energv MW pe Hr 

HRSG"'1 

Electric Output Ratio 
Utilized Heat Ratio 

141.8 
141.8 

33.6% 
66.4% 

-----
35.863 
35.663 

141.8 
141.8 

33.4% 
66.6% 

Steam Releclion - Ava MW (i o Cooling To_) 

I~ 
From Condensinlt 200.000 47.5 
From Gas Turbine< 200.000 -

Total 47.5 

Sup~lem.~ FirlngE .... gy Input - MMBTU 

-
--
-

HRSG"'1 89708 

Supplemenlary Firing Fuel Cost (GasL 
UnN COS1 
S/MMBTU. 

42.5 

-
42.5 

-
-
81nl 

-----
38.190 
38.190 

141.8 
141.8 

332% 
66.8% 

53.3 

-
53.3 

---
-
91870 

Steam SuPPlied from SuPplementary Rring - MW per Hour 

-----
37.059 
37.058 

141.8 
141.8 

32.7% 
87.3% 

114.3 
-

114.3 

-

91040 

--
---

37.788 
37.788 

141.8 
141.8 

322% 
87.8% 

- - -- - -- - -- - -- - -- 38.856 38.562 
38.858 38.562 

HRSG EMf IV Utilized - MW/Hr 

141.8 
141.8 

31.7% 
66.3% 

141.8 
141.8 

31.8% 
882% 

SllMm ReiectIon - A_age MW 
1011.1 85.1 • .0 • .5 
- - - -
1011.1 85.1 • .0 • .5 

- -
- - - -- - -
- - -
- - -
95926 - 98130 97891 

Supplementary FirinCl Fuel Cost $(000) 

-----
37SJ57 
37J157 

141.8 
141.8 

32.1% 
67.9% 

118.7 

-
118.7 

---
-
-
93247 

---
--

37.134 
37.134 

141.8 
141.8 

32.6% 
67.4% 

1072 
-
1072 

-
-
--
-
94266 

--
-
--

36.336 
38.338 

141.8 
141.8 

33.1% 
66.9% 

50.5 
-

50.5 

-

-
-
89265 

-----
35.663 
35.663 

141.8 
141.8 

33.4% 
86.6% 

51.1 
-

51.1 

--
-
-
-
90532 

-------. = -------------------.---.--------------------.---------i 
----~---------.--- I 

HRSG #1 2.03 ; 182 166 186 185 195 199 199 189 191 181 184 
Total 182 166 186 185 195 199 199 189 191 181 184 
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TPS Sofa - Case 53 SUPPLEMENTARY DATA 

WINTER SUMMER WINTER 

Averaae MW utilized before Incremental MWe and Rejection - Cogen Units Onl 
- - - - - - - - - -- - - - - - - - - - -

Turb6a 7.9 26.3 - - 46.5 - 33.3 29.5 34.1 - -
Tum 4a 40.5 47.0 33.2 27.0 - - 35.8 32. 
TurbSa 44.2 48.0 46.0 32.8 - - - 19.7 25.7 43.6 43. 
Turb8 183.7 184.6 135.7 102.6 - 44.7 - - - 47.2 119.5 147. 
Turb6b 136.3 136.4 130.7 122.0 73.5 SO.6 42.8 36.4 - 89.9 135.7 136. 
TurbS3a 114.7 114.1 112.4 106.7 68.6 - 85.1 91.7 98.8 83.9 114.3 114. 

IlASIS T __ 

Maximum Steam Flow - MW KWI MW 

- - - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - - -
Turb4c 18000 - 52.6 56.6 48.2 44.4 3.0 12.5 27.9 27.9 27.9 27.9 49.8 47. 
TIril5c 18000 - 54.9 57.2 55.9 47.9 27.9 12.5 3.0 27.9 40.0 43.6 54.5 54. - - - - - - - - - - - - -
TIa"b6c 50000 - 167.2 181.2 158.0 153.1 156.0 112.8 31.2 28.6 110.3 135.0 160.8 161. 
TIrilS3c 36590 141.8 141.8 141.8 141.8 141.8 141.8 - 141.8 141.8 141.8 141.8 141.8 141. 

Establish Coaen Unit Incremental MW (to Condensing Turbine & Cooing Tower) 

Steam to Condensi1a Turbine - Avera~ MW /Maximum Steam less Steam Utilized for Process and Hot Water) - - -- - -- - -
Turb4c 12.1 9.6 15.0 
Turb5c 10.7 9.2 10.0 - - -
Turb6c 22.9 18.5 27.3 
TurbS3c 27.1 27.7 29.4 

72.8 65.0 81.7 
Maximum Hours Use 

Boiler #7 - -
HWB4-6 744 672 467 
TIa"b 6a 744 672 -
TIa"b 4a 744 672 561 
TIa"b Sa 744 672 645 
TIa"b 8 744 672 744 
TIa"b 6b 744 672 744 
TurbS3a 744 672 744 

wrage Load MW -

Boiler #7 - - -
HWB4-6 158.8 135.2 88.3 
TIa"b6a 6.7 22.3 -
TIa"b4a 29.7 34.4 24.3 
TurbSa 32.4 35.2 33.6 
TurbB 158.0 159.0 114.6 
TIa"b 6b 101.1 101.2 97.0 
TurbS3a 86.6 86.1 84.9 

Average Load - M Ib/Hr 
IAIIS 

MBTUlRJ - - - -- - - -
1.1218 20.5 67.9 -
1.0475 96.7 112.2 79.2 
1.0475 1OS.4 114.5 109.6 
0.9790 550.7 554.2 399.5 
0.9801 352.0 352.3 337.6 
0.9686 305.1 303.5 299.1 

Average Load - % 

Boiler #7 -
HWB4-6 45.6% 38.8% 25.4% 
Turb6a 4.0% 13.4% -
Turb 4a 84.4% 97.9% 69.1% 
Turb Sa 92.0% 99.9% 95.6% 

~. 79.0% 79.5% 57.3% 
Turb 6b 99.8% 99.9% 95.7%i 
Turb SJa 100.0% 99.5% 98.0%1 

- - - - - - - - -- - - - - - - - -- - - - - - - - -
17.4 3.0 12.5 27.9 27.9 27.9 27.9 14.0 15. 
15.1 27.9 12.5 3.0 27.9 20.2 17.9 10.9 11. 
- - - - - - - - -
31.1 45.1 62.3 - - 76.2 45.1 25.1 24. 
35.1 73.2 - 56.6 SO. 1 43.0 57.9 27.5 27. 
98.7 149.3 87.3 87.6 106.0 167.4 148.9 77.5 7B. 

Maximum HOtrS Use 
- - - - - -- - - - - -- 744 - 744 744 720 

57 - - - - -
265 - - - - 495 
720 - 720 - - -
720 652 720 470 271 -
720 744 - 744 744 720 

Average Load - MWt - - - - - -- - - - - -- 39.5 - 28.3 25.0 29.0 
19.8 - - - -
24.0 - - - - 14.5 
86.9 - 39.2 - -
90.5 54.5 37.5 31.7 27.0 -
80.8 53.0 - 65.1 69.8 75.0 

Avera~Load - Thousand Pounds perHo..-
- - - -- - - - - -- 120.1 - 86.1 76.2 88.1 
64.5 - - - - -
78.2 - - - 47.1 

302.9 - 136.6 - -
315.1 189.9 130.7 110.4 94.0 
284.6 186.8 - 229.2 245.9 264.3 

Average Load - Percent of Rated Capacity 
- - - - -- - - - - -

23.7% - 17.0% 15.0% 17.4% 
56.2% - -
68.2% - - 41.1% 
43.5% - 19.6% - - -
89.3% 53.8% 37.0% 31.3% 26.7% -
93.3% 61.2% - 75.1% 80.6% 86.6% 

----
37 

744 
539 
744 

----
18.8 
41.2 
66.7 
64.1 

---
61.2 

143.7 
232.1 
225.9 

-
-

53.4% 
20.6% 
65.8% 
74.1% 

-
508 51 
- -
591 63 
684 74 
720 74 
720 74 
720 74 

- -
75.3 61. 
- -
26.2 23. 
32.0 31. 

101.1 124. 
100.7 101. 
86.3 86. 

- -- -- -
85.4 76. 

104.1 102. 
352.3 435. 
350.6 352. 
304.0 305. 

- -
21.6% 17.6 % 
- -

74.5% 66.7 
90.8% 89.6 

r-' 5O~h 62.4 
99.4% 100. 

% 
% 
% 

0% 
% 99.6% 100.0 
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TPS Sofia - Case S3 

Steam SUDDIv - Percent of 0uIDUt and Total Cost 

Boiler #7 4.0% 
HWB4-6 -
Boiler #8 4.0% 
611'84-5 -
611'85-6 -
61r#9 64.3% 

-
HRSG#1 1 GT -

Cost of Steam SUDDIv 
Gas 724 
Oil 45 

Lignite 
Coal 

OtherExp 94 
Total 863 

HotWater SuDoIv - Percenl of 0uIDI.t and Ta4a1 Cost 

Boiler #7 60.5% 
HWB4-6 100.f1% 
Boiler #8 60.5% 
611'84-5 56.4% 
611'85-6 59.0% 
61r#9 21.8% 

-
HRSG#1 1 GT 61.1% 

Cost of Hot Water SUDOIv 
Gas 2855 
Oil 131 

IJgnite 
Coal 

Other Exp 290 
Total 3.275 

Electric SuooIv - Percent of 0W>ut and Total Cost 

Boiler #7 35.5% 
HWB4 6 -
Boiler #8 35.5% 
611'84-5 43.6% 
Blrs5-6 41.f1% 
61r#9 14.f1% 

-
HRSG#1 1 GT 38.9% 

Cost of Electric SuooIv 
Gas 1238 
Oil 47 

Lignite 
Coal 

OtherExp 127 
Total 1.412 

WINTER 

12.3% -
12.3% 
--

63.9% 

--
735 
46 

95 
876 

55.9% 
100.f1% 
55.9% 
60.8% 
61.5% 
22.2% -
60.8% 

2493 
113 

255 
2,861 

31.8% 
-

31.8% 
39.2% 
38.5% 
13.9% 
-

39.2% 

1105 
42 

113 
1.260 

SUPPlEMENTARY DATA 

SUMMER WINTER 

Percent of TolBl OUtput 

- - 25.3% - 46.9% 58.6% 26.3% - -- - - - - - - - - -- - 25.3% - 46.9% 58.6% 26.3% - - -- - - - - - - - - -- - - - - - - - - -
57.5% 62.1% - 86.6% - - - n.f1% 52.7% 58. - - - - - - - - - -- - - - - - - - - -

453 358 228 217 163 148 162 211 353 49 
28 22 14 14 10 9 10 13 22 3 

58 47 29 30 21 19 23 29 45 6 
540 427 272 261 194 1n 195 253 420 59 

Percent of TolBl Out!: IUt 
61.4% 59.1% 30.6% 33.3% 33.2% 23.f1% - 49.4% 62.6% 62.8 

100.f1% - - - - - - - 100.f1% 100. 
61.4% 59.1% 30.6% 33.3% 33.2% 23.f1% - 49.4% 62.6% 62. 
50.5% ..... 6% - - - - - - 52.7% 49.4 
60.1% 50.1% - - - - 36.2% 43.1% 58.6% 58. 
26.9% 22.6% - 1.0% - - - 10.3% 31.9% 26.4 
- - - - - - - - - -

59.9% 57.0% 37.4% - 45.9% 49.2% 52.9% 45.2% 60.9% 61.1 

2105 1366 728 212 664 647 673 864 2089 211 
85 43 17 13 7 4 3 20 85 8 

213 136 74 27 60 56 57 83 212 21 
2.404 1.545 818 253 732 707 733 966 2,386 2.41 

Percent of Total <lUlu 
38.6% 40.9% ..... 1% 66.7% 19.9% 18.4% 73.7% 50.6% 37.4% 37 
- - - - - - - - - -

38.6% 40.9% ..... 1% 66.7% 19.9% 18.4% 73.7% 50.6% 37.4% 37 
49.5% 55.4% - - - - - - 47.3% 50. 
39.9% 49.9% - - - - 63.8% 56.9% 41.4% 41. 
15.5% 15.3% - 12.4% - - 12.7% 15.4% 15. 
- - - - - - - - - -

40.1% 43.f1% 62.6% - 54.1% 50.8% 47.1% 54.8% 39.1% 38. 

1184 1005 1153 452 716 654 1102 995 1133 121 
43 31 25 28 4 3 35 20 42 4 

120 99 115 58 63 56 120 95 115 12 
1.347 1.135 1,293 538 783 713 1.257 1.110 1,289 1.38 
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CASE K1 



- - - - - - - - - - - - - - - - - - -
Kostov Case Kl PROJECTED OPERAllNG AND CAPITAL EXPENDITURES 

COST EXCL INFLAll 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2001 2008 2009 2010 

OPERAllNG EXPENSES 
Fuel Cost - Natural Gas 53,726 61,818 71,289 82,210 94,805 97,001 99,485 98,470 97,486 96,511 95,517 94,562 94,562 94,562 94,562 94,562 94,562 

Oil 3,105 3,304 3,524 3,616 3,711 3,800 3,900 3,860 3,820 3,781 3,741 3,702 3,702 3,702 3,702 3,702 3,702 
lignite 
Black Coal 

Total Fuel Cost 56,831 65,122 74,813 85,826 98,515 100,801 103,365 102,330 101.306 100.292 99.257 98,264 98,264 98.264 98,264 98,264 98.264 
St.q>lemental Cost (Shortfall) 
Purchased Power Cost 

Credit for Power Sales {38,9m (41,571) (44.~) (45.496) (46,688) (47,911) (49.171) (49.171) (49,171) {49, 171) (49,171) (49,171) (49.171) (49,171) (49.171) (49.171) (49.171 
Net Power Interchange (38,9m (41.571) (44.~) (45,496) (46.688) (47,911) (49.171) (49,171) (49,171) (49.171) (49.171) (49.171) (49,171) (49.171) (49.171) (49.171) (49.171 

Fixed O&M and Overheads 2.211 2.211 2.211 2,211 2,211 2.211 2,211 2,211 2.211 2.211 2.211 2,211 2,211 2.211 2,211 2.211 2.211 
Othar Variable 0 & M 5,565 5.565 5.585 5,585 5.585 5.585 5.585 5,565 5,565 5,585 5.585 5.565 5,585 5.585 5.565 5,585 5.585 
Solbent and Ash Removal 

Credit: By-Product Sales 
Emission Penalties 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 
Maintenance Expenses 5.683 7,200 6,408 6.242 6.148 7.724 6,760 6.682 6.650 8.135 7,301 7,105 7.185 8,887 7,707 7,738 7,701 
Plant Removal Costs 

Total O&M Expense 31,333 38,547 44,678 54,368 85,771 68,410 88,750 67,638 68,581 67,051 85.183 63,994 64,074 85,775 64,595 64,627 64,590 

CAPITAL COSTS 
Foreign 13153 20588 25268 25489 57662 15352 4243 4243 4243 15965 3363 
Domestic 1322 4755 5874 5939 6810 2662 1228 1228 1228 1804 71 

Total 14474 25343 31141 31428 64472 18214 5471 5471 5471 17569 3434 

TOTAL COST 45,807 

Present Worth 44,078 56,924 62.549 65,537 92,119 58,729 45,006 41,048 37.458 40.733 29,053 26,410 24.464 23,272 22,287 19,804 18,141 
Cumulatlve Present Worth 44,078 101.002 163,552 229,089 321,207 377,937 422,943 463.991 501,449 542,182 571,235 597.645 622,129 645,401 687.688 687,292 705,434 

OPERAnNG sTAnsncs 
TOTAL PRODUCllON - MWH 

LPSteam 265.198 265,198 285,198 285,198 285.198 285,198 285,198 285,198 265,198 285,198 285.198 265,198 285,198 285,198 265,198 285,198 285.198 
Hot Water 2,910,403 2,910,403 2,910,403 2,910,403 2.910,403 2,910,403 2,910,403 2,910,403 2.910,403 2,910.403 2,910,403 2.910,403 2,910.403 2,910,403 2.910,403 2,910,403 2,910,403 
Electricity 1,614,913 1,614,913 1,614.913 1,614,913 1,614,913 1.614,913 1,814,913 1,614.913 1,614.913 1,614,913 1.614,913 1,614.913 1,614,913 1.614,913 1,614,913 1.614,913 1.614,913 

COST OF PRODUCllON - S/MWH (Variable Costs only) 
LPSteam $10.51 $11.90 $13.52 $15.37 $17.50 $17.90 $18.33 $18.16 $17.99 $17.82 $17.64 $17.48 $17.48 $17.48 $17.48 $17.48 $17.48 
Hot Water $1D.43 $11.83 $13.46 $15.31 $17.44 $17.80 $18.23 $18.06 $17.89 $17.72 $17.54 $17.38 $17.38 $17.38 $17.38 $17.38 $17.38 
Electricity $18.12 $20.51 $23.31 $26.49 $30.16 $30.85 $31.60 $31.30 $31.00 $30.71 $30.41 $30.12 $30.12 $30.12 $30.12 $30.12 $30.12 

NOT SERVED - MWH 
LPSteam 
Hot Water 
Electricity 

EMISSIONS - TONS 
Particulates 151 151 151 151 151 151 151 151 151 151 150 150 150 150 150 150 150 

SO, 2,116 2,111 2,111 2,111 2,111 2,107 2,107 2,107 2,107 2.107 2,106 2,106 2,106 2,106 2,106 2,106 2,106 
NOX 1,728 1,724 1,724 1,724 1.724 1.721 1,721 1,721 1,721 1,721 1,720 1.720 1,720 1.720 1,720 1.720 1,720 
CO 186 165 185 185 185 185 185 185 185 185 185 185 185 185 185 185 185 

~ 
~ 
~ 
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_c..Kl fACIUTIES DATA SHEET AND SIMULATED RESULTS - YEAA 2010 

''''Yeor= 2010 
CASEK' 

Facilities Data 

.... " . , • . 
1I.S 

UNIT Bt'" Bt#:! Bt#3 Bt#4 

I T~~A~ to FuI Loec %1 1114.5% 1114.5% 1114.5% 1114.5% 
1114.5% 1114.5% 1114.5% 1114.5% 
1114.5% 1114.5% '1114.5% 1114.5% 
.c.O% .c.O% .c.O% ~.O% 

.: 
7 "«1 • 

::.a.ctv MWI 'lli 130 '30.1130 -'31 130 130.1130 

1r--=~~~~----------~r-~~~~~~r-----~------~~~~'0~:;~-~~'~m)~1::;~-~::~::~~«~,~~~r;~==SG~----~------~~=~ 
U III> II1II ,. II1II II1II' ,._ -2118-:ooe 

I PR' !Dut r - LP &TEAM 
I..-1IiIy 

I TURBINE DATA 

-_ ........ 
c-.,- *_ 

, .......... 
0% ....... 

'. ~ 

'riarI 
Ubi! 
MWI 
PSIA 
!I'D 'I' 
ITUII> 
"." -,,'1' 

,'I' 

IV 

MI! I/IX 

. W» 

I/IIMBn 
UN -ca.I 1111MB' 

L-. _: 
,-Fuot , 

EmIoaIon& :odt -Fuot 2 -~--- so.02III 
SO.Q233 

".,~n....,"C AVHI 

• MIl 
115.0% 

-MIIZUI 

• 
7'113.800 
274.00c 

'!5e.5 
51511 
1._ 

'7 .200 

,..." .... ,...,,- -,-
1411114 

783.100 

'.1711 
81 ....... 

-437'11 
211144 

o_ 
w ....... 

" : .... 

81_ 

0.04 

.lin - '00% " "'" 101 . ,ocjjj; iCiji 
Fob 0.8 '00%'-' .... -.", lex iCiji 
_ 4.8 100% to .... '''' 1M 

TEST YEAR SIMULATION RESULTS: 
Of'ERATINO EXPENSES 

Nania.. 
Oil 
l.IglIIe 
B_eo.J 

ToIIoIFuoICool 
~rUI CooI-Shar1faII *'-It)') 
1'I.rct....:I_ Cool O'OdIfer __ 

N.t __ InIor'char1go Cosl 

OCher O&.M - fored. OH & OCher 
V"'-

~ Injoclionllo Ash R_al 
0-_ fer By-ProdJCIsalos 

~ feb ~ 

«1._ 5.7~ 5.554 
.,2 - 347 

7.012 IS._ 5.1101 

188 
6S9 

tIE. !!!r @!! .Mi. g ~ 

•• «112 2.001 2.181 1.203 1.2111 2.110 
2M 125 137 75 80 132 

... Il00 2.126 2.335 1.278 1.3111 2.242 

182 182 
561 21!0 142 268 

-

.. .. .. 
-~ -A.-", "Bt" ~e'-.• _ 

1114.5% 1114.5% 

~ '00% 
10( 1Cii '00% 
101: 11 ,oa 
til< -" 
.'" '" 
'''' . " - " :t 100% -
'00% '00% 
~ .......... 

,00% '00% .. . 
Qs;! !t!!!! I!!!; 

3.21!2 5._ 1S.513 
204 1131 «l7 

3._ 5.t132 8.1120 

182 
olIO 631 761 

3 
441.000 
147._ 

142 
83C 

'.i!40 

84.7"4 
1114.7"4 

5.11'.(0 

,. .'011 8i! 

71t17 tl237 
441.00II "'0.,3Il 

142 

1.'3110 
1111.5% 

100% 
100110 
100110 

I!Io 
I!Io 

I--
I--
I--

.311 
0.343 

0.11410 
118.5% 

KT5 

loa 
~ 

~ 
00'lIo -00'lIo 

'.' 

w . 
TOTAl. 

4IS.3701 
2._ 

CI.271 

$2.03 

100'lI0 
100'lI0 
100'lI0 
100'lI0 ------
10C1'.(0 
100'lI0 . 

Ems,ions Perlan... .~3_---::=2~_=:-'2'-_=:!E2 __ -=7-_-;:-:;;- 1 2 3 20 
__ ---'T=ota=''''E>:="~enance __ 3._ 3.313 __ 2.",7!.:4~1_-,2"077 361 549 __ ~ ___ 646 ____ ~ ___ 3S0 ____ 2.2E9~--20.~ 
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Koolovc... K1 

800 

700 

en eoo 
a: 
::::> 
0 SlO 
J: . 
~ 

... 
c: 

~400 
0 

3: "" ... 
<: 300 
(!) 
W 
~ 200 

100 

0 

300 

250 

a: 

~ 200 

(!) .. 
~ 

... 
c: 

~ 150 

I 0 

~ 
a: 
w 

100 3: 
0 
0.. 

50 

0 

_Blr#7 

K2j Blr#4 

UNIT UTILIZATION 

MONTH 

I22SI Blr #6 

~HWB1-8 
~Blr#5 
E:Zl Blrs #2 & #3 

ELECTRICITY PRODUCED 

MONTH 
_ Turbines #1-#4 (XJ Turbine #5 



I Kostov Case K1 LOAD DISPATCH AND ENERGY USE 

WINTER SUMMER WINTER 

I 
I 

PRODUCT - LP STEAM 

Custlmer Requirement MWH 
1 ~I 35~1 301551 22~1 ~/ 15801

1
1 1~1 11739

1 
"44~ 1 1225~ I 167~1 29858 

S1ation Use. Losses. etc. MWH - 3159 2691 1936 1403 1256 1111 1032 1148 1583 2n4 

r 368791 388811 328461 242941 97471 172041 156461 12850 I 124751 133991 18345 1 32632 

z 3 ./ ./ ./ , / ./ ./ .01 .. I .zl '3/ •• 1 •• 
MWts A\I8I1I"" Loadino - MW 

- - - - - - - - - - - - -

I - - - - - - - - - - - - -- - - - - - - - - - - - -- - - - - - - - - - - -
Header 274.000 • - - - - - - - - - - - -
Header 147.040 . 49.6 57.9 44.1 33.7 13.1 23.9 21.0 17.3 17.3 16.0 25.5 43.9 

I - - - - - - - - - - - -- - - - - - - - - - - - -

Unit Unit Energv Output - MWH (8efoce Adiustmentfor Minimum Loadina Liml1ation 

I 
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -- - - - - - - - - - - -

Header - - - - - - - - - - - -

I 
Header 36879 38881 32846 24294 9747 17204 15646 12850 12475 13399 18345 32632 

- - - - - - - - - - - -
- - - - - - - - - - - -

Total 36879 38881 32846 24294 9747 17204 15646 12850 12475 13399 18345 32632 
StlBam NotSeMtd MWH 

I PRODUCT - HOT WATER 

Custlmer Requirement MWH I 434~ 13~ 1 ~ 1227~ I 41156./ 582~ I 53161
1
1 49654.1 537'21'1011941307759 1421768 

Station Use. Losses. etc. MWH - 49879 4nes 43499 36800 21062 2759B 29248 28644 31421 34BB5 41975 54696 

I 
I 4647881 4204171 3744221 2646861 62216/ 858751 624091 784961 651331 1457591 3497341 476464 

Z .1 ./ ./ , , .1 ./ '0/ .. I rZ I ,,1 .. I •• 
~~ MWIW ~W!I1Iae LClldina - .IW 

I 
- - - - - - - - - - - - -
- - - - - - - - - - - - -- - - - - - - - - - - - -

HWI3~6 926.000 367.0 374.2 249.1 120.6 - - - - - 63.6 196.0 _351.8 

- - - - - - - - - - - - -

I 
- - - - - - - - - - .- - -

Header 177.200 • 173.7 153.5 154.6 158.0 23.6 ·".2 16.3 T3 13.4 73.2 175.7 176.2 
Header 113.100 • 110.9 97.9 99.6 113.1 63.4 11O.if Sif.7 103.B 1Cie.2 112.3 112.1 112.4 
Tatal 651.6 625.6 503.3 391.7 87.2 121.8 -,-,s:o 112.1 --w:s 249.1 465.7 640.4 

Unit Unit -MWHflw.-. . Minimum Loadina I 1 __ '" 

I - - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -
1 HWB 1-8 273OB5 -251480 -'65343 ··69482 - - - - - 774( 142531 261743 

- - - - - - - - - - - -

I 
- - - - - - - - - - .- -

IHea~ 129234 103129 114996 113772 15067 6211 8966 1264 7216 54462 126476 131067 
1 Header 62489 65B08 74083 81432 47151 79864 73443 77234 77917· 83538 80727 83655 

Tatal 464788 420417 374422 264686 6221B 85875 62409 -78496 85133 145759 349734 476464 
Hot Water Not Served MWH 

I ADJUSTED FOR &A, ..... ".., U lADING - MWH 
IStaam 

Unit'''''' -~. ~ tier Minimum Loadino - MWH r.B_ml 
- - - - - - - - - - - -- - - - - - - - - - - -

I - - - - - - - - - - - ---- - - - - - - - - .- - -
I Header - - - - - - - - - - - -
I Header 36879 38881 32846 24294 9747 17204- .15&i6 128S0 12475 18345 32632 - - - - - - - - - - - -

I - - - - - - .:' --=- - .- .- -
Total 36879 38881 32846 24294 9747 17204 15646 12850 12475 13399 18345 32632 

/ Hot Water Unit utilization alter I for Minimum Loadino - MWH /He lWaterl 

- - - - - - - - - - -- -

I - - - - - - - - - .- - -
- - - - - - - - - - - -

IHWB1-B 273739 255645 190662 7159C - - - - - 8950 14415' 261945 
- - - - - - - - - .- - -
- - - - - - - - - .- -- - I 

I 
Header 129351 103665 1141 113204 34153 2916 28884 795C 28239 S41l1l5 125174 131092 
Header 81696 61 69422 79692 28065 56714 53525 70548 56894 !724 80403 83427 
Total 484788 04 20417 37 40422 264686 62216 85975 624C9 76496 35133 14!;759 349734 476464 

I BEST AVAILABLE COpy 



I Kostov case K1 LOAD DISPATCH AND ENERGY LISE 

WINTER SUMMER WINTER 

I IOTALUNIT UTILIZATION 8EFOR~ e<'r"'u FOR ELECTRIC ~t:NI:HAIIUN - MWH 

Unit Qutputto meet Steam and Hut Water Roo"',;' ....... n ... - MWH 

- - - - - - - - - - - -- - - - - - - - - - - -

I - - - - - - - - - - - -
HWBJ-a 273739 255645 190882 71500 - - - - - 895C 144157 ~261945 
Header - - -- - - - - - - - - -
_der ~7~ _3I!8Bl ~. 24294 )4 1285C 1247! 18345 326: 
eader 1i935...! ~1~ _11ffi7 113204 3- 795C 2823! 1: !5174 .13101 

I eader Qll11l1t aU07 89422 79892 21 14 70548 5689< 0403 834: 
otal 521867 459298 407268 288Il8O 7' 1e '9 91348 97801 1! 31i8079 S090I 

~~. Rl=ClI I ~~ BACK ooc:c!c! •• cc: STEAM TlIDA''''''C! - MWH 

I 
e:is 

Thermal n electric· -MWHt 

- .- - - - -"" ."""- .-" -"" ,""- - -- -
- - - - - - - - - - - - -
- - - - - - - - - - - - -
- - - - - - - - - - - - -

I 
Turb 1-4a - - - - - - - - - - - -
]"urb~ 7393 ~ 8554 48C 929 )4 309 265~ 3630 ~O 
Turb1-4b 0.' 44521 " ~12 4452' 4308 3: '807 3 19 3300 3:2 44521 43085 44521 
TurbSb O.! 34055 2 r76 .~ 3334 1I1~ Z 16 2028: .?I ~ 2:i! 29823 .33589 34871 
Total 859Ei9 7: ~4 79341 8124 4~ '651 5119'19 5638 4l '2 57 76995 80304 85901 

I STEAM TO CONDENSING TURBINES AND REJECTION - MWH 

1ncn!men1a11herma1 0U1pUt I In electric ,eneration and rejection - MWHt 

I 
Turb 1-4c 240495 205583 227031 222154 137326 120195 32769 116395 182808 232733 242034 

I UNIT UTILIZATION -]"QTAi. MWH 
Unit 

I 
I ..... ,";o;-~MW .. 

- - - - - - -
- - - - 38965 ..!l613 .63230 

_""_ ~ - . -_ - 54013 il4270 97412 

I Blr#' - - - - - -
IBlr*2 - 82535 35194 38965 37708 -
IBlr#3 . - 97412 725:!8e934..1. 

82000 ____ 

WBI-a - 2 17: 2 1 71 - - - - - 895C 144157 261945 

I 
- - - - 71437 - M.27Q. 97412 

- 64273 119795 1056re 102269 _105878 
52028 - 119795 1056re 102269 --"05678 

102410 100268 - 1056re 102269 _105878 • 
'otal 7 2 2 154437 164539 271027 4189111 681116 837032 

I 
I 

INPUT ENERGY Dl:nI IIDl:n BEFORE ' ' .6.n.OUSTMENT - BOIlERS ONLY 

B1 UI Enere V ,Effici<lI1cv ... , :-UMBTU 
#' - -

~ t-: ~ 
- - - - - - - -

r#2 2OCl6 - - - - - .132948 141965 ~15741 

#~ '47~ - - - - - '1.84291 321648 ~ 
WB L-a. 7226 651: - - - - - 30538 491863 W3755 
'Ir #4 0020 3323 - - -- - 243744 - 321648 

1 Blr #5 2567 ~ 19 .1e1:392 p7071 - 219300 3<10501 360573 14694' 
181r#6 3,41: 31 1573 325678 3605 141941 347647 342865 1nS18 - 3<10501 3IlO573 14694' 

I 
181r#7 _ 3.41£ 36Q573 _ .3256.16 -~~ 348941 34~7 34266l> 349422 342108 - 3IlO573 14694' 

Total 2693622 2517049 2434937 2021178 876686 962&41 526940 581408 924745 1429494 2123967 21 15: 

BOILER EFFICIENCIES 
BASIS BASIS 
"1 %2 Efliciencv 

I Blr#1 - - - - - - - - - - - - -
Blr*2 - - 64.5" 84.5% 84.5% 84.5" - - - 64.5" 84.5" 84,5'" 
Blr#3 - - 84.5% 84.5% 84.5% 84.5" - - - - - 84.5" 84.5'" 84.5% 
HWB1 e - 84.1"- 84.1"- 84.1"- 84.7% - - - - - 84.7% 84.7% 84.7% 
Blr#4 84,S'" 84,5% 84.5% 84.5" - - - - 84.5'" - 84.5'" 84.5'" 

I Blr#5 - - 84.5'" 84.5% 84.5" 84.5" 84.5% 84.5'" - 84.5'" 84.5'" 84.5'" 84.5'" 84.5'" 
Blr#6 - - 84.5'" 84,5% 84.5'" 84.5'" 84.5% 84.5'" 84,5'" - 84.5'" 84.5'" 84.5'" 84.5'" 
81r#7 - - 84.5% 84.5% 84.5'" 84.5'" 84.5% 84.5'" 84.5% 84.5% 84.5% 84.5'" 84.5'" 

I 
INPUT ENERGY REOUIRED 

Unit Ener f'I Input MMBTU 
Blr#1 - - - - - I - - - - -
Blr#2 - 2~507 142109 157335 152259 - i - - - - 157335 168030 255314 

I 
Blr#3 - 393337 29285B 280015 331104 - - - - - 216096 380648 393337 
HWB1-8 - 1102713 1029826 768937 288387 - 1 - - - - 36054 580712 1055201 
ll~ ~ ____________ _=_____ 393337 ~12 393331 380648 - - - - 21!6454 - 38:1648 I 393317 
: Air #') - 4-~ 385418 4?em ~~2948 214('66 , :027e95 - 259527 402959 4267~3 4129481 42()113 I 

IBlr#6 - - 426713.1,385418 426713 412948 411416 405781 210081 - 402959 426113 412948 I 426713 

I 
Blr #7 - 426713.1385418 <426113 412948 411416 405781 413517 <404861 - <426713 <412948! 426713' 
Total 3422032 2976319 2879762 2391244 1037498 1139457 623596 664388 1094373 1691624 2746863 3377327 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Kostov Case K1 FUEL COST AND OTHER O&M EXPENSE - YEAR 2010 

I 

FUEL COST - BOILERS (Gas) 
Welghoed 

t/MMBTU 

BIr#1 $1.93 -
Blr#2 $1.93 487 
Blr#3 $1.93 759 
HWB1-8 $1.93 2127 
Blr#4 $1.93 759 
Blr#5 $1.93 823 
Blr#6 $1.93 823 
Blr#7 $1.93 823 
Total 6599 

FUEL COST - BOILERS (Mazut) 
Welghoed 

t/MMBTU 

Blr#1 $0.12 -
Blr#2 $0.12 30 
Blr#3 $0.12 47 
HWB1-8 $0.12 133 
Blr#4 $0.12 47 
Blr#5 $0.12 51 
Blr#6 $0.12 51 
Blr#7 $0.12 51 
Total 412 

HOTWATIRSHORTFA~ MWH 
Assumed Equivalent Cost $/MWH $10.00 

SUPPLEMENTAL HOT WATER COST - $(000) 

Water and Other Variable O&M Expenses - Boilers $(ooot 

Blr#1 
Blr#2 
Blr#3 
HWB 1-8 
Blr#4 
Blr#5 
Blr#6 
Blr#7 
Total 

Umestone and Ash Removal 

Blr#1 
Blr#2 
Blr#3 
HWB 1-8 
Blr#4 
Blr#5 
Blr#6 
BIr#7 
Total 

Removal Costs Only 
By-Product Sales $(000) 

Basis 
t/M_ 

$0.03 
$0.03 
$0.03 
$0.03 
$0.03 
$0.03 
$0.03 
$0.03 

UrnestorM 
SlMMBT\J 

-
-----
--

Emissions Penalties - Boilers $(000) 

Blr#1 
Blr#2 
Blr#3 
HWB1 8 
Blr#4 
Blr#5 
Blr#6 
Blr#7 
Total 

b T EmiSSIOns ov I ype - T ons 

Particulat~ 

SO 
NOx 

Basis 
t/MWH 

$0.75 -
$0.75 61 
$0.75 95 
$0.75 212 
$0.75 95 
$0.75 103 
$0.75 103 
$0.75 103 

770 

- Boilers $(000) 
Removal 

SlMMBT\J 

- -
- -
- -
- -
- -
- -
- -

Emission. 
SlMMBT\J 

0.0008 
0.0008 0 

.0.0008 0 
0.0008 1 
0.0008 0 
0.0008 0 
0.0008 0 
0.0008 0 

3 

Pounds 
per Tonne 

2205 21.4 
2205 299.8 
2205 244.8 

-~--- 2205 26.3 

WINTER 

- -
274 303 
565 540 

1986 1483 
685 759 
743 823 
743 823 
743 823 

5740 5554 

- -
17 19 
35 34 

124 93 
43 47 
46 51 
46 51 
46 51 

359 347 

- -
34 38 
71 68 

198 148 
86 95 
94 103 
94 103 
94 103 

670 659 

- -
- -- -- -- -- -
- -- -

- -
0 0 
0 0 
1 1 
0 0 
0 0 
0 0 
0 0 
2 2 

18.6 18.0 
260.7 252.3 
212.9 206.0 
22.9 22.1 

SUMMER WINTER 

Fuel Cost - Natural Gas $(000) 
- - - - - -
294 - - - - 303 324 
639 - - - - 421 734 
556 - - - - - 70 1120 
734 - - - - 556 - 734 
796 414 632 - 500 T17 823 796 
796 793 783 405 - T17 823 796 
796 793 783 797 781 - 823 796 

4612 2001 2197 1203 1281 2110 3262 5301 

Fuel Cost - Mazut $(000) 
- - - - - - - -

18 - - - - - 19 20 
40 - - - - - 26 46 
35 - - - - - 4 70 
46 - - - - 35 46 
50 26 40 - 31 49 51 50 
50 50 49 25 - 49 51 50 
50 50 49 50 49 - 51 50 

288 125 137 75 80 132 204 331 

Variable O&M Expense $(0001 

- - - - - - - - I 

37 - - - - 38 40 . 
80 - - - - - 53 91 
55 - - - - - 7 112 
92 - - - - 71 - 91 
99 54 81 - 60 99 104 99 
99 103 100 48 - 99 104 99 
99 103 100 94 94 - 104 99 

561 260 280 142 154 268 410 631 

Umastone Iniec lion & Ash Removal ~es $(000) 
- - - - - - -- - - - - - - -- - - - - -- - - - - - - -
- - - - - - - -
- - - - - - - -- - - - - - - -- - - - - -

Emissions Penalties $(000) 
- - - - - -

0 - - - - 0 0 
0 - - - 0 0 
0 - - - 0 0 
0 - - - 0 0 
0 0 0 0 0 0 0 
0 0 0 0 - 0 0 0 
0 0 0 0 0 - 0 0 
2 2 

Emissions - Tons 
15.0 6.5 7.1 3.9 4.2 6.8 10.6J 17.2 i 

209.5 90.9 99.8 54.6 58.2 95.9 148.2 I 240.8J 
171.1 74.2 81.5 44.6 47.5 78.3 121.0 I 196.7 I 

13.4 8.~_~8_~.~_ 5.~_ ~:~ __ '3.0~'.' ; 

-
492 
759 

2035 
759 
823 
823 
823 

6513 

-
31 
47 

127 
47 
51 
51 
51 

407 

-
61 
94 

203 
94 

103 
103 
103 
761 

-
-
-
-
-
-
-
-

-
0 
0 
1 
0 
0 
0 
0 
3 

21.1 
295.8 
241.6 

26.0 



I 
I 
I 
I 
I 

Kostov Case K1 ELECTRIC GENERATION AND NET POWER INTERCHANGE - YEAR 2010 

Average KW Required 
Station Use (lncl Above) 

Total 

24480 

24480 

WINTER 

25130 

25130 

23524 

23524 

BACK PRESSURE TURBINE/GENERATOR OUTPUT - AVERAGE KW 
BASIS 
UNITe 

- - -
- - -
- - -
- - -

Turb 1-44 - - -
TurbSa 9788 11485 8678 
Turb 1-4b 58284 58284 58284 
Turb5b 45087 36317 37421 

18375 

18375 

--
-
--
6576 

58284 
45622 

SUMMER 

6952 10672 10044 8591 9269 

6952 10672 10044 8591 9269 

Back Pressure Turbine/Generator Output & Contract Purchase 

- - - - -
- - - - -
- - - - -
- - - - -
- - - - -
2553 4657 4099 3366 3377 

58284 58284 58284 58284 58284 
10480 30365 26854 38124 30493 

WINTER 

11023 19839 22738 

11023 19839 22738 

- -- - -- - --- - -
3510 4966 8619 

58284 58284 58284 
39483 45952 46166 

Total TIG Output 

I Balance Required 

113158 106086 104383 110482 71317 93306 89237 99774 92155 101277 109202 113069 

-88678 -80956 -80858 -92107 -64366 -82634 -79192 -91183 -82885 -90254 -89363 -90331 

CONDENSING TURBINE OUTPUT - AVERAGE KW 

I 
GenerJIIOt 

Etlicienc Conclensin( Turbine OlJlPut - KW 
- - - - - - - - - - - -- - - - - - - - - - - -
- - - - - - - - - - - -- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -I 

Turb 1-4c 97.4% 133493 126340 126019 127422 89763 89148 - 89148 89148 101472 133491 134347 
- - - - - - - - - - -

I Total Condens Turb Output 133493 126340 126019 127422 89763 89148 89148 89148 101472 133491 134347 

Balance Required -222171 -207297 -206878 -219529 -154129 -171782 -79192 -180331 -172033 -191726 -222853 -224678 

I 
GT Capabilly @ Full load 37266 37266 37266 37266 37266 37266 37266 37266 37266 37266 37266 37266 

GAS TURBINE OUTPUT - AVERAGE KW 

I 
Gas TurbO, Qutput - KW 

I Total GT Output (I<W) 

Balance Required (I<W) -222171 -207297 -206878 -219529 -154129 -171782 -79192 -180331 -172033 -191726 -222853 -224678 

I Hours in Period 744 672 744 720 744 720 744 744 720 744 720 744 

Balance Required (MWH) -165295 -139303 -153917 -158061 -98061 -99622 -47700 -46857 -97208 -142644 -160454 -167160 

I PURCHASED POWER 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 
Peak Demand KW 

Demand Charge - $IKtN 
EMrgy Charge - Cents/KW~ 0.0269 0.0269 0.0269 0.0233 0.0233 0.0233 0.0233 0.0233 0.0233 0.0269 0.0269 0.0269 

I Demand Charge - $(000) 
EMrgy Charge - $(000) 
Total - $(000) 

I POWER SAlES 
Energy Credit - Cents/KWH 0.0260 0.0260 0.0260 0.0226 0.0226 0.0226 0.0226 0.0226 0.0226 0.0260 0.0260 0.0260 

Energy Credit $(000) 4304.6 3627.7 4008.3 3567.4 2213.2 2248.5 1076.6 1057.6 2194.0 3714.7 4178.6 4353.2 

I 
I 
I <\50 



I Kostoy Case K1 HEAT REJECTION - YEAR 2010 

I WINTER SUMMER WINTER 

GAS TURBINE I Interpolated Exhaust Temperature OF 

Exhaust Tem~rature OF 

I Interpolated Exhaust Flow M#/Hr 

Exhaust Flow M#IHr 

I Available Exhaust Heat MMBTU/Hr 

Exhaust Heat MMBTU/Hr 

I Steam Available - MW per Hour (Without Supplementary Firing) 
Enthalp~ 

Rise Total Steam Available without Supplementary Firing MWIHr 
3.412 - - - - - - - - - - - -
3.412 - - - - - - - - - - - -
3.412 - - - - - - - - - - - -I 
3.412 - - - - - - - - - - - -
3.412 - - - - - - - - - - - -

I 3.412 - - - - - - - - - - - -

Steam Supplied from Supplemental Firing - MWper Hour 

II ~ ______________ ~~ ______________________ ~&~eam~Su~JP~PI~~d~from~~Su~~~~~R~lrin~'a=g-JM~W~~pe'rlHou~r~ ____________________ __ 

I~--~-----------------
I 

I 
I 
I 
I 

Utilized HRSG Energy MW per Hr 

Electric Output Ratio 
Utilized Heat Ratio 

Steam ~ection - Avg MW (l 
Maximum 

~acitv 
From Condensing 200.000 
From Gas Turbines 200.000 

Total 

o Cooling Tower) 

1862 1762 
- -
186.2 1762 

175.8 
-
175.8 

HRSG Ener~v UtIlized - MWIHr 

Steam Rejection - Average MW 
1n.7 125.2 124.3 - 124.3 124.3 141.5 186.2 187.4 
- - - - - - - - -
177.7 125.2 124.3 124.3 124.3 141.5 186.2 187.4 



I KostovCase K1 SUPPLEMENTARY DATA 

I 
WINTER SUMMER WINTER 

Awraos MW utilized before Incremen1lll MWe and Releclion - Cogan Units Onl\' 
- - - - - - - - - - - -

I 
- - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

Turb 1-.... - - - - - - - - - - -
Turb5a 59.5 69.5 53.0 40.4 15.7 28.6 25.2 20.7 20.8 21.6 30.5 52.6 
Turb 1-4b 233.7 214.1 213.2 217.1 113.9 112.2 112.2 112.2 112.2 146.0 233.7 236.0 
TurbSb 155.6 127.8 131.3 157.3 48.4 109.6 99.2 133.5 110.0 137.6 158.3 159.0 I BASIS T __ 

MaxImum Steam Flow - MW KWI tIN 

I 
I Turb 1-4C 10e000 558.9 520.0 518.4 525.6 331.3 328.1 328.1 328.1 391.7 558.9 sel.4 

ESlabllsh Coaen Unit Incremenlal MW ~ Condenslna Turbine & Cooling Tower) 

I Steam 10 Condensing Turbine - Awrage MW (MaxImum Steam less Steam UtIlized for Process and Hot Water, 

- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -- - - - - - - - - - -

Turb 1-4c 323.2 305.9 305.1 308.5 217.4 215.9 - 215.9 215.9 245.7 323.2 325.3 I 
- - - - - - - - - - - -

I 
323.2 305.9 305.1 308.5 217.4 215.9 215.9 215.9 245.7 323.2 325.3 

Maximum HoulS Use 

Maximum HoulS Use 
Blr#1 - - - - - - - - - - -

I 
Blr#2 - - - - - - - - - - - -
81r#3 - - - - - - - - - - - -
HWB1-8 744 672 744 576 - - - - - 122 720 744 
Turb 1-.... - - - - - - - - - - - -
Turb5a 744 672 744 720 744 720 744 744 720 744 720 744 
Turb 1-4b 744 672 744 720 632 557 552 152 539 744 720 744 
TurbSb 744 672 744 720 744 720 744 744 720 744 720 744 I 

AwraOB Load - MW 

I Awrage Lead - MWt 
Blr#1 - - - - - - - - - - - -
Blr#2 - - - - - - - - - - - -
Blr#3 - - - - - - - - - - - -
HWe1-8 367.9 380.4 256.6 124.3 - - - - - 73.5 200.2 352.1 
Turb 1-.... - - - - - - - - - - - -
Turb5a 49.6 57.9 44.1 33.7 13.1 23.9 21.0 17.3 17.3 18.0 25.5 43.9 
Turb 1-4b 173.9 154.3 153.4 157.2 54.1 52.4 52.4 52.4 52.4 86.1 173.9 176.2 I 
Turtl5b 109.8 90.9 93.3 "'.0 37.7 78.8 71.9 94.8 79.0 97.7 111.7 112.1 

I L MI AwraOS oad- b/Hr 
BASIS 

MBTUllb A_oe Load - Thoueand Pounds D8f Hour 

- - - - - - - - - - - - -
I - - - - - - - - - -- - - - - - - - - - - - -- - - - - - - - - -

1.1780 - - - - - - - - - - - -
1.1380 148.6 173.5 132.4 101.2 39.3 71.6 63.1 51.8 51.9 54.0 76.4 131.5 
0.9790 605.9 537.6 534.6 546.0 188.4 182.5 182.5 182.5 182.5 300.2 605.9 614.1 
0.9410 398.2 329.7 338.3 402.3 136.8 285.6 260.9 343.8 286.5 354.4 404.9 406.6 I 

I 
Averaae Load - % 

Averaae load - Percent of Raled Capec'~ 
81r#1 - - - - - - - - -
81r#2 - - - - - - - - - - -
81r#J - - - - - - - - - - - -
HW81-8 39.6% 41.0% 27.6% 13.4% - - - - 7.9% 21.6% 37.9% 

1 Turtl1-4a 
~~13i.3% ~. :ri'fi%" 1--;9%' 

- - - - - -_.::-:-
---;s.3% '4.3% ".7% 11.8%1 298%1 :!.u~5a ____ ; 22!l% '2.2% .~ 

, Turtl1-4b I 98.1%1 87.1% 86.6% 88.7% 30.5% 29.6% 29.6%1 29.6% 29.6% 48.6% I 98.1% 994%; 

I 
I 

Turtl5b 97.1%1 80.4% 82.5% 96.1% 33.4% 69.6% 63.6%1 83.8% 69.9% 86.4%' 98.7% 991%; 



I KoslovCase K1 SUPPLEMENTARY DATA 

WINTER SUMMER WINTER 

I 
Steam Supply - Percent of OutputandToal Cost 

Percent 01 T 0Ia1 Output 
Blr"" 6.4'" B.l'" 6.3'" 4.7% 3.B'" 6.1'" 10.1'" 7.B'" 4.6% 3.3'" 3."'" 5.7% 
Blr#2 6.4'" B.l'" 6.3% 4.7% 3.B'" 6.1'" 10.1'" 7.B'" 4.6% 3.3'" 3."'" 5.7'" I 
Blr "'3 6."'" e.l'" e.3% ".7% 3.8% 6.1'" 10. '''' 7.e", 4.6% 3.3% 3."'" 5.7% 
HWB1-B - - - - - - - - - - - -

I Blr#4 e."", B.l'" 6.3% ".7% 3.B'" 6.1'" 10.1'" 7.B'" 4.6% 3.3'" 3.4'" 5.7'" 
Blr#5 e.4'" B.l'" 6.3% ".7% 3.e", 6.1'" 10.1'" 7.8% 4.6% 3.3'" 3."'" 5.7'" 
Blr#6 6."'" e.l'" 6.3% ".7'" 3.8% 6.1'" 10.1'" 7.e", ".6% 3.3% 3."'" 5.7'" 
Blr#7 6."'" e.l'" 6.3% ".7% 3.8'" 6.1'" 10.1'" 7.8% ".6% 3.3'" 3."'" 5.7'" 

Cost of Steam SUI!Q!Y 
Gas 478 520 443 32 .. 179 307 309 221 173 205 241 423 
Oil 30 32 28 20 " 19 19 14 11 13 15 26 

Ugnlte I 
Coal 

OtherExp 37 39 33 24 10 lB 16 13 12 14 lB 33 

I TOIaI 545 591 504 368 201 344 344 248 196 232 275 482 
Hot Wa. Supply - Percent 01 Output and Total Cost 

Percent 01 T 0Ia1 OW ut 
Blr#1 36.7% 34.2% 35.1'" 37.1'" 2".2% 30."'" 53."'" "7.7% 31."'" 33."'" 38.3% 37.3% 

I 81r#2 36.7% 34.2% 35.1'" 37.1'" 2 .. .2% 30."'" 53."'" "7.7% 31."'" 33."'" 38.3"- 37.3% 
Blr#3 36.7% 34.2% 35.1'" 37.1'" 2".2% 30."'" 53."'" "7.7% 31."'" 33."'" 38.3"- 37.3% 
HWB1-e 100.0% 100.0% 100.0% 100.0% - - - - - 100.0% 100.0% 100.0% 
Sir #4 36.7% 34.2% 35.1'" 37.1'" 24.2% 30.4'" 53."'" "7.7% 31."'" 33.4'" 38.3"- 37.3% 
Sir #5 36.7% 34.2% 35.1'" 37.1'" 24.2% 30.4'" 53."'" "7.7% 31."% 33."'" 38.3% 37.3% 
Blr#6 36.7% 34.2% 35.1% 37.1'" 24.2% 30."% 53.4'" "7.7% 31."'" 33.4% 38.3% 37.3% 
Blr"'7 36.7% 34.2% 35.1'" 37.1'" 24.2% 30.4% 53."'" "7.7% 31."'" 33."'" 38.3% 37.3% I Cost of Hot Wa1erSuODlv 

Gas 2737 2202 247 .. 2572 1143 1533 1627 1348 1179 2098 2704 2781 
Oil 171 138 155 161 71 96 102 84 74 131 169 174 

I Ugnlte 
Coal 

OtherExp 423 364 333 248 66 89 83 eo 84 , .. 6 316 417 
TOIaI 3,331 2,704 2,962 2,981 1.281 1,718 1,e12 1,512 1,337 2,375 3,189 3,371 

Electric Supply - Percent 01 Output and Total Cost 

I Percent oITOIaI Outl:ut 
Blr "" 56.8'" 57.6% 58.6% 58.3% 72.0% 63.5% 36.5% ..... 5% 84.0% 63."'" 58.3% 57.0% 
Blr#2 se.8% 57.8% 58.6% 58.3% 72.0% 63.5'" 36.5'" ..... 5'" 64.0% 63."'" 58.3% 57.0% 
Blr#3 se.8% 57.8'1(, 58.8'1(, 58.3% 72.0% 83.5% 36.5'" ..... 5% 64.0% 63."" 58.3"- 57.0% 
HWB1-8 - - - - - - - - - - - -
Blr#" se.8% 57.8% 58.6% 58.3% 72.0% 63.5'" 36.5'" ..... 5'" 84.0% 63."% 58.3% 57.0% 
Blr#5 se.8% 57.8'1(, 58.6% 58.3% 72.0% 63.5'" 36.5'" ..... 5'" 64.0% 63.4" 58.3% 57.0% I 
Blr#6 se.8% 57.8% 58.8% 58.3% 72.0% 63.5'" 36.5'" ..... 5'" 64.0% 63."% 58.3'" 57.0% 
Sir #7 58.8% 57.8% 58.8% 58.3% 72.0% 63.5'" 36.5'" .... .5'" 64.0% 83."'" 58.3'" 57.0% 

I Cost 01 Electric SUI!Q!Y 
Gas 4234 3721 4130 4041 3400 3197 1113 1257 2402 3984 4117 .. 251 
Oil 265 232 258 252 212 200 70 79 lSO 2 .. 9 257 266 

Ugnlte 
Coal 

I OtherExp 326 281 308 303 197 186 57 75 172 265 311 327 
Total 4,825 ",234 ",697 4,596 3,809 3,583 1,239 ',"'0 2,724 ..... 97 ",686 ".844 

I 
I 
I 
I 
I 
I 
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Kostov Case K2 PROJECTED OPERAllNG AND CAPITAl EXPENOOURES 

COST EXCL INFlAnON 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

OPERAllNG EXPENSES 
Fuel Cost - Natural Gas 53,726 61,818 71,289 82,210 94,805 112,882 115,750 114,592 113,446 112,312 111,163 110,052 110,052 110,052 110,052 110,052 110.052 

08 3,105 3,304 3,524 3,616 3,711 3,342 3,430 3,395 3,360 3,325 3.290 3,256 3,256 3,256 3,256 3,256 3,256 

Ugnite 
Black Coal 

Total Fuel Cost 56,831 65,122 74,813 85.826 98,515 116.224 119.179 117,987 116,806 115,637 114,453 113,308 113.308 113.308 113.308 113,308 113,308 

S...,plemental Cost (Shortfall) 

Purchased Power Cost 
Credit for Power Sales 
Net Power Interchange 

Fixed O&M and Overheacls 

Other Variable 0 & M 
Sorbent and Ash Removal 

Credit: By-Product Sales 

Emission Penalties 20 20 20 20 20 17 17 17 17 17 17 17 17 17 17 17 17 

Maintenance Elcpenses 5,683 7,200 8,408 8,242 6,148 8,256 7,287 7,204 7,166 8,843 7,802 7,598 7,669 9.360 8,369 8,189 8,139 

Plant Removal Costs 
TotaIO&M Elcpense 31,333 38,547 44.678 54,368 &S,n1 62,542 62.663 61.407 60.188 60.696 56.471 57,122 57,193 56,884 57,893 57,713 57,662 

CAPITAL COSTS 
Foreign 13282 27056 38205 54598 73664 15352 4243 4243 4243 13892 3383 

Domestic 1323 4755 6305 6946 8248 2862 1228 1228 1228 1527 71 

Total 14605 31812 44510 61544 81930 18214 5471 5471 5471 15419 3434 

TOTAL COST 

Present Worth 44.204 82,688 73,578 88.541 104.467 52.888 41.327 37.550 34,134 38.639 26,061 23.574 21,855 20,834 20,091 17,507 16,196 

Cumulative Present Worth 44,204 108,891 180.470 269,011 373,478 426,384 467.691 505,241 539,375 576,015 802,076 625.649 647.504 668,338 668,429 705,938 722,132 

OPERAllNG STAllS11CS 

TOTAL PRODUCll0N - MWH 
LPSteam 265,198 265,198 265,198 265.198 265,198 265,198 265,198 265.198 265,198 265,198 265.198 265.198 265.198 265.198 265,198 265,198 265,198 

Hot Water 2,910,403 2,910,403 2,910,403 2,910,403 2,910,403 2,910,403 2.910,403 2,910,403 2,910,403 2,910,403 2.910,403 2,910,403 2,910,403 2,910,403 2.910,403 2,910,403 2,910,403 

8ectricity 1,614,913 1,614,913 1,614.913 1.614,913 1,614,913 2,307,745 2,307,745 2,307,745 2,307.745 2.307.745 2,307.745 2.307.745 2.307.745 2.307.745 2.307.745 2,307.745 2,307.745 

COST OF PRODUCll0N - $/MWH (Variable Costs only) 

LPSteam $10.51 $11.90 $13.52 $15.37 $17.50 $17.91 $18.34 $18.17 $18.00 $17.83 $17.65 $17.49 $17.49 $17.49 $17.49 $17.49 $17.49 

Hot Water $10.43 $11.83 $13.46 $15.31 $17.44 $19.20 $19.67 $19.48 $19.30 $19.11 $18.93 $18.75 $18.75 $18.75 $18.75 $18.75 $18.75 

8ectricity $18.12 $20.51 $23.31 $26.49 $30.16 $26.70 $27.35 $27.09 $26.83 $26.57 $26.32 $26.07 $26.07 $26.07 $26.07 $26.07 $26.07 

NOT SERVED - MWH 
LPSteam 
Hot Water 
8ectricity 

EMISSIONS - TONS 
Particulates 151 151 151 151 151 132 132 132 132 132 132 132 132 132 132 132 132 

SO. 2,116 2,111 2,111 2,111 2. 111 1.853 1.653 1.853 1.853 1.853 1,853 1,853 1.853 1.853 1,853 1.853 1,853 

NOx 1,728 1,724 1.724 1,724 1,724 1,513 1,513 1,513 1,513 1,513 1,513 1.513 1,513 1.513 1,513 1,513 1,513 

CO 186 185 185 185 185 163 163 163 163 163 163 163 163 183 163 163 163 

...s;:::, 
V, 
~ 
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KostovC ... K2 

CASE K2 
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Kootov Cas. K2 
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I Kostov Case K2 LOAD DISPATCH AND ENERGY USE - YEAR 2010 

WINTER SUMMER WINTER 

I 
I 

PRODUCT - LP STEAM 

Customer Requirement MWH 
1 ~I 35~1 301551 ~I ~I 15801 1 14~1 11739

1 
11443

1 
12251 1 

.
16762

1 
29B58 

Slaton Use, Losses, etc. MWH - 3159 2691 1403 1256 1111 1032 1146 1583 ZT14 

1 366791 36681 1 326461 242941 97471 172041 15646 1 126501 124751 133991 16345 1 32632 

:I 3 .1 .1 .1 ,I ,I gl •• I ,,1 1:11 .. I 1.1 •• 
MWIs A_as Loading - MW 

- - - - - - - - - - - -

I - - - - - - - - - - - -
- - - - - - - - - - - - -

Header 274.000 1 - - - - 13.1 - 21.0 17.3 17.3 - -
Header 147.040 1 49.6 57.9 44.1 33.7 - 23.9 - - - 18.0 25.5 43.9 

- - - - - - - - - - - - -

I 
- - - - - - - - - - - - -- - - - - - - - - - - -

Unit Unit Ener 11 Output - MWH (Before Ad' ustment for Minimum Loading Limi1alion 

I 
- - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -

Header - - - - 9747 - 15646 12650 12475 - - -
Header 36679 36681 32846 24294 - 17204 - - - 13399 16345 32632 

- - - - - - - - - - - -

I - - - - - - - - - - - -
- - - - - - - - - - - -

TOIaI 36679 38881 32846 24294 gT47 17204 15646 12650 12475 13399 16345 32632 
Steam NotSenled MWH 

I PRODUCT - HOT WAlER 

Customer Requirement MWH 1434~ 1 ~ 13309231227~ 1 411~1 =1 
53'61, I 

:1 
53712 1 110894

i 
1 3077~ I 421766 

Slaton Use. Losses. etc. MWH - 49879 47769 43499 36600 2'062 29246 3142' 34665 41975 54696 

I 
I 4647661 4204171 3744221 2646661 622'61 658751 624091 764981 65'331 '457591 349734 1 476464 

.1 • I 
1 

:t 3 .1 ,I ,I • 1 I. I "I 1:1 , ,31 , .. / I! . 

BASIS 
UNIT MWtw A_OS Leading - MW 

- - - - - - - - - - - - -
I - - - - - - - - - - - -

HWB1-7 812.000 262.1 299.4 llM.4 67.6 - - - - - 22.2 137.6 266.0 - - - - - - - - - - - - -- - - - - - - - - - - - -

I 
Header 177.200 • 173.7 153.5 148.5 1472 - 112 - - - BO.6 167.5 176.1 
Header 113.100 1 110.8 911.0 99.6 108.0 35.8 110.6 37.4 22.8 35.1 B02 112.' 1'2.4 
HRSG#1 86.B07 84.9 74.7 75.6 85.5 47.8 - 73.6 62.7 83.1 64.5 85.1 65.8 
TOIaI 851.8 1125.6 518.1 408.4 83.6 121.8 11'.0 105.5 1182 267.6 502.3 640.4 

Unit Unit Ener:w 0uIDut - MWH G!efore Adlustment for Minimum Lcadinjl Limilalion 

I - - - - - - - - - - - -- - - - - - - - - -
HWB 1-7 209910 201225 133577 26410 - - - - 897 87157 197902 

- - - - - - - - - - - -
- - - - - - - - - - - -

I 
Header 129242 103126 110487 91190' - 6211 - - - 22279 120604 131044 
Header 62458 65837 74083 77787 26647 79864 27664 16983 25293 59696 &0727 83655 
HRSG#1 63'77 50229 56275 61566 35571 - 54745 615'5 59640 628117 61246 63664 
Tolal 464788 420417 374422 264666 62218 85675 62409 76498 85'33 '45759 349734 476464 

Hot Water Not Served MWH 

I ADJUSTED FOR MINIMUM LC W>ING-MWH 
ISlaam 

UnIt Jlililation .... ,"" -forMinimum ..ceding - MWH (!:iteam) 

- - - - - - - - - .- - -- - - - - - - - - - - -

I - - - - - - - .-- - - - -
Header - - - - 8747 - 15646 '2650 12475 - - -
Header 36879 3888' 32846 242IM - 17204 - - - 13399 16345 32632 - - - - - - - - - - - -- - - - - - - - - - - -

I - - - - - - - - - - - -
To181 36679 3888' 32846 24294 9747 17204 15646 12650 '2475 13399 16345 32632 

HolWaIer Unit UliIi2Jl1io1 after. t lor Minimum Leading- MWH (Hot Water) 

- - - .- - - - - - - - -

I - - - -.- - - - - - - - -
IHWBI-7 210523 204889 '36239 29446 - - - - - '642 9OB2O '981( 

- - - - - - - - - - - - I 
- - - - - - - - - - - - ! 

I Header '29369 104'69 1'0485 96'81 - :19-'61 - - - 26229 IH2S: '3'072 

I 
I Header 62489 658'1 74083 76309 46247 ~14 39151 .36965 36253 58795 8072, 83655 i 
! HRSG#' 62367 45528 516'5 6()748 '5971 - 43258 39533 46680 59092 60908 63636 ' 

T0181 464788 420417 374422 264666 62216 85875 82409 7649/3 85133 145759 349734 476464 

I 



I 
Kostov Case K2 LOAD DISPATCH AND ENERGY USE - YEAR 2010 

WINTER SUMMER WINTER 

I TOTAL_UNIT UTILIZATION BEFORI:. "''::f'lUIREMENT FQR ELECTRIC -MWIi 

Unit 0u1put to meet Steam and HI)t Water -MWH 

- - - - - - - - - - - -- - - - - ! - - - - - - - I 

I I HWBl-7 210523 204889 138239 29448 - - - - - 1642 9OB2C 198101 

I Head~L - - - - 9747 - 15646 1285(l 12475 - ~ -
leaeer 36879 38881 32846 24294 - 17204 - - - 13399 1 32632 
leae er 129389 104189 110485 98181 - 29181 - - - 26229. l' 1:!1Q!;2 
leae er 82489 ~11 74Q!!3 76309 46247 56714 39151 38965 3B253 58795 8 !3655 

I 
IRSj i' 62387 45528 51615 60748 15971 - 43258 39533 4688C 50092 6 l3636 
otal 521667 459298 407266 2B896O 71965 103079 98055 111348 97608 159158 36 5Il9096 

ADDITIONAL RECUIREMENT FOR BACK PRESSURE STEAM TUR3INES MWH -
Basis 

I 
%0 Thermal output represented in electric tll!f'M!f8.tion - MWHt 

- - - - - - - - - - - - -- - - - - - I - - - - - - -- - - - - - .1 - - - - - -
Tum 1-48 0.97 - - - - 2072 ' - 3325 2731 2652 - - -
Tum Sa 0.99 7393 7836 6554 4807 - 3404 - - - 2651 3630 6510 

I Turb 1-4b 0.97 44521 40212 44521 40198 - 33319 - - - 16531 43085 44521 
TurbSb 0.99 34428 26995 3D463 31658 16484 22196 13002 12887 12720 23005 33739 34978 
TumK2b 0.99 20129 14167 16133 19618 2169 - 13029 11644 14474 18906 196n 20592 
Total 106470 89210 97672 96281 20725 58919 29358 27263 29846 61124 100131 106601 

I 
STEAM TO CONDENSING lUfBlNES AND REJECTION - MWH 

IncIemental1herma1 cutDut in electric Cl!fIeI1ltion .nd~ - MWHt 
- - - - - - - - - - - -
- - - - - - - - - - -

I 
- - - - - - - - - - - -- - - - - - - - - - -
- - - - - I - - - - - - -

Tum 1-<IC 240529 206046 223820 200695 109232 120195 108248 108714 105201 70029 225759 242016 
- - - - - - - - - - - -

I 
Tum K2c 22973 35586 3n4O 21721 87348 1 - 49202 54311 40732 27490 21501 21261 

UNIT UTILIZATION - TOTAL MWH 
Unit 

Iinit 11ti1i7l'...., MWI-

I Blr#1~. -. 63n1 35194 38965 - - -- - - - - 3noe 63526 
Blr#:3 -. .97412 IICI438 69362 88755 .--. -- - - - - 8378' 97412 
HWB 1-7 - 2105 !3 204819 138239 1448 - - - - - 1642 IlO82O 198101 
Bir#" - 12 179 15 117412 )52 - - - - - .- _94270 1i174' 
Bir#!; - 11 '8 154 105878 r78 - 81205 - 70470 8IlO32 59:i!18 10226 10! i71 

I 
Blr#6 1~ '8 154' 105878 r78 78104 100494 74104 - 102269 7 51~ 

~ 
10! 

Blr#7 -. .105678 15451 105878 98 r78 1()5678 1004~ 105288 105678 - ~ 10! 
HRSG~. 105489 95280 105489 100 066 105489 -- ..105489 . . 105489 100066 10 !IS 1C 

Total 891639 790139 788SOO 607876 289271 282193 284860 281636 273387 31 7~)1 71547 871 194 
215758 258350 

I 
I 
I BOILER EFFICIENCIES 

BASIS BASIS 

"1 %2 EIIic:iency 

I 
Blr'1&2 - - 84.5'1(, 84.5'1(, 84.5'1(. - - - - 84.5'1(, 84.5'1(. 
Blr#3 - - 84.5'1(. 84.5'1(. 84.5'1(. 84.5'1(. - - - - - - 84.5'1(. 84.5'1(. 
HWB1-7 - - 84.7% 84.7% 84.7% 84.7% - - - - - 84.7% 84.7% 84.7% 
Blr'4 - - 84.5'1(. 84.5'1(. 84.5'1(. 84.5'1(. - - - - - - 84.5'1(. 84.5% 
Blr'5 - - 84.5% 84.5'1(, 64.5'1(, 84.5% - 84.5'1(. - 84.5% 84.5% 84.5'1(. 84.5% 64.5'1(, 

I 
Blr"'6 - 84.5'11'. 84.5'11'. 84.5'1(, 84.5'1(. 84.5% 64.5'11'. 84.5% - 84.5% 84.5'1(. 84.5% 64.5% 
Blr"'7 - 64.5% 64.5% 64.5% 64.5'1(. 64.5'1(, 64.5% 64.5% 64.5% 84.5'11'. 64.5'1(. 64.5% 

- - - - - - - - - -

I 
INPUT ENERGY REQUIRED 

Unit Ener 'f( Input MMBTU 
Blr#1&2 - 257499 142109 157335 - - - - - - - 152259 256511 
BI,#3 - 393337 324799 280076 358383 - - - - - - 338295 393337 

I 
HWB 1-7 - 848055 825363 556874 118627 - - - - - 6616 365853 798019 
BI,#4 393337 355272 393337 367657 - - - - - 380648 393337 

IBI,#5 - I 426713 385418 4267~~ 398854 - 327895 .- 284547 278743 239115 412948 ~~3i 
31,#6 I 4£fl713 385418 4?E7~3 398e54 315374 ' 400781 299220 - 412948 305771 I 4129481 426713; 
-~7--- i 426713 385418 426713 398854 426713 I 405761 425059 426713 - 305771 I 412948: 426713 
" , 

I : - I - - - - - - - - - - -

I Total 3172367 2803797 2667760 2041228 742087 1139457 724279 711260 691691 857274 2475900 3121342 
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Kostov Case K2 

FUEL COST - BOILERS (Gas) 

-00-
I/UMBi'\J 

Blr 11'1&2 S1.93 497 
Blrll'3 S1.93 759 
HWB1-7 S1.93 1635 
Blrtlf4 $1.93 759 
Blrtlf5 S1.93 823 
Blrtlf6 Sl.93 823 
Blrtlf7 Sl.93 823 

- -
Total 6118 

FUEL COST - BOILERS (Mazut) 

-00-
1/U1Ei'\J 

Blr#l&2 SO.12 31 
Blrtlf3 SO.12 47 
HWB 1-7 SO.12 102 
Blrtlf4 SO.12 47 
Blrtlf5 SO.12 51 
Blrtlf6 SO.12 51 
Blrtlf7 SO.12 51 

- -
Total 382 

HOT WATER SHORTFAll MWH 
Assumed Equivalent Cost S/MWH S10.00 

SUPPLEMENTAL HOT WATER COST - S(OOO) 

Water and Other Variable O&M Expenses - Boilers S(OOO) 
Basis Basis 

SIUWIM -Blr1l'1&2 SO.03 SO.75 62 
Blrll'3 SO.03 SO.75 95 
HWB 1-7 SO.03 SO.75 163 
Blr 11'4 SO.03 SO.75 95 
Blr#5 SO.03 SO.75 103 
Blrll'6 SO.03 SO.75 103 
Blrll'7 SO.03 SO.75 103 
HRSG#1 SO.03 SO.75 95 
Total 818 

Umestone and Ash Removal Expenses - BoIIer.s S(ooOl 

Blrtlf1&2 
Blrtlf3 
HWB 1-7 
Blr 11'4 
Blr#5 
Blrll'6 
Blrtlf7 

Total 
Removal Costs Only 
By-Product Sales S(OOO) 

Emissions Penalties - BoIlers $(000) 

8Ir#1&2 
81rll'3 
HWB 1-7 
81r#4 
81r#5 
81r#6 
Blrll'7 
HRSGII'1 
Total 

Emissions by Type - Tons 

Particulate 
SO 
NOx 
CO 

Emiaiom 
SIMMBTlI 
0.0006 0 
0.0006 0 
0.0006 1 
0.0006 0 
0.0006 0 
0.0006 0 
0.0008 0 

- -
3 

Pounds 
I_Ton ... 

2205 19.9 
2205 2n.9 
2205 227.0 
2205 24.4 

FUEL COST AND OTHER O&M EXPENSE - YEAR 201 0 

WINTER SUMMER WINTER 

Fuel Cost - Natural Gas S(OOO) 
274 303 - - - - - - 294 495 
626 540 691 - - - - - - 652 759 

1592 1074 229 - - - - - 13 706 1539 
eas 759 709 - - - - - - 734 759 
743 823 769 - 632 - 549 538 461 796 823 
743 823 769 eoe 783 577 - 796 590 796 823 
743 823 769 823 783 820 823 - 590 796 823 
- - - - - - - - - - -

5407 5145 3937 1431 2197 1397 1372 1334 1653 6020 

Fuel Cost - Mazut $(000) 
17 19 - - - - - - - 18 31 
39 34 43 - - - - - - 41 47 
gg 87 14 - - - - - 1 44 96 
43 47 44 - - - - - - 46 47 
46 51 46 - 40 - 34 34 29 SO 51 
46 51 46 38 49 36 - SO 37 SO 51 
46 51 46 51 49 51 51 - 37 SO 51 

- - - - - - - - - - - ~ 

338 321 89 137 87 86 83 103 376 

Variable O&M Expense $COOO) 
34 38 - - - - - - - 37 62 
79 68 86 - - - - - - 81 94 

159 107 23 - - - - - 1 70 154 
86 95 89 - - - - - - 91 94 
93 103 96 - 81 - 72 70 57 99 103 
93 103 96 79 100 75 - 104 73 99 103 
93 103 96 106 100 107 107 - 73 99 103 
69 99 92 110 - 101 102 96 96 92 95 

727 716 578 280 261 270 300 66B eoe 

Umestone Injection & Ash Removal Expe_nse5 SCOOOJ 

Emissions Penalties S~XXl) 
0 0 - - - - 0 0 
0 0 0 - - - - - 0 0 
1 0 0 - - - - - 0 0 1 
0 0 0 - - - - - 0 0 
0 0 0 - 0 - 0 0 0 0 0 
0 0 0 0 0 0 - 0 0 0 0 
0 0 0 0 0 0 0 - 0 0 0 

- - - - - - - - -
2 2 2 2 3 

Emissions - Tons I 
17.5 16.7 12.B 4.6 7.1 4.5 4.5 4.3 54 t5.5 195 i 

245.6 233.7 176.B 65.0 99.6 63.4 62.3 60.6 75.1 216.9 ; 2734' 
200.6 190.9 146.0 53.1 Bl.5 51.B SO.9 49.5 61.3 177.1 I 223.31 

21.6 20.5 15.7 5.7 B.B 5.6 5.5 5.3 6.6 19.0 i 240 i 
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Kostov Case K2 ELEcmJC GENERATION AND GAS TURBINE FUEL COST - YEAR 2010 

WINTER SUMM8'I WINTER 
Jan ~ Mar ~ ~ ~ ~ ~ ~ Oct Nov Oec 

AWl/age KW Required 24400 2513:1 23524 18375 6952 10672 10044 9591 S269 11023 1~ 22738 
S1aIion Use (Incl Above) 

ToI1II 24400 2513:1 23524 18375 6952 10672 10044 8591 S269 11023 19839 22738 

BACKPR=~IIRI"'" , I OUTPUT - AVERAGE KW 

~~ r 0 1IIpU1 & Con1IaCt PUfCiIIo ... 

----
- - - - - - - - - - -- - - - - - - - -- - - -- - - - - - - - - - - -

rUI ,- -- - - - 2712 - 4354 3578 35S7 - - .. -
rut 

it 
1485 8878 - :di - - - 351 .~ 8819 

lut I"",", iII2II4 :18284 - - - - 582l 582 58284 
TUI ~. 40331 21BZ! 17318 17lIB2 17402 3041 46' 463CII 
Tut ;a, U7f15 21391 2872 - 17250 15418 191101 25C 269 27282 

ToIIIJ T.G UUlPU1 141m1 1; 10103 12BS152 1~ a 274111 833t6 311921 36054 407111 117322 1363 140473 

-11!11121 -104974 -105128 -119833 -20456 -82S34 -2BS77 -27<162 -31521 -10S299 -118488 -117735 

CONDENSING l\JR8INE OUTPUT - AVERAGE KW _tot 
EIIdonq Condensinc Turbine 0tJ1Pu1 - KW 

- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - -
Turb 1-4<: 97.4% 133512 126625 12~7 123381 B0632 89148 6OClI!6 80345 60341 1046S9 129490 134337 

- - - - - - - - - - - -
Turb K2c 9805 10012 17171 164G 9782 38070 - 21444 23671 18344 11981 9883 9266 

143524 143196 14011B6 133163 98702 89148 81529 84015 786115 116610 139174 1438)3 ToI1II Condens Turb 0utpu1 

Balance Required -251045 -248770 -245913 -2411796 -119159 -171782 -110C06 -111479 -110208 -222989 -255662 -281339 

GT CapabIlIy@FutILmd 71785 71220 70317 68746 87421 8B411l 65S85 871Z 700S9 71220 

GAS 1\JR8INE OUTPUT - AVERAGE KW 

Gas Turbine_OutpU1 - KW 
- - - - - - - -- - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -

GT-fiFA 71785 71221 70317 68746 67421 - 65S85 86050 671Z 6B6al 700S9 71220 
T 0l1Il GT 0utpu1 (KW) 71785 71220 70317 68746 67421 - 65S85 86050 671Z 6B6al 700S9 71220 

Balance Required (KW) -331130 -31&990 -316130 -318542 -188584 -171782 -17S!91 -17152B -177329 -291577 -325731 -332559 

Hours in Period 744 672 744 720 744 720 744 744 720 744 720 744 

Balance Required (MWHJ -246360 -215)33 -235201 -220587 -1311118 -99822 -131083 -133J81 -1215n -140703 -234528 247424 

PlR:HASE[) POWER 75% 75'l!. 75% 75"- 75'l!. 75"- 75% 75% 75'l!. 75'l!. 75'l!. 75% 
Peak Demand KW 

Demand Charge - Sft(YI 
Energy CIwge - Cents/KWI- 0.02B9 0.02l9 0.02l9 0.0233 0.0233 0.0233 0.0233 D.0Z3 0.0Z3 0.02l9 0.02l9 0.02l9 

Demand CIwge - $(000) 
Enetgy Charge - $(OOq 
ToI1II - $(OOq 

POWERSAU:S 
EnergyCredit- CentsIKWH 0.02l0 0.02l0 0.02l0 0.0226 0.0226 0.0226 0.0226 0.0226 0.0226 0.02l0 0.02l0 0.02l0 

Energy Credit $(000) 6415.7 5599.9 6125.1 49786 31331 22485 2958.5 2981.1 2891.7 3664.2 6107.5 6443.4 

GAS TURBINE 
Percent Lmd 

Per<:ent Lmd 

GT -flFA 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

Fuel Flow - MMBTU 

Fuel Flow - MMBTU 

GT-6FA 523297 _2 514159 489755 491401 4913)4 505331 496765 520017 
ToI1II 5.23297 514159 489755 498812 490502 491401 4B 1 3)4 505331 496765 520017 

, GT-6FA $2.00 1062.3 953.5 1045.0 9942' 10128 995.7 ! 997.5 976.8 ' 1025.8 10084 10556 I 

Total 1062.3 953.5 10450 9942 10128 995.7 997.5 976.8 10258 10084 1055.6 
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KostOY Case K2 GAS TURBINE EXHAUST HEAT UnUZAnON AND SUPPLEMENTARY FIRING - YEAR 2010 

WINTEA SUMMEA WINTER 

GASlUABINE 
Interpolated Exhaust Temperalure Of 

Exhaust Temperalure OF 

- - - - - - - - - -- - - - - - - - - - -- - - - - - - - - - -- - - - - - - - - - -- - - - - - - - - - -
GT-IIFA 10116 10116 1091 10116 1101 - 1107 1106 1102 1097 1092 1088 

Exhaust Flow M#/Hr 

GT-IIFA 1576.8 1568.7 1555.6 15332 1514.4 1492.5 1494.8 1510.1 15312 1552.0 1568.7 

Av-"able Exhaust Heat MMBTU/Hr 

Exhaust Heat MMBTU/Hr 

GT-BFA 383.189 382.091 360293 357.329 354.841 351.879 352200 354.264 357.072 359.795 382.091 

Steam Available - MW per Hour (Without SuPplementary FIrIng) 
EnthalPI 

Rise Tobd Sleam Available without S~lem~_Firlng MW/Hr 
3.412 - - - - - - - -
3.412 - - - - - - - - - - -
3.412 - - - - - - - - - -
3.412 - - - - - - - - -
3.412 - - - - - - - - -

HASG#1 3.412 106.447 106.123 105.596 104.727 103.998 - 103.130 103224 103.829 104.652 105.450 
106.447 106. 123 105.596 104.727 103.998 103.130 103224 103.829 104.652 105.450 

Steam SUDDlied from SUDDlemental FirinQ - MW per Hour 

HRSG#1 

Utilized HASG Enerav MW De Hr 

HASG#1 

Elec1ric OUlput Ralio 
Utilized Heal Ralio 

-
-
-
-
-

35.339 
35.339 

141.8 
141.8 

33.6% 
66.4% 

-
-
-
-
-

35.863 
35.863 

141.8 
141.8 

33.4% 
66.6% 

Steam Reiection - Avo MW f o Coollno Tower} 
MaUruT 
CaDacIt\ 

From Condenslna 200.000 206.9 
From Gas TurbIne 200.000 -

Total 206.9 

8uoDlemenIIIrV FIrIn Energy Input - MMBlU 

-
---

HASG#1 8970B 

SUDDlemenlarv Firin Fuel Cost fGas) 
UnIt Cosl 
SIMMBTU 

212.1 

212.1 

-
-
-
81771 

----
36.190 
36.190 

141.8 
141.8 

332% 
66.8% 

207.3 

-
207.3 

-

91870 

Qeam Supplied from Supplementary Ftrirlg - MW per Hour 

-----
37.059 
37.059 

141.8 
141.8 

32.1"-
67.3% 

1112.3 
-
192.3 

-
-

--
91040 

-
----

37.788 
37.788 

141.B 
141.8 

322% 
67.8% 

- -
- - -- - -- - -- -- 38.656 38.562 

38.656 38.562 

HRSG Ener ~y Utilized - MW/Hr 

141.8 
141.8 

31.1"-
68.3% 

141.8 
141.8 

31.8% 
682% 

Steam RejecUon - Aver~ MW 
183.3 124.3 1282 133.1 
- - -
183.3 124.3 128.2 133.1 

- - -- - -
- - -
- - - -
- - - -
95926 - 98130 97891 

Supplementary Firing Fuel Cosl 5(000) 

-
-
---

37.957 
37.957 

141.B 
141.8 

32.1% 
67.9% 

122.1 

-
122.1 

-
---
93247 

-
----

37.134 
37.134 

141.B 
141.8 

32.6% 
67.4% 

170.8 

-
170.8 

--
94266 

-
----

36.336 
36.336 

141.8 
141.8 

33.1% 
66.9% 

200.8 
-
200.6 

-
-
-
-
89265 

-
--
-
-

106.123 
106.123 

-
-
--
-
35.663 
35.663 

141.B 
141.B 

33 .• % 
66.6% 

206.5 

206.5 

-
-
-
-
90532 

1-----+---=--+--=------'=-------'=-------------------------------.--. 
f------ ~-.:: - r --:::---.:;:---------------------- ..::..----=---....:.:....---'------==---

HRSG #1 2.03 I lB2 166 lB6 lB5 195 199 199 lB9 191 181 184 
Total lB2 166 186 lB5 195 199 199 189 191 181 le4 

I 
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Kostov Case K2 SUPPLEMENTARY DATA 

WINTER SUMMER WINTER 

Average MW utilized before Incremental MWe and RejectJon - Cogen Unns ani 
- - - - - - - - - - -
- - - - - - - - - - - -- - - - - - - - - - -

Turb 1-48 - - - - 15.9 - 25.5 20.9 21.0 - - -
Turb Sa 59.5 69.5 53.0 40.4 - 28.6 - - 21.6 30.5 52.6 
Turb 1-4b 233.8 214.9 208.3 206.0 - 112.2 - - 154.8 222.7 238.0 
TurbSb 157.1 138.1 140.5 1SO.0 84.3 109.6 70.5 69.7 70.8 110.0 159.0 159.5 
TurbK2b 110.9 88.8 91.1 111.6 24.4 - 75.7 68.8 85.2 104.8 111.9 113.2 

_IS T __ r 

Maximum Steam Flow - MW IIWt IIW 

108000 557.0 521.5 509.2 504.8 162.7 328.1 171.0 167.1 167.1 406.3 536.3 561.3 

Turb K2c 38590 141.8 141.8 141.8 141.6 141.8 141.8 141.8 141.8 141.8 141.8 141.8 141.8 

Eslabllsh Cogen Unit Incremental MW (to Condensing Turbine & Cooling Tower) 

Steam to Condensing Turbine - AWIIlIge MW (Maximum Steam less Steam Utilized lor Process and Hot Water) 

- - - - - - - - - - - -
- - - - - - - - - - - -- - - - - - - - - - - -
- - - - - - - - - - - -- - - - - - - - - - - -

Turb 1-4c 323.3 306.6 300.8 298.6 146.8 215.9 145.5 146.1 146.1 253.5 313.6 325.3 
- - - - - - - - - - -

Turb K2c 30.9 53.0 SO.7 302 117.4 - 66.1 73.0 56.6 36.9 29.9 28.6 
354.2 359.6 351.6 326.9 264.2 215.9 211.6 219.1 202.7 290.4 343.4 353.9 

MaxImum HoUIS Use 

Maximum Hours Use 
Blr#1&2 - - - - - - - - - - - -
Blr#3 - - - - - - - - - - - -
HWB 1-7 744 672 687 391 - - - - - 40 634 744 
Turb 1-48 - - - - 744 - 744 744 720 - - -
Turb Sa 744 672 744 720 - 720 - - - 744 720 744 
Turb 1-4b 744 672 744 672 - 557 - - - 276 720 744 
TurbSb 744 672 744 720 744 720 739 744 720 744 720 744 
TurbK2b 744 672 744 720 744 - 744 744 720 744 720 744 

AWIIlIgIlload - MW 

AWIIlIQe load - MWt 
BIr#1&2 - - - - - - - - - - - -
Blr#3 - - - - - - - - - - - -
HWB 1-7 283.0 304.9 201.2 75.4 - - - 40.6 143.4 266.3 
Turb 1-48 - - - - 13.1 - 21.0 17.3 17.3 - -
Turb Sa 49.6 57.9 44.1 33.7 - 23.9 - - - 18.0 25.5 43.9 
Turb 1-4b 173.9 155.0 148.5 146.2 - 52.'- - - 94.9 162.9 176.2 
Turb Sb 110.9 97.9 99.6 106.0 62.2 78.6 52.9 52.4 53.1 79.0 112.1 112.'-

,Turn K2b 83.9 67.7 694 84.4 21.5 - 58.1 53.1 65.1 79.'- 84.6 85.5 

Average load - Mlb/Hr 
_IS 

MBTUllb AWIIlIge load - Thousand Pounds per Hour 

- - - - - - - - - - - - -
- - - - - - - - - - - - -
- - - - - - - - - - - - -

1.1780 - - - - 37.9 - 80.9 SO.O 50.2 - - -
1.1380 146.6 173.5 132.'- 101.2 71.6 - - 54.0 76.'- 131.5 
0.9790 806.1 5<40.'- 5'7.6 509.4 - 182.5 - - - 330.9 567.7 614.0 
0.9410 402.0 355.1 361.0 364.3 225.4 285.6 192.0 189.9 192.6 286.5 406.5 407.7 
0.9686 295.4 238.7 244.4 297.2 75.6 - 204.8 187.2 229.4 279.8 298.0 301.3 

Average load - % 

I Avera.Jje Load - Percent of Rated Capacity 
I Blr *'&2 - I - I - I - I I - I 

Turn 1-4a J - I - I I 7.7% 6.3% 6.3% - ..! 
-:T;.:u::.:.rn;::-:::5a=-:,.-_________ !-__ -+�--;33~:..:.:.7:_:%;:_+_1_::3='9.~3;;;%'_iI___;30~.0%:;;_:_' ... ' -:;:;';:;-'-''------;::2'~~·';30-;;~ L -~-.--:::-- _ " SI;.26~ I.-g' 7, .~ -- 99~~4e~ :. 
_!.".!P.1~~_ _ __ 1 ____ ~~~~o 1 636<;, - • _ ~ ~~ ~ 

69 6% .~ 463% 1 47.0%! ~ 99''''' 99 4% I Turn Sb 
Turb K2b 

960% 1 866% '.......:8:.;::8;.:,:.0%'-::"-_1 --=-::'-':-:'.:...---':=';':'-,'-'-
96.8% I 762%' 80''''' , 67 ,% Is1A%j752%i g, 7% I 977%' 96.8%: 



I Kostov Case K2 SUPPLEMENTARY DATA 

WINTER SUMMER WINTER 

I Steam Supply - Percent of Output and Total Cos t 

Percent ofT otaI Output 

I Blr#1&2 6.4% 7.9% 6.3% 5.1% 5.3% 6.1% 8.7% 7.3% 7.3% 6.4% 3.5% 5.7% 
Blr#3 6.4% 7.9% 6.3% 5.1% 5.3% 6.1% 8.7% 7.3% 7.3% 6.4% 3.5% 5.7% 
HWB 1-7 - - - - - - - - - - - -
Blr#4 8.4% 7.9% 8.3% 5.1% 5.3% 8.1% 8.7% 7.3% 7.3% 8.4% 3.5% 5.7% 
Blrtl'5 8.4% 7.11'1(, 8.3% 5.1% 5.3% 6.1% 6.7% 7.3% 7.3% 8.4% 3.5% 5.7% 

I BIr#6 6.4% 7.9% 8.3% 5.1% 5.3% 6.1% 8.7% 7.3% 7.3% 6.4% 3.5% 5.7% 
Blr#7 6.4% 7.9% 6.3% 5.1% 5.3% 8.1% 8.7% 7.3% 7.3% 6.4% 3.5% 5.7% 
HRSG#1 1 GT - - - - - - - - - - - -

Cost or Steam Su!!!!I~ 
Gas 287 303 256 t89 76 134 122 100 97 104 143 254 

I 
Oil 18 19 16 12 5 8 8 6 6 7 9 t6 

Ugnite 
Coal 

OtherExp 36 3B 32 24 10 17 16 13 13 13 18 32 
Total 341 360 304 225 90 159 145 '19 116 124 170 302 

I Hot Water Supply - Percent or Output and Total Cost 

Percent or Total Oull ut 
Blr#l&2 36.8% 34.7% 35.3% 36.6% 25.2% 30.4% 21.6% 22.1% 22.3% 40.4% 37.9% 37.3% 
BIr#3 36.8% 34.7% 35.3% 36.6% 25.2% 30.4% 21.6% 22.1% 22.3% 40.4% 37.9% 37.3% 

I 
HWB 1-7 100.0% 100.0% 100.0% 100.0% - - - - - 100.0% 100.0% 100.0% 
Blrtl'4 36.6% 34.7% 35.3% 36.6% 25.2% 30.4% 21.8% 22.1% 22.3% 40.4% 37.9% 37.3% 
Blnl'5 36.6% 34.7% 35.3% 36.6% 25.2% 30.4% 21.6% 22.1% 22.3% 40.4% 37.9% 37.3% 
Blrtl'6 36.8% 34.7% 35.3% 36.6% 25.2% 30.4'" 21.6% 22.1'" 22.3% 40.4% 37.9% 37.3% 
Blr#7 36.8% 34.7% 35.3% 36.6% 25.2% 30.4% 21.6% 22.1% 22.3% 40.4% 37.9% 37.3% 

I HRSG#1 1 GT 59.1% 47.8% 48.9% 59.5% 15.1% - 41.0% 37.5% 45.9% 56.0% 59.7% 60.3% 
Cost or Hot Water SUl!l!lll 

Gas 4021 3450 3114 2289 543 669 795 752 833 1357 2957 3959 
Oil 205 182 157 99 23 42 19 19 19 42 140 201 

Ugnite 

I Coal 
OtherExp 427 369 337 248 63 85 81 78 83 137 318 420 

Total 4,653 4,002 3,607 2,636 629 796 895 849 935 1,536 3,416 4,580 
Electric Supply - Percent of Output and Total Cost 

I Percent or Total OUII ut 
Blr#l&2 56.8% 57.4% 58.4'" 58.3% 69.5'" 83.5% 89.5% 70.8% 70.4% 53.3% 58.6% 57.0% 
BIr#3 56.8% 57.4% 58.4'" 58.3% 89.5% 83.5% 89.5% 70.6% 70.4% 53.3% 58.6% 57.0% 
HWB 1-7 - - - - - - - - - - - -
Blr#4 56.6% 57.4% 58.4% 58.3% 89.5% 83.5% 89.5% 70.6% 70.4'" 53.3% 58.6% 57.0% 

I Blr#5 56.6% 57.4% 58.4% 58.3% 89.5% 83.5% 89.5% 70.6% 70.4% 53.3% 58.6% 57.0% 
BIr#6 58.8% 57.4% 58.4% 58.3% 69.5% 83.5% 89.5% 70.6% 70.4% 53.3% 58.6% 57.0% 
Blr#7 56.8% 57.4% 58.4% 58.3% 69.5'" 83.5% 89.5% 70.6% 70.4'" 53.3% 58.6% 57.0% 
HRSG#1 1 GT 40.9% 52.2% 51.1% 40.5% 84.9% - 59.0% 62.5% 54.1% 44.0% 40.3% 39.7% 

I 
Cosl of Electric SuQRlll 

Gas 3054 2773 3007 2637 2020 1395 1675 1716 1570 1409 21164 3046 
au 159 137 149 135 62 87 61 60 59 55 149 160 

Ugnite 
Coal 

I 
OtherExp 358 323 349 308 222 178 187 191 175 150 335 357 

Total 3,570 3,233 3,505 3.080 2.304 1,660 1,922 1,967 1,803 1,615 3,348 3,563 

I 
I 
I 
I 
I 
I 
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Uulin - Case l1 PROJECTED OPERATING AND CAPITAL EXPENDITURES 

- "" ....... ~. ''''''".. uuv 

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
OPERATING EXPENSES 

I 
Fuel Cost - Natural Gas 10,649 12,280 14,162 16,331 18,833 19,241 19,730 19,532 19,337 19,144 18,898 18,707 18.707 18.707 18,707 18,707 18,707 

Oil 615 656 700 718 737 754 774 766 758 750 740 732 732 732 732 732 732 1 

lignite - - - - - - - - - - - - - - - - -
Black Coal - - - - - - - - - - - - - - - - -

Total Fuel Cost 11,264 12,937 14,662 17.050 19,570 19,995 20.503 20,298 20.095 19.894 19.636 19,440 19,440 19,440 19,440 19,440 19,440 
S~plemental Cost (Shortfall) - - - - - - - - - - - - - - - - -
Purchased Power Cost 850 907 967 992 1,018 1,045 1,072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 

Credit for Power Sales - - - - - - - - - - - - - - - - -
Net Power Interchange 850 907 967 992 1,018 1,045 1,072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 

Fixed O&M and Overheads 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 
Other Variable 0 & M 915 915 915 915 915 915 915 915 915 915 915 915 915 915 915 915 915 
Soment and Ash Removal - - - - - - - - - - - - - - - - -

Credit: By-Product Sales - - - - - - - - - - - - - - - - -
emission Penalties 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 
Maintenance Expenses 1,152 1,187 2,247 1,226 1,397 1,297 2,455 1,340 1,526 1,417 2,683 1,465 1,668 1,548 2,932 1,600 1,823 
Plant Removal Costs - - - - - - - - - - - - - - - - -

TotaIO&M Expense 14,977 16,741 19,787 20,979 23,697 24,048 25,742 24,422 24,404 24,094 25,103 23,688 23,891 23,771 25,155 23,823 24,046 

CAPITAL COSTS 
Foreign 1369 7641 9293 9417 18660 8400 2341 2341 2341 10348 - - - - - - -
Domestic 337 1498 1831 1866 2111 1560 669 669 669 960 - - - - - - -

Total 1706 9136 11124 11283 20971 9981 3010 3010 3010 11306 - - - - - - -
TOTAL COST .16.684 25876 30.910 32.262 44.667 34.008 28.752 27.432 27.415 35.400 25.103 23.688 23.891 23.771 25.155 23.823 24.046 

" Present Worth 
16,054 23,056 25,500 24,644 31,592 22,272 17.435 15,402 14,252 17,041 11,189 9,776 9,129 8,411 8,241 7,227 6,754 

Cumulative Present Worth 16,054 39,111 64,611 89,255 120,847 143,119 160,553 175,955 190,207 207,248 218,437 228,212 237,342 245,753 253,994 261,220 267,974 

OPERAllNG STAllSllCS 
TOTAL PRODUCTION MWH 

LPSteam - - - - - - - - - - - - - - - - -
Hot Water 1,180,933 1,160,933 1,180,933 1,160.933 1,180,933 1,160,933 1,160,933 1,160,933 1,160,933 1,160,933 1,160,933 1,180,933 1,180,933 1,180,933 1,180,933 1,160,933 1,160,933 
electricity 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

COST OF PRODUCTION - $/MWH (Variable Costs only) 
LPSteam - - - - - - - - - - - - - - - - -
Hot Water $10.32 $11.73 $13.36 $15.22 $17.35 $17.71 $18.14 $17.97 $17.79 $17.62 $17.41 $17.24 $17.24 $17.24 $17.24 $17.24 $17.24 
electricity - - - - - - - - - - - - - - - - -

NOT SERVED - MWH 
LPSteam - - - - - - - - - - - - - - - - -
Hot Water - - - - - - - - - - - - - - - - -
electricity 31,046 31,048 31,046 31,046 31,048 31,048 31,048 31,046 31,048 31,048 31,046 31,046 31,048 31,048 31,046 31,046' 31,046 

EMISSIONS - TONS 
Particulates 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 

SO. 419 419 419 419 419 418 418 418 418 418 417 417 417 417 417 417 417 
NOx 343 343 343 343 343 341 341 341 341 341 340 340 340 340 340 340 340 
CO 37 37 37 37 37 37 37 37 37 37 37 37 37 _37 37 37 37 

~ 
<'" 
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UuIir'l-CU.L1 

CASE II 

:~:'~~~ to Fulload 
Hal load 

I"~ .. r;R OOTPIf 
_Iv 

'.111. 

I PRe DUC" - LP STEAM 

~.III. 

...... 
UNIT 

1101 
'Jfo2 

MWI 

MSTUIb 

FACILITIES DATA SHEET AND SIMULATED RESULTS - YEAR 20.0 

20'0 

Facilities Data .. 
FA I E5 

HWB#' HWB#2 HWB#~ 

.0% 

~ oue . - He rWATER 
uantlv 

M~~~~--~---+--~--~----r---+---+---~---r--
-+--~----r-~ 

. fII-'Y 

BOATA R ...... 

Tm ,~ 

u r. 
1'1 Iv 

Sink MS' 'U/bS 

Gen •• ,or EkiOncv '!roa 
, Factor Factor 

I FUELS DATA 
Primlry Fu.I 

::otl 
P .. c.,U •• '-SIIIMsn 

·U •• 
1-

:OS1 S/tIMBTU 

__ eoo,-F .... 
__ eoo'-F .... 2 _I 
Purchued PoWIr 

:e2 
C( :m 

IO.Q2eII 

hM~O·ijfHgi.i.;Y·~D'.·TASUrrnw--,~~iTe;n;·ec ~ 
I..... ' 
lav 

IuIY 

o. . 

'" .OOC 
3i 
11 

12. 
lIS. 

M&ZIJ 
12. 
5. 

ST2-AII 
ST2-AII 

100% 
100% -
100% 
100% 
100% 

'00% 
'00% 
'00% 

1.03 
>.0% 

MUI 

! .• ' 
.~ 

S12-AII 
812-l1li 

-

l' ·.000 
:10 

Gos 
5203 
.0". 

M"'" 
! .• ' 

10", 
101'10 

-
,00 
,00 
100 
100 

Gos 

M 

100% 
'00% 
'00% 

TEST YEAR SIMULATION RESU118: .I!!!! f!2 M!!: M. Mn ~ ~ &!II !!!I!! 

OPERATING EXPENSES 
Nlllu'oI Gal ,.~ ,.3.2 '.'511 743 :zoe S42 S38 _ 33. 

011 03 82 72 * '3 2' 2' ,& 2. 

lignl. 
BlIoCkeoal 

Total Fuel eo., ,.576 1.3114 1.230 7l1li 2'& 364 359 325 S52 

~I COOI-Sha1IaI P-IY. 
P<6Chaled_COOI ,,5 '01 lOIS 83 25 2& :sg ~ ~ 

cr_1or P_ sa ... 
Nel p_ 1nI .. cnang. eo., 115 10. ,OIS 83 25 2& 39 ~ ~ 

0Ih .. O&M - Filced. OH & 0Ih.. 67 6' 1S7 65 67 ISS 67 67 65 

V.-iable 1<48 131 116 7. 2. ~ 34 3' 33 

Lmestone tn,.c1lon & Ash Removal 

cr_1or By- Produd sa ... 

ErmsSlIOns Penaitte'S 1 0 0 0 0 0 0 0 

~---I!>~~~~_.___ 1.906 1.M7 1.520 1.o" ~3< 492 49'l .se <483 

,5< 

Gas 
$2.03 

lIS.'" 
M .... 

12. 

ST2-AII 
5T2-AII 
LHWtI~ 

'00% 
'00% 
100% 
100% 

~-

: : 

:.' 

521 1,016 ',~18 111.1704 

33 ~ &10 573 

553 1.080 ,.507 &.7.7 

50 ... es 787 

50 84 es 7&7 

67 65 67 792 

52 10' 14' 9'5 

a 0 1 • 

723 1.~ 1 1.SO- 12.256 
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Liulin -Olse L 1 

PRODUCT - LP STEAM 

Cusbmer Requirement MWH 

Slation Use, Losses, etc. MWH -

2 

MWts 

--------
Unit 

Total 
S1Ilam NotSerYed MWH 

PRODUCT - HOT WATER 

CustJmer Requirement MWH 

S1Iltion Use, Losses, etc. MWH -

2 

BASIS 
UNIT MWtw 

--
-

HW8#1 116.000 

HWB#2 116.000 

HWB#3 116.000 

HWBtlf4 116.000 

HWB#5 118.000 

Total 

Unit 

HWB#1 
HWB#2 
HWB#3 
HWB#4 
HWB#5 
Total 

Hot Water Not SeNed MWH 

ADJUSTED FOR MINIMUM LOADING MWH -
S1aam 

Total 

HotWa1Br 

HWB#l 
HWB#2 
HWB#3 
HWB#4 
HWS#5 
Tolal 

LOAD DISPATCH AND ENERGY USE - YEAR 2010 

WINTER SUMMER WINTER 

I I I I I I I 
-

I 
-

I 
- I - I I 

i 

- - - - - - - - ! - - - - - - - - - - - -
- - - - - - - - - - - - i 

: 

• .1 .1 .1 71 .1 .1 .0 I "I .d .. I .. I •• 
"wraoe Loading - MW 

- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - -

Unit Ener~ 0uUIUt - MWH ~~ Adiustment for Minimum Loading Umilation 

- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

117140711~ 1'33706/ 
19489 16628 15363 =1 19100 1 

7372 :1 :1 :1 264531 14207 
18661, 1117628 1'664731 
48357 13208 16078 

I 190877 I 166833 I 149069 I 95584 I 26472/ 440621 435261 394251 42660 1 67019 I 130835 I 182550 I 

• ., .1 .J ·1 .1 .1 fol "J "I "L .. I ., I 
, 

A_oe Loading - MW i 
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
SO.7 36.3 29.6 - - - - - - - 192 37.0 

106.2 107.3 76.0 32.5 - 23.8 - - 59.2 38.7 64.6 104.4 

115.9 115.6 114.0 1062 35.6 52.3 56.5 53.0 - SO.7 115.8 116.0 

272.8 259.4 221.8 140.7 35.6 76.1 56.5 53.0 59.2 119.4 199.5 257.4 

UnitE - MWH ~ IeIont Adjustment for Minimum LoadinJ) Llmllation 

- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - -
- - - - - - - - - - - -

25649 18864 7176 - - - - - - - 987 18582 

76996 72131 57110 17704 - 6431 - - 42660 8962 46502 77664 

86229 77636 64782 77680 26472 37651 43526 39425 - 60057 63346 86304 

190877 166833 149069 95564 26472 44082 43526 39425 42660 67019 130835 182550 

Unit Utilization aftafA.!!justment for Minimum Loadiflg - MWH (5l8am) 

- - - - - - - - - -
- - - - - - - - - - -

- - - - - - - - -
- - - - - - - - - - -

- - - - - - - - - -
- - - - -

- - - - - - - - -
- - - - - - - - -

- - - - - - - -
Unit Utilization after Adjustment for Minimum Loading MWH (Hot Water) 

- - - - - - - - - -
- - - - - - - - - -
- - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - i 

33166 25474 11659 - - - - - - - 2387 25647 I 

73343 65562 57595 26650 - 12738 - 42660 9546 51323 70599 

64367 77797 79815 68934 26472 ' 31345 43526 39425 - 57473 77125 86304 ' - -
19OB77 168833 149069 95584 26472 44082 4"3526 39425 42660 67019 1J08:j5 13<'550 
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Liulin-case L 1 LOAD DiSPATCH AND ENERGY USE - YEAR2Ql0 

WINTER SUMMER WINTER 

TOTAL UNIT UTILIZATION BEFORE """" r FOR ELECTRIC~J:"'l:I'Y' "UI'< - MWH 

Unit 
OulPUttc meetStelmandHotWater~"";r ......... ," - MWt i 

- - - - - - ~ ~ - - - -
- - -- - - - - - - - - -I 

1 HWil" 
I HWiI#2 
I HWIl #3' 
IHWII#4 
IHWU#5 
TOIa 

- ,- .-
- . - ---- .-.-

33166 25474 .11659 
73343 65582 57595 
84367 7797 79615 

190877 166833 149069 

~ - - - - - - - -
- - - - - - - - -
- - - - - - - - -
- - - - - - - 238~ 17 

26650 - 12738 ~- - 426(10 954B 51323 ;gg 

68934 26472 ,31345 :-t-.;: 394~25.i..-~~-;;-,--:5;;747~3-:;-:; Tn=tl~25.L....:-~i04~ 
85584 26472 44082 39425 42660 67019 130B3511 i50 

ADDITIONAL REQUIREMENT FOR BACK PRESSURE STEAM TURBINES - MWH 

Basis 
'%g Thermal , .. , -ted in eIedric aenelatlon - MWHt 

TOIaI 

STEAM TO CONDENSING TURBINES AND fEJECTION - MWH 

Incremerl1BI1hern81 IU1Dut nIP.an1ied In electric "'"_tIon and ntiee ion - MWHt 

UNIT UTILIZATION - TOTAl MWH 
Unit 

I 

UnItUtiUzltion~ 

- - - - - - - - - - - - -
- - - - - - - - - - - - -
- - --. ~. ....:: - - ...::. ...::. -~ - - -

H't • #1 - - - - - - .---- ~ .- .- - - -
HI! ~ #: - - - - - - - - - - - - -

.#: - & - - - - - - - 2387 256471 

.#. - 26650 - 12738 - - ~ Q546 51323 70599 

.,: - e8934 26472 31345 43526 39425 - 57473 71125 116304 

'OIE 1 1118833 1~ 85584 26472 4«11!2 43526 39425 42660 67019 130835 182550 

INPUT ENERGY REQUIRED BEFORE EFFICIENCY ADJUSTMENT BOIlERS ONLY -

HWB#, 
HWB#2 
HWB#3 
HWB#4 
HWB#5 
TOIaI 

BOILER EFFICIENCIES 

HWB'" 
HWB#2 
HWB#3 
HWB#4 
HWB#5 

INPUT ENERGY REQUIRED 

HW8#1 
HW8#2 

I HWa 013 
HW8#4 
HW8#5 
TOlal 

BASIS 
%1 

BTlJIkW 

3.412 
3.412 
3.4'2 
3.412 
3.412 

BASIS 
%2 

-
-
-

, 
Ener~1Y Input before Efliclency Adjustment - MMBTU I 

- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - - : 

- - - - - - - - - - - - : 

- - - - - - - - - - - - , 
113163 86917 39780 - - - - - - 8'45 87509 . 

250247 223697 196513 9093' - 43460 - '45556 32569 1751'4 240684 I 

287861 265445 272330 235202 90322 '0694B 148511 1345'9 - ll1E109B 263150 2944691 

851271 571lO5Q 508623 328133 90322 150409 148511 134519 145556 22866B 446409 622662 

84.7'% 84.7'% 84.7'% 84.7% 84.7% 

84.7'% 84.7'% 84.7'% 84.7'% 84.7'% 84.7'% 84.7'% 84.7'% 84.7%1 

84.7'% 84.7'% 84.7% 84.7% 84.7'% 84.7% 84.7'% 84.7'% 84.7'Ib 84.7'% 84.7% 

Unit Ener 1'1 Input MMBTU 
i 

- - - - - - - - - - -
- - - - - - - - - -
- - - - - - - - - - -
- - - - - - - - - - -

-
I-i~ 

- - - - - - - - - -

- 102611" 4696'3 - - - - - - - 3616 j 1033;7 

- 295451 264105 232011 1073571 - , 51311 - 171849 38453 206746 I 2843"", 

- 339860 313394 / 321523 277688 106638/ 126267 175338 '58816 - 231521 310665/ 3476C" -
766915 680117 600500 3B5045 106638 177576 175338 158816 171649 269974 527046 7353,~ 
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Uuin-Case Ll FUEL COST AND OTHER O&M EXPENSE - YEAR 2010 

WINTER I SUMMER 
Jan Feb Mar ~ ~ June !Ml ~ ~ 

FUEL COST - BOILERS (Gas) 
Weig1Iod 

IIMMBTU Fuel Cost - Natural Gas $(000) 

- - - - - - - - -
- - - - - - - - -
- - - - - - - - - -

HWB#1 $1.93 - - - - - - - - -
HWB#2 $1.93 - - - - - - - - -
HWB#3 $1.93 258 198 91 - - - - - -
HWB#4 $1.93 570 509 447 207 - 99 - - 331 
HWB#5 $1.93 655 604 620 536 206 244 338 306 -
TctaI 1483 1312 1158 743 206 342 338 306 331 

FUEL COST - BOILERS fMazul) 

~ 
IIMM8TU Fuel Cost - Mazul $(000) 

- - - - - - - - - -
- - - - - - - - - -- - - - - - - - - -

HWB#1 $0.12 - - - - - - - - -
HWB#2 $0.12 - - - - - - - - -
HWB#3 $0.12 16 12 6 - - - - - -
HWB#4 $0.12 36 32 28 13 - 6 - - 21 
HWB#5 $0.12 41 38 39 33 13 15 21 19 -
Total 93 82 72 46 13 21 21 19 21 

HOT WATER SHORTFALL MWH - - - - - - - - -
Assamed Equillalert Cost $lMWH $10.00 

SUPPLEMENTAL HOT WATER COST - $(000) - - - - - - - - -
Water and Other Variable O&M Expenses - Boilers $(000) 

Basis Basis - IIMWH Variable O&M Expense $(000 

- - - - - - - - -
- - - - - - - - - - -
- - - - - - - - - - -

HWB#l $0.03 $0.75 - - - - - - - - -
HWB#2 $0.03 $0.75 - - - - - - - - -
HWB#3 $0.03 $0.75 26 20 9 - - - - - -
HWB#4 $0.03 $0.75 57 51 45 21 - 10 - - 33 
HWB#5 $0.03 $0.75 65 60 62 53 21 24 34 31 -
TOIaI - 148 131 116 74 21 34 34 31 33 

Umestone and Ash RemcMlI - Boilers $(000) u __ 
Remcwal 

SJMMBTlJ SJMMBTtJ UlMStone lniec lion & Ash Removal EXDenses $(000) 

- - - - - - - - - - -- - - - - - - - - - -- - - - - - - - - -
HWB#1 - - - - - - - - - - -
HWB#2 - - - - - - - - - - -
HWB#3 - - - - - - - - - -
HWB#4 - - - - - - - - - - -
HWB#5 - - - - - - - - - - -
Total - - - - - - - - -

RelllOlllll Costs Only - - - - - - - - -
By-Product Sales $(000) - - - - - - - - -

Emissions Penalties - Boilers $(000) 
Emlnlonl 
SJMMBTl Emisaions Penalties $(0001 - - - - - - - - - -- - - - - - - - -- - - - - -

HWB#l 0.0008 - - - - - - - - -
HWB#2 0.0008 - - - - - - - - -
HWB#3 0.0008 0 0 0 - - - -
HWB#4 0.0008 0 0 0 0 0 - - 0 
HWB#5 0.0008 o o o o o o o o 
Total o o o o o o o 

Emissions by Type - Tons 
Pounds 

per Tonn Emissions - Tons 
Particulate 2205 4.8 4.3 3.8 2.4 0.7 1.1 1.1 1.0 1.1 
SO 2205 67.4 59.6 52.6 33.7 9.3 15.6 15.4 13.9 15.1 
NOx 2205 55.0 48.7 43.0 27.5 7.6 12.7 12.5 11.4 12.3 
CO 2205 5.9 52 4.6 3.0 O.B 1.4 1.3 1.2 1.3 

I WINTER 
Oct Nov Dec 

- - -
- - -
- - -- - -- - -- 19 199 

74 399 548 
446 599 670 
521 1016 1418 

- - -- - -- - -- - -- - -- 1 12 
5 25 34 

28 37 42 
33 64 89 

- - -
- - -

- -- - -
- - -- - -
- - -
- 2 20 

7 40 55 
45 60 67 
52 101 141 

- - -- - -
- - -- - -

- -- - -
- - -
- - -
- - -
- - -
- - -

- - -- - -- -- - -- - -
0 0 

0 0 0 
o o o 
o o 

1.7 3.3 4.6 
23.6 46.2 64.4 
19.3 37.7 52.6 
2.1 4.1 5.7 



I Win-Case L1 ELECTRICAl REOUIREMENTS AND PURCHASED POWER COSTS - YEAR 2010 

WINTER SUMMER WINTER 

I 
Jan ~ Mar ~ ~ June ~ ~ ~ Oct Nov Dec 

Average t(W Required 5742 5571 5306 4933 1452 1717 2228 1968 2517 .2516 4350 4403 
Station Use (100 Above) 

Toeal 5742 5571 5306 4933 1452 1717 2228 1968 2517 2516 4350 4403 

I BACK PRESSURE TURBINE/GENERATOR OUTPUT - AVERAGE t(W 

BASIS 
UNITe Back Pressure Turbine/Generalo~~_ & Contract Purchase 

I 
f ToealT/G 0uIput 

Balance Required 5742 5571 5306 4933 1452 1717 2228 1968 2517 2516 4350 4403 

I CONDENSING TURBINE OUTPUT - AVERAGE t(W 

Genetato 
! EIIic:Iency Condensin( TOOline Ottoct - t(W 

I 
I Total Condens Turb OIApUl 

Balance Required 5742 5571 5306 4933 1452 1717 2228 1968 2517 2516 4350 4403 

t GT Capabilily @ Full Load 37266 37266 37266 37266 37266 37266 37266 37266 37266 37266 37266 37266 

GAS TURBINE OUTPUT - AVERAGE t(W 

Gas TOOline Ottput - t(W 

I 
I TotalGTOUptA (KW) 

Balance Required (t(W) 5742 5571 5306 4933 1452 1717 2228 1968 2517 2516 4350 4403 

I 
Hours in Period 744 672 744 720 744 720 744 744 720 744 720 744 

Balance Required (MWH) 4272 3744 3948 3552 1080 1236 1658 1464 1812 1872 3132 3276 

PURCHASED POWER 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 

I 
Peak Demand t(W 7655.9 7428.6 7075.3 6577.8 1935.5 2288.9 2971.3 2623.7 3355.6 3354.8 5800.0 5871.0 

Demand Charge - $ft(W 
Energy Charge - CenIs/KWI- 0.0269 0.0269 0.0269 0.0233 0.0233 0.0233 0.0233 0.0233 0.0233 0.0269 0.0269 0.0269 

Demand Charge - $(000) 

I 
Energy Charge - $(000) 115.0 100.8 106.3 82.8 25.2 28.8 38.7 34.1 42.3 50.4 84.3 88.2 
Total- $(000) 115.0 100.8 106.3 82.8 25.2 28.8 38.7 34.1 42.3 50.4 84.3 88.2 

I 
I 
I 
I, 

I 
Gy,\'j/ 
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Uuin-Case l1 SUPPLEMENTARY DATA - YEAR 2010 

WINTER SUMMER WINTER 

Steam SuPply - Percent of OutDUt and Total Cost 

Percent arTotal Oull:l\Jt 

HWB#1 
HWB#2 
HWB#3 
HWB#4 
HWB#5 

Cost of Steam SuDDlv 
Gas 
Oil 

Ugnile 
Coal 

~~'--=---~----~--~----~--~~------------~--------~----~ Tolal 
Hot Water SuDOlv - Percent of Output and Total Cost 

--
-

HWB#1 -
HWB#2 -
HWB#3 100.0% 
HWB#4 100.0% 
HWB#5 100.0% 

Cost ar Hot Water SuDDlv 
Gas 1483 
Oil 93 

lignite 
Coal 
~~ 149 

Total 1,724 
EIecIric SuDDlv - Percent of Output and Total Cost 

HWB#1 
HWB#2 
HWB#3 
HWB#4 
HWB#5 

Cost of Electric Sup 
Gas 

- -
- - -
- - -
- - -- - -

100.0% 100.0% -
100.0% 100.0% 100.0% 
100.0% 100.0% 100.0% 

1312 1158 743 
82 72 46 

131 116 74 
1.525 1,346 863 

Percent of Total 0l1li I\Jt 

- - - - - - - -- - - - - - - -
- - - - - - -
- - - - - - - -- - - - - - - -
- - - - - 100.0% 100.0% 
- 100.0% - - 100.0% 100.0% 100.0% 100.0% 

100.0% 100.0% 100.0% 100.0% - 100.0% 100.0% 100.0% 

206 342 338 306 331 521 1016 1418 
13 21 21 19 21 33 64 89 

21 34 34 31 33 52 102 142 
239 398 393 356 385 605 1,182 1,649 

Percent orTotal QJ.III ut 

Oil 
Ugnite 
Coal 
~~ 

Total .------------------------------------------------------------------------



LIULIN 
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Uulin - Case 12 

PROJECTED OPERAllNG AND CAPITAL EXPENDItURES 

"U~I I:A\lLlnr-LftI.UA JUUUI 

I 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

I OPERAllNG EXPENSES 
Fuel Cost - Natural Gas 10.649 12.280 14.162 16.331 18.833 37.586 38.541 38.156 37.774 37.396 36.877 36.508 36.508 38.508 36.508 36.508 36.508 

Oil 615 656 700 718 737 396 407 402 398 394 384 360 360 380 380 380 380 

Ugnite 
Black Coal 

Total Fuel Cost 11.264 12.937 14.862 17.050 19.570 37.983 36.948 38.558 38.172 37.791 37.262 36.889 36.889 38.889 36.889 36.889 36.889 

Supplemental Cost (Shortfall) 4 4 4 4 4 4 4 4 4 4 4 4 

Purchased Power Cost 850 907 967 992 1.018 33 34 34 34 34 34 34 34 34 34 34 34 

Credit for Power Sales (26.446) (27.142) (27.142) (27.142) (27.142) (27.142) (27.142) (27.1~(27.142) (27.142) (27.142) (27.142 

Net Power Interchange 850 907 967 992 1.018 (26,413) (27.108) (27.108) (27.108) (27.108) (27,108) (27,108) (27,108) (27,108) (27.108) (27,108) (27.108 

Fixed O&M and Overheads 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 

Other Variable 0 & M 915 915 915 915 915 1,541 1.541 1.541 1,541 1.541 1,541 1.541 1.541 1,541 1.541 1.541 1.541 

Solbent and Ash Removal 
Credit: By-Product Sales 

emission Penalties 4 4 4 4 4 2 2 2 2 2 2 2 2 2 2 2 2 

Maintenance Expenses 1.152 1.187 2,247 1.226 1,397 2.497 3.655 2,540 2.726 2.817 3.883 2.665 2.868 2,748 4,332 2.800 3.023 

Plant Removal Costs 
TotaIO&M Expense 14.977 18.741 19.787 20,979 23.697 16.406 17,834 16,330 16.130 15,839 16.376 14,785 14,988 14,868 16.452 14,920 15.143 

CAPITAL COSTS 
Foreign 1369 14110 22230 38526 33953 8400 2341 2341 2341 8742 

Domestic 337 1498 2262 2873 3510 1560 889 669 669 902 

Total 1706 15605 24492 41399 37462 9981 3010 3010 3010 9644 

TOTAL COST 16,684 32.347 44.279 62.RB §l,l~ 26.366 20,844 ]U~O ]9.140 2M~ ]§.m 14.785 H,~ 14,868 1!!.452 14.920 15,143 
I 

Present Worth 16.054 28.820 36.529 47.848 43.257 17.267 12.840 10,859 9.950 12,267 7.299 6.102 5,727 5.261 5.390 4.526 4,253, 

Cumulative Present Worth 16.054 44.874 81,403 129,051 172.308 169.575 202.215 213.073 223,024 235.290 242,589 248.691 254,419 259.679 265,069 269,595 273.848, 

OPERAnNGSTAnsncS 
TOTAL PROOUCll0N - WH 

LPSteam 
Hot Water 1,180.933 1.180.933 1.180.933 1,180.933 1,180.933 1,180.493 1,180.493 1.180.493 1,180.493 1.180,493 1,180.493 1.180,493 1,180.493 1.180.493 1,180.493 1.180.493 1,180.493 

~ 
..,:). 

"'-

8ectricity 0 0 

COST OF PROOUCll0N - $/MWH (Variable Costs only) 

LPSteam 
Hot Water $10.32 $11.73 

8ectricity 
NOT SERVED - MWH 

LPSteam 
Hot Water 
8ectricity 31.046 31.046 

EMISSIONS - TONS 
Particulates 30 30 

SO. 419 419 

NOx 343 343 

CO 37 37 

0 0 0 854,671 854,671 854.671 

$13.36 $15.22 $17.35 $21.25 $21.77 $21.56 

$16.90 $17.31 $17.14 

440 440 440 

31.046 31,046 31,046 1.080 1.080 1.080 

30 30 30 16 16 16 

419 419 419 220 220 220 

343 343 343 179 179 179 

37 37 37 19 19 19 

854.671 854.671 854,671 854.671 854,671 854.671 854,671 854,671 854.671 

$21.35 $21.15 $20.82 $2o.e2 $20.62 $20.62 $20.62 $20.62 $20.62 

$16.98 $16.81 $16.65 $16.49 $16.49 $16.49 $16.49 $16.49 $16.49 

440 440 440 440 440 440 440 440 440 

1.080 1,080 1,080 1.080 1.080 1.080 1,080 1,080 1.080 

16 16 15 15 15 15 15 15 15 

220 220 216 216 216 216 216 216 216 

179 179 177 177 177 177 177 177 177 

1 19 19 19 19 19 19 19 19 
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wti1-Ca •• l2 

CASE l2 

Etllcloncy - .~ to fulllo8d 

M"inurn Operallon . 

EnIh8t>v 
. - LP8TEAM 

nthat>v 
-HO,.WATER 

....... IIY 
,- 8wxIIv 

."..s 

UNIT 

UII> -MIbIHr 
MWI. 
PSIA 

r!l.R81NE DATA UNrr. 

!;!IpoI>llIIy- _ t.... K¥\ 

St .... Requred - Mutmum Mil 'Hr ..... 
MInmUm M~ /Hr _ 

DulIOII St .... Pr........ PSI 

EnIh8lpy Drop - TU'bn. MBTU/IbI 

Sink MB1 Ullb. 

~. 
,het... foct ... 

'FUELS .DA!.A 
I'nrnary fuel 

Poreont U •• 

Poreont Us. 

CC • DATA (,l1li3 B.IiI) 

,_. w.o ... Bonelli. 

oa.Meo.t. .......... 
~ .... Dilpoul COli. 

,mIollon' Codo -fuel I 

Summer 

SlI~MBTU 

U .. N_ 
,I\lCQ\ 

IIMWHW 
IjM_. -lit ... • 

ODE., 
CODE02 
C::IDE.m 

"VI 

2010 

2OO.00~ 

-

237 
3.0 

1.03 
1.34 
,75 
1.211 

SO.02III1 
SO.0233 

AygTOf1"4)"C_.~ OT? 
-1.7 No 

0.11 10 
4.11 10 
1.11 10. 

18y 10 

un. 10 
10 

10 

oct 
Nov 

11.3 ~o 

II.. ~o 

TEST YEAR SIMULATION RESULTS: .!!!! 
OPERATING EXPENSES 

Na\unllo.. 2,2'7 

01 01 

UgnM. 
B_CooI 

ToIol Fu.1 Cost 2.277 

SUC>Piomontal Cost -Sho<lfall Ponattyl 

Purchaled Pow ... Cos1 

Credit tor Pow« Sale .. 

Net P_orlnterchango Coot 

0"'0< 0&1.1 - fixed. OH & Othor 
Variable 

Lnt.stone Inpectlon & Ash Removal 

Credl110r By-Product Sales 

EmiSSions Penalties 

Total Excludng Mantenance 

(1.1186) 

(1.1186) 

67 

193 

o 
552 

FACIUTIES DATA SHEET AND SIMUlATED RESULTS - YEAR 2010 

. ) 

115.7% 
115.7% 

.115 . .". 

1511" 

5 
110.000 

302" 

0.. 
12.03 

IIS.O% ....... 
5.0% 

8T2-AII 
ST2-AfI 

100% 

100% 

'00% -
'00% 

100'lI0 
100'lI0 

',1171 
53 

2.025 

(1.787) 
(1.787) 

61 
171 

o 
470 

',1110 
<12 

1.1152 

(1.1173) 

(1.1173) 
67 

o 
211 

IIS.7'I'o 
115.7'1'0 
115.7'1'0 
<40.0% 
1511" 

"0.000 
302" 
1511" 

0.. 
12.03 

IIS.O% ....... 
5.0% 

ST2-AfI 

100% 
100% 
100% 
100% 
100% -
'00% 
100%. 
10cn0. 
Iocno. 

1.4111 
111 

1.510 

(1.6421 
65 

o 
58 

E IS 

203 

'3 

216 

25 

25 
67 

?1 

o 
329 

Facilities Data 

IG FA 
HWBiI~ 

115.7% 
IIS.7% 
115.7% 
<40.0% 
1511". 

110.000 
302" 
1511" 

0.. 
I2.Ol 

115·0'10 
Mazut 

12.4' 
5.0% 

ST2-AII 
ST2-AII 

LHWB 

100% 
100% 
100% 

100% 

'00% 
'00% -,ocno. 
10cn0. 
100'lI0 

1,305 
II 

1.315 

(1.711) 

(1.711) 
65 ,,9 

o 
(214) 

IES 
• • 

HWB#5 

2 
110.000 
302" 
1511" 

0.. 
12 .. 

12.4 
5.11'! 

ST2-AII 
ST2-At5 
LHWBS 

'00 
.100 
'00 
'00 

- lQO'1ro 
100'lI0 

• • 

1,1115 1,1116 

1.1115 1.1116 
~ 

(1.719) (1.733) 

(1.719) (1.733) 

67 67 

101 1C2 

(351) (367) 

1.166 

1,166 

(1.677) 

(1.677) 

65 
98 

(348) 

.. 
HRSGii 

100.0% 
100.0% 
100.0% 

141.7116 
lI3II.OSI 
1541.11 

1004" 
1 .• 2 

I 
111.1107 

.. 

141.71111 

OT-eFA Turb#'b Turb~'~ , 

0.. 
12.03 

'00.0% 

100% 
lQO'1ro 

.100% 

-
'00% 

. '00% 

.100% 
100'lI0 

'00'lI0 
lQO'1ro 

100'lI0 

1.373 
10 

1.383 

(2.023) 
(2.023) 

67 

116 

o 
(457) 

27l1li5 _0 
27l1li5 _0 

...!1I7~ 

11112' -3()5. '01 

2S.0 
0.3141 

lQO'1ro 

100% 

-
100 
'00 
100 
'00 
'00 
100 

1.730 
34 

1.764 
o 

(1.920) 
(1.920) 

65 
147 

o 
57 

: " 

100% 
100% 

-
'00% 
100% 
10cn0. 
10cn0. 
10cn0. 
100'lI0 

2.148 
57 

2.203 

(2.001) 

(2.001) 

67 

10u 

o 
456 

.) 

.) 

17._ 

2118 

'8.202 

2S l 
(20.172); 

(20.147): 
792 : 

1.~' 
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3: 
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(!) 
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::E 

a: w 
3: o 
a. 

UNIT UTILIZATION 

200 

150 
• .., 
c .. • :I 
0 
.c 
l-

100 

50 

o 

MONTH 

_ HRSG #1 ~ HWB #5 ~ HWB #4 E:SZI HWB #3 

ELECTRICITY PRODUCED 
1~ r-------------------------------------------------------------~ 

o 

MONTH 
_ GT -6FA ~ Turb #1b ~ Turb #1c 
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lIulin-Case l2 

PRODUCT - LP STEAM 

Cusarner Requirement MWH 
S1atlon Use. Losses, etc. MWH -

2 

MWts 

--------
Unit 

TOIaI 
Steam Not SeMtd MWH 

PRODUCT - HOT WATER 

Cusamer Requirement MWH 
S1atlOn Use, losses, etc. MWH -

2 

BASIS 
UNIT MWIW 

---
HWBi/2 116.000 
HWBi/3 116.000 
HWBi/4 116.000 
HWBi/5 116.000 
HASGi/1 86.607 
Total 

Unit 

HWBi12 
HWBi/3 
HWBi/4 
HWB#5 
HRSG#1 
Total 

Hot Water Not SeNed MWH 

ADJl I MINIMUM LCIADING - MWH 
/StIIam 

Total 

1101_181' 

HW '#2 
IHW '#3 
IHW 1#04 
IHW 1#5 
I HAl: ,#1 

Total 

LOAD DISPATCH AND ENERGY LISE - YEAR 2010 

WINTER SUMMER WINTER 

I - I - I - I - I - I - 1 - I - I - I - I -
1 

-- - - - - - - - - - - -
1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - I - 1 - 1 - I -

3 .1 .1 .1 71 .1 .1 '0 I rtf .21 '31 .. I •• 
Awraae laldino - MW 

- - - - - - - - - - - -- - - - - 1 - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -

Unit Ener 1f Output - MWH (Belote Aq'ustmenttor Minimum Loading Limilation 

- - - - - - - - - - - -- - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -
- - - - - - - - - - - -

11714O~11~11~1 19469 16628 15363 =1 1~1 :1 =1 :1 
28453

1 14207 
18661.1117~ 1156473 
48357 13208 16078 

I 190877 I 168833 I 149069 1 955841 264721 44062 1 43526 1 394251 42660 1 67019 1 130835 I 182550 

3 ·1 .1 .1 rl .1 oJ ·.1 rtl .21 '3/ .. I •• 
Awraae Loading - MW 

- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - -- - - - - - - - - - - -
26.7 - - - - - - - - - - -
64.3 50.1 41.1 - - - - - - - 16.6 55.4 

110.0 114.9 93.2 54.6 35.6 47.5 - - - 41.0 89.2 111.7 
86.6 86.2 85.3 82.9 - 39.0 57.9 53.0 59.2 71.4 86.3 86.6 

287.6 251.2 219.7 137.5 35.6 86.5 57.9 53.0 59.2 112.4 192.2 253.6 

UnitE - MWH (I!efonI Aduatmenttor Minimum Loading UmilatlOn 
- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -

1731 - - - - - - - - - - -
42870 33659 16227 - - - - - - - 4445 35028 
81841 77232 69355 35904 26472 16000 - - - 13889 64245 83087 
84436 57942 63487 59680 - 28082 43086 39425 42860 53129 62145 64436 

190877 168833 1411069 95584 26472 44062 43086 39425 42660 67019 130B35 182550 
440 0 

..... "'''-- Ifter , liar Minimum .oading - MWH r. Iteam) 
- - ~ -- - - ~ ~- - - - -- - - - - - - ~ -- - - -- - - - - - - - - ~ - -- - - - - - - -= --~ - - -- -

---- -- ~- - ---- - - - - -- - - - - - - - - ~ - -- - - - - -
---- -= ~ - - -- - - - - - - - - -= - -

- - - - - - - - - -
Unit' ilimlional lei' r Pol inimum laldinll_:-~I'1ot~~aterj 

- - - -- -~ - -= -= -- - - -- - - -- - ~= -= - -- - - -- - - -- - - - - -- - - -- - - - - - .~ -- - - - -
3013 - - -- - - ~ -= -- - - -

46782 41399 22057 - - - ~.= .. - - 12408 40398 
76822 69545 66289 40576 26472 18801 - - - 20290 58024 77717 i 
64259 57889 60722 5500B - 25281 43086 39425 42660 46728 60403 64436 i 

190877 168833 149069 95584 26472 44OB2 4 '3OB6 39425 '\2660 57019 130835 1825:j(J 
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liulin -Case L2 LOAD DISPATCH AND ENERGY USE 

WINTER SUMMER WINTER 

TOTAL UNIT UTILIZATIQNBEFORE D"'" I ruH ELECTRIC bt:Nt::HI\. IIUN - MWH 

Unit Ou1putto!Mel Sunm and Hclt Water -MWH 

- - - - -- - - - - - - -- - - - - - - - - - .-- -- - - - - - - - - - - -
III': -. - - -- - - - - - - - -
I.: 3()R 

--- - ~ - - - - - - - -
I •• 467~ 41~ !OS7 -- - - - - - - 124 40396 
IlI'l 76822 69545 l289 ~6. 26472 18801 - - - 20290 58C 77717 

IiRSG 64258. 57889 )722 ssooe - 25281 4301!6 39425 42660 46728 - 64436 
rolal 1901177 168833 1· 1069 95584 26472 44082 4301!6 39425 42660 67019 1308 182550 

AOOrrlONAL REQUIREMENT FOR BACK PRESSURE STEAM TURBINES - MWH 
Basis 

-~ Themal OU1PUt ",,_ted In eIec1ric :ISf1e18tion - MWHt 

Turbll'1b 0.99 20823 187S2 19511 17489 6447 12965 11604 12905 14319 19490 2OB89 
Tolal 20823 187S2 19511 17489 6447 12965 11604 12905 14319 19490 201189 

STEAM TO CONDENSING TURBINES AND REJECTION - MWH 

InClllflllll11B1 themIaI ted In eIec1ric and rajection - MWHt 

Turb 1I'1e 20407 18639 25255 29589 70358 49438 54459 46521 4444' 22193 20165 : 

UNrrUTILIZATION - TOTAl MWH 
Unit 

Unit Utilmltion MWI-
- - - - - -- --. - - - - - -
-. - .-- - - - - - - ---

- - -
- - - - - - - - - - - - -

I.: - - - - - - - - - - - - -
I.: - - - - - - - - - - - .-
I.' - 19 - - - - - - - 12408 40398 
I.! - 15 40576 26472 18801 - - - 20290 ~4 777'7 

- '1 10 102086 - 102086 105489 1054B9 1020B6 105489 .1020B6 '05489 
z 21 !4 18 142662 26472 120887 105489 105489 1020B6 125779 '725'8 Z23604 

INPUT ENERGY REQUIRED BEFORE EFFICIENCY ADJUSTMENT - BOU.ERS ONLY 

BTU/kW Enercrt InpUtbelore EIficO!IICV Adjustmen1 - MMBTU I - - - - - - - - - - -- - - - - - - - - - - - 1 
- - - - - - - - - - -

HWBIIf2 3.412 - - - - - - - - - - - -
HWBII'3 3.412 10280 - - - - - - - - - - J 
HWB#4 3.412 '59621 '41255 75260 - - - - - - - 42335 137838 I 
HWB#5 3.4'2 262118 237286 226179 '38446 lI0322 64150 - - - 6923' '97978 265170 • 

- - - - - - - - - - - -
Tolal 432020 37854' 301439 138446 lI0322 64150 69231 2403'4 403008 

BOileR EFFICIENCIES 
BASIS BASIS 

'" %2 
Etliclenc:y 

HWSfl2 
HWBII'3 85.7% 
HWSII'4 85.7% 85.7% 85.7% 85.7% 85.7% 
HWS#5 85.7% 85.7% 85.7% 85.7% 85.7% 85.7% 85.7% 85.7% 85.7% 

INPUT ENERGY REQUIRED 

Unit Ener W Input MMBTU ! 
- - - - - - - - - - - I - -
- - - - - - - - - - - 1 - -
- - - - - - - - - - - I - - . 

HWB#2 - - - - - - - - I - -
HWB#3 - 11996 - - - r-= .~- ,---,- - ~ - .. 

HWt3"'4 - ~86255 ' ,64e25 878'8~ .. - - - 403&9 '60037 
HWS#S - 305855 1 276880 2639'91 '6'548 '05393 I 74854 , - I 60783 . 23'0'3 309417 , 

- I - , I - - i - - i - -
TOlal 504'07 44'705 351737 16'548 105393 74854 80783 280413 470254 

I 
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Uulin-Case L2 FUEL COST AND OTHER O&M EXPENSE 

WINTER I SUMMER 
Jan Feb Mar &ll ~ June !MY A!!g ~ 

FUEL COST - BOILERS (Gas) 
WeiItlIod 

$lMMBTU Fuel Cost - Natural Gas $(000) 

- - - - - - - - - -
- - - - - - - - - -
- - - - - - - - - -

HWBfl2 Sl.93 - - - - - - - - -
HWBfl3 S1.93 23 - - - - - - - -
HWBfl4 S1.93 359 318 169 - - - - - -
HWBfl5 S1.93 590 534 509 312 203 144 - - -

- - - - - - - - - -
Total 972 852 678 312 203 144 - - -

FUEL COST - BOILERS (Mazut) 
~d 

$lMMBTU Fuel Cost - Muut S(Coo) 

- - - - - - - - - -
- - - - - - - - - -
- - - - - - - - - -

HWBf12 SO.12 - - - - - - - - -
HWBfl3 $0.12 1 - - - - - - - -
HWBfl4 SO.12 22 20 11 - - - - - -
HWBfl5 $0.12 37 33 32 19 13 9 - - -- - - - - - - - - -
Total 61 53 42 19 13 9 - - -

HOT WATER SHORTFALL MWH - - - - - - 440 - -
Assumed Equivalent Cost S/MWH S10.00 

SUPPLEMENTAL HOT WATER COST - S(OOO) - - - - - - 4.4 - -
Water and Other Variable O&M Expenses - Boilers S(ooot 

Basis Basis 
S/MWHW tIM'Mi Variable O&M Expense $(000 

- - - - - - - - - - -
- - - - - - - - - - -- - - - - - - - - - -

HWBfl2 SO.03 SO.75 - - - - - - - - -
HWBfl3 SO.03 SO.75 2 - - - - - - - -
HWBfl4 SO.03 SO.75 36 32 17 - - - -
HWBfl5 SO.03 SO.75 60 54 51 31 21 15 - - -
HRSG fl1 SO.03 $0.75 95 85 96 94 - 103 101 102 98 
Total - 193 171 164 125 21 118 101 102 98 

Umestone and Ash Removal - Boilers S(OOO) 
UmestOM Removal 
SJMMBlU SJMMBlU Umestone Injection & Ash Removal Expenses S(ooo) 

- - - - - - - - - - -- - - - - - - - - - -- - - - - - - - -
HWBfl2 - - - - - - - - - - -
HWBfl3 - - - - - - -
HWB#4 - - - -
HWB#5 - - - - - - -- - - - - - - - - - -
Total - - - - - - - - -

Removal Costs Only - - - - - - - - -
By-Product Sales S(OOO) - - - - - - - - -
Emissions Penalties - Boilers $(000) 

Emlalont 
SlMMBR Emissions Penalties $J0001 

- - - -- - - - - -
- - - - -

HWB#2 0.0008 - - - - - - - - -
HWB#3 0.0008 0 - - - - - - - -
HWB#4 0.0008 0 0 0 - - - - - -
HWB#5 0.0008 0 0 0 0 0 0 - - -
HRSG #1 - - - - - - - - - -
Total 0 0 0 0 0 0 - - -

Emissions bv Tvpe - Tons 
I Pounds 

.- p~To~~ 
.-._--:::-r--~------

Emissions - Tons - 0.7 I 0.5 Particulate 22C5 3.L 2.8: 2.L I 1.0' - - -- , I - -so 2205 44.2 38.7 30.8 I 6.6 
NOx 2205 36.' 31.6 i 252 . 5.4 
co 2205 3.9 3.4 I 2.7 0.6 

I· WINTER 
Oct Noy Dec 

- - -- - -- - -- - -- - -- 95 31 
156 446 59 
- - -
156 541 90 

- - -- - -- - -
- - -
- - -
- 6 1 

10 28 3 
- - -

10 34 5 

- 0 -
- 0.0 -

- - -
- - -
- - -
- - -
- - -
- 10 3 

16 45 6 
100 92 9 
116 147 18 

- - -- - -- -- - -- - -- - -
- -
- -

- - -
- - -
- - -

- -
- - -
- -
- - -- - -
- 0 

0 0 
- - -

0 0 

0- 1 
. 0 ~ 1.8 . 2 

! 7.1 , 24.6 41. 
5.8 20.1 33. 
0.6 2.2 3. 
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Uulin-Case l2 EI.£CTRIC GENERATION ANO GAS TlJ'IBINE FUEL COST - YEAR 2010 

A_;e KW Required 
Station Use (lncl Above) 

Tolal 

5742 

5742 

WINTER 
Feb 

5571 

5571 5306 4933 

BACKPRESSUFlETURBfNElGENERATOR OUtPUT - AVERAGE KW 
BASIS 
UNITe 

Turb #lb 
Tolal TIG Output 

BaWlce R.quited 

27568 27486 
27568 27486 

-21826 -21814 

25831 23926 
25831 23926 

-20525 -18892 

CONJENSING TURBINE OUTPUT - AVERAGE KW 

Turb #le 88.5% 11007 13326 
Total Conclens Turb Output 11007 13326 

BaIIwIce R.quited -30720 -30908 -31532 -32318 

GT eap.bllty@ FuU lAIad 71785 71220 70317 88746 

BaWlce Required (KW) -102505 -102129 -101849 -101064 

Hours In Period 744 672 744 720 

Balance Required (MWH) -76264 -68630 -75n6 -72766 

PURCHASED POWER 75% 75% 75% 75% 
Peak Demand KW 

Demand Charge - $IKW 
EneIgy Charge - CenIsIKWI- 0.0269 0.0269 0.0269 0.0233 

Demand Charge - $(000) 
Energy Charge - $(000) 
Tolal - $(000) 

POWER SALES 
Enetgy Cledit - CenIslKWH 0.0280 0.0280 0.0280 0.0226 

EnergyCledItS(OOO) 1986.1 1787.3 1973.4 1842.3 

GAS TURBINE 
Percent lAIad 

GT-6FA 

fnIefpoIalled Fuel Flow - MMBTU 

GT-6FA 
Total 

100.0% 100.0% 100.0% 100.0% 

523297 469692 514768 469755 
523297 469692 514768 469755 

Fuel Cost - Gas T urbine(s) (Gas) $(000) 
Un' 

Cost 

SUMMER WINTER 

1452 1717 2228 1968 2517 2516 

1452 1717 2228 1968 2517 2516 

Back Pressure Turbine/Generalo,-Output & ContJact Purchase 

8820 17165 15363 17655 18958 26663 27655 
8820 17165 15363 17655 18958 26663 27655 

1452 -7103 -14837 -13395 -15139 -16441 -22313 -23252 

CondenSll'l! Turbine OulDut - KW 

31687 21547 23735 20951 19369 8788 
31687 21547 23735 20951 19389 8995 8788 

1452 -38780 -36483 -37131 -36090 -35811 -32308 -32040 

87426 67123 68609 70069 71220 

1452 -105280 -102368 -103181 -103213 -104419 -102377 -103260 

744 720 744 744 720 744 720 744 

1080 -75802 -76162 -76767 -74313 -77688 -73711 -76826 

75% 75% 75% 75% 75% 75% 75% 75% 
1935.5 

0.0233 0.0233 0.0233 0.0233 0.0233 0.0269 0.0269 0.0269 

25.2 
25.2 

0.0226 0.0226 0.0226 0.0226 0.0226 0.0260 0.0260 0.0260 

1710.8 1719.0 1732.6 16n.3 2023.1 1919.6 2000.7 

100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

Fuel Flow - MMBTU 

4n889 490502 491401 481204 505331 496765 520017 
4n889 490502 491401 481204 505331 496765 520017 

Fuel Cost - Gas $(000 

-----. - -----,----i----t-----j----- -----=- ·+--=--l---=--+--:.--f-·----'-i---------t-·--=--

I GT-6FA $2.03 1062.3 953.5 1045.0 994.2 970.1 995.7 997.5 976.8 1025.8 1008.4 1055.6 
Total 1062.3 953.5 1045.0 994.2 970.1 995.7 997.5 976.8 1025.8 1008.4 1055.6 



I UWin-ca..1.2 GAS TURBINE EXHAUST HEAT UTlUZAlION AND SuPPLEMENTARY FIRING - YEAR 2010 

WINTER SUMMER WINTER 

I GAS TURBINE 
Interpolated Exhaust Temperature Of' 

I 
GT-eFA 1091 1098 110S 1107 1106 1102 1097 1092 10118 

I InIeI'Dolated Exhaust Flow M# /Ht 

Exhaust Flow M#/Hr 

I 
GT-eFA 1S78.8 1568.7 11555.8 1S332 1501.1 1~92.5 1~94.11 1510. 1 15312 1552.0 1568.7 

I Available Exhaust ...... t MMBTU/Hr 

Exhaust Heat MMBTU/Hr 

I GT-eFA 3113.189 392.091 aeo.293 357.329 353.050 351.1178 352.200 ~.294 357JJ72 359.785 392.091 

I 
St_m Available - MW per HoUt" (WIthout Supplementary Flrlnal 

En\haIp) 
Firing MW/Hr Rise Total St_m Available wHhout 

3.~12 - - - - - - - - - - -
3.~12 - - - - - - - - -
3.~12 - - - - - - - - - -

I 
3.~12 - - - - - - - - - -
3.~12 - - - - - - - - - - - -

HRSG#1 3.~12 106.447 106.123 1OS.596 1~.727 - 103.~73 103.130 103.22~ 103.829 1~.6S2 1OS.45O 106.123 
106.447 106.123 105.596 1~.727 103.~73 103.130 103.22~ 103.829 1~.6S2 105.~5O 106.123 

I 
St~ Supplied from Supplemental Firing - MW per Hour 

St~ Supplied from Firing - MW per Hour 

I HRSG#1 35.339 35.683 :!18.180 37.059 311.313 311.856 311.562 37.957 37.1~ 36.336 35.683 
35.339 35.683 36.180 37.059 38.313 38.856 38.562 37.957 37.1~ 36.336 35.683 

Utilized HRSG E..-gy MW per Hr 

I HRSG E.-gy Utilized - MW/Hr 

I 
I 

I 
I 
I 

HRSG#1 1~1.e 1~1.11 1~1.e 1~1.11 1~1.11 1~1.11 1~1.e 1~1.11 1~1.e 1~1.1I1 1~1.11 

1~1.8 1~1.8 1~1.e 1~1.e 1~1.11 1~1.8 1~1.e 1~1.e 1~1.e '.'.8 1~1.8 

Electric Output Ratio 33.6% 33.~'" 33.2% 32.7% 31.9"- 31.7% 31.11'" 32.1'" 32.6% 33.1'" 33."'" 
Utilized Heat Ratio 66.~'" 66.6% 66.11% 67.3'" 68.'''' 68.3'" 68.2% 67.9% 67."'" 66.9% 66.6% 

I ~m Rejection - AVO MW (1 o Coolina T..-.I -Capacit} ~m Relection - A_,", MW 
FlOmCondenaina 200.000 111." 1e.8 22.8 27.8 - 115.6 44.8 ~8.1 ~.3 ~.1 20.7 1112 

I 
FlOm Gaa TurbinM 200.000 - - - - - - - - - - - --Total 1e." 1e.8 22.8 27.8 115.8 .... .6 .ce.1 ~.3 ~.1 20.7 18.2 

I 
I HRSG#, 89706 e1771 81870 91~ 

Supplementary Firi Fuel Cost (Gas) 

94121 98130 97891 93247 94266 119265 90532 

UnrtCosl 
$/MMBTU Supplementary Firing Fuel Cost S(OOOJ 

I 
-, ----1--- _.- --_._----------------_._--_._--------_. __ .-

I 
I HRSG #, I 2.03 'B2 166 186 1B5 

Total 1B2 166 1B6 1B5 

,91 ,99 199 1B9 19, ,e, lB4 
~~~~---~-~~---~~----~~---~=-----~~--------~,~9~,---~'99~--~,~99~--~,B~9~---~'~9~'----~'B~'~---~'·B4 
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Uulin-Case L2 SUPPLEMENTARY DATA 

WINTER SUMMER WINTER 

Avel1l~ MW utilized belore Incremental MWe and Rejection - Cogen Units Onl 

Turb #lb 114.4 114.0 107.8 100.7 44.1 75.3 68.6 77.2 82.1 111.0 114.7 

...... ,--
Maximum Steam Flow - MW KWI MW 

Turb #1C 141.8 141B 141B 141S 141.8 141B 141S 141B 141S 141B 141S 141.8 

EII1BbHsh Cogen Unit Incremental MW (\0 Condensing Turbine & CooUno Tower! 

Steam to Condensing Turbine - Averaae MW (Maximum Steam less Steam UtIlized for Process and HoI Water) 

Turb #lc 

Maximum Hours Use 

HWB#2 
HWB#3 
HWB#4 
HWB#5 
Turb #lb 

Averaae load - MW 

HWB#2 
HWB#3 
HWB#4 
HWB#5 
Turb #lb 

Average load - Mlb/Hr 

Average Load - % 

.... 16 

MBTUllb 

0.9686 

-
-
-
-
--
-
27.4 
27.4 

-
-
-

65 
666 
744 
744 

-
-
-
46.4 
70.2 

103.3 
86.4 

3042 

- -
- -- -
- -
- -
- -
- -
27.7 33.9 
27.7 33.9 

- -
- -
- -
- -
- -
672 394 
672 744 
672 744 

- -
- -
- -
- -
- -
61.6 55.9 

103.5 89.1 
86.1 81.6 

303.5 267.5 

- - - - - - - - -- - - - - - - - -- - - - - - - - -- - - - - - - - -- - - - - - - - -- - - - - - - - -- - - - - - - - -
41.1 - 97.7 66.4 73.2 64.6 59.7 30.8 27.1 
41.1 97.7 66.4 73.2 64.6 59.7 30.8 27.1 

Maximum Hours Use 

- - - - - - - - -
- - - - - - - -- - - - - - - -- - - - - - - - -
- - - - - - - - -- - - - - - 267 633 
657 744 337 - - - 339 720 744 
720 - 720 744 744 720 744 720 744 

Averaae load - MWt 

- - - - - - - - -- - - - - - - - -- - - - - - - -- - - - - - - - -- - - - - - - - -- - - - - - - 46.4 63.6 
61.8 35.6 55.8 - - - 59.9 80.6 104.5 
76.4 - 35.1 57.9 53.0 59.2 62.8 83.9 86.6 

Averaae load - Thousand Pounds_fler Hour 

269.1 123.7 204.0 186.7 208.7 2212 295.5 305.1 

Averaoe Load - Percent of Rated_Capacity 
-I -1 I -J 

~------------------~----~----+---~---_--~I---+--_--~I----~--_--~I---+----~----r--_--+I--~ 

- -'- - 1 I 
HWS#2 
HWSII'3 40.0% I 

HWSII'4 60.5% I 53 1% 48 2% I - ) 40.0% I 550% 
HWSII'5 89.0% I 89.2% 76.8% I 53.2% I 307%, 48.1% 51 7% 695% I 90 1% 
Turbll'1b 
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lIulm- Case L2 SUPPLEMeNTARY DAlA 

WINTER SUMMER WINTER 

Steam Supplv - Percent 01 Output and Total Cost 

~ ________________________ -+ ____ ~~ ____ '-____ -r ____ -'r-____ ~ __ ~P~e~rc~e~n~to~I,T~O~taI~O~)utp~lu~t~ __ -. ______ ~ ____ -r ____ -'r-__ __ 

HWB#2 
HWB#3 
HWB#4 
HWB#5 
HRSG#1 , GT 

Cost of Steam Supply 
Gas 
Oil 

Ugnltie 
Coal 

~~'--------~--------------------------------------------------------~----~--Total 
Hot Water Supply - Percent of Output and Total Cost 

Percent of Total Oull: ut 
- - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -

HWB#2 - - - - - - - - - - -
HWB#3 100.0% - - - - - - - - - - -
HWB#4 100.0% 100.0% 100.0% - - - - - - - 100.0% 100.0% 
HWB#5 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% - - - 100.0% 100.0% 100.0% 
HRSG#1 1 GT eo.1I% 6O.8'Ib 57.11% 53.9% - 24.8'Ib 40.8% 37.4% 41.8% 44.3% 59.2% 61.1" 

Cost 01 Hot Water Supp!y 
Gas 1742 1542 1395 951 206 434 466 447 487 697 1251 1675 
011 61 54 43 20 13 9 10 34 57 

Ugnhe 
Coal 

OtherExp 156 138 124 62 21 40 41 38 41 60 10g 1SO 
Total 1,959 1,734 1,582 1,052 239 463 529 465 528 767 1,395 1,682 

Electric SUDDlv - Percent of Output and Total Cost 

Percent 01 Total Oull: ut 

- - - - - - - - - - - -- - - - - - - - - - -- - - - - - - - - - -
HWB#2 - - - - - - - - - - - -
HWB#3 - - - - - - - - - - - -
HWB#4 - - - - - - - - - - - -
HWB#5 - - - - - - - - - - -
HRSG#1 1 GT 39.1" 39.2% 42;4" 46.'% - 75.2% 59.2% 62.8% 58.2% 55.7% 40.8% 38.11% 

Cost 01 Electric Suee!v 
Gas 466 439 523 544 674 707 749 679 678 486 482 
Oil 

Ugnlte 
Coal 

OtherExp 37 34 4' 43 n eo 64 57 56 38 37 
Total 523 473 563 587 951 767 813 736 734 523 519 



REPUBLIKA 

Case Pi 



- - - - - - - - - - - - - - - - - - -
TPS Reptblika - Case P1 PROJECTED OPERATING AND CAPITAl EXPENDITURES 

- ............... _ .. ~ 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

OPERATING EXPENSES 

Fuel Cost - Natural Gas 
Oil 
Ugnite 4,929 

Black Coal 13,823 14,087 14,357 14,636 14,921 15,214 15,214 15,214 15,214 15,214 15,214 15,214 15,214 15,214 15,214 15,214 

Total Fuel Cost 4,929 13,823 14,087 14,357 14,636 14,921 15,214 15,214 15,214 15,214 15,214 15,214 15,214 15,214 15,214 15,214 15,214 

Sl4'plemental Cost (ShortfalO 
Purchased Power Cost 

Credit for Power Sales 

9,931 

Net Power Interchange 

(9,931 

Fixed O&M and Overheads 

3,124 

Other Variable 0 & M 
3,192 1 

Solbent and Ash Removal 

33' 

Credit: By-Product Sales 

I 

Emission Penalties 930 
I 

Maintenance Expenses 1,n2 1,n3 2,016 1,793 1,959 1,616 1,984 1,762 2,025 2,039 2,083 1,746 2,071 2, 141 2,364 1,643 2,099
1 

Plant Removal Costs 
Total O&M Expense 7,230 13,548 13,496 13,310 13,514 13,410 13,615 13,413 13,656 13,670 13,714 13,379 13,702 13,n2 13,996 13,474 13,730! 

CAPITAL COSTS 
Foreign 108541 4323 52n 5356 32426 4411 1458 1458 1456 2661 1402 

Domestic 3605 835 1026 1049 2021 767 392 392 392 421 26 

Total 112146 5156 6305 6404 34448 5178 1651 1651 1651 3261 1430 

TOTAL COST 1l!M76 18,708 19,!!Q2 19.ZH ~,!!§2 l!MiH 1MM 15.2M 15.507 1!U151 1a,ZH lMZQ ]3,702 la.ZZ2 150426 1;1.474 la,7ag 

Present Worth 114,869 18,687 16,338 15,059 33,923 12, 173 9.378 8.570 8,062 8,160 6,112 5,521 5,236 4,873 5,054 4,087 3,657 

Cumulative Present Worth 114,869 131,536 147,872 162,931 196,654 209,027 218,405 226,975 235,037 243,198 249.308 254.830 260,066 264,939 269,992 274,080 2n.936 

OPERAllNG STAllS S 
TOTAL PRODUCll0N - MWH 

LPSteam 192,542 192,542 192,542 192,542 192,542 192,542 192,542 192,542 192,542 192,542 192.542 192,542 192,542 192,542 192,542 192,542 192,542 

Hot Water 555,418 555,416 555,416 555,416 555,418 555,418 555,418 555,418 555,418 555,416 555,418 555,418 555,418 555,416 555,416 555,418 555,418 

electricity 409,490 409,490 409,490 409,490 409,490 409.490 409,490 409,490 409,490 409,490 409,490 409,490 409,490 409,490 409,490 409,490 409.490 

COST OF PRODUCll0N - $/MWH (Variable Costs only) 

LPSteam $6.97 $12.60 $12.60 $12.60 $12.60 $12.57 $12.57 $12.57 $12.57 $12.57 $12.57 $12.57 $12.57 $12.57 $12.57 $12.57 $12.57 

Hot Water $6.97 $12.60 $12.60 $12.60 $12.60 $12.57 $12.57 $12.57 $12.57 $12.57 $12.57 $12.57 $12.57 $12.57 $12.57 $12.57 $12.57 

Electricity $12.19 $22.01 $22.01 $22.01 $22.01 $21.95 $21.95 $21.95 $21.95 $21.95 $21.95 $21.95 $21.95 $21.95 $21.95 $21.95 $21.95 

NOT SERVED - MWH 
LPSteam 
Hot Water 
electricity 

EMISSIONS - TONS 
Particulates 124,501 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

SO. 17,750 622 622 622 622 620 620 620 620 620 620 620 620 620 620 620 620 

NOx 1,614 870 870 870 870 868 868 868 868 868 868 868 868 868 868 868 868 

CO 49 45 45 45 45 44 44 44 44 44 44 44 44 44 44 44 44 

~ 
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TPSRopbIk. - c.. Pl FAClLlTESDATASI£ET N¥J SIMULATED ReSULTS - VEM 2010 

"'""u 
CASEPl Facilities Data . . . • • -" -,.- .. 

- MbIH 223.1130 '.878 ~,lIIIO 147.723 2211. ll1B.88 1!IG.5eiO_ 
PSIA llJ1!4 3i.S13 10lI0 __ II!! '.2 1153 1010 

PSIA 142 
142 

U.. lCO,OIio 'CO.UlIo 

IFUI ~. 

_' _&T..-.aco.ta _ 
I_co.ta _ 

ICOo1s ......... 
lITon' 

I .. 
100 

lIlY - ,0". 

$2.311 
'0'.0Ii0 

ug 100!f0 lC 10 "" 100-
iIpt IIJO'I! "" _1(: I!! 10 ... 100 "" ... 

$2.311 $2.39 
'CO.OIio 'CO.OIio 

10!J!(0 '0Ci 

-
-

Del 11 Olio "" 1~ ". 10"" 100 l00!f0 ""_ 1001!10 
l00!f0 

~::::::J~~~:::::::tt::::~~'::::::~2::~~~.;:~~~~.::j,'~oO~~~.::~~:~.;::'~C"'~::jg~~~~~::l~OO!fo~;:~~~t,,::jg'C
Cl!io~~Q::~~ 

TEST YEN! SIMULATION RESULTS: .1m fie au- t£ M§ ..Y!! oNt:l M !i!m 

OPERATING EXPEN!ES _0-
011 
IJIJ>IIo 
B_ CNI 1 71!8 1.1122 1 «153 , 380 _ I5eO 704 lIIIO _ 

Total FUiICoct 1.71!8 ,.1122 1,«153 '.380 _ l5IIO 704 lIIIO _ 

~nt.I Coct-_I PerwIM 
IVcllMeclPoww Cost 

cr.cIt fa' Poww 8aIoo 
NetPoww __ Coct 

0IIw O&M - Fad. OH & 0IIw 
VIfiIbIo 

tinntone Injoction & Aoh R........ 4 

cr.cIt fa' By-f'roctJc\-. 
EmlaIorW _ ,78 1153 188 1311 100 !ill 71 III! 1!5 

ToIaIEI«: M__ '.701 1545 ,_ ,384 ',IIG!II _ 8" 777 m 

7S3 1 380 '.l1li3 ,3783 
7S3 1.3110 '.l1li3 ,3,783 

.38' 
(7,381) 
3,124 
3.,112 

33 

78 ,37 ,111 1 384 
_ , 2116 '.1!53 ,4,35 

,,-
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UNIT UTILIZATION 
~ ,--------------------------------------------------------------, 

150 

50 

o 

MONTH 

IiIIiIIBlr#5 ~Blr#4 ~Blr#3 

ELECTRICITY PRODUCED 
100 .-------------------------------------------------------------~ 

~ ~~~r_----~~~--------------------------------------------~ 

80 

20 

10 

o 

---- ~-- ~--



I 
TPS Republika - Case Pl 

WINTER 
WINTER SUMMER 

--

I 
PFlODUCT LPSTEAM 

Customer ReQuirement MWH 
1 ~I ~I ~I 1541~ 1 

:1 ~I =1 2769.1 2091
1 

3507'1 1~1 18145 

SIBton Use, Losses, etc. MWH - 5429 1303 978 2271 4115 6546 

I 340951 309821 266641 208421 11866) 87921 7181 I 4072 1 30691 57781 14511 1 24691 

I 2 3 .1 .1 .1 , I .1 .1 .D I .. I '2/ .3 J .. \ •• 

MWIs AY8I1lQllLoedine - MW 

- - - - - - / - - - - - - -

I 
- - - - - - 1 - - - - - - -
- - - - - - - - - - - - -

Hauler 35.700 . - - - - - - - 5.5 4.3 7.8 - -
Header 54.890 . 45.8 46.1 35.8 28.9 15.9 12.2 9.7 - - - 202 332 

- - - - - - - - - - - - -
- - - - - - - - - .- - - -

I - - - - - - - - - - - - -

Unit Unit EMf' 1I'0utPut - MWH ~ Iefore Adiustment for Minimum Loadine Uml1Bllon 

- - - - - - - - - - - -

I 
- - - - - - - - - - - -
- - - - - - - - - - - -

Header - - - - - - - 4072 3069 5778 - -
Header 34095 30962 26664 20842 11866 8792 7181 - - - 14511 24691 

- - - - - - - - - - - -

I 
- - - - - - - - - - - -
- - - - - - - - - - - -

Total 
Steam Not Served 

34095 30062 26664 20842 11866 8792 7181 5778 '4511 24691 

I PROOUCT - HOT WATER 

Customer ReQuirement MWH I 7::1 ~I ~I 4581~1 1::1 11~1 ::1 ~I 1:1 1=1 5=1 
73894 

SIBton Use, Losses, etc. MWH - 8813 7445 10812 

I 
/ 846441 79746) 78292) 544251 17420 1 18907 1 17583/ 17031 1 18415/ 254751 58795 1 84706 

2 3 .1 .1 .1 , I .\ .1 .DI .. I '21 ,,1 .. \ .. 
BASIS 
UNIT MWIw AY8I1loe Loading - MW 

- - - - - - - - - - - - -

I 
- - - - - - - - - - - - -
- - - - - - - - - - - - -
- - - - - - - - - - - - -
- - - - - - - - - - - - -

Header 67.7fJfJ , 11.8 - 6.7 - - - - - - - - -

I 
Header 48210 , 25.8 23.0 25.7 7.3 - 11.1 - - - 8.0 23.6 

Header 97.100 . 93.6 96.1 88.5 75.0 23.4 22.0 23.8 22.9 25.6 342 80.1 94.7 

ToIBl 131.3 119.1 120.9 82.3 23.4 33.1 23.6 22.9 25.6 342 88.1 118.3 

Unit Unit EMf':w 0u!Dut - MWH (Before Adjustment for Minimum Loading Llmi1alion 

I 
- - - - - - - - - - - -
- - - - - - - - - - -
- - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

Header 76 - 305 - - - - - - - - -

I Header 14900 15142 12150 404 - 3102 - - - - 1111 14241 

Header 69669 64804 65837 54022 17420 15fJfJ6 17583 17031 18415 25475 57684 70465 

ToIBl 84644 79746 78292 54425 17420 18907 17583 17031 18415 25475 58795 84706 

Hot Water Not Serwd MWH 

I 
ADJUSTED FOR MINIMUM LOADING MWH -
Steam 

Unit Utilimtialatter Adjustment for Minimum Loadine - MWH r.; team) 

- - - - - - - - - - - -
- - - - - - - - - - - -

I 
- - - - - - - - - - -

Header - - - - - - - 4072 3069 !!iT78 -
Header 34095 30062 26e64 20842 11886 8792 7181 - - - 14511 24691 

- - - - - -
- - - - - - - - -

I 
- - - - - - - -

ToIBl 34095 309B2 26664 20642 11866 6792 7161 4072 3069 5778 14511 24691 

HolWBter Unit Utilimtial alter Adjustment lor Minimum Loading - MWH (Hot water) 

- - - - - - -
- - - - - - -

I 
- - - - - - - - - - -
- - - - - - - - - -
- - - - - - - - - -

Header 147 - 1044 - - - - - - - -
Header 16170 18632 14000 1265 - 6416 - - - - 3171 17375 

I 
Header 66327 61114 63218 53161 17420 12491 17583 17031 18415 25475 55624 67331 

Tolal 84644 79746 78292 54425 17420 18907 17583 17031 18415 25475 58795 84706 

I 



TPS Repubhl<a - Case P1 
L..v,...uu • .;;;.r,.... ...... rlr.' .. ~ ..... " .... r)'-', .... -''- '~" ~~ ,~ 

I WINTER I SUMMER I WINTER 

Jan Feb Mar ~ ~ ~ ,!!!!Y ~ ~ Oct Nov Dec 

TOTAL UNIl UTiLIZATION BEFORE REQUIREM:NT FaA ELECiRlC GENERATICiN - MWH 

Unit 
Output to meet Steam and Hot Water Aequiremems - MWH 

- - - - - - - - - - -I 
- - - - - - - - - - -
- - - - - - - - - - - -

H_der - - - - - - 4072 3069 5n8 - -
H_der 34095 30982 26664 20842 11866 8792 7181 - - - 14511 24691 

H_der 147 - 1044 - - - - - - - - -I 
H_der 18170 18832 14030 1265 - 6416 - - - 3171 17375 

H_der 66327 61114 63216 53161 17420 12491 17563 17031 16415 25475 55624 67331 

TOUlI 118739 110727 104955 75267 29286 27699 24744 21103 21484 31252 73306 109397 

ADDITIONAl REQUIREMENT FOR BACK PRESSURE STEAM lUFBlNES - MWH I BasIs 
~ 'ThIInnaI In eIec1rIc: ~1ion - MWHt 

- - - - - - - - - - - - -
- - - - - - - - - - - - -
- - - - - - - - - - - - -

TUfb6a 0.97 - - - - - - - 716 539 1015 - -I 
Turb 4a 0.97 6634 6028 5189 4057 2309 1710 1397 - - - 2824 4805 

Turb6b 0.97 24 - 174 - - - - - - - - -
Turb4b 0.97 4705 4824 3633 326 - 1661 - - - - 821 4499 

TurbSb 0.98 25664 23647 24461 20569 6740 4633 6795 6590 7125 9657 21522 26Cl52 

TOUlI 37027 34499 33456 24953 9049 6205 8193 7305 7664 10672 25167 35356 I 
STEAM TO CONDENSING TUFBINES AND REJECTION - MWH 

IncremenlBl thermal IUIDUt in eIecIric and reiec ion - MWHt 

- - - - - - - - - - - -I - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -I 

Turb 4C 11336 9107 15270 22076 25931 22645 349 - - - 22767 14140 

Turb 5c 19912 17439 21321 24267 42075 - 42010 42251 40012 36425 23150 19457 

UNIT UTILIZATION - TOTAL MWH 
Unit I 

Unit Utlllmtlcn MWH 

Blr#2 - - - - - - - - - - - - -

Blr#l - - - - - - - - - - - - -
Blr#3 - 42370 27154 30506 19396 - 17534 - - - - - 22542 

Blr#4 - 47572 47563 47523 29227 - 41015 - - - - 46365 51243 I 
Blr#5 - 97074 97056 98974 97940 106341 - 75298 70659 69160 60549 96025 104565 

- - - - - - - - - -
- - - - - - - - - - - - -
- - - - - - - - - - -

Toml 167016 171n2 175003 146563 106341 58549 75298 70659 69160 60549 144390 176350 I 
INPUT ENERGY REQUIRED BEFORE EFFICIENCY ADJUSTMENT - BQILERS QNL Y 

BTU/kW Eller, 'I Input before EIIic:i4 "1CY Adjustment - MMBTU 

Blr#2 3.412 - - - - - - - - - - - -I 
Blr#l 3.412 - - - - - - - - - - -

Blr#3 3.412 144587 92648 104066 66179 - 59826 - - - - - 76914 

Blr#4 3.412 162315 162264 162148 99724 - 139942 - - - - 158199 174840 

Blr#5 3.412 331217 331154 330876 334171 362836 - 256910 241090 235975 274633 334461 356n5 

- - - - - - - - - -I - - - - - - - - - - - -

I 
Toml 631!099 566067 597110 500074 362636 199768 256910 241090 235975 274633 492660 60!1529 

BOILER EFFICIENCIES 
BASIS BASIS 

"'1 %2 EIIicIency 

I 
Blr#2 
Blr#1 
81r#3 82.3% 82.3% 82.3% 62.3% 62.3% 82.3% 

81r#4 62.3% 62.3% 62.3% 62.3% 82.3% 82.3% 62.3% 

81r#5 84.3% 84.3% 84.3% 84.3% 84.3% 84.3% 84.3% 84.3% 84.3% 84.3% 84.3% 

I 
INPUT ENERGY REQUIRED 

I 
, Unit Ener 1'1 InPUt MM8TU 

Blr#2 - - - - - - - - - -
IBlr#1 - - - - - - - - - - - -
/Blr#3 - 175765 112643 126549 80461 - 72737 - - - - - 93512 

I 
IBlr#4 - 197343 197306 197140 121245 - 170142 - - - - 192339 212571 

! Blr#5 - 393136 393061 392731 396643 430666 - 304938 286160 280089 326212 396987 423472 

- - - - , - - - .. - - I - - -
- - - - - - - - - / - / - - -
- I - - - I - - - - - - I - - -

I 
Total 766245 703010 716420 598348 430666 242680 304938 286160 280089 326212 589326 729556 
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TPS Rapubllka - Caae P1 FUEL COST AND OlHER O&M EXPENSE - YEAR 2010 

FUel COST - BOILERS (Coal) 

Blr#2 
Blr.1 
Blr'3 
Blr'4 
Blr.5 

TOIaI 

FUel COST - BOILERS (Gall) 

Blr#2 
Blr'1 
Blr.3 
Blr.4 
Blr.5 

TOIaI 

FUel COST - BOILERS (Mazut) 

Blr#2 
Blr'1 
Blr.3 
Blr'4 
Blr.5 

Tolal 

Woitlnod _TV 
2.390 
2.390 
2.390 
2.390 
2.390 
-
--

-_TV 

HOT WATER SHORTFALL MWH 
Assumed EquMiient Cost $IMWH $10.00 

SUPPLEMENTAL HOT WATER COST - $(000) 

WINTER 

- - -
- - -
0405 260 292 
455 455 455 
P07 P07 Q06 

- - -
- - -- - -

1768 1822 1653 

Water and Other Variable O&M Expenses - Boilers $(OOD) 

BasIs BasIs - -Blr#2 $0.03 $1.96 - - -
Blr'1 $0.03 $1.96 - - -
BIr.3 $0.03 $1.96 92 59 68 

Blr.4 $0.03 $1.96 103 103 103 

Blr.5 $0.03 $1.96 210 209 210 

$0.03 $1.96 - - -
$0.03 $1.96 - - -
$0.03 $1.96 - - -

Tolal 404 371 378 

Limestone and Ash ReIllO'l8I 

Blr.2 
Blr.1 
Blr.3 1 1 1 

Blr'4 1 1 1 

Blr.5 2 2 2 

Tolal 4 4 4 

Remowl Coals Only 4 4 4 

By-Product Sales $(OOD) 

Emissions Penalties - Boilers SfOOD) 
Emilo""'" 
SlMMBTU 

Blr#2 02400 - - -
Blr#1 02400 - -
Blr#3 02400 41 26 29 

Blr#4 0.2400 46 46 46 

Blr#5 02400 91 91 91 

- -
- - - -
- - - -

Tolal 178 163 166 

by Type - TtJI1S_ 
Poundo 

1-
1.6 

SC 7'1.3 

NOx 18 1~ 17: 1.4 

CQ 
i.3 

SUMMER 

Fuel Cost - Black Coal $(000) 

- - - - -
- - - - -
168 - 168 - -
280 - 392 - -
915 994 - 704 8110 

- - - - -
- - - - -
- - - - -

1380 580 704 

Fuel Cost - Natlral Gas $fOOOl 

Fuel Coat - Mazut $(000) 

Varlableo&M~ S1OOO) 
- - - - -
- - - - -

42 - 39 - -
64 - PO - -

214 238 - 167 157 

- - - - -
- - - - -
- - - - -
320 238 129 167 157 

0 0 
1 1 
2 2 2 2 

3 2 2 2 
3 2 2 2 

Emissions Penalties $~XlOI 

- - -
- -

19 - 17 - -
2B - 39 - -
92 100 71 66 

- - - - -
- - -

- - -
139 100 56 71 66 

Emlaslt s - Tor 
1.4 O~ O. 

s: 4 -.7 25. !B. 
14- 1C -.3 56.1 73. 89. 

32 1. 2. 

WINTER 

- - - -
- - - -
- - - 216 

- - 4<44 4QO 

846 753 916 977 

- - - -
- - - -
- - - -

753 1360 1683 

- - - -
- - - -- - - 49 

- - 101 110 
153 177 213 225 

- - - -
- - - -
- - - -
153 177 314 384 

1 
1 1 

2 2 2 2 

2 2 3 4 

2 2 3 4 

- - -
- - -

- 22 

- - 45 49 
85 76 92 9B 

- -
- - - -
- - - -

85 76 137 189 

1.3 jl.5 0.6 
1.9 61.1 75.7 
1.0 142.7 178.6 
!.4 4.4 5.4 
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TPS Republlka - Case P1 ELECTRIC GENERATION AND NET POWER INTERCHANGE - YEAR 2010 

WINTER SUMMER WINTER 

Jan Feb Mar M5. ~ June ~ A!!g ~ Oct NQl! Dec 

Average KW Required 16457 15e93 111104 11552 10796 9271 8798 9091 11277 13121 15555 18585 

Station U .. (Inel AboYs) 

Total 16457 15e93 11604 11552 10796 9271 8798 9091 11277 13121 15555 18585 

BACK PRESSURE TURBINE/GENERATOR OUTPUT AVERAGE KW -
BASIS 
UNITe Beck Pressure TurblnelGenera10r OU~ut & Contract Purchase 

- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

Turb6e - - - - - - - 937 730 1329 - -
Turb4a 8685 8738 11793 5488 3023 2314 1829 - - - 3821 6291 

Turb8b 3716 - 3716 - - - - - - - - -
Turb 4b 7944 7124 7486 5770 - 5810 - - - - 5770 7259 

Turb5b 33687 34344 32068 27882 11842 6552 8914 6644 9B59 12930 29175 34176 

Total TIG OU1put 54012 50205 50064 39141 11865 14675 10743 9581 10368 14259 38765 47726 

Balance Requ Ired -37555 -34512 -36479 -27589 -1069 -5404 -1945 -.c90 889 -1139 -23211 -29141 

CONDENSING TURBINE OUTPUT AVERAGE KW -
0 ...... 0 

EftIcIenCll 
Condensln Turbine OL \Put - KW 

- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

Turb4C 97.4% 5017 4461 6757 10094 11474 10354 154 - - - 10410 6257 

Turb 5c 97."" 10240 9929 10964 12895 21636 - 211103 21727 21261 19759 12302 10006 

Total Condens Turb OU\put 15257 14390 17721 229B9 33111 10354 21758 21727 21261 19759 22711 18262 

Balance Required -52611 -46902 -56200 -50578 -34179 -15758 -23703 -22217 -20373 -2089B -45922 -45403 

GT Capability @ Full Load 37266 37266 37266 37266 37266 37266 37266 37266 37266 37266 37266 37266 

GAS TURBINE OUTPUT - AVERAGE KW 

Gas Turblne~ut - KW 

Total GT OU\put (KW) 

Balance Required (KW) -52611 -46902 -56200 -50576 -34179 -15758 -23703 -22217 -20373 -20898 -45922 -45403 

HoullIln Period 744 672 744 720 744 720 744 744 720 744 720 744 

Balance Required (MWH) -35222 -32774 -37186 -32580 -25429 -8781 -17635 -16530 -14668 -15548 -29709 -32761 

PURCHASED POWER 75% 75% 75'lb 75'lb 75% 75'lb 75% 75% 75'lb 75% 75% 75'1(, 

Peek Demand KW 
Demand Charge - $/KW 

Energy Charge - Cenb/KWt 0.0269 0.0269 0.0269 0.0233 0.0233 0.0233 0.0233 0.0233 0.0233 0.0269 0.0269 0.0269 

Demand Charge - $(000) 

Energy Charge - $(000) 
Total - $(000) 

POWER SAlES 
Energy Credit - Cents/KWH 0.0260 0.02I!0 0.02I!0 0.0226 0.0226 0.0226 0.0226 0.0226 0.0226 0.02I!0 0.02I!0 0.0260 

Energy Credit $(000) 917.3 853.5 968.4 735.3 573.9 198.2 398.0 373.1 331.1 404.9 773.7 853.2 

12833 

12833 

1.027 
1.025 

7380.5 



I 
TPS Republika - Case P1 

I WINTER 

I 
GAS TURBINE 
InterDo!ated Exhaust T emD8R Me of 

I 
I InterDo!ated Exhaust Flow M#/Hr 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Awilable Exhaust Heet MMBTU/Hr 

Steam Awilable - M'N Del' Hour /Without Su Firing) 

EnthalP\' 
Rise 
3.412 - - -
3.412 - - -
3.412 - - -
3.412 - - -
3.412 - - -
3.412 - - -

Steam Supplied from Supplemental Firing - M'N per Hour 

Utilized HRSG Energv M'N per Hr 

Electric Output Ratio 
Utilized Heat Ratio 

Steam Re~ection - Avg MW (To Cooing Tower) 
Maximum 
Capacity 

From Condensing_ 300.000 26.4 
From Gas Turbine:; 300.000 - -

TOlal 26.4 

24.7 31.0 
-

24.7 31.0 

HEAT REJECTION - YEAR 2010 

SUMMER WINTER 

Exhaust T empemture of 

Exhaust Flow M#lHr 

Exhaust Heet MMBTU/Hr 

TOIaI Steam Awilable without Su Firing M'N/Hr 

- - - - - - - - -
- - - - - - - - -
- - - - - - - - -- - - - - - - - -- - - - - - - -- - - - - - - - -

Steam Supplied from Supplementary Firing - M'N per Hour 

HRSG Enel';lV Utilized - MWlHr 

Steam Rejection - Avera~ MW 
40.8 57.5 20.8 34.6 73.5 72.7 70.3 40.5 2B.5 

- - - - - - - - -
40.B 57.5 2O.B 34.6 73.5 72.7 70.3 40.5 28.5 
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TPS Pernik-Case P1 
SUPPLEMENTARY DATA 

WINTER 

Averaae MW utilized before Incremental MWe and Reiection -

Turb lIB 

Turb" 
Turb6b 
Turb4b 
Turb 5b 

Maximum Steam Flow - MW 

Turb4C 
Turb 5c 

BASIS 
!(W, 

25000 
55000 

ToIII_ 

IIIW 

-
-
--
54.7 
26.7 
39.7 

123.6 

100.7 
150.4 

Co Jaen Units Onl 

- -
- -
- -
- -
55.1 42.8 

- 26.7 
35.6 37.4 

126.1 117.8 

103.5 87.1 
152.1 148.5 

Establish Cogan Unit Incramantal MW (10 Condensing Turbine & Cooling TQW8f't 

- -
- -
- -
- -
34.8 19.1 

- -
26.6 -

102.4 32.5 

87.5 53.9 
136.1 89.0 

SUMMER WINTER 

- - - - - - -
- - - - - - -
- - - - - - -
14.4 - 6.4 5.0 9.1 - -
- 11.5 - - - 24.1 39.8 

- - - - - - -
29.0 - - - - 28.6 36.2 

24.1 32.7 31.7 35.5 47.5 107.1 125.5 

56.7 12.0 38.9 38.9 38.9 61.2 88.0 

20.6 89.2 88.5 91.0 99.1 139.3 151.7 

Steam 10 Condensing Turbine - Avera~_ MWiMaximum Steam less Steam Utilized for Process and Hot Water1 

- - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - -
- - - - - - - - - - - -

Turb 4C 15.2 13.6 20.5 30.7 34.9 27.7 0.5 38.9 38.9 38.9 31.6 19.0 

Turb5c 26.8 26.0 26.7 33.7 56.6 - 56.5 56.6 55.& 51.& 32.2 26.2 

42.0 39.5 49.2 64.4 91.4 27.7 56.9 95.7 94.5 90.6 63.8 45.2 

Maxlmum Hours Use 

Maximum Hours Use 

- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

Turb Sa - - - - - 720 - 744 720 744 - -
Turb .. 744 672 744 720 744 - 744 - - - 720 744 

Turb&b & - 48 - - - - - - - - -
Turb 4b 577 660 473 55 - 279 - - - - 139 604 

Turb 5b 744 672 744 720 744 720 744 744 720 744 720 744 

Averagj!Load - MW 

Average Load - MWt 

- - - - - - - - - - - -
- - - - - - - - - -
- - - - - - - - - - - -

TurbSa - - - - - 12.2 - 5.5 4.3 7.8 - -

Turb 4B 45.8 48.1 35.8 26.9 15.9 - 9.7 - - - 20.2 33.2 

Turb 6b 22.9 - 22.9 - - - - - - - - -

Turb 4b 31.5 26.2 29.7 22.9 - 23.0 - - - - 22.9 28.8 

Turb 5b 69.1 90.9 85.0 73.8 23.4 17.3 23.6 22.9 25.& 34.2 77.3 90.5 

Average Load - Mlb/Hr 
BASIS 

MBTUllb Avara08 Load - Thousand Pounds ~ Hour 

- - - - - - - - - -
- - - - - - - -

- - - - - - - - -
1.1050 - - - - 37.7 16.9 13.2 24.0 

1.0620 147.2 146.1 115.1 93.0 51.2 - 31.0 - 64.8 106.6 

0.9520 82.0 - 82.0 - - - - - - - - -
1.0660 100.8 90.4 95.0 73.2 - 73.7 - - - - 73.2 92.1 

1.0020 303.6 309.7 289.3 251.4 79.7 59.1 80.4 77.9 87.1 116.6 263.1 308.2 

A verage Loa d -% 

AveraQe Load - Percent 01 Rated Capac'tv 

- - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - -

Turb 6a - - - - - 34.2% - 15.3% 11.9% 21.6% - - ! 

Turb 4a 83.5% 64.0% 65.3% 52.7% 29.1% 17.6% - - - 36.7% 6O.5%J 

Turb 6b 3.>.6% - 3.>.6% - - - - - - - -

I Turb 4b 65.3% 58.6% 61.6% 47.5% - 47.6% - - - - 47.5% 59.7% I 

, Turb 5b 91.6% 93.7% 67.5% 76.0% 24.1% 17.9% 24.3% 23.6% 26.3% 35.3% 79.6% 93.2% 



I TPS Pernik-Case P1 SUPPLEMENTARY DATA 

I 
WINTEI:! SUMMER Wlr.TER 

Steam Supply - Percent of Output and Total Cost 

I Percent 01 Total Ow ut 
Blr#2 - - - - - - - - - - - -
Blr#l - - - - - - - - - -
Blr#3 - - - - - - - - - - - -

I 
BIr#4 1B.2% lB.o% 15.2% 14.2% 11.2% 20.2% 9.5% 5.8% 4.4% 7.2% 10.1% 13.8% 
BIr#5 lB.2% lB.o% 15.2% 14.2% 11.2% 20.2% 9.5% 5.8% 4.4% 7.2% 10.1% 13.B% 

- - - - - - - - - - - -- - - - - - - - - - - -
- - - - - - - - - - - -

I 
Cost 01 Staam Su~l!!l! 

Gas 
0" 

Ugnita 100 99 84 73 54 12 33 19 14 26 56 B2 
Coal 

I 
QtherExp 92 91 77 84 42 19 26 14 11 20 51 75 

Total 193 1111 lBl 137 DB 30 58 33 25 47 107 158 
Hot Water Supply - Percent 01 Oll1putand Total Cost 

Percent 01 Total Out!: ut 

I 
Blr#2 - - - - - - - - - - - -
Blr#l - - - - - - - - - - - -
Blr#3 - - - - - - - - - - - -
Blr#4 45.3% 46.4% 44.7% 37.1% lB.4% 43.5% 23.3% 24.1% 26.6'1(, 31.6'1(, 40.7% 47.5% 
Blr#5 45.3% 48.4% 44.7% 37.1% 1B.4% 43.5"- 23.3% 24.1"- 26.6'1(, 31.6'1(, 40.7% 47.5"-

- - - - - - - - - - - -

I - - - - - - - - - - - -- - - - - - - - - - - -
Cost 01 Hot Water Su~~Il! 

Gas 

I 
Oil 

Ugnite 249 256 246 191 79 26 80 78 84 116 225 2B2 
Coal 

OtherExp 229 235 Z27 166 62 40 62 60 65 90 207 259 
Total 479 491 473 357 142 66 142 138 149 206 432 541 

I 
Electric Supply - Percent 01 Output and Total Cost 

Pen:ent 01 Total OUII: ut 
Blr#2 - - - - - - - - - - - -
Blr#l - - - - - - - - - - - -

I 
Blr#3 - - - - - - - - - - - -
81r#4 36.5"- 35.5"- 40.0% 48.8% 72.5% 36.2% 87.1% 70.1'" 88.9% 61.2% 49.2% 38.7% 
Blr#5 38.5"- 35.5% 40.0% 48.6'1(, 72.5% 36.2% 67.1% 70.1'" 88.9% 61.2% 49.2% 38.7% 

- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -

I Cost of Electric Su~~lll 
Gas 
Oil 

Ugnite 201 196 220 250 35t 21 230 226 217 225 272 229 
Coal 

I OtherExp 185 180 203 21B 275 33 180 176 169 174 250 211 
Total 386 378 423 48B 627 55 410 402 386 399 522 440 

I 
I 
I 
I 
I 
I 
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- - - - - - - - .. - .. .. - - - - - - -
TPS ReptAllika - Case P3 PROJECTED OPERAllNG AND CAPITAl EXPENDITURES 

COST EXCL INFlATION (OOD) 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

OPERAllNG EXPENSES 

Fuel Cost - Natural Gas 
Oil 
Ugnite 4.929 6.635 6.635 6.635 10.858 10.858 10.858 10.858 10.858 10.858 10.858 10.858 

Black Coal 13.823 13.650 13.912 14.182 14,458 6.593 6.593 6.593 1.672 1.672 1.672 1.672 1.672 1.672 1.672 1.672 

Total Fuel Cost 4.929 13.823 13.650 13.912 14.182 14.458 13.227 13.227 13.227 12.530 12.530 12.530 12.530 12.530 12.530 12.530 12.530 

Supplemental Cost (ShortfalQ 

Purchased Power Cost 
Credit for Power Sales 
Net Power Interchange 

Fixed O&M and Overheads 

Other Variable 0 & M 
Soibent and Ash Removal 

Credit: By-Product Sales 
Emission Penalties 930 

Maintenance Expenses 1.772 1.773 1.965 1.742 1.908 1.915 1.607 1.304 2.294 1.716 2.407 1.268 1.486 2.301 2.020 2.143 1.594 

Plant Removal Costs 1.412 

Total O&M Expense 8.642 13.548 13.370 13.187 13.394 13.443 12.654 12.350 13.341 12.388 13.078 11.939 12.158 12.973 12.692 12.815 12.265 

CAPITAL COSTS 
Foreign 30092 4323 5277 20900 39663 17294 17429 25414 20913 6954 1394 

Domestic 2967 835 1028 1618 2291 1239 977 1269 975 484 28 

Total 33059 5158 6305 22518 41954 18532 18406 26683 21888 7439 1422 

TOTAL COST 

Present Worth 40.126 16.667 16.232 27.274 39.147 20.940 18.834 21.916 18.314 9.544 5.829 4.927 4.646 4.590 4.624 3.887 3.445 

Cumulative Present Worth 40.126 56.793 73.025 100.299 139.446 160.388 179.220 201.136 219.450 228.994 234.823 239.750 244.396 248,986 253.610 257,497 260,942 

OPERATING STATISTICS 
TOTAL PRODUCllON - MWH 

LP Steam 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192,542 192.542 192.542 192,542 192.542 192.542 192.542 192.542 192.542 

Hot Water 555.416 555.416 555.418 555,418 555.418 555.418 555.418 555,418 555,418 555.418 555.418 555.418 555.418 555,418 555.418 555,418 555.418 

Electricity 409.490 409.490 394.208 394.208 394.208 394.208 394.208 394.208 394.208 405,203 405.203 405.203 405,203 405.203 405.203 405.203 405.203 

COST OF PRODUCllON - $/MWH (Variable Costs only) 

LP Steam $6.97 $11.65 $11.75 $11.93 $12.12 $12.31 $12.15 $12.15 $12.15 $11.95 $11.95 $11.95 $11.95 $11.95 $11.95 $11.95 $11.95 

Hot Water $6.97 $11.65 $11.75 $11.93 $12.12 $12.31 $12.15 $12.15 $12.15 $11.95 $11.95 $11.95 $11.95 $11.95 $11.95 $11.95 $11.95 

Electricity $12.19 $20.35 $20.32 $20.63 $20.96 $21.29 $20.99 $20.99 $20.99 $20.76 $20.76 $20.76 $20.76 $20.76 $20.76 $20.76 $20.76 

NOT SERVED - MWH 
LPSteam 
Hot Water 
Electricity 

EMISSIONS - TONS 
Particulates 124.501 5 5 5 5 5 128 128 128 206 206 206 206 206 206 206 206 

SO. 17.750 622 602 602 602 602 1.169 1.169 1.169 1,541 1,541 1.541 1,541 1.541 1,541 1,541 1.541 

NOx 1.614 871 844 844 844 844 847 847 847 864 864 864 864 864 864 864 864 

CO 49 45 43 43 43 43 47 47 47 50 50 50 50 50 50 50 50 

-£) 
~ 

I 
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r • .,y ••• 2V1U 

UNIT 

_ r. 

Bt#4 

85.S'lO 
as.S'lO 
85.S% 
40.0% 

• 

FAClUlE8 DATA SHEET AND8IMULATED IESULT - YEAFl2010 

Facilities Data .- ., 
11:8 

.. 
Bt ft CFB#1 CFB F.! 

7lI:Mfo 
711.7"1. 
3O.cnr. 

711.7"1. 

4O.cnr. 

'/I> 155 1I1'.78!I 1.480 157.305 1.Il10 

Iy "-
5 

57.071) 
1011.11 

1~~-HOTW~TE~~~~~~~~~+-----~-----+--85~~~J~~-----+----~--~~-W~-----+------r-----+--e~.ooo--r-----+-----~-----+----
, ___ ~. Telft> Of 

302" ~ 

TURBINE DATA T...,28 T...,211 T...,2c TIObIb""''' T...,88 T...,15I> 

Rlltd 
2500C 

CIPIbiIIIY - M .... 
37235 

71 .... 
1111S: 

1_ 
.1073C 

1S1Z! 

21 It .... 
154.350 218.DX S30.750 S30.75CI _~ 

~ 
n.o 1"2.0 

M~ D! . 0 .. 1111 O.~ 0.34 III O. 

Me Ibs 1.2112 1.025 1.001 1.100 O. 

ColI $lM1 ITIl 

......... 01 --.v, N...,. bIr 
, & Benofl\l $(0001. 

I MONTHLY DATA "l1li 'elft> 
on .-' 

,. 
>Dr 11 
IW 

1ESTVEAR8IMULATION RE8ULTS: 
OPERATING EXPENSES 

NIIILr .. a.. 
011 
L.\g'1IIe 
B_CoaI 

T ..... F ... ICufI 
SI.qlItmental Cost-Shartlall Penaltyj 

""~d Power Cost 
o-edKf<r P_ 8*. 
Net Power InIerchInge Cost 

Ohr o&M - FIXed. OH & Oller 
V.iIbIoo 

Unoa1Dno Injoctlon & Ash FIt..-al 
o-edKf<r By-Pr_SIIIoI 

Emili .... Penoltiel 
T ..... Exc~ M_nonce 

"12 
3119 
aoo 

tIlO71 
(1107) 
2115 
401 
257 
(72) 

o 
7 .... 

P64 8T" 

-

377 
3113 

(8471 
(847) 
240 
3118 
235 
(l1li) 

o 

3114 
377 
7112 

{97~ 

(SI7~ 

2115 
378 
240 
(87) 

o -

"VNoL 

.. 21 

<421 

(7351 
257 
321 
2112 
(73) 

.. 52 

S1 .. 

314 

(5112) 
2115 
2<411 
1115 
(55) 

373 

PBS 

-

134 

{13Q 

(13Q 
257 
102 

113 
(23) 

815 

215 

215 

(seq 
2115 
1117 
134 
(38) 

1ocnr. 

1l1li 

1l1li 

(3541 
(3541 
2115 
154 
124 
(35) 

111" 

111" 

(3111 
(311) 
257 
150 
121 
(34) 

377 

STI! 

101 

{381!1 
(381!1 
2115 
174 
141 
(40) 

381 

.1(1)% 

"111 

"111 

171151 
(71151 
257 
319 
2111 
(73) 

387 

BEST AVAILABLE COpy 

PBII 

. 1ocnr. 
100% 
100'X0 
100'X0 
-
101 
101 

3113 
391 
784 

(8711 
(871) 
2115 
386 
245 
(89) 

o 
741 

CFB1 

100'X0 

."'"-
100% 
100% 
100% 

3._ 
1.5111 
5.208 

17.285 
(7,285) 
3.124 
3.1l1li 
2.2119 

(844J 
o 

5.987 

CFB2 

100'X0 

-
100'X0 
100'X0 
100'X0 
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UNIT UTILIZATION 
200 ~-------------------------------------------------------------------, 

150 

50 

o 

MONTH 

RCFB#1 ~CFB#2 ~Blr#5 

ELECTRICITY PRODUCED 
ro ~-------------------------=~----~----------------------------------, 

MONTH 

.. Turbine #5 ~ Turbine #2 ~ Turbine #3 

BEST AVAILABLE COpy 
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lPS Repubillca - Cue P3 

PRODUCT - LP STEAM 

CUsIomer Requirement MWH 
S1a1on UIIe, LCIS88S, etc. MWH -

~ • 
MWts 
--
-

Header 108.f1OO I 

Header 57Jl70 I 

---
Unit 

Header 
Header 

TOIaI 
Staam NotSeMtd MWH 

- . HOT WATER 

Customer Requirement MWH 
S1aton UIIe, LDII8I!S, etc. MWH -

~ • 
BU~~ MWtw 

--
-
-
-

:ler ~eac 88.000 
~eac :ler 65.880 

:ler ~eac 97.100 
r~ 

Unit 

I Header 
I Header 
I Header 

TOIaI 
Hot Water Not SeMld MWH 

ADJUSTED FOR MINIMUM LOADING - MWH 
1 sam 

TOIaI 

nO[ WIllBI' 

I Header 
I Header 
I Header 

TOIaI 

lOAD DISPATCH AND ENERGY USE - YEAR 2010 iQ.lIf- ...... 

WINTER SUMMER WINTER 

I ~I ~I ~I 1541~ 1 :1 =1 =1 27~1 2091
1
1 350~1 1~1 18145 

5429 1303 978 2271 4115 8548 

1 340951 309621 286641 208421 118681 87921 7181 1 40721 30691 57781 14511 1 24691 

.\ 5\ .\ , \ .\ .\ ,. \ III ,~ I ,.1 ,.\ 's 

AIIIII808 Laedlna - MW 
- - - - - - - - - - - -
- - - - - - - - - - - -- - - - - - - - - - - -- - - - - 12.2 - 5.5 4.3 7.8 - -
45.8 416.1 35.8 28.9 15.9 - 9.7 - - - 20.2 33.2 

- - - - - - - - - - - -
- - - - - - - - - - - -- - - - - - - - - - - -

Unit Enerav 0uIDuI - MWH /l1aflxa Adlustmant fer Minimum Laeellng Umltallon 

- - - - - - - - - - - -- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - 8792 - 4072 3089 5778 - -

34095 30962 28664 20842 11868 - 7181 - - - 14511 24891 
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

34095 30962 28664 20842 11868 8792 7181 4072 3089 5778 14511 24891 

I ~I ~I ~I ~~;I ':::1 '~::I :1 =:1 ':1 '=1 5=1 ~= 
I 8416441 797416\ 782921 544201 174201 18907\ 175831 17031 \ 18415\ 254751 587951 84708 

.\ .1 .1 , I .1 .1 ,. I ,,1 ,~ I ,.1 .. \ ,. 
AIIIII808l.Cladina - ~IW 

- - - - - - - - - - - -- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -- - - - - - - - - -

---- ---- - - - - - - - - - - -
28.0 23.0 28.4 7.3 - 11.1 - - - - 8.0 23.6 
93.6 96.1 88.5 75.0 23.4 22.0 23:8 22.9 ... 25.6 -34:2 80.1 94.7 

119.6 119.1 114.8 62.3 23.4 33.1 23.6 22.9 25.6 -34:2 88.1 118.3 

Unit Enerav 0uIDuI - MWH IBaIor& t fer Mlnlmun Laaellna 
_ ....... 

- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

14976 15142 12455 404 - 3102 - - - - 1111 14241 
611869 84604 65837 54022 17420 15806 17583 17031 16415 ·25475 57884 70465 
84844 79746 76292 S4425 17420 18907 17563 17031 ·,6415 -25475 58795 84708 

Unit Utilization _ .. t fer Minimum Laadina - MWH lBteaml 

- - - - - - - - - - - -
- - - - - - - - - - - -- - - - - - - - - - - -- - - - - 8792 - 4072 3089 5i78 - -

34095 309B2 28864 20842 11868 - -71iff - - - 145' 2469' 
- - - - - - - - - - - -- - - - - - - - - ~ - -- - - - - - -

8792 71iff 4072 3089 5778 14511 24691 

Unit Utilimtlm iifiBr I Laadina - MWH (Hot Waterl 
- - - - - - ~. - - - - -- - - - - - - - - - - -
- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -

20207 20753 18423 1569 - 7905 - - - - 3933 18819 
84437 61869 52656 17420 11002 17583 17031 18415 25475 54861 65887 

797416 78292 54425 17420 18907 17563 17031 18415 25475 56795 84708 

BEST AVAILABLE COpy 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TPS Republlka - Cue P3 LOAD DISPATCH AND ENERGY LISE - YEAR 2010 

WINTER SUMMER WINTER 

ADDITIONAL REQUIREMENT FOR BACK PRESSURE STEAM lUFBINES - MWH 

Baals 
%~ lhermal 0UIPUt, d In electric DI!II8I1ltlon - MWHt 

- - - - - - - - - - - - -
- - - - - - - - - - - - -
- - - - - - - - - - - - -

Turbea 0.97 - - - - - 22..e - 1040 784 1476 - -
Turb2a 0.96 5299 4615 4156 3263 1867 - 1131 - - - 2278 3856 

Turb6b 0.97 - - - - - - - - - - - -
Turb2b 0.96 ff7ff7 f!944 5499 525 - 2644 - - - - 1316 6297 

Turb5b 0.96 25335 23194 24325 20761 8649 4326 6905 8696 7240 10016 21570 25904 

Total 37400 34953 33963 24569 ff716 9216 8036 7736 8024 11492 25163 36057 

STEAM TO i lUFBINES AND REJECTION - MWH 

I tI1ernIIl, HJIDut IIII electric , and reiecllon - MWHt 

. -. .- .""- - - ""- ~. ""- .-. - -. -

.- . - -. .""-
----

-. ~ -. .- - -. -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

furb 2c 11078 6705 16355 25086 31184 9687 2098 - - - ~ 
16107 

Turb 5c 18279 16136 19493 22179 40493 - 40426 4067i 38451 36868 17594 

UNrr UTILIZATION TOTAL MWH -
Unit Unit UtIlization MWH 

Blrlll4 - - - - - - - - - - - - -
Blrlll6 - - - - - - - - - - - - -
Blrlll5 - 41573 36822 40344 - - - - - - - - 41826 

CFBlII2 - 63074 56199 55963 70695 33!i22 - - - ff7959 - 70296 55967 

CFBlII1 - 80849 75500 78459 76186 76137 46802 75304 69516 - 79431 76254 81341 

- - - - - - - - - - - - -
- - - - - - - - - - - - -
- - - - - - - - - - - -

Total 185496 170521 174786 147063 109659 46802 75304 69516 ff7959 79431 146552 179155 

INPUT ENERGY REQUIRED BEFORE EFFICIENCY ADJUSTMENT - BOILERS ONLY 

BlU/kW Enerc Input befonI Ellk:il1IlCY Adjustment - MMBTU 

Blrlll4 3.412 - - - - - - - - - - - -
Blrlll6 3.412 - - - - - - - - - - - -
Blrlll5 3.412 141847 132462 137653 - - - - - - - - 142710 

CFBlII2 3.412 215209 191751 191015 241894 114376 - - - 231876 - 239657 191029 

CFBlII1 3.412 275857 257605 267701 259952 259781 159688 256938 237190 - 271020 260178 277536 

- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

Total 632912 561818 596369 501846 374157 159688 256936 237190 231878 271020 500035 611275 

BOILER EFFICIENCIES 
BASIS BASIS 

%1 %2 ~ 

Blrlll4 
Blrlll6 
Blr#5 ff7.3% 87.3% 87.3% 

67.3% 

CFBlII2 79.1% 79.1% 79.1% 79.1% 79.1% 79.1% 79.1% 79.1% 

O=B#1 79.1% 79.1% 79.1% 79.1% 79.1% 79.1% 79.1% 79.1% 79.1% 79.1% 79.1% 

INPUT ENERGY REQUIRED 

Unit Ener W Input MMBTU 

Blrlll4 - - - - - - - - - - -
Blr#6 - - - - - - - - - - - - -
Blr#5 - 162575 151819 157786 - - - - - - - - 163585 

CFBlII2 - 270023 240591 239688 303506 143508 - - - 2!lO938 - 300950 239685 

CFB#1 - 346119 323218 335685 326163 325949 200362 322381 297604 340050 326446 346226 

- - - - - - - - - - -
- - - - - - - - - - - - -
- - - - - - - - - - - - -

Total 778717 715628 733321 829869 ..e9457 200362 322381 297604 2!lO938 340050 827396 751476 

BEST AVAILABLE COpy 



I 
TPSR~-C ... P3 FUEL COST AND OTHER O&M EXPENSE - YEAR 2010 

WINTER SUMMER WINTER 

.!!!l Feb Me: & ~ .I!.!!!! ~ &!g §!121 Qgt ~ ~ 

FUEL COST - BOILERS Cl.lanl.l - Fu.1 eolt - Llanl. $(000) 
-'" 

Br#4 I BrH 
Br#5 
CFB#2 SO.87 180 1111 180 203 118 184 201 180 

CFB#I SO.1I7 231 2111 224 218 218 1M 215 1l1li 227 218 233 

I 
Total 412 317 ... 421 314 1M 215 1l1li 184 227 4111 303 

FUEL COST - BOILERS (Co.~ - Fuel eolt - Black eoal $(000) 
-'" I Br#4 20300 

BrH 2.3110 

Br#5 2.3110 3811 3113 317 
3111 

CFB#2 
CFB#I 

Total 3811 3113 317 
3111 

FUEL COST - BOILER8~Gat) - Fuel Coot - NalLral Gat $1000) 
-'" I 

Br#4 
BrH 
Br#S 
CFB#2 
CFB#1 I 
Total 

FUEL COST - BOILERS _~azutl I -.-.u Fuel Coot - Mazut$(IIOOI 

Br#4 
BrH 
Br#5 
CFB#2 
CFB#I I 
Total 

HOT WATER SHORTFALL MWH I 
AI.urned equIValent eo.t S/MWH $10.00 

SUPPLEMENTAL HOT WATER COST - $(000) 

Wat .. _ Oth .. V .. _ O&M 

- - V_O&M I 
Br#4 SO.03 $1.118 

BrH SO.03 $1.118 

Br#5 $0.03 $1.118 110 114 87 
110 

CFB#2 $0.03 $1.118 138 121 121 155 75 150 153 121 

CFB#1 $0.03 $1.118 175 1113 170 1811 171 102 187 154 174 1811 175 

SO.03 $1.118 I 
$0.03 $1.118 
$0.03 ".118 

Total 401 388 378 321 2411 102 1117 164 150 174 3111 3811 

I L_ton. _ Alh RomovalIOcpem" - Bo .... $(000) 1= -..... MIIT1. lmeaton.lnlection&Alh R_I~ .. $/000) 

Br#4 - 0.008 - - - - - - - - - - - -
Br#1I - 0.008 - - - - - - - - - - - -
Br#5 - 0.008 1 1 1 - - - - - - - - 1 

CFB#2 0.057 0.3511 112 100 100 128 80 - - - 121 - 125 100 

CFB#1 0.057 0.3511 144 1M 140 138 135 113 1M 124 - 141 138 145 I 
- - - - - - - - - - - - - -
- - - - - - - - - - - - - -
- - - - - - - - - - - - - -

I 
I 
I 
I Emit.ion. by Tl/I>' - Ton. -I "...T""", EmiI.ionl - Ton. 

P..ticulate 2205 23.1 21.1 21.5 23.4 17.5 7.5 12.0 11.1 10.8 12.11 23.3 220 

80 2205 181.8 1l1li.7 170.4 1117.11 125.2 53.4 l1li.0 711.4 17.6 90.7 187.3 174.4 

I 
NO>< 2205 128.11 1111.8 119.7 87.7 85.4 27.9 44.9 41.4 40.5 47.3 87.4 122.9 

CO 2205 11.31 5.81 5.11\ 5.1 \ 3.8\ 1.8\ 2.11\ 2.41 2.41 2.81 5.11 11.1 
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TPS Republika - case P3 ELECTRIC GENERATION AND NET POWER INTERCHANGE - YEAR 2010 

WINTER SUMMER WINTER 

Jan Feb Mar & ~ June ~ &!g §!I!! -Oct Nov Dec 

Average KW Required 16457 15693 11604 11552 10796 9271 8798 9091 112n 13121 15555 18585 

Station Use (Inc! Above) 
Total 16457 15693 11604 11552 10796 9271 8798 9091 11277 13121 15555 18585 

BACK PRESSURE TURBINE/GENERATOR OUTPUT - AVERAGE KW 

BASIS 
UNITe Back PreRure Turbine/Generator Output &. Contract Purchase 

- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

Turb6a - - - - - 3038 - 1362 1061 1932 - -
Turb2a 6951 6993 5455 4423 2449 - 1484 - - - 3088 505B 

Turb6b - - - - - - - - - - - -
Turb2b 11450 10275 11357 9266 - 9266 - - - - 9266 10182 

Turb5b 33235 33687 31910 28170 8985 5864 9059 8784 9815 13139 29239 33982 

TotaIT/G Output 51636 50954 48721 41859 11434 18168 10542 10146 10875 15071 41592 

Balance Required -35178 -35261 -37117 -30307 -638 -8897 -1744 -1055 402 -1950 -26038 -30637 

CONDENSING TURBINE OUTPUT - AVERAGE KW 

aen ... to 

Etliclen9 Condensinc Tulbine 0u1DUt - KW 

- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

Turb2c 97.6% 5213 4535 7696 12189 14664 12428 987 - - - 13056 7579 

Turb5c 97.6% 9002 8798 9599 11286 19941 - 19908 20032 19567 18067 10804 8665 

Tolal Con dens Turb Output 14214 13333 17295 23475 12428 20895 19567 18067 23860 16244 

Balance Required -49393 -48594 -54412 -53783 -35243 -21325 -22639 -21087 -19165 -20018 -49898 -46880 

GT Capability @ Ful lDad 37266 37266 37266 37266 37266 37266 37266 37266 37266 37266 37266 37266 

GAS TURBINE OUTPUT - AVERAGE KW 

Gas Turbine -KW 

Tolal GT Output (KW) 

Balance Required (KW) -49393 -48594 -54412 -53783 -35243 -21325 -22639 -21087 -19165 -20018 -49898 -46880 

Hours in Period 744 672 744 720 744 720 744 744 720 744 720 744 

Balance Required (MWH) -34834 -32527 -37401 -32564 -26221 -5n6 -16844 -15688 -13799 -14893 -30539 -33449 

PURCHASED POWER 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 

Peek Demand KW 

Demand Charge - $/KW 

Energy Charge - Cents/KWI- 0.0269 0.0269 0.0269 0.0233 0.0233 0.0233 0.0233 0.0233 0.0233 0.0269 0.0269 0.0269 

Demand Charge - $(000) 
EneIgy Charge - $(000) 
ToI8l- $(000) 

POWER SALES 
Energy Credit - Cents/KWH 0.0260 0.0260 0.0260 0.0226 0.0226 0.0226 0.0226 0.0226 0.0226 0.0260 0.0260 0.0260 

Energy Credit $(000) 907.1 847.1 974.0 735.0 591.8 130.4 380.2 354.1 311.4 387.8 795.3 871.1 
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TPS Republika - Case P3 

WINTER 

GAS TURBINE 
Interpolated Exhaust Temoeratu"e of 

Int~ted Exhaust Flow M#/Hr 

Awilable Exhaust Heat MMBTU/Hr 

Steem Supplied from Supplemental Firing - MW per Hour 

Utilized HRSG Enerov MW per Hr 

Electric Output Ratio 
Utilized Heat Ratio 

Steem Rejection - Avg MW (To Cooing Tower) 
Maximum 
Capacity 

From Condensing 300.000 24.9 
F rom Gas Turbinel 300.000 - -

Total 24.9 

23.3 

23.3 

30.5 
-

30.5 

HEAT REJECllON - YEAR 2010 

SUMMER WINTER 

Exhaust Tempecature of 

Exhaust Flow M#/Hr 

Exhaust Heal MMBTU/Hr 

Total Steam Available without Su MW/Hr 

Steam~iedfrom Su Firing - MW per Hour 

HRSG Ener:JY Utilized - MW/Hr 

Steam Reiection - Awrage MW 
41.6 60.9 22.8 35.7 83.4 82.6 80.1 42.3 28.7 

- - - - - - - - -
41.6 60.9 22.8 35.7 83.4 82.6 80.1 42.3 28.7 



I TPS Republika - Case P3 SUPPLEMENTARY DATA 

WINTER SUMMER WINTER 

I Average MW utilized before Incremenlal MWe and Reiection - Coaen Units On~ 
- - - - - - - - - - -- - - - - - - - - - -
- - - - - - - - - - -

I 
Turb6a - - - - - 15.3 - 6.9 5.4 9.7 - -
Turb2a 52.9 53.3 41.4 33.5 18.5 - 11.2 - - - 23.3 38.4 
Turb6b - - - - - - - - - - -
Turb2b 46.8 42.0 46.4 37.9 - 37.9 - - - - 37.9 41.6 
TurbSb 120.7 122.3 115.9 102.3 32.6 21.3 32.9 31.9 35.6 47.7 106.2 123.4, 

I BASIS T_lIoIor 

Maximum Steam Flow - MW _1 MW 

- - - - - - - - - - - ! 

- - - - - - - - - - - - - , 

I - - - - - - - - - - - - - ! 

- - - - - - - - - - - - - ! 
- - - - - - - - - - - - - i - - - - - - - - - - - - - 1 

Turb2c 35000 - 104.1 107.4 92.9 71.2 60.3 73.4 14.0 49.3 49.3 49.3 67.9 93.8 
Turb5c 55000 - 145.2 146.3 142.1 133.1 87.0 19.9 87.2 86.6 89.0 97.0 135.6 147.01 I Eslablish ~n Unit IncremerCal MW (to Condensil!9Turbine & CooIill!l Towel) 

Steam to CondensingTUtbine - A\lllllage MW (Maximum Steam less Steam Utilized for Process and Hot Water) ! 
- - - - - - - - - - - - i 
- - - - - - - - - - - I 

- - - - - - - - - - - - I 
- - - - - - - - - - - - , 

I 
- - - - - - - - - - - - I 

- - - - - - - - - , 
Turb2c 14.9 13.0 22.0 34.8 41.9 35.5 2.8 49.3 49.3 49.3 37.3 21.6 
Turb5c 24.6 24.0 26.2 30.8 54.4 54.3 54.7 53.4 49.3 29.5 23.6 , 

39.5 37.0 48.2 65.6 96.3 35.5 57.2 103.9 102.7 98.6 66.8 45.3 

I 
Maximum Hours Use 

Maximum Hours Use 
Blr#4 - - - - - - - - - - - -
Blr#6 - - - - - - - - - - - -

I 
Blr#5 - - - - - - - - - - - -
Turb6a - - - - - 720 - 744 720 744 - - I 
Turb2a 744 672 744 720 744 - 744 - - - 720 7441 
Turb6b - - - - - - - - - - - - , 
Turb2b 577 660 473 55 - 279 - - - - 139 6041 
TurbSb 744 672 744 720 744 720 744 744 720 744 720 744 : 

I 
d Average Loa -MW 

I 
Average Load - MWt ! 

Blr#4 - - - - - - - - - - - - , 
Blr#6 - - - - - - - - - - : 
Blr#5 - - - - - - - - - -
Turb6a - - - 12.2 - 5.5 4.3 7.8 - -
Turb2a 45.8 46.1 35.8 28.9 15.9 - 9.7 - - 20.2 33.2 , 
TurbGb - - - - - - - - - - - - : 
Turb2b 35.0 31.5 34.7 28.4 - 28.4 - - - 28.4 31.2 I 
Turb5b 86.6 87.8 83.2 73.4 23.4 15.3 23.6 22.9 25.6 34.2 76.2 88.6 

I Averaoe Load - Mlb/Hr 

M~~ A IeraQ8 La ld - 1M rsand Potmds per Ho)Ur 

I 
- .- - - - - - - - - - - -- - - - - - - - - - - - -- - ..... - - - - - - - - - -

·1.1000 .- - - - - 3I.9 - 17.0 13.2 24.1 - -
1.2620 123.9 124.6 96.9 78.3 43.1 - 26.1 - - - 54.5 89.7 
1.955(] - - - - - - - - - - - -

1.0283 116.2 104.4 15.3 94.2 - 94.2 - - - - 94.2 103.5 i 
UlOl0 295.2 299.2 283.4 250.2 79.8 52.1 80.5 78.0 87.2 116.7 259.7 30 .9! I 

'I 
Average Load-% , 

Average Load - Percent of Rated Capacity 
I Blr#4 ..I. - - -
t BIr#6 - - - I -
I Blr#5 - - - I - - - - - - - - I -
; Turb 6a - ! - 11.5% 5.1% 4.0% 7.3% - I -
I Turn 2a 80.3% 80.8% 52.8%1 50.;:~ -~~~ ---r-~6.!'" 35.3°" i 5tl.~ .. -
, Turi>6b - - - - - - - , -I 
Turb2b 53.3% 47.9% 52.9% : 43.2% 43.2% - I 43.2% ' 47.5% 

I 
Turb5b 89.2% 90.4% 85.6%' 75.6% 24.1% 15.7% 24.3% 23.6% 26.3% 35.3% t 78.5% , 91.2% 



I TPS Republika - case P3 SUPPLEMENTARY DATA 

I 
WINTER SUMMER WINTER 

Steam Supply - Percent of Output and Total Cost 

I Percent of Total Ow ut 
Blr#4 18.4% 18.2% 15.3% 14.2% 10.8% 18.8% 9.5% 5.9% 4.5% 7.3% 9.9% 13.8% 
Blr#6 18.4% 18.2% 15.3% 14.2% 10.8% 18.8% 9.5% 5.9% 4.5% 7.3% 9.9% 13.8% 
Blr#5 18.4% 18.2% 15.3% 14.2% 10.8% 18.8% 9.5% 5.9% 4.5% 7.3% 9.9% 13.8% 
CFB#2 18.4% 18.2% 15.3% 14.2% 10.8% 18.8% 9.5% 5.9% 4.5% 7.3% 9.9% 13.8% 
CFB#1 18.4% 18.2% 15.3% 14.2% 10.8% 18.8% 9.5% 5.9% 4.5% 7.3% 9.9% 13.8% 

- - - - - - - - - - - -I - - - - - - - - - - - -- - - - - - - - - - - -

I 
Cost of Steam SUBBI~ 

Gas 
Oil 

Ugnite 76 68 59 60 34 25 21 12 9 17 41 54 
Coal 71 66 58 54 

Other Exp 121 110 94 83 48 35 29 16 12 23 57 87 
Total 268 244 210 142 82 60 49 28 21 39 99 195 I Hot Water Supply - Percent of Output and Total Cost 

Percent of Total Output 
Blr#4 .45.6% 46.8% 44.8% 37.0% 15.9% 40.4% 23.3% 24.5% 27.1% 32.1% 40.1% 47.3% 
Blr#6 45.6% 46.8% 44.8% 37.0% 15.9% 40.4% 23.3% 24.5% 27.1% 32.1% 40.1% 47.3% 
Blr#5 45.6% 46.8% 44.8% 37.0% 15.9% 40.4% 23.3% 24.5% 27.1% 32.1% 40.1% 47.3% 
CFB#2 45.6% 46.8% 44.8% 37.0% 15.9% 40.4% 23.3% 24.5% 27.1% 32.1% 40.1% 47.3% 

I 
CFB#1 45.6% 46.8% 44.8% 37.0% 15.9% 40.4% 23.3% 24.5% 27.1% 32.1% 40.1% 47.3% 

- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -

I 
Cost of Hot Water SuBBI~ 

Gas 
Oil 

Ugnite 188 176 172 156 50 54 50 49 53 73 168 186 
Coal 1n 170 169 185 

OtherExp 300 282 2n 216 70 75 70 68 73 101 232 299 
Total 665 628 618 371 120 129 120 117 126 174 401 669 I Electric Supply - Percent of Output and Total Cost 

Percent of Total OUIJ ut 
Blr#4 36.0% 35.1% 40.0% 48.8% 73.3% 40.8% 67.1% 69.6% 68.4% 60.7% 50.0% 38.9% 
Blr#6 36.0% 35.1% 40.0% 48.8% 73.3% 40.8% 67.1% 69.6% 68.4% 60.7% 50.0% 38.9% 
Blr#5 36.0% 35.1% 40.0% 48.8% 73.3% 40.8% 67.1% 69.6% 68.4% 60.7% 50.0% 38.9% I 
CFB#2 36.0% 35.1% 40.0% 48.8% 73.3% 40.8% 67.1% 69.6% 68.4% 60.7% 50.0% 38.9% 
CFB#1 36.0% 35.1% 40.0% 48.8% 73.3% 40.8% 67.1% 69.6% 68.4% 60.7% 50.0% 38.9% 

- - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - -I 
Cost of Electric SUBBI~ 

Gas 
Oil 

Ugnite 148 132 154 205 230 55 145 138 133 138 209 153 
Coal 140 127 151 152 

I 
Other Exp 237 211 247 285 323 76 202 194 185 192 290 246 

I 
Total 525 471 551 490 553 130 347 332 318 329 499 551 

I 

I 
I 
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TPS Sofia - Case SO PROJECTED OPERATING AND CAPITAL EXPENDITURES Baseline 

_ .... I,..~I._I .. 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

OPERATING EXPENSES 
Fuel Cost - Natural Gas 29.034 33,783 40,323 48,287 57,590 60,844 63,943 63,819 63,639 63,395 63,070 62,556 62,701 62,788 62,904 63,016 63,098 

on 1.678 1.806 1,993 2,124 2,254 2,384 2,507 2,502 2,494 2,483 2,470 2,449 2,455 2,458 2,483 2,467 2,470 
lignite 
Black Coal 

Total Fuel Cost 30,712 35,589 42,316 50,411 59,844 63,228 66,450 66,321 66,133 65,878 65,540 65,005 65,156 65,246 65,366 65,483 65,568 
S~plemental Cost (Shortfall) 0 (0) 8 36 110 172 198 222 243 263 270 279 284 291 301 309 
Purchased Power Cost 

Credit for Power Sales (12,9Z3) (13.797) (14,768) (15,224) (15,662) (16,Om (16,506) (16,505) (16,511) (16,514) (16,514) (16,514) (16,513) (16,513) (16,513) (16,513) (16,513 
Net Power Interchange (12,9Z3) (13,797) (14,768) (15,224) (15,662) (16,017) (16,506) (16,505) (16,511) (16,514) (16,514) (16.514) (16,513) (16,513) (16,513) (16,513) (16.513 

Fixed O&M and Overheads 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 
Other Variable 0 & M 2,917 2,945 3,036 3,139 3,235 3,323 3,397 3,422 3,445 3,484 3,481 3,487 3,495 3,499 3,505 3,510 3.514 
Solbent and Ash Removal 

Credit: By- Product Sales 
Emission Pemllies 11 11 11 12 12 12 13 13 13 13 13 13 13 13 13 13 13 
Maintenance Expenses 1,705 2.264 2,145 2,185 2,329 1,915 2,703 2,222 2,516 2,619 2,333 2,827 2,568 2,830 3,148 2,379 3,254 
Plant Removal Costs 

Total O&M Expense 24.940 29,530 35,258 43,049 52,312 55,030 58,747 58,189 58,336 58,221 57,635 57,606 57,515 57,877 58,328 57,691 58,664 

CAPITAL COSTS 
Foreign 13531 1706 1706 
Domestic 455 106 107 

Total 13986 1812 1813 

TOTAL COST 36,926 29.530 35,2ll!! 43,049 ~,1~5 l&~ 58·Z4Z ~1!m 58.336 60.034 N,635 §7,606 §7,:mi 5l.811 58,328 57,691 58,664 

Present Worth 37.456 26,310 29,087 32,884 36,281 36,039 35,623 32,671 30,327 28,898 25,688 23,774 21,978 20,478 19,109 17.500 16,4771 
Cumulative Present Worth 37,456 63,766 92,854 125,737 164,018 200,057 235,680 268,352 298.679 327,577 353,265 377,039 399,016 419,494 436,603 456,103 472,581 

OPERATING STAl1SncS 
--~-- --- --- - - - -- - --- - - ------ ~.--- -----

TOTAL PRODUCTION - MWH 
LPSteam 545.176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,178 545,176 545,176 545,176 545,176 
Hot Water 1,862,339 1,894,185 1,999,408 2,117,089 2,227,(J37 2,330,742 2,416,868 2,445,889 2,471.458 2,493,617 2,513,941 2,520,697 2,529,129 2,534,188 2,540,934 2,547,420 2,552,137 
Bectrlcity 595,117 597,589 605,940 615,726 624,067 631,073 637,020 638,943 640,875 642,487 643.874 644.334 644.901 645.239 645.696 646.163 646.513 

COST OF PRODUCTION - $/MWH (Variable Costs only) 
LPSteam $10.54 $11.95 $13.58 $15.43 $17.57 $17.98 $18.41 $18.24 $18.07 $17.90 $17.68 $17.51 $17.51 $17.51 $17.51 $17.51 $17.51 
Hot Water $10.41 $11.81 $13.44 $15.28 $17.41 $17.82 $18.25 $18.08 $17.90 $17.73 $17.56 $17.39 $17.39 $17.39 $17.39 $17.39 $17.39 
Bectrlcity $14.28 $16.16 $18.31 $20.78 $23.62 $24.12 $24.67 $24.42 $24.18 $23.94 $23.70 $23.47 $23.47 $23.47 $23.47 $23.46 $23.46 

NOT SERVED - MWH 
LPSteam - - - - - - - - - - - - - - - - -
Hot Water - 0 (0) 764 3.643 10.963 17.210 19.848 22.215 24.268 26.290 26.984 27.863 28,391 29.095 30.057 30.927 
Bectrlcity - - - - - - - - - - - - - - - - -

EMISSIONS - TONS 
Particulates 82 82 65 89 92 94 97 98 98 99 99 100 100 100 100 100 100 

SO. 1.144 1,154 1.194 1.240 1.283 1.322 1.355 1.366 1.375 1.384 1.391 1.393 1.397 1.399 1.401 1.404 1.406 
NOx 934 942 975 1.013 1,048 1.079 1.106 1.115 1.123 1.130 1.136 1.138 1.141 1.142 1.144 1.146 1.148 
CO 100 101 105 109 113 116 119 120 121 121 122 122 123 123 123 123 123 

-:;::s, 
c;::;..--
='> 



- .... ~- .. -- .... _ .. .. .. .. ~ - - -
TPS Tr Kostov - Case KO FACIUTIES DATA SHEET AND SIMULATED RESULTS - YEAR 2010 

Baseline 

COST 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

OPERAllNG EXPENSES 
Fuel Cost - Natural Gas 53,726 62,720 74,434 87,774 103,151 107,m 111,775 111,775 111,807 111,433 111,005 110,123 110,402 110,560 110,770 110,977 111,132 

Oil 3,105 3,352 3,679 3,861 4,037 4,222 4,383 4,381 4,381 4,365 4,347 4,311 4,322 4,328 4,337 4,345 4,351 

lignite 
BlackC081 

Total Fuel Cost 56,831 66,072 78,114 91,635 107,169 111,999 116,158 116,157 116,188 115,798 115,352 114,435 114,724 114,888 115,107 115,322 115,483 

S~plemental Cost (Shortfall) (0) (0) 0 (0) (0) 0 0 

Purchased Power Cost 
Credit for Power Sales 
Net Power Interchange 

Fixed O&M and Overheads 
Other Variable 0 & M 
Solbent and Ash RemOll8I 

Credit: By- Product Sales 
emission Penalties 20 20 21 21 22 22 22 22 23 23 23 23 23 23 23 23 23 

Maintenance Expenses 5,683 7,246 6,544 6,438 6,419 8,104 7,090 7,044 7,048 8,559 7,743 7,651 7,639 9,353 8,275 8,254 8,196 

Plant RemOll8I Costs 
Total O&M Expense 31,333 39,066 46,662 58,418 72,381 77,105 78,703 78,479 78,217 79,284 77,988 76,940 77,196 79,072 78,210 78,404 78,507 

CAPITAL COSTS 
Foreign 9755 9257 11109 11109 14472 11109 3363 3363 

Domestic 314 1362 1634 1634 1705 1634 71 71 

Total 10069 10619 12742 12742 18178 12742 3434 3434 

TOTAL COST 

Present Worth 39,839 44,285 49,007 54,358 62,635 58,840 47,724 44,063 40,663 39,817 34,751 31,753 29,498 27,977 28,747 23,783 22,050 

Cumulative Present Worth 39,839 84,124 133,131 187,467 250,121 308,961 356,885 400,746 441,411 481,228 515,979 547,732 577,230 605,207 631,954 855,738 677,788 

OPERAnNG STAnSllCS 
TOTAL PRObUC1l0N - MWH 

LPSteam 265,198 265,198 265.198 265.198 265.198 265.198 265.198 265.198 265.198 265.198 265,198 265,198 265.198 265,198 265.198 265.198 265.198 

Hot Water 2,910.403 2.954.059 3.044.282 3.140.325 3.227.637 3.312.039 3.367.336 3.416.813 3.480,469 3,498,004 3.533.229 3.544,871 3.559,423 3.568,154 3.579,796 3,591.437 3.600.169 

Bectrlcity 1.614.913 1.838.004 1,683.!S1 1,709,127 1.728,162 1,752.276 1.763,869 1.773,890 1,787.925 1,792.~ 1.797.635 1,799.205 1.801,123 1,801,914 1.802.900 1.603.886 1.804.!SO 

COST OF PRODUC1l0N - $/MWH (Variable Costs only) 

LPSteam $10.51 $11.90 $13.53 $15.38 $17.51 $17.91 $18.34 $18.16 $17.99 $17.82 $17.65 $17.49 $17.49 $17.49 $17.49 $17.49 $17.49 

Hot Water $10.43 $11.83 $13.46 $15.30 $17.43 $17.84 $18.27 $18.10 $17.93 $17.75 $17.59 $17.42 $17.42 $17.42 $17.42 $17.42 $17.42 

Bectrlcity $18.12 $20.53 $23.40 $28.59 $30.28 $31.00 $31.75 $31.45 $31.18 $30.87 $30.58 $30.29 $30.28 $30.28 $30.28 $30.28 $30.26 

NOT SERVED - MWH 
LPSteam 
Hot Water (0) (0) 0 (0) (0) 0 0 

Bectricity 
EMISSIONS - TONS 

Particulates 151 153 158 161 164 167 169 171 173 174 175 175 176 176 176 177 177 

SO. 2,116 2,142 2,205 2.254 2.297 2.341 2,388 2.392 2,417 2.433 2,448 2.453 2.459 2.463 2.467 2.472 2,476 

NOx 1.728 1.750 1.801 1,841 1.876 1,912 1.934 1,953 1,974 1.987 1.999 2.003 2.009 2.011 2,015 2.019 2,022 

CO 186 188 193 198 202 205 208 210 212 213 215 215 218 216 217 217 217 

c.·~ 
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Uulin-Case LO PROJECTED OPERATING AND CAPITAL EXPENDITURES 
Baseline 

"Vgl L.ft,VL.nl""""~ uuv 

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

OPERATING EXPENSES 
Fuel Cost - Natural Gas 10,649 12,306 14,553 17.282 20.506 21.538 22,689 22,462 22,238 22,015 21.795 21.577 21,577 21,577 21.577 21,577 21,577 

Oil 615 658 719 780 803 844 890 680 871 862 854 845 845 845 845 845 845 

lignite 
Black Coal 

Total Fuel Cost 11,264 12,964 15.272 18,042 21,308 22,382 23,579 23,343 23,109 22,878 22,649 22.422 22,422 22.422 22,422 22,422 22,422 

S~plemental Cosl (Shortfall) 

Purchased Power Cost 850 909 994 1,050 1,109 1,170 1,233 1,233 1,233 1.233 1.233 1.233 1.233 1.233 1.233 1.233 1,233 

Credit for Power Sales 
- I 

Nel Power Interchange 850 909 994 1.050 1.109 1,170 1,233 1,233 1.233 1.233 1,233 1.233 1.233 1.233 1.233 1.233 1,233
1 

FiKed O&M and Overheads 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 

Other Variable 0 & M 915 917 940 968 996 1,025 1.053 1.053 1.053 1.053 1.053 1.053 1.053 1.053 1.053 1.053 1,O53! 

Solbenl and Ash Removal 
Credit: By-Product Sales 

emission Penalties 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5 

Maintenance Expenses 1.152 1.187 2.247 1.226 1.397 1.297 2.455 1,340 1,526 1,417 2,683 1.465 1,688 1.548 2,932 1,600 1,823 

Plant Removal Costs 
Total O&M Expense 14,977 16,772 20,249 22.082 25.607 26.670 29.116 27.765 27.717 27.377 28.414 26,969 27.172 27.052 28,438 27.104 27.327 

CAPITAL COSTS 
Foreign 953 2591 3234 3356 12061 2341 2341 2341 2341 2341 

Domestic 276 753 940 975 1192 869 869 869 869 869 

Total 1229 3344 4173 4333 13253 3010 3010 3010 3010 3010 

TOTAL COST 16.297 2O.j1Z 2M22 26.!1:l 38,860 29.~ 32.j2Q im.ZZ:l 3O.7~ 3O.m 28.!1! 26,969 27.HZ 21,052 28.438 27.104 27.32Z 

Present Worth 15,595 17,923 20.148 20,178 27.485 19.437 19.481 17.279 15.974 14.627 12.664 11.130 10.383 9.572 9,316 8,222 7,675 

Cumulative Present Worth 15,595 33,516 53,666 73.844 101.328 120,765 140,246 157,525 173,500 168,127 200.791 211,921 222,305 231.876 241,192 249.414 257.089 

OPERAllNGSTATIsncs 
TOTAL PRODUCTION - MWH 

LPSleam 
HolWaler 1.180.933 1.183.413 1.213.528 1.249.663 1.285.8JO 1.321.008 1.358.073 1.358.073 1.358.073 1.358.073 1.358.073 1,358.073 1.358.073 1.358.073 1.358.073 1,358.073 1.358.073 

Electricity 0 0 0 (0) 

COST OF PRODUCTION - $/MWH (Variable Costs only) 

LPSleam 
HolWaler $10.32 $11.73 $13.36 $15.22 $17.35 $17.71 $18.14 $17.97 $17.79 $17.62 $17.46 $17.29 $17.29 $17.29 $17.29 $17.29 $17.29 

Electricity 
NOT SERVED - MWH 

LPSleam 
HolWaler 
Electricity 31,046 31,111 31.903 32,853 33.803 34.753 35.703 35.703 35,703 35.703 35,703 35.703 35,703 35,703 35.703 35,703 35.703 

EMISSIONS - TONS 
Particulales 30 30 31 32 33 33 34 34 34 34 34 34 34 34 34 34 34 

SO. 419 420 431 444 457 468 481 481 481 481 481 481 481 481 481 481 481 

NOx 343 343 352 363 373 382 393 393 393 393 393 393 393 393 393 393 393 

CO 37 37 38 39 40 41 42 42 42 42 42 42 42 42 42 42 42 

-0 -0 
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Zemliane-Case ZO PROJECTED OPERATING AND CAPITAL EXPENDITURES Baseline 

___ I ~_ .... .... , ...,.....1_.. """" 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

OPERA1lNG EXPENSES 
Fuel Cost - Natural Gas 12,802 14,794 17,494 2O,n5 24,651 25,893 27,276 27,003 26,733 26,466 26,201 25,939 25,939 25,939 25,939 25,939 25,939 

Oil 740 791 865 914 965 1,014 1,069 1,058 1,048 1,037 1,026 1,016 1,018 1,018 1,018 1,016 1,016 
lignite 
Black Coal 

Total Fuel Cost 13,542 15,585 18,359 21,689 25,618 26,907 28,346 28,062 27,781 27,503 27,227 26,955 26,955 26,955 26,955 26,955 26,955 
Supplemental Cost (Shortfall) 0 0 0 
Purchased Power Cost 1,075 1,149 1,257 1,328 1,402 1,479 1,560 1,560 1,560 1,560 1,560 1,560 1,560 1,560 1,560 1,560 1,560 

Credit for Power Sales 
Net Power Interchange 1,075 1,149 1,257 1,328 1,402 1,479 1,560 1,560 1,560 1,560 1,560 1,560 1,560 1,560 1,560 1,560 1,560' 

Fixed O&M and Overheads 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 
Other Variable 0 & M 1,100 1,103 1,131 1,164 1,198 1,232 1,265 1,265 1,265 1,265 1,265 1,265 1,265 1,265 1,265 1,265 1,265 
Solbent and Ash Removal 

Credit: By-Product Sales 
emission Penalties 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
Maintenance Expenses 1,152 1,187 2,247 1,226 1,397 1,297 2,455 1,340 1,526 1,417 2,683 1,485 1,868 1,548 2,932 1,800 1,823 
Plant Removal Costs 

TotaIO&M Expense 17,666 19,820 23,791 26,205 30,410 31,712 34,423 33,024 32,929 32,542 33,533 32,042 32,245 32,125 33,509 32,1n 32,400 

CAPITAL COSTS 
Foreign 1334 3628 4527 4701 13437 3278 3278 3278 3278 3278 
Domestic 387 1054 1315 1365 1592 937 937 937 937 937 

Total 1721 4682 5642 6066 15030 4214 4214 4214 4214 4214 

TOTAL COST 19.38Z 2i,502 29.833 32·2ZQ ~H!2 ~.m iHL~Z N.m E:lH 38.757 a;L~ ~.~ ~.~ 32.12:1 33.509 32.1n 32.400 

Present Worth 18,655 21,831 24,448 24,650 32, 139 23,528 23,429 20,908 19,310 17,693 14,948 13,224 12,322 11,387 10,978 9,761 9,100 
Cumulative Present Worth 18,655 40,486 64,932 89,582 121,721 145,249 168,878 189,586 208,897 226,590 241,536 254.760 267,081 278,448 289,426 299,187 308,287 

OPERAl1Na8TAl1St1CS 
TOTAL PRODUC1l0N - MWH 

lPSteam 
Hot Water 1,419,673 1,422,655 1,458,856 1,502,298 1,545,740 1,589,183 1,832,625 1,632.625 1,832,625 1,632,625 1,632.625 1,832,625 1,632.625 1,832,625 1,832,625 1,632,625 1,632,625 
8ectricity 0 0 (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0' 

COST OF PRODUC1l0N - $/MWH (Variable Costs only) 
LPSteam 
Hot Water $10.32 $11.73 $13.36 $15.22 $17.35 $17.71 $18.14 $17.97 $17.79 $17.82 $17.46 $17.29 $17.29 $17.29 $17.29 $17.29 $17.29 
8ectricity 

NOT SERVED - MWH 
LPSteam 
Hot Water 0 0 0 
8ectricity 39,300 39,383 40,365 41,587 42,790 43,992 45,195 45,195 45,195 45,195 45,195 45,195 45,195 45,195 45,195 45,195 45,195 

EMISSIONS - TONS 
Particulates 36 36 37 36 39 40 41 41 41 41 41 41 41 41 41 41 41 

SO. 504 505 518 534 549 582 578 578 578 578 578 578 578 578 578 578 578 
NOx 412 413 423 436 448 459 472 472 472 472 472 472 472 472 472 472 472 
CO 44 44 45 47 48 49 51 51 51 51 51 51 51 51 51 51 51 

0 
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TPS Reptblika - Case PO PROJECTED OPERAllNG AND CAPITAL EXPENDITURES 

Baseline 

COST EXCl INFLAnON (000) 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2b09 2010 

OPERAllNG EXPENSES 
Fuel Cost - Natural Gas 

Oil 
Ugnite 4,929 6,551 6,519 6,391 11,411 11,431 11,093 11,448 11,453 11,461 11,469 11,475 

Black Coal 13,906 14,026 14,646 15,279 15,925 8,484 8,632 9,007 2,973 3,021 3,463 3,055 3,066 3,080 3,095 3,106 

Total Fuel Cost 4,929 13,906 14,026 14,646 15,279 15,925 15,035 15,151 15,398 14,385 14,452 14,557 14,502 14,519 14,541 14,563 14,580 

S~plemental Cost (Shortfall) 
Purchased Power Cost 

Credit for Power Sales 
Net Power Interchange 

Fixed O&M and Overheads 

Other Variable 0 & M 3,192 3,209 3,191 3,264 3,333 3,400 3,458 3,478 3,524 3,550 3,564 

Solbent and Ash Removal 1,156 33 33 33 34 35 1,403 1,396 1,370 2,418 2,423 

Credit: By-Product Sales 
(389) (387) (379) (677) (678) 

Emission Penalties 930 

Maintenance Elcpenses 1,n2 1,786 2,005 1,818 2,019 2,061 1,786 1,495 2,513 1,903 2,603 1,478 1,693 2,512 2,237 2,366 1,822 

Plant Removal Costs 1,412 

TotaIO&M Elcpense 8,642 13,675 13,882 14,186 14,838 15,346 14,954 14,782 15,950 14,841 15,617 14,549 14,784 15,603 15,353 15,507 14,982 

CAPITAL COSTS 
Foreign 29230 15545 24711 12883 15971 23958 19454 5496 1394 

Domestic 2758 569 880 472 585 877 563 92 28 

Total 31986 16114 25591 13355 16555 24833 20037 5588 1422 

TOTAL COST ~ 

Present Worth 39.096 12,184 11,452 23,130 28,593 18,796 19,107 22,242 18,709 9,834 6,961 6,004 5,842 5,521 5,496 4,704 4,208 

Cumulative Present Worth 39,096 51,280 82,732 85,882 114,455 133,251 152,358 174,600 193,309 203,142 210,103 216,107 221,749 227,270 232,785 237,469 241,&n 

OPERAnNG sTAnsncs 
TOTAL PRODUCTION - MWH 

LPSteam 192.542 192,542 192,542 192,542 192,542 192,542 192,542 192,542 192,542 192,542 192,542 192,542 192,542 192,542 192,542 192,542 192,542 

Hot Water 555,418 564,916 596,297 631,621 665,260 698,383 725,931 735,373 743,705 750,925 757,590 759.812 762,589 764,255 766,477 768,698 770,365 

Bectricity 409,490 410,874 401,723 408,632 415,367 422,163 428,163 430,388 436,039 445,287 448,601 447,318 447,963 448,349 448,863 449,376 449,759 

COST OF PRODUCTION - $/MWH (Variable Costs only) 

LPSteam $6.97 $11.65 $11.74 $11.92 $12.11 $12.31 $12.19 $12.19 $12.20 $11.97 $11.97 $12.00 $11.97 $11.98 $11.98 $11.98 $11.98 

Hot Water $6.97 $11.65 $11.74 $11.92 $12.11 $12.31 $12.19 $12.19 $12.21 $11.97 $11.97 $11.99 $11.97 $11.97 $11.97 $11.97 $11.97 

Bectricity $12.19 $20.25 $19.89 $19.87 $19.88 $19.88 $19.41 $19.34 $19.46 $18.62 $18.76 $18.77 $18.72 $18.71 $18.69 $18.67 $18.66 

NOT SERVED - MWH 
LPSteam 
Hot Water 
8ectricity 

EMISSIONS - TONS 
Particulates 124,501 5 5 5 5 6 127 126 124 217 217 211 218 218 218 218 218 

SO. 17,750 625 619 634 649 863 1,235 1,237 1,235 1,669 1,674 1,646 1,677 1,678 1,660 1,682 1,683 

NOx 1,614 876 867 888 909 929 949 958 968 978 982 984 985 988 988 989 990 

CO 49 45 44 45 47 48 52 52 53 58 58 56 56 57 57 57 57 

-0 
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TPS Sofa - Case SO, PROJECTED OPERATING AND CAPITAL EXPENDITURES Excluding Control System Upgrades 

COST EXCllNFLAnON 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 --- 2010 

OPERATING EXPENSES 
Fuel Cost - Natural Gas 29,034 33,472 39,209 46,063 54,120 56,402 58,871 58,283 57,700 57,123 56,436 55,871 55,871 55,871 55,871 55,871 55,871 

on 1,678 1,789 1,938 2,026 2,118 2,210 2,308 2,285 2,261 2,238 2,210 2,187 2,187 2,187 2,187 2,187 2,187 
lignite 
Black Coal 

Total Fuel Cost 30,712 35,261 41,148 48,089 56,238 58,611 61,180 60,567 59,961 59,360 58,648 58,059 58,059 58,059 58,059 58,059 58,059 
Sl4lplemental Cost (Shortfall) (0) 0 1 5 9 9 9 9 9 9 9 9 9 9 9 
Purchased Power Cost 

Credit for Power Sales {12,9231 {13,7851 {14,7231 {15,1331 {15,5691 {16,01g} {16,4681 {16,4681 {16,4681 {16,4681 {16,468} {16,4681 {16,~ {16,4681 {16,4681 {16,4681 {16,468' 
Net Power Interchange (12,923) (13,785) (14,723) (15,133) (15,569) (16,012) (16,468) (16,468) (16,468) (16,468) (16,468) (16,468) (16,468) (16,468) (16,468) (16,468) (16,468: 

FiKed O&M and Overheads 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 
Other Variable 0 & M 2,917 2,921 2,961 3,010 3,081 3,110 3,160 3,160 3,160 3,160 3,160 3,160 3,160 3,160 3,160 3,160 3,160 
Soibent and Ash Removal 

Credit: By-Product Sales 
Emission Penalties 11 11 11 11 11 11 12 12 12 12 12 12 12 12 12 12 12 
Maintenance Expenses 1,705 2,264 2,145 2,185 2,329 1,915 2,703 2,222 2,516 2,819 2,333 2,827 2,568 2,830 3,148 2,379 3,254 
Plant Removal Costs 

Total O&M Expense 24,940 29,189 34,060 40,680 48,588 50,160 53,114 52,021 51,708 51,211 50,210 50,117 49,858 50,120 50,438 49,669 50,544 

CAPITAL COSTS 
Foreign 15548 5920 7392 7811 25109 4050 4050 4050 4050 17430 
Domestic 1037 1717 2144 2208 3018 1174 1174 1174 1174 1717 

Total 16585 7837 9538 9817 28128 5224 5224 5224 5224 19147 

TOTAL COST U~1;i ~,m ~,~~ ~~l l6.116 ~.aM 58.3M 57·244 !HI.H2 lQ.iJ§§ !i!:!.21Q !i!:!.lll 49.858 ~.12O !i!:!.m 49.669 50.544 

Present Worth 39,957 32,811 35,965 38,573 54,260 38,270 35,375 32,141 29,598 33,868 22,379 20,683 19,052 17,733 16,524 15,067 14,196 
Cumulative Present Worth 39,957 72,768 108,733 147,308 201,568 237,838 273,211 305,352 334,949 368,817 391,196 411,879 430,931 448,664 465,188 480,255 494,452 

OPERATINGSTAnsncs 
TOTAL PRODUCTION - MWH 

LPSteam 545,176 545,176 545,176 545,176 545,176 545,176 545,178 545,176 545,176 545,176 545,176 545,178 545,176 545,178 545,176 545,176 545,176 
Hot Water 1,862,339 1,886,250 1,913,740 1,970,728 2,027,653 2,084,197 2,140,741 2,140,741 2,140,741 2,140,741 2,140,741 2,140,741 2,140,741 2,140,741 2,140,741 2,140,741 2,140,741 
Bectricity 595,117 595,423 599,079 803,472 608,316 612,989 617,655 817.655 617,655 617,655 617,655 617,655 617,655 817,655 617,655 617,655 617,655 

COST OF PRODUCTION - $/MWH (Variable Costs only) 
LPSteam $10.54 $11.95 $13.58 $15.43 $17.57 $17.98 $18.41 $18.24 $18.07 $17.90 $17.88 $17.51 $17.51 $17.51 $17.51 $17.51 $17.51 
Hot Water $10.41 $11.81 $13.44 $15.29 $17.42 $17.80 $18.23 $18.06 $17.88 $17.71 $17.51 $17.34 $17.34 $17.34 $17.34 $17.34 $17.34 
Bectricity $14.28 $16.18 $18.36 $20.83 $23.70 $24.19 $24.75 $24.51 $24.28 $24.05 $23.79 $23.56 $23.58 $23.58 $23.58 $23.56 $23.56 

NOT SERVED - MWH 
LPSteam 
Hot Water (0) 0 62 508 949 949 949 949 949 949 949 949 949 949 949 
Bectricity 

EMISSIONS - TONS 
Particulates 82 82 83 85 86 88 89 89 89 69 89 89 89 89 89 89 89 

SO. 1,144 1,143 1,161 1,183 1,205 1,225 1,247 1,247 1,247 1,247 1,245 1,245 1,245 1,245 1,245 1,245 1,245 
NOx 934 934 948 966 984 1,001 1,019 1,019 1,019 1,019 1,016 1,016 1,016 1,018 1,016 1,016 1,016 
CO 100 100 102 104 106 108 109 109 109 109 109 109 109 109 109 109 109 

--0 
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Tl'S Sofia - Case SO. PROJECTED OPERATING AND CAPITAL EXPENomJRES excluding Production Plant "Enhancemenls" 

COST EXCl INFLATION (000) 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

OPERATING EXPENSES 
Fuel Cost - Natural Gas 29,034 33,482 38,611 44,526 51,348 52,647 53,898 53,359 52,825 52,297 51.774 51,245 51,245 51,245 51,245 51,245 51,245 

m 1,678 1,790 1,909 1,958 2,010 2,062 2,113 2,092 2,070 2,049 2,028 2,006 2,006 2,006 2,006 2,006 2,006 
lignite 
Black Coal 

Tolal Fuel Cost 30,712 35,271 40,520 46,485 53,358 54,709 56,011 55,450 54,895 54,345 53,801 53,251 53,251 53,251 53,251 53,251 53,251 
Sl4>plemental Cost (Shortfal~ 
Purcmsed Power Cost 

Credit lor Power Sales (12,923) (13,7831 !14,7011 !15,085) (15,48)) (15,885) !16,3(3) (16,3031 (16,3(3) !16,3031 !16,3(3) !16,3(3) (16,3(3) (16,3031 (16,3031 (16,303) {16,303' 
Net Power Intercmnge (12,923) (13,783) (14,701) (15,085) (15,48) (15,865) (16,303) (16.303) (16,303) (16,303) (16,303) (16,303) (16,303) (16,303) (16,303) (16,303) (16,303: 

Fixed O&M and Overheads 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2.518 
Other Variable 0 & M 2,917 2,917 2,917 2,917 2,917 2,917 2,917 2.917 2,917 2,917 2,917 2,917 2,917 2,917 2,917 2,917 2,917 
Soment and Ash Removal 

Credit: By-Product Sales 
Emission Penalties 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 
Maintenance Expenses 1,705 2,264 2,145 2,185 2.329 1,915 2,703 2,222 2,516 2,619 2,333 2,827 2,568 2,830 3,148 2,379 3,254 
Plant Removal Costs 

ToIaIO&M Expense 24,940 29,198 33,410 39,031 45,653 46,185 47,857 46.815 46,554 46,108 45,277 45,221 44,962 45,224 45,542 44,773 45,648 

CAPITAL COSTS 
Foreign 16126 12933 15807 16027 17875 12466 4050 4050 4050 5756 
Domestic 1122 2749 3382 3444 3591 2412 1174 1174 1174 1280 

TOIaI 17247 15681 19189 19470 21467 14877 5224 5224 5224 7037 

TOTAL COST 

Present Worth 40,594 39,988 43,393 44,687 47,473 39,989 32,187 29,218 26,916 25.582 20,181 18,662 17,181 16,001 14,920 13,581 12,821 
Cumulative Present Worth 40,594 80,581 123,974 168,661 216,133 256,123 288,310 317.528 344.446 370,028 390,208 408,870 426.051 442,052 456.972 470.554 483,375 

OPERATING STATISTICS 
TOTAL PRODUCTION MWH 

LPSteam 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 
Hot Water 1,862,339 1,862,339 1,862,339 1.862,339 1.662,339 1,862,339 1.662,339 1,662,339 1.662,339 1,862,339 1,862,339 1,662,339 
8ectriclty 595,117 595,117 595,117 595.117 595,117 595,117 595,117 595.117 595,117 595.117 595,117 595.117 

COST OF PRODUCTION - $/MWH (Variable Costs only) 
LPSteam $10.54 $17.57 $18.42 $18.25 $18.08 $17.90 $17.57 $17.57 $17.57 $17.57 $17.57 $17.57 
Hot Water $10.41 $17.45 $18.27 $18.10 $17.92 $17.75 $17.41 $17.41 $17.41 $17.41 $17.41 $17.41 
8ectriclty $14.28 $23.88 $24.99 $24.75 $24.51 $24.28 $23.82 $23.82 $23.82 $23.82 $23.82 $23.82 

NOT SERVED - MWH 
LPSteam 
Hot Water 
8ectriclty 

EMISSIONS - TONS 
Particulates 82 82 82 82 82 82 82 82 82 82 82 82 

SO. 1,144 1.144 1,142 1,142 1,142 1.142 1.141 1,141 1,141 1,141 1,141 1,141 
NOx 934 934 932 932 932 932 932 932 932 932 932 932 
CO 100 100 100 100 100 100 100 100 100 100 100 100 

-0 -_.-S~ 
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TPS Sofa - Case S03 PROJECTED OPERAnNG AND CAPITAL EXPENDITURES 

vv ..... LAVLI ••• ~I' __ • 1VUU" 

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 
OPERAnNG EXPENSES 

Fuel Cost - Natural Gas 29.034 33.740 39.647 46.654 54.n4 57.018 59.107 59.084 58,966 58,n2 58,423 
O~ 1.678 1.803 1.960 2,052 2,144 2.234 2,318 2.316 2,311 2,302 2,288 
Ugnite 
Black Coal 

Total Fuel Cost 30.712 35.543 41,607 46.706 56.918 59.251 61.424 61.400 61.278 61.074 60,711 
S~plemental Cost (Shortfal~ 0 0 4 8 11 13 26 41 56 
Purchased Power Cost 

Credit for Power Sales 
Net Power Interchange 

Fixed O&M and overheads 
Other Variable 0 & M 
Sorbent and Ash Removal 

Credit: By-Prcduct Sales 
Emission Penalties 11 11 11 11 11 12 12 12 12 12 12 
Maintenance Expenses 1,705 2.264 2,145 2.185 2,329 1,915 2,703 2.222 2.516 2,619 2.333 
Plant Removal Costs 

TotaIO&M Expense 24.940 29.482 34.535 41,304 49,282 50.811 53.364 52.874 53.078 53.009 52.392 

CAPITAL COSTS 
Foreign 14108 7013 8416 8416 25n1 8416 13380 
Domestic 540 1031 1238 1238 2009 1238 543 

Total 14648 8044 9653 9853 2n80 9653 13923 

TOTAL COST 39588 37 

Present Worth 38.094 33.435 38,454 38,925 54.505 39,598 32.359 29,887 27,593 32.219 23,352 
Cumulative Present Worth 38.094 71.529 107,983 148,907 201.412 241.010 273,369 303.055 330.648 362,667 366,219 

OPERAllNG STAllS S 
TOTAL PROOUCnON - MWH 

LPSteam 545.176 545.176 545,176 545,176 545.178 545.176 545,176 545.176 545.176 545,176 545.176 
Hot Water 1.862.339 1.890.274 1.948,007 2,009.464 2.064,979 2,118,567 2.153.676 2,185.069 2.211,676 2,234,413 2,255.321 
Bectrlcity 595,117 597.291 

COST OF PROOUCnON - $/MWH (Variable Costs only) 

--o 

LPSteam 
Hot Water 
Bectrlcity 

NOT SERVED - MWH 
LPSteam 
Hot Water 
Bectrlcity 

EMISSIONS - TONS 
Particulates 

SO. 
NOIe 
CO 

v~-.....~ 

$10.54 $11.95 
$10.41 $11.81 
$14.28 $16.18 

0 

82 82 
1.144 1.152 

934 941 
100 101 

~~- ._-- ----

601,638 606,792 

$13.58 $15.43 
$13.44 $15.29 
$18.33 $20.82 

0 

84 86 
1,174 1,198 

959 979 
103 105 
~---

611,394 615,848 618,704 621,138 623,021 624,568 625,982 

$17.57 $17.98 $18.41 $18.24 $18.07 $17.90 $17.68 
$17.42 $17.80 $18.23 $18.06 $17.88 $17.71 $17.51 
$23.69 $24.18 $24.74 $24.49 $24.25 $24.00 $23.73 

355 n5 1,051 1.297 2,646 4,119 5,559 

87 68 89 90 91 92 92 
1,220 1,239 1,252 1,264 1,274 1,283 1,288 

996 1.012 1.023 1,033 1.041 1.048 1.052 
107 109 110 111 112 113 113 

- - - - - -
Excluding Piping Modifications 

2005 2006 2007 2008 2009 2010 

57,957 58.105 58,193 58.311 58.428 58.516 
2,269 2.275 2,278 2.283 2.287 2.291 

60,226 60.379 60.471 60,594 60.716 60,807 
60 67 70 75 80 64 

16.496 
(16,496 

2.518 
3,293 

12 12 12 12 12 12 
2.827 2,568 2,830 3.148 2.379 3.254 

52.412 52,320 52,682 53.133 52.497 53.472 

21,630 19,993 18,640 17.407 15.925 15.019 
407.849 427.841 446,481 483,668 479.812 494.831 

545.176 545,176 545.176 545,176 545,176 545.176 
2,262,281 2.270,981 2.276.201 2,283,161 2,290,110 2,295,319 

626,445 627.021 627,385 627,824 628,2n 628,816 

$17.51 $17.51 $17.51 $17.51 $17.51 $17.51 
$17.34 $17.34 $17.34 $17.34 $17.34 $17.34 1 

$23.50 $23.50 $23.49 $23.49 $23.49 $23.48 
1 
I 

6.049 6.660 7,027 7,517 8,017. 8,3941 

92 92 93 93 93 93 
1.291 1,294 1,296 1,299 

, 

1.302 1,303 
1,054 1,057 1,059 1,061 1.063 1,085 

113 114 114 114 114 1141 



- - - - - - - - - - - - - - - - - - -
TPS Tr Kostov - Case KO, FACIUTlES DATA SHEET AND SIMULATED RESULTS - YEAR 2010 excluding Control System Upgrades 

,",V..o,JII I::AVL , .... Ll'IIVn UU'U 

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
OPERAllNG EXPENSES 

Fuel Cost - Natural Gas 53,726 61,950 73,194 86,618 101,810 106,405 111,140 110,029 108,929 107,839 106,728 105,661 105,661 105,661 105,661 105,661 105,661 
O~ 3,105 3,311 3,618 3,810 3,985 4,168 4,358 4,313 4,268 4,224 4,160 4,137 4,137 4,137 4,137 4,137 4,137 
Ugnite 
Black Coal 

Tolal Fuel Cost 56,831 65,261 76,812 90,427 105,794 110,574 115,498 114,342 113,197 112,064 110,908 109,797 109,797 109,797 109,797 109,797 109,797 
S~plemenlal Cost (Shortfall) 0 (0) 0 0 0 0 0 0 0 0 0 0 0 0 0 
Purctased Power Cost 

Credit for Power Sales 52,898 
Net Power Interctange (52,898 

Fixed O&M and Overheads 2,211 
Other Variable 0 & M 6,190 
Solbent and Ash Removal 

Credit: By- Product Sales 
Emission Penalties 20 20 20 21 21 22 22 22 22 22 22 22 22 22 22 22 22 
Maintenance Expenses 5,683 7,319 6,492 6,407 6,358 8,078 7,060 7,005 6,976 8,463 7,633 7,442 7,526 9,232 8,057 8,095 8,063 
Plant Removal Costs 

ToIaIO&M Expense 31,333 38,740 45,869 57,409 71,171 75,849 78,103 76,872 75,698 76,052 74,066 72,764 72,849 74,555 73,360 73,417 73,386 

CAPITAL COSTS 
Foreign 12390 11330 14159 14380 46554 4243 4243 4243 4243 15965 3363 
Domestic 1210 3394 4240 4306 5176 1228 1228 1228 1228 1604 71 

Tolal 13600 14724 18399 18686 51730 5471 5471 5471 5471 17569 3434 

TOTAL COST 44 

Present Worth 43.238 47,635 53,019 58,126 86,926 53,256 50,678 46,233 42,198 45,066 33,012 30,029 27,837 26,379 25,165 22,271 20,612 
Cumulative Present Worth 43,236 90,872 143,891 202,017 288,943 342,199 392,877 439,110 481,307 526,373 559,385 589,415 617,252 643,630 668,795 691,066 711,678 

OPERAnNGSTAnsncs 
TOTAL PRODUClloN - MWH 

LPSteam 265,198 265,198 265,198 265,198 265,198 265,198 265,198 265,198 265,198 265,198 265,198 265,198 265,198 265,198 265,198 265,198 265,198 
Hot Water 2,910,403 2,916,515 2,990,730 3,079,788 3,168,847 3,257,905 3,346,963 3,346,963 3,346,963 3,346,963 3,346,963 3,346,963 3,346,963 3,346,963 3,346,963 3,346,963 3,346,963 
Electricity 1,614,913 1,618,184 1,656,920 1,695,268 1,714,112 1,740,802 1,759,526 1,759,526 1,759,526 1,759,526 1,759,526 1,759,526 1,759,526 1,759,526 1,759,526 1,759,526 1,759,526 

COST OF PRODUCll0N - $/MWH (Variable Costs only) 
LPSteam $10.51 $11.90 $13.53 $15.38 $17.50 $17.91 $18.34 $18.16 $17.99 $17.82 $17.65 $17.48 $17.48 $17.48 $17.48 $17.48 $17.48 
Hot Water $10,43 $11.83 $13.46 $15.31 $17.44 $17.79 $18.22 $18.05 $17.88 $17.71 $17.53 $17.37 $17.37 $17.37 $17.37 $17.37 $17.37 
Electricity $18.12 $20.52 $23.38 $26.60 $30.27 $31.00 $31.75 $31.45 $31.15 $30.65 $30.55 $30.26 $30.26 $30.26 $30.26 $30.26 $30.26 

NOT SERVED - MWH 
LPSteam 
Hot Water 0 (0) 0 0 0 0 0 0 0 0 0 0 0 0 0 
Electricity 

EMISSIONS - TONS 
Particulates 151 151 155 159 162 165 168 168 168 168 168 168 168 168 168 168 168 

SO. 2,116 2,116 2,168 2,225 2,267 2,311 2,354 2,354 2,354 2,354 2,354 2,354 2,354 2,354 2,354 2,354 2,354 
NOx 1,728 1,728 1,771 1,817 1,852 1,888 1,923 1,923 1,923 1,923 1,922 1,922 1,922 1,922 1,922 1,922 1,922 
CO 186 186 190 195 199 203 207 207 207 207 207 207 207 207 207 207 207 

-e> 
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TPS Tr Kostov - Case KO. FACIUTIES DATA SHEET AND SIMULATED RESULTS - YEAR 2010 Excluding Production Plant "EnlBncements" 
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1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
OPERAllNG EXPENSES 

Fuel Cost - Natural Gas 53,726 61,818 71,289 82,210 94,805 97,129 99,597 98,601 97,615 96,638 95,672 94,715 94,715 94,715 94,715 94,715 94,715 1 

Oil 3,105 3,304 3,524 3,616 3,711 3,805 3,905 3,865 3,825 3,786 3,747 3,708 3,708 3,708 3,708 3,708 3,708 
L.lgnite 
Black Coal 

Total Fuel Cost 56,831 65,122 74,813 85,826 98,515 100,934 103,502 102,465 101,440 100,424 99,419 98,423 98,423 98,423 98,423 98,423 98,423 
S\.Wlemental Cost (ShortfalO 
Purchased Power Cost 

Credit for Power Sales (38,977) (41,571) (44,3:s) (45,496) (48,6111) (47,911) (49,171) (49,171) (49,171) (49,171) (49,171) (49,171) (49,171) (49,171) (49,171) (49,171) (49,171) 
Net Power Interchange (38,977) (41,571) (44,339) (45,496) (46,6111) (47,911) (49,171) (49,171) (49,171) (49,171) (49,171) (49,171) (49,171) (49,171) (49,171) (49,171) (49,171) 

Fixed O&M and Overheads 2,211 2,211 2,211 2,211 2,211 2,211 2,211 2,211 2.211 2,211 2,211 2,211 2,211 2,211 2,211 2,211 2,211 
Other Variable 0 & M 5,565 5,565 5,565 5,565 5,565 5,565 5,565 5,565 5,565 5,565 5,565 5,565 5,565 5,565 5,565 5,565 5,565 
Solbentand Ash Removal 

Credit: By-Product Sales 
Emission Penalties 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 
Maintenance Expenses 5,683 7,200 6,408 6,242 6,148 7,724 6,760 6,682 6,650 8,135 7,301 7,105 7,185 8,887 7,707 7,738 7,701 
Plant Removal Costs 

Total O&M Expense 31,333 38,547 44,678 54,388 85,771 88,543 68,887 67,773 86,715 67,184 85,345 64,154 64,234 65,935 64,755 64,787 64,749 

CAPITAl COSTS 
Foreign 13153 20586 25268 25489 29002 15352 4243 4243 4243 3383 
Domestic 1322 4755 5874 5939 6055 2862 1228 1228 1228 71 

Total 14474 25343 31141 31428 35056 18214 5471 5471 5471 3434 

TOTAL COST 45,!K!7 63.8!lQ 75.m e.797 lQQ.8gl 86.I~ Z4.~ 13.2~ l2.186 §l.164 65.~~ 1M. 154 64.2M §li.~ 68.189 !M.787 64.749 

Present Worth 44,078 56.924 62.549 85.537 71.314 58.816 45.089 41.124 37.528 32.340 29.125 26,478 24.545 23.329 22,339 19.652 18.186 
Cumulative Present Worth 44.078 101.002 163.552 229,089 300.402 357.219 402,308 443,432 480.960 513.299 542,424 588.900 593,445 616,774 639,113 658,766 676.952 

oPERAl1NC STATtSncS 
TOTAL PRODUC1l0N - MWH 

LPSteam 265,198 265,198 265,198 265,198 265,198 265,198 265,198 265,198 265,198 265,198 265,198 265,198 265,198 265,198 265,198 265,198 265,198 
Hot Water 2,910,403 2,910,403 2,910,403 2,910,403 2,910,403 2,910,403 2,910,403 2,910,403 2,910,403 2,910,403 2,910,403 2,910,403 2,910,403 2,910,403 2,910,403 2,910,403 2,910,403 
8ectrlcity 1,614,913 1,614,913 1,614,913 1,614,913 1,614,913 1,614,913 1,614,913 1,614,913 1,614,913 1,614,913 1,614,913 1,614,913 1,614,913 1,614,913 1,614,913 1,614,913 1,614,913 

COST OF PRODUC1l0N - $/MWH (Variable Costs only) 
LPSteam $10.51 $11.90 $13.52 $15.37 $17.50 $17.90 $18.33 $18.16 $17.99 $17.82 $17.65 $17.48 $17.48 $17.48 $17.48 $17.48 $17.48 
Hot Water $10,43 $11.83 $13.48 $15.31 $17.44 $17.85 $18.28 $18.11 $17.93 $17.76 $17.59 $17.43 $17.43 $17.43 $17.43 $17.43 $17.43 
8ectrlcity $18.12 $20.51 $23.31 $26.49 $30.16 $30.85 $31.60 $31.30 $31.00 $30.71 $30.42 $30.13 $30.13 $30.13 $30.13 $30.13 $30.13 

NOT SERVED - MWH 
LPSteam 
Hot Water 
8ectricity 

EMISSIONS - TONS 
Particulates 151 151 151 151 151 151 151 151 151 151 151 151 151 151 151 151 151 

SO. 2,116 2,111 2,111 2,111 2,111 2,110 2,110 2,110 2,110 2,110 2,110 2,110 2,110 2,110 2,110 2,110 2,110 
NOx 1,726 1,724 1,724 1,724 1,724 1,723 1,723 1,723 1,723 1,723 1,723 1,723 1,723 1,723 1,723 1,723 1,723 
CO 186 165 185 185 185 185 185 185 165 185 185 185 185 185 185 185 185 
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TPS Tr Kostov - Case KO. FACIUTlES DATA SHEET AND SIMUlATED RESULTS - YEAR 2010 Excluding Piping Modifications 
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1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 
OPERAllNG EXPENSES 

Fuel Cost - Natural Gas 53.726 62.720 74.434 87.774 103.151 107.614 111.603 111.601 111.630 111.255 110.791 109.908 110.188 110.344 110.552 110.760 110.914 
Ojl 3.105 3.352 3.679 3.861 4.037 4.216 4.376 4.374 4.374 4.358 4.339 4.303 4.314 4.320 4.328 4.336 4.342 
lignite 
Black Coal 

Total Fuel Cost 56.831 66.072 78.114 91.635 107.189 111.829 115.979 115.975 116.004 115.613 115.129 114.211 114.501 114.664 114.880 115.096 115.257 
S~plemental Cost (Shortfall) (0) (0) 0 (0) (0) 0 0 
Purchased Power Cost 

Credit for Power Sales J38.9m (42.100) (46,037) (47.820) (49.495) (51.300) (52.9912) (53.227) (53.586) (53.679) (53.709) ~53.799J (53.834) (53.645l (53.857l (53.609) (53.8ll] 
Net Power Interchange (38.977) (42.100) (46,037) (47.820) (49.495) (51.300) (52.9912) (53.227) (53.586) (53.679) (53.709) (53.799) (53.834) (53.845) (53.857) (53.609) (53.877] 

Fixed O&M and Overheads 2.211 2.211 2.211 2.211 2.211 2.211 2.211 2.211 2.211 2.211 2.211 2.211 2.211 2.211 2,211 2.211 2.211 
Other Variable 0 & M 5.565 5.646 5.809 5.931 6.035 6.149 6.213 6.271 6.334 6.372 6.407 6.419 6.434 6.442 6.452 6.463 6.471 
SoJbent and Ash Removal 

Credit: By-Product Sales 
Emission Penalties 20 20 21 21 22 22 22 22 23 23 23 23 23 23 23 23 23 
Maintenance Expenses 5.683 7.248 6.544 6.438 6.419 8.104 7.090 7.044 7.048 8.559 7.743 7.651 7.639 9.353 8.275 8.254 8.196 
Plant Removal Costs 

TotaIO&M Expense 31.333 39.086 46.662 58.416 72.381 76.935 78.524 78.297 78.034 79.098 77.745 76.716 76.973 78.848 77.984 78.178 78.280 

CAPITAL COSTS 
Foreign 9755 9257 11109 11109 43132 11109 11722 3363 
Domestic 314 1362 1634 1634 2460 1634 375 71 

Total 10069 10619 12742 12742 45591 12742 12098 3434 

TOTAL COST 41.4~ 49.1IM 59.404 11.1~ l11.!ll2 89.m 1~.524 18297 1MM ~1.1~ 77.1§ 1§.l1§ 16.!ll~ 18.MB 81.411 78.178 78.2!!Q1 
I 

Present Worth 39.839 44.285 49.007 54.356 63.440 58.729 47.815 43.981 40.568 43.898 34.852 31.660 29.413 27.898 28.873 23.715 21.987
1 

Cumulative Present Worth 39.639 84.124 133.131 187.487 270.926 329.655 377.271 421.232 481.799 505.898 540.349 572.009 601.423 829.320 855.993 679.708 701.695 

OPERAll G S1: :nS11CS 
TOTAL PRODUCll0N - MW 

LPSteam 265.198 265.198 265.198 285.198 285.198 265.198 265.198 285.198 265.198 265.198 265.198 265.198 265.198 265.198 265.198 265.198 285.1981 
Hot Water 2.910.403 2.954.009 3.044.282 3.140.325 3.227.837 3.312.039 3.367.336 3.416.813 3.460.469 3.498.:J)4 3.533.229 3.544.871 3.559.423 3.568.154 3.579.796 3.591.437 3.600.169 
8ectricity 1.614.913 1.838.004 1.663.001 1.709.127 1.728.162 1.752.278 1.763.669 1.773.090 1.787,925 1,792.903 1.797,835 1,799,205 1,801.123 1,801.914 1.802.!IlO 1.803.886 1.804.000 

COST OF PRODUCll0N - $/MWH (Variable Costs only) 
LPSteam $10.51 $11.90 $13.53 $15.38 $17.51 $17.91 $18.34 $18.18 $17.99 $17.82 $17.65 $17.48 $17.48 $17.48 $17.48 $17.48 $17.48 
Hot Water $10.43 $11.83 $13.46 $15.30 $17.43 $17.79 $18.22 $18.05 $17.87 $17.70 $17.53 $17.38 $17.36 $17.36 $17.36 $17.36 $17.36 
8ectricity $18.12 $20.53 $23.40 $28.59 $30.28 $31.00 $31.75 $31.45 $31.18 $30.87 $30.57 $30.27 $30.27 $30.27 $30.27 $30.27 $30.28 

NOT SERVED - MWH 
LPSteam 
Hot Water (0) (0) 0 (0) (0) 0 0 
8ectricity 

EMISSIONS - TONS 
Particulates 151 153 158 161 164 167 169 171 172 174 175 175 175 176 178 176 177 

SO. 2,116 2.142 2.205 2.254 2.297 2,338 2.364 2.388 2.413 2,429 2.443 2,448 2,454 2.458 2,463 2.467 2.471 
NOx 1.728 1,750 1.801 1.841 1.876 1.909 1.931 1.950 1.971 1,994 1.995 2.000 2.005 2.007 2.011 2.015 2.018 
CO 186 188 193 198 202 205 207 210 212 213 214 215 215 216 216 217 217 
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Uulin-Case Ln, PROJECTED OPERATING AND CAPITAL EXPENDITURES excluding Control System Upgrades 
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2010 I I 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 
OPERATING EXPENSES 

21,514 1 Fuel Cost - Natural Gas 10,649 12,306 14,553 17,282 20,506 21,538 22,689 22,462 22,238 22,015 21,731 21,514 21,514 21,514 21,514 21,514 
Oil 615 658 719 760 803 844 890 680 871 862 851 842 842 842 842 842 842 1 

Ugnite 
Black Coal 

Total Fuel Cost 11,264 12,964 15,272 18,042 21,308 22,382 23,579 23,343 23,109 22,878 22,582 22,358 22,358 22,358 22,358 22,356 22,358 
Supplemental Cost (ShortfaJl) 
Purchased Power Cost 850 909 994 1,050 1,109 1,170 1,233 1,233 1,233 1,233 1,233 1,233 1,233 1,233 1,233 1,233 1,233 

Credit for Power Sales 
Net Power Interchange 850 909 994 1,050 1,109 1,170 1,233 1,233 1,233 1,233 1,233 1,233 1,233 1,233 1,233 1,233 1,233 

Fixed O&M and OVerheads 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 
Other Variable 0 & M 915 917 940 968 996 1,025 1,053 1,053 1,053 1,053 1,053 1,053 1,053 1,053 1,053 1,053 1,053 
Solbent and Ash Removal 

Credit: By-Product Sales 
emission Penalties 4 4 4 4 4 4 5 5 5 5 4 4 4 4 4 4 4 
Maintenance Expenses 1,152 1,187 2,247 1.226 1,397 1,297 2,455 1,340 1,526 1,417 2,683 1,465 1,688 1,548 2,932 1,600 1,823 
Plant Removal Costs 

TotaIO&M Expense 14,977 16,772 20,249 22,082 25,607 26,670 29,116 27,765 27,717 27,377 28,347 26,903 27,106 26,986 28,370 27,038 27,261 

CAPITAL COSTS 
Foreign 953 2592 3234 3358 12800 2341 2341 2341 2341 10346 
Domestic 276 753 940 975 1220 669 669 669 669 960 

Total 1229 3345 4173 4333 14020 3010 3010 3010 3010 11306 

TOTAL COST 

Present Worth 15,595 17,924 20,148 20,178 28,027 19,437 19,481 17,279 15,974 18,621 12,635 11,103 10,358 9,548 9,294 8,202 7,657 
Cumulative Present Worth 15,595 33,519 53,666 73,844 101,871 121,308 140,789 158,068 174,043 192,683 205,298 216,401 226,758 238,307 245,601 253,803 261,459 

OPEflAllNG STATlSllCS 
TOTAL PRODUCTION - MWH 

LPSteam 
Hot Water 1,180,933 1,183,413 1,213,5126 1,249,663 1,285,000 1,321,936 1,358,073 1,358,073 1,358,073 1,358,073 1,358,073 1,358,073 1,358,073 1,358,073 1,358,073 1,358,073 1,358,073 
Bectricity 0 0 0 (0) 

COST OF PRODUCTION - $/MWH (Variable Costs only) 
LPSteam 
Hot Water $10.32 $11.73 $13.38 $15.22 $17.35 $17.71 $18.14 $17.97 $17.79 $17.62 $17.41 $17.24 $17.24 $17.24 $17.24 $17.24 $17.24 
Bectricity 

NOT SERVED - MWH 
LPSteam 
Hot Water 
Bectricity 31,046 31,111 31,903 32,853 33,803 34,753 35,703 35,703 35,703 35,703 35,703 35,703 35,703 35,703 35,703 35,703 35,703 

EMISSIONS - TONS 
Particulates 30 30 31 32 33 33 34 34 34 34 34 34 34 34 34 34 34 

SO. 419 420 431 444 457 468 481 481 481 481 479 479 479 479 479 479 479 
NOx 343 343 352 363 373 382 393 393 393 393 391 391 391 391 391 391 391 
CO 37 37 38 39 40 41 42 42 42 42 42 42 42 42 42 42 42 
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Uulin-Case La. PROJECTED OPERAllNG AND CAPITAL EXPENDITURES Excluding Production Plant "Enhancemenls" 

___ I ~-- •••• ...., •• _ ... • """"r. 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

OPERA11NG EXPENSES 
Fuel Cost - Natural Gas 10,649 12,280 14,162 16,331 18,833 19,241 19,730 19,532 19,337 19,144 18,952 18,763 18,763 18,763 18,763 18,763 18,783 

on 615 656 700 718 737 754 774 766 758 750 742 735 735 735 735 735 735 
lignite - - - - - - - - - - - - - - - - -
Black Coal - - - - - - - - - - - - - - - - -

Total Fuel Cost 11,264 12,937 14,862 17,050 19,570 19,995 20,503 20,298 20,095 19,894 19,695 19,497 19,497 19,497 19,497 19,497 19,497 
Supplemental Cost (Shortfall) - - - - - - - - - - - - - - - - -
Purchased Power Cost 850 907 967 992 1,018 1,045 1,072 1,072 1.072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 

Credit for Power Sales - - - - - - - - - - - - - - - - -
Net Power Interchange 850 907 967 992 1,018 1,045 1,072 1,072 1.072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 1,072 

Fixed O&M and Overheads 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 
Other Variable 0 & M 915 915 915 915 915 915 915 915 915 915 915 915 915 915 915 915 915 
Solbent and Ash Removal - - - - - - - - - - - - - - - - -

Credit: By-Product Sales - - - - - - - - - - - - - - - - -
emission Penalties 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 
Maintenance Expenses 1,152 1,187 2,247 1,226 1,397 1,297 2,455 1,340 1,526 1,417 2,683 1,485 1,668 1,548 2,932 1,600 1,823 
Plant Removal Costs - - - - - - - - - - - - - - - - -

Total O&M Expense 14,977 16,741 19,787 20,979 23,697 24,048 25,742 24,422 24,404 24,094 25,161 23,748 23,949 23,829 25,213 23,881 24,104 

CAPITAL COSTS 
Foreign 1369 7641 9293 9417 9500 8400 2341 2341 2341 2341 - - - - - - -
Domestic 337 1498 1831 1866 1891 1580 669 669 669 669 - - - - - - -

Total 1708 9136 11124 11263 11391 9961 3010 3010 3010 3010 - - - - - - -
TOTAL COST 16.884 25.878 30.910 32.262 35.087 34.008 28.752 27.432 27415 27.104 25.161 23.748 23.949 23,829 25,213 23.881 24.104 

If Present Worth 
16,054 23,056 25,500 24,644 24,817 22,272 17,435 15,402 14,252 13,047 11,214 9,600 9,151 8,431 8,280 7,244 6,770 

Cumulative Present Worth 16,054 39,111 64,611 89,255 114,071 136,343 153,778 169,180 183,432 196,479 207,693 217,493 226,644 235,075 243,335 250,579 257,350 

OPERAllNG STATlSllCS 
TOTAL PRODUCll0N - MWH 

LPsteam 
Hot Water 1,180,933 1,180,003 1,180,!l33 1,180,933 1,180,933 1,180,933 1,180,!l33 1,180,!l33 1,180,!l33 1,180,!l33 1,180,!l33 1,180,!l33 1,180,!l33 1,180,!l33 1,180,!l33 1,180,933 1,180,933 
Bectricity 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

COST OF PRODUCll0N - $/MWH (Variable CosllI only) 
LPSteam 
Hot Water $10.32 $11.73 $13.36 $15.22 $17.35 $17.71 $18.14 $17.97 $17.79 $17.62 $17.48 $17.29 $17.29 $17.29 $17.29 $17.29 $17.29 
Bectricity 

NOT SERVED - MWH 
LPSteam 
Hot Water 
Bectricity 31,046 31,046 31,048 31,046 31,048 31,046 31,046 31,046 31,048 31,048 31,046 31,048 31,048 31,048 31,046 31,048 31,046 

EMISSIONS - TONS 
Particulates 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 

SO. 419 419 419 419 419 418 418 418 418 418 418 418 418 418 418 418 418 
NOX 343 343 343 343 343 341 341 341 341 341 341 341 341 341 341 341 341 
CO 37 37 37 37 37 37 37 37 37 37 37 37 37 37 37 37 37 

~ 
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Uulin-Case LOJ 

PROJECTED OPERAllNG AND CAPITAL EXPENDmJRES excluding DlstrllUtion Piping Modifications 

___ I ......... _ ....... ......,..1_'. """ 

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

OPERAllNG EXPENSES 

Fuel Cost - Natural Gas 10,649 12,465 14,813 17,621 20,886 21,896 22,827 22,931 22,992 23,011 22,940 22,788 22,879 22,935 23,010 23,085 23,141 

Oil 615 666 732 n5 817 858 895 899 901 901 898 892 896 898 901 904 906 

lignite 
Black Coal 

Total Fuel Cost 11,264 13,131 15,545 18,396 21,703 22,754 23,722 23,830 23,893 23,912 23,839 23,678 23,n5 23,833 23,911 23,989 24,047 

Supplemental Cost (Shortfall) 
0 (0) (0) (0) 0 

Purchased Power Cost 850 920 1,011 1,071 1,129 1,189 1,241 1,259 1,275 1,289 1,302 1,306 1,311 1,315 1,319 1,323 1,327 

Credit for Power Sales 
Net Power Interchange 850 920 1,011 1,071 1,129 1,189 1,241 1,259 1,275 1,289 1,302 1,306 1,311 1,315 1,319 1,323 1,327 

Fixed O&M and Overheads 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 792 

Other Variable 0 & M 915 929 957 988 1,015 1,042 1,059 1.074 1,088 1,100 1,111 1,115 1,119 1,122 1,126 1,129 1,132 

Soment and Ash Removal 

I 

Credit: By-Product Sales 

emission Penalties 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 5, 

Maintenance Expenses 1,152 1,187 2,247 1,226 1,397 1,297 2,455 1,340 1,526 1.417 2,683 1,465 1,888 1,548 2,932 1,600 1,823! 

Plant Removal Costs 
Total O&M Expense 14,977 16,963 20,557 22,4n 26,041 27,078 29,274 28,300 28,579 28,515 29,731 28,360 28,670 28,615 30,084 28,838 29,126 

CAPITAL COSTS 
Foreign 416 5049 6059 6059 15419 6059 6005 

Domestic 61 743 891 891 1112 891 291 

Total 4n 5792 8950 8950 16530 6950 8298 

TOTAL COST 15,455 22.l~ 27.508 2i.m ~~l ;M,029 29.2l! 2§,~ 28,~l9 38,~U 2!l.ZiU 28,il§!l 28.§lQ 2M11i ilQ.Q!M 28,838 29.126 

Present Worth 14,871 20,274 22,693 22,478 30,110 22,285 17,751 15,889 14,857 17,720 13,251 11,704 10,956 10,124 9,856 8,748 8,181 

Cumulative Present Worth 14,871 35,145 57,838 80,317 110,427 132,712 150,463 168,352 181,209 198,929 212,180 223,884 234,840 244,964 254.820 263.568 271.749 

OPERATI G STATISTICS 
TOTAL PRODUCllON - MWH 

LPSteam 
Hot Water 1.180.933 1,198.647 1,235.256 1.274.226 1.309.654 1.343.901 1.368.339 1.388.415 1.404.129 1.419.481 1.433.852 1.438.376 1.444.281 1.447.824 1.452.547 1.457.271 1.480.814 

Bectrlcity 0 0 (0) (0) 0 0 0 (0) (0) 0 

COST OF PRODUCllON - 5/MWH (Variable Costs only) 

LPSteam 
Hot Water 510.32 511.73 $13.36 $15.22 $17.35 $17.71 $18.14 $17.97 $17.79 $17.62 $17.41 $17.24 $17.24 $17.24 $17.24 $17.24 $17.24 

Bectricity 
NOT SERVED - MWH 

LPSteam 
Hot Water 

0 (0) (0) (0) 0 

Bectricity 31.046 31.512 32.474 33.499 34.430 35,330 35.920 36.448 36.914 37.317 37.690 37.814 37.969 36.062 38.187 38.311 38.404 

EMISSIONS - TONS 
Particulates 30 30 31 32 33 34 35 35 38 36 36 38 36 37 37 37 37 

SO. 419 426 439 453 465 476 484 491 497 502 506 508 510 511 513 514 515 

NOx 343 348 358 370 380 388 395 401 406 410 413 415 416 417 419 420 421 

CO 37 37 39 40 41 42 42 43 44 44 44 45 45 ___ 45 ___ 45 45 45 

.--
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TPS Reptblika - Case PO, PROJECTED OPERAllNG AND CAPITAL EXPENDITURES 

COST EXCL INFLATION (OOO) 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2001 - -2008 - 2009 2010 

OPERAllNG EXPENSES 

Fuel Cost - Natural Gas 
Oil 
Lignite 4,929 6,765 6,765 6,765 10,841 10,841 10,841 10,841 10,841 10,841 10,841 10,841 

Black Coal 13,835 13,788 14,215 14,657 15,120 7,263 7,263 7.263 2,488 2,488 2,488 2,488 2,488 2,488 2,488 2,488 

Total Fuel Cost 4.929 13.835 13.788 14.215 14.657 15.120 14,048 14.048 14.048 13.329 13.329 13.329 13.329 13.329 13.329 13.329 13,329 

Supplemental Cost (Shortfall) 

Purchased Power Cost 
Credit for Power Sales 
Net Power Interchange 

Fixed O&M and Overheads 

Other Variable 0 & M 
Solbent and Ash Removal 1,156 33 32 32 33 33 1.446 1.446 

Credit: By-Product Sales 
(401) (401) 

emission Penalties 930 

Maintenance Expenses 1,n2 1.n9 1.980 1.n3 1,957 1,981 1,689 1,388 2,3n 1.798 2.490 1.352 1.571 2.388 2,108 2,232 1,684 

Plant Removal Costs 1,412 

TotaIO&M Expense 8,642 13,571 13,562 13,597 14.033 14.321 13.760 13.457 14.448 13.431 14.123 12,985 13,205 14,021 13.741 13.866 13,317 

CAPITAL COSTS 
Foreign 29890 1863 2325 17948 36711 14341 17429 25414 20913 6954 1394 

Domestic 2941 523 643 1242 1916 864 977 1269 975 484 28 

Total 32830 2386 2968 19191 38827 15205 18406 26683 21888 7439 1422 

TOTAL COST 

Present Worth 39,907 14.217 13,637 25,045 37.245 19.336 19.504 22.537 18.890 10.046 6.295 5.359 5.046 4.961 4.968 4.206 3,740 

Cumulative Present Worth 39,907 54.124 67.760 92,805 130.050 149.387 168.891 191,428 210.318 220.364 226,659 232,018 237.063 242,024 246,992 251.198 254.938 

OPERATING STATISTICS 

TOTAL PRODUCll0N - MWH 
LPSteam 192,542 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192,542 

Hot Water 555.418 556.584 570,748 587.743 604.739 621.735 838,731 638.731 838.731 638.731 638,731 838.731 838.731 838.731 838.731 838,731 838.731 

8ectricity 409.490 409,658 396,907 400,155 403.335 406.685 410.022 410.022 410,022 421.330 421.330 421.330 421,330 421.330 421.330 421.330 421.330 

COST OF PRODUCll0N - $/MWH (Variable Costs only) 

LPSteam $6.97 $11.66 $11.74 $11.93 $12.11 $12.30 $12.15 $12.15 $12.15 $11.97 $11.97 $11.97 $11.97 $11.97 $11.97 $11.97 $11.97 

Hot Water $6.97 $11.65 $11.74 $11.93 $12.11 $12.30 $12.15 $12.15 $12.15 $11.97 $11.97 $11.97 $11.97 $11.97 $11.97 $11.97 $11.97 

8ectricity $12.19 $20.34 $20.15 $20.28 $20.43 $20.60 $20.16 $20.16 $20.16 $19.63 $19.83 $19.83 $19.83 $19.83 $19.83 $19.83 $19.63 

NOT SERVED - MWH 
LPSteam 
Hot Water 
8ectricity 

EMISSIONS - TONS 
ParticUlates 124,501 5 5 5 5 5 130 130 130 206 206 206 206 206 206 206 206 

SO. 17,750 622 608 615 623 630 1.215 1,215 1.215 1.572 1.572 1.572 1.572 1.572 1.572 1.572 1.572 

NOx 1,614 872 852 862 872 882 896 896 896 910 910 910 910 910 910 910 910 

CO 49 45 44 44 45 45 49 49 49 52 52 52 52 52 52 52 52 

'-'" () 
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TPS Reptblika - Case po. PROJECTED OPERATING AND CAPITAL EXPENDITURES excluding Production Plant "Enhancemenlll" 

(000) 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

OPERATING EXPENSES 
Fuel Cost - Natural Gas 

Oil 
Ugnite 4.929 6.635 6.635 6.635 10.858 10.858 10.858 10.858 10.858 10.858 10.858 10.858 

Black Coal 13.823 13.650 13.912 14.182 14.458 6.612 6.612 6,612 un 1.6n 1,677 1.677 un 1.6n un 1.677 

Total Fuel Cost 4,929 13.823 13.650 13.912 14.182 14,458 13.246 13.246 13.246 12.535 12.535 12.535 12.535 12,535 12,535 12,535 12.535 

S~plemental Cost (Shortfall) 

Purchased Power Cost 
Credit for Power Sales 
Net Power Interchange 

Fixed O&M and OVerheads 

Other Variable 0 & M 
Solbent and Ash Removal 1.156 33 32 32 32 32 1,417 1,417 1.417 2.299 

Credit: By-Product Sales 
(394) (394) (394) (644) 

Emission Penalties 930 

Maintenance Expenses 1.772 1,773 1,965 1.742 1.908 1.915 1,607 1,304 2.294 1.716 2.407 1.268 1,486 2.301 2,020 2,143 1.594 

Plant Removal Costs 1.412 

Total O&M Expense 8.642 13.548 13.370 13,187 13,394 13,443 12,673 12,369 13,360 12,392 13.083 11,944 12,163 12.978 12,697 12.820 12.270 

CAPITAL COSTS 
Foreign 30092 4323 52n 20900 30118 17294 17429 25414 20913 6954 1394 

Domestic 2967 835 1028 1618 1945 1239 977 1269 975 484 28 

Total 33059 5158 6305 22518 32062 18532 18406 26683 21886 7439 1422 

TOTAL COST 41,700 

Present Worth 40.126 16.667 16.232 27.274 32,151 20,940 18,845 21,927 18.324 9.548 5.631 4,929 4,848 4.592 4.625 3.869 3.446 

Cumulative Present Worth 40.126 58.793 73,025 100,299 132,449 153,390 172,235 194.162 212.488 222.032 227.863 232,792 237,440 242.032 246.657 250,546 253.992 

OPERAllNG STAllSllCS 
TOTAL PRODUCTION - M 

LPSteam 192.542 192.542 192,542 192,542 192.542 192.542 192.542 192.542 192.542 192.542 192,542 192,542 192.542 192.542 192,542 192.542 192.542 

Hot Water 555.418 555.418 555,418 555,418 555.418 555.418 555,418 555,418 555,418 555,418 555.418 555.418 555,418 555,418 555,418 555.418 555.418 

8ectricity 409.490 409.490 394,208 394.208 394.208 394.208 394,208 394.208 394.208 405.203 405.203 405.203 405.203 405,203 405.203 405.203 405,203 

COST OF PRODUCTION - $/MWH (Variable Costs only) 

LPSteam $6.97 $11.65 $11.75 $11.93 $12.12 $12.31 $12.16 $12.16 $12.16 $11.95 $11.95 $11,95 $11.95 $11.95 $11.95 $11.95 $11.95 

Hot Water $6.97 $11.65 $11.75 $11.93 $12.12 $12.31 $12.16 $12.16 $12.16 $11.95 $11.95 $11.95 $11.95 $11.95 $11.95 $11.95 $11.95 

8ectricity $12.19 $20.35 $20.32 $20.63 $20.96 $21.29 $21.01 $21.01 $21.01 $2O.n $2O.n $20.77 $20.77 $20.77 $2O.n $20.77 $2O.n 

NOT SERVED - MWH 
LPSteam 
Hot Water 
8ectricity 

EMISSIONS - TONS 
Particulates 124.501 5 5 5 5 5 128 128 128 206 206 206 206 206 206 206 206 

SO. 17.750 622 602 602 602 602 1.170 1.170 1.170 1,541 1.541 1.541 1.541 1,541 1.541 1,541 1.541 

Nax 1.614 871 644 844 644 644 848 848 848 865 865 865 865 865 865 865 865 

CO 49 45 43 43 43 43 47 47 47 50 50 50 50 50 50 50 50 

,-
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TPS Reptblika - Case po. PROJECTED OPERAllNG AND CAPITAL EXPENDITURES Excluding Piping Modifications 

COST EXCl INFLATION (000: 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 - ---

2008 2009 2010 
OPERAllNG EXPENSES 

Fuel Cost - Natural Gas 
Oil 
lignite 4.929 6.nO 6.787 6.440 11.066 11.093 11.106 11.122 11.130 11.141 11.152 11.161 
Black Coal 13.898 13.883 14.324 14.n3 15.226 7.317 7.405 7.911 2.505 2.541 2.548 2.559 2.567 2.577 2.567 2.594 

Total Fuel Cost 4.929 13.898 13.883 14.324 14.n3 15.226 14.067 14.192 14.351 13.571 13.633 13.654 13.681 13.697 13,718 13,739 13.755 
Sl4lplemental Cost (Shortfall) 
Purchased Power Cost 

Credit for Power Sales 
Net Power Interchange 

Fixed O&M and Overheads 
Other Variable 0 & M 3.192 3.206 3.161 3.197 3.232 3.265 3.286 3.306 3.323 3.3n 3.390 3.395 3.400 
Soment and Ash Removal 1.156 33 32 33 33 33 1.447 1.450 1.378 2.345 2,350 2.353 2.356 

Credit: By-Product Sales (402) (403) (382) (656) (656) (659) (860) 
Emission Penalties 930 
Maintenance Expenses 1.n2 1.788 1.990 1.785 1.969 1.992 1.693 1.399 2.409 1.822 2.520 1.385 1.608 2.426 2.149 2.2n 1.731 
Plant Removal Costs 1.412 

TotaIO&M Expense 8.642 13.664 13.688 13.745 14.181 14.456 13.811 13.643 14.n6 13.780 14.555 13.446 13.701 14.539 14.288 14.442 13.915 

CAPITAL COSTS 
Foreign 29433 2460 2952 18497 37209 15835 15971 23956 19454 5496 1394 
Dcmestlc 2764 313 375 944 1604 847 585 8n 583 92 28 

Total 32217 2n3 3327 19441 38812 16882 18555 24833 - 20037 5588 1422 

TOTAL COST 40.858 

Present Worth 39.316 14.644 14.038 25.350 37.481 20.393 18.414 21.603 18.098 9.323 6.487 5.549 5.235 5.144 5.147 4.381 3.908 
Cumulative Present Worth 39.316 53.961 67.998 93.348 130.829 151.222 169.636 191.238 209.337 218.860 225.147 230.696 235.932 241.076 246.222 250.603 254.512 

OPERATING STATISTICS 
TOTAL PROOUCll0N - MWH 

LPSteam 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192.542 192.542 
Hot Water 555.418 563.749 580.967 599.296 615.959 632.086 642.619 652.061 860.392 687.612 674.2n 676.499 679.276 860.942 883.164 685.386 687.052 
Electricity 409.490 410.699 398.889 402.268 405.653 408.719 410.814 412.691 414.345 427.237 428.615 429.101 429.707 430.070 430.555 431.033 431.392 

COST OF PROOUCll0N - $/MWH (Variable Costs only) 
LPSteam $6.97 $11.66 511.74 511.92 512.11 $12.30 512.15 512.16 $12.17 $11.96 511.96 511.96 $11.96 $11.96 $11.96 511.96 $11.96 
Hot Water $6.97 511.65 $11.74 $11.92 512.11 512.30 $12.15 512.16 $12.17 511.96 $11.96 $11.96 511.96 $11.96 511.96 $11.96 $11.96 
Electricity $12.19 $20.27 520.04 $20.17 $20.33 $20.50 $20.13 $20.05 $20.00 $19.54 519.47 $19.45 $19.43 $19.41 $19.40 519.38 $19.38 

NOT SERVED - MWH 
LPSteam 
Hot Water 
Electricity 

EMISSIONS - TONS 
Particulates 124.501 5 5 5 5 5 131 131 125 210 211 211 211 211 212 212 212 

SO. 17.750 625 613 620 627 634 1.217 1.223 1.197 1.603 1.808 1.610 1.613 1.614 1.616 1.618 1.619 
NOx 1.614 876 858 869 879 889 898 904 909 927 931 932 934 935 938 938 939 
CO 49 45 44 44 45 45 50 50 50 53 53 54 54 54 54 54 54 ------------

..... 
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TPS Sofia - Case 3 - Alternate 

PROJECTED OPERAllNG AND CAPITAL EXPENDITURES 

""V~I II:.A""LlnrLl'lII"". """. 

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 

OPERAllNG EXPENSES 
Fuel Cost - Natural Gas 29,034 33,428 38,549 44,455 51,265 66,126 67,805 67,127 66,456 65,791 65.053 64.403 64,403 64,403 64,403 64,403 64,403 

Oil 1,678 1,787 1,906 1,955 2,007 1,510 1.550 1,534 1,518 1.503 1,484 1,469 1.469 1,469 1,469 1.469 1,469 

lignite 
Black Coal 

-
Total Fuel Cost 30,712 35,215 40,455 46,410 53,272 67,638 69,355 68,661 67.974 67,294 66,537 65,872 65,872 65,872 65,872 65,872 65,872 

S~plemental Cost (Shortfal~ 
54 54 54 54 54 54 54 54 54 54 54 54 

Purchased Power Cost 
Credit for Power Sales (12,923) (13,783) (14,701) (15,085) (15,480) (36,849) (37,818\ (37,818\ (37.818\ (37,818) (37,818) (37,818) (37,818) (37,818) (37,818) (37,818) (37,818 

Net Power Interchange (12,923) (13,783) (14.701) (15,085) (15,480) (36,849) (37,818) (37,818) (37,818) (37,818) (37,818) (37,818) (37,818) (37,818) (37,818) (37,818) (37,818 

Fixed O&M and Overheads 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 2,518 

Other Variable 0 & M 2,917 2,917 2,917 2,917 2,917 3,229 3,229 3,229 3,229 3,229 3,229 3.229 3,229 3,229 3,229 3,229 3,229 

Soillent and Ash Removal 
Credit: By-Product Sales 

Emission Penalties 11 11 11 11 11 8 8 8 8 8 8 8 8 8 8 8 8 

Maintenance Expenses 1,705 2,264 2,145 2,185 2,329 2,571 2,818 2,919 3,019 3,308 3,097 2,805 2,999 3,246 3,946 3,089 2,852 

Plant Removal Cosls 
TotaIO&M Expense 24,940 29,142 33,345 38,957 45,567 39,166 40.163 39,570 38,983 38,592 37,625 36,667 36,861 37,110 37,808 36,951 36,714 

CAPITAL COSTS 
Foreign 9455 19140 28222 43959 42611 12466 4050 4050 4050 12288 

Domestic 875 2749 3810 4443 5381 2412 1174 1174 1174 1468 

Total 10330 21888 32032 48402 47992 14877 5224 5224 5224 13756 

TOTAL COST 35.269 51,Q3O §5,;m Bl,359 93.559 M,~ ~,387 44,7!M 4~.ggl 52,348 !H,62!i :H!,66l 36,861 !H,l10 37,808 36,951 36.714 

Present Worth 33,938 45.466 53,934 66.731 66,173 35,393 27,522 25.150 22.982 25.198 16,770 15,132 14.085 13,130 12,386 11,209 10,312 

Cumulative Present Worth 33,938 79,404 133,339 200,069 266,242 301,835 329,157 354,307 377.289 402,488 419,257 434,390 448.475 461,605 473,991 485,200 495,512 

OPERAnNG STAnS1lCS 
TOTAL PRODUC1l0N - MWH 

LPSteam 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545,176 545.176 545,176 545,176 545,176 545,176 545,176 545,176 

Hot Water 1,862,339 1,862,339 1,862,339 1,862,339 1,862,339 1,856,977 1,856,977 1.856,977 1,856,977 1,856,977 1,856,977 1.856,977 1.856,977 1,856,977 1.856,977 1.856,977 1,856,977 

Electricity 595,117 595,117 595,117 595,117 595,117 1,251,m1 1,251.m1 1.251,m1 1,251,ml 1.251,m1 1.251,m1 l,251,ml 1.251,m1 1,251.m1 1,251,m1 1,251,m1 l,251,ml 

COST OF PRODUC1l0N - $/MWH (Variable Cosls only) 

LP Steam $10.54 $11.95 $13.58 $15.44 $17.57 $18.01 $18.44 $18.26 $18.09 $17.92 $17.71 $17.54 $17.54 $17.54 $17.54 $17.54 $17.54 

Hot Water $10.41 $11.81 $13.44 $15.29 $17.42 $20.23 $20.72 $20.52 $20.33 $20.13 $19.92 $19.73 $19.73 $19.73 $19.73 $19.73 $19.73 

Electricity $14.28 $16.18 $18.40 $20.92 $23.83 $18.n $19.22 $19.04 $18.86 $18.67 $18.49 $18.31 $18.31 $18.31 $18.31 $18.31 $18.31 

NOT SERVED - MWH 
LPSteam 
Hot Water 

5,363 5,363 5,363 5,363 5,363 5,363 5,363 5,363 5,363 5.363 5,363 5,363 

Electricity 
EMISSIONS - TONS 

Particulates 82 82 82 82 82 60 60 60 60 60 60 60 60 60 60 60 60 

SO. 1,144 1,142 1,142 1,142 1,142 837 837 837 837 837 836 836 836 836 836 836 836 

NOX 934 932 932 932 932 684 684 684 684 684 683 683 683 683 683 683 683 

CO 100 100 100 100 100 73 73 73 73 73 73 73 73 73 73 73 73 

<""-

C? 
\:'J 
<i' 
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TPS Sofl3 - Case 3 - Alternate 

2010 

.""IS 
UNIT 

MiVrum LoKI _'%3_ 

Mi'lm.xn Optratlon "" 

.......... ~ 
' .............. 

MBTUIt> 

II'R( IOU.,,' -J.P~~EAM 

MWta 

......... PSIA 

mI'IIIlPY IBTUIt> 

I PRClDUC1 - HOT WAT1:R ".Iorlty 

~. MWIw 200.000 

,-~ '-"" 

PI" ~Ity 

Rated 
c.o.btIIIv - Mo: at..", !'! 

75 "" st..", 7S 
so'" 91..., 'SO 

Mlnm.xn M4 i/I1"_MIn 

FACILITIES DATA SHEET AND SIMULATED RESULTS - YEAR 2010 

• • 
Bok#7 Bok#8 

84.S'" 
84.8% 
~.O% 

4" 

84.8% 
84.8% 
84.8"" 
~.O% 

4'11' 

. '45'j45~ 
'004" '004" 

1107.15 
188. )0 

55 
!5511. 

'-l102 

,0 300 

,48,3 17384 
7~7 

S07.'SO 3/iZ.800 

Facilities Data . ,~ _" 
HI'ISG#' 

'00.0% 
'00.0% 
,00.0% 

'41. 

""75' ,! 

,. 

, 
88.1107 

, 
27885 

50000 27885 

.11821 

~.'Si 

, Pr ... .,.. 1'81 ,85 22.75 25.0 

Enth."'" DroD - TI.I'bi'I. MBTUIbt 0.,848 0.~7 0.3'4' 

Si'II< MBTU/t>I ,. ,2,8 0.11801 0._ 

,41.788 

_885110 

lIS . 
145' 

,0:14· .-
.43C .009_ 
'5',000 

'4:!.25 
-
'.288 
3 

4'.000 
240" 
,~ 

TI.I'b8 

25000 
2!5000 
,8375 
11875 
4375 

480.8411 

.'~280_ 
'42.2. 
0.228 

0.1I7tD 

53 

'.403 
7 

348.00 
lI02" 

PrnwyFu.1 Twe au au ea. au au au 

Colt SIMMBn $2.03 $2.03 52.03~.~ s:!.03 $2.03 

P.C .... u •• "" U.. lIS.' 1% IIS.O% ~ 100.0% lIS.' 1% 115.' 1% IIS.O% 

I FUI T_ Muui Mazut 
MIIZIJ Muui Mazut 

:o.t SlMMBTU .$2,~'~.4t 
52. I, 52 .• ' . $2~' 

lV •• ge W ge & Ben.... S(OOO 

I .... 01100 .. 1 Co ... 
BT2-AII BT2-AII 

ST2-AII ST2-AII ST2-AII 

. ST~-~ BT2-AO.ST2-AB t;T2-AB ST2-AB _."". COd. -Fu.1 
:mil. on. Code -Fu.12 
iCheculadl CI IDE m BB7 5118 _STe_ GT -8FA ~T~ 8811T8 883 SHWB 

SUmm .. 

MON!Hl-!.DATA ~voT""'·C 

an .... ' _'.~. ~~ 100% '00% '00% '00% '00% ,OO%~~ '00% '00% 

II> 0.8 '00%'00%'00%'00%'00%'00% 100%,00% ~~ lQO'Xo '00% 

I.. 4.8 '00%'00%'00% . '00% '00% '00% '00% ~,OO% 100%,00%,00% 

IIr '0.8 ,00%'00%'00%. '00% '00% '00% '00%'00% 1110% - ,ccnr. 

I.v i.8 100%'00%'00. ,00% '00% 'C)O'f(,~ . '00% ~~,OO% '110%'00-

'ODI 10%"""" '00% 11'0 -,00 . 100% 

)cl 10%"" 0% l00'J0, Ie 00 100% Ie . ,~ 

TEST YEAR SIMULATION RESULTS: 

OPERATING EXPENSES 

N ..... '" ea. 
OR 
LIgnM. 
BIIlckCoal 

Total Fu.1 Co.t 
SUpplemental Co.t-SI1a11an Pen.1Iy) 

P..-ch •• ed Pow. Co.t 0-_ for Pow. Sa ... 

Net Pow. Int .. change Co.t 
0111. O&M - fixed, OH & 0111. V .. _ 

Lm..tone injection & Alh R_v.1 0-_ for By-PI"_ Sa ... 

~.Ion.Pen •• '" 
Total ExclUdi'la M.i'llInanc. 

4,555 4.104 3,525 2.881 

207 188 ,43 113 

4,782 4,2IIC) 3,868 2,754 

1304') (2 785) (3 C23) (2,433) 

(3.04,) (2. 7115) (3,023) (2,433) 

2,4 ,113 2'4 207 

473 429 360 272 

2,'411 ,220 800 

2,'oa 
58 

2,,85 

(2,2811) 
(2,2811) 

2'4 
2,7 

o 
308 

882 '.543 
55 22 

1137 ',585 

(575) (1,827) 

(575) (' ,827) 

207 214 
115 ,44 

o 0 
1184 116 

1._ 
,8 

,,485 

(17311) 
(',739) 

214 ,3, 

o 
7' 

'.783 
39 

1,821 
54 

(2085) 
(2,085) 

207 
1110 

o 
1116 

2,aac 3.343 3,57' 31.584 
53 ,35 '48 1.'50 

2,113 3,477 3,718 32,733 
o 54 

(2,527) (2,831) 12,l1li') 128 1071 
(2,527) (2,83') (2,011') (28, '07) 

2'4 207 214 2.518 

205 337 388 3,229 

o 8 
5 , 1112 1308 '0,435 
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TPS Sofia - Case 3 - Alternate 

UNIT UTILIZATION 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

a: 
J: -~ 
(!) 

~ 
I 

a: 
W 
~ 
0 
D.. 

~ ~--------------------------~~~==~~---
-----------------------~ 

100 

o 
MONTH 

_ HRSG #1 ~ Blr #9 ~ Boiler #8 ~ Boiler #7 0 HWB 4-6 

ELECTRICITY PRODUCED 

~ ~-----------------------------------
--------------------------------

150 

.fI 
c 
~ 100 
0 
.c 
t-

50 

o 

_GT-6FA ~ Turbine 53 ~ Turbine #8 r:x:I Turbine #6 
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TPS Sofia - Case 3 - Alternate 

PRODUCT - LP STEAM 

Customer Requirement MWH 

Station Use. Losses. etc. MWH -

" 3 

MWts 

-
-

Header 166.700 , 
--

Blr#9 159.000 

--
Unit 

Header 

Blr#9 

Total 
Steam Not SeMld MWH 

PRODUCT . HOT WATER 

Customer Requirement MWH 

Station Use. Losses. etc. MWH -

" 3 

~~ MWtw 

-
HWB4-B 348.000 

---
Blr 1119 41.000 

Header . 101.300 

.HBS~.'''1 66.607 

Total 

Unit 

HWB4-6 

.Bir.lI'.I!. 
Header 
HRSGIII1 
Total 

Hot Water Not SlIMId MWH 

ADJUSTED FOR MINIMUM LOADING - MWH 

StIIIam 

Header 

Blr#9 

Total 

HatWaIBr 

HWB4-6 

Blrlll9 
Header 
HRSGIII1 
Total 

1 
1 

LOAD DISPATCH AND ENERGY USE - YEAR 2010 

e:l 87033
1 7306 ~I 4:1 

27705
1 1676 ~I 19405

1 1648 
16779

1 1855 
19019

1 1631 2:1 

926361 94341 1 5e0651 456861 293631 27891 1 21053 1 18634 1 20650 1 270461 

.1 .1 .1 71 .1 81 •• 1 ,,1 .,,1 .31 

Awrage loading - MW 

- - - - - - - - - -
- - - - - 1 - - - - -
6.7 22.3 - - 39.5 - 28.3 25.0 29.0 -
- - - - - - - - - -
- - - - - - - - - -

116.0 118.1 78.1 63.7 - 38.7 - - - 36.4 

- - - - - - - - - -
- - - - - - - - - -

Unit Ener lV Output - MWH ~ Iefore Ad ustment for Minimum Loadlna Umitatlon 

- - - - - - - - - -
- - - - - - - - - -

5020 14998 - - 29363 - 21053 18634 20650 -
- - - - - - - - - -
- - - - - - - - - -

87618 79342 5e065 45686 - 27891 - - - 27046 

- - - - - - - - - -
- - - - - - - - - -

4:1 

453241 

•• 1 

-
-
-
-
-
62.9 

-
-

-
-
---

45324 
-
-

58894 
4950 

63844 

•• 

----
-
85.8 

-
-

--
---

63S44 
--

rQIIr"' I .... 

5024n 
42699 

545176 

92636 94341 5e065 45686 29363 27891 21053 18634 20650 27046 45324 63844 545176 

1 29C13691 
249102 1 202480 1117762~ 1 37406, I 12028

1 
34221 I 30955 1 35821 1 82321 1183229

i 
1

272820 1528294 

43359 41906 36617 29762 37589 15321 29079 28296 25349 25695 54506 -33433 334045 

1 333728 1 291008 1 2390n 1 147524 1 74995 1 273491 63300 1 59251 1 61170 1 880161 23n35 I 239167 1662339 

.1 .1 .1 71 .1 81 •• J ,,1 .,,1 .31 •• 1 •• 
~ WlRlQ8 Lc ldlna - NrN 

- - . - -. - - - - - - - -
219.8 204.7 117.8 25.7 - - - - - 13.8 107.7 93.3 

- - - - - - - - - - - -
- - .- - -- - - - - - - -
- - - - - - - - - - - -

.41.0 40·9 .. 36.2 31.7 - 5.9 - - - 35.2 38.8 40.2 

101.1 101.1 98.4 87.5 20.9 37.8 23.7 10.7 - 47.3 101.3 101.3 

66.6 86.2 85.3 8 62.5 - 70.1 75.7 n.5 78.2 66.3 JJ6.6 

448.6 433.0 337.8 230.0 103.4 43.7 93.8 66.4 n.5 174.5 334.1 321.5 

Unit Ener, IV Output - MWH ~ !elora t fc . Mlnlmur I loading ............... 

- - - - - - - - - - - -
163568 137589 71105Q 6803 - - - - - 513 74732 69439 

- - - - - - - - - .-. - -
-. - .- - - - - - - - - -
- - - - - - - - - - - -

30478 27506 26294 18492 - 17 - - - ~~ .27~ 29945 

.1~!6 67986 .,~~ 63000 1:!646 _~1 .1t148. .. ~ - 25501 72938 75367 

64436 57947 63481 ~ 61350 - 52152 56358 55808 56190 62132 64436 

333728 291008 2390n 74995 27349 63300 59251 55808 66016 23n35 239187 1856977 

5363 o 5363 

Unit UtIlization after Adjustment for Minimum Loading - MWH (Steam) 

- - - - - - - - - - -
- - - - - - - - - - - -

5020 14998 - 29383 - 21053 18634 20650 - - -
- - - - - - - - -

- - - - - - - -
87818 79342 56085 45686 - 27891 - - 27046 45324 63844 

- - - - - - - - - -
- - - - - - - -

92636 94341 56085 45686 29383 27891 21053 18634 20650 27046 45324 63844 

Unit Utilization alter Ad'us1mentlor Minimum Loading - MWH Hot Water) 

- - - - - - - - - - - -
166263 137624 78053 12438 - - - - - 1717 79126 74163 

- - - - - - - - - -
- - - - - - - - - - -

- - - - - - - - - -
2m3 27490 25706 11742 - 327 - - - 2809 23968 25201 

75236 66002 72143 85164 35552 27021 14897 7306 - 35971 72509 75367 

64436 57893 63175 56179 39443 - 48403 51943 55608 4n19 62132 64438 

333728 291008 2390n 147524 74995 27349 B3300 59251 55608 88016 23n35 239187 
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TPS Sofia - Case 3 - Alternate LOAD DISPATCH AND ENERGY USE - YEAR 2010 Page 2 0 

FOR GENERATION - MWH 

.~~,.~, ""',... . FOR BAC ' D"""I>I>' IDC:; STEAM TURBINES - MWH ,:S 
Thermal output lin .1fIecIric . -MWHt 

- - - - - - - - - - - - -- - - - - - - - - - - - -
-turbBa 0.99 893 2868 - - 5226 - 3745 3314 3709 - - -

- - - - - - - - =- - -=- - -
- - - - - - - - - - - - -

rurb 8 0.98 19077 17231 153B11 10313 - 3IltIB_ - - - 4232 12568 18405 
Turb8b 0.99 26160 23645 25OB5 226S9 .. 12382 9396 .51§9 ~j - 12508 25212 2620B 

i TUrbS3a 0.99 2OBB9 18753 20421 18665 11611 - 14942 16255 17785 1_ 20131 208B9 
Total 67019 62297 60675 51836 29200 13384 23866 22110 21494 31427 57911 63499 

STEAM TO CONDENSING TURBINES AND RE.ECTION MWH -

Turb6c 
TurbS3c 

UNrr UTILIZATION TOTAL MWH -
Unit 

Boiler 117 -
HWB4-6 -
Boller 116 -

-
-

Blr#9 -
-

HRSGII1 -
Total 

Incremental thermal outDut ~resentBd In eiectrIc_1 ~eration and ~tion - MWHt 

- - - - - - - - - -
- - - - - - - - - -
- - - - - - - - - -- - - - - - - - - -- - - - - - - - - -- - - - - - - - - -

17087 12442 20299 22381 33555 44820 - - 54848 24334 
20185 18834 21893 25242 54435 - 42144 37292 28493 43062 

Unit Utilization MWH 
40176 362BB 40176 36880 38453 81236 - - - -

166283 137624 78053 12438 - - - - - 1717 
B4200 85467 77352 71324 77626 - 44874 32531 79406 72813 
- - - - - - - - - -- - - - - - - - - -

134869 124063 99160 67943 - 32206 - - - 33666 
- - - - - - - - - -

-
-
--
--

16060 
19823 

36880 
79126 
76901 

--
61B60 

-

-
-
----

18402 
20165 

40176 
74163 
79600 

-
-

105450 

-

354266 
549424 
762293 

679236 

105489 95280 105489 1020S8 105489 - 105489 105469 1020S8 105469 1020S8 105489 1139959 
530816 476721 400230 292671 221567 113444 150363 13B020 181492 213904 376853 405097 3505179 

INPUT ENERGY REQUIRED BEFORE EFFICIENCY ADJUSTMENT - BOILERS ONLY 

BTU/kW 
Boller 117 3.412 
HWB4-6 3.412 
Boiler 116 3.412 

Blrll9 3.412 

Total 

BOILER EFFICIENCIES 
BASIS BASIS 

'l{,1 CJ(,2 

Boller 117 - -
HWB4 6 
Boller #8 - --

-
Blr#9 -

-

INPUT ENERGY REQUIRED 

Boller 117 -
HWB4-6 -
Boiler 116 -

-
-

Blr#9 --
-

Total 

Energ Input before Eftlclency AdJulltment - MMBTU 
137081 123615 137081 132659 131200 277182 - - - - 132659 137081 
567359 469572 266318 42439 - - - - - 5656 269979 253112 
267289 291612 263924 243357 264859 - 153111 110997 270934 248437 2623B7 272277 

- - - - - - - - - - - -- - - - - - - - - - - -
459489 423302 336334 231820 - 109B6B - - - 115619 279305 359795 

- - - - - - - - - - - -
- - - - - - - - - - - -

1451217 130B301 1005657 650275 396059 387070 153111 110997 27C1934 389913 944330 1022264 

Efficiency 
84.6'1{, 84.6'1{, 84.6'1{, 84.8'1{, 84.8'1{, 84.8'1{, - - - - 84.8'1{, 84.8'1{, 
84.5'1{, 84.5% 84.5'1{, 84.5'1{, - - - - 84.5'1{, 84.5'1{, 84.5% 
84.8% 84.8% 84.8'1{, 84.6'1{, 84.8'1{, - 84.8'1{, 84.6'1{, 84.6'1{, 84.8'1{, 84.8'1{, 84.8% - - - - - - - -- - - - - - - -
84.4'1{, 84.4'1{, 84.4% 84.4'1{, - 84.4'1{, - - 84.4'1{, 84.4% 84.4% - - - - - - - - -- - - - - - - - -

Unit Ener n' IIIP~t MMBTU 
161747 146094 161747 156529 154B08 327059 - - - - 156529 161747 
671430 555708 315170 50224 - - - - - 6932 319502 299541 
33B9B4 344065 311415 287147 312518 - 180661 130970 319686 293140 309601 321271 

- - - - - - - - - - - -- - - - - - - - - - -
544416 501543 400870 274668 - 130199 - - - 136989 330931 426297 

- - - - - - - - - - -- - - - - - - - - - -

1426280 
2216504 
3149480 

2745915 

1716580 1547428 1189202 766588 457326 457256 180661 130970 319686 437082 1116583 1206856 9540160 
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TPS Sofia - Case 3 - Alternate FUEL COST AND OTHER O&M EXPENSE - YEAR 2010 

WINTER 

FUEL COST - BOILERS -<Gas) 
WtIghIod 

S/MMBTU 

Boiler #7 $1.93 312 282 312 
HWB4-S $1.93 1295 1072 608 
Boiler #8 $1.93 654 664 601 

- - - -- - - -
B1r#9 $1.93 1050 967 773 

- - - -- - - -
Talal 3310 2984 2293 

FUEL COST - BOILERS(Ma:zut) 
WoIQhIod 

S/MMBTU 

Boiler #7 $0.12 19 
HWB4-6 $0.12 81 
Boiler #8 $0.12 41 

- -- -
Blr#9 $0.12 66 

- -
- -

Talal 207 

HOT WATER SHORTFAll. MWH 
Assumed Equ;.,alem Cost $IMWH $10.00 

SUPPLEMENTAL HOT WATER COST - $(000) 

Water and Other Variable O&M ElcDenses - Boilers $(OOO) 
Basis Basis 

S/MWHw S/MWH 

Boiler #7 $0.03 $0.75 36 
HWB4-6 $0.03 $0.75 129 
Boiler #8 $0.03 $0.75 76 

- - -
- - -

Blr#9 $0.03 $0.75 138 
$0.03 $0.75 -

HRSG#1 $0.03 $0.75 95 
Tolal 473 

Umestone and Ash Removal - Boilers ${GOO 

Boiler #7 
HWB4-6 
Boiler #8 

B1r#9 

Total 
Removal Costs Only 
By-Product Sales $(~ 

UmeetolM RemCMtI 
SJMMBTU SJMMBTU 

Emissions Penalties - Boilers $(~ 
Emission 
SIMMBTU 

Boiler #7 0.0008 
HWB4 6 0.0008 
BoHer#8 0.0008 

-
Blr#9 0.0008 

-
HRSG#1 -
Total 

Emissions bv Tvpe - Tons 
Pounds 

i perTonne 

Particulate 2205 
SO 2205 
NOx 2205 
CO 2205 

0 
1 
0 

-
0 

-

10.7 
150.4 
122.8 

13.2 

18 19 
67 38 
41 38 

- -- -
60 48 

- -
- -
186 143 

33 36 
107 60 
78 69 

- -
- -
126 100 

- -
85 95 

429 360 

0 0 
0 0 
0 0 

-
0 0 

- --

9.7 7.4 
135.5 104.2 
110.7 85.1 

11.9 9.1 

SUMMER 

Fuel Cost - Natunll Gas $(~ 
302 299 631 - - -
97 - - - - -

554 603 - 348 253 617 

- - - - - -
- - - - - -
530 - 251 - - -- - - - - -
- - - - - -
1482 901 882 348 253 617 

Fuel Cost - Mazut $(~ 
19 19 39 - - -
6 - - - - -

35 38 - 22 16 39 
- - - - - -
- - - - - -

33 - 16 - - -
- - - - - -- - - - - -

93 56 55 22 16 39 

5363 

53.6 

Variable O&M Expense $(000 
35 38 80 - - -
10 - - - - -
64 77 - 44 33 86 - - - - - -- - - - - -
70 - 35 - - -- - - - - -
93 102 - 100 98 94 

272 217 115 144 131 180 

$(000) 

Emissions Penalties $(000) 
0 0 0 - -
0 - - - -
0 0 0 0 0 

- - -- - -
0 - 0 - -- - - - - -

- - - -
o o o o o 

Emissions - Tons 
4.B 2.9 2.9 1.1 0.8 2.0 

67.3 40.9 40.1 15.8 11.5 28.0 
55.0 33.4 32.7 12.9 9.4 22.9 

5.9 3.S 3.5 1.4 1.0 2.5 

WINTER 

- 302 312 2751 
13 616 578 4278 

565 597 620 6074 
- - - -- - - -
264 638 822 5295 
- - - -- - - -
843 2153 2331 !!m§ 

- 19 
1 38 

35 37 
- -- -

17 40 

- -
- -

53 135 

- 35 
1 61 

68 69 
- -
- -

36 81 
- -
100 92 
205 337 

- 0 
0 0 
0 0 

--
0 0 

- -
-

o 

2.7 7.0 
38.3 97.8 
31.3 79.9 

3.4 8.6 

19 
36 
39 

--
51 

-
-
146 ~ 

o 

0.0 

36 
57 
71 

-
-
107 
-

95 
366 3,229 

0 
0 
0 

-
-

0 
-
-

7.6 
105.9 
86.5 

9.3 

8 

59.7 
835.7 
682.5 
73.3 
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TPS Sofia - Case 3 - Alternate 

Awr.ge KW Required 
StatIon u.e ~ncI Above) 

Total 

cu.r.K PRI=_, "' Tl =: 
TUID IIa 

ruID8 
Turb til 
TurbS3a. 

Total TIG Output 

Jan 
20215 

20215 

--
11113 

--
2:iOIIl 
34652 
)~7~ 

884SO 

ELECTRIC GENERATION, r..eTPO'IERINTERCHANGE AND GAS TURBINE FUEl-COb I - Y"HI "" Iv 

WINTER SUMMER 

~ M!l! ~ ~ A!!Q §!JI1! Oct 

11832 9421 4821 7047 BOOB 9092 10027 

13831 11832 9421 4821 7047 BOOB 10027 

I OUlPUT - AIlERAGE KW 

BlIck r"1l!D' I~ ~. . 0 lIDut & Con net Purdie .. 

- - - - - - - - -
- - - - ~ ~- - - -
a1112 - - 8923 - 4980 43110 !5076 --
- - - -- ~ - - - -
- - - - - - - .~ --

2!5000 211141. 1~ - 5401 - - - 5545 

34818 33221 31014 18889 12861 10870 9252 - 22648 

.27_ 21:036 .. 255:!! 1:;372 - 19782 21:>aJ 24331 19440 

91076 80405 70514 40984 UI281 35812 35183 29407 47839 

WINTER 

Il5907 

-----.. 

17019 
34509 
27541) 
79089 

Dec 
18207 

18207 

-----
21498 
34713 
27~ 

838e5 

IIIIJIInce Required -118274 -71271 -811574 -58882 -31594 -13440 -2S5!15 -27155 -20318 -37812 -831112 -8l5e58 

l~BINE OUlPUT __ AIIERAGE KW 

I::: I Turbine Qulpll! - ~ 

- - - - - - - - - - - -
- - - - - - - -- -- .- - -

-'""- - - - - - - - - - - -
- - - - - - - - - - - -
-- -

----
- - - - - - - - ~ ... 

~ 
- - - - - - - - - - -

TUrb6c 88.""'_ 1l:i21 8810 10949 15885 219l!1 - - 28831 15887 9835 8712 

Turb S3c 88.S 8992 9542 11388 .2372i - 18388 18253 12832 18777 8928 8788 

Telllli QlnMns TUID OUtput 1_ 1~13 1915! 22317 38810 219l!1 18388 18253 39B83 34883 17782 17500 

IIIIJIInce Required -85143 -887114 -85725 -80IIII9 -71173 -3lI386 -469J3 -43408 -!58IJ79 -72475 -8OIIa4 -83159 

GT Capabllly@ FulIl.cad 71785 71221 70317 88746 87421 87123 71221 

GAS TURBINE OUlPUT - A~ :RAGEKW 

Gas TurbllM' Output - ~w 

._- - ... -- -- -- -- - - - - -
- - - - - - - - - - - -
- - - - - - -

---- ----
~- - -

- - - - - - - - - - - -
- - - - - - - - - - - --

IGT-eFA 71785 71221 7031~ 88748 67421 - 85685 eeoo;) 87123 886C9 700E1l 71221 

lOla! GT OUtput (KW) 71711) 712a1 7W17 68746 674i!j - - 660W 67123 6II6C9 700E1l 71221 

IIalanc:e Required (KW) -156927 -IS11lO4 -15«143 -149745 -1385S9 -353!18 -113118 -1011458 -127102 -141084 -150993 -154379 

Hours In Period 744 872 744 720 744 720 744 744 720 744 720 744 

BeIance RequlJed (MWH) -1187!54 -108179 -1111l96 -107616 -101396 -2M64 -809154 -77rl!J7 -91514 -97045 -108715 -114856 

PmcHASED POWER 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 

Peak Demand KW 
Demand Cha!ge - SIKW 
Energy Charge - CenIB.IKWt 0.02119 0.02119 0.02119 0.0233 0.0233 0.0233 0.0233 0.0233 0.0233 0.02119 0.02119 0.0219 

Demand Charge - $(000) 

Energy Cha!ge - $(OOCt 

Total - $(ooc.t 

PCMERSALES 
Energy CJedIt - Cents/KWH 0.0310 0.0310 0.0310 0.0226 0.0226 0.0226 0.0226 0.0226 0.0226 0.0310 0.0310 0.0310 

Energy Credit $(000) 3040.5 2785.1 3023.4 2433.4 226&5 574.7 1627.1 1739.2 2085.5 2527.2 2831.2 2991.1 

GAS TURBINE 
Percent Load 

Percent Load 

GT eFA 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

Intell1ola1ed Fuel Flow - MMBTU 

Fuel Flow - MMBTU 

12311 

12311 

1.015 
1.015 

758450 

28108.9 

GT-eFA 523297 469£92 514768 489755 498892 490502 491401 481Zl4 505331 488785 520017 5481823 

Total 523297 469£92 514768 489755 498892 490502 491401 491Zl4 505331 496785 520017 

11,128 
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TPS Sofla - Case 3 - Alternate 
ELECTRIC GENERA llON, NET POWER INTERCHANGE AND GAS TURBINE FUEL COST - YEAR 2010 

WINTER SUMMER WINTER 

GAS TURBINE 
InIieTOoiaIed Exhaust Temoerature of 

Exhaust Temoersture of 

GT-SFA 10118 1088 1091 1098 1101 1107 1108 1102 1097 1092 10118 

IntllrpolldBd Exhaust Flow M#/Hr 

Exhaust Row M#/Hr 

- - - - - - - - - - - -- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -- - - - - - - - - - - -

GT-8FA 1578.8 1588.7 1555.8 1533.2 1514.4 - 1492.5 1494.8 1510.1 1531.2 1552.0 1588.7 

Available Exhaust Heat MMBTU/Hr 

Exhaust Heat MMBTU/Hr 

GT-SFA 383.199 3112.091 360.293 357.329 354.841 351.879 352.200 354.284 357.072 359.795 3112.091 

Steam Available - MWf)er Hour /Without Supplementary FIring) 
Enthalp~ 

RI .. ToIa! Steam Available without Supplementary Firing MW/Hr 
3.412 - - - - - - - - - - - -
3.412 - - - - - - - - - - - -
3.412 - - - - - - - - - - - -
3.412 - - - - - - - - - - - -
3.412 - - - - - - - - - - - -

HRSG#1 3.412 108.447 108.123 105.596 104.727 103.998 - 103.130 103.224 103.829 104.852 105.450 108.123 
108.447 108.123 105.596 104.727 103.998 103.130 103.224 103.829 104.852 105.450 108.123 1153.3 

Steam Supplied from Supplemental Firing - MW per Hour 

HRSG#1 

Utilized HRSG Energy MW per Hr 

HRSG#1 

Electric Output Ratio 
Utilized Heat RatIo 

---
--

35.339 
35.339 

-----
141.8 
141.6 

33.8% 
88.4% 

-
----
35.883 
35.883 

----
-
141.8 
141.8 

33.4% 
88.8% 

Steam Relection - Avg MW r o Cooling To_O -Capeclt) 
From Condensing 200.000 32.9 30.5 
From Gas Turbine 200.000 - -

Total 32.9 30.5 

SU~plementarv Firln Ene~lnp_ut K MMBTU 

- -
- -
--- -

HRSG#1 89708 81nl 

Supplementary Firing Fuel Cost (Gas) 
UnK Cool 
SIMM8TU 

- -- - -- - -
- - -
- - -

HRSG#1 2.03 182 188 
Total 182 188 

-
----
38.190 
38.190 

-----
141.8 
141.B 

3302"-
88.B% 

37.3 
-

37.3 

---
-
91870 

-
-
-
--

188 
188 

Steam SupPfied from Supplementary Firing - MW per Hour 

---
--
37.059 
37.059 

---
--
141.8 
141.8 

32.1"-
67.3% 

43.5 
-

43.5 

-----
91040 

-----
185 
185 

--
-
-
-
37.788 
37.788 

--
--
-
141.8 
141.B 

3202"-
67.8% 

- - -- - -- - -- - -- - -- 38.858 38.582 
38.858 38.582 

HRSG Ener IY Utilized - MW/Hr 

------

--
---
141.8 
141.8 

31.1"-
88.3% 

-----
141.8 
141.8 

31.8% 
8802"-

Steam Rejection - Average MW 
78.1 40.0 38.0 33.B 

- - -
78.1 40.0 38.0 33.6 

- - --- - -- - - -- - - -
95926 - 98130 97891 

Sup~lementary_FlrlngFuel Cost $(000) 

- - - -- - - -- - -
- - - -
- - -

195 - 199 199 
195 199 199 

-
----

37.957 
37.957 

-----
141.8 
141.8 

32.1% 
67.9% 

75.5 

75.5 

-
---
93247 

-
--
-
-

189 
189 

---
--

37.134 
37.134 

----
-
141.8 
141.8 

32.8% 
67.4% 

67.B 

-
67.8 

-
-
94266 

---
191 
191 

-
-
---
38.338 
38.336 

--
---
141.8 
141.8 

33.1% 
88.9% 

34.6 

-
34.B 

--
---
89265 

--
--

181 
181 

-
----

35.883 
35.883 408.3 

-----
141.8 
141.8 15511.8 

33.4% 
88.8% 

34.1 

-
34.1 

----
-
90532 

-
--
--

184 
184 2057.70 
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TPS Sofia - Case 3 - Alternate SUPPlEMENTARY DATA - YEAR 2010 

WINTER SUMMER WINTER 

A\/8I1lge MW utilized before Incremental MWe and Rejection - Cogen Unl1s On~ 

- - - - - - - - - - - -
- - - - - - - - - - - -

Turb6a 7.9 26.3 - - 48.5 - 33.3 ~.5 34.1 - - -
- - - - - - - - - - - -
- - - - - - - - - - -

Turb6 181.0 164.6 133.3 1M.4 - 44.7 - - - 45.5 113.7 141.7 

Turb6b 136.3 136.4 130.7 122.0 73.5 SO.6 42.6 36.4 - 89.9 135.7 136.5 

TurbS3a 114.7 114.1 112.4 106.7 66.6 - 85.1 91.7 102.2 83.9 114.3 114.7 

BASIS TOIII_ 

MaxImum S1Bam Flow - MW KWI IIW - - - - - - - - - - - - -
- - - - - - - - - - - - -
- - - - - - - - - - - - -
- - - - - - - - - - - - -
- - - - - - - - - - - - -
- - - - - - - - - - - - -

Turb6c 50000 - 167.2 181.2 158.0 153.1 156.0 112.8 31.2 26.6 110.3 135.0 160.8 161.3 

TurbS3c 385QO 141.6 141.8 141.8 141.8 141.8 141.8 - 141.8 141.8 141.8 141.8 141.8 141.8 

Ea1abllllh_ QQgen Unit Incremen1a1 MW lID Condenslna Turbine & Cooling TOW8!l 

Steam 10 Condenling Turbine - A\/8I1lge MW (Maximum Steam lees S1Bam Utilized for Prccees and Hot Waten 

- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

Turb6c 22.9 18.5 27.3 31.1 45.1 82.3 - - 76.2 45.1 25.1 24.7 

TurbS3c 27.1 27.7 ~.4 35.1 73.2 - 56.6 SO. 1 39.6 57.9 27.5 27.1 

SO.O 48.2 56.7 66.1 118.3 82.3 56.6 SO. 1 115.8 103.0 52.6 51.8 

MaxImum Hours lJtIe 

MaxImum Hours lJIIe 

8oI1er#7 - - - - - - - - - - - -
HWB4-6 744 672 645 285 - - - - - 37 694 744 

Turb6a 744 672 - - 744 - 744 744 720 - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

Turb6 744 672 744 720 - 720 - - - 744 720 744 

Turb6b 744 672 744 720 852 720 470 271 - 539 720 744 

TurbS3a 744 672 744 720 744 - 744 744 720 744 720 744 

A\/8I1lge Lead - MW 

A\/8I1lge Lead - MWt 

8oI1er#7 - - - - - - - - - - - -
HWB4-6 223.5 204.8 120.9 47.0 - - - - - 48.3 114.0 99.7 

Turb6a 6.7 22.3 - - 39.5 - 28.3 25.0 ~.O - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

Turb8 155.4 159.0 112.6 60.0 - 39.2 - - - 39.9 96.2 119.7 

Turb6b 101.1 101.2 97.0 BO.5 54.5 37.5 31.7 27.0 - 66.7 100.7 101.3 

TurbS3a 66.6 66.1 64.9 60.8 53.0 - 85.1 69.8 77.5 64.1 66.3 66.6 

Average Lead - Mlb/Hr 
BASIS 

MBTU/lb A\/8I1lge Lead - Thoueand Pounds per Hour 

- - - - - - - - - - - -
- - - - - - - - - - - - -

1.1218 20.5 67.9 - - 120.1 66.1 76.2 88.1 - - -
- - - - - - - - - - - -
- - - - - - - - - - -

0.9790 541.5 554.1 392.5 279.0 - 136.6 - 138.9 335.4 417.1 

0.9601 352.0 352.3 337.6 315.1 189.9 130.7 110.4 94.0 - 232.1 350.6 352.7 

0.9686 305.1 303.5 299.1 284.6 188.6 229.2 245.9 273.0 225.9 304.0 305.1 

A\/8I1lge Lead - % 

Average Lead - Percent 01 Rated Capac tv 

Boiler #7 - - - - - - - - - - - -
HWB4-6 64.2% 58.6% 34.7% 13.5% - - - - - 13.3% 32.8% 28.7% 

Turb6a 4.0% 13.4% - - 23.7% - 17.0% 15.0% 17.4% - - -
- - - - - - - - - - - -
- - - - - - - - - - - -

Turb8 77.7% 79.5% 58.3% 40.0% - 19.6% - - - 19.9% 48.1% 59.8% 

Turb6b 99.8% 99.9% 95.7% 89.3% 53.8% 37.0% 31.3% 26.7% - 85.8% 99.4% 100.0% 

TurbS3a 100.0% 99.5% 98.0% 93.3% 61.2% - 75.1% 80.6% 89.5% 74.1% 99.6% 100.0% 



I TPS Sofia' case 3· Alternate 
SlPPLEMENTARY DATA - YEAR 2010 

I 
WINTER SUMMER WINTER 

Staam SUDDIY - Percent of 0UtDut and To1&l Coat 

I 
Percent of T 01&1 0uII ut 

Boller #7 4.0% 12.3% - - 25.3'1{, - 46.9% 58.6% 26.3% - - -
HWB4-8 - - - - - - - - - - - -
Boller #8 4.0% 12.3'1{, - - 25.3'1{, - 46.9% 58.6% 26.3'1{, - - -

- - - - - - - - - - - -
- - - - - - - - - - - -

Blr#9 65.2'lb 64.0% 58.6% 87.5% - 66.6% - - - 79.8% 55.4% 80.5% 

- - - - - - - - - - - -
HRSG#1 1 GT - - - - - - - - - - - -I 

Coat of Steam SU~ 

I 
Gas 724 735 453 358 22S 217 1153 146 162 211 3S3 49B 4,250 

011 45 46 28 22 14 14 10 9 10 13 22 31 266 

Ugnlte 
Coal 

OIherExp 95 95 59 46 29 30 21 19 23 29 45 65 557 

To1&l 663 876 540 428 272 281 194 177 195 253 421 594 5,(fl2 

I Hotwa1llr SUDDIY - Percent of OUtDutand To1&l Coat 

Percent of T 01&1 9utI: ut 

Boller #7 80.5% 55.9% 81.4% 59.1% 30.6% 33.3'1{, 33.2'lb 23.0% - 49.4% 82.6% 62.8% 

HWB4-6 100.0% 100.0% 100.0% 100.0% - - - - - 100.0% 100.0% 100.0% 

Boller #8 80.5% 55.9% 81.4% 59.1% 30.8% 33.3% 33.2'lb 23.0% - 49.4% 82.8% 62.8% 

- - - - - - - - - - - -
- - - - - - - - - - - -I 

Blr#9 20.8% 22.2'lb 25.9% 17.3% - 1.0% - - - 7.7% 29.3'1{, 23.9% 

- - - - - - - - - - - -
HRSG#1 1 GT 81.1% 80.8% 59.9% 57.0% 37.4% - 45.9% 49.2'lb 54.7% 45.2'lb 80.9% 81.1% 

I Coat of Hot We1llr SUg 
Gas 2858 2494 2108 1388 728 212 B64 647 837 B64 2090 2118 18,780 

011 131 113 65 43 17 13 7 4 20 65 65 804 

Ugnlte 
Coal 

OtherExp 283 249 208 134 74 27 80 58 51 B3 208 208 1,640 

To1&l 3,270 2,657 2,400 1,543 818 253 732 707 889 966 2,381 2,410 19,025 I 
EIectrk: Su~ - Percent of~and To1&l Coat 

I 
Percent of T 01&1 Cull: ut 

Boiler #7 35.5% 31.8% 38.8% 40.9% 44.1% 66.7% 19.9% 18.4% 73.7% 50.8% 37.4% 37 .2% 

HWB4-6 - - - - - - - - - - - -
Boller #6 35.5% 31.8% 38.8% 40.9% 44.1% 66.7% 19.9% 18.4% 73.7% 50.8% 37.4% 37.2'lb 

- - - - - - - - - - - -
- - - - - - - - - - - -

Blr#9 14.2'lb 13.9% 15.5% 15.2% - 12.4% - - - 12.5% 15.4% 15.8% 

- - - - - - - - - - - -
HRSG#1 1 GT 38.9% 39.2% 40.1% 43.0% 62.8% - 54.1% 50.8% 45.3% 54.8% 39.1% 38.9% I 

~ of Electric SU~ 

I 
Gas 978 875 966 937 1153 452 716 654 9B3 966 900 957 10,553 

011 31 27 30 27 25 28 4 3 28 20 27 30 280 

Ugnlte 
Coal 

OtherExp 98 87 94 91 115 58 83 58 108 94 87 93 1,040 

I 
To1&l 1,102 988 1,090 1,055 1,293 538 7B3 713 1,118 1,099 1,014 1,080 11,873 

I 
I 

I 
I 
I 
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9.1 

INVESTMENT PROGRAM AND 
FINANCIAL STRATEGY 

INTRODUCTION 

At the current time, the Country of Bulgaria is experiencing the transition from a 
socialized form of Government, to that of what could be called a quasi-capitalistic 
society based on democratic principles. Previously all planning was done on a 
centralized basis with investment funds provided by Government. 

For the situation facing the Municipal District Heating Systems of Sofia and Pernik, 
the government no longer has the resources to adequately supply all sectors of the 
economy with funds for refurbishment, renewal, or new facilities. It is now a case 
of each sector competing for funds from a variety of sources. 

During the conduct of this assignment, many discussions were held with 
representatives of the District Heating organizations, and with the Committee of 
Energy about the funding sources available. BaSically, the District Heating 
Companies prepare a budget, which is submitted to the Municipality, and then the 
Municipality request subsidies from the Government for the expected shortfall in 
revenues. 

At the current time, resources are limited for use in actually providing for the much 
needed capital to build new facilities, or in fact, provide funds for required capital 
funds for maintenance. Indications are that the expected shortfall for the 
upcoming year is well beyond the available funds that Government is willing to 
provide. 

Under these conditions there are limited options that the District Heating 
Companies can pursue for the betterment of the Systems. However, given the 
need for the Heating Systems to provide for the citizens of Sofia and Pernik, 
investment programs has been proposed around the technical requirements of the 
system in the long-run. 

Gilbert/Commonwealth International, Inc. 
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9.1.2 

GOALS AND OBJECTIVES 

The economic analysis presented herein has identified the least-cost program for 
the next 15 years for each of the four districts in Sofia and for Pernik. This 
program has assumed a level of demand and the technical assets required to 
meet that demand. It consists of a combination of existing and new facilities. The 
question now facing the Management of the District Heating Companies and 
Government is how to secure the funding, both for capital expenditures and 
operating costs over the period in question? 

The investment program proposed is highly dependent on the ownership options 
pursued by the Authorities in charge. At this point in the transition period facing 
the Country of Bulgaria, three primary ownership options are currently available for 
the District Heating Companies. These ownership options include the following: 
(1) Continued Municipal ownership and operation; (2) a move toward private 
ownership by either the citizens of the municipality or private investors from either 
within the country or from others outside Bulgaria; or (3) project ownership 
requiring project financing for all or parts of the least-cost program. 

During subsequent discussions presented in this section, each ownership option 
will be discussed in detail. The positive and negative aspects of each will be 
presented and a final recommendation made after the financial analysis is 
conducted. 

As presented herein, the several financing options available to the District Heating 
Companies must be evaluated separately in order to provide clear-cut direction to 
the organizations involved. Based on the economic evaluation conducted 
previously the program(s) determined to provide the least-cost alternative for each 
District has been identified and discussed in detail in the Economic analysis 
Section. This program must now be presented under the selected financing 
scheme described above. The actual benefit to the consumers, the Municipalities, 
and possible ownership structures are presented in subsequent Sections. 

In order to present the findings of the financial analysis, a computer model was 
developed to present the results of the analysis for each of the districts under 
evaluation. At the request of the European Development Bank, Sofia District 
Heating Company was split into the four main areas of the City and treated as a 
separate entity for the purposes of this evaluation. 

SCOPE OF WORK & LIMITATIONS 

After review of the ownership options available to the District Heating Companies, 
a financial analysis was carried out to show the impact on revenues to each of the 
districts in Sofia and for Pernik. The analysis was conducted using the information 
developed in the Technical and Economic Sections of the Report. A number of 
alternatives were developed for each district in the technical section, and 
evaluated as part of the economic analysis. A least-cost solution was selected 
from the alternatives evaluated in the economic section, and this program was 
then evaluated as part of the financial analysis. 

As previously stated, a computerized financial model was developed specifically 
for this project to ensure that each district would be evaluated on the same basis. 

Gilbert/Commonwealth International, Inc. 
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9.1.4 

Capital costs were determined as part of the technical structuring of the 
alternatives capable of meeting the demands on the systems. Likewise, operating 
costs were determined using a model which synthesized the operations of each 
system. In this manner, fuel and O&M costs were developed which would meet 
the hourly demands of the system on a minimum cost basis. 

The capital and operating costs were then transferred to the financial model and 
an investment program structured to pay for all new capital expenditures and to 
determine the amount of revenue requirements that are faced by each of the 
Systems over the study period. Inflation and exchange rate deterioration were 
factored into the analysis in order to present the results in current Leva amounts. 
The question to be answered by the results of the financial analysis is whether the 
District Heating companies can in fact afford to proceed with the least-cost 
development program structured from the technical and economic analysis. 

ORGANIZATION OF SECTION 

The Financial and Investment Program Section includes a discussion on the 
ownership options currently considered available to the District Heating 
Companies; a brief discussion on the organizational aspects of the Companies as 
it relates to the ownership option selected; a discussion on the input data required 
for the analysis; a description of the computer model developed for this analysis; 
the results of the analysis; and the conclusions and recommendations. 

In addition, since the financial analysis and investment programs are structured 
around the four systems which comprise Sofia (TPS Sofia, Liulin, Trajco Kostov, 
and Zemliane) and Pernik, separate discussions on each will be presented in this 
Section. 

ASSUMPTIONS 

During the conduct of the financial analysis, a number of assumptions had to be 
made regarding the data utilized and the structure of the analysis itself. Inherent 
in the analysiS is the primary assumption that capital funds will be available for the 
replacement, enhancement, or addition of new facilities for each of the systems. 
Also, the analyze was presented in current Leva which requires estimates on 
inflation for both the world economy and specifically for Bulgaria. All amounts 
shown in the evaluation are in Leva requiring conversion of U.S. dollars to Leva 
based on an estimate of the exchange rate each year of the analysis. 

Following is a brief description of each of the assumptions utilized during the 
conduct of the financial analysis: 

1. Study Period - The evaluation period was from 1994 through the year 201 O. 

2. Inflation Rates - A separate estimate was made for both foreign and 
domestic inflation. The foreign estimate was derived from recent World Bank 
projections regarding inflation in the developed countries, while the domestic 
inflation was estimated from discussions with Bulgarian experts. It is believed 
that the domestic inflation figures are somewhat optimistiC based on the 
current trends, but the intent is in using the inflation figures to derive 
reasonable expectations in the revenue requirements of the systems and to 

Gilbert/Commonwealth International, Inc. 
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indicate the level of revenues that must be generated by the systems to cover 
all expenses. 

3. Ownership Structure - The ownership structure utilized for the financial 
analysis was assumed to be that of municipal ownership. Further discussion 
on that selection will be presented later. 

4. Interest rates - For all foreign loans, the interest rate was assumed to be 8%. 
Domestic loans were assumed to be 40% throughout the study period. 

5. Tenns and duration of Loans - All foreign loans were assumed to be for 
20 years with a five year grace period beginning with the initiation of the loan. 
That is, the principal payments will commence five years after the loan is 
originated unless otherwise noted. Domestic loans were assumed to be for 
five years, with principal payments beginning the year after origination. 

6. Depreciation on Assets - As of 1993, the District Heating Company of Sofia 
had Assets valued at about 4.2 billion Leva. Since each of the districts was 
analyzed separately, that total was allocated on a percentage basis based on 
the 1992 balance for each of the areas. Pernik was assumed to have 
depreciable assets of about 867 million Leva as shown on the budgeted 
balance sheet for 1993. These assets were then added to the new facilities 
and depreciated at 5% unless a greater amount was needed to repay loans 
outstanding. 

7. Taxes - Since the municipalities are in effect a private enterprise from the 
Governments standpoint, they are subject to taxes at a 42% rate on income 
derived from the sale of hot water, steam, and electricity. 

8. Revenue Requirements - Based on the expenses and loans outstanding for 
each of the systems under evaluation, a revenue amount is calculated to 
cover all cash requirements of the system. The split between hot water and 
steam was done on the basis of energy content. 

9. All amounts shown on the Exhibits are in thousands of Leva. 

DISCUSSION OF INPUT DATA 

INTRODUCTION 

As a result of the technical and economic analysis conducted for the District 
Heating Companies of Sofia and Pernik, a program for upgrading the existing 
system was judged to provide the least cost alternative for supplying the heating 
needs of the consumers in those cities in the foreseeable future. This was 
considered to be the minimum program given the current financial condition of the 
companies. 

Given the institutional, managerial, and technical constraints existing in Bulgaria 
at the present time, the proposed investment program focuses on the continued 
municipal ownership of the District Heating entities. Until and when free market 

Gilbert/Commonwealth International, Inc. 
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conditions are commonplace in Bulgaria; when direct subsidies are replaced with 
prevailing market pricing for basic commodities; when regulatory and institutional 
guidelines are in place for the active participation of private venture entities; then 
the financial alternatives will become available for future investment opportunities. 

In the following Sections of this Report, discussions are presented on the details of 
the financial analysis and the investment program structured to upgrade the 
existing systems. Overriding the technical need for replacement of antiquated 
plant and equipment was the realization that the financial conditions facing the two 
companies are of such a nature to preclude investments beyond a certain level at 
this point in the changeover in the political arena. 

As part of the analysis presented herein, the District Heating Company of Sofia 
was split into the four Districts of Sofia, Liulin, Zemliane, and Trajco Kostov. The 
District Heating Company of Pernik was treated as a single entity for financial 
purposes. One of the reasons for splitting the Sofia District Heating Company into 
the four areas was to provide financial entities with a specific package of 
investment that would not be lost within the greater scope of the entire company. 
In this manner, specific fundable programs are identified for the ease of the 
financial institutions. 

GENERAL DATA DEVELOPMENT 

Key to the structuring of any investment program is the assumed criteria to be 
used in the analysis and the development of that information as it impacts the 
analysis itself. The factors that will influence decisions on the level of investments 
include: (1) estimates of inflation rates for both foreign and local inputs; (2) foreign 
exchange levels throughout the analysis; (3) operating expenses; and (4) the 
revenue required to support the investment program. 

All of the items listed are subject to change over time from that presented herein. 
That said, it behooves the analyst to present the best estimate at the current time 
given the conditions known and the possibility of minimizing the chance that 
change will affect the outcome of the analysis. 

9.2.2.1 Inflation Rates 

For the purpose of this analysis, both foreign and domestic inflation rates have 
been estimated in order to present the results of the analysis in current Leva. In 
the economic analysis only real growth in the systems was treated as cost changes 
in the analysis. In the financial analysis, inflation is introduced for the various 
commodities associated with both capital and operating costs, primarily through 
the use of the exchange rate deterioration of the Leva to the u.S. dollar. 

The differential in inflation rates between domestic and foreign inflation is used to 
calculate a current exchange rate for the Leva. Since capital and operating costs 
have been estimated in u.S. dollars, foreign inflation is applied to each estimate 
and then the current exchange rate is used to present the results in current Leva. 
Exhibit 9-1 under the specific District provides the details of those calculations. 

The World Bank projections of foreign inflation serve as the basis for foreign 
inflation. Domestic inflation has been estimated based on the current situation in 

Gilbert/Commonwealth Intemational, Inc. 
9-5 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

DISTRICT HEATING FEASIBILITY STUDY 
INVESTMENT PROGRAM 

AND FINANCIAL STRATEGY 

Bulgaria, with a general decline in subsequent years as the economy makes the 
changeover to market based economic decisions. If domestic inflation is not 
brought under control, the estimated revenue requirements from the sale of steam, 
hot water, and electricity will necessarily be greater by the amount of the 
difference in inflation rates. 

9.2.2.2 Capital Cost Estimates 

Under the Baseline scenario, minimum expenditures are projected in order to keep 
the systems operating throughout the study horizon. The details of those criteria 
are presented in the technical portion of this Report. 

The annual capital expenditures have been estimated in constant 1993 U.S. 
dollars for each year of the study. These constant dollars are then converted to 
current Leva via the mechanism described in the previous Section. 

9.2.2.3 Operating Expenses 

For each of the Districts under review (Pernik and the four systems in Sofia) 
operating expenses have been estimated through the use of a computerized 
production model designed to meet the needs of the systems in the least cost 
possible. Those costs were estimated in constant U.S. dollars and then converted 
to current Leva as described above. 

For those systems which produce electricity for the national grid, the sale of that 
electricity is treated as an operating revenue for the system. The cost to produce 
that electricity is included in the various expenses presented in the analysis. In the 
first Exhibit under each of the individual Districts, the capital and operating 
expenses are presented in their various forms for review. 

9.3 DESCRIPTION OF MODEL 

The financial model developed for the evaluation of investment programs for each 
of the five systems is done in Lotus 1.2.3 Version 3.1, and is comprised of six 
separate areas or spreadsheets interconnected to each other. The six 
spreadsheets are as follows: 

1. General Data Development - In this area, beginning at the top, the inflation 
estimates are presented for both foreign and domestic price increases. As 
shown for each of the five systems, these inflation figures are common to the 
analysis. Following the presentation of inflation estimates is a section 
whereby the inflation figures are compounded in order to develop a foreign 
exchange ratio which is used to develop the exchange rate between the Leva 
and the U.S. dollar. To determine the current exchange rate utilized in the 
analysis, the base exchange rate of 32 Leval dollar is multiplied times the 
Forex ratio to give the current years exchange rate. 

Since the capital cost estimates were made in constant 1993 dollars, the next 
portion of the spreadsheet converts the foreign capital costs from 1993 
dollars to current year estimates in Leva by first escalating the expenditure by 
the compounded figure for foreign inflation and then multiplying times the 
current year exchange rate. For domestic expenditures, the dollar estimate 
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was converted to 1993 Leva by multiplying the dollar amount by 32 Leva. 
The resulting amount was then multiplied by the compounded domestic figure 
for inflation. Operating expenses were likewise first estimated in 1993 U.S. 
dollars, and converted to current Leva by multiplying the 1993 amount by the 
foreign inflation figure and then multiplying the resulting figure by the 
estimated exchange rate. 

The resulting figures for capital expenditures are then transferred to the next 
spreadsheet which is used in developing the investment program for the 
system. The operating costs are transferred directly to the Income Statement 
which is another separate spreadsheet. 

2. Projected Investment Program - The next spreadsheet is utilized to develop 
a specific investment program for each of the systems. The capital 
expenditures are presented at the top of the spreadsheet for both foreign and 
domestic expenditures. For each system an investment program is 
structured independently based on the level of expenditures and the timing of 
the expenditures. The next section of the spreadsheet shows the series of 
loans structured to meet the foreign capital requirement. Provisions were 
made in the model to allow for four series of loans over the study period for 
foreign expenditures. At the bottom of the top section of the spreadsheet is 
the estimated amount for all local or domestic capital requirements. 

Underneath the Projected Investment Program section is a section which 
shows the capitalization schedule and the application of funds. Inherent is 
this spreadsheet is the fact that interest is capitalized during the first year of 
investment, and is added to the amount of the loan. Likewise, a commitment 
fee for the foreign component is added in the event that the loan is longer 
than a year. 

The top portion of the lower section shows the available capital funding for 
both foreign and domestic loans. The next section shows the utilization of the 
proceeds, followed by the calculated amount for interest. When a project 
takes longer than a year, it is considered to be construction work in progress, 
and is not closed to the plant accounts until it becomes commercial. 

The annual amounts for both foreign and domestic loans are transferred to 
the next spreadsheet, while the amount closed to plant is used in calculating 
depreciation expenses and is likewise transferred to the Balance Sheet. 

3. Debt Service Schedule - The next spreadsheet provides the details on each 
loan shown in the previous spreadsheet. At the top of the spreadsheet are 
the balances and interest and principal payments made for each foreign loan. 
Under the foreign loan calculations are those of the domestic loans. Each 
loan is considered to be of equal payments for the length of the loan. At the 
bottom of the spreadsheet is a summary of all loans outstanding. The 
interest amount shown is transferred to the Income Statement, while the 
principal payments are shown in the Cash Flow Statement. 

4. Income Statement - All items on the Income Statement are transferred from 
previous spreadsheets except for the revenue calculations and the provision 
for taxes. Revenues are set to cover all operating expenses, debt service 
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9.4 

9.4.1 

and taxes, and still provide the system with minimum amounts of cash flow at 
the end of the year. As described previously, the split in revenues between 
hot water and steam is based on energy content. 

5. Analysis of Cash and Cash Balances - In this spreadsheet, the adjusted net 
income from the Income Statement is transferred over, and all uses of funds 
are accounted for. Principal payments are transferred from the Debt Service 
Schedule along with the cash receipts from financing. Capital expenditures 
are transferred in from the Investment program. Separate calculations are 
made for the change in working capital. Maintenance spares are estimated at 
2% of the maintenance expense shown on the Income Statement, while 
Accounts Receivable are based on 6% of the previous years revenue 
amounts. Accounts payable are estimated at 6% of the fixed and variable 
O&M amounts. The change in working capital is calculated each year and 
included in the Cash Flow Statement. The ending cash balances are then 
transferred to the Balance Sheet. 

6. Balance Sheet - The final spreadsheet is completely filled in from previous 
spreadsheets and is presented as a balancing spreadsheet to ensure that all 
items are accounted for in the financial structure. The only item to note is the 
amount of Paid in Capital which is the amount of assets carried forward from 
previous years. That amount is likewise included in the Plant in Service 
amounts under the Asset portion of the Balance Sheet. 

ANALYSIS AND RESULTS 

INFRASTRUCTURE ANALYSIS 

Following is a discussion on the various aspects of the organizational framework in 
Bulgaria which influences actions conducted by the District Heating Companies. 

9.4.1.1 Regulatory Requirements 

There is a limited amount of regulatory oversight apparent in Bulgaria. Much of 
the power over the Municipal Heating Systems lies with the Committee of Energy 
and the Cabinet of the Government of Bulgaria through the setting of prices that 
the Systems can charge to the consumers. This has led to a continuing shortfall in 
the revenues to allow the Heating Systems to adequately maintain and improve 
their facilities. 

In 1992, by Cabinet decree, the long-term debts of the Sofia and Pernik District 
Heating Systems were remitted. While this resulted in an obviously stronger 
balance sheet, this is but a symptom of the financial problems facing the country 
as a whole. Short-term loans are being used to purchase fuels and provide for 
maintenance to the System. Bad debts are on the rise as consumers are unable to 
pay for the services provided. The lack of legislation over sanctions for bad debts 
is likewise a major concern of the management of the District Heating Companies. 

The financial program selected for the continuous development of the Systems will 
be monitored by the financial institutions providing the funds, and they will insist on 
major oversight authority of the Committee of Energy and the Cabinet in future 
years. However, those organizations must respond with appropriate guidelines, 

Gilbert/Commonwealth International, Inc. 
9-8 



I 
I 
I 
I 
,I 
I 
I 
. 1 
f 
I 
I 
I 
I 
I 
I 
I 
I 
I' 
I 

DISTRICT HEATING FEASIBILITY STUDY 
INVESTMENT PROGRAM 

AND FINANCIAL STRATEGY 

and if necessary, new legislation to insure adequate financial resources 
independent of the Government. The financial plan should be approved at the 
highest level of regulatory authority. 

Consideration might be given to the establishment of a regulatory body at the 
municipal level to provide the guidelines for pricing and policy matters. Adequate 
review of operations and financial status at the local level would provide 
management with the required guidance during the anticipated reform period as 
subsidies are removed. 

9.4.1.2 Budgetary Constraints 

As previously mentioned, the current budget requirements of the District Heating 
Systems are woefully inadequate to meet the capital and operating needs of the 
Systems. Revenue projections are about one-third of the needs anticipated for the 
heating season in 1993-94. Unless a program designed to meet the financial 
requirements of the systems is approved, then further deterioration in facilities and 
manpower will lead to the complete collapse of the heating companies . 

Short-term borrowings are now used for both fuel and maintenance. This should 
be eliminated as quickly as possible, with borrowings only used for replacement 
equipment. In this manner, the assets can be used as collateral for local 
expenditures of a capital nature. The budget should recognize the cost of 
production at the District Heating Companies, and the revenue budget reflective of 
that cost. When revenues fall far short of just the production costs, major effort 
has to be placed on conservation and adequate rate relief or the organization and, 
ultimately, the consumers suffer. 

Starting in heating season 1994-95, a concise budgetary process should be 
implemented for both Sofia and Pernik District Heating Companies. The need for 
such a program would be beneficial in securing much needed capital funds for the 
proposed least-cost program. Otherwise, no financial institution would be willing to 
provide funding for the program. 

Given the current budgetary constraints imposed on the Systems by Government, 
it is not likely that any program will be able to be implemented. Therefore, it is 
critical to get adequate Government assurances that they will raise tariffs to a level 
to support the program over the period of the financial plan. This also assumes 
that Government is willing to bear the risk of any devaluation of the Leva. 
Immediate discussions should be held with Cabinet by the Committee of Energy 
and the management of the District Heating Companies to get rate relief as soon 
as practical. 

9.4.1.3 Environmental Standards 

As documented in many official circles, the need for Bulgaria to impose stricter 
environmental regulations on the utilization of its energy forms is likewise a matter 
of priority. The lack of adequate funds to accomplish both the clean-up of the 
older plants and the need to modernize cannot realistically be done all at once. 
Therefore, as part of the least-cost program, the imposition of stricter 
environmental standards is part of the program. Funds are available from various 
development organizations for cleaning up the environment. One example is the 
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Global Environmental Fund set up by the World Bank. Funds from that source 
and others should be pursued to assist in the modernization of the heating 
systems. 

The standards to be applied during the implementation of the proposed program 
are documented in the technical sections of this Report. The phased in 
implementation of the environmental standards will force the major polluters to 
recognize that this too is a cost of doing business. 

9.4.2 ORGANIZATIONAL REVIEW 

A cursory review of the organizational structure currently in place in Bulgaria which 
impacts the operations of the District Heating Companies was conducted as part of 
the overall effort to determine the least-cost development program. As with any 
Government controlled business, there is an element of politics involved which has 
the potential to either promote or hinder the efficiency of the organization. 
Following are brief discussions on the various elements affecting the operations of 
the organizations. 

9.4.2.1 Government Interface 

The management of the District Heating Companies report to the Municipality in 
which they provide services. The elected officials of the Municipality have the 
immediate authority over the operations and financial well being of the Systems. 
Providing additional authority over the District Heating Companies is the 
Committee of Energy which oversees the supply of energy in Bulgaria. This 
Committee is responsible for setting the prices that each organization pays for its 
energy and the prices that are charged by local distribution companies for all forms 
of energy. It is also understood that Cabinet has a role in the setting of prices for 
the District Heating Companies. This would appear to be too much oversight by 
the authorities in regards to pricing. 

The changeover from Government interference in all aspects of operations for 
District Heating Companies, to one of limited oversight appears to be proceeding, 
albeit at a relatively slow rate. Undoing fifty years of Communist control is not a 
simple process. The willingness of the Government to set policy and pass 
legislation, and then let local authorities and industry proceed, will take more than 
the several years since the breakdown of the previous system of government. 

9.4.2.2 Management Responsibilities 

As with any organization, the Sofia and Pernik District Heating Companies are only 
as good as the people who are charged with managing the assets, the personnel, 
and insuring the financial well-being of the company. Given that the current 
organization is a municipal owned business designed to provide the citizens with a 
baSic need (heat), it is apparent that they are fulfilling that need for the majority of 
citizens connected to the district heating system. There is a concern over the 
ability of any management team to continue fulfilling that need with antiquated 
facilities in dire need of repair, and the need to replace eqUipment and plant with 
new, more efficient plant. The current financial situation has forced management 
to forego much needed repairs to the detriment of the system for the long-run. 
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With the management forced to buy fuel and materials at "free-market" prices, 
while adhering to the desires of Government for fixed prices on the commodities 
they sell, the district heating companies have operated at a loss for the last several 
years. Management and Govemment must leam to operate the systems in a 
manner more consistent with the principles of a free market economy. This is not 
to say that subsidies must be eliminated for those that are truly in need of 
assistance due to the income levels prevailing in Bulgaria today. Heat is a basic 
need of the citizens, and it is the responsibility of Government and Management to 
provide all citizens with this commodity. 

With that as the overall goal of the district heating systems, it is then up to 
management to prepare a detailed program designed to provide heat to those that 
need it at the lowest cost, safely, and in the most efficient manner possible. Once 
the program has been approved, then it is up to Management and Government to 
assure that the financial means are available to meet that goal. The establishment 
of adequate tariffs, designed to recover the actual cost of service is elementary to 
the success of the program. Where subsidies are required, at the consumer level, 
the Government must prioritize its expenditures to meet that need. 

The technical program presented herein, and the financial program designed 
around that program, are but a first step in identifying the ultimate management 
structure for the balance of the decade and beyond. Increased emphasis must be 
placed on the financial management and administration of the district heating 
organizations. 

9.4.2.3 Need For Training 

In the functional area of finance, depending on the future ownership options, there 
should be added emphasis on plant accounting, billing, and tariff and tax 
administration. To some degree this weakness is probably due to the previous 
reporting requirements under the central planning aspects of the Government 
itself. As more sophistication in business is developed, along the lines of private 
companies, even if ownership remains in the hands of the Municipalities, these 
areas of the business will have to be improved. 

Much will depend on new legislation forthcoming from the Government of 
Bulgaria. As tax laws are promulgated, the finance and accounting functions will 
have to improve to provide management with the appropriate information to 
succeed in today's business environment. While some of this information is 
available in books, westem philosophies regarding finance will prevail as long as 
capital funds are secured from western financial institutions. Loan convenience 
will dictate the type of information to be developed in order to satisfy conditions 
imposed by the lending agencies. 

The training needs and computer assisted programs available to assist in the 
development of a first class business organization should be implemented as soon 
as possible. Selected individuals within the organization should be identified to 
pursue the training programs recommended as part of this assignment. 
Fortunately, with guidance from many in the western communities, the training can 
be implemented in a relatively short period of time, at a reasonable cost. 
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9.4.3 OWNERSHIP OPTIONS 

In the following sections, discussions are provided on the ownership options 
considered for the operation of the District Heating Systems under review. The 
three options considered viable under the current and proposed investment 
program to modernize the systems are believed to be limited in their scope when 
one considers the current financial situation facing the systems. 

9.4.3.1 Municipal Ownership 

The continued municipal ownership of the District Heating Company will probably 
result in a continuation of subsidies for an extended period. The pOlitical realities 
facing the Government (both at the local and federal level) mean that the 
consumers will resist any attempt to increase rates to a level where all costs are 
covered by the revenue stream from the sale of hot water, steam, and electricity. 

With the proposed investment program approaching $U.S. 185 million, 
$177 million in foreign exchange funds, and $8 million in local expenditures for 
Pernik and almost $225 million in Sofia ($194 million in foreign exchange funds, 
and $30 million in local expenditures) over the study period, the magnitude of the 
program will severely test the capabilities of both District Heating Companies. The 
primary option available to the Municipality is for the central government to secure 
funding for the forex portion of the program from one of the development banks, 
either I.B.R.D. (World Bank) or the E.D.B. (European Development Bank). The 
local funds can be secured from the Central Bank of Bulgaria or a consortium of 
local banks. At the current high level of interest rates for the local funds, this may 
not be the most beneficial source of funds at this time. 

On the positive side, continued ownership by the local municipality allows for the 
Government to pursue a more relax transition from subsidized pricing to market 
pricing. This mindset regarding public ownership for services such as district 
heating is not uncommon in many countries, including the United States. Due to 
the critical nature of the services provided, many feel it is more appropriate for 
Government to be the owner of the company. . 

Since Government ownership generally foregoes taxes on the enterprise (with the 
possible exception of in-lieu of taxes), and with the ability to finance all or a portion 
of the investment with long-term debt, many also feel that Government provided 
services can be provided at a lower cost than private enterprise. In the case of 
Bulgaria municipal ownership, an income tax is imposed on the business. This 
has not been a factor in recent years due to the losses generated by the 
companies. The backing of the enterprise by Government also results in lower 
interest rates from the financial institutions. The ability of Government to raise 
taxes for designated projects is certainly a positive aspect for lenders. 

On the negative side, municipal ownership is often considered to be less efficient 
than private companies, and with regulatory authority provided by Government in 
an oversight role, many believe that consumers are protected from any rate 
abuses from private ownership. More on private ownership will be discussed in 
later sections of this Report. 
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Another concern facing a continuation of municipal ownership is the current high 
rate of interest at the local level. Short-term borrowings by the District Heating 
Companies are over 50% interest rate for a maximum term of about three years. 
Most development entities will not finance local expenditures. Therefore, while the 
cost associated with local equipment and/or construction may be substantially 
lower, the high cost of lending may actually offset this lower cost. 

9.4.3.2 Private Ownership Options 

As previously mentioned, there are several private initiatives available for 
consideration. One which is currently in vogue in Eastern Europe is the selling off 
of public business through a so-called voucher system whereby vouchers are 
provided to the citizens of the country (under the premise that they were the 
original owners of all state owned property). Then enterprises are offered to the 
public and the vouchers can buy shares in the business. For the most part, the 
existing management team remains in place and actually continues to operate the 
business as before. 

While meeting with some success in the Czech Republic, there is the potential for 
over stating the value of the business, and uninformed citizens, with no previous 
experience in evaluating businesses, can lose part or all of this one time windfall. 
With old line management teams in place, there is no guarantee that the business 
will improve without adequate financing available. This could lead to high cost 
debt and little equity in the business except for generally wornout equipment and 
plant with little or no value to the financial institutions. 

It is believed that a more realistic private scheme is to have qualified international 
firms participate in the ownership of these previous state enterprises. These 
multi-national firms have the expertise and financial strength to take these 
businesses from a subsidized state position to one which provides profit to the 
investors. Arrangements can be made for these firms to take a majority role for 
several years and then a minority position once the business is on its feet from a 
financial standpoint. While this may seem unfair to those taking the risk, it does 
provide government with the incentive to make these types of private ownership 
deals. Otherwise there would be considerable resentment at the local level to 
having part of the local businesses sold off to firms outside the country. 

Under this privatization scheme, there could be considerable technology and 
business transfers to the local economy. The Japanese and Koreans are past 
masters of bringing in multi-national firms to begin the build-up of selected 
industries. After the market is developed and training provided by the 
multi-national, then local entities buyout the majority positions of these firms (as 
opposed to nationalization of assets). In some respects its a win-win position for 
all parties. The multi-national firm gets a position in the local market, while in the 
long-run, Bulgaria gets the benefit of training and development of an ailing 
industry. 

For any of the privatization options, the owners would provide a certain amount of 
equity towards the proposed development program. The balance of the financial 
requirements would be financed through a combination of debt instruments. Local 
Bulgarian expenditures would most likely be financed through short-term 
borrowings, while foreign exchange capital requirements would be financed 
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through a variety of sources. Initially, the Government of Bulgaria, and the 
Municipalities would have to negotiate side deals regarding the level of tariffs to 
support coverage levels of the foreign debt. 

The transfer of existing assets to potential owners would necessarily call for a 
valuation assessment. At the current time, with the business operating at such a 
severe loss, would indicate a minimum value or a negative value for the 
immediate future. A possible alternative is for the municipal to take a minority 
interest in the business in the form of stock. Under the circumstances facing the 
District Heating Companies, that might be the best possible solution in regards to 
privatization options. 

9.4.3.4 Project Financing 

The final option considered to be a viable financing scheme for consideration by 
the District Heating Companies would be some form of project financing. 
Depending on the structure of the least-cost program, pieces can be designated as 
being available for project financing. In this manner, the ownership of the existing 
system remains with the Municipality, while much needed capital is raised by 
developers. The length and type of project financing could work to the benefit of 
the District Heating Company through a build, own, operate, and then transfer 
(BOOT) of the selected assets at the end of some reasonable time period. 

In a project financing deal, a developer or more likely in this case, a vendor or 
engineering/constructor, would carve out a portion of the proposed program which 
it feels will serve as collateral for any debt requirements plus provide a return on 
the equity provided. Contractual arrangements would have to made between the 
Municipality and the developer for revenues to support that portion of the program. 
Additional arrangements would have to be worked out with Government to ensure 
repatriation of foreign exchange, at least equal to a minimum level of return given 
the performance guarantees agreed to with the Municipality. 

While appearing to be complex, project financing is a much used method of 
financing in today's investment community. Experienced lenders will assure 
themselves that all agreements are in place prior to any finalization of equity and 
debt instruments related to the project. The financiers will likewise assure 
themselves that the revenue stream is sufficiently strong to provide repayment 
under conservative estimates. Since the revenue stream and assets are the only 
source of repayment available to the lenders, sufficient guarantees must be 
obtained from both the Municipality and Government. 

Concerning the overall development of the selected portion of the investment 
program, the project developer is responsible for securing any sales agreements 
for steam, hot water, and electricity unless specific payments are forthcoming from 
the Municipality. The developer is also responsible for securing fuel contracts, 
meeting environmental standards, conducting the pre-engineering necessary for 
estimating the capital and operating costs associated with their portion of the 
program. 

As the program becomes suffiCiently developed to determine the operating criteria 
and other aspects of the project, the developer must prepare bankable documents, 
arrange for financial guarantees, prepare the engineering and construction 
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packages, secure insurance, and ultimately support all legal efforts associated with 
the contracting documents. Upon completion of all those activities, the developer 
secures adequate financing, including the infusion of equity for at least 15-20% of 
the project. At financial closing, the developer secures his fees and the project 
implementation can proceed. 

Each option is a stand alone possibility, and it is up to the Authorities to decide 
which one best fits the needs of the communities involved and the consumers. In 
actuality, each is probably workable within the frameworks described above, 
however, they may not satisfy the requirements of the financiers under certain 
circumstances, leading to an alternative structure for the Municipalities to 
evaluate. 

9.4.4 RESULTS OF FINANCIAL ANALYSIS 

9.4.4.1 Investment Program. Pernik 

The proposed investment program structured for the District Heating Companies 
falls under the MuniCipal Ownership structure described in Section 4.3.1 above. 
With the current institutional, regulatory, and financial situation facing Bulgaria, it 
is not believed that private options for ownership are viable at this time. As 
discussed in Section 3.0, Exhibit 9-1 presents the inflation rates, exchange rates, 
and capital and operating expenses for Pernik. 

Under this program, the foreign related capital expenditures are segregated from 
the domestic expenditures. In this investment plan, the foreign capital 
expenditures over the study period are financed by four separate development 
bank issues. The 1994 issue is followed by an issue for the first unit of the FBC. 
This is followed by a third issue for the second unit. A final issue for the 
expenditures in 2008 is structured with no grace period on principal repayments. 
The Pernik District Heating Company will not have any principal repayment 
responsibilities for the five years following the beginning of the of the first three 
issues. Interest during the first year of each drawdown is capitalized, and in the 
following year is paid out of the operating revenues of the Company. A 
commitment fee of 1/2% is applied to the outstanding balance of the loan, and is 
likewise capitalized. The term of the loan is for 20 years following the five year 
grace period, and the interest rate is assumed to be 8%. 

For the Domestic portion of the capital expenditures, a local loan is obtained from 
the National Bank. Like the foreign loan, the interest during the first year is 
capitalized, but repayment begins the following year. The length of the domestic 
loan is for five years at the current interest rate of 40%. Exhibit 9-2 presents the 
investment program for both the foreign and domestic portion of the capital 
expenditures, while Exhibit 9-3 presents the Debt Service Schedule for all of the 
loans. 

As indicated in the Exhibits, all of the loans are presented in Leva. It is assumed 
that the Government of Bulgaria will have to support the loan from the 
Development Bank, but that the District Heating Company will generate sufficient 
Leva through the charges to the consumers to payoff that obligation. In this 
analYSiS, the exchange rate losses are borne by the Companies themselves, or 
through the charges to the consumers. As an alternative, the exchange rate loss 
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could be treated as a subsidy by the Government since it is due to the 
Government's pOlicies that exchange rates deteriorate to the extent projected. 
This is an item that needs to be resolved by the Companies and Government. 

At Pernik the amount of foreign loans is estimated to be 25.5 billion Leva over the 
study period. Of that, 24.3 billion Leva is related to the actual cost of the capital 
requirements, while 1.2 billion Leva is the amount of financial charges, including 
interest that is capitalized. 

Exhibits 9-4,9-5, and 9-6 present the Income Statement, Cash Flow Analysis, and 
Balance Sheet of the Company in Pernik from the starting point of the Investment 
Program. Attempts were made to try and incorporate the existing financial 
situation of the Pernik District Heating Company, but this proved to be impossible 
given that all previous loans were forgiven by the Government, and the fact that 
financial statements in a format conducive to this type of analysis were 
unavailable. Therefore, it was deemed acceptable to present the finanCial 
situation of the Pernik system from the date of the initial loan (fiscal year 1994). If 
appropriate, the company's financial advisors and accountants can, in the future, 
add to their financial statements, the results of this analysis. 

The operating revenues presented in this analysis are calculated on the basis of 
keeping the Pernik system on sound financial footing through the study period. In 
other words, the revenues shown are considered to be the minimum amounts 
necessary to pay all operating expenses, cover debt service, and result in 
minimum earnings over the study period. Those earning should be designated 
toward continuous improvement in the system at the desecration of the 
management of the District Heating Company. 

The estimated revenue requirements to support the investment program in Pernik 
projects revenue increases from 770 million Leva in 1994 to over 15 billion Leva in 
2010. Given that the investment program is about the same size as the four 
districts of Sofia where revenues are expected to increase to over 137 billion 
through the study period, Pernik is in good shape by pursuing coal-fired generation 
of its steam and hot water requirements. 

9.4.4.2 Investment Program· Sofia 

Based on discussions held with the European Development Bank, the four 
segregated systems in Sofia are treated on an individual basis for this analysis. In 
this manner, discreet programs are presented to again maintain the existing 
system at a minimum level to provide the necessary services to the consumers. 
In the following Sections, details are presented for each of the four districts 
comprising the Sofia District Heating Company. 

TPS Sofia 

As with Pernik described above, TPS Sofia was analyzed on the same basis. The 
technical program was discussed in previous Sections, but was designed to 
maintain the System in a manner whereby demands of the consumers would be 
met through a minimum cost basis. Of the four districts in Sofia, this one had by 
far the least cost of the four. Total foreign capital expenditures related to the 
investment program are estimated to be almost 1.4 billion Leva spread over three 
separate issues, while domestic expenditures were about 76 million Leva. 
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Exhibit 9-7 provides the details behind the capital and operating costs for this 
program. Exhibits 9-8 and 9-9 provide the details of the investment program. The 
structure of the loans is the same as that proposed for Pernik in that there is a five 
year grace period on principal repayment from the initiation of the loan. 

Exhibits 9-10, 9-11, and 9-12 provide the details on the Income Statement, Cash 
Flow Analysis, and Balance Sheet. As with Pernik, the revenues are those 
calculated to achieve a small operating surplus over the study horizon. 

TPS Zemliane 

The estimated capital requirements for Zemlaine is Slightly less than 9 billion Leva. 
Total foreign capital expenditures is estimated at 7.1 billion Leva, and 1.9 billion 
Leva for domestic requirements. Exhibit 9-13 provides the details of the capital 
and operating expenses. The Investment Program is show in Exhibit 9-14, while 
the Debt Service Schedule to support the investment is shown on Exhibit 9-15. 
Since annual expenditures are projected through 2003, two series of development 
loans were structured of five years worth of foreign expenditures each. As with the 
previous districts, a grace period before principal repayment was structured 
beginning at the end of the drawdown period. The domestic loans were a series of 
one year drawdowns with immediate repayment of principal in the following year. 

The calculated revenue requirements for Zemlaine are purely based on the sale of 
hot water and increase almost 19 fold over the 1994-2010 period, reaching a level 
greater than 17 billion Leva by 2010. Exhibit 9-16 provides the details of the 
Income Statement. The Cash Flow Analysis is shown on Exhibit 9-17 and the 
Balance Sheet on Exhibit 9-18. While the revenues, expenses, and capital 
requirements are increasing dramatically over the study period it must be 
remembered that the primary influence of that rise is the increase in the Exchange 
Rate from 32 Leva/dollar in 1993 to over 300 Leva/dollar in 2010. 

TPS Liulin 

Liulin's capital requirements are the second lowest behind TPS Sofia of the four 
segregated systems making up the Sofia District Heating Company. Almost 
5.4 billion Leva of foreign capital expenditures are require for Liulin, and slightly 
more than 1.2 billion Leva of domestic expenditures. Exhibit 9-19 gives the details 
for Liulin. The total loans for Liulin are estimated to be over 6.7 billion for both 
foreign and domestic expenditures. Exhibits 9-20 and 9-21 provide the details of 
the loans. As with Zemliane, the foreign loans are structured around two five year 
series with the same grace period as previously described 

As with the other Districts, Liulin is faced with a substantial increase in revenue 
requirements to cover its expenses for operations and capital requirements. 
Revenues are required to increase from 676 million Leva in 1994 to over 
14.4 billion in 2010. Exhibits 9-22, 9-23, and 9-24 give the financial statements 
related to liuJin. 

TPS Trajco Kostov 

By far the largest capital requirements of the four districts in Sofia is that of Trajco 
Kostov. Almost 10 billion Leva in foreign expenditures is estimated to be needed 
by Trajco Kostov. Slightly less than 850 million Leva are required for the domestic 
capital requirements. Exhibit 9-25 gives the annual details of the capital and 
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9.5 

operating costs. Exhibits 9-26 and 9-27 provide the details of the various loans 
associated with Trajco Kostov's investment program. For Trajco Kostov, four 
series of loans for the foreign expenditures were structured. The first two were for 
three years of expenditures each, with the same five year grace period before 
principal repayment is required from the origination of the loan. The last two 
issues were for a single year, no grace period. Principal repayment begins the 
year following the expenditure. 

Revenue requirements at Trajco Kostov go from 3.2 billion in 1994 to over 
68 billion in 2010. The three financial statements are provided in Exhibits 9-28, 
9-29, and 9-30. 

Sofia Summary 

The total investment program estimated for Sofia is approximately 27.8 billion 
Leva through 2010. Revenue requirements are estimated to be almost 6.5 billion 
in 1994, and by 2010 they are estimated to approach 137.7 billion. While 
staggering in their magnitude, the District Heating Company of Sofia must 
undertake these programs to maintain the system in good operating condition. It 
must also be pointed out that this investment program is the minimum in terms of 
capital requirements. 

Two primary factors are driving the revenue requirements to the levels described 
above. These are the deterioration of the exchange rate to world currencies, and 
the cost of fuel, which for the most part, is paid for in foreign exchange. Since 
natural gas is the primary fuel utilized in SOfia, and since it is not a domestic 
commodity, this will continue to drive the price of hot water and steam up to the 
projected levels. One factor which could mitigate this revenue increase is the 
control of the inflation rate. In the short run this is not considered possible. 

CONCLUSIONS AND RECOMMENDATIONS 

With the current financial situation facing both Pernik and Sofia District Heating 
Companies, there is little doubt as to the challenge facing them in the next several 
years. Based on the technical review and evaluation of alternatives, the least-cost 
program is a combination of replacement, renewal, and new facilities to meet the 
expected demand of the systems. Demand is expected to remain relatively flat 
throughout the study horizon, with new growth allowed when efficiency gains are 
made in the system, along with conservation by the consumers in response to 
price increases. 

After review of the ownership options available for the District Heating Companies, 
the current structure of Municipal ownership appears to be the only solution in the 
imm~diate future. The economic environment that Bulgaria finds itself in at the 
present time basically prohibits private options from being part of the equation. 
This is not to say that in the future privatization should not be on the agenda for 
the Companies. In fact, the investment program has been structured to allow the 
Companies to consider privatization at discreet times throughout the study horizon. 
By structuring the debt in series gives the Companies time to re-evaluate private 
options on a periodic basis. 

The amount or level of the investment program proposed for the two Companies is 
not substantial by western standards. However, given that most of the investment 
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is in foreign exchange material and equipment, this poses a problem for the 
Government of Bulgaria since the Government must guarantee the loan 
repayments to the international lending agencies. Given that Bulgaria suspended 
foreign currency payments back in 1990 due to a severe lack of foreign exchange, 
it will be difficult for the Government to proceed with the proposed program without 
certain restrictions imposed by the lending agencies. 

At this time, the World Bank is probably more interested in the electricity sector for 
investment options, but the European Development Bank has expressed interest 
in specific projects within the proposed investment program. The balance of the 
program not financed by the development banks must be pursued with other 
lending agencies from the developed countries or from private international banks. 
In addition, the export agencies of many countries are lenders who may be 
interested in supplying debt to Bulgaria to promote national interests. A listing of 
potential export lenders is provided in the Appendix. Likewise, some direct aid 
through grants from donor countries might also be available to the District Heating 
Companies. 

To promote lending activity, it is critical that the Government and the 
Municipalities institute a more rapid movement from subsidized pricing to market 
pricing for the commodities that are produced. While this is envisioned to take 
place over a period of time, steps must be taken immediately to convince the 
lending institutions that the Companies and Government are serious in their 
attempts to move in that direction. The structuring of a specific pricing policy and 
program as part of a bankable document to be presented to potential lenders 
would be a good first step in securing interest by the multi-national lending 
institutions. 

The critical need for replacement and improvements in the District Heating 
Companies require that the Government and the Municipalities work together in 
improving the organizational strengths of the Companies, along with the technical 
aspects of providing heat and electricity. As long as the bulk of Bulgaria's energy 
needs are supplied by imports, it is in the best interest of the consumers and the 
companies that are supplied by the District Heating Companies to conserve energy 
through programs initiated by the DHC's themselves. This too is an important part 
of the investment program. 

Specific Recommendations for Implementation would include the following action 
items: 

1. Preparation must begin on a bankable document as soon as the investment 
program is approved by the appropriate authorities. This document should 
serve as the basis for opening negotiations with international lending 
institutions to cover the proposed investment program. 

2. Part of this assignment is a training component for both technical and 
financial aspects of managing the business. This training should commence 
as soon as practical, with particular emphasis on the development of sound 
business practices for the priCing, billing and accounting functions related to 
the delivery of energy to the consumer. 
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3. Discussions should be held with Government at the national level to secure 
input as to the national perspective regarding energy importation to the local 
level. These discussions should focus on the need to eliminate energy 
subsidies at both the national and local level. 

4. Legal and regulatory frameworks should be promulgated at both the national 
and local levels of Government to support the transition to private enterprise 
activities. In the long run, it would be in the best interest of Bulgaria to 
support privatization in the energy sector. This would allow additional 
sources of capital to find its way into the economy from sources now 
unavailable to the District Heating Companies. Policy initiatives are 
underway by a number of agencies assisting both local and national agencies 
currently in Bulgaria. These programs should be supported by the 
Companies to ensure that their interests are taken into account. 

In summary, the propose investment program is modest when compared to other 
higher priority issues facing the Government of Bulgaria and the local 
municipalities. It is a minimum level undertaking to ensure the adequate delivery 
of heat and steam, while at the same time providing for efficiency gains, 
environmental clean-up, and replacement of antiquated plant and equipment 
necessary to providing the consumers of the District Heating Company with energy 
at the lowest possible cost. 

Its implementation relies on the management of the Companies to take the 
initiative in securing the necessary funding for the program. Assistance can be 
provided to management in both the technical and financial areas of the program 
as it proceeds, but a number of political and personnel actions will have to be 
undertaken during this implementation phase. This can only be accomplished by 
the management of the organizations and the appropriate authorities in Bulgaria. 

The proposed investment program relies heavily on the international development 
organizations of the World Bank and the European Development Bank. As 
organizational strengths are developed and initiatives promoted to push 
privatization into the Bulgarian economy, other resources will become available 
over time to the Companies. Other efforts should be pursued with export agencies 
of other countries with one caveat; the technical need should over ride the 
economic and financial opportunity for those types of funds. 
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CAPITAl EXPENDITURES (OOO'S LEVA-CURRENT) 

FOREIGN '.308.504 0 

DOMESTIC 123,6 .. 0 

MUNICIPAL OWNERSHIP: 

INVESTloIENT PROORAM 

FOREIGN 

SERIES 04-118 1,381,'" a 
DRA'MlOWN I."'.'" 0 

UNDISBURED 0 0 

SERIES87-W 

DRA'MlOWN 

UNDISBURED 

SERIES 2000-03 

DRA'MlOWN 

UNDISBURED 

SERIES 05 

DRA'MlOWN 

UNDISBURED 

DOMESTIC 

ANNUAL REQUIl EMENT '42,012 0 

,oat ,-
BEGINNING BAlANCE 

CAPrrAL FUNDING 

FOREIGN LOANS I."'.'" 0 

DOMESTIC LOANS 1'2.002 0 

TOTAl NEW CAPITAL 1,503.llOI 0 

INTERNAL FUNDS 0 0 

PROCEEDS AVAILABLE 1.503.llOI 0 

UTlUZATION OF PROCEEDS 

CAPITAL EXPENDITURES 

FOREIGN COSTS 1.308.504 0 

DOMESTIC COSTS 123,5 .. 0 

COMMrrMENT FEES 0 0 

eOND DISCOUNT 0 0 

DEBT SERVICE RES. FUND 0 0 

OTHER EXPENSES 0 0 

TOTAL UTlUZAnON 1.433.082 0 

BALANCE ON DEPOSrr 

INTEREST EARNED ON: 

CONSTRUcnc:N FUND 0 0 

DEBT SERVICE RESERVE 0 0 

BAlANCE AVAILABLE 70.81. 0 

INTEREST CHARGES 

FOREIGN LOANS 12._ 0 
DOMESTIC LOANS "."" 0 

TOTAL INTEREST 70,". 0 

NET END OF PERIOD 0 a 

AMOUNT CLOSED TO PLANT 1,103,'" 0 

- - - - - - -
Exhibit 9-2 

Projected Investment Program - Municipal Ownership 
Pernik District Heating Company 

Baseline Case 

'0118 '007 ,- , ... 2000 2001 2002 200:1 2004 2005 2008 

o t.7ti,OSN 3,.00.038 2.127.tt7 3,ttt.831 1,.'4.131 15,012.188 1,6115,830 a a 0 

a 'U32 '21,011 77.102 113,17. .... 206 1150,201 2«,1541 0 0 0 

0 

0 

0 

7.802.240 S.7 •. ltt 2.222.'" 

"'15.721 3,6'3 .• 73 2.222 .... 

1.7114.111 2.222.1" 0 

16.001."0 '2.1103.730 4.802.073 UI7.m 

30311."" 1.'00.717 5.2"'.'lOI '.'I7.m 

12."''',730 1.802.873 ','57.Nt (0) 

0 72.027 130.243 ".122 131,072 227,836 172.737 30.630 a a a 

CAPrrALIZATlOH SCHEDULE AND 
APPLICATION OF CONSTRUCTION FUNDS 

PERNIK DISTRICT HEATING COMPANY 
BASElINE CASE 

,- '007 ,- ,OW 2000 2001 2OQ2 200:1 2004 2005 2001 

o 1.115,721 3.583.873 2.222.131 3,3H,718 5,110,7157 5.2116.178 1,857,207 0 0 0 

0 72.027 '31.243 ' ..• 131,072 227 •• 35 172,737 :10.530 0 0 0 

o t ,117,758 3.702.'" 2.:512.... 3,442.78'1 5.lt •• elilS 15,.f.,.'3 1,817,127 0 0 0 

0 0 a 0 0 0 0 0 0 0 0 

o 1.117.758 3,702,8'8 2,312, •• 3,442.781 &.8tl.1S9l 15 •• ,8 .• '3 1.U7.'27 0 0 0 

o 1.711.084 3.'00.0311 2.121.117 3.1U,'" 15 .• '.,131 5.0'2.'01 '.516.830 0 0 0 

0 12.632 121.011 77.102 113,878 '0"205 'SO.204 20.54. 0 0 0 

0 :11.111 21.1:11 10.1:11 71.818 eo.", 32.Wl 7.830 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 

o 1.'I».Sl17 3,S.,7&1 2,215,885 3,301,23 5,872,387 5.186.394 1,120.407 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 

0 77,131 154.184 ".775 "'.- 24"'_ 223.0tl '7,4'1 0 0 0 

0 ........ 1,,"OOt n."5 12 ... 11 2,,,,585 200 .... ~.C)1 0 0 0 

0 1,301 ",112 11." 11._ 21I.nl 22.63' '.- 0 0 0 

0 77,'" ,54,184 ".775 141._ 248,_ 223,0" .7.4" 0 0 0 

a (0) (0) a D (a) (0) (0) a 0 0 

0 0 o 7.ao:J.131 0 0 o tI,.7,m. 0 0 a 

2Of11 

a 
0 

0 

2Of11 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

--------- --- ---~~----~- --- ._---------_. ----- ------

-
2008 20ClI 

801,181 a 
12._ 0 

.... 047 0 

.... 047 0 

0 0 

13,105 0 

20ClI 20lIl 

.... 047 0 

'3._ 0 

~ ••• 73 0 

0 0 

~"073 0 

801,1" 0 

12.002 0 

0 0 

0 0 

0 0 

0 0 

.,"OID 0 

0 0 

0 0 

21 •• 3 0 

2.,010 0 

I.'" 0 

2U" 0 

(a) 0 

"'173 0 

- - -
2010 

a 
0 

0 

0 

0 

a 

2O,D 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

D 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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FOREIGN LOANS: 
SERIES"'-M 
BAlANCE. START OF PERIOO 0 

AMOUNT DRAWN DOWN 1.:181 .... 
DEBT SERVICE 

INTEREST CHARGES 0 
PRINCIPAL REPAYMENT 0 
TOTAL DEBT SERVICE 0 

SERIES 87-88 
BAlANCE. START OF PERIOO 

AMOUNT DRAWN DOWN 
DEBT SERVICE 

INTEREST CHARGES 
PRINCIPAL REPAYMENT 
TOTAL DEBT SERVICE 

SERIES oo-CD 
BALANCE. START OF PERIOO 

AMOUNT DRAWN DOWN 
DEBT SERVICE 

INTEREST CHARGES 
PRINCIPAL REPAYMENT 
TOTAL DEBT SERVICE 

SERIES 08 
BALANCE. START OF PERIOO 

AMOUNT DRAWN DOWN 
DEBT SERVICE 

INTEREST CHARGES 
PRINCIPAL REPAYMENT 
TOTAL DEBT SERVICE 

BALANCE. END OF PERIOO 1.:181 .... 

DOMESTIC LOANS: 
BAlANCE. START OF PERIOO 

SERIES 84 0 
SERIES .5 
SERIES .. 
SERIES 87 
SERIES •• 
SERIES" 
SERIES 00 
SERIES 01 
SERIES 02 
SERIES 03 
SERIES 04 
SERIES 05 
SERIES .. 
SERIES 07 
SERIES O' 
SERIES 00 
SERIES 10 
TOTAL OUTSTANDING 0 

AMOUNT DRAWN DOWN 102,002 
DEBT SERVICE 

INTEREST CHARGES 0 
PRINCIPAL REPAYMENT • TOTAL DEBT SERVICE 0 

BALANCE. END OF PERIOO 1O~002 

TOTALS ALL DEBT: 
BAlANCE. START OF PERIOO 0 
AMOUNT DRAWN DOWN 1.5111.878 
DEBT SERVICE 

INTEREST CHARGES 0 
PRINCI'ALREPAYMENT 0 

BAlANCE. END OF PERIOO 1.5111.'71 

TOTAL DEBT SERVIC! 0 

- - -
- I- I-

1.:IeI .... 1.:IeI .... 1.:IeI .... 1.:IeI .... 

0 0 0 0 

1.1,851 1.11.851 1.'.851 101.851 
0 0 0 0 

10"851 1.'.851 1011.851 108,851 

0 1 •• '5.728 

1.115.7211 3.583 •• 7.1 

0 145,251 
0 0 
0 

1,381,814 1.:IeI .... 3.177.813 '.741.28S 

142,082 120.34' 15,888 117.713 
0 0 0 0 

0 0 
72.027 

102,002 120,341 85 .... 1311,740 
0 0 72.027 1311.24~ 

17.71' 1 .... 1 11.55. 18.821 
21744 248S2 27873 42748 
38.531 31.831 31.531 5 •• 570 

120.348 85." 138.740 231.234 

1.50<1 •• 71 1.412.232 1.457.570 3.317.383 
0 0 1._.7M ~.702 •• 11 

121,731 123,120 120._ 271._ 
21.744 24.1112 27.87~ 42.741 

1._.232 1.417.570 3.317.383 "'77.520 

141,482 141,482 141,482 313,7711 

- - - -
Exhibit 9-3 

Debt Service Schedule 
Pernik District Heating Company 

Baseline Case 
I 2001 200! 2.CD 

1.:IeI .... 1.332.647 1.3OI •• 2i 1.2es.'22 1.229.'31 

0 0 0 0 0 

101,377 Ios.m 103,411 100 •• 20 87.1102 
28237 31,123 "',203 311,_ 40,013 

137."4 137.1114 137.814 137,8'. 137.'14 

5.371.402 7.'02.240 7.802.240 7.'02.240 7.4311 .• 38 

2,222 •• 38 0 0 0 0 

430.352 los.178 1101,178 1104.878 581.112 
0 0 0 183204 17.522 

430.352 1101,178 SO,,178 785,183 7."183 

0 3,3tt.118 8.002.478 14.2'8,152 

3.311,71' 5.1190.757 5.2.a •• 78 1.857.281 

0 214.838 720,1 •• 1.1311.852 

• 0 • 0 
0 

'.834.187 12.214._ 17.171.538 22.1117.01' 24.357.77' 

35." 
0 0 
0 0 0 

81.005 4I.IiD~ 34.32. 11.241 
1311,243 117 •• 35 83.717 11._ 35.2114 

".122 75.1107 10.352 42.108 
131.072 111.015 ".315 

227.835 183.055 
172,737 

231.2.,. 251,0lI0 33s.o71 483,'88 532,031 
18._ 131.072 227.835 172,737 30.830 

21.513 31.148 41.011. 
I::;:: 

14.535 
88715 12012 78107 147074 
".308 83.711 120,17' 113,580 211._ 

251,0lI0 335,.71 4'3,'88 532,031 415,488 

8,877.520 •• 1110 ..... 12.15150.054 11.355.437 23.441.047 
2,312 •• ~.442.7111 1 •• "._ 1.411.413 1._.127 

587.243 74",20 1.017.187 1.484.782 1._._ 

".012 13.814 11:1,310 324,_ 383._ 

•• 190 ..... 12.15150.054 11.351.437 23.448.047 24.773.215 

185.27. '211.504 1.130.807 I.IOI.5M 2.257._ 

- - -
000 2_ 

1.1l1li.115 1.1011._ I.OW.7211 1.0<41.100 

0 0 0 0 

84.337 80.105 ' •• 181 '2.1154 
43,27' 41,108 10,128 54,780 

137.114 137.814 137.'14 137."4 

7,282,514 7 •• 71.5es '.'15.012 '.141.7211 

0 0 0 0 

577.257 511.117' =:: 521,1101 
180HI 2OIIS05 241512 
7."183 7,,,103 781,183 785,183 

1S,SOS,44e t5,~S.44S1 15.5113._ 15.184.873 

0 0 0 0 

1.272.438 1,2M,7.' 1.237.'71 1.207.741 
0 ~1.57 3118320 _451 

1.272.'315 ',807,188 1,ea1.11i11 1,807,1. 

, 0 

" , 0 

0 
0 
0 

24.123.575 23.1528,~ 22."5._ 22.118.700 

22.l1li7 
82.4112 33.185 

153,483 10"'21 67.728 
10"_ 118,323 12.317 43.747 
30.830 25.158 20.558 14.54. 

0 0 0 

I 0 0 
0 

41"_ 283,ag7 1110.1102 51._ 
0 0 0 0 

4g.~ .. 
I:;:: I~= 5.887 

131 8 so 1584 
181.3114 151,43. 11 ...... 5 51.551 

293,ag7 ISO.1I02 58._ 7.732 

2",773,2185 24.407.572 23._._ 22.1143.715 
0 0 0 0 

1._.- 1.851.258 1._.348 1.12I.IM 
385._ 711,181 74 ... 11 741,_ 

24.407.872 23 •••• _ 22.IM3.781 22.187.432 

2.3W.m 2 ...... 25 2._._ ...... 141 

-
ag4,"'O 

0 

71.3811 
58,22' 

137.114 

'.400.144 

0 

501 •••• 
2111286 
7111.183 

U.7VS,218 

0 

I.!~~: 
t,807,188 

• 
82 .... 7 

0 
0 
0 

22.013.182 

7.732 
0 
0 
0 
0 

7.732 
13.905 

782 
7732 
1.4114 

13.805 

22.187.432 
13",873 

1.7111.1at 
7110.307 

22.077.1»7 

2,821._ 

- -
I. 

835,111 '71.050 

0 0 

73.553 118.326 
14,011 18,318 

137.810 137.1110 

8.138.8.:1 5 .• 511.232 

0 0 

4.5._ 4112,505 
2Ii"7 305.178 
785,183 785,183 

14,363.185 13."5.867 

• • 
"'Ot,nS! 1.13111,ISIO 

4.7307 ~~440! 
1,807,15111 1.001.1118 

.2 .... 7 .,2.8271 
• • 

4 •. 122 4I.725! 
13.440 10.837 
83.252 83,212 

21,235,788 20.30 •. 122 

I 

I 

0 
0 0 
0 • 0 0 

13.905 11.777 
0 

i3,SI05 11.777 
0 • 

1.741 1.455 
2131 2413 
3.8l1li 3.851 

11.777 8._ 

22.077.1»7 21.1lC7.543 
0 0 

1.71iD.172 1.882.7. 
128.554 887.351 

21.1lC7.64~ 20.380.188 

2,110.1. 2.510.131 

-
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1_ 

OPERATING REVENUES: 

SlEAM loa.058 

HOT WAteR 311.7oa 

ELECTRICITY 352._ 

TOTAL SALES REVENUE 772.42e 

OTHER OPER. REVENUES 0 

TOTAL OPERATING REVENUE! 772.428 

OPERATING EXPENSES: 

OPER. & MAIN. 

FUEL- GAS a 
OIL 0 

LIGNIte 22O.81D 

COAL 0 

TOTAL FUEL COST 22O,81D 

PURCHASED POWER 0 

FIllED 0& M 13U55 

OTHER VAR. 0& M 143.002 

SORB. & ASH REMOVAL 51,78D 

EMISSION PENALTIES 41,884 

MANtENACE EXPENSE 142,843 

PLNH REMOVAL COSTS 0 

TOTAL 0& M 798,872 

DEPRECIATION EXPENSE 82,18D 

OTHER OPER. EXPENSE 0 

TOTAL OPERATING EXPENSES 802,041 

OPERATING SURPLUS (29.814) 

LONG teRM DEBT INTEREST 

FOREIGN 0 

DOMESTIC 0 

EXCHANGE RAte VAR!ANC 0 

TOTAL INTEREST EXPENSE 0 

NET INCOME FOR YEAR (29,814) 

PROVISION FOR TAlIES @42% 0 

ADJUSTED NET INCOME (29,814) 

RETAINED EARNINGS, 

FIRST OF YEAR a 
RETAINED EARNINGS, 

END OF YEAR tl8,814) 

- - -
11185 1_ 1l1li7 

2e7.IIIID 348,012 435,001 

774._ 1,031,804 1,327,881 

525.71D 71D.458 050.732 

1,5118.311 2._.074 2.722.584 

0 0 a 
1,588.311 2._.074 2.722.584 

0 0 0 

0 0 0 

872,184 1,187.800 1.812,138 

0 0 0 

872,184 1.187,800 1,812,138 

0 0 0 

U5,g37 284.515 343,870 

201,_ 270.188 358,280 

2.070 2,784 3,832 

0 0 0 

112,018 188,787 200,114 

0 0 0 

1,383.478 1,884,875 2,518,034 

115,480 108.887 104,203 

0 0 0 

1,4l1li.038 2,004,582 2,823,237 

80.373 84,512 18,357 

loa,851 108,851 loa.051 

17,788 14,880 11,558 

0 0 0 

12e,738 123,820 120,_ 

(57,385) (29,308) (21,153) 

0 0 0 

(57,SS5) 128,308) (21,153) 

tl8,814) (18,070) (118,288) 

(8U78) (118,288) (137,438) 

- - - - -
I_ 

5l1li,147 

1.881.800 

1.231,724 

3,712,87D 

0 

3,712.878 

0 

0 

2,102.288 

0 

2,102.288 

0 

4a,837 

458,584 

4,878 

0 

277,7as 

0 

3,273,178 

l1li,l1li2 

0 

3,372,188 

340,511 

254,208 

18,821 

0 

271,030 

88,481 

a,182 

40,_ 

(137,438) 

(87,140) 

Exhibit 9-4 
Statement of Income 

Pernik District Heating Company 
Baseline Case I_ 

2000 2001 2002 2003 

773._ 8l1li,878 1,120,218 1,431.588 1.570.342 

2.4l1li.201 2.875.588 3,738,_ 4,740,127 5.208.387 

1.518.885 1,84U78 2,141,_ 2.473.378 2.845,788 

4,788,040 5,718,255 7,003,885 8,854.104 0.825,515 

0 75,780 87,4113 87.847 195.358 

4.788.040 5,702._ 7,081,_ 8,751.751 0,820.871 

0 0 0 0 0 

0 0 0 0 0 

2,829.383 2,829,273 3,424.173 3,as7,195 4.150.847 

0 0 0 0 0 

2,829.383 2.8a.273 3.424,173 3,IIII7,1g5 4.150.847 

0 0 0 0 0 

515,805 808,850 7oa,_ 804,878 801,484 

581,375 813,723 788.038 807,838 1.024.3Dl 

5,778 273,347 315,500 352,872 887,740 

0 0 0 0 0 

340,293 347,l1li7 337,875 847,458 540.131 • 0 0 0 0 0 

4,052,835 4,1132,1180 5,588,821 8,_,440 7,323,873 

182,832 478,558 455,_ 432,801 
, 

817,007 

0 0 0 0 0 

4.245,487 5,312,517 8.025.201 7,113.241 7,840,_ 

542,573 478,520 1,0\18.148 1,838,510 1,880,181 

" 

538,730 714,171 078,52e 1,425,788 1,"a.118 

20,513 31,848 41,_ 58,8S5 84,535 

0 a 0 
., 

0 0 

587,243 745,820 1,017,507 1,484,782 1,883,850 

(201,870) (288,284) 48,550 1153,728 (13,458) 

0 a 2O,3al 84,588 0 

(24,870) (28e,284) 28,158 8a,182 (13,458) 

(87,140) (121,810) (388,104) (350.044) (270,7821 

(121,810) _,104) (358,_) (270,7821 (284,241) 

--

- - -
2004 2005 200e 2007 

1,858,413 1.888,833 1,850,878 2,125.054 

8,185,025 8.202.007 8,471,788 7,040,587 

3,132.587 3,384.222 3.858.441 3.848,758 

11,158.020 11.458,l1li3 12,070.oea 13,124.378 

215.208 225,580 251.380 271,501 

11.371,2~ 11,_.532 12.330,477 13,385.877 

0 0 0 0 

0 0 0 0 

4,587,308 4.090,288 5,389,148 5.805.478 

0 0 0 0 

4,587,308 4,g80,288 5,388,148 5,805,478 

0 0 0 0 

881,810 1,070.838 1,158.814 1.248,143 

1,131,274 1,223,147 1,323.220 1,430,877 

788,101 808,_ 8as,180 870,445 

0 0 0 0 

820,238 508,873 820.808 1,004,433 

'0 0 0 0 

a,30ua 8,597,337 8,373,880 10,480,178 

1,203,897 1,143.512 1,088,338 1,032,018 

0 0 0 0 

8,500,22e 8,740,848 10,480,317 11,492.105 

1,882,008 1,841,_ 1,870,181 1,803._ 

1,_,030 1,818,224 1,880,880 1,817,187 

48,874 33,035 17,858 5,887 

0 0 0 0 

1,183,004 1,051,250 1,887,_ 1,823,184 

(131,8l1li) (8,578) (17,188) 80,4l1li 

0 0 0 33,_ 

(131,_ (U7e) (17,188) 48,_ 

(284,241) 1418,137) 1428,714) (4042,801) 

1418,137) 1428,714) (4042,801) (_,213) 

- -
20CMI -

2.227,7D2 2,383.858 

7,380.385 7,_.114 

4,207.032 4,800,327 

13,885,208 14,801,300 

293,853 317,145 

14,178,_ 15,218,445 

0 0 

0 0 

8,27g,418 8,782.030 

0 0 

8,278,418 8,782.030 

0 0 

1,349,075 1,457,001 

1,547.280 1,872,838 

1,048,845 1,133,783 

a 0 

888,031 1,103,478 

0 0 

11,180,757 12.15D.241 

888.418 l1li2,_ 

0 0 

12,170,175 13,122,237 

1,_,887 2,0IIII,208 

1,780,420 1,748,1131 

782 1,741 

a 0 

1,781,181 1,750,572 

238,505 345,838 

100,172 145,187 

138,333 200,_ 

(3l1li,213) (257,880) 

(287,880) (57,411) 

-
2010 

2.432.381 .,-.-
4.070,081 

15,480.548 

343,020 

15,823.588 

0 

0 

7.343,856 

0 

7.343.958 

0 

1,573,581 

1,808,789 

1,225.000 

0 

817,743 

0 

12,88D,048 

814,848 

0 

13,7113,884 

2,039,872 

1,881,313 1 

1,455
1 a: 

1,882,788. 

358,803 

140,818 

207,004 

(57,411 

140,583 
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ITEMS IIlO4 lVi5 

BEGINNING CASH BAlNlCES 30,878 

PLUS FUNDS GEN ERATED: 

ADJUSTED NET INCOME (28,814) (57,385) 

N ON CASH ITEMS 

DEPRECIATION 82,1 eo 115,4SO 

TOTAL FUNDS GENERATED 32,558 58,085 

DEDUCT USES OF FUNDS: 

REDEMPTION - LOANS 21,744 

FINANCING COSTS 

CHANGE IN WORKtlG CAPITAL (1,870) (23,074) 

MAINTENANCE SPARES (2,853) 813 

ACCOUNTS RECEIVABLE (15,804) (30,542) 

ACCOUNTS PAYABLE 18,877 8.855 

CAPITAL EXPENDITURES 1,503.078 

INVESTMENTS 0 

EXCHANGE RATE VARINICE 

TOTAL FUNDS USED 1,505,858 44,818 

CASH RECEIPTS FROM FINANCINC 1,503,078 

ENDING CAS H BALANCES 30,878 44,153 

- -

1_ lVi7 

44,153 58,212 

(28,308) (21,153) 

108,887 104,203 

SO,378 83,050 

24,882 27,873 

0 0 

(40,858) (22,348) 

(1,155) (S07} 

(47,753) (31,848) 

8,250 10,107 

0 1,887,758 

0 0 

0 0 

85,320 1,038,074 

0 1,887,758 

58,212 81,943 

- - - - -
Exhibit 9-5 

Analysis of Cash & Cash Balances 
Pernik District Heating Company 

Baseline Case 
I-

I_ 
2000 2001 2002 2003 

81,943 lSO,837 180,437 257,853 585,173 712,128 

40,299 (24,870) (288,294) 28,158 89,182 (13,459) 

98,Vi2 192,832 470,558 455,580 432,SOI 817,007 

138,281 168,H12 213.204 483,738 521,883 803,548 

42.74D Vi,032 83,884 113,310 324,804 383,808 

0 0 0 0 

(27,848) (48,330) (52,_) (42,_) (70,205) (84,284) 

(1,554) (1,250) (153) 202 (8,182) 1,887 

(37,411) (50,405) (84,5221 (55,883) (77,258) (90,013) 

11,117 11,325 12,312 12,582 13,245 12,782 

3,702,918 2,312,458 3,442,781 5,918,883 5,418,413 1,887,827 

0 0 0 0 0 0 

0 0 0 0 0 0 

3,773,514 2,480.822 3,578,838 8,074,812 5,613.422 2,135,899 

3,702,918 2,312.458 3,442,781 5,918,883 5,418,413 1,887,827 

180,837 180,437 257,853 585,173 712,128 867,803 

- - - -

2004 2005 2008 2007 200II 

887,803 1,521,_ 1,882,508 2,178,731 2,470,188 

(131,888) (8,578) (17,188) 48,880 138,333 

1,203,887 1,143,512 1,088,338 1,032,018 888,418 

1,071,801 1,133,835 1,080,148 1,078,708 1,128,751 

385,883 718.188 745,611 748,382 780,307 

0 0 0 0 

(52,005) (75,I87} (8,314) (32,881) (48,857} 

(5,542) 8,391 (2,403) (7,552) 788 

(58,285) (81,831) (18,058) (37,328) (82,7I7} 

11,_ 10,272 11,145 11,- 12,Vi3 

0 0 0 0 838,873 

0 0 .0 

0 0 0 0 0 

417,888 793,333 754.925 778,:i!43 1,448,237 

0 0 0 839.873 

1,521,_ 1,882,508 2,178,731 2,478,188 2,783,883 

- -

2008 2010 

2,783,883 3,083,210 

200,480 207,004 

882,Vi8 014,848 

1,183,485 1,121,850 

829,554 891,358 

0 0 

(34,_) (42,108) 

(2,749) 3,715 

(45,850) (80,985 

14,014 15,145 

0 0 

0 

0 0 

883,838 83D .... ""', 

0 0 

3,083,210 3,275,588 
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PLANT IN SERVICE 

CWJP. 

LESS: ACCUM. PROV. FOR DEPR. 

NET PLANT 

CURRENT ASSETS 

CASH 

STORES & MATERIAlS 

ACCOUNTS RECE IVASLE 

TOTAL CURRENT ASSETS 

EXCHANtE RATE VARIANCES 

INVESTMENTS 

UNAMORTIZED FIN. COSTS 

TOTAL ASSETS 

Ut>IIlIJIn 

PAID IN CAPITAL 

RESERVE FUNDS: 

BALANCE, START CI' PERIOO 

NET INCOME FOR PER 100 

tRANSFERS & CONTRIBUTIONS 

BALANCE, END CI' PER 100 

LOANS OUTSTANDING 

DOMESTIC LOANS 

FOREIGN LOANS 

TOTAL LONG-TEAM DEBT 

CURRENT UASllITlES 

SHORT TEAM LOANS 

CURRENT PORTION

LONG-TEAM DEBT 

ACCOUNTS PAYABLE 

TOTAL CURRENT UASllITlES 

TOTAL LIABIlITIES 

RETAINED EARNINGS 

TOTAL UA8ll1TIES& CAPITAL 

- - -
1994 

2,371,aee 

o 
82,188 

2,3011,197 

30,878 

2,853 

15,804 

411,533 

o 
o 

2,3158,730 

l1li7,390 

120,348 

1,3111,1184 

1,482,232 

lllil5 

2,371,aee 

o 
177,828 

2,1113,737 

44,153 

2,240 

48,348 

112,738 

o 
o 
o 

2,28Il,478 

l1li7,380 

o 
o 
o 

o 

IIS,M8 

1,3111,_ 

1,457,570 

o 

21,744 24,M2 

18,877 23,832 

38,721 48,4115 

1,520,1154 1,1IOe,085 

(28.814/ (M,8781 

2,3!58,730 2,28Il,478 

1M" 

2,371,_ 

o 
287,318 

2,084,050 

50,212 

3.385 

84,088 

158,7OS 

o 
o 
o 

2,240,7541 

l1li7,380 

o 
o 
o 

o 

87,713 

1,3111,884 

1,428,507 

1887 

2,371,_ 

I,M7,754I 

3111,518 

3,887,1104 

81,843 

4,002 

125,844 

221,880 

o 
o 
o 4,_,_ 

l1li7,380 

o 
o 
o 

o 

l1li,881 

3,177,813 

3,274,1104 

o 0 

27,873 42,748 

32,OS2 42,188 

80,055 84,838 

1,_,852 3.350,542 

(118,288) (137,_) 

2,240,7541 4,_,_ 

- - - -
Exhibit 9-6 

Balance Sheet 

- -
Pernik District Heating Company 

Baseline Case I. 
2,371,_ 

5,580,872 

480,511 

7,471,527 

180,837 

5.558 

183,358 

329,548 

o 
o 
o 

7,801,078 

887,380 

o 

o 
o 

o 

1118,438 

8,712,050 

8,878,4e8 

1888 -2000 

10,274,_ 10,274,_ 

o 3,442,781 

883,343 1,182,1101 

8,501,155 12,554,388 

180,437 257,853 

8.805 8._ 

222,781 287,282 

410,004 551.8115 

o 0 

o 0 

o 0 

10.001.158 13.1011.283 

l1li7.3110 l1li7,3110 

o 0 

o 0 

o 0 

o 

203.888 

8.803,285 

',107,283 

o 

255.884 

12,1110.781 

12,438,744 

2001 2D02 

10,274,_ 10,274,_ 

8,381,484 14,778,8117 

1,818,480 2,051,281 

18,017,501 23,003,114 

585,173 712,128 

8,757 12,8411 

342,1175 420,233 

_,IIOS 1,145,310 

o 0 

o 0 

o 0 

18,1152,407 24,148,423 

_,380 887,3110 

o 0 

o 0 

o 0 

o 

350,284 

17.871.340 

18,030.833 

o 

384,1158 

22,700.482 

23.085,438 

2003 

28,742,222 

o 
2,-,-

24,073,1133 

1187,803 

10,l1li3 

518,248 

1,388,032 

o 
o 
o 

25,471,l1li5 

l1li7,380 

o 
o 
o 

o 

2004 

28,742,222 

o 
3,871,1185 

22,870,238 

1,52\,_ 

18,525 

577,531 

2,115,l1li1 

o 
o 
o 

24,l1li8,1l1li 

l1li7,3110 

o 
o 
o 

o 

283,897 160,802 

24,123,575 23,528,1104 

24.407,572 23.8811,_ 

- - -
2005 

28,742,222 

o 
5,015,497 

21,728,724 

1,882,508 

10,133 

_,382 

2,542,003 

o 
o 
o 

24,288,727 

_,380 

o 
o 
o 

o 

58,298 

22,885,_ 

22,1143,7115 

2008 

28,742,222 

o 
8,101,833 

20,840,388 

2,178,731 

12,538 

1187,418 

2,878,885 

o 
o 
o 

23,517,073 

l1li7,390 

o 
o 
o 

o 

7,732 

22,188,700 

22,1117,432 

28,742,222 

o 
7,133,853 

18,808,_ 

2,478,1l1li 

2O,OS8 

724,N5 

3,221,030 

o 
o 
o 

22,8211,_ 

l1li7,380 

o 
o 
o 

o 

27,382,184 

o 
8,122,271 

19,259,923 

2,7113,883 

111,321 

787,483 

3,800,488 

o 
o 
o 

22,1180,380 

1187,380 

o 
o 
o 

o 

(q 11,777 

21,437,125 21,235,7118 

21,437,125 21,247,543 

-
200II 

27,382,184 

o 
11,085,287 

18,298,927 

3,083.210 

22.070 

833,113 

3,848,382 

o 
o 
o 

22,245,3111 

l1li7.3110 

o 
o 
o 

o 

8,_ 

20,340,822 

20,350,188 

-
o 

27,382,184 

o 
10,000,113 

17,382,081 

3.275,5l1li 

18.355 

894,078 

4.1M.029 

o 
o 
o 

21,570,110 

l1li7.390 

o 
o 
o 

o 

8,827 

18,477,813 

111.484.240 

o 0 0 0 0 0 0 0 0 0 0 0 0 

98.032 83,_ 113,310 324,804 383.809 385,883 718,188 745.811 748,382 780.307 828.554 887.358 885._ 
53,308 84.831 78.1142 88.524 102,789 115.551 127.373 137.845 148,7110 180.788 173.782 187.7l1li 202,841 

152.338 148,315 1110.253 41~.328 _.377 481,244 845,539 883,258 895.152 112\,0117 1.003,338 1.085,154 1.088,!187 

7,030,828 8,255.578 12,8211,987 111,444,1181 23,551.815 24,888,818 24,534._ 23,827.051 23.082,585 22,3511.221 22,250.878 21.435.340 20,553.127 

(117.1",* (121.1110) (_.104) (31511._) (270.782) (284.241) 14111.1371 1425,714) 1442.1101) (39I!,213) (257.880) (57.411) 1.,583 

7.801.078 10.001.188 13,108,283 111.1182,407 24.1~8.423 25,471,l1li5 24,11811.1l1li 24,288.727 23,517,073 22.821,_ 22,1180,380 22,245,31' 21.870,110 
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OENERAlINFlJ\TION 

FOPEION 

DOMESTIC 

COMPOUNDED: 

FOPEION 

DOMESTIC 

FOPEXRATIO 

EXCHANQE RATE(LEVAlUS) 

CAPITAL EXPENDITURES 

FOPEION (US 1 ;93$) 

FOF£ION (CURPENT) 

FOF£ION (LEVA-CURPENT) 

DOMESTIC (US 1;9~ 

DOMESTIC (LEVA 1;93) 

DOMESTIC (l£VA-CURPENT) 

DOMESTIC (CURPENT US) 

OPERATINO EXPENSES (US $11113) 

FUEL COST -NATURAL OAS 

FUEL COST -OIL 

PURCHASED PO'NER (NET) 

FIXEDO& M 

VARIABLE 0 & M 

EMISSION PENALTIES 

MAINTENANCE EXPENSES 

TOTAL 0 & M EXPENSES 

1 eeoll 

40.000% 

1.0'80 

1.4000 

1.37 .. 

43.98 

$13.531 

$13.783 

808.1111 

"55 

14.580 

20.384 

"83 

29.0~ 

U7a 

('2.02~ 

2.518 

2.017 

11 

1.705 

24.040 

OPERATING EXPENSES (l£VA-CURRENT) 

FUEL COST -NATURAL GAS 

FUEL COST-OIL 

PURCHASED PO'NER 

FIXEDO&M 

VARIABLE 0 & M 

EMISSION PENALTIES 

MAINTENANCE EXPENSES 

iTOTALO& M EXPENSES 

1.300.723 

75.174 

(578.0SO) 

112.808 

130.882 

403 

78.384 

1.117.312 

1005 

ze70~ 

40.0()0% 

1.a.58 

1.0e00 

1.8742 

50.07 

$0 

$0 

o 

$0 

o 
o 

$0 

33.783 

1._ 
(13.707) 

2.518 

2.045 

11 

2.284 

20.530 

2.118.1110 

113.272 

(885.348) 

157.020 

184.710 

1100 

141._ 

1.852.122 

1_ 

'.500"" 

35.00<1% 

1.0824 

2.8480 

2.4448 

78.23 

$0 

$0 

o 

$0 

o 
o 

$0 

40.323 

1.083 

(14.78lt 

2.518 

3.038 

11 

2.145 

35.248 

3.414.220 

187.005 

(1.250.438) 

213.204 

257._ 

031 

181.821 

2._.1110 

-

100 

3.500~ 

30.00<1% 

1.1203 

3.4398 

3.0705 

08.28 

$0 

$0 

o 

$0 

o 
o 

$0 

48.2a7 

2.124 

(15.224 

2.51a 

3.130 

12 

2.185 

43.a.l 

5.315.1:14 

233.708 

(1.875.7110) 

277.185 

345.521 

1.321 

240.511 

4.717.11111 

-

-
3.5OO~ 

25000% 

'.1595 

4.ma 

3.7083 

118.87 

$1.708 

$1.07a 

234.732 

$108 

3.392 

14.585 

$123 

57.5QO 

2.254 

(15.88~ 

2.518 

3.235 

12 

2.329 

52.278 

7.023.023 

310.132 

(2.154.088) 

348.457 

445.110 

1.851 

320.452 

7.102.7!111 

- - - -
Exhibit 9-7 

General Data Development 
Sofia District Heating Company 

TPS Sofia - Baseline Case 
1;90 

3.500~ 

20.000% 

1.2001 

5.1597 

4.m5 

137.58 

$0 

$0 

o 

$0 

o 
o 

$0 

80._ 

2._ 
(18.077) 

2.518 

3.323 

12 

1.015 

54.010 

10.a.5,077 

393._ 

(2.854.4110) 

415.748 

548.1182 

1.081 

318.188 

'.087.1108 

2000 

'5OO~ 

18.00<1% 

1.242' 

8.0884 

4.Q018 

158.88 

$0 

$0 

o 

$0 

o 
o 

$0 

83.043 

2.507 

{18.50t9 

2.518 

3.307 

13 

2.703 

58.575 

12.458,032 

488.4311 

(3.215.888) 

4QO.583 

881._ 

2.533 

528.828 

11.412,183 

2001 

3.350~ 

18.00<1% 

1.2837 

7.0828 

5.5018 

178.08 

$0 

$0 

o 

$0 

o 
o 

$0 

83.810 

2.502 

('8.50t9 

2.518 

3.422 

13 

2.222 

57.000 

14.423.203 

585.4110 

(3.730.407) 

580.078 

773.383 

2.038 

502.170 

13.1os.021 

2002 

3.200~ 

'4.000% 

1.3248 

8.0514 

8.0778 

104.48 

So 

$0 

o 

$0 

o 
o 

$0 

83.830 

2.404 

(111.511) 

2.518 

3.445 

13 

2.5111 

58.114 

18.3oe.178 

842.583 

(4.253.053) 

848.7411 

887.582 

3.340 

848.231 

14.872,1107 

2003 

3080~ 

12.00<1% 

1.3853 

0.0175 

8.8048 

211.35 

$1.708 

$2.320 

492.285 

$107 

3.424 

30.878 

$148 

83.305 

2.483 

(18.51., 

2.518 

3.484 

13 

2.1110 

57.978 

18.203.311 

718,498 

(4.765.203) 

728.5011 

_.575 

3.751 

755,741 

18.73D,177 

-

2004 

2.030~ 

10.00<1% 

1.4053 

0.0103 

7.0584 

225.87 

$0 

$0 

o 

$0 

o 
o 

$0 

83.070 

2.470 

('8.51., 

2.518 

3.481 

13 

2.333 

57.371 

20.010.481 

784.020 

(5.241.1122) 

700.258 

1.1a..Oas 

4.128 

740._ 

18.210.1122 

- -

2.8oo~ 

8.ooo~ 

1.4447 

10.7131 

7.4155 

237.30 

$0 

$0 

o 

$0 

o 
o 

$0 

82.558 

2.440 

(18.51., 

2.518 

3.487 

13 

2.827 

57.338 

21.444.835 

830.542 

(5.881.188) 

883.108 

1.105.370 

4.457 

_.1:14 

10.855.388 

2.8OO~ 

8.000% 

1.4851 

11.5808 

7.7008 

240.30 

$0 

$0 

o 

$0 

o 
o 

$0 

82.701 

2.455 

(18.51~ 

2.518 

3.495 

13 

2.588 

57.237 

23.214.108 

008.027 

(8.113.8111) 

032.252 

1.203.071 

4.813 

050.784 

21,181,142 

28oo~ 

8.000% 

1.5287 

12.4954 

8.1847 

281.01 

$0 

$0 

o 

$0 

o 
o 

$0 

82.788 

2.458 

(18.51~ 

2.518 

3.4;9 

13 

2.830 

57.503 

25.108,022 

0112.841 

(8.802.788) 

1.008.832 

1.300.DBII 

5.108 

1.131.588 

23.02t.7Bl 

-

2.800% 

8.000% 

1.5894 

13.4051 

8.5987 

275.18 

$0 

so 
o 

so 

SO 

82.oa. 

2.483 

(18.51~ 

2.518 

3.505 

13 

3.'48 

58.0311 

27.184.507 

1.083.827 

(7.131.000) 

1.087.378 

1.513.807 

5.814 

U50.4311 

25,083,253 

-

2.800% 

a.ooo% 

1.8134 

14.5747 

0.0338 

289.08 

$0 

$0 

$0 

o 
o 

$0 

83.018 

2.4117 

(18.51~ 

2.518 

3.510 

13 

2,370 

57.3QO 

2O.3QO.OOI 

1.150.583 

(7,701.400) 

1.174.380 

1.837.027 

8.083 

1.100.541 

28.788.003 

-

10 

2800%1 

11.00011 

1.8588 

15.7408 

0.4008 

303.70 

So 

$0 

o 

$0 

o 
o 

so 

83._ 
2.470

L
. 

(111.5'3 

2.5'8 

3,514 

13 

3.254 

58.352 

31.781.407 

1.244.141 

(8.317.800 

1.288.318 

1.770._ 

8._ 
1.11311.042 

21.301.041 
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1"4 18K 

CAPITAL EXPENDITURES (OOO'S LEVA-CURRENT) 

FOREIGN 108,188 0 

DOMESTIC 20,_ a 

MUNICI~L OWNERSHIP: 

INVESTMENT PROGMM 

FOREIGN 

SERIES84-87 830,431 a 
DMWDOWN 830,431 a 
UNDISBURED 0 0 

SERIES 11-2002 

DMWDOWN 

UNDISBURED 

SERIES 03-01 

DMWDOWN 

UNDISBURED 

DOMESTIC 

ANNUAL REQUIREMENT 23,442 0 

1- 18K 

BEGINNtlG BAlANCE 

CAPITAL FUNDING 

FOREIGN LOANS 830,431 0 

DOMESTIC LOANS 23,442 a 
TOTAL NEWCAPITAL 113 .• 7. a 

INTERNAL FUNDS 0 a 

PROCEEDS AVAIlABLE 853,171 0 

UTIUZATION OF PROCEEDS 

CAPITAL EXPENDITURES 

FOREIGN COSTS 108,1 IV 0 

DOMESTIC COSTS 20,384 0 

COMMITMENTFEES 0 0 

BOND DISCOUNT 0 0 

DEBT SERVICE RES. FUND 0 0 

OTHER EXPENSES 0 0 

TOTAL UTLiZATION 121,573 0 

BAlANCE ON DEPOSIT 

INTEREST EARNED ON: 

CONSTRUCTION FUND 0 0 

DEBT SERVICE RESERVE 0 0 

BAlANCE AVAIlABLE 27,305 0 

INTERESTCHARIlES 

FOREIIlN LOANS 24.2'" 0 

DOMESTIC LOANS 3,_ 0 

TOTAL INTEREST 27,_ a 

NET END OF PERIOD (0) 0 

AMOUNT CLOSED TO PlANT US,I71 a 

- - - - - - -
Exhibit 9-8 

Projected Investment Program - Municipal Ownership 
Sofia District Heating Company 

TPS Sofia - Baseline Case 

1- 1"7 1"1 1- 2000 2001 2002 2003 2004 2005 

0 0 234,732 0 0 0 0 "12,285 0 0 

a 0 14,515 0 a 0 0 30.178 a a 

0 0 

0 0 

a 0 

244,121 0 0 0 0 

244,121 0 0 0 0 

0 0 a 0 0 

511,878 0 0 

511,171 0 0 

0 0 0 

0 0 11,772 0 0 0 0 35,507 0 0 

CAPITALIZATION SCHEDULE AND 
APPLICATION OF CONSTRUCTION FUNDS 

SOFIA DISTRICT HEATING COMPANY 
TPS SOFa - BASELINE CASE 

1_ 1"7 tolH 1- 2000 2001 2002 2003 2004 2005 

0 0 244,121 a 0 0 0 511,171 0 0 

0 a IU72 a 0 a a 35,507 a a 
a 0 NO.IN a 0 0 0 "'7,413 a a 
a 0 0 a 0 0 0 0 0 a 

0 a 210,114 0 0 a 0 547,413 0 0 

0 a 234,732 0 a a 0 412,215 0 0 

0 0 14,515 0 0 0 0 3O,I7a 0 0 

a a 0 0 a a a 0 0 a 
0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 241,317 0 0 0 0 523,111 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 

0 0 11,577 0 0 0 0 24,323 0 0 

0 0 1,_ 0 0 0 0 Il,all 0 0 

0 0 2,1" 0 0 0 0 4,131 0 0 

0 0 11,577 0 0 0 0 24,323 0 0 

0 0 (0) 0 0 a a 0 0 0 

0 a 210,_ 0 a a a 547,_ 0 0 

.. -
2001 2007 2001 

0 0 0 

0 0 0 

0 

a 
0 

0 0 0 

2001 2007 2001 

a 0 0 

a 0 a 
0 0 a 
0 0 0 

a a a 

a a 0 

0 0 0 

a a 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

a 0 0 

0 0 0 

-
-

0 

0 

0 

-
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

a 

0 

2010 

0 

0 

0 

2010 

0 

0 

0 

a 

0 

0 

a 
0 

0 

a 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

- - -
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FOF£IGN LOANS: 
SEAESII4-07 
BAUIICE, START OF PERIOD 0 830,438 

AMOUNT DRAWN DOWN 830,438 0 
DEBT SERVICE 

INTEREST CHARGES 0 SO,435 
PRINCIPAL REPAYMENT 0 0 
TOTAL DEBT SERVICE 0 SO,435 

SERIES 08-02 
BALANCE, START OF PERIOD 

AMOUNT DRAWN DOWN 
DEBT SERVICE 

INTEREST CHARGES 
PRINCIPAL REPAYMENT 
TOTAL DEBT SERVICE 

SERIES 03-07 
BALANCE, START OF PERIOD 

AMOUNT DRAWN DOWN 
DEBT SERVICE 

INTEREST CHARGES 
PRINCIPAL REPAYMENT 
TOTAL DEBT SERVICE 

BALANCE, END OF PERIOD 830,438 830,438 

DOMESTIC LOANS: 
BAUIICE, START OF PERIOD 

SERIES 114 0 23,442 
SERIES 05 0 
SERIES 88 
SERIES 07 
SERIEBOS 
SERIES 00 
SERIES 00 
SERIES 01 
SERIES 02 
SERIES 03 
SERIES 04 
SERIES 05 
SERIES 08 
SERIES 07 
SERIESoe 
SERIES 00 
SERIES 10 
TOTAL OUTSTANDING 0 23,442 

AMOUNT DRAWN DOWN 23,442 0 
DEBT SERVICE 

INTEREST CHARGES 0 2,034 
PRINCIPAL REPAYMENT 0 3,587 
TOTAL DEBT SERVICE 0 8,522 

BALANCE, END OF PERIOD 23,442 10,854 

TOTALS ALL DEBT: 
BAUIICE, START OF PERIOD 0 853,878 
AMOUNT DRAWN DOWN 853,878 0 
DEBT SERVICE 

INTEREST CHARGES 0 53,_ 
PRINCIPAL AEPAYMENT 0 3,587 

BAUllCE, END OF PEAIOD 853,878 850,201 

TOTAL DEBT SERVICE 0 58,887 

- -
I 7 

830,438 830,438 

0 0 

SO,435 SO,435 
0 0 

SO,435 SO,435 

830,_ 830,438 

10,854 15,788 
0 0 

0 

18,_ 15,788 
0 0 

2,453 1,1107 
4,_ 4,815 
8,522 8,522 

15,788 11,171 

850,201 848,222 
0 0 

52,888 52,342 
4,_ 4,815 

848,222 841,807 

88,057 58,OS7 

-
~-

830,438 

0 

SO,435 
0 

SO,435 

0 

244,121 

0 
0 
0 

874,558 

11.171 
0 
0 
0 

11,171 
18,n2 

1,287 
5,234 
8,522 

22,700 

841,807 
280,_ 

51,722 
5,234 

8117,287 

58,057 

- - - -
Exhibit 9-9 

Debt Service Schedule 
Sofia District Heating Company 

TPS Sofia - Baseline Case 

1I11III I 2002 2003 

830,438 818,002 802,2114 588,431 580,308 

0 0 0 0 0 

SO,170 40,085 47,871 48,570 45,181 
13,534 14,830 15,833 17,125 18,522 
83,704 83,704 83,704 83,704 83,704 

244,121 244,121 244,121 244,121 244,121 

0 0 0 0 0 

10,530 10,530 10,530 10,530 10,427 
0 0 0 0 5,241 

19,530 10,530 19.530 10,530 24,888 

0 

511.078 

0 
0 

881,023 848,385 830,552 813,427 1,301,840 

5,037 
0 0 
0 0 0 
0 0 0 0 

18,n2 14,208 11,295 7,003 4,248 
0 0 0 0 

0 0 0 
0 0 

0 

22,700 14,208 11,295 7,903 4,248 
0 0 0 0 35,S07 

2,885 1,755 1,384 021 410 
8,S03 UI1 3,302 3,745 4,248 

11,188 4,_ 4,_ 4,888 4,888 

14,208 11,205 7,003 4,248 35,S07 

587,287 875,220 857,880 838,545 817,875 
0 0 0 0 847,483 

72,384 70,3SO 88,785 87,030 85,027 
22,_ 17,550 10,135 20,870 28,011 

'75,220 857,_ 838,845 817,875 1,337,147 

114,421 87,_ 87,_ '7,_ 83,038 

- - -

5SO,783 530,748 500,081 485,_ 

0 0 0 0 

43,870 42,035 40,287 38,354 
20,034 21,_ 23,437 25,340 
83,704 83,704 83,704 83,704 

2311,880 233,212 227,081 22O,4SO 

0 0 0 0 

18,8gg 18,537 18,038 17,405 
5,_ 8,131 8,831 7,172 

24,_ 24,888 24,888 24,_ 

511,878 S11.978 51,.G7e 511.978 

0 0 0 0 

40,058 40,858 40,058 40,058 
0 0 0 0 

40,058 40,058 40,058 40,058 

1,275,937 1,248,138 1,218,070 1,185,548 

0 
0 0 
0 0 0 
0 0 0 0 

35,507 30,074 23,011 18,021 
0 0 0 

0 0 
0 

35,507 30,074 23,011 18,021 
0 0 0 0 

4,445 3,718 2,_ 1,0SO 
5,434 8,183 8,0lI0 7,028 
0,878 0,878 0,878 0,878 

30,074 23,011 18,021 8,_ 

1,337,147 1,308,011 1,272,040 1,234,1101 
0 0 0 0 

1011.072 105,248 102,150 oe.758 
31,138 33,_ 37,058 4O,4SO 

1,308,011 ,1,272,041 1,234,1101 1,1114,841 

''',208 130,208 130,_ 1",_ 

- .. 

- ~ 

_,205 432,8n 

0 0 

38,288 34,040 
27,418 20,855 
83,704 83,704 

213,2n 205,520 

0 0 

18,010 18,2n 
7,758 8,301 

24,_ 24,888 

511,078 500,085 

0 0 

40,743 30,848 
lo,ggl 11,_ 
51,734 51,734 

1,130,382 1,080,448 

8,903 
0 0 
0 0 
0 0 
0 0 

0 

8,gg3 0 
0 0 

888 0 
8,_ 0 
0,878 0 

(0) 0 

1,1114,841 1,130,3112 
0 0 

114,525 110,171 
55,158 40,034 

1,131,352 1,0IIII,441 

148,_ 140,108 

-
2010 

403,222 

0 

31,820 
32,075 
83,704 

107,120 

0 

15,502 
0,075 

24,688 

480,087 

0 

38,878 
12,858 
51,734 

1,035,440 

0 
0 
0 
0 
0 

0 
0 

0 
0 
0 

0 

1,_,448 
0 

88,007 
54,_ 

1,035'-

140,105 

-
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I_ I_ 
OPERATING REVENUES: 

SteAM 114,973 185,174 252,;00 

HOTWAtER 1,042,275 1.818,505 2,852,_ 

ELECTRICllY 578,950 885,348 1,2SO,438 

TOTAl SALES REVEN UE 1,718,198 2,847,028 4,355,380 

OTHER OPER. REVEN UES 0 0 0 

TOTAL OPERATING REVENUEf 1,718,198 2,M7,028 4,355,380 

OPERATING EXPENSES: 

OPER. & MAIN. 

FUEL- GAS 1,300,723 2,118,870 3,414.229 

OIL 75,174 113,272 187,905 

liGNIte 0 0 0 

COAl 0 0 0 

TOTAl FUEL COST 1,375,898 2,232,142 3,582,134 

PURCHASED POWER 0 0 0 

FIXED 0& M 112,808 '57,929 213,204 

OTHER VAR. 0& M '30,882 lM,710 257,_ 

EMISSION PENAlTIES 493 890 931 

MAINtENACE EXPENSE 78,384 141,_ 181,821 

PLNlT REMOVAL COSTS 0 0 0 

TOTAl 0& M U98,282 2,717,480 4,234,955 

DEPRECIATION EXPENSE 74,323 95,128 90,371 

OTHER OPER. EXPENSE 0 0 0 

TOTAL OPERATING EXRENSES 1,770,588 2,812,597 4,325,328 

OPERATING SURPLUS (54,388) 34,431 30,054 

LONG teRM DEBT INteREST 

FOREIGN 0 50,435 SO,435 

DOMESTIC 0 2,934 2,453 

EXCHANGE RAte VARIANC 0 0 0 

TOTAl INteREST EXPENSE 0 53,389 52,_ 

NET INCOME FOR YEAR (54,388) (IB,939) (22,834) 

PROVISION FOR TAXES @42" 0 0 0 

ADJUSteD NET INCOME (54,388) (18,1139) (22,634) 

RETAINED EARNINGS, 

FIRST OF YEAR 0 (54,388) (73,328) 

RETAINED EARNINGS, 

END OFYEAFI (54,388) (73,3201 (l1li,180) 

--- - --- - ---- -----

.. 

l11Q7 

_,8l1li 

4,493,090 

1,875,7110 

8,555,747 

0 

8,555,747 

5,315,124 

233,7l1li 

0 

0 

5,_.aZO 

0 

277,185 

345,521 

1,321 

240,511 

0 

8,413.438 

85,853 

0 

8,499,291 

58,455 

50,435 

1,907 

0 

52,342 

4,114 

1,728 

2,_ 

(l1li,180) 

(83,774) 

- - - - -
I_ 

571,418 

8,827,847 

2,154,l1li8 

9,554.229 

0 

0,554,229 

7,023,923 

310,132 

0 

0 

8,234,058 

0 

348,457 

445,110 

1,851 

3ZO,452 

0 

0,347,725 

83,'91 

0 

9,430,018 

123,313 

SO,435 

1,287 

0 

51,722 

71,591 

30,058 

41,523 

(93,774) 

152,252) 

Exhibit 9-10 
Statement of Income 

Sofia District Heating Company 
TPS Sofia - Baseline Case I_ 

2000 2001 2002 2003 

710,189 883,009 l1li1,257 1,115,830 1,253,_ 

8,724,288 10,891,708 12,_,072 14,082,470 15,818,205 

2,854,_ 3,215,888 3,730,407 4,253,953 4,785,293 

12,088,935 14,070,584 17,0115,738 10,452,253 21,838,880 

0 0 0 0 0 

12,088,1135 14,070,584 17,0115,738 19,452,253 21,838,880 

10,045,977 12,458,032 14,423,293 18,3l1li,178 18,293,311 

393,_ 488,430 585,4110 842,583 718,4l1li 

0 0 0 0 0 

0 0 0 0 0 

10.4aa.&OO 12,1148,472 14,888,753 17,038,741 18,009,807 

0 0 0 0 0 

415,748 490,583 568,078 848,748 728,5l1li 

548,882 881,838 773,363 887,582 _,575 

1,981 2,533 2,938 3,349 3,751 

311,188 528,828 S02,170 848,231 755,741 

0 0 0 0 0 

11,722,178 14,828,052 18,838,328 10,228,8SO 21,495,480 

90,445 85,923 81,827 77,548 77,0110 

0 0 0 0 0 

lU'2,823 14,713,875 18,817,855 18,304,1l1li 21,572,558 

278,312 258,809 177,781 148,058 284,_ 

89,899 88,585 87,400 88,108 84,_ 

2,885 1.755 1,_ 021 41~ 

0 0 0 0 0 

72,384 70,350 88,785 87,030 85,027 

203,828 188,259 108,018 81,028 19;,274 

85,850 78,229 45,787 34,032 83,895 

118,278 108,030 83,230 48,0l1li 115,578 

152,2521 88,027 174,057 237,288 284,283 

88,027 174,057 237,288 284,283 398,881 

- - - -
2004 2005 200II 2007 200II 

1,358,155 1,482,892 1,574,_ 1,719,271 1,882,557 

17,140,758 18,480,082 19,878,013 21,898,287 23,508,824 

5,241,822 5,881,188 8,113,891 8,1102,788 7,131,009 

23,740,735 25,583,_ 27,584,588 30,020,_ 32,500,190 

0 0 0 0 0 

23,740,735 25,583,1142 27,584,588 30,020,324 32,500,190 

20.010,481 21,_,835 23,214,108 25,108,022 27,184,597 

784,020 839,542 008,927 982,841 1,083,827 

0 0 0 0 0 

0 0 0 0 0 

20,803.501 22,284,377 24,123,033 28,088,882 28,228,224 

0 0 0 0 0 

799,258 883,'88 832,252 1,008,632 1,087.378 

1,104,028 1,195,370 1,293,971 1,311Q,089 1,513,1107 

4,128 4,457 4,813 5,198 5,814 

740,534 l1li9,124 9SO,784 1,131,588 1,350,430 

0 0 0 0 0 

23,452,_ 25,318,534 27,304,833 29,631,587 32,1114,282 

97,188 02,329 87,712 83,328 79,180 

0 0 0 0 0 

23,548,532 25,408,882 27,382,545 29,714,8114 32,273,423 

181,202 175,080 172,043 305,431 228,787 

103,827 101,530 1IQ,281 l1li,808 83,838 

4,445 3,718 2,_ 1.050 

_ 
0 0 0 0 0 

108,072 105,248 102,150 l1li,758 04,825 

83,130 89,835 89,893 208,873 131,1143 

34,815 28,331 28,355 S8,802 55,418 

48,218 40,504 40,538 118,870 78,527 

398,881 448,077 488,581 529,118 848,l1li8 

448,077 488,581 529,11. 848,_ 725,518 

--------- -- ---- --

-
2008 

1,_,339 

25,189,787 

7,701,490 

34,885,815 

0 

34,885,815 

29,390,001 

1,ISO,583 

0 

0 

30,540,584 

0 

1,174,380 

1,837,027 

8,083 

1,1011,541 

0 

34,487,583 

75,202 

0 

34,542,785 

322,630 

90,171 

0 

0 

90,171 

232,859 

87,717 

134,1142 

725,518 

_,458 

\Jill 

Z010 

2,180,234 

27,515,;00 

8,317,809 

38,013,742 

0 

38,013,742 

I 

31,781,497 

1.244.'4' 

0 

0 

33,025,837 

0 

1.288.318 

1,770,_ 

8,_ 

1,839,042 

0 

37,7011,550 

7',442 

0 

37,780,892 

232,751 

88,0117 

0 

0 

88,0117 

148,854 

81,585 

85,059 

_,458 

1145,517 
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BEOINNINO CAIIH BALANCES 5.111M 7.2114 

PLUS FUNDS OENERATED: 

ADJ. NET INCOME (54 •• (11.1301 (22,1134' 

NON CAIIH ITEMS: 

DEPRECIATlOII 74.m 15,128 110.371 

TOTAl. FUNDS GENERATED tI._ 7 •• 1. 17."7 

DEDUCT USES Of FUNDS: 

REDEMPTION - LOANS 0 U.7 4._ 

FINANCING COSTS 0 0 

CHANGE IN WOAKWO CAPITAL (14.1M2I (70)'11, (eo.1M) 

MAINTENANCE IIPARES 11.S211 (1,312) (7121 

ACCOUNTS RECEIVABLE (27.ta4I (75.04111 (87.1!IOI 

ACCOUNTS PAYABLE 14,_ I.IM' 7 .... 

C""'TAL EXPENDITURES m.l7I 0 0 

INVESTMENTS 0 0 0 

EXCHANOE RATE VARINICE 0 0 

TOTAL FUNDS USED 011.720 73.1181 8'.053 

CAIIH RECEIPTS FROM FINANCIN 153.17. 0 0 

ENDINO CASH BALANCES I.OIM 7.2114 t,7M 

~--.-- -----~ -----------

.. 

1"7 

'.7ea 

UM 

IS.I" 

II,HI 

4,115 

0 

(112.534) 

11.1781 

(110.1101, 

1,14' 

0 

0 

0 

'7.141 

0 

10 .... 

- - - - .. 
Exhibit 9-11 

Analysis of Cash & Cash Balances 
Sofia District Heating Company 

TPS Sofia - Baseline Case 

I_ I_ 2001 

10.851 I._ 14.013 55>'71 20.1110 5.013 

41,523 111._ 101._ 13,230 ....- 115.5711 

13.1tl IIOM5 15.123 11,1127 77,541 n._ 

114.713 _.7. 113.t15S 144.851 114.542 112._ 

•• 234 22,_ 17.550 to.135 20.170 28.Dll 

0 0 0 0 0 0 

(IH.4.., (UI8.4!1S) (145.Dll, (tll.DIMII (1t1.71111 1132.151' 

11.'l1li 15 14.2011) .... IU21, 12.1!101 

(132.D22I (1 .... 801) 1112.0lI2l 1172 • ..., 1127.5011 (141."', 

10.133 10.S71 11.281 11._ 11.132 11,381 

_.114 0 0 0 0 547>'13 

0 0 0 0 0 0 

0 0 0 0 0 0 

381.1111 tll.411 1112,_ 110.143 1:11.8M 707.1M5 

_,1M 0 0 0 0 547.413 

'.- 14,013 55.478 20.1110 5.013 37,570 

- - - -

2004 2005 2007 

37.570 10.7'" '.071 101 51.175 

.... 211 <10._ <10,", 111.170 71.521 

t7,IM tU28 17,712 13,321 71.110 

14'._ 132._ 121.250 203,187 15,.ea7 

31.131 33._ S7._ <10.450 55.151 

0 0 0 0 0 

1132.otIt, (101.541, (100.1ee) 1111.'73) (1<10.117) 

S04 (4.572) 317 (S.eUIi (4.557) 

1143.07., ,114.232) ,110.182) 1111.8381 1147._, 

10.111 1.2IS 10._ 10.7'2 11,704 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

113.227 143.103 137,224 152.1H IIS.sse 

0 0 0 0 0 

to.7'" 1.071 101 st.l75 11.501 

- .. 

2010 

11.501 <10.547 

lM.1M2 I!I,O'8 

75._ 71.442 

210.144 151.501 

4 •. _ 
54.00e 

0 

11st.181) (UI.tIOO 

4._ (10.580 

11 .... 7t121 (141.tI2IJ 

12._ 13.118 

0 0 

0 0 

0 0 

111.1OS 112._ 

0 0 

<10.547 4.1<10 
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PLANT IN SERVICE 

C.W.l.P. 

LEIIII: ACCUM. PROVo FOR DEPR 

NET PLANT 

CURA;NT ASSETS 

CAIIH 

ITORES. MATERIALS 

ACCOUNTS RECEIVABLE 

TOTAL CURA;NT ASSETS 

EXCHANGE RATE VARIANCES 

INVESTMENTS 

UNAMORTIZED FIN. COSTS 

TOTAL ASSETS 

'~ 

PAID IN CAPITAL 

RESERVE FUNDS: 

IlU.ANCE,ITART OF PERIDD 

NET INCOME FOR PERIOD 

TRANSFERS. CONTRIBUTION 

BALANCE, END OF PERIOD 

LOANS OUTSTANDING 

DOMESTIC LOANS 

FOREION LOANS 

TOTAL LONG-TERM DEBT 

CURA;NT UAIIILlTIES 

SHORT TERM LOANS 

CURRENT PORTION

LONG-TERM DEBT 

ACCOUNTS PAYABLE 

TOTAL CURA;NT LIABILITIES 

TOTAL LIABILITIES 

RETAINED EARNINGS .. 
TOTAL LIAlllUTES. CAPITAL 

1,178.178 

o 
7~,:I2t 

1,1102,554 

1.878.178 

o 
UII,~51 

1,107.~27 

1,171,171 

o 
251,823 

1,717,055 

118 

1,171,178 

o 
345.175 

1.831,203 

Exhibit 9-12 
Balance Sheet 

Sofia District Heating Company 
TPS Sofia - Baseline Case 

1118 

2.237.772 2.237,772 

o 0 

~21,588 '18,311 

1.801,lI0II 1,711,~50 

2.237.772 

o 
_.2M 

1,_,537 

2001 200: 

2,237,772 2,237,772 

o 0 

111,111 714.407 

1.550.010 1,~73,385 

\1 

2,715,255 

o 
141.407 

1,043,758 

2,715.255 

o 
131,885 

1,148,570 

2,715,255 

o 
1,031,013 

1.7M.2~2 

2,715,255 

o 
1,118,725 

1.588,530 

2,785,255 

o 
1,202,052 

1.583.203 

2.785,255 

o 
1,211,212 

1,504,043 

2,715,255 

o 
I,S5MI~ 

1.~21,141 

fjj 

2,715,255: 

o 
I 

1,~27.15II· 

1,357,318. 

5,1»4 7,aM 1.788 10.151 1.150 2~,083 55,~71 20.110 5.OIS 37,570 IU~ 1,071 101 51.175 11,501 040,M7 4.100 

1,521 2,MO 3,_ ~,810 I,~OI I,~ 10,!13S 10,_ 12,IM5 15,115 I~.III 11.382 11,015 22,_ 27.110 22.101 32,711 

27,_ 10U72 170.822 211.325 313.345 573,2M 725,_ 111.235 1,025,744 1,187,135 1,310,212 1,02~,_ 1.535,037 1.153,875 1,101,210 1,050.011 2.011.037 

34,MS 113,_ 114.223 271,~2 401.803 803,850 711._ 021,~88 1.043.772 1,218,820 1,_,788 1,452,802 1,5M.1S3 1,727,882 1,830,010 2.012,708 2,128.858 

o 0 0 0 0 0 a 0 a 0 0 0 a 0 a 
a 0 0 0 a 0 0 a a a a a a a a a 
o 0 0 0 0 0 0 0 a 0 0 0 0 0 0 0 

1,837,100 1,020.523 1,101.271 1,lI0II,104 2,215,501 2.322,120 2.~23,112 2.471.378 2,517,137 3,183,570 3,101,331 3,207,144 3,220,183 3,310,885 3,343,157 3.441.510 3,_,257 

1,323,000 1,325.000 1.323,000 1.325.000 1,325.000 1,323,000 1,325,000 

o 
o 
o 

o 0 o 0 o 0 

o 0 o 0 o 0 

o 0 o 0 o 0 

o o 0 o 0 o 0 

".150 

830,_ 

150,211 

15,7. 

830,438 

148,222 

11,171 

830.438 

141,107 

5.837 

830,438 

131,373 

14,201 

111.023 

175,221 

11.215 

141.385 

157,810 

000 0 0 0 

3.587 4._ 4.115 1,234 22,038 \7,550 

14,_ 20.851 28,'" 17.3111 47,404 17,111 

II,IIM 24,127 32,111 42,1. 11,132 7S.41~ 

\,I11,~7 1,113,141 1,007.4sa 2,001,_ 2,287.711 2,251,1»4 

(54,l1li (71,. (11.1101 181.774) (112.2521 11,027 

1.137.100 1,120._ 1,101.271 1.-,104 1.211.101 IU22.120 

7.~3 

830.552 

I3I,M5 

o 

".111 

".141 

lI,no 

1,241.1125 

174.017 

1,421._ 

1.323,000 1.323,000 1.'23.000 1.323.000 

o 0 o 0 

o 0 o 0 

o 0 o 0 

o 0 o 0 

4.241 

813.427 

(0) 30,074 23,111 

711._ 1,275,137 1,248,138 

817,175 711._ 1,301,011 1.272,g.fg 

o 0 0 0 

20,170 21,011 3\,138 33,IM2 

... _ IZ,IIO 10U70 114,251 

101,..,. 120.111 134,701 141.211 

2,242.012 2,232,IM 2.711,717 2.743,282 

237,281 214,213 _,III _,077 

"471.171 ""7.117 . 1,183,171 •• 1.1._ 

1,32',000 1,325,000 

o 0 

o 
o 0 

o 0 

11.121 1.~3 

1.211.070 1.115,501 

1,234,~1 I. UI4,Ml 

o 0 

37.051 040,450 

12UI. 133.'71 

180,571 174,021 

2,711,583 2.111._ 

_,511 1121.11' 

U07.l44 1,220._ 

1.323,000 1,32',000 1.323.000 

o 0 o 
o 
o 

o 0 

o 0 

o 0 o 

(0) (0) 0 

1.138,382 1,081,_ 1.035.440 

1.130,382 l.oeO,44' 1.035.440 

o 

55,151 

144,351 

1~.514 

2,111,_ -.-
1,110,111 

o 0 

40._ M,OOI 

111,051 188._ 

205,_ 222,'"'2 

2.111,441 2,111.132 

725,51' _.451 

1.143,"7 1,441,_ 

1,32',000 

o 

o 

o 

878,888 

178.888 

55.772 

112._ 

231,071 

2,MO,100 

045,517 

1,_.257 

-
" -!I 
" -!l 
z 

e -z 
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GENERAL INFLATION 

FOREIGN 

DOMESTIC 

COMPOUNDED: 

FOREIGN 

DOMESTIC 

FOREXRATIO 

EXCHANGE RATE (\.EVA/US) 

CAPIfAL EXPENDITURES 

FOREIGN (US leeM) 

FOREIGN (CURRENT) 

FOREIGN (\.EVA-CURRENT) 

DOMESTIC (US 1l1li:31 

DOMESTIC (\.EVA 1l1li3) 

DOMESTIC (\.EVA-CURRENT) 

DOMESTIC (CURRENT US) 

OPERATING EXPENSES (US $1l1li3) 

FUEL COST -NATURAL GAS 

FUEL COST -Oil 

PURCHASED POWER (NET) 

FIXED 0& M 

VARIABLE 0 & M 

EMISSION PENAlTIES 

MAINTENANCE EXPENSES 

TOTAlO& M EXPENSES 

l8II4 

1.880% 

~.OOO% 

1.0188 

1.4000 

1.3744 

43.88 

$1.

",358 

59,783 

$387 

12,_ 

17,338 

$394 

12,802 

740 

1,07S 

782 

1,100 

1,152 

17,_ 

OPERATING EXPENSES (lEVA-CURRENT) 

FUElCOST-NATURALQAS 

FUEL COST -Oil 

PURCHASED POWER 

FIXEDO& M 

VARIABLE 0 & M 

EMISSION PENAlTIES 

MAINTENANCE EXPENSES 

TOTAl 0 & M EXPENSES 

573,530 

33,152 

48,180 

35,482 

48,280 

224 

51,810 

781,437 

1110X 

2.870% 

40.000% 

1.0458 

1.8800 

1.8742 

58.117 

$3,828 

$3,784 

227,5411 

$1,054 

S3,728 

88,107 

",102 

14,784 

781 

1,149 

7112 

1,103 

1,187 

19,821 

927,880 

49,812 

72,085 

49,874 

88,180 

314 

74,448 

1,243.173 

-
3.SOO'lI. 

35.000% 

1.0824 

2.8480 

2._8 

78.23 

$04,527 

$04,_ 

383,310 

$1,315 

42,080 

111,!44 

",423 

17,484 

885 

1,257 

782 

1,131 

2,247 

23,781 

1,481,252 

73,241 

1OS,433 

87,OSO 

85,784 

423 

180,2511 

2,014,432 

-
1l1li7 

3.SOO'lI. 

30.000% 

1.1203 

3.4388 

3.0705 

88.28 

$04,701 

$5,288 

517,458 

$1,385 

43,_ 

150,250 

$1.529 

20,775 

814 

1,328 

792 

1,184 

5 

1,228 

28,204 

2,288,m 

100,807 

148,178 

87,178 

128,128 

550 

134,850 2,_,_ 

- - - - - -
Exhibit 9-13 

General Data Development 
Sofia District Heating Company 

Zemliane - Baseline Case 
1l1li8 1- 2000 2001 2002 2003 2_ 

3.500% 

25.000% 

1.1595 

4.2l1li8 

3.7083 

118.87 

$13.437 

"5,sao 
1,848,_ 

$1,592 

50,_ 

218,_ 

",848 

24,851 

885 

1,402 

782 

1,188 

5 

1,387 

30,410 

3,381,7eo 

132,778 

192._ 

108,873 

184,1135 -182,218 

4,184,173 

3.500% 

20.000% 

1.2001 

5.1587 

4.2985 

137.58 

$3.278 

$3,834 

541,232 

$837 

29,_ 

154,708 

",'24 

25,893 

1,014 

1,479 

792 

1,232 

1,297 

31,712 

4,275,204 

187,422 

244,198 

130,787 

203,418 

828 

214,1411 

5,235,1181 

3.500% 

18.000% 

1.2421 

8.0884 

4.8018 

158.88 

'3,278 

$04,072 

838.854 

$837 

29,_ 

182,558 

$1,184 

27,278 

1,088 

1,580 

7112 

1,285 

5 

2,455 

34,422 

5,314,180 

208,274 

303,835 

154,308 

_,4eo 

874 

478,308 

8.708,_ 

3.350% 

18.000% 

1.2837 

7.0828 

5.5018 

178.08 

$3,278 

$04,208 

740,838 

$837 

29,884 

211,785 

$1,203 

27,003 

1,058 

1,580 

7112 

1,285 

1,-

S3,023 

8,102,7112 

239,111 

352,585 

178._ 

285,894 

1,1SO 

302,_ 

7,_,SOI 

3.200% 

14.000% 

1.3248 

8.0514 

80778 

11M.48 

$3.278 

$04,343 

_,558 

$937 

29,884 

241,412 

$1.241 

28,733 

1,048 

1,580 

782 

1,285 

5 

1,528 

32,829 

8,887,585 

270,010 

401,834 

204.054 

325,819 

1,288 

393,184 1,-,-

3.080% 

12.000'4 

1.3853 

8.0175 

8.8048 

211.35 

$3.278 

$04,475 

845,Il0l2 

$937 

29,884 

270,3111 

",278 

28,488 

1,037 

1,580 

782 

1,285 

1,417 

32,542 

2.930% 

10.000% 

1.4053 

8.9193 

7.0584 

225.87 

$0 

$0 

o 

$0 

o 
o 

$0 

28,201 

1,028 

1,580 

792 

1,285 

5 

2,_ 

33,532 

7,837,050 8,318,838 

2l1li,238 325,870 

450,155 495,170 

228,5<10 251,394 

385,028 401,532 

1,443 1,587 

408,8111 1151,_ 

8,380,_ 10,843.822 

- - -
200 

2.Il00% 

8.000% 

1._7 

10.7131 

HISS 

237.30 

$0 

$0 

o 

$0 

a 
o 

$0 

25.838 

1.018 

1,580 

792 

1,285 

1,485 

32,042 

2.800% 

11.000% 

1.4851 

11.5898 

7.7908 

248.30 

$0 

$0 

o 

$0 

o 

$0 

25,839 

1.018 

1,580 

792 

1,285 

5 

1,-

32,245 

8,892,154 9,803,528 
_,_ 378, 1511 

534,7114 577,587 

271,508 293,231 

433,855 _,347 

1,714 1,851 

502,217 817,552 

10,_,325 11.838,228 

2.800% 

8.000% 

1.5287 

12.4854 

8.1847 

281.91 

$0 

$0 

o 

$0 

o 

$0 

25,939 

1,018 

1,580 

792 

1,285 

1,548 

32,125 

2.800% 

8.000% 

1.5884 

13.4951 

8.5887 

275.18 

$0 

$0 

a 

$0 

a 
a 

$0 

25,938 

1,018 

1,580 

792 

1,285 

5 

2,932 

33,500 

IO,371,8OS 11,201,553 

4OS,251 438,752 

823,772 873,874 

318,_ 342,018 

505,815 548,2BD 

1._ 2,159 

811,074 1,208,181 

12,845._ 14,470.588 

-

2.800% 

8.000% 

1.8134 

14.5747 

8.0S38 

288.08 

$0 

$0 

$0 

o 
o 

$0 

25,939 

1,018 

1,580 

792 

1,285 

5 

1,800 

32,177 

12,097,877 

473.852 

727.585 

388,3BO 

589,_ 

2,332 

748,223 

15,007,015 

-
2010 

2.800%1 

8.000%, 

1.8586 

15.7408 

0.4908 

303.70 

$0 

$0, 

o 

$0 

o 
o 

$0 

25.939 

1,018 

1,580 

792 

1,285 

1,823 

32,400 

13,085,491 

511,7eo 

785,773 

398,931 

837,1111 

2,518 

811,2411 

18,3111,801 
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Exhibit 9-14 

Projected Investment Program - Municipal Ownership 
Sofia District Heating Company 

Zemliane - Baseline Case 

1984 1895 1_ 1987 1898 1999 2000 2001 2002 2003 2004 2005 

CAPITAL EXPENDITURES (OOO'S LEVA-CURRENT) 

FOREIGN 60,783 227,548 383,310 517,458 1,848,824 641,232 838,864 740,838 844,558 845,002 0 0 

DOMESTIC 17,338 88,107 111,344 150,250 218,048 164,708 182,558 211,785 241,412 270,381 0 0 

MUNICIPAL OWNERSHIP: 

INVESTMENT PROGRAM 

FOREIGN 

SERIES 84-98 3,208,088 3,145,033 2,894,397 2,482,008 1,932,021 

DRAWDOWN 82,164 251,538 412,390 649,988 1,932,021 

UNDISBURED 3,145,833 2,884,397 2,482,_ 1,932,021 0 

SERIES 99-2003 3,001,817 3,338,838 2,858,888 1,875,758 888,488 

DRAWDOWN 582,881 880,050 783,128 887,_ 988,_ 

UNDISBURED 3,338,938 2,858,888 1,875,758 988,488 0 

DOMESTIC 

ANNUAL REQUIREMENT 10,838 78,023 128,045 172,788 251,903 177,915 200,030 243,530 277,824 310,838 0 0 

CAPITALIZATION SCHEDULE AND 
APPLICATION OF CONSTRUCTION FUNDS 

SOFIA DISTFICT HEATING COMPANY 
ZEMLIANE - BASELINE CASE 

1994 1995 1_ 1997 1998 1999 2000 2001 2002 2003 2004 2005 

BEGINNING BALANCE 

CAPITAL FUNDING 

FOREIGN LOANS 82,164 251,_ 412,390 648,888 1,832,021 582,881 880,_ 783,128 887,_ 888,488 0 0 

DOMESTIC LOANS 18,838 78,023 128,045 172,788 251,903 177,815 200,839 243,530 277,124 310,838 0 0 

TOTAL NEW CAPITAL 12,002 327,558 640,438 722,774 2,183,824 740,788 888,888 1,028,858 1,184,814 1,299,408 0 0 

INTERNAL FUNDS 0 0 0 0 0 0 0 0 0 0 

PROCEEDS AVAILABLE 82,002 327,559 640,438 722,774 2,183,824 740,788 1S8,888 1,028,858 1,184,814 1,299,408 0 0 

UTIUZATION OF PROCEEDS 

CAPITAL EXPENDITURES 

FOREIGN COSTS 50,783 227,548 383,310 517,458 1,848,824 641,232 838,864 740,838 844,558 945,002 0 0 

DOMESTIC COSTS 17,338 88,107 111,344 150,250 218,048 164,708 182,558 211,785 241,412 270,381 0 0 

COMMITMENT FEES 0 14,_ 13,748 11,831 8,244 0 15,850 12,858 8,952 4,730 0 0 

BOND DISCOUNT 0 0 0 0 0 0 0 0 0 0 0 

DEBT SERVICE RES. FUND 0 0 0 0 0 0 0 0 0 0 0 0 

OTHER EXPENSES 0 0 0 0 0 0 0 0 0 0 0 

TOTAL UTLIZATION 77,101 308,641 501,402 878,538 2,077,114 885,940 837,058 885,280 1,094,920 1,221,01 3 0 0 

BALANCE ON DEPOSIT 

INTEREST EARNED ON: 

CONSTRUCTION FUND 0 0 0 0 0 0 0 0 0 0 0 

DEBT SERVICE RESERVE 0 0 0 0 0 0 0 0 0 0 0 

BALANCE AVAILABLE 4,981 18,018 32,034 43,238 108,810 44,858 52,830 81,398 89,_ 78,303 0 0 

INTEREST CHARGES 

FOREIGN LOANS 2,391 8,102 15,332 20,898 73,953 21,849 25,648 28,834 33,782 37,838 0 0 

DOMESTIC LOANS 2,801 8,918 18,702 22,538 32,857 23,208 27,383 31,785 38,212 40,557 0 0 

TOTAL INTEREST 4,991 19,018 32,034 43,238 108,810 44,858 52,830 81,398 89,984 78,383 0 0 

NET ENO OF PERIOD 0 (0) (0) (0) 0 (0) (0) (0) 0 0 0 

AMOUNT CLOSED TO PLANT 12,002 327,559 640,438 722,774 2,183,024 740,788 888,888 1,028,858 1,184,814 1,288,408 0 0 

- - -
2_ 2007 2001 200II 

0 0 0 

0 0 0 0 

0 0 0 0 

200e 2007 2001 2009 

0 0 0 0 

0 0 0 0 

0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 

0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 

0 0 0 0 

0 0 0 

- -
2010 

0 

0 

0 

2010 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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FOIIlIClN LOANS: 
SER1E81M-1II 
BALNICE. START OF PERIOD 0 

AMOUNT DRAWN DOWN 82.154 
DEBT SERVICE 

INTEREST CHARClES 0 
PRINCIPAL REPAYMENT 0 
TOTAL DEBT SERVICE 0 

SERIES l1li-03 
BALNICE. START OF PERIOD 

AMOUNT DRAWN DOWN 
DEBT SERVICE 

INTEREST CHARClES 
PRINCIPAL REPAYMENT 
TOTAL DEBT SERVICE 

BALNICE. END OF PERIOD .2,154 

DOMESTIC LOANS: 
BALNICE, START OF PERIOD 

SERIES 114 0 
SERIES 85 
SERIES" 
SERIES 87 
SERIES III 
SERES l1li 
SERES 00 
SERIES 01 
SERIES 02 
SERIES 03 
SERIES 04 
SERES OS 
SERIES 08 
SERIES 07 
SERIES 011 
SERIES Da 
SERIES 10 
TOTAL OUTSTANDINCl 0 

AMOUNT DRAWN DOWN 18,838 
DEBT SERVICE 

INTEREST CHARGES 0 
PRINCIPAL REPAYMENT 0 
TOTAL DEBT SERVICE 0 

BALNICE, EWD OF PERIOD 18,838 

TOTALS ALL DEBT: 
BALNICE, START OF PERIOD 0 
AMOUNT DRAWN DOWN 82.m 
DEBT SERVICE 

INTEREST CHARGES 0 
PRINCIPAL REPAYMENT 0 

BALNICE. END OF PERIOD 12,002 

TOTAL DEBT SERVICE 0 

- - -
S 1 l1li 

82.154 313.8110 7211.0BO 

251.538 0412.3110 548.8B8 

04.872 25.Da5 58.088 
0 0 0 

04,872 25._ 58,_ 

313._ 7211._ 1,278._ 

18.i38 111,887 13.427 
0 711.023 114,_ 

128.045 

18.838 112.810 205.881 
78,023 128,045 172,788 

2.4" 11.803 25._ 
s,051 15,_ 38,714 
5,547 28.887 82.321 

82,810 205,881 341,835 

82.Da2 408.BOO 831.IMI 
327,558 540,0438 722,774 

7._ 38,8111 83,883 
3,051 15,_ 38,714 

408,800 831,1141 1.118.001 

10.510 51,702 120,407 

- - - - -
1 

1.278._ 

1.832.021 

102.085 
0 

102.085 

3.208.088 

8.S01 
51,1114 

108,451 
172.788 

341.835 
251,1103 

042.3011 
88,083 

110,382 

525,755 

1.818.001 
2.183,8204 

144.3114 
88,_ 

3,733,841 

212,477 

Exhibit 9-15 
Debt Service Schedule 

Sofia District Heating Company 
Zemliane - Baseline Case 

L~ 2001 2002 2003 

3.208,088 3.13;,215 3.0&4.725 2.11184.155 2.Bi7.012 

0 0 0 0 0 

255.287 2048.877 2043.588 237,024 228.813 
88.871 704,0481 8O.se8 87.10404 1M.255 

3204,187 3204.187 3204.187 3204.187 3204,187 

0 582,881 1.2042,1131 2,028.058 2.813.3048 

502.881 88O.0SO 783,128 887,_ _.488 

0 45.030 l1li.434 182,085 0 
0 0 0 0 0 
0 45.030 l1li.434 182.085 0 

3.702.Da7 4,307.855 5.010,214 5.810.381 8.704,574 

5.0SO 
38._ 18,253 
88.227 81.018 32,428 

148.3047 118.357 82.3041 43.780 
251.1103 213.358 1118,_ 120,043 83.7" 

177,815 lSO._ 111,_ 04.704 
_.838 177.813 141,375 

243.530 208._ 
277.824 

525.755 587,Il00 1145,032 704,855 773,043 
177,815 -,- 2043.530 277._ 310,838 

04.704 71,817 78,075 85.074 83.372 
115,770 152,807 183._ 2011.738 228.1104 
180,474 224,4204 281.881 283.810 322.878 

587._ 045._ 704.B55 773.843 855,177 

3,733,841 4.288.11111 4.852,887 5.715.188 8._.203 
740,7" -,- 1.028,858 1,1114.014 1,2l1li.408 

320.001 _.3204 421,107 0484.182 323.285 
184,841 227,2H 284.178 205,880 323.150 

4.28U88 4,852.887 5,715,180 8._.203 7,558.751 

504.041 583,822 885,_ 780._ 1147,144 

- - -
2004 2005 ,--

2.802.757 2.700.Bll 2.5110.547 2.0471.284 

0 0 0 0 

222.222 213.1103 204.1105 185.173 
101,_ 110.2115 118,202 128._ 
3204.187 3204,187 3204,187 3204.187 

3.1101.817 3.818.053 3.727,0454 3,_.0482 

0 0 0 0 

310.5d3 303.888 _.275 288.278 
83,784 110.5" 87.l1li2 IOS._ 

31M.287 3114.2117 31M,287 31M.287 

8.518.804 11.318.001 8,100.747 5.885.785 

" 

" 

45.058 
100,045 53.180 
183.l1li5 1111.053 81.11711 
235.1040 188.854 132._ 70.310 
310,838 283.357 -.- 148.178 

0 0 0 
0 0 

0 

855,177 818,532 403.384 218.487 
0 0 0 0 

103,758 73.735 48.1118 204.005 
235.1145 2111.188 184.878 138,138 
338,400 288.1103 231,4" 183.70404 

1118,532 403,384 218.487 78,748 

7.558.751 7.138.387 8,721,385 8.318.233 
0 0 0 0 

838.480 581,3011 547.7111 S07.0457 
421,355 417,032 402,132 874,721 

7,138,387 8.721,385 8.318,233 5,_,512 

1,057,835 1,00II,337 1M8,030 882,17' 

- -

2.3042..2al 2.202,771 

0 0 

184._ 173._ 
138.520 lSO._ 
3204.187 3204,187 

3.523.04704 3.0408.837 

0 0 

278.830 270.278 
114.837 123,l1li1 
3114.287 3114.287 

5.811.808 5.338.712 

78.748 
0 0 
0 0 
0 0 
0 0 

0 

78,748 0 
0 0 

7.758 0 
711.748 0 
88,508 0 

(0) 0 

5._,512 5,811._ 
0 0 

472,038 443,538 
332,_ 274,888 

5.811._ 5,_,712 

1104,_ 71'.434 

-
10 

2.OS1·· .. 
1 

0' 

l00,1M81 

183.218, 
3204.,.71 

3,284'_1 

0 

280.1581 

134,108' 
3114.287 

5.038.385 

'0 
0 
0 
0 
0 

0 
0 

0 
0 
0 

0 

5._.712 
0 

0421.107 
207,327 

5,038,385 

718,_ 
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1884 1110S 

OPERATING REVENUES: 

BleAM 0 0 

HOTWAlER 8115.487 l.m.0211 

ELECTRICITY 0 0 

TOTAL SALES REVEN l£ 885.487 l.m.0211 

OTHER OPER. REVEN l£S 0 0 

TOTAL OPERATING REVENUEf 885.487 l.m.0211 

OPERATING EXPENSES: 

OPER. & MAIN. 

Fl£l- GAS 573.530 827._ 

OIL 33.152 4U12 

L1GNllE 0 0 

COAL a 0 

TOTAL Fl£l COST 808.882 D77.481 

PURCHASED POWER 45.1 sa 72.085 

FIXED 0& M 35,452 4U74 

OTHER VAR. 0& M 4Usa 88,180 

EMISSION PENALTIES 224 314 

MAtllENACE EXPENSE 51.810 74.448 

PLNlT REMOVAL COSTS 0 0 

TOTAL 0& M 781,437 1,243,173 

DEPRECIATION EXPENSE 27,8118 33,484 

OTHER OPER. EXPENSE 0 0 

TOTAL OPERATING EXPENSES 818.133 1,278.857 

OPERATING SURPLUS 78,_ 22.372 

lONG lERM DEBT INlEREST 

FOREIGN 0 4,872 

DOMESTIC 0 2,498 

EXCHANGE RAlE VARIANC 0 0 

TOTAL INlEREST EXPENSE 0 7.488 

NET INCOME FOR YEAR 78,334 14,804 

PROVISION FOR TAXES @421< 32,050 8.280 

ADJUSlED NET INCOME 44,274 8,_ 

RETAINED EARNINGS, 

FIRST 01' VEAR a 44,274 

RETAINED EARNINGS, 

END OI'VEAR 44,274 52,818 

- ---

- - -
IIIGe 1l1li7 1-

0 0 0 

2.0Ge.455 3.083.788 4.480.1120 

0 0 0 

2.0Ge.455 3.083.788 4.480.820 

0 0 0 

2.0Ge.455 3.083.788 4.480.820 

1.481.252 2.288.n8 3.381.780 

73,241 100.807 132.778 

0 0 0 

0 0 a 
1.554.483 2.387.388 '3.524.557 

108.433 148.171 182,804 

87,_ 87,178 108.873 

85.784 128,128 184.835 

423 5SO 888 

lDO,258 134,_ 182.218 

0 a a 
2,014.432 2,_.388 4.184,173 

SO.1I48 77.808 128.130 

a a a 
2,085.281 2,881,878 4,312,303 

31.175 101,810 188.817 

25.085 58,_ 102.085 

11,803 25,808 42,_ 

0 0 0 

38,_ 83,883 144,384 

(5.524) 18,118 24,223 

(2.320) 7,_ 10,174 

(3,204) 10,508 14,048 

52,818 48,714 80,222 

4D,714 110,222 74,272 

- - - - -
Exhibit 9-16 

1I11III 2000 2001 2002 2003 2004 

0 0 0 0 0 0 

5.Il00.018 7.481.Ge8 8.347.088 8.438.085 10.235.487 11.831.582 

0 0 0 0 0 0 

5.Il00.018 7.481.1188 8.347.088 8.438.085 10.235.487 11.831.582 

0 0 0 0 0 0 

5.Il00.018 7.481.888 8.347.088 8.438.085 10.235.487 11.831.582 

I 

4.275.204 5.314.180 8.102.782 8.887.585 7.837.0SO 8.318.838 

187.422 208.274 238.111 270.010 2118.238 325.870 

0 0 0 0 0 0 

0 0 0 a 0 0 

4.442._ 5.522,_ 8,341.873 7,157,588 7,D38.287 8.842._ 

244.188 303.835 352,585 401,824 4SO.155 485,1'0 

130.787 154,_ 178._ 204,_ 228.540 251,384 

203,418 248.480 285,884 325,818 385.028 401.532 

828 874 1,130 1.288 1,443 1.587 

214,148 478,_ 302._ 383.184 408.881 851,8211 

0 0 0 0 0 0 

5.235,881 .,708._ 7,483.301 8,483.845 D,3DO,345 10,843,_ 

212,881 241.141 275.2112 314,588 !!Ie,788 388.515 

a 0 0 0 0 a 
5.448,882 8,847._ 7,738,583 8,7Ge.533 8.7<48,131 11,033,187 

451,154 534.380 _.505 838.552 488.338 888.385 

255,2117 2114.707 343,033 3l1li.108 =,813 532.725 

114,704 71,817 78.075 85,074 83.372 103,758 

0 0 0 0 0 0 

320.001 _,324 421,107 484,182 323,285 838,480 

131,153 188,058 187,388 155.370 183,051 281,885 

55,_ 70,583 78,707 85,255 88.481 108.l1li2 

78,OBD 81,472 108,881 DO,115 84,570 151,8D3 

74,272 1110,341 247,813 358,_ 448,818 541,188 

150,341 247,81' 358,_ 448.818 541,188 883,081 

---

- -
2005 200II 2007 

0 0 0 

12.258.458 13.075.848 13.830.208 

0 0 0 

12.258.458 13.075.848 13.830.208 

0 0 0 

12.258.458 13.075.848 13.830.208 

8.882.154 8.803.528 10.371.808 

348.2115 378.15D 408.251 

0 0 0 

0 0 0 

D.24O.448 D,878,885 10,778.080 

534,784 577,587 823.772 

271._ 2113.228 311._ 

433,855 488.347 S05.815 

1,714 1.851 1,l1li8 

S02,217 817.552 818.D74 

0 0 0 

10.884.325 11.838.228 12,845._ 

370.0Ge 351.581 334,011 

a a 0 

11,354,420 12,288.818 13,178,318 

D05.038 785.830 750.893 

517.571 SOI.I80 <483,<452 

73.735 48,818 24,005 

0 0 0 

581,_ 547,788 S07,457 

313,733 238,032 243.437 

131,788 88,873 102,243 

181,885 138,05D 141,183 

883,081 875,048 1,013,1OS 

875,048 1,013,1OS 1,154.288 

- -
200II -

0 0 

15.475.827 15.818._ 

0 0 

'5.475.827 15.811._ 

0 0 

15.475.827 15.818._ 

11.201.553 12.087.877 

438.752 473.852 

0 0 

0 a 
11,840.305 12,571.5211 

873.874 727._ 

342,OID 388,380 

548.280 588._ 

2,158 2.332 

1,288.181 748.223 

0 0 

14,470.588 15.007.015 

317.311 301,445 

0 0 

14,787,11OD 15.308,480 

887,718 810.508 

4114.278 443.538 

7,758 0 

0 0 

472,038 443,538 

215,882 188.988 

DO,587 70,127 

125,OGe 88,1142 

1,1114.288 1,278.-

1,278,384 1,378,238 

-
2010 

0 

17.188.848 

0 

17.188.848 

0 

17.188.849 

13.085.481 

511.780 

0 

0 

13.577.251 

785.773 

3M.V31 

837.18' 

2.518 

818.248 

0 

18.318.801 

288.373 

& 
18.808.274 

582.375 

421.107 

0 

0 

421,107 

181.287 

87,732 

83,535 

1,378,238 

1.488.771 

----
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IEGIINING CASH _CEI 

'LUS FUNDS GENERATED: 

ADJUSTED NET INCOME 

NON CASH ITEMS: 

DEPRECIATION 

TOT AI. FUNDS GENERATED 

DEDUCT USES OF FUNDS: 

IIEDEMPTION - LOANS 

'IIANCING COSTS 

CHANGE IN WORKlfG CAPITAl. 

MAINTENANCE S'AAES 

ACCOUNTS RECEIVABLE 

ACCOUNTS PAYABLE 

CAI'ITAI. ExPENDITURES 

INVESTMENTS 

EXCHANGE RATE VAAIIHCE 

TOTAl. FUNDS USED 

CAIIH RECEIPTS FROM FINANCIN 

ENDIIG CAIIH BAlANCES 

.----~
-

- - -

I- I- I_ I 7 

0 87.1140 e2.1M12 7U21 

44.274 '.844 (U04) 10.SOt 

27." 3UM eo.1I41 77.SOt 

71.170 42.121 47,14. M.ll1 

3.OS1 11._ •. n4 

0 0 0 

14.0301 144.0551 rn.18aI I4U." 

(1.0~ 1457) C2.lII., 1.108 
".084) 145.1144) \24.214, 147 ..... 

I.OM 2.048 1.- S.I. 

12._ 327.IM 140_ 722.774 

0 0 0 0 

0 0 0 

18.122 " .... 5 571.422 
_ .071 

12._ 327.IM 140.4" 722.774 

'7.1140 112._ 71.121 71._ 

----- ---- -----

- - - - -
Exhibit 9-17 

Analysis of Cash & Cash Balances 
Sofia District Heating Company 

Zemliane - Baseline Case 

,- 2000 2002 2003 

78 •• 32 87.853 120.Sta '.5.200 177._ 231.480 

14.048 
7 •• _ 17.4n '08."' 80.115 14.570 

1211.1SO 212.881 241.141 275._ St4._ _.7" 

142.180 _.ISO ssa.1II4 -.- _.70:; 453._ 

... - 114.141 227._ 2M.n8 -.- 323.8M 

0 0 0 0 0 0 

155,8751 (11.1144) .... -) (17.5111) 141.-' (81.1581 

11.145) f43II 15.28SI 3.SOt 11.8011) 1'1111 

"'.CMGI (15.0281 (15.148) 114.1117) (51.l0III (85.4511 

S.51O S._ 3._ S.1I47 3.105 3.lIIa 

2.11S._ 740._ -.- 1._._ 1.114.114 1.211._ 

0 0 0 0 0 0 

0 0 0 0 0 0 

2.S07._ 1.007.211 1.201.721 1.171,_ 1.510._ 1.1115._ 

2.11S.124 740.7" -.- 1._._ 1.114.114 1.211._ 

'7.853 120.31. '.5.200 177._ 231.480 S04.CIOO 

- - -

- 2007 

S04.CIOO 370.'77 
41 •• _ .UM 

"'."3 '''.IIIS 1,.._ 141.111S 

_.575 370._ 351.!511 _.011 

541.4111 552,0lIl 
_ .850 475. _ 

421.155 417.012 402.132 374.721 

0 0 0 0 

(51.138) "'.1143) 11U.., 145.304, 

(1.8511) a.", C2.S071 (281 

147."" 110t.71111 (18.174) (48.8n, 

1.5111 UM 1."5 S._ 

0 0 0 0 

0 0 0 0 

0 0 0 0 

474.411 SOt.I75 420.721 
420. _ 

0 0 0 0 

370.877 414._ _.2M 131.424 

- -

131.- 587.857 

121._ M."2 

a17.lIIl SOI.445 

442.407 ".217 

_.800 274._ 

0 0 

(80.2MI (78.0821 

112.1144, 10._ 

(51.2741 (112.7251 

S .... 4.2M 

0 0 

0 0 

0 0 

303,171 352,-

0 0 

587.857 132 .... 

-

2010 

132._ 

n.5S5 

_.373 

371._ 

217.327 

0 

\25.4301 

1'.-1 

121.800 
4._ 

0 

0 

0 

S22.783 

0 

180""1 
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PLANT IN SERVICE 

C.W.I.P. 

-

LESS: ACCUM. PROVo FOR DEPR. 

NET PLANT 

CURRENT ASSETS 

CASH 

STORES 110 MATERIALS 

ACCOUNTS RECEIVABLE 

TOTAL CURRENT ASSETS 

EXCHANGE RATE VARIANCES 

INIlESTMENTS 

UNAMORTIZED FIN. COSTS 

TOTAL ASSETS 

.IJMILIID; 

PAID IN CAPITAL 

RESERIIE FUNDS: 

BAlANCE, START OF PERIOD 

NET INCOME FOR PERIOD 

TRANSFERS 110 CONTRIBUTION 

BALANCE, END OF PERIOD 

LOANS OUTSTANDING 

DOMESTIC LOANS 

FOfEI<lN LOANS 

TOTAL LONG-TERM DEST 

CURRENT UABIUTIES 

BHORT TERM LOANS 

CURRENT PORTION

LONG-TERM DEST 

ACCOUNTS PAYABLE 

,Tor AL CURRENT UABIUTE8 

TOTAL UABIUTES 

RETAINED EARNING8 

TOTAL UABIUTES& CAPITAL 

-

815,.112 

a 
27,8l1li 

-

1M3,051 

o 
81,180 

1,~3,_ 

a 
112,0211 

587,7l1li 081,870 1,371,.57 

87,_ 82,882 71,821 

1.032 1,.80 3,805 

8,OM 53,728 77,1M2 

77,058 111,1711 153,388 

o a 
o 0 

o a 

_,851 1,000,_ 1,52<4,825 

533,.00 533,.00 53MOO 

o a 
o 0 

o 

o a 

-

2,208,2fJO 

o 
180,837 

2,018,823 

.70,432 

2,8GG 

125,787 

207.018 

o 
a 
a 

2,224,541 

533,.00 

o 
a 
o 

o 

- - - -
Exhibit 9-18 

Balance Sheet 

-
Sofia District Heating Company 

Zemliane - Baseline Case 

4,300,1&4 

317,787 

5,130,080 

o 
53O,~ 

.,072,417 .,800,332 

07,853 120,318 

3,_ 4,283 

183,827 208,855 

285.524 393."58 

o 0 

a a 
o 

.,357,_ 4,003,788 

533,.00 533,_ 

a a 
a 0 

o 

8,020,_ 

o 
771,780 

5,2.0,180 

145,200 

0,_ 

354,001 

501.787 

o 
o 
o 

5,757,_ 

533,_ 

o 
o 
o 

o 

7,0.7,827 

o 
1,0.7,082 

8,000,545 

177'-

8,057 

"1,018 

832 .... 21 

a 
o 
o 

8,832,_ 

533,.00 

o 
o 
o 

o 

8,212,541 

a 
1,381,870 

8,850,870 

238,480 

7,883 

500,828 

745,150 

a 
a 

7,588,020 

533,_ 

o 
a 
o 

a 

0,511,_ 

a 
1,720,458 

7,701,4111 

_,000 

8,178 

588,285 

878.483 

o 
o 
o 

8,880,053 

$33,400 

o 
o 

o 

-

0,511,_ 

a 
2,110,031 

7,.01,018 

370,071 

17,033 

81.,128 

1,002.137 

o 
o 

I,_,O~ 

533,400 

a 
o 
a 

a 

- -

0,511,_ 

o 
2,480,127 

7,031,821 

41.,382 

10,_ 

715,81M 

1,140,300 

o 
o 
o 

8,172,121 

533,.00 

o 
o 
o 

o 

0,511,_ 

o 
2,831,718 

8,080,2211 

~3,2&4 

12,351 

735,_ 

1,231,203 

o 
o 
a 

7,011,_ 

533,.00 

o 
o 
o 

o 

0,511,_ 

o 
3,185,7211 

8'~8,218 

538,.30 

12,370 

7&4,5311 

1,335,~ 

o 
o 

7,881,!560 

533,.00 

a 
a 

-

0,511,_ 

a 
3,.83,~ 

8,028,007 

587,857 

25,323 

835,813 

1,448,793 

o 
o 

7,.77,700 

533,.00 

a 
o 
o 

o 

- -

0,511,_ 1,511,_ 

a 0 

3,7&4,_ 4,070,850 

5,727,482 

832,0l1li 

14.024 

028,538 

1.576.448 

o 
o 
o 

7,303,010 

533,_ 

o 
o 
o 

a 

5,"1,_ 

800,131 

18.3851 

055,138 

1,883,8~ 

o 
a 

7,1~,723 

533,.00 

a 
o 

o 

le.e17 

82,1~ 

77,818 

313,810 

180,147 273,851 400,085 .35,012 481,425 .88,210 ,",2311 810,532 403,3&4 218,487 78,7.8 (0) (0) a a 
728,080 1,278,0811 3,130,215 3,827,808 4,227,0811 4,023,071 5,718,108 8,518,8&4 8,318,001 8,100,747 5,885,785 5,811,808 5,338,712 5,030,385 4,758,880 

7a,a.l 301,505 805,227 1,540,017 3,540,201 .,082,898 4,aee,512 5,410,280 8,280,345 7,138,3117 8,721,3815 8,310,233 5,~,512 5,811,808 5,338,712 5,039,385 4,758,880 

o a 0 0 0 0 a a 0 a 000 a 0 0 

3,051 15,_ 38,71. 88,083 1&4,&41 227,208 2M,HII 295,880 323,850 ~1,355 .17,032 402,132 374,721 332,1104 27.,898 297,327 282,525 

5,Dee 7,131 0,788 12,018 18,428 20,051 24,0.8 27,803 31,788 35,814 30,178 .2,310 45,804 40,350 53,208 57,582 82,187 

8,137 22,225 .M&4 81,002 201,080 247,_ 208,222 323,773 355,857 .58,_ 458,207 _,_ 420,415 382,254 328,104 354,II1II _,802 

87,178 413,731 041,711 1,830,010 3,750,270 4,310,047 4,078,733 5,743,083 8,818,00I! 7,505,385 7,177,572 8,783,875 8,_,027 5,003,882 5,884,DOS 5,304,274 5,101,552 

44,274 52,018 40,714 80,222 74,272 15O,~1 247,813 358,~ "8,018 541,188 883,081 875,048 1,013,105 1,154,208 1,270,304 1,370,238 1,_,m 

_,851 1,000,_ 1,52<4,825 2,224,541 4,357,_ 4,003,788 1,757,_ 1,832,_ 7,_,020 8,888,853 1,_,054 8,172,121 7,111,432 7,881,!560 7,477,700 7,303,010 7,1~,723 
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GENERAL INFLATION 

FOREIGN 

DOMESTIC 

COMPOUNDED: 

FOI£IGN 

DOMESTIC 

FOI£XRATIO 

EXCHANCE RATE(lEVA/US1 

CAPITAl EXPENDITUI£S 

FOREIGN (\18 1 ggaSl 

FOI£IGN (CURI£NT) 

FOI£IGN (lEVA-CURI£NT) 

DOMESTIC (US 11111~ 

DOMESTIC (lEVA 1l1li31 

DOMESTIC (lEVA-CURI£NT) 

DOMESTIC (CURI£NT US) 

OPERATING EXPENSES (\18 "l1li3) 

FUEL COST -NATURAL GAS 

FUEL COST -Oil 

PURCHASED POWER (NET) 

FIlCEDO& M 

VARIABLE 0 & M 

EMIBBION PENALTIES 

MAINTENANCE EXPENSES 

ITOTAl 0& M EXPENSES 

1.8110% 

~.ocm. 

I.D1M 

1.4000 

1.3744 

43.111 

.m 
'071 

42._ 

$278 

8,832 

'2.385 

$28' 

'0.840 

815 

850 

702 

015 

'.152 

14,077 

OPERATING EXPENSES (lEVA-CUAAENll 

FUEL coST -NATURAL GAS 

FUEL coST -Oil 

PURCHASED POWER 

FIlCEDO& M 

VAAtASLE 0 & M 

EMISSION PENALTIES 

MAINTENANCE EXPENSES 

iTOTAl 0& M EXPENSES 

4n.075 

27,552 

se,08O 

35,_ 

40,002 

178 

5U'0 

1170,01'0 

1 lie' 

2.870% 

40.000% 

1.04511 

1.0e00 

1.8742 

50.07 

'2.501 

S2.7tO 

182.501 

'753 

24.008 

47.228 

$787 

12._ 

8511 -702 

a17 

4 

1.187 

18,773 

771.832 

41,270 

57,012 

40,874 

57,514 

251 

74,44a 

1.052,_ 

3.500% 

35.000% 

1.0824 

2.&180 

2.4448 

71.23 

$3,234 

$3.!500 

273._ 

$84 

3._ 
7.05a 

$'02 

'4,553 

7,a 

884 

702 -4 

2.247 

2O,24a 

1.232,232 

80,870 

84,'84 

87,oeo 

70,502 

339 

l00,2!18 

1,714,523 

-
1l1li' 

3.500% 

30.000% 

'.1203 

3.4308 

3.0705 

08.28 

13.3511 

$3.782 

_.821 

$875 

31.200 

107.3Z! 

".082 

17.282 

780 

'.050 
702 

oea 
4 

1.228 

22,082 

1.1102,202 

83,8511 

115,577 

87,178 

108.551 -134.050 

2,430,848 

- - - - -
Exhibit 9-19 

General Data Development 
Sofia District Heating Company 

Liulin - Baseline Case 
,_ 

3.5()()% 

25.000% 

1.1505 

4._8 

3.7_ 

111.87 

$'2.081 

$13.085 

1,e5a.407 

$1.'02 

:11.144 

184.010 

$1.382 

20._ 

803 

1.100 

702 -4 

1.307 

25,807 

2.821.482 

110._ 

152,500 

108.073 

137,042 

550 

102,218 

3.523,3'8 

1_ 
3.500% 

20.000% 

1.2001 

5.1507 

4.2005 

137.511 

52.341 

52._ 

_.523 

$88a 

2'._ 
110.450 

$eo3 

21.538 -1.170 

702 

1.025 

4 

1.207 

28.870 

3,5511,148 

130,35:1 

103,170 

130,7117 

180,_ 

880 

214,148 

4,403,404 

3.500% 

18.000% 

1.2421 

8.08&4 

4.8018 

1511.88 

52.341 

S2.808 

4511._ 

$888 

21._ 

'30.341 

$83' 

22.880 

880 

1._ 
m 

1.053 

5 

2.455 

28,117 

4,420,_ 

173,3l1li 

240.231 

154,308 

205.1511 

074 

478,308 

•• 872,173 

3.350'" 

'8.000% 

1.2837 

7.0828 

5.50'8 

178.08 

$2.341 

$3.005 

520.073 

seao 
21._ 

151.'111 

$850 

22.482 

880 

1._ 
702 

1.053 

5 

1.340 

27,785 

5.078._ 

108.583 

278.882 

178,_ 

237,081 

1.130 

302,844 

1,274.077 

2002 

3.200'" 

14.000% 

1.3248 

8.0514 

8.0n8 

184.48 

$2.341 

13.101 

803.144 

$888 

2''-
172.384 

$888 

22.238 

871 

1.233 

702 

1._ 
1.528 

27,718 

5,720,477 

224.4011 

317.874 

204.054 

27,.2lIQ 

1,288 

_,104 

7.141,384 

2003 

3.080'" 

12.000% 

1.3853 

0.0175 

8.8048 

211.35 

$2.34' 

13.,08 

875.521 

seao 
21._ 

'03._ 

$a13 

22.015 

882 

1.233 

702 

1.053 

5 

1.417 

27,377 

8,352,_ 

248.730 

355,785 

228,540 

303,854 

1,443 

_,1181 

7,_,031 

-

2.030'" 

'0.000% 

1.4053 

0.0103 

7.0_ 

225.87 

$0 

SO 

o 

$0 

o 
a 

$0 

21.705 

854 

1.233 

702 

1.053 

5 

2.883 

28.415 

8,018,100 

271,074 

301,375 

251.304 

334.240 

1.5117 

851._ 

8,0'0,_ 

- -

2.800% 

8.000'" 

1.4447 

10.7131 

7.4155 

237.30 

$0 

$0 

o 

$0 

o 
o 

30 

21.577 

&15 

'.233 

702 

1._ 
5 

1.485 

28,070 

2.800% 

8.000% 

1.4851 

11.5808 

7.7_ 

240.30 

$0 

$0 

a 

30 

o 
a 

$0 

21.577 

845 

1.233 

702 

1.053 

1,888 

27,173 

7,308,8'8 7,088,581 

280,175 3'2,849 

422.885 458,500 

271,501 293,231 

380,870 380,857 

1,714 ',85' 

802.217 117,1IS! 

a,245.5II1 10,oeo.308 

2.800% 

8.000% 

1.5287 

12.4054 

8.1847 

281.81 

$0 

$0 

o 

$0 

o 
o 

SO 

2'.5n 
845 

1.233 

702 

1.053 

5 

1.548 

27,053 

8,827,_ 

337,878 

4a3,02D 

318._ 

421._ 

1._ 
818,eN 

'0.117,245 

-

2.800% 

8.000% 

,.51184 

13.4051 

8.5087 

275.18 

$0 

$0 

o 

$0 

o 
o 

30 

21.577 

&15 

1._ 
702 

1.053 

5 

2.032 

28.437 

a,317,8!118 

3&1,_ 

532.481 

342.010 

454,730 

2,150 

1,288,181 

12,280.205 

-

2.800% 

8.000% 

'.8134 

14.5741 

a.0338 

280.08 

$0 

$0 

a 

$0 

o 
a 

SO 

2'.577 

845 

'.233 

702 

1.053 

5 

1.800 

27.105 

10,083,288 

304,0lIQ 

575,058 

380.380 

401.1011 

2,332 

748.223 

12.841,487 

-
10 

2.Il00% 

8._ 

1.8588 

15.7_ 

8.4_, 

303.70 

$0 

$0 

$0 

o 
a 

$0 

2'.577, 

845 

'.233 

792 

'.053 

1.823 

27.328 

10.888.349 

425.821 

82',083 

308,1131 

530,_ 

2,510 

0'8.248 

'3,785.'32 
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DISTRICT HEATING FEASIBILITY STUDY 

I_ 

Exhibit 9·20 
Projected Investment Program· Municipal Ownership 

Sofia District Heating Company 
Liulin • Baseline Case 

I_ 1M 1111>7 1M 1_ 2DOO 2001 2002 2003 2000 :2006 

CWTrALEXI'ENDII\JIES (0008 LEVA-CUIIIIlNl) 

FOREIGN <12,_ 11I2,1!OII 273,_ _,827 

DOIoESIlC 12,_ 47,221 7,_ 107,322 

MUHICPAL OWI£RSHP: 

M£S11ENTPROGIWI 

FOREIGN 

SERES"-Ie 2,1I6O,m 2,_,_ 2,~,030 2,128,'/32 

DRAWDOWN ",- IIt,_ 2111,2117 3M,_ 
UNDISBIIIED 2,_,_ 2,8,030 2,128,'/32 1,7M,17' 

SERES __ 2003 

DRAWDOWN 
UNDISBIRD 

DOIoESIlC 

AHNUALfIOQUIREIlENT 14,220 54,312 8,153 123,_ 

1_ ,. 
'M ,-

BEClINNINGBAIANCE 

CWTrALFUNDING 

FOREIGN LOANS ",402 '.,.336 2111,2117 3M,_ 

DOIoESTIC LOANS 14,220 54,3'2 8,'53 '23,_ 
TOTAL NEW CN'ITAL 11,822 235,_ :105,450 617,mt 

INTERNALFUNDS 0 0 0 0 

PROCEED8 AVAILABLE 11,822 236,'" :106,450 517,878 

UTUlATION Of' PROCEEDS 

CWTrALEXPENDlTURE8 

FOREIGN COSTS <12," 11I2,1!OII 273,_ 
_ ,827 

DOIoESllC COSTS 12,_ 47,228 7,_ 107,322 

COMMrrMENTFEES 0 12,327 11,515 10,1" 

BOND DISCOUNT 0 0 0 0 

DEBTSERVlCE fIOS.FUND 0 0 0 0 

OTHER ElCPENSES 0 0 0 0 

TOTAL UTUlATION 56,061 =083 213,:103 .a7,0IS 

BAlANCE ONDEPOSTr 

INTERESTEMNED ON: 

CONSlRUCTlON FUND 0 0 0 0 

DEBTSERVIDE fIOSEIM; 0 0 0 0 

BAlANCE AVAIlABLE 3,512 13,_ 12,147 :10,_ 

INTEfIOSTCHARGES 
FOREIGN LOANS 1.100 1,600 '0,163 1.,716 

DOIoESTIC LOANS 1,_ 7,_ 1.1" 
1 .. _ 

TOTALWTEREST 3,M2 13,_ 12,147 :10._ 

NETEND Of' PERIOO 0 0 (q (q 

AMOUNT CLOSED TO PLANT 18,822 2311,'" :106,450 517,1178 

1,_,_ _,123 -,- &aI,073 _,I" m,621 

1801,010 1t0,_ I:IO,MI 151,11e 172,314 11IS,047 

1,7M,"4 

1,7M,17' 

0 

2,718,502 2,3101,517 1,-.157 1,_512 705,118 

401,1e4 _,.1 _,275 m,., 705,118 

2,3101,517 1,_,157 U38,512 705,118 0 

tll.&11 127,021 148,_ 173,175 lle,211 =-
CN'TrAUZATION SCHEDULE AND 

APPLICATION Of' CONSlAUCTlON FUNDS _10\ DISTRICT HEATINQ COMPAH'f 
UUUN - BASELINE CASE 

,. ,- 2DOO 2001 2002 2003 

',734,174 401,_ -,., l1li,275 m,., 705,118 

'11,1" '27,021 148,_ '73,175 1.,21e =-U22,_ &aI,0I2 _,553 l'33,'60 U1,.1 127,1123 
0 0 0 0 0 0 

1,1122,718 &aI,0I2 835,553 733,160 831,111 127,1123 

1,858, _ _,123 -,- 528,073 _,I" 175,621 

1801,010 ItO,_ I:IO,MI 151,11e 172,3M 111S,047 

1,2117 0 ",:111 1,038 I,., 3,318 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 a 0 a 0 0 

1,831,104 - 187,718 _,:108 711,800 871,_ 

0 0 0 0 0 0 

0 0 0 0 0 0 

eo,lel 32,_ $1,786 43,_ 48,110 56,818 

10,380 16, .. 1 18,N4 21,183 24,128 27,021 
24,101 11,111 IUSI 22.8711 21.111 28,157 

eo,.1 32,_ $1,'" 43._ .,110 11,818 

0 0 0 (q 0 0 

1.1122,718 &aI,OIa -.- l'33,160 831"'1 127_ 

Gilbert/Commonwealth International, Inc. 
9-40 

0 0 

0 0 

0 0 

2000 2006 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

a 0 

INVESTMENT PROGRAM 
AND FINANCIAL STRATEGY 

200S 2tX11 a:JOa 200II 

0 0 0 0 

0 0 0 0 

0 0 0 0 

200S 2tX11 2001 2008 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

a 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

2010 

( 

0 

0 

2010 

0 

0 

0 

0 

0 

0 

0 
( 

: 
0 

0 

0 

0 

0 

0 

0 

0 

a 

a 



-

,/ 
&".7 
P 
-\_-~-j 

~ 

i 
U)I 
~5' 

I 
~ 

- - -
IlEMS 

FOFEIClN LOANS: 
SERIES 114-118 
BALANCE, START OF PERIOD 

AMOUNT DRAWN DOWN 
DEBT SERVICE 

INlEREST CHARClES 
PRINCIPAL REPAYMENT 
TOTAL DEBT SERVICE 

SERIES l1li-02 
BALANCE, START OF PERIOD 

AMOUNT DRAWN DOWN 
DEBT SERVICE 

INlEREST CHARClES 
PRINCIPAL REPAYMENT 
TOTAL DEBT SERVICE 

BALANCE, END OF PERIOD 

DOMESTIC LOANS: 
BALANCE, START OF PERIOD 

SERIES 04 
SERIES 05 
SERIES 118 
SERIES 07 
SERIES 118 
SERIES" 
SERIES 00 
SERIES 01 
SERIES 02 
SERIES 03 
SERIES 04 
SERIES 05 
SERIES OS 
SERJES07 
SERIES 08 
SERJESOO 
SERIES 10 
TOTAL OUTSTANDINCl 

AMOUNT DRAWN DOWN 
DEBT SERVICE 

INlEREST CHARClES 
PRINCIPAL REPAYMENT 
TOTAL DEBT SERVICE 

BALANCE, END OF PERIOD 

TOTALS ALL IlEBT: 
BALANCE, START OF PERIOD 
AMOUNT DRAWN DOWN 
DEBT SERVICE 

INlEREST CHARClES 
PRINCIPAL REPAYMENT 

BALANCE, END OF PERIOD 

TOTAL DEBT SERVICE 

-
lHo! 1l1li5 

0 44,402 

44,402 181,335 

a 3,552 
a 0 
0 3,552 

44,402 225,737 

0 14.220 
0 

0 14,220 
14,220 54,312 

0 1,780 
0 2.178 
0 3,058 

14,220 88,358 

0 58,D22 
58,822 235,_ 

0 5,332 
0 2,178 

58,822 202,003 

0 7,508 

- - -
1_ 1l1li7 I_ 

225,737 522,034 818,502 

2118,207 3114,558 1,734,174 

18,050 41,783 73,327 
0 0 0 

18,050 41,783 73,327 

522,_ 018,502 2,850,787 

12._ 0.578 8.778 
54.'12 48,001 38.874 

0.153 7.752 
123.420 

ee,358 84,730 174,523 
0,153 123,420 188,811 

8,287 7,1188 21,807 
10,770 13,827 34,_ 
10,088 21,813 55,040 

84,730 174,523 328,702 

202,003 588,784 1,001,115 
305,450 517,078 1,022,788 

28,348 40,740 04,034 
10,770 13,827 34,342 

588,754 1,001,115 2.070,550 

37,125 83,375 120,277 
._-

- - - -
Exhibit 9-21 

Debt Service Schedule 
Sofia District Heating Company 

Liulin - Baseline Case 

I- 2000 2001 2002 2003 

2,8SO,787 2,583.eeo 2,532,310 2,485,738 2,303,733 

0 0 0 0 0 

210,1148 208,302 201,270 185,847 180,072 
58,_ 81550 ee,572 72,005 77,880 

287,852 287,852 287,852 287,852 287,852 

0 401,_ 887,845 1,448,020 2,080,583 

401.084 485,801 559,275 833,_ 705,010 

0 32,150 71,012 115,754 188,447 
0 0 0 0 0 
0 32,150 71,012 115,754 188,447 

2,005,845 3,410,058 3,012,858 4,474,318 5,102.355 

3.801 
25,882 1'.755 

8,154 4.382 2.318 
104.534 83.112 58,815 31.257 
188.811 150.740 127.012 80.882 47,787 

127,028 107,580 85,541 80,_ 
140,803 128,055 100,030 

173,875 147,288 
108,218 

328,702 388,005 445,827 S07,511 554,727 
127,_ 140,883 173,875 108,218 222,_ 

40,_ 47,538 54,4OS 81,223 ee,885 
87,814 02,271 111,002 151,002 lee,151 

108,423 138,807 188,3118 212,228 233,035 

388,005 445,827 S07,511 554,727 810,_ 

2,070,550 3,383,S50 3,885,583 4,420,180 5,020,042 
520,012 835,553 733,1 SO 831,881 027,023 

251,554 285,007 328,807 372,824 423,303 
124,721 153,821 178,_ 223,007 244,031 

3,383.850 3,805,583 4,420,189 5,020,042 5,712,035 

'78,275 430,818 505,282 505,831 ee7,334 

--- -------- ._._-

- - -
2004 2005 200II 2007 

2,315,853 2,231,817 2,140,508 2,041,885 

0 0 0 0 

183,817 178,743 189,_ 181,287 
84,235 01,100 118,544 1OS,585 

287,852 287,852 287,852 287,852 

2,788,502 2,728,881 2,081,080 2,501,8118 

0 0 0 0 

221,747 218,ee8 211,588 205,878 
50,820 84,702 00,1181 75,892 

281,_ 281,588 281,_ 281,_ 

4,058,2110 4,802.488 4,833,083 4,451 ,see 

32,171 
71,431 37,1181 

117,080 82,850 44,035 
187,888 133,482 04,480 SO,2OO 
222,_ 188,032 140,4l1li 105,795 

0 0 0 
0 0 

0 

810,_ 442,_ 287,_ 155,_ 
0 0 0 0 

74,080 52,845 33,284 17,130 
188,_ 154,340 ISI,OOO 08,771 
242,325 2OS,085 185,284 lIe,OIO 

442,334 287,004 155,005 58,224 

5,712.035 5,400,833 5,090,482 4,7S8,058 
0 0 0 0 

470,443 448,254 414,178 384,282 
'12,302 310,151 300,524 282,047 

5,400,_ 5,000,482 4,788,058 4,507.011 

701,745 758,_ 714,703 -,-
---- ---- -

- -
200II 

1,035,3S0 1,820,0118 

0 0 

152,570 143,183 
115,282 124,_ 
l!II7,852 207,852 

2,510,_ 2,434,438 

a 0 

100,000 103,010 
81,_ 88,540 

281,588 281,_ 

4,254,538 4,041,298 

sa,224 
0 0 
0 0 
0 0 
0 0 

0 

58,224 0 
0 0 

5,530 0 
58,224 0 
81,784 0 

(0) 0 

4,507.011 4,254,538 
0 0 

357,_ 338,182 
253.375 213,238 

4,254,538 4,041.298 

811,183 540,420 
_.-

-
2010 

1,895,400 

0 

132,088 
134,_ 
207,852 

2,345,880 

0 

185,703 
05,774 

281,_ 

3,810._ 

0 
0 
0 
0 
0 

0 
0 

0 
0 
0 

0 

4,041,298 
0 

31S,782 
230,_ 

3,810,_ 

540,420 
--
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ll11M 

OPERATING REVENUES: 

BlEAM 0 

HOTWAlER 878,110 

ELECTRICITY 0 

TOTAL SALES PEVEN UE 878,110 

OTHER OPER. PEVEN UES 0 

TOTAL OPERATING REVENUES 878,110 

OPERATING EXPENSES: 

OPER. & MAIN. 

FUEL- GAS 417,075 

OIL 27,552 

LIGNITE 0 

COAL 0 

TOTAL FUEL COST 504,827 

PUROIASED POWER 38,080 

FllCEDO& M 35,482 

OTHER VAR. 0 & M 40.1182 

EMISSION PENALTIES 179 

MAtilENACE EXPENSE 51,810 

PLlHT REMOVAL COSTS 0 

TOTAL 0& M 870.970 

DEPPECIATION EXPENSE 24,873 

OTHER OPER. EXPENSE 0 

TOTAL OPERATING EXPENSES 895,842 

OPERATING SURPLUS (ID,53') 

LONG lERM DEBT INTEREST 

FOREIGN 0 

DOMESTIC 0 

EXOIANGE RATE VARIANC 0 

TOTAL INlERESTEXPENSE 0 

NET INCOME FOR YEAR (18,533) 

PROVISION FOR TAlCES @42% (8,204) 

AIlJUSlED NET INCOME (11,329) 

RETAINED EARNINGS, 

FIRST OF YEAR 0 

RETAINED EARNINGS, 

END OF YEAR (11,329) 

- -
11185 1_ 

0 0 

1,108.215 1,785.874 

0 0 

1,108.215 1,785,974 

0 0 

1,108.215 1,785,974 

771,832 1,232.232 

41,270 BO,879 

0 0 

0 0 

813,102 1,293,111 

57,012 .... 184 

49,874 87,_ 

57,514 79,592 

251 339 

74,449 180,258 

0 0 

1,052,003 1,714,523 

28,583 38,_ 

0 0 

1,080.588 1,754,_ 

25,830 31,842 

3,552 18,059 

1,780 8,287 

0 0 

5,332 28,348 

20,297 5,_ 

8,525 2,224 

11,772 ',072 

(11,320) -- ',515 

-
1"7 

0 

2,588,015 

0 

2,588,015 

0 

2,588,015 

1,902,292 

83,858 

0 

0 

1,885,_ 

115,577 

87,178 

108,551 

440 

134,_ 

0 

2,430,845 

55,747 

0 

2,4M,383 

79,822 

41,783 

7,_ 

0 

49,749 

29,873 

12,547 

17,327 

S,515 

20,842 

- - - -
Exhibit 9-22 

Statement of Income 
Sofia District Heating Company 

Liulin - Baseline Case I_ I_ 
2000 2001 2002 

0 0 0 0 0 

3,840,187 4,1147,122 8,2BO,585 8,991,391 7,001,885 

0 0 0 0 0 

3,840,187 4,1147,122 8,2BO,585 8,"1,391 7,001,885 

0 0 0 0 0 

3,840,187 4.1147,122 8,280,585 8,991,381 7,001,885 

2,821,482 3,558,148 4,420,504 5,078,482 5,729,477 

110,_ 138,353 173,3" 188.883 224,408 

0 0 0 0 0 

0 0 0 0 0 

2,831,114. 3,885,S01 4,583,Q03 5,275,385 5,853.885 

152,580 183,179 240,228 278,882 317,874 

108,973 130,787 154,_ 178,9114 204.054 

137,042 189,238 205,158 237,981 271,_ 

5SO 880 874 1,130 1,288 

182,218 214,148 478,_ 302,144 383,184 

0 0 0 0 0 

3,523,318 4,403,4114 5,872,873 8,274.977 7,141,_ 

88,419 170,315 189,582 213,100 240,337 

0 0 0 0 0 

3,819,737 4,573,810 5,882,455 8,_,077 7,381.701 

220,429 373,312 418,110 S03,314 519,_ 

73,327 210,1148 238,481 272,291 311,BOI 

21,B07 40,_ 47,538 54,408 81,223 

0 0 0 0 0 

114,934 251,554 285,"7 328,897 372,824 

125,495 121,758 132,113 178,818 147,140 

52,708 51,138 55,487 74,178 81,789 

72,787 70,820 78,825 102,437 85,341 

20,842 93,_ 184,248 240,874 34S,312 

9',_ 184,249 240,874 343,312 428,_ 

- - - -
20m 2004 2005 20CMI 2007 

0 0 0 0 0 

8,818,208 9,_,910 10,17UII2 10,885,140 11,800,388 

0 0 0 0 0 

8,818,208 9,_.010 10,179,892 10,885,140 11,800,_ 

0 0 0 0 0 

8,818,208 8,_.010 10,178,e82 10,885,140 11,800,388 

8,352,888 8,918,100 7,388,818 7,_,581 8,827,848 

248,739 271,074 289,875 312,849 337,878 

0 0 0 0 0 

0 0 0 0 0 

8,B01,405 7,189,174 7,888,400 8,301.410 8,885,522 

355,795 311,375 422,885 458,500 493.020 

228,540 251.38-4 271,508 283.228 318,884 

303,854 334,240 3BO,979 381,857 421,048 

1,443 1,587 1,714 1,851 1,_ 

408,891 851,_ S02,217 817,552 818,974 

0 0 0 0 0 

7,_.928 9,018,400 9,245,591 10,080,388 10,817.245 

271,115 292,358 271,738 283,851 250,859 

0 0 0 0 0 

8,171,043 9,311,758 9,523,330 10,324,248 11,087,804 

847,185 _,154 858,383 580,893 532,492 

358,418 405,384 383,_ 380,_ 387,143 

88,885 74,_ 52,845 33,284 17,138 

0 0 0 0 0 

423,303 479,443 448,254 414,179 384,282 

223,882 208,711 210,108 148,714 148,210 

114,022 87,859 88,248 81,820 82,248 

129,_ 121,052 121,_ 85,0114 as,_ 

428,853 558,493 879,545 BOl,408 888,S02 

558,493 879,545 801,408 888,502 872,_ 

--

- -
200II :zooe 

0 0 

12,1183.219 13,374,521 

0 0 

12.1183.219 13,374,521 

0 0 

12,1183.219 13,374,521 

9,317,858 10,083.288 

_,007 3114,_ 

0 0 

0 0 

8,882,784 10,457,385 

532,481 575.058 

342.018 '89,_ 

454,730 481.108 

2,158 2,332 

1,288,181 748,223 

0 0 

12,2BO,295 12.841,487 

238,128 228,220 

0 0 

12,518,420 12,887,707 

474,798 S08,814 

352,288 338,182 

5,_ 0 

0 0 

357,_ 338,182 

118,_ 170,833 

49,138 71,_ 

87,854 98,887 

872,484 1,040,318 

1,040,318 1,139,285 

----- --

-
2010 

0 

14,420,717 

0 

14,420,717 

0 

14,420,717 

10,888,349 

425,827 

0 

0 

11.2a3,SII7e 

821,083 

388.831
1 

530.Sln' 

2,519 

81.,248 

0 

13.785,132, 

214,_ 

01 

13,SHJO.0401 

440,877 

318,782 

0 

0 

318,782 

121,8Q5 

51,188 

70,_ 

1,139,285 

1,209_ 
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BEGINNING CASH IAlIHCES 

PlUS FUNDS GENERATEIt. 

AD.JUSTEO NET INCOME 

NON CASH ITEMS: 

DEPRECIATION 

TOTAl. FUNDS GENERATED 

DEDUCT USES OF FUNDS: 

REDEMPTION - LOANS 

FINANCING COSTS 

CHANGE IN WORKtlG CAPITAl. 

MAINTENANCE SPARES 

N:COUNTS RECElYABLI 

ACCOUNTS PAYABLE 

CAPITAL ElCPENDtlUREII 

INV£IITMENTS 

EXCIWKJE RATE YARINICE 

TOTAL FUNDI USED 

CAlH RECEIPTS FROM FIN","CINC 

ENDING CASH _CES 

- - -

I_ I_ Ullil 

° 11.214 IS._ 22.M 

(II •• 11.712 3.072 11.327 

24.m a._ .. - 55.747 

IU" 40._ 42._ 73.074 

2,1" 10.771 11.1127 

° 0 0 0 

(I.O!IClI (U •• '4) (15.7551 (311.8551 

II •• (457) (I.St" 1.108 

15.107) 1:M.18OI (15."" (00.7811) 

4._ U45 I .• I._ 
.1.122 ZH._ _.410 517.171 

° 0 0 

0 0 0 0 

10.171 211.311 341.1181 II1II.411 

11._ 235._ _.410 517 •• 7. 

11 .... 11._ 22.M "".-

- - .. - -
Exhibit 9..,23 

Analysis of Cash & Cash Balances 
Sofia District Heating Company 

Uulin - Baseline Case 

I_ I- 2000 2001 2002 

..... - 134."1 171.458 221.711 285._ 341.358 

72.711 10.120 71._ 102.437 55.341 128.540 

".41' 170.315 1".582 213,'00 240.331 271.115 

1".208 240.135 _.207 315._ 325.1" 400.155 

34.342 124.721 1.1.1121 17 •. _ 223,001 _.OM 

0 0 0 0 0 0 

"".8111 (71.8411 .... 1SS) (13.0411) (00.1531 (SI.!IOII 

(1.145) lUll (S •• 3._ (1.Il08l (315) 

(48,11021 (71.44" ",,417) (110.007) (42.8!50) (54.8111) 

S.IS7 use 1._ 3.451 3.IOS 3.423 

1._.718 _.011 _.553 133.110 831 .... 021._ 

0 0 0 0 0 0 

0 0 0 0 0 0 

2.001 ••• 721.311 111.107 _.181 1.015.841 1.223._ 

1.822.7" 528.012 831._ 733.110 lSI .... 1121.1H 

114."1 171.411 221.711 255._ 147.358 412,711 

-~-----

- - - -

~- 2008 2001 2008 

452.711 4.3._ 521.173 1511._ 115.433 

121.052 121._ 15.004 .5._ '7.854 

2112.358 271.1. 283 • .,1 250._ 238.1" 

413._ _.801 34 .... 5 -.- -.110 

"2._ 310."1 -.- 2112.047 25$,371 

0 0 0 0 0 

(10.8"1 (111.1031 (10._ (38.0771 (S2.Me) 

(11.'55) '.- (U07) (III) (12.M4J 

(54."5) (70.8021 (10.7'7) (42.S27) (42.815) 

3.114 2.811 3.031 3.271 3.1141 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

312.1155 171.283 "o.582 321.124 305,8113 

0 0 0 0 0 

413._ 521.573 1511._ -- 575.720 

---- ---------- --- - ---- -- -------

-

200II 

515.720 

".117 

228.220 

325.117 

213._ 

0 

(110.348) 

10._ 

(U.!I8I) 

3.8a4 

0 

0 

0 

282.584 

0 

"1._ 

-

2010 

"1.523 

70._ 

2' .... 8OD 

285.108 

-.-
0 

122.1"1 

13.440: 

122.878 

4.130 

0 

0 

252._ 

0 

'''.104 
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PLNlT IN SERVIce 

C.W.I.P. 

-

l£88: ACCUM. PAO\'. FOR DEPR. 

NeTPLNIT 

CURRENT ASSETS 

CASH 

STalES & MATERIALS 

ACCOUNTS RECEIVABl£ 

TOT AI. CURRENT ASSETS 

EXCHANCIE RATE VAAlANCE8 

INVESTMENTS 

UNAMORTIZED FIN. COSTS 

TOTAl. ASSETS 

.L.ItfiIIR 

PAID IN CAPITAl. 

RESERVE F UND8: 

BALANce, STAAT OF PERIOD 

NET INCOME FOR PER IOD 

TRANSFERS & CONTRIBUTIONS 

BALANce. END OF PERla> 

LOANS OUTST ANDlNQ 

DOMESTIC LOANS 

FOREKlN LOANS 

TOTAl. LONQ-TERM DEBT 

CURRENT UABILlTIES 

SHORT TERM LOANS 

CURRENT PORTION

LONO-TERMDEBT 

ACCOUNTS PAYABl£ 

TOTAl. CURRENT UABILlTIES 

TOTAl. UABILlTIES 

RETAINED EAANINQS 

TOTAl. UABILlTIE8& CAPITAL 

-
1* 

1537.422 

:14.873 

512.70lil 

11.204 

1,= 

5.1107 

17.832 

o 

530.811 

4711,800 

o 
o 

12.044 

44.402 

51.448 

2.1711 

4,518 

8.7M 

83.210 

(l1,S211 

530.881 

- - - - - - -

173.0l1li 

o 
153.258 

718.813 

15.l1li8 

1._ 
40.587 

57.855 

o 
o 
o 

m.7fJIJ 

4711.800 

o 
o 
o 

o 

55.577 

_,737 

281.314 

o 

10,778 

8,431 

17,211 

2118,525 -
m.7fJIJ 

1_ 

1,0711.518 

o 
113.0115 

_.455 

22.248 

3,_ 

fJIJ.S73 

82.424 

o 
o 
o 

1,077.818 

4711.800 

o 
o 
o 

o 

51.103 

522.034 

573,137 

o 

13.821 

8,111 

22.428 

_,583 

S,515 

1,077.818 

Exhibit 9-24 
Balance Sheet 

Sofia District Heating Company 
Liulin - Baseline Case 

188' 

1.588,487 

o 
148.812 

1.447._ 

44.838 

2.-

107.158 

154.888 

o 
o 
o 

1.1102.381 

4711.800 

o 
o 
o 

o 

140.181 

818.582 

1,058,773 

I. 

Ulo.283 

o 
245.231 

3.274,052 

-
4,048._ 

o 
415.548 

3._,148 

134.8Dl 177,455 

3._ 4._ 
153.881 230.410 

282.8D7 412.151 

o 0 

o 0 

o 0 

3._.141 4.044._ 

4711.800 

o 
o 
o 

o 

418.800 

o 
o 
o 

o 

2110.875 _,135 

2.5113,I11III 2.-.-

2.854,- 3,230,028 

000 

34.342 124.721 153,821 

11.824 14,781 18,000 

45.888 138,482 11t.821 

1,102,138 2._,320 S.401,_ 

20,842 8U28 184,2" 

1,802.381 UfJIJ.141 4.044,_ 

2000 

4._._ 
o 

_.121 

4,0711,720 

221,711 

8._ 

2118.827 

528,104 

o 
o 
o 

4._,1125 

4711.800 

o 
o 
o 

o 

333.835 

"S53.S113 

3,_,018 

2001 

5.418._ 

o 
818.228 

4.5911.770 

285.838 

8.057 

3711.834 

_.528 

o 
o 
o 

5.217._ 

4711.800 

o 
o 
o 

o 

_.5011 

3.840.1153 

4,117,182 

o 0 

1711.584 22:1.007 

21.588 25,018 

200,1:12 241.028 

,,_,150 4._,117 

1140,874 _,312 

4._,1125 5,217._ 

2002 

8.241.878 

o 
1.058._ 

5.180.314 

347,358 

7.ae3 

418.483 

774,703 

o 
o 
o 

5._.018 

4711,800 

o 
o 

388,5711 

4._.435 

4.785.011 

2003 

7,178,_ 

o 
1,_.1180 

5.847.123 

452,771 

8.1711 

474.100 -.-
o 
o 
o 

8.782.171 

4711.800 

o 
o 
o 

o 

442,334 4._._ 
5.400._ 

o 0 

_.031 312.302 

28.521 31,844 

272.552 344.245 

5.057,583 5.744.8711 

-.853 551.4113 

5._.018 8.782,171 

-
2004 

7.1711._ 

o 
1._.037 

5.554.7118 

_.225 

17.033 

521.082 

1.0311.350 

o 
.0 

o 

8._,118 

478.800 

o 
o 
o 

o 

217.884 

4.1102._ 

5.080._ 

o 

310.151 

35.138 

345.288 

5.435.771 

818,545 

8,_.118 

- -
2005 

1.178._ 

o 
1._,775 

5.277,028 

521.573 

10.044 

5l1li.885 

1.131.812 

o 
o 
o 

8._.840 

4711.800 

o 
o 
o 

o 

1.1711._ 

o 
2.183.828 

5.013,177 

_.838 

12.351 

810.782 

1.183.0IIII 

o 
o 
o 

8.188.248 

4711.800 

o 
o 
o 

o 

200: 

7,1711,_ 

o 
2.414.285 

4,782.518 

575.433 

12.378 

8153.108 

1.240.821 

o 
o 
o 

8.003.438 

4711.800 

o 
o 
o 

o 

-

7,178._ 

o 
2.8152.411 

4,s:!4.3112 

575.120 

25,:123 

II1II.024 

1,287.087 

o 
o 
o 

5.821.458 

4711,800 

o 
o 

o 

-

7.178._ 

o 
2.8711.831 

4.2118.112 

818.323 

14,824 

718.5113 

1.412.840 

o 
o 
o 

5,711.013 

4711.800 

o 
o 

o 

155.885 4._.- 58.224 

4.451,_ 

(q (0) 0 

4.254.538 4.041,281 3.810.1180 

4.7l1li._ 4.507.811 4.254.538 4.041.281 3.810.8110 

000 

300.524 282.041 253.315 

31.848 40.885 44,254 

338,413 323.033 2111.838 

5.121.431 4.830,_ 4,552.114 

IIOM08 _,502 812.484 

8._.840 8.188,248 8.003._ 

o 

213.238 

41.1105 

211.043 

4,302,341 

1.040,318 

5,821,458 

o 

230.838 

51,828 

282.217 

4.082,_ 

1,138,285 

5.711,013 

-

1,111,803 

3.083,1538 

4.083.284 

1151.104 

18.385 

1102.471 

1,471.840 

o 

5.555.204 

4711.800 

o 

3.sag,loo 

3.sag.loo 

o 

221.5110 
I 

55.1I0! 

277.320 

3._.420 

1,208,884 

5.1555.204 
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Exhibit 9·25 to 9·30 
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OENERAL INFLATION 

FOREIGN 

DOMESTIC 

COMPOUNDED: 

FOREIGN 

DOMESTIC 

FOREX RATIO 

EXCHANGE RATE(LEVA/US) 

CAPITAl EXPENDITURES 

FOREIGN (US 11103$) 

FOREIGN (CURREN1) 

FOREIGN (LEVA-CURRENT) 

DOMESTIC (US lVO~ 

DOMESTIC (LEVA 11103) 

DOMESTIC (LEVA-CURRENT) 

DOMESTIC (CURRENT US) 

OPERATING EXPENSES (US" l1li3) 

FUEL COST-NATURAL GAS 

FUEL COST -OIL 

PURCHASED POWER (NET) 

FIXED 0 .. M 

VARIABLE 0 & M 

EMISSION PEN .... TES 

MAINTENANCE EXPENSES 

ITOTAl 0" M EXPENSES 

1.8eO'lIo 

40.~ 

1.01ee 

1.4000 

1.3744 

4ua 

.e.755 

'U:le 

437.024 

.,,4 
10.048 

14.087 

$320 

53.728 

3.1OS 

(:le.e77) 

2.211 

5.585 

20 

5.W 

31.333 

2.870% 

40.0001(, 

1.0458 

1.11800 

1.8742 

511.87 

$U57 

Se.Ml -.-
".382 
43.584 

85.425 

".424 

12.720 

3,352 

142.10lIl 

2.211 

5.848 

20 

7.248 

311._ 

OPERATING EXPENSES (LEVA-CURRENT) 

FUEL COST -NATURAL GAS 

FUEL COST-OIL 

PURCHASED POWER 

FIXEDO& M 

VARIABLE 0 & M 

EMISSION PENALTES 

MAINTENANCE EXPENSES 

TOTAl 0 .. M EXPENSES 

2.408.e25 3.033.7l1li 

130.104 210._ 

(1.748.170) (2.841.0711) 

ee.05S IM.874 

248.312 354.117 

eee 1.254 

254.501 454._ 

1.403.718 2.451.474 

3.1500% 

35.0001(, 

1.0824 

2.MeQ 

2.4448 

78.23 

"'.'011 

"2.0lM 

_.821 

SUM 

5UM 

lM.354 

$1.758 

74.4M 

3.878 

148.03'1) 

2.211 

5._ 
21 

8.544 

4I.Ml 

8.302.4711 

311.505 

(3.-.045) 

187.210 

401.eeo 

1.778 

554.0114 

uso.eeo 

-

3.500% 

30.0001(, 

1.1203 

3.4388 

3.0705 

88.28 

"'.'011 

$12._ 

1.222._ 

".-
52.2M 

178.880 

".83' 

87.774 

3.Ml 

147.112q 

2.211 

5.831 

21 

8.4M 

58.418 

0.Ml.8ao 

424._ 

(5.283.720) 

243,373 

852,847 

2.312 

70U54 

8.430.05 

.. - .. - - - .. .. - .. -
Exhibit 9-25 

General Data Development 
Sofia District Heating Company 

Kostov - Baseline Case 

Ieee 

3.500% 

25.0001(, 

1.1585 

4._ 

3.7083 

118.87 

$14.472 

"8.780 

'."'.231 
$1.7OS 

54._ 

2M.5SM 

".877 

103.151 

4.037 

148.4851 
2.211 

8.035 

22 

8.418 

72.380 

14.1112,752 

555.4S 

(8.810.118) 

_.218 

830._ 
3.027 

_.2Ot! 
0.8l1li._ 

~" 

3.500% 

20.0001(, 

1.2001 

5.15117 

4.2885 

137.58 

.11.1011 

$13._ 

1.IM.211 

$1.8M 

52.2M 

_.7110 

'1.881 

107.m 

4.222 

(51.seq 

2.211 

8.148 

22 

8.104 

77.105 

"'2000-

3.500% 

18.0001(, 

1.2421 

8.0ee4 

4.8018 

158.M 

$0 

$0 

° 
$0 

° 
° 

$0 

1".775 

4.383 

(52."2) 

2.211 

8.213 

22 

7.080 

78.702 

2001 

3.350% 

18.0001(, 

1.2837 

7.0828 

5.501B 

178.08 

$0 

$0 

° 
$0 

° 
° 

$0 

111.775 

4.MI 

(53.227) 

2.211 

8.271 

22 

7.044 

78.477 

2002 

3.200% 

14.0001(, 

1.3241 

8.0514 

8.0778 

184.41 

$0 

$0 

° 
$0 

° o 
$0 

1".807 

4.Ml 

(53.~ 

2.211 

8.-
23 

7.048 

78.218 

2003 

3.0lI0% 

12.0001(, 

1.3853 

8.0175 

8.8048 

211.35 

$3.M3 

$4.582 

870.430 

$71 

2.272 

20.488 

$07 

111.433 

4.M5 

(53.87111 

2.211 

8.372 

23 

8.558 

70.284 

2.830% 

10.0001(, 

1.4053 

8.8183 

7.0584 

225.87 

$0 

$0 

o 

$0 

° 
$0 

"'.005 
4.M7 

(53.78111 

2.211 

8.407 

23 

7.743 

77.887 

2.800% 

8.000% 

1.4447 

10.7128 

7.4155 

237.30 

$0 

$0 

° 
$0 

o 
o 

$0 

110.123 

4.311 

(53.7II1II 

2.211 

8.410 

23 

7.851 

78.030 

2.800% 

8.000% 

1.4151 

11.58l1li 

7.7_ 

240.30 

$0 

$0 

o 

$0 

o 

° 
$0 

110.402 

4.322 

153.8341 
2.211 

8._ 
23 

7.838 

77.107 

2.800% 

8.000% 

2.800% 

8.000% 

1.5287 1.5884 

12.4054 134051 

8. I 847 8.5887 

251.111 275.18 

$0 $3._ 

$0 $5.278 

° 1.452.285 

$0 $71 

° 2.272 

° 3O.Ml 

$0 $111 

110.580 110.711) 

4.328 4.337 

(53.84~ (53.85'1) 

2.211 2.211 

8.442 '.452 

23 23 

0.353 8.275 

78.072 78.211 

2.800% 

8.000% 

1.81M 

14.5747 

8.0338 

288.08 

$0 

$0 

$0 

° 
° 

$0 

110.877 

4.M5 

(S3.MIII 

2.211 

8.483 

23 

8.254 

78.404 

10' 

2.800% 

8.000% 

U588 

15.7408 

8480S 

303.70 

$0 

$0 

o 

$0 

° 
° 

$0 

1".132 

4.351 

(53.87 

2.211 

8.471 

23, 

1!I.1De 

78.507 

17.7G5,104 21.777.154 25.281.488 28._353 32.155,183 35.2M.858 37.751.2M 40.874.M7 44.207.8311 47.835,153 51.758,507 55.077._ 

887.0IIII 853.841 080.120 1.125.735 1.258._ 1.370.811 1.477.855 1.800.158 1.730.587 1.872.BIIII 2.028.412 2.181._ 

(B.483.372) (10.324.448) (12.028.4M) (13._087) (15._.854) (17.087.187) (IB.442,848) (10.831.232) (21.530.128) (23.257.721) (25.123.838) (27.137.880 

S85.0S 430.711) 

1.015.284_1.210.480 

S.1I32 4.2M 

U3!l.05IS .1.M1.347 

4VO.81lG 

1.417._ 

4.872 

1.581._ 

580.8SO 

1.831,814 

5.828 

1.815.872 

8M._ 
1.8M.7011 

8.837 

2.458.7112 

701.SOII 

2.033.8QO 

7.301 

2.457.7!!11 

757.053 

2.200.408 

7,835 

2.122.841 

818.sea 

2.M2._ 

8.515 

2.521.225 

884.077 

2.575.858 

0.107 

3.7311.833 

-.-
2.7M.245 

0.832 

3.573.4114 

1.031.187 

3.014.275 

10.727 

3.8411.570 

1,"3.812 

3.250._ 

11.585 

4.125.3!1 

12.730,837 11,333,1132 17.738.048 20.152.383 22.8711,253 24.7 .... 040 211.3711,474 2tI.Ml.033 S1,817,241 33.774.805 38.5811,802 311.544.028 
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DISTRICT HEATING FEASIBILITY STUDY 
INVESTMENT PROGRAM· 

AND FINANCIAL STRATEGY 

I_ I_ 
CAPITAl EXPENDITURES (OOO'S LEYA-CURREN1) 

FOREIGN "7.024 MO.5H 

DOMESllC '4.087 16.425 

MUNICIPAL OWNERSH .. : 
tNVESTVENT _ 

FOREIGN 

8ERES84-811 2.«*.183 1.5".378 

DRAWDOWN 4154,606 111._ 

UNDISBURED 1.6tM.378 M2.84I 

SERIESI7-S18 

DRAWDOWN 
UNDISBURED 

SER1E803 

DRAWDOWN 
UNDISBURED 

SERES.,. 

DRAWDOWN 

UNDISBURED 

DOIIESllC 

ANNUAlREQUREMENT te.l77 11.231 

I_ I_ 
BEGINNING BAlANCE 

CAPITAl FUNDING 

FOREIGN LONIS 4154,60& 11t.42$ 

DOIIESllC LONIS te.l77 ".231 
TOTAl NEW CAPITAl 470._ 7ot.817 

INTERNAl FUNDS 0 0 

PROCEEDS AVAILABLE 470.88. 700.8117 

UTLIZAllON Of PROCEEDS 

CAPITAL EXPENDITURES 

FOREIGN COSTS "S1.024 6IG.5H 

DOMESTIC COSTS 1 •. 087 1&.425 

COMMITMENT FEES 0 7.1OtS 

BOND DISCOUNT 0 0 

DEBT SERVICE RES. FUND 0 0 

OTHER EXPENSES 0 0 

TOTAl UTLIZAnON 461.001 173.830 

BAlANCE ON DEPOSIT 

INTEREST EARNED ON: 

CONSlIIUCllON FUND 0 0 

DEBT SERVICE RESERVE 0 0 

BAlANCE AVAILABLE ".601 H.",. 

INTEREST CHARGES 

FOREIGN LOANS 17.411 23.224 

DOIIESllC LONIS 2.110 12.114 

TOTAL INTEREST t ••• 1 H.",. 

NEr END Of PERIOD (0) 0 

AMOUNT CLOSED TO PI.ANT 470,_ 
7 .... _ 

Exhibit 9-26 
Projected Investment Program - Municipal Ownership 

Sofia District Heating Company 

,_ 

140.121 

""364 

M2.841 

M2.841 

0 

151.107 

,_ 
182.148 

'"'07 
1.'42._ 

0 

1.142,0515 

840.12' 

'38.364 
4.7a1 

0 

0 

0 

'.083.171 

0 

0 

51.311 

37._ 

20.753 

51.37' 

0 

1,'42.0. 

Kostov - Baseline Case 

18i7 
I_ I_ 

2000 2001 2002 2003 

1.222.108 1.811.231 1.11~.2t1 0 0 0 170._ 

1711._ 234.SN _.710 0 0 0 20 ..... 

6.211 .• 11 4._.760 1.111.711 

1,271.73) 2.000.001 t.I",711 

4.008.760 1.111.761 0 

'.00II.207 

'.00II.207 

0 

208,1311 _.714 310._ 0 0 0 2UII1 

. 
CAPlTAll%AllON SCHEDULE AND 

API'\JCA llON Of CCHSlIIUCTION fUNDS 
SOFIA DlSlAlCT HEATING COMPANY 

KDSTOY - BASELINE CASE 

18i7 I_ .- 2000 2001 2002 2003 

',271.73) 2.000._ 1."1.711 0 0 0 1.00II.207 

208,1311 -.714 310._ 0 0 0 23.l1li1 

1.471.660 2.351.711 2.227.010 0 0 0 1.032.108 

0 0 0 0 0 0 0 

1.418.$68 2,39i1,7," 2.227.010 0 0 0 1,032,808 

1.222.808 1.111.231 t,a.,2 •• 0 0 0 870._ 

'71._ 234.SN -.- 0 0 0 20._ 

0 .... 27 1.171 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

1.402 .... 2.244.153 2.113.'73 0 0 0 IIQ,.,I 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

76 •• 1 lIUM 113,137 0 0 0 41._ 

".112 71.141 13." 0 0 0 31.117 

21,818 35.111 40 •• 0 0 0 3.073 

76", 114,_ 113,137 0 0 0 41", 

(0) (0) 0 0 0 0 0 

1,4,.... 2. .... 781 ~.OtO • 0 0 '.G3Z." 

Gilbert/Commonwealth International, Inc. 
9-46 

2004 20(6 

0 0 

0 0 

0 0 

2004 20(6 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

• 0 

0 0 

200S 2007 200S 2OC8 

0 0 1.452._ 0 

0 0 3O.tllll 0 

1.610.3'11 

1.510.3'11 

0 

0 0 3&._ 0 

200S 2007 2001 2OC8 

0 0 1.510.3'11 0 

0 0 S5._ 0 

0 0 1.1545.131 0 

0 0 0 0 

0 0 1,50t6.13S 0 

0 0 1.462.286 0 

0 0 30.l1li1 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 '.412.148 0 

0 0 0 0 

0 0 0 0 

0 0 12 •• ' 0 

0 0 11,011 0 

0 0 4._ 0 

0 0 12.111 0 

• 0 • 0 

0 0 1 ....... 0 

2010 

0 

0 

0 

2010 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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FOREIGN LOANS: 
SERIES .. -" 
BAlANCE. START OF PERIOD 

AMOUNT DMWN DOWN 
DEBT SERVICE 

INTEREST CHARGES 
PRINCPAL REPAYMENT 
TOTAL DEBT SERVICE 

SERIES 17-" 
BAlANCE. START OF PERIOD 

AMOUNT DMWN DOWN 
DEBT SERVICE 

INTEREST CHARGES 
PRINCPAL REPAYMENT 
TOTAL DEBT SERVICE 

SERIES 03 
BALANCE, START OF PERIOD 

AMOUNT DMWN DOWN 
DEBT SERVICE 

INTEREST CHARGES 
PRINCPAL REPAY MENT 
TOTAL DEBT SERVICE 

SERIESoa 
BALANCE, START OF PERIOD 

AMOUNT DMWN DOWN 
DEBT SERVICE 

INTEREST CHARGES 
PRINCPAL REPAYMENT 
TOTAL DEBT SERVICE 

BALANCE, END OF PERIOD 

DOMESTIC LOANS: 
BALANCE. STARTOF PERIOD 

SERIES .. 
SERIES IS 
SERIES" 
SERIES" 
SERIES" 
SERIES" 
SERIES 00 
SERIES 01 
SERIE802 
SERIES 03 
SERIES 04 
SERIES os 
SERIESGe 
SERIE807 
SERIES 01 
SERIES 08 
SERIES 10 
TOTAL OUTSTANDING 

AMOUNT DMWN DOWN 
DEBT SERVICE 

INTEREST CHARGES 
PRINCPAL REPAYMENT 
TOTAL DEBT SERVICE 

BALANCE. ENDOF PERIOD 

TOTALS ALL DEBT: 
BAlANCE, 8TARTOF PERIOD 
AMOUNT DMWN DOWN 
DEBT SERVICE 

INTEREST CHARGES 
PRINCPAL REPAYMENT 

BAlANCE, END OF PERIOD 

TOTAL DEBT SERVICE 

- - -
'''5 , .. 7 

0 454.505 I.Ge5.134 2.04I.m 

454,505 811,421 "2,141 0 

0 38,310 15,275 183,111 
0 0 0 0 
0 38,310 85,275 183,811 

0 

1,271,720 

0 
0 
0 

454,505 1,015,134 2,041,183 3,320,103 

0 18,ln 13,702 10,1" 
0 11,_ 130205 

158,107 

0 18,177 111,140 253,208 
11,177 88,238 158,107 208.838 

0 2,025 13,", 31,513 
0 2.471 17141 44 sa3 
0 4.501 31.831 78,087 

11.177 111,840 253,208 411,_ 

0 470,112 1.1n,174 2.302.010 
470,112 701.117 1.142,051 1.471,111 

0 31,388 ",215 115,424 
0 2,478 17,841 44,_ 

470.112 1,177.17. 2.302,010 3,731,_ 

0 40.'" 117,101 240,007 

- - - .. -
8 

2.041,183 

0 

183,111 
0 

183,111 

1,271,720 

2,0I0,ooa 

101,731 
0 

tOt,73' 

1,410,111 

7.708 
11,154 

134,780 
208,131 

415,_ 
251.784 

51,422 
12218 

133,141 

103.027 

3,738.081 
U5l.7Il 

317,070 
12,211 

1,013,131 

3t8,_ 

Exhibit 9-27 
Debt Service Schedule 

Sofia District Heating Company 
Kostov - Baseline Case 

I_ I 2002 2003 

2,041,813 2.00.0 .... 1.157.324 1,101.181 1,850,212 

0 0 0 0 0 

183,048 lst,458 155,517 15U71 148,837 
43,111 47,574 51,457 55,855 10,187 

207,033 207,033 207,033 207,033 207,033 

3,381.721 5,278,471 1,27'.478 5,278,471 5,115.181 

U18,751 0 0 0 0 

211,131 422,271 422,27' 420,058 .'0 .• ,0 
0 0 0 I1UII 122,585 

211,131 422.21' 422.27' P3.37. 533.37' 

0 

1,008.2.17 

0 
0 

7,283,3n 7,2H.102 7,1",348 7,011,372 7,841,158 

4,087 
41,115 24,110 

107,144 71,122 40,285 
175,117 131,217 lI,sea 52,_ 
218,784 221,100 111.174 121,1584 11,325 

310,211 282,7" 208,831 147,152 
0 0 0 

0 0 
0 

803,027 nl,747 513,318 388.171 218,177 
310,211 0 0 0 23,1581 

74,158 1S,088 11,743 45,217 23,772 
134 53. '"421 ,"440 173701 137102 201._ 210,514 213.113 211,811 181,373 

nl,747 513,311 388,171 21..,n 102.131 

8,013,_ 1._,124 7.118,121 7.574,224 7.231,548 
2,227,010 0 0 0 1,032.101 

501,145 .7 •• _ 847."1 "1.151 "',411 
171,524 243.003 244,1" 342.171 320,_ 

1,082,124 7.11..,21 7,174,224 7,231,548 7,843,_ 

IU,_ ""'21 112,_ _,321 801,711 

- .. -
200.0 200 

1.710,015 1,724,IGe 1,154,4" 1,"1,311 

0 0 0 0 

141,125 138,11 2 130,881 124,850 
15,108 70,422 78,111 12,384 

207,033 207,033 207.033 207,033 

5,0.2,5" ".l'tO,03O 4,788,147 ".81t,583 

0 0 0 0 

400,loa 388.88' 371,211 385,131 
132,1588 '.3,3.3 155,013 187,731 
533,37. 633.37. 533,37. 1533.374 

1,008.247 187,681 "'.UI 131,100 

0 0 0 0 

10,315 7'.547 71,831 74,1588 
21,_ 23,434 25,347 27,415 

101,111 '0',181 101,881 tOt,Ht 

7,122,517 7,315,277 7.121,871 1,151,142 

71,175 
0 0 
0 0 0 
0 0 0 0 

23,581 18,8158 lUll 11,221 
0 0 0 

0 0 
0 

102,138 18,8158 15,_ 11.221 
0 0 0 0 

10,511 2,485 1.817 Ut4 
12111 4011 4131 1281 
82,172 1,555 1.5SS 1,555 

18.8158 11._ 11.221 5."7 

7,843.184 7,142,472 7.401,143 7.138,107 
0 0 0 0 

133,738 107.111 587.707 1588,148 
301.122 241,321 211.237 212.711 

7,"2,472 7,401,143 7.131,107 1,187.101 

_,211 141,_ 141,_ 141,_ 

-

1.415.132 

0 

117,827 
1I,IGe 

207,033 

4,443,825 

0 

36' ..... 
111,428 
533,374 

811.381$ 

0 

72,328 
28,152 

101,'" 

0 

1,510,378 

0 
0 
0 

I,Gel,335 

6.117 
0 
0 
0 
0 

5,887 
35,210 

sal 
1"7 
8,555 

35,210 

1,157,108 
1,54S,8M 

542,783 
301,111 

1._.-

141,_ 

- -
1 

1,4Ge,I2I Ul0,441 

0 0 

110,158 102,712 
",3n 104,241 

207,033 207,033 

",,282,36 4,081,151 

0 0 

337.1 .... 321,132 
'",230 212,242 
533,37. 1533,37. 

88t,733 , .. IMUst 
! 

0 0 

11.810 81,283
1 32M2 301,888 

'Ot,811 101,'S1 i 

1,510,371 ',4n,852 1 

0 0 

117,54,1 120,114 
32421 H070 

152.0" 152,1" 

7,700,231 7,317,H' 

0 
0 0 
0 0 
0 0 

35,210 21,814 
0 

35,210 28,814 
0 0 

4,414 UIO 
1388 1120 
8.110 1,110 

21,814 23,744 

1,0II,51S 7.734,081 
0 0 

1420311 112,455 
382,4" 312,_ 

7,734,081 7,341.733 

1.004,1" 1,_.1" 

-
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OPERATINCJ REVENUES: 

STEAM 125.7l1li 

HOT WATER !,S8O,sea 

ELECTRICITY 1.7~.170 

TOTAL SALES "'VENUE 3,252.527 

OTHER OPER. REVENUES 0 

TOTAL OPERATINCJ REVENUE! U52.527 

OPERATINCJ EXPENSES: 

OPER. & MAIN. 

FUEL- CJAS 2.~08.025 

OIL 130,1~ 

LlCJNITE 0 

COAL 0 

TOTAL FUEL COST 2.~8,020 

PURCHASED POWER 0 

FIXEDO&M lIII,ass 

OTHER VAR. 0& M ~0,312 

EMISSION PENAL nES 888 

M_TENACE EXPENSE 2~.51111 

PUNT REMOVAL COSTS 0 

TOTALO&' M 3,I~O.888 

DEPRECIATION EXPENSE l1li,124 

OTHER OPER. EXPENSE 0 

TOTAL OPERATINCJ EXPENSES 3,2~O,012 

OPERA TINCJ SURPLUS 3.515 

LONCJ TERM DEBT INTEREST 

FOREICJN 0 

DOMESTIC 0 

EXCHANCJE RATE VARIANC 0 

TOTAL INTEREST EXPENSE 0 

NET INCOME FOR YEAR 3,515 

PROVISION FOR TAXES @42l' 1,~78 

ADJUSTED NET INCOME 2,030 

RETAINED EARNINCJS, 

FIRST OF YEAR 0 

ReTAINED EARNINCJS, 

END OF YEAR 2,030 

- .. -
I_ I_ 1l1li7 

210.703 347.713 551.115 

2,418,180 3.021.2SS 8,_,114 

2.841.078 3._.~5 8.2n.720 

5,278,850 8,187,Q41 12,215._ 

0 0 0 

5,278,050 8,187,041 12,215._ 

3,033.708 8,302.478 0.881 ,sao 

210.237 311.508 424._ 

0 0 0 

0 0 0 

4,144,038 8,813,884 10,088.514 

a 0 0 

ISS,874 187,210 243,373 

384,117 401,_ 852.847 

1,284 1,778 2,312 

484,_ $84,_ 708,_ 

0 0 0 

5,002,550 7,_.025 11,803,778 

120,eea 155,843 200.075 

a 0 0 

5.213,230 8._,488 11,002.884 

83,720 182,573 312.175 

38,380 85,275 183,011 

2,025 13,l1li1 31.513 

0 0 0 

38._ l1li,205 105,4~ 

25,334 83,508 118,751 

10,840 28,sea 40,035 

14.814 38,71. 87,718 

2,030 18,733 53,451 

18,733 83,451 121,187 

- - - - -
I_ 

835.050 

0,077,l1li8 

8.810,118 

17,823,184 

0 

17,823.184 

14,102.752 

555.450 

0 

0 

14,7~,211 

0 

304.218 

830,_ 

3.027 

883,203 

0 

18,780.D25 

283.584 

0 

17,052,580 

570.575 

285,848 

51,422 

0 

317,070 

253,504 

108,472 

147,033 

121,187 

288,100 

Exhibit 9-28 
Statement of Income 

Sofia District Heating Company 
Kostov - Baseline Case 

I_ 2000 2001 2002 200S 

1.051.~08 1.234.015 1,418.sao 1,588.034 1,783.070 

12,018,353 1S,574,OSS 17,880._ 2O.~1,070 22,503,~3 

8.4SS,372 10.324.~8 12,028,488 13.808.087 15.488.8~ 

22,451.134 27,132,407 31,327,158 35,438,081 30,778,158 

0 0 0 0 0 

22.451,134 27,132,407 31,327,158 35.438.081 30,778,158 

17.705.104 21,777,1~ 25.201.408 28.808.353 32,155.103 

807,_ 853,141 000.120 1,128,738 1,250.sse 

0 0 0 0 0 

0 0 0 0 a 
18.402,200 22,831.005 20,251.818 28,035.080 33.414,781 

0 0 0 0 0 

385,050 430.770 4l1li,803 580,850 838.008 

1,015,284 1,210.480 1,417.288 1,831,014 1,838.700 

3,832 4._ 4,072 5.020 8,837 

1,338.055 1,381.347 1,501._ 1.815,872 2._,702 

0 0 0 0 0 

21,214.210 25,857,078 20,785,514 33,058.451 38,387,007 

385,718 ~0.~3 427.448 408.073 308.880 

0 0 0 0 0 

21.5l1li.028 20,107,821 30,102._ 34.384.524 SS,788,587 

851,200 1,024,577 1,134.108 1,071,587 1,008.580 

431,_ 581,737 577,855 571,434 557,848 

74,150 05,058 ea,743 45,217 23,772 

0 0 0 0 0 

508,145 1178,823 847,_ 818.851 581,418 

345,_ 347,784 488,508 484.018 428,1112 

144,027 148,057 204,371 101,085 170,828 

200,137 201,807 282,227 2n,851 248,_ 

288.100 _,338 870,_ 052,280 1,218,111 

_,338 1170,_ 052,280 1,218.111 1,484,~5 

---

.. - - - -
2004 2005 200II 2007 200II 200II 

1,010,282 2,037,400 2,188,858 2,421,030 2,583.708 2,802,~8 

24,222.850 25,713.2~ 27,748,427 30,555,018 32,807,_ 35,_,578 

17,087,187 18,~2.848 10.031.232 21,530,128 23,257.721 25.123.038 

43,200.128 ~,103.4M 40.878,317 ~.soe,185 58,440.420 83,280,sea 

0 0 0 0 0 0 

43.200,128 ~,I03.4~ ~0,878,317 ~,soe,185 58,~0,420 83.200,583 

35.234.858 37,751,288 40.874.887 44.207,830 47.835,153 51.758.507 

1,378,811 1,477,855 1,800.158 1,730,587 1,872.8l1li 2.020.~2 

0 0 0 0 0 0 

0 0 0 0 0 a 
SS,814,eea 30,228.143 42,474,842 45,038._ 40.708,052 53,784,070 

0 0 0 0 0 0 

701._ 757.053 818.500 884,077 0~,803 1,031.187 

2,033,800 2.200.4l1li 2.:182.002 2,575,858 2.788,245 3,014,275 

7,301 7.885 8,515 11,107 0,032 10,727 

2.457.750 2,822,841 2,828.225 3,7311,833 3.573.~~ 3,840.570 

a 0 0 0 0 0 

41,815,227 44,818,320 ~,512,285 53,147,370 57,032,520 81.800,738 

417,478 308,802 378.772 357,_ 350,357 3l1li.351 

0 0 0 0 0 0 

42.232,703 45,214,023 ~,888.037 53,505.304 57,391,884 82.000.080 

078.420 078.571 080.280 1,000,881 1.057.842 1.1l1li.474 

823,~ 805.150 585,701 5114,852 842,205 837,005 

10,801 2,485 U17 1,_ sse 4,414 

0 0 0 0 0 0 

833,730 807,815 587,707 58e,I~ ~2,703 842,310 

342,587 370,ase 401,573 4M,734 514,740 557,155 

143,028 155.1102 188.881 182,sse 218,1~ 234,005 

108,750 215,1~ 232,812 252,1~ 208,584 323,150 

1,484,~5 1,883204 1,878,358 2,111,270 2,383.418 2,881,070 

1,883,204 1,871,358 2,111,270 2,383,410 2,881,070 2,085,121 

--- --- - -- ---- -----

-
2010 

I 

3'OO8'~:1 37,087.347 

27,137._ 

88.'35'17~i 

88.135,170· 

55.077,282 

2,101.802 

01 
0 

58,188,583 
0' 

,,113,8821 

3,258'.4471 

11,585 

4.128,331 

0 

88.881_ 

37Qi.~ 

a 
87,081,281 

1,073.870 

808.785 

3,800 

a 
812,455 

481,424 

103,708 

207._ 

2,085,121 

3.252,748 

-
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811 - 1187 

BEGINNING CASH BALANCES 88,238 58,388 121.534 

PLUS FUNDS GENERATED: 

ADJUSTED NEr INCOME 2,038 14._ 38,718 87,718 

NON CASH ITEMS: 

DEPRECIATION 811,124 120.8811 155,_ 208,075 

TOTAL FUNDS GENERATED 101,182 135,383 182,281 278.790 

DEDUCT USES OF FUNDS: 

REDEMPTION - LOANS 2.478 17.841 44._ 

FINANCING COSTS 0 0 0 

CHANGE IN WORKING CAPrrAL (1I.8~ (182.7110) (112.282) (183.487) 

MAINTENANCE SPARES (5.082) (3.m) (1.81121 (3.081) 

ACCOUNTS RECEIVABLE (27.7~ (187.418) (121.488) (173,405) 

ACCOUNTS PAYABLE 20.802 8._ 11.1n 13.028 

CAprrAL EXPENDITURES 470.882 708._ 1.142.0SS 1.478.5511 

INVESTMENT8 0 0 0 0 

EXCHANClE RATE VARIANCE 0 0 0 0 

TOTAL FUNDS USED 482.ea5 874.883 1.272.llD 1._.-

CASH RECEIPTS FROM FINANCIN 470,882 708.881 1.142.0511 1.478.5511 

ENDING CASH BAlANCES eD.238 58.388 121.534 190.274 

-- ----~----- ----------

- - - -, .. 
Exhibit 9-29 

Analysis of Cash & Cash Balances 
Sofia District Heating Company 

Kostov - Baseline Case 

11188 1- 2 

190,274 3Oe,584 395.071 528.83) 725,_ 813.213 

147.033 200,137 201._ 282.227 283,851 248,_ 

283,584 385,718 448,843 427,_ 4De,073 398,880 

430,587 585.853 851.840 708.873 8II;.D24 847.014 

82.218 178.534 243._ 244._ 342.875 320._ 

0 0 0 0 0 0 

(232._) (318.841) (274.888) (288.552) (238.081) (243.105) 

(3.481) (11.087) (-) 14.212) (4.478) (13.07" 

(242.878) (324.488) (288.878) (280.882) (251.880) (248.5381 

14.302 14.744 15._ 18.542 17.078 18.SOI 

2.358.701 2.227.010 0 0 0 1.032.808 

0 0 0 0 0 0 

0 0 0 0 0 0 
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10.0 TRAINING PROGRAM SUPPORT 

This training program has been developed to support the Ministry of Regional 
Development, Housing and Buildings in its' stated objective to improve the 
operation and efficiency of the Sofia and Pernik District Heating systems. 

10.1 BACKGROUND 

Reform of the Sofia and Pernik District Heating energy supply and demand 
management process is a focal point for the Governments plan for energy policy 
development and implementation in the buildings sector. this reform program will 
result in a transition from the current operation to one that will support increasing 
building sector energy efficiency. The implementation needed to support the 
development of the transition policy will occur at the local level. 

Transition to a competitive business environment is based on the ability to identify 
issues that will affect operation in the future. This future operation will be 
impacted by the business and economic pressures that are driving changes in the 
country and, specifically, the need for change in the operation of the district 
heating systems. To address those changes, fundamental questions must be 
asked and answered. Specifically, "How must the business processes change?" 
and, "How must the organization change?" 

Answers to these questions will require the identification of business strategies and 
practices that are needed to provide clear organizational direction. In addition, it is 
necessary to look at the business processes that are essential to managing the 
business in a changed environment. Skills needed to institute and then manage 
organizational changes are a fundamental part of the proposed training program. 
The second area of the planned training will address the need to equip the district 
heating staff members with the skills needed to perform in the planned 
organization. 

Developing the administrative skills needed to perform in a market driven 
economy will be an integral part of the planned training program. The 
administration skills will address the need to operate in a market economy with an 
emphasis on the management of the financial and cost data. In addition, the skills 
needed to: develop revenue requirements, identify and establish rates for 

Gilbert/Commonwealth International, Inc. 
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10.2 

supplying service, and effectively collecting revenues will be a significant part of 
the training effort. 

ISSUES THAT IMPACT THE DELIVERY OF TRAINING 

Operation of the district heating systems in Sofia and Pernik follow the 
management and economic philosophy that was established in support of the 
Bulgarian planned economy. This management approach is used to provide hot 
water and electric service utilizing an organization and an operations approach 
that has an established performance history. The establishment of a new method 
for the delivery of service will require the evaluation and possible reorganization of 
the current program. Reorganization can be a powerful tool in the development of 
new and more efficient means of services delivery. 

This training program has been developed using the premise that the Government 
and the local municipalities will be supportive of the establishment of the 
organization and management programs that are needed to operate the district 
heating system in a market driven economy. A key element of the proposed 
operational improvement is the need to develop a high performance operating 
organization for the District Heating program. 

It has been said that all organizations are perfectly designed for the results they 
get. To get better results from the District Heating organization, it may be 
necessary to improve the design and develop a high performance organization. 
However, when the organization design is changed, it is essential that those 
activities that are working well are retained. The organization needs to identify 
areas for change and balance those areas against the strengths of the current 
organization. 

For the appropriate changes to be made it is essential that the management team 
have a clear understanding of the functions that must be considered in the design 
of the organization. In a high performance organization, there is an ability to 
evaluate the current business situation and, as required, modify the approach to 
the delivery of service. Flexibility of the organization to rearrange and manage its 
operation when the business climate is changing is also an essential part of the 
high performance organization. 

To develop a high performance organization for the District Heating organization, 
it is suggested that the current organization be broken down into a number of self 
sufficient operating units that can be operated such that they specialize and 
produge and/or distribute heat and electricity. 

Gilbert/Commonwealth International, Inc. 
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The suggested realignment of the system, shown in Exhibit 10-1, is predicated on 
the need to group together those elements of the program that are natural 
operating units based on the current design of the system. This natural alignment 
would result in the generating stations being assembled as operating units with the 
distribution network organized as a separate operating company. This 
organization would allow the groups to specialize and enhance their operations 
such that the cost elements of the program can be managed and controlled. 

Exhibit 10-1 

District Heating Organization Alignment 

MUNICIPAL UTILITY 

DISTRICT HEATING 

SOFIA 

I 

DISTRICT HEATING DISTRICT HEATING 

SOFIA PRODUCTION SOFIA DISTRIBUTION 

FACILITIES FUNCTION 

The Sofia production facilities could be broken down into four independent power 
districts. These districts would be responsible for the economic production and 
distribution of hot water and electricity. The four producers would each sell their 
generators output to the distribution company. The distributors would act as the 
retailing organization and would market the power and hot water to the end users, 
the apartment house operators for example. 

The Sofia power districts could be organized according to geographic areas 
dividing the city into four quarters. These could include: 

• Sofia 

• Sofia East 

• Liulin 

• Zemliane 

The transmission and distribution system should remain a single company 
responsible for the quality delivery of heat and electricity to the customers and, the 
distributors would be responsible for the collection of revenues generated by the 
sale of the heat and electricity. 

The existing maintenance organization should be streamlined to address the basic 
planning and management functions. The construction and maintenance activities 

Gilbert/Commonwealth International, Inc. 
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10.3 

should be evaluated and may be candidates for subcontracting to specialized 
support organizations. 

TRAINING PROGRAM OBJECTIVES 

The district heating training program objectives will focus on the development of 
the skills needed to address the development and implementation of a high 
performance organization for the District Heating system. A key part of the 
training will be to provide the skills needed to identify and reduce operational risks 
through the establishment of an enhanced management process, improved 
operation, and enhanced administrative controls. 

The District Heating Training Program will be structured to provide: 

• Training that will effectively enhance the operation of the Sofia and Pernik 
District Heating facilities. 

• Training directed at improving the management teams ability to operate the 
District Heating facilities in a competitive economy versus a planned 
economy. 

• An understanding of the issues that are critical to the privatization of the 
district heating system. 

Organizational training will concentrate on developing the understanding that is 
needed to support the transition from a planned to a market driven operation of the 
district heating program. The training program will assist the management and 
supervisory team in identifying those things that are in the way of improving 
organizational performance. A critical part of the training will be the identification 
of the skills needed to design and then implement organizational change. The 
management techniques that are presented in the training program will support the 
managers in their efforts to remGVe obstacles to productivity. 

The initial organizational part of the training program will be driven through a 
series of management and supervisory work shops that will support the need to 
restructure the organization. The skills needed to redesign the organization and to 
provide the individuals in the newly defined organization with the skills needed to 
manage in a competitive economic market environment are a planned part of the 
training. The program will provide the skills that are needed to help managers 
make employees more responsible for their own activities. In addition, the 
employees will be provided with an in depth understanding of the organizational 
objectives that will directly support increased performance. 

As a part of the training program development, an organizational review will be 
used to identify the current performance levels and to identify areas where 
improved organizational performance can contribute to enhanced service. The 
need to link the organizational performance to the future direction of the 
organization should be linked in the District Heating planning programs. If, for 
example, the plan is to privatize all or part of the system, the training program 
should support that objective. In addition, the individuals selected for the training 
program should be those individuals who are expected to be key members of the 
organization in the year 2000. 

Gilbert/Commonwealth International, Inc. 
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10.3.1 

Organizational positions that are critical to the future operation are those middle 
and upper management levels that will be responsible for the implementation of 
the programs that are needed to improve system efficiency. Training will be 
directed at changing the behavior of the management team in addition to ensuring 
that the management team has the applicable technical skill base. 

Training for the management and first level supervisors will be designed to 
coordinate the technical, business, and financial elements that impact the overall 
bUSiness performance. As a part of the training process, the program will be 
adjusted to ensure those areas that are most critical to achieve the organizations 
strategic mission are a critical part of the training program. 

The overview of the proposed training program is shown in Exhibit 10-2. 

MANAGEMENT 

ORGANIZATIONAL 

TRA(;K 

Exhibit 10-2 

STRATEGIC DIRECTION 

WORKSHOP 

ADMINISTRATIVE 

TRACK 

DETAILED TRAINING ACTIVITIES 

TECHNICAL 

OPERATIONS 

IMPROVEMENT 

TRACK 

The proposed training program will be performance based. The identification of 
learning objectives is the foundation of a performance based training program. 
The learning objectives are stated as observable trainee behaviors and serve as 
the design basis for the training program. For the strategiC direction workshop and 
for each of the training tracks, the program design will include affective and 
cognitive learning objectives. 

Affective learning objectives define the attitudes and values associated with 
effective job performance. The cognitive learning objectives identify what the 
employee must know and be able to apply while performing the job tasks. 

The training program will be subdivided to address the production/supply side 
activities and the transmission and distribution activities that are required to 
operate the District Heating System. For each of the performance areas, the 
planned training will be structured to provide the management, administrative, and 

Gilbert/Commonwealth International, Inc. 
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10.3.2 

technical personnel with the detailed information to deal with the changing 
conditions that will be impacting the operation of the system. 

STRATEGIC DIRECTION WORKSHOP 

The Strategic Direction Planning Workshop will be used to provide a framework 
for management to establish a consistent direction for the future of the program. 
the specific areas that will be addressed in the planning workshops include: 

• District heating strategic analysis 

• Strategy definition 

• Identification of long term objectives 

• Development of integrated management programs 

• Establishment of the financial projections 

10.3.3 MANAGEMENT AND ORGANIZATIONAL TRAINING 

The Management and Organizational Training will be used to provide a back 
ground for management to implement a consistent management approach that is 
essential for the future direction of the program. Areas that may be addressed in 
the training session include: 

• Management Issues 

• Managing Change 

• Managing to Achieve Organizational Effectiveness 

• Supervisory Skills 

• Project Management 

• Organizational Planning for Production and Distribution 

• Customer Service Training 

• Human Resource Management 

• Regulatory Management 

It should be noted, the final training will be defined following the organization 
assessment. 

Gilbert/Commonwealth International, Inc. 
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10.3.4 

10.3.5 

10.3.6 

ADMINISTRATIVE TRAINING 

The Administrative Training will be used to provide the skills needed for 
administering the program. The specific areas that will be addressed in the 
Administrative Training include: 

• Accounting 

• Financial Management 

• Cost Collection 

• Billing and Revenue Collection 

• Project Control 

• Project and Work Activity Planning 

• Cost Management 

• Project Administration 

• Performance Measurement 

TECHNICAL TRAINING 

The Technical Training will be used to enhance the operation of the system and 
will focus on the need to combine sound technical operations in an economic 
framework. The specific areas that will be addressed in the Technical training 
include: 

• Operations training as related to production and distribution 

• Maintenance training with a concentration on: 

Electrical 

Mechanical 

Instrumentation and Control; Civil 

• Environmental Protection 

Training Program Focus and Format 

The following section identifies a number of training areas that are believed to be 
fundamental to the future success of the organizational. This area will serve as 
the basis for the design of the final training program. 

MANAGEMENT AND ORGANIZATIONAL TRAINING 

The program is designed for the Bulgaria District Heating personnel who hold 
positions of management responsibility or who have been identified as having the 

Gilbert/Commonwealth International, Inc. 
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potential for assuming management roles. To meet the training goals of 
expanding managerial strengths, the training will focus on four objectives: 

• To improve the managers' understanding of the changing, hybrid 
regulated - competitive District Heating operating environment. 

• To increase knowledge of the roles and responsibilities that will be required to 
operate in the changing environment. 

• To develop a general management, multi-functional perspective for leadership 
and decision making. 

• To enhance personal effectiveness. 

These objectives will be met through a demand, interactive cirriculum, delivered 
by personnel with experience and a firm commitment to assist the students in 
developing the skills needed to function in a changing environment. The programs 
will be used to challenge the student and to broaden his or her perspective and 
knowledge base through active participation with others in problem solving 
exercises, lectures, and reading aSSignments. The courses will be designed to 
maintain a balance between relevant regulatory issues and emerging issues 
related to competition. 

The following areas of study are considered to be typical of the type of courses 
that will be developed for the program. 

10.3.7 MANAGEMENT ISSUES 

This course will deal with the perspective, skills, and responsibilities of the general 
manager in formulating strategy for the organization and integrating the 
organization's structure, systems, and resources to implement the strategy. 
Specific attention will be paid to both formal and informal planning processes. The 
need for implementing marking and customer service approaches will be 
addressed. This section of the training will be used to provide a framework for the 
various functional subject areas of the program such as project management and 
leadership, and change management. 

10.3.8 MANAGING CHANGE 

This area of training will focus on leadership and change in the organization. 
Students will be asked to evaluate specific issues within the District Heating 
organization and to look at the impact that may result from change. Fundamentals 
will be expanded to look at the processes that are used to implement 
improvements. Four areas of improvement will be considered: productivity, 
cohesion, innovation, and structure. Emphasis will be placed on managing in a 
changed environment. 

10.3.9 SUPERVISORY SKILLS 

Mastering the roles and responsibilities of supervision is an ongoing process. This 
course will address fundamentals that impact supervisory performance. In this 
element of the training program, the differences between supervisory and 
technical responsibility will be defined. The need to communicate and respond to 

Gilbert/Commonwealth International, Inc. 
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the external and internal forces that impact the organization will be discussed. 
Skill areas that include time management, establishing priorities, and performing 
such that critical situations and potential problems are addressed will be included 
in the training program. 

10.3.10 PROJECT MANAGEMENT 

The effective management of a project is the first line of control in the overall 
management of the organization. This training covers the essential knowledge 
and skills required to organize, plan, and control projects of all sizes. It serves as 
an introduction to the leadership or the management of any type of project. 
Emphasis will be placed on the practical approaches and techniques that will work 
within the existing organizational environment of any organization. This training 
will balance the skills needed to plan and estimate the project with the need to 
develop the people skills that are essential to the total success of the activity. 

10.3.11 ORGANIZATIONAL PLANNING FOR PRODUCTION AND DISTRIBUTION 

Directing, motivating, appraising, coaching and disciplining employees are the 
defining characteristics of effective management practice. This training will 
address the need to link the District Heating goals to the individual's goals. The 
planning that is an integral part of this effort will be addressed in the training 
program. 

10.3.12 CUSTOMER SERVICE TRAINING 

Customer service is an essential part of the business management process 
however, many organizations have difficulty implementing an effective customer 
service program. This training will provide the basics for effective customer 
service and will provide a model for developing a continuous improvement 
program focused on customer satisfaction. The training will address the need to 
understand the customer service function, establish effective communications, and 
establish a method to deal effectively with the customer. 

10.3.13 HUMAN RESOURCE MANAGEMENT 

10.3.14 

This element of the training will focus on the formulation and implementation of 
human resource planning strategies for the District Heating organization. The 
training is concerned with such issues as the changing demographics of the labor 
force, for casting manpower needs, the development of managerial succession 
systems, career management, performance appraisal and compensation systems. 
The needs of the organization will be linked to the processes that are used to 
define jobs and will be presented in framework that could be used to develop a 
management for performance program. 

REGULATORY MANAGEMENT 

This training will examine the legal responsibilities of management and the 
framework that is evolving for the District Heating operation. Among the areas 
that will be covered are the relationship between legal and ethical responsibilities, 
the impact of private ownership on the management of District Heating and the 
development of the skills needed to prevent and resolve legal disputes. 

Gilbert/Commonwealth International, Inc. 
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10.3.15 ADMINISTRATIVE TRAINING 

The program will be designed for the Bulgaria District Heating personnel who have 
significant administrative responsibilities or who have been identified as having the 
potential for assuming greater roles. To meet the training goals of expanding 
administrative strengths, the training will focus on four objectives: 

• To improve the managers' understanding of the changing, administrative 
requirements that are impacting the District Heating operating environment. 

• To increase the process knowledge that is needed to implement the 
administrative processes in an organizational environment. 

• To develop a multi discipline perspective for the role that the administrative 
area plays in the management of the total District Heating organization. 

• To provide the individual managers with the specific technical training and 
experience that is needed to implement the administrative program. 

As with the Management and Organizational training area, these objectives will be 
met through a demanding, interactive curriculum that is led by an experienced 
staff. 

The following areas of study are considered to be typical of the type of courses 
that will be provided for the program. 

10.3.16 ACCOUNTING 

This training will begin with an overview of the accounting concepts and 
terminology, with special emphasis on the development and understanding of 
financial reports used both internally and externally. The focus will include the role 
the financial reporting process has in the management of the organization. 
Specific topics include accounting for income vs cash flow, the relationship 
between costs and the rates assessed to the customers. The tie between the 
accounting performance and establishment of the rate structure will be discussed. 

10.3.17 FINANCIAL MANAGEMENT 

Building on concepts that are introduced in the accounting portion of the program, 
this training will deal with the District Heating's financial management policies and 
procedures as well as the relationships with the financial markets. Topics will 
include time value of money, valuation, risk and rate of return, cost of capital, 
capital budgeting, capital structure, and earnings pOlicies. 

10.3.18 COST COLLECTION 

The methods that are used to effectively collect costs in the organizational will be 
the subject of this training. The costs associated with labor, material, contracting, 
and capital improvement will be evaluated and the methods that can be used to 
manage those costs will be defined. The use of automated systems and 
processes will be evaluated. 
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103.19 BILLING AND REVENUE COLLECTION 

An examination of the role that the revenue function plays in the operation of the 
organization will be addressed in this element. Decision making as it related to 
revenue collection will be stressed and the methods used for motivation, 
coordination, and control of the billing and revenue collection process will be 
discussed. This section will emphasis the relationship between the cost of the 
operation, the volume of revenue and the generation of the profit. 

10.3.20 PROJECT AND WORK ACTIVITY PLANNING 

This course concentrates on the management of two critical resources, time and 
money. Participants learn the multifaceted activity that is time management: 
identifying project tasks and their logical sequence, estimating their duration, 
scheduling them using applicable planning tools and developing an understanding 
as to how to control variances. 

10.3.21 COST MANAGEMENT 

Over the past decade, cost impacts associated with projects have had more 
impact on the bottom line than ever before. This training will provide managers 
with the information needed to estimate, monitor, and control costs. The ability to 
control costs can mean the difference between realizing significant advantages 
and lost profitability. 

10.3.22 PROJECT ADMINISTRATION 

The need to anticipate and address the key issues and conflicts that arise during 
the administration of a project is critical to the success of the project. This course 
will equip the project manager with the business knowledge needed to administer 
any contract. 

10.3.23 TECHNICAL TRAINING 

The program is designed for the Bulgaria District Heating personnel who hold 
technical management positions or who have been identified as having the 
potential for assuming greater roles. To meet the training goals of expanding 
technical strengths, the training will focus on four objectives: 

• To improve the managers' understanding of the changing, technical issues 
and/or requirements that are impacting the District Heating operating 
environment. 

• To increase the technical knowledge that is needed to implement the technical 
programs and processes in an organizational environment. 

• To develop a multi diSCipline perspective for the role that the technical area 
plays in the management and ultimate profitability of the District Heating 
operation. 

• To provide the individual managers with the specific technical training and 
experience that is needed to implement the technical program. 
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The technical training objectives will be met through a demanding, interactive 
curriculum that is led by an experienced staff. 

The following areas of study are considered to be typical of the type of courses 
that will be provided for the program. 

10.3.24 OPERATIONS TRAINING THAT IS RELATED TO PRODUCTION AND 
DISTRIBUTION 

The training program will address the need to effectively operate the District 
Heating system such that the system can function in a competitive business 
environment. Training will stress the need to implement a systematic 
management program that stresses energy conservation. The operations training 
program will address separately the steam and power production portion of the 
system and the distribution portion of the system. Training will include a 
background in the need for energy conservation and a grounding in the factors that 
affect boiler and distribution system efficiency. The operational considerations 
that will improve efficiency will be addressed and the need for close coordination 
between the operations and maintenance functions will be defined. 

10.3.25 MAINTENANCE TRAINING 

Maintenance of the systems and equipment is a critical part of the total 
management program. This training will highlight the role the maintenance 
organization plays in asset preservation and cost control. Training will discuss the 
establishment of maintenance information systems, maintenance material and 
parts management, and organizational approaches that could result in enhancing 
the maintenance organization. Types of maintenance programs to include 
preventive and predictive will be evaluated. Other areas that may be part of the 
training program include: use of maintenance improvement techniques, 
development of work standards, and the use of budget data in the maintenance 
planning function. Each of the maintenance areas will be evaluated to determine 
specific technical training that would be needed. 

10.3.26 ENVIRONMENTAL PROTECTION 

Perhaps the most fundamental trend in the decade to come will be the ever 
expanding growth of environmental law on the business community. On a world 
basis, increased emphasis on the need to address the environmental issue is 
being seen as a major requirement for future operation. The environmental issues 
may reach back and address the need for cleanup for past practice and will be a 
factor in defining how we work in the future. This training will address the 
environmental issues that are impacting the operation of District Heating. 

10.3.27 TRAINING MATERIAL 

In the attached Appendix, GIC has provided sample training material which 
includes: 

• Foundations of Management Review 
• Project Management Basics 
• Planning and Scheduling 
• Cost Engineering and Estimating 

Gilbert/Commonwealth International, Inc. 
10-12 
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DISTRICT HEATING FEASIBILITY STUDY TRAINING PROGRAM SUPPORT 

• Construction Contracting Methods and Administration 
• Teaching Outline - Time Management 
• Teaching Outline - Conducting 
• Teaching Outline - Performance Appraisal 
• Procurement Review Engineer Tasks 
• Lead Auditor Training Program 

Gilbert/Commonwealth International, Inc. 
10-13 
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FOUNDATIONS OF MANAGEMENT REVIEW 

INTRODUCTION 

Foundations of Management is a G/C course presented to provide a broad 

foundation of understanding management by utilizing a self-teaching text entitled 

Management 18 and films from Roundtable Films, Inc. This module, Foundations of 

Management Review, is a two-session review of the principles previously learned 

in Foundations of Management. 

Objectives 

Upon completion of this module, the participant should be able to: 

o List and define the five functions of a manager. 

o Describe four essential steps used in problem analysis that can be applied to 

the decision making process. 

o Describe six principles applied to properly managing time. 

o Describe the principles and concepts applied to motivating, directing, and 

controlling subordinates. 

o Characterize the major elements of responsibility, accountability, authority, 

and controlling as they contrib",te to effective delegation. 

o Describe the barriers of effective team building and suggestions for 

effectively managing these barriers. 



I. MY RESPONSIBILITIES AS A PROJECT/MANAGER AND/OR SUPERVISOR 

1. Management: An Overview 

Do;ng Versus Managing 

Five Functions of a Manager 

How Managers at Different Levels Perform the Five 
Functions 

2. Planning 

Systems Approach to Planning 

Phase 1: Establishing Objectives 

Phase 2: Formulating Policies 

Phase 3: Developing Plans 

Phase 4: Stating Procedures 

3. Decision Making 

Decision Making - Four Essential Steps: 

Step 1: Analyzing the Problem 

Step 2: Developing Alternative Solutions 

Step 3: Analyzing Alternative Solutions 

Step 4: Implementing the Decision 

4. Organizing 

Authority - Repsonsibility - Accountability 

Elements in Organizing 

The Steps in Organizing 

Power and Authority 

5. Leading and,Directing 

Directing, Motivation, and Productivity 

Theories X and Y 
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6. Controlling 

Controlling and Control Systems 

Essential Elements of Controlling 

Fundamental Principles of a Good Control System 

Human Aspects of Control Systems 

Four Guidelines for Administering Control Systems 

* F. O. M. Revlew Definitions 

* The Functions of Management 

* Functions of Management Note Sheet 

* Worksheet 3-1: Problem Analysis 

* Worksheet 3-2: Ana lys is of A 1 ternat i.ves 

* Worksheet 3-3: Analysis of Alternatives (Cont.) 



COMMUNICATIONS 

OELEGATION 

GOAL 

MANAGEMENT 

Theory X Mgm't Style 

Theory Y Mgm't Style 

PURPOSE 

F. O. M. REVIEW 

DEFINITIONS 

The process of passing information and 
understanding from one person to another. 

Getting work done through others 

A known objective toward which an action 
is directed with the purpose of achieving 
that end. 

Long range attainment 

Getting desired results through the 
wining cooperation of others. 

a. Average person dislikes work and will 
avoid it whenever possible 
b. Promise of award is not enough to 
motivate them; the only way to get them 
to make an adequate effort is through 
coercian, tight controls, constant 
direction, threats, and punishment. 
c. Average person prefers to be directed, 
wishes to avoid responsibility, has 
little ambition, and wants security above 
all. 

a. Average person likes work and the 
expenditure of phYSical and mental effort 
is as natural as play or rest. 
b. Man will exercise self-direction and 
self-control in the service of objectives 
to which he is committed. 
c. Commitment is a function of the 
rewards associated with their 
achievement. 
d. Under proper conditions people will 
not only accept but seek responsibility. 
e. Capacity to exercise imagination, 
ingenuity,and creativity is widely 
distributed. 
f. Intellectual potential of the average 
person is only partially utilized. 

The route chosen by an individual in the 
accomplishment of a goal 

Lesser goal applying to specific 
activities and subjects 
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PLANNING 

• Forecasting 

• Establishing 
Objectives 

• Formulating 
Policies 

MANAGEMENT 
"Getting Desired Results Through the Willing Cooperation of Others" 

THE FUNCTIONS OF MANAGEMENT 

DECISION LEADING AND 

MAKING ORGANIZING DIRECTING 

• Identifying & • Defining & • Selecting 
Analyzing Separating Work Personnel 

I Problems 
• Establishing • Developing 

• Developing Structures & Subordinates 

I Alternative Relationships 
Solutions • Communicating 

• Organizing the 

• Developing Plans I • Analyzing I 
people & work • Motivating 

Alternative place 

• Scheduling I Solutions I • Assigning & 
• Budgeting I • Implementing Delegating 

Decisions Responsibilities, 

• Stating I Authorities, & 
Procedures Accountabilities 

CONTROLLING 

• Setting 
Standards 

I • Establishing 
Reporting 
Systems 

I • Measuring & 
Evaluating 

I • Taking Corrective 
Action 
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PLANNING 

MANAGEMENT 
"Getting Desired Results Through the Willing Cooperation of Others"· 

THE FUNCTIONS OF MANAGEMENT 

DECISION 
MAKING 

NOTE SHEET 

ORGANIZING 
LEADING AND 

DIRECTING CONTROLLING 
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1. Symptoms: what 
is wrong or need· 
ing improvement 

~~- ---_.-

2. Specific facts: 3. Possible causes. The real problem. 
What? Where7 
When? 

. 

-

4. Requirements of 5. Restrictions on a 
a satisfactory possible solution. 
solution stated 
as objectives. 
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Results Expected or Objectives in Order of Importance Restrictions on Acceptable Solutions 
1. 1. 
2. 2. 
3. 3. 

Alternative Disadvantages Advantages Areas of Difficulty in 
Implementing Alternative 

Very Moderately Very Moderately 
Important Important Important Important 

1. 

2. 

3. 
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Specific Action 
Needed to 
Remove 
Difficulty I 
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Objective One Objective Two 

Fully Partially Inade- Fully Partially Inade-
Acceptable Accepted quate Acceptable Accepted quate 

1. Alternative 

2. Alternative 

3. Alternative • 

~ 

~ ::> 

Objective Three 

Fully Partially Inade- Restriction(s) 
Acceptable Accepted quate Violated 
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GOOD CONTROL SYSTEM -
FUNDAMENTAL PRINCIPLES 

• BE CURRENT 

• DEVELOP RECORDS ON ALL OBJECTIVES 

• FOCUS ON DEVIATIONS FROM OBJECTIVES 

I 
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• REPORT DEVIATIONS DIRECTLY TO THE EMPLO'YEE I 
RESPONSIBLE 

• REFLECT INDIVIDUAL RESPONSIBILITIES AS WELL 
AS OVERALL RESULTS 
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CONTROL SYSTEM -

HUMAN ASPECTS TO CONSIDER 

• ANTAGONISM 

• RESISTANCE AND NONCOMPLIANCE 

• UNRELIABLE PERFORMANCE INFORMATION 

• NECESSITY FOR CLOSE SURVEILLANCE 

• HIGH ADMINISTRATIVE COST 



COMMON WEAKNESSES OF. CONTROL: 

1. TOO MUCH EMPHASIS ON THE PAST 

2. MISTAKE CENTERED - RATHER THAN CAUSE AND 
CORRECTION CENTERED 

3. BECOME TOO INVOLVED WITH THE CONTROLLING 
FUNCTION AND NOT FINDING THE PROBLEM CAUSE 

4. NOT BASED ON KEY FACTORS 

",to 
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II. TIME MANAGEMENT 

The six points to remember for better Time Management 

* 
* 

* 

* 
* 

* 

* 
* 
* 

* 

"Work Smarter - Not Harder" 

Managing Your Time (HOW Do You Rate?) 

Principles of Effective Time Utilization 

Time Wasters: Possible Causes and Solutions 

Saving Time With: Paperwork, Office Callers, and 
Writing 

Saving Time With: Telephone, Gadgetry, and Filing 

Saving Time Through: Delegation 

Little Known, But Possibly Useful, "Time Savers" 

Time Planner 

Detail of Charges Record Sheet 



(Circle one) 

(yes) (no) 
(yes) (no) 
(yes) (no) 

(yes) (no) 
(yes) (no) 

(yes) (no) 

(yes) (no) 
(yes) (no) 
(yes) (no) 

(yes) (no) 

(yes) (no) 
(yes) (no) 

(yes) (no) 
(yes) (no) 
(yes) (no) 

(yes) (no) 
(yes) (no) 
(yes) (no) 
(yes) (no) 

(yes) (no) 

(yes) (no) 
(yes) (no) 
(yes) (no) 

(yes) (no) 
(yes) (no) 

Reference: 

"MANAGING YOUR TIME" 

(HOW DO YOU RATE?) 

1. Start a job before thinking it through? 
2. Leave jobs before completion? 
3. Schedule less important work before more important 

(and possibly more unattractive) work? 
4. Oversupervise subordinates? 
5. Undersupervise subordinates, with consequent crises? 

6. Spend too much time on problems brought to you by 
subordinates? 

7. Do things that can be delegated to others? 
8. Do things that can be delegated to modern machines? 
9. Do things that actually aren't part of your real job? 

10. Spend too much time on your previous area of interest 
or competence? 

11. Do unproductive things from sheer habit? 
12. Keep too many, too complicated, or overlapping records? 

13. Pursue projects you probably can't achieve? 
14. Pay too much attention to low yield projects? 
15. Fail to anticipate crises? 

16. Handle too wide a variety of duties? 
17. Shrink from unfamiliar duties? 
18. Fail to build barriers against interruptions? 
19. Allow conferences and discussions to wander? 

20. Allow conferences and discussions to continue after 
their purpose is fulfilled? 

21. Conduct unnecessary meetings, visits, and phone calls? 
22. Chase trivial data after the main facts are in? 
23. Engage in personal work or conversations before 

starting business work? 

24. Socialize at great length between tasks? 
25. Read trade journals, newspapers, and unimportant 

documents and reports during most productive time 
each day? 

"Manage More By Doing Less," Raymond Leon 
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"Time Wasters," Possible Causes and Solutions* 

The following "time wasters" have been found to be the most commonly encountered 
by management personnel. In addition to these time wasters, possible causes and 
solutions are listed as ways of correcting the problems. This list is not complete 
but rather a list of those more frequently encountered: 

Time Waster 

1. Lack of planning 

2. Lack of priorities 

3. Overcommitment 

4. Management by 
crisis 

5. Haste 

Possible Causes 

Failure to see the benefit 

Action orientation 

Success without it 

Lack of goals and objectives 

Broad interests 

Confusion in priorities 

Failu~e to set priorities 

Lack of planning 

Unrealistic time estimates 

·Problem orientation 

Reluctance of subordinates to 
break bad news 

Impatience with detail 

Responding to the urgent 

Solutions 

Recognize that planning 
takes time but saves 
time in the end. 

Emphasize results, not 
activity. 

Recognize that success 
is often in spite of, 
not because of, methods. 

Write down goals and 
objectives. Discuss 
priorities with 
subordinates. 

Say no. 

Put first things first. 

Develop a personal 
philosophy of time. 
Relate priorities to a 
schedule of events. 

Apply the same solutions 
as for lack of planning. 

Allow more time. Allow 
for interruptions. 

Be opportunity oriented. 

Encourage fast transmission 
of information as essential 
for timely corrective 
action. 

Take time to get it 
right. Save the time of 
doing it over. 

Distinguish between the 
important. 



Time Waster 

6. Paperwork and 
reading 

7. Routine and 
trivia 

8. Visitors 

9. Telephone 

10. Meetings 

-2-

Possible Causes 

Lack of planning ahead 

Attempting too much in too 
little time 

Knowledge explosion 

Computeritis 

Failure to screen 

Lack of priorities' 

Over-surveillance of 
subordinates 

Refusal to delegate; feeling 
of greater security dealing 
with operating detail 

Enjoyment of socializing 

Inability to say no 

Lack of self-discipline 

Desire to be informed and 
involved 

Fear of responsibility for 
decisions 

Solutions 

Take time to plan. It 
repays itself many times 
over. 

Attempt less. Delegate 
more. 

Read selectively. Learn 
speed reading. 

Manage computer date by 
exception. 

Remember the Pareto 
principle. Delegate 
reading to subordinates. 

Set and concentrate on 
goals. Delegate 
nonessentials. 

Delegate; then give 
subordinates their head. 
Look to results, not 
details or methods. 

Recognize that without 
delegation it is 
impossible to get 
anything done through 
others. 

Do it elsewhere. Meet 
visitors outside. 
Suggest lunch if necessary. 
Hold standup conferences. 

Screen. Say no. Be 
unavailable. Modify the 
open-door policy. 

Screen and group calls. 
Be brief. 

Stay uninvolved with all 
but essentials. Manage 
by exception. 

Make decisions without 
meetings. 
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Time Waster Possible Causes 

Indecision 

Overcommunication 

Poor leadership 

11. Indecision Lack of confidence in the 
facts 

Insistence on all the facts -
paralysis of analysis 

Fear of the consequences of 
a mistake 

Lack of a rational decision
making process 

12. Lack of delegation Fear of subordinates' inadequacy 

Fear of subordinates' competence 

Work overload on subordinates 

*Source: Adapted from The Time Trap, McKenzie, 1972 
C. W. Lifer - Ohio 

Solutions 

Make decisions even when 
some facts are missing. 

Discourage unnecessary 
meetings. Convene only 
those needed. 

Use agendas. Stick to 
the subject. Prepare 
concise minutes as soon 
as possible. 

Improve fact-finding and 
validating procedures. 

Accept risks as inevitable. 
Decide without all facts. 

Delegate the right to be 
wrong. Use mistakes as 
a learning process. 

Get facts, set goals, 
investigate alternatives, 
and negative consequences 
make the decision, and 
implement it. 

Train. Allow mistakes. 
Replace if necessary. 

Delegate fully. Give 
credit. Insure corporate 
growth to maintain 
challenge. 

Balance the workload. 
Staff up. Reorder 
priori ties. 

I 
,\~-::, 



Saving Time With: PAPERWORK; OFFICE CALLERS, AND WRITING 

1. READING AND PAPERWORK: 

1. Screen for a purpose (ask) 
- Is it required? 
- Is it pertinent? 
- Is it of interesrl 

** If not, toss it! 

2. In readin~do you? 
- Screen your reading materials to weed out 

unnecessary or unproductive matter? 
- Skim the surface of the reading matter for main 

ideas? 
- Practice rapid reading techniques to improve speed 

and comprehension? 

3. Don't be a paper shuffler! Pick it up and act on it 
and eliminate that continuous shllffling. 

II • OFFICE CALLERS: 

III. 

Office callers are among the greatest consumers of your time. 
Whatever the priority, you must carefully budget your time 
if you are to be totally effective. 

Do You: 

l. Set up regular conference periods with your co-workers 
and accumulate items for discussion at that time? 

2. Hold regular staff meetings and take up matters of 
common concern from all sides (accumulate between 
meetings). 

3. Hold occasional luncheon meetings to remove pressure 
of social visits by various publics? 

4. Encourage use of other media-telephone, office mail 
system, etc.) when personal visits are not necessary. 

WRITING: 

Do You: 

- MaKe simple outlines for letters, memoranda, reports and 
more detailed outline for major writing tasks? 

- Use a simple, direct style communication, getting right 
to the point? 

- Make use of form letters and form paragraphs for routine 
correspondence? 

C. W. Lifer - Ohio 

-------------------
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Saving Time With: TELEPHONE, GADGETRY, FILING 

TELEPHONE: 

Do You: 

_ Have your secretary place and answer most calls? 
(saves time both ways) 

_ Know ahead of time what you want to discuss and the 
types of references you might need? 

_ Bring the conversation to a prompt close when the 
business of the telephone conversation is finished? 

NOTE: Although some indicate the professional should 
do his own direct dialing and receive his own 
calls it generally is not the most efficient 
use of professional time. 

GADGETRY: 

(Photocopier, telephone devices, dictating units, carbonless 
paper, et~ Usually multiplies human effort and eliminates 
drudgery. Do you use them? 

Does It: 

_ Have benefits which exceed the cost or burdens? 
- Replace something else? 
_ Fit into the operating style of you and your unit? 
- Provide simplicity? 
- Increase flexibility? 
- Reduce storage or inventory problems? 

FILING: 

Do You: 

- Have a well defined system so you, your secretary, and 
others know and can use it? 
Save only the essentials (those "just in case" items 
should not be saved and will merely clutter files)? 

- Have a systematic way for disposing file materials? 
- Rave your secretary do the filing? 
- File responses to letters with the original letter? 
_ Use a system of reminders for future events (e.g. "hold 

file" by day or week)? 

c. W. Lifer - Ohio 

Yes No 

No 

Yes 



Saving Time Through: DELEGATION 

A. Items that can be delegated: (Do you delegate the following)? 

1. Fact finding and analysis 

2. Formulation of goals - not final determination 

3. Preparation of first drafts 

4. Performance of routines and carrying out details 

5. Tasks others can do better, sooner, cheaper 

6. Representing you at meetings, conferences, etc., 
where your points of view can be exposed 

7. Tasks which will help subordinates to develop 
through exposure 

8. Tasks after decisions are made 

Row Do you Rate? 
Yes No 

NOTE: A key point in delegation is to hold your people 
more accountable for results instead of methods. 

B. Items that can't be delegated: (Do you handle yourself)? 

1. Making final decisions - deciding on goals, etc. 

2. Executing tasks where goals are not clear 

3. Hiring, discipline, firing of immediate staff 

4. Unique or highly personalized tasks that will 
not come up again 

5. Things that must be kept absolutely secret 

6. Personal representation where your presence is 
important 

7. Emergency, short term tasks where there is not 
time to explain 

C. W. Lifer - Ohio 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 

\ \~~ I 



I, 

I 
I 
!I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TIM E P LAN N E R Date 

ADDointments Descriotion --. lime Place Tooic 8:00 
AM 

30 

9:00 
PM 

30 

10:00 
NITE 

30 
, 

To Be Done Today ~1:00 
(prioritize each item) 

II 
30 

I 12:00 ! 

i 
I 30 
I 
11 I 1 :00 

I: • , 30 
jj I 

Phone Record i 2:00 - Outooino 
To To-.pic Consequence 30 

I 3:00 

J 30 
I 

I Incomi no J 4:00 
From Tooic Consequence t , . 

30 

I 5:00 
-I 

30 

I 
NITE 

I 
I 

.1 

Call s to be made Time Wasters I 
\011. ' I Time Numoer -

I ! 
I I J 

-------
P1/Unol t 

I 

I 

t 

. 

I 

I 

Planned Actions 



III. MoTIVATION AND HUMAN RELATIONS 

Human Motivation: An Overview 

* 

* 

* 

The Mainsprings of Motivation 

The Need Hierarchy 

Motivation-Hygiene Concept 

Theory of Expectancy and Path Goal Relationships 

A Word of Praise Goes A Long Way 

Supervisory Performance Priority Scale 

Recognition - Self Test 

There Is Magic In A Word of Praise 
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SUPERVISORY PERFORMANCE PRIORITY SCALE* 

WilEN THINGS ARE DONE WHY THINGS ARE DONE 

m I NGS THAT GET DONE 1- Immediately 1- Told to do them 

2. Routinely 2. Like to do them 

3. Put ,off 1. Not told to do 
THINGS THAT DON'T 
GET DONE 4. Delayed indefinitely 2. Don't like doing 

5. Not perceived as needing 3. Feels no opportunity 
to be done to do 

*Adapted from Clark C. Caskey, Balance in Management (Ann Arbor, Mich.: Masterco Press Inc., 1968) 
pp. 83-85 



RECOGNITION SELF TEST 

During the past three weeks, have you received and/or given any 
recognition from/to those individuals listed, which meet the 
following qualifications? 

It was sincere 
It was timely (soon after the task) 
It was a proper reward/recognition for the 
task performed 

RECOGNITION RECEIVED 

A. Received from boss or superiors 

B. Received from peers, colleagues 

C. Received from subordinates 

D. Received from elsewhere in organization 

E. Received from spouse, relatives, 
neighbor 

SCORE 

RECOGNITION GIVEN 

A. Given to boss or superiors 

B. Given to peers, colleagues 

C. Given to subordinates 

D. Given to someone else in the organization 

E. Given to spouse, relatives, or a 
neighbor 

RAVE 
(1 point) 

HAVE 
(1 point) 

SCORE ___ _ 

How does recognition received compare with recognition given? 

RAVE NOT 
(0 points) 

HAVE NOT 
(0 points) 
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There is Magic in a Word of Praise 

A Broadway comedian once had an excruciating nightmare: he dreamed he 
was telling stories and singing songs in a crowded theater, with thousands 
of people watching him; but no one laughed or clapped. 

"Even at $100,000 a week," he says, "that would be hell on earth." 

It is not only the actor who has a deep, primal need for applause. 
Without praise and encouragement anyone of us can lose self-confidence. 
Thus, we all have a double necessity: to be commended and to know how 
to commend. 

There is a technique in g1v1ng a compliment, a right way to go about it. 
It is no real compliment, for instance, to praise a man for some obvious 
attainment. Use discernment and originality. "That was a wonderfully 
convincing speech you made tonight,tI a gracious woman once said to a 
businessman. "I could not help thinking what a fine lawyer you would 
have made." The merchant flushed like a schoolboy at the unexpected 
character of the tribute. As Andre Maurois once remarked: "The general 
did not thank me when I talked to him of his victories, but his gratitude 
was unbounded when a lady mentioned the twinkle in his eye. tI 

No one, great or obscure, is untouched by genuine appreciation. Yale's 
renowned English professor, the late William Lyon Phelps, relates: "One 
hot summer day I went into a crowded railroad dining car for lunch. When 
the steward handed me the menu, I said, 'The boys in the kitchen certainly 
must be suffering today!' The steward looked at me in surprise. 'People 
come in here and complain about the food, kick about the service and growl 
about the heat. In 19 years you are the first person who has ever 
expressed any sympathy for the cooks back there in the kitchen.' What 
people want," Mr. Phelps concluded, "is a little attention as human 
beings." 

In that attention, sincerity is essential. For it is sincerity, unmixed 
with the possibility of flattery which gives potency to a compliment. 
The man coming home after a hard day's work, who sees the faces of his 
children pressed against the windowpane, waiting and watching for him, 
may water his soul with their silent but golden opinion. 

The simple prinCiples of the art of praise - to realize the human need for 
it, to compliment sincerely, and to train ourselves to look for the 
praiseworthy - help rub off the sharp edges of daily contact. And nowhere 
is this more true than in marriage. The wife or husband who is alert 
to say the heartening thing at the right moment has taken out valuable 
marriage insurance. 

Women seem to have an instinct for such things; they look at life, so to 
speak, through their hearts. Lyon Mearson, the author, and Rose, his 
wife, were married on February 23. "Well," remarked Lyon, "I will never 
forget our wedding anniversary. It will always be the day after Washington's 
birthday." "And I," his bride answered, "will never forget Washington's 
birthday. It will always be the day before we were married." 
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One night Sir Max Beerbohm went with his aging wife to a theatrical 
party in London. As they entered the room he was ambushed by a horde 
of stage and film beauties, all eager to impress the great critic and 
caricaturist. Beerbohm turned to the lady on his arm: "My dear, let's 
find a quiet corner. You are looking so charming tonight that I want 
to talk to you alone." 

Children especially are hungry for reassurance, and the want of kindly 
appreciation in childhood can endanger the growth of character; it can 
even be a lifetime calamity. A young mother told the Rev. A. W. Beaven 
of a heartaching incident: 

"My little daughter often misbehaves, and I have to rebuke her. But one 
day she had been an especially good girl, hadn't done a single thing that 
called for reprimand. That night, after I tucked her in bed and started 
down the stairs, I heard her sobbing. Turning back, I found her head 
buried in the pillow. Between sobs she asked 'Haven't I been a pretty 
good girl today?' 

"That question," said the mother, "went through me like a knife. I had 
been quick enough to correct her when she did wrong, but when she had 
tried to behave I had not noticed it. I had put her to bed without one 
word of appreciation." . 

The same principle -- using the kind word -- is potent in all human 
relationships. In my boyhood in Baltimore, a new drugstore opened in the 
neighborhood, and old Pyke Barlow, our skilled and long-established 
pharmacist, was outraged. He accused his young rival of selling cheap 
drugs and of being inexperienced in compounding prescriptions. Finally, 
the injured newcomer, contemplating a suit for slander, consulted a wise 
lawyer, Thomas G. Hays. "Don't make an issue of it," Hays advised. "Try 
kindness." 

Next day, when customers reported his rival's attacks, the new druggist 
said there must be a mistake somewhere. "Pyke Barlow," he told them, "is 
one of the finest pharmacists in this town. He'll mix an emergency 
prescription any hour, day or night, and the care he takes with them 
sets an example for all of us. This neighborhood has grown -- there's 
plenty of room for both of us. I'm taking Doc's store as the pattern for 
mine. II 

When the older man heard these remarks -- because compliments fly on the 
wings of gossip quite as fast as scandal -- he could not wait to meet the 
young fellow face to face and give him some helpful advice. The feud 
had been wiped out by sincere and truthful praise. 

Wherever human beings gather, thoughtfulness is needed. In a group 
conversation the kind person will help everyone to feel a part of the 
discussion. A friend once paid this tribute to Prime Minister Balfour 
as a dinner host: "He would take the hesitating remark of a shy man and 
discover in it unexpected possibilities, would expand it until its author 
fel t he had really made some contrj,but:ion to human wis.dQm. Guests 
would leave, walking on air, convinced that they were bigger men than 
they had thought." 
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Why must most of us leave unuttered some pleasant truths that would 
make others happy? I~ would help if we remembered more often that 
"a rose to the living is more than sumptuous wreaths to the dead." 
A charming old gentleman used to drop in occasionally at an antique shop 
near Conway, New Hampshire, to sell merchandise. One day after he left, 
the antique dealer's wife said she wished they had told him how much 
they enjoyed his visits. The husband replied, "Next time let's tell 
him so." The following summer a young woman came in and introduced 
herself as the daughter of the salesman. Her father, she said, had 
died. Then the wife told her of the conversation she and her husband 
had had after her father's last visit. The visitor's eyes filled with 
tears. "How much good that would have done my father!" she exclaimed. 
"He was a man who needed to be reassured that he was liked." 

"Since that day," says the shopowner, "whenever I think something 
particularly nice about a person, I tell him. I might never have another 
chance." 

As the painter, the mUS1C1an and all other artists find joy in giving 
beauty to others, so anyone who masters the art of praising will find that 
it blesses the giver quite as much as the receiver. It brings warmth 
and pleasure into common places and turns the noisy rattle of the world 
into music. 

Something good can be said about everyone. We have only to say it. 



IV. COMMUNICATING JOB ASSIGNMENTS CLEARLY 

1. Organizational and Interpersonal Communications 

The Role of Communications 

2. 

* 

What Is Effective Communication? 

Communications and the Manager 

How to Overcome Barriers to Understanding 

1. Organizational Barriers 

2. Human Barriers 

"If You Want IT Done Right" 

Checkpoints for Planning and Making a Job Assignment 

Technical Steps In Assigning Jobs - Checklist 
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EFFECTIVE COMMUNICATION 

INFORMATION & 
UNDERSTANDING 

• COMMUNICATOR MUST CONSIDER RECEIVER 

• ELICIT POSITIVE ACTION OR RESPONSE 



Illf You Want it Done Rightll 

Checkpoints for Planning and Making a Job Assignment. 

1. Have I made clear the ACTUAL RESULTS I expect at job completion? 

2. Have I indicated how this job fits into the scheme of other jobs and goals? 

3. Have I described how this job resembles or differs from similar or past jobs? 

4. Have I covered all information needed to do this job effectively? 

• who, what, why, when, where and how 
• pitfalls to avoid 
• limitations (time, cost, policy restriction) 
• alternative plans if difficulties arise 

5. Did I encourage suggestions? 

6. Did I ask the employee to restate the critical parts of job? 

7. Have I set controls to check progress (what and when)? 

..,-

~ 
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TECHNICAL STEPS IN ASSIGNING JOBS 

- CHECK LIST -

1. Do my subordinates know what teminal behavior (Actual results) 
I expect following completion of job assignment -in each case? 

2. Bave I covered the main purpose of the job? 

3. Do subordinates know how each job assigned fits into the 
scheme of other jobs and goals involved? 

4. Have I covered how the present job assigmaent differs from 
or resembles s±milar, past job assignments? 

s. Have I provided as much information as the subordinate really 
needs to carry out the assigament effectively? (Including 
pitfalls to be avoided). 

6. Does my assigmnent include answers to the old favorites -
What~ When~ Where? Who? Bow? and Why? 

7. Have I covered important l:1mitations - such as time, cost, 
or policy restrictions that apply to the job? 

8. Have I reinforced critical parts of the job assignment? 

9. What controls have I established to insure adequate checks 
on progress? 

10. What coordination has been effected with other departments I 
--- individuals who may be affected by. this job assignment? 

___ ll. Are there contingencies or uternat::1.ve pJ.ans shoul.d d:1.££:1.cul.t::1.es 
arise? 



V. CONDUCTING MEETINGS 

1. Preparing For A Meeting 

2. The Functions Of A Group Leader 

3. The Two Major Types Of Functions: 

- Task Functions 

- Group Relations Functions 

* Conference Leadership: The Critical Functions 
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CONFERENCE LEADERSHIP: 
THE CRITICAL FUNCTIONS 

A great deal of today·s problem solving and desision making in 
business, industry, government, and other organizations ;s done through 
people acting together in conferences and staff meetings. Similarly, 
off the job, in various community and social activities, conferences 
and meetings are common ways of formulating plans of action and 
achieving objectives. It is important, therefore, to be able to conduct 
a conference effectively when you are called upon to do so. 

These principles apply not only to leading a group, but also to 
participating more effectively as a member. By understanding the group 
processes better, you will be able to make greater contributions toward 
the team effort, since at times each member of a smoothly working group 
performs the same functions as the leader. 

PREPARING FOR A MEETING 

If you are to lead a conference, some initial preparation on your 
part will start things off smoothly. Briefly: 

1. ARRANGE A SUITABLE PLACE FOR THE MEETING 

If it ;s necessary to reser.ve a conference room ahead of 
time, make sure it is available to you for the use of your 
group exclusively. The room should be of appropriate size 
with adequate seating arrangements and should be well lighted 
and ventilated. It should be quiet and free from distracting 
intrusions. 

2. SELECT AND NOTIFY THE PARTICIPANTS 

They should be informed of the general purpose of the meeting 
with sufficient advance notice so that they can gather any 
information they may need for the meeting, as well as adjust 
their work or personal schedules to the time set for the 
meeting. 

3. PREPARE ANY VISUAL AIDS YOU MAY NEED 

These may range from simple things, such as a blackboard, 
chalk, and eraser, to charts and graphs, slides, or other 
material. Make sure that these aids are on hand in order to 
avoid was.teful delays after the meeting has started. 



4. PREPARE YOURSELF FOR THE MEETING 

Gather all the information you will need ahead of time. Do 
your homework by thinking through the problem and what you 
hope to accomplish with the meeting. Consider what each 
member of the group might have in the way of knowledge, 
experience, or information to contribute to the meeting. 
Above all, have a definite purpose of objective for the 
meeting, even though this may change in the course of the 
meeting. Unnecessary or purposeless meetings should be 
avoided. 

THE FUNCTIONS OF A GROUP LEADER 

There are a number of functions which an effective group leader 
performs during the course of a meeting. It;s the main purpose of 
this discussion to acquaint you with these functions and the situations 
in which they apply, and to help you prepare to use them appropriately. 
In actual practice. leaders' functions overlap each other and are 
difficult to distinguish. 

Your own personality and value system will, of course, affect to 
some extent the way you actually conduct any meeting. You will not use 
exactly the same words that another person would in the same situation, 
and you may use different techniques, some of which have developed out 
of your own experience and habits. However, a knowledge of the basic 
functions which are available for a group leader to use will tend to 
make you more flexible and adaptable as a leader in meeting new 
Situations, and you will develop more skill as a leader as these become 
second nature to you through using them. 

THE TWO MAJOR TYPES OF FUNCTIONS 

Every group leader has two major functions. They are: (1) TASK 
functions and (2) GROUP RELATIONS functions. 

The purpose of the TASK functions is to keep the group working on 
the task or project at hand, i.e., getting the group work done. 

The purpose of the GROUP RELATIONS functions is to maintain 
constructive group relations among the members and to keep diverse 
individuals working together as a team. This means dealing with 
individual and group feelings and attitudes which may prevent the 
progress of the group towards its goals. 
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There are six TASK functions and six GROUP RELATIONS functions: 

TASK FUNCTIONS 

1. INITIATING: Proposing tasks or goals; defining a group 
problem; suggesting a procedure or ideas for solving a 
problem. 

2. INFORMATION OR OPINION SEEKING: Requesting facts; seeking 
relevant information about group concern; asking for 
suggestions or ideas. 

3. INFORMATION OR OPINION GIVING: Stating a belief; providing 
relevant information about group concern; giving suggestions 
or ideas. 

4. CLARIFYING: Elaborating, interpreting, or reflecting ideas 
and suggestions; clearing up confusion; indicating 
alternatives and issues before the group; giving examples. 

5. SUMMARIZING: Pulling together related ideas; restating 
suggestions after the group has discussed them; offering a 
decision or conclusion for the group to accept or reject. 

6. CONSENSUS TESTING: Sending up "trial balloons" to see if the 
group is nearing a conclusion; checking with the group to see 
how much agreement has been reached. 

GROUP RELATIONS FUNCTIONS 

1. ENCOURAGING: Being friendly, warm, and responsive to others; 
accepting others and their contributions; regarding others by 
giving them an opportunity for recognition. 

2. EXPRESSING GROUP FEELINGS: Sensing feeling, mood, 
relationships within the group; sharing one's feelings with 
other members. 

3. HARMONIZING: Attempting to reconcile disagreements; reducing 
tension; getting people to explore their differences. 

4. MODIFYING: When one's own idea or status is involved in a 
conflict, offering to modify one's own position; admitting 
error; disciplining oneself to maintain group cohesion. 

5. GATE-KEEPING: Attempting to keep communication channels 
open; facilitating the participation of others; suggesting 
procedures for sharing opportunities to discuss group 
problems. 

6. EVALUATING: Evaluating group functioning and production; 
expressing standards for group to achieve; measuring results; 
evaluating degree of group commitment. 



VI. DELEGATION 

1. Delegating 

The Approach to Effective Delegation 

The Role of Delegation 

The Delegation Process 

What Delegation Is Not 

Why Managers Do Not Always Delegate 

Why Subordinates Do Not Always Accept Delegation 

Some More Tips on Delegating 

2. Designing Jobs 

* 

* 

* 

* 

Job Enlargement Versus Job Enrichment 

Delegation: Getting Results Through Others 

How to Delegate Work Sheet 

Self Quiz 11: "How Well Does My Boss Delegate?" 

Self Quiz 12: "How Well Do I Delegate?" 
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"You CAN Delegate" 
The Step-By-Step Process of Delegation 

1 .. Periodically Analyze Your Job. 

2. Decide What To Delegate. 

• delegate to make the time available for important jobs 

• delegate to develop your subordinates 

3. Plan The Job To Be Delegated. 

o establish standards 

• what, why, when, where and how 

• feedback/control features 

4. Select The Right Person. 

5. Make The Delegation 

• see checkpoints for planning and making a job assignment 

6. Follow-Up 
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SOME MORE TIPS ON DELEGATING I 
I 

• ENCOURAGE INDEPENDENCE I 
• DON'T SHORT CIRCUIT I 
• LIVE WITH DIFFERENCES I 
• DON'T SNATCH IT BACK I 

• REWARD GOOD PERFORMANCE I 
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SUBOBDINATE' S NAME 

ROW TO DELEGATE 

- WORK SREE'! -

RESPONSIBILITY 

a. List and describe the area of responsibility (function/task) 
where the subordinate is responsible to achieve specific 
end results. 

2. ACCOtJN'!ABILITY 

a. *Discuss the expected end results the subordinate is accountable 
for achieving in this area, i.e., What conditions will exist 
when this area is performed successfully? 

b. *Discuss the minimum performance standards to be used to measure 
(determine) 1£ responsibility has been successfully performed. 

c. Discuss the limits of the subordinate's authorities. 



BOW TO DELEGATE WORK SHEET Page 2 

3. GRANTING AUTHORITY 

a. *Ask subordinate to present his ideas and plans as to how the 
desired results can best be achieved in this area, (including 
tasks/activites to be performed, schedule of events, target 
dates, Bow? By wham? etc.). 

b. By raising questions, suggest possible alternative and help 
the subordinate to explore all aspects of the situation. 

c. *Arrive at mutual agreement on proposed course of action to 
be followed. 

d. Transfer the authority (the power, freedom, right to act) 
to accomplish the agreed upon plan of action. 

4. FOLLOW UP AND CONTROL 

a. Establish what feedback information is needed, (how often, 
and in what form) to allow you to effectively control the 
delegated responsibility 

------------------------- --------
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BOW TO DELEGATE WORK SHEET Page 3 

b. Communicate to others who will be involved/affected that 
the subordinate has both the authority and your support to 
do the job. 

*These items should be developed with the subordinate through 
mutual exchange in which the delegate has the widest possible 
latitude to recommend personal accountability. 
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How to Make Teamwork 
Work for You 

Joanna. J. Johnson 

The nature of the business of con
sulting engineering means that staff 
members often are assigned to 
teams. Since design effectiveness is 
the criterion by which most people 
measure success in engineering, a 
team effort contributes to the best 
possible product by incorporating 
the ideas of several competent pe0-
ple into one body of work. Clsually a 
project is assigned a team consist
ing of a project manager. project en
gineers. drafters. and necessary 
subconsultants. Because success 
can be dependent on the continuity 
of personnel. on a large project a 
consulting engineer may work with 
one sma.ll group of people for a year 
or more. 

Engineers are dedicated to their 
art. but most also are ambitious and 
eager to promote their careers. Just 
how can you tum opportunities of
fered within a team framework to 
your own advantage? 

Onderstandlng Teams 

Characteristics inherent in a suc
cessful team system. no matter 
what the industry or organization. 
are: 
• A team's efforts are recognized 

through group rewards and incen
tives. Since the ultimate goal is to 
do the best possible job and do it on 
time. accomplishing it may require 
team members to help one another, 
attending to responsibilities not 
specifically theirs. Group rewards 
encqurage this generosity. 
• Since team meetings are sched
uled. members come prepared to 
contribute and to question. fewer in
terruptions occur, and fewer ex
cuses or cancellations are accepted. 

• Oearly defining team responsibil
ities often is a problem. but on engi
neering teams the scope of the proj
ect defines responsibilities. 
• The responsibilities of indiuidual 
team members, however, may not 
be defined dearly. 
• A strong team is composed of 
people with appropriate skills and 
personalities - skills to match as
signments and personalities to 
complement one another .. 
• Horizontal and vertical communi
cation are encouraged. The team 
system alleviates some of the liabili
ties connected with speaking up. 
The speaker usually is spokesman 
for the group and no one person 
has to assume individual responsi
bility. However, extra effort may be 
necessary to elicit the open com
munication that makes for a suc
cessful tearn. 

Benefits of Teamwork 

Most team characteristics reinforce 
the concept of a project as a group 
effort. But there are methods to use 
them to your advantage. Since en
gineering firms usuaUy structure 
tearns so that the individual mem
ber has an opportunity to be up
wardly mobile, the hierarchy is not 
absolute from project conception to 
end. A member knows that he can 
assume more responsibility within 
the team. but he sometimes over
looks the fact that the team frame
work offers opportunities to en
hance personal skills in ways that 
can broaden career horizons. For 
example, you can: 
• Improve communication skills. 
This is the number one benefit of 
the team environment Engineering 
education offers little opportunity to 
develop either oral or written com-

Ms. Johnson is Deuetopment Man
ager of The Faits Management Insti
tute. Raleigh. North. Carolina. 

munication skills; such develop
ment is left to the individual. Yet en
gineers who move to the top of the 
profession are always good com
municators. Even if communica
tion skills don't come naturally to 
you. they can be learned and team 
meetings provide a nonthreatening 
opportunity to develop poise and 
self-confidence in front of a group. 

On an interpersonal level, teams 
are composed of a range of person
alities. not all of whom communi
cate in the same way. You will be 
with your team long enough to rec
ognize the differences and to prac
tice techniques of dealing with dif
ferent types of people. If you are 
observant and careful you can be
gin to express yourself in terms the 
other person understands. You can 
practice until barriers to under
standing are overcome and the skill 
becomes second nature. 
• Develop self-confidence. Due to 
the creative atmosphere that team 
work encourages. it offers an op
portunity to develop self-confi
dence. Here is the place to suggest 
new ideas without fear of failure. Use 
the team as a sounding board. 
Since all members have a stake in 
any action taken. they will help to 
develop and implement any good 
ideas that make success more likely. 
Success, if it comes, is the most 
powerful confidence buildet 
• Continue your technical educa
tion. Even if you feel you have a 
strong engineering education. ex
panded by experience. there always 
is some new technical twist to be 
leamed. I recently read an articie 
that stated that young engineers 
fresh from the university are more 
valuable than 40-year-olds with 15 
years of experience. True or not this 
is evidence that you must continue 
to expand your technical horizons. 
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Use all the knowledge the team has 

I and add it to your own expertise. 
• Broaden your base of knowledge. 
By definition, a team is made up of 

I 
members who play different posi-
tions. As you move from one team 
to another. move from one position 

I 
to another. Learn where your natural 
strengths lie. as well as any deficien-
cies you may need to overcome. Try 
a position that is difficult for you 

I while you have help from knowl-
edgeable people. By all means, take 
advantage of your strong points, but 

I 
don·t allow yourself to be pigeon-
holed. Broaden your experience so 
that you are familiar with the respon-
sibilities of the entire team. This will 

I make you more valuable to your 
firm and also will give you a base of 
experience that will enable you to 

I 
start your own firm, if you desire. 
• Sharpen cooperative skills. An-
other benefit that team work offers 

I 
is an opportunit¥ to practice co-
peration. This may sound elemen-
tary, but the knowledge of when and 
when not to compromise is a subtle 

I 
and sophisticated skill. Compro-
mise often is required in emotional 
or personal areas. For example. 

I 
when one person criticizes the work 
of another. the usual response is an-
ger. which sometimes is appropriate 
but more often is counter-produc-

I tive. The ability to separate personal 
reactions from business goals is 
gained only through effort and ex-

t 
perience. The team environment is 
conducive to trial and error. and im-
poses limited Iiabilit¥ if you err. 

I 
Rewards of Good Teamwork 

From management's point of view. 
your performance as a member of a 

I 
team is indicative of your value to 
the firm. Your ability to get along 
well with team members. manage 
difficulties which inhibit productivity. 

I and use technical expertise in pro-
viding good design will be recog-
nized. Thus there are opportunities 

I 
for growth in a team environment 
The secret is to recognize the open-
ing; then exploiting the opportunit¥ 

I 
should be easy. AA 

I 
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How Wen Does My Boss Delegate? 

For each question check the box of the most 
appropriate answer. 

1. In projects that my boss delegates to me, he 
overrules or reverses my decisions. 

o a. Never or very seldom. 

o b. OCCasionally. 

o c. Often. 

o d. Almost always. 

2. My boss deserts me or revokes my authority before 
I finish a delegated project. 

o a. Never or very seldom. 

o b. OCCasionally. 

D c.Often. 

o d. Almost always. 

3. When fm not there. my boss makes decisions 
without my approval (on projects already 
delegated to me). 

o a. Never or very seldom. 

o b. Occasionally. 

o c. Often. 

o d. Almost always. 

4. I can feel my boss. or somebody spying for my boss. 
looking over my shoulder on projects delegated to me. 

o a Never or very seldom. 

o b. OCCasionally. 

o c. Often. 

o d. Almost always. 

5. When a subject falls in my area of competence, 
how much does my boss encourage me to participate 
in meetings and contacts at higher levels? 

o a. He almost always encourages my participation. 

o b. He often permits my participation. but doesn't 
strongly encourage it 

o c. More often than not he 11 carry the ball. 

o d.A1most always he11 carry the ball 

6. Does my boss specify the results he expects from 
delegated projects or does he specify the tasks to 
be done? 

o a. Almost always he just asks for results. 

o b. More often than not he asks for results. 

o c. More often than not he also specifies the tasks 
to be done 

o d. Almost always he specifies only the tasks to be done. 

7. On projects delegated to me. my boss has done the 
long range planning. 

o a. Almost always. 

o b. Quite a bit 

o c. OCCasionally. 

o d.Never or very seldom. 

8. Does my boss delegate increasingly difficult 
projects to me? 

o aYes. when I'm ready to tackle them. 
o b. Sometimes before I feel ready. 

o c. No. unless I ask for them. 

D d. No. or very rarely. 

9. My boss provides me with the amount and type of 
information 1 need to carry out a delegated assignment. 
o a Almost always. 

o b. More often than not 

o c. Occasionally. 

o d. Almost never. 

10. When problems arise in a project delegated to me, 
my boss authorizes me to work them out my way. 
o a. Almost always. 

o b. More often than not, although OCCasionally my boss 
. will handle problems without seeking my ideas. 

o Co Occasionally, although more often than not my 
boss will handle problems without seeking my ideas. 

o d. Almost never. 

How does your boss rate as a delegator? Before 
grading let's Go Directly to Self-Quiz #'2. Here the 
focus shifts from your boss to yourself. Let's see how you 
stack up as a delegator. 
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How Well Do I Delegate? 
For each question check the box of the most 
appropriate answer. Do NOT check back to your answers 
from Self·Quiz #1. 

1. I have to take work home or work late. 

D a. Almost every night. 

D b. More often than not 

D c. Occasionally. 
D d.Almost·never. 

2. Do I spend more time working on details than on 
planning and supervising? 
D a. 1 spend almost all my time working on details. 

D b. Working on details takes up somewhat more time 
than planning and supervising. 

D c. 1 spend relatively less time working on details than 
on planning and supervising. 

D d. 1 spend almost all my time planning and supervising. 

3. In projects that I delegate. I overrule or reverse 
decisions made by my subordinates. 

D a Almost never. 

D b. OCCasionally. 

D c. Quite a bit 

D d.A1most always. 

4. I desert subordinates or revoke their authority 
before they finish a project. 

D a. Almost never. 
D b. Occasionally. 
D c. Quite a bit 
D d. Almost always. 

5. Am I interrupted by subordinates who come to me 
for advice. for decisions. or with questions? 
D a. Very frequently. 

D b. Quite often. 
D c. OCCasionally. 

D d.Almost never. 

6. Do I have unfinished jobs accumulating, difficulty 
meeting deadlines? 
o a. Yes - an overwhelming problem. 
D b. A significant problem but not overwhelming. 
o c. Moderately true. 
D d. No problem here. 

7. Do I specify the results I expect from a delegated 
project or do I specify the tasks to be done? . 

D a. Almost always I ask for a result. 
D b. More often than not I ask for a result. 
o c. More often than not I specify the tasks to be done. 
D d. Almost always I specify the tasks to be done. 

8. Do my subordinates take the initiative in expanding 
their authority with delegated projects or do they 
wait for me to initiate all assignments? 
D a. Subordinates constantly seek ways to expand 

their authority. 

D b. Subordinates are relatively aggressive in expanding 
their authority. 

D c. Subordinates self·initiate occasionally but more 
often than not they wait for me to initiate 
delegations. 

D d. Subordinates wait for me to initiate all assignments. 

9. I am irritable. tired or worried because of 
job pressure. 

D a. Never or very seldom. 

D b. Occasionally. 

o c. Quite a bit 

D d. Almost always. 

10. When problems arise in a project I have delegated.. 
I ask for my subordinates' ideas. 

D a. Almost always. 

D b. More often than not although OCcasionally rn 
handle problems my own way without seeking 
subordinates' ideas. 

o c. Occasionally. although more often than not 111 
handle problems my own way without seeking 
subordinates' ideas. 

D d. Almost never. 

How do you rate as a delegator? Would you rather 
receive delegations from your boss or yourself? For 
scoring of both self·quizzes: 

,'" • • T ~ .- ,r Q' .. n 2 .-r"f". . ...,.,...g : ..... -- 7 -0" -eli- , "~oS I • ..: .. ,-,'-'-..,.;1..LJ.! •• t::::.~.1 .. '-'... ~__ • ~ 

For Self· Quiz #1 give yourself 2 points for each "a" box 
you checked, 4 points for each "b" box you checked. 
6 points for each "c" box and 8 points for each "d" box. 

For SeIf·Quiz #2 fonow this same scoring procedure 
for all questions Except #1.2.5 and 6. For questions 
# 1. 2. 5 and 6. the scoring is reversed - that is. give 
yourself 8 points for each "an box you checked. 6 points 
for each "b" box, 4 points for each "c" box and 2 points 
for each "d" box. 

For both quizzes. a score total of 20-38 indicates healthy 
delegation: 40·58 should give a due about some areas 
in need of improvement 60·80 probably indicates some 
serious delegation problems. 



VII. CONSTRUCTIVELY CORRECTING ERRORS 

Role Play 

The Five pIS of the Positive Approach to Correcting 

* Work Improvement Survey 
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POSITIVE APPROACH TO CORRECTING: 
"THE FIVE P's" 

• PREPARE 

.• PROMPT 

• PRIVATE 

• PROBLEM SOLVING 

• POINT THE WAY 

I 
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WORK D1PROVEMEN'I' SURVEY 

ITEM 

1. I correct mistakes in front of 
others. 

2. When issuing corrections or 
discipline, I don't ask for 
their point of view. 

3. I assume that people make errors 
ou purpose. 

4. I sometime dwell ou aspects of 
personality mere than on the 
mistake or problem. 

5. I seem to be interested in 
lettiug employees know who's 
in charge around here. 

6. I use mistakes to grind employees 
into the ground. 

7. I bring up past errors and history, 
when correcting a simple error that 
jus t happened. 

8. My boss is just like me; autocratic, 
hard, and unbending. 

9. Our work force around here shows 
signs of fatigue, distress. 

10. I would judge our work group as one 
requiring strong discipline, to keep 
thin~ in order. 

11. My disciplinary measures seem to 
come into play after errors have 
been made, rather than serving as 
before-the-fact, preventative 
guidelines. 

12. I make judgements based on inferences 
rather than what I observe in fact. 

13. I see myself more as a paternal advice
giver than as a partner with whom my 
employees share experiences. 

14. I give my employees all the advice or 
correcting I want, rather than con
Sidering how much they can take at a 
given point in time. 

15. I call my employees ill-chosen names 
when berating them, from time to time. 

FREQUENTLY SOHE'rnmS RARELY NEVER. 
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THE APPRAISAl REVIEW CONFERENCE 

The most important part of the performance review is the appraisal 
review conference itself, when the supervisor and the subordinate meet 
to discuss the supervisor's rating of the subordinate. Many supervisors 
and managers would prefer to eliminate this conference entirely so they 
could rate the employee without discussion. However, since this cannot 
be done, the following suggestions will help to make this meeting proceed 
more smoothly:* 

1. Use the "sandwich" technique. That means simply sandwiching 
unfavorable remarks between favorable remarks. Compliment the 
employee at the beginning and at the end of the discussion. 

2. Emphasize the reason why the rating was given. Cite specific 
instances of performance, so the ratings become grounded in fact. 
They are then far more acceptable to the employee and leave him 
knowing they are fair. 

3. Allow the employee to express his reactions to the ratings. Here 
one may find the underlying cause for unsatisfactory performance or 
obstacles hindering continued good performance. Listen. 

4. Do not show anger or hostility, regardless of the remarks the 
employee may make. You must be prepared to accept criticism as 
well as to give it. 

5. Do not be too anxious to prove the employee wrong. Help the employee 
save face and leave his self-respect intact. 

6. Take your time. Acceptance of criticisms or suggestions may not 
come immediately. 

7. Do not expect to convince him of anything while he is angry. 

8. If the employee wants to talk, do not interrupt. Let him talk. 

9. Do not be vague about personality shortcomings. Such faults are 
hard to tie in with ability and skill. They have much more meaning 
when they can be related to production efficiency -- either in the 
employee or in the effect on others. 

10. Show a sincere interest in the employee's work and his problems. 

11. Be sure criticism is positive. When you point out weaknesses be 
prepared to offer means of correcting them. 

49/2PRC/D6 



VIII. PERFORMANCE APPRAISAL 

1. The Basics 

2. Doing the Review 

3. The GIC Appraisal Forms ("Performance Appraisal and 
Development Plan") 

* The Appraisal Review Conference 
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Reprinted from "Proceedings of the Eleventh 
Annual Project Management Institute Seminar/ 
Symposium, October 17-20, 1979, Atlanta, GA" 

TEAM BUILDING IN PROJECT MANAGEMENT 

Dnid L. Wilemon 
Syr.acuse Univmity 

and 
Hans J. Thamhain 

GTE Sylvania. Incorporated 

INTRODUCIlON 

One of the most important developments in manage
ment during the 1970's bas been the widespread applica
tion of project teams to a variety of complex tasks. 
Project rnanqcrs quickly learn the critical significance 
of the effective project team and the role of team build
ing activities in facilitating project management per
formance. In fact. the clifference between successful and 
unsuc:cessful perfonnance can often be Iinlced to the 
effectiveness of the project team. We expect that the 
1980's will surely witness an increased emphasis on 
team builcling. 

Varney- notes that the importance of developing 
effective teams comes from three major forces. First. 
then: are more specialists/experts within orpnizations 
whose talents need to be focused and integrated into a 
larger task. Second. more organizational members want 
to become increasingly involved in their total work 
environment. Third. the benefits of people working 
together can result in important synergy and creativity. 
Increasing task complexity and complicated environ
mental interfaces also encourage the development of 
effective teams. Effective team builcling also leads to 
higher levels of job satisfaction. 

TEAM BUILDING DEFINED 

Team building is a process of taking a collection of 
individuals with c:1ifferent needs. backgrouncis and 
expertise and traDSfonning them by various methods 
into an integrated. effective work unit. In this transfor
mation process. the goals and energies of individual con
tributors merge and support the objectives of the team. 

The concept of team building becomes critically 
important as bureaucratic hierarchies decline and 
horizontally-oriented teams and work units become 
increasingly important. In most cases, team builcling 
involves reiationships among peers with a wide cliversity 
of expertise. 

MAJOR BAR.RIERS TO PROJECT TEAM 
DEVELOPMENT 

In a recent exploratory field probe with over 90 proj
ect leaders. we attempted to identify some of the major 
barriets project leaders experience in building effective 
teams. The project leadets represented several types of 
organizations and technologies. Most of the respondents 
to our probe, however, were in research and develop-

eGA Varney, OrpmzaUoII DeftIopment fot Manqen (llcaAinc. Mus.: 
Ad4i3cm-Waley PWlIisIuIIc C4m".,.y.1977l. pp. 1.S1·ISl. 
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ment. constrUction and engineering projects and com
puter information system implementors. A more com
prehensive stUdy is pllUlDed to develop detailed data on 
team-building barriers. Our purpose here is to illustrate 
some of the most common major barriers to team
building efforts and suggest altemative approaches for 
handling these problems. 

Differing Oudooks. Priorities. Inten:sts aad 
Judgments of Team Members 

A major barrier is that team members often have dif
ferent professional objectives and interests. Yet proj
ect accomplishment often requires team members to 
place ''wllat's good for the project" above their own 
interest areas. Wilen team members are reluctant to do 
so, seven: problems develop in builcling an effective 
team. This problem is compounded when the team 
relies on support groups which bave different interests 
and priorities. 

Roe Conflicts 

Team development efforts also can be thwaned when 
role conflicts exist among the team members. Role con
flicts are most likely to occur when there is ambiguity 
over who does what within the project team and between 
the team and external team support groups. Overlapping 
and ambiguous role responsibilities are also major con
tributors to role conflicts. 

Project Objectives/Outcomes Not Clear 

One of the most frequently cited team-building bar
riers is unclear project objectives. As one project leader 
remarked: 

How can you implement a team builcling program 
if you're not clear on wllat the objectiVes for the 
project really are? Let's face it. many teams are 
muddling along on fifty percent of their potential 
because no one is really clear on where the project 
should be headed. 

In R&D and computer systems projects. objectives 
may be formulated by managers or clients external to 
the team. Moreover. if objectives are not explicit. it be
comes clifficult. if not impossible. to clearly deflne roles 
and responsibilities. 



Dynamic Project Emironments 

A characteristic of many projects is that the environ
ments in which they operate are in a continual state of 
change. For example, senior management may keep 
changing the project scope. objectives and resource base. 
In other situations, regulatory chances or client demands 
for new and different specifications can drastic:aUy affect 
the intemal operations of a project team. Disruptive 
environments are frequently a charac:teristic of proj
ect teams. Finally. the rate by which a team "builds up" 
to its full manpower base may present team-building 
barriers. 

lnitiaDy we were somewhat surprisecl at the number 
of project leadCIS who mentioned this issue. They indi
cated that this barrier was most likely to occur in the 
early phases of a project or if the project ran into severe 
problems and the quality of team leadership came into 
question. ObYiously, both cases of leadership cballenge 
can result in barrier:: (if "tlly temporary) to team build
ing. Frequently these challenges were covert challenges 
to the project leader's ability. 

uc:k of Team Definition aDd StructuJe 

One of the most frequently mentioned barriers of all 
was the lack of a clearly delineated team to undertake a 
project. We found this barrier to be most likely to occur 
among computer system managCIS and R&D project 
leaders. A common pattern was that a work unit (not a 
project team) would be charpd with a task but no one 
leader or team member was clearly delegated the respon
sibility. As a consequence. some work-unit members 
would be working on the project but not be entirely 
clear on the extent of their responsjbilities. 

In other cases. a poorly deflncd team will result when 
a project is supported by seve:al departments but no 
one pezson in these departments is designated as a team 
member and departmental coordinator. Such an approach 
results in the project leader being unclear on whom to 
count for support. This often occurs. for example, when 
a computer systems project leader must rely on a "pro
gramming peIOL" 

Team Penoanel Selection 

nus barrier centered on how team membCIS were 
selected. In some cases, project penonnel are assigned to 
the teams by functional managers, and the project man
ager has little or no input into the selection process. 
This. of coutSe. can impede team development efforts 
especially when the project leader is given available per
sonnel versus the best, hand-picked team members. 
The assignment of "available personnel" can result in 
several problems. e.g., low motivation levels. discontent
ment and uncommitted team members. We've found, as 
a rule, that the more power the project leader has over 

'the selection of his/her team members. the more likely 
team-buildin, efforts will be fruitful. 
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Credibility of Project Leader 

Team-building efforts were hampered when the proj
ect leader suffered from poor credibility within the 
team or from important managers external to the team. 
In such cases. team members are often reluctant to 
make a commitment to the project or the leader. Cred
ibility problems may come from poor managerial skills, 
poor technical judgments or lack of experience relevant 
to the project. 

Lack oCTeam Member CommiDneDt 

Lack of commitment to the project was cited as one 
. of the most common barriers. Lack of commitment can 
come from severa! sources, such as: the team members' 
professional interests lie elsewhere; the feeling of in
security being associated with projects: the unclear 
nature of the rewards which may be forthcoming upon 
successful project completion: and from intense inter
personal conflicts within the team. One project leader 
made this comment to us: 

Let's face it - some personnel are not suited for 
project work. Some can't stand the ambiguous, 
fluid nature of projects while othCIS simply rather 
work alone or with a small group of colleagues 
they've developed close woriting relationships with 
over a period of years. 

As we sugested earlier, the nature of many projects re
quires the disruption of valued, existing routine work 
relationships of team members. As a consequence, they 
may not feel commitment to the project. 

Other issues which can result in uncommitted team 
members is suspicious attitudes which may exist between 
the project leader and a functional suppon manager or 
between two team members from two warring func· 
tional departments. Finally, we found that low commit
ment levels were likely to occur when a "star" on a 
team "demanded" too much deference from other team 
members or too much pampering from the team leader. 
One team leader put it this way: 

A lot of teams have their prima donnas and you 
learn to live and function with them. They can be 
critical to overaJl project success. But some stars 
can be so demanding on everyone that they'll kill 
the team's motivation. 

Communication Problems 

Not surprisingly, we found that poor commUnicatio~ 
was a major enemy to effective team development 
efforts. Poor communication existed on three major 
levels. First. several mentioned the problems of commu
nication among team members and between the project 
leader and the team members. Often the problem was 
caused by team members simply not keeping others 
infonned on key project developments. Yet the "whys to 

of poor c:ommunication patterns were far more diffic:ult 
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to detennine. It can ~t from low motivation levels, 
poor morale, or carelessness. We also discovered that 
poor communication panems between the team and 
support groups could ~t in severe team-building 
problems, as did poor communication with the client. 
Poor communication practices often led to unclear 
objectives and poor project control, coordination, and 
work flow. 

Lack of Seuior Mmqement Support 

Many of the project leaders indicated that senior 
manqement support and commitment often was un
clear and subject to waxing and waning over the project 
life cycle. This behavior can ~t in an uneasy feeling 
among team members and lead to low levels of enthu
siasm and project commitment. Two other common 
problems frequently noted were that senior manage
ment would not help set the right enviromnentfor the· 
project team at the outset, nor would they give the team 
timely feedback on their perfonnance and activities 
during the life of the project. 

OVERCOMING TEAM BUILDING BARRIERS 

For each of the major team-building barriers identi
fied, several suggestions can be advanced for either mini
mizing or eliminating them. Table I lists the banicls and 
the suggested handling approaches. 

SUGGESTIONS FOR HANDLING THE NEWLY 
FORMED TEAM 

A major problem faced by many project leaders is 
managing the anxiety which usually develops when a 
new team is fust fanned. This anxiety experienced by 
team member.; is normal and predictable. It is a barrier, 
however. to getting the team quicldy focused on the 
task. In other words, if team member.; are suffering 
from anxiety, their attention consciously or subcon
sciously will be focused on the resolution of their own 
anxieties rather than on the needs of the project. 

This anxiety may come from several sources. For 
example, if the team member.; have never worked with 
the project leader. the team member.; may be concerned 
about his leadership style and its affect on them. In a 
different vein, some team member.; may be concerned 
about the nature of the project and whether it will 
match their professional interests and capabilities. Other 
team members may be concerned whether the project 
will be helpful or a hindrance to their career aspirations. 
Our experience indicates that team members can also be 
highly anxious about life-style/work-stYle disruptions 
which the project may bring. As one project manager 
recently remarked to one of the author.;: 

Moving a team member's desk from one side of the 
room to the other can sometimes be just about as 
traumatic as moving someone from Chicago to 
Marilla to build a power plant. 

As the quote suggests. seemingly· minor changes can re
sult in unanticipated anxiety among team member.;. 

Another common concern among newly formed 
teams is whether or not there will be an equitable dis
tribution of the work load among team member.; and 
whether each member is capable of pulling his/her 
weight. In some newly fonned teams, team member.; 
not only might have to do their own work but they also 
must train other team members. Within reason this is 
bearable, necessary and often expected. However. when 
it becomes excessive, anxiety increases and morale can 
fall. 

We've found that certain steps taken early in the life 
of a team can pay handsome dividends in teans of handl
ing the above problems. First, we recommend that the 
project leader at the start of the project talk with each 
team member on a one-to-one basis about the following: 

1. What the objectives are for the project. 
2. Who will be involved and why, 

,3:hnportance of the project to the overall organiza
tion or work unit. 

4. Why the team member was selected and assigned to 
the project. What role will he/she perform. 

__ ~ ~_. _ S. Y/hat rewards might be forthcoming if the project 
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. is successfully completed. 
6. A candid appraisal of the problems and constraints 

which are likely to be encountered. 
7. What are the rules~f-the-road which will be fol

lowed in managing the project, e.g., regular status 
review meetings. 

8. What suggestions does the team member have for 
achieving success. 

9. What are the professional interests of the team 
member. 

10. The challenge the project is likely to provide to 
individual member.; and the entire team. 

11. Why the team concept is so important to project 
management success and how it should work. 

A frank, open discussion with each team member on 
the above is likely to reduce his/her initial anxiety. As a 
consequence, the team member is likely to be more 
anentive to the needs of the project. Of cOUISe, the 
opposite reaction is possible, too. A frank discussion. 
for example, may actually increase a team member's 
anxiety level. Often. however. the source of the anxiety 
can be identified and dealt with in a timely manner. 

The importance of dealing with these anxieties and 
helping team members feel that they are an integral 
part of the team can result in rich dividends. F:rn. as 
noted in Figure 1. the more effective the project leader 
is in developing a feeling of team membership. the 
higher the quality of information which is likely to be 
contributed by team member.;. Team member.; will not 
be reluctant to openly share their ideas and approaches. 
By contrast, when a team member does not feel like 
part of the team and aoes not believe heishe can trust 
others in team deliberations, information will not be 
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TABLE I 
BARRIERS TO EFFECTIVE TEAM BUILDING AND SUGGES1'ED HANDLING APPROACHES 

Barrier SuaesCiollS for Effectively Manqing Barriers 
(How to Minimize or Eliminate Barrieftl 

I 
DificnD1 Outlooks. Priomics. Make eeron earty in lIIe PI'D)Cc:t life cycle 10 disCoWIt' lhac conftiCting IliffemlCeS. Fully Inwau.. and JucImeIlu explain lIIe scope of tbe PI'D)Cc:t and the rewards _luch may be fonhcommlllJ'On succas· of Tam Members Cui PIOJCCI complellDfl. Sell "tcam" CODcepl IJICI explam mponsibililles. Try 10 blend I 

incliYiliual inlCftSlS willi thc ow:raII projecl obJec:tiw:s. 

RGkCoctm:a As early in a proJCCI as fHllbIe.1Ik IAIII members where dIIy ICC tllemseiYes fitlinJ into Ille 'PfOieCL DettmII/IC haw !he owmll project CUI best be diYicied mtll subsystems and 
IIIbwks (e.a.. Ille work brealuiown struclure). AaiplfMIOUlIe roles. Conduct replar I 
Slatus min meeanp to k.eelI wm in{onned on Prop'lll UId _.teII for unaftticlplled role confiicu over the ptOject's life. 

Project 0bjIetiftsI0usc0mes Allure that all parlles IIIIdemand the overall and inteniisCilliinarY proJect objectMs. NotClnr Oar uui frequenl communlCalion willi !lnlior manqement andllle clienl bcc:omes crin· I 
cally impalUllt. Status reYicw meelinp can be ... d for feedback. Finally. I proprr tcam name can hel!lto mnfolCe lIIe PIO)Cc:t obJec:t..e$. 

Dynamic Project EDYironmInu The DlIjDf challensc is to stabilize external mOumees. Fim. key proJcct prrsonnel must _rlt out an Isrecmcnt on lIIe principal ",oJeCt direction anc! "seU" IiI.is c1irection to the I 
total lIWn. Also educate senior -semenl and lIIe CUSlomer on the detrimental can· Mq\IaICCS of ulI'nnanled chanac. It is cnlically impananl 10 forecut the "emironmenr" within whidlllle prOject will be dt'ldoped. Develop contmsmcy plans. 

Compeation Owr Team Smior IIIISIqCIIICIII must help es&ablish the proJeCI manqer's leadership role. On lIIe I 
I..A4ership other hand. the pro,ec:t manapr IIftds 10 fulfill the leac!ersiup expectations of team memo ben. CIeu nile and responsibililY defDlluon often IIIIIWIUZCS competillon over leaderslup. 
Uck of Team Definition UK! Project Ieaclers -C to seU the \am COIICel't to seaiar manapment as -0 as 10 their SUuctme team memben. Rquiar IIIftUIIP WIth the tIaIII will reinfolCe the team notion as will c:leuIy det1neG wIa. roles and ICIpDftIibiliulS. Also. visibililY in memos and other fonns ofwnnen mcQia IS _D as semorlnlJlallmlCntlJlCl client paRJQpation can unify IiIe team. 
Project re-l SelccUon Anemp' to nqotiate !be prCJ!CCt usqnmenu willi potenUliteam membcft. Clearly dil-C1IIII willi poremial team members lIIe anpartancl! of the project. their role in it. what I 

rewards nqht result upon CCIIIIpIcUon. and the ICIICrai "rviesoof-the-road- of project ~. Finally. if team members remain IIIIDltemtld in the project. tllen replace· IIIIDt should be COIIIldcm1. 

Cm1ibility of Pro;ect Leader Credibility of the pro,ec:t leac!cr amonl team members is cNCial. It crows with UIe IIIIISC I 
of a sound decision maker m balll tencraI manqcment and relnant tcctuucal expenlSC. Creliibility can be enhanced by lIIe project leaclcrs' re.latioGship to oilier key manqers wilo IIqIpOft the team's eerons. 

udt of Tum Member Try to detem\Ulc IKk of team member commiancnt early in lIIe life of Ius proJeCI and I 
C~t attempt 10 dtllllC possible neptive _ toward the prDJCCI. Often. insecunty IS a mlJOr reason for the lack of commiunent; try to detctmme wily IlIICCIInty elUlu.1IIm work on reducinc the tam members' fears. Conl1icu willi oilier team members may be another reason for IKk of commitment. It is anpanant fur lIIe pfOjCCt leader 10 mlel'\lCnC anc! mec1iate lIIe confliel quickly. FinaDy. if 1 leam member's professional Inlerests lie else· I 

wilere. the pro,ec:t leader should eXIIIIIIIC WIIYS to satis~1 pan of the team member's intetISU or c:tIIIIicIer replacement. 

Co_natiorI ProOIalls The pro,cc:t leader should dnate COI'IIIderable tane comm_ImB WIth mcimdual team members about their needs and concems. In addition. the lucler should provicle a vetucle I 
for lImCly IISSIOIIS 10 encourage communications among the incliYiciual team contributors, Tools for Cllbanclng communICations are StltUS _mp. reYlcws. schedules. repanmg system. and colocauon. Similarly .lIIe projeCt leader should establish IqIIilr and IhoroUJil commlllllCations willi the client and senior rnanqemenl. EmphlllS IS placed on wnlten and oral COIIIIIIllllauons Wllh key issues and aareemcnlS m wnang. I 

~ of Scruor Manqcment Sc:tuor IIWIqCmC1It suppan IS an absolute necCSSIty for dealing efiecllvely With snteri~ce Suppan lrDups and proper resource commitment. Therefore. ~ malar loal for pro,eci leac!ers IS to mamuin the continued interest and commnmenl of senior mUII~nl In theu projects. 
i We sugest lIIat scnlOr manalCftlCnt become In mltlraJ pan oi proJCCI nmews. Equally llllpanant. it is cntteai ior SCIIIor manllemenl to "roVlde Ihe proper enYlronmenl for 

I 
the pro,cc:t to f\II\CUOII effecllvely, Here the proJec:t luaer needs 10 tell mlllllemeni at lIIe onset of IiIe propam whal resources are neecied. The PrDFC1 mUII!'!r's relaullnsru" WIlli seruor mana,mtent Ina ability to c!evelop senIOr manalClnenl suppan IS ;nucall} affected by Ius own credibility ana the VIIIbtlity and "nonl)l oi hIS oro!ecl. I 

I 
I 
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shared willingly or openly. One project leader emphasized 
this point this way: 

There's nothing worse than being on a team when 
no one trusts anyone else . . . Such situations lead 
to gamesmanship and a lot of watching wnat you 
say because you don't want your own words to 
bounce back in your face ... 

Second, the poeater the feeling of team membership and 
the better the infonnation exchange (flow) among team 
members. the more likely the team will be able to 
develop effective decision-making processes. The reason 
is that the team members feel committed to the project 
and they feel free to share their infonnation and devel
op effective problem-solving approaches. Third, the 
team is likeiy to develop more effective project control 
procedures. Project control procedures can be divided 
into two basic areas. The fIrSt is the quantitative control 
procedures traditionally used --Co monitor" "projeCt -per
formance. e.g .. PERT/CPM, networlcing, workbreak
down structures. etc. The second "control procedure" 
(and perhaps the most important) is the willingness and 
ability of project team members to give feeclback to 
each other rega.n1ing performance. Again, trust among 
the project team members makes the feedback process 
.easier and more effec:tivc. Without a high level of trust. 
project personnel are often reluctant to give negative or 
constructive feeclback to fellow team members. 

Lead to Trult RelaUOftSllips 
Amonc Tum Members DId 

Lead to Kiener 0uali1Y lnfonnaticm 
Exclwlles Within tile Team. 

This call 

Result in More 
Effccme Team Decision 

MaIcinI Proceaa. 

As a ConseqUeftC&. "" 

More EffectIVe ProjeCt Cont..,1 Systems 
Arc Dnelol"'d to 

Monllor Project hrionnuce and 

tile Team DCYelops 
Feedback MeCharusm 

on Team Member ~rformanc ... 

Figure I - Team Building Outcomes 

TEAM BUILDING AS AN ON-GOING PROCESS 

While we've spent considerable attention on the role 
of team building in the critical early phases of a project. 
it is a never-ending process. The projl:ct manager is con
tinually monitoring team functioning and performance 
to see what corrective action may be needed to prev!!nt 
or correct various team problems. We've found several 
barometers to be good clues of potential team dysfunc
tioning. First, noticeable changes in performance levels 
for the team and/or for individual team members should 
always be followed up. Such cnanges can be sympto
matic of more serious problems. e.g •• conflict. lack of 
work integration. communication problems and unclear 
objectives. Second. the project leader and team mem
bers want to be aware of the changing mergy levels of 
team members. This. too. may signal more serious prob
lems or that the team is tired and stressed. Sometimes 
changing the work pace, taking time off. or selling near
terin,-morc easiiy reached t~ts can serve as a means to 

'-. - --reenergize team members. More serious cases, however. 
can call for more drastic action. e.g., reappraising proj
ect objectives and lor the means to achieve them. Third. 
verbal and nonverbal clues from team members may be 

- a source of information on team functioning. It is im
portant to hear the needs and concerns of team mem
bers (verbal clues) and to observe how they act in carry
ing out their responsibilities (nonverbal clues). Finally, 
detrimental behavior of one team member toward an
other can be a signal tnat a problem within the team 
warrants attention. 
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We highly recommend that project leaders hold regu
lar team building meetings to evaluate overall team per
formance and deal with team functioning problems. 

The focus of these meetings can bl: directed toward 
''what are we doing well as a team" and "what areas 
need our team's attention." This approach often brings 
positive surprises in that the total team will be informed 
on progress in diverse project areas. e.g .. a breakthrough 
in technology development. a subsystem schedule met 
anead of the original target. or a positive change in the 
client's behavior toward the project. After the positive 
issues have been dW:ussed_ attention should be devoted 
toward "areas needing team attention." The purpose of 
this part of the review session is to focus on actual or 
poten~ problem areas. The meeting leader should ask 
each team member ior tus observations on these ISsues. 
Then. an open discussion should be held to· ascertain 
how significant the problems really are. Assumptions 
should. of course, be separated from the facts of each 
situation. Next. assignments should be agreed upon on 
now best to nandle these problems. Finally. a pl~fI for 
problem follow-up snould be developed. The process 
should result in better overall perfonnance and promote 
a feeling or team partICipation and hi!th morale. 

Over the life of a project. the problems encountered 
by the project team are likely to ch:mge and 3S old prob
lems are identified and solved. new ones will emente. 
We recommend that a hi[th degree oi effort be focus-ed 
on problem avoidance in the entire process. 



TEAM BUILDING WITH OTHER DEPARTMENTS
A CASE STUDY 

A variation of the team-building approach occurs 
when two separate departments or work units are de
pendent upon each other for support but have intense 
conflicts which slow or even stop intradepartmental 
coordination attempts. Consider the following situation 
which recently occurred in a division of a large, high 
technology company. One of the authors served as a 
consultant to the fzrm. 

The case involVed an R&.D group and a marketing
dim:ted project team. R&D's role was to develop new 
technology and support the project team in its new 
product development efforts. Over a period of several 
months relationships between the two groups deterio
rated to such a level that the division manager decided 
that an intervention into the situation was critical. One 
of·the authors entered the picture at this point. After 

- - reviewing several problems with the division manager a 
recommendation was made to take both groups to a 
"neutral" site for a two-day meeting. The R&D manager 
and the project leader fully concurred with this deci
sion. The meeting "'ilcn~ I with a talk by the division 
manager on the overall status of the division, the role 
and importance of new product development to the 
division. and the importance of R&D and the new prod
uct project te2m in effectively integrating their efforts. 
The division manager left the meeting after the rust 
short coffee break. 

After reconvening the R&D and the project team 
members, the consultant asked each group to JO to near
by conference rooms and clc:ariy establish how they per
ceived the other group. These perceptions ~re to be 

limited to short statements and a general agreement 
reached on their validity. The consultant noted that if 
50 percent or more of the members of a group believed 
that a statement was an accurate reflection of the other 
group's behavior. then it would constitute a general 
agreement. Complaints or perceptions about person
alities were not allowed. The intent hen: was to keep the 
two teams focused on detrimental behllviors rather than 
specific individuals. 

After several hours the two groups were reassembled 
and each ~up was asked to give their perceptions of 
the other. An abbreviated vem(Jn of the results is pre
sented in Table U. This process did produce an occa
sional emotional outburst but was handled by the con
sultant stressing that these were perceptions and part of 
an overall problem-solving process. 

Upon completion of the "mirroring" process. each 
group had a chance to respond to the perceptions of the 
otber group. Thi~ proved helpful in cooling down 
emotions. . 

The next monting. the two groups were reassembled 
and given this assignment: "What Can We Do Together 
to Solve the Problems We've Identified." The two teams 
were apin asked to retire to their separate conference 
rooms to work on the assignment. After a couple of 
hours, the groups were brought together again to see 
what kind of suggestions had been developed and if an 
agreement could be reached. The results of this phase 
are presented in Table Ill. Overall. the session was a suc
cess and it set the tone for regular meetings between the 
R&D group and the New Product Project Team. In this 
situation. the "team" was the two interdependent 
groups working together. 

TABLEU 
TEAM PERCEPT10NS REGARDING EACH OTHER'S BEHAVIORS: 

R&D ~ NEW PRODUCT PROJECT TEAM 

RkD's Pcteeption of 
New Product Project Team 

• Keeps Changing Requimnents 

• Moves Too Quickly. Unilaterally and 
is Careless 

• Promises Too Much to Customers 
and Expects Us to Bail Them Out 

• New Product Development Goals Not 
Qearly Defmed 

• Has Too Much Power and Clout 

• Doesn't Understand or Respect 
Creative Process 
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New Product Project Team's 
Perception of RkD 

R&D Not Responding to Maricer Needs 

Moves Too Slowly - Doesn't Realize How 
Aggressive Competitors Are 

Doesn't Respect Marketing's Priorities 

Hard to Get Straight Answers - Won't Turn 
Projecurrechnology Loose 

Resistant to Suggestions/Can't Do Attitude 

Doesn't Understand Importance of 
Aggressive New Product Development 
Program 
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TABLE ill 
RESOLlTrlON PLAN: OUTCOME FROM 

INTERDISCIPUNARY PROBLEM-SOLVING 
SESSlON 

• Conduct Regular Status Review Meetings to 
Monitor Progress for All On-going Projects 

• Hold Regular Product Concept Sessions to 
Screen New Product Ideas 

• Establish Priority System for New Product 
Development Projects 

• Project Team Members Will be Responsible 
for Facilitating R&D/Customer Contact 

• Develop Team Concept to Facilitate RID/Proj
ect Group Interaction (Matrix Approach) 

• Continue These Sessions! 

CONCLUSIONS 

Effective tearr. :;'uiiJing clln be a critical determinant 
of pro)ecr success. While: the process of team building 
can entail frustrations and energy on the pan of all con
cerned. the rewards ClIn be great. 

Social ~;::r:ntis!~ ~ener:ll)y lIgree that there are several 
indicators 01 c:fil.:r:uv<: :md ineffective teams. At any 
point in Ule life nf a team. the project manager should 
be aware of cenaln effectivenessrmeffectiveness indi
cators. Several such indiclItors appear in Table IV. 

As we r:nter the 1980·s. we anticipate important 
developments in leam building. These devc,lopments 
should nor only lead to higher performance levels but 
also to increased morale. We have noted on many oc:ca
sions that tht: well developed. highly committl'd team 
can y.,;thstand 3i1nost any kind of adversity. It is the 
poorly develo!)ed team which is likely to n.:n aground 
wh~n storms 3pp~ar. 

TABLE IV 
PROJEcr TEAM CHARACTERISTICS: EFFEcrJVE vs !NEFFEcrJVE 

The Effective T earn 
Ukely Chancteristics 

• High Performance 

• Professional Objectives of Team Members 
Coincides with Project Requirements 

• Qearly Defmed Project Objectives Which 
An Accepted by Team Members 

• Team Members Highly Interdependent 

• Conflict Encouraged When It Can.Lead to 
Benef1c:ial Results 

• High Trust Levels 

• High Interest in the Team and Team 
Processes 

• High Energy Levels and Enthusiasm 
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memorandum 

To: 

From: 

Course Participants 

Training and Development 

Gilbert/Commonwealth 

Subject: Course Evaluation - Foundations of Management Review 

The intent of the Project Management and Supervisory Training Course is to emphasize 
the importance of team work to project success and to review methods to enhance 
effective project management and control. Please evaluate the merits/shortcomings of 
this module as indicated below. Criticisms should be accompanied by suggestions for 
improvement. 

1. Adequacy in meeting the overall course objectives 

2. Success in meeting the module's stated objectives 

3. Instruction methods. including presentation, selection of visual aids, and information 
presented in the training manual. 
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PROJECT MANAGEMENT BASICS 

INTRODUCTION 

PURPOSE 

To present a basic training course for Project Managers to enable them to 

be more effective in their duties which are to ensure: 

that QUALITY projects are completed within the required BUDGET 

and SCHEDULE to meet CLIENT NEEDS and support CORPORATE 

OBJECTIVES. 

OBJECTIVES 

Upon completion of this module, the participant should be able to: 

_ Identify the internal and external responsibilities of the Project 
Manager. 

_ Describe the role ofthe Project Manager in organizing, leading, and 
controlling project implementation. 

_ Discuss the Division's approach towards project management and the 
importance of effective project controls. 

Page 1 of 26 



I. APPROACH 

To define the: 

- ORGANIZATION of the Company, Division, and Project 

- POLICIES AND PROCEDURES which control the performance and 
quality of project work 

- PROJECTS: Their type and organization 

- RESPONSIBILITIES, AUTHORITY, ACCOUNTABILITIES AND QUALIFICATIONS 
of major parties associated with projects 

- PROJECT CONTROLS to maintain target budgets and schedules, and 
to monitor performance 

- MANAGEMENT OF A PROJECT by scope definition, project manuals and 
team effort 

- INTERFACES between G/e and client for project work and 
developing new business 

II. ORGANIZATION 

A. Corporate 

B. Division 

C. Projects 

III. POLICIES AND PROCEDURES 

A. Corporate Philosophy 

To consistently provide professional services of the highest 
quality in all areas of our competence. 

- To always serve with integrity the best interests of our 
clients and society. 

To seek fair compensation for services rendered but in no way 
permit profit or loss to influence the character or adequacy 
of the work performed. 

- To foster an atmosphere which permits employees to attain the 
highest degree of fulfillment consistent with their talents. 

- To merit and award the confidence of our shareholders to the 
fullest extent possible within the framework of the preceding 
tenets of corporate philosophy. 
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MANUAL DISTRIBUTION 

Controlled 
No Yes Distribution Criteria 

Corporate 

Quality Management X Managers 

Nuclear QA X Management personnel involved in 
nuclear work 

QA Topical Report X Management personnel involved in 
nuclear work 

Non-Nuclear QA X Managers 

G/C IDS X Managers 

Records Support Services X Limited distribution on an as 
Procedures needed basis 

Computer Applications X SWs 

Division 

Design Control X Managers involved with nuclear 
Procedures work, PEls, and lead personnel 

Project Operations X PM's, DM's, SM's 

Engineering Operations X PM's and Engineering personne-l 

QA Procedures X QA personnel 

Construction Control X Managers involved in construction 
Procedures 

Procurement Control X Managers involved in procurement 
Procedures 

Page 7of26 



Department 

Engineering Design 
Guides and Standards 

Guide Specifications 

Drafting Standards 

MANUAL DISTRIBUTION 

Controlled 
No Yes 

x 

x 

x 

Distribution Criteria 

Engineers and Managers associated 
with the applicable Department 

Engineers and Managers associated 
with the applicable Department 

Designers and Drafters associated 
with the applicable Department 
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B. Policies and Procedures Manuals 

1. Corporate Level: 

_ Quality Management Manual 

_ Nuclear QA Manual 

- QA Topical Report 

_ Non-Nuclear QA Manual 

_ GIC Identification System Manual 

_ Records Support Services Procedures 

_ Computer Applications Manual 

2. Division Level 

_ Design Control Procedures 

_ Engineering Operations Manual 

_ Project Operations Manual 

_ QA Procedures Manual 

_ Construction Control Procedures Manual 

_ Procurement Control Procedures Manual 

3. Department Level 

_ Engineering Design Guides 

- Guide Specifications 

_ Drafting (and Design) Standards 

4. Project Level 

_ Project Management Manual 
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c. Availability 

IV. PROJECT MANAGER'S GUIDE 

A. Purpose and Function 

B. 

.In general~ the Project Manager1s primary function is to coordinate 
the work between engineering, construction, procurement, and 
supporting groups within Gilbert/Commonwealth, and serve as a 
primary interface with the Client, major suppliers, consultants, 
and field personnel. 

Tbe purpose of this guide is to define the basic functions and 
responsibilities of a Project Manager. 

- It is recognized that the size of a given project or specific 
Client concerns may dictate variations or additions to these _ 
basic responsibilities. 

Project Development 

Develop Contract Information File: 

1. Proposal Development File 

2. Contract File (Contract Documents and Agreements) 

3. Work Order Plan 

4. Scope Document 

5. Project Schedule 

6. Man-hour Requirements 

7. Organizational Charts 

8. Areas of Authority and Limitations 
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Develop the Following Additional Information: 

1. Correspondence File Index System 

2. Drawing Numbering System and Lists 

3. Schedule for Development of Project Documents 

4. Procedures for Review of Documents 

5. Communication and Monitoring Requirements 

6. Establish Special Client Requirements for Design Control 

7. Establish Requirements for Record Keeping 

8. Develop and Issue Project Management Manual 

9. Develop Oesign Input 

10. Develop and maintain schedule, estimate, and cost control 
program; include controls for: 

_ Proper feedback and interface. 

_ Require discipline engineers to develop the details in their 
portion of the plans. 

_ Require discipline engineers to track and monitor their 
schedules and estimates. 

_ Utilize project service departments for establishing and 
monitoring their services. 

11. Establish team review meetings. 

12. Establish procedures for reporting progress to Client and to 
Division Management. 

13. Assist Department Managers in resolving any problems with 
discipline engineers. 

14. Ensure that proper staff is maintained. 

Reference: Project Operations Manual, Instruction 1. Project 
Responsibility Matrix (enclosed) 
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C. Type of Projects 

STUDIES - Varying from single-discipline to multi-discipline. 

SINGLE-DISCIPLINE PROJECTS - Upgrade of electrical system or piping 
modification. 

MULTI-DISCIPLINE PROJECTS - Retrofit boiler from pressurized to 
balanced draft. 

MULTI-DIVISION PROJECTS - Power plant including construction 
management and substation. 

D. Type of Contracts 

1. Cost plus established mark-Up. 

2. Cost plus a fixed fee. 

3. Cost plus established mark-up with a ceiling. 

4. Cost plus established mark-up with certain incentives. 

5. Fixed Price 

a. Engineering only 

b. Engineering and Construction Management 

6. Turnkey - Fixed-Price for Engineering and Construction. 

v. RESPONSIBILITIES, AUTHORITY, ACCOUNTABILITY, AND QUALIFICATIONS 

A. Responsibilities 

RESPONSIBILITIES TO CLIENT 

As the primary Client interface on his assigned project, the 
Project Manager provides liaison with the Client in order to: 

1. Interpret Client's policies. special requirements, operating 
procedures, and other criteria and ensure that the project 
conforms with these requirements. 

2. Ensure adequate communication. technical support, and other 
activities as covered in the Contract. 

3. Monitor the Client's current plans and needs that pertain to 
project and communicate these to the Project Team. 
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4. Monitor travel expenses and other ancillary costs to ensure 
reasonableness. 

5. Resolve problems that occur between the project and Client's 
personnel. 

6. Inform and record those areas where action is required of the 
Client. 

RESPONSIBILITIES TO COMPANY 

The Project Manager is the prinCipal person responsible for 
coordinating the project's efforts. Among the major 
responsibilities in this respect are: 

1. Establish and moinitor the Contract to ensure that any changes 
are properly recorded and adequately processed. 

2. Establish controls for design, purchasing, expediting, quality 
assurance. manufacturing surveillance, and other appropriate 
activities. 

3. In cooperation with Department Managers, establish man-hour 
requirements and select key discipline personnel for the 
Project. 

4. Review and develop detailed man-power requirements and schedules 
with selected discipline engineers and other service groups. 

5. Establish reporting procedures and monitoring activities to keep 
Division Management properly informed. 

6. Periodically report progress to Division Management. 

7. Assist Department Managers in resolving any problems regarding 
performance of discipline personnel assigned to the Project • . 

8. Keep Management informed of problem areas that require 
resolution. 

9. Anticipate, monitor. and report on new business opportunities. 
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RESPONSIBILITIES TO PROJECTS 

The Project Manager is responsible for the development of a 
Contract Informational File to meet Project as well as Corporate 
requirements. Such files should include the following: 

1. Proposal Development File, including original pricing sheets and 
correspondence associated with the establishment of the 
Contract. 

2. Contract File, including all contract documents and subsequent 
agreements which pertain to the. project. 

3. Establish Work Order plan in accordance with the level of 
accounting detail required by the Client and consistent with 
G/C's reporting requirements. 

4. Develop Scope of Work document to track work and define 
limitations to the Contract Agreement. 

5. Develop Project Schedule incorporating milestone dates to meet 
Client and Corporate targeted end dates. 

6. Develop Project Organizational charts, both Client and Internal. 

OTHER RESPONSIBILITIES 

The Project Manager is responsible for developing and monitoring 
the following: 

1. Correspondence File Index System 

2. Engineering Man-Hour Cost and Schedule 

3. Project Estimated Cost and Schedule 

4. Drawing Numbering System and Drawing Lists by Discipline 

5. Schedules for documents such as: System Descriptions, 
Electrical One-Lines, Valve and Instrument Lists, Design Inputs 
and others. 

6. The Manager should review the plans for processing all the 
documents established. 

7. The Manager should establish and incorporate special Client 
requirements for design control, purchasing, expediting, quality 
assurance, or other similar requirements. 
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8. He must ensure that these requirements are defined in the scope 
of work. 

9. He should determine and establish Client, Corporate, and Project 
requirements for record keeping. 

10. Develop and issue Project Management Manual. Utilize DCP's or 
engineering instructions and incorporate special Client 
requirements. 

a. Manual to be based on the POM format and each item in that 
outline reconciled. 

b. Any deviation from established procedures to be formally 
resolved by a variance. 

11. Initiate development and compilation of Design Input Records to 
be prepared by the Project Engineers with appropriate Client and 
GIC department reviews. 

12. Develop and maintain a schedule, estimating, and cost control 
program ensuring that: 

a. The proper feedback, interface, and dialogue is taking place 
betweep all project members. 

b. Discipline engineers plan, schedule, and complete their work 
in accordance with the established milestone schedule and 
target dates. 

c. The control system requires each discipline to track closely 
with the same plan and to be accountable for any obvious 
deviations. 

13. Establish team review meetings to ensure proper interface 
between various disciplines 'and service groups associated with 
the project. 

14. Disseminate information to all project personnel via formal and 
informal plans or procedures. 

15. Report progress to the Client and GIC management. 

16. Assist Department Managers in resolving problems which may arise 
regarding performance of discipline personnel assigned to the 
project. 

17. Ensure that proper staff is maintained to meet project 
commitments. 
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B. Qualifications 

The minimun experience requirements for a Project Manager are: 

1. An Engineering Degree plus 8 years of successful engineering 
experience, including interface experience with numerous 
different engineering disciplines. 

2. The higher levels of project management where projects consist 
of several hundred people, requires 7 years of experience and at 
least 3 years successful experience at lower project levels. 

3. At all levels of management it is paramount that the Project 
Mana~er have an i~terest and aptitude for meeting schedules and 
budgets, and for managing a group of .multi-discipline employees 
as an entire team. 

4. The Project Manager should be perceptive of the Client's needs 
and see that they are met without unnecessarily sacrificing the 
Company I sneed s • 

5. Should be fai~and unbiased in handling the various disciplines 
and service groups that make up the team effort. 

6. Should follow the Gsmpany's guidelines prescribed, yet maintain 
a sense of proportion as to what is most important. 

POSITION DESCRIPTION - PROJECT MANAGER 

Primary Function: 

The Project Manager plans, directs, coordinates, and controls all 
activities on his assigned project so that Corporate commitments are 
met on schedule and within budget. He serves as a primary interface 
between the Client and the project to.satisfy that Client requirements 
are ~et while ensuring that Corporate interests are fully protected. 

NATURE AND SCOPE OF WORK 

Reporting Relationships: 

1. Reports to a higher level Project Manager or directly to a 
Manager of Projects, depending on the established organizational 
requirements for the specific project. 

2. For special smaller projects utilizing the services of only one 
department, he may report directly to his Department Manager. 

3. Reporting to the Project Manager for project direction are 
Deputy Project Manager (if required), Project Engineers, and 
Oiscipline and Service Graue Supervisors. 
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C. Classification of Project Managers 

There are currently five levels of Project Managers within 
Gilbert/Commonwealth. The general criteria utilized to establish 
these levels, consistent with individual experience and 
capabilities, are as follows: . 

PROJECT MANAGER V 

Full scope nuclear project (licensing, design, procurement, QA, 
construction management, startup) - peak man-power required could 
exceed 600 G/C employees. Approximately 17 years of engineering 
experience and 3 years at the Project Manager IV level. 

PROJECT MANAGER IV 

Full scope fossil project or major scope nuclear project - peak 
man-power required could be 100 to 500 G/C employees. 
Approximately 14 years of engineering experience and 2 years at the 
Project Manager III level. 

PROJECT MANAGER III 

Full scope, moderate size, fossil project - peak man-power required 
could be 50 to 200 GIC employees •. Approximately 12 years of 
engineering experience and 2 years at the Project Manager II level. 

PROJECT MANAGER II 

Partial scope fossil project or full scope continuing services -
peak man-power required could be up to 100 GIC employees. 
Approximately 10 years of engineering experience and 2 years at the 
Project Manager I level. 

PROJECT MANAGER I 

Partial scope continuing services - limited staff. Engineering 
degree plus approximately 8 years of engineering experience with 
exposure to various disciplines. 

PRINCIPAL FUNCTIONS 

1. Manages the activities on his assigned project. ensuring that' 
adequate controls are in place and being used so that 
Gilbert/Commonwealth's contractual commitments will be met. 
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2. Is responsible for the direction and coordination of project 
team members in the execution of Gilbert/Commonwealth's 
responsibilities. 

3. Is responsible for reporting to appropriate management levels 
anything which threatens or jeopardizes attainment of project 
goals. 

D. Authority 

Authority commensurate with the responsibilities stipulated is
vested in the Project Manager's position consistent with 
Gilbert/Commonwealth's operating procedures, manuals, and 
related documents. 

- The Project Manager is responsible for all contractual and 
administrative matters and monitoring of work progress on the 
project. 

- The departments are responsible for all technical decisions and 
quality aspects of the work. 

1. Internal Relationships 

a. Communication is maintained with department and service 
managers or their designated representative to ensure 
effective integration of discipline efforts and to preclude 
future budget or schedule problems. This applies equally 
within all divisions contributing to the project. 

b. Statistical results of man-hour expenditures versus budgeted 
man-hours are important for future estimates developed by 
Department Managers. 

c. Contacts with other projects of a similar nature should be 
made periodically to ensure that common problems and 
solutions are communicated. 

d. Reviews of project progress and problems should be presented 
to the appropriate levels of G/C and Client Management, 
including the division managers involved and corporate staff, 
as required. 

2. External Relationships 

Since this position encompasses being both the Client's 
representative to G/C and the G/C Management representative to 
the Client,it entails very frequent communication with the 
Client in accordance with project needs and ca~ries with it. the 
responsibility to maintain a satisfactory relationship. 
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VI. PROJECT CONTROLS 

A. Introduction 

B. Managing the Project 

c. Client/Company Interfaces 

VII. PROJECT IMPLEMENTATION 

A. Managing the Project 

1. As Project Manager, you are responsible for the preparation and 
implementation of sufficient documentation, controls, 
procedures, and guidelines to ensure that the project meets all 
the requirements of the Contract. 

2. This material should be completed and approved prior to 
assigning discipline personnel. 

B. Scope Definition 

1. The scope is a quantifiable description of the work or service 
to be performed. (Reference: POM, Instruction No.2, "Project 
Initiation ll

) 

2. The scope generally results from a proposal (either a letter or 
formal one) and any subsequent negotiations. 

3. The scope is documented in the PMM. 

4. Internal and external correspondence should be constantly 
monitored against the scope of the work to ensure conformance. 

S. The scope incorporates, by reference, such other things as a 
project schedule, budget, specific client documents, standards, 
etc. 
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C. Scope Changes 

1. Scope changes are usually (and preferably) a mutually agreed 
upon written instruction from the Client changing the original 
scope of work. This is important for legal reasons in case of 
controversy. (Reference: POM Instruction No.5, "Scope Change 
Control II) 

2. Scope change~ should be reviewed and mutually agreed to 
internally for any possible impact they may have on cost and/or 
schedule prior to Client approval. 

3. Generally should not proceed with changes prior to Client 
agreement. Should not proceed without Management approval. 

4. Scope changes require revision to the PMM upon formal approval 
of -the change~·-- --- - .... -.-'" -.- - - --..". 

D. Project Schedule 

1. A bar chart and/or CPM schedule document, depending on size of 
Project. should be developed in sufficient detail to ensure that 
the tota 1 scope of work is represented-O '!" 

2. The inital schedule and any subsequent revisions shall have the 
necessary internal and Client approval. 

3. It shall be updated regularly to reflect -progress as mutually 
agreed upon, and reports shall be issued internally and 
externally as required. . 

4. It shall include all Client and third party interfaces. 

5. It shall be monitored for impact of scope change and the 
necessary persons notified of these changes. 

6. All work should be performed in strict accordance with the 
est,ablished priorities, unless otherwise approved. 

E. Project Schedule Changes 

1. Project Schedule Milestone date should be changed only if 
mutually agreed upon with Client •. 

2. Project Schedule changes should be documented in writing. The 
procedure should be spelled out in the PMM. 
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3. Proposed changes should be reviewed and approved by the Project 
Engineer and the Project Manager. 

4. Changes affecting date of completion or milestone incentives 
should be approved by the Client and GIC MOP. 

F. PMM Preparation 

General Requirements: 

1. There shall be a PMM for all projects, regardless of size. 

2. It shall be prepared in accordance with the paM. 

3. The PMM shall be reviewed and updated as required by the paM. 

4. For large projects, the Project Manager should review the Guide 
PMM in detail. Any variations to the Guide PMM should be done 
with approval of the MOP. 

5. For small projects, the Manager should review the Guide PMM in 
detail. Any variation to the Guide Format and content should be 
done with approval of the MOP. 

G. Reports - Project Originated 

1. Progress Reports are issued internally and to the Client based 
upon a mutually agreed format. 

2. Quarterly Project Review Status Reports for Management 

3. Quarterly Man-hour Reviews 

4. Meeting Reports 

S. Trip Reports 

6. Technical Reports/Studies 

7. Expediting Reports 

8. Manufacturer's Surveillance Reports 

9. Quality Assurance Reports 
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H. Quality Reviews 

1. Design Input (Reference: DCP 1.10/EI No.1) 

2. Design Reviews (Reference: DCP 2.10/EI No.9) 

3. Production Computer Program Documentation and Certification 
(Reference: CAM) 

I. Project Indoctrination 

1. All project personnel, regardless of type or size of project, 
shall be apprised of those procedures and guidelines which are 
applicable to their respective assignments. 

2. The Project Manager sha 1-1 .eflsure~.that a rev i ew -i s ~made to 
determine that all new project personnel are indoctrinated. 

3. Revisions to these procedures and guidelines shall receive 
similar disposition. 

4. All indoctrination shall .be properly documented (Reference: 
DCP-S.1S/EI No. 14). 

5. The Project Manager should ensure through monitoring or auditing 
processes that all project personnel are up-to-date on the use 
of procedures and guidelines. 

J. Project Team Building 

1. As Project Manager, you are responsible for creating an 
atmosphere within the project which allows each member to 
participate to his or her maximum capability. 

2. Adequate feedback must be provided to allow each member to 
understand that his or her participation .has been recognized. 
Methods for achieving this include: 

a. Participation in the decisions to be made at their respective 
level. . 

b. Project Coordination Meetings. 

c. Distribution to project personnel of material such as 
progress reports. 

d. Information regarding Client activities related to the 
project. 

e. Positive feedback to employee for work well done and 
correction where work is not well done. 
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K. Directing and Leadership 

Coaching: 

1. As Project Manager you are responsible for the proper 
supervision of your immediate subordinates and to ensure that 
they are also performing this task with their subordinates. 

2. In order to perform this task, you must provide or achieve the 
following: 

a. A project organizational structure that meets the needs of 
the scope of work to be performed. 

b. Position descriptions for the necessary positions in the 
project and agreement of work to be performed. 

c. A positive attitude and a program for effective coaching and 
an opportunity for employees to perform. 

d. A sincere interest and willingness to spend time in helping 
the SUbordinate to improve. Provide assistance and support. 

e. A thorough knowledge of job procedures, requirements, and the 
results expected. 

f. A project schedule to monitor the requirements. 

g. Recommended rewards to Department Managers. 

L. Other Interfaces 

1. As Project Manager you are responsible for coordinating and 
controlling all project-related interfaces. 

2. You must function as the primary interface with the Client for 
your project. 

3. In addition to those interfaces previously mentioned, the 
Manager should provide an interface with Accounting in order to: 

a. Provide Client input to and assist in determining method of 
billing. 

b. Provide time charging information and approve time sheets and 
expense accounts. 

c. Provide proper instructions regarding billable and nonbillable 
labor and out-of-pOCket expenses. 
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4. Personnel: 

a. Coordinate with the Human Resources Department and the 
involved Department/Section Managers regarding the 
disposition of Corporate Policy and in the resolution of 
disciplinary problems. 

b. Participate in the performance appraisal of discipline 
supervisors. 

c. In conjunction with Human Resources Department, establish and 
inform-project personnel of holiday schedules, field 
benefits, etc. 

M. Marketing Responsibilities 

1. Keep the client apprised of the services provided by GIC and 
explore potential new areas of work which may be either project
specific or associated with other group activities within the 
Company. 

2. Apprise the Regional Marketing Managers of the potential 
identified so that they may follow up on any leads. 

3. The Project Manager must work closely with the Marketing Team 
for his Client. 

4. Schedule and arrange for presentations to your Client by other 
groups within G/C. 

N. Expenses 

1. The Project Manager is ultimately responsible for the expenses 
that are incurred against his project. It is essential, 
therefore, that he keep track of the status and legitimacy of 
these charges. He should periodically review and ensure that 
the following costs are reasonable. 

a. Travel Expense - make sure the expense reports are 
reasonable, and approve same. 

b. Periodically review Reproduction Services, CAD, and other 
service-type costs to ensure they are not out of line. 

c. Be cognizant of expenses that GIC may incur that are not job 
chargeable, and look after the Client's interest in such 
cases. 
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d. Establish the reasonableness of expediting and inspection 
trips to the project. 

e. Instruct key project personnel and support groups of this 
policy. 

o. Entertainment Guidelines 

In the present business climate, there is a reluctance on the part 
of utility personnel to accept significant entertainment, and 
certainly expensive outright gifts are not in order. 

1. In the event it is considered desirable to entertain a specific 
Client that involves a considerable expense, the plan should be 
developed primarily by the Regional Marketing Manager and should 
be discussed and approved by the General Manager of the Power 
Division. 

2. Christmas parties should also be planned by the Regional 
Marketing Manager, and participation of employees and their 
accompanying expenses are subject to approval by the Director of 
Marketing. 

3. Entertainment involving smaller expen~es, such as occasionally 
taking a Client to dinner or lunch, is left up to the discretion 
of the individual Project Manager. 
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memorandum 

To: 

From: 

Course Participants 

Training and Development 

Gilbert/Commonwealth 

Subject: Course Evaluation - Project Management Basics 

The intent of the Project Management and Supervisory Training Course is to emphasize 
the importance of team work to project success and to review methods to enhance 
effective project management and control. Please evaluate the merits/shortcomings of 
this module as indicated below. Criticisms should be accompanied by suggestions for 
improvement. 

1. Adequacy in meeting the overall course objectives 

2. Success in meeting the module's stated objectives 

3. Instruction methods. including presentation, selection of visual aids. and information 
presented in the training manual. 
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PLANNING AND SCHEDULING 

PURPOSE 

To provide an understanding ofthe role of Planning and Scheduling in the Project 
Control System and of how Management and project personnel should utilize and 
benefit from the support provided. 

OBJECTIVES 

Upon completion of this module, the participant should be able to: 

_ Describe the approaches and techniques used by the Planning and 
Scheduling Department. 

_ Discuss the practical application of these approaches and techniques to 
actual projects. 

_ Parti-cipate in the implementation of the Planning, Scheduling and 
Control functions on the projects. 
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.. 1. INTRODUCTION 

A. Purpose arid Objectives -

B. P&S Quiz 

C. Department Information 

D. Department Functions 

E. Project Control System 

The Gilbert/Commonwealth Project Control System (PCS) is a modular, 
integrated system which can be applied in total or in part as required to 
meet the needs of the project. PCS can be manual or computerized 
depending upon the specific needs of the client and the volume of 
information to be processed. The specific computer programs and data 
processing techniques may vary; the basic approach, implementation and 
results are the same. 

The Gilbert/Commonwealth philosophy of project control is to establish 
a project engineering and capital cost budget estimate and schedule 
based upon a definitive description of the project and detailed 
Gilbert/Commonwealth scope of services, and then to monitor and 
control the project to achieve project schedule and budget objectives. 
It is intended that this basis for project control be prepared as early in the 
project as practical and that this technique be utilized by the client and 
Gilbert/Commonwealth as a tool in achieving project control. 

The objective of PCS is to provide the total project team with integrated 
cost and schedule information so that timely decisions can be made and so 
that the project can be properly monitored and controlled. 

The basic PCS consists of three main elements: Project Identification 
(numbering), Project Plan and Schedule, and Project Cost. The System 
can be further enhanced by the implementation of a fourth element, 
Performance Measurement. Implementation of Performance Measurement 
depends upon the scope and nature of each specific project and the degree 
of control desired by the client. The system is supported by a cost/schedule 
change control element. 
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F. Planning and Scheduling Concepts 

1. Why Schedule 

- Client Requirements 

- Complexity (and logistics) 

Multiple Parties 

- Fast Tracking 

- Computerization 

- Inflationary Trends (and Contracts) 

- Construction Management 

- Claim Management 

- legal Decision 

- Socio/Politicallnfluences 

- International Projects 

2. Benefits 

- A Control Base 

- Visibility 

Early Warning System 

- Coordinated Priorities 

- Timely Information 

Planned Approach to Project 

- Active Participation by All 

- A Positive Approach to Correct Deviation 

3. Unified Project Plan 
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PROPOSALS 

Proposed Project Schedule 
Development 

RFP Schedule Analysis 

• Proposed P&S Control 

• Manpower Curves 

Schedule Comparison of 
Contracting Strategies 

P&S DEPARTMENT 
FUNCTIONS 

PROJECTS 

Front End Planning 

• Master Summary level 
Schedule Development 

• Detailed CPM Schedule 
Development 

Progress Monitoring, Reporting 
and Forecasting 

• Contractor Schedule Assessment 
and Analysis 

• Schedule Change Control 

• Field Support 

Performance Measurement 

STAFF P&S 

Technical Guidance and 
Support 

Computer Application 

P&S Procedures, Standards 
and Historical Data Base 

P&S Orientation 

Training Seminars 

Recruiting 

Specialized P&S Activities 
{Claims Evaluation, 
Schedule Assessment, etc.} 
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II. CPM FUNDAMENTALS 

A. Evolution of Scheduling Methods 

1. Gantt 

2. Time Scaled Barcharts 

3. CPM 

I-J Approach 

Precedence Approach 

B. Disadvantages of BarchartTechnique 

1. Often Reflects Wishful Thinking 

2. Cannot Show Interfaces 

3. Often a Juggling Act 

4. Does not Lend Itselfto Planning Revisions 

5. Size Limitation 

6. Technologically Outdated 

C. Advantages of Network Based System 

1. A Disciplined Basis for P&S and Monitoring & Controlling 

. 2. A Vehicle for Commitment 

3. A C~ntral Source of Information 

4. A Clear Picture of Project 

5. Realistic Projections of Activity Accomplishments 

6. Identification of Activities Requiring Management Decisions 

7. Approach to Corrective Action 

8. A Vehicle for MBO 
9. Improved Coordination and Cooperation Necessary 

to Make Things Happen 

10. An Effective Way for Demonstrating or Refuting Claims 

Page 5 of 52 



D_ Developing the Network Plan 

- -1_ Scope 

2. 

3. 

4. 

Licensing 

Design 

Procurement 

- Construction 

- Startup 

Participants 

Owner 

Engineer 

- Vendors 

Contractors 

Types of Activities 

Discrete 

- Single Responsibility 

Activity Relationships 

- FS (Finish to Start) - FSn 

Relationship between two activities. The second activity cannot 
start until n days after the first activity is complete. 

- SS (Start to Start) - SSn 

This indicates that the second activity will start n days after the first 
activity starts. 

FF (Finish to Finish) - FFn 

This indicates that the second activity will finish n days fter the first 
activity finsihes. 

5_ Logic Format/Reference Logics 

Page 6 of 52 

I 
I 
I 
I 
:'1 

I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I, 

I 
I 
I 

6. Guidelines for Preparing Schedule Logic 

Define the Work Breakdown within Known Scope 

Identify the Deliverables 

Milestones 
Contract Awards 
Deliveries 
Mobil izations 
Completions 

_ Identify the Sequence of Measurable Interim Steps to Accomplish 
Each Deliverable 

- Assign Responsibilities 

Identify Interdependencies 

Design /Construction 
Client /Eng ineer 
Vendor/Design 
System/Area 
Delivery/Installation Early Start 

Identify Manpower/ Resource Restrictions 

E. Scheduling the Network Plan 

1. Estimating Activity Durations 
- Consider Each Activity Separately 
_ Base Duration on the Normal Work Day (No Overtime) 

_ Consider Desired Manpower, Equipment, and Material 

- Consider Physical Conditions 
Have Person/Group Responsible for Activity Establish Duration 

Use Other Sources 

Project Estimate 
Lead Time Report 
Past Data 
Suppliers 
Productivity Standards 
Consultants 
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2. Basic Scheduling Computations 

a. Definitions 

- CPM = Critical Path Method 

- ADM/PDM = Diagramming Methods: I 
. Arrow Diagram Method 

Precedence Diagram Method 

EARLY START = Also called forecast start. The earliest date the I 
activity can start. 

EARLY FINISH = Early (or Forecast) Start + Activity Duration 

LATE FINISH = Also called required finish. The latest date the 
activity can finish. 

LATE START = Late (or Required) Finish - Activity Duration 

- CRITICAL = The Longest Path of Activities with the Least 
PATH Float (Results in the Shortest Project Duration) 

b. Forward Pass 

c. Backward Pass 

d. Total Float/Critical Path 

"Float" or "Total Float" is defined as the difference between Required 
(or Late) Finish and Expected (or Early) Finish. Float is not a function of 

. individual activites. Float is a function of the separate logic path of 
which an individual activity is a part. Although a logic path may consist 
of just one activity, float must be considered in terms of logic paths, 
whether they consist of one activity or one hundred activities. Float is 
more correctly defined as the difference between the required finish 
of a logic path and its expected finish. The float of each individual 
activity in a logic path is equal to the float of the entire logic path. 
However, the logic path's float is a finite quantity that can be used only 
once. If the first activity in a logic path uses all of its available float, 
which is equal to the float of the entire path, then there is no 
remaining float to be used by succeeding activities in the path. 

e. Constraints 

These are restrictions on activity start or finish dates, which may be 
used to control or override the logical calculation of dates. 
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I 
PROJECT CALENDAR ,I 

I Monda,!! Tuesda,!! Wednesda~ Thursda,!! Friday 

01 MAR 83 02 MAR 83 03 MAR 83 04 MAR 83 I 
07 r1AR 83 08 MAR 83 09 MAR 83 10 r·1AR 83 11 MAR 83 

I 1 2 3 4 5 

14 MAR 83 15 MAR 83 16 MAR 83 17 MAR 83 18 ~1AR 83 

I 6 7 8 9 10 

21 MAR 83 22 r1AR 83 23 MAR 83 24 MAR 83 25 MAR 83 

I 11 12 13 14 15 

28 MAR 83 29 MAR 83 30 MAR 83 31 MAR 83 01 APR 83 

I 16 17 18 19 Holiday 

04 APR 83 05 APR 83 06 APR 83 07 APR 83 08 APR 83 

I 20 21 22 23 24 

11 APR 83 12 APR 83 13 APR 83 14 APR 83 15 APR 83 'I 25 26 27 28 29 

18 APR 83 19 APR 83 20 APR 83 21 APR 83 22 APR 83 

I 30 31 32 33 34 

25 APR 83 26 APR 83 27 APR 83 28 APR 83 29 APR 83 I 35 36 37 38 39 

02 MAY 83 03 MAY 83 04 MAY 83 05 t1AY 83 06 ~1AY 83 I 40 41 42 43 44 

09 MAY 83 10 MAY 83 11 MAY 83 12 MAY 83 13 MAY 83 I 45 46 47 48 49 

16 MAY 83 17 MAY 83 18 MAY 83 19 t1AY 83 20 ~1AY 83 I 50 51 52 53 54 

23 MAY 83 24 MAY 83 25 MAY 83 26 MAY 83 27 MAY 83 I. 55 56 57 58 59 

I 
I 
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FLOAT 

FLOAT = DIFFERENCE BETIEEN REQUIRED fiNISH AND EXPECTED fiNISH. 

POSITIVE FLOAT = EXPECTED fiNISH EARLIER THAN REQUIRED fiNISH. 

IERD fLQAT = EXPECTED FINISH EQUALS REQUIRED fiNISH. 
NEGATIVE fLOAT = EXPECTED FINISH LATER THAN REQUIRED fiNISH. 
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CASE I: POSITIVE FLOAT 
IN THIS EXAMPLE. THE LOGIC PATH CONSISTING OF ACTIVITIES G, H 
AND I HAS A REQUIRED fiNISH OF DAY II AND AN EXPECTED fiNISH 
OF DAY., RESULTING IN 2 DAYS OF POSITIVE FLOAT • 

Rf - Ef = fLOAT (II - • = +2) 

CASE 2: ZERO FLOAT 
IN THIS EXAMPLE, ACTIVITY G fAILED TO START ON DAY 2 AS SCHEDULED 

AND DID NOT START UNTIL DAY 4. THIS RESULTED IN A 2 DAY NEGATIVE 

SCHEDULE VARIANCE fOR LOGIC PATH G. H AND I. THE 2 DAYS POSitiVE 

fLOAT ON THE PATH SHOIN IN CASE I lAS CONSUMED BY THE DELAY. AS 
A RESULT, PATH G, H AND I NOI HAVE ZERO FLOAT AS DO EACH Of ITS 
CONSTITUENT ACTIVITIES. 

CASE 3: NEGATIVE FLOAT 
IN THIS EXAIPLE, ACTIVITY G FAILED TO COMPLETE ON DA. 6 AS 
REQUIRED AND ITS EXPECTED fiNISH HAS EXTENDED TO DAY e. AS A 
RESULT, LOGIC PATH G, H AND I HAS NOI DELAYED ACTIVI'Y f AND HAS 
FORIED A NEI LOGIC PATH CONSISTING OF ACTIVITIES G, H, I AND f. 

NOTE THAT THIS PATH HAS A REQUIRED FINISH OF DAY 13 AND AN 
EXPECTED FINISH OF DAY 15 RESULTING IN 2 DAYS OF NEGATIVE fLOAt. 

RF - Ef = FLOAT (13 - 15 = -2) 

ALSO NOTE THAT THIS PATH HAS DELAYED THE OVERALL PROJECT 
COMPLETION BY 2 DAYS RESULtiNG IN THE PROJECt COMPLETION HAVING 
2 DAYS NEGATIVE fLOAT. 
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F. Resource Scheduling 

1. Time Constrained 
Must be completed within time frame 

Available Resources can be exceeded 

2. Resource Constrained 

Resource limits cannot be exceeded 

- Timeframe may be extended 

3. Time and Resource Constrained 
Resource limits are established 

Secondary resource limits cannot be exceeded 
_ Timeframe extended only when secondary resource limits are reached 

4. Resource Levelling 
- Time Constrained 

Resource Constrained 

- Time and Resource Constrained 

G. Schedule Development 

H. Discipline SupervisorTime Involvement 
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III. APPLICATION ON PROJECTS 

A. Types of Projects 

1. CEI - Perry 
2. Penelec - Continuing Services 

3. FPC - Crystal River 3 Continuing Services 

4. SCE&G - Virgil C. Summer Continuing Services 

5. TECO - Big Bend 4, Construction Management 

6. USAF - Deep Base 

7. BG&E - Brandon Shores 

8. Eastman Kodak - #44 Boller and T/G 

9. PECo - Peach Bottom 
10. GPU - Three Mile Island Continuing Services 

11. VEPCO - Continuing Services 

12. RG&E - Ginna Continuing Services 

B. Progress Updating and Data Accumulation 

1. Actual Starts and Completions 

2. Expected Completion 

3. Actual Manhours 

4. Actual Costs 
5. Physical Completions (Dwgs., Specs., etc.) 

C. Performance Schedule Update 

1. Critical Path Identification/Analysis 

2. Impact on Milestones 

3. Run Performance Measurement 
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D. Prepare Reports and Analyses 

1. Get Information to All Participants 

2. large Project 

a. levels of Schedule Implementation 

b. levels of Reporting 

c. Management Summary 

d. Milestone Report 

e. Milestone Impact Summary 

f. Critical Path Analysis 

g. Target Exception Report 

h. Work Action Report 

I. Procurement Status Schedule 

j. Drawing Schedule 

k. Barcharts 

3. Small Projects 

a. Levels of Schedule Implementation 

b. levels of Reporting 

c. Project Overview/Summary Statistics 

d. Critical Path Analysis 

e. Barcharts 

E. Application on Actual Projects 

1. Penelec - Continuing Services 

2. FPC - Crystal River 3 Continuing Services 

3. USAF - Deep Base 

F. Common Causes for Limited Success with Planning and Scheduling 
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LEVELS OF SCHEDULE IMPLEMENTATION 
-LARGE PROJECT-

MILESTONE SCHEDULE 

&tt~~~tr~m~it~tltlittt~~~tt~~~~~~ti~ttttl 
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DETAILED CPM LOGIC PLAN 
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REPORTS 
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f~ANAGEMENT 

SUMMARY 

MILESTONE 
REPORT & 
ANALYSIS 

Progress Summary 
Statistics 
Narrative 

LEVEL OF SCHEDULING REPORTING 
@ 

MANAGEMENT LEVEL 

Projer.t Milestone Behind Status of a . 'tical or ~.~ . Identl~le.,,~",,--- . "i% .-W_~ ,,~.- -- .. 

." L .. he Chain of Activities "'~TE':.M "======~=====11"1 Identlfl%)z,L2V~ ~ 
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CRITICAL 
PATH 

REPORT 

CRITICAL 
PATH 

ANALYSIS 

.~ 

-

TARGET 
EXCEPTION 

LEVEL OF SCHEDULE CONTROL 
.. @. 

SUPERVISORY LEVEL 

IDENTIFIES 

CURRENT CRITICAL ACTIVITIES AND PROJECTED 
IMPACT ON PROJECT COMPLETION. 

IDENTIFIES 

BACKLOG OF ACTIVITI ES HITH DEVIATIONS 
WITHIN THE PROJECT PLAN· 
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LEVEL OF SCHEDULE CONTROL 
@ 

"FIRING LINE" LEVEL 

TH1E NOW 

V 

r1UST ot: SV,RTEiJ 01{ PROGRESS 

t+2 mos. 

v 
• 

t+2 mos. 

!DENTIFI ES CURRENT & NEAR I~ORK LOAD 

SCHEDULES AND TRACKS 
DELIVERABLES 
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-------------------
MILESTONE SCHEDULE 

ACTIVITY 
----------------------------------------------------------------------------------------------------

C 426029009 START UNIT-4 TIE-IN 290CT82 290CT82 0 CRITI CAL 

C 526029009 START UNIT-5 TIE-IN 30APR84 0 CRITICAL 

C 626029009 START UNIT-6 TIE-IN 5NOV84 -45 BEHIND 

C 726029999 ACUIEVE A/Q COMPLIANCE (START UNIT-7 OUTAGE) EPA 30DEC 30DEC82 0 CRITICAL 

-0 ,C 726029009 START UNIT-7 TIE-IN Afl:-::-:-:: ... :f: ... :::/::::---:----:::---:---:::::-~~ C8 2 
.::: ::.:."k!'.'t r7.".t7.""' ... '111'1:.':: :::. 4l\P p.:JJ -64 BEHIND 

Q) 

lO 126221638 E.S.P. EXCAVATE. DRivE PILES IN BRCHG AREA 
(1) 

UT7 .. :::::::·r:::w.-~·i:I··~'t:::i·-·rlUN::· . AUG84 5NOV84 -45 BEtti ND 

tv 
1262210&8 E.S.P. ERECT SUPPORT STEEL BOX A ··:{0.~~ll.fl!!ijJfW;: ::::: 0"1 

UIIIT 7 A 9FEB8l 0 COMPLETE 

0 - INS TALL tlOPPERS BOX A UNIT 7 A 19.JUN8l 0 

V1 

COMPLETE 

tv :''2'.oD e r .... 
• •• ". r.& ..... __ • ___ •• ____ '"' •• ________ 

U7 14AUG8l A 14AUG8l 0 COMPLETE 

26MAR82 A 13APR82 -ll COMPLETE 

300EC82 30DEC82 0 CRITICAL 

.JOPEC82 4APR83 -64 BEttlND 

...... 
~ 
~ 



----------~--~-~---

MILESTONE IMPACT SUMMARY 

IMPACT ON 
MILESTONE DELAY REASON/SOURCE SUCCEEDING ACTIVITIES 

626227498 - 2 Late completion of construction Completion of the Unit 6 
for the Unit 7 13.8 KV power tie-in outage is delayed 

626227938 - 2 system is delaying Unit 7 outage by 45 days. 
work \'>/hich precedes these Unit 6 

626029009 -45 mil es tones. 

726029009 -64 Delivery of the microprocessor The Unit 7 tie-in outage 
and CRT for the prec1p,i tator has is delayed by 64 days. 
been delayed by vendor testing., 
This has delayed the start of 
precipitator checkout. 

RECOVERY PLAN 

The contractor is reas-
signing electricians to 
accelerate the completion 
of the Unit 7 13.8 KV 
power system. 

Precipitator testing and 
checkout is planned to 
begin without this equip-
mente In addition, COM 
expediters will monitor 
the testing and delivery 
of the equipment. 
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-------------------
CRITICAL PATH REPORT GILBERT/COMHONUEALTII 

RUN OATE 16AUG82 ~. PROJECT START 9JAN78 

PROJECT 6::/?~~.~~.:~lW:t:~::!t::::\:~~.:. CURRENT COMPL. 24NOV86 
::·:~.9.Q·R¢·~:J~; .. ::/r~.~·::.::: ' . 
·~:~/~:A1~Q'e.a.4~,M/?~~:::?[!:::?/ SORT TOT FLT E START OATA OATE 30JUL82 PAGE 1 

-------~--------~~~t~~~fi**%trf~t¥1%~j~~------------------------------------DURA:------START-----------FINISH-----FF--TF 
ACTIVITY DESCRIPTi'u~r . . MOOE=C/B COOE TlON EARLY LATE EARLY LATE 
--------- ----------------------------------------------------------------------------------------------------------

C726255326 E.S.P. L-C FAB & SHIP MICROPRCSR & CRT U7 726255326 120 14JUN82 12MAR82 10EC82 31AUG82 0 -64 
1121 A 1057 1240 E 1176 

C726255325 E.S.P. L-C RCV MICROPRCSR & CRT CERT OWG U7 726255325 EVEtn 30JUL82 29APR82 -64 
;;?I 1154 A 1090 

1.0 

~ I C72625 7 327 LS.P. REC ~lICROPRCSR & CRT U7 726255327 5 20EC82 lSEP82 80[C82 8SEP82 o -64 
1241 1177 1245 1181 

0 ...., 
~ I C726257328 E.S.P. MOUNT MICROPRCSR & CRT U7 726257328 10 90EC82 9SEP82 220EC82 22SEP82 o -64 

IN EXIST PANEL 1246 1182 1255 1191 

C726257298 ESP P&T CBL TO MICROPROC & CRT~ 726257.298 10 270EC82 23SEP82 10JAN82 60CT82 o -64 
RM UNIT 7 

C726237488 E. S. P. TEST & CH -BO~:,::·M::i:·t:~:5.:r(n~,:e::~?:::::·~::·::· 26237488 58 11JAN8 ·!iti{·:itli,e~iflt·e:\·· 2 o -64 

\:~%i~~~~~~~~~~}~~~~:~t~%~~t~:~~~~??/ 1::::83\~~~~~~~~~~~~~2~i~82 C726237038 TEST & CHECKOUT -BOX A .. :::: ...... ::.:.::i.:,::/::::':;/:::::,.~:.;.:: ... ::.. 726237208 58 o -64 1266 120/':'::"':':::~'~'~:~::"" 125 

C726029009~ START UNIT-7 TIE-IN 726029009 EVENT 4APR83 ,30DEC82 -64 
1323 1259 

FD FAN DOILER COOL DOWN UT1 1212",70"'8 5APR83 3JAN83 5APR83 3JAN83 0 -6 PRECEDES 127227010 -64/ 1324 1260 Il2", 1260 

fAN DISASSEHBL'E FAN NECH UT1 727227018 6 6APR83 ",JAN83 .3APR83 .IJAN83 0 -6 721227028 -64/ 7212370"'8 -6",/ ·1325 1261 1330 1266 

tun 727227028 II IlAPR83 IIJAN83 21APR83 25JAN83 0 -6 

~ ~ 
1330 1266 13"'0 1216 

~, 1272370"'8 II 13APR83 IIJAN8] 27APR8] 25JAN83 0 -64 .- ............. -. 1330 1266 1340 1216 
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JOB: 
Gil bert! Co m m 0 n wea lth PROJECT 
ENGINEERS/CONSUI-TANTS A .. din9.PA/Jac:Uon.MI ISSUE DATE: 

August 24, 1982 

RESPONSE DATE I 

CRITICAL PATH REPORT ANALYSIS 
September 10, 1982! 

DATA DATE: 
~ ____ ~:~~~~at.t~~~~~~~~. __________________________ 4-_JU_l~Y_3_0_'_19_8_2 __ _ 

ACTJ*'i"i')l~,~:;.~:-I-~"';'~-SO-:-R-~P-~-~ O-C'N-E-R-N------FL-O-A...I.T-P-:-:-:-O-~-T-E:-F _1_5 

\ 
726255326: 

DESCR! PTI ON: 

REASONS FOR 
DELAY: 

TF 

ESP Fabricate and Shjp Microprocessor and CRT -64 

This path extends through del ivery and install ation\ _1--__ _ 

of the microprocessor and CRT, pull i ng and termi nat- ..... :.::::::::::::::::::::::::::::.: ..... .. 
ing cable, Unit 7 precipitator Boxes A and 0 check.::::::lfi.&ittAitk 
out, to the start of the Unit 7 tie-in outage. ::::::::::::::::::::::::::::::::if.F?::::::::::::;: 

:~:~:~:~:~:~:~:~:~:W~U#Aciifi:i:i:: 
In the first week of October, the vendor plans to ::::~:~:~:~:~:~:i:i::::;:::::::}::::::::::::;:::~:~:) 
test this equipment at another power plant with a ":':::::::::~:f~:r~:~:~{:~:i:i:~::::::::': 
simil ar preci pi tator to determine how the equipment " ............. .. 
functions in operating conditions. However, outages 
at the other plant are interfering with performing 
the tests. 

The latest report from the vendor indicates that 
tests will be concluded in October so that the 
equipment can be shipped by December 1, 1982. 

Clfent Operation Supervisor has indicated that it 
is preferable to have the microprocessor and CRT 
installed prior to checking out Boxes A and 0, but 
operations will revise the plan to proceed with 
Boxes A and 0 checkout without this equipment . 

..... ::-:.::.:'::/':~:,:.{::~~~~:~:./ ... ):.:::.... The equipment should then be installed prior to 
::::ti"Sidt4Maao.:e'l:t. Boxes Band C che~kout. An 'SCR wil ~ be necessary 

~~:'~::'::':':::':::":':"":A'ettQ:N'::':::-:":':::':::'::':~ to change the 10gl c and retarget th1 s work. COM 
'.~:~~:~:::}~:::~?::)~:.:.::/.-:~:.:\.::,::~:.:~:.}:::~:::':::::?:~:fexpeditor will monitor the status of this item . 

.. ::.:::::::~}:::~:::::::::::::::::~:::~:::::::::::~::::::~::::~::::~::::~~::~::~:::::::~7. . . . 
.... : ... :.:::::.:::::.::.:::::::.:.::.:~:-:}::::::: .... :. NOTE: ThlS path also affects all tle-1n work 

". ..... occurring during the tie-in outage, which is not 
shown on the sketch. 
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TARGET DATA DATE 3DDCTa! TARGET EXCEPTION REPORT GILBERT /COM~10NWEAL Til 

·:·:·:~:::~::::::~~~::~:%~:~[{1~:~t~~?~:::::::~~:.:::: . 
~·us·c·I'atz\·'le·:····:·:· 

RUN DATE 16AUG82 1003/IRS 

PROJECT 

PROJECT START 9JAN7U 

TARGET 43 cm1PL 29SEP86 Cor~pL. 24NOV86 CURRENT .• :: .... ::::~: .. :~. ::::.:~.:::::.:.: .. :.:: .. : .. : ... :: .. :::::: .. ::. ··:· .. · .... : .. ·ug: .. :·C.·~A:ftr::::: .. :: .. : 
CODE 31 ELECTRICAL ":~:~:/~::::::::~.::.:.:::::::::::::.::~::::: ..... :.::.::::.::.:./::.:.::::::::::::::~:::::::::'" SORT EJECT CODES 56 TARG EF DATA DATE 30JUL82 PAGE 1 
- - - -- - - - - -- - - - - - - - - - - -- - -- -- -- -- .~~::::.:::::::::::::::::::::::::::::::::::::~:::::::?}:~::::::::::~:::::::.::::~. -- --- -- - - - -- - - -- -- -- -- -- -- - - - - .-- - - -- - - - - - - - - ---- -- - - - - -- - - -- -- ----! 

MODE=T/B ....... ::::::::.:... PCT REMDUR START FINISII TRF STATUS: 
ACTIVITY DESCRIPTION COM E.TARG CURnENT E.TARG CURRENT --------------------------------------------------------------------------------------_ .. _----------------------------

80 5 

82 11 

o 5 

I1FEB82 A 7JUN82 

7APR82 A 17MAYU2 

20APR82 2AUGG2 

2514ARD2 6AUG82 -93 BEIHNf 

21APR82 E 16AUG82 -81 BEHIN 

26APRU2 6AUGU2 -72 BEll I NUl I 

~ 
~ 

---: 

N 
IJ'l 

82131030 480V PWR SYS PREP OPER & MAINT INst UI-7 

782631012 120V AC PWR DISTRIBUTION PANEL LAYOUT U7 

582631032 120V AC PWR SYS DSN&DFT UPS DIST PNL U5 

682631032 120V AC PWR SVS DSN&DFT UPS DIST PNL U6 o 5 2AUG82 27APR82 6AUG82 -7~EHIN41 '0 
..-
M 

500431012 460V PWR SYStEM U.5 FINAL ONE-LINE D'AGRAM. " .0 ,AUGe. SHAyeZ 27AUG62 1~80 BEIIINDI. <1J 
en 

A 11MAYO' 7MAye2 UAUG62/ -68 DEIUND 

II~ EltiNO 

-63 DElti tiD 

-71 DElli NO 

-55 BElliNO 

-55 DEIIINO 

U1 66 .. a~APfUII A 2JUN02 4JUN62 13AUG8Z -49 DEtIlNO, 

U7 66 10' 'lAPRe, A 23APR62 ".IUH62 • 3AUG8' -49 DEIIIND 

IJUNS' A 3MAY62 26.1UN62 25AUG82 -"I DEttlUO 

'JUN82 2AUG82 28.1UH6' 27AUG82 -41 BElli ti~ 

3ICAY8Z 6.1ULeZ 6AUG82 -23 BElliNO 

A JGJUNe, U.lUL82 19AUG82 -26 OEUltlO 

16JUL82 21AUG62 -30 BEtil NO 

~9BEI'1 

~. 
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,;!!~~f,{"fflll!$jf; 
RUN DATE 8SEP81 ~ij~~Ji~:~i~Jr~~f~~:lJ' 

'iJff!fff!ff!f/fff/f!iffff/!!/ffffff;fffff;f:':';-
TIlE ACT I V I TIES TIIA ~fi:::f::::::!:::!:::!:::f:::!:::::"" 

":~!!f!f!N{jjjr' 

BEFORE 3 MONTIIS AfTER TIlE DATA DATE. 

WORK ACTION REPORT Project Start 29MAR76 

TARGET 1 COMPL 2APR8S.CURRENT COMPLETION lAPRB8 
ENP 1 & 2 

CODE 3 *** ELECTRICAL ENGIl:ERlNG 1.* ·SORT CODES 923473 DATA 0 

---------------------------- ------ --:~~~p~Nff!ff!!!!!!ffj!:Vff!!#!:~:-----------------------FIN15"------
---------------------------

--~~~~~~~~-----~~~c~~~~~~----~~~~~;,t~~~~~,;~~t~~: --~~~~:~~------::~~~~---~~~~:~~------~~~-------~~~~~~------
231360 480 MCC's LOAD ::1:~1:v"?!!JNjifif!;dt!!lfjjk~rttf!f!f! A 6AUG76 6SEP78 6SEP78 0 CRITICAL 

U211331l3 OEC RVW SPEC 480V U SUBST N'J:tf!jjjjfj!!:'i4fff/f~G~8 A 2AUG78 25AUG78 ISEP78 -5 BEHIND 

32113313 OEC RVW SPEC 480V MCC NQtI-IE 44 5 23JUN78 A 22AUG78 14JUL78 ISEP78 -35 BElliNO 

8322 TRAY & ACCESSORIES O~ 15 22SEP78 28AUG78 120CT78 18SEP78 18 

RUN DATE OaSEP78 223611RS 

TilE ACTIVITIES TIIAT MUST BE STARTED OR 

ACTIVITY DESCRIPTION 

331100 480V o-c Sizing 

114331062 Cable Tray Final 

77231102 lP & VIB Monitoring 

MODE-T/BE 

C 8323130 Cable Tray & Conduit LIO 

WORK ACTION REPORT 
-'- .. --'-'---~ 

TRF STATUS 

76 120 IFEB77 A IFEB77 15FEB79 15FEB79 0 CRITICAL 

10 48 275 27DEC76 A 27DEC76 I1MARSO 27SEP79 113 

o 15NOV78 28AUG78 9FEB79 20NOV78 

21JUL78 A 15JUN78 14FEB79 

-
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TAR 14F

m
9 

CUR 05DE 78 
ACT 05DEC 8 

JAR .7JUl70 
CUll 11Jl.lle 
AC' ,'JU1e 

Cl .. PlETE "ECE'"E 
(1:" tECC jlPVL. 

1Ot4AY79 18JUL79 
06MAR79 30JUL79 
06MAR79 30JUL79 

INTERNAL REVIEW 
-----------------
I~ C E M I S r, 
-----------------

PROCUREMENT STATUS SCHEDULE 

.. EeE '''f 
ISSUE PO 

I<ECE IVE 
VE"CCA 

CRAil 1M,S 

AI'I'nCVE 
VE"e(A 

ORAIIIM,S 

DELIVERY 
DATE 

Ell". OIlTE 
CEca Pl M':. 
CE(O ACCI "o. 

IIENce,," "A .. e 

- - - - - - - .. ~ - -';.,-- .. - - -:- .- "=-" "-= -. - - - - - - - -

OfffiUU;:7~9AUG 7 9 \ 2lSEP/~~t"1Y 14JAN80 03MAR81 
15AUG79 25SH 79 31DEC79 30JULBO 20AUGUO 14NOV80 0-61605 
15AUG79 25SEP79 _ 31OEC79 U1 X8249-42 

'U2 X7471-42 
SIEf4ENS-ALLlS 

,rn~l~i' t~;~;;~~~~;J .::::::::;:::::::::;:;::::::::;\1$::::::::::::::::;;::::::::::::. 

li~*?lll~jl~}i~i%; :;::iauXttldiHif':::::::':': 
'::;::::;~~iiij!!ijI;!iij!ii;f;jjffifirfjt!!i'~: :. 

2400~480 ~ PCIlE~ T"A"SFtRME~ 

:i!'fEE79 2:!APn19 01"A.'Ci 2,MA.7Ci 19.1UN79 20"""79 IISEP79 2fOCTeO 
OE""fJ 79 OeJlJ"79 02JUL1'1i 01AUGlS IICCT19 20CEC19 09J""EO O."''' ... fO £-!942e 
OE" .... 79 01:.11."79 O"JI.LB c: lAl.Ci JCi IUCfHI 20DE(19 09J""fO OI .... yEO 1.1 IIE24Ci-42 

1.2 ,,7.,.-4c 

.,,' E~""L r-ElllEl! liES' 'r-GIICUSE 

--------------------
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DRAWING 

NUMBER 

AND 

SHEET 

JO·P6]·AEOI 

JO·P63·AE02 

JO·P61·AEOl 

JO·P61·AE04 

N-No 

Y· Yes 

- - --

R 
E 

V DRAWING TITlE 

Feedwater 

Feedwater 

feedwater 

Feedwater 

% Complete 

30% Drafting Started 

- - - - - - - - - - - - -
DRAWING SCHEDULE 

DATA DATE -=21,--,lo.Ll-=8=3 __ _ 

P S 

I T 

P R 

DESIGN & DRAFT CHECKING ISSUED ISSUED ISSUED C E E 

FOR FOR FOR % A 5 
START . CaMP. START CaMP. REVIEW FAB CaNST CaMP. 0 S REMARKS 

S 01/10/83 0l/15/B3 01/17/B3 01/21/83 01/24/83 02/03/83 03/03/83 

A 01110183 01/28/83 2/2I/Bt • 72 

S . Ol/lOii13 01/28/83 02101/83 02/01/83 02/11/83 02/18/83 03/21/83 

A 01110/83 01128/83 02/01/83 82 

S 01/10/83 01/15/83 01121/83 01128/83 02/03/83 02/10/83 03/15/83 

A 011t0/B3 01128/83 62 

S 01115/83 02/01/83 02/03/83 02/10/83 02/11/83 01/28/83 114/03/83 

A 01/10/83 OH28/83 35 

S 

A 

S 

A 

S 
A 

S 

A 

S 
A 

S 
A 

S 
A 

5 
A 

5 
A 

S 
A 

80% Checking in Progress 95 % 8ackcheckICompletion Page2 



LEVELS OF SCHEDULE mPLEf'1ENTATION 
-Siv1ALL PROJ ECT -

LOGIC 
NETWORK 

SCHEDULE 
ANALYSIS 

~OE :..-.-.:_-,.:-..:= :::.--.~~=-.. 
~~----~-~~~~~~.-~-=-------~ 

- ~-:--------

~-------------------------

TARGET 
SCHEDULE 

/... f.t' t.:. I- ~ 

~(.: i- ::-- :-:----------

-
~-.----... 

.... 
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PROGRESS SUMMARY 

& STATISTICS 

, - :~ 
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LOGI C NET\~ORK 
L.:·_ ..... ..tt·..:, 

':""'7",/ ' ~~:'.J ~-!,,::, .. ~_ ... ~ 

°i-:' .; !:... t 

ACTIVITY 
TARGET 
REPORT 

LEVELS OF SCHEDULE CONTROL 
@ 

-SMALL PROJECTS-

PROVIDES AN OVERVIEH OF PROJECT STATUS 

OFFERS PROGRESS QUANTITY PICTURE 

M ESTABLISHES LOGIC PLAN 

~ PROVIDES SCHEDULING AND MONITORING 
OF DETAILED ACTIVITIES 

CRITI CAL PATH RELATES CRITICAL MILESTONES AND 
ANALYSIS 
REPORT 

OVERALL ACTIVITY DEVIATIONS 

PROVIDES SCHEDULING AND TRACKING 
OF PRODUCTION OF DELIVERABLES 
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SYSTEMS SCHEDULE 

I 

I 
ISO'S SPIXl. P IEeES 

>- COMPlETE COMPLETE 
I:; COMPOSITES CHECKING 
0: STARTED INPUT OF . START FINIS" START FlNISIl o v> 
~ ::> SYSTEM CIIECKING INTO COMPOSITES 0: t-o. ... .Pt.ID CAD WRT "'7 t;:; ... PUD , 

IBI ICI IDI lEI If) IGI 
I S DEC 20, '82 12121 12129 12120 OliOS 12122 01101 
C 
R IIAIN .. RE/IEAT A 01114 01116 

(II f STEAII 
IABI F 02102 e 

A COMPLETE COMPlETE BEHIND L 
2 S DEC 20, '82 12121 01101 . 12120 01121 12122 02102 c 
R A 01110 01129 J FEEOWATER III I AEI I F 01'10 
C 
A COIIPLETE . COIIPLETE BEHlNO L 
] S c 

'-~ CLOSEO COOLING A 
lATER 

""- IEDI F 

...... 
"- ........... - -- "-"". ..",. '1,. 

- - ... _ ... -

STRESS ANAlYSIS 
fAD NEEO 

DATP 
START F 1111 511 REMARKS 

• lAS(!) l1li 4 
1I0'1~ • 

IHI III I JI 

12122 01111 12120182 SlI'ER-CRITICAL BASED 
ON CONST Sf A 
OF 412!V 83. WITH 
4 110 LEAD TIllE 
FOR r AD • StUP. 
SIIOUlD BE RELEASED 
BY 12120182. 

12122 02108 12120192 SAllE AS SYS "AB" 
TIllS SYS SIIOUlD 
HAVE BEEN RELEASED 
12120182 TO IIEET 
THE CONST STA 
DATE OF 4120183. 
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G ILBERTlCOI.\MONWEAL TIl 
PROJECT NO XX-XXXX-XXX 

90 DAY/DAILY ENGINEERING SCHEDUlE DATE JAN 10. 19B] 
REVISION 0 

1982 1983 

SYSTEII DECEUBER JANUARY I FEBRUARY I NARCH I APRIL 
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STEAM I ISO'S 
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THREE-STEP PROJECT OVERVIEW 
(TYPICAL SMALL PROJECT) 

PROJECT SUMMARY BAR CHART SCHEDULE 

DESCRIPTION 
PROJi 1982 1 
ENG I N I 0 I J 
PC I I I 2 I 3 

F II A 
4 1 5 1 6 

1983 J 
IIIJ JJAIS DINIOIJIF'IIIAIII 
7 18 9110111112113114\15116117118119 

1984 
JIJIALSIOINIO 
20121122123124125126 

IIllESTONES DO 
J 1 I I ' I , 

C-OI FOUNDATIONS" SITE IORK 95 I 'I I ,_- I I I 1 I; I 

~I I I './1 1 I I ' I I I 
r--r ___ ~ ___ II_ENC ___ I_N~ __ I_~ _____ -r~gO~~I~+--+-~~,~=~~'.'~I~~~~lr~~ ___ +-~I~~~' ~---+--+'--r-~I---~;--TI---r-~~I--~:--~~-----~ 

, -r--, ~ 1 (I ./l l I I _I I I, 

a. lENT 85 A I I ....... -"IIVIV I I I I i f I I 

" :! Ir- I 
r-~ __ ~ ____ cr __ ION ______ -r~80~~ __ ~~13 '~_~~I~~~~~~L~a~~~ __ ,~~~I __ +-~~ __ ~~I~~I __ rl~ __ +I--1 

C-02 COAt. IUNOLING E(JJIP 75 ..... '~ -+--/I,~/--+--+-~I--t--+I--':+--+--I--+--i--~+-+--+--+I --:~..,.I--i 
Cow ENGIN~I~ I \' ~~ .i , I' I 

70. ' , '!'ii7 • I /\r'! \V _L I I I 
lENT \ , I"-"'" 1":--' I , , " I I' "I I 

a. 65' J / ... Ylyn " I" , I 

FASRICJ.TION 60 ....... '" 'L I , ' ,I ~ -~ 
/ 

ERECTION CONY '3 55 / 
f/' 1M 

EREcrION SAUNCE 50 I.... iI' J 

C-03 ELECTRICAl. I-+--+rl+l '\.."-+--+--+--I--+--i---+-+-"'+:'~ --+--+ ..... ' I--+","A -+I--+--+-i'--+--r--I--t--i 
1-+-------------------1-"45'-+---1"..,."'" J.,..,H 1 ':a. .... r-1 r- ~: ~" 

COl( EHCIHEERING 40, N"- . - ~_ t"r'7 ~ ~~ I: 
a.IENT ' t::r1' r'ti I. 

3S ~ I ...... &'111113 

, ' A 

COHSTRUcrION 'I ~ 30 ...... 

P-O I CtlNTiIOLS 
25 ' 

I , 
COli ENGINEERING 20 I, , ~,~ 1'7 

a.IENT 15 ..... YI Il 

I , I 
F AIIRICJ.T!ON 10 y , , 

I INSTALLATION 5 , 

o I I I I 
1--!---C,.,I~VI~V.,.,S""TRU=CTlJRA~"..L---+::P,.::LA""I~~24,...:1-4"'7..j.' ""'6';;'"1 oA. 76 1 81 87 88 89 91 93 94 94 95 96 I 98 '99 100 I I I 

PERCENT COwPLETE ACT. Nf A 33 , 
aE:CTp.ICJ.L PL N C; Q 2 ~ 45 57,58 62 61' 80 92 100 100 1001100' 100 1001 
PERCENT COWPLETE Art III. I 15' _ r I' I 
IIECIWIICJ.L PIA H I 66 67 67 ~ 15 15 76 78 80 85 88 91 94 96 97' 99 1001 
PERCENT COUPLETE IftT Nf A 50 I 
INSii/UUENTATION • LAN 5 I 42, 59 59 62 70 I 70 15 82 91 99 100' 100 100 100 1100 100' 100 I 
CONT PERCENT COUPLETE ACT """ 33' ~ I I I I I I 

00 

~ 

I I , 
I I 

: I ~ 

I I 

I I 

./" DATA DATE LINE 

PROGRESS,",\ : ~ FORECASTED COWPLETION 
~--J 

II IlESTONES 

Y EVENTS 
W ISSUE FOR BIDS 
OW PRE-AWARD 

ISSUED~ 
REV_A_OATE~ 

DATA DATE ~ 

B IDS FOR CONTRACTS ARE APPROVED 
AT SREC BOARD IoIEETINGS WHICH 
ARE HELD ON THE SECOND FR IDA Y 
OF EACH 1oI0NTH. DATES ARE 
SHOWN ON TIll: ~&l1 r.lfAAT ABOVE. 

I 
I 

L aAU:~ OF 
SClIEOUt.ED WORK 

W REA APPROVE ..:=.. « COMMONWEALTH ASSOC .. INC. 
e-. V OCUCDI ... a...,rMfS ...ca ...... '010 
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ACTIVITY/CODE 
DESCRIPTI ON 

(260413350) Vendor 
Prepare Aeration 
Blower Drawings 

(260413550) Vendor 
Prepare Vacuum 
Producer Drawings 

-0 
QI 

1.0 
I'D 
,J::. 
o 
o 
-+-. 
U1 
N 

~ 

CRITICAL PATH REPORT ANALYSIS DATA DATE FOR CURRENT UPDATE 11/26/82 

REQUIRED REQ. DAYS BEHIND 
START FINISH REQ. DATE I REASON FOR THE 
FCS·I. FCST. LAST CURRo DELAY 
START FINISH. UPDAT UPDAT 
3/09/82 I 9/20/821 -71 1-71 
3/12/82 n 2/30/82 

(A) 

3/09/82 19/20/821 -71 1-71 
3/12/82 ~2/30/82 

endor slippages 

DATA DATE FOR LAST UPDATE 10/29/82 

SUCCEEDING 
ACTIVITIES 
AFFECTED BY THE 
DELAY 

1. Review drawings 
and issue Major 
Mechanical 
package to 
JELCO 

2. Fabrication and 
delivery. 

REMARKS/IMPACT 
ON Cot1MITMENT 
DATES 

1. These drawing 
lIlust be re
viewed and . 
included in 
with t1ajor 
Mechanical. 

2. Delivery is 
forecasted fo 
5/20/83, 58 
days after th 
required date 

PLAN TO 
RECOVER LOST 
TIME 

·Conti nue to 
expedite 
Allen
Sherman
Hoff 

__ I . 1 __ oLfaQ.L!!~~_I ____ _ 
I 1'1,11 tequenc" uf 

activit I ... Is 1\11 a 
I/UIlO 1 Given loy priority 

2 CAl e .. cln .... rlnG hn 
dlac"~.ed yllh T~n 

~the._"o .. lhlllry of 
ctlng theae 

In the 

In-lIollle and JEI.CO 
r"vl"y. I .... e to £(;&G 
fur , .. fo. laslIe I'aek
aile to JEI.CO. JEI.CO 
prucllro "re-enalnee ... ,( 
hlllldlnG Q) n( reel"r, 
vendur preplre dray
lillis, r .. vley d ... "llIas 
d~slGn and draft lhaw 

r1! hOlls" , 
. fOUlld.· 

,. ... 

nUllatlve 62 doy 
cdtlcal pllh 
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PROGRESS SUMMARY STATISTICS 

TOTAL QUANTITY QTY.IN ~. ~. 
DRAWINGS COMPLETE PROGRESS COMPLETE 

REMARKS 

COMPOSITES 55 III 51 50% 
~ 

150'5 330 III 35 32% 

SPOOLS 1327 III 111 (f 
Spool status uncertain at this time. 

- .. 

NO.OF QUANTITY QTY.IN ~. REMARKS ~ SYSTEMS COMPLETE PROGRESS COMPLETE 

STRESS ANAL YSIS Cannot begfn stress analysis until 

(TIIERMAl) 16 " " " vendor information is rec'vd so that 
ISO's can be co~pleted. 

SYSTEMS 
(AA thru RC) 33 5 14 " 

ADDITIONAL WORK "Cable tray sUI'por'ts" in progress. 

SCOPE SYSTEMS 5 " 1 " 

.... 

N 
lI'l ..o 
..-
'¢ 

CV 
tTl 
1'0 a... 

~ --
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IV. SCHEDULE CHANGE CONTROL 

A. Purpose 
Provides a Controlled Approach to Scheduling Revisions 

- Scope 

- Sequencing 

Missing Logic -- Additional Definition 

Unexpected 

B. Factors 
- Visibility 

- Schedule Credibility 

Documentation and Retaining 

- Claims 

- Trend Register 

C. Types of Changes 

Class I 
The Schedule change which affects the schedule dates of the work 
activities of the parties other than the one originating the change. 

Class \I 
The schedule change which does not affect the schedule dates of work 
activities of the parties other than the one originating the change. 

D. Schedule Change Request Procedure 

E. Addition of New Work 
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COM 

CLIENT 
FIELD 

CLASS I: 

CONSTR. /' 

SCHEDULE CHANGE REQUEST PROCEDURE 
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REVIEW 
BY 
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PM 

REVI El~ 
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P 
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E 
D 

'f'-
o 

N 
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CtASS I SCHEDULE CHANGE REQUEST FORM 

Date: April 7, 1983 

Serial No: COM-126 -------
Revision: ______ _ 

1.0 Originator and Organization: J. A, Ludwig/COM and M. D. Hayes/COM 

2.0 Description of Change and Account Number: Remove design. procurement and 
installation activities for the Silo #3 Unloader permanent Electrical AJ~ 

E~u'}jentl Remove activities: 326331303. 326331012. 326313304 ~ 

3 63 307, 026337018. /{"JI{-. 

3.0 Reason for Change: After temporary electrical PQ"ipmllnt had boer 

installed COM was ;nfomed by 0EC tbat ?a=iAQR't ele;t,ieal 
equipment woyld npt be required 

4.0 Estimated Impact of Change: No construction target dates are delayed. 

5.0 Additional Remarks by Reviewer: _______________ _ 

~ :f.,{.. Lltt.F. /teil JI, 8',J 
IssuerZ~ - Date ~ ~ 

~~urrencv 

~~ u--I S-- go ~ Nonconcurrence 
Reviewer/Organization Date Grav;: 

Disapproved 
Date 
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CLASS I COST CHANGE REQUEST FORM 

Date: September 15, 1982 

Serial No.: _S_A_-_7_4 _____ _ 

Revision: _________ _ 

1.0 Originator and Organization: J. T .Peace, Commonweal th Associates, Inc. 

I 
:1 
I 
I 

2.0 Description of Change and Account Number:. Please refer 
Request OEC-003. 

to Schedule Change I 
I 
I 
r 

Account NUrilEers 
66076600 - $21,904 ~ 68018999 - S116,026~ 68011501 - S17,475j 
68013702 - $29,529 1 68018602 - $347,5141 68011018 - S56,805 

3.0 Reason for Change: Please refer to Schedule Change Request OEC-003. 

4.0 Estimated Impact of Change: 

Material Engineering 

Labor Client Cost 

Distributables AFDC 

Contingency Total Capital Cost $ 555,302 

Escalation 

5.0 Additional Remarks bv Reviewer: These dollars will be expended in 
1982 rather than in 1983 or 1984. 

-", 

Issuer 

Reviewer/Organization 

Change bv Year 
1982 - S555,302 
1983 -($369,418) 
1984 -($185,884) 

September 16, 1982 

Date 

Date 

Concurrence 

Nonconcurrence 

C Approved-=::> 

C; - '5 C) - 6" "2- Disapproved 
.DEC Project Manag~ /J Date 
')Mj' '1-3.0 -b'"L.. b/TV Page 45 of 52 
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CLASS II SCHEDULE CHANGE REQUEST FORM 

Date: August 30, 1982 

S . 1 N COM-Q28 erl a 0.: ___ ,;...... ___ _ 

Revision: _______ _ 

1.0 Originator and Organization: 

P. E. McCool/COM for L. P. Rinck/COM 

2.0 Description of Change: 3.0 Reason for Change: 

Remove Activities: 

063041053 

063014054 

063047057 

No vent fans will be procured for' 

the toilet facility. Ventilation 

will be supplied from the elevator 

HVAC. 

;;;= ~- 2.. 7 - 8 '-

~. \\~- ~. -.....,------
O_EC Project Manager . . ,". ::.-__ Dlsapproved 

~ "-~-':l;')..~! Page46of52 - - 1 os f ... 
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CLASS II COST CHANGE REQUEST FORM 

Date: September 10, 1982 

SeriaJ No : _S_A_-_O ______ _ 

Revision: __ 1_3 _______ _ 

1.0 Originator and Organization: 

J. T. Peace - Commonwealth Associates Inc. 

2.0. Description of Change and 
AC::lunt Number: 

Please refer to Schedule 
Change Request Numbers 
COM-103, COM-I07 and 
COM-028. 

OSC Project Manager 

,.., .... , 1..\ - JJ) ~:. ,~,,~ 

'~11'1 

3.0 Reason for Change: 

~ ~ Impact 

Approved 

Disapproved 
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V. ADVANCED APPLICATIONS OF THE PROJECT SCHEDULE 

A. Delay Claims 

1. Evidence 

- Burden of Proof 
_ Court Requirements for Formal Documentation 

Records in Support of Claim 

CPM Schedule 

Progress Charts 

Daily/Weekly Reports 

2. Time Impact Analysis 
a. Prepare and Document T.I. Analysis for: 

Change Notice 

Strike 

Act of God 

Other Upset Condition 

b. Base the Analysis on: 

Current Schedule Data 

Job Conditions 

Progress Achieved at the Time 

Plans and Specifications 

Contract Files 

Daily Inspection Logs 
Experience and Knowledge of Work Methods vs. What Was Used 

c. Document the Details of Each Item with: 

Proper 10 

References 

Adequate Description 
CPM Network Calculations and Fragments 

Final Conclusions 
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3. Impact Evaluation Process 

a. Study the Scope of the Change or Delay 

b. Review All Material (Dwgs., Sketches, etc.) 

c. Determine Parties Affected 

d. Identify Activities Affected 

e. Review and Determine the EventTime Computations 
(CAUTION: Compute Accurately) 

f. Review Daily Logs, Progress Report, etc., to Determine 
Actual Status of Activities 

g. Prepare a CPM Network 

h. Prepare an Independent Schedule Analysis 
(NOTE: Weekends, Holidays, Lost Time, etc.) 

i. Check toEnsure-that~nyReSt:tltingExtension Is·the·, 
Product of the Change 

j. Document the Situation by a Written Report 

4. Guidelines for Negotiating Clai'ins ~. 

a. Determine and Document theTime Impact 
(as discussed earlier) 

.. .- - .-. ~ -
b. Identify Significant Items Such As: 

Delayed Start 

Float Before the Delayed Start 

Actual Versus New Critical Path 

Estimate of Additional Work 

Inconsistency of Data 

Errors and Omissions 

Nonconformance to the Approved Schedule 

Inefficiency 

Noncompl iance 

Recommendations 
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During Negotiations: 
Maximum and Minimum Position 

Positive and Professional Conduct 

Simplify the Facts to Clarify Your Position 

Use Summary Time-Scaled Networks as Visual Aids 

Keep Negotiations Moving 

Be Ready to Furnish More Detail if Asked 

Strive for a Settlement 
Abide by the Adj~sted Schedule While Negotiations 
Are in Process 
Document Negotiation Sessions 

Go on Record with Your Disagreement 

Present as Convincing a Case as Possible 

5. Examples 

a. Angra 

b. Krsko 

B. Schedule and Control Specifications 

1. Small Project 

2. Large Project 

C. Evaluation of the Contractor 

1. Proposal Phase 

a. Scheduling Technique 
b. Who is Responsible for Preparing the Schedule 

c. The Factoring of Schedule Detail Requirements 

d. Important Deliverable - and Interim Milestones 

e. Submittals (Initial, Updated) 

f. Review and Approval Procedure 
g. Remedies for Noncompliance 
h. Progress Report 
i. Use for Progress Payments 

j. Float Utilization 
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2. Contract Award Phase 

a. Before Award, Review Contractor's General P&S Techniques 

b. After Award, Review Contractor's General P&S Techniques 

Become Familiarwith the Details and Mechanics of the System and 
the People Who Will be Executing it 

- Good Understanding of Contractor's Terminology Is Essential 

- Review the Contractor's P&S Organization and Plans for Staffing 

Review Critically the Contractor's Schedule for: 

Conformance to ~equirements 

Level of Detail 

Need for Logic Netw.ork (CP, DURSampling)" 
. - . -'. ~ 

Optimum Cost-Based Schedule (No O.T., Premium) 

Viability 

Validity of Ass~mptl~-ns 
Consistency of Milestones with Those Established by the Project 

Critical and Subcritical Paths 

Resolve Differences and Approve the Schedule as Early as 
Possible 

3. Project Execution Phase 

a. Monitoring the Contractor's Schedule 

Regular Evaluation of the Physical Completion of Each 
Project Segment 

A Copy of the CPM Network of Showing the Current Critical Path 
and theWeighted Percent Complete Should be Submitted 

Compile Contractor's Status Data and Schedule of Problems and 
Proposed Solutions Priorto Regular Schedule Status Meeting 
(Verify the Reported Information) 

b. Contractor Progress Report 

Schedule Anal;ysis with Particular Emphasis on the 
CriticallSubcritical Paths 

Separate Progress Curves - Plan versus Actual- for Engineering, 
Procurement, and Construction 

Estimated Manpower Requirements to Meet the Progress 

Narrative Highlights of Any Changes Overthe Previous Status 
and Special Actions Recommended or Being Implemented to 
Maintain or Improve Schedule 
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VI. sOfTWARE CONSIDERATIONS 

A. Computerization Considerations 

B. Available Packages 
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memorandum Gilbert/Commonwealth 

To: Course Participants 

From: Training and Development 

Subject: Course Evaluation - Planning and Scheduling 

The intent of the Project Management and Supervisory Training Course is to emphasize 
the importance of team work to project success and to review methods to enhance 
effective project management and control. Please evaluate the merits/shortcomings of 
this module as indicated below. Criticisms should be accompanied by suggestions for 
improvement. 

1. Adequacy in meeting the overall course objectives 

2. Success in meeting the module's stated objectives 

3. Instruction methods, including presentation, selection of visual aids. and information 
presented in the training manual. 



COST ENGINEERING 

AND 

ESTIMATING 
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COST ENGINEERING AND ESTIMATING 

INTRODUCTION 

Every Project Manager has multiple responsibilities on his project. One of those 

responsibilities is cost control. Cost control is an essential element of project 

management from both the perspective of the company and the client. Compre

hensive cost control is critical for the company to maximize profit, develop client 

satisfaction and confidence, and promote future work. Our clients require cost

related information to develop, evaluate, and monitor a financial plan and cash 

flow. 

Cost Engineering focuses on cost management, which includes estimating costs, 

evaluating economics, and providing cost control. 

Objectives 

Upon completion of this module, the participant should be able to: 

- Understand CE Services and Responsibilities. 

Describe the Project Control Philosophy and Goals. 

- State the Scope of Cost Management. 

Detail the Estimating Process and Relate to Project Phases. 

- Describe the Engineering and Construction Cost Control Program. 

- Discuss the Concept of Cash Flow. 

Describe the Relationship of Cost Accounting. 

- Summarize the Role of the Cost Engineer on Large and Small Projects. 
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I. INTRODUCTION 

A. What is the role of the Cost Engineer? 

- Estimate Costs 

- Evaluate Economics 

- Provide Control 

B. Why is the Cost Engineering role important? 

- Track Record 

~ Client Needs 

- Company Survival 

- Industry Demand 

- Project Benefits 

C. Overview of Sessions 
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II. COST ENGINEERING DEPARTMENT 

A. Organization 

B. Structure 

c. Qualifications 
1. A typical Cost Engineering Department includes personnel with 

experience and expertise in one or more of the following areas: 

Nuclear Power Plants 

Fossil Power Plants 

Industrial 

Residential 

Construction Management 

NewTechnology 

Retrofit 

Domestic 

International. 

2. The Cost Engineering staff qualifications include: 

Graduate Engineers 

Registered Professional Engineers 

Certified Cost Engineers 

Value Engineers 

D. Responsibilities/Accountability 
The Cost ~ngineer's role must fulfill certain basic needs of both the client 
and Project Manager. 
Responsibilities include: 

Estimating the total cost of a project 

Keeping track of costs on a daily basis 

Making timely evaluations of cost and schedule status 

Developing trends of cost and progress 

Forecasting cost at completion. 

E. Scope of Services 
G/C Cost Engineering services encompass the full spectrum of cost 
management activities including: 

Cost Estimating 

Risk Analysis 
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- Value Engineering Analysis (I 
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- Cash Flow Forecasting 

- Engineering Cost Control 

- Construction Cost Control 

I - Project Control Development 

- Bid Evaluation 

I - Life Cycle Cost Evaluation 
- Claims Analysis 
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III. PROJECT CONTROL 
A. Overview of Project Control Program 

B. Components of Project Control System 

,. Estimates 

Proposal Estimates 

- Original Budget Estimates 

Revised Budget Estimates 

Forecast of Estimate at Completion 

2. Schedules 

3. Cash Flows 

- Original 

Updated 

Reconciliation 
4. Actual Expenditures and Installed Quantities 

S. Material Control 

6. Document Control 

7. Reports 

Progress 

Performance 

C. Overview of Cost Management 

1. Objectives 
Because of its contributions at all project levels leading to profit 
maximizing, projectdirection-, and coordination, Cost Engineering can be 
seen as a management function. 

The Project Manager must know precisely what the project status is and 
what lies ahead at all times. In order to accomplish this, the Cost Engineer 
must know exactly the scope of the job, all its conditions, and its present 
status. The Cost Engineer is one of the first to recognize when the project 
is" off" course and has the responsibility for suggesting corrective action. 

The objectives of a cost management program are to: 
Determine total project scope and monitor changes. 
Develop and monitor a financial plan, including budget estimates and 
cash flow forecasts. 
Monitor and analyze progress and deviations from the plan. 
Provide effective project management reports in a timely manner 
Provide analysis of deviations, including probable results and workable 
solutions. 
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2. Effect of Viewpoint 
Because of different contract types, the owner, architect/engineer, 
construction manager, and contractor have different types of 
relationships with respect to a project. On anyone project each is 
responsible for his own costs, and some may be responsible for the costs of 
others. 

The type of contracts, together with all other elements in the project, 
determines the cost control method used on a project. 

The Cost Engineer has the major responsibility of controlling costs on 
various types of contracts and must understand all viewpoints. 

3. Implementation 
Three basic questions should be answered before implementing the cost 
management program: 

What do we want? 

How will we get it? 

- What will we do with it? 

In order to effectively implement and manage the cost management plan, 
it should first be defined and documented. 

Project Management Manual 

- Construction Management Manual 

- Department Guidelines 

- Procurement/Contract Terms and CondWons 

An effort should be made to develop plan awareness with all project 
members. 
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Cost management program implementation includes: 

Detailed studies of design alternatives 

Detailed budget estimate 
Competitively bid fixed price procurement 

Cost monitoring plan and system 

o Guidelinesand procedures 

o "How to" instructions 

o Computer utilization specifications 

o Integration plan 

Cost management program implementation requires: 

Early involvement 

Code/information requirements 

Management report requirements 
Reporting and recording measurement methods and procedures 

Change control procedures 
Performance and progress measurement methods and procedures 

Budget monitoring requirements 

The Cost Engineer should be involved in the project from the beginning to 

help interpret and implement cost management program requirements. 

D. Cost Engineering.lnvolvement in the Phases of a Project 

1. Proposal for Services 

Scope Definition 

Schedule 
Estimates of Services 
Funds Requirement Plan 
Escalation Analysis 
Change Control Procedures 
Determination/Implementation of Identification/Numbering System 

Report Requirements 

Integration Requirements 
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2. Engineering Phase 

Refine Scope 

- Approve Schedule 

- Develop Preliminary Estimate 

- Develop Project Cash Flow Requirements and Analysis 

- Develop Change Control Procedures 

- Implement Integration 

- Finalize Report Requirements 

3. Construction Phase 

Refine Scope 

Define Budget/Definitive Estimate 

Implement Budget Control/Monitoring 

Implement Progress and Performance Measurement 

- Implement Change Control Procedures 

4. Continuing Services 
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IV. CAPITAL COST ESTIMATING 

A. Definition 

1. Direct Capital Cost 

Interpretation of direct cost is dependent on viewpoint. 

Contractor 

The contractor may interpret direct cost as the cost of labor, materials, 

and equipment before adding field costs, overheads, and profits. 

Engineer or Constructio"n Manager 

The engineer or construction manager may consider the contractor's 

total cost and purchase materials/equipment as direct cost. From their 

viewpoint, direct capital cost includes the total cost of all materials and 

improvements forming a permanent part of the furnished plant, and 

all of the constructor and subcontractor labor engaged in installing or 

erecting such materials or performing such improvements. 

Owner 

The owner generally shares the same viewpoint as the engineer and 

construction manager. However, additional items may be included 

which were performed independently by the owner. 

2. Indirect Capital Costs 

Indirect costs are generally considered as the cost of items which do not 

become a permanent part of the projectJproperty being constructed. 

Indirect costs are often synonymous with distributable costs. 

Interpretation of indirect costs are also dependent on the viewpoint of 

the contractor, engineer/construction manager, or owner. 

3. Estimate 

An estimate is a judgment or opinion applied to the value, size, weight, 

degree, extent, or quantity relating to a specified scope. 

An estimate is usually considered as an approximate value when 

developed but is often interpreted as an exact value at completion. 
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A capital cost estimate is usually based on some degree of quantity 
development and unit price evaluation and includes the following major 
categories of cost: 

Procured Equipment 

Field Purchased Material 

Erection of Structures and Systems 

Field Indirect Costs 

Engineering Services 

- Construction Management Services 

- Owner's Costs 

Pre-Operational Testing. and Startup 

- Contingency 

Escalation 

Within the body of the estimate all costs are expressed in terms of present
day dollars, and anticipated escalation is shown separately. 

B. Purpose 

Estimates serve three general functions: 

Provide information for financial analysis and economic evaluation 

Serve as a benchmark for evaluating the value of specific packages and 
measuring changes 

Serve as a benchmark for measuring actual performance and expenditures 

This is accomplished with the following considerations. 

1. Scope Definition 

Project scope definition consists of two basic tasks: 

Determining the component parts of systems and facilities 

Determining the services to be provided 

The Cost Engineer must: 
Provide for a complete project whether or not design information is 
available 
Continually conceptualize portions until project completion 
Develop quantities through takeoff, conceptualization, and historical 
data 
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2. Cost Budget 

An estimate is developed for determining the total cost of an item or 

project, and answers the following questions: 

Is the project worth the investment? 

How will funds be appropriated? 

- What is "the budget"? 

How will cost be monitored and updated? 

3. Cash Flow/Financial Plan 

The cash flow utilizes a time-phased cost estimate to determine the 

projected rate of cash expenditures. 

Increased project definition improves cash flow accuracy when utilizing 

estimates for engineering services and construction management services, 

contracts and purchase orders, and operations and maintenance. 

4. Schedule Basis 

The estimate provides resource data such as quantities, manhours and 

costs for schedule development and analysis. 

Schedule resource loading provides for schedule analysis, resource 

leveling, progress evaluation, and earned value analysis. 

s. Manpower Requirements 

Estimate development incorporates manpower availability, labor 

agreements, and contracts. Results in manpower requirements are: 

Project 

Contract 

Area 
Department 

Discipline 

Crew 

- Craft 

- Task 
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6. Procurement Requirements 

Estimate development identifies and quantifies bulk commodity items for 
procurement. 

7. Contract Package Values 

Estimates of contract package values are used for: 

Budgeting 

Cash Flow Projections . 

Determination of Bidders List 

Bid Evaluation 

Budget Monitoring 

Progress Payments 

8. Progress Yardstick 

Estimates are used as a yardstick to measure progress. The estimate 
represents the total project including anticipated changes. Physical 
progress is measured using costs, quantities, manhours ordeliverables. 

C. Estimate Types 

1. Conceptual/Study 

A conceptual/study estimate is an estimate prepared without the benefit 
of detailed engineering data and with limited information. 

Usually less than 10% engineering 

Utilizes similar projects 

Parametrics utilizing historic data 

Identification of major components and commodities 

Typical available information includes: 

Project Scope Document 

Process Characteristics 

Size 

General Location 
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General Layout 

Milestone Schedule 

- Anticipated Packages 

For the Conceptual Estimate, maximum use is made of the Project Scope 

information. Plant area and volume and relationships are used to 

develop quantities. Current pricing and wage levels, anticipated labor 

productivity, and schedule requirements are reflected in the estimate. 

Depending upon the degree of project definition, the Conceptual 

Estimate may be used as a basis for early cost management. 

2. Preliminary 

The preliminary estimate is generally prepared prior to the start of 

construction and with minimal detailed engineering: 

Engineering and drafting are 10-15% complete 

Utilizes other project data in many areas 

Typical available information includes: 

- Approved Site 

- Approved General Arrangement 

Preliminary Equipment Lists 

Preliminary Flow and Single-Line Diagrams 

- Planned Packages 

Major Equipment Quotations or Orders 

At the time of this estimate, major equipment has been defined. Some 

equipment is committed or quoted, and other equipment and materials 

are prices from historical cost data or vendor catalog data and price lists. 

Some specific quantities, representing significant dollar values, are 

developed on the basis of design data. Other quantities are evaluated or 

estimated based on information obtained from previous projects. These 

quantity evaluations will be directed primarily at major commodities. 

Labor manhours for all specific work operations are included. Evaluations 

of labor productivity are made and factored into the labor manhour 

estimates. 

3. Defi n itive 

- ",' 

The definitive estimate is the most extensive estimating effort performed 

on the project.· . .. . :. 

Engineering is greater than 50% complete 
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No major changes are expected 

Scope definition exists for virtually all significant items of work 

Typical available information includes: 

- Commitments for all major equipment 

- Quotations or commitments for many bulk commodities and other 

equipment 

Detailed drawings including composites and physicals 

Developed construction packages 

- Approved equipment Ii~ts and delivery dates 

Construction Schedule 

The definitive estimate is utilized for project monitoring and control, and 
is the basis for measuring, quantifying, and reporting cost variances. 

The definitive estimate incorporates all available updated information 
concerning the project. The sketches, assumed typical foundations, 
conceptual arrangements, and other non-engineered scope and quantity 
data which were important in the development of the preliminary 
estimate are replaced in part by firm design information. 

In final form, the Definitive Estimate presents the comprehensive 
evaluation of project cost, which is necessary for project financial 
planning, monitoring and control. The detail and documentation in the 
definitive estimate establish the basis for measuring and quantifying cost 
variances. If major design changes occur, or if the scope of the estimate is 
issued, documentation is prepared stating the reason for such changes, 
and the associated costs are estimated. By this method all major design 
and scope changes are identified and the client is provided with a 
complete history of the cost evolution of the project. 

4. Contract Fair Price 

The contract fair price estimate is an estimate prepared from the 
perspective of a bidding contractor utilizing the plans and specifications 
transmitted in the form of a proposal. 

The purpose of this estimate isto: 

Provide an independent, objective analysis of the proposal package 

value 

Provide a detailed cost basis for bid evaluation 

Provide a check on bid package completeness and clarity 
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In making a Fair Price Estimate, a complete takeoff is made; specific wage 

rates are determined; crew size and composite wage rates are 

established; work activities are priced; equipment and material are 

priced; and construction equipment, overheads, profits, and a 

contingency, when applicable, are established. 

S. ChangelTrend 

6. Life Cycle Cost 

Life cycle cost analysis is a forecasting tool used to compare or evaluate 

alternative project proposals by converting estimated future costs to 

present value dollars. The concept of money having a time dimension 

forms the basis for cost comparison. 

The present worth is obtained for the total cost to the owner including: 

Capital Cost 

Operational Cost 

Maintenance Cost 

Replacement Cost 

The concept underlying life cycle cost analysis is that the owner should 

have perpetual use of the facility, replacing its parts or the whole of it 

whenever necessary. 

Life cycle cost analysis is not a deterministic approach, but a method of 

forecasting likely results that depend on many variables. 

7. Claim 

8. Fair Market Price 

D. Estimating Disciplines 

Development of capital cost estimates for large projects is performed by 

specialized disciplines, particularly for estimates requiring detailed analysis of 

components. The estimating disciplines are the Civil/Structural, 

Mechanical/Piping, and the Electricaillnstrumentation. 
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E. Estimate Development 

1. Estimate Structure and Numbering System 

The identification/numbering system is a form of communication forthe 
entire project. Utilization of common terminology which is readily 
understood by all parties helps to provide effective communications 
between dissimilar organizations. 

The identification system is based on a Work Breakdown Structure (WBS), 
which is a numbering system built on sets (types) of codes. Codes are 
developed to identify and segregate information into groups such as 
physical and functional items, and are used to identify project information 
such as unit number, area, and system. 

Work Breakdown Structure (WBS) codes are used for: 

- Scope Identification 

Estimate Development 

- Sort and Select Capabilities 

Recording of Expenditures 

BudgetMonitoring 

- Progress and Payment Determination 

Providing a Base for Future Estimates 

Records Development 

The basic objective of developing an identification/numbering system is to 
subdivide the total project into manageable units of work. 

·2. Approach 

a. Scope Review 

b. level of Detail 

c. WBS 

.d. End Use 

e. Deliverables 

3. Surveys 

a. Market Conditions 

b. Area labor Conditions 

Union Versus Non-Union 
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Labor Availability 

- Travel Requirements 

Project Agreement 

Wage Agreements 

Camp Requirements 

c. Delivery Lead Times 

d. Area ClimatelWeather 

e. Taxes 

f. Escalation/Inflation 

g. Site Visit 

h. Client Preferences 

4. Datallnformation Collection 

Most data prepared by design engineering is transmitted to Cost 
Engineering for the preparation of the capital cost estimate. There must 
be constant communication between the two groups so that only the 
required information is developed and produced efficiently, and all 
available information is incorporated into the estimate. 

a. For Capital Cost Estimates 

Project Scope Document 

Project Schedule 
Contract including Proposals and Specifications 

Purchase Orders including letters of Intent and Specifications 

Progress Report (if available) 

Drawing Schedules and Drawings 

Contract Schedule 

Purchase Schedule 

Material and Schedule list 

Project Labor Agreement 

Wage Agreement 

b. For Services Estimates 

c. For Operations and Maintenance Estimates 

Page 17 of 31 



5. Techniques and Methodology 

a. Estimating Techniques 

- Take-off 

Parametric 

Scaling 

Historical 

Factoring 

b. Estimating Methodology 

Select a data cut-off date 

Select an estimate base date 

Accumulate information 

Determine scope 

Establish quantitites 

Apply/Establish installation man hour rates 

Establish composite crew labor rates 

Obtain material/equipment price quotations 
• Price bulk commodities and miscellaneous equipment 

Incorporate commitments 

Determine and estimate distributables 

Estimatellncorporate engineering services 

Estimatellncorporate construction management services 

Estimate AFDC 

Determine expenditure periods 

Establish and apply escalation rates 

Analyze and determine contingency amounts 

Prepare report 1\ 

6. Documentation and Reports 

Estimate development may be as simple as a few calculations or as 
complex as estimating thousands of items for a nuclear project. Estimate 
documentation includes items such as: 

List of source documents 

Scope data 

Estimate qualifications such as assumptions and exclusions 
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Estimate summaries by system, facility, etc. 

Estimate details by WBS number, commodity, etc. 

Drawing take-off sheets by commodities such as pipe, rebar, etc. 

- Sketches and calculations 

F. Estimating Procedures 

1. Guidelines and Procedures 

2. Reviews 

3. Rules for Describing 

4. Practices to Avoid 

G. Risk Analysis 

1. Overview 

Determination of cost overrun probability, or risk, is highly dependent on: 

- The State of Technology Development 

- Scope Definition 

Design Progress 

- Amount of Commitment 

Schedule 

Those items can be assessed based on judgment orwith the aid of 
computer program utilizing Monte Carlo simulation methods. 

After the estimate is prepared and prior to final approval, certain 
questions must be addressed: 

How good is the estimate? 

_ What is the accuracy of the estimate? 

- What are the areas of risk? 
How much contingency should be added to the estimate to minimize 

risk? 

Factors to be considered: 

Co~pleteness of Documentation 

One ofa Kind 
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Research and Development Type 

Familiarity with the Client 

- State of the Economy 

- Work Backlog 

Labor Environment 

First -Time Venture 

Schedule 

2. Risk Analysis Methodology 

Determine Risk Areas 

Define Components of Risk Areas 

Rate Components 

Construct a Mathematical Model 

3. Results 

Analysis 

Confiden~e 

Probability Curve 

The product of a Risk Analysis is a probability distribution which describes 
the capital cost in terms of probability of overrun. This curve enables the 
estimator to select the proper contingency required to arrive at 50% or 
mid-point of accuracy and the client to select management reserve to 
achieve a level of confidence which suits the particular needs. 

H. Contingency 
1. Definitions 

Contingency is an estimated amount to cover unknowns, uncertainties, 
and expenses which are likely to occur. It is not padding or additional 
expected fee. 

The cost estimate for a project is best viewed as a mid-point value 
bounded by upper and lower cost limits, and the addition of contingency 
to the base cost adjusts the estimate to the mid-point of the expected cost 
range. 

The purpose of contingency is to reduce financial risk and exposure due to 
unforeseeable conditions and circumstances. 
a. Project Contingency 

Project Contingency is: 

nSpecific provision for unforeseeable elements of cost within the 
defined project scope, particularly important where previous 
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experience relating estimates and actual cost has shown that 

unforeseeable events which will increase costs are likely to occur. II 
OR 

"Incremental resources included in estimates to cover indeterminate 

but substantially inferred requirements for a capital project." 

b. Process Contingency 

Process Contingency is: 

"Specific provision for uncertainties in the design and cost of 

equipmentor projects utilizing or based on newtechnology." 

c. Management Reserve 

Management Reserve is: 

"An additional contingency sometimes required by a client to provide 

a higher level of confidence in an estimate and reduce the probability 

of cost overrun." 

Management reserve may also be a collecting pot for unused 

contingency on items such as contracts, which were complete before 

project completion. Monies from this reserve are then used for cost 

overruns to reduce the probability of a budget overrun. 

2. Development 
The method of contingency development is dependent on the type of 

project and the type of estimate. 

Contingency percentages or amounts may be prescribed by a client but 

more often are determined by Cost Engineering. 

Two partial examples of development 'methods, other than risk analysis, 

are: 

A matrix of information and cost status 

INFORMATION MATERIAL 
STATUS COST 

Approved 

Approved 

Preliminary 

Conceptual 

Committed 

Committed 

Estimated 

Allowance 

Historical Experience 

LABOR 
COST 

Committed 

Estimated 

Estimated 

Allowance 
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CONTINGENCY 
PERCENT 

3% 

5% 

15% 

35% 



Initial contingency assessment is the responsibility of the Cost Engineer. 

However, contingency review and approval is the responsibility of 

management. 

Engineer Manager 

Construction Manager 

Project Manager 
Client 
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VI. COST CONTROL 

A. Objectives 

B. Engineering Cost Control 

1. Cost Control Functions 

Scope 

Schedule 

Disciplines 

Deliverables 

Manhours 

Expenses 

Overhead and Profit 

Project Controls 

2. Performance Measurement 

a. Purpose 
The purpose of performance measurement is to provide a method for 
joining cost and scheduling information to monitor and report project 
performance. 

It is intended to answer the following questions: 

Is the project on schedule? 

Is the project within budget? 

How much overrun/underrun? 

b. Concept 
Performance measurement is a technique that forces both cost and 
schedule to be integrated for analysis and reporting. 

Schedule variance 

Cost Variance 

Budget Variance 

When cost and scheduling are fully integrated, the performance 
measurement system will: 

Measure manhour performance at various levels 
Compare manhour performance with the schedule percentage 

complete 

Page 23 of 31 



Indicate relative worth of manhours toward progress 

Indicate productivity trends 

Provide" earned value" basis for progress payment 

C. Construction Cost Control 

1. General Overview 

a. Types of Projects 

Construction projects are generally divided into two general types: 

Heavy Construction 

Building Construction 
Our viewpoint is based on power plants, which are considered as heavy 
construction. 

b. Size .of Projects 

c. Contract Types 
Contracts are generally awarded separately for design and 
construction. However, sometimes a contract is let for design, 
construction, and commissioning; this is called a "turn-key contract". 

Whether it is a turn-key or a contract for construction work only, 
contracts are generally of three types: 

Stipulated Lump Sum/Unit Price 

Cost Plus 

Management 

d. Effect of Viewpoint 
The overall objectives of the cost management program do not change 
with different contract types. However, the type and level of effort are 
dependent on the type(s) of contracts. 

e. The Cost Engineer's Role 

The Cost Engineer occupies a key position on any large project. There 
is an exchange of information between this individual and all other 
departments involved in the project. 

The Cost Engineer analyzes and summarizes information so that the 
Project Manager can: 

Know the status of the project at all times 

Implement corrective action 
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The Cost Engineer interfaces directly with the: 

Project Manager 

Project Engineers 

Procurement 

Estimators 

Contract Administrator 

- Specification Writers 

Schedulers 

Start-Up Team 

Accountants 

The Cost Engineer must strive to make everyone involved with the 
project as cost conscious as possible. 

The Cost Engineer is in the key position to: 

Provide for Cost Reduction 

Provide Cost Optimization 

Forecast Anticipated Cost 

Control Cost 

2. The Cost Control Plan 

For control of project cost, there must be a cost plan against which cost 
performance is measured. 

The cost plan may be considered to consist of two major areas or 
functions: 

Estimate 

- Schedule 

The cost control plan consists of two phases: 

Building the Plan 
Monitoring the Plan 
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Building the cost plan is essentially completed prior to start of 
construction and includes: 
- Defining scope 

Establishing the WBS 

- Developing the Estimate and Cash Flow 

Modification of the plan and monitoring of the plan continue throug hout 
construction. Monitoring of the plan includes analysis of: 

- Time 

- Resources 

- Physical Accomplishmen"ts 

- Change 

- Cost 

3. Components of Cost Control 

a. Schedule 

b. Installed Quantities 
Installed quantities are reported and recorded weekly for major bulk 
commodities. Various methods of reporting installed quantitites are 
utilized such as pour tickets, pull slips (wire and cable), drawing take
off, and submittal of standard forms.This data issued for both weekly 
contractor meetings and monthly progress reporting. 

c. Productivity 

Craft manhours are reported and recorded daily by: 

- Contract Package 

- Craft 

- Work Item 

Productivity is: 

" A measure of the relative effectiveness of labor in its performance of 
similar and comparable work operations when compared to an 
established base orto a particular job." 

Measurement of productivity begins with recorded manhours and 
installed quantities for a given work operation. 

Actual manhours ortime required to install a given unit of work are 
compared to the established base estimates to determine performance 
or productivity. 
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Productivity is generally measured only for key bulk commodities such 
as concrete, structural steel, and pipe. 

Productivity data is used to determine both specific problem areas 
regarding progress and schedule, and manpower efficiency. 

Productivity analysis may include a time study of a given operation. 

d. Commitments 
Commitments may be reported and recorded: 

At summary package levels and detailed account codes such as 
service agreements, contracts, and purchase orders. 
As estimated amounts based on committed unit prices. 
By types such as base-amount, change/supplement amount, 
pending changes and material, or labor. 

e. Actual Costs 

Actual costs must be recorded in conformance with standard 
accounting procedures and at a level consistent with analysis and 
reporting requirements such as: 

General Ledger 

Property Records 

Budget Monitoring 

Performance Measurement 

Cash Flow 
Oth.er Client Requirements 

The levels of detail and interfaces are initially determined during the 
cost plan building phase. _ 

f. Changes 

Changes and potential changes to a project are brought to the 
attention of the Cost Engineer in forms such as: 

Drawings 

Change Orders 

Claims 
Delays/Interferences 
Schedule Modification 

Change order status reports are used to record changes to monitor 
trends and types of changes, and to provide cost information for 
budget updates-. 
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When revised drawings/specifications or a request for a proposal are 
transmitted to a contractor, the Cost Engineer will concurrently 
prepare a cost estimate for comparison with the contractor's bid. 

g. Progress 

Physical Progress 

The project percentage of completion may be based on physical 
progress, which is determined by utilizing: 

Manhours Expended 

- Quantities Installed 

- Judgment 

Following is an example of an analysis of project completion based on 
physical completion of individual packages: 

Weighted Physical Comt;!osite 
Package Percent Comt;!letion Percent 

C01 14.2% 74% 10.5% 
CO2 27.0 

C03 36.4% 100 36.4% 
C04 22.4 35 7.8% 

100.0% 54.7% 

Earned progress 

Earned costs may be used to determine progress if a detailed progress 
payment estimate, based on physical completion, is being utilized. 

This method assumes that individual, detailed cost items are being 
monitored and statused for each payment period. Therefore, earned 
cost compared to total cost can be used to determine progress. 

h. Comparisons 

Progress - Planned versus Actual 

Commitments versus Estimates 

Cost-To-Date versus Commitments and Estimates 

- Actual Expenditures versus Cash Flow Projections 

Changeve~usContingency 
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i. Variances and Trends 

Variances and trends are analyzed to determine their effect on the 
estimate and cash flow. They are used for determining: 

Level of Confidence 

Areas of Risk 
Distribution of Expenditures 
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VIII. COST ENGINEERING ON SMALL AND LARGE PROJECTS 

A. Review of Project Control Responsibilities 

Cost Replacement . 

Scheduling 

B. Characteristics of Large and Small Projects 

Large Project 

Small Project 

C. Typical Project Control Effort 

Large Project 

Small Project 
D. Examples of Various Levels of Effort of Project Control 
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TOPICS 

CONSTRUCTION CONTRACTING 

METHODS AND ADMINISTRATION 

o Organizational Structures of Construction Projects 

o Types of Construction Contracts 

o Individual Construction Responsibilities 

o Risk in Construction 

o Elements of a Construction Management Program 

o Elements of a Construction Contract 

o Construction Considerations during Design 

OBJECTIVES 

Upon completion of this module, the participant should be able to: 

o Name, define, and contrast concepts of construction organizational structures. 

o Identify and discuss the different types of construction contracts and their 
unique characteristics. 

o Define the responsibilities of various construction functional positions within a 
project organization. 

o Implement the principles and action plan of risk management as they relate to 
construction management. 

o Explain roles and benefits of the elements of a construction management 
program. 

o Identify and define the elements of a construction contract. 

o Monitor and input construction viewpoints during the design phase to increase 
cost savings. 
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ORGANIZATIONAL STRUCTURES OF CONSTRUCTION PROJECTS 

Session Objective: 

Introduce and discuss the four basic organizational structures 

* Traditional AlE 

* Design/Construction Management 

* Professional Construction Management 

* DesignlBuild 

TRADITIONAL AlE CONCEPT 

.---1
1 

Owner 1---...., 

..-_Contractual_--"I 
relationship 

~--~~ ~-~~ 

I Arch/engr L -----r Field 
observation 

General 
contractor 

only~ __ +-__ ...., 

* Complete design services by AlE 

* AlE assistance with Bid and Award 

* Limited services during construction 

* Construction by General Contractor 
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DESIGN/CONSTRUCTION MANAGEMENT CONCEPT 

General or 
independent 
contractors 

* AlE Firm provides both design and C. M. services 

* Single Project Manager responsible for all AlE services 

* Construction by one general or several independent contractors 

* Fast Track, Lump Sum construction contracts probable 

PROFESSIONAL CONSTRUCTION MANAGEMENT CONCEPTS 

Contractual_--I~ 
relationship 

General or 
independent 
contractors 

* Separate Contract for Construction Management 

* AlE provides TRADITIONAL DESIGN SERVICES 

* C.M. administers entire project 

* Construction usually by several inde"pendent contractors 

* Fast Track, Lump Sum Construction Contracts probable 
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DESIGN/BUILD CONCEPT 

* Single contract for entire package 

* Design and construction with contractor's in-house capabilities 

* Fast Track construction 

* Lump Sum requires detailed scope of project 

* Cost Plus Fixed Fee is alternative to Lump Sum 

* Can result in lowest cost and fastest delivery 
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TYPES OF CONSTRUCTION CONTRACTS 

Session Objectives: 

Identify various forms of contracts used in construction 

Discuss the relationships formed by the various types of contracts 

Discuss the unique qualities of the various forms of contracts 

COMMON TERMS USED IN CONTRACTING 

* Prime Contractor 

Has direct construction contract with Owner 

* Independent Contractor 

One of several contractors to have direct contract with Owner 

* Subcontractor 

Contract is with other than the Owner 

* Broker 

Employs supervisor to oversee several subcontractors 

* Fast Track 

Overlap of design and construction activities 

* Lump Sum 

Guarantees price for specified scope 

* Unit Price 

Guarantees price for each unit of work 

* Time and Material 

Guarantees amount of mark-up on labor and materials 

* Fixed Fee 

Guarantees a fixed fee to cover overhead and profit 
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* Target Manhour 

COMMON TERMS USED IN CONTRACTING 
(Continue) 

Guarantees decreased mark-up when manhours are exceeded 

* Variations on all the above 

GENERAL CONTRACT 

* Contractor responsible for work of all trades 

* Contractor performs work of several trades 

* Subcontractors may perform specialty work 

* Contractor furnishes and installs normal building material and 
equipment 

* Contractor has overall responsibility for construction of project and 
controls site facilities 

* Payments generally based on percentage of work complete and 
acceptable 

SUBCONTRACT 

* Agreement between General Contractor and Specialty Contractor 

* Subcontractor performs work of single trade or specialty 

* Furnishes and installs items of single trade or specialty 

* Bound to same terms and conditions as General Contractor 

* Payments are made by General Contractor to Subcontractor 
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DESIGN/BUILD CONTRACT 

*. Agreement for all design, furnish and construction services 

* Contractor is single source for complete package 

* Contractor generally has in-house capabilities for all services 

* Financing alternatives may be a part of overall services 

TECHNICAL SERVICES CONTRACT 

* Agreement for a specific service 

* Generally a specialty service to support Design or Construction 

* Agreement may be with Contractor or Owner 

* May be selected by reputation or capabilities rather than price 

PROFESSIONAL CONSTRUCTION MANAGEMENT CONTRACT 

* Agreement directly with Owner for Professional Management Services 

* Agreement may include administration of Architect/Engineer 

* Cost of actual construction is not guaranteed 

* Administers all phases of construction as Owner's Representative 

* Agreement generally calls for planning, constructibility reviews and 
many times value engineering 

* Construction performed by independent contractors 
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CONSTRUCTION MANAGEMENT CONTRACT 

* Agreement directly ~ith Owner 

* May include construction as well as management 

* May guarantee final construction price 

* Agreement may include administration of Architect/Engineer 

* This type of Construction Management usually performed by a General 
Contractor 

* Construction Manager subcontracts for remainder of construction 

INDIVIDUAL CONSTRUCTION RESPONSIBILITIES 

Session Objectives: 

Introduce and discuss the various functional positions 

Describe typical responsibilities for these position's 

DEFINITIONS OF RESPONSIBILITY 
VARY WITH PROJECT NEEDS 

*There is no single" correct" assignment of responsibility 

*Positions and functions must be responsive to needs of project 
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PROJ ECT ORGANIZATION DIRECTLY AFFECTS 
INDIVIDUAL RESPONSIBILITIES 

*Important that project requirements be understood 

*Project organization must be well defined 

*Functions of positions within organization are assigned 

* Authority to carry out responsibilities is essential 

*Experience and capabilities of people can be matched to position 
functions, authority and responsibility. 

RISK IN CONSTRUCTION 

Session Objectives: 

Define risk as it relates to construction 

Discuss risk management principles 

Describe the principles of allocating risk 

Suggest an effective risk management program 

Suggest actions to take when risk results in dispute 

WE ALL MANAGE RISK TO SOME DEGREE 

* Risk exists wherever the future is unknown 

* If there is potential for variation in the possible outcome in a given 
situation there is risk 

The foundation for a sound claims management program is composed of 
proper risk allocation and competent risk management 
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RISK MANAGEMENT 

* Recognize that risks exist 

* Define all known potential risks 

* Share risk equitably 

* Minimize risk by assigning limits of exposure 

* Important issues to decide: 

- What levels of risk are realistic to assume? 
- Who can best assume each risk? 
- What levels and kinds of risk are properly and most economically 

passed on to insurance carriers? 
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ENGINEERING RELATED RISK 

DESIGN.DR PERFORMANCE FAILURE 

System may fail when subjected to design conditions 

INCORRECT PRESENTATION 

Missing information and disc:repancies 

WORK NOT PROPERLY SCHEDULED 

Schedule delays affect engineering and construction cost 

IMPROPER ESTIMATES 

Engineering rework to protect budget may result 

EXCEEDING AUTHORITY 

Directions given to vendor or contractor without Owner's approval 
may result in cost 
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CONSTRUCTION RELATED RISKS 

* Physical 

(subsurface conditions) 

* Contractual and Legal 

(flaw in contract -lawsuit due to injury) 

* Performance 

(Capability of subcontractors - weather) 

* Economic 

(correct bid prices - inflation) 

* Political and Public 

(permits - withdraw funding) 

ALLOCATION OF RISK 

* All risks are lawfully the Owner's unless contractually transferred or 
assumed by others for fair compensation 

* Principal guidelines for transferring risk are whether receiving party 
has competence to assess the risk and expertise to control or minimize 
it 

* Risks are normally allocated by the following: 

- Owner's legal department 

Preparations of terms and conditions 

- Plans and specification 

- Negotiation 

- Courts 
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* Courts generally observe these traditional legal principles: 

_ Which party can best control the risk? 

_ Which party can best foresee the risk? 

- Which party can best bear the risk? 

_ Which party benefits/suffers if the risk materializes? 

* "Risk Dumping" by Owners and A/E's is unwarranted: 

_ Owner may pay twice - in bid price and secondary claims 

_ Owner may be lulled into false sense of security 

Owner always retains greatest amount of risk 

* Reputations on risk allocation influence contractors 

SUGGESTIONS FOR AN EFFECTIVE 
RISK MANAGEMENT PROGRAM 

1. Through engineering with competent advance planning 

2. Adequate site and subsurface examination 

3. Disclosure of all available design information 

4. Permits and right-of-way obtained in advance by Owner 

s. Strong competent management by all parties 

6. On-site decision making ability 

7. Adequate financial security of all parties 

8. Adequate management procedures 

9. Construction input during design 

10. Good labor contracts and conditions 
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SUGGESTIONS WHEN RISK RESULTS IN DISPUTE ,I 
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1. Negotiate and settle as soon as possible 

2. Discover all possible evidence I 
3. Try to understand the opposing viewpoint 

I 4. Attempt to be fair 

s. Keep lines of communication open ,I 
6. Avoid litigation if possible 
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ELEMENTS OF A CONSTRUCTION MANAGEMENT PROGRAM 

Session Objectives: 

*Define Construction Management 

*Identify elements of Construction Management 

*Oiscuss the role of each element 

,*Discuss the benefits of implementing each element 

CONSTRUCTION MANAGEMENT 

* The planning, development and implementation of a construction 
prog~m . 

* Part of an overall team effort which includes the Owner, Designers, 
Vendors and Contractors 

* The construction management tool box contains proven methods and 
procedures for implementing the elements of a Construction 
Management program 
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LISTING OF BASIC PROGRAM ELEMENTS 

*Construction Planning 

*Constructibility Reviews 

*Bid and Award 

*Contract Administration 

*Site Coordination 

*Cost and Schedule Control 

*Quality Control 

*Material Control 

*Construction Records 

*Site Services 

CONSTRUCTION PLANNING 

* Determine organizational struc;ture at concept 

* Develop scope of construction contracts and milestone schedules 

* Integrate design plan with construction plan 

* Identify and assign responsibility for interface points 

CONSTRUCTIBILITY REVIEWS 

* Aid Designer in economic choice of methods and materials 

* Assist Designer - obtain competitive pricing 

* Input must be very early to be easily incorporated 

* Value engineering can be provided 
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BID AND AWARD 

* Commercial sections are developed early and finalized as technical 
sections are completed 

* Bidders are pre-qualified 

* Bids must be solicited and questions answered in a uniform manner 

* Evaluation must be confidential and uniform 

* Important to document each step of process 

* Conforming documents prior to award minimizes confusion 

CONTRACT ADMINISTRATION 

* Administration of all commercial matters 

* Published methods and procedures clarify everyone's role 

* Process all scope changes 

* Provide communication link between Owner and Designer 

* Source of documentation 

* Interpret intent of terms and conditions 

SITE COORDINATION 

* Enforce integrated construction work plan 

* Administer use of common facilities 

* Administer safety and security programs 

* Provide labor relations program when required 

* Preside at job meetings 
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COST AND SCHEDULE CONTROL 

* Monitor value of work complete 

* Report on financial status of project and cash flow 

* Provide estimates for new work, changed conditions and studies 

* Provide the accounting and financial documentation 

* Monitor progress and report 

* Provide "work-around" solutions to problem areas 

* Develop workable formats for the field 

* Assure integration with design and procurement 

QUALITY CONTROL 

* Assure that the latest revision of documents is in use 

* Inspect for conformance with technical requirements 

* Witness tests and critical construction procedures 

* Docu ment the acceptability of the work 
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MATER~AL CONTROL 

* Maintain current delivery status reports 

* Receive and inspect incoming shipments 

* Administer necessary repairs and corrections 

* Protect warranty with proper storage procedures 

* Administer and inventory and turn over procedure 

CONSTRUCTION RECORDS 

* Develop and maintain a retrievable filing system 

* All revisions of all construction related documents must be on file 

* Provide documentation for all contractual and construction related 
activities 

SITE SERVICES 

* Provide services common to all site contractors 

* Eliminate multiple overhead (general cond.itions) items 

* Assure that services are adequate 

* Available to take over special ortroubled construction activities 
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ELEMENTS OF A CONSTRUCTION CONTRACT 

Session Objectives: 

* 

* 

* 

Explain why a contract is necessary 

Discuss the differences between a material purchase and 
construction contract 

Define and discuss the elements of a construction contract 

THE CONTRACT IS THE BASIS FOR 
ACCOMPLISHING CONSTRUCTION 

* A Contract must exist in some form 

* The Contract is the starting point and remains as the basis for all 
changes 

* The Contract sets forth the requirements and responsibilities of all 
parties 

* The Contract must be legal and binding 
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DIFFERENCES BETWEEN 

MATERIAUEQUIPMENT PURCHASE AND CONSTRUCTION CONTRACT 

MATERIAUEQUIPM ENT PURCHASE 

*Well-defined Scope 

*Work in Vendor's Shop Minimizes Risk 

*Independence of Working Conditions 

*No Work by Craftsmen on Owner's Site 

CONSTRUCTION CONTRACT 

*Work by Craftsmen on Owner's Site 

*Labor Relations, Safety, Security 

*Coordination of Several Participants 

* Administrative Process of Changing Scope 

* Acceptance and Payment for Work 

ELEMENTS OF A CONSTRUCTION CONTRACT 

*Agreement 

*Bonds 

*General Conditions 

*Special Conditions 

*Scope of Work 

*Technical Sections 

*Drawings 
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AGREEMENT 

* Project description 

*Description of the work 

*Legal names and addresses 

*Clause binding each party to the contract 

*Description of what each party agrees to (references) 

*Schedule of prices and contract amount 

*Signatures 

BONDS 

Protection for Owner when contractor fails to perform does not 
guarantee trouble free jobs 

*Bid Bond 

*Performance Bond 

*Payment Bond 

*Combination Bond 

*Warranty Bond 

" GENERAL CONDITIONS 

* Conditions under which work is done 

* Apply to all (ontractors and provide a common language 

* Reference general conditions are available 

* Recommend that the legality of General Conditions be reviewed by 
legal counsel 

* Discussion of the elements of General Conditions 
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SPECIAL CONDITIONS 

* Conditions under which the work is to be done for each specific 
contract 

* Owner-provided site services and facilities 

* Special instructions are given to contractor 

* Methods of measurement and payment 

* Safety program 

* Quality control requirements 

* Reports and submittals 

* Project control program 

* Job rules are given or referred to 

SCOPE OF WORK 

* Detailed scope of work 

* Items furnished by owner 

* Statement of intention of documents 

* List of technical sections 
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TECHNICAL SECTIONS OF CONTRACT DOCUMENTS 

* Prepared b.y the Designer 

* Set forth the technical requirements forthe work 

* Describe acceptable materials 

* Describe acceptable methods of installation 

* Acceptance criteria for finished work 

* Specifications may contain a "General Requirements" section 

* CSI 16 part format popular for building construction 

* AlE developed format popular for heavy or special construction 

CONTRACT DRAWl NGS 

* Prepared by the Designer 

* Show locations, quantities and configurations of the work 

* May include vendor drawings showing product data 

* Identification is by drawing number and revision 

* Drawings should indicate Released for Construction 

* Important that all participants are working to latest revision of 
drawings 

* The contract drawing list must be complete to legally bind the 
contractor to the entire scope 
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CONSTRUCTION CONSIDERATIONS DURING DESIGN 

Session Objectives 

* To stress the importance of including input from a construction 
viewpointduring design 

* To review the findings of Business Roundtable's cost effectiveness 
report on this subject 

* To suggest meaningful methods for incorporating the 
construction viewpoint 

IMPORTANCE OFTHE CONSTRUCTION VIEWPOINT 

* Development of the overall project approach 

* Development of contracting strategies 

* Presentation ofthe design 

* Layouts that lend themselves well to construction and 
maintainability 

* Administration of the work especially at interface points 

* Integration of the construction schedule with the design schedule to 
assure a smooth flow of work 

Page 25 of 26 



FINDINGS OFTHE BUSINESS ROUNDTABLE 

Significant savings can result with the interaction of engineering and 
construction considerations during design 

*Improved project economics 

*Effective use of field labor 

*Work simplification 

*Shorter schedule 

* Application of advanced technologies 

Studies by Business Roundtable show that typical savings on a project 
are 10 to 20 times the cost of additional personnel 

INCORPORATION OFTHE CONSTRUCTION VIEWPOINT 

* Owner and Management must be committed to this concept 

* Input must be in early stages as most project results are fixed during 
the first 25% of design 

* Engineering must be receptive to considering construction input 

* Experienced construction personnel with goo.d communication skills 
are required to participate in: 

*Conceptual development and planning 

*Decision making 

*Design reviews, Scheduling and Cost Estimating 

*Consultation on construction related problems 
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Sheet 1 of 2 

GENERAL CONDITIONS

FOR 

CONSTRUCTION CONTRACTS 

DEFINITIONS SCHEDULE 

2:01 DEFINITIONS 2:16 TIME AND ORDER OF 
COMPLETION 

CONSTRUCTION MANAGER'S ROLE 
2:17 INCREASE OF WORKING 

2:02 CONTRACT PARTS AND FORCE AND EQUIPMENT 

CONSTRUCTION MANAGER'S 
DECISIONS 2:18 DISCONTINUANCE FOR 

CAUSES BEYOND THE 

2:03 NO WAIVER OF OBLIGATIONS CONTROLOFTHE PARTIES 

CONTRACTOR'S ROLE PAYMENT 

2:04 INDEPENDENT CONTRACTOR 2: 19 PROGRESS ESTIMATES AND 
PAYMENTS 

2:05 COLLATERAL WORK 
2:20 FINAL PAYMENT 

2:06 WORK PERFORM ED AT 
CONTRACTOR'S RISK 2:21 PROVISIONAL ACCEPTANCE 

2:07 CONTRACTOR INFORMED AS 2:22 INDEBTEDNESS AND LIENS 

TO CONDITIONS 
CHANGES 

2:08 REMOVAL OF EMPLOYEES 
2:23 CHANGES IN THE WORK 

2:09 EMERGENCY ORDERS 
2:24 NO CLAIM BECAUSE ACTUAL 

2:10 SKILLED WORKERS QUANTITIES DIFFER FROM 
ESTIMATES 

2: 11 CONTRACTOR'S ADDRESS 
QUALITY 

2: 12 PERSONAL ATTENTION OF 
CONTRACTOR 2:25 INSPECTION AND RIGHT OF 

ACCESS 

2:13 REMOVAL OF EQUIPMENT 
2:26 MATERIALS AND EQUIPMENT 

2:14 ASSIGNMENT OF CONTRACT 
2:27 GUARANTY 

2:15 SUBCONTRACTS 
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GENERAL CONDITIONS 

FOR 

CONSTRUCTION CONTRACTS 

PROJ ECT R EQU IREM ENTS 

2:28 LAYOUT AND MEASUREMENT 

2:29 PROTECTION OF PROPERTY 

2:30 LANDS FOR CONSTRUCTION 
PURPOSES 

2:31 WORKWEEK 

2:32 USE OF EXPLOSIVES 

2:33 CLEANING UP 

SUSPENSION AND TERMINATION 

2:34 CONSTRUCTION MANAGER'S 
RIGHTTOSTOPWORK 

2:35 RIGHTTO TEMPORARILY 
SUSPEND WORK BY THE 
CONSTRUCTION MANAGER 

2:36 SUSPENSION OF WORK IF 
CONTRACT IS VIOLATED 

2:37 OPTION OFTERMINATION BY 
THE CONSTRUCTION MANAGER-

INDEMNIFICATION 

2:38 INDEMNIFICATION 

2:39 INFRINGEMENT OF PATENTS 

2:40 CONSEQUENTIAL DAMAGES 

LAWS AND REGULATIONS 

2:41 LAWS, REGULATIONS, AND 
PERMITS 

2:42 TAXES AND WITH HOLDINGS 

2:43 REQUIREMENTS FOR HEALTH 
AND SAFETY 

2:44 EQUAL OPPORTUNITY CLAUSE 

APPENDIX A - Equal Opportunity 
Compliance Certificate 
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memorandum Gilbert/Commonwealth 

To: Course Participants 

From: Training and Development 

Subject: Course Evaluation - Construction Contracting 

The intent of the Project Management and Supervisory Training Course is to emphasize 
the importance of team work to project success and to review methods to enhance 
effective project management and control. Please evaluate the merits/shortcomings of 
this module as indicated below. Criticisms should be accompanied by suggestions for 
improvement. 

1. Adequacy in meeting the overall course objectives 

2. Success in meeting the module's stated objectives 

3. Instruction methods, including presentation, selection of visual aids, and information 
presented in the training manual 
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I. 

II. 

TEACHING OUTLINE 

TIME MANAGEMENT 

OBJECTIVES 

Participants will be able to: 

1. 

2. 

3. 

Explain the principles of good time management, as explained in 

the reading assignment below in items II, 2 and 3. 

Identify areas where they are and are not using time wisely on 

their job. Determine what things they can do to use time more 

wisely. 

Develop. a personal plan of action, with the assistance of the 

instructor and fellow participants, tp most effectively use their 

time through: 

o Working smarter. 

o Delegating more. 

o Eliminating work tasks. 

INSTllUCTOR PREPARATION 

1. Complete the "Time Use Log" for three days. 

2. Read - "Getting the Monkey Off Your Back." 

3. Read - "Time wasters: possible Causes and Solutions." 

2-1 



Teaching Outline - Time Management Page 2 of 6 

III. 

4. 

s. 

6. 

Study and complete on yourself the following participants 

handouts: 

o Managing your time. 

o Gaining time by knowing yourself •. 

o Saving time with paperwork, office callers, and writing. 

o Saving time with telephone, gadgetry, and filing. 

o Working with your secretary or assistant. 

o Saving time through delegation. 

o My plan of action for more effective time use. 

Preview the film - The Time Of Your Life. 

o Determine what trigger questions you will ask. 

Preview the participants' assignment sheet. 

SCHEDULE OF EVENTS 

1. As a humorous start, distribute copies of the Scheduling Calendar - 2 min. 

to all participants. 

2. 

A. Then assure participants this is going to be a very short 

session. "We've done a lot of research on Time Management and 

have discovered the seven key elements to mastering the use 

of time." - Read the seven items from the calendar. 

Lead a discussion on how well we are currently using our time 

(make sure you include yourself). 

2-2 
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Teaching Outline - Time Management Page 3 of 6 

A. 

B. 

C. 

D. 

Time Use Log - 20 min. 

Discuss with participants the results of their three day time 

analyses. 

o What did they learn about how to manage their time? 

o What percentage of their time was spent on high priority 

items? Low priority? 

·0 How much wasted? 

o How much time could have been gained through delegation? 

Ask participants to identify their time management problems - 10 min. 

as discovered from the following sheets. (Do not review each 

sheet individually.) 

o Gaining time by knowing yourself. 

o Managing your time. 

o Saving time with paperwork, office callers, and writing. 

o Saving time through delegation. 

o Saving time with telephone, gadgetry, and filing. 

o Working with your secretary or assistant. 

Write these on left side of chalkboard. Select five or six of 

the most frequently mentioned ones. 

Using the booklet - "Time Wasters: Possible Causes and Solu- - 20 min. 

!i£E!," as a reference, lead a discussion concerning the 

2-3 
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3. 

causes and possible solutions to these five or six major 

"Time Wasters" identified by the participants above. 

Help the participants to come up with the causes and solu

tions. 

Write the "solutions" on the chalkboard opposite each 

"waster." 

The Time of Your Life film 

o Ask: "Why should we get better control of our time and life?" 

o "T}:le film we are about to see will present ideas that will 

help us to better deal with interruptions, procrastination, 

unpleasant tasks, paper work and telephone problems." 

o Introduce the film 

o "The film is based on a book written by Alan Lakein 

titled, How to Get Control of Your time and Your Life. 

It is designed to give us a clear understanding of. the 

basic principles an4 practices of good time management. 

It presents ideas on how to become a better decision 

maker about the use of time, on how to be more analyti

cal about the way we think about time, and on how to 

develop some intuitive skills about time use." 

o Ask participants to take notes of the main points in the 

film. 

o Show the film - stopping at 1 or 2 critical points for 

class discussion. Ask the trigger question you selected 

during your preparation. 

2-4 

- 55 min. 
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Teaching Outline - Time Management Page S of 6 

4. 

S. 

o Hold a post film discussion. Help the participants to 

summarize the main learning points, i.e.: 

List goals and set priorities 

Make a daily "TO 00" list 

Start with A's, not CIS 

Ask, "What is the best use of my time right now?" 

often 

Handle each piece of paper only once 

Do it now 

Workshop - 30 min. 

o Group participants into discussion teams used in session one. 

o Making use of the principles presented in the film, ask each 

participant to prepare a plan of action for more effective 

time use. They are to follow the instructions listed on the 

"My Plan of Action For More Effective Time Use" sheet found 

in their participants' notebook. 

o After the above exercise is completed, explain they ha~e 

started to get control of their time. They now are prepared 

to concentrate their time on important priorities. They have 

a positive direction in which to move, and continue to 

develop their ti~e management skills on their own. 

Application and Summary - 10 min. 

o Ask participants to write on their application sheets the 

major things they learned from this session. 

o Ask three or four people to share these with the class. Use 

these to summarize the main points taught in the session and 

give recognition to sharers. 

2-S 



Teaching Outline - Time Management Page 6 of 6 

6. 

o Inspire participants to transfer their learnings to back-on

the-job situations. 

Assignment 

o Preview participants' assignment for the next session. 

2-6 

Total Scheduled Time: 

2 Hours 32 minutes 

- 5 min. 
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TIME MANAGEMENT 

. Participant's Assignment 

OBJECTIVES 

Participants will be able to: 

1. Explain the principles of good time management. 

2. 

3. 

READING 

Identify areas where time lS or is not used wisely on the job. 

Develop a personal plan of action to more effectively use time 

through: 

a Careful Planning 

o Delegating 

a Setting Priorities 

1. Getting the Monkey Off Your Back 

2. Time Wasters: possible Causes and Solutions 

(NOTE: Both are found in this notebook.) 

HOMEWORK 

1. Complete the time use log - for at least three days prior to this 

session. Analyze how your time was used these three days. Determine 

the amount of time wasted, used for non-priority activities, and how 

much could have been gained through delegation. 

2 -1 



2. Complete the following time use check sheets, and be prepared to 

discuss in class what you discovered. 

o Gaining Time By Knowing Yourself 

o Managing Your Time 

o Saving Time With Paperwork, Office Callers and Writing 

o Saving Time With Telephone Gadgetry and Filing 

o Saving Time Through Delegation 

o Working With Your Secretary or Assistant 

2-2 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

by Samuel C. DeWald 

Getting 
the Monkey 

off Your Back 

"When you're up to your waist in alli
gators. It'S often difficult to remember 
your mlttal ob,ective was to dram the 
swamp. "-Anonymous 

Does the above sound like an early 
participant in EAMS. the Eastem Area's 
Manaoement System? 

Finding "the time" to manage by 
oblectives is one of the most fre
quently expressed concerns of man
agers involved in Objective-setting 
systems. and for good reason. Those 
hungry alligators continue to nip at 
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your heels relentlessly while more 
noble goals beckon. Some of the day
to-day demands of the job must give 
way if additional hours are to be found 
to set objectives, develop action plans. 
define standards of evaluation. maintain 
records and counsel with employees. It 
often boils down to a chOice between a 
longer worlong day or a better run one. 

A swamp manager who tries to 

Mr. DeWald IS assIstant professor of 
management aevelopment at the 
Pennsylvanta State UnzverSlty. 



"Time Wasters," Possible Causes and Solutions* 

The following "time wasters" have been found to be the mO'3t commonly en
countered by management personnel. In addition to these time ~asters, possible 
causes and solutions are listed as ways of correcting the problems. This list 
is not complete but rather a list of those more frequently encountered: 

Time Waster 

1. Lack of planning 

2. Lack of 
priorities 

3. Overcommitment 

4. Management by 
crisis 

Possible Causes 

Failure to see 
the benefit 

Action orientation 

Success without it 

Lack of goals and 
objectives 

Broad interests 

Confusion in 
priorities 

Failure to set 
priorities 

Lack of planning 

Unrealistic time 
estimat.es 

Problem orientation 

Reluctance of 
subordinates to 
break bad news 
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Solutions 

Recognize that planning 
takes time but saves time 
in the end. 

Emphasize results, not 
activity. 

Recognize that success is 
often in spite of, not 
because of, methods. 

Write down goals and objec
tives. Discuss priorities 
with subordinates. 

Say no. 

Put first things first. 

Develop a personal 
philosophy of time. 
Relate priorities to a 
schedule of events. 

Apply the same solutions 
as for lack of planning. 

Allow more time. Allow for 
interruptions. 

Be opportunity oriented. 

Encourage fast transmission 
of information as essential 
for timely corrective 
action. 

I 
I 
I 
I 
I 
I 
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I 
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I 
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I 
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I 
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Time Waster 

5. Haste 

6. Paperwork and 
reading 

7. Routine and 
trivia 

8. Visitors 

possible Causes 

Impatience with 
detail 

Responding to the 
urgent 

Lack of planning 
ahead 

Attempting too much 
in too little time. 

Knowledge explosion 

Computeritis 

Failure to screen 

Lack of priorities 

Over-surveillance 
of subordinates 

Refusal to delegate; 
feeling of greater 
security dealing 
with operating detail 

Enjoyment of 
socializing 

Inability to say no 
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Solutions 

Take time to get it right. 
Save the time of doing it 
over. 

Distinguish between the 
important. 

Take time to plan. It 
repays itself many times 
over. 

Attempt less. Delegate 
more. 

Read selectively. Learn 
speed reading. 

Manage computer date by 
exception. 

Remember the Pareto 
principle. Delegate 
reading to subordinates. 

Set and concentrate on 
goals. Delegate 
nonessentials. 

Delegate; then give 
subordinates their head. 
Look to results, not 
details Or methods. 

Recognize that without 
delegation it is impossible 
to get anything done 
through others. 

Do it elsewhere. Meet 
visitors outside. Suggest 
lunch if necessary. Hold 
standup conferences. 

Screen. Say no. Be 
unavailable. Modify the 
open-door policy. 



Time Waster 

9. Telephone 

10. Meetings 

ll. Indecision 

possible Causes 

Lack of 
self-discipline 

Desire to be informed 
and involved 

Fear of responsibility 
for decisions 

Indecision 

Overcommunication 

Poor leadership 

Lack of confidence 
in the facts 

Insistence on all the 
facts - paralysis of 
analysis 

Fear of the conse
quences of a mistake 

Lack of a rational 
decision-making 
process 
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Solutions 

Screen and group calls. 
Be brief. 

Stay uninvolved with all 
but essentials. Manage by 
exception. 

Make decisions without 
meetings. 

Make decisions even when 
some facts are missing. 

Discourage unnecessary 
meetings. Convene only 
those needed. 

Use agendas. stick to the 
subject. Prepare concise 
minutes as soon as 
possible. 

Improve fact-finding and 
and validating procedures. 

Accept risks as inevitable. 
Decide without all facts. 

Delegate the right to be 
wrong. Use mistakes as a 
learning process. 

Get facts, set goals, 
investigate alternatives 
and 'negative consequences, 
make the decision, and 
implement it. 

I 
I 
I 
I 
I 
I 
I 
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Time Waster 

12. Lack of 
delegatiiln 

possible Causes 

Fear of subordinates' 
inadequacy 

Fear of subordinates' 
competence 

Work overload on 
subordinates 

Solutions 

Train. Allow mistakes. 
Replace if necessary. 

Delegate fully. Give 
credit. Insure corporate 
growth to maintain 
challenge. 

Balance the workload. 
Staff up. Reorder 
priorities. 

*Source: Adapted from The Time Trap, McKenzie, 1972 
C. W. Lifer - Ohio 
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I 
TIME USE LOG I 

Date: I 
Time Actual Use Comments I 

7:30 I 
8:00 I 
8:30 I 
9:00 

I 
9:30 

I 
10:00 

10:30 I 
11:00 I 
11:30 I 
12:00 I 
12:30 I 
1:00 

I 
1:30 

I 
2:00 

I 
I 

2-d \1-1~ I 
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Actual Use Comments 

2:30 

3:00 

3:30 

4:00 

4:30 

5:00 

Please answer these questions: 

1. Did I accomplish the things that were most important for tOday? Why? 

2. How much time did I spend on low priority things? 

3. Did I take time to think today? 

4. Do I have my top priorities planned for tomorrow? 
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I 
TIME USE LOG I 

Date: I 
Time Actual Use C01IIIlents I 

7:30 I 
8:00 I 
8:30 

I 
9:00 

I 
9:30 

I 
10:00 

10:30 I 
11 :00 I 
11:30 I 
12:00 I 
12:30 I 

1:00 

I 
1:30 

I 
2:00 

I 
I 
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Time Actual Use COIIIIlents 

2:'30 

3:00 

3:30 

4:00 

4:30 

5:00 

Please answer these questions: 

1. Did I accomplish the things that were most important for today? Why? 

2. How much time did I spend on low priority things? 

3. Did I take time to think today? 

4. Do I have my top priorities planned for tomorrow? 
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I 
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I 
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Time Actual Use Comments 

2:30 

3:00 

3:30 

4:00 

4:30 

5:00 

Please answer these questions: 

1. Did I accomplish the things that were most important for today? Why? 

2. How much time did I spend on low priority things? 

3. Did I take time to think today? 

4. Do I have my top priorities planned for tomorrow? 
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GAINING TIME BY KNOWING YOURSELF 

Questions to ask about yourself 

. 1. Have you identified the most important tasks and responsibilities of your 
job? 

2. List those things which should be done daily. 

3. Determine those things .that contribute most to success. 

4. What do you get paid to do? 

5. What things do you really like to do? 

6. Should you be doing them? 

7. Do you drag them out to fill time because you enjoy them and because they 
make you feel secure? 

8. What can you delegate? 

9. What can you do smarter? 

10. What tasks do you dislike the most? 

11. How much time do you spend planning 

A. The day 

B. The week 

c. The month 

D. Long-range planning 

12. When do you work best: 

Prime time 

13. Do you know how to £!!£h your momentum? 

14. How do you use miscellaneous time? 

15. How do you use leisure time? 

S. c. DeWald 
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(Circle one) 

(yes) 
(yes) 
(yes) 

(yes) 
(yes) 

(yes) 

(yes) 
(yes) 
(yes) 

(yes) 

(yes) 
(yes) 

(yes) 
(yes) 
(yes) 

(no) 
(no) 
(no) 

(no) 
(no) 

(no) 

(no) 
(no) 
(no) 

(no) 

(no) 
(no) 

(no) 
(no) 
(no) 

(yes) (no) 
(yes) (no) 
(yes) (no) 
(yes) (no) 

(yes) (no) 

(yes) (no) 
(yes) (no) 
(yes) (no) 

(yes) (no) 
(yes) (no) 

Reference: 

"MANAGING YOUR TIME" 

(HOW DO YOU RATE?) 

1. Start a jo~ before thinking it through? 

2. Leave jobs before completion? 
3. Schedule less important work before more important (and 

possibly more unattractive) work? 
4. Oversupervise subordinates? 
5. Undersupervise subordinates, with consequent crises? 

6. Spend too much time on problems brought to you by 

subordinates? 
1..00 things that can be delegated to others? 

8. Do things that can be delegated to modern machines? 

9. Do things that actually aren't part of your real job? 

10. Spend too much time on your previous area of interest or 

competence? 
11. Do unproductive things from sheer habit? 

12. Keep too many, too complicated, or overlapping records? 

13. Pursue projects you probably can't achieve? 

14. Pay too much attention to low yield projects? 

15. Fail to anticipate crises? 

16. Handle too wide a variety of duties? 
17. Shrink from unfamiliar duties? 
18. Fail to build barriers against interruptions? 

19. Allow conferences and discussions to wander? 

20. Allow conferences and discussions to continue after 

their purpose if fulfilled? 
21. Conduct unnecessary meetings, visits, and phone calls? 

22. Chase trivial data after the main facts are in? 

23. Engage in personal work or conversations before starting 

business work? 

24. Socialize at great length between tasks? 

25. Read trade journals, newspapers, and unimportant 

documents and reports during most productive time each 

day? 

"Manage More By Doing Less," Raymond Leon 
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Saving Time With: PAPERWORK, OFFICE CALLERS AND WRITING 

I. 

II. 

READING AND PAPERWORK: 

1. Screen for a purpose (ask) 
Is it required? 
Is it pertinent? 
Is it of interest? 
** If not, toss it! 

2. In reading do you? 

. 

Screen your reading materials to weed out 
unnecessary or unproductive matter? 
Skim the surface of the reading matter for 
main ideas? 
Practice rapid reading techniques to 
improve speed and comprehension? 

3. Don't be a paper shuffler! Pick it up and act 
on it and eliminate that continuous shuffling. 

OFFICE CALLERS 

Office callers are among the greatest consumers of 
your time. Whatever the priority, you must carefully 
budget your time if you are to be totally effective. 

Do You: 

1. Set up regular conference periods with your 
co-workers and accumulate items for discussion 
at that time? 

2. Hold regular staff meetings and take up matters 
of common concern from all sides (accumulate 
between meetings). 

3. Hold occasional luncheon meetings to remove 
pressure of social visits by various publics? 

4. Encourage use of other media - telephone, 
office mail system, etc. when personal visits 
are not necessary. 

III. WRITING 

Do You: 

1. Make simple outlines for letters, memoranda, 
reports and more detailed outline for major 
wri ting tasks? 

2. Use a simple, direct style communication, 
getting right to the point? 

3. Make use of form letters and form paragraphs 
for routine correspondence? 
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Saving Time With: TELEPHONE GADGETRY, FILING 

TELEPHONE 

Do You: 

Have your secretary place and answer most calls? 
(saves time both ways) 
Know ahead of time what you want to discuss and the 
types of references you might need? 
Bring the conversation to a prompt close when the 
business of the telephone conversation is finished? 

NOTE: Although some indicate the professional should 
do his own direct dialing and receive his own 
calls it generally is not the most efficient 
use of professional time. 

GADGETRY 

(Photocopier, telephone devices, dictating units, carbonless 
paper, etc.) Usually multiplies human effort and eliminates 
drudgery. Do. you ·use them1 

Does It: 

Have benefits which exceed the cost or burdens1 
Replace something else? 
Fit into the operating style of you and your unit1 
Provide simplicity1 
Increase flexibility? 
Reduce storage or inventory problems1 

FILING 

Do You: 

Have a well defined system so you, your secretary, and 
others know and can use it1 
Save only the essentials (those "just in case" items 
should not be saved and will merely clutter files)1 
Have a systematic way for disposing file materials1 
Have your secretary do the filing? 
File responses to letters with the original letter1 
Use a system of reminders for future events 
(e.g. "hold file" by day or week)? 

C. W. Lifer - Ohio 
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A. 

B. 

Saving Time Through: DELEGATION 

Items that can be delegated: 
(Do you delegate the following?) 

1. Fact finding and analysis 

2. Formulation of goals - not final determination 

3. 

4. 

5. 

6. 

7. 

8. 

Preparation of first drafts 

Performance of routines and carrylng out details 

Tasks others can do better, sooner, cheaper 

Representing you at meetings, conferences, etc., 
where your points of view can be exposed 

Tasks which will help subordinates to develop 
through exposure 

Tasks after decisions are made 

NOTE: A key point in delegation is to hold your 
people more accountable for results instead 
6f methods. 

Items that can't be delegated: 
(Do you handle yourself?) 

1. Making final decisions - deciding on goals, etc. 

2~' Executing tasks where goals are not clear 

3. Hiring, discipline, firing of immediate staff 

4. Unique or highly personalized tasks that will 
not come up again 

s. Things that must be kept absolutely secret 

6. 

7. 

Personal representation where your presence 
is important 

Emergency, short term tasks where there is not 
time to explain 

c. W. Lifer - Ohio 
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How Do You Rate? 
Yes No 
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WORKING WITH YOUR SECRETARY OR ASSISTANT 

There is nothing that can save time for a manager more than a good secretary. 

Today's effective secretary must be knowledgeable and effective in the'manage

ment of people as well as of paper and pushbuttons. 

How does your secretary rate? 

1. Does your secretary know the full range of your 

responsibilities and activities in your organization? 

Does she understand your personal goals and ambitions 

and how they fit in with organizational objectives? 

2. Can you leave the office for as much as three or four 

weeks, confident that your business and personal 

affairs will be conducted responsibly and expeditiously 

in your absence? 

3. Does she help you organize your time, coordinate your 

appointments and schedules, meet your deadlines - all 

without nagging and pestering you? Is she herself a 

well-organized person? 

4. Does she initiate, handle and follow through on 

projects without your having to remind her about them? 

5. Is she courteous, helpful, respectful and solicitous 

of your business associates, visitors, clients and 

customers? Do they speak of her favorably? 

6. Is she imaginative? Creative? Does she present original 

ideas for your consideration? Does she suggest new ways 

to improve your work? Does she suggest new systems or 

procedures? 

7. Is she resourceful? Does she show lnltlative in getting 

past a problem without running to you with her troubles? 

8. Does she move paper efficiently? Can she tactfully pry 

loose papers and projects that have remained on your 

desk too long - and that other executives are waiting 

for? Does she shake loose data other executives are 

holding and that you are waiting for? 

9. Are her basic secretarial skills (such as filing, 

stenography, and telephone manner) beyond reproach? 
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10. Is she calm in a crisis? Gracious when tension mounts? 
w.:en the pressure is on and you lose your temper or 
self-composure, does she shrug it off and continue to 
function as well as before? 

11. Do you have her absolute loyalty and confidence? Can 
you trust her with confidential information, both 
personal and business? 

12. Does she read widely and knowledgeably, bringi"ng to 
your atten~ion published items pertinent to your 
business or personal affairs? 

13. Is she a valuable source of information, obtaining facts 
that would be difficult, awkward or impossible for you 
to obtain on your own? 

14. Does she have a personal self-improvement program? Does 
she attend classes and lectures or participate in 
programs that are organization oriented? Does she try 
to learn more about your organization, your particular 
job, your customers or your type of work? 

15. Is she articulate? Does she express herself well in 
summarizing information for you, both verbally and in 
writing? Does she give instructions clearly and 
precisely? Does she know how you feel about certain 
policies or practices, and does she communicate this 
to oth~rs as well as you do? 

16. Does she work every day until her job is done, regard
less of the hour or the many interruptions without 
giving up? 

17. Is she a manager in the sense that she can farm out 
her work to others when necessary? That is, can she 
delegate, supervise and take responsibility for work 
not completed by herself? Can she train or help train 
other members of your staff? 

18. Can she handle routine matters and projects for you 
on a day-to-day basis without your intervention? 

19. Does she keep track of vital dates for you, dates 
needed by your boss, or his office (meeting dates, 
deadlines, vacations and such)? 

20. Can she do basic research for you - gather information 
for a report, for example, or even write a rough draft? 

*Source Adapted from The Time Trap, McKenzie, 1972 
C. w. Lifer - Ohio 
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1. 

2. 

MY PLAN OF ACTION 

FOR MORE EFFECTIVE TIME USE 

INSTRUCTIONS 

Take two separate sheets of paper on which to write the answers to the 

following questions: 

o Question #1 What are my long term work goals? 

o Question #2 - What are my short term work goals? 

Now go back over both lists and set priorities by the A, B, C, method. 

Remember A goals are high value goals, B for medium value, and C for low 

value goals. You can have any number of A's, B's or CiS. 

3. The next step is to identify the A that is most important, next 

important, etc. This means you have one A1, one A2, one A3 and so forth. 

Do this for each list. 

4. Now ••• with a fresh piece of paper .write down all the activities 

you can do in the next week to move along the A1 on either the short term 

or long term goals list. 

5. Finally ••• again with the A, B, C method ••• prioritize the activities 

list and choose an A1, and A2, and an A3. 

When this exercise is completed, you have started to get control of your 

time. You now are prepared to concentrate your time on important 

priorities. You have a positive direction in which to move. You can 

continue on your own to develop time management skills for your 

work. • .for your life. 

6. Use your team members as consultants to help you refine your plan. 
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I. 

II. 

III. 

TEACHING OUTLINE 

CONDUCTING MEETINGS 

OBJECTIVES 

Participants will be able to: 

l. Effectively prepare for leading a group meeting. 

2. 
Describe the functions of the leader of a group meeting. 

3. Verbally explain the actions which constitute a Task Function and 

the ones that constitutes a Group Relations Function. 

INSTRUCTOR PREPARATION 

1. study the discussion leader's guide for the film "Meeting ln Pro

gress." 

2. Review the participants workbook "Conference Leadership: The 

Critical Functions," for the above film. 

3. Preview the film "Meeting in Progress." 

4. Review Chapter 9 - The Role and Functions of the Group in 

Management 18. 

SCHEDULE OF EVENTS 
1. Go directly to the film's discussion leader's guide and follow the 

two and one-half hour method of presenting the film. 2 - 1/2 hours 
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Teaching Outline-Conducting Meetings Page 2 of 2 I 

2. Assignment 

o Preview the Participants Assignment sheet for the next 

session. 

Concen~rated on: 

Total hours scheduled 

2 hours and 35 minutes 

o Why the answers are preferred 

o Items *1 and 3 below the heavy line 

o Suggest discussing Item #2 for the first 3 - 4 stops and then 

only periodically thereafter 

4. Application 

o Ask participants to complete the blue application sheet 

o Ask 2 - 3 to share what they learned 

5. Assignment 

o Preview the participants I assignment sheet for the next 

session. 

Total Hours Scheduled: 

2 hours and 30 minutes 
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CONDUCTING MEETINGS 

Participants' Assignment 

OBJECTIVES 

Participants will be able to: 

1. Effectively prepare for leading a group meeting. 

2. 

3. 

READING 

HOMEWORK 

Describe the functions of the leader of a group meeting. 

Verbally explain the actions which constitute a Task Function and 

the ones that constitute a Group Relations Function. 

o Review Chapter 9 - The Role & Function of the Group in Management 

18. 

o Continue to refine your responsibilities as a supervisor. 
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What norms were established by the group? How did the group deal with those 
who violated the norms? 

What "roles" were played by various group members? (Team player, craftsman, 
challenger, loner, dictator, creative idea person, summarizer, etc.) What 
effect did they have on the group functioning? 

How did the group balance the need for both creativity and conformity? 

Was there a person of a minority race, or female in the group? If yes, how did 
the group relate to him/her? 

What, in your opinion, was the most important thing you gained from this 
exercise? 
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I~"TRODUCTION 

A great deal of today's problem solving and decision making in business, industry, 
government, and other organizations is done through people acting together in conferences 
and staff meetings. Similarly, off the job. in various community and social activities, conferences 
and meetings are common ways of formulating plans of action and achieving objectives. 

It is imponant, therefore, to be able to conduct a conference effectively when you are 
called upon to do so. It is the purpose of this guidebook, used with the fIlm "Meeting In 
Progress, ,. to prepare you to take the role of a group leader when the occasion arises. 

The principles you learn here apply not only to leading a group, but also to participating 
more effectively as a member. By understanding the group processes better, you will be able to 
make greater contributions to\\'3.rd the team effort, since at times each member of a smoothly 
working group performs the same functions as. the leader. 

PREPARING FOR A MEETING 

If you are to lead a conference, some initial preparation on your pan will start things off 
smoothly. Briefly: 

1. ARRANGE A SUITABLE PL<\CE FOR THE MEETING. 

If it is necessary to reserve a conference room ahead of time, make sure it is available to you 
for the use of your group exclusively. The room should be of appropriate size with adequate 
seating arrangements and should be well lighted and ventilated. It should be quiet and free from 
distracting intrusions. 

2. SELECT AND NOTIFY THE PARTICIP M"TS. 

They should be informed of the general purpose of the meeting with sufficient advance 
notice so that they can gather any information they may need for the meeting, as well as adjust 
their work or personal schedules to the time set for the meeting. 

S. PREPARE M'Y VISUAL AIDS YOU MAY NEED. 

These may range from simple things, such as a blackboard, chalk., and eraser, to charts and 
graphs, slides, or other material. Make sure that these aids are on hand in order to avoid wasteful 
delays after the meeting has started. 

4. PREPARE YOlJRSELF FOR THE MEETING. 

Gather all the information you will need ahead of time. Do your homework by thinking 
through the problem and what you hope to accomplish y.;th the meeting. Consider what each 
member of the group might have in the way of knowledge, experience, or information to 
contribute to the meeting. Above all, have a definite purpose or objective for the meeting. even 
though this may change in the course of the meeting. Unnecessary or purposeless meetings should 
be avoided. 
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Critical Point # 1: 

The problem here is _________________________ _ 

Your answer (check on~): 

o (A) By pointing out the benefits that would follow from a solution of the problem. (Page 
30-1) 

o (B) With a realistic statement of the consequences of the problem. (Page 16-n) 

CJ (C) With a clearcut definition of the problem. (Page 14-Il) 

TtJRN TO THE PAGE I1'.TOICATED AFTER THE .~~SWER YOU SELECTED. 

DO NOT PROCEED FURTHER ON THIS PAGE until the instructions tell you to do so. 

There are six TASK FtJNCTIONS and six GROUP RELATIONS FUNCTIONS. 
(These were listed earlier on pages ii and ill). 

1. This point in the meeting calls for (check one): 
CJ a Task Function 

CJ a Group Relations Function 

2. The element of the above function you would nse here is 

3. Put down, in your own words, what you would say if you were the group leader at this point 
in the meeting: 

DISCUSSION NOTES: 
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GROUP RELATIO~S Fu"NCTIONS 

ENCOURAGING: Being friendly, warm and responsive to others; accepting others and 
their contributions; regarding others by giving them an opportunity for recognition. 

EXPRESSL1'I,lG GROUP FEEUNGS: Sensing feeling, mood, relationships within the group; 
sharing one's own feelings with other members. 

HARMONIZING: Attempting to reconcile disagreements; reducing tension; getting people 
to explore their differences. 

MODIF'\1NG: When one's own idea or status is involved in a conflict, offering to modify 
one's own position; admitting error; disciplining oneself to maintain STouP cohesion. 

GATE·KEEPING: Attempting to keep communication channels open; facilitating the 
participation of others; suggesting procedures for sharing opportunities to discuss group 
problems. 

EVALUATING: Evaluating STouP functioning and production; expressing standards for 
group to achieve; measuring results; evaluating deSTee of STouP commitment. 

PROCEDURE FOR USING THIS GUIDEBOOK: 

On the following pages you will find questions about each critical point in the mm. At these 
points, the discussion leader will stop the projector and allow you time to answer the questions. 
Simply follow the instructions indicated. 

Watch the film closely and listen carefully to what the participants in the group m,eeting are 
saying. 

The discussion leader will tell you when to turn to each of the follo'wing pages and ",Tite in 
your answers to the questions. 

The questions you will be asked to answer at critical points in the mm are for practice 
purposes only, to help impro\'e your sensitivity, knowledge and skill. This is not a standardized 
test. Also, the answers, ", .. hile generally applicable to similar situations, may vary under certain 
specific circumstances. Because of the complexity of STouP relationships, there are no absolute 
answers which cover all possible situations ",ith certainty. 

\"'b~~ 
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Critical Point # 2: 

The problem here is _________________________ _ 

Your answer (check one): 

Cl (A) Wait. Someone in the group will feel compelled to get the ball rolling again. (Page 15-1) 

Cl (B) Express what you sense is the group's feeling at the moment. (Page 27-1) 

Cl (C) Call on each man for his ideas. (Page 19-II) 

~~ TO THE PAGE I!\'!J)ICATED AFTER THE ANSWER YOU SELECTED. 

DO NOT PROCEED F[lRTHER ON THIS PAGE until the instructions tell you to do so. 

1. Tnis point in the meeting calls for a: 
Cl Task Function 

Cl Group Relations Function 

2. The elemen~ of the above function you would use here is 

S. Put down, in your own words,;what you would say if you were the group leader at this point 

in the meeting: . 

DISCUSSION NOTES: 

2 



Critical Point == 3: 

The problem here is _________________________ _ 

Your answer: (check one): 

Cl (A) Change the subject diplomatically. (Page 24-I) 

o (B) Ask Ansel where that kind of reasoning is going to lead. (Page 28.1) 

o (C) Ask the group how they feel about his criticism. (Page SO-II) 

11JR.~ TO THE PAGE Th"DICATED AFTER THE A.~SWER YOU SELECTED. 

DO NOT PROCEED FURTHER ON THIS PA.GE until the instructions tell you to do so. 

1. This point in the meeting calls for a: 
o Task Function 

o Group Relations Function 

2. The element of the above function you would use here is 

3. Put ·down, in your own words, what you would say if you were the group leader at this point 
in the meeting: 

DISCUSSION NOTES: 
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Critical Point # 4: 

The problem here is _________________________ _ 

Your answer: 

CJ (A) Ask the group how they "''aIlt to proceed. (Page 14-1) 

CJ (B) Ask the group for more facts about the problem. (Page 24-n) 

CJ (C) Move the discussion away from the sensitive area. (Page 21-n) 

Th1t."\ TO THE PAGE I!\1)ICATED AFTER THE A.~SWER YOU SELECTED. 

DO NOT PROCEED FURTHER ON mrs PAGE until the instructions tell you to do so. 

1. This point in the meeting calls for a 
CJ Task Function 

o Group Relations Function 

2. The element of the above function you would use here is 

3. Put down, in your own words, what you would say if you were the group leader at this point 

in the meeting: 

DISCUSSION NOTES: 
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.Critical Point:# 5: 

The problem here is _________________________ _ 

Your answer: 

CI (A) Give the group your opinion and any additional information you have. (Page 210 1) 

CI (B)· Summarize the situation so far, without expressing your opinion. (Page 26-1) 

o (C) Give Charlie a chance to explain further why he wants to tear down one of the machines. 
(Page 25-1) 

TUR.!'i TO THE PAGE I!'-.1)ICATED AFTER THE ANSWER YOU SELECTED. 

DO NOT PROCEED FURTHER ON THIS PA.GE until the instructions tell you to do so. 

1. This point in the meeting calls for a 
o Task Function 

o Group Relations Function 

2. The element of the above function you would use here is 

3. Put down, in your own words, what you would say if you were the group leader at this point 
in the meeting: 

DISCUSSION NOTES: 
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Critical Point:: 6: 

The problem here is ___________________________ _ 

Your answer: 

CJ (A) Defend your definition of the problem. (Page 29-II) 

CJ(B) Communicate your reasoning more clearly so that the group will get a fresh start. (Page 
20-II) 

CJ (C) Modify your definition of the problem. (Page 17-1I) 

TURN TO THE PAGE U\TJ)ICATED AFTER THE ANSWER YOU SELECTED. 

DO NOT PROCEED FURTHER O.1\,T THIS PAGE until the instructions tell you to do so. 

1. This point in the meeting calls for a 
CJ Task Function 

CJ Group Relations Function 

2. The element of the above function you would use here is 

3. Put down, in your own words, what you would say if you were the group leader at this point 
in the me eting: 

DISCUSSION NOTES: 
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Critical Point;: i: 

The problem here is _________________________ _ 

Your answer: 

Cl (A) Indicate in a firm but friendly manner that the group is beginning to repeat itself. (Page 
2i-II) 

o (B) Try to clarify the situation by. reviewing the alternatives. (Page 22-11) 

Cl (C) Move the group along by expressing your opinion as to what is causing the problem. (Page 
18.!) 

TIJRJ\ TO mE PAGE !!'-.'DICATED AFTER mE ANSWER YOU SELECTED. 

DO NOT PROCEED FURTHER ON THIS PAGE until the instructions tell you to do so. 

1. This point in the meeting calls for a 
Cl Task Function 

CJ Group Relations Function 

2. The element of the above function you would use here is 

3. Put down, in your ov.n words, what you would say if you were ~e group leader at this point 
in the meeting: 

DISCUSSION NOTES: 
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Critical Point:: 8: 

The problem here is __________________________ _ 

Your answer: 

CJ (A) Summarize the accomplishments and ask the members to be ready with proposals for 
correcting the situation at the next meeting. (Page 22-1) 

CJ (B) Keep going by pointing out that the major objective 'Y.'a5 to arrive at a solution. (Page 13-1) 

CJ (C) Devote some time to trying to reconcile differences before going ahead. (Page 26-n) 

TURN TO THE PAGE I:NDICATED AFTER THE ANSVITER YOU SELECTED. 

DO NOT PROCEED FURTHER ON THIS PAGE until the instructions tell you to do so. 

1. This point in the meeting calls for a 
CJ Task.Function 

CJ Group Relations Function 

2. The element of the above £\ltlction you would use here is 

3. Put down, in your own words, what you would say if you were the group leader at this point 
in the meeting: 

DISCUSSION NOTES: 
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Critical Point # 9: 

The problem here is ________________________ _ 

Your answer: 

o (A) Ask Ansel what's bothering him. (Page 25-II) 

o (B) Apologize for ti:te group's having criticized him earlier. (Page 17.1) 

Cl (C) Encourage him wi th individual recognition. (Page 29.1) 

TURN TO THE PAGE I!\"DICATED AFTER THE ANS\VER YOU SELECTED. 

DO NOT PROCEED FURTHER ON THIS PAGE until the instructions tell you to do so. 

1. This point in the meeting calls for a . 
. CJ Task Function 

CJ Group Relations Function 

2. The ele:ne:lt of the a.bove funetiO:l you would use here is 

3. Put down, in your oY..n words, what you would say if you were the group leader at this point 
in the meeting: 

DISCUSSION NOTES: 
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Critical Point # 10: 

The problem here is __________________________ _ 

Your answer: 

CJ (A) Have each man reconsider his position before you decide who is right. (Page IS-II) 

o (B) Ask the men to get together later and iron out their differences. (Page IS-II) 

CJ (C) Help the men settle their differences by getting the others to give their opinions. (Page 
16-1) 

TURN TO THE PAGE IhTJ)ICATED AFTER THE ANSWER YOU SELECTED. 

DO NOT PROCEED FURTHER ON THIS PAGE until the instructions tell you to do so. 

1. This point in the meeting calls for a 
CJ Task Function 

CJ Group Relations Function 

2. The elecent of the above function you would use here is 

3. Put do\o\o'I'l, in your o\VIl words, what you would say if you were the group leader at this point 
in the meeting: 

DISCUSSION NOTES: 
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Critical Point = 11: 

The problem here is _________________________ _ 

Your answer: 

o (A) Let them know \ ... 'here you stand by making your own feelings known. (Page 23-1) 

o (B) Ask the group to pick a representative of each point of view to study the matter further. 
(Page IS-II) 

CI (C) Try to stimulate a deeper perception by summarizing the progress so far. (Page 28.II) 

TL'"R.XZ TO THE PAGE I~1)ICATED AFTER THE AN'S'VER YOU SELECTED. 

DO NOT PROCEED FURTHER ON THIS PAGE until the instructions tell you to do so. 

1. This point in the meeting calls for a 
CI Task Function 

CI Group Relations Function 

2. The element of the above function you would use here is 

S. Put down, in your own words, what you would say if you were the group leader at this point 
in the meeting: . 

DISCUSSION NOTES: 
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Critical Point;: 12: 

The problem here is _________________________ _ 

Your answer: 

CJ (A) Check out your impression with the group to see if there actually is a consensus. (Page 

19-1) 

CJ (B) • .o\$sume they will accept the' program if most members are willing to carry it out, and ask 

for volunteers. (Page 23-II) 

CJ (C) Let the group know they've done a good job and make the necessary assignments. (Page 

20-1) 

TURN TO TIIE PAGE ll\'DICATED AFTER THE AN'SWER YOU SELECTED. 

DO NOT PROCEED FURTHER ON THIS PAGE until the instructions tell you to do so. 

I, This point in the meeting calls for a 
CJ Task Function 

CJ Group Relations Function 

2. !he element of the above functi.on you would use here is 

3. ,Put down ~n your own words, what you would say if you were the group leader at this point 

10 the meetmg. 

DISCUSSION NOTES: 
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Critical Point # 8: PAGE 13·1 

Your answer:(B) Keep going by pointing out that the major objective was to arrive at a 
solution. 

"B" is the best answer. By focussing attention on the maior obiective of the meeting and 
keeping it going, he prevents the srroup from disbanding bet ore its mIssion is accomplished. 
He has evaluated the group functioning and productivity up to this point, has seen that its 
results have not been achieved, that they are not at this point totally committed to 
continuing, and that they are not achieving the standards of performance which he expects 
and of which he knows they are capable. From the leader's vie\\'Point, the conclusion that 
the work of the srroup is finished is premature. The good leader evaluates the progress and 
performance ot me group objectively ·and does not allow himself to be swayed by attitudes 
or actions contrary to the group's purpose:. 

You are right. Now tum back to page 8 and answer the questions below the heavy line. 

Critical Point;:' 10: PAGE 13·n 

Your answer: (A) Have each man reconsider his position before you decide who is right. 

Answer "A" forces the opponents into having to defend themselves further. thus 
intensifving the conflict instead of lessening it. If the leader then makes a decision, he is 
playing the role of the all·v.;se father instead of acting as a group leader. This may be 
resented bv other members of the group. as well as by the opponent who is not favored by 
the decision. The leader's task is to reduce tension and restore objecthity so that the group 
work may proceed. His MsumptiQn of the role of jud~ rna" force the conflict undr"wmmd, 
but it may continue to smolder there. 

Please tum back to page 1 0 and select another answer. 
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Critical Point # 4: PAGE 14-1 

Your answer: (A) Ask the group how they want to proceed. 

AnS'h'er "A" might work. But at this point Ansel is apparently "oicing a need for the 
group leader to take charl!e and I!et do\',rn to business again, Having already gotten his own 
feelings and opinions out, and having listened to those of the others, he has had enough of 
this and feels it is time for more work on the oro 1 . If the decision about what to do now 
were thrown oac' to the group,..AD1d might w:nl the fact that the leader did not take 
charge at that point and might become more emotional and les!: cogperat;ve. Also, such an 
indecisive question at this point puts the leader in a weak light. 

Please turn back to page 4 and select e. better answer. 

Critical Point # 1: PAGE 14-II 

Your answer: (C) With a clear-cut defInition of the problem. 

Answer "c" is the preferred one. A group of people ca l1rd Together to discuss a problem 
needs to be oriented veT\' soon to the su ' ,,~ conference. Unless the group 

elves tne pro em an Its related factors clearlv, the group cannot pegjn to attack the 
problem intellie:entlv. Therefore. the first thing the group leader must do is to isolate the 
problem and define it. He should also check to be ~ that the groqp understands the 
problem and its dimensions. and accepts it as the task tg be undertaken 

Failure of the group leader to initiate the group's activity bv a clear-cut definition of the 
task at hand is one of the reasons man'\' conferences waste time and create feelings of 
frustration among the panicipants. 

You are correct. Now turn back to page 1 and fill out the answers to the questions below 
the heavy line. 
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Critical Point :# 2: PAGE 15-1 

Your ans'Wer: (A) Wait. Someone in the group will feel compelled to get the ball rolling 
again. 

Answer "A" is sometimes effective, if %:essure builds up within the group until someone 
feels impelled to break the silence withs own expression of feelin~ and a constructive 
suggestion. However, the Ieelmg Which erupts spontaneously may be estructive at times. 
And if no one says or expresses anyttung, mCluamg the leader, the leader hiIiiself may 
~come the butt of their unexoressed feelings. It is natural that they look to the leader for 
guidance and direction, and if he does not provide this, their emotions may build and 
resolve themselves into resentment directed at the leader for not performing his function. 
Therefore, the leader must be ret>ared to stet> in and take charge at such times, in order to 
maintain the cohesion 0 e group an re rect Its energIes lOtO more pro uctlve channels. 

While this answer could work in certain circumstances, please turn back to page 2 and try to 
select a better alternative. . 

Critical Point # 11: PAGE 15-0 

Your answer: (B) Ask the group to pick a representative from each point of view to study 
the matter further. 

Answer &IBn stops the conference shon of reachin~ a successful conclusion. It creates 
feelings of fi1.iStratlon and tutility. Inere may, ot course, be umes wnen It IS obvious that 
the group ~~.~ proceed further without additional facts which they do not have at this 
point. At such times, a halt m the proceedings to allow time to Slather the necessarv 
information is the only rea:Ilstic course to pursue, rather than attempt to pUSh tne group to a 
prema. ture decision based upon insufficient evidence. But when all the facts are on the table. 
such a tactic is merely sidestepping the issue. It shows a weakness ot the leader in avoiding 
his responsibility of keeping thfiEiit& mobilized tov.-ard its £rcal and getting the job done. It 
is then wasteful of tIme and f to tne feelmg ot group coherence and unity. Such 
delaving tactics are often readily recoarUzed bv the erOUD and tend to lower the status of 
the group leader in thel!" eyes. 

Please turn back to page 11 and select another answer. 
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Critical Point # 10: PAGE 16·1 

Your answer: (C) Help the men settle their differences by getting the others to give their 
opinions. 

The best answer is "C". As the situation is now, the differences of opinion between Ansel 
and Brett have mounted to the ~oint of open hostilitv. The leader IS posed with the task 
of taking steps to reduce the resu tant tension. If the leader can mobilize the group to help 
these two men explore theIr difterences, the men can then become more obiective about 
them, and the emotlonal tension WhlCh has been bUilt up Will be dramed off. Canmg on the 
other members of the group to express their ideas will take the focus off the immediate 
c;~Jlict between the two men, and they will be able to see how the others in the group react 
to their ,,;ewpoints. Thus, as each of the two ooponents sizes up the feedback he gets from 
the group, he ",,>ill soon learn \ .. 'here he stands. how much support he: has. and how much 
sense his ideas make to the others. 

In the oro cess of helping two antagonists to explore their differences, hidden avendas 
rna y be uncovered. That is. a man may be trying to maintain his position in opposition to 
the other's viewpoint not because of the reasons he has put forth so far, but because 
something personal and heretofore unrevealed is at stake. In such a case. the opposing 
\;e'h'Point is a threat to him. and the surface reasons for which he has argued are only a· 
cover-up for his emotionallv-based resistance. Wnen the threat has come out in the ooen and 
has been dealt \\1th, the tension will be dissipated and he can then take a more objective 
point of view. 

You are right. Now tum back to page 10 and fill in the answers to the questions below the 
heayy line. 

Critical Point # 1: PAGE IG.n 

Your answer: (B) With a realistic statement of the consequences of the problem. 

Answer "B" carries with it the implication of threat if the problem is not solved by the 
-group. In addition, it rna" have adverse COnseqYCDceS, since it ma" jnhibjt free and open 
discussion and create hostilitv. There are times. of course, when the group Deeds to be 
informed of realistic conseauences which may develop due to conditions of-which they are 
not aVo-are. 10 such exceptions. the statements made would be given as additional 
information about the problem. 

Please turn back to page 1 and select a better answer. 
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Critical Point # 9: PAGE 17-1 

Your answer: (B) Apologize for the group's having criticized him. 

Answer "B" would align the leader with Ansel aenst the rest of the group and drag the 
proceedin2's down to an emotionaI lsSue ramer than turther them on a realistic basis. This 
course of action might also be resented by Ansel himself, since in this "special treatment" 
he is accorded, he woUld be smg[ed out as an mOlVlaUal rather than treated as a group 
member; this contains the hidden implication that Ansel must be treated as a child whose 
feelings have been hurt. Also, there .may be other reasons Why Ansd IS not taIkmg at this 
point. At such times, a man ..... no alreadv has statUS v.'1th me group and confidence in his 
own opinions may deliberately 'withhold them until he feels that the timing is appropriate to 
gain more favorable acceptance of them. 

Please tum back to page 9 and select another answer. 

Critical Point # 6: PAGE 17·II 

Your answer: (C) Modify your definition of the problem. 

Answer "e" is best. Since the leader is now in conflict with the rest of the 2I'OUO, he 
should not ~o on the defensive at this point. Instead, .tus actlon sho@d be such that it 
preserves the UnIty of the group and makes it possible for the confbct to bh re<:glved. Only 
in thIS way can the group get on 'with its work: or soh>mg me problem at hand. Therefore, 
the leader must be able to re-evaluate his ov.'Tl oosition criticall ... in the light of new 
informa tion. He must be willin!Z and pre'Oared to admit his own error or the possibility that 
he is mistaken. The leader's status does not automaticalh' entitle him to be right. His 
abilitv to modif" his own pOSItion is a vital force 1~ butldin~ ~ood ~ouo relationships. He 
should not, of course, comoromise merelv to "save his own face. " This would weaken his 
position in the eyes of the other members of the group and lessen their respect for his 
opinions. But neither should he attempt to maintain a position of infallibility. After all. he 
too is human and subject to error. He must not oress his own Eosltlon too bard if to do so 
would endanger group cohesion. As leader of the group, he must discioline himself in order 
.l.o_keep the interests of the grouo foremost. 

You are right. Now tum back to page 6 and fill in the answers to the questions below the 
heavy line. 
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Critical Point # 7: PAGE 18·1 

Your answer: (C) Move the group along by expressing your opinion as to what's causing the 
problem. 

Answer "C" is an attemot by the leader to dominate the group by expressing his own 
opinion rather than focussin~ on the facts. Instead of participating with the group, he has 
already made the decision for them, thus excluding them from the process. It should be 
remembered that the leader himself is not infallible. His function at this point is not to take 
.~ the work of the group itself. 

Please tum back to page 7 and select another answer. 

Critical Point # 10: PAGE 18·n 

Your answe.r: (B) Ask the men to get together later and iron out their differences. 

Answer uB" is wrong since, in effect, it demands that the tym men stifle their djfferences 
for the time being. This would leave each man in a state of tension which would very likely 
increase and so ~amper his further participation. The differences which have arisen should 
be re23l'ded as part of the grouo process and worked out in the group. The leader who 
adopts the policy of asKmaft the two men to get toz£tber and iron out their differences later 
is actually labeling these ferences as personal and thus removing them from the field of 
the group, where they have arisen. The forward pro~ess of the group would be stvmied by 
such an action rather than promoted. 

Now tum back to page 10 and select another answer. 
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Critical Point :# 12: PAGE 19-1 

Your answer: (A) Check out your impression with the group to see if there actually is a 
consensus. 

Answer"A" is the preferred one. At this point, the leader has ~ked uo cues that the 
pilot program has gained some favor, but he is not yet certaIn It It sufficient backing to 
make it workable. Therefore, he needs to check out his impression with the group to see 
y..ftat the vie'WS of the members of the group actually are about tne pilot program-whether 
or not they are ready to commit themselves to the program. carry it out successfullv, and 
accept the resUlts of It, prov1mng tney are dear-cut. In other words, a consensus is 
necessa.I"\·. Othe!\\;se, the plan \o\ill miscarry. However, 100% allT'eement is not essential. ~ 
is it necessary to poll members of a small group to make certain of the degree of consensus. 

You are right. Now tum back to page 12 and fill in the answers to the questions below the 
heavy line. 

Critical Point #.: 2: . PAGE 19·II 

Your answer: (C) CalIon each man for his ideas. 

Answer "C" usually forces each man to take a definite stand. He is thus apt to be put on . 
the d,.fcnsiye and to defend his own opinions and feelings 1f they oppose those of the other 
members of the group. This can be harmf@ to the feelinS! of grOUP unit" and coherence 
since the group may break down in its function as a whole when each man becomes pitted 
against the others as individuals. rather than continwng to cooperate in a joint effort. Thus 
this approach rna" destroy rather than maintain the group function. It may also be based 
upon the mistaken notion that consensus of the members of the group ~il1 be maintained if 
a "roll call" is taken. It can hapoen at times that the members will allT'ee merely for the jake 
of agreement, thus blocking any reat orogress. But if they disagree, theIr fedingsof bci.ng. 
"put on the spot" will tend to sharpen their differences rather than resolve them. 

Please tum back to page 2 and select another answer. 
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Critical Point # 12: PAGE 2().I 

Your answer: (C) Let the group know they've done a good job, and make the necessary 
assignments. 

The leader who jutnPs the gun by assuring the group that they have done a good job and 
proceeds then to assign the work necessary may be acting on the basis of his own anxiety 
and wishful thinking. He \Wllts to e;et the meeting over with and does not want to face up to 
the possibility that the program m reality does not have sufficientlv strong backing by the 
group. In other cases, this same tactic is deliberatelv resorted to by the manipulatjye type of 
leader who is relying on giving the members of the group a "mow lob" in order to get their 
cooperation. In both instances, use of this tactic sho,,"'S a lack of aopreciation of the 
importance of getting the !;?enuine coooeration and partlClpation of the group members. 

Please turn back to page 12 and select another answer. 

Critical Point # 6: PAGE 20·n 

Your answer: (B) Communicate your reasoning more clearly so that the group. will get a 
fresh start. 

Answer "B" assumes that the leader is really 0rbt but has not made his own definition of 
the problem clear enough to the goup. Though this might possibly be the case, it isJIl..Q.t:.. 

robable that the leader is not r' . which he is receiving. Instead of 
re-ev uating his own definition of the problem, he is sticking to it and tryin~ to persuade 
the .g!hcrs to accept it. 

Please turn back to page 6 and select another answer. 
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Critical Point # 5: PAGE 21·I 

Your answer: (A) Give the group your opinion and any additional infonnation you have. 

Answer "A" is the preferred one. The group has reached a point where they now need the 
leader's help. They have given much thought to the problem and made many suggestions. 
When the group now asks for more information or the leader's oDinion, he should give it to 
them. If Mac has beensensitive to the group's progress and ihell' presen~ dirficulty, It 15 ~ 
to him to trv to help them out at this time. However, in doing this, he should stick to tnc 
objective facts as he sees them and avoId taking sides in a personal manner. In other words, 
he should not make a 'ud ent as to who is right and who is \\Tong. To do this would tend 
to sp It e group, put some persons on the e enslve, an create rnction unnecessarily. But 
the leader should have the courage to state his opinion in an impersonal manner, making 
sure it is based on the eVIdence so far, rather than ta.Klllg a 61asea attltuae tov.Gra anyone 
with 'whom hiS oplmons cuber. 

You are correct. Now turn back to page 5 and rill in the answers to the questions bdow the 
heavy line. 

Critical Point # 4: PAGE 21·n 

Your answer: (C) Move the discussion a·way from the sensitive area. 

Answer "e" is not really applicable here. The sensitivities of the group have already been 
fairlv well sed at this point. If the leader had tried to avoid facing these issues and allowing 
theIr feelings and opinions to come out, he would, of course, have shown a weakness in his 
leadership. But now it is time to eet back to the facts, and Ansd's ouestion is actually a 
reguest for the leader to get the ball rolling a23in In tne direction of solVing the problem. 

Please tum back to page 4 and sdect another.answer. 
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Critical Point # 8: PAGE 22-1 

Your answer: (A) Summarize the accomplishments and ask the members to be ready with 
proposals for correcting the situation at the next meeting. 

"A" is incorrect. Such an action indicates that the leader has not properly evaluated the 
group's perfonnance and potential for solVlng the problem dunng this meetmg and 15 Willing 
to $0 along with those who wish to end the meeting prematurely. He is compromising his 
pOSItion as a leader by aidin~ those who wish to postpone further work on the problem to a 
later date. In so doing, he reveals himself to the group as a weak leader who can be 
manipulated into postponing me meetIng unnecessarily, and he is apt to lose the respect of 
other members who ",'ish to contmue. 

Please turn back to page 8 and select another answer. 

Critical Point # 7: PAGE 22-n 

Your answer: (B) Try to clarify the situation by reviewing the alternatives. 

Ans~r "B" is the most satisfactory response. By now, many ideas have been brou~ht out 
concerning the l)0ssible causes of the problem. In such a sltuatlon. the tendency IS for the 
group to rescn e a cure bel ore the real cause is actually determined. It is tberelore time for 
the leader to step In an reVIew e ternatlves so that the group can begin to see more 
clearh~ the issues before them. By doin~ this-perhaps by listing the alternatives on the 
blaCkboard, for InStance-much of the confusion can be cleared up. This will help prevent 
the group from "jumping tne ~n II to reacn premature conclUSIons before the evidence hiS 
been fully developed. . 

You are right. Now tum back to page 7 and fill in the answers to the questions below the 
heavy line. 
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Critical Point :# 11: PAGE 23-1 

Your answer: (A) Let them know where you sand by making your own fed.ings known. 

Answer "A" does nothing to resolve the differences in the group. Takin~ sides with one 
faction or the other at trus pomt may o@y result In WIdening the rift between the opposing 
forces. The task of the leader in such circumstances 1S to keeo from becomin{! embroiled 
himself in the existing emotional conflict and 35.! the group back to the more obJective 
approach of examining the facts which need to be considered in ""'Oraer to carry out the work 
oi the group. 

Now tum back to page 11 and select another answer. 

Critical Point # 12: PAGE 23-II 

Your answer: (B) Assume they will accept the program if most members are ~illing to carry 
it out, and ask for volunteers. 

Answer uB" assumes a consensus. It is true that asking for volunteers to carry out the 
plan may reveal it. However, if sufficient volunteers are not forthcoming, the leader has put 
himself into an awkard position bv his mistaken assumption. 

Please tum back to page 12 and select another answer. 
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Critical Point # 3: PAGE 24-1 

Your answer: (A) Change the subject diplomatically. 

Answer "A" avoids the real issue at stake. By trying to change the subject diplomatically, 
the group leader wo m e ect 'flin the 0 en ex reSSlon of feelings, thus forcing the 
conflict to go underground. If this should ppen, e emotional tensions built up would 
not be released, but would most likely continue to intensIfy. tendmg to create a chasm in 
the group, rather ~ban fostering the_ ongomg feeling of the gour's being able to 
work out its internal problems. While harmony may be the leader S alIIl m changmg the 
subject, any surface agreement which results is apt to be only an illusion. To adopt this 
policy is an s.d,mission of weakness on the part OTt'he leader who would rather avoid the 
emotional conflict than face it and let it work itself-out. Such a policv;by blocking the 
feelings aroused, tends also to. block the progress of the group tov .. ard completion of its task. 
If feelings and opinions cannot oe expressed Ired\' In tile group, the members "",ill feel 
mhlolted OV the leader's atntude. ' L -, 

Please turn back to page 3 and select another answer. 

Critical Point # 4: PAGE 24-D 

Your answer: (B) luk the group for more facts about the problem. 

The best answer is "B". The group..has provided part of the answers and the need now is 
to ~ther more information to ~ tne group to reacn a souna conclUSIon. At this 
particular point in the discussion, the group has gotten some of their feelin~ out, and it is f&Jl the leader to rrct them back to the unfinished task at hand. He will do this by seeking 

er mformatlon rom them In order to till out me tactual pIcture more fully. 

You are right. Now turn back to page 4 and fill in the answers to the questions below the 
heavy line. 
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Critical Point # 5: PAGE 25·1 

Your answer: (C) Give Charlie a chance to explain funher ",;hy he wants to tear down one 
of the machines. 

Answer "C" would delav reaching the conference ob1ectives. Since Charlie obviowly is 
ven' biased. he could easil\' sidetrack the discwsion if allowed to proceed further with his 
suggestion. "CharlIe"'has already presented his ideas, and no further pUfPose would be served 
by allowin~ him to expand uoon them at this point, unless Mac felt Illat m hIS own opinion 
Charlie had co~e up WIth a possl@e solution. 

Please turn back to page 5 and select another answer. 

Critical Point # 9: PAGE 25·Il 

Your answer: (A) ~sk Ansel what's bothering him. 

Answer "A" would put Ansel on the spot. He would most likely react in a defensive 
manner, perhaps by expressing- resentment toward either the leader or the group as a whole. 
This would tend to ""c1en tne cnasm between nlm and the rest of the group rather than to 
draw him baCk into actlve particIpatlOn. If the group leader has been sensitive to what has 
been going on, he will alreadv have a prett\' good idea why Ansel isn't Earticioating
namelY, that Ansel may feel that hIS earlier attemots at exoressme- rus OO1Olons were not 
received in a welcome ma.nner. -

Please turn back to page 9 and select another answer. 
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Critical Point # 5: PAGE 26·1 

Your answer: (B) Summarize the situation so far, without expressing your opinion. 

Answer "B" evades the issue, since the leader has been asked a direct question. ~ot to 
answer it might well create resentment. The ~ at this point feels it has made an the 
Input possible, and they now want the leader's thinkinv. However, summarizing the 
situation so far is often necessarY at some points in the group's work process. In such a case, 
the 19der might offer a tentatIve conclusion for the group to accept or reject. But here, hl!£. 
is being ouestioned about a~soecific ooint which has 'Come up;· , .. , L' 

.. 

Please turn back to page 5 and select another answer. 

Critical Po int # 8: PAGE 26-ll 

Your answer: (C) Devote some time to trying to reconcile differences before going ahead. 

"C" is not the best answer at this point. In some instances "during a group meeting, it is 
v.ise to devote some time to reconciling differences before goin!?: ahead. But at this time. the 
CIITE-ences already have been thorou~hlv explored. and vaiuable time might be lost and the 
differences frozen even more. If the leader has evaluated the progress and performance of 
the group properly, he v.ill know t11i'tthe grOUP is caoable of goinv on to achjt:ye irs 
objective without trying to get uiii"nimous agreement. Therefore, further work of the group 
15 In order. 

Please tum back to page 8 and select another answer. , 
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Critical Point :# 2: PAGE 2i·I 

Your answer: (B) Express what you sense is the group's feeling at the moment. 

The most satisfactory answer is "Bu. If the group leader expresses what he senses to be the feelinsrs of the qrOUp at the momeIit,'"he brings these feelings out in the open-makes them explicit. The unspoken feelin,gs at such a time are apt to block the grOUp unless they are dealt with. EacH partlClpant~that he and the group have come to a stoP. They have run OUI of ideas, and no one has anvthine- else to savor contribute. By hreflectine" their feelings, the group leader shows them that he is aware of their feelines. accepts them as normal at such a time, and m tact shares them hiniself. He must, of course, be sensitive to their feelings and reflect them correctlv in order to do this. 
~ reflectinqo tliClr feelings ne 2lves them a sense of understandin2: and support. Also, by his attitude and words, he exerCISeStrue leadershIP bv "breakin2' the block:' that is, he j!J..Q.~ them that, while he is in the same boat as they are, regaramg hlS own feelings, he is !lot.y .. m.ing to SIOP there. He is solidifvin~ the feeline-s of the participants in the group as a whole. himself included, but also mobilizine- the ener~es behind these feclines toward funbc'" group effort, If he did not do this, tEe group IIllght come to a naJ.t In Its aCtlvltles and actually dissolve. By bringing the disruptive emotional mood out into the open, he helps the group to reco~ze it as a problem common to ill ana to surmount it· so tnat the group activity in solving the problem at hand may be taken up again. 

You are right. Now turn back to page 2 and fill out the answers to the questions below the heavy line. 

Critical Point;:; i: PAGE 2i-II 

Your answer: (A) Indicate in a firm but friendly manner that the group is beginning to repeat itself. 

Answer "A" may sometimes work. However, this leaves it UP to the qrOUP to pick up the su!Z!Zestion, and someone else in the group must then try to clarify the issues before the group can move along,lf..this does not happen. the group rna\' wander further afield in their confusion. It is much simpler and auicker if the leader hlmself can penetrate auickh' and sharply to the hean of the dilemma. 

Please tum back to page 7 and select another answer. 
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Critical Point # 3: PAGE 28-1 

Your answer: (B) Ask Ansel where that kind of reasoning is going to lead.. 

Answer OIB" puts Ansel on the spot in front of his peers. In effect, he is beirig 
r..eprimanded by the leader for expressmg his feelIngs operily. 1hlS tactic is aDt to create 
resentment on Ansel's part toward the Ieaaer and may elther discourage him from further 
partIcIpatIon in the group's acti..-ity or put him on the defensive, thus, in effect, isolating 
film from t~e group. Such a tactic fmtkght also boomerang upon the leader himself, since the 
leader's actIon may cause some 0 e other group members to come to Ansel's rescue, 
thereby putting Mac in the awkward position of defending himself. 

Criticizing a person in front of his peers is detrimental to interpersonal relationships in the 
group and should be avoJded at an costs. 

Please tum back to page 3 and select another answer. 

Critical Point # 11: PAGE 28-ll 

Your answer: (C) Try to stimulate a deeper perception by summarizing the progress so far. 

"C" is the best answer~ The differences are now all out in the open. Hidden a<zendas have 
been uncovered and the group has become divided. There is dane:er of a stalemate at this 
point, unless the leader takes steps to remove the roadblocks and move the group onward 
toward the desired objectives. He can do this by summarizin~ what has happened so far. 
sticking to the objective facts that have1)een developed, and Vojdjpg becoming embroiled 
in the £er50nal issues. Bv his ovm examole. he jnduces the members of the group to take a 
more o~ectlve attltuiie and to focus their attention on proceeding with the solution of the 
problem at hiild. Ine sensitiveTeider does not cut off emotional expression in the group 
prematurely, but he knows when it has run its course sufficient)" and when it is profitable 
to direct the group's eHorts back to the task. Summarizing the progress so far is an excellent 
way to do-this. 

You are correct. Now tum back to page 11 and fill in the answers to the questions below 
the hea,'Y line. 
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Critical Point;: 9: PAGE 29·1 

Your answer: (C) Encourage him .... ith individual recognition. 

The best answer is "C". At this point Ansel. the oldest and most experienced member of 
the group, has dropped out of the discUSSiciii. He has not oarticioated active}\' since he 
exoressed his o ..... -n ooinions much earlier and most emphaticallv. But he has been listening, 
and he may have a vatuable contribution to make at this time. Dominick has just questioned 
.,o\nsel and Ilotten a noncomnuttal answer. It IS now up to the leader to try to draw Ansel out 
and induce him to participate agaIn. He can do this bv encoura2'ln!! Ansel. glvmg tum open 
reco2'llition before the group for his past contributions to the organization. Deserved oraise 
is often etfective in getting a reticent member to open up with the group. 

'You are right. Now turn back to page 9 and fill out the answers to the questions below the 
heavy line. . 

Critical Point # 6: PAGE 29·0 

Your answer: (A) Defend your definition of the problem. 

Answer "A" would indicate that the leader is not takine- into cOnsideratjnn the input 
which the !!TOUP has pro\ided. Instead, he lS bent on defending his own position. But, like 
any other member of the group, the leader also should be flexible and open·minded 
receptive to new ideas and to the possibility that he could be ..... Tong. Otherwise, he is not 
functioning as part of the group himself. He should be strong enoul!h to accept new idea.~ 
and criticism and e\:aluate the factS phjea jye1y . 

Please turn back to page 6 and select another answer. 
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Critical Point # 1: PAGE 30-1 

Your answer: (A) By pointing out the benefits that would follow from a solution of the 
problem 

Answer "A" is onl" in order if the leader knows that there is opposition to sohing the 
problem and even m thls case It may do little good if the opposition is strong. In most 
groups, the ask of solving the roblem is more or less accepted by the grou

n 
as pan of their 

. .J,ch.. For the leader to start at t s way, in such a case, oy trying to "se II the groupon 
doing their work would be an indication of weakness on the pan of the leader and would 
not enhance the respect of the group for him. 

Please turn back to page 1 and select another answer. 

Critical Point:;:: 3: PAGE 30-11 

Your answer: (C) .A...sk the group how they feel about his criticism. 

.-\nswer "c" is the preferred one. The ~oup is now under attack bv one of its members. 
This will ~ouse feelimrs among the other members of the group, and they therefore should 
be allowed to voice these feelings and opinions. The leader should not intervene at this 
point, but let the group handle the dlsagreement. Criticisms should not be stifled in a group . 
Qften they are valid and stimulating. If they are destructive, it is better to let the group 
itself work out the conflict openly, rather than sidestep it. In this y,:ay. the emotional 
energies generated can be 'drained off and then redirected into an attack on the problem 
rather than on members of the group. When disa~ments are allowed to work themselves 
QYl., the constructive group atmos.phere will even y ~, and a step forward toward 
completing the task at hand will often have been made. The leader. then, should remain 
neutteJ at such a point as this, encoura£i,n2' the other members of the group to expres~ thc;ir 
.feelin~ rather than take sides or try to force a premature resolution of the conflict. 

You are right. Now turn back to page 3 and fill out the answers to the questions below the 
heavy line. 
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II. 

OBJECTIVES 

TEACHING OUTLINE 

PERFORMANCE APPRAISAL 

1. Discuss the concepts of Performance Appraisal and how they. 

impact the working relationships between a supervisor and 

subordinate brought to bear during the appraisal process. 

2. Identify and demonstrate the principles of a good coaching 

system. 

3. Explain and discuss the Corporate Performance Appraisal 

Policy/Procedure and the responsibility for administering it. 

INSTRUCTOR'S PREPARATION 

1. Review the Manager's Guide to the Performance Aopraisa1 Process 

used with the Corporate Performance Appraisal Forms. 

2. Review Chapter 18 of Management 18: Coaching and Developing 

Subordinates. Give special attention to the section, Imple

menting a Results Approach to ~erformance Reviews. 

3. Preview the film Who Wants to Play God? Determine key points 

to be emphasized in post-viewing discussion. 

4. Obtain copies of the role play situation sheets, G/C For 

PA-l (Notification of PA), timing seque.nce and Corporate 

Performance Appraisal Forms for the workshop activity. 

5. Prepare and develop concepts of role play workshop activity. 
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Teaching Outline - Performance Appraisal Page 2 of 4 

III. SCHEDULE OF EVENTS 

1. Conduct a brief group discussion concerning participants' 

experiences during·the past week in using constructive 

correction with their employees. 

2. Define Performance Appraisal. Conduct a ·brief discussion 

on what Performance Appraisal is. 

3. Discuss briefly the benefits of an effective performance 

appraisal system. 

o For the organization 

o For the employee 

o For the manager 

4. Compile a discussion list (use flip-chart or chalkboard) 

of common problems participants may have encountered with 

previous performance appraisals. Examples: personal bias, 

awarding average ratings to everyone, ignoring EEO considera

tions, inconsistent standards, insufficient employee perfor

mance monitoring, etc. 

It is suggested that solving these problems should be 

deferred. The activities during the session should be 

directed to address their importance and lead way to a 

resolution at that appropriate time. 

5. Discuss the key elements of performance appraisal 

o Job Perceptions - Supervisor/Subordinate 

Responsibility - What has to be done? 

Authority - What are the parameters to get it done? 

Accountability - To what degree was it done? 

o Self Appraisal 

o Coaching 

9-2 
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Teaching Outline - Performance Appraisal 

o Development Objectives 

Skills 

Performance 

Career 

o Others 

Page 3 of 4 

6. Review the GIC Performance Appraisal system, especially 

highlight the procedures and use of the form. 

o Manager's Guide to the Performance Appraisal Process 

o Forms 

7. Show the film Who Wants to Play God? 

o We are about to view the film Who Wants to Play God? 

which portrays a model for effectively preparing for 

and conducting the appraisal interview. Make the 

point that, seldom will we ever have a situation as 

ideal as the one shown in the film, however, the 

film offers us valuable guidelines, a track to run 

on, if you will, a model to work toward. 

o The film portrays several phases of a performance 

appraisal interview. Ask participants to make notes 

of the techniques the manager uses in each phase. 

o Show the film (25 minutes showing time). 

o Conduct a 6-7 minute post film discussion to emphasize 

the "complete cycle." 

8. Set the stage for the workshop activity - a role play. 

Performance analysis and coaching workshop. 

o Make the point we now have a model to guide us through 

an appraisal interview. 

o Select two (2) participants to act as manager and 

subordinate for the role play situation. Allow the 

two to make a brief preparation outside the classroom 

9-3 
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Teaching Outline - Performance Appraisal Page 4 of 4 

and instruct the remaining participants to serve 

as observers. Charge the observers to note the 

appropriate methods to be used in conducting the 

performance appraisal based on what they learned 

in this class session. 

Note: It may be necessary to stop the role play if it is 

extending beyond the time allotted. 

o Conduct a summary of the mock appraisal interview. 

Ask the group (observers) to: 

Identify positive points to reinforce their use. 

Resolve problem areas by offering suggestions for 

corrective action. 

9. Summary and Application 

o Ask participants to write on their application 

sheets the most significant points they learned 

in this session. 

o Ask one or two participants to briefly share this 

with the group. 

10. Briefly review the assignment for next session. 
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OBJECTIVES 

PERFORMANCE APPRAISAL 

PARTICIPANT'S ASSIGNMENT 

1. Discuss the concepts of Performance Appraisal and how 

they impact the working relationships between a super

visor and subordinate brought to bear during the appraisal 

process. 

2. Identify and demonstrate the principles of a good coaching 

system. 

3. Explain and discuss the Corporate Performance Appraisal 

Policy/Procedure and the responsibility for adminiStering it. 

READING 

1. Review - Chapter 18 - Coaching and Developing Subordinates. 

2. Read and Complete - Chapter 19 - Training and Developing -

(Yellow notebook) 

HOMEWORK 

1. Identify recent work or behavior by one of your employees 

which needs to be corrected. Using what you learned in 

the "Correcting" Session, make the necessary corrections 

with this employee prior to this session on Performance 

Appraisal. 

2. Be prepared to report at this session the successes and 

difficulties encountered in No. 1 above. 

3. Complete the Performance Analysis Chart in Management 18 prior 

to this session. 

4. Review and become familiar with the "My Subordinate Coaching 

Plan Worksheet" contained in this notebook. 
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1. 

2. 

MY SUBORDINATE COACHING PLAN 
WORKSHEET 

Complete the Performance Analysis Chart in Management 18. 

How will I get mutual agreement with my subordinates concerning the 
following? (In Management 18.) 

A. The content of the work/activities for which the subordinates are 
responsible. 

B. Factors upon which his performance will be judged (i.e., quality, 
quantity, cost, innovation, estimating accuracy, self-development 
and service to others). 

C. How performance will be measured. 

D. Specific minimum results/standard to meet 4n each area. 

9-2 
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My Subordinate Teaching Plan 

3. How will my coaching system do the following? (In Management 18.) 

A. Let the subordinate know what is expected of him. 

B. Give the subordinate an opportunity to perform. 

c. Let the subordinate know how he is doing. 

D. Give the subordinate assistance and support. 

E. Reward the subordinate on the basis of results achieved. 
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Memorandum 
GILBERT ASSOCIATES, INC. 

to: October 8, 1985 

from: Human Resources 

subject: PERFORMANCE APPRAISAL REVIEW DATES 

Employees in your organizational unit whose annual performance appraisals are 
due January, 1986, are shown on the attachment. 

Completed and signed appraisal forms should be forwarded to the Compensation 
Staff or your designated Human Resources Representative for review and 
inclusion in the employee's permanent personnel file. This document will be 
returned upon request for the employee's next salary review. However, if a 
performance appraisal is completed within two months of an employee's next 
salary review date, it may be retained and returned with the Personnel Action 
Form. 

VJK:das 
Attachment 

V. J. Koren 
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EXEMPT/NON-EXEMPT 

PERFORMANCE APPRAISAL 

EMPLOYEE HIRE 
NAME: NUMBER: DATE: 

POSITION POSITION 
POSITION TITLE: CODE: START DATE: 

SECTION 
SECTION: NUMBER: DIVISION: 

OATE ASSIGNED 
SUPERVISOR·SECTION: THIS SUPERVISOR: 

I DATE ASSIGNED 

I 
SUPERVISOR FOR PROJECT (IF ANY): THIS SUPERVISOR: 

APPRAISAL PERIOD· FROM: TO: 

The performance appraisal process is a year.round effort involving formal and informal employee coaching and counseling sessions It is that 
format which formulates the basIs forthe annual performance review. This form is intended to foster communication between supervisor and 
employee for the annual review. Employees are urged to share their concerns, suggestions, and goals. The supervisor Should prOVide feedback 
on performance, suggestions for improvement, and plans for development. Ratings awarded to performance should be based on measured 
output. 

PERFORMANCE APPRAISAL RATINGS 

5 • Outstanding. Far Exceeds Requirements 

Performance consistently and substantially exceeds all expected position results over a sustained period (ex. 2-3 yrs.l. The employee's 
performance IS far superior to the majority of employees In the same or similar POSitions. In addition, an employee at this level should have 
reached a very high degree of expertise and excel In every essential element of the assigned position. 

4 • Frequently Exceeds Requirements 

Performance frequently exceeds all expected position results The employee's performance is better than the majority of employees in the 
same or similar positions. 

3 • Competent 

Performance meets expected position results. The employee's performance is generally equal to the majority of employees In the same or 
Similar positions. 

2 - Meets Minimum Requirements 

Performance meets some but not all expected POSition results. The employee's performance IS sometimes below the majority of employees 
In the same or Similar positions. An employee whose performance IS consistently evaluated at thiS level may be conSidered for a position 
which IS more compatible With his/her abilities. ThiS rating level may also apply to entry level or inexperienced employees who stili reqUire 
conSiderable superviSion and training before performance IS fully satisfactory. 

1 • Unsatisfactory 

Performance does not meet expected pOSition results. The employee's performance IS frequently below the majority of employees in the 
same or Similar POSitions. An employee at thiS rating level should be placed on probation and should be ineligible for a salary Increase. A 
speCifiC plan should be established for the employee to Improve his/her performance Within a given time peflod. If no Improvement is 
made Within the time peflod established In the Improvement plan, the employee should then be terminated 



I. Objectives: 
Ust the tasks, assignments, or key results 
expected. 

* Total wgt not 
greater than 100% 

% 
Wgt* 

100% 

II. Performance Results: 
List the results in relation to Section I. 
Consider timeliness, quality and quantity. 

Total Weighted Rating Values 
5. Outstanding 
4. Frequently Exceeds Requirements 
3. Competent 
2. Meets Minimum Requirements 
1. Unsatisfactory 

%xRV = WR I 
Rating Wgt 
Values Rating , .. ~I 
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I~ PERFORMANCE PLANNING WORKSHEET 

I Name ___________ _ Section ___________ _ Section No. __________ _ 

I Supervisor ____________ _ Supervisor for Project _________________ _ 

I 
I 
I 
1 

I 
t 
I 
I 
I 
I 
I 
I 
I 
I 

Performance Appraisal Period _______________________________ _ 

The performance appraisal process is a year-round effort involving formal and informal employee coaching and counseling sessions. The 
Performance Planning worksheet is intended as a living document retained by the supervisor to record objectives. assignments. etc. aCQuired by 
the employee at the outset and throughout the appraisal period. The data collected on this form then serves as the baSIS for the annual 
performance review. Objectives for the new appraisal period should begin use of the form. A weighting factor should be given to each objective 
and placed in the column next to the objective. As objectives emerge during the course of the appraisal period they should be added to the 
worksheet. At the end ofthe appraisal penod the total weighting should not exceed 100%. Only major objectives should be included and should 
not exceed 12. 

PERFORMANCE PLANNING WORKSHEET 

I. Objectives: 
List the tasks. assignments. or key results 
expected. 

II. Performance Results: 
Ust the results in relation to Section I. 
Consider timeliness. qualitY and quantity. 

(over) 

Weight x RV = WR 

Rating Wgt 
Values Rating 



I. 

PERFORMANCE PLANNING WORKSHEET 

Objectives: 
Ust the tasks. assignments. or key results 
expected. 

• Total wgt not 
greater than 100% 

II. 

'10 
Wgt* 

100'10 

Weight x RV = WR 

Performance Results: 
Ust the results in relation to Section •• 
Consider timeliness. quality and quantity. Rating Wgt 

Values Rating-

RATING VALUES Total Weighted Rating Values 
S. Outstanding 
4. Frequently Exceeds Requirements 
3. Competent 
2. Meets Minimum Requirements 
1. Unsatisfactory 

I 
I 
I 
I 
I 
I 
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III. PERFORMANCE FACTORS 

I. 

2. 

3. 

4. 

S. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Job Knowledge: technical background and skills 
required to perform the Job function, keeping current 
on Company policies, procedures 

Volume of Work: amount of work produced in a 
given time period 

Quality of Work: accuracy, appearance, orderliness, 
and thoroughness of work, attention to detail 

Organizational skills: ability to plan, establish 
priOrities and properly utilize time and resources to 
accomplish tasks 

Communication: ability to listen, write, and speak 
effectively 

Interpersonal relations: the effectiveness of 
cooperating with supervisors, subordinates, fellow 
employees, and/or clients, tact, senSitive to the needs 
of others 

Initiative: seizing new opportunities, confronting 
problems, extending beyond initial assignment; 
assertiveness 

Performance stability: maintaining high performance 
under pressure conditions, adaptability, cooperatmg 
with other working Units 

Dependability: attendance, punctuality; ability to 
complete assignments on schedule 

Leadership (where applicable): use of available 
resources, delegation; coordination of Team Member 

Actions employee has taken resulting from 
suggestions offered during previous performance 
appraisal 

Other factors affecting performance 

3 = 
2 = 
1 = 

Wgt 

Very Important 
Avg Importance 
Least Important 

5 
4 
3 
2 
1 
NA 

COMMENTS 

Rating Value 

Outstanding TOTALS: = Frequently Exceeds Requirements 
= Competent 

= Meets Minimum Requirements 
= Unsatisfactory 

= Not Applicable 

Wgt X 

A 

D 
Avg 
Wgt 

Rating 

Avg 
Wgt 

Rating 

Rating Wgt 
Value = Rating 

B 

D 
= Jl = C 

A 

C 

D 
Performance Factors 



IV. OVERALL PERFORMANCE RATING (Based on analysis of items I. 11.111) 

Wgt 

Avg. rating of Section II x (70% to 90%) 

Avg. rating of Section III x (30% to 10%) = __ 

Overall rating (total above) __ 

Comments: 

V. PERFORMANCE PLAN 

Performance planmng forthe next period: consider employee goals, possible assignments, speCial duties; skills needed 

to perform future assignments; strengths/weaknesses In Section III; target dates for accomplishments. 

Suggestions for improvement: 

Skills development: 

Long range employee goals: 

VI. REVIEWS 

1. Prepared by Date 

2. Approved by 
Date 

3 Reviewed by 
Date 

4. Employee Comments: 

I have reviewed this appraisal With my Immediate supervisor 

Employee Date 
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MANAGEMENT/SUPERVISORY 

PERFORMANCE APPRAISAL 

I 
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EMPLOYEE HIRE 

NAME: NUMBER: DATE: 

POSITION POSITION 

POSITION TITLE: CODE: START DATE: 

SECTION 

SECTION: NUMBER: DIVISION: 

DATE ASSIGNED 

SUPERVISOR-SECTION: THIS SUPERVISOR: 

DATE ASSIGNED 

SUPERVISOR FOR PROJECT (IF ANY): THIS SUPERVISOR: 

APPRAISAL PERIOD - FROM: TO: 

The performance appraisal process is a year-round effort involving formal and informal employee coaching and counseling sessions. It is that 

format which formulates the basis for the annual performance review. This form is intended to foster communication between supervisor and 

employee forthe annual review. Employees are urged to share their concerns, suggestions, and goals. The supervisor should provide feedback 

on performance, suggestions for improvement, and plans for development. Ratings awarded to performance should be based on measured 

output. 

PERFORMANCE APPRAISAL RATINGS 

5 - Outstanding - Far Exceeds Requirements 

Performance consistently and substantially exceeds all expected position results over a sustained period (ex. 2-3 yrs.). The em ployee's 

performance is far superior to the majority of employees in the same or similar positions. In addition, an employee at this level should have 

reached a very high degree of expertise and excel in every essential element ofthe assigned position. 

4 - Frequently Exceeds Requirements 

Performance frequently exceeds all expected position results. The employee's performance is better than the majority of employees in the 

same or similar positions. 

3 - Competent 

Performance meets expected position results. The employee's performance is generally equal to the majority of employees in the same or 

similar positions. 

I 2 - Meets Minimum Requirements 

I 
I 
I, 

I 

Performance meets some but not all expected position results. The employee's performance is sometimes below the majority of employees 

in the same or similar pOSitions. An employee whose performance IS consistently evaluated at thiS level may be considered for a position 

which is more compatible with hiS/her abilities. This rating level may also apply to entry level or inexperienced employees who still require 

considerable supervision and training before performance is fully satisfactory. 

1 - Unsatisfactory 

Performance does not meet expected position results. The employee's performance is frequently below the majority of employees 10 the 

same or similar positions. An employee at this rating level should be placed on probation and should be ineligible for a salary increase. A 

specific plan should be established for the employee to improve his/her performance within a given time period. If no improvement is 

made WlthlO the time period established 10 the improvement plan, the employee should then be terminated. 



I. Objectives: 
Ust the tasks. assignments. or key results 
expected. 

.... 

* Total wgt not 
greater tha n 100 % 

II. 

% 
Wgt* 

100% 

%xRV:' WR 

Performance Results: 
Ust the results in relation to Section I. 
Consider timeliness. quality and quantity. Rating Wgt 

Values Rating 

Total Weighted Rating Values 
5. Outstanding 
4. Frequently Exceeds Requirements 
3. Competent 
2. Meets Minimum Requirements 
1. Unsatisfactory 

I 
1"'1 
~ 
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I 
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PERFORMANCE PLANNING WORKSHEET 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Name ___________ _ Section ___________ _ Section No. _________ _ 

Supervisor ____________ _ Supervisor for Project ________________ _ 

The performance appraisal process is a year-round effort involving formal and informal employee coaching and counseling sessions. The 

Performance Planning worksheet is intended as a living document retained by the supervisor to record objectives. assignments. etc. acquired by 

the employee atthe outset and throughout the appraisal period. The data collected on this form then serves as the basIs for the annual 

performance review. Objectives for the new appraisal period should begin use of the form. A weig hting factor shou Id be given to each objective 

and placed in the column next to the objective. As objectives emerge during the course ofthe appraisal period they should be added to the 

worksheet. Atthe end ofthe appraisal period the total weighting should not exceed 100%. Only major objectives should be included and should 

not exceed 12. 

. PERFORMANCE PLANNING WORKSHEET 

I. Objectives: 
List the tasks. assignments, or key results 
expected. 

% 
wgt* 

II. Performance Results: 
Ust the results in relation to Section I. 
Consider timeliness. qualitY and quantity. 

(over) 

Weight x RV = WR 

Rating Wgt 
Values Rating 



I. 

PERFORMANCE PLANNING WORKSHEET 

weight x RV = WR 

Objectives: II. Performance Results: 
Ust the tasks. assign'ments. or key results Ust the results in relation to Section I. 
expected. 'Y. Consider timeliness. quality and quantity. Rating Wgt(' 

wgt* Values Ratint, 

-

, 
( 

100". 

RATING VALUES Total Weighted Rating Values \ .. 

... Total wgt not 
greater than 100". 

5. Outstanding 
4. Frequently Exceeds Requirements 
3. Competent 
2. Meets Minimum Requirements 
1. Unsatisfactory 
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III. PERFORMANCE FACTORS 

• 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Job Knowledge: technical skills required to manage 
the function 

Planning and organizing: establishing objectives and 
priorities; meeting schedules; delegating assignments 

Directing: coordinating workloads; communicating 
clearly; utilizing available resources; evaluating 
outcomes: 

Interpersonal relations: interacting with peers and 
supervisors; motivating subordinates 

Communication: ability to listen, write, and speak 
effectively; establishing lines of communication with 
supervisors, subordinates, associates 

Problem solving and decision making: problem areas, 
fact-finding; establishing alternate solutions; arriving 
at sound decisions 

Development of Personnel: measuring employee 
performance, identifying skill development needs, 
coaching/developing employee capabilities 

Initiativellnnovation: acting on new opportunities; 
orientation to quality results; promoting the goals 
and objectives of the organization 

Actions taken resulting from suggestions offered 
during previous performance appraisal 

Other factors affecting performance 

3 
2 = 
1 = 

Wgt 

Very Important 
Avg Importance 
Least Important 

5 
4 
3 
2 
1 
NA 

COMMENTS 

Rating Value 

= Outstanding 
= Fr~quently Exceeds Requirements 
= Competent 
= Meets Minimum Requirements 
= Unsatisfactory 

Not Applicable 

TOTALS: 

Rating Wgt 
Wgt X Value = Rating 

A B 

D D 
Avg = .!. C 
Wgt A 

Rating 

C 
Avg 
Wgt 

Rating D 
Performance Factors 



IV. OVERALL PERFORMANCE RATING (Based on analysis of items 1.11.111) 

Wgt 

Avg. rating of Section II x (70% to 90%) 

Avg. rating of Section III x (30% to 10%) = __ 

Overall rating (total above) __ 

Comments: 

V. PERFORMANCE PLAN 

VI. 

Performance objectives for the next period: consider the goals and objectives of the manager and organization; skills if 
needed to perform future assignments; strengthslweaknesses in Section III; target dates for accomplishments. long 
range career goals. if identified. 

Suggestions for improvement: 

Skills development: 

Long range goals: 

REVIEWS 

1- Prepared by Date 

2. Approved by Date 

3. Reviewed by Date 

4. Employee Comments: 

I have reviewed this appraisal with my Immediate supervisor. 

Employee Date 1 ~\{P 
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INDEX OF TASKS 

PROCUREMENT REVIEW ENGINEER 

(PRE) 
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INDEX OF TASKS 
PROCUREMENT REVIEW ENGINEER 
(PRE) 

Th~ taSks for which a Procurement Review Engineer is responsible are: 

TASK NO. 

PRE-to 

PRE-2 

PRE-3 

TASK NAME 

Review the procurement activities of the Responsible 
Procurement Engineers and Procurement Technicians. 

Determine interfaces with other organizatiOns necessary to 
complete procurement activities. 

Review all safety related stock description changes, 
additions and deletions. 



TASK ANALYSIS DATA COLLECTION FORM 

PROGRAM: PROCUREMENT PROJECf 

JOB TITLE: PROCUREMENT REVIEW ENGINEER 

TASK NO.: PRE-l 

Review the procurement activities of the Responsible Procurement Engineers and Procurement Technicians. 

-------------_ .... _--------_ .. _------------------------_ ... --------------------------------------_ .. _----------------------_ .. -----

TASK CONDmONS: 

TASK STANDARDS: 

TOOLSIEQUIPMENT: 

REFERENCES: 

PERSONNELSAFEIY 
CONSIDERATIONS: 

HUMAN INTERFACES: 

This review is equivalent to a "design verification review. 

Compliance with procedures and Industry Codes and 
Standards such as ASME and ANSI. 

None. 

Calvert Cliffs Instruction CCI-l62 "ProcuremeIft of Items 
and Services for Calvert Cliffs". 

Procurement Engineering Procedures (PEP·s). 

DESP-7 "Design and Design Review". 

No special personnel safety considerations. 

Supervisor Procurement Engineering. 

Responsible Procurement Engineers 

Procurement Technicians 

Material Engineering Analysis Unit (MEAU) personnel. 

Purchasing & Materials Management Department 
(P&MMD) personnel. 

Procurement Coordination Unit (PCU) personnel. 

Procurement Quality Unit (PQU) personnel. 

Receiving Inspection Unit (RIU) personnel. 

Vendor Audits Unit (V AU) personnel. 

Design Review Engineers, Design Engineers and 
Designers. 

Chemistry personnel. 

Vendors. 
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Page 2. 

TASK ANALYSIS DATA COLLEcriON FORM 

PROGRAM: PROCUREMENTPRomcr 

JOB TITLE: PROCUREMENT REVIEW ENGINEER 

TASK NO.: PRE-l 

Review the prOCurement activities of the Responsible Procurement Engineers and Procurement Technicians. 

------------------------------------------------~-----------------------------------------------------------... _---------------

CONSEQUENCES OF 
INADEQUATE 
PERFORMANCE: 

Technical errors in the procurement documents, if any, 
may not be detected and corrected. 

Errors of omission in the procurement documeflts, if any, 
may not be detected and corrected. 

Incorrect or substandard parts may be purchased. 

------------------------------------------------------------------------------------------------------

Analysis:, __________ _ Date:. _____ _ 

Verification: _________ _ Date:, _____ _ 



Page 2. 

TASK ANALYSIS DATA COLLECTION FORM 

PROGRAM: PROCUREMENT PROJEcr 

JOB TITLE: PROCUREMENT REVIEW ENGINEER 

TASK NO.: PRE-! 

Review the prOCUfeI:tlent activities of the Responsible Procurement Engineers and Procurement Technicians. 

CONSEQUENCES OF 
INADEQUATE 
PERFORMANCE: 

Verification:, _________ _ 

---------,----' ----------

Technical errors in the procurement documents, if any, 
may not be detected and corrected. 

Errors of omission in the procurement documents,!if any, , 
may not be detected and corrected. 

Incorrect or substandard parts may be purchased. 

Date: _____ _ 
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TASK ANALYSIS DATA COLLEcrION FORM 

PROGRAM: PROCUREMENT PROJECT 

TASK NO.: PRE-l 

Review the procurement activities of the Responsible Procurement Engineers and Procurement Technicians. 

-----------------------------------------------------------------------------------------------------------

ELEMENTS 

1.1 Using ANSI N4S.2.11, 
Paragraph 6.3.1 as a guide 
examine the procurement 
documents to assure the nineteen 
basic questions have been 
addressed, as applicable to the 
item being purchased. 

1.2 If interface reviews are 
necessary, initiate task PRE-2. 

1.3 Examine the completed 
procurement package to assure -
that all procurement engineering 
and interface activities have been 
completed. 

1.4 Process the procurement 
package. 

SKILLS & KNOWLEDGE 

1.1.1 Must know the criteria listed in ANSI N45.2.11, Paragraph 
6.3.1, items 1 thru 19. . 

1.1.2 Must be able to correctly implement PEP-16. 

1.2.1 No special skill or knowledge is needed. 

1.3.1 -Must be familiar with the overall procurement process. 

1.3.2 Must know the documentation requirements which 
provides the evidence of completed activities. 

1.4.1 Must know the procedure for processing the procurement 
packages. 



TASK ANAL YSIS DATA COLLECTION FORM 

PROGRAM: PROCUREMENT PROJECT 

JOB TITLE: PROCUREMENT REVIEW ENGINEER 

TASK NO.: PRE-2 

TASK: Determine interfaces with other organizations necessary to 'complete procurement activities. 

._----------------------------------------
TASK CONDmONS: 

TASK STANDARDS: 

TOOLSIEQUIPMENT: 

REFERENCES: 

PERSONNEL SAFElY 
CONSIDERATIONS: 

HUMAN INTERFACES: 

CONSEQUENCES OF 
INADEQUATE 
PERFORMANCE: 

Portions of task PRE-! are prerequisites to this task. 

Compliance with procedures. 

None. 

Procedure PEP-! "Technical Evaluations". 

Procedure PEP-5 ·Upgrades". 

Procedure PEP-14 "Dedication Testing - Master 
Procedure". 

Procedure PEP -15 "Post Installation Testing". 

No special personnel safety considerations. 

PEU personnel. 

MEAU, NiMMD. PCU and PQU personnel. 

Chemistry personnel. 

Vendors. 

Proper interface review(s) may not be performed. 

~T--::::ibFo---------------------------

Verification: .----_ ..... _---------- Date: _____ _ 
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TASK ANALYSIS DATA COLLECTION FORM 

PROGRAM: PROCUREMENT PROJECT 

TASK NO.: PRE-2 

TASK: Determine interfaces with other organizations necessary to complete procurement activities. 

------------------------------------------_ .... ----------------------------_ .... -------------------------

ELEMENTS 

2.1 Send procurement 
documentation to the external 
organizations for an interface. 
review. 

2.2 Follow-up transmittal to 
assure that the procurement 
documentation with the 
documentation of the interface 
review is returned to PEU. 

2.3 Return the 
documentation to the 
Responsible Procurement 
Engineer for completion of their 
tasks. 

SKILLS & KNOWLEDGE 

2.1.1 Must know the procedure for processing the procurement 
packages. 

2.2.1 No special skill or knowledge is needed. 

2.3.1 No special ski~l or knowledge is needed. 



TASK ANAL YSIS DATA COLLECTION FORM 

PROGRAM: PROCUREMENT PROJEcr 

JOB'ITI1..E: RESPONSmLE PROCUREMENT ENGINEER: 

TASK NO.: PRE-3 

TASK: Review all safety related stock description changes. additions and deletions. 

--------------,---,-------------------_ ... _---
TASK CONDmONS: 

TASK STANDARDS: 

TOOLSIEQUIP:MENT: 

REFERENCES: 

PERSONNEL SAFE1Y 
CONSIDERATIONS: 

HUMAN INTERFACES: 

CONSEQUENCES OF 
INADEQUATE 
PERFORMANCE: 

Verifica tion: ---------------------

Must have access to original stock descriptions. 

Compliance with procedural requirements. 

None. 

Calvert Cliffs Instruction. CCI-162 ·Procurement of Items 
and Services for Calvert Cliffs". 

Procedure PEP-4, "Stock Description Changes. Deletions, 
and Additions". 

Procedure PEP-13, "Equivalency Evaluation". 

No special personnel safety considerations. 

PCU personnel. 

PQU personnel. 

PMMD personnel. 

Items which may be incorrect for the intended application 
could be installed. 

Date:, _____ _ 
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TASK ANALYSIS DATA COLLECTION FORM 

PROGRAM: PROCUREMENT PROJECT 

TASK NO.: PRE-3 

TASK: Review all safety related stock description changes, additions and deletions. 

----------------------------------------------------------------------------------------------------------------------------

ELEMENTS 

3.1 Perfonn "Like-For-Like" 
determinations. 

3.2 Perform equivalency 
evaluations. 

3.3 Review proposed stock 
descriptions for accuracy and 
completeness. 

3.4 Recommend disposition 
of stock material. 

SKILLS & KNOWLEDGE 

3.1.1 Must know the accepted meaning of "Like-For-Like 

3.1.2 Must know the Industry Guidelines (EPRI/NC10). 

3.1.3 Must know the step-by-step process in the approved PEU 
Procedures. 

3.1.4 _Must be familiar with the plant systems, components and 
parts used at Calvert Cliffs Nuclear Power Plant (CCNPP). 

3.1.5 Must know the plant records retrieval system. 

3.2.1 Must know the Equivalency Evaluation process. 

3.2.2 Must know the Dedication!Upgrade process. 

3.3.1 Must know how to use the MMS, CCETS and NUCLEIS 
data systems. 

3.4.1 Must know the step-by step process of the approved PEP 
procedures. 

3.4.2 Must know the Equivalency Evaluation process. 



DIFRANKING 
PROCUREMENT REVIEW ENGINEER 
(PRE) 
The DIF Ranking is an evaluation of each task using the criteria of task difficulty, importance and frequency: 

The DIP Rank Number assigned to each task was selected using the DIFTask Selection- Model included with 

this-training needs analysis. 

The tasks for which a Procurement Review Engineer is responsible are: 

TASK NO. 
DIFRANKNO. 
TRAIN/RETRAIN 

PRE-l. 
DlF-l 
TRAIN 

PRE-2 
DlF-7 
TRAIN 

PRE-3 
DIF-l3 
NO TRAIN 

TASK NAME 

Review the procurement activities of the Responsible 
Procurement Engineers and Procurement Tech9icians. 

Determine interfaces with other organizations necessary to 
_complete procurement activities. 

Review all safety related stock description changes, 
additions and deletions. 
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PROCUREMENT PROGRAM PROJECT 

DIF TASK SELECTION MODEL 
DIFFICULT IMPORTANT FREQUENCY TRAIN/RETRAIN DIF RANK # 

-EVERY 
YES 1 

r-YES MODERATE YES/YES 2 

INFREQUENT YES/YES 3 
I 

VERY 
I 

~VERY 
NO 4 

J.- NO MODERATE YES 5 

INFREQUENT YES 6 

-EVERY 
YES 7 

r-YES MODERATE YES/YES 8 

INFREQUENT YES/YES 9 
I 

MODERATE-
I -5 VERY 

NO 10 

'-- NO MODERATE NO 1 1 

INFREQUENT YES 12 

-EVERY 
NO 13 

r- YES MODERATE NO 14 

INFREQUENT YES ·15 

NOT 
I 

EVERY 
NO 16 

1-- NO MODERATE NO 17 

INFREQUENT NO 18 

II 
~ 
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TRAINING NEEDS ANALYSIS 
PROCUREMENT REVIEW ENGINEER 
(PRE) 

TRAINING NEED 

1. Must know the overall. 
procurement process at CCNPP 
to be able to recognize and 
appreciate the Procurement 
Review Engineer's role in the 
overall process, as well as the 
responsibilities of other 
personnel to the procurement 
process. 

2. Must know the Industry 
Guidelines and Regulations 
'which govern the procurement 
process. 

3. Must know the PEU 
Procedures. 

4. Must know the criteria 
listed in ANSI N45.2.1l, 
Paragraph 6.3.1, items 1 thru 19. 

5. Must know the 
documentation requirements 
which provides the evidence of 
completed activities. 

6. Must know the 
procedure (or processing the 
procurement packages. 

TRAINING 

Classroom. Attend CCI~162 training session which 
presents the overall procurement process, responsibilities 
and· CCNPP requirements. 

Classroom. Attend "Industry and Regulatory Guidelines 
For The Procurement Program at CCNPP" training 
session. 

Classroom. Attend PEP-I, PEP-2, PEP-3, PEP-4, PEP-5, 
PEP-6, PEP-7, PEP-8, PEP-9, PEP-lO, PEP-l1, PEP-12, 
PEP-13, PEP-14, PEP-IS, and PEP-16 training sessions. 

Self study. This document is available in the technical 
library. 

Classroom. These documentation requirements will 
become known through attendance at the procedural 
tra~ning sessions (PEP-I thru PEP-16). 

Classroom. The procedure for processing the procurement 
packages will be know from the CCI-162 training session. 
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MODULE: III 

TITLE: THE ROLE OF THE AUDITOR 

OBJECTIVES: Upon completion of this module, the student will be able to: 

INDEX 
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3.13 
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1. List two factors which can affect the ability of an auditor to obtain and 
objectively assess information. ' 0' 

2. Describe why an auditor needs to understand,human factors in order to 
increase his/her efficiency in performing an audit. 

3. Identify three organizations or individuals impacted by the results of the 

audit. 

4. List three methods which may be used by the auditor to deal with hostility 
displayed by a member of the audited organization. 

5. Identify two factors which may induce stress on the part of the auditor, 
and describe a method for dealing with each factor. 

PAGE 

Introduction 
3 

Basic Auditing Principles 
3 

Human Factors 
3 

An Environment for Stress 
4 

Considerations 
6 
7 

Awareness 
Fairness and Empathy 

7 

Compliance with Customs 
7 

Objectivity and Freedom from Bias; Fact and Conjecture 7 

Cloak-and-Dagger Tactics; Witch Hunts; Gotcha Gimmick 8 

Benefit of Doubt 
8 

Impersonal Reporting; Avoiding Placing Blame 8 

Value Judgments 
8 
8 

Rapport 
Confidentiality 

9 

Proper Environment 
9 

Minor Findings/Noncompliances 
9 

Fear of the Unknown 
9 
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1.0 

1.1 

2.0 
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INTRODUCTION 

The results of the audit depend to a large extent on the quality and quantity of 

information obtained during the audit, as well as on the correct interpretation of this 

information. Therefore, the auditor must obtain as much information as possible in 

the time available; continuously test the validity of evidence presented; exhibit an 

insatiable appetite for reason, logic, and objective evidence; and at~empt to relate 

each piece of information to overall program cOntrols. In order to perform this role 

. effectively, certain factors affecting the ability to obtain and obj~ctively assess 

information must be clearly understood. These factors include basic auditing 

principles and human factors. 

BASIC AUDITING PRINCIPLES 

Thorough Knowledge of Quality Practices 

The successful auditor must possess a thorough knowledge of quality plfactices in 

order to evaluate the quality system used and to determine if it is ioperating 

effectively. 

Well Planned Scope of Audit 

In preparing for an audit, care should be taken to assure that the audit appropriately 

covers all areas within its scope. The scope must be well defmed during the planning 

phase so that time at the audit site is used effectively. There must be no appearance 

that the audit team is on a fishing expedition. 

Practiced Techniques 

Once the basic auditing techniques have been learned, the auditor must be afforded 

the opportunity to practice the techniques. This can be accomplished by: 

Role playing in a laboratory environment 

Assisting in actual audits with over-the-shoulder supervision until proficiency is 

achieved 

HUMANFACI'ORS 

Auditing is a form of communication that is simultaneously an art and a science. It is 

an art to successfully initiate and then maintain a dialogue with the auditee(s) that 

permits the auditor to locate the object of his search. Auditing is also a science in 

that it requires the application of carefully planned and selected investigative 

techniques. The common denominator and key to a successful audit is the ability to 

deal successfully with the human element. 

The auditor does not need to be a professional psychologist. However, there are 

certain factors that the auditor should understand and be ready to deal with in order 

to increase auditing effectiveness. . 

3 
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AN ENVIRONMENT FOR STRESS 

The performance of an audit has the potential for causing mUltiple stresses among 
the participants. The effectiveness of the Quality Assurance Program, as revealed by 
an audit, is of immediate concern to a number of different centers of authority: 

1. Management of the Quality Assurance Program within which the auditing 
function operates - The audit is a key source of data indicatmg overall QA 
program effectiveness. 

2. The customer or the project management organization - The audit indicates the 
effectiveness of the quality system in place and provides corifidence in the 
product or service. 

I 
I 
I 
I 
I 
I 

3. Management of the audited organizations and/or activities - Audit results I 
provide information as to the effectiveness with which their personnel are 
complying with established policies and procedures. 

4. The personnel who accomplish the activities that are audited - Audit results are I 
a measure of their performance. 

S. Regulatory or licensing agencies (if any) - Regulatory or licensing agencies often I 
use results of the audit system as evidence of effectiveness of quality verification 
activities, as well as evidence of compliance with regulatory/licensing 
requirements. I 

Stress: Audited Organization 

The auditor, charged with the responsibility of verifying that activities are being 
performed in accordance with established requirements, can induce stress. 
Therefore, the auditor must avoid committing emotional aggression or producing 
"stress shocks" in individuals during the audit. The auditor must also be able to 
recognize the symptoms of stress and be able to deal with the reactions that stress 
produces in the audited organization. Str~ arises when an individual feels 
threatened. The individual may feel threatened from what he perceives as a personal 
(identity) intrusion, or from what he perceives as an intrusion into his area of 
responsibility (territorial intrusion). The reaction to either type of perceived 
intrusion is sometimes displayed as hostility. 

Common Hostility Reactions 

1. Progressive Hostility 

Even though an audit interview may begin peaceably, hostility may arise at a 
later time. As the interview progresses, the interviewee may grow increasingly 
antagonistic. The auditor should pause in such instances to reflect on his 
approach. Has he been displaying a "judgmental" attitude? Has there been an 
air of condescension or of disbelief? Has the auditor been guilty of defensive 
reaction to something said by the interviewee? If the auditor determines that he 
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has not evoked the hostility, he may conclude that the conversation IS 

approaching areas of noncompliance. 

2. Sudden Hostility 

A sudden, unexpected outbreak of hostility can indicate that the questioning has 

touched on something that the interviewee knows is in conflict with 

requirements. This can occur when the interviewee has the responsibility for 

accomplishing an activity, but does not have the authority to carry that activity 

out; resulting in frustration. . . 

3. Immediate Hostility 

This type of hostility can take several forms: 

a. Vocal Expression/Body Language - The individual expresses immediate 

disagreement and displeasure with the audit and may try to intiJnidate the 

auditor by "staring the auditor down." 

b. Avoidance - The individual may refuse to respond to audit questions; may 

give short, close-ended responses; or may give responses which do not 

directly answer the auditor'S questions. The individual may also avoid direct 

eye contact during the interview. 

This type of hostility is typically indicative of weaknesses in management 

understanding and support of the quality program, and frequently indicates a 

need to evaluate policies and practices at higher levels of management. 

Minimizing the Potential for Hostility 

The auditor can begin to minimize the potential for hostility during the initial 

interview. He should use sensitivity and judgement in determining the appropriate 

interview techniques to be employed; and should tailor these techniques to the 

personality of the individual and to the type of reaction that he expects from that 

individual. The auditor should ask simple questions with a minimal amount of 

probing. 

Dealing with Hostility 

When encountering hostility, the auditor may revert to creating a "straw man" to 

divert and diffuse the hostility. For example, the auditor might ask the interviewee 

"How would you explain your approach to an inspector from the Regulatory 

Agency?" The interviewee's attention and hostility would then be directed toward a 

non-existent individual; and, since it is not possible to argue with someone not 

present, the interviewee may shift to a less hostile, more logical mode in responding. 

Another method that the auditor may use is to redirect the line of questioning. He 

may even close the interview until the interviewee has had time to cool down. In 

addition, the auditor may redirect the focus of the conversation from a "personal" 
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