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DISCLAIMER 

The contents of this report are offered as guidance. RCG/Hagler, Bailly, Inc .• Joseph: 
Technology Corporation, Inc., Duke Power Company, Vnipienergoprom and the United . 
States Agency for International Development, and all technical sources referenced in this . 
report do not (a) make any warranty or representation, express or implied, with respect to 
the accuracy, completeness, or usefulness of the information, apparatus, method, or process 
disclosed in this report may not infringe upon privately owned rights; (b) assume any 
liabilities with respect to the use of, or for damages resulting from, any information, 
apparatus, method or process disclosed in this report. This report does not reflect official 
views or policies of the above named institutions. Mention of trade names or commercial 
products does not constitute endorsement or recommendation for exclusive use. 

QUALITY ASSURANCE STATEMENTS 

The contents of this report include recommendations based on data provided by the client 
organization, measurements made on site, calculations, and engineering judgement. The 
conclusions reached were based on a limited engagement of only about ten days duration 
in Kostroma, and not an exhaustive engineering analysis. RCG/Hagler, Bailly, Inc. certifies 
that this report conforms to the level of best commercial practice for industrial energy audits 
of similar level of effort, as conducted in the United States. This report has been prepared 
under the guidance of a registered Professional Engineer, licensed to practice in the United 
States. 
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EXECUTIVE SUMMARY 

A team of engineers from RCG/Hagler, Bailly, Inc., Joseph Technology, Duke Power, 
and Vnipienergoprom carried out site activities in the city of Kostroma, Russia from 
April 20-25, 1992. Their objective was to work together with officials from the City of 
Kostroma, Kostroma Region Heating Company (KostromaOblTeplEnergo, KOTE), 
Kostroma Electric Company (KostromaEnergo ), the City Municipal Housing Commission 
(Gorzhiluprovenya) and other organizations to examine the state of the district heating 
system and to identify opportunities for improvements in energy efficiency of the system. 

During the project, various facilities were reviewed, including 

• generation: two thermal cogeneration facilities (TETS) of KostromaEnergo 
(42 and 170 MW electric), one large thermal power station (GRES) of 
KostromaEnergo (3,600 MW electric) which also supplies heat to a town of 
25,000 people, small boilerhouses of KostromaOblTeplEnergo (1-4 Gcal) 
serving municipal areas, and industrial boiler room of Rabochiy Metallist 
(manufacturer of bucket excavators). 

• distribution: pipelines and substations of KostromaOblTeplEnergo 

• heat utilization: residential buildings, a school, an industrial plant, and 
greenhouses. 

A seminar was held to introduce engineers and managers to energy management 
concepts and energy audit instruments. Tests of combustion efficiency, electric motor 
efficiency, boiler water treatment, and distribution system heat loss were carried out 
using RCG/Hagler, Bailly's energy audit instruments. 

The primary energy forms used in Kostroma are natUral gas and electricity. Some heavy 
fuel oil (mazout, 2% sulfur) and peat (turf) is used in the power stations .. Annual 

·statistics related to energy consumption are as follows: 

RCG/Hagler, Bailly, Inc. 
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Kostromaenergo (3 thermal power stations) 

Combined heat and power station No. 1 (TETS-1): 
TETS-1 electric peak demand 
TETS-1 electric energy generation 
TETS-1 heat rate (fuel assigned to power) 
TETS-1 thermal energy delivered 

Combined heat and power station No. 2 (TETS-2): 
TETS-2 electric peak demand 
TETS-2 electric energy generation 
TETS-2 heat rate (fuel assigned to power) 
TETS-2 thermal energy delivered· 

Gas & oil-fired steam power station (GRES): 
GRES electric peak demand 
GRES electric energy generation 
GRES heat rate 
GRES thermal energy delivered 

Kostromaoblteplener~o (170 boilerhouses) 
Heat purchased 
Heat generated 

2 

40MW 
0.2 TWh 

1,200 kcal/kWh 
1,500,000 Gcal 

170MW 
L2TWh 

1,400 kcal/kWh 
2,000,000 Gcal 

3,600 MW 
19 Twh · 

2,200 kcal/kWh 
300,000 Gcal 

1,000,000 Gcal 
800,000 Gcal 

The services provided by the energy enterprises of Kostroma are very valuable to the 
economy of the region. Energy prices in Russia at the time of the RCG /Hagler, Bailly 
team's visit were increasing rapidly, but were still far below European prices, reflecting a 
transition from the historical energy price subsidies provided in the Soviet Union. 
European market energy prices in 1992 are estimated as follows: 

natural gas 
mazout 
electric power 
electric energy 
district heat 
district heat 

RCG/Hagler, Bailly, Inc. 

$12 per Gcal 
$70 per ton 
$60 per MW per year 
$0.05 per kWh 
$20 per Gcal at source 
$30 per Gcal at end-use 
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Based on European market energy prices, the total economic cost of fuel energy 
consumed by the heat and power companies of Kostroma is estimated as $500 million 
per year. The economic value of the heat and power delivered by these companies is 
approximately $1.3 billion, as shown below. 

Fuel energy used by Kostromaenergo -
Natural gas: 

4.4 billion m3 per year (36 Peal/year), 
at an economic value of $432 million per year 

Heavy fuel oil: 
1.1 million tons per year (12 Peal/year), 
at an economic value of $77 million per year 

Fuel energy used by Kostromaoblteplenergo -. 
Natural gas: 

120 million m3 per year (1 Peal/year), 
at an economic value of $12 million per year 

Energy supplied by Kostromaenergo to its customers
net generated electric power: 

3,600 MW peak demand, 
at an economic value of $216 million per year 

net generated electric energy: 
20 TWh per year, 
at an economic value of $1 billion per year. 

heat supplied to Kostroma: 
3 million Gcal per year 
at an economic value of $60 million per year. 

Energy supplied by Kostromaoblteplenergo to its customers
heat supplied to Kostroma: 

1.8 million Gcal per year 
at an economic value of $54 million per year. 

RCG/Hagler, Bailly, Inc. 
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The RCG /Hagler, Bailly team estimates the short-term, low-cost potential for energy 
efficiency improvement in the district heating system in Kostroma as about 10%, as 
follows: 

Short-term, low-cost energy savings potential 

Heat generation 
Heat distribution 
Industrial heat use 
Institutional heat use 
Residential heat use 

0-1% 
1-3% 
5-10% 

5-10% 
5-10% 

4 

Changes to improve operation and maintenance of existing systems will be required to 
realize these improvements. Technical personnel in Kostroma are experts in their fields, 
dedicated to efficiency and hard-working. They will need additional tools and 
instrumentation to achieve these goals. 

Assuming conversion to a market economy for district heating commodity, the 
RCG/Hagler, Bailly team estimates the medium-term (next five years) potential for 
energy efficiency improvement in the district heating system of Kostroma as about 30% 
(including the short-term, low-cost projects), as follows: 

Medium-term energy savings potential 

Heat generation 
Heat distribution 
Industrial heat use 
Institutional heat use 
Residential heat use 

0-1% 
2-10% 

10-20% 
10-20% 
15-30% 

SUMMARY OF ENERGY EFFICIENCY RECOMMENDATIONS 

In general, the RCG/Hagler, Bailly team found that the Russian standard of 
management of district heating systems operations and maintenance was significantly 
below Western standards. Many of these problems may result from the many years of 
Socialist system, which did not provide proper incentives for efficiency. Furthermore, the 
lack of an ownership mentality has prevented the traditional Russian frugality and work 
ethic from being reflected in the workplace - the dirty jobs are not getting done. 
Although optimization of operations management and improvement of maintenance may 

RCG/Hagler, Bailly, Inc. 
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not require significant expenditure to accomplish, it nevertheless may be very difficult 
because it will be very difficult to change the energy-related behavior of people 
overnight, after these many years. 

To succeed in the market economy, however, the people of Kostroma must overcome 
these barriers. The installation of costly capital equipment to improve energy efficiency 
is not the solution - the economy of Kostroma must instead invest what little capital is 
available to improve the quality and quantity of production of goods for export to hard 
currency markets. 

5 

Instead, the RCG/Hagler, Bailly team recommends that a well-organized, but low-cost, 
program be established in the City of Kostroma and Kostroma region to implement 
energy efficiency measures in the short-term. The first-step and second-step priority low
cost, market-oriented measures identified by the RCG/Hagler, Bailly team below (and 
described in more detail in this report) can save 30% of district heating energy, with 
economic benefits to Kostroma region of more than $15 million per year, with an 
average economic payback period of about one year. 

The recommendations are listed below. More details are provided in Chapter 4 . 

First Step Priority - short-term, low-cost projects 

A. Optimize Operations Mana~ement 

Action A.1: Improve contrnl of supply temperature - modulate on hourly basis instead 
on every six-eight hours. Estimated savings: 0.2% of heating energy, which would. give an 
economic benefit to the Kostroma region of $100,000 per year. 

Action A.2: Improve control of supply temperature - optimize the GRAFIK based on 
trial and error procedure. Estimated savings: 5% of heating energy, which would give an 
economic benefit to the Kostroma region of $2.5 million per year. 

Action A.3: Improve combustion efficiency in small boilerhouses, maintain optimum 
efficiency in heat/power stations. Estimated savings: 0.5% of fuel in small boilerhouses 
and 0.1 % of fuel in power stations, which would give an economic benefit to the 
Kostroma region of $560,000 per year. 

Action A.4: Improve control of water quality in steam boilers. This could improve 
boiler efficiency in industrial boilers by 0.25 %. 

RCG/Hagler, Bailly, Inc. 
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Action A.5: Organize energy management information system for City to track trends in 
efficiency. 

Action A.6: Organize small library of US manufacturers contacts for supply of 
equipment and possible joint ventures in manufacturing of high efficiency equipment. 

B. Improve the Standard of Maintenance 

Action B.1: Improve heat transfer effectiveness in the system - test, balance and clean 
heat exchangers to increase return water temperatures. Investigate temperature drop 
and state of flow in piping systems in buildings, and repair as indicated. Estimated 
savings: 10% of heating energy, which would give an economic benefit to the Kostroma 
region of $5 million per year. 

Action B.2: Reduce infiltration of cold air through windows - plug leaks and install 
weatherstripping (examples - residential building, greenhouse, and school). Estimated 
savings: 5% of heating energy, which would give an economic benefit to the Kostroma 
region of $2.5 million per year. 

Action B.3: Use IR scanner on thermal systems, such as boilers and distribution piping, 
to detect excessive heat loss - repair insulation as indicated. Estimated savings: 1 % of 
heating energy, which would give an economic benefit to the Kostroma region of 
$500,000 per year. 

Second Step Priority - convert heat supply to a market economy 

C. Medium Term - install metering and controls and revise tariff designs 

Action C.1: Install Gcal metering at key points in network, and develop a loss-tracking 
system. Estimated savings: 2% of heating energy, which would give an economic benefit 
to KostromaOblTeplEnergo and KostromaEnergo of $1 million per year. 

Action C.2: Install Gcal metering at inlet to all buildings, and convert to a tariff based 
on Gcal at the building level. Estimated savings: 2% of heating energy, which would 
give an economic benefit to Kostroma region of $1 million per year. 

Action C.3: Provide heat allocation meters in individual flats - evaporative type on all 
radiators and flow meters on hot water taps, and convert to a tariff based on Gcal at the 
individual customer level. Estimated savings: 5% of heating energy, which would give 
an economic benefit to Kostroma region of $2.5 million per year. 

RCG/Hagler, Bailly, Inc. 
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Action C.4: Improve controls - install thermostatic radiator valves to control 
temperature in heated spaces. Estimated savings: 5% of heating energy, which would 
give an economic benefit to Kostroma region of $2.5 million per year. 

7 

Action C.5: Upgrade ability to provide services - organize energy audit service firms and 
provide them with instruments. Estimated savings: 1 % of heating energy, which would 
give an economic benefit to Kostroma region of $500,000 per year. 

Action C.6: Upgrade awareness of energy efficiency - organize education and training 
programs. Estimated savings: 1 % of heating energy, which would give an economic 
benefit to Kostroma region of $500,000 per year. 

Action C.7: Convert factories in Kostron'la to produce equipment needed to improve 
energy efficiency. 

Third Step Priority - capital investments for modernization 

D. Long-Term - Improve Efficiency of Systems 

D.l Install distributed heating systems of high efficiency where applicable. 

D.2 Reduce heat loads by upgrading insulation. 

D.3 Improve distribution systems by using pre-insulated piping with leak-detection 
systems on new installations and improving drainage of existing installations. 

SUNIMARY OF ENERGY EFFICIENCY EQUIPMENT PROCUREMENT 
RECOMMENDATIONS FOR 1992 U.S.A.I.D. PROJECT 

Changes to improve operation and maintenance of existing systems will be required to 
realize these improvements. The hard-working technical personnel in Kostroma will 
need additional tools and instrumentation to achieve these goals. The RCG/Hagler, 
Bailly team recommends that Kostroma receive a package of equipment from USAID to 
assist their energy management program. The proposed procurement list and budget, 
subject to approval by USAID, is summarized in Exhibit 2. The minimum budget 
already agreed by USAID will be $50,000 for equipment. Two alternates are proposed, 
for consideration if USAID is able to provide additional funding. 

RCG/Hagler, Bailly, Inc. 
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EXHIBIT 1 
SUMMARY OF PROCUREMENT RECOMMENDATIONS 

Variant Variant Variant 
"A" "B" "C" 

Small library of information on US manufacturing companies 
1,000 1,000 1,000 

PC-386 computer /printer for city energy management 
3,000 3,000 3,000 

Equipment for Kostromaoblteplenergo - heat supply & distribution 
Leak detection system 5,000 5,000 5,000 
2 Thermocouple kits 2,000 2,000 2,000 
2 Ultrasonic stethoscopes 3,000 3,000 3,000 
2 Combustion analyzers 8,000 8,000 8,000 
3 Dissolved solids water testers 

1,000 1,000 1,000 
6 Small combustion kits 2,000 2,000 2,000 
2 Infrared pyrometers 3,000 3,000 3,000 

Equipment for Gorzhiluprovenya - residential building maintenance 
Ultrasonic stethoscope 1,500 1,500 1,500 
Thermocouple kit 1,000 1,000 1,000 

Equipment for Rabochiy Metallist - industrial plant maintenance 
Library US contacts 200 200 200 
Ultrasonic leak detector 4,000 4,000 4,000 
Thermocouple kit 1,000 1,000 1,000 
Small combustion kit 300 300 300 

Equipment for residential buildings 
Weatherstripping 5,000 
2 Gcal meters 
Wall insulation 
Substation temp. controller 

Equipment for school 
Gca1 meter 
20 Thermostatic valves 
Substation temp. controller 

Equipment for greenhouse 

5,000 
1,000 

5,000 
8,000 

5,000 
1,000 

15,000 
8,000 
30,000 
3,000 

5,000 
1,000 
3,000 

Plastic for sealing leaks 2,000 2,000 2,000 
Equipment for Kostromaenergo & city to detect heat loss 
Thermal imaging vision 40,000 40,000 

Equipment for Kostromaenergo 
Vibration analyzer 
2 portable 02 analyzers 

TOTAL BUDGET 

RCG /Hagler, Bailly, Inc. 

49,000 97,000 

5,000 
2,000 

150,000 
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CHAPTER 1: AUDIT REPORT 

1.0 BACKGROUND 

1.1 Origin of Project 

This project was funded in February 1992 by the United States Agency for International 
Development as part of humanitarian and technical assistance from the people of the 
United States to the people of Russia. The project is designed to introduce short-term 
energy management techniques and low-cost American technologies in Kostroma's 
district heating system and to demonstrate the results to other cities in Russia. The 
project also includes an educational program to train local professionals in energy 
management, and to involve universities and professional associations to perpetuate and 
advance this training. 

The prime contractor for the implementation of the project is RCG/Hagler, Bailly, Inc., 
of Arlington, Virginia, under AI.D. Contract No. CCS-0002-C-00-2006-00, signed 
February 25, 1992. 

1.2 Project Objective 

The objective of the project is to serve as a catalyst to begin the development of market
oriented systems designed to improve district heating system energy efficiency in Russia, 
especially in the short-term. 

1.3 Project Strategy 

The project has the following strategy: 

• to demonstrate energy management techniques and low-cost American 
technologies in typical urban district heating systems and to disseminate the 
results of these examples to Russia, 

• to begin to create a market for energy efficiency services in Russia and to assist 
firms, especially in the private sector, that can serve this market, 

• to train Russian professionals in energy management, and to involve universities 
and professional associations that can continue such training over the long-term 

RCG/Hagler, Bailly, Inc. 
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• to stimulate trade and joint venture opportunities for American energy efficiency 
equipment suppliers in Russia. 

District heating systems (clients) in Kostroma and Ekaterinburg will receive assistance to 
implement an energy management program. Each program will study examples of 
individual elements of the client system, including combustion, heat generation, heat 
transmission, and heat utilization. Each program will include advice in energy 
management from American and Russian experts, an energy audit report, and a package 
of low-cost equipment valued at a minimum $50,000. This part of ·the program will be 
donated by the USAID, at no cost to the client. 

Each client will agree to participate in the program, and to pay a share of the cost. The 
client will make management and operational changes which are identified during the 
audit to improve efficiency immediately (such as adjusting air/fuel ratio on boilers or 
using most efficient equipment in priority). The client will agree to put the USAID 
equipment package to work, and will pay all necessary local costs, including Russian 
customs duty (if any), delivery in Russia, the cost for installation, operating cost, and 
future maintenance of the equipment. 

At the end of the project, a seminar/ conference will be held in Russia to inform 
managers of other district heating systems of the results of the program. 

1.4 Project Tasks and Schedule 

The following are the main activities of the project: 

1. Plant selection and project organization (March 92) 

2. In-plant audits and diagnostic studies (April 92) 

3. Complete energy audit reports (May 92) 

4. Develop equipment specifications (April - May 92) 

5. Procure equipment and deliver to plants for installation (May - September 92) 

6. Return to plants for further assistance (after most equipment is delivered, 
September 92) 

7. Conference in Russia to present preliminary results of program (October 92) 

8. Final report to USAID based on findings (October 92) 

RCG/Hagler, Bailly, Inc. 
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1.5 Participating Entities 

1.5.1 Client agencies 

Several Russian agencies are clients, in the sense that they serve as coordinating agencies 
or receive some assistance under the project. 

Commission for International Humanitarian and Technical Assistance (CIHTA) of the 
Government of Russian Federation, Ministry of Social Protection - CIHTA serves as a 
primary federal government coordinating counterpart organization for our assistance. 

Alexander Alexandrovich ZHITNIK.OV, Chairman 
Victor Alexandrovich GUL Y ASHKO, Deputy Chairman 

Ministry of Fuel and Power (MFP), Russian Federation - MFP serves as primary federal 
government technical counterpart organization. 

Victor Victorovich NETCHAEV, Head of Main Scientific and Technical 
Department 

Kostroma Regional (Oblast) Administration (SRA) -
Victor Velentinovich BACHIRIKOV, Deputy Head . 

City of Kostroma, Municipal Services Association -
Igor Vitalyevich SOLONIKOV, Head 

KostromaOblTeploEnergo (KOTE) -
Dmitriy Alexandrovich ERSHOV, Director 
Nikolaj Ivanovich PUSHKIN, Chief Engineer 
Vladimir Yuriovich OHAPKIN, Manager, Baravaya 4 

KostromaEnergo -
Yuri Pavlovich NAZAROV, General Director 
Alexander Maseyovich KRASILSICH, Chief of Heating Supply 
Valery Veniatinovich EVHARITSKY, Chief Engineer GRES 

Gorzhiluprovlenya (Building Maintenance Commission) -
Alexander Vitalyvich SMIRNOV, Chief Engineer 

City of Kostroma, Ornamental Plant Farm -
Mikhail Vasilyevich EGOROV, Director 

It was determined by Kostroma Oblast and the City of Kostroma that the project should 
include facilities from a variety of organizations, including heat sources, heat distribution, 

RCG/Hagler, Bailly, Inc. 
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and end-users. The project is coordinated by the Kostroma City Government -
Municipal Services Association, so as to serve as a model for future cooperation and 
expansion into other parts of the city and region. 

As a gift from USAID, at no cost, City of Kostroma will receive: 
advice in energy management from US and Russian consultants, 
. an energy audit report, 
a package of equipment valued about $30-50,000. 

In return, Kostroma agrees to serve as a model for other plants in Russia, and agrees: 

1. to allow the consultants to work in the facilities, to make measurements and to 
collect data on energy and heat load. 

2. to provide engineers and technicians to work together with the audit team for 
inspections, data collection, and measurement. 

12 

3. to make "no-cost and low-cost" management, operations, and maintenance changes 
designed to improve efficiency, as identified by the consultants and agreed by 
plant management as being practical, so that energy savings results can be 
achieved during the audit and during the program. All changes will be made by 
plant personnel, not by the consultants. 

4. to protect RCG/Hagler, Bailly's instruments from theft while in the plant during 
the work. 

5. to put the equipment package to the best possible use, including paying any costs 
required for clearing Russian customs duty, installation, operation, and 
maintenance of the equipment. 

6. to participate in conferences/meetings in Moscow and/or Ekaterinburg, to inform 
USAID and other district heating plants in Russia of the results of the program. 

1.5.2 The RCG /Hagler, Bailly Team 

The Russia Energy Efficiency and Market Reform Project (heating system efficiency 
component) is organized as a major program with two levels of organization: a 
contractual organization among a consortium of corporate entities and a technical 
organization of the various professionals who will contribute to the project. 

RCG/Hagler, Bailly, Inc. 
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Prime contractor for the project is RCG/Hagler, Bailly, Inc. Subcontractors for the 
Kostroma project are: 

• Joseph Technology Corporation 
• Duke Power Company 

RCG /Hagler. Bailly. Inc. 
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RCG/Hagler, Bailly, Inc. was founded in 1980 and is a subsidiary of RCG International, 
Inc., the consulting and technical services arm of New York-based Reliance Group 
Holdings. The firm provides management, economic, regulatory, and technical counsel 
throughout the world in the fields of energy, natural resources, and environmental 
management. RCG /Hagler, Bailly is headquartered in Arlington, Virginia, and 
operates from several offices in the United States and overseas. 

RCG/Hagler, Bailly has worked with various multilateral lending agencies, including the 
U.S. Agency for International Development, the World Bank and the International 
Finance Corporation, the International Energy Agency, and the Inter-American 
Development Bank. The firm's staff members have worked closely with and 
coordinated the activities of key players in numerous public- and private-sector 
cooperative ventures. These include projects in Eastern Europe, including the A.I.D. 
emergency Energy Program for Central and Eastern Europe (which has a scope of work 
very similar to that for the proposed program in Russia), Western Europe, Asia, the 
Middle East, and Latin America. The firm has also participated in several joint World 
Bank-USAID projects, with a focus on programs to promote energy efficiency. 

David A. Keith. P.E. - Project Director 
David Keith, a Principal at RCG/Hagler, Bailly, Inc., is a specialist in energy efficiency 
who has more than 15 years experience managing multi-million dollar projects. He 
performs technical audits for energy efficiency and productivity, gives training courses in 
energy efficiency, advises on energy pricing policy, and prepares feasibility studies and 
bankable documents for projects funded the World Bank and other development banks. 
Keith's work has focused on energy conservation, energy policy, and energy pricing 
programs in the U.S. since the mid 1970's and internationally since 1980. Keith also 
serves as Project Director for the Al.D. Emergency Energy Program for Eastern Europe 
(for Hungary, Yugoslavia, Estonia and Latvia) and the AI.D. Regional Energy Efficiency 
Program for Eastern Europe (energy efficiency, energy pricing and energy restructuring 
for all countries in the region). Keith obtained a M.Sc. in Mechanical Engineering, 
B.M.E., and B.Sc. in Applied Psychology, all from Georgia Institute of Technology. 

RCG/Hagler, Bailly, Inc. 
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Joseph Technology Corporation 

Joseph Technology Corporation, Inc. (ITC) is an independent consulting engineering 
firm based in Woodcliff Lake, New Jersey. The firm is primarily engaged in feasibility 
studies, engineering, design, construction supervision and related support services. 
District heating/ cooling (DHC) and co generation represent the major practice area of 
the company. Joseph Technology has assembled a team of engineering and financial 
specialists with diverse experience and capabilities including DHC and cogeneration 
system development, planning, financing, design, and construction supervision. JTC is 
headed by two brothers, Ishai Oliker and El Oliker, who are district heating design 
engineers, originally from the Soviet Union, where they established their careers before 
emigrating to the United States in 1975. Joseph Technology continues to maintain close 
ties with organizations within the Soviet Union and Eastern Europe. ITC has also 
worked with the Electric Power Research Institute on several cooperative ventures in the 
USSR. 

El Oliker - Deputy Project Director 
El Oliker is the director for development and design of district heating/cooling and 
cogeneration systems for Joseph Technology Corporation. Oliker has managed 
numerous district heating projects in the United States and abroad. He has written 18 
technical papers and holds several patents pertaining to district heating, cogeneration, 
thermal storage and environmental control. Oliker has over 20 years of work experience, 
including the practical application of district heating systems in the USSR. He was 
previously employed by a design and construction company in the USSR and has recently 
completed a project on emission control devices in USSR power plants for EPRI. 
Oliker obtained a degree of Candidate in Power Engineering from Leningrad 
Engineering Institute and M.Sc. in Thermal Engineering from Kuibyshev Institute of 
Technology. 

Duke Power Company 

As the seventh-largest investor-owned electric utility in the United States, Duke Power 
Company serves 4.5 million people in a 50,000 sq. km. service area in North Carolina 
and South Carolina. Headquartered in Charlotte, NC, the Company supplies electricity 
to more than 1.6 million residential, commercial and industrial customers. 

Duke Power's three nuclear generating stations, eight coal-fired stations and 26 
hydroelectric stations produced 73.8 billion kilowatt-hours of electricity in 1990. Electric 
revenues totaled $3.7 billion. About 70 percent of sales were in North Carolina and 30 
percent were in South Carolina. Retail customers are served from 94 customer service 
offices throughout Duke Power's service area. In addition, the Company makes 
wholesale, bulk power and contractual sales. 

RCG/Hagler, Bailly, lnc. 
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Mark Landseidel - Heat and Power Generation Expert 
Mark Landseidel has 10 years experience in engineering for thermal electric power plant 
operations and maintenance, and for thermal power plant improvement projects. 
Landseidel is currently assigned to Duke Power Company's Cliffside Steam Station, a 5 
unit 800 MW coal-fired electric power station. He recently completed a major project, 
the planning and coordination of a life extension project for Cliffside units 1-4. This 
rehabilitation and modernization project will enable these units to continue operations 
for the next 20 years. Landseidel is currently Engineering Supervisor, leading all 
maintenance activities for Cliffside units 1-5. He obtained a B.S. in Engineering Science 
from Colorado State University. 

VNIPIEnergoprom. Russian Partner Firm 

RCG /Hagler, Bailly selected two Russian companies as partner firms, to serve as 
members of the RCG/Hagler, Bailly team for the implementation of the energy 
management program. Each firm is working in a different city. VNIPIEnergoprom 
serves as partner for the project in Kostroma. 

VNIPIEnergoprom is the all-union design institute for district heating engineering. The 
institute has more than 8,000 engineers, and offices in 22 cities of the USSR. For the 
Kostroma project, VNIPIEnergoprom assigned engineers Stanislav Pavlovich 
TROFIMOV {Chief Specialist) and Dr. Vladimir Lvovich YAKIMOV. 

VNIPIEnergoprom has several responsibilities, including: 

1. provide two expert engineers to join the energy audit team for 5-10 days in the 
client city. The engineers will make measurements, collect data, make 
engineering calculations, and identify potential efficiency improvements. 

2. translate English/Russian for RCG/Hagler, Bailly engineers. 

3. provide transportation for the audit teams and RCG/Hagler, Bailly's audit 'tools 
and make hotel reservations in client city. 

4. provide communications between RCG/Hagler, Bailly in the U.S. and the client 
after the audits. 

5. receive the draft energy audit report from RCG /Hagler, Bailly and present the 
results in a meeting at the plant. 

6. develop engineering specifications for the equipment package and obtain the 
plant's approval for the specifications. 

RCG/Hagler, Bailly, Inc. 
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7. coordinate receiving of US equipment in Russia, delivery to the plants, and 
supervision of the installation of the equipment in the plants. 

8. for equipment to be purchased in Russia with USAID funds, obtain bids and 
serve as RCG/Hagler, Bailly's agent to purchase the equipment. 

9. organize and participate in a seminar on energy management to be held at the 
end of the program. 

1.6 Country and Economic Settings 
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Russia is a newly independent country which was formerly the largest Republic of the 
Soviet Union. Russia had a leading role in the Soviet Union, with the capital in Moscow 
and the most prestigious educational and design institutions and many of the largest 
factories also located in Russia. 

Russia is well-endowed with energy resources, including coal, oil and gas. Electricity 
generation is heavily dependent upon nuclear reactors. 

The economy of Russia, at the time of the energy audit, was in serious depression. 
Production in most industrial enterprises has fallen drastically, to perhaps one-half of 
traditional Soviet levels. Shortages exist for most imported goods, even those from other 
former Soviet Republics. 

The mood of the Russian people at the time of the energy audit was one of devastation. 
The developments of the past decades have left the country ill-prepared for the realities 
of the market economy. Many leaders of the technical community feel a sense of loss 
and wounded pride. Others find hope in the future, and seek to make the changes 
required. 

1. 7 Geography 

The City of Kostroma is the principal city of Kostroma Oblast (region). Kostroma was 
founded in 1152, and is located at the confluence of the Kostroma River and the Volga 
River, approximately 320 kilometers NorthEast of Moscow. The city was originally a 
trading center, and was based on the local textile industry. The city population is about 
300,000 people. The city is divided into four main districts: Leninsky, Sverdlovskiy, 
Dimitrovskiy, and Volgorechensk. 

Kostroma has 70 large or medium industrial factories with a total of 55,000 workers. The 
main industries are: electric power generation, machinery, textiles, food processing, and 

RCG/Hagler, Bailly, Inc. 
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wood products. Kostroma's textile industry produces about one-quarter of all textiles 
produced in Russia. Agriculture is diversified, primary activities being grain harvesting 
and dairy fanning. For centuries Kostroma has been considered one of the flax-growing 
centers in Russia. 

The electric power industry is a major part of the local economy. Kostromskaya GRES 
which has the capacity of 3,600 MW is one of the largest thermal electric generating 
stations in all of Russia. 

Tourism has good potential as a growth industry in Kostroma. Besides the beauty of the 
Volga, the city has a historic monastery, from which the first czar of the Romanov 
dynasty came. The monastery is well-preserved, and includes a new museum which 
traces the history of the Romanov dynasty, and presents the czars in a favorable light. 
The city also has a very attractive old central region and several interesting old churches. 
The city has a modern hotel which has a very good restaurant, and a new motel. 

The climate of Kostroma is characterized by the following climatological profile: 

• The average temperature for the coldest five days (temperature used for heating 
design) is -31 ° C. 

• The average temperature for the coldest month is -15.6 ° C. 

The average temperature for the heating season is -4.5 • C. 

• The length of the heating season is 222 days. 

• The annual heating load for 1990 was 3,031 degree-days (degrees in °C), based on 
12°C as a reference point1• The annual heating load for 1991 was 2,912 degree
days. 

1.8 Energy Supply /Demand Situation 

Heat in Kostroma is supplied from central district heating networks. About half of the 
heat is generated in thermal electric cogeneration systems (TETS), and is supplemented 
by heat from boilerhouses. 

1 The degree-day method is commonly used in the U.S. to estimate annual heating load. To calculate degree-days, a record is kept 
of the difference between the average daily temperature and the reference point. For example, if the rererence point is 12°C and the 
average daily temperature is -5°C, then that day would have a heating load of 17 degree-days. Uthe average daily temperature is 12° or 
higher, then the heating load is 0 degree-days. Similar methods are not used in Russia, so the RCGfHagler, Bailly team constructed an 
approximation of degree-days, based on average monthly temperature and a rererence point or 12°C. 

RCG/Hagler, Bailly, Inc. 
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The main fuel now used for heat generation in Kostroma city limits is gas, with heavy 
fuel oil (mazout) as supplementary or stand-by fuel. 
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Hot water in Kostroma is generated from heat from the district heating network. There 
are two systems of supply: 

open system - in which case the hot water flowing through the distribution 
network is drawn through the taps 

closed system - in which case the hot water in the network serves as the heat 
source to a shell-and-tube heat exchanger. On the other side of the heat 
exchanger (secondary), city water is heated, and this secondary water is drawn 
through the taps. 

In Kostroma, the closed system is used predominantly. 

Annual heat consumption in city of Kostroma is: 

• TETS-1 heat delivered in 1991 1,500,000 Gcal/year 
• TETS-2 heat delivered in 1991 2,000,000 Gcal/year 
• GRES heat delivered in 1991 300,000 Gcalf year 
• 170 boiler houses in 1991 800,000 Gcal/year 

Primary fuel used in city of Kostroma is gas with a lower heating value of 8100 kcal/m3
• 

The annual fuel consumption in the City of Kostroma is approximately: 

• gas 
• coal 
• heavy oil 

55 million m3 /year 
40,000 ton/year 
12,000 ton/year 

Two organizations provide heat in Kostroma - KostromaEnergo and 
KostromaOblTeplEnergo. 

KostromaEnergo is the electric utility, which sells heat as a byproduct. Table 1 provides 
an organization chart of KostromaEnergo, focusing on the district heating division. 

KostromaOblTeplEnergo (KOTE) is the district heating company for the whole 
Kostroma Oblast (region). KOTE buys heat from the primary distribution network of 
KostromaEnergo, distributes the heat in the KOTE secondary distribution systems, and 
resells the heat to users. In other areas, on the fringe of the city and beyond, separate 
stand-alone systems have been built. In these areas, KOTE operates small boilerhouses 
and dedicated distribution systems. 

RCG/Hagler, Bailly, Inc. 
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KOSTROMAENERGO DISTRICT HEATING CO. ORGANIZATIONAL CHART 
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A listing of the other major heat generation systems in the City of Kostroma is provided 
in Table 2.2 According to this survey, the reported peak heat output from 
KostromaEnergo TETS (1 and 2) is 915 Gcal/hr. The reported peak heat output from 
other sources (including KOTE) is 1,060 Gcal/hr, the largest of which are the boiler 
rooms of various factories in Kostroma. Based on these data, it appears that about half 
of peak heat demand in Kostroma can be supplied by TETS (combined heat and power), 
with the remainder supplied from other sources. 

Table 3 provides a listing of KostromaEnergo data of the design performance indexes· for 
heat supply, and other data concerning system capacity. 

Table 4 provides a listing of KostromaEnergo data concerning the major heat customers 
(and their peak loads) supplied from the. two major heat sources, TETS-1 and TETS-2. 

Table 5 provides a listing of KostromaEnergo data of the actual heat consumption of the 
major heat customers, in 1990 and 1991, for both hot water and steam. 

KostromaEnergo exports electricity to the neighboring regions. The Kostromaenergo 
interconnected power system is integrated into the interconnected Power System of the 
Center of Russia. There are also 46 hydroelectric power plants with total capacity of 
1800 kW supplying electricity in the Kostroma region. 

1.9 Energy Price Regime 

Energy prices in Russia at the time of our visit were changing rapidly. In Kostroma the 
price of heat and electricity production increased 10-15 times from January, 1992. 

The tariffs, production costs and fuel consumption for TETS-1 and TETS-2 -two main 
cogeneration plants in the city of Kostroma are presented in Table 6. 

The heat production cost in city of Kostroma on average is 225 R/Gcal, and in 
Kostroma region is 400 R/Gcal. 

1.10 Audit Type/Methodology /Scope 

The audit focused on a specific case study, or "system slice", of facilities. This system 
slice included Kostromaenergo GRES, TETS-1 and TETS-2 (combined heat and power 
station), KOTE boilerhouses, distribution lines, and end-users (industrial, school, 

2 Data provided based on a survey conducted by VNIPIEnergoprom in 1989. 

RCG(Hagler, Bailly, Inc. 
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TABLE 2 
HEAT SOURCES IN CITY OF KOSTROMA 

Reported for 1989 and Projected for 2000 
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Installed Capacity 

Heat Source Electric (MW) Heat Load (Gcal/hour) 

Name 1989 Report 2000 Estimate 1989 2000 Estimate 
Data Report 

Data 

TETS-1 42 36 425 540 

TETS-2 170 170 490 1440 

Boiler Room-Factory 
Motor Detail 234 234 

Boiler Room-Factory 
"Rabochiy Metallist" 84 98 

Boiler Room-Factory 
"Strommachine" 51 141 

Boiler Room-
Experimental Factory of 

30 75 
Cement Material 

Boiler Room-Auto Repair 
Factory 35 77 

Boiler Room-Ship-
mechanical Factory 34 49 

Boiler Room 43 43 

Dmitrievskiy District PK 
N2 112 143 

Boiler Room - Pastuchova 
37 34 34 

Factory Boiler Room 360 

108 Small Industrial and 
Civil Boiler Rooms 403 152 

.ource: v i'lll.l:'I~ne rom surve , l~ts~ rgop y 
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TABLE 3 

HEAT SUPPLY INDEXES IN CITY OF KOS1ROMA 
(TETS-1 AND TETS-2) 

# Description Unit TETS-1 TETS-2 

1 Heat capacity MW/Gcal/g 523/450 826/710 

2 Own needs MW/Gcal/g 46/40 81/70 

3 Heat supply MW/Gcal/g 476/410 745/640 

4 Available heat 
load 

Total MW/Gcal/g 451/388 821/706 

Steam MW/Gcal/g 139/120 88/ 76 

Hot Water MW/Gcal/g 311/268 732/630 

5 Temperature schedule oc 170/70 with 170/70 with 
reduction by reduction by 
150° 140° 

6 Main distribution system 
length 

Total Km 30.3 48.6 

Steam Km 26.6 39.3 

Hot Water Km 3.7 9.3 

7 Maximum diameter mm 800 600 

8 Mimimun diameter mm 300 200 

9 Annual heat sale (1991) thousand 5489 8199 
G/J 

10 Specific fuel consumption kg/G/J 40.9 40.8 

11 Distribution system losses thousand 293/4.76 504/6.15 
G/J/% 

RCG/Hagler, Bailly, Inc. 
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TABLE 4 
LIST OF CUSTOMERS, HEAT SOURCES AND PEAK LOADS 

IN CITY OF KOSTROMA 

Peak Load 
Gcal/hr 

Customer Name Steam Water 

I•{•:\:.:.•·.·····"•·•···"••••••'••············ ·.· ...... ::;:•:::::•···· ............ . .......... ............... 

!Im 
::·•:•·•"·'· 

1:..:~·:.~···~··±2@ ... .·:.::.:>:(··· :: •:•:•:•:•:•:•::•:•:•:•: :\:::•/:•••:: 
.·. 

·:. ..... ·.·. . ........ 

Total 127 customers including: 120.2 267.6 

Kostromaobltechenergo 129.0 

ZKO Lenin Factory 10.2 

ZKO Lworikina Factory 6.6 

ZKO of Industrial Flax Union 
:.::=:::: :: .. ..... :. ., ... : ..... :: - • >>> >>•.· •. ·~;;;;,~/ ) >· . Gt ::•::.::,--.;: ··:· •· 

::::::::··: ..:: ..... 

Lenin Flax Mill 33.5 30.8 

Plywood Factory 30 

Industrial Flax Union 17.8 26 

Zworickin Flax Mill 14 11.9 

Krasin Polymer Machinery Factory 8.8 0.6 

Shoe Union "X-October" 5.2 

Yarn Factory "Work Flag" 4 5.8 
,·.·, ·.·.·.·,·,·,·, 

.·. .·.· 

: :: : -.:::.-... ::::·:: 11~ · .. :•::,--.:.1:.::.: : :::.:.::,._::::::.:!::: .... :rn:•:.:H: ':::::::•:::.::::::::;::::;.; !•ff.... :;::.:::::t:: .· < }::::·· .::•::: ................ 
·.•.·.·.·.· . .:-:.;. :,·.·.·,·.· ........ .· .. : ...... ::::••:\::• 

Total 140 customers including: 75.5 648.2 

Kostromeobtechenergo 221.0 

1·:H~·A1.~i·.· giaffibig·::-:::< . .: . : · .. ,.·.········ ;::::::::: ·:: ::: >j. ·:: .. ·.·. :::-::•:·:: 

.. ::.::.::.:: .• « :.: <,:< ........... ::\'::: :••:::::::,: :;.; :•:: :::•::: 

LKQ and DSK "Kostromastroy" 21 91 

Automation Line Production Factory 15 

Kostromaselshilstroy KPD 6.25 1.5 

Kostromameliorazia ZBI & PPCO 7.3 11.9 

RCG/Hagler, Bailly, Inc. 
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TABLE 4 (cont'd.) 
LIST OF CUSTOMERS, HEAT SOURCES AND PEAK LOADS 

IN THE CITY OF KOSTROMA 

Peak Load 
Gcal/hr 

Customer Name Steam Water 

Union "Techsteelmach" 6 12 

All Union "Factory Kostrimomalle·sprom" 4.9 5.5 

Gormol Komlinat "Work Banner" 5 5.8 

Factory of Solar Treatment Equipment 2.16 9.8 

Green House Factory "Isakovskiy" 12 92.6 

Factory of outside memory devices 18 

Wood treatment machinery 

Green House of Artificial Decorative Plants 2 92.6 

PATP 7.8 

Heat Exchangers Factory 6.3 

I <Z·••·•~U•.•.>•·· ·•••••.······ '..229·~ \'._ ..... ·.·. .::::.:•:;:::.··········· .•: 
. · .. · .. · :>:::••{) ... .·.·.. ·.· : >:;.: . •·>:::. :;:::::•:::::: 

:·:.:H!··:·:.·:;:.;m:!·Y ·(~ 0.-~ .·.· .. ·,·. ~.. ;.:.;.·-:-·"'.·:· ·- ... <:.~ .. -... ·.·.·.· .... ··::. :;:;::::;:;::: 
.· .··•:•:•:•:•:•:•. 

•·• ..... 

Total 65 customers including: 50.6 

Kostroalltexenergo 
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2 ZEY-8 5.71 

3 ZCO of Factory "Motorgetal" 13,696 

Industrial Factories 

Polygraphcombinat 12,332 

RCG/Hagler1 Bailly, Inc. 



TABLE 5 
HEAT SUPPLY TO CUSTOMERS IN CITY OF KOSTROMA 

Hot Water Steam Total 
(Gcal) (Gcal) (Gcal) 

# Customer Name 1990 19<Jl 19<JO 19<Jl 1990 19<)1 

A Main Heat Supply 1469902 1568963 404298 387988 1874200 1956951 

B Distribution System 46480 59279.1 69451 61073.9 115931 120353 

c Distribution Losses % 3.2 3.8 17.2 15.7 6.18 6.15 

D Heat Supply to Customers 1423422 150%83.9 334847 326914.1 1758269 1836598 

1 Factory "Tekstilmash" 12055 11654.3 28346 28244.6 40401 39898.9 

2 Milk Product Factory 6465 3552.3 24572 17102.9 31037 20655.2 

3 ZBE KPD Factory 15485 15437.9 37603 44423.3 53088 59861.2 

4 Kostromaglavsnab 4765 4860.2 4765 48602 

5 Greenhouse Factory 207652 229270.2 4882 2807.3 212534 232077.5 

6 Factory "Luch" 8026 8468.4 1146 1003.4 9172 9471.8 

7 VTK 3936.5 (9 month) 39365 (9 month) 

8 Conservatory 18293 16590 18293 16590 

9 Lesprom ZBE Factory 6227 6477.8 26674 24704.7 32901 31182.5 

10 CKBTM 4903 (9 month) 4903 (9 month) 

11 Universal Base 4191 (9 month) 4191 (9 month) 

12 PATP No. 1 9858 9540.8 9858 9540.8 

13 ZBK Factory 5480 5054.3 98142 98025.8 103822 103060.1 

14 Mechanical Factory 29353 33336.4 6582 6915.4 35936 40251.8 

15 Electromechanical Factory 43020 50375.1 10625 10226.6 . 53645 60601.7 

16 Automation Line Factory 42241.5 37598.3 422415 375983 

17 DOC Factory 269n 27236 28977 27236 

18 B/ch 21602 4730 (9 month) 4730 (9 month) 

19 Heat Exchanger Factory 23181 296553 23181 296553 

20 CCK 9812 8983.9 45934 32919.9 55746 41903.8 
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Hot Water Steam Total 
(Gcal) (Gcal) (Gcal) 

# Customer Name 1990 1991 1990 1991 1990 1991 

21 Agroprom ZBE Factory 1822 2206.3 10609 8843.7 12431 11050.0 

22 KMPO "Color" (KOO) 12847 6244.3 1626 9948.2 23473 16192.5 

23 Communication Autobase 2739 2Q<J8.7 2739 2Q<J8.7 

24 Autobit 1516 (9 months) 1516 (9 months) 

25 Butter-Cheese Base 650 1339.1 1355 230.6(2m) 2005 1569.7 

26 KUMC 2087 1930.7 2087 1930.7 

27 ABZ Gorkomchoza 21679 20529.7 21679 20529.7 

28 B/ch 29497 21909 (9 months) 21909 (9 months) 

29 XVII Partyforum Factory 2676 3263.5 2676 3263.5 

30 ATP Kostromskoe 820 (9 months) 820 (9 months) 

31 PHV 282 824 282 824 
(9months) (9 months) 

32 PTKKamaz 1115 2024.7 1115 2024.7 
(6 months) (6 months) 

33 Oblremstroimebelbit Union 4032 7675.2 4032 7675.2 
(7 months) (7 months) 

34 Cooperative "Estern" 13312.8 13312.8 

35 KOTA 600741.6 659027.1 600741.6 659027 

36 Supply Control 3984 . 3984 

37 Other 287566.4 328650.3 2040 289606.4 328650.3 
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TABLE 6 

TARIFFS, PRODUCTION COSTS AND FUEL CONSUMPTION 
FOR KOSTROMA TETS 1 AND TETS 2. 

Description Unit TETS 1 

1. First quarter (1992) R/Gcal 52.9 
production cost 

Fuel R/Gcal 37.4 

2. Fuel cost in the first quarter of 1992 R/Gcal 

Gas R/TCE 220.21 

!!.:avy Oil R/TCE 284 

II Peat R/TCE 230 

3. Fuel cost in the second quarter of 1992 

Gas R/TCE 1111 

Heavy Oil R/TCE 1611 

Peat R/TCE 250 

Fuel consumption in 1991 

Gas . TCE 186095 

Heavy Oil TCE 38460 
~ t TCE 52638 

Heat tariffs in first quarter of 1992 

Domestic hot water for the industry R/Gcal 124 

Domestic hot water for residential customers R/Gcal 109 

Hot water for residential heating R/Gcal 55.6 

Hot water for KostromaOblTeploEnergo 'R/Gcal 38.5 

Steam R/Gcal 136.7 

* TCE - Ton Coal Equivalent, 1 TCE = 7 Gcal 

RCG/Hagler, Bailly, Inc. 
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TETS2 

53.8 

42.8 

220.21 

284 

230 

1611 

276143 

311347 

124 

109 

55.6 

38.5 

136.7 
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greenhouse, and residential). In addition to these facility-specific activities, the 
RCG/Hagler, Bailly team held meetings with City officials and collected key data 
relative to the characteristics of the other parts of the Kostroma district heating system. 
This information is useful to expand the results of the audit. 

The RCG/Hagler, Bailly Team worked in Kostroma from April 20-25, 1992. The list of 
business cards for the persons contacted during the visits is given as Appendix 1. During 
this brief period, our Team carried out the following activities: 

1. Management meeting to discuss the current operational situation and plans for 
future reforms with the City and Regional administrators, director of the heat and 
power company, chief engineers, and other key decision-makers. 

2. System familiarization tours to inspect facilities and make first general 
observations. · 

3. Project implementation meeting to discuss and select locations and areas of focus -
for the USAID Energy Efficiency Project and determine needs for personnel, 
equipment, and access to facilities. 

4. Seminar on energy audits and portable efficiency instrumentation. This seminar 
was attended by about 20 engineers from various companies and associations in 
the Kostroma region. 

5. Equipment efficiency and thermal loss measurements on-site during detailed 
inspections at several example locations, using fixed instrui;nents and 
RCG/Hagler, Bailly's portable instruments. Combustion efficiency was measured 
for operating boilers at selected heat generation stations. 

6. Combustion tune-up was attempted for operating boilers found to be operating 
with high excess combustion air or insufficient air, in order to achieve measurable 
energy savings as part of the audit. Adjustments were made to three boilers of 
the KostromaOblTeplEnergo (KOTE) system, achieving on-the-spot energy 
savings of 1.5 %. 

7. Computer database and graphical analysis was developed using TETS-2 historical 
operating statistics (from daily and monthly reports) to determine efficiency trends 
and relationships between heating load and fuel consumption. 

8. Efficiency improvement project ideas were developed by the RCG/Hagler, Bailly 
Team and discussed by the Team over the course of the week. 

RCG/Hagler, Bailly, Inc. 



KOSTROMA DISTRICT HEATING SYSTEM ~ Draft Energy Audit 

9. A preliminacy list of energy efficiency project ideas was prepared by the 
RCG/Hagler, Bailly Team and discussed with the city management and KOTE. 

10. A draft procurement list was prepared by the RCG/Hagler, Bailly Team and 
discussed with city management and KOTE. Based on agreement from city 
manageme_nt, specifications for the equipment will be developed later. 

11. A final briefing was held with city management and KOTE to present the 
· RCG/Hagler, Bailly Team's findings, in the form of a draft energy audit report. 

The following activities are planned for Kostroma, after the audit visit: 

1. RCG/Hagler, Bailly completes audit reports, partner firms return to plants to 
assist plant managers on operational changes and partner firms complete 
equipment specifications. 

2. RCG /Hagler, Bailly identifies US equipment suppliers and requests USAID 
approval. RCG/Hagler, Bailly contacts vendors to expedite project and obtain 
manufacturers commitments to quality and possible cost-sharing. 

3. RCG/Hagler, Bailly obtains USAID approval (working with partner firms to 
make changes if required by USAID) and purchases equipment. 

29 

4. As soon as received, RCG/Hagler, Bailly sends equipment to Kostroma Municipal 
Services Association via air freight. 

5. Partner firm (VNIPIEnergoprom) assists in use of equipment, and gives any 
training required. 

6. City installs and use equipment and measure results. Partner firms maintain 
contact with client plants to monitor results. 

7. RCG/Hagler, Bailly engineer and partner firms return to plants to evaluate 
results and provide further assistance 

8. Conferences in Moscow to present results of program to engineers and managers 
of other district heating systems. Representative of International District Heating 
and Cooling Association will attend and US manufacturers of district heating 
equipment will exhibit their products. 

RCG/Hagler, Bailly, Inc. 
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Chapter 2: DESCRIPTION OF HEATING FACILmES IN KOSTROMA SYSTEM 

Based on the recommendation of the city officials, Kostromaenergo, and 
KostromaOblTeplEnergo, several facilities were selected as sites for the energy efficiency 
program. 

The entire team inspected TETS-2, GRES, and the greenhouse. The RCG/Hagler, Bailly 
audit team divided into three groups to inspect (1) TETS-1; (2) boilerhouses of KOTE at 
Borovay 4; and (3) school, residential buildings, and the distribution system. 

A seminar was presented by the RCG/Hagler, Bailly team to some 20 energy engineering 
professionals from the Kostroma region. The topics covered were energy management, 
instrumentation used in energy audits, and short-term energy conservation measures. 

2.1 Heat Generation Systems 

2.1.1 KostromaEnergo - heat and power facilities 

The brochure of KostromaEnergo is presented as Appendix 2. 

2.1.1.1 Combined heat & power station TETS-1 

The 42 MWe Kostromscay TETS-1 plant was built in 1930 and bas been upgraded through 
the years. TETS-1 has six boilers, all identical each rated 75 ton/hr at 37 bar 440°C. The 
boilers are capable of burning peat (local from Kostroma region), oil or gas~ TETS-1 has 
four turbine generators, tied to all six boilers by common header. Three turbines are non
condensing at 12 MW electrical and extracting steam at 5 bar. One (1) turbine is 
condensing at 6 MW electrical extracting at 3 bar. Total station capacity is 42 MW 
electrical, 200 Gcal/hr for heating and 150 Gcal/hr heat for industrial process. Based on 
KostromaEnergo's allocation system, station heat rate is 1,190 kcal/kWh3

• On an annual 
basis fuel burned is typically 70% gas, 15% oil, and 15% peat. Technical characteristics of 
Kostromscay TETS-1 are indicated in Table 7. 

On April 22, 1992, four boilers and three turbines were in service and electrical output was 
26 MW. Two boilers were burning peat and two were burning gas. The peat fire looked 

3 In the USSR system, 170 g/kWh, where heat rate is indicated in coal equivalent, based on 7000 kcal/kg. All beating values are lower 
heating value (net calorific value). 

RCG/Hagler, Bailly, Inc. 
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On April 22, 1992, four boilers and three turbines were in service and electrical output 
was 26 MW. Two boilers were burning peat and two were burning gas. The peat fire 
looked 

RCG/Hagler, Bailly, In~ 
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Table 7 

TECHNICAL CHARACTERISTICS OF THE EQUIPMENT 

Kostromscay TETS-1 

------------------------------------------------------------------------------------------------------
Equipment Parameters Equipment Put in Operation in 1986-1990 

--------------------------------------------------------------------------------------------
Amount 

Peakinq 
Boilers 

Turbine 

steam 
Generators 

2 

1 

3 

1 

2 

5 

Type 

PTBM-50 

PTBM-100 

P-12-35/5 

P-6-35/5 

TP-35 

BKZ-75-39 

RCG/Hagler, Bailly, Inc. 

Electrical Boiler Capacity 
Power (MW) --------------

Water Steam 
Gcal/hr T/hr 

100 

100 

36 

6 

70 

375 

Amount Type 

2 TP-35 

1 BKZ-75-39 

Electrical 
Power (MW) 

Boiler Capacity 

Water 
Gcal/hr 

Steam 
T/hr 

70 

75 
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fairly good, supported with gas and oil. The excess combustion oxygen in stack gas 
varied considerably between boilers ( 4-8% ), with the value of eight percent on one of 
those burning peat. Separate boiler and turbine control rooms and operators 
communicate by intercom system. Most of the control system instrumentation appeared 
to be working but system is old and could use an upgrade. Fuel and load controls were 
set in manual mode, air and water in automatic mode. Electrical output of the station is 
determined by the required heat output. Peat mills operate similar to our hammer type 
coal crushers. 

One of the 12 MW turbines was down for scheduled maintenance. Turbines are 
inspected on a 6-year interval. Typical turbine outage is done by Russian contractors 
and planned for three weeks using twenty men with total cost including materials of 
100,000 rubles (or $1,000). Tools used for maintenance are far below U.S. standards. 

TETS-1 has 550 total employees. Four hundred work within the plant (330 craft and 70 
engineering, supervision and administration). Operations works an eight hour shift (20 
per shift). The other 150 support the TETS community with daycare, housing, etc. 

The overall condition of the plant is fair. Considering the age of the facility this is not 
surprising. Plant engineer stressed their biggest problem with the plant is locating 
underground leaks on the heat supply and return piping. 

2.1.1.2 Combined heat & power station TETS-2 

The 170 MWe Kostromscay TETS-2 was built in 1974, and has technical characteristics 
as indicated in Table 8. TETS-2 has four steam boilers all identical non-reheat natural 
circulation each rated 210 ton/hr at 140 bar and 560°C. TETS-2 was originally designed 
for peat (which is locally available in Kostroma region), but was changed during the 
construction phase to an oil-fired plant, and the fuel delivery system for peat was never 
installed4• In 1989, the plant was connected to gas supply, and it is now fired by oil and 
gas. 

Three of four boilers must be in operation to achieve full load 170 MW. Two boilers 
are connected to each of two turbine generators, one rated 63 MW and dual extraction 
(industrial steam at 8-13 bar plus steam for district heating at 0.5 bar), the other 110 
MW, with single steam extraction at 0.5 bar 121°C for district heating. 

The station uses three heat exchangers (boilers) for hot water production from the 0.5 
bar extracted steam. Of these, two are used as main (heating to 105°C) and one is peak 

4 Some Russian experts arc now recommending conversion to Kuznesk coal, bul 1his would require a large capital investment and would 
have environmental implica1ions for the city. 
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Table 8 

TECHNICAL CHARACTERISTICS OF THE EQUIPMENT 

Kostromscay TETS-2 

---------------------------------------------------------------------------------------------------
Equipment Parameter Equipment Put in Operation in 1986-1990 

-----------------------------------------------·------------------------------------------
Amount Type Electric 

Power 
(MW) 

Boiler CapacitylAmount 

Water 
Gcal/hr 

Steam 
T/hr 

Type 
Hanuf. 

Electric 
Power 

(MW) 

Boiler Capacity 

Water 
Gcal/h 

Steam 
T/hr 

--------------------------------------------------------·------------------------------------------
Peaking 
Boilers 

2 PTBH-100 200 J KVGM-100 
Dorogob. 
Boiler 
Factory 

JOO 

--------------------------------------------------------·------------------------------------------
Turbine 

steam 
Generators 

1 

1 

2 

PT-60-130/13 

T-110/120-130-J 

BKZ-210-140 

RCG/Hagler, Bailly, Inc. 
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(heating to 150°C). TETS-2 also has two fired hot water boilers, one in series with the 
heat exchangers (peaker) and one in parallel. 

35 

The outlet temperature of the heat supplied from TETS-2 is determined by the 
"GRAFIK", which was established years ago. This grafik indicates a supply temperature 
of up to 85-130°C, against a return of 58-62°C. The temperature of hot water supplied 
from the TETS depends on the outside air temperature, and is modulated once every six 
hours. 

The peak heating load supplied from TETS-2 was 10,000 Gcal/day in January. The load 
at the time of the audit (April 21, 1992) was about 5,500 Gcal/day. the load in summer 
is about 2,500 Gcal/day. 

The mass flow rate of hot water heating TETS-2 averages about 7,000 ml /hour. Make
up is about 100 ml /hr in summer and 180 ml /hr in winter. The plant operates 9 district 
heating pumps rated to 12 bar (120 meters of water), against a typical pressure 
difference (supply /return) of 7.5 bar. Of these pumps, six have capacity 1,200 ml /hr and 
three have capacity 2,500 ml /hr. 

The basic regime of operation of TETS-2 is determined by electrical dispatch. The 
station operates in a stable regime in winter, and as a peak-following generator in 
summer. In winter, electrical output can be reduced by only about 15 MW (from 170 
MW down to 155 MW) if TETS-2 is required to produce maximum heat. The plant has 
two natural draft cooling towers, and in summer is limited to 160 MW output due to 
high condenser pressure. In summer, the plant has greater flexibility, and can turn down 
to 10 MW. 

The units are cycled very little. Each boiler and turbine is inspected/overhauled on a 4-
year interval. They do one boiler every year and one turbine every two years. The 
standard duration for boiler outages is 36 days, but recent overhauls have been taking 55 
days due to the installation of some modernization equipment (two-stage combustion 
systems for NOx reduction). Turbine outages require 40-45 days. 

TETS-2 has experienced some boiler tube failures since 1985 due to poor water 
chemistry. This is attributed to organic compounds in water, mainly algae feeding off 
waste discharged from upstream plants. 

TETS-2 has 575 total staff. Of these, 458 work within the plant (350 craft and 108 
engineering, supervision, administrative). The midnight shift operates with a staff of 20. 
The 117 others support the TETS community. 

RCG/Hagler, Bailly, Jnr. 
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Hot water for district heating is supplied from TETS-2 through mains which begin at 820 
mm diameter and end at 426 mm diameter. The length of mains supplied from TETS-2 
is 25 km. the mains are positioned mostly underground in concrete-lined channels. 

The plant operators and management would prefer to burn gas, but they have a rate 
limit, which has both daily and monthly limits, so they bum mazout as required. Mazout 
is supplied from the Yaroslavl refinery at 2-2.5% sulfur. Fuel prices at the time of the 
audit: 

Gas: 800 Rubles/thousand m3 

= 98.8 Rubles/Gcal 
Mazout: 2,100 Rubles/tonne 

= 221.1 Rubles/Gcal 

Performance data 

Average annual station heat rate is 1,670 kcal/kWh LHV (239 g/kWh), using 
KostromaEnergo's fuel allocation system. Their system first allocates fuel consumption 
to heat supplied (based on a ratio of 1.2 Gcalf Gcal, or an equivalent boiler efficiency of 
83.3% ), with the remainder of fuel allocated to power. 

The coldest day of the 1991/92 heating season was January 15, 1992. On that day, the 
following conditions were recorded: 

Average ambient temperature: 
Electricity generation: 
Average electrical load: 
Heat rate (fuel charged to power): 
District heat supplied: 
Average heat supply rate: 
Fuel consumption: 

Heavy fuel oil (mazout): 
Natural gas: 

-28°C 
3,852 MW 
160.5 MW 

1,414 kcal/kWh 
11,622 Gcal 
484 Gcalfhr 

1,386 tonnes 
656,000 m3 

For the coldest day, the heat supplied by TETS-2 was below the GRAFIK by 100 
Gcal/hr (almost 20%). TETS-2 staff indicated that the main reason for this deficit is the 
recent construction of some greenhouses (three, with ·an area of 3 ha each). Because of 
this, KostromaEnergo is developing expansion plans for TETS-2. These plans include 
several options. Two of the variants include conversion to coal, and the third option 
includes gas-fired hot water boilers. 

RCG/Hagler, Bailly, Inc. 
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Summary performance data for TETS-2 for 1990 and 1991 was provided by 
KostromaEnergo, and is presented in detail in Appendix 3, and summarized below. 

1. Heating load - Kostroma weather data 
1990 - 3,031 heating degree-days5 

1991 - 2,912 heating degree-days 

2. TETS-2 electricity generation 
1990 - 1.17 million MWh (gross); 

1.06 million (net) 
1991 - 1.19 million MWh (gross) 

1.08 million (net) 

3. TETS-2 total heat sales to city 
1990 - 1.87 million Gcal 
1991 - 1.96 million Gcal 

4. TETS-2 fuel consumption 
1990 - 208,000 tonnes oil (52% of Gcal) 

226 million m3 gas (48% of Gcal) 
1991 - 198,000 tonnes oil (46% of Gcal) 

272 million m3 gas (54% of Gcal) 

5. TETS-2 average annual heat rate (specific energy consumption) 

Fuel charged to power6 

1990 - data not available 
1991 - 1,670 kcal/kWh 

6. TETS-2 average annual station use of electricity (pct of gross generation) 

Tu1al For Electric generation 
1990 9.4% data not available 
1991 9.2% 4.3% 
1991 31.5 kWh/Gcal (electricity for district heating pumping, etc.) 

5 In degrees C, based on 12"C. 

6 According to the allocation system used at TETS-2 

RCG/Hagler, Bailly, Int. 
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7. Annual average efficiency performance ratio (Gcal of heat supplied7 divided by 
heating load in degree-days) 

1990 - 446 Gcalf°-day 
1991 - 480 Gcal/0 -day 

8. Monthly minimum average efficiency performance ratio (best month of the year) 

1990 - 281 Gcal/0 -day 
1991 • 351 Gcal/0 -day 

9. Estimated inefficiency (losses) in system 

Because of deficiencies in the design of the system, the district heating system in 
Kostroma does not lend itself to accurate control. This lack of controllability is 
evidenced in the degree of inefficiency in the system, that is how much heat supply 
exceeds demand, and is therefore lost. In addition, heat losses in distribution lines are 
more or less fixed losses. 
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Extreme variability in the performance ratios can be observed in the graphical data, and 
is indicated in the difference between the figures listed in parts 7. and 8. above. Based 
on this poor relationship between the annual average efficiency performance ratio and 
the ratio for the best month of the year, RCG /Hagler, Bailly estimates the losses in the 
supply of heat by TETS-2 to the city, as follows: 

1990 - 37% 
1991 - 27% 

Based on graphical analysis of heating demand (degree-days) and heating supply, 
(corrected for domestic hot water load and fixed distribution losses), RCG/Hagler, Bailly 
estimates the inefficiency in the supply of heat by IBTS-2 to the city, as follows: 

1990 - 16% 
1991 - 24% 

Observations during audit 

During the audit visit on April 21, 1992, Unit 1 was running at 48 MW and Unit 2 was 
generating 88 MW. Heat supply to two outlets in parallel was 4,300 m3 /hr plus 1,000 

7 Corrected lo account for fixed losses and heat ~d for domestic hot water supply 
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m3 /hr. Make-up was at the rate of 160 m3 /hr8. The hot water supply temperature was 
85°C and the return was 53°C. The supply of heat was thus 169.6 Gcaljhr (about 35% 
of peak day heat output). 

Three boilers were in service. Stack gas oxygen meters and opacity meters are installed. 
They have laboratory instruments to measure CO and NOx. 

Boiler #1 
Firing 5.6 ton/hr oil (mazout 2-2.5% sulfur) 

plus 10,000 m3 /hr gas 
Stack temperature: 175°C 
Stack gas excess 0 2 concentration: 0.3% 

Boiler #2 
Firing 15 ton/hr mazout (no gas) 
Stack temperature: 180°C 
Stack gas excess 0 2 concentration: 0.4% 

Boiler #4 
Firing 16,000 m3 /hr gas (no mazout) 
Stack temperature: 12D°C 
Stack gas excess 0 2 concentration: 0.4% 

Air, water and steam temperature control were in automatic mode, with fuel and load in 
manual mode. The combustion flame conditions looked good. They have some type of 
automatic furnace safeguard system. 

Operators have a chart for each load with desired process setpoints (''regime card11
). 

They also have a big chart over the control board which shows performance losses 
associated with process variations from setpoint ("propaganda"). 

Stack emissions looked good. No. 3 boiler was down for scheduled maintenance 
(including installation of NOx reduction equipment, based on principle of two-stage 
combustion - primary and secondary air). 

Overall condition of the plant is good, which appears to be clean and well maintained. 

The plant needs turbine vibration analysis equipment and portable oxygen analyzers to 
trouble shoot and check accuracy of permanent oxygen analyzers. 

8 The system seived by TEfS-2 is a closed system. 
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2.1.1.3 Kostroma steam power station GRES 

The "Order of the Red Banner of Labor" 3,600 MWe Kostroma Steam Central Power 
Station (GRES) is the pride of power engineers not only in Kostroma region, but all 
across Russia. It is one of the largest thermal power stations in Russia, and its newest 
unit (#9) is the largest of its kind in the whole world. It has been visited by power 
engineers from all over the world. 
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Increasing capacity and steam pressure provides improved economics and reduced fuel 
consumption, and the Kostroma GRES pioneered the commercial use of 300 MW units 
and later a 1,200 MW unit. The 1,200 MW experimental unit exceeds the electrical 
capacity of all of pre-revolutionary Russia. The Kostroma GRES was built as one of the 
main electrical generation stations in central Russia, and supplies to both 220 kV and 
500 kV transmission networks. 

The design of the GRES was by the Gorky branch of "Teploprojekt" institute. Plant 
construction began in 1968 and the first 8 units (2,400 MW total) were completed in 
1973. An expansion project was begun in September 1975 which was planned to include _ 
two 1,200 MW units. Because of limitations in fuel supply, and other factors, only one 
1,200 units was built. It was first run in early 1980 and commissioned in September 
1980. 

Some teething problems with #9, the 1,200 MW unit, especially with the generator, were 
experienced until 1982. Since then the unit has operated well, running nonstop between 
overhauls, over a range of 800-1,200 MW. The 300 MW units are very reliable. Over 
the course of the entire year, they experience an average of 12 forced outages (spread 
over 9 units), usually for boiler tube leaks. During the first 100 days of 1992, there were 
no forced outages. 

All major equipment is Soviet-made. All boilers were made by Krasny Kotelshcik boiler 
works in Taganrog. All turbines were made by Leningrad Metal Works. All generators 
were made by Electrosyla, Leningrad. 

The main fuel by design is heavy fuel oil (mazout, 2-3% sulfur), with natural gas as 
"back-up", but the station now runs on 75% gas. Gas is sourced from northern Russia 
through Tyumen and the central gas transmission piping network. The plant is served by 
a single gas pipeline. 

Total number of employees at Kostroma GRES is 2,800, of which 1,800 work in the 
station and the other 1,000 support the community surrounding the plant. 

RCG/Hagler, Bailly, Inc. 
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The plant also provides heat to the surrounding community of Volgorechensk, with 
25,000 people. The condenser cooling water is used in a fish farm (carp and sturgeon) 
before being returned to the Volga. 
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Kostroma GRES is faced with environmental concerns with water and air emissions. 
The high sulfur oil gives significant S02 emissions; stack gas is exhausted through three 
250 meter tall stacks. There is mounting pressure to do something to reduce emissions, 
and this is one reason why gas is now the major fuel. They measure carbon monoxide 
and opacity. The plant is located on the Volga River, so of course wastewater emissions 
must be minimal. 

The plant has a strong responsibility for pollution control, since it is located on the 
Volga River. They have a special environmental division which has done a lot of 
research and has made various improvements. On air pollution they have done less, 
except converting to gas as the primary fuel, but recently a lot of research has been done 
on reducing NOx emissions. GRES engineers indicated that they need better 
instruments for measuring both air and water pollution. For example, some Germans 
came once with a gas chromatograph to measure NOx emissions - they would like to 
have this. They would like NOx monitors and more reliable 02 and CO monitors. 

Annual station heat rate (efficiency) was 2,198 kcal/kWh in 1991. Station use of power 
(about 100 MW) is 2.4% on an annual basis. The #9 unit has station use of less than 
2%. 

The brochure of the Kostroma GRES is provided as Appendix 4. 

Phase I - Units 1-4 (300 MW Each) 

The first phase of the plant consists of 4x300 MW units. Each unit has two TGMP-114 
boilers, one K-300-240 turbine and one TBB-320-2 generator. Boilers are once-through 
reheat units each rated at 475 ton/hr at 240 bar, 540°C, with reheat at 36 bar. Turbine 
generators are tandem-compound 3,000 rpm with eight extractions. Generator output is 
at 20 kV and the generators are hydrogen cooled. Load range 120 to 300 MW. Fuel is 
gas and/or heavy fuel oil. 

Design gross boiler efficiency (LHV) is quoted as 92% 

Phase II - Units 5-8 (300 MW Each) 

In the second phase of the plant, each unit has one TGMP-314 boiler, one K-300-240 
turbine, and one TBB-320-2 generator. Boilers are once-through reheat units each rated 
at 950 ton/hr at 240 bar and 54D°C, with reheat at 36 bar. Turbine generators are 
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tandem-compound 3,000 rpm with eight extractions. Generator output is at 20 kV and 
the generators are hydrogen cooled. Load range 120 to 300 MW. Fuel is gas and/ or 
heavy fuel oil, and design gross efficiency (LHV) is quoted as 93%. 
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The "plan" annual power output from Units 1-8 is 15.4 million MWh (station capacity 
factor of 0.73). The design station use of power for auxiliaries is 2.9%. The design gross 
heat rate is 2,212 kcal/kWh LHV (316 g/kWh). 

During the audit, Unit 7 was down for scheduled turbine generator maintenance. Eight
week inspections are on a 6-year interval. Plant engineer made a comment about 
changing turbine rotors. I was unable to follow this up but was led to believe they were 
swapping rotors out. Maybe with rebuilt spares? They are experiencing boiler leaks at 
rate of 10-12 per year of units 1-8. Turbine vibration monitoring looked good -
measuring both velocity and displacement. The system automatically trips units on high 
vibration. 

Phase III - Unit 9 (1.200 MW) 

The third phase of the plant is the pride of the station and the entire Kostromaenergo 
company. The tandem compound turbine-generator set is the largest in the world. The 
unit consists of one TGMP-1202 boiler, one K-1200-240-3 turbine, and one TBB-1200-2 
generator. 

Boiler is once through reheat and rated at 3,950 ton/hr at 240 bar and 540°C, with 
·reheat at 36 bar. Single-furnace boiler with 56 combined oil and gas burners, each with 
a capacity of 5 ton/hr oil and 5,500 m3 /hr gas. Turbine-driven forced draft fans and 
boiler feed pumps. The boiler has three regenerative air heaters, each having a rotor 
13.88 meters in diameter. The superheaters are cleaned with long-retracting 
sootblowers. Design gross efficiency (LHV) is quoted as 94%. 

Turbine generator 3,000 rpm with nine extractions. Last stage buckets made of titanium 
and 1.2 meters long. Generator output is at 24 kV. Generator rotor and core and 
hydrogen-cooled while stator windings are cooled with demineralized water system. 

The "plan" annual power output from Unit 9 is 7.1 million MWh (station capacity factor 
of 0.68). The design station use of power for auxiliaries is 1.7%. The design gross heat 
rate is 2,191 kcal/kWh LHV (313 g/kWh). 

Dispatching of the GRES 

The 3,600 MW power station is centrally dispatched from Moscow. 
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Each day at 4:00pm, Kostroma GRES receives "draft" orders over the phone for the 
following day from Moscow, giving the expected load output for each hour. The plant 
engineer decides which units to run and at what load to meet the expected load output 
curve. As the day progresses, the plan is modified according to needs and any 
unexpected conditions. The GRES daily load curve for the day of the audit is presented 
in Appendix 5. The average station load factor for the day was 0.67, and the maximum 
load was 93% of available capacity. 

The station output was 3,000 MW at 1 l:OOam on April 23, 1992 the time of the audit 
visit. The load was split between 500 kV and 220 kV transmission feeders. 

Daily load following is accomplished by modulating the load on each unit (between 120-
300 MW on units #1-8 and 800-1200 MW on #9). On Saturdays and Sundays, they shut 
down one 300 MW unit. 

The station has a rate limit on gas. they use as much as they can get, then use mazout 
to provide the rest of the fuel energy. 

Observations durin~ audit 

Unit #9, the 1,200 MW tandem compound turbine generator was impressive. It was 
running smoothly at 1,200 MW, as a check of each bearing showed during the audit. On 
the day of the audit, the boiler was burning 75% gas and 25% oil, and combustion 
conditions looked good. 

Unit #9 and all the other units at GRES were running fuel and load in manual while 
air, water and steam temperature were in automatic. Some CRT display of process 
parameters. Control system is analog, but has an extensive data acquisition/monitoring 
computer system IB-500. Good television monitoring of flame. All charts were drawing 
straight lines. Load range is 800 to 1200 MW all under sliding pressure with turbine 
valves were open. Overload has been run at 1,380 MW on this unit. Said to be very 
reliable and runs well from overhaul to overhaul. 

As determined by KostromaEnergo accounting methods, generation cost is very low, 
perhaps 1 kopeck/kWh. The tariff to customers averages about 8 kopecks/kWh, but 
costs are rising quickly. A control operator earns 4,000 Rubles per month. 

Design station efficiency is 2,198 kcal/kWh LHV (314 gram/kWh). In 1970, the heat 
rate at the GRES was 347.2 g/kWh, in 1983 it came down to 317 g/kWh. 

The overall condition of the plant is very good. It is very well-designed and maintained, 
and very clean. The chief engineer and his staff are technically competent and take a lot 
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of pride in the facility as it is an example of what the Russian people can do. It is 
obvious that the GRES has been well-funded through the past years. 
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The plant needs vibration diagnostic equipment to help balance turbine generators upon 
return to service from inspection outages. 

They also need a thermal imaging system to use for heat loss identification and 
preventative maintenance work. They have used one before which was supplied from 
Moscow, by an organization called DIAGNOSE, which is part of ORGRES (organization 
for commissioning and evaluation of steam power plants). Kostroma GRES is the most 
qualified facility in the region to maintain and use such a complex piece of equipment. 
they agree to make best use of it, for the benefit of the city and region, in the facilities 
of KostromaEnergo and other organizations in the city. 

2.1.2 KostromaOblTeplEnergo small boilerhouses 

KostromaOblTeplEnergo (Kostroma Oblast Thermal Energy, KOTE) operates a total of -
170 boilerhouses, with capacities of up to 50 Gcal/hr. Their largest boilers are 25 ton/hr 
saturated steam generators of up to 14 bar pressure. Most of their boilers are hot water 
generators, rather than steam. KOTE annual heat generation is 700-800,000 Gcal/year. 

KOTE not only generates heat, but also buys heat from KostromaEnergo. KOTE annual 
heat purchases average 900-1,000,000 Gcaljyear. 

KOTE does not sell heat to industry, only to civil - institutional, schools, hospitals, and 
residential customers. 

KOTE operates 170 km of distribution lines, including branches. KOTE has a total of 
1,600 employees, 750-800 of whom work in the City of Kostroma. The rest work in the 
six other cities in Kostroma Oblast which are served by KOTE. 

The cost of heat generation by KOTE (at the time of the audit, April 1992) averaged 
225 rubles/Gcal in Kostroma and 400 Rubles/Gcal outside the city. The average price 
of natural gas to KOTE was 250 Rubles/thousarid m3 in March 1992, but they are 
expecting prices to rise to 2,500 Rubles/thousand m3 by May 1992. 

The tariff by which KOTE sells heat allows KOTE to recover its cost, plus a margin. 
The margin averages 25%, but varies over the course of the year (margins are higher in 
winter, up to 40% ). The tariff does not differentiate by customer class, it is the same for 
all Gcal. KOTE is allowed to recover its costs, and not all of the cost is passed on to 
consumers. A subsidy for heat supplied to consumers is borne by the city /regional 
government, since rents do not cover heat costs. 
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The fuel consumed by KOTE is all natural gas within the Kostroma city limits. 
Elsewhere in the region, heavy fuel oil (mazout) and coal (Kuzbaz high ash anthracite) is 
burned. Typical annual quantities are: 

gas 55 million m3 /yr 
mazout 12,000 tonnes/yr 
coal 40,000 tonnes/yr 

2.1.2.1 Baravaya 4 boilerhouse 

The Baravaya 4 boilerhouse serves a development 15 km to the NW of the center of 
Kostroma. The development served includes about 25 buildings, 20 of which are 
residential, with approximately 7,000 residents. There are also two school buildings, a 
garage, kindergarten, professional training center, repair shop and public bath/sauna in 
the scheme. 

The heating system is totally independent stand-alone. The region borders the area 
served by TETS-2, but the piping systems are not interconnected. The distribution is 
through a closed system, with a heat exchanger and secondary loop in each building. In 
the buildings, the heating system is mostly of the one-pipe type (radiators connected in 
series, no bypass). The system operates 12 months per year, to provide domestic hot 
water as well as heat. 

The system is typical of many in Russia, especialll in Kostroma region, except that it still 
uses some steam boilers for hot water generation . In such a system, the steam passes 
from the boiler to a heat exchanger to generate hot water. Steam pressure is controlled 
manually, according to the temperature of water required. Baravaya 4 also has gas-fired 
hot water boilers, so it represents a good example of all Russian systems. 

The capacity of Baravaya 4 is 16.4 Gcaljhr, and it feeds into a 319 mm diameter main. 
The fuel used is natural gas. The total circulation capacity is 250 m3 /hr, and typical 
make-up is 3 m3 /hr. Since the Baravaya area is a closed system, this make-up represents 
leakage loss (approximately 1 % of output). 

The boilerhouse has five boilers installed: 

(3) DKVR watertube saturated steam boilers 
4 ton/hr capacity 
10 bar pressure 

9 Such installatioru; arc no longer being built, only fired hot water boilers. Of the KOTE installations, only about 10% have steam 
boilers. 
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design stack excess 0 2 = 10-12% 
stack temperature 22D°C 

(2) TVG gas-fired hot water boilers 
4 Gcal/hr capacity 
design stack excess 0 2 = 6.5-8% 
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They have a GRAFIK for supply temperature, and decide which boilers to use according 
to outside air temperature. They also have regime cars that show air /fuel settings for 
each boiler. A special division of KOTE that comes in and performs analysis to prepare 
the regime card for each boiler. They use an ORSAT analyzer to test boiler combustion 
efficiency, about once every three years. 

Natural gas consumption was about 18,000 m3 /day at the time of the audit. 

During the audit, combustion tune-ups were carried out on one steam boiler and two hot 
water boilers, using RCG /Hagler, Bailly's portable combustion analyzers. The results 
showed that the efficiency of combustion in the "as-found" condition was already nearly 
as good as possible, given the design of the burners. Using the efficiency monitor, tune
ups were carried out to achieve optimum combustion, which was 90% LHV. The results 
of these tune-ups showed efficiency improvements ranging from 0.5% to 1.5%. Further 
reduction of combustion air was not possible without incomplete combustion (CO in 
stack gas). New burners would be required to increase efficiency further. 

During the audit, tests of boiler water were carried out on the two steam boilers, using 
RCG/Hagler, Bailly's portable dissolved solids tester. These tests showed that one 
boiler was operating at concentration far below standard and one was normal. Through 
the use of these instruments, reduction in losses through boiler blowdown could improve 
boiler efficiency by 0.5%. 

During the audit, tests of power factor (cosine phi) on district heating pumps were 
carried out, using RCG /Hagler, Bailly's portable. These tests showed cos phi of about 
0.82, which is normal. 

2.1.2.2 Susnovay Russya boilerhouse 

The Susnovay Russya ("pine trees") boilerhouse serves another development near to 
Boravay. This 9 Gcaljhr boilerhouse is similar to 50-60 others in Kostroma, and has no 
steam boilers, only 9 hot water boilers. Of these, six are 0.6 Gcal/hr and three are 1.6 
Gcaljhr. Susnovay Russya generates hot water at 70-95°C and feeds into 1.5 km of 
mains, in a stand-alone system. 
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Susnovay Russya has an integral water treatment system and an integral distribution 
system. Leaving the boilerhouse are four pipes - two for heating in a dosed loop system, 
and two for domestic hot water (open loop). 

Six small gas-fired hot water boilers 
0.6 Gcal/hr capacity 
design stack excess 0 2 = 10.6-14.2% 
design stack temperature 190°C 
design efficiency 86% (LHV) 

2.2 Heat Distribution Systems 

The district heating system of Kostroma is very old and was developed in stages to meet 
the population growth. The total length of the distribution system (with the branches) is 
170 km. (pipe diameters vary from 200-600 mm.). 

The district heating distribution system of Kostroma is maintained by 750-800 employees. 
KostromaOblTeplEnergo sells heat to industrial, commercial, institutional, residential 
and agricultural customers. 

The piping network of the city of Kostroma district heating system transports 150 • C hot 
water (150°C-70°C) and distributes it to customers at (95-70°C). There is a closed type 
system design with heat exchangers for domestic hot water in each building. The piping 
network. is located mostly underground. There is a number of independent district 
heating systems with individual boiler rooms. The distribution system is designed for a 
peak supply temperature of 130°C-70°C (at -31 "C outdoor temperature). The water 
temperature is reduced at house substation (at the point of ejector) to 95°C-70°C. 

From the power plants the hot water and steam are distributed through the distribution 
piping systems to the customers. 

Based on visual inspection, the piping insulation appears to be in good condition. The 
only areas of concern are near valves and fitting, where the insulation has cracks. 

The distribution systems and substations lack instrumentation and controls and show 
signs of low maintenance budgets. 

The heat distribution systems in the City of Kostroma are large and are mostly buried 
below ground in concrete tunnels. For piping above ground, insulation of 50-60 mm 
mineral wool is standard. 

Leakage is the most pronounced problem. Approximately 1.5 km of pipeline must be 
replaced each year. Existing systems have no instrumentation to monitor leakage from 
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the system. Much of the debate concerning solutions suggests that instrumentation to 
detect the locations of leaks would be of prime importance. Several leak detection 
systems were available in the USSR market which could be implemented in a limited 
program to begin addressing this problem. 

48 

The second priority to enhance the effectiveness of the heat distribution system is 
monitoring heat loss and consumption as compared between the central plant versus the 
end user. The effect of degraded insulation can not be accurately determined without 
end user measurement capability. In the short term, installation of Gcal meters in a 
limited program could begin to address this problem. 

Temperature control of the hot water in the distribution system is based on outside 
ambient temperature. Systems surveyed reset water temperature every 6 hours in 
response to changes in ambient air temperatures. A short term measure to modify the 
reset time to a maximum of every one (1) hour will provide some energy conservation 
capability. 

Based on the problem characterization for heat distribution, the short term, low cost 
energy savings potential is estimated at 2-10% through limited installation of Gcal 
meters, leak detection equipment and temperature control modifications. 

2.3 Heat Utilization Systems 

The situation is worst on the consumer end, as revealed by this energy audit. There are 
no controls or valves on the individual end user units. 

Thermal energy originating at the central plants is produced through quality control. The 
same quantity of water is maintained while the temperature is varied, based on the 
climate conditions. These plants operate on a schedule which depends on the ambient 
(outdoor) temperature. Water mixing is used to adjust the supply temperature. Mixing 
occurs at the building entrance substations. 

The absence of maintenance and lack of controls for the end users, especially residential 
buildings, results in significant inefficiencies. The systems are not balanced with certain 
areas obtaining excessive heat at the expense of others. The occupants of overheated 
buildings often resort to open windows due to the absence of control valves. The 
installation of thermostatic valves, heat metering devices and temperature regulators is 
recommended as a first step in the short-term energy conservation effort. Proper 
maintenance procedures and system operation should be addressed on a long-term 
program. 
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Several problems were evident through our survey of selected end users. The presence of 
instrumentation and control systems was very limited. Insulation of heating equipment, 
piping and components was generally in a degraded state. There are no incentives for the 
end user to conserve energy since billing is estimated independently from actual energy 
consumption. No energy metering equipment is installed. Industrial customers experience 
high levels of electrical consumption per unit of production. The short term, low cost 
energy savings potential is estimated at 10-30% for industrial, institutional and 

-residential end users through application of new controls and metering equipment. 

2.3.1 Industrial - "Rabochiy Metallist" 
heavy mining equipment manufacturer 

Rabochiy Metallist is a manufacturer of bucket excavators (heavy track-driven vehicles 
with a crane/shovel) used in the mining industry. The factory is 75 years old and is 
located on the east side of the Volga. The factory employs 2,400 workers, plus another 
1,000 in a joint venture (with a British firm) nearby. 

Rabochiy Metallist has the capacity to manufacture 1,200 excavators per year, but at the -
time of the audit was producing at only 50% of its capacity. Its main problems were a 
shortage of steel and diesel engines. 

The technical characteristics of the boiler room of the factory Rabochiy Metallist is 
presented in Table 9. The factory has five (5) steam boilers (9 bar saturated steam) at 
10 ton/hr capacity each, and two (2) fired hot water boilers rated at 30 Gcal/hr each. 
The boilers burn natural gas, with mazout as back-up. 

The total hot water supply capacity for buildings is 90 Gcal/hr. Rabochiy Metallist has 
been converting their building heating systems from steam to hot water over the years as 
an energy conservation measure, and basically completed this project (95% of areas) in 
1987. 

Interestingly, the boilerhouse not only serves to supply heat, but also to generate C02, 

which is used in welding operations (the RCG/Hagler, Bailly team did not investigate 
this application). They supply 3,500 m3 /hr of C02-rich exhaust gas to this process. They 
need to generate C02 at the highest concentration possible, and are seeking a tight, 
infiltration-free boiler to do so. They measure stack gas C02 concentration every day 
using an ORSAT-type device made by KAZAN Heat Instrument Factory (USSR). They 
are interested in learning more about the most economical way to manufacture C02 -

perhaps combustion is not the answer. They need to make about 2,000 tons per year of 
C02• 
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2.3.2 Industrial/agricultural - Kostroma City Ornamental Plant Farm 
(greenhouse) 
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A division of the Kostroma city government operates greenhouses for food production 
and horticulture. There are 14 ha. of greenhouses near TETS-2 which grow vegetables. 

In the Ornamental Plant Farm visited by the RCG/Hagler, Bailly team, 2.5 ha. of 
greenhouses are in production. The main species under cultivation are roses, with some 
1.5 ha. planted, which produce some 1 million long-stem roses per year, in hybrids of 
many beautiful colors. 

A total of 36 other types of flowers are grown which relate to specific holidays, such as 
Easter lilies (which became known in the USSR as mother's day lilies). Potted house 
plants are cultivated, including various species of ferns and begonias. They have not 
been able to grow orchids. 

Most sections of the greenhouses use single pane glass glazing, but 10 sections use 
polyethylene glazing. Each plastic-glazed section is approximately 40 m long x 13 m 
wide. The glass sections are much larger. 
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Table 9 

TECHNICAL CHARACTERISTICS OF THE EQUIPMENT 

Rabochiy Metallist 

Equipment Equipment Put in Operation 1991-1995 

Watertube 
Boilers 

Amount Type Boiler Capacity 

1 

Manufacturer ---------------

KVGM-30 
Dorogob. 
Boiler 
Factory 

Gcal/hr 

30 

T/hr 

I 
! 
I 

Equipment Put in Operation in 1996-2000 

Amount Type Boiler Capacity 
Manufacturer -----------------

Gcal/h T/hr 

------------------------------------------------~1-----------------------------------------

Steam 2 
Generators 

2 

4 

DE-25-14 
Biyskiy 
Boiler 
Factory 

DKV-10-13 

DKVR-10-13 

, 
50 

20 

40 

-------------------------------------------------------------------------------------------
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The heating system is hot water, supplied from TETS-2 via a 216 mm diameter line to 
the substation located on the greenhouse property. The substation feeds the property, on 
which perhaps a thousand hand-operated valves are used to control temperature in a 
total of 24 sections. 

Auxiliary lighting is provided, which is used to extend the growing season. Lighting is 
mercury and incandescent, wide spectrum. 

Energy consumption for the Ornamental Plant Farm in 1991 was: 

Heating 
Electricity 

16,174 Gcal 
787,000 kWh 

421,000 Rubles 
63,000 Rubles 

The monthly heat consumption and heating load are indicated in Appendix 6. Heat 
consumption does not track ambient temperature very well. It could be that this is 
related to the need for heat by the growing process, depending on the requirements for 
flower production, but this growth process was not investigated during the audit. 

The opportunity exists to automate the control of temperature in the greenhouses. This 
would require the installation of approximately 24 thermostatic valves with remote 
thermostats. Each valve should be sized for 40 mm pipe diameter. The existing hand 
valves are 21 cm long, flange-to-flange. Electric power (220 V AC) is available for the 
valves actuators. 

Measurements during the audit indicated that the temperature of hot water supply to the 
greenhouse was below specifications. The supply temperature leaving TETS-2, less than 
1 km away, was 85°C, but the temperature at the inlet to the substation was indicated as 
72°C on the greenhouse chart recorder and measured 77°C with RCG/Hagler, Bailly's 
digital thermocouple. Design temperature drop is less than 3°, therefore it is evident 
that line losses due to inadequate insulation are excessive. 

2.3.3 Institutional building - school 

The three-story brick school Borovay 9 building was build in 1974 and has a gross area 
of 22,420 m2 (1,348 students). The school operates from September to the middle of 
June. Comfort heating and domestic hot water are supplied by the 
KostromaOblTeplEnergo system at Borovay (see description of boilerhouse above). 

The heating system operates from the beginning of October to the middle of May. The 
peak heating and domestic hot water load for the school is 0.633 Gcal/hour. The annual 
heating load is estimated to be 1,220 Gcal/year. 
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The hot water from the district heating system arrives at the school substation providing 
130 • C-70 • C for heating and domestic hot water. A separate heat exchanger is installed 
in order to prepare domestic hot water. There is a closed loop system for heating and 
domestic hot water systems. The diameter of supply and return pipes is 100 mm. 

The pipe line to the school substation is underground and there is no way to evaluate the 
condition of the pipe insulation. In school basement the insulation of the piping 
appears to be in good condition. 

There are no controls or measuring devices at the school substation. In addition, there 
are no temperature controls in the school rooms. Inside temperature is regulated by 
opening or closing windows. 

Thermostatic valves could be installed, but they must be tamper-proof. 

2.3.4 Residential apartment blocks 

Two identical residential buildings were chosen to perform an energy savings ana~ysis. 
The building (Borovay 20) consists of 5 floors with 90 apartments. Walls are reinforced 
concrete panels. There is a two pipe heating system with down feed distribution. 

Comfort heating and domestic hot water are supplied by the KostromaOblTeplEnergo 
system at Borovay (see description of boilerhouse above). Peak heating load for the 
building is 0.615 Gcal/Hr (estimated). Annual consumption is estimated to be 1,180 
Gcaljyear. The heating season is 222 days. 

The windows in the building do not close properly. The domestic hot water is an closed 
type system. The diameter of the supply and return pipes to the apartment building is 89 
mm, and the supply and return lines to the radiators is 12 mm. 

Insulation of the supply and return lines to the building substation appears to be in good 
condition. 

There are no controls or measuring devices at the building substation. 

As an experiment, a Gcal meter should be installed in one building without any other 
energy conservation measures. In the second building thermostatic valves will be 
installed on each radiator, and a Gcal meter and temperature control regulator will be 
installed on the supply and return lines in the building substation. 
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CHAPTER 3: OBSERVATIONS AND FINDINGS 

3.1 General Comments 

District heating systems in Russia are generally large and highly centralized. Experience 
with these systems indicates that they have the following problems: 

• Heat flows are usually not metered 

• Customers have no control over their consumption of heat 

• The systems may have low reliability 

• It is difficult to balance the system hydraulically 

• The systems are not designed for ease of maintenance 

• Maintenance and operations staff lack proper tools and instruments 

• In open systems, it is difficult to locate leaks in the distribution system. 

Based on these indications, it appears that consideration should be made of 
decentralization where practical. By creating a number of smaller systems, the problems 
associated with maintenance and balancing can be more effectively controlled. 

One of the parameters used to determine the integrity of a distribution system is the 
amount of leakage which occurs. In open-type district heating systems where 
consumption of domestic hot water is not measured at the end user, it becomes difficult 
to distinguish between water make-up to the system and the percentage which can be 
attributed to leaks in the distribution piping. Therefore, a policy of developing only 
closed-loop distribution systems whereby all water which is supplied to the system is 
returned, will enhance the ability of they system operators to monitor system leakage. 

The KostromaEnergo cogeneration plants (TETS) operate at high thermal efficiency and 
personnel have access to well maintained controls and automation systems. The smaller 
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boilerhouses at KostromaOblTeplEnergo do not have access to such high technology, but 
they are making effective use of what equipment they do have. 

Yet the heat that is efficiently produced is dumped into a system that is not metered and 
is not controllable. The distribution systems and substations lack instrumentation and 
controls and show signs of neglect. Proper maintenance procedures and system 
operation should be addressed immediately. 

The situation is worst at the consumer end, as revealed by this energy audit. There are 
no controls or valves on the individual end user units. Inadequate heating system 
maintenance and lack of controls for the end users, especially residential buildings, 
results in significant inefficiencies. The systems are not balanced, with certain areas 
obtaining excessive heat at the expense of others, which are too cold. The occupants of 
overheated buildings must resort to opening windows. The installation of thermostatic 
valves, heat metering devices and temperature regulators must be made part of all new 
buildings. 

The RCG /Hagler, Bailly team estimates the shorMerm, low-cost potential for energy 
efficiency improvement in the district heating system served by VIZ as about 10%, as 
follows: 

Short-term. low-cost 
energy savings potential 

Heat generation 
Heat distribution 
Industrial heat use 
Institutional heat use 
Residential heat use 

0-1% 
1-2% 
5-10% 

5-10% 
5-10% 

Assuming conversion to a market economy for district heating commodity, the 
RCG /Hagler, Bailly team estimates the medium-term potential for energy efficiency 
improvement in the Kostroma district heating system served as about 25% (including the 
short-term, low-cost projects, as summarized in Exhibit 1) as follows: 
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Medium-term 
energy savings potential 

Heat generation 
Heat distribution 
Industrial heat use 
Institutional heat use 
Residential heat use 

3.2 Heat Generation 

0-1% 
2-5% 

10-20% 
10-20% 
15-30% 
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The large central heating plants surveyed are generally in good operating condition. They 
feature adequate instrumentation and controls and are maintained by highly qualified 
stuffs. It is believed that improvements to these plants should be considered for longer 
term programs where higher capital investment is required. 

The smaller "civil" boiler plants which were surveyed, however, are not as well staffed 
and lack modern instrumentation and controls. A 0-1 % short-term, low cost energy 
savings potential is estimated for enhancing the instrumentation and controls systems and 
monitoring equipment for the "civil" boiler plants which require attention. 

3.3 Heat Distribution 

The heat distribution systems in Kostroma are large, approximately 90% of which is 
buried below ground in concrete tunnels. Heat leakage is the most pronounced problem, 
as evidenced by vapor seen escaping from manhole covers. 

Existing systems have no instrumentation to monitor leakage from the system .. In the 
short term, several leak detection systems are market available which could be 
implemented in a limited program to begin addressing this problem. 

The second priority to enhance the effectiveness of the heat distribution system is 
monitoring heat loss and consumption as compared between the central plant versus the 
end user. The effect of degraded insulation can not be accurately determined without 
end user measurement capability. In the short term, installation of Gcal meters in a 
limited program could begin to address this problem. 

Temperature control of the hot water in the distribution system is based on outside 
ambient temperature. Systems surveyed reset water temperature every 6 hours in 
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response to changes in ambient air temperatures. A short term measure to modify the 
reset time to a maximum of every one (1) hour will provide some energy conservation. 
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Based on the problem characterization for heat distribution, the short term, low cost 
energy savings potential is estimated at 1-2% through limited installation of Gcal meters, 
leak detection equipm~nt and temperature control modifications. 

3.4 Heat Utilization 

Several problems were evident through our survey of selected end users. The presence of 
instrumentation and control systems was very limited. Insulation of heating equipment, 
piping and components was generally in a degraded state. There are no incentives for the 
end user to conserve energy since billing is estimated independently from actual energy 
consumption. No thermal energy metering equipment is installed. The short term, low 
cost energy savings potential is estimated at 5-10% for industrial, institutional and 
residential end users through application of new controls and metering equipment. 
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CHAPTER 4: RECOMMENDATIONS FOR ENERGY EFFICIENCY IMPROVEMENT 

In general, the RCG/Hagler, Bailly team found that the Russian standard of 
management of district heating systems operations and maintenance was significantly 
below Western standards. Many of these problems may result from the many years of 
Socialist system, which did not provide proper incentives for efficiency. Furthermore, the 
lack of an ownership mentality has prevented the traditional Russian frugality and work 
ethic from being reflected in the workplace - the dirty jobs are not getting done. 
Although optimization of operations management and improvement of maintenance may 
not require significant expenditure to accomplish, it nevertheless may be very difficult 
because it will be very difficult to change the energy-related behavior of people 
overnight, after these many years. 

To succeed in the market economy, however, the people of Kostroma must overcome 
these barriers. The installation of costly capital equipment to improve energy efficiency 
is not the solution - the economy of Kostroma must instead invest what little capital is 
available to improve the quality and quantity of production of goods for export to hard 
currency markets. 

Instead, the RCG/Hagler, Bailly team recommends that a well-organized, but low-cost, 
program be established in the City of Kostroma and Kostroma region to implement 
energy efficiency measures in the shorMerm. The first-step and second-step priority low
cost, market-oriented measures identified by the RCG/Hagler, Bailly team below (and 
described in more detail in this report) can save 30% of district heating energy, with 
economic benefits to Kostroma region of more than $15 million per year, with an 
economic payback period of one year or less. 
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The RCG/Hagler, Bailly Team's recommendations for energy management and 
efficiency improvement have been grouped in four categories: 

SHORT-TERM, LOW-COST PROJECTS - FIRST STEP PRIORI1Y 
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A. Optimize Operations Management - These projects are opportunities which are 
recommended for immediate action, and require little or no expenditure. These projects 
affect management systems and techniques, rather than process equipment. 

B. Improve the Standard of Maintenance - These projects call for the organization of 
teams to make improvements to heating equipment which are recommended for 
implementation in the short-term. Because of the low cost and quick payback (less than 
one year), these projects could be implemented from the company's annual maintenance 
budget. 

MEDIUM-TERM, MARKET-ORIENTED - SECOND STEP PRIORI1Y 

C. Convert Heat Supply to a Market Economy - These projects call for the installation of 
metering, controls and tariff systems designed to provide an economic incentive and a 
physical capability for heat users to modulate their energy consumption. 

LONG-TERM, CAPITAL INVESTMENT - TIIIRD STEP PRIORI1Y 

D. Improve Efficiency of Systems - These projects are longer term projects, requiring 
substantial capital investment. Such projects would require careful study, beyond the 
scope of this preliminary energy audit. 

Projects with low cost which can be implemented in the short-term are the primary focus 
of the USAID Energy Efficiency and Market Reform Program for Russia. These are 
projects in categories A and B. In addition, recognizing the need to establish district 
heating as a market-oriented commodity, projects in category C will be demonstrated. 
Projects in category D are beyond the scope of funding under the USAID Energy 
Efficiency and Market Reform Program for Russia. 

The recommendations are summarized below. 

First Step Priority - short-term, low-cost projects 

A. Optimize Operations Management 

Action A. l: Improve control of supply temperature - modulate on hourly basis instead 
on every six-eight hours. The RCG/Hagler, Bailly team estimates that this 
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recommendation could save 0.2% of heating energy, which would give an economic 
benefit to the Kostroma region of $100,000 per year. 
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Action A.2: Improve control of supply temperature - optimize the GRAFIK based on 
trial and error procedure. The RCG/Hagler, Bailly team estimates that this 
recommendation could save 5% of heating energy, which would give an economic benefit 
to the Kostroma region of $2.5 million per year. 

Action A.3: Improve combustion efficiency in small boilerhouses, maintain optimum 
efficiency in heat/power stations. The RCG/Hagler, Bailly team estimates that this 
recommendation could save 0.5% of fuel in small boilerhouses and 0.1% of fuel in 
power stations, which would give an economic benefit to the Kostroma region of 
$560,000 per year. 

Action A.4: Improve control of water quality in steam boilers. This could improve 
boiler efficiency in industrial boilers by 0.25%. 

Action A.5: Organize energy management information system for City to track trends in ~ 

efficiency. 

Action A.6: Organize small library of US manufacturers contacts for supply of 
equipment and possible joint ventures in manufacturing of high efficiency equipment. 

B. Improve the Standard of Maintenance 

Action B.1: Improve heat transfer effectiveness in the system - test, balance and clean 
heat exchangers to increase return water temperatures. Investigate temperature drop 
and state of flow in piping systems in buildings, and repair as indicated. The 
RCG/Hagler, Bailly team estimates that this recommendation could save 10% of heating 
energy, which would give an economic benefit to the Kostroma region of $5 million per 
year. 

Action B.2: Reduce infiltration of cold air through windows - plug leaks and install 
weatherstripping (examples - residential building, greenhouse, and school). The 
RCG/Hagler, Bailly team estimates that this recommendation could save 5% of heating 
energy, which would give an economic benefit to the Kostroma region of $2.5 million per 
year. 

Action B.3: Use IR scanner on thermal systems, such as boilers and distribution piping, 
to detect excessive heat loss - repair insulation as indicated. The RCG /Hagler, Bailly 
team estimates that this recommendation could save 1 % of heating energy, which would 
give an economic benefit to the Kostroma region of $500,000 per year. 
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Second Step Priority - convert heat supply to a market economy 

C. Medium Term - install metering and controls and revise tariff designs 

Action C.1: Install Gcal metering at key points in network, and develop a loss-tracking 
system. The RCG /Hagler, Bailly team estimates that this recommendation could save 
2% of heating energy, which would give an economic benefit to KostromaOblTeplEnergo 
and KostromaEnergo of $1 million per year. 

Action C.2: Install Gcal metering at inlet to all buildings, and convert to a tariff based 
on Gcal at the building level. The RCG/Hagler, Bailly team estimates that this 
recommendation could save 2% of heating energy, which would give an economic benefit 
to Kostroma region of $1 million per year. 

Action C.3: Provide heat allocation meters in individual flats - evaporative type on all 
radiators and flow meters on hot water taps, and convert to a tariff based on Gcal at the 
individual customer level. The RCG/Hagler, Bailly team estimates that this 
recommendation could save 5% of heating energy, which would give an economic benefit 
to Kostroma region of $2.5 million per year. 

Action C.4: Improve controls - install thermostatic radiator valves to control 
temperature in heated spaces. The RCG/Hagler, Bailly team estimates that this 
recommendation could save 5% of heating energy, which would give an economic benefit 
to Kostroma region of $2.5 million per year. 

Action C.5: Upgrade ability to provide services - organize energy audit service firms and 
provide them with instruments. The RCG/Hagler, Bailly team estimates that this 
recommendation could save 1 % of heating energy, which would give an economic benefit 
to Kostroma region of $500,000 per year. 

Action C.6: Upgrade awareness of energy efficiency - organize education and training 
programs. The RCG/Hagler, Bailly team estimates that this recommendation could save 
1 % of heating energy, which would give an economic benefit to Kostroma region of 
$500,000 per year. 

Action C.7: Convert factories in Kostroma to produce equipment needed to improve 
energy efficiency. 
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Third Step Priority • capital investments for modernization 

D. Long-Term - Improve Efficiency of Systems 

D.1 Install distributed heating systems of high efficiency where applicable. 

D.2 Reduce heat loads by upgrading insulation. 

D.3 Improve distribution systems by using pre-insulated piping with leak-detection 
systems on new installations and improving drainage of existing installations. 
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Projects in Category D are generally beyond the scope of the AID-funded energy audit, 
which focused on short-term projects. Category D projects require more detailed 
investigations to determine their economic feasibility. Category D projects are thus 
recommended for further study. Some selected demonstrations of Category D projects 
may be suggested for the near term. 

The recommendations are presented in Project Forms, which contain the following 
information: 

Category of project (A, B, or C) 
Location of project 
Action code number and brief description of recommendation 
Existing conditions 
Recommended action 
Equipment required 
Expected results 
Cost/benefit analysis 

SUMMARY OF ENERGY EFFICIENCY EQUIPMENT PROCUREMENT 
RECOMMENDATIONS FOR 1992 U.S.A.I.D. PROJECT 

Changes to improve operation and maintenance of existing systems will be required to 
realize these improvements. The hard-working technical personnel in Kostroma will 
need additional tools and instrumentation to achieve these goals. The RCG/Hagler, 
Bailly team recommends that Kostroma receive a package of equipment from USAID to 
assist their energy management program. The proposed procurement list and budget for 
Kostroma, subject to approval by USAID, is summarized in Exhibit 1. The minimum 
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budget will be $50,000 for equipment. Two alternates are proposed, for consideration if 
USAID is able to provide additional funding. 

Exhibit 1 
Summary of procurement recommendations 

Variant Variant Variant 
11 A11 "B" "C" 

small library of information on US manufacturing companies 
1,000 1,000 1,000 

PC-386 computer/printer for city energy management 
3,000 3,000 

Equipment for Kostromaoblteplenergo - heat supply & 
Leak detection system 5,000 5,000 
2 Thermocouple kits 2,000 2,000 
2 Ultrasonic stethoscopes 3,000 3,000 
2 Combustion analyzers 8,000 8,000 
3 Dissolved solids water testers 

1,000 1,000 1,000 
6 Small combustion kits 2,000 2,000 
2 Infrared pyrometers 3,000 3,000 

3,000 
distribution 

5,000 
2,000 
3,000 
8,000 

Equipment for Gorzhiluprovenya - residential building 

2,000 
3,000 

maintenance 
1,500 
1,000 

maintenance 

Ultrasonic stethoscope 1,500 1,500 
Thermocouple kit 1,000 1,000 

Equipment for Rabochiy Metallist - industrial plant 
Library US contacts 200 200 
Ultrasonic leak detector 4,000 4,000 
Thermocouple kit 1,000 1,000 
Small combustion kit 300 300 

Equipment for residential buildings 
Weatherstripping 5,000 
2 Gcal meters 
Wall insulation 
Substation temp. controller 

Equipment for school 
Gcal meter 
20 Thermostatic valves 
Substation temp. controller 

5,000 
1,000 

5,000 
8,000 

5,000 
1,000 

200 
4,000 
1,000 

300 

15,000 
8,000 

30,000 
3,000 

5,000 
1,000 
3,000 

Equipment for greenhouse 
Plastic for sealing leaks 

Equipment for Kostromaenergo 
Thermal imaging vision 

Equipment for Kostromaenergo 
Vibration analyzer 

2,000 2,000 2,000 

2 portable 02 analyzers 

TOTAL BUDGET 
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49,000 

40,000 40,000 

97,000 
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RECOMMENDED ACTION 

SHORT-TERM PROJECT- FIRST STEP PRIORI1Y 
A. Optimize Operations Management 

Location of project: Kostroma - region 
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Action A.l: Improve control of supply temperature - modulate on hourly basis instead 
on every six-to-eight hours. 

Existing conditions 

The temperature of the supply water is based on ambient temperature conditions, 
according to the standard "grafik". Adjustments are made once every six to eight hours. 

The modulation every six to eight hours does not permit accurate control. The result is 
overshooting/undershooting of the necessary temperature. In the system of Paris France, 
changing to a system based on hourly control has proven to improve comfort levels, and 
save energy. 

Recommended action 

Convert to an hourly temperature control system. use telephone lines to carry out 
necessary control actions. 

Equipment required 

None. 

Expected results 

The RCG/Hagler, Bailly team estimates energy savings on the order of 0.2% per year. 

Based on 1990 annual district heat supply in the Kostroma region of 4.6 million Gcal, 
savings would amount to 9,000 Gcaljyear. 

Cost/benefit analysis 

The cost of implementing the project is estimated to be negligible. Based on an 
economic value of natural gas of $12 per Gcal, the economic benefit of the project is 
estimated as $110,000 million per year. 
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RECOMMENDED ACTION 

SHORT-TERM PROJECT - FIRST STEP PRIORl1Y 
A. Optimize Operations Management 

Location of project: Kostromaenergo & KOTE - region 

Action A.2: Improve control of supply temperature - optimize the GRAFIK based on 
trial and error procedure. 

Existing conditions 

The temperature of the supply water is based on ambient temperature conditions, 
according to the standard "grafik". The grafik shows supply temperatures as follows: 

For ambient temperature > 0°, supply = 70° 

For ambient temperature < 0°, supply = 
70° + 2.28° for every 1° ambient temperature is < 0°. 

This grafik is a standard all over the USSR. Under the new market conditions, Russia 
may no longer be able to afford to supply heat energy in the same quantities as in the 
past. 
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The temperatures specified in the grafik are design conditions, and are not adjusted for 
actual installed conditions. The result is overshooting/undershooting of the necessary 
temperature. In the system of Tallinn Estonia, reducing the supply temperature has 
proven to save energy (as much as 50% in January 1992), while still maintaining 
adequate comfort levels (at least 20° in flats). 

A study of the actual supply temperature in Ekaterinburg showed that they usually 
exceeded the grafik at ambient temperatures above about -10°. No such study was 
available in Kostroma. 

Recommended action 

Update the grafik for the new market conditions, based on a trial and error procedure, 
such as the following: 

1) Select an appropriate sample of flats, based on network considerations, types of 
buildings, etc. 
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2) Measure indoor temperature in the flats at various times of the day for a period of 
one week. It would be best to use recording thermometers 

3) Reduce the grafik. Start with a 10°C reduction in supply temperature, measure the 
results for one week, and evaluate the conditions. 

4) Optimize the reduction/supply temperature based on the findings, and continue the 
experiment. 

Equipment required 

Recording thermometers (at least 20). 

Expected results 
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Based on a 5°C reduction in supply temperature the RCG/Hagler, Bailly team estimates 
energy savings on the order of 5% per year. 

Based on 1990 annual heat consumption in the Kostroma region of 4.6 million Gcal, 
savings would amount to 230,000 Gcaljyear. 

Cost/benefit analysis 

The cost of implementing the project is estimated to be negligible. 

Based on an economic value of natural gas of $12 per Gcal, the economic benefit of the 
project is estimated as $2.76 million per year. 
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RECOMMENDED ACTION 

SHORT-TERM PROJECT - FIRST STEP PRIORI1Y 
A. Optimize Operations Management 

Location of project: Kostromaenergo and KOTE 

Action A.3: ·Improve combustion efficiency in small boilerhouses, maintain optimum 
efficiency in heat/power stations. 

Existing conditions 

RCG/Hagler, Bailly measured combustion efficiency in several boilers of KOTE, and 
observed conditions at an boilers of Kostromaenergo and Rabochiy Metallist. Systems 
are operated as well as possible, given the tools, instruments and other equipment the 
engineers and technicians have now. 

Recommended action 

The RCG/Hagler, Bailly team recommends that: 

• KOTE and Rabochiy Metallist should upgrade the standard of their 
combustion test equipment to improve boiler efficiency. 
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• Kostromaenergo should obtain portable test equipment to perform 
vibration analysis, thermal imaging analysis, and combustion gas analysis to 
maintain peak efficiency and availability of its generation units. 

Expected results 

The RCG/Hagler, Bailly team estimates that: 

• KOTE and Rabochiy Metallist can improve boiler efficiency by 0.5% by 
improved combustion testing and tune-ups. 

• Kostromaenergo can improve station availability by about 0.5% by using 
better test equipment. 

• Kostromaenergo can improve station efficiency by 0.1 % by using better test 
equipment. 
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Equipment required 

The RCG/Hagler, Bailly team recommends the following equipment, for procurement 
using USAID funds: 

Equipment for Kostromaoblteplenergo - heat supply & distribution 
2 Electronic combustion analyzers 
6 Chemical combustion analysis kits 

Equipment for Rabochiy Metallist - industrial plant maintenance 
1 Chemical combustion analysis kit 

8,000 
2,000 
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Equipment for Kostromaenergo & city to detect heat loss 
1 Thermal imaging vision 40,000 

Equipment for Kostromaenergo 
1 Vibration analyzer 
2 portable 02 analyzers 

Details on the specifications of the equipment for KostromaEnergo are provided in 
Appendix 7. 

Cost/benefit analysis 

Improvement in combustion efficiency in the boilerhouses of KOTE and Rabochiy 
Metallist of 0.5% would save about 5,000 Gcal per year. At an economic value of 
natural gas of $12 per Gcal, this would provide benefits of $60,000 per year. 

10,000 
2,000. 

Improvement in the availability of the Kostroma GRES would enable this high efficiency 
unit to displace other units of lower efficiency on the Russian grid, with resulting energy 
savings. 

Improvements in the efficiency of the Kostroma GRES and TETS by 0.1 % would save 
120,000 Gcal per year. At an economic value of natural gas of $12 per Gcal, this would 
provide benefits of $500,000 per year. 

At a total cost of about $70,000, the payback period on the project is about one month. 
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RECOMMENDED ACTION 

SHORT-TERM PROJECT • FIRST STEP PRIORI'IY 
A. Optimize Operations Management 

Location of project: KostromaOblTeplEnergo and Rabochiy Metallist 

Action A.4: Improve control of water quality in steam boilers. 

Existing conditions 
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RCG /Hagler, Bailly tested boiler water quality in two steam boilers of KOTE using an 
electronic dissolved solids tester (conductivity meter indicating in ppm or mg/I), and 
observed that the concentration of dissolved solids in the boiler water is not optimal. 
The laboratory test equipment available, based on titration methods, requires more than 
one hour to test a sample, which is too slow to be used to control operations. 

Recommended action 

The RCG /Hagler, Bailly team recommends that KOTE and Rabochiy Metallist should 
upgrade the standard of their steam boiler water analysis equipment by using an 
electronic dissolved solids tester, which can carry out a test in seconds. 

The results of analysis using the electronic _instrument should be used to optimize 
blowdown quantities to achieve proper dissolved solids concentration, according to the 
existing published USSR standards for concentration. 

Expected results 

The RCG /Hagler, Bailly team estimates that KOTE and Rabochiy Metallist can improve 
boiler efficiency by 0.25% by improved water quality control. 

Equipment required 

The RCG /Hagler, Bailly team recommends the following equipment, for procurement 
using USAID funds: 

Equipment for Kostromaoblteplenergo - heat supply & distribution 
3 Dissolved solids testers 

Equipment for Rabochiy Metallist - industrial plant maintenance 
1 Dissolved solids tester 

RCG/Hagler, Bailly, Inc. 
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L Cost/benefit analysis 

Improvement in steam boiler efficiency in the boilerhouses of KOIB and Rabochiy 
Metallist of 0.25% would save about 500 Gcal per year. At an economic value of natural 
gas of $12 per Gcal, this would provide benefits of $6,000 per year. 

At a total cost of about $1,300, the payback period on the project is less than three 
months. 
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RECOMMENDED ACTION 

SHORT-TERM PROJECT - FIRST STEP PRIORITY 
A. Optimize Operations Management 

Location of project: City of Kostroma Administration 
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Action A.5: Organize energy management information system for City to track trends 
in efficiency. 

Existing conditions 

Energy management in Kostroma is the responsibility of the Municipal Services 
Department. However, primary responsibility for energy consumption lies with the 
various users, which have the major energy-using equipment. 

RCG/Hagler, Bailly analyzed monthly data for TETS-2 during a 24-month sample period 
(1990-1991). Compared to our experience in carrying out similar analyses in other plants 
in other countries, the data seem to indicate a poor correlation between heat supply and · 
heat demand (heating load), for monthly performance data. Our analysis indicates that 
heat supply is about 20% more than expected demand (as determined by ambient 
temperature). Further, the situation seems to be deteriorating, as indicated by the 
following efficiency ratios: 

Heat supply /heat demand 
Gcal/ degree-day10 

1990 446 
1991 480 

The ratio for 1991 is significantly higher than for 1990. 

Recommended action 

Workers at all levels and residents must be enlisted as partners for energy conservation 
programs to work effectively. Saving money is more interesting than saving energy. 
Employees realize that the future of their jobs is now directly linked to helping the 
factory reduce costs. 
A management information and control system (M.I.C.S.) should be installed on a 
personal computer to provide the information necessary for energy management. This 

10 Degree-day calculation is based on an ambient temperature of 12°, and corrected for domestic hot water supply load. 
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system must have software designed to calculate the necessary performance ratios and to 
present information to management in an easily-understandable fonn. 

Realistic energy management targets should be set, based on improvements in 
performance ratios. Specific projects, operational changes, and maintenance procedures 
should be carried out in order to achieve these targets and success of these actions 
should be measured and documented by the M.l.C.S. 

Equipment required 

A personal computer based system should be implemented. Additional metering may be 
required in some areas. 

MICS 
Personal computer (IBM compatible): 

(1) 286, VGA, 2 MB RAM, 40 MB disk 
(1) 24-pin dot matrix wide carriage printer 
(1) spreadsheet software (Lotus 1-2-3) 
total estimated cost $3,000 

Spreadsheet software development: 
local contract - $1,000 

Staff training: 
local contract - $1,000 

Total development cost = $5,000 
USAID to provide computer 

Expected results 

The precise savings that can be achieved by establishing such a program are impossible 
to estimate accurately, but experience has shown that up to 10 percent reduction of 
energy costs have been attributed by industrial plants to their energy monitoring and 
control monitoring programs. This is based on experiences of companies in the U.S. and 
Europe which have highly variable specific energy consumption before implementing 
such systems. 
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RECOMMENDED ACTION 

SHORT-TERM PROJECT - FIRST STEP PRIORITY 
A. Optimize Operations Management 

Location of project: Kostroma city 
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Action A.6: Organize a small library of US manufacturers contacts for supply of 
equipment and possible joint ventures in manufacturing of high efficiency 
equipment. 

Existing conditions 

The quantity of production in Kostroma industry is down substantially, by 50%, or more 
compared to recent years11• There is always a substantial fixed energy consumption for 
running a factory, especially in a cold climate. Thus the reduced production has 
significantly reduced energy efficiency. 

Recommended action 

The RCG/Hagler, Bailly team recommends that Kostroma aggressively expand its 
marketing efforts on behalf of industry to build commercial relationships for both raw 
material supply and production sales. The marketing staff should be given a substantial 
budget, for training and traveling. Senior staff, especially Directors and Chief Experts of 
industrial enterprises, must take responsibility for much of the marketing. 

A study of the needs for marketing is beyond the scope of our district heating energy 
audit. 

RCG/Hagler, Bailly will recommend to USAID that a small library of information about 
US industry be provided to Kostroma. 

11 The only industrial plant visited by the audit team in Kostroma indicated that production was down by 50%. 
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RECOMMENDED ACI10N 

SHORT-TERM PROJECT· FIRST STEP PRIORITY 
B. Improve the Standard of Maintenance 

Location of project: Kostroma • region 

Action B.1: Improve heat transfer effectiveness in the system - increase return water 
temperatures. 

Existing conditions 

The temperature of the supply water is based on ambient temperature conditions, 
according to the standard "grafik". The grafik shows supply temperatures as follows: 

For ambient temperature > 0°, supply = 70° 

For ambient temperature < 0°, supply = 
70° + 2.28° for every 1° ambient temperature is < D°. 

The return temperatures are also estimated by the grafik, as follows: 

For ambient temperature > 0°, return = 42° 

For ambient temperature < 0°, return = 
42° + 0.8° for every 1° ambient temperature is < D°. 
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Actual measurements in Kostroma indicate that the return temperature is approximately 
25° higher than the grafik. On a typical day with an ambient temperature of -10°, the 
actual delta T (difference between supply and return temperature) in the system is about 
18°, as compared to a design delta T of 44°. Kostroma is believed to be similar, 
although no data are available. 

This situation indicates very poor heat transfer effectiveness. It can be remedied by 
cleaning, repairing, or replacing radiators, heat exchangers (hot water boilers), and other 
heat transfer elements. 

Some Russian heating companies would like to remedy this situation by imposing fines 
on heat customers who return water at temperatures higher than design. The 
RCG/Hagler, Bailly team does not agree with this approach, because it could also 
penalize customers who take actions designed to save energy, such as reducing heating 
demand. 
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Recommended action 

1) Institute a project to test delta T across various heat exchanger elements throughout 
the system. Establish a crew to carry out the tests, and prepare a procedure and work 
plan for the crew. They should collect data and complete an evaluation form on each 
facility tested. 
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2) Where low delta T is identified, take action to repair the situation. Establish a set of 
priorities for evaluation, such as the following: 

1) heat exchangers and substations 
2) institutional buildings 
3) industrial enterprises 
4) residential buildings 

Equipment required 

1) Portable thermocouple sets for the test crew. Suggest 10 sets. 
2) Various repair and replacement equipment, as required. 

Expected results 

The RCG /Hagler, Bailly team estimates energy savings on the order of 10% per year. 

Based on 1990 annual heat consumption in the Kostroma region of 4.6 million Gcal, 
savings would amount to 0.5 million Gcal/year. 

Cost/benefit analysis 

Based on an economic value of natural gas of $12 per Gcal, the economic benefit of the 
project is estimated as $6 million per year. 

Based on European or US market costs, the cost of implementing the project is 
estimated to be approximately $50-200 per equivalent flat in Kostroma. Taking a 
median figure of $100 and a population of 300,000 (100,000 equivalent flats), the cost is 
estimated as $10 million. However, by using locally-available personnel and equipment, 
the cost should be much less. 

The payback period for the project is: 

Payback = capital cost/net annual cost savings 
$10 million/$6 million = 1.7 years 

RCG/Haglcr, Bailly, Inc. 
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The project is very attractive, with a payback period of less than two years. 

RCG/Hagler, Bailly, Inc. 
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RECOMMENDED ACTION 

SHORT-TERM PROJECT- FIRST STEP PRIORl'IY 
B. Improve the Standard of Maintenance 

Location of project: Residential apartment block building, schools, hospitals, other 
institutional· buildings 

Action B.2: Reduce infiltration of cold air through windows - plug leaks and install 
weatherstripping 

Existing conditions 

Residential apartment b]ock studied as part of energy audit has 90 apartments on 5 
floors. The building uses a hot water heating system with two pipe distribution down 
feed. The peak heat load is 0.6 Gcal/hr, and annual heat consumption is estimated as 
1, 180 Gcaljyr. There are no meters and no controls on the substation in the building. 
No weatherstripping is installed. 

The Borovay 9 school has a gross area of 20,000 m2 and 1300 students. The heating 
system operates 222 days per year with a peak heat demand 0.6 Gcal/hr. Annual heat 
consumption is 1,220 Gcaljyr. There are no meters or controls on the heat supply 
substation in the school. There is no weather stripping installed. 

Recommended action 

Install weatherstripping in windows and hallway doors. 
Use AID funds to carry out demonstration project in one residential building and the 
school. 

Equipment required 
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Weatherstripping tape (locally available materials were observed by the RCG/Hagler, 
Bailly while in Russia - closed cell foam strip with adhesive). Expected life - one heating 
season. 

Expected results 

Weatherstripping of windows/doors is estimated to save 5% of the total annual heating 
energy. 

Residential: 5% x (1,180 Gcal/yr) = 59 Gcal/yr. 
School: 5% x (1,220 Gcaljyr) = 61 Gcal/yr. 

RCG/Hagler, Bailly, lnc. 
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Cost/benefit analysis 

Residential building: 

The cost to install weatherstripping on a typical apartment building,using Russian 
materials, is estimated to be $10 per apartment, or $900. 

The annual benefits are 59 Gcal at the point of end-use, plus 25% for distribution and 
heat generation losses, or 74 Gcalf yr in natural gas. 

74 gcal/yr x $12/Gcal = $900/year 

The payback period for the project is: 

Payback = capital cost/net annual cost savings 
$900 /$900 = 1 year 

78 

The payback period is one heating season. Because the payback is equal to the expected 
lifetime of the weatherstripping, the project is not attractive, unless lower cost or longer
life materials can be obtained. 

School building: 

The cost to install weatherstripping on the school, using Russian materials, is estimated 
to be $1,000. 

The annual benefits are 61 Gcal at the point of end-use, plus 25% for distribution and 
heat generation losses, or 76 Gcal/yr in natural gas. 

76 gcalfyr x $12/Gcal = $900/year 

The payback period for the project is: 

Payback = capital cost/net annual cost savings 
$1,000/$900 = 1.1 year 

The payback period is more than one heating season. Because the payback is equal to 
the expected lifetime of the weatherstripping, the project is not attractive, unless lower 
cost or longer-life materials can be obtained. 

RCG/Hagler, Bailly, Inc. 
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RECOMMENDED ACTION 

SHORT-TERM PROJECT· FIRST STEP PRIORITY 
B. Improve the Standard of Maintenance 

Location of project: Kostroma region 

Action 8.3: Use IR scanner on thermal systems, such as boilers and distribution 
piping, to detect excessive heat loss - repair insulation as indicated. 

Existing conditions 

Heat loss from distribution piping appears to be excessive. The RCG /Hagler, Bailly 
team measure a temperature drop from 85° to 77° over a length of about 1 km. 

Recommended action 

Improve standard of maintenance. Use IR scanner on thermal systems, such as boilers 
and distribution piping, to detect excessive heat loss - repair insulation or leaks as 
indicated. 

Equipment required 

Use AID funds to provide an Infrared thermal imaging device for Kostroma. The 
approximate cost of the system is $40,000. 

Expected results 
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Better diagnostics and heat loss detection, together with actions to repair trouble spots, is 
estimated to save 1 % of the total annual heating energy, or 46,000 Gcal/year. 

Cost/benefit analysis 

The cost of the IR scanner is estimated to be $40,000. 

The annual benefits are 46,000 Gcal in natural gas. 

46,000 Gcalfyr x $12/Gcal = $550,000/year 

RCGfHagler, Bailly, Inc. 
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The payback period for the project is: 

Payback = capital cost/net annual cost savings 

$40,000/$550,000 = 0.07 year 

The payback period is 0.07 times the length of the heating season. The project is very 
attractive, and the IR scanner will last many years. 

RCG/Hagler, Bailly, Inc. 
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RECOMMENDED ACTION 

MEDIUM:-TERM PROJECT - SECOND STEP PRIORITY 
C. Convert Heat Supply to a Market Economy 

Location of project: Kostromaenergo and KostromaOblTeplEnergo- region 

Action C.1: Install Gcal metering at key points in network and develop a loss-tracking 
system. 

Existing conditions 

There are no heat meters (Gcal meters) in place in the network to determine the level 
of losses (heat losses and water losses) in the network. 

Recommended action 

Install heat meters at key points in the network. Use the information to develop 
tracking systems which can identify leaks and excessive heat loss. 

Equipment required 

Gcal meters 
Management computers for record-keeping 
Increased maintenance for leak repair and insulation repair 

Expected results 

Installing a loss metering system will help Kostromaenergo and KOTE reduce the level 
of heat and water losses. If the information is used to develop a more effective 
maintenance program, the RCG/Hagler, Bailly team estimates that losses can be 
reduced by 2% of total consumption. 

2% x 4.6 million Gcal/yr = 92,000 Gcal/yr 

Cost/benefit analysis 

Based on an economic value of natural gas of $12 per Gcal, the economic benefit of the 
project is estimated as $1.1 million per year. 

Based on European or US market costs, the cost of implementing the project is 
estimated to be approximately $5-10,000 per Gcal meter in Kostroma. Taking a median 

RCG/Hagler, Bailly, Inc. 
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figure of $8,000, and assuming that some 50 meters can handle the major nodes in the 
network, the cost of the meters is estimated as $400,000. Other costs for computers and 
tools could total an additional $50,000. However, by using locally-available personnel 
and equipment, the cost could be much less. A total budget of $500,000 should be 
conservative. 

The payback period for the project is: 

Payback = capital cost/net annual cost savings 

$0.5 million/$1.1 million = 0.45 year 

The project is attractive, with a payback of less than six months. 

RCG/Hagler, Bailly, Inc. 
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RECOMMENDED ACTION 

MEDIUM-TERM PROJECT - SECOND STEP PRIORl1Y 
C. Convert Heat Supply to a Market Economy 

Location of project: KostromaOblTeplEnergo, KostromaEnergo - region 

Action C.2: Install Gcal metering at all major buildings in the heat supply system. 

Existing conditions 

There are no heat meters (Gcal meters) in place to determine the quantity of heat 
consumption by buildings. 
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The tariff in place is based on theoretical constructs, such as floor area of apartment (sq. 
meters), for heating estimate; and number of occupants, for hot water estimate. 

This system assumes that all people use heat and hot water in the same way. It allows 
no possibility for an individual consumer, or collectively as a building, to obtain a 
financial benefit from taking actions which would save energy. 

Further, raising energy prices without giving the customer any possibility to measure or 
control the quantity does not seem fair. 

Recommended action 

1) Develop a tariff based on metered Gcal, rather than building size. 
2) Install heat meters on all large buildings served by the system. 
3) Require consumers to pay for their actual consumption, rather than a theoretical 
quantity. 

Equipment required 

Gcal meters (hundreds) 
Management computers for billing and record-keeping 

Expected results 

Installing a "pay-as-you-go" energy supply system will provide the necessary incentive for 
customers to take action to reduce energy consumption. 

RCG/Hagler, Bailly, Inc. 
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In the short-term, customers will take "no-cost" actions, such as changing behavior (using 
less hot water, closing valves on radiators when the room gets too hot). RCG/Hagler, 
Bailly estimates that through these "no-cost" actions, consumers will save from 5-10% of 
annual heating and hot water energy. However, metering at the collective (building 
level) may only achieve a small part of these potential savings. 

2% x 4.6 million Gcal/yr = 92,000 Gcal/yr 

In the longer-term, customers will make investments, such as upgrading insulation, 
installing weatherstripping, and thermostatic valves. they may need financing to carry out 
such projects, and perhaps Kostromaenergo can assist in arranging such financing. 

Cost/benefit analysis 

Based on an economic value of natural gas of $12 per Gcal, the economic benefit of the 
project is estimated as $1.1 million per year. 

Based on European or US market costs, the cost of implementing the project is 
estimated to be approximately $3-5,000 per Gcal meter in Kostroma. Taking a median 
figure of $4,000, and assuming that some 300 meters can handle the major buildings in 
the network, the cost of the meters is estimated as $1,200,000. Other costs for computers 
and tools could total an additional $200,000. However, by using locally-available 
personnel and equipment, the cost could be much less. A total budget of $1.4 million 
should be conservative. 

The payback period for the project is: 

Payback = capital cost/net annual cost savings 

$1.4 million/$1.1 million = 1.3 year 

The project is very attractive, with a payback of just over one year. 

RCG/Hagler, Bailly, Inc. 
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RECOMMENDED ACTION 

MEDIUM-TERM PROJECT- SECOND STEP PRIORITY 
C. Convert Heat Supply to a Market Economy 

Location of project: Kostroma - region 
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Action C.3: Provide heat allocation meters in individual flats - evaporative type on all 
radiators and flow meters on hot water taps. 

Existing conditions 

Once Action C.2 is implemented, energy will still be metered in a collective sense (at the 
building level). 

Recommended action 

Optimum incentive for energy savings will result from metering at the individual 
consumer level. 

KostromaOblTeplEnergo should install individual heat meters for all customers on 
principal end-use equipment, as follows: 

1) Evaporative type on all radiators 

2) Flow meters on hot water taps. 

KostromaOblTeplEnergo should send monthly energy bills to the building administrator 
or resident manager. The allocation system within each building can be worked out by 
the building administrator or resident manager. 

Equipment required 

Such metering need not be very accurate, but simply sufficient to serve as an allocation 
tool for distribution the measured energy consumption (at the building level) among the 
individual consumers. 

Evaporative heat meters (thousands) 
Hot water flowmeters (thousands) 

RCG/Hagler, Bailly, Inc. 
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Expected results 

Installing a "pay-as-you-go" energy supply system will provide the necessary incentive for 
customers to take action to reduce energy consumption. 

In the short-term, customers will take "no-cost11 actions, such as changing behavior (using 
less hot water, closing valves on radiators when the room gets too hot). RCG/Hagler, 
Bailly estimates that through these "no-cost" actions, consumers will save from 5-10% of 
annual heating and hot water energy. 

5% x 4.6 million Gcaljyr = 230,000 Gcal/yr 

In the longer-term, customers will make investments, such as upgrading insulation, 
installing weatherstripping,· and thermostatic valves. They may need financing to carry 
out such projects, and perhaps KostromaOblTeplEnergo can assist in arranging such 
financing. 

Cost/benefit analysis 

Based on an economic value of natural gas of $12 per Gcal, the economic benefit of the 
project is estimated as $2.7 million per year. 

Based on European or US market costs, the cost of implementing the project is 
estimated to be approximately $10 per radiator meter and $30 per hot water meter in 
Kostroma. Taking an average of four radiators and two hot water taps per flat, we 
estimate $100 per flat. Assuming that some 40,000 flats are to be metered, the cost of 
the meters is estimated as $4,000,000. Other costs for computers and tools could total an 
additional $400,000. However, by using locally-available personnel and equipment, the 
cost could be much less. A total budget of $4.4 million should be conservative. 

The payback period for the project is: 

Payback = capital cost/net annual cost savings 

$4.4 million/$2.7 million = 1.6 year 

The project is attractive, with a payback of less than two years. 

RCG/Hagler, Bailly, Inc. 
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RECOMMENDED ACTION 

MEDIUM-TERM PROJECT - SECOND STEP PRIORI'IY 
C. Convert Heat Supply to a Market Economy 

L-Ocation of project: Kostroma • region 

Action C.4: Improve controls - install thermostatic radiator valves to control 
temperature in heated spaces. 

Existing conditions 

87 

Once Actions C.2 and C.3 are implemented, consumers will need to upgrade the level of 
technology in order to save energy beyond that possible through behavioral changes. 

At present there is no control of space temperature in most rooms, other than opening 
and closing the window. In some cases, radiator valves (hand-operated diverter valves) 
are installed, but are no longer functional. 

Recommended action 

Thermostatic radiator valves (TRVs) should be installed to control the flow of water 
based on the temperature inside the room. 

In the case of one-pipe systems, a bypass pipe must also be installed. 3-way valves are 
available for these applications (at a higher cost). 

Equipment required 

TRVs (thousands) 
tools for installation, etc. 

Expected results 

assuming the "no-cost" benefits from Actions C.2 and C.3 are already achieved, 
RCG/Hagler, Bailly estimates that TRVs can achieve a further savings of 5-10% of 
annual heating and hot water energy. 

5% x 4.6 million Gcal/yr = 230,000 Gcal/yr 

Cost/benefit analysis 

RCG/Hagler, Bailly, Inc. 
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Based on an economic value of natural gas of $12 per Gcal, the economic benefit of the 
project is estimated as $2.7 million per year. 

Based on European or US market costs, the cost of implementing the project is 
estimated to be approximately $40 per TR V in Kostroma. Taking an average of four 
radiators per flat, we estimate $160 per flat. Assuming that some 40,000 flats are to be 
fitted with valves, the cost of the TRVs is estimated as $6,400,000. Other costs for 
computers and tools could total an additional $600,000. However, by using locally
available personnel and equipment, the cost could be much less. A total budget of $7 
million should be conservative. 

The payback period for the project is: 

Payback = capital cost/net annual cost savings 

$7 million/$2. 7 million = 2.6 year 

The project is attractive, with a payback of less than three years. 

RCG/Hagler, Bailly, Inc. 
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RECOMMENDEDACI'ION 

MEDIUM-TERM PROJECT - SECOND STEP PRIORITY 
C. Convert Heat Supply to a Market Economy 

Location of project: Kostroma - region 

Action C.5: Upgrade ability to provide services - organize energy audit service firms 
and provide them with instruments 

Existing conditions 

There is no energy efficiency service industry to speak of in Kostroma region. 
Implementation of any project requiring equipment or technology is difficult. 

Recommended action 

To implement actions in energy efficiency, firms dedicated to the task will be required. 
These firms will need tools and training. To provide the maximum benefit to the 
economy, these firms should be private sector, profit-making companies. Through the 
incentive for profit, they will seek to implement energy efficiency in the fastest way 
possible. 

The RCG /Hagler, Bailly team recommends that a program be established to assist 
private sector firms to make a market in energy efficiency in Kostroma. This program 
would provide the following elements: 

Training for energy auditors in technical and business aspects of energy 
management 

89 

Competitive tendering by the City of Kostroma or by KostromaEnergo for energy 
management projects - providing an initial market to a few of the most successful 
trainees 

Equipment provided to the most successful trainees 

Equipment provided to the facilities participating in the energy management 
program 

Equipment required 

Energy audit diagnostic instruments for trainees 

RCG/Hagh:r, Bailly, Inc. 
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. Energy saving equipment for plants 

Expected results 

RCG /Hagler, Bailly estimates that the private sector firms will assist with the 
implementation of other projects, and on their own can achieve a further savings of 
perhaps 1 % of annual heating and hot water energy. In addition, these firms will serve 
as catalyst to accelerate the implementation of the other actions mentioned above. 

0.5% x 4.6 million Gcal/yr = 23,000 Gcal/yr 

Cost/benefit analysis 

Based on an economic value of natural gas of $12 per Gcal, the economic benefit of the 
project is estimated as $270,000 per year. 

RCG/Hagler, Bailly estimates that a successful program can be developed for about 
$300,000, including the equipment. 

The payback period for the project is: 

Payback = capital cost/net annual cost savings 

$300,000/$270,000 = 1.1 year 

The project is very attractive, with a payback of about one year. 

RCG/Hagler, Bailly, Inc. 
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RECOMMENDED ACTION 

MEDIUM-TERM PROJECT· SECOND STEP PRIORITY 
C. Convert Heat Supply to a Market Economy 

L-Ocation of project: KostromaEnergo 
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Action C.5: Upgrade awareness of energy efficiency • organize education and training 
programs 

Existing conditions 

There is little awareness of energy-saving techniques among energy users at the 
industrial, institutional and residential facilities. Energy prices are changing rapidly, and 
energy consumers need to become aware of energy efficiency techniques. 

Recommended action 

The RCG/Hagler, Bailly team recommends that an energy efficiency training and 
education program be established as part of a "demand-side management" program at 
KostromaEnergo. This program would provide the following elements: 

Training for energy auditors in technical and business aspects of energy 
management 

Training for plant energy managers 

Integration of energy efficiency into existing engineering curricula 

Preparation of public awareness handbooks, leaflets, and other materials on 
energy efficiency for institutional and residential customers 

Organization of seminars and exhibitions on energy efficiency 

Equipment required 

Energy audit diagnostic instruments for trainees 

Audio /visual equipment 

RCG/Hagler, Bailly, Inc. 
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Expected results 

RCG/Hagler, Bailly estimates that over time such a program can be credited with 
achieving a further savings of perhaps 1 % of annual heating and hot water energy. The 
demand-side management program should also focus on electric energy use. 

1 % x 4.6 million Gcal/yr = 46,000 Gcal/yr 

Cost/benefit analysis 

Based on an economic value of natural gas of $12 per Gcal, the economic benefit of the 
project is estimated as $550,000 per year. 

RCG/Hagler, Bailly estimates that a successful program can be developed for about 
$500,000, or less, including the equipment. 

The payback period for the project is: 

Payback = capital cost/net annual cost savings 

$500,000/$550,000 = 0.9 year 

The project is very attractive, with a payback of less than one year. 

RCG/Hagler, Bailly, Inc. 
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RECOMMENDED ACTION 

MEDIUM-TERM PROJECT - SECOND STEP PRIORl'IY 
C. Convert Heat Supply to a Market Economy 

Location of project: Kostroma - region 

Action C. 7: Convert factories to produce equipment needed to improve energy 
efficiency 

Existing conditions 

There is little availability of energy-saving equipment in Russia. There are factories in 
Kostroma which have manufacturing capability and need to begin producing consumer 
products. 

Recommended action 
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The RCG/Hagler, Bailly team recommends that an investment program be organized to 
introduce U.S. energy equipment manufacturers to the facilities and capabilities of 
industrial enterprises in Kostroma. 

Following on this program, the RCG/Hagler, Bailly team recommends that factories 
begin pursuing manufacture of the following products, with or without U.S. assistance: 

• thermostatic radiator valves 
• Gcal meters 
• hot water flowmeters 
• weatherstripping for windows and doors 
• insulation for building exterior walls 

RCG/Haglc:r, Bailly, Inc. 
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RECOMMENDED FOR FURTHER CONSIDERATION 

LONG-TERM PROJECT - THIRD STEP PRIORITY 
D. Improve Efficiency of Systems 

Location of project: Kostroma • region 

Action D.1: Install distributed heating systems of high efficiency where applicable 

Existing conditions 
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In large factory buildings, such as the workshops at rabochiy Metallist, convective heating 
systems are in use. 

These heating systems have a very low thermal efficiency at the point of end use. 
Convective systems have lower heat transfer effectiveness than radiant systems, for large 
factory buildings. In the convective systems, much heat is lost through infiltration or 
rises to the ceiling before it can provide the needed effect for heating the workers. 
Radiant heat, on the other hand, transfers directly to the workers and the surfaces of 
factory walls, floors, and equipment. This gives an immediate benefit to the workers, 
and also provides a better effect, through the heat storage capacity of the equipment. 

Recommended action 

The RCG/Hagler, Bailly team recommends that gas-fired or electric element radiant 
heaters be installed in the Rabochiy Metallist workshops, first on a trial basis. 

Expected results 

The RCG/Hagler, Bailly team estimates that radiant heat will be able to supply needed 
heating requirements in the Rabochiy Metallist workshop for 30% less energy than 
convective heating, on an annual basis. 

Installation of this equipment in factories heated by TETS will free up heating capacity 
from the TETS to export more heat, and thereby supply the city. This could be a more 
economic cost-effective solution than expanding the TETS. 

RCG/Hagler, Bailly, Inc. 
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RECOMMENDED FOR FURTHER CONSIDERATION 

LONG-TERM PROJECT - THIRD STEP PRIORI1Y 
D. Improve Efficiency of Systems 

Location of project: Kostroma - region 

Action D.2: Reduce heat loads by upgrading insulation 

Existing conditions 
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In factory buildings, institutional buildings, and residential buildings, the standard of wall 
and roof insulation is insufficient to cope with heating requirements in the severe 
Russian winter, given the new economics of world market energy prices. 

The installation of insulation on a retrofit basis has been carried out by many 
enterprises, and home-owners, in the U.S. and Western Europe. 

Recommended action 

The RCG/Hagler, Bailly team recommends that retrofit wall insulation be installed in 
one residential apartment building, first on a trial basis. 

Expected results 

The RCG/Hagler, Bailly team estimates that wall insulation will be able to save 10% of 
heating energy, on an annual basis. 

Cost/benefit analysis 

Depending on the availability of locally-manufactured insulation, the cost of installation 
and need for surface stucco or other treatments, and the insulating effect of the existing 
structure already in place, the RCG/Hagler, Bailly team estimates that the payback 
period for wall insulation will be about 5-10 years. 

Additional detailed data is provided in Appendix 5. 

RCG/Hagler, Bailly, Inc. 



KOSTROMA DISTRICT HEATING SYSTEM • Draft Energy Audit 

RECOMMENDED FOR FURTHER CONSIDERATION 

LONG-TERM PROJECT • THIRD STEP PRIORI1Y 
D. Improve Efficiency of Systems 

Location of project: KostromaOblTeplEnergo • region 

Action D.3 Improve local control in individual heat substations. 

Existing conditions 

The temperature of supply water to buildings is determined by the heat sources (TETS 
or boilerhouses). There are ratio adjustments possible in the substations near the 
buildings, but these are manually set once at the start of the heating season. 
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The installation of automatic controls at the substations, based on sensing of local 
outside temperature, and motorized control valves, would permit more accurate control 
of supply temperature to individual buildings or areas. 

Recommended action 

The RCG/Hagler, Bailly team recommends that a retrofit automatic control system be 
installed in one substation, first on a trial basis. 

Expected results 

The RCG/Hagler, Bailly team estimates that automation at the substation could save up 
to 5% of heating energy, on an annual basis. · 

Cost/benefit analysis 

Depending on the availability of locally-manufactured heat exchangers, valves and 
sensors, the cost of installation and need for security systems to protect the instruments, 
the RCG/Hagler, Bailly team estimates that the payback period for substation 
automation will be about 1-3 years. 

RCG/Hagler, Bailly, fnc. 
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RECOMMENDED FOR FURTHER CONSIDERATION 

LONG-TERM PROJECT-THIRD STEP PRIORl1Y 
D. Improve Efficiency of Systems 

Location of project: KostromaEnergo and KOTE - region 
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Action D.4 Improve distribution systems by using pre·insulated piping with leak
detection systems on new installations and improving drainage of existing 
installations 

Existing conditions 

Corrosion is a problem iI1 system piping, and no active leak detection systems are in use. 

Drainage is also a problem, and many underground pipes are wet. This standing water 
causes corrosion, and also increases heat loss. 

Recommended action 

The RCG/Hagler, Bailly team recommends that: 

• drainage systems be improved for existing piping 

• new piping be installed using modern pre-insulated sections with integral 
leak detection systems 

Expected results 

The RCG/Hagler, Bailly team estimates that improving drainage in distribution could 
save up to 2% of heating energy, on an annual basis. 

The RCG/Hagler, Bailly team estimates that, over the long run, improving the 
distribution system by converting to modem piping with insulation and leak detection 
could save a further 5% of heating energy, on an annual basis. 

RCG/Hagler, Bailly, Inc. 
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Kostroma Town Executtve Commitee 
of Soviet of People's Oeputfes 
Municipal Services .Association 

SOLONIKOV 
Igor Vitalyevich 

A Head ------
156005, Kostroma, 

naya st., 13 
Phones: (office) 7-53-11, 7-20-28 

(home) 4-79-24 

NAZAROV YURI PAVLOVICH 

General director 

USSR, 156605, Kostroma, Avenue Mira, 53 
Tel: (094-22) 5-34-92, 7·68-60 

Telex: 138 «Palma:. 

,/:c S1-;ec 1t I A 6 /ti EJC(;· c 

\SSOCIATJON «KOSTROMAOBLTEPLOENERGO» 

Dmitriy A. ERSHOY 

Director 

R, 156013, Kostroma, 
x:hnaya gora st., 7 

Phones: (office) 7-21-54 
(home) 7-83-65 

Valery V. EVHARITSKY 

t. Volgorechensk 156901 

Kostromskay reg. 

Chief engineer 

Phone 2-12-34 
6-16-78 

Telex 129162 "PeKa" 
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The State Committee 
of Housing & Municipal Economy of RSFSR 

ALEXEI F. PORYADIN 

The Chairman 

uiJcirov str. 
.f2 J. t)/./6. 

Moscow, USSR, 101942 Phone 928 51 14 

Dr. Alexander A. ZHITNIKOV 

Deputy Chairman of the Commission for International 
Humanitarian and Technical Assistance of the 

Government of Russian Federation 
Deputy Minister of the Social Protection 

Moscow, tel. 925-51-20 
fax. 915-22-53 

telex 095 412895 
Kirovsky Proyezd, 
d. 3/26 

ASSOCIATION «KOSTROMAOBLTEPLOENERGO» 

Nikolaj I. PUSHKIN 

General engineer 

USSR, 1.56013. Kostroma, 
Molochnaya gora st., 7 

Phones: (office) 7-45-49 
(home) 5-64-73 

Kostroma Tow11 Executtve Commitee 
of Soviet of People's Deputtes 

Ornamental Pl.nt-growing State Farm 

EGOROV 
Mikhail Vasilyevich 
Director 

USSR, 156019, Kostroma, 
Visokovo village 

. Phones: (office) 4-54-59 

BEST AVlU:...ACLE COPY 

PALKIN ALEXANDR FYODOROVICH 

Chtef engineer 

USSR. 156605, Kostroma, Avenue Mira, 53 
Tel: (094-22) 5-26-02 

Telex: 138 «Palma» 

SHABROV ALEXANDR IVANOVICH 

Deputy director general 

USSR, 156605, Kostroma. Avenue Mira, 53 
Tel: (094-22) 5-27-63 

Telex: 138 «Palma» 



Victor V. NETCHAEV 

Techn. Cand., 
Gllid Engineet, 

~Head of the Main Sclenttftc and 
Technical Department 
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Ministry of'15"ower 7, Kitaysky pr., 
aad iltGtrlficatlOA Moscow, 103014, USSR. 
of the YS&Rli?..,,..;~ Tel,: 220..e+-aa-

,,.z.-vt 

--

\/I I<' 70 1(( 

j 

I 
/I 

r·., 
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People's Deputee of the RSFSR 

Victor Alexandrovich GULYASHKO 

Member of the Committee for Foreign Affairs 
and International Economic Relations 

House of the RSFS~ Soviets 
Moscow, Krasnopresnenskaya nab., 2 

tel. 205-43-25h 
292-61-01 
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ENERGY AUDIT 
CITY OF KOSTROMA 

DISTRICT HEATING SYSTEM 
RUSSIA 

APPENDIX 2 
BROCHURE OF KOSTROMAENERGO 

ELECTRIC POWER AND HEAT COMPANY 













KocrpoMa - ,qpeBHMM pyccKMM ropo,q Ha 6e
perax eenMKOi'1 peKM BonrM. OH exo,qMT B ry
pMCTCKMM Mapwpyr ,,3onoroe KOflbL/O Poc
c1-11-1 ". KocrpoMcKafl o6nacrb pacnono>KeHa 
Ha ceaepO-BOCTOKe 4eHrpanbHO!lt YaCTJ.1 ea
poneiitCKO!lt repp1-1rop1-11-1 CCCP. 

Kostroma is an ancient Russian city standing 
on the banks of the Great Volga River. Kos
troma is included in the tourist tour called "Gol
den Ring of Russia". The Kostroma region is 
situated in the north-eastern part of the Euro
pean territory of the USSR. 
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38 ycnexH, IJOCTHrHYTbte s xa- The region has been awarded the 

3RRcrseHHOM H KynbrypHaM Order of Lenin for accomplish
crpoHTenbCTBe, o6nacTb Ha· ments In the field of economy and 
rpaJKAeHa aplJeHOM neHHHa, a culture. The city of Kostroma for 
ropa,q KocrpoMa - aplJeHaM the same achievement has been 
0KTR6pbCKOii PesanlOl.fHH. awarded the Order of October Re-

volution. 

Sepe)KHO xpaHR csoe npownoe, KocrpoMa )KffBBT 
8 cospeMBHHOM PffTM8 KpynHoro npOMblUJneHHOro 
qBHTpa. 

Ha KocrpoMcKoii 3eMne wffpoKo p83BffTa neco,qo-
6&1BSHJU.la.R npoMblUJfl8HHOCTb ff ,qepesoo6pa6aTbl
saHJU.160 npoff3BOACTBO, 3A6Cb ff3,qasHa ff nosceM9CT· 
HO p838ffBBn0Cb TKal..leCTBO, cnoco6cTBOBaswee 3a
poJKAeHfflO TeKCTffnbHOH npoMblUJfleHHOCTff, caMbl8 
p83nff"IHbl8 CTpoHKff crpaHbl 069Cn8"1ffBalOTCR 3KCKa· 
saropaMff c 3aso,qa .,Pa6o1..1ffR Merannffcr". 

BenffKOnenH&18 10senffpH&1e ff3A8nffR KOCTpoM· 
CKHX YMBnbij8B nonyqanff caMylO BblCOK)'IO OLfeHK)' Ha 
MBJKAYH8poAHblX BblCTaBKax 8 TOKffO ff MoHpeane. 

Can&eKOX03RHCTBeHHOe npoH3ao,qcrso o6nacrff 
HM66T MHOroorpacnesoif npo(jJffnb. OCHOBY ero CO· 
CTasnRIOT 38pHOBOACTBO ff MOnO"IH08 )KffBOTHOBOA
crso HS 6a3e KOCTpoMCKDH nopo,q&1 KJ1YnHOrO poraroro 
CKOTS.. HeKOTOpble pBHOHbl cneijffBnH3ff PYIOTCR HS 
n&HOBOACTB8. /lfa,qasHa KocrpoMa C'-IHTSeTCR OAHHM 
ff3 LIBHT'pOB PYCCKOro n&Ha, CTOnffij8H HBnpessoH,qeH
HOro n&HRHOro TKS"IBCTBS. llfa,qenffR KOCT{JOMCKHX 
n&Hoeo,qoa c.nasRTCR He ron&Ko s CosercKoM Co103e, 
HO u ,qaneKo 3a ero npe,qenaMff. WffpoKo s o6nacru 
pacnpocrpSHeHO nTHqeso,qcrso • 

... Ecr& s KpeMnescKOM KB6ffHeTB Bna,qHMffpa 
llfn&H"IS fleHffHS KSpTS CTpSHbl, HS KOTOpoH KPf>KKOM 
OTMB"leHO Ha3BaHH8 KOCTpoMCKOif ,qepeseHbKH WyH
f'H. L/8M OHS 38ffHTepecoaana BOJKAR pesonlOijffH? 

,lleno s TOM, 1..1ro s 1920 r. KP9CT&RHe WyHreHCKOH 
BOnOCTH HB"lanH CTpoHTb nepay10 s crpaHe KOOnepa
THBHYIO 3neKTpocTSHijHIO MOlJ.IHOCT&IO 300 KBT. 

A renep& .KocrpoMa cHS6)Kaer 3neKTp03HeprHeii 
He TOnbKO CBOIO, HO H coce,qHHe o6naCTff: 8 nocne,q
HHe ro,qbl Ha 6eperax Bonrff a&1pocnH Kopnyca MOlJ.I· 
Heliiweif rennoaolii 3neKTpOCT8HijHH HaweR crpSHbl
KOCTpoMCKOH rP3C. 3,qec& aneps&1e 8 npBKTHKe OTB
"19CTSeHHOro 3HeprOCTpo8HHR yCTaHoaneH ff OCBOBH 
3Hepro6noK MOlJ.IHOCTblO 1200 MBrl Typ6oarperar 
RBnRBTCR caMblM MOlJ.IHblM B CoseTCKOM Col03e a 8 
OAHOSBnbHOM HCnonHeHHH- caMblif MOlJ.IHblH B Aiupe. 

Preserving the relics of its past, Kostroma lives in the 
modem tempo of a large industrial center. 

. Timber felling and wood processing industries are 
widely developed at the Kostroma land. Here since 
olden times and in many places weaving has been one 
of the trades which helped to establish the textile indus
try. Many construction sites of the USSR are supplied 
with power shovels manufactured by the "Rabochy 
Metallist" factory. 

Exquisite jewelry of Kostroma craftsmen won a high 
appraisal at international exhibitions In Tokyo and 
Montreal. 

Agriculture is diversified. Its primary activities are 
grain growing and dairy farming based on the black and 
white cattle. Some areas are sp9Cialized in flax growing 
Since olden times Kostroma has been regarded as one 
of flax-growing centers in Russia, the capital of unsur
pass8d flax weaving. The flax products from Kostroma 
~re r'ell kno~n in this cou!'try .and abroad. Poultry farm· 
tng 1s also widely spread tn this region. 

In the Kremlin office of Vladimir ll'yich Lenin there is 
a map on which Shungi village of the Kostroma region is 
marked with a circuit. Why did this village draw the atten
tion of the Revolution Leader? In 1920 peasants of the 
Shungi volost started the construction of the first 
cooperative power plant of 300 kW capacity. 

. Now Kof'troma supplies electrical energy not only for 
its own regional needs but also exports electricity to the 
neighbouring regions. In recent years the largest ther
mal power plant has been bu/It on the Volga River- the 
Kostroma steam central power station. Here the 1200 
MW unit has been erected and put into service for the 
first time in the Soviet practice. 

The turbine-generator set is the largest installation in 
the USSR and the largest tandem turbine-generator In 
the world. 
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3HepreTMKa o6nacrM 
nocne XX/I cbe3,.qa Knee 3a ro,.qb1 aocbMOH H 

,.qeBRTOH nRTHneTOK a KocrpoMe nocrpoeHbl rP3e 
MOIJ4HOCTblO 2,4 MflH.KBT (,.qae Ol.fepe,.qH) H T3L/-2. 
KocrpoMcKaR o6naCTb c MOMeHTa o6pa3oaaHHR a re
l.feHHe nO'-ITH TpH,.q4aTH neT RBnRnaCb 3Hepronorpe-
6nRIOLJieH, HO c 1969 r. CTana nOCTaBnRTb 3fleKTpo-
3HeprHIO a flpocnaacKylO, MaaHoacKylO, Bna,qHMHp
cKylO, MocKoacKyio, Bonoro,.qcKyio H ropbKOBCKYIO 
o6nacrH. B nocne,.qylOLJiHe ro,.qb1 Ha KocrpoMcKOH 
rP3e 6blfl nocrpoeH H B 1983 r. OCBOeH B OnblTHO-npo
Mb/WneHHOH 3KCnnyara4HH 3KCnepHMeHTBnbHb/H 
3Hepro6noK MOLJiHOCTblO 1200 MBr (rpeTbR O'-lepe,.qb 
CTaH4HH). npoH3BO,.qCTBO 3neKTP03HeprHH 3a ,.qsa,q-
4aTb c He6onbWHM neT (1960-1983 rr.) c 133,6 MnH. 
B03pocno ,.qo 20,4 Mnp,.q. KBT·'-1, TO ecTb a 152 pa3a. 
3HeprOCHCTeMa ,,KocrpoMa3Hepro" BXOAHT B 03e 
L/eHTpa CTpaHbl H Me>KCHCTeMHb/MH flHHHRMH 3neK
Tponepe,.qa'-IH CBR3aHa c nRTblO ,.qpyrHMH 3HeproCHC
TeMaMH. B 1983 r. HM 6blfl0 OTnYLJieHo 83 % Bblpa6o
TaHHOH 3neKTpo3HeprHH. 

Ko3cfJCfJH4HeHT Hcnonb30BaHHR ycraHoaneHHOH 

MOIJ4HOCTH ,.qoCTW B 1983 r. 61 %. Y,.qenbHb/H pacxo~ 
ycnOBHOro TonnHBa Ha OTny1J4eHHb/H KHflOBaTT-l.f-
3fleKTp03HeprHH B 1970 r. COCTaBHn 347,2 r, a B 19iffii 
r. - 317 r c y4eTOM 3KCnepHMeHTanbHOrO 3Hepro6J"/ltJ!m 
KarP:Je. 

Ha4anOM 3neKrpw:j:JHKa4HH ropo,.qa KocrpOMbl ff 
ero npOMb/WfleHHb/X npe,.qnpHRTHH, nepe,.q KOTOpb/Mff 
nepBb/H nRTHneTHff{1 nnaH OTKpb1Ban WHPOKHe nepc
neKTHBbl pa3BHTHR, cne,.qyeT C4HTaTb 1927-1930 rr., 
Kor,.qa 6b1na nocrpoeHa H aae,.qeHa a 3Kcnnyara4Hio 
nepaaR o'-lepe,.qb Tenno3neKTpo4eHrpanH c ryp6HHOi1 
cfJHpMbl ,,WKo,.qa" MOLJiHOCTblO 5,5 Tb/C. KBT H TpeMR 
KOTnaMH J1eHHHrpa,qcKoro MeTannH'-leCKoro 3aao,.qa 
npOH3BOAHTeflbHOCTblO 20 T napa B '-lac. 

B cpeapane 1945 r. 6b1na opraHH30BaHa o6nacr
HaR KOHTOpa ,,eenb3Hepro", Ha KOTOPYIO B03naranacb 
3neKTpHc/JHKa4HR cenbCKOrO X03RHCTBa H CTpOHTenb
CTBO rH,.qpo3neKTpOCTaH4HH Ha Maflb/X peKax o6nac
TH. a 1945-1956 rr. 6b1no nocrpoeHo 46 r:Je 061J4ei1 
MOLJiHOCTblO 1, 8 Tb/C. KBT H weCTb ManoMOLJiHb/X flOKO· 
M06HnbHb/X 3neKTPOCTaH4HH Ha MeCTHOM TonnHBe. 
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Power Industry of the Region 
Since the 22nd Congress of the CPSU, during the 

8th and 9th Five-Year Plan periods, the thermal power 
plant of 2400 MW (two stages) and the T3L(-2 heat· 
electric power plant have been built in Kostroma. Over 
30 years from the time of its foundation the Kostroma re
gion used to imporl electrical energy, but since 1969 it 
has been exporting electricity to Yaroslavl, Vologda, 
lvanovo, Vladimir, Moscow and Gorky regions. During 
the next years, a 1200 MW experimental unit (3d stage 
of the station) was built at the Kostroma steam central 
station and put into trial operation in 1983. 

Within some twenty years (1960-1983) electrical 
energy production increased from 133. 6· 106 to 20. 4 · 109 

kWh, i.e. 152 times. The ''Kostromaenergo" intercon
nected power system is integrated into the Intercon
nected Power system of the Center of the Country. The 
system is also linked to five other power systems 
through intersystem transmission lines. In 1983, 83 per 
cent of generated energy was exported to these sys
tems. 

In 1983 the plant's installed capacity utilization factor 
reached 61 %. 

In 19 70, specific consumption of ideal fuel per gene
rated kWh was 347.2 g, in 1983 it came down to 317 g 
with due regard for the experimental unit. 

The years of 7 927-1930, when the first stage of the 
combined heat and plant with a 5500 kW turbine of the 
Skoda firm and three boilers of 20 tlh steaming capacity 
from the Leningrad Metal Works, was built and commis
sioned, should be regarded as the beginning of electrifi
cation of Kostroma and its enterprises. 

In February, 1945, a regional office "Selenergo" was 
set up to provide electric power supply to the agricultural 
sector and to build hydroelectric power plants on small 
stream flows. During the period of 1945-1956, 46 hyd
roelectric power plants with an aggregate capacity of 
1,800 kW and six small locomobile-type plants firing 
focal fuels were built. 



B 1961 r. 6b1no C03AaHo patifOHHoe 3HepreTff&./ecKoe 
ynpaaneHffe ,,KoCTpoMa3Hepro", Ha KOTopoe ao3no
)#{ltfflltf ABf1bHetifwee pa3BltfTffe 3HepreTffKltf a 06nacT1t1. 
Crpo/tfTenbCTBO KOCT(JOMCKOH rP3C HBL/anoc& B 1963 r., 
B ltflOHe 1969 r. acrynltfn B CTpOH AeHCTBYIOIJlltfX nep
Bblff, a &./epe3 nonrOAa - BTOPOH 3Hepro6nOK MOIJl· 
HOCTb/C no 300 MBT. c 1973 r. Ha KocTpOMCKOH rP:3C 
AeHCTBYIOT soceMb 3Hepro6nOKOB ltf AOCTltfrHyra MOIJl· 
HOCTb 2400 MBT. 

B 1974 r. saeAeHa a 3KcnnyaTa41t110 KocTpOMCKBR 
T:3L/-2. . 

In 1961 the regional power department "Kos
tromaenergo" was set up to furlher develop the power 
industry of the region. Construction of the Kostroma 
steam central power station was starled in 1963. Jn 
June, 1969 the first power unit went into service, the 
second unit of 300 MW capacity came on line half a ye= 
later. Since 1973 eight units have been put in service 
the Kostroma steam central power station and it 
generating capacity has reached 2400 MW. In 1974 the 
T:3L/-2 Kostroma heat-electric power plant was com
missioned. 

These stations, and especially the steam central 
power station, are fitted out with the Soviet-made high
pressure equipment, the large-size equipment was ar
ranged following the unit concept, many modifications 
were introduced in the installation of the equipment to 
upgrade its reliability, cost-effectiveness of the station, 
conditions of work for the operating personnel. There 
have been drastic changes in the district heating system 
of the urban areas, especially that of Kostroma which 
accounts for the third of the region population. 

In 1983 3·106 Gcal of heat were supplied by the sta
tions to the public services and various industries. 

Ha 3TltfX 3neKTpocTaH4ffRX, oco6eHHO Ha rP:3C, 
yCTaHOBneHO OTBL/ecTBeHHoe o6oPYAOBaHHe BblCOKOro 
AaBneHffR, ffCnOnb30BaHbl 6nO&./Hble cxeMbl KOMno
HOBKltf KpynHora6ap1t1THOro OOOPYAOBaHffR, npOltf3Be
AeHbl 3Ha&./1t1TenbHbte ff3MeHeHltfR s npoeKTax ero ycTa
HOBKltf, no3aOnffBWltfe CYfl4eCTBeHHO ynf&./WHTb Ha,qe)#{
HOCTb, 3KOHOMff&./HOCTb CTaH4ffH ff ycnOBffR TPYAa 
3KcnnyaTa41t10HHOro nepcoHana. Ka&./ecTseHHO ltf3-

MeHffnOCb ff TennocHa6)KeHffe ropoAOB, oco6eHHO 
KocTpOMbl, rAe COCpBAOTO&./eHO OKOnO TpeTltf Hacene
HffR o6nacrn. KOMMYHBf1bHb/M cny)#{6aM ff npoMblW
neHHblM npeAnPltfRTltfRM B 1983 r. OTnylJleHO 3neKTpO
CTaH4ffRMff TennOBOH 3Heprltfltf 6onee 3 MflH. rKan -
3a 20 neT omycK Tenn a so3poc s 10 pa3, npoTR)KeH- Over 20 years, the heat supply has increased as 
HOCTb MarffCTfJBf1&HbtX TennoabtX ceTetif yaenw-11t1nacb much as 1 o times, the length of heat supply networks 
c 8 AO 73 KM. has grown from 8 to 73 km. 

OcHOBHble Main Electric Stations 
3neK1poc1aH4MM M and Other Divisions 
APYrMe nOAP&3AeneH M~ of the Power System 
3HeprOCMCTeMbl 
KocrpoMcKaSI T31..\· 1 

Co apeMeHff nycKa B 1930 r. CTaHijltfR HeOAHO
KpaTHO peKOHCTpyffposanacb ltf pacw1t1pRnacb. Oco-
6eHHO 6onbWltfe pa60Tbl npoBOAltfnltfCb s 60-70 rr. B 
pe3ynbTaTe 3a nocneAHltfe 20 neT YAenbHBR &./ltfcneH
HOCTb nepcoHana COKpaTffnacb B TJ]ltf pa3a, BaJ10BBR 
nPOAYK4HR ao3pocna a 2,4 pa3a, YAenbHbtH pacxoA 
ycnOBHOrO TOnn1t1sa COKparnnCR c 581,2 AO 219,5 
r!KBT·&./. 

B HaCTORIJlee apeMR MOIJlHOCTb T:3L/-42 MBT. Ha 
CTaH41tfltf ycTaHOBneHbl CeMb napOBb/X KOTflOB ltf TPH 
BOAOrpeHHblX. 

TonnltfBOM Af1R 3HepreTH&./eCKltfX KOTflOB cny)#{ltfT 
cppe3epHb/H ropcp, Af1R BOAOrpeHHb/X - ra3 ltf Ma3yr. 

The T34·1 Kostroma station 
Since commissioning in 1930, the station has been 

repeatedly updated and expanded. Much efforl was 
spent on these activities between sixties and seventies. 
As a result, over the last 20 years the number of person
nel has reduced to one third, the gross product has In
creased as much as 2.4 times, while the specific con
sumption of ideal fuel has dropped from 581.2 to 219.5 g 
per kWh. 

At present the station's capacity is 42 MW. The sta
tion houses seven steam generators and three water 
heating boilers. 

The steam generators fire milled peat, while wat~ 
heating boilers operate on gas and fuel oil. 

MawHHH&IH Jan T3Li-1 
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OpAeHa 
Tpy ,qoeoro KpacHoro 3HaMeHM 
KocTpOMCK8S1 rP3C 

YcraHOBneHHafl MOl1.(HOCTb - 3600 MBT. 3,.qecb 
pa6ora10T '-lert:>tpe 6110Ka no 300 MBT c ,qsyxKopnyc
HblMM KOTnaMY1 no 950 Tl'-1, YeTbtpe 6noKa no 300 MBT 
c O,.qHOKOpnyCHblM"1 KOT!1aMYt no 950 TIY "' 6!70K MOl1.(
HOCTblO 1200 MBT c 0,LiHOBailbHOfl ryp6MHOi1 Y1 O,LiHO
KOpnycHblM KOTnOM np0"13BOA11TenbHOCTbl() 3950 T/4. 

Tonm1aoM ,qnR ::ineKrpocraH41>111 cny>KaT Ma3yT 11 
ra3. 

0,qHo "13 aa>KHelltwux Hanpaa11eH11.:t ynyYweHMR 
TeXHMK0-3KOHOMY1YeCK"1X noKa3arenef1 B 3nexrpo-
3Heprernxe - yKpynHBH"1e e,q11HYtYHb/X MOl1.(HOCTeif 
3neKTpocraH4rti111 arperaroa. 

flpKMill npMMep ,.qocrn>KeH11"1 COBeTCKOM 3/18KTp0-
3HepreTl1KY1 B 3TOM o6naCT"1 - KocrpOMCKafl rP3C, 
Koropafl 6b1na n1110HepoM a ocaoeH1111 3Hepro6nOKOB 
MOl1.(HOCTblO 300 MBr"' ronoaHoro yHMKanbHoro :JHep
ro6noKa c o,.qHoaanbHOilt ryp6MHOiit MOl1.(HOCTbl() 1200 
MBr. 

3neKTpOCT8HL/"1fl BXO,Lil1T B 3Heprerw-1eCKYIO Cl1C
TeMy ,. KocrpoMa::mepro" 11 4epe3 Hee- a 06be,quHeH
Hy10 3HepreruYecKyJO c11creMy 4eHrpa CCCP. 

CrpoMrenbcrao 3neKrpocraH41111-1 ocyuiecTBnfl
nocb a rp1t1 oyepe,.q/11. Ha nepaofr O'-lepe,qYt ycraHOB
neHbl 48Tblpe ,qy6nb-6noKa MOl1.(HOCTbJO no 300 MBr c 
,qayxKopnycHbtMM ra3oMa3yTHb.1Mllf KornaM11 naponpo-
113BO,qMrenbHOCTblO 950 TIY; Ha BTOpoit O'-lepe,qu -
'-leTb1pe MoHo6.noKa no 300 MBr c o,qHOKopnycHqlM"1 
ra30M83YTHblM"1 KOTf18Ml1 naponpOl13BO,l{YtT8/1b
HOCTblO 950 r/Y. B cocraae acex 3Hepro6nOKOB pa60-
ra10r napoab1e ryp611Hbt MOll.(HOCTblO no 300 MBr Ha 
napaMerpbt 235 Mna (240 xrclcM2) , 5401540 °C. 

The Order of Red Banner of 
Labour Kostroma Steam Central 
Power Station 

The installed ~apa.city is 3600 MW. The station h 
four 300 M~ umts with two-furn~ce ~oilers of 9So ~s 
steam capacity, four 300 MWumts with single-furn h 
boilers of the same steam capacity and one 12oo ace 
unit with a tandem turbine-generator and a sing/e~W 
nace boiler of 3950 tlh capacity. ur. 

The station fires fuel oil and gas. 

One . of the major trends for the improvement f 
economics and performance characteristics in rie 
power industr,: is to increase the capacity of the stations 
and power units. 

The Kostroma steam central power station is an il
lustrative example of achievements in the Soviet power 
industry. It pioneered commercial use of 300 MW units 
and has been mastering a unique tandem turbine. 
generator of 1200 MW capacity. 

The power station is incorporated in the "Kos
tromaenergo" power system which is linked to the inter
connected power system of the USSR Centre. 

The station has been built in three stages. During the 
1st stage four 300 MW two-boiler single-turbine units 
with two-furnace gas-and-oil fired boilers of 9SO tlh 
capacity were installed. During the 2nd stage, four 300 
MW single units with single-furnace gas-and-oil fired 
boilers of 950 Vh steam capacity were erected. All the 
units incorporate 300 MW steam turbines rated at 
235 MPa (240 kgflcm2, 5401540 °C). 

06LqHU BiiA KocTpOMCKOU rP3C 
General view of the Kostroma steam central power station 
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3Hepro6nOK/11 MOIJ4HOCTb/O no 300 MBr sso,qMnucb B 
3Kcnnyara4111t0 c /11/0HR 1969 r. no wonb 1973 r. Ha rperi,el1 
O'-fepe,q/11 :meKTPOCTaHL/"1/11 ycTaHOBneH Y1 ycnewHO OCBO
eH s 3KCnnyara4u111 yH11KanbHbtl1 ronOBHOff 3Hepro6no1< 
1200 MBT, npeBblW8/0/J4/11U BCIO 3Heprerw-1ecKylO MOI.4· 
HOCTb J!Opeeomow10HHOU PocCHU. 

4ro6b1 ero nocrpoHTb, norpe6oean111Cb HanpRJKeH
HblH Hayl.fHb/M no/11CK /11 np111H4un111anbHO HOBble peweHUR 
MH0n1X npo6neM B crpo111renbHOl1 /11HAYCTpJ114, 3HepreTH
l./eCKOM MaLJ.JMHOCrpoeHU/11, reXHOnOT/11/11 crpo111renbCTBa J1 
3Kcnnya ra4u111 o6opy,qosaHuR. 

The 300 MW units were commissioned between 
June, 1969 and July, 19 73. During the 3d stage of con
struction, a 1200 MW experimental unit with its capacity 
exceeding that of prerevolutionary Russia was erected 
and successfully put into commercial service. 

The construction of such a unit necessitated strenu
ous scientific efforts and meeting the unknown chal
lenges in the field of civil engineering, electrical machine 
building, construction techniques and operating prac
tices. 



B cocras 3Hepro6110Ka BXOAMT OAHOKOpnyCHblM, 
ra3on110THb/U nOABeCHOtit, ra30M83YTHblM Koren c 
npoMneperpeaoM. Tono'-IHaR KaMepa Koma npM3Ma
TMYecKaR, RBm~eTCR BOCXOAR~MM T830XOAOM. no 
BblCOTe oHa AenllfTCR Ha TPllf pa,qua4MOHHb1e '-lacrn. 
Kornn o6opyAoBaH 56 KOM6MHllfposaHHbtMU ra30Ma3yr
HbtM/lf ropenKaMU npOU3BOA/lfTenbHOCTblO 5 Tl'-I K8>K
AaR no M83YTY 11 5,5 x 103 M31Y no ra3y. noAa'-la B03-
,.qyxa s ronKy ,,, rpaHcnopT ra3a no ra3oxoAaM Koma 
npY1 pa6ore c ypaBHOBeweHHOilt TRroi-1 ocy~eCTB/1RIOT
CR rpeMR ryp60B03AYX0AYBK8M/lf ,,, TpeMR AblMOCOCa
M/lf c 311eKrponpMBOAOM. Koren o6opy,qoeaH rpeMR 
pereHepaTMBHbtMM B03Ayxono,qorpeaarenRMU (PBn) 
c BHyTpeHHY1M AM8MeTpOM poropa 13,88 M. ,D,nR OYMCT
KM noeepXHOCTeilt Harpeea KOHB8KTY1BHOM W8XTbl 
OT 30nOBblX orno>KeHMfr npMMeHeHa AP06ecrpyf1HaR 
ycraHOBKa. 0'-IMCTKa naponeperpeeareneff e ropM-
30HTanbHOM ra30XOAe ocy~eCTBnReTCR rny6oKOBbf
ABllf>KHblM"1 annaparaMllf napoaollf ODAYBKM. Koren 
o60PYAOBaH B nonHOM o6beMe KOHTPOf1bHO-Y13MepM
TenbHb/M/lf npY16opaM14, aBTOMa TMKOM, rexHonorM
'-leCKY1MM 38~UT8MY1 ,,, CWHaf1Y13a4Mei1. 

The power unit incorporates a single-furnace gas-tight 
suspended gas-and-oil fired boiler with reheat. The fur
nace is of a prismatic configuration and serves as an up
take gas duct. Heightwise it is divided in three radiation 

! 
parts. The boiler is fitted with 56 combined gas-and-oil 
burners of 5 tlh oil and 5.5· 103 cu.m!h gas capacity Ai- .~. 
supply to the furnace and flue gas transport over th~ 
boiler gas ducts, when operating under the balance~- -
draft conditions, are effected by three turboblowers and 
three motor-driven i.d. fans. The boiler is provided with 
three regenerative air heaters (RAH) whose rotor is 
13.88 m in inner diameter. The heating surfaces of the 
convection pass are cleaned of ash deposits by shot 
blasting. Superheaters in the horizontal flue pass are 
cleaned using long-retracting sootblowers. The boiler is 
provided with a complete set of instrumentation. auto
matic controls, protective systems, and alarms. 

I 

·. 

i -

The 1200 MW condensing tandem turbine of I 
K-1200-240-3 type is designed to operate in conjunction 
with the single-furnace once-through boiler of 3950 t/h 
capacity. 

I 
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napoBaR KOH,lJ8HCa4ffOHHaR O,lJHOBBnbHaR ryp6ffHa 
K-1200-240-3 MOtJlHOCTblO 1200 MBr npe,qHa3Ha4eHa 
,qnR pa6oTb/ B 6noKe c o,qHOKOpnycHb/M npRMOT04Hb/M 
KOTnOM naponpoff3BO,llffTeflbHOCTblO 3950 T/4. 

Bb/COTa pa6o4ffX nonaroK nocne,qHffX cryneHeH, 
ff3rOTOBfl8HHb/X H3 THTaHoaoro cnnasa, 1200 MM. 

reHeparop BblnOnHeH C Henocpe,qCT88HHb/M 0XflaJK
,qeHff8M 06MOTKff craropa ,llffCTHflflffpDBaHHOH 80,lJOH, a 
06MOTKff poropa ff aKTHBHOH CTBnff craropa - ao,qopo
,qoM. Porop reHeparopa-ff3roroaneH ff3 4enbHOH noKOB· 
Kff cne4ffanbHOH CTanff. CffcTeMa B036YJK,q8HffR 6ectqe
T04HaR, ,qffo,qHaR. 

8b1,qa4a MOtqHOCTH C II/ 04epe,qff rP3C ocytqeCTBflR
eTCR Ha HanpR>K8Hffff 500 KB 4epe3 Tpff O,qHocpa3Hb/X 
rpaHccpopMaropa, no,qKn104eHHblX K WffHaM OPY 500 KB. 

3Hepro6noK C03,qaH Ha OCHOBe nporpeCCffBHb/X rex
Hff48CKffX peweHffH, HanpaaneHHb1x Ha o6ecne4eHffe 
BblCOKOH HB,q8>KHOCTff ff 3KOHOMff4HOCTff, ff BBe,qeH B 
3Kcnnyara4ff10 a ,qeKa6pe 1980 r. 

The height of last stage blades fabricated from 
titanium is 1200 mm. 

The generator features direct cooling of the stator 
winding with demineralized water, the rotor winding and 
stator core are hydrogen-cooled. The generator rotor_ 
made from a single special steel forging. The brushle= 
excitation system is built around diodes. 

Electrical energy generated by the 3d stage of the 
central station is transmitted at 500 kV through three 
single-phase transformers connected to the buses of 
the 500 kV switchyard. 

The power unit was developed using the state-of
the-art technology to ensure high operational reliability 
and costeffectiveness. It was commissioned in De
cember, 1980. 

TeXHM"leCKaSI xapaKTepMCTMKa OCHOBHOrO 3HepreTM'·leCKOro o60PYAOBaHMSI 

Characteristics of Major Power Generating Equipment 

napaMeTpbl 
Parameters 

Tim 
Type 

lil3rOTOe14Tellb 
Manufacturer 

flpo143eOA14TellbHOCTb, Tl~ 
Capacity, t/h 

AaaneHHe napa, KrcfcM2 

Steam pressure, kgflcm2 

Teuneparypa napa Ha BblXOAe 143 KOTl18 M 
nocne npoMe>KYTO~Horo neperpeaa, "C 
Steam temperature at boiler outlet and 
after reheat, °C 

TeMneparypanHTaT011bHol4 BOAbl, °C 
Feed water temperature, °C 

PacxoA TonnHea, Tl~ 
Fuel consumption, tfh 

Ko34>¢114~eHT none3HOro Aeli!CTBMR 
(6pyrro), 
Gross efficiency, % 

TonnMeo: 
Fuels: 

OCHOBH00 
main fuel 

Kornoarperarbl 
Boilers 

Af611b-6110K14 
wo-boiler 

arrangement 
300MBT 
300MW 

TrMn-114 

MOHotillOK14 M0Ho6110K 
Single-boiler Single-boiler 
arrangement arrangement 

300MBT 1200MBT 
300MW 1200MW 

TrMn-314 TrMn-1202 

TarattporCKl4M 3a00~ .KpaCHblH KOTell~K· 
"Krasny Kotelshchik boiler works in Taganrog 

950 

225 

545 

265 265 270 

72 71 273 

92 93 94 

BblC0KOCepHl4CTblM Ma3Yf Q~ = 9500 ":" 
high sulfur fuel oil a~ = 9500 ~ 



pe38pBHOO npMpoAHbllil ra3 Q~ = 8100 KKan/HM3 
back-up tuel natural gas a~= 8100 ~ 

Typ6MHbl 
Turbines 

TMn K-300-240 K-1200-240·3 
Type 

"13rOTOBMTe/lb npoM3B0ACTB8HHOO OODeAMHBHMB ryp6ocTpo8HMR, 
neHMHl"P8ACKMMM8T8/111M'48CKMM38BOA 

Manufacturer Leningrad Metal Worb 

HOMMH8/lbHaR MOIJ.IHOCTb, MBT 300 1200 Rated power, MW 

4aCTOTa epalJ.IBHMR, o6/MMH 
3000 3000 Speed, rpm 

MaKCMM8/lbHbllil pacxoA napa, Tl~ 
Maximum steam flow rate, tlh 930 3900 

,QaB118HMe napa, Krc/cM2: 
Steam pressure, kgf/cm2: 

cee*ero 240 live steam 

noc11en~MB>KYT~Horoneperpeea 
steam a er reheat 36 

TeMneparypa cee*ero napa, "C 
Live steam temperature, °C 540 

4MC/10 pery1111py8Mb1X OTOOpoB 
Number of extractions 8 9 

reHeparopbl 
Generators 

T11n TBB-320-2 TBB-1200·2 Type 

"13rOTOBMT8/lb neHHHrp8ACK083/leKTJ)OTeXHM'48CKOBo6DeAMHeHMB 
.311e1<TpOCM11a· 

Manufacturer "Electrosyla" 

MOIJ.IHOCTb, MBT 300 1200 Output, MW 

HanpR*eHHe Ha BblBOAax, KB 
Terminal voltage, kV 20 24 

8o36)')!(,qeHMB 
Excitation 

BblCOK0'4aCTOTH00,6ec1J.1eTO~HOO,AMOAHOe 
high-frequency. brushless, diode 

OXIla>tCAeHMe BOAopoAHO-BQARHOe 
Cooling water/hydrogen 



TpaHc!f>opMaropbl 
Transformers 

T1-1n 
T )J.Lj-400000/220 T Al..t-400000/500 I OPU-5330001525 Type 

l113roroe1ne11b 
Manufacturer 

MO\l.IHOCTb, MBA 
Capacity. MVA 

Hanp~)KeH..ie, KB 
Vol1age, kV 

0CHOBHble coopy>KeHMSI 
31leKTpOCT8HL\"1M 

K ocHOBHbtM coopy>KeH11RM :meKTpocraH41111 OT
HOCRTCR rnaBHblfl KOpnyc 3Hepro6nOKOB 300 MBT, 
rnaBHbti1 Kopnyc 3Hepro6noKa 1200 MBT, /11H>KeHepHo-
6btTOBOi1 KOpnyc, X11MB0A004/!1CTKa, TOnfl/llBHOe 
X03Ri1CTBO, C/!1CTeMa TeXH/!14eCKOro B0AOCHa6.>KeHl1R, 
coopy)#(eHl1R 3neKTp1t1YeCKOi1 YaCTl1. 

r naBHM1 KOpnyc 3Hepro6nOKOB 300 MBr -
rpexnponeTHb1Jit: MaWMHHblM 3an - 45 M, Aea3parop
HOe OT,£leneH11e - 12 M, KorenbHOe OTAeneH11e 
11,y6nb-6nOKOB - 33 M, MOH06nOK08 - 39 M. War KO
flOHH - 12 M. 

lnaBHbJM Kopnyc BbtnOnHeH /113 c6opHoro >1<ene30-
6er0Ha (3a 11CKf1/048H!t1eM MeTann11YeCKl1X cpepM /11 
nOAKP8HOBb/X 6anOK MaWl1HHOrO /11KOTenbHOrO0TAe
neH/!1U} c np11MeHeH11eM HOBbtX crpo11rertbHbtX Mare
p11anoa 11 KOHcrpyK411i1, cfJYHA8MeHTbJ nOA KonoHHbl 
BbmOnHeHbl o6ner'-leHHblM/11. CreHoaoe orpa)K,4eH1t1e 
anepeb1e a npaKrnKe :meprocrpo/!1renbCTB8 Bbmon
HeHo /113 KepaM31t1ro6eTOHHb1X naHeneff, 06n114oaaH-

I 

3anopO>KCKMM TpaHCQ:>OpMaTOPHblM 3aBOA 
Zaporozhye transformer works 

I 
400 

I 
.:100 533 

I 
220120 500120 

,, 
525/24 

I 

Main Structures 

The main structures of the steam central power sta
tion are the main building accommodating 300 MW 
units, the main building housing 1200 MW unit, the ser
vice building, the water conditioning plant, the fuel hand
ling facility, the seNice water supply system, the electri
cal works. 

The main building which houses the 300 MW units is 
a three-span structure: turbine room - 45 m. deaerator 
bay - 12 m, boiler room for two-boiler turbine units -
33 m, boiler room for single-boiler turbine units - 39 rr 
The columns are spaced 12 m apart. 

The main building is made of prefabricated rein=
forced concrete (except for steel trusses and crane track 
beams in the turbine boiler rooms) with the use of new 
building materials and structural elements. The column 
footings are of a lightened construction. For the first time 
in the power engineering practice, the walls are made of 
breccia-lined light-concrete panels. The window open
ings are filled with structural glass shapes. 
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HblX 6peK'-mefr. CaeTOab1e npoeMbJ - 113 CTeKnonpo
cp11111111ra. 

Pacnono>KeH11e Typ6oarperaroe e Maw"1HHOM 3a
ne ~ nonepeYHoe. T ennoaaR cxeMa - 6nOYH8R 

Maw11HHbttit 3a11 06cny>K11aa10T Tpu MOCTOBbtX 
KpaHa rpy30nOP,beMHOCTb!O no 125120 TC, KOT8flbH08 
orp,eneH"1e - TP/11 MOCTOBb/X KpaHa no 50110 TC. 

Ha OTKpb1TOi1 nnoU{a,qKe 38 rnaBHbtM KopnycoM 
pacnono.>KeHbt p,b1Mococb1, p,yrbeab1e aeHTMnRrOpb1 M 
pereHepa ntBHt>te B03p,yxonop,orpeaaTenM. ,4.nR 
oraop,a p,t>1MOBb1X ra3oe OT KOTnoarperaroa coopy
..>KBHbt p,ae P,blMOBbte rpy6bl Bb/COTOM no 250 M. 
,[lblMOBaR rpy6a MOH06!70KOB BbtnOnHeHa /113 HecyLqei1 
>Kene3o6eTOHHOi1 060!70'-IK/lf, B KOTOpofr ycraHOBJ78Hbl 
'-leTbtpe CTa/"lbHblX OTBOP,RU{MX CTBona, K8>KP,blfr s-13 
KOTOpbtX o6cny.>K"1aaer OP,/lfH 3Hepro6noK. 

The turbine-generator sets are arranged crosswise 
in the turbine room. 

The heat cycle is of a boiler/turbine arrangement. 
The turbine room is serviced with three 125120 t over
head cranes. In the boiler room, there are three 50110 t 
overhead cranes. The outdoor area behind the main 
building accommodates the i.d., f.d. fans and regenera
tive air heaters. Two 250 m high stacks are built to 
exhaust flue gases from the boilers. The stack serving 
the single-boiler units is made of a reinforced concrete 
shell which houses four steel breeches one per power 
unit. 

-·--·-·· ~-~~~~~~~~~~=;~~~-~..:::;~~~~~~ . . . ._ . ~~ "" 
;: 



OcHOBHble rexHMK0·3KOHOMM'·1ecKMe M 3Kcn11yara4MOHHb1e 
noKa3arenM 
Performance Characteristics 

napaMeTpbl 
Parameters 

T111nane1<TpocTaH4MM 
Type of steam station 

Konw-teCTBO M MOU\HOCTb 3Hepro6noKOB, 
WTXMBT 
Number and capacity of units, pes x MW 
roAOBaSl BblpaOOTKa 311eKTP03HeprMM, 
M11PA· KBT·Y 
Annualpoweroutput, 109 kWh 
PacxoA aneKTpoaHeprMM Ha co6cTBeHHb1e 
HY>K,qbl, % 
Power consumption for auxiliaries,% 
YAeflbHbli.1 pacxo,q ycnoeHoro Ton111o1ea Ha 
1 KBT·Y OTnYU\eHHOM aneKTp03HeprMM, r 
Specific consumption of ideal fuel per kWh, g 
4MCJ10 YaCOB MCOOJlb30BaHMSl 
ycTaHOBJleHHOM MOU\HOCTM 
Installed capacity utilization hours 

YnpaeneHMe M aeToMaTMKa 
YnpaaneHJAe IA KOHTponb 3a pa6orou o6opy,[foaa

HIAR 3Hepro6noKoa 300 MBr ocyLJ4ecranRIOTCR c 6no4-
HbtX LJ41ATOB ynpaaneHJAR (OAIAH Ha ABa 6noKa), KYAa 
BbtHeCeHbl np!A60pbt peryn!ApOBaH/AR pa6oTbl OCHOB
HOro IA acnoMorarenbHoro o6opy,ifOBaHJAR, a raK)Ke an
naparypa, Heo6xO.lf!AMBR ,4f1R nycKa IA ocraHoaa 3Hep
ro6noKa. Bee OCHOBHbte TeXHOflOr!A4eCKIAe npoqeCCbl 
aaroMaTIA31ApoaaHbt. Ha 6no4Hbtx LJ./IATBX ycraHoa
neHbl IAHc/JOpMaqJAOHHO-Bbl4/ACfl!ATenbHble MaWIAHbl 
MB-500, a raK)Ke naHenJA 3aLJ./1ATbt IA cJArHBn!A3BL/HIA. 

Koop.lf!AHaqJAR pa6oTbt 3Hepro6noKoa, a raK)Ke 
ynpaaneH/Ae o6opy,[fOBaH!AeM nO,lfCTaHqlAH IA fl/AH/AH 
3fleKrponepe,[fa41A BbtnOflHRIOTCR c 4eHrpanbHOrO U/IA
ra ynpaaneHJAR. 

ABTOMaT/A3!ApoBaHHaR CIACTeMa ynpaaneHIAR rex
HOflOrlA4eCKIAM/A npo4eccaM1A (ACY Tn) 3Hepro6noKa 
1200 MBr npe,[fcraanRer co6ou KOM61AH1ApoaaHHY10 
CIACTeMy ,lfflR Bblpa60TKIA IA pean1A3a41AIA ynpaanRIO
LJ./IAX 803,lfeHCTBIAH Ha 3Hepro6noK c np!AMeHeHJAeM Me· 
TO,lfOB onTIAM8flbHOro ynpaaneHIAR, coapeMeHHblX 
cpe,[fCTB Bbl'-llACfllATenbHOH TeXHIAKIA, c/JYHKL/IAOH8flbHO
rpynnoaoro ynpaaneHIAR, aaroMaTIA'-lecKoro perynJA
poaaHJAR, CBR31A, a TaK)Ke Tpa,t:JIAL/IAOHHblX cpe,[fCTB 
KOHrponR IA ynpaaneHJAR. 3ro no3aonRer ocyu.iecr
anRTb HaJA6onee 3c/Jc/JeKTIABHOe rexHonorn1..1ecKoe 
ynpaaneHJAe Ha ocHoae BBO.lf!AMOH a ACY Tn 1AHc/Jop
Ma41A1A. 

ABTOMaTIA'-lecKoe peryn!ApOBaH/Ae oxaaTblBaeT 
ace OCHOBHbte IA acnoMorarenbHbte npo4eccbt Ha 6no
Ke IA 06ecne1..11Aaaer HenpepbtBHoe no,qqep)KaHJAe na
paMerpoa IA IA3MeHeHIAe /AX no nporpaMMaM c/JYHKL/IAO
HanbHO-rpynnoaoro ynpaaneHJAR. 

KocrpOMCKaR rP3C - O,lf Ha IA3 KpynHeHWIAX ren
flOBblX 3neKrpocraH41Ai1 CoaercKoro Co103a. Bee oc
HOBHOe o6opy,[foaaHJAe 3neKTpocraH41A1A ore1..1ecraeH
Horo npOIA3BO,lfCTBa. 

npoeKT pa3pa60TaH ropbKOBCKIAM OT,[feneH!AeM 
IAHCTIAT}'Ta ,, Tenno3neKrponpoeKT". CrpoJArenbCrao 
ocyu.iecranRnocb rpecraMIA ,,L/eHTp3Heprocrpou" IA 
,,L/eHTp3HeproMOHTa)K" M!AHJAcrepcraa 3HepreTIAKIA IA 
3neKTP1Acb1AKaL/1AIA CCCP c np1Aane1..1eH1AeM cy6no,q-

3Hepro0110K111 3Hepro0110K 
Power units Power unit 

300MBT 1200MBT 
300MW 1200MW 

KOH,qeHca4MOHHIDI 
condensation 

8x300 1x1200 

15.4 7, 1 

2,9 1,66 

316 313 

6100 6000 

Automatic Controls 
Operation of the 300 MW units is controlled and fol

lowed up from the unit control rooms (one per two units) 
which house control instruments of the main and au
xiliary equipment as well as unit start-up and shut-do! 
facilities. All the main processes are automated. 7i 
unit control boards are provided with data logging co 
puters UB-500, protection and alarm panels. 

The central control board coordinates operation of 
the units, and controls substations and transmission 
lines. 

The computerized control system of the 1200 MW 
unit is an integrated system which affords control of the 
power unit using optimal control techniques, computer 
technology, functional-group control approach, ser
vocontrol systems, communication, as well as conven
tional means of monitoring and control. This provides 
most efficient process control based on the data input. 

The servocontrol systems cover all primary and se
condary processes on the unit and maintain the speci
fied parameters constant or change them according to 
the programs of functional group controls. 

The Kostroma steam central power station is one of 
the Soviet largest thermal power stations. All the major 
pieces of equipment of the station are of the Soviet 
make. 

The design was developed by the Gorky branch LJJ 
the "Teploprojekt" institute. Construction was underta
ken by the construction agencies of the Ministry of 
Power and Electrification employing services of some 
soecialized contractors. 

I 
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KocrpoMcKa.R T3~-2 
YcTaHoe11eHHaR MO~HOCTb - 1 70 MBT. Ha CT aH-

41111 Ael1crsyJOT ABa Ten11ocp111Kau,1110HHb1X ryp6oarpe
·,, ra MOUJHOCTblO 60 l-1110 MBT, YeTb1pe napOBblX KOT· 
_z:JrperaTa npO/lf3BOA/lfTenbHOCTbJO no 210 Tl'-i /II ABB 
- 1orpei1Hb1X - no 100 rKanl'-1. 

Cr8HLf/11R nyUJeHa a 1974 r. 
TonnMBOM AJlR 3neKTPOCTaHU,/lfrt cny>K/lfT Ma3yT. 
CBR3b c :.meproc111creM0'1 ocyUJecrnnRercR Ha 

HanpR>KeH1111 110 KB. 
Ten1103ne1apou,eHrpanb npeAH83Ha'-ieHa AflR s1:>1-

pa60TK/11 renno- u :JneKrpo:;Heprnrt Aflfl npeAnp111Rrni1 
u >KMTef1ei1 r. KocrpOMbl. OrnycKaer e>1<.erqqHO 6onee 
OAHOrO Mf1H. rKan renna /If Bb1pa6aTblB8eT 6onee OA
HOrO Mf7PA· KBT·Y 3neKrp03Hepn-m. 

The T34-2 Kostroma Station ... 
The installed capacity is 1 70 MW. The station is 

equipped with two extraction turbine-generator sets of 
60 and 11 O MW capacity, four steam generators of 
210 tlh capacity and two water-heating boilers of 
100 Gcallh output each. 

The station was commissioned in 1974. 
It fires fuel oil. 
Interconnections to the power system are provided 

through 11 O kV transmission lines. The combined heat 
and power station is intended to produce heat and elec
trical energy for industrial and residential needs in the 
city of Kostroma. Annually it produces over one million 
Gcal of heat and over one billion kWh of electrical 
energy. 



Wapb1r1HcKas:1 T34 

YcraHoBneHHaR MOL.4HOCTb -24 MBr. Ha craH4M"1 
ycraHOBneHbl rpu ryp6"1HbJ:OAHa- 72MBT"1ABeno6 
MBT; AeflcTBy10r wecTb KOrnoe: YeTbtpe - npou3so
AMTe!1bHOCThJO no 35 Tl'-1, ABB - no 75 T/'-1. 

BaeAeHa B 1965 r. 
TonmtaoM AflR craH4Y1M cny>Kar cj:>pe3epHb1if ropcp 

/11 Ma3yT. 
CBR3b c 3HeprocMcTeMOi1 ocyl4ecren>1ercR Ha Ha· 

npR>KeHMM 110 KB. 

npeAnpMS1TMS13neKTp"1~eCK"1X 
'W cereM 

3neKrpocereaoe X03RHCTBO 3HeprOC/11CT8Mbl co
CTOMT "13 nRrn :me1apocereBbtX npeAnP"1Rrnft: Kocr
poMCKMX, lanMYCK"1X,HeftcK~X.UlapbMHCKMX3fl8KTPY1· 
<-1eCK"1X cereu "' KoCTpOMC1<oi1 rop3neKrpoceru. 06b
eM 3neKrpocereaoro xo3Ri1craa npeeblwaer 90 TbtC. 
ycnoBHbtX 8AHHY14. YcraHoeneHbJ "' Aei4crey10r noA
craH4MH 220 KB-4 MBA (876 wr.), nOACTaH4l1M 110 
KB, 36 MBA (771 WT.}, no,qcraH4ltfH 35 KB, 88 MBA (277 
WT.), a TaK>Ke 107 onopHblX nOACTaH4ltfft HanpR>Ke· 
HUBM 1010, 4 KB, ltf3 KOTOpblX 43 ABUCTBYIOT B 8BTOM8· 
TU'-18CKOM pe>KuMe. 

npoTR>K8HHOCTb .nUHUM 3!1BKTponepe,qaYM HanpR· 
>KeHUeM 35-220 KB COCTaBnReT 3,4 Tb/C. KM, "13 HUX 
B03AYWHblX nMHHif 220 KB - 297 KM, Bfl 110 KB -
1182 KM, Bil 35 KB - 1909 KM. nporn>KeHHOCTb Bil 10 KB 
- 12388 KM, Bil 0,4 KB - 10054 KM. llHHUM 3!18K
rponepe,ll8'-IM cenbCKOX03RMCTBeHHOrO Ha3H8'-leH/11R 
npeBbtWalOT 21 TbJC.KM. 

Ka6enbHbJe cern 10-6-0,4 KB - 714 KM. 

ronOBHaR :J11eKTpOnOACTaHqH.q ,.HeR" HanpR>K8HH8M 110135127.51 
10 KB npeAnPHRH1R ,.HeflcKHe :meKTPH'-leCKHe cerH" 

I _ n . ~ ~ r 

The Sharinskaya Heat-Electric 
Power Station 

The installed capacity is 24 MW. The station '!Dq 
three turbines - one is of 12 MW capacity, the other tu 11 are of 6 MW each. There are six working boilers - fdf:I , 
boilers are of 35 tlh capacity each, and two boilers are of 
75 t!h capacity. 

The station went into se1Vice in 1965. 
It fires milled peat and fuel oil. 
The station is interconnected to the power system 

via 110-kV transmission lines. 

Power Distribution 

Power distribution facilities consist of five enter. 
prises: Kostroma network, Galich network, Neya net· 
work. Sharino network and Kostroma city network. The 
power distribution facilities consist of over 90,000 
pieces of equipment. 220 kV, 4 MVA (876 pcs), 110 kV, 
36 MVA (771pcs),35 kV, 88 MVA (277 pcs) substations 
have been installed and are operational, there are also 
107 1010.4 kV distribution substations. Out of this 
number 43 substations run unattended. 

The length of 35-220 kV-transmission lines totals 
3 ,400 km. Out of this figure overhead 220-kV lines ac
count for 297km, 110-kV lines account for 1, 182 km and 
35-kV lines account for 1,909 km. 10-kV lines acco. l 
for 12,388 km, 0.4-kV lines account for 10,054 km. ~ti 
length of lines for agricultural se1Vices exceeds 21,dtiu 
km. 

The cable lines at 10-6-0.4 kV are 714 km long. 

Load-center 110135127.5110 kV substation Neya of Neya Power 
network 

./ " 
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CoeepweHcreoeaHMe pa60Tb1 
3118KTpOCT8HL\MM M 
3neKTPM~eCKMXCeTeM 
,, KocrpoMa3Hepro" 

0,a,HoapeMeHHO c Hapa114s-raaHs-reM ycTaHoeneHHOlit 
MOLJ4HOCTM poc KonneKrnB :JHeprocucreMbl /11 osna,.qe
ean coaepweHHblMM rexHonornYeCK/11MM npo4eccaM11, 
onrs-rManbHbtM/11 pe>K11MaMu 3Kcn11yara4uu Hoaelitwero 
cnO>KHoro o6opy,a,osaH/11R, ero Ha,.qe>KHOro "' 3KOHO· 
MMYHOrO MCnOJ1b30B8H"1R. noab1WeH111e npOU3BO,O,CT· 
aeHHOi1 Kea.nucpuKa4uu nepcoHa.na era.no Henpeno>K
HbtM npaaunoM B Ka)K,40M TPYAOBOM KOJ1J1eKTJ1Be. 

Poer npocpeccuoHanbHoro Macrepcrsa conposo>K
,a,ancR y11y4weHueM TeXH"1K0-3KOHOMM4eCK"1X n0Ka-
3areneii'f, a TOM 41-1cne no y,a,enbHblM pacxo,a,aM ycnoa
Horo ronnuaa. 

Ha noKa3aren"1 ceM11,a,ecf1TblX·BOCbM"1,0,eCRTbtX ro
,a,oa onpe,a,enR10114ee eo3,a,ei1cTB/11e OKa3an KOnneKTMB 
KocTpOMCKOM IP3C, cpnarMaH 3Heprer111K111 crpaHbl. 

Hapa114"1B8H"1e o6beMoa npou3so,a,craa :meKrp111-
yecKoi1 '1 Tennoeolit 3Hepru11 B 06CT8HOBKe CTPO>Kai1-
welit 3KOHOMU"1 TOnn1-1ea, 311eKTp03Heprm1 Ha co6cr
eeHHble HY.>KAbl 1-1 ,a,pyr"1x pecypcos no,a,KpenneHo 
6opb6ou 3a Ha,.qe>KHOe 3HeprocHa6>KeHue norpe611re
nef1. 3neKTpMYeCK/11e cern, npOTfl>KeHHOCTb KOTOpblX 
B 1961 r. COCT8BJ1RJ18 J1"1Wb 103 KM, celitYaC npeBbl· 
wa10T 30 Tb1c. KM, a norpe6neH"1e 3!1eKTp03Hepruu Ha
po,qHblM X03RMCTBOM o6nacrn c 485 MJ1H. KBT·4 803-
pocno ,a,o 2,3 Mnp,q. KBT-<./. 

B 1970-80 rr. npoee,qeHa 6onbwaR pa6ora no no
BbtWeH"1JO Ha,.qe>KHOCT"13neKTPOCH86>KeH/11R cenbCK"1X 
norpe611reneff nyreM K0!1bi.JeBaH"1R 3neKT{X>Cereft 1 O KB 
/11 crpo/lfrenbCTBa onopHbtX no,a,craH4ui1 HanpR>Ke
HUeM 1010. 4 KB. 3ro n03BOf1/11no o6ecne4"1BaTb pe-
3epaHoe :meKrpocHa6>KeHue 4eHrpanbHblX yca,.qe6 
KOJ1X030B M COBX030B, KpynHb/X HaceneHHb/X nyHKTOB, 
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Improvement of Operational 
Practice at Power Stations and 
Networks of "Kostromaenergo" 

Alongside with raising the installed capacity, the 
operating personnel of the power system mastered the 
advanced techniques, optimal operating conditions of 
new sophisticated equipment, its reliable and cost-ef
fective use. Great emphasis is being placed on upgrad
ing the professional skills. The upgrading of profes
sional skills is accompanied by improvements in perfor
mances of the plant including specific consumption of 
ideal fuel. 

Credit for progress achieved between seventies and 
eighties should be primarily given to the staff of the Kos
troma steam central power station, a leading power 
generating plant of the Soviet power industry. 

Build up of electric and heat energy production, 
amidst stringent measures for conservation of fuel, elec
trical energy for station auxiliaries, and other resources, 
is supported by the tendency to improve uninterrupted 
power supply to its users. The electrical networks whose 
length was only 103 km in 1961, exceednow30,000l<m 
while electrical energy consumed by the regional 
economy increased from 485· 106 kWh to 2.3· 109 kWh. 

In 1970-80 much effort was made to increase the 
reliability of power supply to agricultural users by form
ing ring circuits of 10kVand by construction of 10!0.4kV 
distribution (transformer) substations. This helped to 
provide stand-by power supply for rural services - col
lective and state farms, large rural communities, lives
tock complexes, poultry factories, and other agricultural 
facilities. 

2201110110 kV substation "Motor-Detail" 

/ 
/ 



>K"1BOTHOB0Al./8CK/.1X KOMnneKCOB, nrn4e<j:Ja6puK /.1 
APYrnX cenbCKOX03.Rf1craeHHbtX o6beKroa. nocrpoe
HO 844 KM mtHilfM Aflfl KOflbl../eBaHJlf.R PCJ4M8J1bHb/X n"1-
H"1f1, npu 3TOM cpeAHflfl nporn>KeHHOCTb nuH11f1 1 O KB c 
48 KM ( 1965 r.) COKpau.ieHa MeHee l./eM AO 25 KM. 

noabtWeHMIO 3<jJ<j:JeKrnBHOCT"1 npOllf3BOACTBa cno
co6crsyeT aKrnaHoe y'-lacrne pa6oTH"1KOB 3Heproc1-1c
TeMbt B pa4MOHan113a4u11"' U306peTarem:>CTBe. 8 OAUH· 
HCJ448TOH nRT/llnerKe pa4/110H8f1/1138TOpCKJlfe npe,q
f10>K8HJl1fl nocryn1-1ni'1 or 2664 Hoaaropoa, 2992 HOB
wecraa BHeApeHbl, L/TO np/11Hecno 3KOHOMMl./eCK"1M 
3</J<fJeKT CB bl We 3, 4 MflH. py6. c nycKOM 3KCnep111MeH
T8f1bHOTO 3Hepro6noKa HOBaTOpb! KocrpOMCKOff 
rP3C 06.R38mtcb Me>KpeMOHTHblM nep"10AAOBecrn,qo 
nRr111 ner. 

B ,,KocrpoMa:JHepro" (c 1974 r.) BHe,qpRercR asro
M8T"13MpoeaHHa.R CMCTeMa A/11CneTl./8PCKOro (AC,[/Y) 
/11 opraH/11381../l10HH0-3KOHOM/11L/8CKOrO ynpaaneH/.1fl 
(AC03Y) Ha 6a3e 3f1eKTpoHHO-CL/eTHb/X M8WMH TP8Tb· 
ero noKoneH/11R. Ha4ara pa3pa6orKa HOBoro 3rana 
pa3aurnR ACY - MHoroypoeHeaoft opraH"13a4MOH· 
HO-TeXHOf10n.1l./eCKOff aBTOMaT"13"1pOB8HHOff CJltCTeMbl 
ynpasneHMR. 

OneparnaHoe pyKoeo,qcrao :JHeprocucreMoff ocy
l.L/8CTBnReTcfl 4eHTpanbHOM AMCneTL/epcKOif cny>K6of1. 
,[/J11cnerL1epb1 c 4eHrp8!7bHOro ,qMcner'-!epcKoro nyHK
ra, nO,ql./"1HflflCb HenocpeACTBeHHO Al1CneT4epy l..UlY 
E3C CCCP, KOOPA/11H/11PYIOT pa6ory acex 311eKrpo
craH4uff C/11CTeMbl. OH OCHBl.L/eH Heo6xo,qMMblMJ1 
cpe,qCTB8Milf CBR3"1, 88TOM8Tlt1311pOB8HHblM S1H<fJop
Ma4110HHblM KOMnneKCOM Ha 6a3e ABYX 3BM M-6000, 
cpeAcraaM11 reneu3MepeHJ11F1 M renecurHam13a4111-1 
Af1fl KOHTponR 38 311eKrpocraH4MRM/11, y3noab1M11 noA· 
CT8H4S1RMJl1 11 flMH/11flMl4 3neKrponepe,qa'-1"1. 3TO no-
3BOflR8T pa3pa6aTb/BaTb 3KOHOM/.1l./Hble pe>K/11Mbl pa-
60Tbl 311eKrpocraH4/11ft"' 3neKTpoceref1, o6ecneYuaaR 
"1X Ha,qe>KHYIO 3KCnnyara4MIO. 

8 3HeprocucreMe nOCTORHHO coaepweHCTBYIOTCR 
cpe,qcraa ,qMcneryepcKoro M rexHonornYeCKOro 
ynpaaneHMR. 

Pai10HHblH ,qucner4epci<UH nyHi<T HepexrcKoro P3C KocTPoMCKoro 
npe,qnpURTHR 3fleKTPHL/6CKHX ceTeu 

Local load dispatching office of Nerekhta network 

844 km of lines were built to form ring circuits from 
the radial lines, with an average length of 1 o kV fines re
duced from 48 km (1965) to less than 25 km. 

f mportant contribution to the effectiveness of the 
power system is being made by the system person.__ 
who participate in the innovation and invention proce..!-1 
During the period of the 11th Five-Year Plan 2664 
people lodged rationalization proposals. 2992 innova
tions were implemented which saved over 3,400 000 
roubles. After commissioning of the experimental unit, 
the innovators of the Kostroma steam central power sta
tion pledged to extend the overhaul period to five years. 

Since 19 7 4 work is going on implementation of com
puterized-dispatching system and economy-manage
ment system with application of third-generation com
puters. A new phase of development has been initiated 
in the field of automatic control systems - com
puterized multilevel process-management system. 

The power system is directly controlled from the re
gional load dispatching office which, being responsible 
to the Central Dispatching Office of the United National 
Grid, coordinates the operation of the power stations 
embraced by the interconnected power system. The re
gional load dispatching office is fitted with the necessary 
means of communication, automated information pro
cessing facilities using two M-6000 computers, telemet
ering and remote indication facilities to monitor the 
power stations, main substations and transmission 
lines. It enables the operating conditions to be optimized 
for the power stations and distribution networks ensur
ing their reliable performance. There is a constant ten
dency to improve the means of load dispatching B-f+
process controls. 

At present there goes work on laying double cable 
lines for system and inter-system communication. Over 
500 km of lines will be multiplexed by 60 channel sys
tems, type K-60n. 

OnopHaR noACTaH411R HanpR>KeHueM 10 KB ,,na9poeo· 
B HepexTCKOM partOHe 

10 kV substation Lavrovo in Nerekhta district 

I 
--1.- I -- "" ~-----r.:: 

..... ~ 

... 3·7-.-t·: --· '"DI : 
_:.] •. :_ ': .• - ·-- - ..=---·-·--·-

!.__ .. 

.... .. .. ' 
. ) 7• -

' -·· ·;·• _., 

' 



rom 
; re-

thf' 
1-
,,1 
5~.J 
wa-
000 
mil, 
sta
ars. 

?m-
1ge
?m-
1 ted 
'?m-

! re-
·ible 
)n8/ 
·ans 
He
;ary 
oro
net-
the 

sion 
ized 
sur
ten
a 

2ole 
)ver 
sys-

B HaCTORLqee apeMfl npoBOAflTCR pa60Tb1 no npo
K!18,IJ,K8 ABYXKa6enoH&tx nMHMM ce.RJM c11cTeMHoro "' 
Me>KCMCTeMHOrO 3Hal./eHMfl, 6onee 500 KM TpaCCb/ 
ynnOTHfl8TCfl 60-KaHanbHblMM C"1CTeMaMM CBR3"1 nma 
K-60n. 

,[Jnfl aBTOMarw-1eCKOM KOMMyra41111 3TMX K8Hanoe 
M CyLJ..feCTBYIOLJ..fllfX K8Hanoe ,qanoHeM CBR311f B HaCTOfl-
1.4ee epeMR MOHT11pyercfl KOOPA"1H8TH8R A TC Ha BOO 
HOM8p08. 

npoBOARTCfl pa60Tbl no yc11neHSlllO H8Ae>KHOCTM "1 
AocroeepHocrn nepeAal./M reneMerpw-1ecKoi111Hctyop
Ma41111. C 4en&10 nepeAa'-m 6onbwero noroKa rene
Merpw-1ecKoi1 11HctyopMa41111 a 3Heproc11creMe no
CTOflHHO Bb/CBOOO>KA8IOTCR crapote CYfCTeMbl "1 JaMe
Hf/IOTCfl HOBblMYf, 6onee coeepweHHblM11. 

B 1969 r. C03AaHa 11 pa6oraer caofl Merponorn
'-leCKaR na6oparop11fl no peMOHTY cpe,llCTB paA11orex
Hw-1ecKMX "13MepeHMi1 "1 KOHTPOJ"llO 38 MX COCTOf/HMeM. 

To perform automatic switching of these and exist
ing long-distance channels, a cross-bar automatic tele
phone exchange for 800 numbers is being now erected. 

Work is also being conducted to upgrade reliability 
and credibility of telemetering information transfer. To 
increase information flow transfer, the old systems are 
constantly being phased out and replaced with up-to
date systems. 

In 1969 a metrologica/ laboratory was set up which is 
responsible for maintenance and upkeep of radio tech
nical metering hardware. 
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Comblnea'2201500 kV overhead transmission line · 
crossing ~ Volga River 
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nepcneKTMBblp83BMTM~ 
3HeprOCMCTeMbl 

3HeprernKa o6nacrn s 6mt>Kat1twffe ro,qb1 nony~ffT 
,qanbHet1twee pa3BffTffe, KOTopoe not7t,qeT no HOCKOflbKffM 
HanpaaneHffRM. Bo-nepBblX, npo,qon>KffTCR coaep
weHCTBOBaHffe 3KCnepffMeHTBnbHOro 3Hepro6noKa ff 
orpa6orKa onTffManbHb/X pe>KffMOB ero pa60Tbl, KOTO
pble n03BOflRT 3KCnnyaTffPOBaTb 6noK c npoeKTHb/Mff 
noKa3aTenRMff. 

YHffKanbHblt1t 3Hepro6noK M0£4HOCTblO 1200 MBT 
Oflffl..JeTBOpReT 3HepreTffKY 6y,qy£4ero, npe,qcTaBnReT 
co6oilt aec0Mb1t1t npaKTff~eCKffilr war no nyrff TeXHff~e
CKoro nporpecca. Cpe,qHero,qoaot1t y,qenbHblt1t pacxo,q 
ycnOBHOrO TOnnffBa CTan Hff>Ke HOpMaTffBa npff oc
BOeHffff 6noKa Ha 12,3 r/KBT·~. ~TO ,qano 3KOH0Mffl0 
54,2 Tb/C. T ycnOBHOro TOnnffBa. B 1985 r. HaMe~eHO 
,qocrffrHyTb npoeKrHoro pacxo,qa ycnoaHoro ronnffBa 
- 313 r!KBT·~. npff coopy>KeHffff HeKOTOpb1x ero 
06beKTOB 3anO>KeHbl B03MO>KHOCTff ,qnR ycTaHOB
neHffR Ha KocrpOMCKOU rP3C BTOporo 3Hepro6noKa 
M0£4HOCTblO 1200 MBT. 

B HaCTOR£4ee apeMR B03BO,qffTCR KocTpOMCKaR 
A3C, cyMMapHaR M0£4HOCTb KOTOpot1t COCTaBffT 6 MnH. 
KBT. 

B 6nff>Kat7twffe ro,qb1 npe,qcTOffT TaK>Ke pacwffpffTb 
ace Tenno3neKTpo4eHTpanff. Ha T3L/-1s1987r. nna
HffpyeTcR BBeCTff BOCbMOt1t KOTen naponpOff3BO,qff
TenbHOCTblO 75 Tl~. Ha T3L/-2 BCTynRT B CTpot1t TPff 
ao,qorpet1tHblX Koma M0£4HOCTblO no 100 rKanl~. Ha 
WapbffHCKOt1t T3L/ - ,qsa TaKffX >Ke Koma, nepab1t1t ff3 
KOTOpblX BBO,qffTCR B 1985 r. 5y,qeT npo,qon>KeHO pa3-
BffTffe TennoBblX ff 3neKTPff~eCKffX ceTet1t, ocyf4eCT
aneHffe opraHff3a4ffOHHO-TeXHff~eCKffX MeponpffRTffilt. 

CTpeMffTenbHOe HapacTaHffe 3HepreTff~ecKffX M0£4-
Hocref1 ,,KOCTpOMa3Hepro" npOffCXO,qffnO npff Bb/CO
KOt1t Kynb Type npOff3BO,qCTBa, Ha OCHOBe nepe,qOBblX 
npffeMOB Tpy,qa. 5naro,qapR 3TOMy, KOCTPOMCKaR 
rP3C acKope nocne aao,qa BTopot1t o~epe,qff cTana 
o,qHoff ff3 ny~wffx 3neKTpocTaH4fft1t MffH3Hepro CCCP, 
,qo6ffnacb Bb1,qa10£4ffXCR pe3ynbTaTOB B OCBOeHffff ff 
3C/JC/JeKTffBHOt1t 3KcnnyaTa4ffff o6opy,qoaaHffR. 3TO no
cny>KffflO ,qo6pb1M npffMepoM Af1R ,qpyrnx npe,qnpffR
Tffff 3HeprocffCTeMbl ff noMorno et1t, no,qTRHYB ,qpyrne 
no,qpa3,qeneHffR,qoypOBHRnepe,qOBffKa,CTaTbO,qHOt1t 
ff3 ny~WffX 3HeprOCffCTeM CTpaHbl. 

Pa6oTHffKaM 3neKTpocTaH4fft1t ff ceTeBblX npe,q
npffRTffff ,,KOCTPOMa3Hepro" co3,qaHbl Heo6xo,qffMb/e 
ycnOBffR ,qnR nno,qoTBOpHoro Tpy,qa, npe,qcTaaneHbl 
Wff POKffe B03MO>KHOCTff 6naronony~HO ycTpOffTb CBOt1t 
6blT ff OT,qblX. PR,qOM c KOCTPOMCKOt1t rP3C nOCTpOeH 
nocenoK ff3 MHOr03TB>KHb/X ,qOMOB co BCeMff KOMMy
HanbH0-6b/TOBb/Mff y,qo6CTBaMff, c TOprOBb/Mff, ne
~e6Hb/Mff, ,qeTCKffMff ff KynbTYPHblMff y~pe>K,qeHffRMff. 
B KocTpoMe ,qnR pa6oTHffKOB Tenno3neKTpo4eHTpa
net7t 1i1 ceTet1t ao3ae,qeHbl ae,qoMCTBeHHble >Kffnb1e ,qo
Ma ff ,qeTCKffe ,qOWKOflbHble y~pe>K,qeHffR, a B HOBb/X 
MffKpopat1toHax, y,qa~HO npeo6pB>Kal0£4ffX CTapffHHblff 
ropo,q, HOBOCenbR B OTBe,qeHHb/X ffM ,qoMax cnpaa
flRIOT ff 3HepreTffKff. B WapbffHCKOM, ranff~CKOM, Het7t
CKOM, HepeXTCKOM ff ,qpyrnx pat1toHax 3neKTpff~eCKffX 
ceTeff B ycnOBffRX cenbCKOff MeCTHOCTff npff P3C Bbl
pocnff npOff3BO,qCTBeHHb1e 6a3bl ff 6naroycTpoeHHble 
nocenKff ropo,qcKoro Tffna, B KOTOpblX pa60THffKaM 
3neKTPff~eCKffX ceTet1t npe,qocTaaneHbl KBapTff Pbl ff 
KOMMYHBnbH0-6b/T0Bb/e ycnyrn. 

nocTpOeHO pb160BO,qHOe X03RffCTB0 Ha Tennb/X 
c6pocHb1x ao,qax KocTpOMCKOt1t rP3C. Cet7t~ac OHO 
Bb/OOCn() R nDOlif380flCTBeHHOe-3KcneDlifMeHTanbHOe 

Vistas of Power System 
Development 

During the years to come the development of poite 
industry in the region will follow several trends. Fi 
work will continue on perfection of the experimental 
and optimization of its operating conditions which will 
ensure performance of the unit at the design ratings. 

The unique 1200 MW unit embodies the future of the 
power industry and is an important contribution to the 
technological progress. The average annual specific 
consumption of ideal fuel dropped by 12. 3 glkWh 
against the level adopted at the commissioning of the 
unit into commercial service which saved 54,200 t of 
ideal fuel. In 1985 it is planned to reach the design fuel 
consumption of 313 glkWh. When building some station 
facilities provision was made for the installation of the 
second 1200 MW unit. 

At present, the Kostroma nuclear power plant of 
6000 MW capacity is under construction. 

In the nearest future, it is planned to expand all the 
heat-electric power stations. There are plans to install 
the eighth boiler of 75 tlh capacity at the T3LJ-2 station 
in 1987. Three more water heating boilers of 100 Gcallh 
will come on stream at the T3LJ-2 station. Two similar 
boilers will be put in service at the Sharinskaya station. 
The first boiler will go into service in 1985. Work will go 
on to expand district heating and power networks and 
implementations of organizational and technological 
measures. 

Rapid build-up of generating capacities in the "Kos
tromaenergo" power system took place in the envi,-,.
ment of high professional efficiency based on advan 
methods of work. On completion of the second sta 
the Kostroma steam central power station became one 
of the best power stations in the USSR Ministry of Power 
and Electrification and achieved outstanding results in 
the operation and maintenance of power generating 
equipment. It has served a stimulating example for other 
system divisions to improve their operational efficiency 
and helped the power system to become one of the best 
in the country. 

The system divisions provide an environment which 
encourages creative work of the employees and offers 
opportunities for enjoyable living and recreation. A high
rise township complete with all public services (such as 
shopping, health, and children's care centers, cultural 
and recreation facilities) was built in the vicinity of the 
Kostroma steam central power station. In Kostroma the 
station-owned dwelling houses and children's day care 
centers are built for the personnel employed at the heat
e/ectric plants and distribution networks. Dwelling ac
commodations are also provided for the power system 
employees in the newly-built neighbourhoods which 
favourably fit into the old town setting. In the rural areas 
of Sharino, Ga/ich, Neva, Nerechta and other districts, 
support facilities and modern townships for the operat
ing personnel are built at the power stations. 

A fish farm was set up to utilize the waste hot water 
discharges from the Kostroma steam central station.. 
present, it has grown into a pilot commercial enterpr, 
with an annual fish yield of 1200 t. The basic product 
carp. Experiments are being made, however, with 
breeding high-value fish, such as trout, sturgeon, silver 
carp, bester. 

Fresh vegetables are being grown round the year in 
the areen house complex which also utilizes the waste 

~' ,, 
1. 
' 





npeAnPHRTHe, AalOUiee e>KerOAHO CBblWe 1200 T Pbl-
6bl. OcHOBY nPDAYKL.fHH COCTasnReT Kapn, Ha 3KCne
PHMeHTBnbHOH 6a3e pa3BOART 4eHHb1e nopOAbl pb16: 
cpopenb,ocerp,roncrono6HK,6ecrep. 

Cse>KHe OBOUiH BblpaUiHBalOTCR KpyrnoroAHLIHO B 
TennHLIHOM X03RHCTBe, nocrpoeHHOM Ha Tenne KocT
poMCKOH rP3C. 3AeCb npOH3BOART TOMaTbl, orypL.fbl, 
Ka6a1.1KH, peAHC, canar, nyK H APYrylD 3eneHb. 

npeAMeT nocTORHHOH 3B60Tbl 06 3HepreTHKBX -
HX 3AOPOBbe, Bb/COKBR pa6orocnoco6HOCTb, xopowHH 
Hacrpof1. B Bonrope1.1eHcKe MHoro ner Aeifcrsyer ca
HaTopHf1-npocpHnaKTOpHf1, rAe e>KerOAHO COTHH Tpy
>KeHHKOB 3HeprocHcTeMbl ne1.1arcR H OTAblXalOT s >KH
sonHCHOH MeCTHOCTH nOA Ha6n10AeHHeM KBanHc/JHL.fH· 
posaHHblX spa1.1ef1 H MeAHL/HHCKHX cecrep. Ha Kocr
poMCKOH rP3C H Ha APYrHX npeAnPHRTHRX 3Hepro
CHCT8Mbl pa6oTalOT 3ApasnyHKTbl H cne4HanH3Hpo
saHHble Ka6HHeTbl, perynRpHO, B ycTaHosneHHble cpo
KH npOBOARTCR npocjJHnaKTHL/eCKHe npocpeccHO
HBnbHb/e MeAOCMOTPbl. Hy>K,qalOUiHBCR non}l4alOT 
nyreBKH AflR caHaTOpHoro H KYPOPTHOro ne1.1eHHR -
6ecnnaTHo HflH 3B TpeTb AeHCTBHTenbHOH CTOHMOCTH 
(OCTBnbHYIO LlaCTb onnal./HBalOT npocjJCOI03bl). 

5onbwoe BHHMaHHe 3HepreTHKH YAeflRIOT socnH
TaHHIO CBOHX AeTeH. ,llnR HHX nocrpoeHbl KpaCHBble H 
YA06Hble AeTCKHe RCflH H CCJAHKH, HrpOBble nnOUiCJAKH 
npH AOMBX, WKOflbl, OTKpblTbl CTYAHH MY3b/KBnbHOro H 
H306pa3HTenbHOro HCK}'CCTBa, cnopTHBHble ceKL.fHH, 
rHMHaCTHL/eCKHe 3Bnbl, CTCJAHOHbl, flbl>KHb/e 6a3bl. fle
TOM AeTH 3HepreTHKOB HMelOT B03MO>KHOCTb OTAOX
H}'Tb H yKpenHTb :JAOPOBbe B nHOHepCKHX narepRX Ha 
noHe npHpOAbl. Ha KocrpoMCKOH T34-1 AflR AeTeH 
pa6oTHHKOB CTaHL.fHH nocrpoeH nHOHepcKHH narepb 
,,5epe3Ka", rAe see nero He yMonKalOT 3BOHKHe AeT
CKHe ronoca. HenoAaneK}' OT Bonrope1.1eHcKa, Ha con
He1.1HOH nonRHe B OKpy>KeHHH seKOBb/X enef1 H coceH, 
nOAHHMalOTCR >KHflble Kopnyca H cny>1<e6Hb1e noMe
UieHHR nHoHepcKoro narepR KocrpoMcKof1 rP3C H 
3HeprocTpOHTenef1. E>KerOAHO AeTeH KOCTpOMCKHX 
3HepreTHKOB MO>KHO BCTpeTHTb BO sceCOI03Hb/X nHO
HepcKHX :JApaBHHL.faX ,,ApTeK" H ,,OpneHOK" Ha nec
LlaHblX nnR>KBX 4epHoro MOpR. 

l.130 AHfl e AeHb, Kpyr11b1e cyTKH, no 11H
HHflM 3JleKTponepeAa4H nepeAaeTCfl 
H3 KOCTPOMbl BO ace COCeAHHe 0611a
CTH TOK BblCOKoro Hanpfl>KeHHfl. AeHb 
3a .qHeM nHWYTCfl TPYAOBble 6Horpa
cpHH KOCTPOMCKHX 3HepreTHKOB -
Tpy>KeHHKOB eeAYL4e~ 0Tpac11H Ha
POAHOro X03fl~CTea. B TPYAe H pa.qo
CTH npOXOAHT HX >KH3Hb - >KH3Hb 
6011bworo HaKana H BblCOKoro AYXOB-
t__J"'r"I""\ \ ff"'\f"'\r'1LJ,.., 

heat of the Kostroma steam central station. It produces 
tomatoes, cucumbers, vegetable marrow, salat, radish, 
spring onions and other vegetables. 

Health care, ability to work efficiently and g~ 
spirits are of constant concern. A health care cent 
functioning in Volgorechensk for many years. Hundr: 
of power system workers get medical treatment and res 
in the picturesque setting under control of competent 
medical personnel. The Kostroma steam central station 
and other enterprises of the power system have medical 
stations and specialized medical service rooms. Occu
pation-oriented medical checkouts are conducted on a 
regular basis and those needing sanatorium or spa
treatment get it free of charge or at one third of the actual 
cost (the balance is paid by the trade unions). 

Much attention is being given to children. Comforta
ble day-care centers, playing grounds, schools, sporting 
and recreation facilities are built for children. In summer 
time, they are offered opportunity to rest in the pioneer 
camps in the country-side. At the T34-1 Kostroma plant 
a pioneer camp called "Berjezka" has been built for the 
children of the station personnel whose clear voices ring 
here all summer long. Dormatries and service buildings 
of the pioneer camp for the Kostroma steam central sta
tion personnel and builders stand at a sun-lit clearing 
surrounded by century-old pines and spruces not far 
away from Volgorechensk. Children of power workers 
from Kostroma are also sent to the all-Union pioneer re
sorts "Artek" and "Orlenok" at sand beaches of the 
Black sea shore. 

Day by day round the clock, electric 
power at -high tension is being trans
mitted by overhead lines from Kostroma 
to neighbouring regions. Working bio
graphies of Kostroma power workers, 
the toilers of the leading industry, aft 
being written day after day. In labo,. 
and joy passes their life, the life which 1s 
highly active and spiritually meaningful. 
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ENERGY AUDIT 
CITY OF KOSTR01\.1A 

DISTRICT HEATING SYSTEM 
RUSSIA 

APPENDIX 3 
KOSTROMAENERGO 

COMBINED HEAT AND POWER STATION TETS-2 
PERFORMANCE DATA 



KOSTROMAENERGO COMBINED HEAT AND POWER STATION NO. 2 (TETS-2) 
KOSTROMA, RUSSIA 
RCG/HAGLER, BAILLY, INC 

27-Apr-92 1. Heating Load 

AVG TEMP DEG-DAYS 
c (12 basis) 

1990 1/90 -9.8 676 
2 -1.4 375 
3 -0.5 388 

4/90 7.3 141 
5 8.9 96 
6 14.4 0 

7/90 17.8 0 
8 15.8 0 
9 8.5 105 

10/90 3.4 267 
11 -2.9 447 
12 -5.3 536 

1991 1/91 -5.3 536 
2 -7.9 557 
3 -3.4 477 

4/91 6.3 171 
5 13.2 0 
6 18.6 0 

7/91 17.5 0 
8 15.1 0 
9 9.7 69 

10/91 6.2 180 
11 0.0 360 
12 -6.1 561 

ANNUAL TOTALS 
1990 3,031 
1991 2,912 



KOSTROMAENERGO COMBINED HEAT AND POWER STATION NO. 2 (TETS-2) 
KOSTROMA, RUSSIA 
RCG/HAGLER, BAILLY, INC 
27-Apr-92 2. Electricity Generation 

GROSS NET Station 
MWh MWh Use 

1990 1/90 119600 108400 9.40/o 
2 109900 100200 8.80/o 
3 120800 109900 9.00/o 

4/90 90600 81500 10.00/o 
5 63200 56800 10.1 O/o 
6 45900 40800 11.10/o 

7/90 67400 61200 9.2% 
8 88100 80200 9.00/o 
9 107900 98400 8.80/o 

10/90 118300 107800 8.90/o 
11 114500 103600 9.50/o 
12 122500 110900 9.50/o 

1991 1/91 124700 112600 9.70/o 
2 111900 101100 9.70/o 
3 125500 114000 9.20/o 

4/91 92800 83000 10.60/o 
5 85500 77500 9.4% 
6 76700 69800 9.00/o 

7/91 60600 55300 8.7% 
8 74700 68700 8.00/o 
9 81500 73800 9.40/o 

10/91 116100 106100 8.6% 
11 117100 106400 9.1 O/o 
12 123100 111500 9.4% 

AL TOTALS 
1990 1168700 1059700 9.4% 
1991 1190200 1079800 9.20/o 



. KOSTROMAENERGO COMBINED HEAT AND POWER STATION NO. 2 (TETS-2) 
KOSTROMA, RUSSIA 
RCG/HAGLER, BAILLY, INC 
28-Apr-92 3. Heat Sales 

TETS-2 
Gcal 

1990 1/90 250,000 
2 190,500 
3 209,600 

4/90 152,800 
5 104,100 
6 69,400 

7/90 56,800 
8 64,400 
9 136,900 

10/90 182,500 
11 215,900 
12 241,300 

1991 1/91 282,000 
2 255,400 
3 234,800 

4/91 176,800 
5 109,400 
6 60,300 

7/91 53,700 
8 59,600 
9 112,400 

10/91 155,000 
11 198,600 
12 259,100 

AL TOTALS 
1990 , ,874,200 
1991 1,957,100 



KOSTROMAENERGO COMBINED HEAT AND POWER STATION NO. 2 (TETS-2) 
KOSTROMA, RUSSIA 
RCG/HAGLER, BAILLY, INC 
27-Apr-92 4. Fuel Consumption 

Oil Gas Total TYi 
tons Gcal m3 Gcal Gcal USSR 

1990 1/90 35163 334049 13971000 113165 447214 64944 
2 19166 182077 22046000 178573 360650 51964 
3 18050 171475 26062000 211102 382577 54945 

4/90 10393 98734 22585000 182939 281672 40211 
5 6834 64923 17265000 139847 204770 29250 
6 8104 76988 9870000 79947 156935 22600 

7/90 5459 51861 18628000 150887 202747 28879 
8 10713 101774 18630000 150903 252677 36236 
9 15743 149559 19390000 157059 306618 44145 

10/90 18662 177289 23137000 187410 364699 52409 
11 30779 292401 13571000 109925 402326 58192 
12 28973 275244 21828000 176807 452050 65156 

1991 1/91 31131 295745 24027000 194619 490363 70974 
2 31174 296153 17919000 145144 441297 64071 
3 17991 170915 33525000 271553 442467 63585 

4/91 14306 135907 22530000 182493 318400 45569 
5 10099 95941 21026000 170311 266251 38108 
6 4743 45059 23165000 187637 232695 33048 

7/91 2314 21983 21446000 173713 195696 28262 
8 7042 66899 20371000 165005 231904 33215 
9 10089 95846 21420000 173502 269348 38657 

10/91 16537 157102 24970000 202257 359359 51867 
11 21270 202065 21607000 175017 377082 54410 
12 30961 294130 19800000 160380 454510 65724 

AL TOTALS 
1990 208039 1976371 226983000 1838562 3814933 548931 
1991 197657 1877742 271806000 2201629 4079370 587490 



KOSTROMAENERGO COMBINED HEAT AND POWER STATION NO. 2 (TETS-2) 
KOSTROMA, RUSSIA 
RCG/HAGLER, BAILLY, INC 
28-Apr-92 5. Performance ratios 

Heat Rate Station Use 
USSR Euro for elec gen for dist htg 
g/kWh kcal/kWh kWh/Gcal 

1990 1/90 
2 
3 

4/90 
5 
6 

7/90 
B 
9 

10/90 
11 
12 

1991 1191 202.1 1,415 2.6% 31.7 
2 201.B 1.413 2.5% 31.3 
3 205.5 1,439 3.2% 32.0 

4/91 183.8 1,287 3.0% 36.1 
5 250.2 1,751 5.1 O/o 33.6 
6 250.8 1,756 6.50/o 32.3 

7/91 345.4 2,418 6.2% 30.0 
8 335.4 2,348 5.8% 25.9 
9 263.5 1,845 5.1% 31.7 

10/91 239.2 1,674 4.4% 31.6 
11 192.2 1,345 3.7% 32.2 
12 192.1 1,345 3.20/o 30.0 

AL TOTALS 
1990 
1991 238.5 1,670 4.30/o 31.5 



KOSTROMAENERGO COMBINED HEAT AND POWER STATION NO. 2 (TETS-2) 
KOSTROMA, RUSSIA 
RCG/HAGLER, BAILLY, INC 
28-Apr-92 

1990 

1991 

AL TOTALS 

1/90 
2 
3 

4/90 
5 
6 

7/90 
8 

6. Efficiency ratios 
Corrected (see below) 
Gcal/degday 

281 
348 
386 
658 
459 

9 732 
10/90 459 

11 349 
12 338 

1/91 
2 
3 

4/91 
5 
6 

7/91 
8 

414 
351 
366 
683 

9 759 
10/91 528 

11 385 
12 355 

1990 446 
1991 480 

Corrected - Gcal supply minus 60,000 Gcal/month 
to account for fixed losses and domestic water htg 



KOSTROMAENERGO COMBINED HEAT AND POWER STATION NO. 2 (TETS-2) 
KOSTROMA, RUSSIA 
RCG/HAGLER, BAILLY, INC 
27-Apr-92 

6. Efficiency ratios 7. Normalized supply/demand 
SUPPLY DEMAND 

Gcal/degday 

1990 1/90 281 0.887 1.000 
2 348 0.676 0.629 
3 386 0.743 0.644 

4/90 658 0.542 0.341 
5 459 0.369 0.285 
6 0.246 0.167 

7/90 0.201 0.167 
8 0.228 0.167 
9 732 0.485 0.296 

10/90 459 0.647 0.495 
11 349 0.766 0.718 
12 338 0.856 0.828 

1991 1/91 414 1.000 0.828 
2 351 0.906 0.854 
3 366 0.833 0.755 

4/91 683 0.627 0.378 
5 0.388 0.167 
6 0.214 0.167 

7/91 0.190 0.167 
8 0.211 0.167 
9 759 0.399 0.252 

10/91 528 0.550 0.388 
11 385 0.704 0.611 
12 355 0.919 0.859 

AL TOTALS 
1990 446 0.554 0.478 1.16 
1991 480 0.578 0.466 1.24 



KOSTROMA DISTRICT HEATING 
HE AT/NG LOAD - AVG AMBIENT TEMPERATURE 
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KOSTROMA DISTRICT HEATING 
HEATING LOAD - DEGREE DAYS C12C BASE) 
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KOSTROMA DISTRICT HEATING - TETS-2 
DISTRICT HEAT SALES 
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KOSTROMA DISTRICT HEATING - TETS-2 
FUEL CONSUMPTIONt HEAVY FUEL OIL 

40 

35 
:t: 
f.... 
< 

30 
Q 
~ 

' Cf) 
li.J 
< 

25 < a ...... 
f.... ti) 

'ti 
" c:: <co 

20 Q~ - :;, f.... 0 
Cl... .c 
~f.... :::> ....... 
Cf) 15 
< 
Q 
(J 

f.... 
TO :::> 

~ 
~ 

5 

0 
1/90 4/90 7/90 10/90 1/91 4/91 7/91 10/91 



KOSTROMA DISTRICT HEATING - TETS-2 
FUEL CONSUMPTION: NATURAL GAS 
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KOSTROMA DISTRICT HEATING - TETS-2 
HEAT RATE - FUEL CHARGED TO POWER 
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KOSTROMA DISTRICT HEATING - TETS-2 
ST AT/ON USE - KWH FOR HEAT & POWER 

77.4% r---r-------.-----,------.-----r-------.-----.-----,-------. 

772% 1---1-----1-------1----1-----+-----+------'1-----+------

77.0% 1---1-----1----1+-----1----1-----+-----+------'1-----+------

70B% 1---1-----+--+-+----1----1-----+-----+------'1-----+------

70.6% 1----1-----+---+--+--+-----1-----+----~-----lf-----+-------l 

70.4% l----if-----+--+---+--+-----11-----+-----ffi------lf-----+-------l 
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KOSTROMA DISTRICT HEATING - TETS-2 
POWER USAGE FOR DISTRICT HEATING 
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KOSTROMA DISTRICT HEATING - TETS-2 
HEATING EFFICIENCY: HEAT SUPPLY /DEMAND 
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ENERGY AUDIT 
CITY OF KOSTROMA 

DISTRICT HEATING SYSTEM 
RUSSIA 

APPENDIX4 
BROCHURE OF KOSTROMAENERGO GRES 

3,600 MW STEAM POWER STATION 
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Kostroina Thermal 
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The a"c:ent city of Kostroma 
is over 830 years old. but 
the city !:se1f and the Kostro
ma reg1cn are go111g through 
'.:-ie :Jeriod of re1uvenation. 
7"·s s .n a grea: ·'"'leas;.,ire 
~\,,e :c '.r e c~:0stn .... ctio11 of 
:~e r<cs'. ro'l'a s:ea..,... cer:ra1 
:ewer s:at,c0 and a new 
;0,';r; ::>t '. 'le s:a~ 1 cr s pe<son
re1 nar-iea Vc1:;;ores!"e0sK. 

L arcienne Kostrorna est 
agee de plus de 830 -S!~s 
mais pourtant !a ville e: '.OL.. :-:: 
la region de KostrC:""" a ·e
trouvent !eur ::ier ode ::~ e·~ · 
nesse. ce aui a ete 1a"- -:· se
en gr3.nde ::a. ~ e :: ~r a 
COfis~ruct1or. ce a ::.:;'" ·- ~ .:> 

thermo-e testr•aLe .:e -< ; s:· :
ma et ae :a !e~ ne S ·e J ... 
perSO'irel exo1c1tan; /: .. ;.:
retchensk . 
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KocrpoMCKaR 
rennoaas:i 
3neKrpocraH4Hs:1 

O,at<'1M .13 3ax~e~~"x -areas· 
neHLAi-1 :1r:y1..iu.:e~~1ri -9x,..,>"KC~ 

3-<0"'CMw ... ecK~x roo<a:iarene.1 a 
Jne..:roo:: ... eorer~Ke 'Os,n~eTc~ 

y..:pynHeH'1e e.a'1H'1- ... b•X ·.KL..>· 

HCC:e~ 

arperaTCB 

'1DK'1'1 nD"1MeD .::ccr.,xe"'""' :o
seTCKC'1 J11e1<r:c3,..eoreT~K" a 
JTO~ c6.nacT;,! :"lOe;:c;asf:1=<e: 

CCC0'1 KCCTOOMCK8l" "°"'..:?( 
"1ClJ.1HOCTb.O 360C "1ST, KC-:· 

pa" 6b1na ,,.,o..,eccM a ccace· 

HVI~ 3Heoro6n0Kos 1..1ow1-<Cc ... ~.c 

JCO MBr '1 ronoBHCro y ... '1><3.-c,. 

HCrD 3Hepro6110Ka c O.ilrOBa.-c,. 

"0'1 ryp6'1H0'1 MOLL.,..OC:;.C 

1200 MST 

3neKTOOCT8 ... L;;t" axc,::·;tT 3 

KocTooMaJHeoro A -eceJ -ee -

8 06beAW<B'<HY>C )l"BPre- ... -e
CKYKl cvtc1eMy :....eHr:::ia CCCP 
CTPD'1TBJ1bCTBO J11e><T:::cc-;i,... 

l.1'1'1 ocyu.:ecTe.~,.;iocb 3 -:::,,, 

o"eoeA"· B neoso'1 C'-'e:::e.::" 

ycrat<D8f18Hbl '-'BTbiOB .;iy'Snb· 

61101(3 MOLljHDCTbl(J rio 300 MBT 

c ABYXKopnyCHb'"" ~aJ0~1aJ·1T· 

Hb•M" ..:oT 11aM'1 ~aoonco.,3eo· 

A'1TBf1bHOCTbKl 950 r .... ; eo arc-
00'1 0'-<808,Q'1 - -'eTb108 ~lO..,C· 

6noKa no 300 MST c O.i!HOKOC· 

nyCHblM'1 raJOMaJyT><b1M'1 ~OT· 

naM'1 naponoo'13BD.:l'1T8nb,..O· 

CTbl(J 950 r "'· B cocraae acex 

JHepro6r.01<oa oa6oraKlr naoc

BblB ryo0'1~bl MOU..HOCTbl(J "'0 

300 MBr "a naoaMerob1 1aoa 

240 KfC cM<. 540 540 'C. 
3Hepro6noK'1 MOLL!HOCTb>O no 

300 MBT BBO,Q'111'1Cb B 3KCnny

o.Tau'1IO c '11(JHR 1969 r. no 

"11(Jnb 1973 r. Ha rperbe'1 c«e· 

peA" JneKrpocra~uMM ycra

HOeneH " ycnewHO OCBOBH B 

JKcnnyaTaU'1'1 YH'1K8I1bHb1'1 ·o· 

noeHO!A 3Hepro6noK ! 200 MST. 

npeeb1wa>0LL1'1'1 BCKl 3Heorer11-

'<ec1<yKl MOLL!HOCTb AOoesOnl(J· 

U'10HH0'1 PoCC'1'1. 
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Kostroma 
Thermal 
Power Station 

·rc~2ase :he :a!J'ac:!y -:::.:t ~:e 

::ONS" star1crs ara ur1is 

:O'I'.~' :;taticr ·Jf 3600 t\1'vV -;a .. 

:;ac:~'f -s a v1v 1c Bxar.:iie cf sc .. 

1 1et 1cccrrc:11snf"!"ents it': :r-:1s 
•-'? c r.,e -<cst;cr.a .stat1or. :iio .. 

ree"eG .::cf""r.-:ercai :..;se 8f 

300 \1W ur<tS ara :he exper•

""'erra: :ardern turo1re-gerera

'.or ~r1t of 1200 MW. 

"'"e stat1cn ·S ntegratea .nto the 

-<ost"On""ae1"'ergo oc11ver sys .. 

\et""" l .. r:c~ ·S 1r.ked ~o tt:e Inter~ 

:"'"'?2 'S~ages t:\;r:rg ~he 1 s~ 

?:t3.;:e lcu .. 300 f<v1'lV ~""o-bmler 

:s:"'; e<L't::-J;"'e t...r~ts wtth !wo.,fur· 

:·~:e ·;as-3rc-od-fired boilers of 

?:O: !"" ::.a:;acty were ~ristai!ed. 

Ou·:rg :-e 2" 0 stage !our 

Jee, \fj-4;1 s;r-g·e ,,..1r•ts wni; siri,;,e· 

't...:"'l 3;:e ~as-arc 4 c-ii~""1red ':Jo1iers 

JJC' \1W s'.c;a"" '.uro:nes de· 

s1gre::: 'or ;tearn :iressure of 

2-lC {gf crn~ and temperature of 

5-10 540 c 
r-e JOO MW umts we'e com· 

l'l'lssiorec oetween June. 1969 

and Juiy, 1973 Durmg the 30 

stage of construction a 

1200 MW ur1que exoenmental 

c:n1t "'''"' ·ts capacity exceeding 

the aggregate capacity of pre

revc1ut1onary Russia was erect· 

Centrale 
thermo-electrique 
de Kostroma 

_-.:re :es on"c:oa!es 1Jr1 erta~ 

i 1ors :cur ar.iel1crer es ::a:-acte~ 
r·st1cues ~ecnrJaues e! ec~nom1.
ct:es :Je :a :ircc;;ct1on a ererg1e 
eiecincwe oors1ste jans 1·aug
rr.ertat1cn (!9 a ::iwssar"lce ur1· 

tai'e jes :ertra1es et ces 
grouoes 

Ur' axemoie '">?F;arowab!e aes 
c;rcgres er. rnat1ere Ce prodwc
t,cr ,fer.erg1e e1ectnque cote· 
rus e:'l URSS est a certrale 
:~e .. rro~e!ectr~Gue ce Kosrroma 
cfure cu1ssance c::e 3600 MW. 
p1orr:e' cans :a m1se en service 
de trancnes tne'm1aues de 
300 MW et ta orem1ere trarche 
de 1200 MW. ur1aue de ce gen· 
'e. avec un.e turbine a une seule 
ligne a·arbre. 

La certre est :ouclee au •eseau 
Ce Kostror"'a et a tra•·ers de ce
lui·c: au reseau a· 1nterconnex1on 
au Centre c URSS. 

La centraie a ete corstruite en 
:ro1s etaces. En orem1ere etaoe. 
quatre tranccies doubles de 
300 MW -:::iacu"e orct ete :nstal· 
lees avec cr.aucieres a deux 
corps. a·un ceb1t de vapeur de 
::150 th. cnauffees au mazout iet 
au gaz: en ceux1eme etape. 
cuatre trancres s1moles de 
300 MW cnacune. avec cnau· 
cl!ere a corps unique de 950 t n 
cnauffees au mazout et au gaz 
ratureL Toutes :es tranches 
sont equ1pees de turbines a va
peur a'une PUtSSance de 
300 'v1W Dour 'es caractenst1· 
oues ae vaoeur de 240 Kg cm~ 
et 540. 540 C. 

Les tranches t"erm1ques de 
300 MW ont ete rr-1ses en ser
vice de 1um ~969 a 1u•liet 1973. 
En trois1eme etape ce construe· 
tion de la centra1e. a ete m1se 
en service et a tonct1onne avec 
succes la tranche lherm1que de 
1200 MW. unique de Ce genre 
et don! la ou1ssance est suoe· 
neure au total de la PUlssance 
de la Russ1e c·avant revolution. 

BEST A\'At:..ADLE CCPY 

3 



.• i 
' ·, 

nnS1-t ;JaCrU:Jt:OJtKe>-iu~ 'JCt<08"01X 

coopy:«eH><iit 3ne1<rpocra,.1.1•m 
1 rnaBH1>11f Koorryc '"epro6no· 
KOB JOO MBT: 2 - maBHblK KOP· 
nyc :;Heoro6no><a 1200 MBr: 
J - 4bWOBoie roy61:11: 4 V!H:>Ke· 
Hepk0·6biT08Dlii KOfmyc: 5 wa· 
3yrHoe xo:;;:licrao: 6 - 6eoero· 
fJb1e .""accc-.tne ::i3""t.Ju;..r: 
;- - ;:c~sc,a;;:.;,.~H '(f3,;.,a_n: 

3 - :::ccc>.o.e <a ... an;,,; 
9 - --~,n:--~.e ;·cccr·>'<e"'><R. 
«-:-_;;:;HI 12C ~B 

2i=Y 5CC ... 3 ~ 2 - c...,co~CaJa 

~ayout of xwer :;tatter: mam 
structures: 
I - main bwlaing accommodat· 
mg 300-MW umts: 2 main 
bwldmg for 1200·MW umt: 
J - stacks: 4 - service ow/ding; 
5 'uel handling !ac/IJ/y; 
6 - shore oump plants: 7 - intake 
caral: 8 - discnarge canals. 
9 - waste oisoosal :;y:ant: 
1 o - 220-..-v sw1tchyara. 
: • - 500-<\l sw1tcnyara: 
'2 - :::v:ld1rg rac1i1ty 

Plan ces ouvrar,;es ;:;rrrc1oaux. ae 
la centraie therm1aue: 
1 - Mtlmenr onnc1pal des 
trancnes JOO MW: 2 - Mtiment 
principal de la tranche 1200 MW; 
J cheminees: 4 batiment de 
ccmmtinde: 5 - oarc a mazout: 
6 - stations de pompage en 
bord oe /'eau: i - canal d'ame
nee: 8 - canaux de cf:Jet: 
9 - ""i!"ailat1ons a·epurat1on: 
10 ocsre exter1eur 220 ~V: 
1 • - oosre exterieur 500 k\l,· 
! 2 •nstallat1ons du cnant1er 

REST ,llVAl:..AClE COPY 

~;::::;t.:i J<L~ :;;.ecr:icrc .. oe , 

I 
Turbine ·com of 300·1,,IW ;;mrs j 

Salle aes mac,n1res aes trarc"es 
JOO MW 



trarcres 

-,..,ae,...:,:,114 <..::cr'-'C: J~er:r;;crc~ 
~a•M JCO 1,ra~ /7orece~~",,;, 

:::aJoeJ 

Wair ::;w1c1n; acc:::r . ..,-.ocat!~g 
.:oc-.\tW :;r1rs, Secncrai ;;;;;w 

5Jt:rert :::'rc::;a ::es :r,3r::;oes 
300 \.hV :;:;;_:::.-8 ~r ~"avers 

·:::::i-cea.-b,...tPA ~/::Cca~cer.a r 
;~ecra6ro1<ca 300 MBr 

Tancen turome unit 01 300 MW 

!ur:o.;1re 'l ::re sec:1e 1igr:e 1farbre 
ces /rarcres 300 MW 

BEST AVAILACLE COPY 



LJ../wr yrrc:iasne,..11R 3,..ec;iro6nc1<a 
300 MBT 

Control board of 300 MW untts 

Tableau cte commande d'une 
tranche 300 MW 

YTOOb1 ere l'10CT001<T~. noTpe· 

60BaJ111Cb -1anPl')t(8HHbli1 Hay4· 

Hbli.1 nOl1CI( 11 nOl1Hl..\11nl1aJ1bH0 

HOBble peweHllll' MHOr111x npo· 

6Jl0M B CTPOlllT8JlbHOi1 lllHAY· 

CT011111. JHeOreT1114eCKOM 1.1aw111· 

HOCTpoe,.111111. T8XHOJlOr111111 

CTPOlllTeJlbCTBa >1 3KCnnyaTa· 

u111111 OCOPYACB3Hl11'. 

8 cocTas J-1eoro6nor<a sxo.:l'~T 

O~>·CKCCnyC><O>I. ra3onJlOTHbi~. 

ro.:.seci•Oi.1. ·a301.1aJyTHbJl1 KO· 

~enc "CO>.rneoerpeso1.1. Tonou

-a,, -<a~•eoa -<CT na - ~C'1JM3T'1· 

'-ec .(3.i=l ;::a.:rer·:;:; Bccxo~;;:il.!..:.tl!M 

~3.3CXC..:1·JM ."'"':o 3~1CQT9 s;...a ~e· 
,"i.A-c~ -a ::"1 ::a.:Jr1at..11101--o ... 01e 

'-ac- ,1 -.<c·e;"": :Ccoy..JiCBa!'"' :16 
-<0.'.ICW·~Ocea>-"b·'.h1 "3JCMa· 
Jy~-b«m ·coe,-,><:aM" ncc1<1JBO· 

..J~""i?:"bl"'CCTcrO 5 T .... ...;:a)t(...::,as:i 
no M23YTY "1 3.5)( 1 0.? MJ._, no 

ed and put successtu1ly 1n ·:om

merc1al service. 

The construction of such a unit 

necessitated strenuous scientific 

efforts and mee1ing of unknown 

challenges in the field of civil 

engineering. electrical rriachir.e 

building. construction technique 

and operating practices. 

Tre power unit incorporates a 

single-furnace gas-tight sus· 

peMea gas-ar.c-011-lired 001ler 

with reneat Tre 'urr.ace is of a 

0•1sma11c confii;urat1on 

serves as an 1.JPtaKe gas CL.CL 

t-e·gntw1se it •s C:1v1aec :r :~ree 
·aciat1on carts. T~e ::oner .s ''t· 

tea 1;1th 56 como1ned gas-arc· 

011 :::urrers of 5th 011 3r".1 

Pour ·a ~reancr. ::e cette 
trarcne. :I a ~a1lu orocecer a oes 
recherches sc1ert1fiques •n· 
ter.ses el adooter ces so1ut1cns. 
nouvelles en onnc1oe. i'.le olu. 

s1eurs problemes :::oses dans 
l'industne au ~aliment. dar 

construction electromecar19 
ta technolog1e de ccrstruct1~ 
i'exolo1tation du mater:e• 

La trancrie therm1aue est :erst:· 
tuee ::iar une cha·~c1ere a ·esur
cnauffe. a ccr::;s ur1cue sws::ier.· 

cu. a"ec ::--.arrore :e ::"cL.s
t1or e~arc~e. ·:rau~es au ~az ~t 
au :iaz0L.\. ·_a C""8:.:::"s :e 
:~rr.ous11 or ~st :e ~::rre :r S· 

oar:::oLrrs ascercart ::es ;a;: :: 
·:crrcusnor. =~ ""a~~e:.. .. e· e ~st 
;1v1see er. trois ::;ar:-es 2 ~a',1cr~ 

rer-:,ert. :...a ::""'a~c'e·"= 7:-St -;c;..1-
cee -:e 56 :~ _, e:.;-~s :cr-::1res 



cette 
~r a des 
es 1n
Jlutions. 
de olu-'l -~.,s 

=jt·cr et 

; ? . .: :e 

1;Q 
' . < 

*3J'I ~c.J.a1wa 3CJ.Jy~3 s -:r.f<y 

., roaf-cnoor ·a:ia no ·33oxo

.:iaM ~orna no" oaco~e c ypaa
Hoaewe~"c;Ji 7;;ro>i ocyu.:e· 
cre!'l'lerc~ 'OeMR ryccoso3.ay· 
XO.lYSKa\I~ •' .,-Oe\IR .lb,MCC::JCa· 

MY1 c ::re~ ... :cr:~sc.J.Cl.t1 r<c-:-en 

- - - .. ::'- . 

-:.;.-::, .... ~:::- •• 2 '.'~': ,,,- ~.-=-~· \1.:t 

~~~~-·~~ 
'<-'6<• 

5.5 <~OJ :u.mh ;as :acac1ry 

Air supply to the furnace and 

flue gas transport over tne boiler 

gas ducts. when operating un

der the oaianced drart con01· 

t1ons. are effected by tnree !ur

orne brewers ano '.hree motor

:Jnven , c! •ars. The :011er !S 

crow.Jed w1tn three 'egenerative 

a:r ,..eaters \RAH l wr.cse 1ctor •s 

· J d8 "' r. :r1'er ::::areter. T~e 

-ea\Tt; ;~ .. «aces ::;' :i'.e ::crvec· 

·:c:· :a53 r.::: .• .earec :Jf 3Si'~ Ce"' 

::ass .;J.;-e ·::ea02r:: ..;s,rg crg~"e

t;ac~1r<; :;..:ct:.cwe 1 s ;;...e :ci;er 

a Jaz ;;1 '":"azout. : un ~eo11 

ce 5 th oe r:iazout et oe 
S.:5-10J mJh de gaz chacun . 
L amenee cf air a la cnambre de 
combustion et le transport des 
gaz oe combustion a travers les 
car~eaux de ;a chaudiere. :ors 
du ~onct1onnement avec tirage 
ecwl!bre. scrt rea11ses a r a1ae 
.:::e :ro1s turoo-souff!antes et de 
trc1s verulateurs ::::e tirage a 
ccrnrcarce electr:c;ue. !.a :nau
c1ere est ecuioee ce trc1s re· 
c:"auffeurs d 31r 'egererat1fs 
c .;n .:J1arnet•e :rteneur oe 
. 3.28 []" 

?:icr ::11rr1:"',at1or . ..;es :er:cres 
:e'.Jcsees Su"' es su:,...aces :f e
c:.~an;e c:acees :ar.s e :ar
r.eau .er:1ca1 a ;crvect1on. ur.e 
:rs:a!iat1cr ce ~rerai'lage est 
~:1-1see. '-e ~ettovage ces sur
·:~au"eurs situes .:ans ·e car-

... 

e:::srAV/;,':_.l;[;L£ CCPY 

/,_,reooec <011<Ha~~. J-.:;",xa 
cMe""',,.oro r.e::cc,...ara 

Vue 1rterreure r::e a ;.•·,_~r-;:re :e 
reacs cu oerscrre 1 ::.:e ,;' ..... a-

Interior of macnre ·cor-; 

Vue 1r:terieure ce d 531;e ::,::s 
macnmes 



06UJHli !lH.4 -nae1<oro ..:oonyca c 
:JHepro6nol(OM 1200 MBr 

General view of the main build
ing accommodating 1200-MW 
unit 

Vue generale au batiment princi
pal de 1a trancre 1200 MW 

Kor;ioaroerar ?1<epro6nol(a 
·2co va~ 

Ger.er3teL·r :::e .. aceur :e 1a 
:"'a.~c-.:: . 2::0 v~ v 

,:"",,.,,ae,..:::1.;, ·<.::cry·c ,~ J1-1earoCJ10~ 

o('C\.-f ~ 2CC ·".lB~ :-:or·ece"",...~1~ 
cax:e.J 

'.!arr :::u11c,rc; acc:;:n"modat1r.g 
• 200-·\fvV :lrit. Sect1or.a1 view 

Bat1r-er1 :;nrc1ca1 ::e 'a tranche 
1 200 VV'/_ Cauce er' trav8rs 

8 

8.J.90 J20.00 

BEST AV.1'.!:..AELE COPY 



,,,.,ceca"" •e-c1.<a-,-I(::.<. ·ex
~cnor;<~ec'<.,,i..w1 3au.;;naM" ,, 

c1>1r><a,~11Jau11e;:.. 

napcaaR. KQHueHCaU-'OHHa~. 

0,0r'06a.1bHall ryDCHHa "DeA· 
~aJ;.a>.;e~a .::11;; ;ia60T1:>1 :i 6110· 

..:e c o.;i;.o~ocryc .. o'M ncs;MO· 

'CC'-''""'"' <CT,~0~1 ,,a::cr>:Ol1J60· 

.:~.,.e:1cr1cc-~<: 39:0 r --

: .::r ... ::; .:::'3 --·::-a::r :a'-.~Ci.-! ... 1c'-.:..;~ 

ar.a aiar'Tls. 

The !aridem cordens1ng !urtllne 

1s c:Jes1gred to operate ,n con

jurcticn witn a sirgie-fumace · 

once-through 3950 th capacity 

boiler. 

T;.,e tur:i1ne 15 :he Soviet 'argest 

rnac:-::rs as to ts ·at:rg. ard J 

s1e: 1e Jver:cac cacac:ty :if ·.;c ;o 

~ -38G ~."rN. t s t~e crgest H . .;r~ 

ccc~·rc; _ :-e ~:at:;r ts r-c1rg 

1..-1F"' ;err1r-e!'a;1:eo .va~~r ~ .... e 

'"'ea1.; ""'er.::: rta1 :S ettectue 1 

l'a1de ::e scuff!eurs retract1les a 

vapeur ae 'ongue course. La 

cnaudiere est equ1pee ae ren· 
semble o·appare1ls de controle 
el rnesure. d'automatisme. de 
secunte de !onctionnement et 
de signalisation. 

La turbme a vaoeur. a une seu!e 

hgne d arcre. est prevue a lone· 
t1orrier en !:liOC avec une c:-iau· 

d;ere l ;;oms unique. a ftux 

ccntnu. C'<.in debit ae vapeur ce 
3950; .,, 

~a !urt:1re est 'a clus ou1ssarte 
'?'"· CPSS ~21s corrote teriu de 

'a :.css:t<'•'.e ::te a 'Tlarche en 
~ur·:-ar-;e ;USGU " • 380 MW. 
e:·e ::-;t » o•us Ou•Ssarte cars 
e :-:or:e 

c..:i -.:iutev •Jes auoes r11001ies 
:::es .:! er~iers e~ages. e;- a·liage 

.~e !1tare. est :;e 1200 mm. 

BEST Al/A/LADLE COPY 

CaA.tb1~ wcu.i,...o,..t ~ :::c"i;:J :.:.::-c" 
B8J7bt'b1.:. :y,::;ccac-:;';!!r3-

1200 MBT 

Sov1el largest tandem ruro1re ::f 
1200 MW 

Turbine de 1200 MW a '.Ire seL·e 
ligne crarbre. 1a 01us :Jwssarte 
en URSS 
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y.-,caa,>e..,iAe aacc-cil :;c.~CEl>'C• 

ro '1 acncworare,'lbrCro :iccoy· 
,LJcaa1-1HP 3,.eoro6no><a 
1200 M8r no0'131lOAJArcp c 
6no ... 1-1oro f.4H ra 

Main and aux1iiary ecwor-:erir of 

~ 200-MW ur:1t ·s cor:tro1lec from 
the un,it ccrtrcy :::ca:-c· 

-3 :cr~"ri3.""":'2 :::;... -::i~e"'e! cr~rCJ· 

::a" ~t J:... "( . . :::"':? ::e a :rar::.,..e 

.. 

·:oa -A 3"(_-As""c~ :-an:.-t .:7a .... o .. 

pa soaccoAOM ;:>oroo ·e,..e· 

oaropa .<JrorosneH .,,J t.:enbr<Ol1 

noKOBKi.< cneLi.<anbr<Oi1 cran11. 

C'1CTeMa so36yx.aeH11ri 6ec'l.le· 

TQUHarl . .J'10,£lHa;l. 

Bbi,aaua voll-l~ccrn c !II O'-'eoe· 

i1" 'PJC '.JCyll.lecrsn~ercri .. a 

>-anorixe""" 500 ~B ~epe3 .,.011 

c.ar-ct;;a3 ... bix Toar-coocMarc

.:a, ~c.:-<.'iHJ"-e1"'""::i•X -c: ·..LvH··a\.1 

CPY '3GO ,g 
J ... ~c;:Cr:oll( :aJ..:a ... •a :::c~ose 

-c.:-,.• .· :-....:.:-:· ... ~ ...... :::-.~ #~ 33e-

. 

·"'::"" 
..;. 

-·~ ,•, ---

a ' .... ., 
.• iii'-,. 

.., :;,, . . ~ 
• • .. . 

:,-·-.,- -.-, -~-i~ 
. .; _.,,__ 

·cior N1r:c1r:g .:ira srawr ;ere 

are riyarcgen-cooied Tr.e 

Orushiess excitation system is 

built around diodes. Electrical 

energy generated by the 30 

stage of the steam central pow

er station is transmitted at 

500 KV through three single· 

phase trar:sformers connected 

to trie tiuses of t!'1e 500 '.<.V 

sw1tcnyard. 

r~e oowe' unit was deve!coed 

~s1rg t~e 5tate-cH~e-art tecri

rology :o ersure r1gn :;perat1Cn· 

3; r~i!3Uilit'( arc CCSt-9ffeCt!V8"' 

ress H .'lias ccrr.rr1ss1orec ·n 

Cecerrt:er. '980. 

-· -,,,,:: -..;.,.:,; 

" . ,,:· 
-~-.::. 

z .::.=: 
.-:;;-: ·- -~ . --,;,. 

~ .- -3: --
;Si "" ., . :x ·"--. .,--::~ 
.~ .,,;i, --- ..!-"? .. .. - ::=:- -= -

BEST AVA/LADLE COPY 

L 31terrate"'r est l •eiC'J•C!SSe- , 

mert .J1rect :e 3rrcu:tf1'"1ent 

statonoue oar eau ·~is<1dee. ~t 

de i'enrou1erert rcronque et :u 

fer act1f par .~yoroc;ene. L. ar::re 

de rotor est eri ac:er 'orge sce-

c:a1 d'une· seu1e 01ece. :..e ;·Y'f----

teme cfexc•tat1on est 5al"'j--

ba1a1s. a j1oces. ! 
L evacuation ::· energ1e :e 
trancre '200 MW est ·ea.,see 

'a !ension 500 -c.'/ a ... 3·:e"s _.n 

bare ::!e !rois trarsfcr.-ateu"S 

~oroorases cOuo es ;ur c:s 

tarres :co -c.\/ su :cs~e -:i':e-
neur 

La irarc:--e :iie"r-:cL.9 · .2':{· \t',/''I 

tiers :ecr-rict...es :.: .J',:S:'!-;2r-:e 

\i·sart a ,iSSL.~'2'' e -;'.:.;.;! :ec;;-e 
Ce S2C'..JI':te :;! Ge -~rt.=:::·<E "?: 
rr1se -En ser11c2 ~r :cc-=-;c;~ 

'.980 

~..,_ 

' :.1 
'"'-' '.- ··l ....,. 

- -. .~1 ~ 

.,. . ; nm "f ·-
~-

;;, :"'<;' 

11111, . .fJ, 
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cue ~t ·~u 
e_ L arbr~ 
·orqe soeM 

T 5· 

s 

• 

BEST AV/\!U'..!YLE COPY 

nc..,Hu'1n11a!lbHaR rennoea1> 
cxeva JHepro6noKa 1200 MBT: 
1 - ,oTe!l: 2 ryo6m-1a: 
3- reHeparop: 4 -;i,ea:Jparop: 
5 - n..,raTenb"'blH "<acoc: 
6 - no,a,orpeei!lTer1b 8biCOKoro 
4aeneHi<R; 7 KOHIJ,EIHC8TOQ,' 
B KPHtJ,eHC8THb/M H8COC'. 
9 - no4orpeearen~ HWJKoro 4a· 
arre;1mi: 10 - orroo.;HaR o6ecco· 
r.1A13a1CLl../aR ycraHOl3Ka 

Heat cycle c1agram of 1200 MW 
(!'171/: 

1 - boiler: 2- turbme: 3 - gene· 
rator: 4 - deaerator: 5 - feed 
oumo: 5 - high·cressure heater: 
7 - condenser; 8 - extraction 
pump: 9 low-pressure heater: 
'O - unit polishing plant 

Schema therm1que de orinc1oe 
ce ia trancne 1200 MW: 
1 - C{laudiere: 2 rurbme: 
3 - aiternateur; 4 degazeur: 
5 :Jompe d'alimentation: 
6 - rechauffeur haute cression: 

7 - ccrcer:sei.;r: :5 - cor·c-2 :: 2:t. 
trac!tcr,- 9 - ~!f:!Ct':aw ... '.'eu." '::,-tss~ 
pressron. 'iJ - :xs:e :e ;,;.-.re· 
ra11sar;on 

l70Bb1111a,ic1..t..:iA~ -;::;;.,...c:::: .... ~::: \•d~,:c 
JHeOrC6l~01'\d ; 2CC ~/a-

Stec-uo r:arsfcr,-:-e1r ::' • ~·::c. \4W 
Ur.II 

Trarsforrnateur e'ev-a!a'-.' _·e J 
trarrch e '200 MHi 

KoMHaTa or.:i::i:xa ;:,\1e .... wct;: 
nepcoHarra J;.ecrccrc><a 
1200 MBT 

Rest roorn for snit ce.r5crre, __ . 
1200·.'lllW :;nit 

Chambre r:!e 'eocs :c. ::-=·sc:rre1 
de quart de a :'arc~.,. · :.::c \IW 



TeXHM~ecKa~ xapaKTepMCTMKa OCHOBHOro 3HepreTM~ecKoro o6opyAOBaHM~ 
Characteristics of Major Power Generating Equipment 
Caracteristiques techniques du materiel energetique principal 

KoTnoarperaTbl 
Boilers 
Generateurs de vapeur 

T ,.4r] 

.,oe 

,,r1v·:; ;-:~B~·f!''8Db 

\1cr:L.·~acturer 
C cr.s trt..:c~eu r 

il:J.Ci,.1Jf3C;:,;,1Terbr-<OCTb. 

Caoac,ty. c" 
De~1t .:;e .,iaoeur. th 

· ,'.J,as.~eHVle naca. ~re. cM< 
Stear oressure. kgf1cm< 
P·ess1on ce vapeur, kg1cm2 

Te,.meoarypa napa ~a •b1XO.Qe 013 Koma " nocne npoM
neoerpesa. C 
Stearn !emoera!ure al boiler outlet and after reheat. •c 
Terroerature ae la vapeur surchauHee et resurcnauffee. ·c 

TeMr.ecarypa 111-1rare11bHOi< BO.Qb1. •c 
Feea water temperature. 'C 
Terrperature de l'eau d'alimentation. •c 

Pacxo.:i ronnHsa. r 4 

Fuel consumptron. th 
Consommation de combustible, l/h 

K03¢l¢l1-141-1eHr none3Horo .Qei<cre1-1R (6pyno), % 
Gross efficiency, % 
?endernent (brut). % 

Ton1101eo: 
Fuel: 
Combustible: 

OCHOB"°Oe 
rain 
ce service 

pe:iepeHoe .. 
oack-up 
c::e secours 

Typ6HHbl 
Turbines 
Turbines 

T11n 
Tyce 
Type 

111:iroroeHrenb 
Manufacturer 
Cor.structeur 

HoMHHant.HaR 1.101.J.<HOCTb. MBr . 
Rated power, MW 
Puissance nominale. MW 

I

: '-lacrora spaLJ.<eHHR, 06,1.1HH 
Speed, rpm 
Vitesse de rotation. tr/mn 

'? 

,lly6nb·6nOKH 300 MBr 
Two-boiler 

arrangement 300 MW 
Tranches doubles 

300 MW 

MoHo6noKH 300 MBr 
Single-001ler 

arrangement 300 MW 
Tranches s1mp1es 

300 MW 

MoHo6noK 1200 U~r 
Single-D01ler 

arrangell'ert 1200 \.1W 
Tranche 51f"'C•e 

1200 MW. 

TrMn-114 TrMn-314 

72 

92 

Tara,,porci<"i< :iaeOA "P<paCHb•i< -<OrenbL.1.1~"" 
·Krasny Kotelshch1k' :oiler wor~s n Tagarr8g 

Usme "Krasny Kote1scr1k" de Taganrcg 

950 3950 

255 

545 

265 270 

71 273 

93 

Bb1COKocepHHCTblH "183YT oe 9500 i<r<:an l(r 
High sulfur fuel oH Q~ = 9500 kcal. kg 

Mazout a teneur elevee en soufre P.C.I. 9500 ~cat~g 

npHPOAHblH raJ aei B100 KKan.HM" 
Natural gas Q~ 8100 kcalinm' 

Gaz naturel P.C.I. = 8100 kcal1rrn" 

K-300-240 K-1200-240-3 

npo11JSOACTBeHHOe 06beA1<HeHHe 
ryp6ocTpoeHHA,neHHHrpaACK"1H 

1.1erannH-.ecK11i;\ JaBo.Q 
Leningrad Metal Works 

Usina de turbines de Leningrad. LMZ 

300 1200 

3000 

BEST AVAt:....ADLE COPY 

I 



:o \18J 
ar : 

?00 '•l'tlj 
-c _, I 

.J-J 

AZ 

Mai<CHManbHb•~ pacxo;:i napa. T 4 

Maximum steam !low rate. tlh 
Debit de vapeur maximum. lih 

,llaaner<><e. r<rc c1.12: 
Stearn pressure. <gtcrn<: 

, Press1on. ~g.crr2 · 

! 
cse_.e:-:J "~a:JB 
:ve s:e~r-: 

, reHepaTOpbl 
· Generators 
Alternateurs 

i'3r::;7:9.,.,"!"eJ"':: 
.\1a:""1.;fac!t.rer 
:;rstr:;cteur 

1 
\1QL.., .... CC~b. 1\.18; 

'CctCL.L \1W 
, ;:):..;•ssa!"ce \~~'V 

: ;-;31:;;·«.<?'"'~e .... a ~:::.s::.Jax. -<B 
->?,~:re: ~c ra;e. <_\./ 
- ~:;;,.:::-- 2"-'x :err-cs. <\I 

i :::'(,-a;..r,.:~ .... ;tte 
"'C··rz:: 

: ;~ ... ~.C sser>:~t 

; TpaHccpopMaTOpb1 
' Transformers 
Transformateurs 

7,;n 
".°•;pe 
T;,pe 

it13ro-roBHTent> 
Marufac:urer 
Cons:ructeu r 

.\10l!.\HOCTb. MBA 
Caoac1tv. MVA 
P'.J1ssance. MVA 

HanPl')f(eH11e . .c:B 
Voitage. kV 
Tension, kV 

930 3900 

240 

36 

540 

3 'j 

TBB-320-2 

J1e,..11.-r;:>a,.:lC><Ce Jl'e><TP0"'9X'-'1-8C"lC9 

c6be.a11-<e~"e .. JneKT;:;cc~ra · 
· Eiectrcs11a 

Usine de rnateriei e1ectnaue 'E ec: .. css;,.za, :e 
Leningrad 

300 

20 

BbtCOKO'-'acTOr,..ce OecUje,.c~ .. ce. 
Hig~-'recuency, bnJS"·ess. 

Haute fret:1uer:ce, sars ::a.a:s. a cicc:es 

BOAOOO~kC·BOAf'HOE! 
Water r.ydrogen 
Eau -~ydrogene 

T llU-400000/220 T,QU-400000 500 OPL\·533000 525 

400 

220.20 

BEST J'. 1/llllA{]LE CCPY 

3anoPOlKCKl<lj:j rpaHccjlop1.1aTOPMbii;:i JaBOA 
Z:aporozhie Transformer Work 

Usine oe transformateurs de Zaporojie 

533 

500i20 525 2.l 
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dE:JT lWrH:..ACLE COPY 

0cHOBHble 
coopy}KeHMJI 
3neKTpOCTaH4MM 

K OCHOBl"blM coopy:>KeHMl'!M 
JI18KTPOCTa1-<UMM OTl"QCRTCl'I 
rnaBHblH KOpnyc 3Hepro6nOKOB 
300 MBT. rnaeHblM KOpnyc 
JHepro6no><a 1200 MBT. 11w:>Ke
H8PH0-6b1Toeo.:4 KOpnyc. XMMBO· 
,£l00'-ll1CTKa. TCnnMBH09 X03RM

CTBO. CMCTeMa T9XHM'-l9CKOro 
SOAOCHa6:>KBHMl'!, coopy:>K9Hl1l'I 

3I1BKTPl1'-l9CKOH '-laCTl1. 

rnaB"'blH KOPnyc 3Hepro6nOKOB 
JOO MBT - TpexnooneTHb1'1. B 
"eM ><aXO,!l.RTCl'I: MaU!Mi"Hb•H 38.Jl 
- -l5 .... ;:ea.waTOpHoe 0T_::ene
~11e - 12 .... t<.orenbHOe OTAene

""'e AY6nb-6noKOB - 33 M, '-'O· 
'100I10KOB - 39 .... ~ar '(0!10,...H 
- ~ 2 ~. 
rnaBl"blH KOPnyc Bbln0!1"8H ~3 
c6opHoro :>Kene306eT01-<a 13a 
11CKnt0._,8HM9M M8Ta!1!111._,9CK~X 

q:,epM '1 nO,o.KpaHOBblX 6aJ10'( 
MaW11HHOro "' KOT8l1bHOro OT
ABI19Hi.<Hl C np11M91"9HM8M HO• 
BblX CTP011T9!1bHblX MaTep11a

,,oe "' KOi-<CTPYKLlHH. q:Jy1-<.a,a
M81'<Tbl nop. KOI10HHbl BbinOnHe
Hbl 0611erueHHblMH. CTe,..oeoe 
orpa!l<.:19H'1e anepe,,,e s ipaK· 
rn><e JHeprocTp01>1TenbCTBa 9,,,. 
I10!1H8H0 vl3 ..:epaMJl1T069TOH· 
~"'x naHene.:4, 06n11uoeaHHblX 
6oe><o;1>1e'1. CseTOBb1e r.coeM':l• 

- '13 cTe><nonpoi:>11n11Ta. 

Pacnon0)!(8H11e ryo6oarpera· 
TOB B MaW'1HH0M Ja.J18 - none
PB'-lHOe. TennoeaR cxeMa -
6J104HaR. 

MaWMHHbllii 38.Jl 06cny)!(11eat0T 
TPl1 MOCTOBblX t<.PaHa ;pyJO· 
no.D,'b8MHOCTblQ no 125, 20 TC. 
><oTenbHOe OTAeneHHe - TD"' 
MOCTOBblX ><pa Ha no SQ; 10 TC. 
Ha OTKPblTOH nnOlJ.la,QKe Ja 
rnaeHblM l(OpnycoM pacnono· 

)1(8Hbl Ab•MOCOCbl, AYTb8Bbl8 
88HTMI1RTOPbl "' pereHepaTMB
"bl8 so:i,o,yxonoAorpeeaTen11. 
Af1R OTBO,t1a .D,blMOBblX raJOB OT 
KOTnoarperaTOB coopy:>K8Hb• 
ABe Ab•MOBblB Tpy6bl Bb1corn'1 
no 250 M. ,OblMOBaR Tpy6a MO
~o6nOKOB BblnOI1H8Ha M3 H9Cy
we'1 )1(8J18306BTOHHOH o6onO'-l-

~ OAMH JH~~ 
6ooK. Tal(l!jl Ko+iCTJlYKLl11R ~ 
...etteHa e CCCP enepeble. 

rnaeHblM Kopnyc 3Hepro6I10Ka 
1200 MBT - nRTHnponeTwoe 

3,£laHMB. MaWMHHblM Jan "'3T 
.o.ea nponeTa - 30 "' 
,£lBa31>aTOpHai;1 - 15 M, 1(0 
HDe 0T,tlBI19HMB - 45 M, n

lJ.IBHMB ryp6oB03,0,YJC0AYBOt< -
15 "'· Kapt<ac r naeHoro KOPny
ca JanpoeKTHpoeaH e MeTa.n-

111<1.,ecKMX KOHCTPYKL:MRX. '<To 
o6ycnOBI19H0 60I1b<l)MMl1 .. a
rpy3l(aM11 1<a -<OJ10MHbl >(0T8!1b
HOro OT ae11eHMl'! OT rio.c.secHoro 
KOTI13. ~OTOP':lil:i :in11oae~c~ ><a 
xpe6rGeb1e 6arit<l-1 ·: .1.:ar:JM 6 M. 

Cre~oece JroatK..:e~~e ~c~HH· 

TO '<CM6..-il-'vtCceaM1-~." : :;c~'-4e-

~e,.,>1ev ~anc;:>,...,e,..,..c.acMMDO· 

3al-'!"ib1X -<aoaMJrt"""::te-::::'"lt-'b.x 
nal-'er.e.:4 ,,.ii .... 0'4n,ne'<:'-'~1~ --.a..,e
ne~ ~J :ranb.-or~ -cv:::~.-,.cc· 

eaHl-lOro 0~cra : :..-t ... -.s~r1;..;e
cKJ.1M :rrer:.n"1Te, ... e-vt \~e.-K...J.yJ~ 
"':'a.:.:.1-1b,e ~ece~.co1Tf'!'i=l st:,rc,;1-9. 
Hbl c6c0Hb1M1.11 :'l'(e;·"'eJcG~""r::: .... ~=,· 
~~' Ot<01·11· .. b1e rcC'e',1;::. .~J ':39-
T08b!X nal-'ti;e •. :1 3 .,1e~3r,""..., ..... e

Ct<1.i1x neper,ne,.al(" ~ .:-?,,{.~cr:c
dJ11n>1Ta. 

Mau.;H1-o-tb1li1 ~ar ::c:--".'W..l'SaWJ'"' 

'49T::i1oe MCC"'.":e~.e ... ;: ~-a -::; f

Jcno.:l~:;,eM .... cc-b"'.; """C • 25 2'J r: 
!'(QT'3, ... b,...oe ;-.:-3' "".:--,~.:: .:a.a. 
l(Oar-a ~a ; CC · ) '·= 
,D.b1MOCOCbl ~ :e'"'-::--e::3- 1"3r-i: • ..: 

003,0.yxonoacr::eaa-~.-., ::ac~o· 

no>t<el'-fbl ~a ·; .... .<:ibi•c.,;i: .;r:c:._3...J.~ 

Ke 3a r11aBl""lb,Y .... ;:::::-\:::•.• .:.~--~ 
Bb16ooca .lb•VCB~ x -,~c:3 ::

py)!(eHa .Jb1Moea:o -J,:'.:a = 
TOY1 320 M c ~;Je,11--eCe;:~ 
raJOOTBOLlPU..:•'"' c~3011CV = 
neJo6eTo,...,i--ci.'t ::6orc ..... ""e. J!::1· 
Moeas:1 ;~y6a ;Cccv.:lcsa .... a 
nO,ll'bBMHt"IKCM .... a;:y: .. q-O~ ;.tCia~ 

... 00..:11. 

'l11·0.:et-ieci-.ic.-S~1Toec'1 ,(, :onv: 
pacnono.:i.::e~ ''-'e~y ~,""' 3.8Ht:1M~ 

"'oonycaM11 weor:::6r:::<::;e JOG 
"' 1200 MS• ·: ... soc~:::~r "1J ~-=-
CK0!1bK>1X 
J1]3Hl-1H. 8 -eM :a.3'.~e·_atCT'.;t=: 

1.Ji8MTpa.i1b!-4t:1;., ..:.J.V17 ... -.uas::e
Hl-1o;:!. Ll.8XVI ;.i OT.J,90=i1 )[i8"(T~Q~ 

cTa1-1ul-1H. Jan Jace.:3:--...,l-1 ,., : ... ,:;_ 
nosa;:i. '1><,.;e .... eot-c-6 .. ,.~cscl-1 

ye cce,q)-'"5'er::;;o ':ecexoa-

M ranef!""'"' : ·r:aBHb;M" 
yca1.1i.1.£ 

·i 
·_At_ 



J~epro

.x4 .. R np11-
3pab1e. 

epro6no1<a 
lPQnen1oe 
Ja/1 ""leT 

M, 

.1b· 

-· ·"OMe· 

- :; t 

=·=1c""*':c~ 

.1..:; .:ae
;:;~3.,- ,""~ -e-

?."";.1 :;c..::-c
~ ;rot-a.:· 

"\.(Ql' :."'!~ 

"<le C• 

Main 
Structures 

The main structures of the 
steam central ;>ower station are 
the main :iuiid1rg accommodat· 
1rg 300 "1W Jr1ts. !tie mam 
c1..1icirg -ous1rg '.'le 1200 MW 
urit ·:-~ ~9 ... ,·ce :::}ti1 1c1rg. tne 
.'; ;:;;"":: :. ··:~· .l""g :iar:t :::e 'ue1 

; :-.; ..;~:(, e" · .... ·::!".:; ;..rm; ~ 

:::i - ... ~ ~·:; :.,:;""f'3 :2:"~ ~cacec 

.. ~~:~ ~xcect lcr s~eei !":..sses 
".l'"'r:i :~:: ... e ::-acK :ear;.s n tr.e 

'"-e .. -se ~~ '""-aw .,;.;: Cirg --ater1· 
:·"·.;::i...ra: -:; e~erts. Tr~ 
·:ct!r~s :.t!-3 :f a ·1grt .. 

::·~=·~ :.;rs:r:..ic~.c~ =Qr t~e 'ir:;t 

·.·-~ r ·'"'e ::-""'e:-..;'"'grr.eenng 
· 3 . .;;~ ·:c. '.:"'e Na:'.s are rr aae ot 

::"::·.::: .1· --ec: q'"'~··:crcrete oan~ 

--e -.-meow ·)oer1rigs 'ire 

---~ ::..;r-:1re~11e,...·:v :z:ar 3ets ;ve 
:::·-3r~ea :'"...:·s-:-..,. se ;- :~e :Lr~ 

·.:.er- !~8 -.;at :vc:e ,s 

:~::.-e-5 _,... :,...e :c1·er ·ocm. t!"lere 
~~ :l ·-"aB 50 · :-verr:ead 

'.",..e ;L:cccr area ::ie· 
....... r:: ·r"~ :""""131-r ::,:1;,:c:rg accorn· 
... :<::r~s :·~e :: · j_ fans 3.l"'ld 

:;;r;;-a•··,e ,,, -eaters. T 110 

::x:'\ __ t .. S! ·-. ~ ;dses 'rem t:'ie 
~..:. 2~ac" serllrg ~ne 

<7 •• -,,, ·5 ~ade of a 

remtcr::ec :or,cre!e sre•I N'.'11c1 
hoi.;ses '.our steel ::reeches -
one per power unit Suen a con· 
!igural!on nas found acoucauon 
in ttte USSR for !re '•rst :irr.e. 
T'"ie main ::;u!i91rg. 8i the 1200 
MW !.lnit is a 'iviFfo'an srructure. 
rrie turt;1ne rccm =-'as rwo spans 
- 30 .>ra 5.t m. the ceaerator 
oay ;car ,5 ; 5 ...,. the :oiie: 

.. ~v~ s:.:Jr s ..1.5 :"'1. :ne spJ.r: 'Jf 
t!'"'e 3.r :urscc1owers :oom is 

...., _ Tl"'e main ~uiidirg 'raf!"e· 
;.c:"< s ..... 1:e {)f strui:turai :>tee! 

:.J.·"·.ec :"( ::"'e :::ea:-:-s -:s::acsc 
O ;"""" .3:a..-:. T"'e ·"'a;: ::acc;rg s 
r.aci;l ::: ::"~5t~ess.:?t.: #~1~•crcea 

:;;!""'!~-;ere:'"~:~ ::ar~eis 3ra ::;m~ 

::vs1;e .:.:tre:s .:::t 3~a::;ea steel 
s~eet N1fh .;·t··-:t~e!ic ~'"'.errr a; .n
s:...·atrcr '":"~& :•ccrs 3.!'e rraCe Jf 

:;teca~r "':?•r":f':'":ea corc:-ete 
s:acs. ~re ,,nr-ccw ~.:-,cer:i~gs are 
;:;rcv1cec ,..,,1t": stee1 5a.s:-es arl:! 

'illec -"llr' ;;:ass ;r.aoes 

7""e ti. .• ~o·re -cc~ s serviced 
~1t~ ·r:ur • 25 C • .-: • '.J' ... er ... eaCI 
:;.~:es. ~r-.e :;oifer ;ocr s :;ro~ 

1 1GeC .\r!!"I ~·NQ • :JQ, ~ (l r_;,v9r. 

,..es~: :~ares 

-'.'"'e ..:; •ars arr: "'9C:e~erat!ve 

3.1r ... ea~e"s :ire t)ca:e.::! Jr. '.~-e 

Jur·::;oc: 3rea oer:r:c :;;e r"f'air: 
cui•c ''9 F'ue gases are ex
rac:Slil•:l tnrough a 320 m hign 
stack with the i1ue mac:e of S1li· 
:cn·COf1Crete ard enc:osed 1n a 
'e1nforced :or.crete sne11 Tr-e 
s:ac~ ·s :::m:;v•ceo .vl(r an cut· 
su:e e•evator. 

T~e ser11ce :::ui:cu-·;g .s ccatea 
berweer the main bu1idirgs ·Jf 
300 ard 1200 MW ~r1ts. -:'his 

building consists cf several in· 
terconnecteo bu.lair.gs ano ·t 
houses the central control rocm . 
shoos. station ~eoartmerts. 

confererice 'com and can!een. 
The service ouiloing r.ommun1· 
cates through galleries "'"th the 
main ou!ldings. 

06!i.!.,,; !lffA KOCTOOMCKOi:i (P:JC 
co CTDIJOH01 p. Bc,1r'd 

.. 

Ouvrages 
principaux 
de la centrale 

Parmi :es ouvrages ;irmc1pau)( 
la centraie se trouvent le ba • 

t1r.ent prmc1pal i:ies tranches 
therl""•Ques 300 MW. ·e bat1ment 
pnr.c;pal :::e <a t~ancr:e therrr.1· 
::JL9 ~ 200 MW. ·e batiment c:e 
corr.-anoe. 'e paste :::e !raite· 
rrert ::feau. ·e pare a comoust•· 
ble. e >ysteme ci'apprcv1s1orre
·-ent en sau crue. 'es "S:a,1a
tic ns e1ectr1~ues 

:...e :)itUf"""ert ;;nnc1pat jes 
:rar.cries JOO \IW est a tro1s :r a
vees · sai!e ces ""ach1res c c;~e 
·cr.c;;w~ur .:e 45 m. Sa.le ;";'s .:e
gazeurs oe ~ 2 :"'"', c~aL1ife,.·e .~e 

t·2rc<"es :::cubles. ce 33 m ;>t 
:e::e :::es '.rarcnes simples. :le 
39 m '- es::acerert des oo
reaux .:lst ce 12 m. 
l..e oat1rnerl or<nc1oa' '1Jst er e'e· 
,.,er:ts ce oetan arme pretaor;. 
C:'..Jes :saut ·es cnarpel'tes "'.'1e
ta :1ques et ·es ;ioutres Cle •oule
rr:ent '.1es pents 'Ouiants de 'a 
saile .Jes mach1ries et :::e ia 
c:'au"!er:eJ avec err.0101 .:::e rna
:e'"1aux ce :or.s:r:.:ct1on at de 
charoertes ce concep!1or 1ou· 
·;e11e .. es '"1ass1fs ce 'ondat1cn 
des ooteaux sent du ryoe a!
:e~e. Les murs sorit '?!"1 oar~ 

r,eaux ae :ieton a :ra.,•i'ors 
cfarg1le axoansee ·e·;e!us ::e 
ccngiorr.erats. wt111ses :;;our ·a 
premiere io1s cans ;a ~onstruc· 
llQn oes :iat1merts de centraies 
Les carreaux ae ~enetres sort 
en verre profile. 
Les grouoes turbo·alterrateurs 
oaris 1a salle des macr1res sont 
a ,rrpiantat1on transversa1e Le 
circuit thermique est con.;u en 
forme de bloc. 
La salle oes machines est ces· 
serv1e oar trois pants -owants 
o\me force de cevage ::e 
125120 t chacun. la chauffene 
par tro1s pents rouiants ce 
50 1 O t chacun. 
Sur ure piate-lorme exter1eure. 
a i'arnere ou batirnent. sent dis· 
poses :es ventilateurs de tirage 
et ~e soufflage et •es rechauf
leurs a air regenerat1fs. Pour :e 
'eiet des de comoustion 
c.es ce vaoeur. 
ceux sont cons!ruttes 
d'une riauteur de 250 m Cha· 

Kostroma steam central oower 
stat1cr as wewed from the Volga 
River 
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:tH-:e _.J :;:"er-iree ;es 
:rancres ;1r-oies est :orsntuee 
o 'Jre erve:occe ~cr:ar:te 2n 
beton arme ·er'errrart c::uatre 
conduits "1eta1>1c;ues cert ~ra· 
cun est a"ecte 3 'Jr.e :rarc:-e 
therrrnque C est :c: ~' a ""· 
miere '01s aue :e!'e ·;::rs:r:.;c· 
t:on a ete utlitse-= ~r ·~'::SS 
Le :iat1r-er1 ::e J :'ys-e ·-e·· 
m1cue 12oorv.w "'s; 1 ·.cc.:,-,. 
''ses La saile -::es -:-.-~·= ..... --~s as: 
a :eux tra1vees ,;;c J·~ --::'. 5-1 .. .,. a 
sa1le c::es ceca.zev' :e · 5 -
:a :;:"'auf"er•e Se ..:.:; ;- ~~ :i 

·:Jes ~t.:::c-3curfiar!~~ :t? · 5 ...... 
L .2SS&:""re :u 22~H"v"i-:~; -:?S~ .;:r 

~:"'a:-=e::es ,......e-.:i.-· ;~es ~,.l,....t 

-:::"'a ... ~en>? :a" ,':!_ :"'"·1_:--?"'~ 5._ 

::;e,..Ct.:5? ; '3.:::::1,.;'(=!r~ ~ ~· :-:--:; ..:-(t,· 
tres :c:3e.;s '.':€ : .... ~~~, ,;;t _.;,s: 
cees -:e '3 "":: _-:.s - ... '"~ ~·=""~ 
:::cr.st:i .... c~:or :er"::::::·:? .;)•~ ~-31"'· 

r.eaux :e :e:tr "', -, 
d 3rg1le -=x:: ~-,;;ee -'' 
CO'.'!tra1rts 9t a':' ~ .:2 
tC 1e :;rcf1 1ee a\i.'?-: 
synrre!icue. ~~:?.:;; :·-~:-"C"'.;.·::: 
tre etages sort ~ ,,.-.o-·s 
betor. 3rrne -,·i?r-:.:· :.-~:; ~s 

f'etres $Crt er :c~'-i''L'< . "-C> 

dans :::es ::"'333,s ~-:· 1 
en vEme :re·.; 
la se1ie ·:es -de:~"'"·' :>?s· 
ser1•e :car :ua.tr" a~·s 

de ·25·2'Jt :dr 
aeux ::or is :2 · ~·: ·) · 
era cur 
L~s ventiiaret.;;~ ·~ ''"'::i';A -:-! -:;s 
recMauffeiJr5 ; ·:!:r ~-:<;err:::;::·:: 

sor.t Cisocs~s :;;_;: ~~'2 : .1~~ .. "::r· 
me exter:et...~~- ~ ~H 2"-? .. ::a~ 

~'rr.ent ;.icur ~ ·~·-::-r ..::-:?:: ;e 
comousticr. t _'.: ...... t:: ::--8!""'""''._~g 

c·wne hautet..r :e 
tuee par 1Jr. ;:~r ;: 
cans ~ne -?r"v~ 

3rrne. :_a :rer:-.:-e;i 
::fun ascersa1 ... ~ ~~:2r":?L.'" 
Ltt oat!r"Sr"t ..:e ::::!":'r-3r"C':? -?S~ 

5,tue er.tr~ ~s :.i::~c;"':; 

trarcnes 3(0 '.1W <?! :"' a 
'-"~rc:"'e · 2':·:· \~'fv -~ '.':' :it1:""'-:::,...1 
reoresence _r. :;c.; .:;., L:i.et..rs 
bat1rnerits :)a!"o :::a:1,..,e·-t ;e 
trouver.t ·a ;a;:e :e ;:.:-'<"'arce . 
ces ateliers er ser.1c2s :e ::i 
centra1e. ~re sa:!e .:e ~:cr:e
rences at .,;r --a'ec::::r~ :a!> 
ment ae ·:or.rra-r-:.g :,:-r"'li"'1'""ui!· 

aue par :es :;a:e"es :e cas· 
sage avec es oat;rer:s :es 
trancnes 

Vue g~nl?-"3.'t? a1..i :ct~ ..:e ; '/,;i:ga 
ae ra cer.t:a1e ther,,,,,c-2/ecr::cue 
de Kosrroma 
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90.J .:;cr3r-.-'JOBa'""o .10/lHCCV!~ 
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so nc noo~Jsoacrav ueHH~X 
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3neKTpMYeCKO~ YaCTM 

'3oiAac.a JneKTPH'"teCKO>i MOll,I· 
"'OCT>! ·JT JneKTPCCTaH4HH npo·· 

Water Treatment 
Plant 

T!-1e Nater !reatr""ert 01ar.t ::;f 

6DO t" outout ~oused " a se;:ia· 
•ate :u11a:r:g was DUI rto ser
vice ;r, c:rrec~icr. ·Jv:t.r: !l'":e :cr:.
r.irssici:1rg or tre · 200 ~.AW '_.r:it 
T1-i1s .vater :reatrr'ert 01ar.t ore· 
-.,,,:ices :e::--.ireranzed 'Nate" •or 3:! 
s:at~cr --eeos. 7· ... B- Na:er ~;eat· 

...,..-:-r: :~.:-:;ess :r::- 111ces ;c' c::.ag· 

.. ;=a~1cr .- :· 2~·;:e"S 3;-C :,..ree .. 

~ra.-~-:: :e..-- '°'£:~.?. !:3t~or: r :ar.oe:s 
-· · :c~3 ,..e ,.,a:e· :;-re ~'c.:1rc 

Fuel Handling 
Facility 

7~2 s:a: :r . "23 .... ~:-5...,:';...~ ·;_;e' 
~:,; - --3. :'....,..; :;as = .;€:' .:1 

3ric:~-: :'f ·3.; ar:: :'...r-r;; ."'3'>t'-

~3t .. : .... :>.- .-.s.'.e' : ... 2 .-: ;a ·-",. 
.=.,._ = .... e· .:i· s · -=:: r "-?·:·;::r:ea 

b1..."·ec ''1Ce 
:r ., .. ,e ·a.:• :-a.rs :· .. e· :· s -e3~ec 
_;:: :'.f :-:er- 3~i;3r- =· .. -c· .:11 :.:::, 

.::E 1\ 8'2C :: ...... = :'...r""ers ~t 3 
:;'"ess• .... ~-e .:: i- -<i;?~ :;"""'..: arc 
... ea:ec · ... c '.G a :e,-.ce"3ture ::-f 
. 2: .: 
'.-dtL.~a ~a::; ·s suco•iec: •rom t~e 
'"'air ;as ire. T~e ;as ~aratirg 
svs:e:- :orsists cf 3 ;;as C!Sl!'ir> 

•..,ttrg $lat:or •,.-:r-- ,\r1c; ·t 15 :ec 
3t 3 :re5s:..;"e :;f • O ...:; er.~ to 
~re ':a5 c:1str~~L..t;or :e!"'te~ :Jf ~!"le 
sta11cr 

Water Supply 

i;..,e service .-va!er 3woo:y is a 
~1rec~ •ow sys~e ..... ~V3.ter 1S taK .. 
en '·cm 1ne Gor'v stor3.ge ·es· 
ervcir Jn tre vc1g;a '"iVer T:"1e 
1rta-.<:e criarr.e1 s ar: .:cen eartn 
-struc:ure with :crc:ete·orotect
ec :::arks COCl!rg Nater ;S :a-< .. 
er '"Cl- C'N e·.~·5 :y ~!""ree 

srcre :urci:-g statrc::s 
~Cw1cce-::: .-.iit:-: .;er'. 1ca· ::'-:iCe' 1 er~ 

i:·:--::e .::"rc1...·at1rg ::....::rs 
7 ... e :1s.::-ar;e ':~arre·s a:e :;f 
~·"'o ~'ices .:,csec -:;-a:-r.e 1s are 
race Jf :;reta=r·c3rec !"ein 4 

fcrcec corcrete 3rc ccen c~ar:
ne1s are ear!""? st~uctures. \i\'aste 
;lOl water is usec for ~1sn .farm· 

• reg - ~atc~;rg ar:d .~1gn value 
~isn orcduct1on 

Electrical 
Connections 

E!ectflcal energy ger.erated ~y 
the stat,on is transmitted by 220 
and 500 ~V :mes 
The 300 MW u"1ts are :onriect· 

Poste de traitement 
d'eau 

Avec :a m1se en ser;1ce Ge :a 
trancre 1200 MW. 11 a ete etabll. 
dar.s un ~at1ment a part. un 
poste ae tca1temert d·eau d'une 
caoac:te ce 600 th au1 sarisfa1t 
les oesoins en eau aerr.1rera!1-
see oe route :a ::er.ua1e Le DOS· 
:e ,cr:c~iorre a·a::i,.es un scne· 
r:.a ~e ~!oc~!aticr. Gars :es :::Je· 
:anteu•s et Ge aer:".1rera'1sat1cr 
::ars ur 01oc d ecrar:ceu'S a 
t·:::1s ~tac;es t:icu; a ~e~t<a!1sa· 
~iCr .::es ::iaux .:e .. e:et .::~ :-c~:e 

:e '.'~:tei-ert et :e ·a :er:"a e 

:·er ::a.:-~:e 1 ·e ce :e ·i:is-c: :ars e 
::"'.:"....'! :e a ·:er:"a.'e 

Pare 
a combustible 

_a ._:ert"'a,e a1ec~:'.(:Le est ::'.'"'a.ut .. 
·ee 31..,. -az~L:t a· .... ec ..ire :er:et...r 
~·e·~ee ~r scufre ~!au ;az ... atu· 
re, :_e ...... azout es~ ac:-err-1re aar 
fc1e ~er:ee ou. :er.cart a :::;e .. 
;:cce .:e "la•,!ga11cr . .::ar ,,c;e ··u~ 
·~-:a·!e sur a ·Jo:;a. ~r s:ccl'(e 
cars :es ~e58"1c1rs ei'. :etcr 
arrre ;-::u t~vce ser!~9rte:":;is_ '....-:? 
'"ec;au"ace :u r":"'azcut .::a:-s ·es 
.,,agor'.s·c:te·res s effect•Je a :et 
oe vaoeur 1ore :..e ,,-,azoi.;t est 
3rene 3ux :rlreL.:rs :es r;ere· 
·ateu~s ce ·;aoeur sews ~~e 

pcess1or ce ~ 7 ~g er: et a ur:e 
temoer3.ture de ~ 25 ·c 
L ar;'"!eree ::u gaz ~att.;re! ~st 

re2!isee a :Jart1r c :.in gazcct..c 
Le ceseau Ou gaz ::Dr.oorte ·cr-e 
st3.t1or :!e 'eoari1t1on .:e gaz 
c cu ·e :;;az sous ure p•ess1on 
:::e • O ~:::cm" est :i.rnene 3U 

::oste ::e • :::istnCu!icr :::e gaz ::e 
:a ::ertra e 

Systeme d'approvi· 
sionnement en eau 

:..e systere d·aoocov1s1onr:e· 
r-e~: en eau c'ue est a c1rcu1t 
c:.;ve""t. 3vec on5e dar.s 'a :ete 4 

r.ue ce GorK1 sur :a Volo:;a. Le 
:ara1 :::· arneree est a c1e1 ou· 
·;err. en :erre. cvec es t)erges 
orotegees oar ce5 ·~aJles en be .. 
!~~ ;_,a :i!'•5e er: :Jrofcndeur ce 
· eau :e ·~:rcU1at1on est •ea11see 
oar tro1s stations ::e Dorr.page 
•rno1ar.tees au ::ora :ie .'eau et 
ec:u1oees de oompes de c1rcwa· 
t1on a re'1ce a axe ver11ca" Les 
caraux oe reiet sor.t ae deLlX 
tvoes couven. en elements de 
~eton arme prefabriques et a 
c1el ouvert. en terre . 
A :Jase cl'ettluents therm1ques. !I 
a ete organise un amenage· 
men! p1sc1cole pour r elev age 
d'atevins et de po1ssons de 
valeur. 

Installations 
electriques 

L'energ1e electrique produ1te a 
la cer.tra1e est evacuee aux ten· 
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p1anr 

Tao.-eau -:fe ::cr::r-arc1:2 -=~· "'C<z•.:i 
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.Ha /-p3c ''.•ee'>:-.;; -<;:"4,•r-,-e,.,,:: 
nato.oa:c= ,.,..., cCe1_"-e....,,.15.3·C· 

:::;r~;~~:~~~~~~1~r ~::~:,-~:~ ~:·:. 
cvr;,f '<iA\1;,1 ... ect(crc --= ·c3 
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220 "' 500 <(B 3Hepro6nOK>1 
300 MBT ~epe.J roex¢a.JHboe 
noBbitlJalCLU>le TDaHCqJOpMaTO
Pb• YOLUH0C7bl0 400 MBA coe· 
,.'.l>IHRIOTCR c OPY 220 >1 OPY 
500 -:8 
OPY 220 -:B 8b·f10n ... eHO c ABY· 
MR Cl'C"eMa~· .......... ., o6xOJ,t<0'1 

:l'CTe~•c"' -"'"' 'JPY 500 <B 

, :--c·-r" ~ - 1 .:sa -:;·~coe11k 

: ~ .......... ~.::- ..... sced ... .,.e-...1 
·,1 :t1:-:;•1~ -""~ 

:~ ·.·-:--...:·. _- :::."/ 22D ~ ~?Y 

~-= : -: -! .... :: ·:.. -

'-·~ -

::c:~,.3-: ::; ., •. ,:_"i""'.:c ... ~..o 25 
\1E-.~ :--::c·-::-""::..:3 · ~·.x: \ 16T -

~::;-.:::c::~.~a-~~a \ICJ...t"'C~ 

-::;:a.-1.::=c:'~.4.a-r:ca ~ar::·i;::i"'-e .... ~~ 
-:?\' ,:z·J ;: ..., 5 ~.'Cl..!...HCC'~rO '"'.O J2 
\'f:"l. . ..: ..... c ?""'-ec:-·:6;"CK3 ~ 200 
\•S- - '.t.:._~cc-'="° 53 ',,18A. 
ra -?JC ,.... •. ,e':?".'G:rl -<.:J'..-n.,rei<:: 
~accca~-:-c,11-~ \1acrecc'(~X. 

:cec:--~·~v"sa. .. ::._..11x -a.:.e.ot<~''."'I{) 

:a6c-·, :e~c~~~adH~~ 

ec :nrcuc;ro 5teo .. 1c ·riree-or ase 
400 MVA transformers :o tne 
220 and 500 ._v sw•tchyards. 

The 220 kV sw1tc/'\yard nas a 
couble·bus scheme of connec
tions w1th a bypass bus system 
The 500 ~V sw1tchyard arrange· 
ment :ncoroorates three c1rcu1t 
breaKers !or rwo conr:ect1ons 
Mt~ cne sect1orai1zeo bus sys-
;em 
-~e 220.. a.re 500 l(V sw1tcn .. 
»arcs are .rte".1ed !rro<.;c;n a 
:arl( :f 3Lt~~;ar-sfcrrr-ers ...v1th 
.30 .:tgi;:esute :2cac:ty :! 30 · 
\~\' -4 ,., --·;::- :;er·. -:-s 3t •:--e ~ar-e 

:. ... x· ;3•·i;;3 :f ..... ~ 31:'0 ·\WV .Jr1ts 

~ .. .e :Lcc::eG : .. ·!"" :c·Ner 3.t 0 "V 
-.. :,...... ::··'-;f;.l. :~2:-sfor~e:s .l.ux-

:;:....cc,,e::; .vit!-i :;c~e~ ''"Cr-l rt-a 
...!C.\1'/~ ~"ars~or.~e .. 
:""e }OG-;\1\V · ... ;'"'rs 3r-e ::irovicec 
,\,t~ ;,.\C :3CK·;..·C 220 6 t<,\; .32 
'S.'.l. ::-ars;cr~-?'S - .... e ~ 200· 

\1'/v ..Jrit ·S ::acl(eG :JD cy 3 -'33· 
\1V l. :·3rsforr--er 

..,.,..e s:ea,....., cer"1rr3t ::ewer station 
:s ::rcv~d":?·J ·N·t"'! ·acor.3tones. 
·Ncr.:s~ccs '.O ;:i,..sure ~ei1ab1e 

ccerat1on ,::i :re acu.crnerL 

s1cr.s 220 <'I et 500 <'/ Les 
trar.cnes therm1aues 300 MW 
sont raccordees au ooste exte· 
neur 220 kV et au poste exte· 
neur 500 kV par rintermedia1re 
de transformateurs elevateurs 
de .100 MVA. 

Le ooste 220 kV cornporte deux 
1eux de oarres et un 1eu de 
oarres transfert. e paste 500 ".V 
est execute su1vant 'e screrna a 
un :i:sioncteur et def:':• et avec 
ur. ,eu de oarres seclionne. 

La cornex1on er.Ire 'es :iostes 
220 at 500 <V est 'eaitsee a tra
.ers ~r ::anc d aLtctransfor~a
'eG''S : ~r-e :i..1ssance ~ota:e ,~e 
30. \1\/ A JI.JI ;e~ 3 a ~81S 3 
e·,a·::.;er ere~g 1 e ~ 1 ec.tr1cue :e 
, _:A ::es :;a;c~es ::cuo,es 
3CC \11/'J 
_as 3er .. ces aux1lia1res sor.t aii· 
~erotes a 6 <V 1:Jar 'es trars!cr
~ateu's ce 25 MVA. :eux ce a 
:rarC'.·e • 200 \1W, :::ar . .,,., tra,"S· 
':;r~ ateLlr ::e .10 \IV A 

"'cl:r es trar.ches 1.~er"""1clJes 

JOO \1W ,: v a ceux trarsicrrna· 
teGrS ;::e secourS 220 6 <.V C une 
:iu1ssance de 32 MVA cnacun. 
:our 'a trarche 1200 MW. ::: ur.e 
owssance de 63 MV A. 

La ~entrale ttie""'O·e'ectricue 
c1soose d'un el"semo1e de 'abo
ratcores et o·ateiiers qui assu· 
rer.t ;e ban forctiornemerit .:u 
materiel. 

OcHOBHble rexHHKO·JKOHOMH'ieCKHe H JKCnnyara4HOHHble noKaJarenH 
Performance Characteristics 
Principales caracteristiques techniques. economiques et d'exploitation 

''3 

T,..n :..ri?K"'.'"2:Ccra1·H.;,H~ 
T vce •Jf ;tat1on 
T»oe ·:e cernrale 

Kcn'1~ecTao '1 YOUlHOCTb 3Hepro6n01(0B. UJT < MBT 
~ur:::er ~r.c capac1ty uf units. pcs <MW 
Ncr-::re el :iu1ssance de tranches therrn1ques. unite x MW 

roAOBaR Bb•Pa60TKa JJ1eKTP03Heprn>1, '-1nPA· 1(8T" 
Ar.ruai gererat1on. 109 kWh 
"''0C:uc11on annuelle. 109 kWh 

f'acXOA 3neKTP03Heprnri Ha COOCTBeHHble Hy;'+(,i:\bl, % 
Power consumption for auxiliaries. % 
Consommatlon d'energ1e propre. 01

• 

YAenbr<bi~ paCXOA ycnOBHoro ronnriea Ha K8T·« 
ornyLUeHHO~ )J1eKTP03Heprn1o1. r . 
Specific consumption of ideal fuel per KWh, g 
Consornmation de combustible moyen par kWh d'energie 
produ1te. g 

YHCJlO "acos >ICnOJlb30BaHHR yCTaHOBJleHHO~ MOll!HOCTH 
Installed capacity utilization nours 
Nornbre d'heures d'utilisation de la puissance •nstallee 

3Hepro6noo<1o1 
300 MBT 
300-MW 

power units 
Tranches 

therm1ques 
300 MW 

JHeproOnoK 
1200 MBT 
1200-MW 

power unit 
Tranche 

therrn1que 
1200 MW 

KoHAe><ca141o10HHa.11 
Condensing 

A condensation 

1x1200 

15.4 7. 1 

2,9 1.66 

316 313 

6100 6000 

1i-:ceb11.~.:a.~~~"'1 -=a-.;=cCYd""'::; 
:;,.ecrc6noKa JOO \18• 

Stec-uo rraf"'sforrT'er cf JQQ .. \fW 
um/ 

Translormateur ere~areur : c,re 
rranct:e JOO MW 

OtK.Ob1roe oacrce.:i.e1"1~~s.-=-~:e 
yc~:Jc1.lc~ec 220 <8 

C..,.'o(.Z:,o,~:;e ::ac.-=e..::.e.·,,,--:--~

,,...~"."CCi.fc-aC 5GO "'5 ' - ' ... 
-.c..1 ~cvr-c .... :s'(,,.., ~ 

:Jd.J-=2..;,,1:-_.A-e;··•:,.;;.u..-' 

r:eurs ;i.;s:::enc ~; 

;7"',..~1ir1 _i. •• "".'t1oe.:-: ... '.-'7:"'-?_:~;-,' .. 

r::;p;., ei...,;!e"' 5,_~( ~ 5 ~··~ · -::.: - . •· 
BdiOL..i"'e E!b•.l.3.\.. 'I ].-'::.'.:. ~:: ¥. 

r •. fr, a =~,.1i--v.;,.: :---:-:: · ~-c~· ... : "::-"'··~ 
ue ... :oa ccc:j-

DIY.'f'g .:'C~\re' :o ·--= ·-~e"::_·r--;:, :.~

eO sysrer; .Y ~:=.s::; --~~·-:-, 
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YnpaeneHHe 
.. aeTOMaTHKa 

YnpaeneH>1e 111 ><OHTPOnb Ja pa-
60TO~ c60PYAOBaH>I;! 3Hepro· 
6no><oe 300 MST ocyt1'eCTen>1· 
10Tc;1 c 6nO'-'Hb,X J.j>1TOB ynoas

neH~;! , c.o"~ -a ;iea 5ncKal. 
><Y.'.la Bb,,..ece~~. ,c.,6cob, oerf· 
n~ocsa~~~ :a6c~~1 :c~oe~oro 

A ~c;-,.:,,•c-::-~ ~=-;r . .:'. cCc-cv.Jo-

... b1 ~'-t::'CD"4U.._r1c--G·8~1....,\.1C.-...i

-:;;;~::11""'~'2' \1a:...:...;A"""'='l 1'8-5t~'0 3. 

7a~~e -a:-ier.A Ja:......·,..t7"=iJ ... ::11r

... af:tC2.L...A"" 

~~c~~"'~aL~? =~~CTn J~ecrc-

6 ro..:c s, 3 ... ::t• .. ""-e 1""Cas:1e-V1e 
86ccy~c5a ... ~ey ~c=c~aH~~~ ~ 

.~~~~~ ;~e~-:crece~a-VI 3b1-

'...l..4w-1T3 /i1CaBr'e"'"~s:i 

~BTOMaTAJ>1PCBa~ ... a" :Acreua 
yroaere~~~ 7ex~onor~~ecKA

"'" "CCL,eCCJI.<-' . .I.CY Tr~l 
oHeoroc.nc.,a '200 VB, -,pe.::

CTasrFer :ofc~ -enose><8-Ma
wV1-i---'l1C 8ftC-eMy ..1Jl~ 8b10a

CcrM'.,, 11 :e~.-1.1Jai.;.'1v'I ynoas.n~

-Cili~x 3':3.::?,eioic;3..,.;, ~a Jl-leOro-

6r.c< : "OAMe><e,....,e•A 1.1ercp,cs 
Gf1T1.1Mar•b,..cr0 f'rcas11e""!l-'P. 
·:ceoe..,.eHHblX cpe,:i.crn Bb•"'"'c· 
;-:r,.ne!'.b>-lCV. ~8Xl-<VO(~. WVl-<KLVIO· 
><anb,,o-roynnosoro yr.pasre
.... VI~. ~BP.::~aT'i-148C14'.;8rc ::eryrl-1-
ccea:-'\itl1. :s:::1J;A. a -.3K)t(e Tp3 .. 

.:,.1L.AC""i1-":::n:i:: ·::::e.:JC~B -<.:H::-cnrt 
~ 1:-:-aa:-i:;--,,;;:i ) ... ·) ric3aon~er 
.:cy 1_~s-~:-r:-!:l -a1ACcnee )q::, .. 
:e~-A~~c~ -ex-c~or~~eCKOe 

.~~22:e ..... ~e -a :c~oee eso~~
"'C~ -3 :::..C'; ..... n . .At-C::COMai..~1.1. 

·.:.::-·~e ... :;:i.• .. 1 2rccsC·cM ~ce~~ 

, ~38,-"2""'"to ,1 ... ~CCM3L..io11-4 JlBnf'!-

~~-.:,.1.c;:a.~11111 -2 ... ae ......... b1X .., 

,.:. : ..... : . ~'? ,,..'::·"&. j "'"'.€ ... _ -:et-•t..Q .. ,-y~ 

---=::-=·' ~ ..... ...21;.;·.::- ~-:a . .( 3f;V11 C 

:~ 

_ ~~·:-=--:s \, ... e,1cc:.r.e· 
~~i:;. ~ ...:.·- :~.•,11-~c.-::: .... ...-~G:CC!!.1a

:....".-:.• :-.::--::o~~·..1 -aca.Me7::Cs 

~=-=c~c-3 ~or~'-eCK~ra y~oas-

,,-,e ..... ~µ ::-y'-l"-'.i.J.1"1C~a ........ bi-i!::iiX "Cynn 
!~cc-:-:.1ria.eT ... a .... ec1o-10-6erib1e 

:-nel('T:c,.... ...... o-,:y ..... 9sb+e T:Jy61<:i,.,. 

~~cMe ~~mccMau11~ o ~a6ore 
OCCOV,i!C82hl1R. aroeraT.,.a>< 
C:ACTe•.1a Sb;l....l"1Cfllr1T8f1b"10..1 7eX
H11K" :ioo-'3BOA>1T ~acc,eTbi rex
H-'KC-JKCHCM>1'-'eCK~X '10Ka33• 
rene;. 1He~ro6noKa oerncTpa-
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Automatic 
Controls 

Operation of the 300-MW units 

1s controlled and followed up 

from the unit control rooms (one 

per two units) which house con

trol instruments of the main and 

aux1iia0' equ1omer.t as well as 

ur1t start·'lD anc shut·down 'a· 

c111t1es Ail tr.e -ia1r. processes 

are 3utcratec The ur1t cor.trol 

8·5 

Tl:e ;e;t:-a' -;cmro1 :oard ccor-

01l"ates ;cerat1cn of tre '"'ri1ts 

~r.c: :crtro,s ;uostaucrs ana 

~rars,......,1ss1or. ires 

-he :orcute"Zed control sys· 

:err. .~t '.:'e '200-MW ;;nit is a 

--:ar-racr1re r.ter'acec system 

aflcrc1rs ::--e> :crtrol of ocwer 

gene•3t1rg "'"'t Js1rg cot1rna1 

cortro1 ·ec:ir.ioues. JD·lD·Cate 

corr.cuter :-ec~rcicgy, surct;on~ 

ai-grcuo ccrtrc;s, ser.10-cor,tro1 

svstems ana corr.mun1cat1on 

tecr.rolcg•es. as we1i as con

vent1cnal '11ears of loilow·up 

control. T~1s provides most etti

crent orocess control casea on 

aata 1routs The main means of 

data preser.tat1on are co1our 

and biacK·arc-wn1te CRT dis

p•ays. 

Th.e CRT :1sc1ays orov1de 

- inc1cat1on of parameter :n 

graohical 'crmat: 

- 1r.d1cat1on. cr• ::emana. of tao

ulatioris and rr.1rn1c c1agram 

fragments wnr. data on pararne

ter trenc1r.g: 

- status ro1cat1on of valves 

arc rec~ar1srns: 

- rc1cat1cn :;f :iararneter ·~ev1-

at:crs 

!r:forr""7at1or 'Jn the ccerat1011 of 

1oc;1c ccntro1 1ers is c1solayed :in 

the clacK·ar.d·wh1te CRTs. 

In adc1t1on ro the 1nfcrrnat1on en 

tre ooer2t1on of equipment. the 

unit comouter-oased system 

mai<es :a.cu1at1ons of power 

unit :ie!iormance character:s· 

tics. affords oarameters loggir.g. 

alarm event logging recommen

dations for optimal operating 

conditions. analysis of perform-

Commande 
et automatisme 

La commande et le controle du 
!onctionnement de :·equipement 
des tranches thermiaues 
300 MW sont ettectues a oart1r 
des tableaux de commande des 
tranches (un par deux 
tranches). ou sor.t lnsta1les 1es 
aooare1ls de regulation du fonc
t1onremer.t au materiel omoc1oat 
et aux1l1a1re ainsi que r apoareil
:ac;e :-iecessaire au cemarrace 
.ot a :' arret aes tranc,-es !~er,.:;1. 
cues. Tcutes es :>oerat1ors 
~ecr:ro·O<;icLes or1ric:ca;es sort 
autornatisees, 1-es ta~ieau_'.( ::e 
tr3rc;es :;er~ eG 1 

.... nc~s :e 
·71res :n•crr.atnces·ca:c:..1a· 
:rices 118-500 31ns1 cue ce :::ar
neaux :::e protection et de s19ra-
·1sa11on. 
!..a cocrd1rat1or. cu 'or.ct1cn~e

,.,ert ::!es trancres et a :Cr"· 
fTlarce de ·'ecu1pemert :es 
;ostes ce transformation i:JI ces 
:,c;res ~aute ter.s1cr. sort rea11-
sees a car11r ce la saile ae com
rarce. 
L.e systeme de co,,.,rarde 
automanse des processus tecr
nc1og1oues ce 'a tranche '200 
MW represente "n syste,,.,e -ra· 
cnine - ~cmr.".e e1accrant et en
·1oyant les s1gnaux c:e commari
de a la tranche. avec u11iisat1on 
de proceaes de co,,.,mande ::mt1-
ma!e. de tecnn1ques de ::alcul 
modernes. de !a commanae cies 
groupes 'onct1onne1s. ae 'a ·e· 
gulation automat1que. ce :a 1a1-
son. ainsi que de moyer.s de 
contr61e et ce commanae trad1· 
t1onriels. Cela oerrnet de •eail· 
ser la cornmande technoiog•cue 
la :i1us etf1cace a base aes don· 
nees 'ntrcdu1tes au syster.e ".le 
comrr.ande automatise. 
Le mcyen pr1nc1oa1 ce represen
ter ·;ntorr~at1on "ls! l'atlic~age 

sur ::es 1rdicateurs a rayons ca· 
:!'1cc1oues en cou1eurs et en nc1r 
et :1anc. A, aide ces 1nd1cateurs 
a ·ayons :atnoc1c;ues. on cc-
11erot: 
- affichage des cour~es des 
ci~ererres granceurs: 
- affic:"age a •a ce.,.-anae ce ta
cieaux -at :::e scremas syncon~ 
·~ues ::;ar!1eis. avec ;·1~forr.at1on 
:v:cam1cue sur ies grandeurs: 
- aric:cage de 1a pos1t1on de 'a 
rct:inettene et des organes. 
- att1cnage d'ecarts ce gran
aeurs. 
Les Connees sur 1e 'onct1onne
rr.ent ces dispos1t1fs de com· 
marde :og1que des groupes 
foncr:cnnels sont artichees sur 
ies •na1cateurs a rayons catnodi· 
ques en noir et blanc. 
En plus de !'information sur le 
'onctionnement de l'eqU>pe
ment, le systeme general de 
caicul realise le calcul des ca
ractsrist1ques techn1aues et eco-
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-cr-,c~es :e a :~3~::;'."'e :;--e---1· 
:i..;e er .. >.?g1strerre~t ::es -:arac· 
~er:st:<:ues B{ ces 1rc1certs. aff; .. 
C:"age ce3 ~ecor::riaricatior:s a 
1 operateur oaur 'e c:"'o<x du re
;1r"e :JP!l'"'Um, ana:yse :es ca
~ac~ef•sr.ques iecnrJcues et eco· 
rcr""1cv:es ~t ~tSe er ev,cerce 
·:es :ai...ses ::es Bcar~s. ;;:-e·~-·~ 

s:c"" ::es ::cvr:es ce ·:!-e~:ts :-r: 

:.-:_..:; ;~::..;.:::es •::::·;; ....... ~js 
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1.t3-
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a1.1rorr:ai:se ::es ::;·::;_-c;,; _; 
f1C!fog1aues :::e a .. y:-~ 
1200 \.1W 



-'---..:_..::::._ 

---
I • ...... 

I 
II ,. 

~... ;.. ... ~ ..:~:,;~; . . - . . . . ~ 
KOC'TlXJMCKoii rP3C. ,QaneKo power staifOO: ~~~i¥,H~~,iabclur '.~ ~!::!t~~~elll. de 
Ja npeAenaMH •Koc1po11.1cKoii• traditions. Names.a(the work· temi •kostromienne• que s 
JeMnH npocnae~n14Cb ~MeHa ers, engineers and tecmiidans devenus ~lebres les nonij•;;l;;A~ 
pal50Y14X. ~H)l(eHepoe ~ 1exHl4· • have become weK-known far d'ouvrters, d'ingenieurs et 
1(08 :meK1poc1at<u~l4. technicians de la centrale ther-. --- ' beyond the Kostroma land. 

i • 
-·--._ 1 -;-t-..,. 
--...:....:.- 1 .· -

--

--~ 
, 

r 
-'1 , 

T 

1 ~ 

Tl!I , 
-, 1 

-- l~ 1 ..... , 
~--.. 
·~j l 1 ---n1 1 1 

tDi . 

r 
~ 

I 
!. 

'1 
r 

1 
!_ 

~ 
:1 

rJ 
!. 

If 
!. 

[. 
I 

,. 

I 
1 

r 
l 
I 

1 

~ 

-

• • ii! 



rique de· 
·adiOOns 
II ·~ 

~ 

r. u• 

~ - ...... 

.f -. 
-' 

I 
----~.~~~ 

1 - . 
" .. ·11: . 
• -~2;& - ... -~-,. 

"'if' ..:.:· ' ·- ' .. · 
-~ , r 

~;L 
--ir~··:~~ - -~ 

-·~>4 -~ 

.. 
.. , 
--. 
l 

· 1984 specific fuel consumption 
,,.;tHblil paCXOA TOnnHea no 3Hep- for the 300 MW units reached 

roOnoi<:aM 300 MST COCTaBHn 
3 "'8r. "· 316 g of coal equivalent per 

nepe,aos;;:;· :JflbiT ,<am1eKT11Ba kWh. 
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ENERGY AUDIT 
CITY OF KOSTROMA 

DISTRICT HEATING SYSTEM 
RUSSIA 

APPENDIX 5 
KOSTROMAENERGO GRES 

3,600 :MW STEAM POWER STATION 
WAD CURVE FOR APRIL 22, 1992 



KOSTROMA 3600 MW GRES STEAM POWER STATION 
KOSTROMA, RUSSIA 
RCG/HAGLER, 8AILL Y, INC 

DATA FOR: 
22-Apr-92 

Plant capacity (gross): 

Available capacity (net of station use): 

Load duration curve by hour of day: 
Time: 0 

Total generation: 

Average load: 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Electric Load 
MW 

3,600 

3,218 

1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
1,500 
2,200 
3,000 
3,000 
3,000 
2,900 
2,900 
2,900 
2,900 
2,500 
2,000 
2,000 
1,800 
2,200 
2,600 
3,000 
2,100 
1,500 

51,600 

2,150 

Average load factor, based on plant available: 

Average capacity factor, based on 3,600 MW: 

LF 
based on net 
available capacity 

0.47 
0.47 
0.47 
0.47 
0.47 
0.47 
0.47 
0.68 
0.93 
0.93 
0.93 
0.90 
0.90 
0.90 
0.90 
0.78 
0.62 
0.62 
0.56 
0.68 
0.81 
0.93 
0.65 
0.47 

MWh 

MW 

0.67 

0.60 



KOSTROMA 3600 MW STEAM POWER ST A TION 
LOAD CURVE FOR APRIL 22, 7992 
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KOSTROMA 3600 MW STEAM POWER ST A TION 
LOAD CURVE FOR APRIL 22, 7992 
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ENERGY AUDIT 
CITY OF KOSTROMA 

DISTRICT HEATING SYSTEM 
RUSSIA 

APPENDIX 6 
KOSTROMA ORNAMENTAL PLANT FARM 

1991 HEATING PERFORMANCE DATA 



KOSTROMA ORNAMENTAL PLANT FARM 
KOSTROMA, RUSSIA 
RCG/HAGLER, BAILLY, INC 
28-Apr-92 1. Heating Load 2. Heating Consumption 3. Performance 4. Supply/demand 

AVG TEMP DEG-DAYS GCAL GCAU SUPPLY DEMAND 
MONTH c (12 basis} DEG-DAYS 

1991 1 -5.3 536 3222 6.01 1.00 0.96 
2 -7.9 557 2245 4.03 0.70 0.99 
3 -3.4 477 2008 4.21 0.62 0.85 
4 6.3 171 1199 7.01 0.37 0.30 
5 13.2 0 622 0.19 0.00 
6 18.6 0 0 0.00 0.00 
7 17.5 0 0 0.00 0.00 
8 15.1 0 0 0.00 0.00 
9 9.7 69 300 4.35 0.09 0.12 

10 6.2 180 2390 13.29 0.74 0.32 
11 0.0 360 2097 5.83 0.65 0.64 
12 -6.1 561 2091 3.73 0.65 1.00 

1992 1 2120 

2 2473 

3 1687 

TOTAL 1991 2,912 16,174 6.06 5.02 . 5.19 
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ENERGY AUDIT 
CITY OF KOSTROMA 

DISTRICT HEATING SYSTEM 
RUSSIA 

APPENDIX 7 
RECOMMENDED EQUIPMENT FOR 

KOSTROMAENERGO 



THERMAL IMAGING SYSTEM 5/4/92 

I DISCUSSED WITH DAVID SMIALEK OF INFRAMETRICS OUR PROJECT 
~ND WHAT THE NEED WAS. I EXPLAINED WHERE THE EQUIPMENT 
wAS GOING AND ASKED HIM TO SEND YOU A QUOTATION ON 5/4/92. 

WE RECENTLY PURCHASED THEIR 760 THERMAL IMAGING SYSTEM FOR 
uSE IN OUR FOSSIL STATIONS ($65K). I EXPLAINED OUR BUDGET 
FOR THIS PROJECT WAS ONLY $40K. HE INDICATED WE HAD A 
600 SYSTEM AT OUR OCONEE NUCLEAR STATION THAT IS WITHIN THAT 
BUDGET. THIS IS WHAT HE WILL BE QUOTING ON. HE HAD SOME 
QUESTIONS ABOUT WHO WOULD BE PURCHASING THE SYSTEM AND I 
REFERRED HIM TO WENDI NOT KNOWING IF IT WAS RCG OR AID 
DIRECTLY. 

~E LOOKED AT 6 MANUFACTURERS BEFORE ~E SETTLED ON 
INFRAMETRICS FOR OUR LATEST PURCHASE. THE PERSON WHO 
eoUGHT THIS IS vERY THOROUGH so I HAVE CONFIDENCE THAT 
INFRAMETRICS IS A GOOD COMPANY. 

INFRAMETRICS, INC. 
16 ESQUIRE ROAD 
NO. BILLERICA, MA 01862-2598 
508-670-5555 

MARK. 



inframetrics 

•Model 6001 
Infrared Imaging Radiometer 

With the system worn in the man-portable mtJde, 
che 600L ts ready to go anywhere. Technician 
checks hot spoc on swuch disc()n!Wct. 

T he Model 600L is a TV-com

patible, multipurpose real time 

inf rared imaging radiometer for field 
and laboratory use. It offers total system 

versatility at reasonable cost, without 

compromising the superior spatial and 
thermal resolution for which Inframe

trics is well known. 

Standard TV output derives from 

the fastest scan rate commercially avail

able, and provides easy interface with 

video printing devices, VCR's and 

video monitors. Real time thermal im-

ajges are stored on videotape, with hard 

W:OPY from video printers, 35mm or 
Polaroid cameras. 

For in-depth data analysis, the 600L 

can be used with computer-based ther

mal image processing programs such as 
ThermaGRAM®, available only from 

Inframetrics. 

Model 600L long wave systems pro

duce excellent detail and avoid the 

inherent image degradation from solar 

reflections often encountered in day
light work with short waveband (3.0-

5.0µ.m) systems. 

Available options include electric 
cooling, image averaging, remotely con

trolled optical filters and man-portable 

or cart transportable packages. 

A portable system for 
industrial applications. 
• Direct temperature 

readout 
• Measurement from -20° 

to +1500°C 
• Microprocessor based 
• Electric cooling 
• 8-· 12, 3-5 or 3-12 µm 

spectral bands 
• TV rate scanning 
• Remote focus 
• Emittance & background 

correction 

Man-portable 
configuration 

- · -



infranietrics 
May 6, 1992 

RCG - Hagler, Bailly 
1530 Wilson Blvd. 
Suite 900 
Arlington, VA 22209 

Attn: Mr. David Kieth 

Dear Mr. Kieth: 

Inframetrics is pleased to submit the attached quotations 
for price and delivery of our Model 600L High Performance TV 
Compatible Thermal Imaging Radiometer with standard 
accessories. Attachment 1 details price and delivery for 
our Model 600L, Package ALC with electric cooling. 
Attachment 2 details price and delivery for our Model 600L, 
Package ALN with liquid nitrogen (LN2) cooling. The LN2 
cooled system would be recommended if budget constraints 
prevent the purchase of an electrically cooled model. 

The Model 600L is highly versatile and unique systems that 
combines ultra-high resolution imaging with precision 
temperature measurement, in a compact field rugged 
instrument. The powerful microprocessor controlled 
electronics is lightweight, battery powered and field 
proven. Built-in high speed measurement modes make it easy 
to measure temperatures quickly and accurately. 

The patented scanner design incorporates a dual resonant 
galvanometer scanning mechanism which produces image fields 
faster than any other commercially available system. This 
unique feature assures proper documentation of transient 
events through the use of standard video recording 
equipment. 

The Model 600L detailed in Attachment 1 includes our unique 
closed cycle microcooler-detector module eliminating the 
need to cool with liquid nitrogen. The closed cycle 
microcooler will bring the detector down to operating 
temperature within three minutes and requires only three 
watts of input power. 

The Inframetrics closed cycle microcooler as well as LN2 
cooling allow the Model 600L to operate in the long wave 
region (8-12um) which is highly desirable for sensitive 
measurements of ambient (<400 deg. C) temperature targets. 
The longwave region is also recognized as the wavelength 
region of choice for applications which call for outside 
imaging and temperature measurement during daylight hours as 
well as imaging in humid environments (indoors or outdoors). 

The Infrared Specialists 

lnframetrlcs, Inc. 
16 Esquire Road, No. Billerica, MA 01862-2598 

TEL: (508) 670-5555 • TWX: 710-326-0659 
FAX#s COMM.15081667-2702 • MIL.150BlS67-1046 • PCH (5081667-1460 



RCG - Hagler, Bailly 
Mr. Kieth 
page 2 

The Model 600L is a highly portable system. The system is 
powered by a small 12 volt DC battery that will provide four 
hours of continuous operation. The 600L scanner, control 
electronics and 5 inch monitor can all be conveniently 
mounted on the two wheel transporter cart provided with the 
package configurations quoted. The transporter cart also 
has provisions for mounting the video recorder included in 
the package. 

In the options section I have listed our 600 Series Man 
Portability Package. The Man-Portability Package utilizes 
the new Sony Video Walkman which combines a 4 inch color LCD 
display with an 8Inin video recording unit. The Sony unit, 
the 600L scanner and the system electronics mount 
conveniently onto the lightweight mounting vest included in 
the package. 

The 600 Series man-portable system is ideal for users with 
hard-to-get-at targets. The separately held scanner allows 
users to reach targets difficult to access with shoulder 
mount systems. The 8Inin video recorder allows the user to 
document thousands of frames of video and record events 
dynamically. The package also includes a rugged shipping 
case with foam cutouts for the Model 600L and all man
portability accessories. 

All Inframetrics manufactured items are produced in the 
United states at our facility in Billerica, MA. At this 
facility, Inframetrics maintains a fully staffed customer 
service department that can generally provide turnaround on 
most service and or repairs inside two weeks. For users who 
require quicker turnaround, we offer premium service (5 day 
turn around) that is requested at the time of service or 
annual maintenance plans guaranteeing 24 hour or 5 day 
turnaround. 

All Inframetrics manufactured items are covered by a 
standard one year warranty. Other items purchased for resale 
with minor modifications may carry a shorter warranty. A 
copy of our warranty policy is enclosed for your review. In 
addition, Inframetrics offers an extended warranty plan that 
would cover your system for an additional year. 



RCG - Hagler, Bailly 
Mr. Kieth 
page 3 

If you have any questions or require additional information, 
please don't hesitate to contact us at any time. We thank 
you for the opportunity to respond to this request and look 
forward to the prospect of working with you in the near 
future. 

~cY· o () 
David C. ~) 
Sales Engineer, Commercial Products 

enc. 



TO: RCG - Hagler, Bailly 
1530 Wilson Blvd. 
suite 900 

QUOTE: 
DATE: 

FOB: 

0592-04A 
06 MAY 92 
N. Billerica, MA 
Net 15, Subject 
To Inframetrics 
Credit Approval 
1 of 2 

Arlington, VA 22209 TERMS: 

ATTN: Mr. David Kieth PAGE: 

ITEM QTY 

1 1 

ATTACHMENT 1 
ELECTRICALLY COOLED 

MODEL 600L THERMAL IMAGING SYSTEM 

DESCRIPTION 

Model 600L Package ALC High Performance 
TV Compatible Thermal Imaging Radiometer 
(04418-222), Includes: 

* Model 600L Electrically Cooled 
System (04418-222), Including: 
* Scanner With Inframetrics Closed Cycle 

Microcooler 
* Control Electronics 
* 5 Inch Black and White and Color 

Monitor 
* AC Power Supply 
* Interconnecting Cables 
* System Shipping/Carrying Case 

* 600 Accessory Kit (05097-200) 
Including: 
* Battery Kit 
* Video Cassette Recorder, with: 

- Power Supply 
- Remote Control 
- 2 Video Tapes 
- Two VCR Batteries 
- Color Photo Shroud 

* Polaroid Camera and Film 
* One Liter Dewar 
* Interconnecting Cables 
* Shipping/Carrying Case 

* Two Wheel Transporter Cart (007331-200) 

* 5 Liter LN2 Container (02681-000) 

TOTAL: 

AMOUNT 

$44,000.00 

$44,ooo.oo 

The Infrared Specialists 

lnframetrlcs, Inc. 
16 Esquire Road. No. Billerica. MA 01862 -2598 

TEL: (508) 670-5555 • TWX: 710-326-0659 
FAX #'s COMM. (508) 667 -2702 • MIL (508) S67 ·1046 • PCH (508) 667 -1460 



TO: RCG - Hagler, Bailly 
ATTN: Mr. Kieth 

DATE: 06 MAY 92 
PAGE: 2 of 2 

ITEM QTY 

A 1 

DESCRIPTION 

OPTIONS 

600 Series Man-Portability Package 
(06870-200) Includes: 

* Sony GV Series Walkman With 4 11 LCD 
Color Display and Integrated Brun VCR 

* sun Shield for the Sony Walkman 
* Scanner Pistol Grip 
* System Mounting Vest With Scanner 

Shoulder Strap 
* Two 4.5 AHR Nickel Cadmium Batteries 

With Chargers and Power Cords 
* Detachable GVS Mounting Brackets 
* Shipping/Carrying Case With Cutouts For 

The Model 600 Electronics and Scanner 

AMOUNT 

$3,700.00 

DELIVERY: All items listed can be delivered within 90 days after 
receipt of order. 

WARRANTY: All Inframetrics manufactured items are covered by a 
standard one year warranty. Other items purchased for 
resale with minor modifications may carry a shorter 
warranty. A copy of our warranty policy is enclosed for. 
your review. 

SERVICE CONTRACTS: Enclosed please find a brief description of the 
service agreements available for this equipment. These 
contracts provide yearly coverage of the system repairs and 
maintenance. All Inframetrics manufactured items are 
covered. Three levels of service agreements are available 
with varying guaranteed turn-around times. (please refer to 
the attached literature). 

TRAINING: A three day formal training course for one person, 
conducted here at our facility in Billerica, is included 
with a system purchase. 

VALIDITY: This quotation is valid for a period of 60 days. 

~c~.-12 ~C. slii'iek, Sales Engineer 
Commercial Products Manager 



TO: RCG - Hagler, Bailly 
1530 Wilson Blvd. 
suite 900 

QUOTE: 
DATE: 

FOB: 

0592-04B 
06 MAY 92 
N. Billerica, MA 
Net 15, Subject 
To Inframetrics 
credit Approval 
1 of 2 

Arlington, VA 22209 TERMS: 

ATTN: Mr. David Kieth PAGE: 

ITEM QTY 

1 1 

ATTACHMENT 2 
LIQUID NITROGEN COOLED 

MODEL 600L THERMAL IMAGING SYSTEM 

DESCRIPTION 

Model &OOL Package ALN High Perrormance 
TV Compatible Thermal Imaging Radiometer 
(04418-202), Includes: 

* Model 600L Liquid Nitrogen Cooled 
System (04418-202), Including: 
* Scanner and Control Electronics 
* 5 Inch Black and White and Color 

Monitor 
* AC Power Supply 
* Interconnecting Cables 
* System Shipping/Carrying Case 

* 600 Accessory Kit (05097-200) 
Including: 
* Battery Kit 
* Video Cassette Recorder, with: 

- Power Supply 
- Remote Control 
- 2 Video Tapes 
- Two VCR Batteries 
- Color Photo Shroud 

* Polaroid Camera and Film 
* One Liter Dewar 
* Interconnecting Cables 
* Shipping/Carrying Case 

* Two Wheel Transporter Cart (007331-200) 

* 5 Liter LN2 Container (02681-000) 

TOTAL: 

AMOUNT 

$36,000.00 

$36,000.00 

The infrared Specialists 

lnframetrlcs, Inc. 
16 Esquire Road. No. Billerica. MA 01862-2598 

TEL: (508) 670-5555 • TWX: 710-326-0659 
FAX lls: COMM. (508) 667 -2702 • MIL (508) 667 -1 046 • PCH. (508) 667 -1460 



TO: RCG 
ATTN: Mr. 

ITEM QTY 

A 1 

- Hagler, Bailly DATE: 
Kieth PAGE: 

DESCRIPTION 

OPTIONS 

600 Series Man-Portability Package 
(06870-200) Includes: 

* Sony GV Series Walkman With 4" LCD 
Color Display and Integrated amm VCR 

* Sun Shield for the Sony Walkman 
* Scanner Pistol Grip 
* System Mounting Vest With Scanner 

Shoulder Strap 
* Two 4.5 AHR Nickel Cadmium Batteries 

With Chargers and Power cords 
* Detachable GVS Mounting Brackets 

06 MAY 
2 of 2 

* Shipping/Carrying Case With cutouts For 
The Model 600 Electronics and Scanner 

92 

AMOUNT 

$3,700.00 

DELIVERY: All items listed can be delivered within 30 days after 
receipt of order. 

WARRANTY: All Inframetrics manufactured items are covered by a 
standard one year warranty. other items purchased for 
resale with minor modifications may carry a shorter 
warranty. A copy of our warranty policy is enclosed for 
your review. 

SERVICE CONTRACTS: Enclosed please find a brief description ·of the 
service agreements available for this equipment. These 
contracts provide yearly coverage of the system repairs and 
maintenance. All Inframetrics manufactured items are 
covered. Three levels of service agreements are available 
with varying guaranteed turn-around times. (please refer to 
the attached literature). 

TRAINING: A three day formal training course for one person, 
conducted here at our facility in Billerica, is included 
with a system purchase. 

VALIDITY: This quotation is valid for a period of 60 days. 

Engineer 

J / 
Thoma~; ~ Scanlon, National Sales 
Manager, Commercial Products 



MAY 4, 1992 

TO: 

FROM: 

ROGER LYMAN 
JOHNSTON, INC. 
P.O. DRAWER 1075 
MATTHEWS, NC 28106 
FAX: 704-847-7228 

MARK LANDSEIDEL 
DUKE POWER COMPANY 
P.O. BOX 306 
CLIFFSIDE, NC 28024 

SUBJECT: TELEDYNE OXYGEN ANALYZER 

~LEASE SUBMIT A FIRM QUOTATION TO: RCG/HAGLER BAILLY, INC. 
DAVID KEITH 
1530 WILSON BLVD 
SUITE 900 
ARLINGTON, VA 2220~ 

703-351-0300 

FOR 2 EACH TELEDYNE PORTABLE FLUE GAS ANALYZER 320P WITH 220VHC 
50 HZ CHARGING CIRCUIT, CARRYING CASE C-416, SPARE MICRO-FUEL CELL, 
ADDITIONAL INSTRUCTION MANUAL, AND FLOW-THRU ADAPTER P/N 9913. 

PLEASE ATTACH 320P BROCHURE AND PRICE SHEET TO QUOTATION. 

THIS EQUIPMENT WILL SE SHIPPED TO KtiSTROMA, RUSSIA AND GIVEN TO 
THE ENERGY AUTHORITIES THERE FOR THEIR USE AS PART OF U.S. FOREIGN 
AID. 

PLEASE COPY ME ON THE QUOTATION. 

THANKS, MARK. 



JOHNSTON. INC. 

136 E. CHARLES ST./ P.O. DRAWER 1075 /MATTHEWS. NORTH CAROLINA 28106 / 704-847-3107 /FAX NO. 704-847-7228 

April 30, 1992 

Mr. Mark Landseidal 
IXlKE fClt1ER CD. 
P.O. Box 306 
Cliffside, N.: 28023 

Dear Mr. Landseidal : 

Attached is information and pricing on Teledyne's N:del 320P and 320P/D Portable 
Flue Gas Oxygen .Analyzers. Normally delivery is 1-4 weeks. 'Any order should be 
addressed to: 

'I'!I.EDYNE ANALYTICU.. Itsl'RtM&NI'S 
c/o JCllNS'ICN, IN.:. 
P.O. Drawer 1075 
Ma.ttheta, N.: 28106 

Please call if any questions arise. 

Best regards, 

JCENSTCN, IN:. 

)~ 
President 

RL:dq 

Erx:ls. 

cc: curtis Helms 

LYNCHBURG. I/A· 8041525-7929 • CHARLESTON, SC· 8031747·8688 • RALEIGH. NC. 919/231·3778 



Madel 

Portable Flue &as 
Oxygen Analyzer 
Cwith built-in pumpl 

Features: 

• Accurate analysis 

• Maintenance free sensor 

• Three ranges standard: 
0-5, 0-10, 0-25% oxygen 
(optional ranges available) 

• Fast response and recovery 

• Built-in pump 

• All solid state electronics 

• Low maintenance 

• Air calibration 

• No zero or other support gases required 

• Unique disposable Cell-saver feature 
to extend cell life 

• Rugged construction 

D 

Method of Analysis: 
The new Model 320P portable oxygen analyzer utilizes 
TA l's patented Micro-fuel CeU-. The cell is specific for 
oxygen, has an absolute zero and produces a linear 
output from zero through 100 percent oxygen. 
•u.s. Pal Numbet1 3,429,798 and 3,767,552 

Printed In U.S.A. 

~~TELEDYNE ANALYTICAL INSTRUMENTS 
A HIGH TECHNOLOGY COMPANY 



1 na Mu;;ro-•ue1 ve11 1s a sea1eu 1:11ecuu1;m:#1111""c:u trans
ducer with no electrolyte to change or electrodes to 
clean. It is completely maintenance free. When the 
cell reaches the end of its useful life, it is merely 
discarded and replaced as one would replace a bat
tery in a flashlight. 

Advantages of Using the Model 320P Portable 
Analyzer: 
• 1) Completely portable, powered by permanently 

mounted rechargeable batteries. The Model 320P 
is always ready for making a quick spot check 
analysis and requires no warm-up period. 

• 2) Integral pump to extract a sample when there 
is no positive pressure. 

• 3~ Calibration, using atmospheric air. The Model 
320P does not require any zero or span gases. 
which is a cost saving. 

• 4) Accuracy: ::=1 % of full scale. The 320P is fast 
becoming a standard in many areas requiring high 
accuracy. 

• 5) Reliable readability of 0.1 % oxygen variations 
and three ranges: 0-5, 0-10, 0-25% oxygen. 

• 6) Designed for rugged use as a portable instru
ment. the Model 320P has demonstrated its ability 
to be a more reliable convenient instrument for 
use on typical applications. 

• 7) Fast response time of 90% in less than 6 seconds. 

Air Calibration: The Model 320P is designed to be 
standardized against ambient air. Air is allowed to 
diffuse into the sensing probe at which time the span 

::::::ontrot is rotated until the meter needle coincides 
-vith the red calibration mark at 20.9% on the 0-25% 

range. 

Cell-Saver: The Model 320P incorporates TAl's unique 
Cell-saver. With the Cell-saver cap in place. the cell 
will consume the oxygen in the trapped gas space 
and the output will drop off toward zero. This feature 
keeps oxygen away from the cell when the instrument 
is not in use. thereby, prolonging the life of the cell. 

Typical Applications: 
Boilers, fireboxes and process streams. Used in 
power plants, refineries, chemical plants, and steel
making processes. Also in air pollution control for 
analyzing automobile exhaust. 

Requirements for Boilers and Fireboxes. The amount 
of oxygen (excess air) in flue gases is significant in 
defining the status of a combustion process. 
• 1) Too much oxygen (excess air) will lower the 

efficiency of the process by absorbing heat and 
carrying it out the stack to waste. Fuel would have 
to be added to maintain the heat level, increasing 
the cost. 

_.,~TELEDYNE AN 
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., 'i:!J 1nsumc1em oxygen \excess atq can result m In
complete combustion. Combustible gases will build 
producing a potential hazard which could result 
in an explosion. 

• 3) Low values of oxygen (excess air) at the correct 
level will give optimum combustion efficiency. (. 
Under these conditions, there is little heat loss, low
ering fuel requirements. Savings on fuel can add 
up to many thousands of dollars per month. 

SPECIFICATIONS: 
Three Ranges Slandard: 0-5, 0-10 and 0-25% oxygen 
(optional ranges available) 
Senslllvity: 0.5% of full scale 
Accuracy: =::1 % of full scale at constant temperature; 
:!:5% of reading or :!:1% of full scale, whichever is 
greater, throughout the operating temperature range 
Operating Temperature: 32-125°F 
Response Time: 90% in less than 6 seconds. 
Signal output: Internal, high resolution meter; Ex
ternal, 0-100 mv DC full scale (others available) 
Micro-fuel Cell: Class 8-1. Expected cell life is 
80,000%-hrs. (6 months in air). Cell is warranted for 
80,000%-hrs. or 1 year, whichever occurs first. With 
Cell-saver, life is dependent upon duty cycle (e.g. 2.5 
years, assuming 10% duty cycle in air) 
Power Requirements: - NiCad rechargeable batteries. 
- Battery life expectancy 5 yrs. (min). Batteries fully 
charged provide over 1 month's continuous opera
tion. Charging time- overnight (14 hrs.) Built-in charg-
eHr requires 115 VAC, 50-80 Hz power. (220 VAC, 50-60 c, 

z - optional). 

Pump Specifications: 
Type: Diaphragm 
Duty: Designed for intermittent use 
Power: 2Y2 VDC supplied by NiCad rechargeable bat
teries (30-40 hrs. per charge) 
Max. Vacuum: 48" water column 

OUTLINE DIAGRAM 

In addition to the Model 320P Portable Flue Gas Oxy
gen Analyzer. Teledyne Analytical Instruments also 
manufactures thermal conductivity analyzers. near 
infrared analyzers, flame ionization analyzers, ultra
violet analyzers and the industry's most complete and 
comprehensive line of oxygen analyzers. 

Represented by: 

JOHNSTON. INC. 
P.O. Crawer 10715 

Matthews. NC 2a1oe 

Telephone: 704/847-3107 
F•x Number: 704f84T·T221 

\ITS 

589·1605 

( 



The Micro-fuel Cell is a sealed electrocnem1cal trans
ducer with no electrolyte to change or electrodes to 
clean. It is completely maintenance free. When the 
cell reaches the end of its useful life, it is merely 
discarded and replaced as one would replace a bat
tery in a flashlight. 

_Advantages of Using the Model 320P Portable 
Analyzer: 
• 1) Completely portable, powered by permanently 

mounted rechargeable batteries. The Model 320P 
is always ready for making a quick spot check 
analysis and requires no warm-up period. 

• 2) Integral pump to extract a sample when there 
is no positive pressure. 

• 3~ Calibration, using atmospheric air. The Model 
320P does not require any zero or span gases, 
which is a cost saving. 

• 4) Accuracy: ::t:1 % of full scale. The 320P is fast 
becoming a standard in many areas requiring high 
accuracy. 

• 5) Reliable readability of 0.1 % oxygen variations 
and three ranges: 0-5, 0-10, 0-25% oxygen. 

• 6) Designed for rugged use as a portable instru
ment, the Model 320P has demonstrated its ability 
to be a more reliable convenient instrument for 
use on typical applications. 

• 7) Fast response time of 90% in less than 6 seconds. 

Air Calibration: The Model 320P is designed to be 
standardized against ambient air. Air is allowed to 
diffuse into the sensing probe at which time the span 

:==antral is rotated until the meter needle coincides 
-vith the red calibration mark at 20.9% on the 0-25% 

range. 

Cell-Saver: The Model 320P incorporates TAl's unique 
Cell-saver. With the Cell-saver cap in place, the cell 
will consume the oxygen in the trapped gas space 
and the output will drop off toward zero. This feature 
keeps oxygen away from the cell when the instrument 
is not in use, thereby, prolonging the life of the cell. 

Typical Applications: 
- Boilers, fireboxes and process streams. Used in 

power plants, refineries, chemical plants, and steel
making processes. Also in air pollution control for 
analyzing automobile exhaust. 

Requirements for Boilers and Fireboxes. The amount 
of oxygen (excess air) in flue gases is significant in 
defining the status of a combustion process. 
• 1) Too much oxygen (excess air) will lower the 

efficiency of the process by absorbing heat and 
carrying it out the stack to waste. Fuel would have 
to be added to maintain the heat level, increasing 
the cost. 
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., 2) Insufficient oxygen (excess air) can result in in
complete combustion. Combustible gases will build 
producing a potential hazard which could result 
in an explosion. 

• 3) Low values of oxygen (excess air) at the correct 
level will give optimum combustion efficiency. C 
Under these conditions, there is little heat loss, low
ering fuel requirements. Savings on fuel can add 
up to many thousands of dollars per month. 

SPECIFICATIONS: 
Three Ranges Standard: 0-5, 0-10 and 0-25% oxygen 
(optional ranges available) 
Sensitivity: 0.5% of full scale 
Accuracy: :=1 % of full scale at constant temperature: 
::t:5% of reading or :::1 % of full scale, whichever is 
greater, throughout the operating temperature range 
Operating Temperature: 32-125°F 
Response Tlme: 90% in less than 6 seconds. 
Signal Output: Internal, high resolution meter; Ex
ternal, 0-100 mv DC full scale (others available) 
Micro-fuel Cell: Class B-1. Expected cell life is 
80,000%-hrs. (6 months in air). Cell is warranted for 
80,000°/o-hrs. or 1 year. whichever occurs first. With 
Cell-saver, life is dependent upon duty cycle (e.g. 2.5 
years, assuming 10% duty cycle in air) 
Power Requirements: - NiCad rechargeable batteries. 
- Battery life expectancy 5 yrs. (min). Batteries fully 
charged provide over 1 month's continuous opera
tion. Charging time - overnight (14 hrs.) Built-in charg-
er requires 115 VAC, 50-60 Hz power. (220 VAC, 50-60 '
Hz - optional). • 

Pump Specifications: 
Type: Diaphragm 
Duty: Designed for intermittent use 
Power: 2112 VDC supplied by NiCad rechargeable bat
teries (30-40 hrs. per charge) 
Max. Vacuum: 48" water column 

OUTLINE DIAGRAM 

/''-"'1::-::::r-~'7' 

' """".. ~ .... CM'~ 

..._._,._ --.. ,.. •• !). ... 

In addition to the Model 320P Portable Flue Gas Oxy
gen Analyzer, Teledyne Analytical Instruments also 
manufactures thermal conductivity analyzers, near 
infrared analyzers, flame ionization analyzers, ultra
violet analyzers and the industry's most complete and 
comprehensive line of oxygen analyzers. 

Represented by: 

JOHNSTON. INC. 
P.O. Drawer 107!5 

Mattnewa. NC 2810'5 

Telephone: 704/847-3107 
F•• Number: 704/847-7228 

\ITS 

589-1605 
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~TELEDYNE ANALYTICAL INSTRUMENTS 
t6830 CHESTNUT STREET. CITY OF INDUSTRY. CA 117•9 
(213) 961·'221 • 283-7181 TWX t10-t887 TDYANYL COIO 

PRICE lNFORMATIC 

Model No. 

320P 

Description 

oxygen (02) analyzer supplied standard 
with the following: 

- Built-in sampling system with integral, 
pushbu·tton-actuated sample pump 

- Three linear ranges: 0-5, 0-10, 0-25% 
02 (switch selectable} 

- Local meter display (direct readout) 

- Deep-drawn almninum case 

- Battery-powered {rechargeable NiCad 
batteries with 110 VAC, 50/60 Bz 
charging circuit} 

- Micro-Fuel Cell: Class B-1 (calibrated 
with ambient air} - 6 month warranty 

- 90% response in 7 seconds (B-1 cell) 

- Cell saver cap 

Price 

$ 895.00 

- operating temperature range: +32 degrees F 
to +122 degrees F (0 degrees C to +SO 
degrees C) 

- 0-100 mVDC output 

Battery charging power cord 

- Instruction manual 

NO~CBARGE OPTIONS: 

- 100 VAC, 50/60 Hz battery charging circuit 

- 220 VAC, 50/60 Hz battery charging circuit 

PRICE~ADDER OPTIONS: 

- Special ranges Contact Factory 

- Carrying case (C-416) - aluminum/steel 203.50 
clad, foam interior 

- Spare Micro-Fuel Cell: Class B-1 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
EFFECTIVE DATE DECEMBER 1, 1989 

70.00 

320P/PD.l 



Madel NO. Description Price 

320P PRICE-ADDER OPTIONS (cont.) 

- Additional instruction manual 11. 00 

- Flow-thru adapter: (P/N 9913) 16.50 

-----------------------------------------------------------------

320P/D Same as 320P except: 

- Integral liquid-crystal digital display 

- Linear range: 0% to 100% 02 

PRICES SUBJECT TO CHANGE WITHOUT NOTICE 
EFFECTIVE DATE DECEMBER 1, 1989 

1,200.00 

320P/PD.2 

( 



TO: MARC E. SHERMAN 
IRD MECHANALYSIS, INC. 
SUITE 110 
500 WEST DUTTON'S MILL ROAD 

FROM: 

SUBJECT: 

ASTON, PA 19014 
215-497-444'~ 

215~497-4451 FAX 

MARK LANDSEIDEL 
DUKE POWER COMPANY 
P.O. BOX 306 
CLIFFSIDE, NC 28024 
704-657-6314 

IRD MODEL 880 

~LEASE SUBMIT~ F!RM QUOTATION TO: RCG/HAGLER 8AILLf. :NC. 
DAVID KEITH 
1530 WILSON BLVD 
SUITE 900 
ARLINGTON, VA 22209 
703-351-300 

FOR l EACH IRD MODEL 880 MICROPROCESSOR ANALYZER-BALANCER. 
220 VAC 50 HZ. SCALES IN METRIC. 1 EXTENSION CABLE FOR 
STROBE LIGHT (12FT P/N 28836). 1 EXTENSION CABLE FOR 
MODEL 970 PICKUP (50FT P/N 21048). 

PLEASE ATTACH 880 BROCHURE AND OPTION SHEET TO CUOTATION. 

THIS EQUIPMENT WILL 6E SHIPPED TO KOSTROMA, RUSSIA AND GIVEN 11) 

THE ENERGY AUTHORITIES THERE FOR THEIR USE AS PART TO U.S. 
FOREIGN AID. 

PLEASE COPY ME ON THE QUOTATION. 

THANKS. MARK. 

REST.4V.ll!LACLE CCPY 



IRD Mechanalysis 

May 1, 1992 

Mr. Mark Landseidel 
Duke Power Company 
P.O. Box 306 
Cliffside, NC 28024 

Dear Mr. Landseidel: 

As per our conversation of today, I am confirming that it would be 
acceptable for Duke Power Company to purchase IRD instrumentation 
(i.e., Model 880/Model 885) and ship same to Russia to further help 
the foreign aid package that is currently aiding the Russian 
Utility Industry. 

I have enclosed literature regarding the above-referenced 
instruments for your review. After you have had the opportunity to 
examine this material, please contact me with your questions and 
comments. 

Thank you for your interest in our company. 
hearing from you soon. 

Sincerely yours, 
IRD MECHANALYSIS, INC . 

. J/ 
"' /If'..... '/I ~ct le_ ~- .X. /- "Yf'Jtp - ,,, 

Marc E. Sherman 
District Manager 

MES/pw 
Encs. {per above) 

I look forward to 

-ply to Northeast Region Office: 
!RO Mechanalysis, Inc. 

Corporate Headquarters: 
!RO Mechonolys1s, Inc. 
6150 Hunrley Road 
Columbus, Ohio 43229 
¢)4/885-5376 

Suite 110 
500 Wes1 Duiton's Mill Road 
Aston, Pennsylvania 19014 
215/ 497 -4.449 
FAX: 215-497-4451 

RESTA\11-11:...AC!...E COPY 

Telex 24-5318 
FAX: 614-865-7668 
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--Tile.Mode1·aao.microprocessor-analyzer-ba•ancer'------::..--.:::=::...:....___:._.!.-_:_....:=~.....:...-=::;:=--i.~-..;.. 

Is a rugged, self.:Contalned, ponable diagnostic 
--1001,aesigne<nobe taken directly to the machln_e ___ _ 
---for--vlbratlon-spectrum- analysis-and-In.place ---• 

balancing. • 
. --Pressing a single switch. generate&- a-completely ----

annotated hard-copy· frequency· spectrum· from I!--_..;...,;,,....:..,,;,,.;:~~;,,;,;;;,,,;;,,,_... 
--600-600,000 cpm In only2s· seconas. You ca_n ___ _. 

rti"* ~n"r.""' - .. 

.. --also .. obtaln low frequency-measurements- to -60 
cpm. 

.. ...,.1ir.....o1~u., 

.-..."" . i -...... ..... - I ,..,,....,...,,..... ............... 
. .. --A single. sensor- measures. machinery-vibration. in------• 

displacement, velocity acceleration and Spike 
· Energy,.·units.-· 

_____________________________________ ......;... _________ _ 

__ FEATURES 

-. - Dlgltal amplttude or· frequency· display·· pro- -.--Automatlc-"trrder-indlcatton or the-spectrum 
. __ yldes aJ1lgh precislon_ree1doµt for b!llaf!~~ng_ fremi~_n,!;L~!i~S to shoy,'_lJarin.~~ic rela-

and analysis. tlonshlps of frequency peaks to rpm. 

• __ Analog _amplitude -~nd frequ_en~~~t~rs 
supplement the digital displays and aid In an

--- - - alyzing unsteady signals;. 

• Automatic tabular llstJng of spectrum frequen
- ·· - cy peaks and amplitudes: 

• Dlaon.Qstlc: cagM>llltv inclu_Qe.s...Jlard:~Qpy..__ __ 
tabular ·readout of the most likely causes of 
~bratton-.----------------~ 

• Prints: out AVERAGE, MINIMUM, and 
MAXIMUM-overall:-valaes-1or-both-·spectrum---

·---·------------------"anq amP-lltud• vs. tlme_gLQtS.:.... ---------
• Chart speed selector with· three time-plot 

· · · _,, ·-· speeds records-short- transients-and· slowly · -·-.--Event-marking; feature-prints· a .. short-vertical ----
- __ changing _vibration _gveu~_number o!JlQ.U~!~- llne! to lndl~CI~ tht;t_grecise_!!.me_Q.UY.!!.11!5 _cm_-'---o __ 

amplitude vs. time.plots. 
-· -·- ---·------------------

·--·-··---·-----

··- -·-----------------
---·-- ---- ----··--- ---------------·-·--· -----

-- --·-·-·· -IRD A'A~-:;1~:=~;;:.; 
·--- -~- IYM;:ft;l1U1 R.llJ-.,... 



so to soo·ooo (1 to 10 ooo Hz) Two 11PA:c:hamels.3Wlldl se111cWJ1e lonanalySIS ~ balanang with ku" 
• cpm 

1 
• • balllb:BtS (~. seo. 920 tt 1DHXJ11UlCl Dl(llts a :ttXlmV7tt11 s1mvJpmr. 

TUNABLE FILTER RANGE · 1ram Model 308 Ylbr8llonlllcul 1e1ta1 · 
60 1a soo;ooo cpm 11 two ranges so to 60.000 cpm and 600 to at aa:1US11C ~ 

1 
. mea.i 1 

---..6-00-.ooa-cpm. . , : , WEIGRt . 1 1 1 1 ' . ; . . : I 
TUNABLE FILTER CHARACTERISTICS . AntJi'tZ« (buitt-il batel'YI~ 32 lfl (14i5 kg). . ! : 1 1 

---eroaolilter: 1o%tiW(O:mlO)lOi:tasrp1ott1ng. A•ldltza (.ballMn bamiit aid scanclaid actWae): 361:1 (16.<f"kg;.-:--
Stiari> filter: 5% BW (0 • 201 lor high resokrtion. . · TEMPERATURE RANGE I ' ! l 

·--aatanarfil181'. 3.2!5'6 (l'W01:ascaded0 *20J fol'"tlalancmg. 5•. •-,-22~n:T59"50•. i ! , • 

~utomallC: filter sweep: 60 10 600,000; 600 IO 600,000 cpm. 0YERALLDIMENSION 1 I ' · · · ' 
~anual liller-tune: 60·1o 60,000; 6QO.lo 600,000 cpm Analyzer. 17 in•x 14:m x 6·1/2!in (432 mm x 356 mm x 165 mm). 

lllliNTERNAL OSCILLATOR RANGE POWER REOUIREMENT:ti--..-------------"--
··-60 to 600,000 cpm m ~ranges;-60 to 60,000 cpnr,600 trr600,000 cpm. AC power? • S0-400 Hz: 90•250 v, 25 W; 

STROBOSCOPIC LIGHT ijauert. · Gal.Cel.batlefy 
··-High intensny sbobe. · 

1 
...-. 10:-houll cperabOn capacity; 2·hour manimum 

Ona llasn per cycle up to 15,000 cpm: submulliple firing up to • . ~ oPeratiOn al Sb'DOe at' maximum Rash rale. · 
-·-600,000 cpm.- EratterY-cf'iaiger: l>\liomiliifcnarQii WfiiiiieVer'Cin-AC-power withCiiCiiiiW-

DISPLACEMENT RANGES (see note") . prewent overcharge. Maximum ci\arging rate.available 
- .. English: 0 to 100 mftlttO-eighl fuit.scate overlappcng ranges; 0 to .03; 0 wl•• poWbi SWiedl IS IUUl8Ct • : ' 

. to .1; o 10 .3; o to 1; o to 3: o to 10; o to 30: o 10 1?0 mlls.pk·pk. STANDARD ACCESSORIES 
____ .Metnc:. a to 3.ooo µmin EllQht lull·scale Overlapping ranges: a 10 1. a ~3; __ - . . · PIN 

9697 0 lo 10• o to 30· o to 1 oo· o 10 300· o to , ooo· o to 3 ooo • 1 Mooet s1o:acce181ometer ~ 1 : 
k.' • ' ' ' ' ' ' • 1 StJSll;jlt probe ··PIN 110~ -· 

·---·---__ yin. P.. P.!c .-n 2"tr(3'Tm~ torMooere10-;;-p-!N"2G43,,_ ___ _ 
VELOCITY RANGES (see note") . • 1 Modet 5711SbotlOSOOpie light. PIN 28830 

. --·English: 0 to 100 lnlS Ill eight full-scale overiai>PlllQ ranges; 0 to 0.3; -l-121t-(3;1 m) SboOe....,.., IOI Model 571 strobfr Ptff-28836---
0 lo .1; 0 10 .3; 0 to 1; 0 to 3; 0.to 10; 0 to 30; 0 to 100 . • 1 Power cable. PIN 196431 ' • 

--·Metric:: ~~~o rnmts·meiQhl rurr-scilfe ave~ ranges:o·1o1;-0·1ei--:-~~1N 28578 . 
3; o to 1 o; o 10 30; o to· 100; o IO 300; o 10 1 ooo: o to 3000 mmls • 1 Sell tJ811"ling,_mpc:t - .291 n ___ ---------

. •· -···· - peak (ornns factory opnon); • 1 Opera11ng llS11UCtionS manual· PIN 28838 
ACCELERATION RANGE (with Model 970) . ' ES. 

- EnghSh and memc:-0 to 100 g in eighrfuH·sca1e overtappmg ranges: cno OP.TIONA~A66ESSORI -----------
03: o to .1; o to .3; o to 1; Oto 3; o to 10: O to 30; o to 100 g peak (lg = •Model 544 vibrabon vetoaty pickup· PIN 4526 

-386 1nls' or g 8 mls2) •·• ---- •.12.fl(3.I.m) pietcupcaDle foc:MOdel 544--·-P/N.2043:~3------
, . • • MagnetJC pidcup nader for Model 544 and Model 970 ·PIN 4332 

SPIKE ENERGY UNITS RANGE • Magnetic shield!IJ!i M.Qdel 544Jransoucer Jlr' _10449 -----
- Eng11sn and men:: o t~100 g m·eigtitfull·5C31Erovertapprng rangerO ta- • Non-<:ootact ~l accessones: 

.03: o to .1: o to .3; o to .1: o to 3; O to 1 O; O to 30; o to 100 g with special Single chaMel ~ PIN 2909.";.3;;;_ ____________ _ 
-- circuits deSlgne(I to detect and analyze Spike Energy 00115. --· Oual cllannef'7'P1N""' 

TEST SIGNAL • 12 It (5.7 mt extensOO caDle'.for strobe light • PIN 28836 
- Internally generated tesl signal operates on AC or battery power to check --e-25 It (7.6-mt exteusion pickup'Qsble for Madel 970 accete1"'-'"'-01-11""1eter··--

c1rcu1t operallOll in tesL Test signal 1s synchronous to and in phase wrlh the PIN 21044 . . . 1 

... _Jina p0wer when SWIU:hed to AC power. •.2.!lll.(1.&.~ !or Model 544 ll'ansdue:et-•·---
BATTCRY CHECK PIN 21045 : . . 

l
i•4• LO BATT'"'""~·~ analog metet d;.,,....,.., of banary VCJll2n0 10 . •50 It (!5.2 !.flt e~~r,ip_cable tor MOilet 9to.Jtcceleromeier_· _ ..,, .... ....._...., . . ........ , """""" PIN 21048 I • 

dicate remaining battery opera11ng bme 1n BATT CK: analog meter of.. • 50 ft (15.2 m) extension. pickl.lp cable for Model 544 transducer_ 
nery voltage when charging power sw11en oft lo indicate Charge conaruon. PIN' 2104;,.:.:.:.:..:::::=:=::::.:...!==..:;.;:;=-..:.;;;.:....;;..;:..;;.;;~....;_===;;._--

uTPUTS . • 12 It (3.7 m) non-contact monitor pickup cable with BNC connec10r for 
_Budt·m XY printer/platter with annotaled lrequency and. llllle plots.. -~tact-monatar Otrtput-wittt-sensrtMt'( of 200 mvtm•HB mvlum)~--

Diagnosuc tabular prmt-out to wd data tnlerllf8tall0n. . . PIN 24809 . • : . · 
... Hannonic marke~ ~. s~lnl_'!! P.~-~-tQ.~~nbf~llQ'!.ol na1:r~!(:_ •..l2.Jt(l..1..m)..nall~ccmact..s1gnal .sensor pickup cable..willl spade lugs lei 

v1brallOllS. . connect IO non-contact signal sensors with sensitivity of 200 mV/m1I 
Display and pnntout ol rpm. · 8 mVl!,!ml • PIN 22874: · · __ 
Pnmout of overall amplltude: average, maximum and minimum levels • 12 ft (3:7 m) non-Ciillact signal sensor pickup cable with spade lugs for 

aver six-second sample penod at start of frequency plots. non-<Xllltact signal sensor .. PIN 29030. Sitrular lo PIN 22874 but with an 
Pnntout of overall amplitude average; m1rnmum ancl maximum leYels at --addecf'Mre-and~IU!fUraWfv powet (=.24V} to·lhe · 

the end of amplitude vs. tsrne ploL signal sensor~ : i . · . 
_.Event mat1<.er. ·-· . * • Model-560-~ tranaducer--PIN-24957 ·~---

So1k.e Energy (8·sample average) signaiure 1n broad high-band mode • 12 ft (3.7 m) pldwp cal»e for Model 560 ·PIN 25136 . 
.... F'.nntoul ol prompting ~es. to.guide ~.et.tor .!11ffi!J9h.~!.1!J~~plane •2.5..fL(2.6JD) exten!!!Ql'I pelmp cable lor Moclel 560 ·.PIN 25137 ·---

and two-plane balancing. . • 50 ft (15.2 m) extens1on pidtup cable for Model 560 ·PIN 25138 
DC pawer output (·24 V) to drive non-contact 51gnal sensors. •Model 308 .. Yi.~~-~-meter • 
Analog amptrtude memrand analog frequency meter: •Chan papa,. (sold in lots of 48 rolls) • PIN 24444 
Digital amplitude meters; c:owrs range 3.-112 d1g1ts (.0000·1500 •CalitwalOr. PIN 21073 · ' ' · 

-·· - English, or .oooo -15 k metr1C1. rvibrallOn cnatt-smragel'IOteC1::10frwith scrfirter sHeels':-P-M'25S64--
Dlg1ta1 freQuency meter: covers range of 60·600,000 cpm. • Nolebook filler she8CS (package ol 100) • PIN 25865 · 

___ Oig1taJ display ol measuremeot-uru • . ~~s---------------
Engl1sh: mils pk·pk, 1n1s pie, (or rms factory opllOnl. g pk. • SeMc:e instruction.manual • PIN 29359 
Metric: µm pk·pk, f!lllllS pk. <~-~l~ory op_llOn), 9 pk. ______ *-~ fionn·~ .... reading• below 20o·cpm,·--. ·-··Scope/tape recorder. · , .. ...., •..., _.,_. ................. , 

Sltobe Jighl output recep1acle.. optional low-frequency pickup (Model 560) la recommended. 
· - Signal overscaJe 1ndicab0n. ·· 

IRD Mecheruityal• • U.S.A. 
IAD Mechanalysi1, Inc. 
6150 Huntley Road 
Columt1us. OH ~9851 
Phone: 6141885-5376 
Telex: 2~18 

rnm 6141885-7668 

IRD Mechlruityale • CaMda 
IAD Mechanalylia. Ltd. 
877 Banon Street East 
Stoney Creek. Ontario LBG 481 
Phone: 4181643-4284 
FAX: 41 S/&43-1143 

IRD Mec:heruilyale • U.K. 
IRD Mecnanalysil (UK), Ud. 
Bumpera Lane 
Sealand lnduatrial Estate 
Chester CHl 4LT 
Phone: (44) 0244 374914 
Telex: 617034 
FAX: (44) 0244 379870 

IRD Mec:henaly91a • Belgium 
IRD MechanlllyM, N.V. 
Excelsiorlaan, 39 Box 2 
1930 Zaventem (Zoning Keiberg) 
Phone: 121 nua.33 
Telex: 61258 
FAX: (2) 725.00.17 

IRD Mecnaruilysla - lndla 
IRD Mechanalyti1, Ud. 
Bl o. Ansa Industrial E.stale 
Saki Vihar Road 
Saki Naka, Andhefi (East) 
Bombay 400 072 
Phone: (22) 5782906/5780178 
Telex: 011·79402 
FAX: 0091222027576 

IRD ~ • Auatnlfla 
IRD Mechllnalyllil. Pty .. Ltd. 
337 Pacific HlghwllY 
Crows Nest. NSW 2065 
Phone: (02) 929 8122 
FAX: (02) 922 3937 

IRD Mechllnlllysla • France 
IRD MecnanalySil, 1.a.r.I. 
Z.A. de COUnat>oeuf 
Minipan: • Ballment 5 
6 Avenue des Andes 
91952 Liii Ulis Cedex 
Phone: ( 16. ll 69.88 11.88 
Telex: 603967 
FAX: (16.1) 69.88. 10.90 

Dtltt IAD ~Inc. All,.......,,.., 
®IRD••~~ 
of IAD ~.Inc. 

Subimd ID-.... wt"-t 
notice. 

L02023 
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• ~~ ------- ,_ _____ ~ ------ --- -----· ~-- --- • - -- - ---------+·~ - - ~-- ~--- _.,. ~ "' • • _ _,__ - - -- -

· ·~ .: - · · - · · -- ·- · · -- ·· -Model 880- Analyzer-Balancer 
.. "' . . . - .. . - . . - . . - . . . - . -- --- ~ . . . - - , - . ·--

rlfMMode/ 880 has developed a 
reputation as a rugged, versatile 
instrument. Now /RD has made the 
980 even more powerful - adding new 
diagnostic capabilities that makes 
machinery condition analysis easier 
and more accurate. 

The Model 880 Microprocessor Analyzer-Balancer is a 
self-contained. portable diagnostic instrument designed 
:o be taken directly to the machine for vibration spec
:rum analysis and in-place balancing. 

The 880 is an important tool in a Predictive Mainte-
1ance Program. It is the perfect complement to your 
JOrtable vibration measuring instruments or your auto
Tiated data collection and machinery condition surve1l
ance systems. Its versatility allows you to perform four 
mportant PMP functions with ease and accuracy. 

Baseline Signatures 
The 880 can be used to establish baseline vibration 
s- 1 res. This permanent record serves as a "finger
p~ainst which future signatures can be compared 
to deieet and diagnose machine faults. 

Repair Confirmation 
When a machine has been repaired, the 880 can be 
'JSed to run a comparison vibration signature to insure 
·he repairs were performed properly. 

;::ault Diggnostics 
When a PMP periodic check indicates a possible prob
:em. the 880 will confirm the existence of the problem, 
and then be used to identify defects such as unbalance, 
'Tlisalignment, mechanical looseness, bent shafts, bad 
bearings and worn gears. 

In-Place Balancioo. 
if unbalance is found, the 880 can perform in-place 
single and two-plane balancing. 
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Broad 
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Sharp 
Signature 

Signature Bandwidth Selection 
Three bandwidth selections are provided for observing 
individual frequency components of the vibration signal. 
Each provides filtering with a different degree of tuning 
selectivity. 

The BROAD signature (10% bandwidth) allows fast 
tuning. Frequency scales are automatically printed. 
Plot generated in 35 seconds. 

The SHARP signature (5% bandwidth) is used for 
detailed analysis of frequency peaks. Plot generated in 
95 seconds. 

The BALANCE signature (2.8% bandwidth) provides 
still higher frequency resolution necessary for fine 
analysis and balancing. Plot generated in 210 seconds. 

Balance Signature 
.. " .... ~ : -:*~'"·:t~"::-: 
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Automatic tabular Listing and Diagnostic Indication 
An automatic tabular listing or spectrum frequency peaks and their 
amplitudes (peak-picking) is printed immediately following the graphic 
signature and simplify analysis. 

By entering RPM information into the 880's memory, the 
"order" will be added to the tabular listing. The 
amplitudes and most probable causes of harmonic 
frequency peaks are also indicated. 

Average, Minimum & Maximum Values 
On Amplitude vs. Time plots, an automatic printout of average, minimum 
and maximum values is provided. 
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Machine Operating Cycle 

Event marks can be used to indicate change 
in machine operating modes 

Machine Coast-Down 
• • a • a • a 

I .. 

Event Marking 
A printout of shon vertical lines 
on Amplitude vs. Time plot.$ can 
be used to manually indicate 
precise time of specific events. 

a 
a .. " 

v 

r 
l>OOf ~oo 1 

'S70 ~ a_30 #. 

RPM 800 

11ot:. 

Event marks can be used to indicate RPM (obtained with tachometer) in 
relation to machine vibration levels during machine coast·down. 
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I Spike Energy Amplitude vs. Time Signature 
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Spike Energy Amplltude vs. Frequency Signature 

Beat Vibration 
Beat frequency time signature 
caused by operation of two 
induction motors on the same 
baseplate. 

Spike Energy 
Measurements 
The 880's Spike Energy 
detection circuits are designed to 
sense microscopic flaws in 
bearing or gear elements. A 
high frequency broad band filter 
mode is provided to enhance 
frequency peaks which would 
otherwise be obscured by 
unbalance, misalignment and 
other similar vibrations. 

Frequency analysis of these high 
frequency signals aids 
in determining the source of the 
Spike Energy signal (i.e., 
bearings, gears, rubbing, etc.). 
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.,.;ngle and two-plane balance prompting messages 
-tff'ovided by the Model 880 guide the operator through 

each step of the balancing procedure. 

A step-by-step reference is provided for assistance 
when balancing with programmable calculators. 

Sample Two-Plane Balancing Messages 

BAL.~HCE <2 - PL.> 

MACH _ _F../J..t./.._~JE~-
:QPit.f ROTOR 
OR l G :t MAL. BAL. 
"4&:AR EMO 

----'-2---CIEC:lll ___ _e..6_ __ 1111...s 

l='MJC &:t.fD 

--~~-'..--CEC• ___ b....S: __ 1111...s 

•M&:llllliii CW !='ROM 

1 

2 

!!:TATHRY Rll!:!S' MRI< 
TO ROTOR REF MR~ 

i:iTOP ROTOR 

~~TR-~~T5§------

coRREC:T 1 oM BAL. 
NEAR EHD 
__ ..2_.&_ ___ o&:c:• 
___ bJ ____ 1111..s 

!='Aft fil:MD __ l.&.."!t ___ occ• 
__ JJJ2:J..._11 I L.S 

CORPORATE 
HEADQUARTERS 

mFID Mechanalysis, Inc. 
-t150 Huntley Road 

Columbus. Ohio 43229 
614/885-5376 
Fax: 614/BBS.7668 
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18 

19 
29 
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SA~G-Tw•-<a2=TH>

- RTFt WT IM L..BS 
1 'll'. ?CRPM,...Ul.UaeS• 

1 OZ • 28.::ll:s C:M 
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__ _2.f.a_ __ Q&:G•* 13 
____ _z __ JOZ\..c:M 1~ 
___ .s_ ___ ~ 
••M&:ASil Cl.I l='ROl"I 
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T TW POS 

~~TH-~~Ta•------

FR EMO TW SAL. 

HE--R &:MD ___ 3..&, ___ occ.• 
___ ,..1.&t,. __ 1111..s 

l"llllR lii:NQ __ _uz._ __ os.c• 
___ tfb.!l:. __ rtll..S 

&TOP ROTOR 
RCl"IOUE TW 

:I.' 
12 

~~YA-cT---------

NEAR ENO 

=:.LU g..S:._crzco•• 
_.D..r..1.U.._-@-cM 
---....5----RAD 
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___ 'C.il..'l_oE~** 
__ Q ... (1Z_~'Cl"I ____ 6 ___ ~0 
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Mllt ENC TW 8AL. 
NCllllR liMO 

__ .JA.'---Dli:Clll 
__ _£.i_ __ MlL..Q 

l"llllR EMO 

_...Z,3J3--CEClll ____ ft...,2 __ ,..11..8 
18 

STOP ROTOR 
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~-C~DC•T•-~o~•-aT 
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--2..aJ.S::._.&cM ___ _£"_ __ _.RAO 
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----A---RAO 

Q 

c 

~~TM-R6ToR------

co11AccT 1 oM liiilAL.. 
Mliii:llW' EMO 
---~_L ___ ca:c.• 1? 

__ ..Q,j~--MIL.9 1Q 
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ENERGY AUDIT 
CITY OF KOSTROMA 

DISTRICT HEATING SYSTEM 
RUSSIA 

APPENDIX 8 
CALCULATIONS ON EFFECT OF INSULATION 



INSULATION AND WEATHERSTRIPPING 

During our visit several buildings under construction were 
observed. Although a close inspection was not made, there did 
not appear to be any insulation in the outer walls of the 
buildings. Also, many older buildings exist which are not 
insulated. Mr. A.V. Kaftanov, a Moscow architect, indicated in a 
conversation with Mr. Oliker that some buildings are insulated 
and some are not. 

All fenestration had double, or storm, windows in every building 
observed including residential log cabins. The quality of the 
window installation was poor from the viewpoint of both an 
engineering and workmanship. The two lights of glass were 
usually about 20 cm apart permitting convection currents between 
the interior surfaces. Also, there were many cracks and poor 
fits at all joints. The distance between the lights cannot be 
easily changed, but the cracks can be addressed with caulking and 
weatherstripping. · 

The~e are many manufacturers of systems of exterior insulation in 
the United States and a few sample specifications are attached. 
A computer simulation was performed to evaluate the economic 
effectiveness of exterior insulation and weatherstripping. The 
output for three alternatives is attached and the results 
summarized below. 

Alternative Conditions Annual cost Annual Annual 
Identity $ kB TU MJ 

Moscow 0 No insul 44,971 3,779,745 3,987,843 
No W.S. 

Moscow 1 Add W.S. 38,613 3,269.506 3,449,512 
No Insul 

Moscow 2 Add W.S. 26,657 2,179,977 2,299,989 
Add Insul 

Note: W.S. is weatherstripping. 

The table shows that adding weatherstripping to the sample 
building will save $6,358 per year. The cost of weatherstripping 
for this building would be less than $1000, for a payback of 
about two months. 

• 



The installation of insulation on the exterior of the building 
has the potential of saving $12,000 per year. The installation 
cost is estimated at $162,000 for a payback of 14 years. 
Although the payback is long in this case, there will be 
renovations of existing buildings and construction of new 
buildings. At that time the installation of insulation can be 
incorporated in the construction and have a payback of two to 
four years. The lever here lies in technology transfer to 
influence future construction. 

• 



ENERGY BUDGET <A> 
Building : MOSCOW 0 
Site : Helsinki, Finland 
Prepared By : UNIVERSITY OF PITTSBURGH 

25-05-92 
61001'30202 

Carrier Hourly Analysis Program Page 1 of 1 
************************************************************************ 
TABLE 1. ANNUAL LOADS 

Cool i ni:;i l..i::•ad·;; :<' 

llt:1at i n~J Loads ~· 

<:kBTIJ) 

(l 

2,824,401 

( kBTIJ/·;;;q ft)* 

0. 000 
47.473 

•***************************~******************************************* 
TABLE 2. ENERGY BY SYSTEM COMPONENT 

----- Site Energy -----> <---- Source Energy ----> 
Comp•::inent (kBTLJ) CkBTU/sqft)* CkBTU) CkBTU/sqft)* 

/dr System Fans 
Cc•i::ili11g Plants; 
H€~ating F'lants 
F'l.tmp ·;:; 

.· . H'h\C Tot ,:;..l 

498,782 
0 

2,824,402 

:3, 34E., 307 

8.384 
o.ooo 

47.473 
0.38'3 

56.245 

4'38, 782 
0 

2,824,402 

3,346,30'7 

8.384 
0.000 

47.473 
€). 38'3 

5G.245 

Light3 106,849 1.796 106,849 1.796 
Oth8r ~lectric S3,424 0.898 53,424 0.898 
Misc. Electric 0 0.000 0 0.000 

=·~~:.-~:~: --~~~·.~~~------····--·--==~~~~=---·- .. ---·--~~~·:~-------=~=:.~~~----------~.~~:~-
433' ·l38 

.. ., .-. i"'I c:
/ • -·...J-J 

-, ·"'.•OC::: 
,- • ...::... ....J ... J 

~================~======================================================= 

~:::' 77·3' 745 53. 530 3, 77'3, 745 
~====~======================================~=========================== 

<· l\lcd;>"''": L. :::hte i:~·r1e1·gy J.s the .:::~ .. .;:tuce<l c0ru~rgy •:i::•nsumed. 
2. Source energy accounts fi::ir electrical generating 

inefficiencies. For this study: 
El~ctric generating efficiency =100.0 % 

J. Energy per unit floor area is based on the aross 
building floor area. For this building: 
Gross floor area - 59,495 sqft 
Conditioned floor area - 59,495 sqft 

4. Annual cooling load is the sum of all cooling plant 
leiads. 

of all primary and 5. Annual heating load is the sum 
auxiliary heating plant loads. 
dc•mest i •= water fie at i ng 1 oad. 

It does not include the 

************************************************************************ 

dESTAV/tl:..ADLE COPY 
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ENERGY BUDGET <B> 
Building : MOSCOW 0 25-05-92 
Site : Helsinki, Finland 6100190202 
Prepared By : UNIVERSITY OF PITTSBURGH 

1111C.:.rrier Hourly Analysis F'r•:igram Page 1 of 1 

~*********************************************************************** 
TABLE 1. ANNUAL LOADS 
------------------------------------------------------------------------

(k8TIJ) (k8TU/sqft)* 

------------------------------------------------------------------------
:::: i.:n:i l :L il LJ !_ 1:1..:1. d ·::. :~ 

:-!eating L;:h1.dS ,;. 

0 
2,824,401 

O.UOO 
47.473 

~*********************************************************************** 
TABLE 2. ENERGY BY ENERGY COMPONENT 

<----- Site Energy -----> <---- Source Energy ----
Comp i::in en t (kBTUl (kBTU/sqft)* C kBTUl CkBTU/sqft)* 

Cl ei:: t 1·- i •:: 521 , '306 8. 77--··.· 
I I .,,;.. 521 ' 

·;;tc:JG 8. 772 
~-J<J tut- .J. l Ga~:; 0 0. (l(l(l 0 o. O(H) 

Fuel Oi 1 (l (l. 000 0 (l. 000 
Pt- op ari e 0 0 • 000 (l o. !)<)<) 

f·'.'Gmot e Heat i r19 
.~., 824, cl(l2 47. 473 2,. 824, 402 4 7. ·.J.73 ,;, ' 

:?emcil; (·::- 1::0.::i l in9 0 o. 000 0 o. 000 

3,346,308 56.245 =~, 34E.' 308 SE..245 

1:-: 1 t·~·:.: t t• i c 160, 2·73 .--. 6'34 160, 273 .-, 6'34 L. .:.:. . 
~atural 1:;:jC:1S 0 o. 000 0 o. 000 

u.;~.l !Ji l (l <). 000 0 (l, 000 
:·1·· i::ip.::.ne <) 0. 000 0 l). 000 

l?·=~mi::it •2 H•::!a ti n9 273, 165 4. t::"".~ I 
~J ... 2~'3, 165 4. s·;; 1 

Non--HVAC Total 433,4:38 7. ::~85 
~~==~=======================~========================================== 

3 ~ 77"3' 745 63. 5:]1) 

~======================================================================= 

1. Site energy is the actual energy consumed. 
Source energy accounts for electrical generating 
inett1c1enc1es. For this study: 
Electric generating efficiency =100.0 % 

3. Energy per unit floor area is based on the gros5 
building fli:ii:ir .3rea. F"•:•r this building: 

Gri:iss floor area - 59,495 sqft 
Conditioned floor area = 59,495 sqft 

4. Annual cooling load is the sum of all cooling plant 
I ·::.ads. 

5. Annual heating load is the sum of all primary and 
auxiliary heating plant loads. It does not include the 
domestic water heating li:iad. 

***********************************************************************» 

BEST AVAt:...AOLE COPY 
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ENERGY BUDGET <A> 
Building : MOSCOW 0 
Site : Helsinki, Finland 
Prepared By : UNIVERSITY OF PITTSBURGH 

25-05-'32 
61 Oc) l '30202 

l:arrier Hourly Analysis Program Page 1 of 1 
~*********************************************************************** 
TABLE 1. ANNUAL LOADS 

( M.J) ( MJ / ·5qm) * 

:.:: .. :ool .i. nq l_•:•ads l!

Heat i n9 Loads k 

(J 

2, ·37·3' '302 
!) • 000 

53•3. 128 

************************************************************************ 
fABLE :. ENERGY BY SYSTEM COMPONENT 

<----- Site Energy -----> <---- Source Energy ----> 
C1::imp•::•nent ( MJ) ( MJ/sqml* ( MJ) MJ/sqm)* 

/.>,ii'' ~'3ys t em Fan~; 

Co•::olini;i F'lant·'3 
Hc;:<~t i 11~~ Pl ants 
Pump·,; 

H 1./1~C Tot a 1 

526,243 
0 

2, ·37•3, '302 
·::4' 3•37 

'35.208 
0. 000 

4.·l14 

638.750 

525,243 
0 

2' •:;i7•3' '302 
24' 3·37 

3,530,542 

95.208 
0.000 

53':3. 128 
4.414 

E.38.750 

1._19:·1t~; 11'2,7:31 20.3'35 112,731 20.3'35 
Other Electric 56,366 10.198 56,366 10.198 
Misc. ~l0ctr1c 0 0.000 0 0.000 
Dom. Hot Water ~88,204 52.142 288,204 52.142 --t- ·- -- ... _ ·----- ·-- -· ·---·--· -----·---· --· --·- ·- ·-----·-----------------------· -----··- .... ,,_ -----------
•> Non-HVAC Total 82. '",~J5 457,301 82.735 
======================================================================== 
· .. > 1:::ji:;;:r'\ND TOT AL 721.485 ::::: ' '387, 843 721. ·+86 
=:========~============================================================= 

1. SitQ energy is the actual energy consumed. 
Source energy accounts for electrical generating 
inef~iciencies. For this study: 
Electric generating efficiency =100.0 % 

J. Energy per unit floor area is based on the qross 
building floor area. For this ~uilding: 

i:::ir os:; f 1 C•or area 
Conditioned floor area 

4. Annual cooling load is the sum 
loads. 

I 

of all 

5,527 sqm 
5,527 ::;qm 

c•:i.::11 i ng p 1 ant 

5. Annual heating load is the sum of all primary and 
auxiliary heating plant loads. It does not include the 
domestic water heating load. 

•*********************************************************************** 

BEST AVllt:..AflLE COPY 
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ENERGY BUDGET <B> 
Building : MOSCOW 0 
Site : Helsinki, Finland 

25-05-''.32 
61(l(l1 '30202 

Prepared By : UNIVERSITY OF PITTSBURGH 
_:arrier Hourly Analysis Program Page 1 •:if 1 

-·~************************************'**'********************************•lE
'fABLE 1. ANNUAL LOADS 

1::ompc•n<:?n t ( MJ) ( MJ/sqml* 
--------------------------------------------~---------------~-----------
(:.::.c1 -~ ti., q L~~::'-:'J.d s ~ 

Hf.-::>.::\ ti. ng L.oad :.; -~ 

0 
2, '37'3, '302 

o.ooo 

~*********************************************************************** 
TABLE 2. ENERGY BY ENERGY COMPONENT 

~----- Site Energy -----> <---- Source Energy ----> 
( MJ) ( MJ/sqm)* ( MJ) C MJ/sqm)* 

~1 e•: tr i •: 
N.:.'l.tu·(.:.11 Gas 
Fuel Oil 
;::"r· opanr:2 
:7 .:~mi:ot: e Hee:~ ting 
f<'. •£·~I)) i:d; •:·~ I>:•() 1 i f1 g 

> :. Hl./AC Toi; al 

El ec tr i c 

~
at: ur ,.:;1.l G.:1s 

·u,"?l l]i l 
1' op -:::.:i.ri e 

r<:E~mot~-~ H£·~,~t i n•J 

'> Non .. ··H'..JAC Tot al 

550~540 
(l 

t) 

!) 

;::: , ·37•3, ·:i02 
0 

::~, 53<), 54:;~ 

16'3, VY7 
0 
(l 

(l 

288, 204 

457,301 

·:r3. 522 
0.000 
o.ooo 
o. 000 

53'3.128 
0.000 

638.750 

3(>. 5 133 
o. 000 
o. 000 
\). 000 

c.-. 
...J..:... • 142 

8:2.735 

550,640 
0 
0 
0 

2,'37'3,902 
0 

169, (>'37 
0 
0 
0 

288, :::o.:i. 

4~'.i7, 301 

'~!'3. G22 
0.000 
0.000 
0. (l(l(I 

53•3. 1 :::s 
0.000 

638.750 

3L). 5'33 
(l. 000 
(J .. 000 
o. 000 

l:::'·-1 1 ,,1 ::.:-: ,J ..::_. 

======================================================================== 
CiPAND TOT <\L :3, '387, 843 7::-~ 1. 486 ::3, '387, :343 '?21.4fJb 

~======================================================================= 

'' Note:;: 1. Site enerr,.1y is t~ii;:- ,;.'l.ctu,al •2nergy •:onsumed. 
2. Source energy accounts for electrical generating 

inefficiencies. For this study: 
Electric generating efficiency =100.0 % 

3. Energy per unit floor area is based on the gross 
building floor area. For this building: 

Gross f 1 ocir .:.lr ea 
Conditioned floor area = 

4. Annual cooling load is the sum .:if all 

5, 527 ·~;.q1n 

5,527 sqm 
c1:11:1l ing plant 

l 1::iads. 
5. Annual heating load is the sum 

auxiliary heating plant loads. 
domestic water heating load. 

of all primary and 
It does n1::it in•: 1 ude t tie 

~*********************************************************************** 

BEST AVA/LADLE COPY 



ENERGY BUDGET <A> 
Building : MOSCOW l 
Site : Helsinki, Finland 
Prepared By : UNIVERSITY OF PITTSBURGH 

25-05-'32 
61001 '30202 

Carrier Hourly Analysis Program Page 1 of 1 

************************************************************************ 
TABLE 1. ANNUAL LOADS 

Component 

I >:11::• l i fl i;_1 I..•.:• ad S :+ 

:ic?<:1t i n9 Li::)ads :~ 

C:k8TU) 

0 
::: , 433, 554 

C:kBTU/sqft)* 

0.000 
40. '304 

~*********************************************************************** 
TABLE 2. ENERGY BY SYSTEM COMPONENT 

<----- Site Energy -----> <---- Source Energy ----> 
C:kBTLJ) (kBTU/sqft)* (kBTU) C:kBTU/sqft)* 

1'\i1· System Fci.ns 
Ci::•ol i. ng Pl i:.u1t·::; 

Heating PlQnts 
r="u.mp~; 

Lights 
CJt IH2r· El eel:; l' i .:: 
i·li ::;1:. El 1.:~·: tr ii: 

----1..!•:•m. 1-k•t Wat er 

?? Non-HVAC Total 

37•3' 634 
!) 

2,433,554 
:22, [380 

·::, 835, OGB 

106' :34'3 
53, ·124 

I) 

273, 165 

433' .:~38 

5.381 
(l. (l(H) 

40. '304 
0.385 

47. GE.'3 

1. 7•:;i5 
o. 8'38 
0. (JI)!) 

4. 5·:11 

37'3, 634 
(J 

2, 433, 55t:.l 
22,880 

:::, 83E., 068 

106,849 
53,424 

0 
273, 165 

433,438 

6.381 
I), (H)(l 

40. '304 
c). 385 

47. £E.'3 

1 • 7'3f.. 
0. 8'38 
(l, 000 
4. s·;;ii 

~7. ~ .. ~85 

======================================================================== 
: > Cif':/\ND TDT1\L. 54. ''.::>54 3, 25'3, 506 54. '.35·1-
~=======~=~============================================================= 

1. ~ite energy is the actual energy consumed. 
·-:· Source energy accounts for electrical generating 

inefficiencies. For this study: 
~lectric generating efficiency =100.0 % 

3. Energy per unit floor area is based on the gross 
~J u i 1 d i n g f l 1::11:1 r· i:H" ea • F •:• ~- t h i s b u i 1 d i -n g : 
Gross floor area - 59,495 soft 
Conditioned floor area - 59,~95.sqft 

4. Annual cooling load is the sum of all cooling plant 
l •:•ads. 

5. Annual heating load is the sum of all primary and 
auxiliary heating plant loads. It does not include the 
domestic water heating load. 

**~********************************************************************* 

BEST AV/\l:...!WLE COPY 

• 



ENERGY BUDGET <B> 
Building : MOSCOW 1 
Site : Helsinki, Finland 
Prepared 8y : UNIVERSITY OF PITTSBURGH 

25-05-92 
51001 '30202 

::::::Farrier H•:iurly Analysis Prc1qram Page 1 of 1 

_!·:~********************************************************************** 
rABLE 1. ANNUAL LOADS 
------------------------------------------------------------------------

::.::iol i nq 1_,:ia.d·;; •~ 

, 'c'<:\t 1 nci Loo.ds, 

lk8TU) 

(l 

( kE:TU/·:;q ft)* 

C) • (H)<) 

40. ']04 

~*********************************************************************** 
fABLE ~- ENERGY BY ENERGY COMPONENT 

<----- Site Energy -----> <---- Source Energy ----> 
CkBTLJ) (k8TU/sqft)* CkBTU) (kBTU/sqft)* 

El ec I:: I' i 1:: 
i\~atura.l ("jc.<s 
Fuel CH 1 
r.:· r op an e 
F'1:::imi:d; e I-lea t i r-i g 
::~~ 1~·? 111':' t ::::: (: c11::1 l 1 n g 

E.lE:?ctri i: 
latur.:.d !~].:::\S 

w.=l IJi .l 
·r- i::1pane 

F<:E~m i::i t E1 Heatin9 

402,514 
i) 

0 
0 

.-~:' <t3:3' 554 
u 

2,835,0E.8 

160, 273 
0 
(J 

0 
·-:.•7'":> 
·'-I •,.J , 1G5 

433,433 

6.755 
0. (l(i(l 

0.000 
o. 1)00 

40. '304 
0.000 

··-:, 5'34 ...,; ... 
o. 000 
(i • (H)I) 

\). 000 
4 .• 5'31 

'"'!' •""'.r CJ C" 
1 • . .:.w....J 

402,514 
I) 

0 
(! 

:2, L·t33, 554 
0 

:2,835,058 

160, 273 
0 
(l 

0 
····~"""" ..::.. l ... J , 1G5 

433, 4:38 

5. ::"CG 
(l. 000 
0.000 
o. l)(J(l 

4(1. ']04 
0.000 

47.55'3 

:~-~. E,'34 

o. 000 
(\ ... 000 
o. 000 
4. 591 

i'. :285 
-======================================================================= 

54. ')54 3, :2G·;i, 506 
-~====================================================================== 

:~ ~,Jc1 t1-:-?-:3: 1. :.3.it1:: i:.~nE='rgy i-:; the .. 3,::tLlC.11 enet·gy .::.::1n·sLtmed .. 
-· Source energy ai:counts for electrical generating 

inef ficierii:ies. For this study: 
Electric generating efficiency =100.0 % 

J. Energy per unit floor area is based on the gross 
building floor area. For this building: 

Gr· oss ·fl •::i•:•t· a r e.l 
Conditioned floor area 

4. Annual cooling load is the sum 
l •:•ads. 

5. Annual heating load is the sum 
auxiliary heating plant loads. 
domestic water heating load. 

= 
5'3, 495 sq rt 
5'3,4'35 sqft 

·= 1:11:11 i rig p 1 ant 

of all primary and 
It does not include the 

~*********************************************************************** 

BEST AVA!l..A~LE ccrv • 



Building : MOSCOW 1 
Site: Helsinki, Finland 

ENERGY BUDGET <A> 

Prepared By : UNIVERSITY OF PITTSBURGH 

2s-os-·::12 
6100 l '90202 

~:::ai'rier Hourly /malysis F'rogram Page 1. of 1 

~*********************************************************************** 
-r ABLE 1 • i'.!\NNUAL LOADS 

:::omo on (~n t 

1~:001 i ,,g L•:•<:1d·s ,~ 

i--leat i. ng Loads ~-

( MJ) 

0 
'.2,567,536 

( 

0.000 
464.522 

~*********************************************************************** 
TABLE 2. ENERGY BY SYSTEM COMPONENT 
------------------------------------------------------------------------

<----- Site Energy -----> <---- Source Energy ----> 
MJl MJ/sqml* ( MJ) ( MJ/sqm)* 

.\ir System Fan~; 
Cool i 111:,i Pl ant:; 
Hf.'?,;1tinq Plant:; 
i:='ump ·;; 

!_i qh1;·:; 

1Jtht?t- EJ.,:;:i::ti·i.·.: 
Mi·:;c, Ele•:trii:: 

__J1i:im. H•:•t l·Ja t er 

>> Non-HVAC rotal 

400,535 
0 

2,:557,536 
:24. 140 

l 1 "'.• 
~, 731 

5G, 366 
l) 

288, 204 

457,301 

72.465 
(l, ouo 

464.522 
4.367 

541. 355 

20. 3•35 
10. 1 '38 
(l. 000 

<::" .-. 
-'L • 142 

82. ·735 

400,535 
0 

2,567,536 
24, 140 

:2' '3'32' 211 

1 12, 731 
56, 366 

(l 

288, 204 

45·1, 301 

72.465 
I). 000 

clEA. 522 
4.367 

541. 355 

2<). 3']5 
1 o. l '38 
o. (l(l(i 

c:-.-, 142 ·-·~. 

======================================================================~= 

:~' 449. 512 ~-J. 44'3, 512 624. o·:io 
====~===============~=================================================== 

~ Notes: 1. Site energy is the 2i::tual energy consumed. 
:: .. ;3c•Llrce 1~·::ner~9),1 .:.."\c1:i::•Ltnt':5 f•:ir elt=-~•:trical gen-:?rr3.tir1g 

inefficiencies. For this study: 
Electric generating efficiency =100.0 ~ 

J. Energy per unit floor area is based on the gross 
building floor area. For this building: 

Gr •:•ss f 1 o•::il' area 
Conditioned floor area 

4. Annual cooling load is the 
li:•ads. 

sum of al 1 

5,527 sqm 
5,527 3qm 

•:C•oling plant 

of all primary and 5. Annual heating load is the sum 
auxiliary heating plant loads. 
domestic water heating load. 

It does not include the 

************************************************************************ 

BEST AVAILA/JLE COPY 

• 



ENERGY BUDGET <B> 
Building : MOSCOW 1 25-()5-'32 
Site : Helsinki, Finland s 1oo1 ·sro2cr:.:: 
Prepared By : UNIVERSITY OF PITTSBURGH 

--Ca1-r1er Hourly Analysis F'ri:1gram Page 1 of ;. 
~*********************************************************************** 
fABLE 1. ANNUAL LOADS 

( MJ) ( MJ I ·:;qm) * 

:·:·:·ol i ni::;i Lo::iad·:;;; * 
: .. k?d ti. nq L.c.:::1ds X· 

0 
:2~ 567, 536 

0. 000 
·+EA. 52:2 

************************************************************************ 
L\BLE 2. [:NEF.:13Y BY El'JEF.:GY COMF'IJl'JENT 

<----- Site Energy -----> <----Source Energy ----~ 
Component ( MJ) ( MJ/sqm)* ( MJ) ( MJ/sqm)* 

Ele•:::tri•: 
N ·3. I; LI t· a. l Ga·:; 
Fuel Oil 
F~· ·:ipanE·? 
F:emcte Heating 
::.;:i:':1not,;: Coi::il.i.ng 

> .> :·J\h\J:: rot .:.:d 

:.::1 e•: tr i •: 
l\la t 1_1y- al t3as 
~-u,21 Oi 1 

-· .. ropane 
;:~:.;:::mot•!·? H•'?a ti 119 

424,675 
(l 

0 
0 

... ~' '3'32, 211 

1 E,·:;.' 0'37 
(l 

0 
0 

288, 204 

437,301 

76.833 
(l. 000 
(I. 000 
(J. 000 

·1·64. 522 
0.000 

541.355 

30. C'1~""':' ,_)~,_; 

o. 000 
o. 000 
(i. 000 

c:.---1 
. ..J..;;,... 142 

8 ·"'.· 7 . .,.,,. 
..:... • t ·....J ,_J 

424,675 
0 
!) 

(I 

2,557,535 
0 

:~~' '3'32' :211 

15'3, O':fl 
(i 

0 
<) 

288, 204 

457,301 

76.833 
0.000 
0.000 
0.000 

4E.4. 522 
0.000 

541 .. 355 

3<). 5'3:3 
(J. (JOO 

o. 000 
(). 000 

1;-:.-. 142 ·.J..:.:.. • 

.--. ··-:, ··:r ·":' .. -.. -
a .... • I -....J...J 

=======================================================================~ 

624. 0'30 ~~, 44'3, 512 624. 1)'30 
======================================================================== 
:.:. i'Joti~?·:;: t. ~:S.ite energy i~:; the <:1ctual energy i::•:•nsumed. 

2. Source eneY-gy accounts for electrical generating 
inefficiencies. For this study: 
Electric generating efficiency =100.0 % 

3. ~nergy per unit floor area is based on the qross 
building floor area. For this building: 

(Jr •:•SS f 1 QOr area 
Conditioned floor area 

4. Annual cooling load is the 
l 1:1ads. 

5. Annual heating load is the sum 
auxiliary heating plant loads. 
domestic water heating load. 

5,527 :::;qm 
5,527 sqm 

1:0:11:11 ing plant 

of all primary and 
It does net include the 

************************************************************************ 

REST AV/\f:_J'.CLE COPY 
• 



ENERGY BUDGET <A> 
Building : MOSCOW 2 
Site : Helsinki, Finland 
Prepared By : UNIVERSITY OF PITTSBURGH 

25-05-92 
6100190202 

-··1::an·u~r l~i::iurly A11alysis F'r•:•gram F«;:1.ge 1 •:•f 1 

~*********************************************************************** 
l"r:'.\f3LE 1. fiNNUf-iL LOADS 

:::o.;ilin9 L.•:•ads :~ 

Heatinq L.:i,;,1ds ·~ 

(k8TIJ) 

(l 

1. , 444' ')20 

( k8TU/sq ft)!!-

0.000 

~***********************~*********************************************** 
TABLE 2. ENERGY 8Y SYSTEM COMPONENT 

<--·---·--··- Site Energy -----> <---- Source Energy ----> 
CkBTU) CkBTU/sqft)* (kBTU) (kBTU/sqft)• 

,C; i l' Eystem F'dns 280, 88(> 4. 721 280, 880 4. 721 
i::.·;.1::1 l ing Plant::; 0 0. 000 (l o. 000 
Heating F'1,:;1nts l , 4.:+4, '320 24. 286 1 , 444, '320 24. 286 
r=-ump~~ 20, 740 (l • 34•j 20, 740 o. 34'3 

1 , 746' :540 2'3. 356 1,746,540 

! •• l •.J fl t ::; 105, 84'3 1 . 7'3E, 1 (lE,, :3.:.V'.! 1 . 7•35 
tJthE·r El e•: tr i •.: "'"'"' ·...J ..:.:J ' 424 0. ~E~B 53, 424 (J • 8'38 
f1 i S•:: . E'.l ·.::i·: t ri .:: (I o. 000 (l o. 000 
Di:•m. Hot \tJater 273~ 165 4. 5'31 273, 1 E,5 4. 5·31 

!•!on-·HVAC Tot,:,\ 1 433,438 7"285 433,438 
============~=========================================================== 

35.641 2, 17"3, ''J77 36.641 
=~========================================~============================= 

~0 tk:ii·;,::.;::c;: L. ::)i.te ~'.'!nf.~rgy i.:.; the~ actu<."11 t-?rH2t"iJY i::onsumed. 
2. Source energy accounts for electrical oenerating 

i.neffi·:ien•:ies. For tf1is :;t1_1dy: 
Electric generating efficiency =100.0 % 

~. Energy per unit floor area is based on the qross 
bLtilding ·fl•::>c•r i:H"ea. 1=-or tf1is tJuilding: 
Gross floor area = 59,495 sqft 
Conditioned floor aYea - 59,495 sqft 

4. Annual cooling load is the sum of all cooling plant 
l i::iads. 

5. Annual heating load is the sum of all primary and 
auxiliary heating plant loads. It does not include the 
domestic water heating load. 

********•**************************************************************» 

BEST,4Vl!ILA!Jt.E COPY 

• 



ENERGY BUDGET <B> 
Building : MOSCOW 2 
Site : Helsinki, Finland 
Prepared By : UNIVERSITY OF PITTSBURGH 

25-05-'32 
610<) 1 '30202 

-::arrier H1x1rly Analysis Pr•::igt-am F'age 1 o:if 1 

~*********************************************************************** 
TABLE 1. ANNUAL LOADS 

(k8TlJ) ( k8TU/sq ft) ·ll-

; \ ~·O 1 1 11 q ! __ ()d(j ·:;; ~ 

.i.~a.t:i.r;o L .. oads ·'i-

0 
l, 444' '320 

0. (H)(l 

************************************************************************ 
T1\8LE ~~. El'!EF'.CW BY ENEF:GY COMPONENT 

(----- Site Energy -----> <---- Source Energy ----> 
(kBTLJ) Ck8TU/sqft)• CkBTLJ) (kBTU/sqft)* 

::: 1 ec t \' i ; -· 301 520 c:" 070 301 620 c;:' 070 - ' .J • ' ..J. 

i'-1 :::it u t- "'' 1 i:]a·::; (l n •' . (l(l(l 0 o. 000 
r: ULi :] i 1 (l o. 000 0 o. 000 
:::· r· •:.pan.;:: () o. 000 0 o. 000 
. :~·c:·mot r::: Ht.·2::i. t i rig l , 444, '320 ·;;::4 • 286 1. , 444, '3t2(> :24. 285 
r;,:t·~1ni::1t e Cool i 119 (l o. (H)<) 0 (l. (H)(l 

1,746,540 1, 74E., ~:i40 ~2·3. 356 

El i'.·?i:: t Y l •.: 160, 273 ..... G'34 160, 273 ,.-. 5·:;i4 ..:.;._. ..:.. . 
~··~ a ·i.~ u r .;;i. l i:~as 0 (). 000 0 o. 000 
-u.el iJ i l (l o. 000 0 (' .I • 000 
'r·op<:.1.n.::;: 0 o. 000 0 o. 000 

ee1note l·fo:<'.1 t i 11':) 
.-.;"":' 1G5 ..:..l • 5')1 .-.7"':1 165 4 • 5'J1 ,.: .. #· ,_,, ,..;_I ._J J 

4.33, 438 
~~~~~--~===~~========================================================== 

:2 I l 7'?J' ')77 JE..641 2, l ]'j I ')77 
========================================================================= 

1. :::.it•? £-?net-gy i·:; the .:.'\•:tuc.l.l •Z·~nergy .::•::insumed. 
Source energy .ccourits fo:ir electYical geneYating 
1.1v~fficiencies. Fc·i-- this s;tudy: 
Electric generating efficiency =100.0 % 

J. Energy per unit floor area is based on the gross 
building floor area. For this building: 

Gr-c•ss flo::•c•r· a.rea 
Conditioned floor area 

4. Annual cooling load is the sum 
loads. 

5. Annual heating load is the sum 
auxiliary heating plant loads. 
domestic water heating load. 

= 
5'3, 495 ·:;;q ft 
5'3, 495 sq ft 

co•:il ing plant 

of all primary and 
It does not include the 

~*********************************************************************** 

BEST AVA/:.AfJLE COPY 
• 



ENERGY BUDGET <A> 
Building : MOSCOW 2 
Site : Helsinki, Finland 

25-05-'32 
61(H)1 '30202 

Prepared By : UNIVERSITY OF PITTSBURGH 
Car~ier Hourly Analysis Program Page 1 of 
~*********************************************************************** 
TABLE 1. ANNUAL LOADS 
------------------------------------------------------------------------

( MJ) ( MJ I ·:;qm .l ·* 

,~:,)ol .i n•J L•_)a1.:L; :.:. 
i!eat i ng L.odds x" 

(l 

l,524,471 
0.000 

2"'75. :3()'3 

************************************************************************ 
TABLE 2. ENERGY BY SYSTEM COMPONENT 

(----- Site Energy -----) <---- Source Energy ----> 
( MJ) ( MJ/sqm)* ( MJ) ( MJ/sqm>* 

/,ir ::;ystem F::ms 
f::i::io::il i ng F'l 3nts 
H~2dtini:J f'J..::mt·:; 
;-:• IJ J11 p :; 

! J t hf?\' E l C;: 1: t ir l C 

f'1i ·:31:. El ·2•: tr ii:: 
Dom. Hot !,·Jat et' 

1···.lon-·"H1/P,C Ti:•t al 

2'35' 344 
0 

; .• 524, 472 
21,882 

1 12, 731 
~.SE.' :~~66 

0 
.288, 20·l 

·~·57' 301 

53.615 
(l. 000 

275. so·:j 

:.~o. ,.....,~ .::.-
..;i ·"' ~ .. J 

10. 198 
€). 000 

5~"2. 142 

2'36, 344 
0 

1,524,472 
:21,882 

1 '842' E.'37 

1 12, 731 
56, 3E..6 

0 
288, 204 

457,::JOl 

53.61.5 
o.ooo 

275. 8<)'3 

20 . 3 135 
10. 1 ·::•s 
0. 001) 

C"'·-· 
...J .. :.:. • 142 

1~:".··-· ~ .. "'".'ir.:· 
' .. -',.;,_ • I . .;,.,i~ 

~======================================================================= 

::::: , 2'3'3, '3'38 416.11'3 2, 2·:f3, '3'38 •HE..119 
======~==~=~==============~===================~========================= 

:· :··.J..d;~:=·~:,: J .• '.:Ji i;e c~ni:~1'"c~1y i~;; tl·1e .,,1ctu,:d F~ner·9y 1:on;;umed. 

4. 

c:· .:; . 

Jource energy accounts for electrical generating 
,j-1•~ffic'..1:.:::ncic·?s. F'o1" this ·:;tL1dy: 
[lectric generating efficiency =100.0 % 

E:r1 e1·· •;,l y [H~l" uni t f 1 O•:ol" dX E?d i s b <:-\ sed on t f1 e •;1 r o·:s ·s 
building floor area. For this building: 

Gt'"oss float' area = 5,527 sqm 
C0nditioned floor area 

Annual cooling load is the 
l ·:·ads. 

sum of all 
5, 52·7 ~:qm 

•:oolini;,1 plant 

Annual heating load is the sum 
auxiliary heating plant loads. 
domestic water heating load. 

of all primary and 
It does not include !;he 

~*********************************************************************** 

BESTAVAl:...ADLE COP~' 



ENERGY BUDGET <B> 
Building : MOSCOW 2 
Site : Helsinki, Finland 

25-(>5-'32 
E, 100 1 '30202 

Prepared By : UNIVERSITY OF PITTSBURGH 
Carrier Hourly Analysis Program F'age 1 of l 

•*********************************************************************** 
TABLE 1. ~NNUAL LOADS 

1 :: .. :i,:. .L i. 11 c L .. o ;::, c1 :i .tc

. i~~ '"\tin ·~l : ..... ::OdC1 ~3 :~· 

! MJ) 

0 
l,524,471 

0.000 
~~75. 8<) 13 

•*********************************************************************** 
TABL~ ~. ~NERGY BY ENERGY COMF'ONENT 

(----- Site Energy -----> <---- Source Energy ----> 
t'IJ) ( MJ/sqm)* ( MJ) ( MJ/sqm)* 

[-~ 1 c": t i·- i i::: 

;\12-..tLli" 3.l G"-13 
::-L.i81 0 i l 
:·=· ·r· .::. p ,:;., n •:: 
;~· E:: rn cit 1::·: ~ ·: f:~ .3 t 'i. r-·11:; 
::~· 1.;? I i1 C• !; •.'.·? ! :: 1,) 1·:1 ~ i fl q 

::::1 f~i:: tr· l i: 
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Site energy is the actual energy consumed. 
·- • '.~ .:;:. lff C e !.0 n (:'I'' g y c':\I: •: 0 Llrl t ·:::; f 0 r E• l '2 1: t r i. C <:\l ~~en er at i r\ g 

tn"=tt1•:11~n·:1es. For tf1Ls ·::;tudy: 
Electric generating efficiency =100.0 % 

:~~ .. ;::~net·9y p&~'( Ltnit 'fl•:•t:•t" ;irec.1. .i.~; b; .. 1.·5ed i:)n the gr1:1ss~ 

building floor area. For this building: 
Gross floor area ... - C:""-1' .. , ::ipj.::.., ·=.;qm 
Conditioned fl6or area 5,527 sqm 

4. Annual •.:1:11:1ling l•:•G.'.\d .i.·:3 the ·:;um of al 1 •: cu:• l i n g p 1 .:.u1 t 
l •:1ads. 

5 . t'\ n n Lt a l 1"'1 eat i n g 1 C• ad i s t he s Llin •:1 f a l 1 p r i ma Y' y and 
aLtxiliar·y heating plant lc•ad·::;, It d•:•es nc•t include the 
rlomestic water heating load. 

**~********************************************************************\ 

REST A'/,MlllfJLE COP)' 
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!MRI MANUFACTURER 
W R. Bonsal Company of Charlotte. 

North Carolina. established in 1895. is the 
licensor of the SUREWALL! formulae. 
systems. trademark and methods. 

SUREWALL 11; Surface Bonding 
Cement and related products are 
available nationally from licensed 
manufacturers. 

(EE] PRODUCT PRESENTATION 

SUREWALL Surface Bonding 
ruent was originally designed to be 
l :Ill in lieu of mortar 1n the construction 
· -ystacked concrete block walls. In 
addition to SUREWALL Surface Bending 
Cement. a line of complementary 
products are also available to improve 
strength and1or adhesion. and as 
coatings over SUREWALL Surface 
Bonding Cement to obtain specific 
surface textures. Applications for 
SUREWALL products include: 
• Retrofitting existing masonry and 

concrete structures. 
• Racquetball and handball court 

construction. 
•Stucco applications for superior finish. 
• Below-grade masonry construction. 
• Exterior 1nsulat1on and wall finish 

systems. 
• Decorative. weather-resistant finish 

system. 
SUREWALL Surface Bonding 

Cement is a proprietary brand. During 
the last 10 years. more than 90 wall 
panels have been tested by independent 
testing laboratories. These tests form the 
basis for the product's formulation. wall 
design criteria. and specific product 
data. They also form the basis for 
Building Code recognition. 

r.rfANTAGES 

lllilEWALL Surface Bonding Cement 
• Provides decorative impact-resistant 

finish over many substrates including 
expanded polystyrene 1nsulat1on board. 
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• Reduces cracking associated with 
conventional stucco/plaster. 

•Results in textured. stucco-like finish. 
Integral pastel colors eliminate the 
need for paint. 

•Provides a durable water-resistant 
coating fulfilling the need for damp· 
proofing. . 

• Results in greater flexural and tensile 
strength than conventional mortar 
construction. 

• Increases per man hour productivity 
when drystacking blocks. 

•Contributes to a through-wall cost 
savings. 

• Provides excellent safety factor 
because :t is non-combustible. has a 
zero f!ame spread and emits no toxic 
fumes. 

STRUCTURAL PRODUCTS 

SUREWALL Surface Bonding Cement 
A patented. portland cement. glass 

11ber and special chemical mixture 
applied in a one-coat bonding . 
application approximately 118" thick 
(minimum) to both sides of drystacked 
concrete block walls. This stucco-like 
coat of SUREWALL Surface Bonding 
Cement results in structural walls that are. 
in many cases. stronger than concrete 
block walls built with mortar. 

SUREWALL!: High Stress Grade 
A glass fiber-reinforced cement 

mixture designed for below-grade 
masonry construction. ie .. basements. 
retaining walls. and projects requiring 
high early strength development and 
increased lateral load resistance (back· 
filling). Available in grey and white. 

NON·STRUCTURAL PRODUCTS 

SUREWALL!t Finish Coat 
A portland cement finishing plaster 

(no glass fibers). designed as a 
decorative water-resistant finish over 
masonry, base coat plaster. concrete. 
exterior sheathing and SURFACE 
BONDED CONCRETE MASONRY. It may 
be used as a high-strength water· 
resistant bed mortar in mortarless wall 
construction. 

SUREWALL!t Bonding Adhesive 
An acrylic polymer emulsion 

specifically formulated as an admixture 
for SUREWALL !t Cement Products. It 
f:'"'JV1des superior bond to questionable 
substrates such as old masonry, poured
in·place com;:rete. rigid foam insulation 
board. brick or precast concrete columns 
and beams. 

INSULATION SYSTEMS 

SUREWALL!t SBC lnsulatlon System 
The SUREWALL SBC Insulation 

System is an integrated system of 
structural surface bonding cement 
applied to expanded polystyrene 

fJESTAl/A/:....AlJL[ ccrv 

insulation boards which are mechanically 
attached to exterior wall surfaces. It can 
be attached to the exterior walls of most 
types of new construction. It can also be 
used for the renovation/retrofitting of 
existing structures. The system is 
composed of selected insulation boards. 
fasteners and accessories. Its exposed 
finish offers exceptional weather and 
impact resistance through glass fiber 
cement reinforcing technology and 
polymeric bonding agents. 

SUREWALL!t FRP Insulation System 
The SUREWALL FRP Insulation 

System is an integrated exterior insulation 
and wall-finish system. The system was 
originally designed for use over open 
stud-wall construction. however. it can be 
applied to the exterior walls of virtually 
any type of new construction or for 
renovating/retrofitting existing structures. 
This system is composed of fiber
reinforced polymer-modified plaster 
applied over woven wire lath which 
secures the rigid insulation board. 



• 

~USES, APPLICATIONS 
Commercial 

The durability of walls drystacked 
with one coat per side of SUREWALL~ 
Surface Bonding Cement makes it an 
especially good choice for high tr attic 
and/or high abuse buildings such as 
shopping centers and warehouses. of 
one to two stories. where economical and 
attractive finishes are important. In 
addition to durability and economy of 
construction. its zero-flame spread 
makes it ideal for use 1n minipublic 
storage facilities and other high-risk 
storage facilities. 

The SUREWALL' SBC Insulation 
System provides both exterior insulation 
and a durable. impact-resistant exterior 
wall while greatly decreasing HVAC needs. 

Industrial 
The durability of wall finishes 

achieved when drystacking with fiber
reinforced SUREWALL Surface Bonding 
Cement makes it a strong choice for 
construction of one to two story 
manufacturing facilities, especially where 
machinery 1s manufactured or heavy 
machinery used. such as print shops, 
textile plants. etc. 

The superior exterior insulation 
envelope achieved with the SUREWALL 
SBC Insulation System makes it ideal 
where temperature regulation is important 
and where HVAC loads are heavy. 

Residential 
Where the ease and economy of 

erecting high-strength masonry walls is 
important. drystacking with one coat of 
SUREWALL Surface Bonding Cement 
can solve many problems at once 1n 
single and multi-family construction, 
especially where stucco. adobe. masonry 
or plaster finishes are designed 1n. 
Extremely quiet. zero-flame spread 
privacy walls can be drystacked quickly 
and easily in a variety of one-coat 
finishing techniques. virtually anywhere 
they re needed. In solar and earth 
sheltered housing, SUREWALL Surface 
Bonding Cement drystacked walls 

Renovation 
One coat of fiber-reinforced 

SUREWALL Surface Bonding Cement will 
both improve the structural integrity of old 
masonry, and provide an attractive. 
impact-resistant finish. These are 
desirable qualities in most retrofitting/ 
renovation proiects. SUREWALL Surface 
Bonding Cement's ability to transpose 
virtually any substrate into a consistent, 
clean. textured finish means that roof, 
door and window treatments are virtually 
all that are needed to transform a variety 
of individually-styled buildings and 
storefronts. etc. into a project with a 
consistent overall exterior theme. 

combine desired thermal mass of 
masonry construction with water
resistant, crack-resistant. fiber-reinforced 
walls with flexural strength superior to 
conventional block and mortar 
construction. 

Attractive. finished. exterior insulation 
envelopes can be created in one coat by 
utilizing the wire mesh-reinforced 
SUREWALL' FRP Insulation System. 
Seamless. monolithic walls up to 30 feet 
long are possible. It allows architectural 
design freedom. The economy of open
stud construction can be realized in 
either single or multi-family construction. 

The SUREWALL FRP Insulation 
System can also be valuable in 
renovating. Thermal leaks, common to 
older buildings. can be virtually 
eliminated with the SUREWALL FRP 
Insulation System. And. you get a tough, 
weather-resistant and attractively finished 
exterior. Exterior insulation also leaves all 
interior walls and beams "as is" for 
decorative use or refinishing. Ideal for 
retrofitting old hospitals, schools. hotels, 
motels. apartments and condo 
conversions. etc. SUREWALL' Bonding 
Adhesive is added to increase integral 
strength and provides bond to most 
common substrates. 

7.13/Bon 
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Drystacking with SUREWALL® Surface Bonding Cement 

j~~.:ore economical, c~m:.~~~.~~~:" ~.~:.erior walls. 
mort~ro~!~~~~c~~~~~~;~~~~f~g1~1~~:~d ~~~~.ption to avoid cold joints or lap .:~~~~~~~.~~ 
and coating each side with fiber· Second Coat · ......,.__..,.;... 
reinforced SUREWALL Surface Bonding :: :.' ...,...~;_ 
Cement to create attractive. finished A second application is sometimes 

necessary to plane the walls true and 
walls. not only saves ltme and labor. but it level. or achieve the specified finish and 
also creates a structurally superior wall texture. The second coat may be applied 
(see structural properties chart. next 
page). The washable. impact-resistant as soon as the first coat has set firmly 
finish also saves maintenance dollars lor enough to carry the weight. 
the user/owner lor years to come. Surface SUREWALL Surface Bonding 
bonding is a money-saving construction Cement or SUREWALL91 Finish Coat may 
technique for use where the thermal be used depending on the texture 

desired. mass. structural strength. and aesthetic 
value of masonry construction is desired. Addltlonal Uses 

New Construction 

[MASSEMBLY AND INSTALLATION 

On concrete pad or foundation. set 
first row of concrete blocks 1n bed of 
mortar. or tor additional bonding strength. 
a·bed of SUREWALL Surface Bonding 
Cement. Following block courses are 
simply stacked to form desired walls. 
Door and wmdow openings are shaped 
and then supported by traditional 
rrasonry construction methods. 

-rtrechnical drawings on this page show 
::::iundation. corner and intersecting wall 

techniques.) 

First Coat 
SUREWALL Surface Bonding 

Cement is mixed on site with clean water 
to a plaster consistency. Apply mixture to 
both sides of wall surfaces with hand 

-owel or spray equipment to a minimum 
;ickness of 118 inch. Level wall surface 
~nd fill all voids. 
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The SUREWALL91 Court System tor 
racquetball. handball and squash court 
walls goes up taster and more 
economically than conventional systems, 
offers fast. true play and requires minimal 
maintenance. (Request brochure entitled 
"The SUREWALL91 Court System.") 

SUREWALL Surface Bonding 
Cement can also be used for fire walls, 
tennis practice walls, non-load-bearing 
curtain walls. sound barrier walls and 
fences. 

Painting 
Properly cured SUREWALL finishes 

may be painted. Paint must be limeproot 
and designed tor applications over 
portland cement plaster products. 

Short Form Specification 

Description 
The surface bonding cement shall 

be SUREWALL Surface Bonding Cement. 
a factory prepared mixture that needs 
only the addition.of water and meets 
ASTM-C-887. 

Execution 
'The first course of concrete masonry 

shall be set and leveled in a bed of 
SUREWALL Surface Bonding Cement or 
mortar without buttering the ends of the 
block. Each side of the block shall be 
troweled with SUREWALL Surface 
Bonding Cement to a thickness of 1/8" 
according to mixing. application and 
curing instructions on each bag. 
Installation shall be in accordance with 
ASTM-C-946. 

Addltlonal Information 
The following literature is available 

upon request: "Building with SUREWALL' 
Surface Bonding Cement." "SUREWALL• 
Guide Specifications." and "The 
SUREWALL• Court System." 

REST .AVAl:...ABLE COPY 

-. 

Intersection of Bearing and 
Non-Bearing WaUa 
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STRUCTURAL PROPERTIE~-Unrelnforced.:Wall·Assembtages.

SUREWALL • Surface Bonding Cement l/e• thickness over block VS. Mortar, conventional construction. 

Ultlmae.Wall'' 
Type Block" Block Strength-- S~Area 

Construction Thlcknen-· Helght/Thlckneu. GrouAres: P•l kips-· 

Compressive-Axial Loading 

Mortar. Type N ''• 

(4 walls tested) 5• 9.0 HIT 960 psi 570 204 
SUREWALL 

(3 walls tested) 5• 11.9 HIT 980psi 410 148 

Compressive-Eccentric Loading T/6 ASTM E-72 

Mortar. Type S 
(3 walls tested) 5· 25.0 HIT 1516 psi 542 196 

SUREWALL 
(4 walls tested) 5• 24.7 HIT 1516 psi 189 68 

SUREWALL 
(3 walls tested) 5· 11.9 HIT 1010 psi 302 109 

Racking Wall Size 

Horizontal Shear 
Lbs. Per Ft. 
of Wall Lgth. 

Mortar. Type N 
(ASTM-E-72) 5· 8' x 8' 1100 psi 2,970 

SUREWALL 
(ASTM E-519) 5· 4' x 4' 980 psi 3,230 

Flexural-Vertical Span ASTM E·72 

Maximum Uniform 
Load.LbsJSq.Ft. 

Mortar. Type 5 
(5 walls tested) 8" 4' x8' 1100 psi 35.0 lbs. 

SUREWALL 
(2 walls tested) 8" 4' x8' 1150 psi 71.0 lbs. 

Mortar, Type S 
(3 walls tested) 8" 4' x 16' 1516psi 11.5 lbs. 

SUREWALL 
(3 walls tested) 8" 4' x 16' 1516 psi 15.B lbs. 

Impact-Vertical ASTM E-72 

Mortar; Type S 
(3 walls tested) a· 4' x B' 1330 psi 170 fl/ lb • 

SUREWALL 
(3 walls tested) a• 4' x B' 1330 psi 230 ft./ lb. 

SUREWALL 
(1 wall tested)· •,' 12"' 4' )( 8' 1320 psi 380 ft/ lb: 

'Independent lab test available upon request The values shown irtthis table are ultimate loads. not the allowable design load, and must be 
reduced with adequate safety factors. .. 
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SUREWALL® SBC Insulation System 

-STEM PRESENTATION 
The SUREWALL~ SBC Insulation 

System is an integrated system of 
structural surface bonding cement 
applied to rigid insulation boards which 
are mechanically attached to exterior wall 
surfaces. It was designed primarily for 
use in 1ndustnal/commerc1al applications 
where extensive exterior surfaces are to 
be insulated and where a durable. yet 
attractive. finish is required. The system 
allows freedom of architectural design 
and permits construction of attractive. 
fuel-efficient buildings at favorable costs. 
It is applied to the exterior walls of 
virtually any type of new construction. It is 
also used for the renovationtretrolitting of 
existing structures. The system 1s 
composed of SUREWALL!l Surface 
Bonding Cement, selected insulation 
boards. fasteners and accessories. 

ADVANTAGES 
The SUREWALL! SBC Insulation 

System has several distinct advantages 
over conventional in-wall insulation 
methods: 
• Voids and air infiltration are virtually 

eliminated because the rigid insulation 
boards form an air-tight envelope. 

•The building mass remains at a more 
stable temperature inside the insulation 
envelope. Heating and air-conditioning 
are more efficient because HVAC 
cycling is minimized and not consumed 
for heating and cooling of the building 
111ass during outside temperature 

~ctuations. Investment in HVAC 
~uipment is therefore reduced. 
• The use of low density insulation 

boards and resilient adhesives allows a 
building to move normally without 
cracking the surface coating of the 
system. 
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•The possibility of dangerous smoke 
inhalation caused by fire is reduced by 
placing combustible insulation 
materials on the wall's exterior. 

• SUREWALLlll Surface Bonding Cement. 
containing glass fibers combined with 
an acrylic bonding agent. eliminates 
the need for reinforcements such as 
lathing with metal or glass mesh. 

• The system does not use valuable 
interior space since it is applied to the 
outside of walls. 

• All of the mass is available for passive 
energy utiliza!ion when installed over 
concrete and masonry. 

SYSTEM COMPONENTS 

SUREWALL~ Surface Bonding Cement 
A patented, proprietary mixture of 

portland cement. glass fibers and special 
chemicals. This product. combined with 
SUREWALL! Bonding Adhesive and 
applied to foam board, provides weather 
and impact resistance. The product is 
non-combustible. damp-proof. and 
comes in a variety of colors. 

SUREWALL!ll Bonding Adhesive 
An acrylic polymer emulsion 

designed as an admixture for SUREWALL 
cement products to provide superior 
bond to EPS Insulation Board and other 
substrates. SUREWALL Bonding 
Adhesive is water resistant. It improves 
the performance of the SYSTEM in severe 
climatic and corrosive exposures. 

SUREWALL! EPS Insulation Board 
Specially cured. flame retardant. low 

density, expanded polystyrene. rigid 
board available from certified 
manufacturers. A highly effective 
insulator. Meets Federal Specifications 
HH· 1·524C. Available in 314", 1", 1 'h'' and 
2" thicknesses. Can be cut to diHerent 
sizes. 

SUREWALL11 EPS Adhesive 
A rubber emulsion formulated to 

adhere EPS Board to a variety of surfaces 
and remains resilient even at below 
freezing temperatures. 

SUREWALL~ Fastener Clip 
A pronged, 20 gauge patented, 

galvanized metal clip. used with standard 
screws or nails for mechanical fastening. 

SUREWALL~ Joint Reinforcement Tape 
Self-adhering, woven glass mesh for 

reinforcing corners and Joints. 4~ or 6" 
widths and 100' length. 

Trim Accessories 
Corner beads. casing beads. plaster 

stops, control joints and weep base stop. 
Designed for thin veneer plaster. 
Manufactured from exterior grade PVC 
plastic or zinc alloy metal. 



(6Il ASSEMBLY ANO INSTALLATION 

Installation should be performed by 
certified. factory-trained contractors only. 
The system is applied directly to exterior 
wall surfaces. The system uses adhesive 
and mechanical fasteners. The board 
thickness is preselected commensurate 
to the desired insulation values. 
1. EPS Board is cut to size and pressed 

in place using SUREWALL EPS 
Adhesive. Panel dimensions within 
control joints are limited to 144 square 
feet with no length exceeding 12'. 
SUREWALL! Fastener Clips are 
spaced 12" o.c. on the perimeter of 
the board and no more than 24" o.c. in 
the field of each EPS panels. Fasteners 
must penetrate into the structural 
member of the building. 

2. Accessories are placed where 
required. Board 1oints are taped with 
Joint Reinforcement Tape. 
Accessories are glued or stapled 
directly to EPS Board. 

3. SUREWALLt Surface Bonding Cement 
is applied in two layers. each coat 118" 
thick. The Base coat is modified with 
SUREWALL Bonding Adhesive and 
cured 3 days. The Second coat may 
be finished to the desired texture. The 
combined thickness of the two coats 
must not be less than 114 inch. 
Application must be made above 40°F 
and hand troweled. Control joints are 
raked clean. 

Panellzatlon 
The oH-site construction of building 

panels using the SUREWALL!e SBC 
Insulation System provides large 
projects with increased design flexibility. 
improved energy efficiency, greater 
durability. lower production costs. and 
controlled environmental conditions. 

SHORT FORM SPECIFICATIONS 
Description 

Exterior Insulation System to be 
SUREWALP SBC lnsulat1on System. 
consisting of mechanically and 

chemically attached expanded 
polystyrene board, reinforced with glass 
netting over all joints and covered with 
polymer modified SUREWALL' Surface 
Bonding Cement. 

Execution 
All materials in this section are to be 

installed by a factory.trained. certified 
contractor in strict compliance with the 
manufacturer's printed procedures. 

LONG FORM SPECIACATIONS 
Contact SUREWALLt Producers 

Council. (See page 12.) Code approvals. 
(See page 11 ) 

TECHNICAL PERFORMANCE DATA 
ENVIRONMENTAL 

Test Description 

Large Scale Fire Test 

Fire Hazard Classification 

Heat Transmission 

Accelerated Weathering 
Salt Spray Resistance 
Mildew Resistance 
Sand Abrasion 
Uniform Lateral Load Resistance 

Impact Resistance 

Dynamic Impact 

Resistance to Indentation 

Tensile Bond 

Negative Wind Load Resistance 

Method 

ASTM-E-108 (3 inches EPS 
board} 

ASTM-E-84 (2 inches EPS 
board) 

ASTM-C-236 (2 inches EPS 
board} 
2 x 4 stud (24H o.c.} 
Gypsum Wallboard 
ASTM-C-23 
ASTM-B-117 
MIL-F-8261 (method 508) 
ASTM-0-968 
ASTM-E-72 
(2 coats Surface Bonding 
Cement) 
ASTM-E-72 
(2 coats Surface Bonding 
Cement) 
Free Falling, steel ram 
Max height of drop = 
(Slow compression 1.13 inch 
diam. mandrel at loading rate 
of .1 inch per'minute) 
2 coats SBC 
Bonsal Laboratories Method 
Before exposure 
After U.V. Exposure 
1500 Hours 
ASTM·E-72 

·copies of Independent Testing lab available on request. 

Resutte 

a) did not contribute to Flame Spread on exterior. 
b) capable of preventing flame intrusion into the 

wall cavity and prevents fire involvement of the 
polystyrene insulation core. 

c) no fall-off of the surface coating during the test. 
Without wtth Pfastlc 

Plastlc Acces. Acces. 
Flame Spread 5 15 
Fuel Contribution 10 0 
Smoke Development 20 275 

No Insulation R-11 Bats In 
In Stud• Studs 
u = 0.119 u = 0.058 
R = 8.4 R = 17.2 

(U.V. only} No effect after 1500 hours 
No corrosion after 300 hours 
No support for mildew 
No effect after 500 liters 
(vertical) wood studs 24" o.c. 
136 psi 

(vertical) wood studs 24" o.c. 
58. = 240 ft. lbs. 

Weight 5.5 lbs. 
7 ft. lbs. first crack 

97 psi 
24-30 psi 
Failure in EPS 
24-30 psi 
Failure in EPS 
Passed 100 psf 
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SUREWALL® FRP and FRP Insulation System 

-YSTEM PRESENTATION 
I The SUREWALL FRP Insulation 
~ystem is an integrated exterior insulation 
and wall-finish system. It was designed 
primarily for res1dent1al use. to provide an 
exterior insulation shell and create an 
attractive. seamless finish on exterior wall 
runs of up to 30 feet. This allows freedom 
of architectural design and permits cost
effect1ve construction of attractive. 
energy-eHicient buildings. It is applied 
directly to exterior open stud wall framing 
or any type of existing wall construction 
for renovation/retrofitting. The system 1s 
composed of SUREWALL~ Fiber
Remforced Plaster. selected polystyrene 
insulation boards. conventional woven 
wire lath and accessories. The finish is a 
fiber-reinforced. weather-resistant 
polymer-modified portland cement 
plaster. 
ADVANTAGES 

The SUREWALL ~ FRP Insulation 
System has distinct advantages over 
conventional in-wall 1nsulat1on methods at 
a cost competitive to lath and plaster. 
•The installation is faster because 

plaster 1s applied in one application 
which eliminates waiting for curing of 
intermediate coatings. 

• Cracking associated with stucco and 
plaster is reduced by the combination 
of a stress-absorbing substrate and the 
high strength of the fibered plaster and 
wire reinforcement. 

•The possibility of dangerous smoke 
nhatation from fire is reduced by 

::::::placing the combustible insulation 
--+naterials on the exterior. 
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• R-19 thermal resistance can be 
achieved with standard 4" wood stud 
walls in combination with R-11 ball 
insulation. 

•Thermal resistance 1s greatly improved 
because voids and air infiltration are 
significantly reduced through the 
continuous air-tight exterior envelope. 

• Investment in HVAC equipment is 
reduced because the building mass 
remains at a more stable temperature 
inside the insulation envelope. 

• Heating and air conditioning are more 
efficient because the HVAC cycling 1s 
minimized. 

• Full use of the MASS factor is realized 
for passive energy utilization. when the 
system is used over concrete or 
masonry. 

• The system conserves valuable interior 
space since it is applied to the outside 
of the wall. 

SYSTEM COMPONENTS 

SUREWALL1 Fiber-Reinforced Plaster 
(FRP) 

A glass fiber-reinforced. portland 
cement plaster. which when mixed with 
SUREWALL! Bonding Adhesive. 
produces a durable. weather and impact
resistant finish in one application over 
insulation board. 

SUREWALL1 Bonding Adhesive 
This acrylic polymer emulsion is 

designed as an admixture for SUREWALL 
FRP It provides superior bond to the · 
polystyrene insulation board and gives 
impact resistance. strength and durability 
to the plaster. 

Polystyrene Insulation Board 
This 1s a specially-cured. flame

retardant. polystyrene board stock. 
Available from selected manufacturers in 
various thicknesses and sizes. Meets 
Federal Specification HH·1-524C at 1.5 
lbs. density. 

Accessories 
Accessories used 1n the system are 

conventional and readily available. 
Lath - Woven wire fabric lath. 

1 inch. 20 gauge galvanized. 
Trim - Corner beads. casing beads, 

plaster stops. control joints. 
and weep bases may be 
selected from zinc. galvanized 
metal or exterior grade PVC 
plastic. 

Fasteners - Roofing nails. large-head 
screws. or staples are 
selected for length and 
depth of penetration to 
meet code requirements. 

~{;~:= 
;4"~ .. ·. 
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~ASSEMBLY ANO INSTALLATION 

Installation should only be performed 
by qualified applicators. The application 
described is lor use on the exterior of 
wood or steel stud framing (maximum 24" 
o.c.). On masonry or concrete substrates 
the requirements for fastening of the 
polystyrene board are dilferent. Contact 
manufacturer for details. 
1. Stud spacing. bracing. and sheathing, 

when required. as per local codes. 
Where fire barriers are required. 
exterior grade gypsum sheathing must 
be applied frrst Where moisture 
barriers are necessary. install water· 
resistant paper or polyethylene over 
studs or sheathing. 

2. The polystyrene insulation board is 
installed horizontally. Vertical butt 
joints are staggered and must 
coincide with the framing member. 

3. Woven wire lath, galvanized. is placed 
over the insulation board and 
mechanically attached through the 
board into the studs with staples. nails 
or screws. The fasteners must catch 
the wire lath and must be of sufficient 
length to penetrate the stud a 
minimum of 314". The fasteners are 
used at 6" spacing on all framing 
members. The woven lath is placed 
horizontally with a minimum of 4" 
overlap. The wire lath is discontinued 
at control joints. 

4. Accessories are attached 
mechanically through the foam into 
the framing member. 

5. SUREWALL• FRP is mixed with 
SUREWALL• Bonding Adhesive and 
water to trowel consistency and 
directly applied to polystyrene board 
and wire lath. The required thickness 
of 3/8~ minimum can be obtained in 
one application using a double-back 
method. Textures may be applied 
immediately following application. 
SUREWALL FRP is available in a 
variety of factory-blended colors. and 
grey or white concentrate. 

FRP as Stucco 
SUREWALL11 Fiber Reintorced 

Plaster when used with metal lath or 
poultry netting has proven to be a viable 
substitute for 3-coat stucco. This process 
greatly reduces labor cost and expedites 
completion ol the pro1ect. 

SHORT FORM/SPECIFICATIONS 

Description 
Exterior insulation and finishing 

systems. to be SUREWALL11 FRP 
Insulation System. consisting of 
mechamcally attached polystyrene 
insulation board. woven wire fabric lath, 
and covered with SUREWALL11 FRP. 
modified with SUREWALL11 Bonding 
Adhesive. 

Execution 
All materials are to be installed in 

strict compliance with manufacturer's 
printed procedures. 

Backing boards and an structural 
members shall be provided by other 

7.13/Bon 
trades in compliance with code 
requirements. Installation is not permllted 
in temperatures below 40"F. 

LONG FOAM/SPECIFICATIONS 
Contact SUREWALL Producers 

Council. (See page 12.) Code approvals. 
(See page 11.) 

TECHNICAL PERFORMANCE DATA: 
SUREWALL• FRP Insulation System has been extensively tested by Independent Testing Laboratories. Test reports are 

available upon request. 

TEST DESCRIPTION METHOD RESULTS 

Water penetration. percolation ICBO No loss of 4 feet water pressure after 48 hours. 
(¥a~ FRP Plaster) 

Uniform Transverse load ASTM-E-72 Max. load to failure 80.4 lbs./sq. ft. 
(over wood studs 24" o.c.) 

Impact resistance Dynamic Impact 0.5 lb. - 1 Ya'' No damage or delamination from 3-foot drop. 
(over wood studs 24• o.c.) diameter 

Freeze-Thaw Resistance • 1 O"F-ambient each 1 Vz No adverse effect after 75 cycles. 
(water saturated) hours. 

Tensile bond strength 3" x 3* tensile pull 47 psi, failure in EPS Board. 
(over EPS Board) 

Large Scale Fire Testing ASTM-E-108 (mod) (with and Passed 15 minute requirement. 
(vertical position) without core exposed) 

Thermal Transmission SUREWALL• ASTM-C-177 at 318 inch R = 0.06. 
FRP Plaster 

"Polystyrene Ins. Board at 1 inch Average A = 3.6. 

Negative Wind Load Resistance ASTM-E-72 Passed 100 psf 

"Actual values for Polystyrene Insulation Board are delivered with the board and may be different. depending on source. 
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Renovating/Retrofitting with 
tfUREWALL ®Surface Bonding Cement 

Although SUREWALL Surface 
Bonding Cement was created to save 
time and costs in new concrete block 
construction. its unique and broad range 
of uses has made 1t an extremely 
valuable. money-and·t1me-saving tool 1n 
renovating and retrof1tt1ng ex1st1ng 
structures. 

Interiors 
Inside existing structures. new 

impact-resistant walls and partitions can 
quickly and easily be created by 
drystacking blocks and coating them with 
SUREWALL Surface Bonding Cement. 
Old masonry. plaster and concrete walls 
can be re1uvenated, usually with one 
coat. Many decorative textures are 
possible using SUREWALL Surface 
Bonaing Cement or SUREWALL!; Finish 
Coat. 

Exteriors 
Exterior use of SUREWALL Surface 

Bonding Cement has several unique 
advantages in renovation appl1cat1ons 
On old masonry and concrete extenors. it 
creates a new water-resistant finish which 

1uces cracking associated with 
--lwentional stucco. One 118" coating 
----, turn old masonry into a finished. 
durable. moisture-resistant. textured 
exterior wall Fiber-reinforced SUREWALL 
Surface Bonding Cement actually 
increases the structural strength of the 
exterior wall even in earthquake prone 
areas. It can be applied to most 
substrates. Thus. in a pro1ect area 
composed of buildings of various ages. 
matenals and architectural styles. its 
stucco-like finish offers an economical 
way to create an overall look from a 
variety of styles. colors and finishes. 

0j ASSEMBLY. INSTALLATION 

Renovation of Old Masonry Walls, 
Plaster or Concrete: 

Remove old paint. cracked and 
unsound piaster. Fill cracks and voids. 
flush with the existing surface. using a 
sand/cement patching compound. 
Maintain all existing expansion 1oints. 
Apply SUREWALL~ Surface Bonding 
Cement modified with 1 qt. of 
SUREWALL~ Bonding Adhesive as 
outlined under Installation Procedures for 
New Construction. Generally. a second 
coat is necessary. and it should be 

lied in the same manner as the first 

lTTTTIL A textured finish.rather than a 
+.YUeled or float finish, works best for 
hiding mortar 1oints. 

10 

Over Wood or Panelled Walls: 
When panels cannot be removed, 

SUREWALL Surface Bonding Cement 
can be installed over these panels. The 
proper installation is to first nail paper-

1 

backed diamond mesh lath to the entire 
panel surface. The lath is then covered 

with a scratch coat of portland cement 
plaster (or a minimum 1800 psi prepared 
mortar. Type S), to a total thickness of 112 
inch (minimum 318 inch). After the plaster 
has cured (normally 7 days). SUREWALL 
Surface Bonding Cement is applied. 



--
SUREWALI: Products 
SHELF LIFE 

One year from the date stamped on 
the bag. when stored unopened on 
pallets in a dry location. 

PACKAGING 

PRODUCT 

SUREWALL! 
Surface Bonding 
Cement 

SUREWALL ~ Finish 
Coat 

SUREWALL~ High 
Stress Grade 

CONTAINER 

50-lb multi-ply 
paper bags with a 
polyethylene 
moisture barrier 

SUREWALLt 1 and 5-gal. pails 
Bonding Adhesive 

SUREWALL~ Fiber- 80-lb. multi-ply 
Reinforced Plaster paper bags with a 

polyethylene 
moisture barrier 

LIMITATIONS 
1. Material should be used within a 

temperature range of 40°F (5°C) and 
100°F (38"C). Do not apply when 
temperature is expected to drop 
below freezing within 24 hours. 

2. Do not add any foreign materials (anti
freeze. lime. sand. etc.). as the 
chemical balance and structural 
performance could be adversely 
affected 

3. Unsupported walls should not exceed 
2 stones or 16' in height. 

4. Do not use structurally in chimneys. 
kilns. or areas that maintain high 
temperatures (150°F) and high 
humidity (80%). 

5. Use only masonry paints specifically 
recommended for use over alkaline 
surfaces such as fresh concrete. 
stucco or masonry. 

WARRANTY 
Consult manufacturer for specific 

..varranty statement for systems 
described in this brochure. 

Technical Support 
SUREWALLit Systems have been 

extensively tested by independent testing 
agencies. Data is available upon request 
including fire testing, structural 
performance and accelerated 
weathering. 

lccl CODE APPROVALS 
(Surface Bonding) 

Southern 71145 
South Florida #75-049-704 
North Carolina 
New Mexico 
Wisconsin 
Connecticut BMR 005-74 
New York State 424-75-MC 
Indiana 
BOCA #74-11 
ICBO #2985 
New York City BSA 600-77-SM 
HUD/FHA Materials Release 906. 

907. 908 
Farm Home Administration 

Ontario, Canada 78-7-15 
(SBC Insulation System) 

National Research Board NRB-184 
(FRP Insulation System) 

ICBO #3959 

PATENTS 
U.S. - 4.090.884: 4. 115.135: 

4.359. 849: 
UK -1.411653: 1.516.053: 
CANADA · 965.805: 
MEXICO -169.571 

SUREWALL® EPS INSULATION BOARD-CALCULATED VALUES 

No. 1" 2" 3" 4" 
Insulation Thickness Thickness Thickness Thickness 

Construction Type: Rt u Rt u Rt u Rt u Rt u 
Wood Studs· 2" x 4" 3.27 0.31 7.51 .13 11.71 0.09 15.91 0.06 20.11 0.05 
Metal Studs" 2.60 0.38 6.84 .15 11.04 0.09 15.24 0.07 19.44 0.05 
8" Concrete Block"" 2.12 0.47 6.36 .16 10.56 0.09 14.76 0.07 18.96 0.05 
6"-Precast Concrete••• 1.68 0.60 5.92 .17 10.12 0.10 14.32 0.07 18.52 0.05 

NOTE: Actual R Value of the SUREWALL EPS Board is shown inside the package. The K Value for SUREWALL~ Surface 
Bonding Cement = 7.01 BTU/inlh/ttzl"F. 

"Includes exterior 1/2" gypsum sheathing as backing for SBC System and 3/8" gypsum drywall base as interior finish. No 
insulation batten inside studs. 20% Framing 

.. Average Light Weight C.M.U. BO lb./cu. ft .. no insulation in the cores 

···Average Normal Weight Concrete 
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SUREWALI! Colors and Finishes 
:::::::ilors 

The 7 colors as shown (actual colors 
may vary due to printing lirr.itations). 
along with Natural Grey #100 and Super 
White #225. are available 1n SUREWALL~ 
Surface Bonding Cement and 
SUREWALL~ Finish Coat 

All colors are factory blended and 
colored integrally using mineral oxide 
pigments to insure light fastness and 
fade resistance. 

Pearl Grey #150 

Caution: The finished color and appearance 
can vary considerably on tne wall depending 
on me sucr1on of Cl'le block. wearher 
conditions. workmansn1p and curing No 
wa"anty or guarantee of any sorr 1s made as 
ro color untform1cy and appearance of the 
producr on tne wall. 

Antique While #275 White Jade #400 

SUREWALL: 
Producers Council 
P 0. Box 241148 
Charlotte. NC 28224 

11if!525-1621 

Inca Company• 
Stanton & Empire Streets 
Wilkes-Barre, PA 18702 
7171822-2191 

Sparfll lntematlonar 

Medium Lace 

United Products* 
P 0. Box 642 
Columbus. NE 68601 
4021564-85 76 

W. R. Bonsal Company 

Pale Yellow #500 

Natural White #200 

·,, 

Sandstone #310 

W. R. Bonsal Company 
P 0. Box 241148 
Charlotte. NC 28224 
704/525-1621 
Telex: 802037 

larrett Industries• 
Route 3. Box 211B1 
San Antonio. TX 78218 
512/651-6550 

5 Veronica Street 
Cobourg, Ontario K9A4K5 
416/372-8550 

111 N. Vineland Ave. at Pitchess Place 
City of Industry, CA 91746 
213/333-2217 (Area code changes 1/4/84: 818) 'LICENSED PPOOUCf..:tS 

SUREWALL• ·5 a reg1s1erea lraaemark of me W R Borsa/ Comoary. Cnarlotle. NC. ara Besl Corcre:e ~·oauc:s. A:laNa Ga 

54 126 
• 1983. W R Bonsal Company. Char10r:e ·'IC 
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1. PRODUCT NAME 

STO SYSTEMS: 
SYSTEM I, SYSTEM 11, M-SYSTEM, 
TOUGHWALL, BELOW GRADE 
SYSTEM, PREFABRICATED PANEL 

2. MANUFACTURER 

STO Industries 
6175 Riverside Drive, S.W. 
Atlanta, Georgia 30331 
Phone: (404) ~3666 

(800) 221-2397 
FAX: (404) ~3119 
.., d1Y1Smn ot STO Coftl., 
'.hi!!' S~te"mt f~hno10~ Or~anruuon 

3. PRODUCT DESCRIPTION 

Basic Use: STO Full Thermal Sys
tems are used to insulate, prated 
and decorate the exterior of a build
ing structure with the most techno
logically advanced methods of in
sulating. Regardless of its age or wall 
composition, nearly any type of 
building can be insulated without 
using any interior tloor space. All sys
tems are lightweight and vapor 
permeable to prevent condensation 
problems. In addition, they are 
highly energy efficient and provide 
a virtually maintenance free exterior. 
An extensive choice of STO Finishes 
and over 350 colors provide for a 
variety of combinations. These, as 
well as four different adhesives, a 
mechanical fastening system and 
several protedingtreinforcing sys
tems allow for many design pos
sibilities. 

Limitations: The STO materials de
scribed should never be applied if 
ambient and surface temperatures 
cannot be kept above 38°F during 
application and drying period. The 
stored materials should be protected 
from sun and frost. All materials 
should be installed by certified STO 
Applicators. The holder of the STO 

The ten~pomt Spe'c·D.a.til• form.it hu been reproduced 
from pubhc•t•ons copynghted bv CSI, 1'lb4. 1%5, 1966, 
1%7. o11nrt used bv perm11s1on of The-ConstruC11on SpecJ~ 
tici11hons Institute-. Aleundn.11. VA 22314. 

SPEOC 
ThO Spoc-Data ·- ""''·~· l 1 lo editorial style prescribed by 
The Construction Specifications 
Institute. The manufacturer is ):Ii 
responsible for technical ac· 
curacy. 

@) 
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Certification has been trained by 
approved STO Instructors in all 
phases of the correct application and 
handling of all STO materials. How
ever, the certified applicator is an in
dependent contractor, and STO 
Industries cannot control the man
ner of his work and cannot guaran
tee its certified applicator will cor
rectly apply and handle all STO ma
terials. 

Composition and Materials: STO 
Exterior Insulation Systems are con
structed using 5 separate parts, or 
layers, which must be physically and 
chemically compatible with each 
other. In order to provide alterna
tives for individual building needs, 
while maintaining compatibility 
between materials, STO manufac
tures various products for each of 
the basic parts. 

The following are the 5 basic parts 
of an exterior insulation system, with 
the individual STO products that 
may be used in each. 

PART 1: SUBSTRATE 
CONDITIONERS 
(FOR EXISTING WALL SURFACE) 

STO PLEX W 
Water-base, clear conditioner/seal

er for dry or dusty surfaces; adhe
sion intermediary on painted sur
faces. 

STO GRUNDEX 
Mineral spirit base, clear penetrat

ing substrate hardener and sealer. 
Used to seal very absorptive surfaces 
and solidify sanding surfaces. 

STO PRIMER 
Water-base white or tinted primer 

(contains fine sand). NOTE: STO 
PRIMER may be used to provide uni
form absorption and prevent efflo
rescence. 

PART 2: FASTENERS 

Adhesives 

STO DISPERSION ADHESIVE 
Ready-to-use adhesive with high 

strength and flexibility, used to lami
nate EPS (expanded polystyrene) in
sulation boards to properly prepared 
smooth/level surfaces. 

STO ADH-B 
A heavy-type, polymer-based ad

hesive and/or leveler when mixed 
4: 1 with water (4 parts STO ADH-B 
to 1 part clean water). As an adhe-

sive, use for laminating EPS boards 
to unpainted masonry surfaces. 

STO BTS-B 
A heavy-type polymer-based adhe

sive, ground coat or leveler (mix 
with 7-9 quarts of clean water for 
each 60 lb. bag of STO BTS-8). As 
an adhesive, use for a more flexible, 
less alkaline adhesive to laminate 
EPS boards to unpainted or painted 
masonry surfaces or gypsum sheath
ing. 

STO FLEXYL 
A copolymer-based waterproofer, 

adhesive (for bonding extruded 
polystyrene insulation boards or 2 
lb. EPS boards to suitable substrates 
in below grade applications), and 
ground coat. (Mix one part Type 1 
Portland Cement to one part STO 
FLEXYL.) 

Mechanical Fastening 

STO M-SYSTEM 
Used over substrates which will 

not support an adhesive, require ex
cessive leveling or require extensive 
pretreatment such as sandblasting, 
chipping or scraping. The following 
are components of the STO M-Sys
tem: 
• Starter Track-used horizontally at 
the bottom of the wall--8' lengths. 
•Holding Track-used horizontally 
between each course of insulation 
board--8' lengths. 

• T-Splines--used vertically to join 
the insulation boards together-22" 
lengths. 
• M-Board--pregrooved 2' x 2' ex
panded polystyrene boards in 
thicknesses from 2 to 4 inches as 
manufactured according to STO 
Specifications. 
• Fasteners--STO approved fasten
ers that will securely anchor the start
er and holding tracks to the sub
strate. Fastener used will depend on· 
the substrate material and design 
and are placed 12" o.c. at all horizon
tal tracks. (Example: Hilti Metal-Hit 
or equal for masonry substrates) 

(STO TOUGHWALL SYSTEM) 
STO FASTENER DISK 

A specially designed plastic disk 
specifically designed for the STO 
Toughwall System and furnished by 
STO Industries. 

PART 3: INSULATION 

Above Grade 

STO EPS BOARD 
1 lb. density EPS (expanded poly

styrene) manufactured according to 
STO Specifications and meeting 
ASTM C578-85 Type 1, Class A re
quirements. The maximum width 
and length of each board shall be 
2' x 4' and the thickness (minimum 
¥4") is determined by wall U-factor 
requirements. 

System I 

STO DISPERSION ADHESIVE 

STO 1 # EPS Insulation Board 

STO REINFORCING FIBER MESH 
imbeddedin 
STO RFP Ground Coat 

STO Finish 



DOW STYROFOAM INSULATION 
BOARD 

2 lb. density Dow Styrofoam man
ufadured to ASTM CS?~ Type IV 
requirements. The maximum width 
and length of each board shall be 
2' x 8' and thickness to be deter
mined by wall U-fador require
ments. 

Below Grade 

Extruded polystyrene insulation 
boards or 2 lb. density EPS (ex
panded polystyreneJ shall be used. 

PART 4: REINFORCEMENT LAYER 
(GROUND COAT WITH MESH) 

Ground Coats 

STO RFP 
A ready-to-use, 100% acrylic co

polymer, fiber-reinforced ground 
coat. STO RFP is a creamy off-white 
paste (may be tinted to match finish 
color) used as a ground coat when 
applied (with STO MESH) directly to 
the prepared insulation board. STO 
RFP dries to form a tough, flexible, 
water-resistant coating. NOTE: STO 
RFP curing time (by evaporation) will 
vary depending on climatic condi· 
tions. 

STO 8TS·8 
A polymer-based adhesive, 

ground coat and leveler (mix with 
7-9 quarts of clean water for each 
60 lb. bag of STO BTS-8). STO BTS·B 
is used as a ground coat when ap
plied (with STO MESH) diredly to 
the prepared insulation board. Use 
where leveling is necessary and/or 
during cool, wet climatic conditions. 
Due to cement content of STO 
BTS-B, this ground coat must be 
primed with STO PRIMER prior to 
any finish application. 

STO FLEXYL 
A copolymer-based waterproofer, 

adhesive and ground coat (mix one 
part Type 1 Portland Cement to one 
part STO FLEXYL). STO FLEXYL is 
used as a ground coat when applied 
(with STO MESH) directly to the pre
pared insulation board. Use where 
waterproofing is necessary. Due to 
the cement content of STO FLEXYL, 
this ground coat must be primed 
with STO PRIMER prior to any finish 
application. 

STO TOUGHWALL 
A polymer-modified, cementiti

ous glass fiber-reinforced ground 
coat when a 60 lb. bag is mixed with 
7-9 quarts of clean water. STO 
TOUGHWALL ground coat is specifi
cally designed for the STO Tough· 
wall System. 

Reinforcing Mesh 

STO MESH 
A coated, interwoven fiberglass 

mesh specifically designed for use 
as a ground coat reinforcemel'1t. 

STO ARMOR MAT 
A heavy-duty, interwoven fiber

glass mat for high impact resistance. 
Specifically developed for maximum 
impad protection in high traffic or 
vandal prone areas. 

STO MESH-C 
A coated, interwoven fiberglass 

mesh specifically designed for use 
as a ground coat reinforcement for 
the STO Toughwall System. 

PART 5: FINISH LAYER 

This part of the system provides 
a protective coating over the system 
that is weather resistant, washable, 
fade and mildew resistant, crack re
sistant, and vapor permeable. Any 
STO Finish designed for exterior use 
may be applied over the reinforcing 
ground coat layer. Following is a list 
of STO Finishes: 

STOUT 
Pebbled Texture (troweled); 1, 1.5, 2 
mm Stone 

STOUT R 
Rilled Pattern Texture; 1, 1.5, 2 mm 
Stone 

STO SPRAYPLASTER 
Pebbled Texture (sprayed) 

STOCO M 
Freestyle Stucco Pattern Texture; 
fine sand 

STO SUPERLIT 
Exposed Aggregate; 2, 4 mm Stone 

STO MARBLE SUPERLIT 
Exposed Aggregate; 15 mm Stone 

STO STONE MATRIX 
Tinted compound used for imbed
ding various stones 

System II 

STO ADH·B, BTS·B Adhesille 

STO 1 # EPS Insulation Board 

STO REINFORCING FIBER MESH 
imbeddedin 
STO BTS·B Ground Coat 

STO Finish 



4. TECHNICAL DATA 

The products described are used 
together to form a composite insulat
ing system that covers the exterior 
(in whole or part) of the building. 
The Insulation Value Chart is given 
to provide a general reference of 
properties that may be achieved. 
Refer to Table 1. Interested parties 
should contact STO for wall analysis, 
dew point. heat loss. permeability 
and freeze point calculation services 
for their individual building. For in· 
formation call the STO Technical De· 
partment at (802) 775-4117 in Rutland, 
Vermont. 

Applicable Standards: Extensive 
tests have been done on individual 
STO materials and the STO Full Ther
mal System resulting in the code ap· 
provals listed in Table 2 (additional 
code approvals and test results are 
available upon request). 

5. INSTALLATION 

NOTE: All materials in this section 
shall be installed according to the 
"limitations" stated under "3-Prod
ud Description." 

Preparation of the Wall Surface: 
For the standard adhesive system ap
plication on sheathing (exterior gyp
sum board, plywood, flakeboard, 
wood, cement asbestos board) or 
fully cured, uncoated masonry walls, 
no special preparation is needed. 
Sheathing must be firmly secured 
with appropriate fasteners 8" o.c. at 
the perimeter and 12" o.c. at the in
termittent studs. All surfaces shall be 
clean, dry, level (no irregularities 
greater than WI and sound. For 
adhering to other substrates 
(painted, sealed, irregular, old sand
ing masonry, etc.) consult the STO 
Information Manual or a STO Techni· 
cal Representative. 

Adhesive System-Above Grade 

(Refer to Part 2 of "Composition 
and Materials") 

STO DISPERSION ADHESIVE 
Ready-mixed, DO NOT MIX with 

cement or other additives. Apply 
STO DISPERSION ADHESIVE to back 
of EPS boards using a Yi6" u-notched 
trowel. 

STO ADH·B 
Mix 4:1 (by weight) with clean 

water. Apply STO ADH·B to back of 
EPS boards using a ¥e" notched 
trowel. 

Insulation Value Chart 

Type of No Insulation I' Insulation 2' Insulation l' Insulation 4" Insulation j 

Construction R u R u R u R u R U : 

Metal Stud 1 Z.72 .37 6.57 .15 10.42 .10 14.27 .07 18.12 .06 
6" Concrete Block 1.96 .51 5.81 .17 9.66 .10 13.51 .07 17.36 .06 
6" Precast Concrete 1.49 .51 5.34 .19 I 9.19 .11 13.04 .oa 16.89 .06 

Wood Stud 2.90 .35 &.iS .15 10.60 .09 14.45 .07 18.30 

I NOTE: To determine "R .. and "U" for otlier thickneues of insulation, U5e R-1.M for each l 1ncn. U=l:R. 

Table 1 

Code Approvals 

International Conference or Building Officials Repon No. 3906 

Building Officials Code Administrators International Research Repon No. 83-19 

Southern Building Code Congress International Repon No. 8378 

U.S. Dept. of Housing & Urban Development Materials Release No. 1020a 

Metropolitan Dade Countv, Florida, Acceptance No.: 83-0603.1(80)R 

New York State Division al Housing & Community Renewal, Cenificate of Acceptability No, 490-82· 
M & MC 

New York City Department of Buildings. Repon of Material & Equipment Acceptance Division. 
MEA Z77-83·M 

:-<ew York Citv Depanment of Buildings, Repon oi Material & Equipment Acceptance Division, 
MEA27~3-M 

~ew York Department of Buildings Repan of Material & Equipment Acceptance Division, MEA 
6"82-M 

Boston Massachusetts State Building Code Approval 

State al Connee1icut Cenificate of Compliance 

Wisconsin Building Material Approval #810303 

City of Phoeni~. Arizona File No. M·2~-B 

State ol Rhode Island. Dept. of Community Affairs, Building Commissioner, July 3. 198.5. 

Citv of Los Angeles. Research Repon No. RR 24708 

City and County of San Francisco Bureau of Building 1nspee1ion, Approval No. 2005102.1 

California State Fire Marshal Listing No. 2160-1089; 100 

Ontario Building Code a5-9-87 

Table 2 

; 

1 

, ~ M.s,.tem 

__ ~ MechanicallyFastened 
STO Track System 

STO Pre-Grooved 1 fl EPS 
Insulation Board 

STO REINFORCING FIBER MESH 
imbedded in 
STO RFP Ground Coat 

STO Finish 
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STO BTS-B 
Mix with 7-9 quarts of clean water 

for each 60 lb. bag of STO BTS-B. 
Apply STO BTS-B to back of EPS 
board using a S/a" or Y.z" notched 
trowel. 

STO INSULATION BOARD 
(Refer to Part 3 of "Composition 

and Materials") 
Apply to vertical surfaces; begin 

at the base from a firm, permanent 
or temporary support. Adhesion 
shall be made to a clean load-bear
ing surface as described under "Pre
parations of the wall surface". Precut 
insulation board to fit around open
ings, projedions, etc. Stagger verti
cal joints and interlock all corners. 
Apply adhesive to the insulation 
board using the proper size notched 
trowel to form ribbons. Immediately 
place the board on the wall using 
firm pressure over entire surf ace ot 
the board to insure uniform contad 
and high initial grab. Abut all joints 
tightly. All areas where the system 
joins other materials or terminates 
at roof lines, window jambs, heads 
and sills, etc. must be proteded 
(caulked) to assure that no water can 
penetrate behind STO Insulation 
Board. Fill any gaps between insula
tion boards with slivers of EPS insu
lation and rasp the entire surface 
smooth/level with a STO RASPING 
BOARD. 

STO RFP AND REINFORCING FIBER 
MESH 

(Refer to Part 4 of ''Composition 
and Materials") 

No cement or any other additives 
shall be mixed with the ready-mixed 
STO RFP. A small amount of clean 
water may be added to help worka
bility. Using a stainless steel trowel, 
apply a ground coat of STO RFP over 
the EPS boards to a uniform thick
ness of approximately V16 inch. Work 
horizontally or vertically in strips of 
40 inches, and immediately imbed 
the fiberglass mesh into the wet 
ground coat. STO REINFORCING 
FIBER MESH shall be continuous at 
all corners and overlapped not less 
than 2112 inches at mesh joints. Dou
ble wrap corners. Avoid wrinkles in 
the mesh. 

The finish thickness of the ground 
coat and reinforced fiberglass mesh 
shall be such that the mesh is fully 
imbedded. Allow this application to 
fully dry before applying finish. (Ap
prox. 24 hrs.) 

NOTE: STO BTS-B and reinforcing 
STO MESH may be used as an alter
nate ground coat to STO RFP. Follow 
STO Specifications for proper mix
ing and application of STO BTS-B 
ground coat. (Refer to Part 4 of 
"Composition and Materials") 

STOUT FINISH 
(Refer to Part 5 of "Composition 

and Materials") 
Thoroughly stir the fadory pre

pared material with a high speed, 
rust-free mixer until a uniform work
able consistency is obtained. A small 
amount of clean water may be 
added to aid workability. Avoid appli
cation in dired sun. Always work to 
a wet edge. Use a clean, stainless 
steel trowel to apply an even coat, 
slightly thicker than the largest 
aggregate size, in an upward mo
tion. Next, using a horizontal mo
tion, level the initial application to a 
finish thickness no greater than the 
largest aggregate of the material. The 
final texture is achieved by applying 
light pressure in a circular motion, 
using a stainless steel trowel. 

Any other STO Exterior Finish may 
be used in place of STOUT Finish 
depending on desired pattern and 
texture. 

Adhesive System-Below Grade 

(Refer to Part 2 of "Composition 
and Materials") 

Mix STO FLEXYL per STO Specifi
cations, trowel STO FLEXYL onto the 

wall surface in a ¥16" thick continu
ous layer and immediately press ex
truded polystyrene boards or 2 lb. 
EPS boards into the wet STO FLEXYL. 
(Porous substrate must be primed 
with diluted STO FLEXYL. Dilute STO 
FLEXYL up to 15-20% with water and 
apply with a roller, before applica
tion of STO FLEXYL as adhesive/ 
waterproofer). Stagger vertical 
joints, interlock corners, and keep 
adhesive from between board joints. 
Fill any gaps between insulation 
boards with slivers of insulation and 
rasp the surface smooth to a point 
12" below grade, using a STO RASP· 
ING BOARD. Apply STO FLEXYL 
with STO MESH to the prepared in
sulation board to a point approxi
mately 12" above finish grade (splash 
area). Apply 2 coats of STO PRIMER 
over the STO FLEXYL application (to 
prevent color bleed through) prior 
to application of STO Finish. 

NOTE: If expanded polystyrene is 
used, the entire surf ace must be co
vered with a ground coat of STO 
FLEXYL. 

STO M-System 

(Refer to Part 2 of "Composition 
and Materials") 

Establish a horizontal line at the 
base of the substrate. Install starter 
track with special screws 12'' o.c. and 
install the 2' x 2' EPS boards with 
groove into tracks. Place a vertical 
T-Spline between each EPS board. 

Below Grade Sy5tem 

Masonry Substrate 

Diluted STO FLEXYL Sealer 

STO FLEXYL 
Adhes1ve!Waterprooter 

STO 2# EPS or htruded 
Insulation Board 

STO REINFORCING FIBER MESH 
imbeddedin 
STO FLEXYLGround Coat 

STO PRIMER !2 coats) 

STO Finish 



Start second and continuing rows 
with holding tracks and T-Splines as 
in first row. Unevenness is corrected 
with shims placed between sub
strate and tracks. Fill, rasp and level 
the EPS board surface as described 
under the adhesive system (above 
grade). Apply ground coat with 
mesh (refer to Part 4 of "Composi
tion and Materials"), then finish 
(refer to Part 5 of "Composition and 
Materials" as described under the 
adhesive system-above grade). 

Prefabrication of Insulated Panels 

The prefabricated panels will be 
of steel framing and exterior grade 
gypsum sheathing. For the proper 
specification and construction, refer 
to a reputable manufacturer or a 
steel fabricating company. 

Apply STO DISPERSION ADHE
SIVE to the face of the gyp sheathing 
using a 3A6" u-notched trowel to form 
ribbons. Press EPS insulation boards 
firmly into the adhesive and allow 
to dry, achieving a permanent bond. 
Fill any gaps between insulation 
boards with slivers of EPS insulation 
and rasp the surface of the EPS insu
lation boards smooth using a STO 
RASPING BOARD; remove any 
loose insulation particles. Apply 
ready-mixed STO RFP to the EPS in
sulation board surface and edges of 
the panel in a uniform layer approx
imately Yi6" thick. lmbed STO MESH 
firmly into the wet STO RFP ground 
coat and trowel smooth so the mesh 
is fully imbedded. The mesh and 
ground coat shall extend onto the 
steel framing to provide a continu
ous, reinforced, weather resistant 
panel. Allow this application to dry 
completely and apply any STO Finish 
over the ground coat layer according 
to STO Specifications. 

After the finish has cured, the 
panels are transported from the 
place of manufacture to the job site, 
where they are raised in place by 
crane and attached to the structure 
by welding or bolting. 

Toughwall System 

DOW SlYROFOM1 INSULATION 
BOARD 

The insulation board shall be 
applied in a running bond pattern 
with the eight foot dimension 
applied horizontally. Preliminary at
tachment of the insulation board is 
achieved by applying a minimum of 
three mechanical fasteners through 
the insulation board and into the 

structural substrate. The fasteners 
are located 12" up from the bottom 
of the insulation board and 16" from 
both ends over stud spacing of 16" 
o.c. and masonry, and 24" from both 
ends over stud spacing of 24" o.c. 
Vertical joints shall be staggered and 
insulation boards interlocked at cor
ners. Joints of insulation shall be but
ted tightly. Surfaces of adjacent 
boards shall be flush at joints. 

STO TOUGHWALL AND 
STO MESH-C 

STO REINFORCING FIBER MESH-C 
shall be applied mechanically over 
the insulation board with the STO 
Fastener Disks spaced not more than 
12" vertically and not more than 16" 
or 24" horizontally, depending on 
the stud spacing. The mesh shall be 
overlapped a minimum of 3". A total 
of 12 STO Fastener Disks shall be 
used for a 2' x 8' insulation board. 
(See STO Fastener Disk Technical 
Bulletin.) 

STO TOUGHWALL shall be mixed 
with 7-9 quarts of clean water per 
each 60 lb. bag and stirred to a uni
form consistency. Apply ground 
coat, using proper spray equipment 
or a stainless steel trowel, in a coat 
of approximately JA6

11 thickness, to 
match the height of the trim acces
sories. Level the ground coat to 
achieve a smooth, uniform surface. 
Allow ground coat to thoroughly dry 
before applying finish. 

STOUT FINISH 
(Refer to Part 5 of "Composition 

and Materials") 
Thoroughly stir the factory pre· 

pared material with a high speed, 
rust-free mixer until a uniform work· 
able consistency is obtained. A small 
amount of clean water may be 
added to aid workability. Avoid appli
cation in direct sun. Always work to 
a wet edge. Use a clean stainless 
steel trowel to apply an even coat 
slightly thicker than the largest 
aggregate size in an upward motion. 
Next, using a horizontal motion, 
level the initial application to a finish 
thickness no greater than the largest 
aggregate of the material. The final 
texture is achieved by applying light 
pressure in a circular motion using 
a stainless steel trowel. 

Any other STO Exterior Finish may 
be used in place of STOUT Finish, 
depending on desired pattern and 
texture. 

Precautions: In addition to the 
"Limitations" listed in Part 3 under 
"Product Description", the sub
strates and installed insulation sys
tem must be protected from water 
penetration during and after applica
tion. Caulking details should be 
properly constructed to perma
nently seal the system. Follow STO 
caulking detail specifications. 

Toughwall System 

STYROFOAM" Brand Insulation 

STO Fastener Disk 

STOMESH-C 
imbedded in 
STO TOUGHWALL Ground Coat 

STO FINISH 

•sTYROFOAM i1 ,. rrUmlrti: of 
The Dow C~>al Compoll'f 



6. AVAILABILITY AND COST 

STO materials are manufactured 
in Rutland, Vermont, Atlanta, Geor· 
gia, and Phoenix, Arizona, and ?re 
purchased by certified STO Apphca· 
tors through STO Distributors lo
cated throughout the U.S. Canta~ 
the main office in Atlanta, Georgia 
(Phone: (800) 221-23971. 

Contact a local STO Distributor to 
obtain a current list of qualified ap
plicators for pricing information. 

7. WARRANTY 

STO Industries warrants that the 
products of its manufacture, when 
properly applied according to STO's 
specifications and procedures and 
when used in combination with STO 
Industries' other products according 
to STO's specifications and proce· 
du res, shall be free from defects in 
material and workmanship for a 
period of five (5) years for s:o Ex
terior Insulation Systems applied ac· 
cording to STO Specifications 
#A100, A200, A.300, A400, 0100, 
D200, M100, or for a period of three 
(3l years for STO Specification E· 
100J, from date of invoice. No war· 
ranty stated herein shall be effective 
until the goods subject to said war
ranty have been paid for in full. 

STO Industries makes no other ex
press warranty with respect to its 
products. STO INDUSTRIES MAKES 
NO OTHER WARRANTY OF MER
CHANTABILITY. STO INDUSTRIES 
MAKES NO WARRANTY THAT THE 
PRODUCTS OF ITS MANUFACTURE 
ARE FIT FOR ANY PARTICULAR 

·PURPOSE. 
Defects caused by misuse, mis

handling, improper storage, imprc: 
per application, improper combt· 
nation with the goods of STO or 
others, or failure to follow STO's 
specifications and procedures are 
not warranted under any cir
cumstances. STO Industries shall 
not be responsible for incidental or 
consequential damages as those 
terms are defined in Section 2-715 
of the Uniform Commercial Code, 
or other applicable law, regardless 
of cause. 

STO Industries shall not be re· 
sponsible for damage or injury 
caused by materials not produced 
by or sold by STO Industries under 
the name of STO, nor damage nor 
injury caused by acts of God, struc· 
tural movement, injury caused in 
whole or in part by insufficient or 

defective waterproofing betvveen 
the STO materials and non-STO ma· 
terials, nor any other damage or in· 
jury not directly caused or related 
to the STO products or application 
of those products by contractor. 

STO Industries' sole responsibility 
and liability under this warranty shall 
be to supply replacement goods for 
any goods shown to be defective 
within three (3) or five (5) years for 
STO Exterior Insulation Systems as 
described herein from the date of 
invoice. This is BUYER's sole remedy 
under this warranty. 

This warranty may not be trans· 
f erred or assigned by the BUYER. 
Since the goods are building mate
rials and are not intended to be sold 
to a "consumer" except as part of 
real estate or as a major addition 
thereto, this warranty is not in· 
tended to apply to any party con
stituting a "consumer" as defined by 
the Magnuson-Moss Warranty \ct. 

8. MAINTENANCE 

All STO Finishes and Systems are 
virtually maintenance free. Airborne 
contaminants and other dirt and re
sidue may be cleaned from the 
finished surfaces with warm water 
and mild detergent using pressure 
wash and/or a soft brush. Periodic 
inspections should be made at all 
caulk and expansion joints and any 
other penetrations through the in~u
lation and/or finish system to verify 
integrity of the sealant material. 

9. TECHNICAL SERVICES 

STO Industries provides technical 
information through STO Infor
mation Manuals, instructional semi· 
nars and job site visitations by STO 
Technical Representatives. Wall 
analysis calculations and other spe
cific information is available by 
phoning your local STO Distributor 
or STO Industries (Phone: (802) 775· 
4117). 

10. FILING SYSTEMS 

SPEC-DATA 1l II 
Sweets' Architectural Catalog File 

No. 07240/STO 
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1. PRODUCT NAME 

FUL·O·MITE® IDF 
Exterior Insulation Finish System 

2. MANUFACTURER 

TEC Incorporated, 
an H.B. Fuller company 
315 S. Hicks Road 
Palatine, IL 60067 
Phone: (708) 358-9500 

(800) 323-7407 

3. PRODUCT DESCRIPTION 

FUL·O-MITE IDF Exterior In
sulation Finish System is a light
weight, flexible, reinforced coat
ing system for new and 
renovation construction. It can be 
site applied or prefabricated 
using metal stud panels. The FUL-
0-MITE IDF Coating is vapor 
permeable to minimize con
densation problems. 

FUL·O·MITE IDF is a low· 
maintenance exterior wall in
sulation finish system. 

Limitations: 
• Temperatures should be a min· 
imum of 40°F for 24 hours before 
and after installation. 
• Finished work must be pro· 
tected from moisture, frost or 
freezing temperatures until cured 
(approximately 24-72 hours). 
• Use minimum 1" expanded 
polystyrene (EPS) foam insulation 
board. Maximum thickness of 
board must comply with appli· 
cable building code and TEC In
corporated specifications. 
• Not for horizontal application, 
6112 minimum slope required. 
• Installed by applicators regis
tered by TEC. 
• Products must be protected 
from freezing during shipment 
and in storage. 

Composition & Materials: 
3.1 Binder/Primer 
3.1.1 BC-370-used as an adhe· 

The ten1JOiltt Spec·Oala• tonn.11 ~been reproduced 
from publica1M:>n1 copyri111>ted by CSI, 1964, 1'65, 1966, 
l'Jlf>l' • ..-d uted by J"nnitlion ol The Contttvction spec;.. 
fia1iont lnttilutl', Al11qrtclrl1, VA lll14. 

sive and base coat
freeze-thaw stable (be· 
fore combining with port· 
land cement) proprietary 
modified acrylic co· 
polymer ad-mix. 

3.1.1.1 Portland Cement-ASTM 
C150, Type I, fresh and 
free from lumps. 

3.1.2 BC-360-0ne Step Latex 
Modified as an adhesive 
and base coat-dry powder 
mixture to be combined 

3.2 

3.3 

with water. 
Clear, clean, and potable 
water. 
EPS Foam Insulation 
Board-Expanded poly
styrene (EPS) foam board; 
foam molder must label 
and certify that the board 
complies 'with the fol
lowing specifications: 

3.3.1 ASTM C578-87a, Type I 
3.3.2 Maximum length per 

sheet: 48" ± V16", max. 
deviation per foot of 
length. 

3.3.3 Maximum width per 
sheet: 24" ± 1/16'1 , max. 
deviation per foot of 
width. 

3.3.4 Thickness: as specified 1" 
min. :t: Vu,''. 

3.3.5 Edges to be square, max. 

3.3.6 
3.3.7 
3.3.7.1 

deviation 1/32" per foot. 
Density: 1.0 pd :t: .1 
Cure of board in billet: 
4 to 6 weeks air cure in a 
heated ventilated area or, 

3.3.7.2 5 days vented cure at 
140"F or, 

3.3.7.3 3 days vented cure at 
158°F. 

3.3.8 Flame spread values per 
ASTM E84. 

3.3.8.1 Flame spread of 25 or less. 
3.3.8.2 Smoke density of 450 or 

3.4 
less. 
Mesh Embedment base 
coat-must be a hard, 
breathing-type bonding 
layer comprised of those 
materials described in 3.1, 

SPEOC 
"'" Spec.Data ·- confonns :I=! to editorial style prescnbed by ~ 

·The Construction Specifications . 
Institute. The manufacturer is );Ii 
responsible for technical ac· 
curacy. 

@) 

and 3.2 of this document. 
3.5 TEC Brand Reinforcing 

Mesh: 
3.5.1 BC-970 Standard Reinforc· 

ing Mesh-alkali· 
resistant, balanced 
weave, compatible with 
the Mesh Embedment 
base coat of the System. 

3.5.2 BC-975 Medium Reinforc
ing Mesh-for moderate 
impact resistance, alkali· 
resistant, balanced 
weave, compatible with 
the Mesh Embedment 
base coat of the System. 

3.5.3 BC-971 Heavy Duty Re
inforcing Mesh-for 
higher impact resistance, 
alkali-resistant, com
patible with the Mesh 
Embedment base coat of 
the System. Installation 
must follow exact instruc
tions from TEC Incor
porated. 

3.6 Finish Coat: 
3.6.1 BC-371 Finish Coat-a 

proprietary, acrylic co
polymer coating, air cur
ing, available in various 
colors and textures. 

Finish Coat must be 
protected from freezing 
during shipment and in 
storage. 

3.6.2 Forms a breathing-type 
coating fully bonded and 
compatible with the Mesh 
Embedment base coat to 
which it is applied. 

3.6.3 The textured acrylic Finish 
Coat color is factory
mixed. Color and texture 
must comply with the ap
proved job sample. 

Applicable Standards: 
• ICBO 4565 
• BOCA 88·22 
• SBCCI 8883 
• HUD MR#1107 
• State of Wisconsin DILHR 

fl'B90007·1 
• Dade County 
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Florida 
• City of New 

Orleans 

#86-0602.3 

(per pro
ject) 

• U.L. Classified File #R10914 

4. TECHNICAL DATA 

Extensive tests have been con
ducted on the FUL-0-MITE® IDF 
System to comply with Federal, 
State and local requirements. 
Copies of actual laboratory re
ports are available upon request. 

Physical Properties: Data is 
available on tensile bond 
strength. water vapor transmis
sion, accelerated weathering, re
sistance to impact, mildew, salt 
spray, moisture, wind-driven rain, 
chemicals. and absorption
freeze. 

Windload performance per 
ASTM E330 :±: 100 psf 

Fire performance of System per 
UBC-17-6. SWRI Full Scale Fire 
test-Pass 

Fire performance of System per 
modified ASTM E108-Pass 

Fire performance of coating per 
ASTM E84-0 smoke development, 
0 flame spread 

5. INSTALLATION 

Preparatory Work: Inspection 
of substrates to determine suit
ability to accept FUL·O·MITE IDF 
Svstem . 

. New concrete must have 28-day 
minimum cure. 

Gypsum sheathing that has not 
been adversely affected by 
weather exposure, meeting 
ASTM-79, and be type, grade and 
thickness specified. 

Dew point calculations, flash
ings, weeps. vapor retarders, and 
expansion provisions is the re
sponsibility of the architect or the 
design engineer. 

Protect adjacent work by 
others. 

Workmanship: Mix BC-370 
Binder/Primer with 44 pounds 
Type I portland cement per 60 
pound unit (3.1.1). 

Mix BC-360 Binder/Primer with 
5 quarts of water per 50 lb. bag 
(3.1.2). 

Apply mixed Binder/Primer to 
completely cover insulation 
board using 5/u" V-notch trowel, 
(for smooth surfaces, i.e., 

exterior-grade gypsum sheath
ing). Or, apply mixed Binder/ 
Primer in ribbon and dab pattern 
for uneven substrates, i.e., 
masonry. 

EPS Foam Insulation Board, as 
supplied by others, must be in
stalled with all edges tightly but
ted, vertical joints staggered, and 
corners of board edges inter
locked. Foam Board joints should 
not be placed over joints in the 
substrate(s). Allow to set a min
imum of 12 hours. 

Apply mixed Binder/Primer to 
face of insulation and embed re
inforcing mesh into wet base 
coat; lap fabric edges 2"-4"; 
double wrap all corners, edges, 
and termination points; allow to 
cure for 12 hours minimum. 

Mix Finish Coat BC-371 a min
imum of 3 minutes with a low 
speed mixer; apply to cured rein
forced primer layer using a 
trowel; texture as required to 
match job approved sample. 

Joints between panels, expan
sion joints, or where FUL·O·MITE 
IDF System abuts other materials, 
require closed cell backer rod or 
bond breaker and sealants as 
specified by others. 

Detailed application instruc
tions are available for standard 
application described above as 
well as a high-impact resistant ap
plication. 

Precautions: Do not dilute 
Binder/Primer beyond proper 
mixing instructions, nor alter its 
cement to Binder/Primer ratio. 

Substrate systems must be 
clean, dry, and structurally 
sound. 

Cap flashing must be installed 
immediately after installing the 
System, or temporary protection 
must be provided. 

All joints must be sealed 24 
hours after installing the System, 
or temporary protection pro
vided. 

Observe all requirements/ 
restrictions given in manufac
turer's current installation in
structions and complete 
specifications. 

6. AVAILABILITY AND COST 

Availability: Binder/Primer 
BC-370 or BC-360, Finish Coat 

o on 1n~.., 

BC-371 and Reinforcing Meshes 
BC-970, BC-971, BC-975 and 
BC-979 available nationally 
through TEC Incorporated Archi
tectural Products Distributors. 
Call TEC Headquarters in Palatine, 
IL (708) 358-9500, or (800) 
323-7407. 

EPS Foam Insulation Board is 
secured through approved 
sources, listed by TEC Incor
porated. 

Cost: F.O.B. Palatine, Illinois. 
Contact TEC Incorporated or local 
FUL·O·MITE IDF Distributor for 
more information. 

7. WARRANTY 

Specific warranties are available 
from TEC lnco·rporated. Contact 
TEC Incorporated Headquarters 
in Palatine, IL (708) 358-9500, or 
outside IL (800) 323-7407. 

Labor warranties secured 
through Registered Applicators. 

8. MAINTENANCE 

Damaged areas may be re
paired following FUL·O·MITE IDF 
repair instructions. 

A FUL·O·MITE IDF maintenance 
kit is to be kept on the job site 
and stored where directed. It in
cludes one unit each of Binder/ 
Primer, Finish Coat and proper 
amounts of other materials used 
within the System. Product con
tainers must be unopened. 

9. TECHNICAL SERVICES 

TEC Incorporated provides 
technical information in the form 
of FUL·O·MITE IDF information 
manuals, instructional seminars 
and field sales representative as
sistance. lnhouse technical assis
tance is also available by calling 
our headquarters in Palatine, IL 
(800) 323-7407 (outside IL), or (708) 
358-9500 (in Ill. 

10. FILING SYSTEMS 

SPEC-DATA® II 
Sweet's 07240 
TEC Incorporated Architectural 

Catalog 
Additional information available 

upon request. 



•• M=l'T'-11-' 92 11l2'3 ID: JIM LA.. TE.R !HT'L 1:1211 P01 



~Y-11-'92 11:30 ID:JIM WFLTER INT'L TEL t-CJ:813--87J-4287 ~211 P02 

Note: The following appllcatlon recommendations are for design information only. 
See EIFS manufacturer for detailed application instructions. 

Thermax~· Quik-R~.: 

Wall Insulation Means 
Easy Installation 

Man1t 1;1tulatio'1; .Jbs:reia& ere difficul! ro ir~1411 oecau'e they 
afe fraclle. 0umbersome or heavy They,..,.,,. aiso bed fficult 
:o 3hepe, C1.t or form. Ttesa :rcotems car sl<JN wor1< down 
and even reduce tne ettecfr1eness of the product. 
B•Jt CelO!ax Ttierrrax Ouil<·A Wall lrsuatJOI" i; diff~rtl 

Oulk·R 11llghtwelQl'lt.A1" < 4' x 8' bOar::: of Ceiot;x Ouik-R 
weigh' only ebOut 41'2 pouncs. That mears one person can 
eaiily lift .and carry a good a12.e stack of oodrde. 

Easy 1o ctJt and anape. Ce:C'<ex Ouik·R can t::e easily cut .vrth a 
~tility k.ni!e LO any i;nape r-eed•O to confolT'n to rr~lar w~ I 
arg1es or :o 111 m~ sn1Jatilll'1;; snugly around wnaows. ao.:l•·s 0< 
otr"' o-ojc<;li':ir~. in edr::li11;in, •tis e3.'Slly rebr1ctea 10 or~1oe tar 

arcnicecluns1 l!l';r;W"ts rucn as arches, ::o"'e~ oo.1es sca11c,;:is 
a~d spec:;1;il \lllndow treatrr-en1:1. Tl-e ~~1oililie::; 'lre erd ess' 

Easy fastening. Tne Ceiotex Quik·Cap .... asr.e~. ·..v1tn c1:i-1ve1-
tional laster.er~. ~.rt'plifiEJG board attact>rnent by allow11'J,} p~e
ment of me wa~her m the boa;a cef:re :na fas'.e1er 
is driven. 

Celcxex The~Max. Q1;ik-R Wail lrsu1atio."I requi~ r\o ::::ieor;01 
henaJing. A3 w11h any ir~ulanon, c:;rr:;cn sense sMuld oo 
exercised in >iandling 3nd instalhr.g T'lerr"1"ax Quik-R 'NaP 
i "'&Jlal;Or'I. 

APPLICATION INSTRUCTIONS 
General Information 
Storage: Therll"lax Oulk·R Wall lnttJlatfon should b• 
atorDd •nd protttated from WMther. 

Thernax Ou1.c.-R Wall Insulation is not a str .JCl1...ra! loao bear
ing product: a::::ceptO.Ole corner brae1ng nt...st l:IP. used . .AL 
boarr;t .v1nts uertical or nor1zontalj must be over fianin; 
oiQi;.c.Jn;; or s:!id t::iec..:1rg. 
Ou1~-P r"ILS! oe ~scnan1cally ;astened by olac ng ccrr:>Si::m. 
ra5ista:-: ras1&n;;w: tn·cugh :i C.;,ictex Ouii.:.Cap Wsaher. T'iia 
wasti"· 1s soecrt ca11y r:iesigr~ !or 1,;se w111 Celotex Therm.ax 
Ot.ik->:I Nall lr1sulei:ion :Ju,i..·Cs.P Wt1snl:!r:5 are ava1la01e •n riot 
c.ppea gal·Janizec s:eel er pl;;tic. 

Before cpo icatJor'l =1 E'.FS r;oating begins. su tat:lie C!i.J!K1nc 
m:;.:~ria ~ sna I be useo !O ooa irregu111r trim C1..t3"00111•0 joints 
aric: rregu ar wall penetrations 10 orov 1de a .Gvel and cloeea 
s1..:1ace. A'.; OL K·A ecioes aria jci.i!S between Quik.~ 
ano otne· 11aieria1s sl"lall be or:tected f·o'T1 wate' :iere
tra11on. Cau: ... 1ng sp&e1ficat1cns shell be a' reqi.:i-e::l by :ne 
!:IFS m:am.:•ac:urer. 
Type e~d de!!igri. 1oca1ior and installation specl'rcaao"IS tor 
expansion and:or coneaction oin1s shall be ir acccrdarce 
<'litn ths 1'0Clu rerrenis ano ·eccmlr'endations ol the E FS mar. 
,.1fac:1..rer to de«ll with riecran1ca1 movemenc anuc;patea 1r 
the ctr~cturr1ilfrar"ling ;iyeiern or thermo! e:ir;oeirision:o;ontrac· 
:1:::r: rssoonsas. 
_arge wall ereae car ce ce,tMtic!llly enheini::;ed by ins1a111r.c 
·ar:::hrtecural t:l-eaK'" G.Lcn as a ~trio cf Cu•k-i=l a~p1ied ;ori· 
zor.tally over the wa!I s:.irface. 
In the ~vert of r1l!n ef:er Th~rmax Quik-~ Well l.,5ulotion ras 
been installed, a·low exterior insulaUon ~oare1 ~1..rtacac. to air 
dry before app1y-ng 3Xtsrior fini~h i::oaunos. 

2 

Comtr Bracing~ 1/Jhili! Cl....ik-;:i Well ln!iu1~11on s ;r, ri9:d ;;;ir.d 
exceptionoity sturdy boarc. It aoes ~~Quire thl3 .. se 01 ccmer 
brae ng. Mequate diagcral waJ b•acing can be a:r ;.,ed 
with ..vo::a let.in; or othGr b.Jiidirg ccd; accei:nea ~ar~"a:!I 
aria 'Tleu1ocs. 

) 
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WitlM 14 day~ aftaf tl'le ai;>p!icalion of Therma.c• Cuik·l=I '• Wail 
1isulat1cn a EIFS l;iase coat shall be !rO'Ne•t·aDPliac ever me 
1nsulaticn ooaro surlar..e. 11 aooucalion v.111 teo1n arter 14 
days, protect the Ow k·R frOf!'I tM wef!lnet. If tre 14 day lint! 
will be Ql(Ceedti::t t~ Et~S manvfac:.tur'Qr and the.r applicator 
must oere·mtne ire o~oper orotec'.iC:n r.:r ~he ::Ju1k-FL Befcl'li 
applying base coat. all roofinC rratenals s~ud oe e11Enty 
dictr butoo on the root G'fp!t..l'T\ bocrd or r;:r.her rteric:r lini,r. 
materials shoul:: bed stnbulecl oo the irterior tc crevem se:· 
t iro c'.a:~s. Ti""Oness ;:ir ::a.sa c:oat apc:J,c3Sion cnait b& ai: 
~pecrf;ed by the E1FS r:anufac11.ner :r r11r111um ·'?,· maxi'Tlum 
v.·• Prior to ful1 case ccat eppl ccilon, glens fie er retnforce• 
men: mesh as spociliad by trlil coating r'l'lll:'lwlac1v"ir m.i;t bB 
enioedded into rreshlv aoohed ba$e coat over al: 1"Sulat10:-i 
board jolnt11. all c:ot11e-~ eind edge$ inc:lwd 119 :ott:m wge. 
door and w ndow operi1ng9. Spot each Oui<-Cac Washer ~nd 
tastene· ,';!fr. tiase coat. P1as:1c or corroslon·ra&istan: 1retal 
corner l:leaos and starter 11·1p1J as altemmes co g1as:; ftO,Elf 
71ii1l'lfor.:::.man'. ,,,ei;n are ilCcectable Aftertre Ell=S fini~h eoat 
is aoo11ecL ca1.11<. arcun:: c;nG:ratior~ i:u:n a; doors. wi.,. 
davvs vents. eiec:rie or cl:.inbiro t: orevem weather intrusior. 

Fastening Details 
All trim cul$ i:nall bQ rn.o19 with e eharp ~.nite and ~trcigH 
edge. ;.isi10 :are ana gocd wot~man&/11p. S"f'\Oot'1 dra 
s:·11<9n1 trim :uts w·11 evo1a :Jrnecessarv caul1<1no ~xoenstil 
,lnd oermi! g00<:1 mec:1e;n.ca1 e.11ai;hme1t 

NOTI!: Q,1ik.·R ITIUSt ::e mecnan•oally f~tar.ed ..v1t'i thg faa
tener panem as sh~v11 in ll'lis ti:era:ure. C&lote.>r does not 
ass;.i'T\151 any rilG;:;oreib~ity r;:ir ot:'ler ~a.t:e:'ling p1111iams or la~ 
renmg Methods re::omrrended ty others. 
Feeten.ra 
Cwoson-'IJSistam ~echsniea1 fasteners $hOuld be used to 
raste1 Ouik-R Wall ln!:ulatlcin tc framing Grid ma~'lry &I.lb· 
strates Eacn mecnan1ca1 las!l!f'le: snail oe llls1a11ec tn·cugh a 
Getotex Ou1k-Ct1p 'Naener. 

::are $hOvld M taken :o avoid overdrivin~ the f:Jste:-.eri;. The 
,,ec;har1:::a1 fastener :>'lou1a ''Cl orotruce aoov.e '.he surface 
::>lane ol tile Th~rtr'll• Ouik-R Wail ln$u~l'cr. Steel OuilH~ap 
'N~ne1;, muGI not bG 1..rr.ed :o ociagQ t""'° ins...lef'.on boarde at 
:ne JOiric. 

PLASTIC QUIK·CAP 

Quik·Cap Washer 
LIDOr 5aYlng - .Ju&! i:iu~h inlo th~ boaro taoa .. , makes 
posittoni-ig fastene•s Quick and easv. 
Vorsatll• - Work; ea;1i'I w1lh c:omrri0t11y iavailab1e me::ha,.,. 
;cal fasteners 
Convtni.nt p111Cka;lng .. 

'!1u. ~~ ~ .,,l/J 

~ ' ~:;tk ~ 
. .t~;Cllt JfttA J ~cl .6'i 
.ftrJ. .11,,l' ' ~ if 
~~~~~~o~ 

1:1211 P'a::5 

~ ' •• ~ :~i"·".:S~i·: ;~1 ..,, ;a!aitS 
The•mal( Oi..ik-R wa:1 1 n~ulat1tJn can be •nstaMed u$in9 a a~ 
cac.; wall £ect1on startartra~k, or back wraop1ng. 

M5e: COAT 
"l!lt>.FOl'IC~MfN~ IV.l!l!l"I 

HCKWRA~ 
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Window1Door Details 
'l"li91rr:aii:• Oi..ik-::l • Wall ln!lUlation can b"I easily i"'ta11ed 
a~ound windows and doors. It c1tn bQ t~it1V"led with s. r.l'!arp 
~nile arid Straight ed~e. Atl cul eaces sna1, oe wraooeo w1m 
reinforcement mesh. 

4 

l'"~IS~COAT 

:i.4,SE c~r 

TEL MJ:813-873-42137 =t211 P04 

Band Aid Details 
iQ miri1mize sellllng crac,..s at cornEH6 of winaow:; aria aocrs. "" 
apply ;tri~B (cand-aioa) of l\lintorcemeN ert '45' 1tngle a:; ) 
i1 1ustrated. II will also 1ns1.;r@ th!! ra•nfcrcirg . .,,•ch <Nill bQ 
lapeea at the cer:'lers 
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'l/Vood or Steel Frame Construction 

P'ace TherMQ;ii:• Quik.R'" 1~11 lnc:ul1r.tiO"I 9oard9 vt•tica1ly, 
w11n 1or:g·clmeris1or eaces r..inn1nc oarafle; to and ever ma:i-
1m1 ... m 16" o.c. framing ·Nith each board soenn:ng a minim\im 
of 3 o:H .. dc:. in c;pa!1ning ;4• o.c;:. lram•ng. rr11n1:num 112' gyp· 
sum ~tiea:h ng s mQuired CNer 1-.e framing before aophca· 
nor 01 rhe ·~ulJc;·P. wait 1r1su1a11or me ow11ea ooara siae 
(THIS SIDE COWNM•) shall be in CQn:act with the iram1"19. 
Joints 1:1"tall cone: GI ot t....,o inB1Jletion bo9r~ eagee. l"elll!y 
bJtted OVEr me center of fra'Tling memoe•e. To minimize hor·
zortal ioints and job si'.e ~ts. Therma.x Ouik·R 'Nall l"ll1.Jfa. 
tiori i5 ·3\laiiable n 4'x8'. 4'x9' 4 ~10' anc: 4'X12' ;;iarciaro 
sizes. 

) Mecnan1ca1 "••t•nere 
. P'ace corrcsion-rasistant mechanical fas!engr; throucn steel 
Cluik.CaJ) 'Naeher 12" o.c. around tha enlir$ ~erirneter of 
eacn 1nsu1a11on bOatCI and etorig ei!Ct: field stud 1n order to 
axhor teard to framing. Fa5tenera .J:,~t;J with olaftlC CiJIK
Cap War;her srould be Ola<;ed 9'" o c::. at perimeter. spanl'ting 
~'"'a joint ar.ll 1Z' a c n t~ lieic ol the board. 

Fattening To Wood Framing 
al Minimi;,... 1:.2 gauwe ~moct:i el"•nk (or eq;;ivalent imorcvea 
ancnorlnQ lir"an1< oes1onJ hot-olcpeo galvaniz9d nails shall 
tiave 1'1nir.um 1 • peretratiCjn into wo::CI rrwr.1ng. 
bl Mini:iiun i2 gauge ;1ng shank (or eciu1va1am 1morovea
a11criorin9 !Shan< c11s gn} hol·Oipped gaivaniled naifs shall 
"ave -niniMum 1' pei-elr'ttiori irto wood framing. 
ci Minimi.;m ·2 gauge st3inless steel wood screw (or ecu1li· 
aiemJ raste'"IE!:"S snail ~ave mlnlrrum ,. oe11etra!1011 into 'MlOd 
framing. 

l'aUlntng lb Sttet $Nd 
o: Buildex 9'12 sell-tappin;i corrosii;n·~&i:stan1 :screws o• 
equi·•al9r.t. Far;tenlll" length rru&t be &ulfic1ent '.O allow :1.r.• 
pene11at1o"l r.to steel stud. 

Cali:ula1to ~•tern Ooolgn lntulatian '4slu• 
ttir WOoa l'ratnt anct S1tt1 Slua ems 

Ntimimd Boertt ~· ~· ' ',':!' 
Sy:ttem R-V~ue 15.S ! 1ti.5 23.0 
S 11em l.;-Valua .063 .061 04Z 

51&:sm ca•tu•etio~1 are :rr.~ug~ cav~y end i~ acco:oanc• w1r .ASl-RAE 
HardOCOI< •~ •darnet'lll~ ano lllabi1i2ao R«•IWN al 74'1= ,,_,. tc.,1>11M1"""' 

) 
wooa F'&IT"e 5,tS!l:'T1 COllilS15 rJ :~· !Mlt~m board. 2>.4 '<No.xi 11...clS. R-1' 

, g1as.1 '·bllr :.s: in 1-:.ia c ••·•v. P'l~r""B.ll Ou1k·R WBJI lns•.at on. 
8te"' St._:a 3'/$"""1 ".onslSt.5 OI 'l'l" ~yp1um ooera. 31~· SIMI sl~d. FM1 91C1S1 
• ~r i;al r 1\.Ja :a>ly. T">&r'Tlax :Jl.lk·<I wa111rs..iat.<in. 

·~ 'TIP.~~s -e~ ~ta·ce 10 NUii llcw. •tie hiJTer ire ~"~I.le. :N ;i-vater :re 
'"'~.ail""" !jQV,!! .or• ycJr se1•e' IC' :"e ~ac: sn~1 er 'h11u11. 

Masonry vVail Construcucn 

ThermaK Quik-R Wall lniiVletion Boards may be oloced eithe' 
vertically er horizontaily witti ~e prinl;!o board s•d• \~ ..;;5 
SIOE CCWN:IN) in contact wi!h the mascnry sunace. Join1s 
:shall consist oft'l.'<'J ·~IC!ion beard edge!! nee!ly butte:. with 
all ,oints supc:ortea by the :'T'ISSOnl"f sucs1rate. 
Mlch1nlcal F11tenen 
Space corrosicn·resistar.1 mect'lar,ical lasterers w11h Ou!k· 
Cap Wa&her& 24" \/CtrticQlly and 15• horiZ()(ltally o.c arou~ 
tne entire perimeter and in '.he lfeld of each insulation coard 1n 
oraer to a:icnor ocard 10 masor,ry sub$tra1e. 

F111tnert For Masonry Wiiia 
al ITW Bui'dex ''TAPCON' rasterers or equivalent. Fastsner 
l1Jngtt must be sufficient to a low 1· penemn en Into tie 
maeonry. 

b) ,<\oroom th (ERICC) fastel'll;t:$ i;r cquiV?11i,nt. \.l:;o :;rn001M 
akank faateriw with 1• pef'IQlrat~r. into thQ masonry. 

a· ... 

I+ 

4' 

+ + 

'~IT~NING ""'"l"N 
F~ r.l,li,IOlot•>t WAlLS 

+ + 

+ + 
I 

+ + 

+ 

+ 

NOTE: Quil(·i=l l'TX!SI be mechanically fastened w tn tne tas
t,,.er pattern as shcwr. in tf'iis 1iter111u,... Celote.>i doe:i net 
assume any respcns:b1hty ~or otrer lastering paneriis or tas
terlng memoas recommer.aea cy otneirs. 

5 
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·.~aictex f1ecommendations 1i:or ~:onaensauon Moisture 1.~0nrro1 

Ourk·A'" Wa 11:isulalion must nor be le" exposed and must be 
1ns1a.1ea behind minimum '12" ll)IPSLJm ooard or I!~ equi..aJ~nt 
i n1e•ior finish. 

MJCn llKe 01ner :::eiotei< ::01v1socyanurate foam snealh!ng 
board prl'.X1t.c1s. such ~ !tril•faced TherJ'T'1a," Snea:hing :ind 
Tuff·R ln,u!al1f"lg ShGa:h n9, the u~ of Thar~a.>< Ouik·R Wa I 
lnil.llaTion on eX1er1:::r .van s:..irta::es c:an eflectvely keep the 
wall remperature warmer uroer cod w:n:er conci:ions. lnst..:a
t1on valu11 located outQ.da the wal· acts to ~·e-ld it from oi.ce.ae 
westner ter"lperatJre vanalions while 1'1terior side tem· 
pe~a:ures mode·aie :he 1emoeratu~ oi me wall. 1ncraas1no 
wall tamp1t•ature a1eo oecreases ttie likelihO(ld oi wmt::r 
l"'1:lis:l1..1re c.:ndenHtior. occu •ri rig i.llithin the cavity. 

Calo:ei< oelie..ee n-at, for optimum homeowner conifort. ail 
insulated walls should contain a propgrly installed Japor 
re1art1er ·a:ea at i :Jerrn or less. sucl'\ as a 2 w o n-:u :oryerny1. 
ene film :elote:< makes the following rec-0rrmendarions 
~a~ding proDQr plac~&nl of tt-.e ..,..Po, n;itard9r (Consult 
yow' wez~r oumau or 1oca1 u!l!ty ror aegree day 1nr::;r'T1at:on 
~ p ec1 iic tc yo ... r ar:io) · 

Art• I: Below 2000 Winter Degree Daya 
In rhe S:.inbell, p1enor humld!ry Ii often n.oner man Interior 
humidity. and while mo1sru re condensarioo within t'1e wall l'Tlay 
be r.i•n1mal and no! suffir;lent to ;iffgr;: ;t; 1n~1:it1on vGtue. tr& 
use Of a va!X)r retaroer rared at 1 perm 01 less such as a z to 6 
mil pclyctliyf~nc film, 1n;iioilod bstween TMermaiii C1.d1·A Wall 
lnGul;ition a!'ld the;, Q)(tgrior side of rhG ·.111a1I eroutd ncr1t~e 
occupant comfort. 

Arn II: Between 2000 to '4000 Winter Degree Daya 

conoensation conal!lons wnicn 1eae1 10 moisture accumula· 
tioo in the wall continue lo be miniml!ll. Here. ··~cor ~1arder3 
•ated at 1 per~ or kiss su:n as a 2 to 6 mil poly1:1thy113n9 Mm, 
proceny 1nsta:1ea on me 1rteuor s11'.le of ttie wall can prtN1de 
sati$fectory mois;ure control characteristics; to :tiese rnsulatea 
'Mill oQf1etr ... ctiooa. 

Ama 111: Balwaan 4000 to BOOll Wlntmr Dagrea O.y• 
Cona;n;at1ori 'Tioic;tul'Q tl•Jilduc in ltlg wall ca•,iry m1gt-t be a 
orot:lem. A properly inslalled 4 to 6 mil polyethylene vaoor 
relarder greatly •eouces the potential for condensation 
moisture accumulatio:i. Other properly 'n$!ailed vapor ret:lf· 
d;irs r.;.te!l at oiie perm or leSi may oe usea. 

6 BESr.eivAt:...AGLE COPY 
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