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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 commerecial practice for industrial énergy 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.



KOSTROMA DISTRICT HEATING SYSTEM - Draft Energy Audit

TABLE OF CONTENTS
ACKNOWLEDGEMENTS
EXECUTIVE SUMMARY . ... .o i iiiiiiiitttit it iietnsararennneasnns 1
L. AUDITREPORT ......c..u0ves Cerecencectsansesusanseretonsenrenas 9
1O Background .......... .ottt 9
1.1 Originof Project .....oviiiiiiii ittt it 9
1.2 Project Objective .. ..uuiinniriiiiiiniereninnenesereennaanens 9
1.3 Project Strategy .......c.ovvirinniiiiiieininernnn i, 9
14  Project Tasksand Schedule..............oviviiiinninnnnn., 10
1.5  Participating Entities .........ovviiiiiiiiiiiii i e 11
1.5.1 Client AGEnCies ......oovvvvrrneensoraseennraessasenes 11
1.5.2 The RCG/Hagler, Bailly Team ......................... 12
1.6 Country and Economic Settings .............c.ciieiennnnnnnn.. 16
L7  Geography......coviiiininiiiiiie i i, 16
1.8 Energy Supply/Demand Situation ..........cccvovurrvennennenns 17
1.9 EnergyPrice Regime .....ccovvvriiiiiiiiiiiiiiiiiiineinina, 20
1.10 Audit Type/Methodology/Scope ..........covviirvviiiianan, 20
Il. DESCRIPTION OF HEATING FACILITIES IN KOSTROMA SYSTEM .. 31

2.1

2.2
23

Heat Generation Systems . ........ccvviiieiniiiinnnernnneenn. 31
2.1.1 KostromaEnergo - heat and power facilities ................ 31
2.1.1.1 Combined heat & power stations TETS1 ........... 31
2.1.1.2 Combined heat & power stations TETS2 ........... 33
2.1.1.3 Kostroma steam power station GRES ............. 40
2.1.2 KostromaOblTeplEnergo small boilerhouses ............. 44
2.1.2.2 Susnovay Russya boilerhouse ..................... 46
Heat Distribution Systems ...........cooiiiiiiiiiiinerennn.. 47
Heat Utilization Systems . .........covviniiiiiiiiiennnennn. .. 48
2.3.1 Industrial-"Rabochiy Metallist"
heavy mining equipment manufactures .................. 49
2.3.2 Industrial/agricultural-Kostroma City
Ornamental Plant Farm (greenhouse) ................... 50
2.3.3 Institutional building -school .............c.coii ... 52
2.3.4 Residential apartment blocks .............cooviii.... 53

RCG/Hagler, Bailly, Inc.






KOSTROMA DISTRICT HEATING SYSTEM - Draft Energy Audit

II1.

OBSERVATIONS AND FINDINGS <. vvueennensennnsennnssenneernnes 54
3.1 General ComImMeNtS . .ovvtiet ittt teieetneerenereensensannnnn 54
3.2 Heat Generation . ....c.voueeeeereueennesrenrsneeasenssanenns 56
33 Heat Distribution & .vvott ittt et ettt teeeanesnsnnesnnenns 56
34 Heat Utilization .. .cvvitiin it e ee e teetenereeeneansannens 57

RECOMMENDATIONS FOR ENERGY EFFICIENCY IMPROVEMENT . 58

Short-Term Projects - First Step Priority - Optimize Operations

Management . .........cciiiiiiiiii i i it et i 64
A.l1  Improve control of supply temperature - modulate on hourly
basis instead of everysix to eighthours ................... 64
A2 Improve control of supply temperature - optimize the GRAFIK
based on trial and error procedure .......... ... ... ..., 65

A.3 Improve combustion efficiency in small boilerhouses,
maintain optimum efficiency in heat/power

3 11 (0) o 130 67
A4 Improve control of water quality in steam

boilers . ..vviiiiii i e e 69
A.S - Organize energy management information system for City

to track trends in efficiency ........... ... il 71

A.6  Organize a small library of US manufacturers contacts for
supply of equipment and possible joint ventures in

manufacturing of high efficiency equipment ............... 73
Short-Term Projects - First Step Priority - Improve the Standard of
Maintenance ............iiiiiiiii et et 74
B.1  Improve heat transfer effectiveness in the system -
increase return water temperatures ..........-.....oo..... 74
B.2  Reduce infiltration of cold air through windows - plug
leaks and install weatherstripping ..........cooiiiina... 75

B.3  Use IR scanner on thermal systems, such as boilers and
distribution piping, to detect excessive heat loss-
repair insulation as indicated ................... ... ... 79

Medium-Term Projects - Second Step Priority - Convert Heat Supply to a

Market Economy .........ciiitiiiiiiniiiiiieetenenananrenanennns 81
C.1  Install Geal metering at key points in network and
develop a loss-tracking system .........cecvvvunniinnennns 81

RCG/Hagler, Baiily, Inc.



KOSTROMA DISTRICT HEATING SYSTEM - Draft Energy Audit

C.2  Install Gcal metering at all major buildings in the

heat supply system .......cciiiiiiiiiiiiii it 83
C.3  Provide heat allocation meters in individual flats -

evaporative type on all radiators and flow meters on

i ToJ ARV 1173 g 721 o LT 85
'C.4 Improve controls - install thermostatic radiator valves to
control temperature in heated spaces .................... 87
C.5  Upgrade ability to provide services - organize energy
audit service firms and provide them with instruments ...... 89
C.6  Upgrade awareness of energy efficiency - organize
education and training programs ..............coeeauean. 91
C.7  Convert factories to produce equipment needed to improve
energy efficiency ... 93
Long-Term Project - Third Step Priority - Improve Efficiency of
)] 1) 1 4 - 94
D.1  Install distributed heating systems of high efficiency
where applicable .......... .. it i i 94
D.2  Reduce heat loads by upgrading insulation ................ 95
D.3  Improve local control in individual heat substations ........ 96

D.4  Improve distribution systems by using pre-insulated
piping with leak-detection systems on new installations
and improving drainage of existing installations ............ 97
APPENDICES

Business Cards of Contacts in Russia

Brochure of Kostromaenergo Electric Power and Heat Company

Kostromaenergo Combined Heat and Power Station TETS-2 Performance Data
Brochure of Kostromaenergo GRES 3,600 MW Steam Power Station
Kostromaenergo GRES 3,600 MW Steam Power Station Load Curve for April 22, 1992
Kostroma Ornamental Plant Farm 1991 Heating Performance Data

Recommended Equipment for Kostromaenergo

Calculations on Effect of Insulation

NN =

RCG/Hagler, Bailly, Inc.



ACKNOWLEDGEMENTS

The RCG/Hagler, Bailly team would like to express their sincere appreciation for the
extraordinary assistance and warm hospitality offered by the staff of the City of Kostroma,
KostromaEnergo, and KostromaOblTeplEnergo. It is only because of their openness and
cooperation that this effort was possible. The RCG/Hagler, Bailly team is glad to have had
the opportunity to become friends with the hard-working energy professionals of Kostroma,
and hopes to return their warm hospitality at some time in the future, whenever they visit the
United States.

The RCG/Hagler, Bailly team gratefully acknowledges the assistance and cooperation shown
by USAID, Russian Commission for Humanitarian and Technical Assistance, Ministry of Fuel
and Power, Kostromaenergo, Rabochiily Metallist, Kostroma Ornamental Plant Farm,
Kostroma Canalization, Barovay School, and Gorzhilupravenya. We also gratefully
acknowledge the personalized assistance and cooperation of the following individuals:

_ Viktor Valentinovich BACHIRIKOV Deputy Head, Kostroma Oblast Admin.
Igor Vitalyevich SOLONIKOV Head, City of Kostroma Municipal Services
Dmitriy Alexandrovich ERSHOV Director, KostromaOblTeplEnergo
Nikolai Ivanovich PUSHKIN Chief Engineer, KostromaOblTeplEnergo
Yuri Pavlovich NAZAROV General Director, Kostromaenergo -
Alexander Maseyovich KRASILSICH Chief Specialist, Kostromaenergo
Valery V. EVHARITSKY Chief Engineer, Kostroma GRES
Mikhail Vasilyevich EGOROV Director, Kostroma Ornamental Plant Farm
Alexander Vitalyevich SMIRNOV Chief Engineer, Gorzhiluprovlenya
Vladimir Yuriovich OHAPKIN Baravaya Manager, KostromaOblTeplEnergo

In particular, we would like to thank Igor Vitalyevich for his many hours of assistance and
explanation to the RCG/Hagler, Bailly audit team of engineers, which consisted of:

David KEITH Principal Engineer/Project Director
RCG/Hagler, Bailly, Inc.
El OLIKER Manager of Projects
Joseph Technology Corporation
Mark LANDSEIDEL Engineering Supervisor
Duke Power Company
Stanislav Pavlovich TROFIMOV Chief Specialist
VNIPIenergoprom
Dr. Vladimir Lvovich YAKIMOV = Senior Engineer
VNIPlenergoprom

Finally, we acknowledge the contribution of our translators from Kostroma Pedagological
University, Natasha and Lyuba. Without your help this project would not have been possible.



KOSTROMA DISTRICT HEATING SYSTEM - Draft Energy Audit

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 Geal)
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 40 MW
TETS-1 electric energy generation 0.2 TWh
TETS-1 heat rate (fuel assigned to power) 1,200 kcal/kWh
TETS-1 thermal energy delivered 1,500,000 Gcal
Combined heat and power station No. 2 (TETS-2):
TETS-2 electric peak demand 170 MW
TETS-2 electric energy generation 1.2 TWh

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

Kostromaoblteplenergo (170 boilerhouses
Heat purchased
Heat generated

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

3,600 MW

19 Twh-

2,200 kcal/kWh
300,000 Gecal

1,000,000 Geal
800,000 Geal

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 $12 per Geal

mazout $70 per ton

electric power $60 per MW per year
electric energy ~ $0.05 per kWh

district heat $20 per Geal at source
district heat $30 per Geal at end-use

RCG/Hagler, Bailly, Inc.
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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 m® per year (36 Pcal/year),

at an economic value of $432 million per year
Heavy fuel oil:

1.1 million tons per year (12 Pcal/year),

at an economic value of $77 million per year

Fuel energy used by Kostromaoblteplenergo -.

Natural gas:
120 million m® per year (1 Pcal/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 Geal per year

at an economic value of $60 million per year.

Ener lied by Kostromaoblteplenergo to its customers-
heat supplied to Kostroma:
1.8 million Gecal 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 0-1%

Heat distribution 1-3%
Industrial heat use 5-10%
Institutional heat use 5-10%
Residential heat use - 5-10%

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 0-1%

Heat distribution 2-10%
Industrial heat use 10-20%
Institutional heat use 10-20%
Residential heat use 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.

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 listéd below. More details are provided in Chapter 4.

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

A. Optimize Operations Management

Action A.1: Improve control 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
bailer efficiency in industrial boilers by 0.25%.

RCG/Hagler, Bailly, Inc.



KOSTROMA DISTRICT HEATING SYSTEM - Draft Energy Audit 6

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 35 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 Geal 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 Gecal 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.

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 Kostroma to produce equipment needed to improve
energy efficiency.

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.

SUMMARY OF ENERGY EFFICIENCY EQUIPMENT PROCUREMENT
RECOMMENDATIONS FOR 1992 U.SA.L.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
lAﬂ NBN RCﬁ
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 5,000 15,000
2 Gceal meters 8,000 8,000
Wall insulation 30,000
Substation temp. controller 3,000
Equipment for school
Gecal meter 5,000 5,000 5,000
20 Thermostatic valves 1,000 1,000 1,000
Substation temp. controller 3,000
Equipment for greenhouse
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 5,000
2 portable O2 analyzers 2,000
TOTAL BUDGET 49,000 97,000 150,000

RCG/Hagler, Bailly, Inc.
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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 A.LD. 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:

s 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.



KOSTROMA DISTRICT HEATING SYSTEM - Draft Energy Audit 10

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

6. Return to plants for further assistance (éfter 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 ZHITNIKOV, Chairman
Victor Alexandrovich GULYASHKO, Deputy Chairman

Ministry of Fuel and Power (MFP), Russian Federation - MFP serves as primary federal
government technical counterpart organization.
Victor Victorovich NETCHAEYV, 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 ERSHOYV, Director
Nikolaj Ivanovich PUSHKIN, Chief Engineer
Vladimir Yuriovich OHAPKIN, Manager, Baravaya 4

KostromaEnergo -
Yuri Pavlovich NAZAROYV, 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 EGOROYV, 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.

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.

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 A
cooperative ventures. These include projects in Eastern Europe, including the A.LD.
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 A.LD. Emergency Energy Program for Eastern Europe
(for Hungary, Yugoslavia, Estonia and Latvia) and the A.LLD. 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. (JTC) 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 cogeneration 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. JTC 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, Inc.
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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
TROFIMOYV (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

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 farming. 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 point!. 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.

! 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 reference point is 12°C and the
average daily temperature is -5°C, then that day would have a heating load of 17 degree-days. If the average daily temperature is 12° ot
higher, then the heating load is O degree-days. Similar methods are not used in Russia, so the RCG/Hagler, Bailly team constructed an
approximation of degree-days, based on average monthly temperature and a reference point of 12°C.

RCG/Hagler, Bailly, Inc.



KOSTROMA DISTRICT HEATING SYSTEM - Draft Energy Audit 18

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.

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 Geal/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/m’,
The annual fuel consumption in the City of Kostroma is approximately:

. gas 55 million m*/year
« coal 40,000 ton/year
« heavy ail 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

General Director of

Kostromaensergo
Director - Kostroma TETS 1 Diractor - Kostroma TETS 2
District Heating Shop District Heating Shop
Supervisor Supervisor
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. . Control & . Control &
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Su . -| | Main District| | Substations | | Stations 1 & iy e cprths et Substations
pervi| | Supervi g Division -| | Distribution
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RCG/Hagler, Bailly, Inc.




KOSTROMA DISTRICT HEATING SYSTEM - Draft Energy Audit 20

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 S 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/Geal, and in
Kostroma region is 400 R/Gecal.

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,

% Data provided based on a survey conducted by VNIPIEnergoprom in 1989.
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TABLE 2
HEAT SOURCES IN CITY OF KOSTROMA
Reported for 1989 and Projected for 2000

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
urce: AErgoprom survey,

RCG/Hagler, Bailly, Inc.
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TABLE 3

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

# Description Unit TETS-1 TETS-2
1 Heat capacity MW/Gecal/g | 523/450 826/710
2 Own needs MW/Gecal/g | 46/40 | 81/70
3 | Heat supply MW/Gecal/g | 476/410 745/640
4 Available heat

load
Total MW/Gecal/g | 451/388 821/706
Steam MW/Gecal/g | 139/120 88/ 76
Hot Water MW/Gcal/g | 311/268 732/630
5 Temperature schedule °C 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 26.6 393
Hot Water Km 3.7 93
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/1/%

RCG/Hagler, Bailly, Inc.
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TABLE 4

LIST OF CUSTOMERS, HEAT SOURCES AND PEAK LOADS

IN CITY OF KOSTROMA

# Customer Name

Peak Load
Gcal/hr

Steam

Water

Total 127 customers including: 120.2 267.6
1 Kostromaobltechenergo 129.0
2 ZKO Lenin Factory 10.2
3 ZKO Lworikina Factory 6.6
4 ZKO of Industrial Flax Union

1 Lenin Flax Mill 335 308

2 Plywood Factory 30

3 Industrial Flax Union 17.8 26

4 | Zworickin Flax Mill 14 119

5 Krasin Polymer Machinery Factory 8.8 0.6

6 Shoe Union "X-October" 52

7 Yarn Factory "Work Flag" 4 58
Total 140 customers including: 75.5 6482

1 Kostromeobtechenergo 221.0

1 LKO and DSK "Kostromastroy” 21 91
2 Automation Line Production Factory 15
3 Kostromaselshilstroy KPD 6.25 15
4 Kostromameliorazia ZBI & PPCO 73 119

RCG/Hagler, Bailly, Inc.



KOSTROMA DISTRICT HEATING SYSTEM - Draft Energy Audit

TABLE 4 (cont’d.)

24

LIST OF CUSTOMERS, HEAT SOURCES AND PEAK LOADS
IN THE CITY OF KOSTROMA

Peak Load
Geal/hr

Customer Name Steam Water
5 Union "Techsteelmach” 6 12
6 All Union "Factory Kostrimomallesprom" 49 55
7 Gormol Komlinat "Work Banner" 5 5.8
8 Factory of Solar Treatment Equipment 2.16 9.8
9 Green House Factory "Isakovskiy” 12 - 926
10 Factory of outside memory devices 18
11 Wood treatment machinery
12 Green House of Artificial Decorative Plants 2 926
13 PATP 7.8
14 Heat Exchangers Factory 6.3

Total 65 customers including: 50.6
1 Kostroalltexenergo
2 ZEY-8 571
3 ZCO of Factory "Motorgetal” 13,696
Industrial Factories
Polygraphcombinat 12,332

RCG/Hagler, Bailly, Inc.



TABLE 5

HEAT SUPPLY TO CUSTOMERS IN CITY OF KOSTROMA

" Hot Water Total
(Geal)
| # | Customer Name 1990 1991 1990 1991 1990 1991
[ A [ Main Heat Supply 1469902 1568963 404298 387988 1874200 1956951
| B | Distribution System 46480 59279.1 69451 61073.9 115931 120353
C | Distribution Losses % 32 38 172 15.7 6.18 6.15
D | Heat Supply to Customers 1423422 1509683.9 334847 3269141 1758269 1836598
1 | Factory "Tekstilmash” 12055 116543 28346 28244.6 40401 39898.9
2 Milk Product Factory 6465 35523 24572 171029 31037 20655.2 1
3 | ZBE KPD Factory 15485 154379 37603 444233 53088 59861.2
4 | Kostromaglavsnab 4765 4860.2 4765 4860.2
5 | Greenhouse Factory 207652 229270.2 4882 2807.3 212534 232077.5
l 6 Factory "Luch” 8026 8468.4 1146 1003.4 9172 9471.8
7 ] VIK 3936.5 (9 month) 3936.5 (9 month)
l 8 Conservatory 18293 16590 18293 16590 I
9 Lesprom ZBE Factory 6227 6477.8 26674 24704.7 32901 311825
10 | CKBTM 4903 (9 month) 49503 (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
I 14 | Mechanical Factory 29353 33336.4 6582 6915.4 35936 402518
15 | Electromechanical Factory 43020 50375.1 10625 10226.6 - 53645 60601.7
l 16 | Automation Line Factory 42241.5 37598.3 422415 375983
| 17 | DOC Factory 26977 27236 28977 27236
18 | B/ch 21602 4730 (9 month) 4730 (9 month) H
19 | Heat Exchanger Factory 23181 296553 23181 296553 |
20 | CCK 9812 8983.9 45934 32919.9 55746 419038
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Hot Water
# Customer Name 1990 1991 1990 1991 1990 1991
21 | Agroprom ZBE Factory 1822 22063 10609 8843.7 12431 11050.0
22 | KMPO "Color" (KOO) 12847 62443 1626 99482 23473 161925
23 | Communication Autobase 2739 2098.7 2739 2098.7
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 | PTK Kamaz 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 3286503
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TABLE 6

TARIFFS, PRODUCTION COSTS AND FUEL CONSUMPTION

FOR KOSTROMA TETS 1 AND TETS 2.

Description Unit | TETS 1 TETS 2
1. First quarter (1992) R/Geal 529 538
production cost
Fuel R/Gcal 374 42.8
2. Fuel cost in the first quarter of 1992 R/Gecal
Gas R/TCE 220.21 22021
Heavy Qil R/TCE 284 284
Peat R/TCE 230 230
3. Fuel cost in the second quarter of 1992
Gas R/TCE 1111
Heavy Oil R/TCE 1611 1611 “
Peat R/TCE 250
Fuel consumption in 1991
Gas TCE 186095 276143
Heavy Oil TCE 38460 311347
Peat TCE 52638
Heat tariffs in first quarter of 1992
Domestic hot water for the industry R/Gecal 124 124
Domestic hot water for residential customers R/Geal 109 109
Hot water for residential heating R/Gecal 556 556
Hot water for KostromaOblTeploEnergo ‘R/Gecal 385 38.5
Steam R/Gcal 136.7 136.7

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

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

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.

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.

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

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 KostromaQblTeplEnergo (KOTE) system, achieving on-the-spot energy
savings of 1.5%.

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.

Efficiency improvement project ideas were developed by the RCG/Hagler, Bailly
Team and discussed by the Team over the course of the week.
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10.

11.

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

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

~ 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.

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.

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

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

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

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

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

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 FACILITIES 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 has 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 Geal/hr for heating and 150 Geal/hr heat for industrial process. Based on
KostromaEnergo’s allocation system, station heat rate is 1,190 kcal/kWh>. 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 heating values are lower
heating value (net calorific value).
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k) |

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
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Table 7

TECHNICAL CHARACTERISTICS OF THE EQUIPMENT

Kostromscay TETS-1

Equipment Parameters Equipment Put in Operation in 1986-1990
Amount Type Electrical Boiler Capacity | Amount Type Electrical Boiler Capacity
Powver (MW) - - Power (MW) ---
Water Steam Water Steam
Gcal/hr T/hr Gcal/hr T/hr
Peaking 2 PTBM-50 100
Boilers
1 PTBM~-100 100
Turbine 3 P-12-35/5 36
1 P-6-35/5 6
Steam 2 TP-35 70 2 TP-35 70
Generators
5 BKZ-75-39 375 1 BKZ-75—39. 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
installed’. 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 are now recommending conversion to Kuznesk coal, but this would require a large capital investment and would
have environmental implications 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 Boiler Capacity|Amount Type Electric Boiler Capacity
Power - Manuf. Power - - ———-
(MW) Water Steam (MW) Water Steam
Gcal/hr T/hr : Gcal/h T/hr
Peaking 2 PTBM-100 200 3 KVGM-100 300
Boilers Dorogob.
Boiler
Factory
Turbine 1 PT-60-130/13 60
1 T-110/120-130-3 110
Steam 2 BKZ-210-140 840
Generators

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.

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 m*/hour. Make-
up is about 100 m*/hr in summer and 180 m*/hr in winter, The plant operates 9 district
heating pumps rated to 12 bar (120 meters of water), agamst a typical pressure

difference (supply/retum) of 7.5 bar. Of these pumps, six have capacity 1,200 m3/ hr and
three have capacity 2,500 m*/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.
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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 burn 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 m®
= 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 Gceal/Geal, 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: -28°C
Electricity generation: 3,852 MW
Average electrical load: 160.5 MW
Heat rate (fuel charged to power): 1,414 kcal/kWh
District heat supplied: 11,622 Gecal
Average heat supply rate: 484 Gceal/hr
Fuel consumption:

Heavy fuel oil (mazout): 1,386 tonnes

Natural gas: 656,000 m*

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.
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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-days®
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 Gecal
1991 - 1.96 million Gcal

4. TETS-2 fuel consumption
1990 - 208,000 tonnes oil (52% of Gcal)
226 million m® gas (48% of Geal)
1991 - 198,000 tonnes oil (469 of Gcal)
272 million m® gas (54% of Gecal)

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

Fuel charged to gowg;6
1990 - data not available

1991 - 1,670 keal/kWh

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

Total For Electric generation

1990 94% data not available
1991 9.2% 4.3%
1991 31.5 kWh/Gecal (electricity for district heating pumping, etc.)

3 In degrees C, based on 12°C.

s According to the allocation system used at TETS-2
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7. Annual average efficiency performance ratio (Gceal of heat supplied’ divided by
heating load in degree-days)

1990 - 446 Gcal/°-day
1991 - 480 Gecal/°-day

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

1990 - 281 Gcal/°-day
1991 - 351 Gcal/°-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 hkeat supply
exceeds demand, and is therefore lost. In addition, heat losses in distribution lines are
more or less fixed losses.

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 TETS-2 to the city, as follows:

1990 - 16%
1991 - 249%

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 m*/hr plus 1,000

7 Corrected to account for fixed losses and heat used for domestic hot water supply
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m>/hr. Make-up was at the rate of 160 m*/hr®, The hot water supply temperature was
85°C and the return was 53°C. The supply of heat was thus 169.6 Gcal/hr (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 O, concentration: 0.3%

Boiler #2

Firing 15 ton/hr mazout (no gas)

Stack temperature: 180°C

Stack gas excess O, concentration: 0.4%

Boiler #4

Firing 16,000 m*/hr gas (no mazout)
Stack temperature: 120°C

Stack gas excess O, 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 card").
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.

& The system served by TETS-2 is a closed system,

RCG/Hagler, Bailly, Inc.



KOSTROMA DISTRICT HEATING SYSTEM - Draft Energy Audit 40

2.1.1.3 Kostroma steam power ion GR

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.

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.
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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.

Kostroma GRES is faced with environmental concerns with water and air emissions.
The high sulfur oil gives significant SO, 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 0, 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 540°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%.

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.

Ph I1 - 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 m*/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-retractmg
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 S. 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 11:00am 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 during 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.

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 Gcal/year.

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/Geal in Kostroma and 400 Rubles/Gcal outside the city. The average price
of natural gas to KOTE was 250 Rubles/thousand m? in March 1992, but they are
expecting prices to rise to 2,500 Rubles/thousand m® 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 Geal. 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 m’/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, especiallg 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 Gcal/hr, and it feeds into a 319 mm diameter main.
The fuel used is natural gas. The total circulation capacity is 250 m*/hr, and typical
make-up is 3 m’/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

? Such installations are 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 O, = 10-12%
stack temperature 220°C

(2) TVG gas-fired hot water boilers
4 Gcal/hr capacity
design stack excess O, = 6.5-8%

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 consumptiofi was about 18,000 m>/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.

2122 novay Russya boilerhouse

The Susnovay Russya ("pine trees") boilerhouse serves another development near to
Boravay. This 9 Gceal/hr 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
Gcal/hr. 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 closed 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 O, = 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.

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 Gceal/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 CO,,
which is used in welding operations (the RCG/Hagler, Bailly team did not investigate
this application). They supply 3,500 m®/hr of CO,-rich exhaust gas to this process. They
need to generate CO, at the highest concentration possible, and are seeking a tight,
infiltration-free boiler to do so. They measure stack gas CO, 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 CO, -
perhaps combustion is not the answer. They need to make about 2,000 tons per year of
CO,.
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2.3.2  Industrial/agricultural - Kostroma City Ornamental Plant Farm
(greenhouse)

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

TECHNRICAL CHARACTERISTICS OF THE EQUIPMENT

Rabochiy Metallist

Equipment Egquipment Put in Operation 1991-1995

Equipment Put in Operation in 1996-2000

Amount Boiler capacity

Type
Manufacturer

Boiler capacity

Gcal/h T/hr

Amount Type
Manufacturer

Watertube 1
Boilers

KVGM-30 30
Dorogob.
Boiler

Factory

DE-25-14 50
Biyskiy
Boiler
Factory

Steam 2
Generators

2 DKV-10-13 20

4 DKVR-10-13 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 16,174 Geal 421,000 Rubles
Electricity 787,000 kWh 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. Electrlc power (220 VAC) 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 m? (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.

2.34 Residential apartment blocks

Two identical residential buildings were chosen to perform an energy savings analysis.
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 Gceal/Hr (estimated). Annual consumption is estimated to be 1,180
Gecal/year. 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 Gceal 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 short-term, 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 0-1%
Heat distribution 1-2%
Industrial heat use 5-10%
Institutional heat use 5-10%
Residential heat use 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 0-1%
Heat distribution 2-5%
Industrial heat use 10-20%
Institutional heat use 10-20%
Residential heat use 15-30%

3.2 Heat Generation

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.

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 equipment 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 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
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 PRIORITY

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 PRIORITY

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 - THIRD STEP PRIORITY

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.1: 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.

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 Standar 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 heatmg
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 Geal 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 Gecal 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 Gecal 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.

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
IIAII IIBII - IIC"
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 5,000 15,000
2 Gcal meters 8,000 8,000
Wall insulation 30,000
Substation temp. controller 3,000
Equipment for school i
Gcal meter 5,000 5,000 5,000
20 Thermostatic valves 1,000 1,000 1,000
Substation temp. controller 3,000
Equipment for greenhouse
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 5,000
2 portable 02 analyzers 2,000
TOTAL BUDGET 49,000 97,000 150,000
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RECOMMENDED ACTION

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

Location of project: Kostroma - region

Action A.1: 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/undershiooting 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. i

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 0.29% per year.

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

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.

RCG/Hagler, Bailly, Inc.



KOSTROMA DISTRICT HEATING SYSTEM - Draft Energy Audit ' 65

RECOMMENDED ACTION

SHORT-TERM PROJECT - FIRST STEP PRIORITY
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.

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

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 Gecal,
savings would amount to 230,000 Gcal/year.

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 PRIORITY
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 ail 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.

. 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 3,000
6 Chemical combustion analysis kits 2,000

Equipment for Rabochiy Metallist - industrial plant maintenance

1 Chemical combustion analysis kit 300
Equipment for Kostromaenergo & city to detect heat loss

1 Thermal imaging vision 40,000
Equipment for Kostromaenergo

1 Vibration analyzer 10,000

2 portable O2 analyzers 2,000.

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 Gecal, this would provide benefits of $60,000 per year.

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 Geal per year. At an economic value of natural gas of $12 per Geal, 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 PRIORITY
A, Optimize Operations Management

Location of project: KostromaOblTeplEnergo and Rabochiy Metallist

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

Existing conditions

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/1), 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 1,000

Equipment for Rabochiy Metallist - industrial plant maintenance
1 Dissolved solids tester 300
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Cost/benefit analysis

Improvement in steam boiler efficiency in the boilerhouses of KOTE and Rabochiy
Metallist of 0.25% would save about 500 Gceal per year. At an economic value of natural
gas of $12 per Geal, 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

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. OQur analysis indicates that
heat supply is about 209% 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-day'®
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.L.C.S.) should be installed on a
personal computer to provide the information necessary for energy management, This

10 Degree-day caleutation 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 form.

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.I.C.S.

Equipment required

A personal computer based system should be implemented. Additional metenng 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.

RCG/Hagler, Bailly, Inc.



KOSTROMA DISTRICT HEATING SYSTEM - Draft Energy Audit 73

RECOMMENDED ACTION

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

Location of project: Kostroma city

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 years'!, 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.

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

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 < 0°.

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 < 0°.

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.

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 Gecal, 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
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The project is very attractive, with a payback period of less than two years.
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RECOMMENDED ACTION

SHORT-TERM PROJECT - FIRST STEP PRIORITY
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 block 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 Geal/yr. 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 m? 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 Gcal/yr. 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

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 Geal/yr) = 59 Gecal/yr.
School: 5% x (1,220 Gceal/yr) = 61 Gcal/yr.
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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 Gceal/yr in natural gas.

74 gcal/yr x $12/Gceal = $900/year
The payback period for the project is:

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

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

76 gcal/yr 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.
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RECOMMENDED ACTION

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

Location of project: Kostroma region

Action B.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

Better diagnostics and heat 1oss 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 Geal in natural gas.

46,000 Geal/yr x $12/Gcal = $550,000/year
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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.
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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 Geal 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 Gceal/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 Gceal meter in Kostroma. Taking a median
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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.
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RECOMMENDED ACTION

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

Location of project: KostromaOblTeplEnergo, KostromaEnergo - region

Action C.2: Install Gecal 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.

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 Gecal, 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

Gecal 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.
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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 Geal/yr = 92,000 Geal/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 Geal, 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 Gceal 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.
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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

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-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.

5% x 4.6 million Gcal/yr = 230,000 Geal/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 PRIORITY
C. Convert Heat Supply to a Market Economy

Location of project: Kostroma - region

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

Existing conditions

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, Baiily, Inc.
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Based on an economic value of natural gas of $12 per Gecal, 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 TRV 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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RECOMMENDED ACTION

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

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/Hagler, 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 Gceal/yr = 23,000 Gcal/yr

Cost/benefit analysis

Based on an economic value of natural gas of $12 per Gecal, 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, Baily, 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

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 Geal/yr = 46,000 Geal/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 PRIORITY
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

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

Gecal meters

hot water flowmeters

weatherstripping for windows and doors
insulation for building exterior walls

[ ] L] [ ] L N

RCG/Hagler, 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

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 309 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 PRIORITY
D. Improve Efficiency of Systems

Location of project: Kostroma - region

Action D.2: Reduce heat loads by upgrading insulation

Existing conditions

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 iﬁsulation, 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.
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RECOMMENDED FOR FURTHER CONSIDERATION

LONG-TERM PROJECT - THIRD STEP PRIORITY
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.

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, Baiily, Inc.



KOSTROMA DISTRICT HEATING SYSTEM - Draft Energy Audit 97

RECOMMENDED FOR FURTHER CONSIDERATION

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

Location of project: KostromaEnergo and KOTE - region

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 in 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 modern 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 Executive Commitee
of Soviet of People's Deputies
Municipal Services Association

N
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SOLONIKOV (%,
Igor Vitalyevich  esas,

Head M%rﬁ?gf
156005, Kostroma, Phones: (office) 7-53-11, 7-20-28 *
naya st., 13 (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 «Palmas

A CSTeP0RIA EAIERE

ASSOCIATION «KOSTROMAOBLTEPLOENERGO»

Dmitriy A. ERSHOV

Director

Phones: (office) 7-21-54
R, 156013, Kostroma,
xchnaya gora st., 7 (home) 7-83-65

Valery V. EVHARITSKY

Chief engineer

t.Volgorechensk 156901 - P 2-12-34
B hone 6.16.78

Kostromskay reg.
Telex 129162 “Peka”

L. 3

The State Committee
of Housing & Municipal Economy of RSFSR

ALEXE! F. PORYADIN
The Chairman

LJH(lrov str. /23' 5)/'/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

tel. 925-51-20

Moscow,
Kirovsky Proyezd, fax. 975-22-53
d. 3/26 telex 095 412895

ASSOCIATION «<KOSTROMAOBLTEPLOENERGO»

Nikolaj I. PUSHKIN
General engineer

USSR, 156013, Kostroma, Phones: (office) 7-45-49
Molochnaya gora st., 7 (home) 5-64-73

Kostroma Town Executive Commitee
of Soviet of Peopie’s Deputies
Ornamental Plant-growing State Farm
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EGOROY
Mikhail Vasilyevich

Director

USSR, 156019, Kostroma, . Phones: {office) 4-54-59

Visokovo village

PALKIN ALEXANDR FYODOROVICH
Chtef engineer

USSR, 156605, Kostroma, Avenue Mira, 53
Tel; (094-22) 5-26-02
Telex: 138 «Palma»
PP,
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SHABROV ALEXANDR IVANOVICH
Deputy director general

USSR, 156605, Kostroma, Avenue Mira, 53
Tel: (094-22) 5-27-63
Telex: 138 «Palma»
/é:'s 7‘/24:'& ‘(ﬂ' [‘—“! —:(f_)‘/;/:\
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Victor V. NETCHAEV
Techn. Cand,,

Ghiei—-Engimef
Deputy- Head of the Main Scientific and
Technical Department

FI-I'( ’ﬂJ
Ministry of Power 7. Kitaysky pr.,
and-Electrification.  Moscow, 103074 USSR.

of the BSSR Lucsiq Tel: 220-61-53~
eZ-Y/r
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SUPREME SOVIET OF THE RSFSR
People’s Deputee of the RSFSR
Victor Alexandrovich GULYASHKO

Member of the Committee for Foreign Affairs
and International Economic Relations

tel. 205-43-254,
292-61-01

?2/-/0-3%

House of the RSFSR Soviets
Moscow, Krasnopresnenskaya nab., 2
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APPENDIX 2
BROCHURE OF KOSTROMAENERGO
ELECTRIC POWER AND HEAT COMPANY
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B/O ,, OHepromawsKcrnopT" — OfuH U3 KPYMHEALINX

A “SKCropTepoB COBETCKOro 060PyA0BaHNs ANA rvapas-

JMHECKUX, TENTI0BbIX 1 AN3EI1bHBIX I/TEKTPOCTaHLMA,
CBApOYHOIro,  3/1EKTPOTEPMUYHECKOrO . APYyroro
MIPOMBILLNEHHOrO  INEKTPOOBOPY[A0BAHNS, INEKTPO-
3HEPIUK, XENe3HOLOPOXHOI0 NOABMKHOIC CoCTasa,
nyTeBoro 060py40BaHNS 1 MHCTPYMEHTOB, TOPOACKO-
O 3MEeKTPUHECKOro TPAHCNOoPTAa W 3arNacHbIX 4acTey.

O6beguHenne  uMnopTupyeT  Tponnenbyco,
3NIeKTPOCBapOYHOe M rasope3aresisHoe o6opyjosa-
\  Hue, a Takxe KOMITIeKTyuee obopygosaHne Ans
. BCeX BUZOB 3KCMOPTUPYEMOU NPOAY KU U 41151 CTPOS-
MXCS 06bEKTOB B APYrux CTPaHax, a TaKkxe 3anac-
Hbl€ HacTy 47151 ITOro 060pyA0BaHUNS. %

Mo »enanmo 3akazunka ObveguHeHne ocywecT-
“BAIAET We-MOHTAaX, OPraHn3yeT TexHU4eckoe o06-
CRYyXUBaHWe nocTaBrsaeMoro o6opyAoBaHus, npo-
AaeT nuuyeH3anu, ,,Hoy-xay" n TeXHUHECKYHO [JOKYMEH-
TayMIo B TeX CAy4Yasix, KOrga OHU ABSKOTCS COCTABHON
YacTbIO 3KCMOPTHLIX onepayui, a Takxe oKassisaet
PS4 YCNyr BHEWHETOProBOro Xapaxkrepa, CBSA3aHHbIX C
9KCOPTOM TOBAPOB.

lMo*Bonpocam nocraskn 060py0oBaHUSA, BXOAs-
ujero 8 3KkcnopTHyto nporpammy B/0 ,, OHepromatuskc-
noprt*, MOXHO 06pauaTseCsl HENoCPEACTBEHHO K IKC-
noprepy, a Takxxe B COBETCKOE TOProsoe fipegcras-
TenbCTBO unun K hupme-arenty B/O ,, BHepromarudxc-
nopr" B COOTBETCTBYIOLWEN CTPAHE.

Haw agpec: .

B/O ,, Onepromatuskcnopt”, CCCP,

127486, Mocksa, flerynutnckasi yn., 1/4

Tenekc: 411926, 411965

TenegoH: 487-31-87, 487-31-82

V/O “Energomachexport” is one of the largest ex-
porters of Soviet-made equipment for hydroelectric,
thermal, and diesel-electric power stations, welding,
electrothermal, and other industrial electrical equip-
ment, electrical energy, rolling stock, railway equipment
and tools, electrified urban transport, and spare parts.

“Energomachexport” imporls trolleybuses, eleclric

welding and gas cutting equipment, as well as as-
sociated equipment for all kinds of exported products
and projects under construction in other countries, and
also relevant spare parts.
. At Customer's request, V/O “Energomachexport”
Aprovides erection supervision, organizes maintenance
services, sells licences, know-how and technical docu-
mentation when they come as an integral part of the ex-
port operation. V/O “Energomachexport” also renders a
great variety of services related to the export of goods.

Please, send all inquiries concerned with the delivery
of the equipment covered by the Export Programme of
V/O “Energomachexport” directly to the Exporter, or to
the Soviet trade representative or the firm-agent of V/O
“Energomachexport™ in your country.

Qur address:

V/O “Energomachexport”

1, korpus 4, Deguninskaya ul., Moscow 127486,

USSR

Telex: 411926, 411965

Telephone: 487-31-87, 487-31-82
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3a ycnexw, AOCTUrHyTble B XO-
3AHCTBEHHOM U  KYJIbTYpHOM
CTPONTE/1bCTBE, obnactb Ha-
rpaxaeHa opAeHom JleHunHa, a
ropod Koctpoma — opaeHom
OKTA6pbCKOH PeBsonioyuH.

The region has been awarded the
Order of Lenin for accomplish-
ments in the field of economy and
culture. The city of Kostroma for
the same achievement has been
awarded the Order of October Re-
volution.

Bepexx+o xpaHs cBoe npownoe, Koctpoma xuser
B COBDEMEHHOM DUTME KDYNHOro NPOMbILLNEHHOM
eHTDa.
N Lga KoCTDOMCKOM 3eMi1e WHPOKO Pa3snTa necoqo-
6biBaroLas NPOMBLILLIOHHOCT M gepesoobpabatsi-
parolyee npou3Bo[CTeo, 346Ch H34aBHa M MOBCEMeCT-
HO pa3BuBasioch TKa4ecTeo, cnocobcTeosasiuee 3a-
POXAEHNIO TOKCTUNLHOA NPOMBILIIEHHOCTH, CaMbie
pa3/MYHLIE CTPOWKU CTPaHbl 068CNeHNBAIOTCA IKCKa-
paropamu ¢ 3asoga ,, Paboqui Metannuer.
0/TMKONENHBLIO 10BENTMPHBI® WU3[6NHA KOCTPOM-
CKMX YMEnbeB NONyYasiu CaMmyio BbiCOKYIO OYOHKY Ha
MeXqyHapogHbix BoicTaekax 8 Toknwo u MoHpeane.

CanbCKOX03AACTBOHHOE NPON3BO4CTB0 06nacTH
HMesT MHorooTpacneson npogunn. UJcHosy ero co-
CTaBNAOT 36pHOBOACTBO M MOSTOYHOE XXUBOTHOBO-
CTBO Ha 6230 KOCTPOMCKOWM NOPOAL! KPYNHOM poraToro
ckora., HexkoTtopbie panoHbl CneyHanu3npyloTes Ha
neHOBOgCTBE. M3gasHa KoctpoMa cHMTaeTca ogHuM
#3 L{OHTPOB PYCCKOro /lbHa, CTONNLEA HENPeB30RgeH-
HOID NLHAHOTO TKavecTBa. VM3[ennA KOCTPOMCKHUX
ILHOBOAJOB CNaBATCA He Tonbko B CoBeTckom Coio3e,
HO W ganexo 3a ero npegenamu. LLivpoxo B ofnactu
pacnpocTpaHeHo NTUYesoaCTsO.

..EcTb B Kpemnesckom katnverte Bnagumupa
Wnebuya fleHnHa kapra cTpaHsi, Ha KOTOPOH KDYXKOM
OTMBY6HO Ha3BaHWO KOCTPOMCKOR fepeBeHbKM LLlyH-
. YeM oHa 3anHTepecosana BOXAA PeBOTOMN?

Afeno B Tom, 4yto B 1920 r. kpecTeAHe LLlyHreHcko
BOMOCTH HaYa M CTPOMTL NePBYH B CTPAHe Koonepa-
THBHY10 3116KTDOCTaHLMIO MOLHOCTBIO 300 KBT.

A Tenepb KoctpoMa cHabXaeT 3116KTPO3IHeprues
He TonbKO CBOI0, HO M cocegHne obnacTu: 8 nocneg-
Hue rogel Ha Geperax Bonru seipocnu Kopnyca MoLy-
HEALUeA TeNnnoBOR 3/18KTPOCTaHLUM HaLWeH CTpaHb! —
Koctpomekoii FPAC. 3geck BnepBbie B npakTHke ote-
HOCTBEHHOIO 3HEPrOCTDOEHHUA YCTAHOBNEH M OCBOOH
3Hepro6nok mouwHocTkio 1200 MBTtl Typ6oarperar
ABNAGTCA caMbiM MoOliHbIM B CoBeTckoM Coiwose, a B
O4HOBANLHOM KCNOHEHUU —~ CaMbI MOLMBLIA B MADE.

Preserving the relics of its past, Kostroma lives in the
modern tempo of a large industnal 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 specialized in flax growing.
Since olden times Kostroma has been regarded as one
of flax-growing centers in Russia, the capital of unsur-
passed flax weaving. The flax products from Kostroma
are well known in this country and abroad. Poultry farm-
ing is also widely spread in this region.

In the Kremlin office of Viadimir i'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 Kostroma supplies electrical energy not only for
its own regional needs but also exports electricity to the
neighbouring reglons. In recent years the largest ther-
mal power plant has been bullt on the Volga River— the
Kostroma steamn 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 s the largest installation in
the USSR and the largest tandem turbine-generator in

the world, 5
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JHepreTnka obnacTu

Mocne XXH cvesga KICC 3a rogbi BOCbMOA #
[EBATOA NATMNETOK B KocTpome noctpoeHsl MP3C
MOWHOCTLIO 2,4 MNH.KBT (gBe ovepegun) n T3Y-2.
KocTposmckas obnacTs ¢ MOMEHTa 06pa3oBaHUs 8 Te-
YeHHe NoNTH TpUALAaTH NeT ABNANAachL 3HepronoTpe-
6nsiowyen, Ho ¢ 1969 r. cTana nocTaBnATh 3/1EKTPO-
3Heprmio B8 Spocnasckyio, VisaHosckyio, Bnagnmup-
ckyo, Mockosckyw, Bonorogexkyo yn [OpbKOBCKYHO
obnacty. B nocnegyrowme rogbl Ha KocTpoMcKow
FPAC 6bin nocTpoeH na 1983 r. 0cBOEH B ONbITHO-NPO-
MbILWNEHHOA  3KCnnyaTtaymu  3KCrEPUMEHTarTbHbi
aHeprobnok mowHocTeio 1200 MBT (TpeTes oqepesb
ctaHymm). [pon3so[CcTEO 3NEKTPO3HEPrmM 3a ABaL4-
yarb ¢ Hebonbiwnm net (19601983 rr.) ¢ 133,6 MnH.
Bo3spocno g4o 20,4 mnpA. kBT-4, To ecTb B 152 pasa.
OHeprocuctema ,KoctpomasHepro® sxogut 8 O3C
L{eHTpa CTpaHbl ¥ MEXCUCTEMHbLIMU NHUHUAMUA 3N1EK-
Tponepega<un cefA3aHa C NATbK [PYyruMu 3HEProcuc-
Temamu. B 1983 r. um 6bino otnyweHo 83 % Bbipabo-
TaHHOW 3NeKTPOIHEDI N,

KosgpgpuymenT uncnonb3oBaHunss ycTaHoBEHHON

MoujHocTu goctur B 1883 r. 61 %. ¥YgenvHbii pacxog
YCnoBHOro TONNMBa Ha OTNYWEHHbIA KUIO0BATT-ye
3n1exTposHeprium 8 1970 r. coctaeun 347,2r, ag 19
r.-—317 1 ¢ yHeTOM 3KCNEPUMEHTANbHOr0 aHeproérﬁ
ka FP3C.

Havanom anexktpuukaymm ropoga Koctpome: y
€ro NPOMBILLNIEHHBIX NPEANPUATANA, NePES KOTOPbIMy
nepsbifi NATUNETHWA NN1aH OTKPbIBAS WHPOKHE nepe-
NeKTUBbI Pa3BuTUs, crnegyet cuntats 1927-1930 rr,,
Korga Gbina nocTpoeHa v BBE4EHA B 3KCNNyaTtaumio
nepBsas o4epeAb Tenno03NeKTPOLEHTPaNy ¢ Typ6uHoii
gupmb! ,Lkoga” MOWHOCTbIO 5,5 ThIC. KBT 1 Tpems
KoTnamu JleHUnHrpa[cKoro MeTannMyeckoro 3asoga
npon3soanTenbHOCTbi0 20 T Napa B Hac.

B cbeepane 1945 r. 6bina oprannsosaHa obnacr-
Has koHTopa , CenvaHepro”, Ha KOTOPYK BO3Naranacs
3NeKTpUOUKAaLMA CENnbCKOro X03auCTBa U CTPOUTES k-
CTBO rNgpO3NeKTPOCTAaHYWA HA MAanbiX pexax obnac-
TH. B 19451956 rr. 66110 nocTpoeHo 46 FAC obuwe
MOWHOCTBIO 1,8 ThiC. KBT 1 L1ECTb MaNOMOWHbIX NTOKO-
MOGBUNBLHbLIX 3NEKTPOCTAHYMA Ha MECTHOM TONNNBE,
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B 1961 r. 6110 cO34aHO PAROHHOE IHEPreTUHECKoe
ynpasnenne ,KocTpoMasaHepro®, Ha KoTopoe Bo3no-
XUNKN gansHedwee pa3suTe IHOPreTuKN B 00NacTy.

neCTBe Ki o TP3C Havanocs B 1963 .,

B mioHe 1969 r. BCTYynun B CTPOA [eACTBYIOLMX nep-

- Bbld, @ 4Yepe3 nonro4a — BTOPOA 3HEPro6r10K MoLy-

HocTsio no 300 MBT. C 1973 r. Ha KocTpomckost TP3C

[]eACTBYIOT BOCEMb 3HEPro610KoB ¥ JOCTUIHYTA MOLLY-
HOCTL 2400 MBT.

B 1974 r. BBegeHa B sxcnnyartaymio Koctpomckas
T3Y-2.

Ha arnx anexTpoctaHynax, ocobeHHo Ha [P3C,
YCTaHOB/I@HO OTEHECTBEHHOE 000PY[0BaH1e BbICOKOro
AaBrIeHNs, HUCNONb30BaHbl O/I04HLIE CXEeMbl KOMNO-
HOBKYW KpynHora6apuTHoro o6opy[osanus, npon3se-
AEHbI 3HAYNTE IbHbIE U3MEHEHHWS B NPOEKTax eroycra-
HOBKM, NO3BONUBLLNE CYLJECTBEHHO YIyYLUNTb HEA6XK-
HOCTb, 3KOHOMMYHOCTL CTaHuyud u ycnosus TpyAda
3KcnnyaTaynoHHoOro nepcoHana. KaqecTtseHHO H3-
MeHUNoch Y TennocHabxeHue ropogos, OCO6EHHO
KocTpoMsi, rqe cocpefoTOHEeHO OKOO TPEeTH Hacene-
HHUs o6nacTy. KoMMyHanbHbIM cnyx6aM u npoMslil-
NeHHLIM npeanpuATUAM B 1983 r. oTnyLeHo 3N1eKTpo-
CTaHyUaMY Tennoson aHeprum Bonee 3 MnH. Mkan —
3a 20 ner oTnyck Tenna so3poc B 10 pas, NPOTsKEH-
HOCTb MarucTpasibHbiX TEMNOBbIX CETENA YBENAYNNACH
c 8.0 73 km.

OcHOBHbIE
3NEeKTPOCTAHLMUM U
Apyrve nogpasaeneHus
3HEpProcUcTembl

Koctpomckas T3L-1

Co Bpemeru nycka B 1930 r. craHyns HeogHo-
KPaTHO PeKOHCTPpynpoBanace M pacwapsanacs. Oco-
6eHHo 6onbiume paboTsl nposogunuce B 60—-70 rr. B
peaynsrare 3a nocnegHne 20 neT yfjenbHas YncneH-
HOCTb NepcoHana cokparunace B Tpu pasa, Banosas
npogyxyust Bo3pocna B 2,4 pasa, y[enbHbliA pacxos
ycriosHoro Tornnuea cokparuncs ¢ 581,2 go 219,5
/’xBT1-y.

B HacTosijee Bpema MowHocTs TOL{— 42 MBT. Ha
CcTaHynu yCcTaHoBIEHbI CeMb NapoBbiX KOTIOB M TDH
BOAQOIPEeNHbIX.

Tonnusom 45151 3HEPreTUYecKNX KOTIIOB CIYXHNT
gpe3sepHbid Topg, 415 BOAOrPEeAHbIX — ra3 U MasyT.

In 1961 the regional power department “Kos-
tromaenergo” was set up to further develop the power
industry of the region. Construction of the Kostroma
steam central power station was started in 1963. In
June, 1969 the first power unit went into service, the
second unit of 300 MW capacity came on line half a yea
later. Since 1973 eight units have been put in service t
the Kostroma steam central power station and it
generating capacity has reached 2400 MW. In 1974 the
T3L-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 3-10° Gcal of heat were supplied by the sta-
tions to the public services and various industries.

Over 20 years, the heat supply has increased as
much as 10 times, the length of heat supply networks
has grown from 8 to 73 km.

Main Electric Stations
and Other Divisions
of the Power System

The T3L|-1 Kostroma station

Since commissioning in 1930, the station has been
repeatedly updated and expanded. Much effort was
spent on these activities between sixties and seventies.
As aresult, 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 581.2t0219.5g
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 watcmm

heating boilers operate on gas and fuel oil.

Mawumnueid 3an T3L-1
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MapoBas KOHAEHCALMOHHAA 0QHOBANLHAA TypOuMHA
K-1200-240-3 mowHocteio 1200 MBT npegHasHadeHa
4na paborsl B 6710Ke C O4HOKOPIYCHLIM NMPAMOTOYHbLIM
KOT/IOM Naponpon3Bo4NTeIbHOCTbI0 3950 T/4.

Bricota pabounx 1710NaToK NOCTIEAHNX CTYNEHeHw,
H3roTOB/IEHHbIX U3 TUTAHOBOIO cniasa, 1200 MM.

FerepaTop BLINOMHEH C HENOCPEACTBEHHLIM OX/1aN-
AeHnem 06MOTKHM CTaTopa AUCTHIINTMPOBAHHONR BOAOH, a
OBMOTKI POTOPA M aKTHBHOW CTanu craropa — 8040p0-
AOM. PoTOp reHepaTopa-u3roToBfIeH n3 LefIbHO| NoKoD-
Ky cneynanbHOd cTanm. CUcTeMa Bo3obyxgenHns becuje-
TOYHasA, AUOQHAaA.

Boigaua mowHoctw c 1l ovepegu MP3C ocyujectnn-
eTcA Ha HanpsxeHnu 500 kB yepe3 Tpu ogHogasHbIX
TpaHcgopmMarTopa, No4gKMOoYeHHbIX K WwnHam OPY 500 kB.

3Hepro6nok co34aH Ha OCHOBE NMPOrpPeccHBHLIX TeX-
HHYECKNX pelleHnA, HanpaBrieHHbIX Ha obecnederHue
BLICOKOA HaJEeXHOCTH N 3KOHOMWYHOCTH, ¥ BBEJEH B
axcnnyarayuio B gexadpe 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.

TexHMYeckas xapakTepucTuka OCHOBHOr0 IHepreTMyeckoro obopypoBaHus
Characteristics of Major Power Generating Equipment

Kotnoarperarbl
Boilers
MapameTpul n){_cnb-onoxu MoHo6n0KKN MoHo6nok
Parameters wo-boiler Single-boiler Single-boiler
arrangement arrangement arrangement
300 MBT 300 MBT 1200MBT
300 MW 300 MW 1200MW
Tun
Type Tr™MN-114 TrMN-314 TrMn-1202
WarotoeuTens Taranporckwi 3asog . KpacHbii koTenbwmk™
Manufacturer “Krasny Kotelshchik™ boiler works in Taganreg

Tlpou3soAMTENLHOCTB, T4

Capacity, th 950
[laBneHwe napa, Krc/cm?
Steam pressure, kgt/cm? 225
Temnepartypanapa Ha BuIXo4e U3 KoTnau
nOCNe NPOMEXYTOYHOro neperpesa, °C 545
Steam temparature at boiler outlet and
afterreheat, °C
TemnepaTtypanuTartensHoi sogsl, °C
Feed water temperature, °C ‘ 265 265 270
Pacxog Tonnuea, T4
Fuel consumption, th 72 n 23
KoachdmumeHT NONe3HOro AeRCTENA
(6pyTTO), 92 83 94
Gross efficiency, %
Tonnuso:
Fuels:
OCHOBHO® BbICOKOCEPHHCTLIA MasyT QF = 9500 e
main fue! high sutfur fuel oif QF = 9500 =




pe3epeHoe NpupoaHLIATa3 Qf, = 8100 xxan/ww®
back-up fuel natural gas Q7 = 8100
Typounb
Turbines
Tun
K-300-240 K-1200-240-3
Type
WarotoBuTent MpouapoacTeeHHO8 06 HaAWHEHWE TYPOOCTPOGHUA,
JleHWHIpaaCKWii METANNWHECKWA 3aB04
Manufacturer Leningrad Metal Works
HomunanbHan mowHocTs, MBT :
Rated power, MW 300 1200
YacroTa BpalweH1A, o6/MHH
Speed, pm 3000 3000
MaxcumantHbii pacxog napa, /4
Maximum steamflowrate, th 930 3800
faBnexune napa, Kre/cm?;
Steam pressure, kgf/cm?:
ceexero
live steam 240
1I0CNe NPOMEXYTOYHOTO Neperpesa 36
steam atter reheat
Temnepartypa csexero napa, °C
Live steam temperature, °C 540
Yucno perynupyembix oT60poB
Numberof extractions 8 9
F'eHepatopbi
Generators
Tun
Type TBB-320-2 TBB-1200-2
Warotoaurens JIeHWHIPaACKOS INEKTPOTEXHUYECKOE 06O AUHEHND
«Jnexrtpocuna®
Manufacturer “Electrosyla”
MotyHocTb, MBT
Output, MW 300 1200
HanpaxeHue Ha BuiBOAax, kB
Terminaivoltage, kV 20 24

Boabyxaexue BbICOKXOYACTOTHOO, HECILOTOHHOe, AUOaHOe
Excitation high-frequency, brushless, diode
OxnaxgeHne BOAOPOAHO-BOAAROS

Cooling water/hydrogen










OcHOBHble TeXHUKO-IKOHOMUYECKHE W IKCnyaTaLMOHHbIe

noka3satesnu
Performance Characteristics
OHeprobnokn Oueprobnok
MapameTpul Power units Power unit
Parameters 300 MBT 1200 MBv
300MwW 1200 MW
Tun aneKTpocTaHumm KOHAEHCAUWOHHasR
Type of steam station condensation
Konu4ectso n MOWHOCTL 3HEProbrokos,
wrxMBT 8x300 1x1200
Number and capacity of units, pes x MW
logosasn BLipaboTKa aneKkTPO3Hepru,
MnpAa. kBry 15,4 71
Annual power output, 10°kWh '
Pacxon 3nekTPo3Hepruv Ha cobCTseHHble
Hy M Abi, % 29 1,66
Power consumption for auxitiaries, %
Y AenbhkLi pacxon yCnoBHOro TONNKMBa Ha
1 KBT-4 OTNYLWEHHON 3NEKT POIHEPTUM, T 316 313
Specific consumption of ideat fuel per kWh, g
YUcno Yacoe ucnonb3osaHns
YCTAHOBMEHHOW MOLWHOCTH 6100 6000
installed capacity utilization hours
n

YnpaBneHue U aBTOMaTHKa Automatic Controls

Ynpasnenne u KOHTPa/1s 33 paboToin o6opy[oBa-
HnA 3Hepro6nokos 300 MBT ocywecTanaioTcs ¢ 65104-
HbIX WNTOB ynpasneHus (0guH Ha gBa 6roka), kyga
BbIHECEeHb! Npubopsl peryMposaHuss paboTsi OCHOB-
HOro M BCNOMOrarensHoro o6opy40saHus, a Takxxe an-
napartypa, Heo6xo4uMas 4551 NycKa u 0cTaHoBa 3Hep-
ro6noka. Bce 0CHOBHbIE TEXHOOrMYECKNE NPOLEcchl
aBToMaTtnanpoBaHbl. Ha 6noyHbIX wuTax ycraHos-
NeHbl  MHGOPMALMOHHO-BEINUCTTATETbHBIE  MAatUUHb!
UB-500, a Takxxe naHesnu 3awWuThb! U CUrHanNN3aLmm.

KoopanHauymnsa pabotbl 3Hepro6nokos, a TaKxe
ynpaBrieHne 060pyQoBaHHEM NOACTAHUMA M JTMHWH
3/1eKTPONEPEAAYH BbINOMHAIOTCSA € UEHTDA/ILHOIO Lyn-
T4 ynpaB/IeHnA.

ABTOMAaTA3UPOBAHHAS CACTEMa yNpaBfeHNsl Tex-
HonorugeckuMm npoyeccamu (ACY Tr1) aneprobnoka
1200 MBT npegcrtasnser co60i KOMGUHUPOBAHHYIO
cucTeMy [na BuipaboTkU M peann3aaymn ynpasnsio-
LyMX BO3[EACTBNA HA IHEPro6/10K C NDAMEHEHNEM Me-
TO4OB ONTUMASILHOrO YnpasflieHUsl, COBPOMEHHLIX
CpesfCcTB BuINHUCTATETbHON TeXHUKH, (DYHKUMOHAIbHO-
rpynnoBoro ynpasfieHusi, asToMaTUHeCKoro perynu-
poOBaHMA, CBA3M, A TaKXe TPAJHYHNOHHBLIX CDEeACTB
KOHTDONA N ynpaBneHus. 310 NO3BONSET OCyLecT-
BfATe Hanbonee 3ghghexTUBHOE TEXHOMOrNHeckoe
ynpasneHue Ha ocHose BBogumMor B ACY TIT uHgbop-
Mayuu.

ABTOMaTU4ECKOE perynupoBaHne OXBaTbiBAET
BCe OCHOBHbIE W BCNOMOrarensHsie npoyeccsl Ha 6/10-
Ke u obecreynBaeT HenpepsiBHOe NoAJepXaHne na-
paMeTpoB U UIMEHEHHEe UX NO NPOorpamMMam hyHKyno-
HasIbHO-rpynnoBoro ynpassieHus.

Koctpomckas MTP3C — ogHa u3 KpynHedwmx Ten-
noBbIx anexkTpoctaHymi Cosetckoro Coto3a. Bece oc-
HOBHOE 060py OBaHNE 3/1EKTPOCTaHUMMN OTEHECTBEH-
HOro npon3so4crsa.

MpoekT paspaboraH opbkOBCKUM OTAEreHnemM
uHctutyra ,Tennoanektponpoexkt'. CTPpONTENbCTBO
ocywecTs1AN10CL TpecTtamu |, LleHTpaHeprocTpoin” u
~L{EHTD3HEProMoHTa k" MUHNCTEpCTBA 3HEPreTHKY 1
anextpuunkaym CCCP c npusneveHweMm cybnog-

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 autornated. T&
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 UI
the “Teploprojekt” institute. Construction was underta-
ken by the construction agencies of the Ministry of
Power and Electrification employing services of some
specialized contractors.

























[epcnekTuBbl pa3BUTUS
3HEpProcucTembl

3HepreTuka obnacty B 6nvxaniune rofbl NONyYuT
AanbHediee passutne, KOTopoe NOUAET N0 HECKOTbKNM
HanpasnenvsiM. Bo-nepBbiX, NpPOQOSKATCA COBEP-
LLIEHCTBOBaHNE IKCNEPUMEHTASIbHOrO 3HEPro610Kka u
oTpaboTka OnTUMasibHbIX PEXUMOB €ro paboTsl, KOTO-
pble NO3BONAT 3KCNNyaTrnpoBaTh 6/10K C NPOEKTHbIMU
nokasarensmi.

YHukarneHbli 3HEproboK MowHocTeo 1200 MBT
ONNYETBOPAET JHEpPreTUKy 6yayLyero, npegecrasnaer
co60# BECOMbIA NPaKTUHECKNA Lar NO NyTuU TEXHNYe-
ckoro nporpecca. CpegHero[oBoi yAenbHbiA pacxos
YC/IOBHOIO TONNABA CTall HWXe HopMarumsa npu oc-
BoeHun 6noka Ha 12,3 r/kBT-4, 4TO [4aro 3IKOHOMUIO
54,2 Toic.T ycnosHoro tonnuea. B 1985 r. HaMeyeHO
AOCTUrHYTb NDOEKTHOIo pacxo4a ycnoBHOro Tonnsa
— 313 /kBt-4. [lpn coopyxeHun HEKOTOPbLIX ero
O6bEKTOB 3ar10XKeHbl BO3MOXHOCTH A4/1A yCTaHOB-
nenus Ha Koctpomcko#n MPIC BToporo sHeprobnoka
MotyHocTeio 1200 MBT.

B Hacrosuee speMs BO3BoANTCA KoCTpoMcCkast
AOJC, cyMmapHas MOLHOCTb KOTOPOW COCTaBHT 6 M/IH.
KBT.

B 6rmxanimne rofbl npeCTONT TAKXKE PACLUNPUATD
BCe TennoanexTpoyeHTpanu. Ha ToU-18 1987 r. nna-
HUpyeTcs BBECTH BOCbMOHW KOTe/l naponpou3soau-
TeNbHOCTLIO 75 T/4, Ha T3U-2 BCeTynAaT B CTPOA TPy
BOAOrpevHsIX Kotna MowHocTeio no 100 kan/d, Ha
WapbuHckoi TOL — fABa Takux Xe KoTna, NepBbif N3
koTopbix BBOAgUTCA B 1985 r. Byger npogonkeHo pas-
BUTHE Tens10BbIX N I1EKTPUHECKNX CETEH, ocyuiecT-
BJ1€HUE OpraHN3aUNOHHO-TEXHNYECKNX MEDONPUATHA.

CrpeMnTenbHOE HapacTaHNe SHePreTUHeCKNX MoLY-
HocTeln ,KocTpoMmasHepro® nponcxogunno npyu Bbico-
KOW KynbType npon3BofCTBa, Ha OCHOBE NEpefoBbIX
npuemoB Tpyga. bnarogaps aromy, KocTtpomckas
FP3C Bckope nocne BBOga BTOPO# oyvepegun crana
O4HOW U3 ny4LUnx 3nexkTpoctaHynii MuHaHepro CCCP,
Aobunacb BblaoWNXCA pe3ynbTaTtoB B OCBOEHNN 1
3ghgpexkTBHON IKCNyaTaym obopygosaHus. 3To no-
CIYXKNNo [06PbIM NPUMEPOM AN APyrux npeanpus-
THIA SHEProcUCTEMbI 1 NOMOIrIO e, NOATAHYB gpyrue
nogpasfgeneHus 4o ypoBHSA NepefoBuKa, cTatb O4HOA
W3 NTYHLINX 3HEProCUCTEM CTPaHbI.

PaboTHukaM 371eKTpoCcTaHUmii U CeTeBbIX Npes-
npusaTnA ,KoctpoMasHepro* cosfgaHbl HEOOXO4NMbIE
ycrniosusi 4Ns NNOQOTBOPHOro Tpyfaa, npeacrasfieHbl
LLINPOKKME BO3IMOXXHOC TN 61aronos1y4HO yCTPOUTbL CBOA
6bIT n oTabix. Pagom ¢ Koctpomckoi TPIC nocTpoeH
nocesioK N3 MHOrO3TaXHbIX JOMOB CO BCEeMH KOMMYy-
HarnebHO-6bITOBbIMK y[o6CcTBaMu, C TOProBbIMH, fle-
Ye6HbIMU, [ETCKUMU U KYIbTYPHbBIMU YYPEXAEHNSIMA.
B Koctpome ansi paboTHUKOB TEN03/1eKTPOUEeHTpa-
nen n ceTen BO3BE[EHb! BEAOMCTBEHHbIE )Xuble 40-
Ma 1 JeTckune [OLWKO/IbHbIE YHpeXXAeHus, a B HOBbIX
MHKpOPanoHax, ya4qyHo npeobpaXanumx CTapuHHbINA
ropo/, HoBOCEfIbS B OTBEAEHHbIX UM QOMAax cnpas-
nsoT u sHepreTuku. B LllapbuHekoM, [annyckomM, He-
CKOM, HepexTckom n gpyrux parioHax 3/1eKTPUHeCcKnx
CceTeH B yCcrioBusX cesibCkoil MecTHocTr npun PAC Bbi-
pocnn npoun3sogCcTBEHHbIe 6a3bl n 651aroycTpoeHHble
nocenku ropo[cKoro Tvna, B KOTOPbIX pabOTHUKAaM
3NEKTPUYECKUX CeTen NpefocTaBfIeHbl KBAPTUDLI U
KOMMYHAasbHO-6bITOBbIE YCIyTiA.

lMocTpoeHo pbiboBOJHOE XO3AACTBO HA TENMbiX
c6pocHbix Bogax Koctpomckoun PIC. Ce#nvac oHo
BLINOCTIO R NDOU3BOACTBEHHOE-IKCIEDUMEHTAITBLHOE

Vistas of Power System
Development

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.

During the years to come the development of powei

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 g/kWh
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 g/kWh. 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 t/h capacity at the T3L-2 station
in 1987. Three more water heating boilers of 100 Geal’h
will come on stream at the TOL-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-

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-
electric 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, Galich, Neva, Nerechta and other districts,
support facilities and modern townships for the operat-
ing personnel are built at the power stations.

tromaenergo” power system took place in the envir:?

A fish farm was set up to utilize the waste hot water

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 green house complex which also utilizes the waste

discharges from the Kostroma steam central station. b

S o






npeanpuAaTHe, 4arwes exerogHo cebiwe 1200 T pbi-
6bi. OcHOBY npoAyKLuM COCTABNAET Kapn, Ha 3kcne-
DHUMeHTaNbHOW 6a3e pa3BogAT LeHHbIe Nopoabl psib:
ghopens, oceTp, ToncTonobuk, becrep.

CBexue oBoWN BbIPALYABAIOTCA KPYrNOrogn4HO B
TenIM4HOM X03ANCTBE, NOCTPOEHHOM Ha Tenne Kocr-
pomcxovi FTP3C. 3aeck npon3BogAaT ToMaTsi, ofypubl,
Kabauqku, peauc, canart, nyK U 4pyryio 3eneHs.

MpegmeT nocTosiHHON 3a60ThI 06 3HEpreTHKax —
MX 340p0BbE, BbICOKAA paboTocnoco6HOCTL, XOPOLUMA
HacTpos. B Bonrope1eHcke MHOIro NeT 4edcTeyeT ca-
HaTopuR-npoGUNAaKTOPHNA, rh4e eXerogHo COTHH Tpy-
JXKEHNKOB 3HEPrOCUCTEMbI S184aTCA N OTALIXAIOT B XKH-
BONUCHOW MECTHOCTH NOA HabNo4eHNeM KBanuguym-
pOoBaHHbIx Bpaqe#d n MeguunHeknx cectep. Ha Kocr-
pomckor TP3C u Ha gpyrx npegnpuAaTUAX 3HEpro-
cucTemMsl paboTaldT 34paBnyHKTLl U cneynanninpo-
BaHHbIe Ka6UHETbI, Pery/IADHO, B yCTaHOBNEHHbIE CDO-
KU NpoBOAATCA npoghunakTudeckne npogheccwo-
HanbHble Me[oCMOTPLl. Hyxgawowmeca nonyqarT
nyTeBku [/1A CaHaTOPHOIro U KypOPTHOro /184eHUA —
6ecnnaTHo UNu 3a TPETb AEACTBUTENLHOA CTOUMOCTH
{ocTansHy0 YacTs onnaYnBan T NPoghcolo3si).

Bonbuoe sBHuMarHne 3HepreTuku y4enaT Bocnu-
TaHMO CBONX [4E8TeN. [I117 HAX NOCTPOEHb! KPACHBbLIE N
Y A06HbIE A TCKUE ACNH U CaANKU, ATPOBLIE NNOLAAKU
npy JoMax, LUKO/bI, OTKPbITLI CTY AN MY3bIKabHOo 1
n306pa3nTenbHOr0 UCKYCcCTBa, CNOPTUBHLIE CEeKLUH,
rMMHaCTUYECKNE 3anbl, CTaaNOHbI, NbiXKHbIe 6a3bi. Jle-
TOM [EeTu 3HEPreTUKOB UMEIOT BO3MOXHOCTb OTHOX-
HYTb W YKPEenuTL 340p0BLe B NMOHEPCKWX Narepsx Ha
noxe npupoasl. Ha Koctpomeckon TOU-1 gna getes
palbOTHUKOB CTaHUMM NOCTPOEH NUOHEePCKNA narepb
+bepeaka“, rge sce nero He yMonKaloT 3BOHKHE 4eT-
ckue ronoca. Henoganexky ot BonropeveHceka, Ha con-
HEYHON NONAHE B OKPYXXEHNN BEKOBbIX /184 A COCEH,
NOAHUMAIOTCA XXWUNLIE Kopryca U cnyxebHbie noMe-
wenun nuorHepckoro narepa Kocrpomcxkon MTP3IC u
3HEProcTpouTenen. ExxerofgHo [eTed KOCTPOMCKUX
3HEPreTUKOB MOXHO BCTDETHUTL BO BCECOKO3HLIX NNO-
Hepcknx agpasHuyax ,Aprek” n ,OpneHok" Ha nec-
YaHbix NAXKax HYepHoro Mops.

N30 AHA B fieHb, KpYriible CyTKW, No nu-
HUAM JMeKTponepepayn nepepaeTca
u3 Koctpombl BO Bce cocefjHne obna-
CTW TOK BbICOKOrO HanpsXXeHus. [eHb
3a AHeMm nuuwyTca Tpyaosslie 6uorpa-
O  KOCTPOMCKUX ISHEpreTUKos —
TPYXKEHUKOB Beaylen oTpacniv Ha-
popgHoro xossanucTea. B Tpype un pago-
CTWU NPOXOOUT UX XU3Hb — XKU3Hb
60nbLIOro Hakasa v BbICOKOro AyxoB-

LAAEA Ve L

heat of the Kostroma steam central station. It produces
tomatoes, cucumbers, vegetable marrow, salat, radish,
spring onions and other vegetables.

spirits are of constant concern. A health care cent
functioning in Voilgorechensk 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 systern have medical
stations and specialized medical service rooms. Occu-
pation-oniented medical checkouts are conducted on a
regular basis and those needing sanatorium or spa-
treatment get it free of charge or atone third of the actual
cost (the balance is paid by the trade unions).

Health care, ability to work efficiently and gﬁ

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 T3L|-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, a

being written day after day. In labo

and joy passes their life, the life which Is
highly active and spiritually meaningful.










ENERGY AUDIT
CITY OF KOSTROMA
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 34 267
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 9.4%
2 109900 100200 8.8%
3 120800 109900 9.0%
4/90 90600 81500 10.0%
5 63200 56800 10.1%
6 45900 40800 11.1%
7/90 67400 61200 9.2%
8 88100 80200 9.0%
9 107900 98400 8.8%
10/90 118300 107800 8.9%
11 114500 103600 9.5%
12 122500 110900 9.5%
1991 1/91 124700 112600 9.7%
2 111900 101100 9.7%
3 125500 114000 9.2%
4/91 92800 83000 10.6%
5 85500 77500 9.4%
6 76700 69800 9.0%
7/91 60600 55300 8.7%
8 74700 68700 8.0%
9 81500 73800 9.4%
10/91 116100 106100 8.6%
11 117100 106400 9.1%
12 123100 111500 9.4%
AL TOTALS
1990 1168700 1059700 9.4%

1991 1190200 1079800 9.2%



- KOSTROMAENERGO COMBINED HEAT AND POWER STATION NO. 2 (TETS-2)
KOSTROMA, RUSSIA
RCG/HAGLER, BAILLY, INC

28-Apr-92 "~ 3. Heat Sales
TETS-2
Gceal
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 1,874,200

1991 1,957,100



KOSTROMAENERGO COMBINED HEAT AND POWER STATION NO. 2 (TETS-2)

KOSTROMA, RUSSIA

RCG/HAGLER, BAILLY, INC

27-Apr-92

1990 1/90

10/90
1
12

1/91
2
3
4/91

1991

AL TOTALS
1990
1991

Oil
tons

35163
19166
18050
10393

6834

8104

5459
10713
15743
18662
30779
28973
31131
31174
17991
14306
10099

4743

2314

7042
10089
16537
21270
30961

208039
197657

4, Fuel Consumption

Geal

334049
182077
171475
98734
64923
76988
51861
101774
149559
177289
292401
275244
295745
296153
170915
135907
95941
45059
21983
66899
95846
157102
202065
294130

1976371
1877742

Gas
m3

13971000
22046000
26062000
22585000
17265000

9870000
18628000
18630000
19390000
23137000
13571000
21828000
24027000
17919000
33525000
22530000
21026000
23165000
21446000
20371000
21420000
24970000
21607000
19800000

226983000
271806000

Geal

113165
178573
211102
182939
139847

79947
150887
150903
157059
187410
109925
176807
194619
145144
271553
182493
170311
187637
173713
165005
173502
202257
175017
160380

1838562
2201629

Total
Geal

447214
360650
382577
281672
204770
156935
202747
252677
306618
364699
402326
452050
490363
441297
442467
318400
266251
232695
195696
231904
269348
359359
377082
454510

3814933
4079370

TYI
USSR

64944
51964
54945
40211
29250
22600
28879
36236
44145
52409
58192
65156
70974
64071
63585
45569
38108
33048
28262
33215
38657
51867
54410
65724

548931
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
9/kWh kcal/kWh kWh/Gcal
1990 1/90
2
3
4/90
5
6
7/90
B8
9
10/90
11
12
1991 1/91 202.1 1,415 2.6% 31.7
2 201.8 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% 33.6
6 250.8 1,756 6.5% 32.3
79N 345.4 2,418 6.2% 30.0
8 335.4 2,348 5.8% 259
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 3.2% 30.0
AL TOTALS
1990

1991 238.5 1,670 4.3% 31.5



KOSTROMAENERGO COMBINED HEAT AND POWER STATION NO. 2 (TETS-2)
KOSTROMA, RUSSIA
RCG/HAGLER, BAILLY, INC

28-Apr-92
6. Efficiency ratios
Corrected (see below)
Gcal/degday
1990 1/90 281
2 348
3 386
4/90 658
5 459
6
7/90
8
9 732
10/90 459
11 349
12 338
1991 1/91 414
2 351
3 366
4/91 683
5
6
7/91
8
9 759
10/91 528
11 385
12 355
AL TOTALS
1990 446
1991 480

Corrected - Geal 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

1990 1/90

10/90

11

12

1991 1/91

AL TOTALS
1990
1991

6. Efficiency ratios

Gcal/degday

281
348
386
658
459

732
459
349
338
414
351
366
683

758
528
385
355

446
480

0.887
0.676
0.743
0.542
0.369
0.246
0.201
0.228
0.485
0.647
0.766
0.856
1.000
0.906
0.833
0.627
0.388
0.214
0.190
0.211
0.399
0.550
0.704
0.919

0.554
0.578

1.000
0.629
0.644
0.341
0.285
0.167
0.167
0.167
0.296
0.495
0.718
0.828
0.828
0.854
0.755
0.378
0.167
0.167
0.167
0.167
0.252
0.388
0.611
0.859

0.478
0.466

7. Normalized supply/demand
SUPPLY DEMAND

1.16
1.24



MONTHLY AVG TEMPERATURE, C

KOSTROMA DISTRICT HEATING

HE ATING LOAD — AVG AMBIENT TEMPERATURE
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HEATING LAOD, DEGREE—DAYS/MONTH
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HEAT SUPPLIED, GCAL/MONTH
(Thousands)
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MAZOQUT CONSUMPTION, TONNES/ MONTH
(Thousands)
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GAS CONSUMPTION, CU METERS/MONTH
(Mlititons)
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HEAT RATE, KCAL/KWH
(T housands)
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STATION USE, PCT OF GROSS GENERATION
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STATION USE — KWH FOR HEAT & POWER
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FOWER FOR HEAT SUPPLY, KWH/GCAL
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NORMALIZED GCAL/MONTH
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ENERGY AUDIT
CITY OF KOSTROMA
DISTRICT HEATING SYSTEM
RUSSIA

APPENDIX 4
BROCHURE OF KOSTROMAENERGO GRES
3,600 MW STEAM POWER STATION















KocTpomckan
Tennosas
3NeKTPOCTaHUMA

QaruM 43 3axrKeALAX ~anTas-
NEHUKA  yOYSLERAR  T2XRAKI-
IXCHOMU-ECKAX NOxa3arenan a
3NEKTDOI~EDreTAKE FBIRETCA
YRPYMHERNE 2AWHA=RSX  UCLi-
HOCTEN  3NEeKTZOCTANLAW A
arperatca

ADKAR NPUMED ACCTAMERMA I0-
SETCKCA INEKTYCCIrenraTi<a a
aTon c¢fpacts npeAcTaenreT
ccfon  KocTpomcwas  "23C
wowHocTes 3800 MBT. xevo-
pam Gmna TMOMERCM B8 Ocace-
HUM 3HEDrOSN0KO8 MCOW~CC™ 5T
3C0 MBT 4 rcnoBRCrO yenx 3 s.
HOro 3Heprofnoxa ¢ 0arQ8s L.
HOM  TYPOHHOW  MOW=-CCTz~
1200 MBT

3nexTpoCTamLAR  3XS2aT 3
JHEPreTUueCKy TACTEMY
KoCcTpoMasrenro A «enel ~as —
B COBEAUHBUHYC JKEDre~a-e-
cKylo cuctemy uawTog CCCP
CTpOMTENBbCTIO  INEBHTDCC™ 3m-
UMM OCYLLEeCTBR/10Ck 3 ~CTm
ouepead. B nepeow cweoeaw
yCTahoBNeHel +“eTuiRe JySiik-
&noka MoLHoCTeo No 300 MBr
C ABYXXOPNYCHBIMKM "a30Ma%yT-
HbIMWU  KOTNaMM  NaRCNEonABCo-
AnMTensHoCTe0 350 T 4 BO 37¢-
poWt ONEpean — <eTbife MOwmC-
6noxka no 300 MBr ¢ oaroxop-
NYCHBIMA ra30MAJYTHoIMWA  <OT-
naMu NaponNEou3BoanTeNe~0-
cTeo 350 T w. B cocTase 3cex
aneprodnokee padoTakT napc-
8ble TYyDOWrbl MOWROCTRID 70
300 MBT wa napamertpn "aoa
240 wrc.cme, 540 540 'C.
3HeprabnoKM  MCLHOCTR 1o
300 MBT BBOAMANWCE B 3KCnny-
uTauMilo C WOWA 1969 r. no
wione 1873 r. Ha tpeTtwen cue-
pean  INEKTPOCTAHLWU  yCTa-
HOBNEH W yCNEWHO OCEBPEW B
IKCANYATAUMK YHUKANBHBIA "0~
NOBHOW aKeprobnoKk 1200 MBT.
NPEBLILACWMA BCIO 3HeOreT-
HECKYK) MDLYHOCTb 4OPEesonio-
UMOHHOW Poccuu,

i

rd -

g
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Kostroma
Thermal
Power Station

Zra Itote 2asc §EYS 10 up-

raze marfpreharce gnaraciens-

LTS}

t33 o M2 oower rousty s oo
'rCr2ase che cazacty of tre

cower stauors ard unis.

=g Aostroma  steam  certral
cower statcr 2f 3500 MW ca-

iy 5 a vivic 2xampaie cf So-
set azeerpusnments o this

fec. The Agstroma station Jio-

5

egrad  sgmmercal use  of
30C MW urits ara the expern-
maria; tardem lurire-gerera-
tor urt of 1200 MW.

-

The s1alicn +s integrated 110 the
<ostromasrergo’ pcwer Sys-

e wrich s irked 0 the inter-

& 3atict nas seen uit in
22 3tages. ourrg ‘he 1¥
3tage ‘cur 300 MW rwo-torler

“gleslurTing urs wih two-fur-

283 L+ cacacity were :rstailed.
Ourrg e 2% stace four
2CO W sirge uris with single-
furm3ce zas-arc-cil-tired Doviers
ot 320t~ azaciy were in-

3ta’e

a

Al the Snits incorocrate
30C MW steam  turomnes  de-
sigrez ‘or steam Dpressure of
24C <gf em< and temgerature of
340340 °C.

T-e 300 MW units were com-
missiorec detween June, 1969
and Juiy, 1973. Dunng the 3¢
stage of construction a
1200 MW uricue expenmental
umt wmth s capacity exceeding
the aggregate capacity of pre-
revoiutionary Hussia was erect-

Centrale
thermo-électrique
de Kostroma

.2re ZJes prpcicales orerta-
pers acur amehorer es caracte-
rSUGUES 'eCNNigues 2t aconcmi-
aues de ia arecuction a'erergie
2igctiicue corsiste Jans tauce
mertaticn &8 a Juissarce un-
tare Jdes centraies 2t Z2es
Groupes

Ur sxempie -emarguatle ces
oregres or matiere de aroduc-
tien d'erergle 2iectrique abte-
rus en URSS 2st ‘a certrale
thermo-glectncue ce Xostroma
a'ure cuissance deg 3600 MW,
plornier cans ia mise an service
de trancres thermigues de
300 MW et 1a premuére tranche
de 1200 MW, urique de ce gen-
re. avec une turpine a une seule
ligne darbre.

La centre es! couptee au reseau
Ce Kostroma et a travers de ce-
lui~Ct au reseau a‘interconnexion
du Centre o URSS.

La certraie a ate construde en
trois gtapes. En premiere etaoe.
guatre iranchas douGles de
300 MW <hacure ont 2te instai-
lées avec chaucieres a deux
corps. d'un cedit de vapeur ae
950 th, chauftees au mazout 2t
au gaz: en ceuxiemne etape.
guatre tranches simples de
300 MW cnacure. avec <rau-
diere a corps unigue de 350th
crauffées au mazeut et au gaz
raturei. Toutes =es lranches
sont eguipees de turbines a va-
peur d'une puissance de
300 MW pour ‘es caracteristi-
aques ce vapeur de 240 kg.cm?
et 540540 ‘C.

Les tranches thermigques de
300 MW ont eté mises en ser-
vice de juin 1369 a juillet 1973.
En troisieme etape de construc-
tion de 'a centrale. a ete mise
en service et a fonctionné avec
succes 'a tranche thermique de
1200 MW, unique de ce genre
et dont la puissance est supe-
rneure au iotal de la puissance
de la Hussie d'avant revoiution.

BEST AVAILACLE CCFY




nar 2acnonoxenns ICHO8RuX
COOLYMERHA JTEKTDOCTARYMH.
T — rnasmbit KOpNyc 3Heprobno-
xoB 300 MBT: 2 — rnaswuidt kop-~
nyc aneprodnoxa 1200 MBT:

3 - seimo8bie ToYObi. 4 — dnme-
HEPRO-B5iTOBOA KOPNYC: 5 ~ ua:
3yTHOE x03sHCTBo. 6 ~ Sepera-
Gbi@ H3COCHLE CTIARUANA!

7 ACABCIFLAR x3RaAN!

3 - sfoochse <3HAnsi.

2~ DeACTen@ COCOYMENAR!
e SRy 120 <8

= OFY 50C <2 T3~ Ccrrovdasa

Layout of power station mam
structures:

1 - main bullding accommadat-
ing 300-MW umnits: 2 - main
building for 1200-MW unit;

3 - stacks: 4 — service buiiding.
5 - fuel handling faciity;

g - shore pump plants: 7 — intake
caral: 8 - discharge canals:

9 — waste disposal plant:

10 - 220-«V switchyard.

11 . 500-<V switchyard:

12 - suidirg factity

Plan ¢es ouvrages orircipdux de
ia centrale thermique:

1 ~ bdtiment pnncipai des
tranches 300 MW. 2 - batiment
principal de la tranche 1200 MW:
3 - cheminges; 4 — bdtiment de
commande. 5 - parc a mazout;
€ = stations de pompage en
bord de l'eau: 7 - canal d'ame-
nee: 8 - canaux de rejet:

9 - ins-ailations d'epuration:

10 - pcste exterieur 220 kV:

11 - poste exterieur 500 kV:

12 - nstaliations du chantier

Mawmnrest 337 3=eCr3€rcnog
300 MBT

Turbine -ocorm of 300-MW Lnits

Salle des macrires ces trancres
300 MW

Ao

Trrrrr ey

T

i

S AEAmARZ
PTOSES
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Main Suscing accortmaocatrg
200-MW urus. Sectorai view

Bdtr-ert 2rrcisa: 185 FArlires

300 WY Colce 2riravers

>
ay

t

P

2 q-CBa.bmbiAd TyOCLADerar
Jmeprobroxca 300 MBT

Tancem turdire unit of 300 MW

Turoire 3 ure seule ‘ligre d'arbre
ces rarcres 300 MW
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WHT ynpaanerus 3reproéneka
300 MBr

Controf board of 300 MW units

Tabhleau ge commande d'une
tranche 300 MW

=

HYT0Cbi 2ro AOCTOCHTS, AQTpe-
60BANUCE ~ANDAMEHHBLIA HAYN-
HbBid NCACK A NEARLWNWATBHO
HOBHIE DELWEHMA MHOTAX NpPo-
fneM B CTROMTENLHOM WHOY-
CTPHUA. IHEDreTHUYECKOM Malluun-
HOCTDOGHMAN, TEXHONOMMK
CTOOMTENLCTBA # 3IKCAnyaTa-
Lnn 0E0DYACBAHAA.

8 cocTas aHecrcOnoxa BxoadT
0aMCKCETYCHCH. ra30NNDTHLIN,
FO4ABECHOW. "a30Ma3yTHLIA KO-
*an ¢ "CoMNepercesoM. Tenod-
=a§ <3aMera <STha - SbUaMaTw-
wBCK3R ABIRETIA FCCACIARLUMM
“33CX0AZM .0 32,C0T2 Cra ae-
SATCA =3 TDA 2dAvaLnOessig
wac~a <c¢vzn cécovacear 36
<OMENRMOCBARREMA  T33CMa-
Y TN nxaMyd NCCW3BOo-
aMTErer0CTed 57 HLaxian
no masyTy 4 3.3<'% «iw o

-~
i

ed and put successfully \n zom-
mercial service.

The construction of such a unit
necessitated strenugus scientific
efforts and meeting of unknown
challenges in the field aof civil
engineenng, electrical machire
building. construction technigue
and operating practices.

Tre pawer unit incorporates a
gas-tight
pendea gas-anc-oil-fired doiler
with reneat. The ‘urnace s of a
onsmatc  configuratien  arg
serves as an uptake Jas cucl.
He:gniwise it 's cividea :r nree
raciation pans. The sSorer s “t-

single-furnace Sus-

~ith 36 comoined gas-arc-

currers of Sth ot ard

BEST AYULATE COFY

cur -a Jreauncn ae Cette
tranche. i a ‘ailu orocecer a ceg
recherches  scientifiques .
tenses et adopter Zes soiuticns.
nouvelles en princice, ce oiy.
sieurs problémes coses cars
industre au hatment. dan
construction électromecar
la technolggie de ccr‘strucmj
{'exploitation du mateér;et

La tranghe thermique est Zgrst-
tuee nar une chauciere a *esur-
cnauffe. a coros uricue susoen-
cu. avec chamore e LorTus-
tor 2tarcre. crauffee ay jaz ¢
au  Tazout. La cramore e
ZCmpusIer 2

~aticue 2

<l

5t e ‘orree orse
gc Ze zarmzau
parcours ascercart 2es

Iompusteor S0 maweLn @ 2 est
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Cette
2r ades
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© Hang

~33v TCa3-a 3C3ayx3 3 TINKYy
4 TOAKRCMODT ~a3a nNo "330X0-
aaMm xQTna now cacoTe ¢ ypas-
HOBEWErKCA  THro  ocyuie-
cTansercs ToeMs Tycdoso3ay-
X04ysKauu 4 TOeMS 3biMCccoca-
M © 3rexTocrouecacM Xoten

08CCL S0RE=- TIauR CEr2-2Ca-

teega-

TAB=Di N

EvEttiv titiza t138w

3.3<'0% zumh gas caracity
Air suppiy to the furnace ard
flue gas transport over the boiler
gas ducts. when operatng un-
der the palanced draft condi-
tions, are effected Dy three tur-
bine biowers and three motor-
arven : &, fars. The poiler 's
oroviced with three regenerative
zir reaters RAH) wncse rctor 's
338 ™ n o

Lrfaces o7 the corvec-

rer Jlameter. The

Z2zrec of asn ge-

oCsits Super-
~eatsrs o te toozorian tue
2ass ire Tearsc L3ng orgec2-

)

tracure scctoicwars The corer
is crovicea wfn a torciete set

cf .rstrumentation. auter-atc

a jaz =t Tazout. J'un zeou
de 3th ge mazout et de
5.3-10° m*h de gaz chacun.
L'amenee ¢'air a la chnambre de
compustion et le transport des
gaz de combustion 3 travers les
carreaux de ia chaudiére, iors
du ‘onctionnement avec tirage
eculibre. scnt realises a l'aice
ZJe rois turpo-soufflantes et de
trois vertlateurs gze trage a
cemmance 2lectrigue. La chau-
qiere ost sguipee ge treis ce-

cnauffeurs  c'air  regereratifs
cun  Ziametre  irteneur  Je
‘338 m

oUr 3IMINGhoN 2es cencres
IE0CSeEs 3ur es surfaces Te-
charge ciacees cars e Zar-
reau .gricalr a corvecuon. une
rstatiaticr ce  grenarlace est
Liises. Le nettovage des sur-
craufeyrs stues Zans ‘e car-

EEST AVAILAZLE CCRY
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Vue irtereure ce @ :hamcre 22
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QBwnv 845 -7agHOro xORMyca ¢
anepro6riokom 1200 MBr

Genreral view of the main build-
ing accommodating 1200-MW
ungt

Vue génerale du batiment princi-
pail de ‘a tranche 1200 MW

Karnaoarperar sweprofncka
‘200 MBr

Berar st Z00-MW urit

Sererateur ce 3ceur Je ‘a

o N L 4L
rargee CITG MY

Trasreid <200y 2 smeprofne-
«om * 200 MBr Torecewsaom
caares

Mawr curicirg accermmodating
1 200-MW urit. Secliorai view

ddbrert sercind: e 'a tranche
200 MW Couce en travers

t
JIT1 11 t 1)
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ApWECCaMyY I8TCMATAKSK, 2x-
WOPOTA-ESXAMA  3AWHTAMU A
cur=anvidunes.

Maposan.  XKOMAEHCALMOMHAR,
paMoBanbhaf  Tyotuka npep-
~aarauera ans 0aéoTul 8 6no-
K8 C Q4ROKOCMYyCSmbiM NCRMO-
TCHREIM KCT/OM "ASCRECUIgo-
ZATEERCCT R 3850 T
TAMCE MC' -
A TYECHNDY,

M=l A TR0

Pao 22 T EEL OVET - zanoA

sortrols.  Jrotectve  3vsiers,
ard aiarms.

The tanpdem cardensing furbine
15 desigred t0 operatg n con-
junction with a sirgie-furmace
once-threugh 3950 Lh capacity
noiler.

The wrone 15 the Scviet ‘argest
macrire as ‘o s rabrg, ard if
Wwe 1aKa r1g 3CCouUrt s perrmis-
sicie avercac cacacity of Lo e
TIBC MWL U s tre argest wr-

cre o ota
T=g ~eig~t 2f ast-slag® Jiacas
‘aorcaec TiTonarwms
L2080 mm

Tre zererator featres Tract

cocenrg DT me SIGITf A rCrg

reau  ~grizortar s effectue a3
faide ce scuffleurs retractiles a
vapeur de longue ctourse. La
chaudiere est equipée de l'en-
semble g'appareils de contrdie
et mesure, d'automatisme, de
securite de fonctionnement et
de signalisation.

La turbine a vaceur. 4 une seule
figne d'arore. est prevue a fonc-
ticrrgr en bioc avec une chau-
diére 3 SCrps umique. @ flux
cantnu, ¢'un débit de vapeur de
3950 th.

La turmire est ‘a olus ourssarte
a2n UESS. mais camote tenu ce
‘a scssitude ¢ge la marche en
surcmarge. (usqu3 1380 MW,
2@ 251 3 SiUS Durssarte <ans
e mgonrce

L3 ~auleur ges aubes movniies
zes Zermiers etages. en aliage
Ze utare. 2st e 1200 mm.

BEST AVANLABLE COFY

Camod wewred 3 200R fasoe
ganbrba Typtodroers=
1200 MBT

Soviet largest tangem turpire of
1200 MW

Turbine ge 1200 MW 3 ure sece
figne d'arbre, @@ piws puissarta
en URSS




Yrneagsesne 2atCTIHA JCHC R0
O A 3CACMOraTenen0ro 2060y
J0BARKA IHE0robnoxa

1200 MET 700M38034TCR C
5/109H0M0 WyATa

Marm ang auxidiary ecuipment of
1200-MW unit s cortrored from
the urit cortroi coard

LA IQMATIR IL aene Drirci-

rrarce

3 ®

~2EA A AKTAB=CH STEANM STATO-
pa ~ 802CCO40M. PoT00 eke-
DaTCPa A3r0TOBMEH 43 LENBAOK
NOKOBKK CRELMANLHDA cTanwu.
Cuctema Boidyxdenvsa Secuie-
TOURAR, 2W0AHASRA.

Brigaqa vow=scty ¢ il guepe-
au TP3C ocywecTanseTcA Ha
ranpRxe=ng 500 <B -epea ron
ToaRCcoCceMaTo-

k3N

CARCTAZI~bX
4. TCOCMOw-RrinoiX X
CPY 30C <8

Juasrzinox 2032a~ =a ocHoBe
TOXASECKUAX

e X =3

ielvigel~tntepl- LT 4

o ==Ll

scre
The

"CIOr AIRCIRG  ara stator
are  nyarogen-cocied.
prushiess exctation system s
buit around diodes. Electrical
energy generated by the 3¢
stage of the steam centra! pow-
transmitted  at

three singte-

er staton is
500 kV through
nhase trarsformers connected
to tne bpuses of the 300 <V
switcnyard.

Tre nower unit was developed
usirg tre state-of-the-art tecn-
rolcgy o ersure nign coeraticn-
a; rewagility ard cost-aHactive-
res3 It aas commissioreg 'n
Cecerrzer. 1380.

Laiterrateur 281 1 “efroicisge- a

ment gJirect e 2rrouement
statonique oar eau cisuiler, ot
de {'enrouiertert retongue at 4y
fer actif par nyarogere. L armrs
de rotor est en acer ‘crge sce-
cial d'une’ seuie piece. “2 3y
téme Jexcitation  est sa:':
baiais. a dioces.

L evacuaton Z'erergie e !
tranche 1200 MW 2ast reauses 2
'a tersicn 300 <V a ‘ravers L
parc Ze trois trarsfer—ateurs
moroorasas SCuces sur &8s
tarres IC0 <V cu
rieur.

La frarcre mecr™:
a 2le Iorile 3z
tiors lecrrigues
visart a a
Je sacurite 2t Je 2
mise 20 ferdc? I
*380

ol

3

Zcste 2¢

@

=
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AcuruaNMansHan Tennoear
cxema 3Heprobnoxa 1200 MBr:
! - o7 2 ~ TYpOUHa;

3~ reneparop: 4 — geaaparop:
5 =~ MTaTensHeid Racoc;

6 -~ 1040rpeBaTENL BLHICOKOrO
S88NEHURA; 7 — KOHQeHCaTop!
8 — KOHACHCATHEIM HACOC:

9 -~ noAOrPEBATENE HAIKDIFO Ja-
gnennn; 10 — 6rrowman obecco-
NMBAKCLYAn yCTaHo8Ka

Heal cycle diagram of 1200 MW
urit:

1 — boder: 2 - turbine; 3 - gene-
rator; 4 — deaerator. 5 ~ feed
pump; 6 -~ high-pressure heater:
7 - condenser, 8 -~ extraction
pump; 9 - low-pressure healer;
10 - unit polishing plant

Schema thermique de principe
de fa tranche 1200 MW:

i - craudiere: 2 - turbing:

3 - aiternateur: 4 - dégazeur;
5 - bompe d'alimentation:

6 - rechauffeur haute pression:

7 corcensaur. 5 - oorcs
fractier; 3 ~ -ecraurteu” .
pression: 'O ~ SCSI2 12 Jere
ransation

[0BpILE WA "0aAmE I WG TO0
IHeproficad (200 AE-

Step-uo rrarsicrmer of CI00- MWW
urit

Trarnsforrmateur sievamsur 28 a
tranche 1200 MWV

KoMHATA OTa5:X3 SME=RETD
nepcoHana ~ecrotncxa
1200 MBr

Rest room for srift cersorre: ot
1200-MW unit

Chambre de «epcs tu samzorrs
de quart de :a (rarcr= "I00 VW



TexHU4yecKan XxapaKTepucTWKa OCHOBHOrO JHEpreTM4yeckoro obopygnoBaHus

Characteristics of Major Power Generating Equipment

Caractéristiques techniques du matériel énergétique principal

Kornoarperartbi
Boilers

P 6re-6noku 300 MBT
Générateurs de vapeur Aybre

Twao-boiler
arrangement 300 MW
Tranches doubles

300 MW
Tan TrMn-114
Tyoe
Tsoe

A3ITQTIBATESN,

Moro6nox 1200 uu'
Single-boiter
arrangement 1200 My
Tranche simge
1200 MW

Mono6noku 360 MBr
Single-ooder
arrangement 300 MW
Tranches simpies
300 MW

TIMM-314 TrMM-1202

Tarawporckyn 3aB0] <KpacHaid <OTeNbuinx -

Marutfacturer ‘Krasny Kcteishchik' cotler works 'n Tagarrcg
Zonstructeur Usine «Krasny Koteiscrhik» de Taganrcg
MOCU3BCAATENERCCTD. T Y 950 3350
Canacity. 1n
Derit Je vapeur. 1h
Adasnenne naca, «reoMe . 253
Stear pressure, kghcmz?
Przssion ge vapeur, kgemé
Temnepatypa napa Ha SbiXxGde 43 KOTAa 4 nocne npoM-
necerpesa. ‘C . ... ......... e . .. 545
Steam temperature at boiler outlet and after reheat, ‘C
Température de la vapeur surcnauffee el resurchauffée, 'C
Temreparypa nutaTensHon Boasl. C..... ... .. 265 270
Feedg water temperature, °C
Temrpérature de I'eau dalimentation. °C
Pacxod TONPMUMBA, T .. .. e 72 71 273
Fuel consumption, th
Consommation de ccmbustible, Vh
KoaddvuweHT nanearnoro gewctaws (6pyTTo), % ... .. 92 93 34
Gross efficiency, %
Rendement (brut), %
Tonnuso:
Fues:
Combustible:
OCHOBKOR . . i BuicokocephueTeid masyt QF = 3500 xxan «r
main High sulfur tuel oil Q5 = 9500 kcal kg
de service Mazout a teneur élevée en scufre P.C.I. = 3500 <caixg
DEAEPBHOE . . ..o\ttt ittt e Mpupogvid raa Q4 = B100 kkan wm?
zack-up Natural gas Qf = 8100 kcainm?
J8 Secours Gaz naturel P.C.I. = 8100 kcalirm?

TypOuHbi
Turbines
Turbines

Tan
Tyce
Tyoe

HaroToenTens
Manufacturer
Corstructeur

HomMuHaNeHan MowHoOCTL, MBT
Rated power, MW
Puissance nominale, MW

YactoTa spaweHus, of: MHH
Speed, rpm

K-300-240 K-1200-240-3

NpounasogcTaeHHoe 06beguHenne
TYPHOCTPOCHWA, NleHUHIpaackum
MeTANNMYECKAR 33804
Leningrad Metal Works
Usine de turbines de Léningrad. LMZ

300 1200

3000

Vitesse de rotation, tr/mn

2
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20 MBr
<
200G M

+
i

T

-2
-

MaxcuManbHLA pacxoa naga, T
Maximum steam flow rate, vh
Debit de vapeur maximum, th

Jasnenue. KreCMe:
Steam pressureikgf,cm‘:
Pression. <G.cm<:

cBemSre 1207 . . L
ive sleam

; JATELT B

CHIS Ky TR0 TRLEereBa

S SptID ETOMEY SN 1TICECE
S MumTer I axlachors

CNCrois e 33Jhrages 3 2ression Lorsiantie

930 3900

240

36

i
I
[

MenepaTophbl
Generators
Alternateurs

Tar
Tupe
708

A3rcSTI8ATE R
Marufaciurer
Zorstructeur

Vo -cove. MBT
s Cutout MW
CPissarce MW

[RLEITRYE)

TBB-320-2 T88.120C-2

NeryHrpaacKce INeKTROTeX=M-eC<Le
clbeav-erue «3NexTLoCana .
Electrosia
Usine ge materel electrigue - e¢l-ossia - ce

Lenirgrag
..... 300 1200
,,,,,, 20 24

BbicokgUacToTHOE Bec@To-~Cce, J4Cance
High-freguency. brusn.ess. diccs
Haute trequence, sans ta.as. a acces

CDécamIERAE e Bogopoarc-BaasHoe | BOZODCIKG-3CaARCE
Dlierg Water nydrogen Piater hyorogar
Saen.csgeraent Eau-nydrogene Eau-nycdregers
; !
; Tpancopmartopst
" Transformers
i Transformateurs
i
TAn L TALl-400000/220 TAU-400000-500 QPL-333000 325
Tvpe
Type
VAIroToBUTENb . e 3anopOXCKUi TRAHCHOPMATOPHbIW 33804
Manufacturer Zaparozhie Transfarmer Wark
Constructeur Usine de transformateurs de Zaporojie

MowrocTe. MBA
Capacity. MVA
Puissance. MVA

HanpsxeHve, xB
Voltage. kV
Tension, KV

400 ) 533

220.20 500/20 52524
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(et

OcHoBHbie -
COOPYXEHMA -
3NEKTPOCTaHUNK

K 0OCHOBMbIM  COOPYXEHHAM
3JNexTPOCTarunmn OTHOCATCA
rNaeHbiA KOPNYC IHELro6NOKoe
300 MBT., rpaenwd  xopnyc
3neprofnoxa 1200 MBT, nHxe-
HEPHO+OLiTOBOW KOPNYC, XMMBO~
AOOHMUCTKA, TCANMBHOE XO3AW-
CTBO, CMCTEMA TEXHUHECKOrO
8000CHAGKEHAR, COOPYXEHUR
INEKTPUHECKOA <acTu.
Mnaswbii KOPNyC 3Hepro6NoKos
300 MBT - TpexnponeTtHwin. B
mEM WAXDARTCH: MALINNHL:A 34N
- 43 M, JeaszpaTtgpHoe aTiene-
~UE — 12 M, XOTENRHOE OTJeNe-
mue ay6ne-Gnckos — 33 M, MO
4cénokos ~ 39 M. War <onowH
- 2w

Nagmsi KOPNYC BLINQNHEH A3
céoproro xenesofeTora f3a
VUCKHOHEHABM METAMTTUHBCKAX
depM A NOAXPAHOBbIX 6AN0X
MALUMHHOTO W KCTEenbKOro oT-
JeneHUn] C NPUMEHEHHEM HD-
BaiX CTPCATENbHBIX MATEeLWa-
0B ¥ KOKCTPYKUWA. dywaa-
MEHTal NOA KONOHHE! BLINONHE-
Mei OBnervemmrbiMM. CTemoBOE
orpamieHve 3nepeme 8 Npax-
TAKE IHRLIOCTDOUTENLLTEA Blix
NONHEHD U3 KEeNaM3WTCORTOR-
WeIX NaKenen, O6NALOBAKHELIX
6oexk<ven, CBETOELIE NCOEMY
~ #3 CTeKNonpoMMNUTa.
Pacnonoxenne TypGoarpera-
TOB B MAWWHHOM 3ane - none-
pesHoe. Tennoeas cxema -
SnouwHan.

MalvHHeA 3an obcnyxmsaT

TOM MOCTOBEIX KDAaWa py30-
nogweMHocTEK no 12520 Tc.
KOTENbHOB OTAENEeHHe — TpM

MOCTOBBIX Kpasa no 50/10 Tc.
Ha oTkEetTOA nnowagxke 3a
rNaskeiM  XOPNYCOM  pacnono-
XEHbi  ALIMOCOCH, AyThbeBbie
BEHTUNATOPEI W PEreHepaTua-
Wbie  BOJIJYXONCJOrpeBarten.
ns oTBCAA ARMOBLIX ra3os QT
KOTAOArPEraToOR  COOPYXeHw:
fge AbiMOBbie TPyGbi BbICOTAM
no 250 m. [JuimoBan tpy6a mo-
~06NOKOB BLINANHEHA N3 HECY-
wew wene3zobertcHHon o6onou-
KN, 8 XOTOPOA

HeTbipe CTanbM

LG

OOCIYXHE3ET OguH  Inepe”
6nox. Takas KOHCTPYKUMS Npw-
mewana B CCCP prepeuwe.

Fnasseid Kopnyc aHeproSnoxa
1200 MBT -~ nATUNPONeTHoe
30aHue. MalMHHBIA 33N WMeeT
Apa nponevta - 30 W %
R8a3paTopHas ~ 15 M, KO

HOE OTAENEHUE ~ A5 M, Mem
yeHHue TypOOBO3RYXOAYBOK =
15 m. Kapkac fnasHoro xopny-
¢a 3anpoexTvposaH B8 MmeTtan-
NHUYECKHUX  KOHCTRYKLMAX, 4TQ
obycnoereso E0TbwHMK  ~a-
rpy3KaMn Ha <2M0kHe OTenb-
HOrO OTAENEHNA OT NTOLBECHOD
KOTNA. <OTOP=IA ANMDAETCR wa
XPEOTOBLE Ganwm & Larod 5w,
Cre~QBce Jrpasierqde “CHHA-

TO <OMOUFUEEBARFL T CUME-

=eHACM  ~ANDPAME~~C-ALMUCC-
3arhbiIX  <BDAM3ATCERTSHEEX
NAFENEN A ADMNIECI-n X TE~e-

nen A3 STANErOrs TOCTANACC:
BAHMOr0 /ACTa 7 IA~TETawe-
CKAM yTennaTeres  Mexiys-
TAMHLE TECeXCmTAR 3o
Hbl CECOHBIMU WERITERTIRMEL.
MW, OKORKb@ ~CreMz = 43 238~
TOBLIX NAR2r2d 3 3
CKHWX nepen,evadx A Z
dunura.

MaLurHE

cr-e-

1an

IcnoasemM~oe™
QT2 beCe 27
Kpa=a "o Lo

Aeimocogn 4 Tera
BO34yXDNOACr2€aa 2"u 23cro-
NOWEHMbI Ha STKIETEA 3NCLAS-
Ke 33 FA3BREM alDCVITM A5E
Bbifpoca JsMCBE X “2ACS
PYXEHA AbiMOBAR ~2via
Ton 320 M C <KoEeMrEDeTI—
rajooTBOARWM CTICICM
ne3obetomn~-Cu Gorcexe. k-
MOBAR Tpyta  IEéCCvaceara
NOABEMHAKTM ~ATY™=OW yCTa-
HOBKH.
VIHXEHECHO-CoTOBCH  <30AYT
CAcNONOMXE= UEXKIY "~ 28HuiMA
xapnycavy aweprzéro«ca 300
v 1200 MBT 2ZH COCTTAT A3 =e-
CKONbKMX OSSR ACCBARHEX
203HAA. B =8M CA3\uS.L.AKTCR
UewTpalersid  LdT  ,Toasre-
MAR, LEXWA W CTIBsr 3NE<TSC-
CTAKUAW. 3a0 3aCes3=an A 3=
noBar. AHkerelrS-SoTOBOK
YC CoOEaWnSeTIA merexca-
“ rANeRsMA 1 "raskuiMa
ycamu. E

=



3Hepro-
JKUKA ApwU-
3pBbie.

2pro6noka
1p0NeTHOe
et

ian

Main
Structures

The main structures of the
steam central power station are
the main bwicirg accommodat-
irg 300 MW Urits. the main
culicirg nousing the 1200 MW
umt, Tt 28002 JunGIirg, ihe
mirg Tiant e fuel

a2 3@rviCe Aa-

= IDWNY it s 3 trree-
3 srucere
18as 3t C&¢ -
rwo-coder e

T Lovsr QoM

s mace of
~arinroea
2xcect ‘or sieei ttusses
tracx ceams n the
cLTSice Arg Sorer tderrs) ath
.se of rew turging maten-

rai 3'erarts, 7ra2

~e A CUHCIEG

nCRleC

<or-

looWtrotIcurgs ara of oA agnt-

=ar tre first
cower-sngireenng
nass are mage of
z ; rgri-ccrerete can-
23 Toa2 oatncow Jperings are

stractural giass

eien Wi

ire

-

20 s seniced
tE3 E7 0t vertead
ccyer 'acem, there
3G 'J1 sverhead
2uiccer area ve-
TR mak :‘u“:C:r‘.g 4accom-
: <. -3 fans and

@ 30 ~eaters. Two
; ara cuit to
re
‘he

-

: rasesset

reinicroed concrete sresl wmien
houses four steei Sreeches -
one per power ymit. Such a can-
figuration nas found apoiicaton
in the USSR for the first umre.

The main suligirg, 2f the 1200 -

MW unit 1s a ‘ive-span structure.
Tre rurbine rgem nas two spans
- 30 ara 34 m. the deaerator
nay 3car 3 ‘5™ the Cover
room 3zar s 45 M. the span of
tme A UISCCIOWEers room s
‘3 m. The main 2uidirg frare-
~oreo g —ace of structurar steel
Y olake “eavy Thrusts «moparted
T ore Ioiens of e zoier
exg rorm he Iorer anr s
Sy MR TeETs ILacec
g acan. The wal Jacdirg s
mace ot oresiressad ceinferZed
PlLoCrCrata 2aneis Arg Iom-
cowte cares of sragea sieel
sreet adh synthelc mermai .n-
suaticr T-e “oors 1re mace of
orecast  arforceg concrete
siaps. the wincew JCenings are
orovicec attn steel sasres ard
fillec AN Jiass srapes

Tre furore fcem s serviced
&t nur 2520 dverread
zrares. the 2oler “ocrm s Sro-
oceg AN two 2070 avers
"g3g srares

The .2 fars ard -egererglive
3ir ~ealers are Jcaled on the
AUIS0!r area Senind e main
suic.~g. Fue gases are ex-
rausted tnrough @ 320 m hign
stack with the ftue mage of sili-
sen-concrete ard enciosed 0 a
reinforced corcrete sneill. The
stack »s proviced wilh an Qut-
side elevator.

Tre sersice suicing .5 ocated
between the mamn buidirgs of
300 and 1200 MW uris. This
pullding consists «f several in-
terconnected buildirgs and 1t
houses the centrai contrcl rocm,
shops. station  Zeparimerts.
conference rgom and canteen.
The service bullding commurn-
cates through galleries with the
main ouildings.

Obwmi ang KocTpowexoa FP3C
CO cTepOHb D. Boara

Ouvrages
principaux
de la centrale

Parmi ‘es ouvrages principaux
de la centrale se trouvent le Da-
tment principal des tranches
thermiques 300 MW, e batiment
prircipal ge :a tranche thermi-
qLe 1200 MW. e batment ce
ccmmange, 'e goste ze traite-
rrert 2'edu. @ parc a combust-
ble. ‘@ 3ystéme d'apprevisionre-
~@ant 2n 2au crue. 'es nsialla-
Hons e CtnGuUEes

La oatrert poncipal Jes
trarcnes J00 MW 2st a trois tra-
yees saile ces machires Jure
crgueudr e 45 m. sale zes ze-
gazeurs ge ‘2 m. chauffere 2e
t-arcres dcoubles. ce 33 m o2t
cele 2es ‘rarches simples. ce
39 m. L gszacerrert des go-
teaux 2st Je 12m.

Le zatimert orincipai ¢st en eie~
merts de veton arme prefaorn-
aues (sauf ‘es charpentes me-
tauques et ‘es poutres de raule-
ment Zdes ponis roufants ce ‘a
saile Jes machires et Ze ia
craufiernie) avac emplor Je ma-
tenaux ce consiructian 2t de
charpertes de concepiier nou-
veile, :@s massifs ce ‘ondaticn
des pcteaux sont au Type Al
‘ege. Les murs sant en par-
reaux de Ddetcn a grawiions
d'argile 2xpansee -evelus 2Je
cnglomerats, wolmses gour ia
premiere fois dans i@ construc-
tion ges Datiments de centrales.
Les carreaux de ‘enétres sort
en verre profile.

Les groupes turbo-alterraieurs
aans ia salle des machires sont
a smpiantation transversaie. L2
circuit thermique est ccngu an
forme de bloc.

La salle des machines 2s! des-
servie par trois ponts roulants
gune force de levage ae
12920t chacun, la chaufferne
par troils ponts rouiants de
30.10t chacun.

Sur ure piate-forme extérieure.
a i‘arnere gu batment, sont dis-
pases ‘es ventilateurs de tirage
et Ze soufflage et ies réchauf-
feurs g ar régenératifs. Pour e
relet des gaz de comoustion
des generateurs ge vapeur,
ceux chemines sont construtes
d'ure nauteur de 250 m c¢ha-

Kostroma steam central power
staticn as viewed from the Volga
River

EESTAVARAZLE CCFY

sure. w3 reriree zes
‘rancres 3irpies ast torstutuee
dure arvewcpce portarte 2n
beton arme -srlermart guatre
conduits metaiigues Jcrt tra-
cun est afecte 1 ure ‘rancre
thermique. Cest ocur a ore-
miere f0is que Iste TorsTus-
tion a ete utitse: 2r L2853
Le datirert 2e a trarcre
micue 1200 MW =51
vESS. La saile 2es T
a Jeux travees I 1
salle des degazeurs
:a crautere ce 3¢
ges ‘urne-sourfiar

BTN
I 0

S00 Do
o

eaux e
dargile
contrairts. ot ar I
e oroilee aves S:l7CLl2aC
synireticue. .23 ]
ire etages sort =~
teton arme »:2
retres scrt
Qans Zes ra
en verre oot
La saie <es ™
serse car suav
de 28221 &
deux ZOrIs ‘ouarts
chacur

Tellr

AT 2l e

rechautfeyrs
30nt Jispesas s
me extarieurs

nment. Pour 2tz
COMDUSHCT, .-
d'une hauteur
tuee par un it .
cans Jne 2rveccra 2 telor
arme. La Iremire
2'un ascerseus
L patrert -2
situe artr2 23 2
trancnes 300 MW
rapcre

foaTnicsa

Tseurs
mert e
trouvent ‘a saie ze cormrmarcs,
des atehers 21 senicas e a
centrale. .re de e coris
rences =2f .p refecicire L oal-
mert de commrarcs Iommurs
que par Jes gaieras I3 Cas-
sage avec ‘es nabmerts Ies
tranches.

I

Vue gereraie Ju cot2 Je 1 /0iga
de ia centrale thermo-2iect!
de Kestroma :
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B caRan C OKDM 3=eDrotroxa
1200 MBT 3sagewra 8 axcnnya-
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Water Treatment
Plant

The water trealmert oiant of
600 ¢t 1 output nouseda n a sepa-
rate tulicing was out rto ser-
vICe f correchen with the com-
missierirg of the “ 206 MW umt.
T=:s water lreairment zart 2re-
wioes cemireranzed water for ait
The water raat
sravces ‘or £sag-
arg rroe-
nOR N sanks
Corzioning

~manea

sancr ULeas

Fuel Handiing
Facility

. 2a35 '3 sucprec ‘rom the
ire. T-e jas ~araiirg
sygrer corgists &f 3 gas cistne-
LR stator o arer ot feg
at 3 cressute b "O0«gertio
‘re £as aistnouhon samer of e
atier

Water Supply

TRe service waiss LoDy 5 2
cirect Fpw svsiar Jater s take
en from the Gorxy storage -es-
ervcir on tre vaiga civer The
intake cnarre: s ar scen eartn
structure with corcrete-protect-
aC zarks Cocirg aater s tax-
oM oW Bves oy three
curgirg staticrs
with vericai oropelter-
e rreualing suros

crarge crarres are of
taD 1ypes - 2:Csed Irarres are
made Jf orefasrcatec  renn-
forceq corcrete arc ccen chan-
neis are arth structures. ‘Vaste
ot water s uzec for fisn farm-
ing - matcring and nign vaiue
fisn preduction.
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Electrical
Connections

Electncai energy gererated by
the staton is transmitted by 220
and 300 kV ‘ines

The 300 MW units are conpect-

Poste de traitement
d'eau

Avec i@ mise en service ¢e ‘a
trancre 1200 MW. 4 a ete étabili,
dars un batiment a part. un
poste ge trateiment d'eau d'une
caoacite ce 500 Lh qui sausfait
les hesains en gau gemineral-
see de fgute ‘a certraie. Le ocs-
te ‘crchorre gapres un scne-
ma ze ‘loculatcr gars ces ge-
canteurs et ce germirerassatcr
cars ur 0iIaC decranrceurs a
rci1g 2tages. Peour 3 ~eutralisa-
ticr Des 23ux € r2et Ju Ioste
tertert st e g tervvae

23UX LS

GBS TeCOriEMINAte

Icroele ges 2ax 2! Csulisa-

Parc

a combustible

-2 certra.e iecincue ast craut
‘2e Jy ThaZout Avac are lenewr

2.eve2e 2r scuire 2t au Caz ~atu-
ra. L& ~azout @st acremire Dar
cie ‘erree ou. cercart a oe-
10C2 Je "awigancr. 2ar vaie fu.
cate 3ur a voiga. 20 siee<e
ars ces -eservoirs 2 setor
arre cu vee seri-arterras. Lo
recrau®age zu mazcul Sars es
wagons-ctenes s effectue 1 et
Je vapeur ipre Le mazout est
ar-ere aux Sruleurs Zes gere-
rateurs cCe vapeur sCuws Jre
preszian ce 47 xgcmi et a ure
temperature de 125 °C
Lamerae Zu gaz nalura: 28t
reaisee a partr £'un gazccuc.
Le reseau du gaz comoaorie wre
statior Ce repanition Ze gaz
G'CU '€ JAZ SCUS ure £ressicn
ce ‘0xgecme est amene au
coste ce zistnbutior Ce gaz ze
‘a certrae

.

Ie}
<
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Systeme d'approvi-
sionnement en eau

L2 systerme dapprovisionne-
Menrt 2n 2au crue est a circuit
cuvert. avec pnse dars ‘a rate-
nue Je Gorki sur :a Volca. Le
carai c'ameree 25t a cel ou-
ver. 2n terre, avec es verges
crotegees car ces cailes en be-
o L2 onse en aroigndeur ce
'84u fe circwation @st realisee
car irois stations ce opmpage
impiantees au corg e i'eau et
ecuicees de pompes de circuia-
uon a refice a axe vericai. Les
caraux 3Je rejet sont ge deux
types: couvert, en eiements de
neton arme prefabnques et a
cted ouvert. en terre.

A tase g'effluents thermiques. d
a ete organisé un amenage-
ment piscicole pour {elevage
d'atevins et de poissons de
valeur.

Installations
electriques

L'energre electrsque produite &
la centraie est évacuee aux len-

BEST AVAILAGLE CCFY

AT yODABTE AR CAMBC IS
AL ™A

Cortrof recm of water ~2atmgn,
prant

Taceau de commarce u oest
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AJBCOMTCA =3 =aANCRAMENWRX
220 w 300 <B. 3neprobnoku
300 MBT -epea Ttpexdainme
NoBLILIAKCILME TRARCEOPMATO-
Pbi MOWHOCTaD 400 MBA coe-
avrsiotes ¢ OPY 220 « OPY
500 <B.

QPY 220 <B Bwronmeno ¢ a8y-
MA CACTEMAMA Ltk A CEXOAHOW
sAcTevcy L DPY 300 <B
ww(d T TAAMR TDA B
;-3 283 "owc02a4-
LAT=ACCBA~ALM

ec througr step-uo *hree-grase
400 MVA transformers ‘o the
220 and 300 %V switchyards.
The 220 kV swiichyard has a
acuble-bus scheme of conrec-
tions Mth a bypass bus system.
The 300 <V switchyard arrange-
ment :ncorporates three zircunt
breakers ‘or wo conrections
Atn cre sechoralized bus sys-
rern.

The 220 arg 300 <V swien-
vards are .rtertied througn a
zarx of agtotrarstferrrers aith
acacty ¢ 30°
5 3t're zare
ywver o Ire

S CA-IOer 3rgee

ey
Siaves of te OO0 AW urits
coueg Mt cower al 9 <V
WA rrarstormars Aux-
2 ' 20C-MW urit are
@ ath o Jcwer ftom he

/A Trarsiormrer

B0 MB- T 200-MW Urits are orovigec
383 Ce3e08mnx A7 IAC T3CX-LT 2206 <V 32
"IA=CITCOMATICA  ~ANTRWEemp- AV A rarsicrmars. Tee 1200

2 2222 <8 wowkeCTo 70 32 AN urit s acxes up oV 3 A3-

1oe am20rcgnexa " 200 VMVA rarsforrer
MET - wnmcrTe 23 MBA — s ) ~ -
~a "RG0 aMesTeR <IMRABKS e steam certrar cower stabon
"afCCaTIoAN VACTECENAX, 3 orovidec  aitolacoratores.
SEACTINABACLAN  =AZ@KNyKQ  WOTKSPCCS 0 2rsure rehabe
ZadcTy IfCCyS0adnaR cceration of ire gguicrment,

3ichs 220« et 30 «V  Las
trancnes thermmues 300 MW
sont raccordees au poste exte-
neur 220 kV et au poste exté-
rieur 500 kV par l'intermédiaire
de transformateurs élévateurs
de 100 MVA.

Le poste 220 kY comporte deux
jeux de barres el un jeu de
parres transfert, le poste 500 <V
est executé suvant ‘'e schema a
un Jisjencteyr et dem: et avec
ur .eu de barres sectanne.

L3 cornexion ertre ‘es oostes
220 2t 300 %V est realisee a tra-
«ers ur tanc dactctrarsi¢rma-
teurs 2 ure swssarce iclae de
30" MVA 2w sent a a fois a
ey acuer  arergie eecincue e
368 rarcnes  IouGes
300 M

35 ser.:ces auxliarres sort ak-
~artes 1 3§ «V par ‘es trarsicr-
~ateurs de 25 MVA. Zeux ce a
trarcre 1200 MW, sar un trars-
‘armztelr ce 40 MVA

Przur es irarches ihermiques
300 MW ¢ v a ceux iransicrma-
leLrs Je secours 220 6 xV gune
ouissarce de 32 MVA chacur,
ocour ‘a tranche 1200 MW, c'une
puissance de 63 MVA,

La centrale thermo-electrique
giscose d'un ansembie de abo-
raicires 2t g'atefiers qui assu-
rert e non forcliornement Iu
materiel.

PRaL

OCHOBHbiI® TeXHUKO-IKOHOMUYECKHE 1 IKCNNYATAUHMOHHLIE NOKAJATeH

Performance Characteristics

Principales caractéristiques technigues. éeconomiques et d’expioitation

TAn reKT2CCTAHLUM
Type 2f stancn
Tyce 2g cenirale

KCnMw-ecTac A MOWHOCTb 3Heprofnoxos. wt <MBT
Nurrcer apc capacity of units, pcs <MW
Nomeosa 2t puissance Je tranches thermigues. unite x MW

fcacBan 8oipafoTka 3NeKTPoIHepruv, Mnpg. «BTu
Arrual gereration, 109 kWh
Proguction annuelle, 10¥ kWh

Pacxof INEeKTPOIHEPrM Ha COBCTBEHHDIE HyXabl %
Power consumption for auxiiaries. %

Corsommation d'érergie propre, *a
Yaenormid pacxog ycnogworo ronnuea  wHa 1
OTNYILEHHOW INeKTPOIHEPTUn, r .
Specific consumption of ideal fuel per kWh, g
Consommation de combustible moyen par kWh d'énergie
produite, g

HY4CNO HACOB WCMONBL30BAHHA YCTAHOBNEHHOW MOLHOCTH
Installed capacity utilization hours
Nombre d'heures d'utitisation de la puissance installée

3reprobnoku JHeprodnox
300 MBT 1200 MBT
300-MW 1200-MW

power units power unit
Tranches Tranche
thermiques thermique
300 MW 1200 MW

KorgercayuonHan
Condensing

A condensation

8+ 300 1x1200
15.4 7.1
29 1.66
316 313
6100 6000

o
o
e

rs

BEST A

APLECOFRY

FCELIAICL A TTA-CICOMA" D
aneprobnoxa JOC MEr

Step-up trarnsformer ¢f 300-AM
umit

Transformateur eevateur Xure
trancke 300 MW

OTwDBITOE DACITE 387 W™,
ycrocherae 220 «8

220-%V switcrvard

Poste exigrgur S50 1

Orese™2
yeTooHeTac G0 <5 L
SCA RSUrD=CgwA T

SAITRI AT RS

SO0-«v swicrvars & -
arrarcerert 2°
suscercec yoe
switcres

PN

Poste exterel s 300 <

rours suscerd.ls

Tttt 20902
roAmcmagw 300
B3 e B i3y 3
S Saaeve

P =
Lie~70a CCC

300 <V rrarsm™
oIy irg ocwe” o
ed syster: ;°
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Ligres 360 < :
nergie e ctrC.e
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Ynpasnexue
¥ aBTOMaTHKa

YnpagneHve u XxoHTRONL 3a pa-
60Tod cOOpPYAOBaAHUMA IHepro-
6noxoe 300 MBT ocywecrens-
HOTCH C £N0%HBIX LMTOB yNpas-
nemds Can~ =-a Jisa Snckal.
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Automatic
Controls

Operation of the 300-MW umts
is controlled and followed up
from the unit controf rcoms (one
per two units} which house con-
trot irstruments of the main and
auxiliary eguipment as well as
urt stan-up anc shut-down fa-
ciites. Al the main processes

are autcratec. The urit controt

Dearss e oroveced aith Jata
cooirg  omcuters. type  VEB-
200 nestesroe ira alarm can-

The rertra ccorwol scard <cor-
aimates cceraticn of the units
anc Iertrois  sugsiaucrs  and

warsmiIssiorn ires

Tre somputenzed control sys-
tem ot re 1200-MW it s a3
man-macrire rierfacec system
affcrasirg the Corvol of ocwer

gereratng umt Jsing cotmai

coriror ‘ecnorugues.  Jp-to-date
computer 1scrrcicgy. ‘urction-

ai-greup Coryrgis, servo-Controt

svstems and cmmurication
tecrroicgles. as wel as con-
venticnal means of follow-up

controi. This provides most effi-
crent orocess control Lased en
aata irputs. The main means of
data presertation are cgiour
and biack-arg-wnite CRT dis-
plays.

The CAT displays orovide:

- ingication of parameter n
graphicai format:

- ingicatior. or cemard, of tab-
ufations ard mmic  Ciagram
fragments with Zata on parame-
ter trencing:

- status raicaton of vaives
arc mecnamsms:

- .rcicaticn of caramerer gewi-
aters

inforr=aticr on the cceratcn of
logic centroders s gistlayed on

the clack-ard-white CRT's,

in acciior w0 the infcrmation on
the operation of equipment, the
unid  computer-nased system
ca:cuiations af power
oerformarice characteris-

tics. afforas carameters logging.

makes
unst

alarm event logging recommen-

dations for cptmal operating

conditions. analysis of perform-

Commande
et automatisme

La commande et le contrdie du
fonctionnement de equipement
des tranches thermiques
300 MW scont affectues a partir
des tableaux de commande des
tranches (un par deux
tranches), ou sort installes 'es
apparetls de regulation du fonc-
tionrement au materiel principal
et auxiiaire ainsi que appareti-
‘age recessalrre au aemarrage
et 3 farret ces trancres thermu-
cues. Touies  es  aperators
IBCANDOGICLES OMNCiCaies sont
auicratsees. Las !aZieaux ze
rarcres 3Ccrt 2GUICES e -
cTires rtcrmratnces-cacuiads
rices AB-300 ains: cue ce car-
resux Je protection et de signa-
iisation.

La cocrdiraton cu foncticnre-
mert des trarcres et a cm-
marce de ‘equipemert zes
costes ce transformation st ces
ugres -aute tersicn sort reau-
sees a partir ce fa salle de com-
manrce.

Le systeme de commarce
automarise ¢es processus tech-
nciogiques ce !a tranche *Z200
MW represente un systeme ma-
cnine -~ homrre 2:accrant et en-
Joyant les signaux e comman-
ce a la tranche. avec uniisation
de progedes ce commance 2ot-
male. de technigues Ce calcut
mocernes. ce la commande 2es
groupes ‘onctionneis. de 'a re-
guiation automatique. e :a iat-
son. ainsi que de moyens ce
contréle et ce commande tragr-
tionneis. Cela permet de reait-
ser fa commance technoiogicue
ia nius efficace a base ces den-
nees introcuites au systeme de
commarce automatise.

Le moyen principal ge represen-
ter Uinformation ast !affichage
sur ges indicateurs a rayons ca-
thCCIGUES en couleurs et en noir
st hlanc. A Jaide ces incicateurs

a -ayons cathocigues. on Cc-
tert:
- affichage des courtes des

cifferaries granceurs:

- afficrage a:a ae~arqe ae ta-
Sieaux 2t ce schemas syncou-
gues carheis. avec .irformation
JvnamiGue sur ‘es grandeurs:
- afficrage ge 'a posiicn de ‘a
rccinetterie et des organes:

- afficnage d'ecarts ce grar-
deurs.

Les donnees sur ‘e fonctionne-
ment ces dispositifs de com-
marce logique des groupes
foncticnrels sont affichees sur
tes indicateurs a rayons cathodi-
ques en noir et bianc.

En plus de tinformation sur le
fonctionnement de l'éguipe-
ment, le systeme genéral de
caicut réalise le calcul des ca-
ractaristiques technigues et eco-

Scot AVALADLE COFRY
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ers, engineers and technicians
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1984 speccﬁc fuel oonsumphon
for the 300 MW units reached
316g of coal equivalent per
kwh.

s progresswe melhods are
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Ebdm of, appamnems for station
19&4 Ia consommition”  personnei built in a grove
combustible moyent a= " -
/mmeublas d'habitation pour les
travailleurs de ia centrale. cons-
tayits dans un joli bosquet vert

tranches 300 MW.
L'expérience d'avant-garde
personnet de la centrale est
I'objet de la propagande -perma- T~
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tions de 'éccnomie nationale de
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The townsnio of Voigorecrersx
for puiiders arg cperation per-
sorrel of the station was Cuit
simruitareausly with the
struction of the thermai powers
staton.  The ‘Nas
ramed Vclgorecrensk afer the
great Russian river.

cer-

towrsng

High-rise olacks «f appanments
wth ail convemerces and pudic
services were sprnging ud an
the mill grown with berch-lrees
two Wiometers from the man
curlding of the station. Now the
resigential arga consists of nu-
merious bilocks of agpanmerts.
sorme of them facing the Voiga

rver, others coming up 0 the
forest reserve. Brech anc ime
irees, popiars grow up round

the puilcings. there arg many
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ENERGOMACHEXPORT

B/O «3HEpProMawakcnopT» 244k A3 <T, "~
IKCMOPTEQOB CCBETLKAMD 060PpYACEaAHME 27 A "' 10 43-
AVSECKAX, TEANCBbLIX A4 AN2BbHbIX 376<™0 17
CRAPONYHOrO. 3NEKTLOTELMALECKE 2 A 20V 27T 03~
MbIlL@HHOIO 3MeKTECCOCLYABaRAR, 372~ et
FAWN. XK2NEe3H0ACDOXHCIO TCABMMAGCIS 100
BOro Q6OPYA0BARMUA A AHCTIYMERTA, (CCC.IC
3NEKTDUHECKOrD TPARCNECPTA A4 3aMACHL.X -3273 4
O6bEAMHEHWE MMMIODTACYST TDCRNeATY T
CBAPO-HOE 1 ra3opeaaTtenbnce SCOLYICES
Xe KoMNpekTywuwee cooryaicearve 277
3KCMNORTAPYEMOR NDOSYXUMM A A7F ST

STERLD
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1

458 3Toro 000pyACBaHVA.

Mo xenann 3akas«vka 0CLeanHen~ e 1.3
eT wed-MOHTaX. OLraHU3YeT TeXHACETKTE C2T7 , « -
BaHWE NOCTABMNREMOrs c6oDY30BaHAR. "CLIaE
LUBHINU, «HOY-XAY» A TEXHUSBCKYHY 0K, UE="3L A0 3
TeX CAYHARX, KOMQ& OHN RBNACTCR COCTAS~0 4 -2
JKCNOPTHEIX ONEPayAA. A TaAKXE CraA3:328S™ 2 b
BHEWHETCDIOBOIO XapaKTeRa, LAR3ER -hiX T <700
TOM TOBAPOB.

P

Mo sonpocaM nocTaeku cBopya08a-itR. Sxo-
AALET0 B 3KCNOPTHYHK nporpamaty 2 O
«JHEProMawsKCnopT», MOXHO 06paw.a™sls
HEMNOCPEACTBEHHO K 3KCMOPTEPY. 3 TaKXe 3
CoBeTCcKOE TOProBoe NPeAcTasvMTEbCTE0
UK K pupme — arenTy B O «3nepromais<c-
MOpPT» B COOTBETCTBYHOWEW CTRAHE.

Haw agpec: CCCP, Mocxaa,
127486, JeryHuHckan, 1/4
TenedoH: 487-31-87, 487-31-82
Tenexc: 411926, 411965
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ENERGY AUDIT
CITY OF KOSTROMA
DISTRICT HEATING SYSTEM
RUSSIA

APPENDIX 5
KOSTROMAENERGO GRES
3,600 MW STEAM POWER STATION
LOAD CURVE FOR APRIL 22, 1992



KOSTROMA 3600 MW GRES STEAM POWER STATION
KOSTROMA, RUSSIA
RCG/HAGLER, BAILLY, INC

DATA FOR: Electric Load

22-Apr-92 MW
Plant capacity (gross): 3,600
Available capacity (net of station use): 3,218

Load duration curve by hour of day:

Time: 0 1,500

1 1,500
2 1,500
3 1,500
4 1,500
5 1,500
6 1,500
7 2,200
8 3,000
9 3,000
10 3,000
11 2,900
12 2,900
13 2,900
14 2,900
15 2,500
16 2,000
17 2,000
18 1,800
19 2,200
20 2,600
21 3,000
22 2,100
23 1,500
Total generation: 51,600
Average load: 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

MWwWh
MW
0.67

0.60



NET GENERATION DISPATCHED, MW
(T housands)

KOSTROMA 3600 MW STEAM POWER STATION

LOAD CURVE FOR APRIL 22, 1882
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LOAD FACTOR BASED ON NET AVAILABLE MW

KOSTROMA 3600 MW STEAM POWER STATION

LOAD CURVE FOR APRIL 22, 1982
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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
AVG TEMP DEG-DAYS
MONTH Cc (12 basis)
1991 1 -5.3 536
2 -7.9 557
3 -3.4 477
4 6.3 171
5 13.2 0
6 18.6 0
7 17.5 0
8 15.1 0
9 9.7 69
10 6.2 180
11 0.0 360
12 -6.1 561
1992 1
2
3
TOTAL 1991 2,912

2. Heating Consumption

GCAL

3222
2245
2008
1199

622

300
2390
2097
2091
2120
2473
1687

16,174

3. Performance

GCAL/
DEG-DAYS

6.01
4.03
4.21
7.01

4.35
13.29
5.83
3.73

6.06

4. Supply/demand

SUPPLY DEMAND

1.00
0.70
0.62
0.37
0.19
0.00
0.00
0.00
0.09
0.74
0.65
0.65

5.02

0.96
0.99
0.85
0.30
0.00
0.00
0.00
0.00
0.12
0.32
0.64
1.00

. 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 OQUR PROJECT
AaND WHAT THE NEED WAS. I EXPLAINED WHERE THE EZQUIPMENT
WwAS GOING AND ASKED HIM 7O SEND YOU A QUOTATION ON S5/4/92.

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 STYSTEM AND I
REFERRED HIM 7O WENDI NOT KNOWING IF IT WAS RCG OR AID
DIRECTLY.

WE LOOKED AT © MANUFACTURERS BEFORE WE SEZTTLED ON
INFRAMETRICS FOR OUR LATEST PURCHASE. THE PERSON WHO
SQUGHT THIS IS VERY THOROUGH SO I HAVE CONFIDENCE THAT
INFRAMETRICS IS A GOOD COMPANY.

INFRAMETRICS, INC.

16 ESQUIRE ROAD »
NO. BILLERICA, MA 01862-2598
3508-670-5555

MARK .






inframetrics

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).

Inframetrics, Inc.

16 Esquire Road. No. Billerica, MA 01862-2598

TEL: (508) 670-5555 « TWX: 710-326-0659

FAY He COMM (508Y BE7-2702 o Mil {508} EE7-1046 &« PCH (5CB) 687-1480

The infrared Specialists



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 8mm 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 8mm 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.

Sincerely,
“nYC

David C. ialek’ <
Sales Engineer, Commercial Products

enc.,



inframetrics

TO: RCG - Hagler, Bailly QUOTE: 0592-04A
1530 Wilson Blvd. DATE: 06 MAY 92
Suite 900 FOB: N. Billerica, MA
Arlington, VA 22209 TERMS: Net 15, Subject

To Inframetrics
Credit Approval
ATTN: Mr. David Kieth PAGE: 1 of 2

ATTACHMENT 1
ELECTRICALLY COOLED
MODEL 600L THERMAL IMAGING SYSTEM

ITEM QTY

DESCRIPTION

AMOUNT

1 1 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)
Includlng

*

* * & *

* 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)

The Infrared Specialists

TOTAL:

$44,000.00

$44,000.00

Inframetrics, inc.

16 Esquire Road, No. Billerica, MA 01862-2598
TEL: (508) 670-5555 « TWX: 710-326-0659
FAX #'s: COMM. (50B) 667-2702 « MIL. (508) 667-1046 « PCH. {508) 667-1460



TO: RCG - Hagler, Bailly DATE: 06 MAY 92

ATTN: Mr. Kieth PAGE: 2 of 2

ITEM QTY DESCRIPTION AMOUNT
OPTIONS

A 1 600 Series Man-Portability Package $3,700.00

(06870-200) Includes:

* Sony GV Series Walkman With 4" LCD
Color Display and Integrated 8mm 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 GV8 Mounting Brackets

* Shipping/Carrying Case With Cutouts For
The Model 600 Electronics and Scanner

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.

PPN/¢ e,

favia <. Smralek, Sales Engineer
Commercial Products




inframetrics

TO: RCG - Hagler, Bailly QUOTE: 0592-04B
1530 Wilson Blvd. ' DATE: 06 MAY 92
Suite 900 FOB: N. Billerica, MA
Arlington, VA 22209 TERMS: Net 15, Subject
To Inframetrics
Credit Approval
ATTN: Mr. David Kieth PAGE: 1 of 2
ATTACHMENT 2
LIQUID NITROGEN COOLED
MODEL 600L THERMAL IMAGING SYSBTEM
ITEM QTY DESCRIPTION AMOUNT
1 1 Model 600L Package ALN High Performance $36,000.00

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)
Includlng

*

* % ¥ *

* Battery Kit

Vvideo 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: $36,000.00

The infrared Specialists

Inframetrics, Inc.

16 Esquire Road, No. Billerica, MA 01862-2598

TEL: (508) 670-5555 « TWX: 710-326-0659

FAX #'s: COMM. {508) B67-2702 o MIL. (508) 667-1046 « PCH. (508) 667-1460



TO: RCG - Hagler, Bailly DATE: 06 MAY 92

ATTN: Mr. Kieth PAGE: 2 of 2

ITEM QTY DESCRIPTION AMOUNT
OPTIONS

a 1 600 Series Man-Portability Package $3,700.00

DELIVERY:

WARRANTY ;

(06870-200) Includes:

* Sony GV Series Walkman With 4" LCD
Color Display and Integrated 8mm 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 GV8 Mounting Brackets

* Shipping/Carrying Case With Cutouts For
The Model 600 Electronics and Scanner

All items listed can be delivered within 30 days after
receipt of order.

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.

N .
l”, ‘ ‘ \e 2Nk [ 7 ga FH D .
David C. Smialek, Sales Engineer Thomas, J. Scanlon, National Sales

Commercial Products Manageér, Commercial Products



MAY 4, 1992

TO: ROGER LYMAN
‘ JOHNSTON, INC.
P.0O. DRAWER 1075
MATTHEWS, NC 28106
FAX: 704-847-7228

FROM: MARK LANDSEIDEL
DUKE POWER COMPANY
P.O. BOX 306
CLIFFSIDE, NC 28024

SUBJECT: TELEDYNE OXYGEN ANALYZER

PLEASE SUBMIT A FIRM QUOTATION 70: RCG/HAGLER BAILLY, INC.
DAVID KEITH
1530 WILSON BLVD
SUITE 900
ARLINGTON, VA 22209
703-351-~0300

FOR 2 EACH TELEDYNE PORTABLE FLUE GAS ANALYZER 320P WITH 220VAC

50 HZ CHARGING CIRCUIT, CARRYING CASE C-416, SPARE MICRO-FUEL CELL,
ADDITIONAL INSTRUCTION MANUAL, AND FLOW-THRU ADAPTER P/N 9313,
FLEASE ATTACH 320FP EBEROCHURE AND PRICE SHEET TO QUOTATION.

THIS EQUIPMENT WILL BE SHIPPED TO KOSTROMA, RUSSIA AND GIVEN TO

THE ENERGY AUTHORITIES THERE FOR THEIR USE A3 PART OF U.S. FOREIGN
AID.

FLEASE COPY ME ON THE QUOTATION.

THANKS , MARK .



JOHNSTON, INC.

136 €. CHARLES ST./ P.O. DRAWER 1075 / MATTHEWS, NORTH CAROLINA 28106 / 704-847-3107 / FAX NO. 704-847-7228

April 30, 1992

Mr. Mark Landseidal
KE POWER CO.
P.0. Bax 306
Cliffside, NC 28023
Dear Mr. Landseidal:
Attached is information and pricing on Teledyne's Model 320P and 320P/D Portable .
Flue Gas Oxygen Analyzers. Normally delivery is 1-4 weeks. Any order should be
addressed to:

TELEDYNE ANALYTICAL INSTROMENTS

c/o JCHNSTON, INC.

P.0. Drawer 1075

Matthews, NC 28106
Please call if any guestions arise.
Best regards,
JORRISTON, INC.

Roger Lm

President
RlL:dg
Encls.

: Curtis Helms

LYNCHBURG. VA - 804/525-7929 ® CHARLESTON, SC - 803/747-8688 e RALEIGH. NC - 919/231-3778
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Portable Flue Gas
Oxygen Analyzer

(with buiit-in pump)

Features:

e Accurate analysis
e Maintenance free sensor

e Three ranges standard:
0-5, 0-10, 0-25% oxygen
(optional ranges available)

e Fast response and recovery
e Built-in pump
» All solid state electronics

e | ow maintenance

Method of Analysis:

The new Model 320P portable oxygen analyzer utilizes
TAl's patented Micro-fuel Cell*. The cell is specific for

e Aijr calibration
o No zero or other support gases required

* Unique disposable Cell-saver teature oxygen, has an absolute zero and produces a linear
to extend cell lite output from zero through 100 percent oxygen.
* Rugged construction *U.5. Pat. Numbars 3,429,798 and 3,767,552

Ptinted In U.S.A.

4™TELEDYNE ANALYTICAL INSTRUMENTS

A HIGH TECHNOLOGY COMPANY



fne MmiCrog-tuerl Leii 1S da seaieu giguirucneimual rans-
ducer with no electroiyte to change or electrodes to
clean. it is compietely maintenance free. When the
cell reaches the end of its useful life, it is merely
discarded and repiaced as one would replace a bat-

tery in a flashlight.

Advantages of Using the Model 320P Portable

Analyzer:

s 1) Completely portable, powered by permanently
mounted rechargeable batteries. The Modei 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.

e 3) Calibration, using atmospheric air. The Model
320P does not require any zero or span gases,

which is a cost saving.

e 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% oXxygen 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 maore reliable convenient instrument for

use on typical applications.

» 7) Fast response time of 90% in less than 6 seconds.

Air Calibration: The Mode! 320P is designed to be
standardized against ambient air. Air is allowed to
diffuse into the sensing probe at which time the span
—ontrol 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 wiil drop off toward zero. This feature
keeps oxygen away from the cell when the instrument
is not in use, thereby, proionging the life of the celil.

Typical Applications:

Boilers, fireboxes and process streams. Used in
power piants, refineries, chemical piants, and steel-
making processes. Also in air pollution control for

analyzing automobile exhaust.

Requirements {or 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.

4™TELEDYNE AN
e
-

333 WEST MISSION DRIVE SAN GABRIEL, ¢

. JOHNSTON. INC.
K P.O. Drawer 1073
y Matthewe, NC 281086

e Z) INSUITICIENT OXYJen (excess atry can result in in-
complete combustion. Combustibie gases will buiid
producing a potential hazard which could resuit
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 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;
~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 fuil scale (others available)
Micro-fuel Cell: Class B-1. Expected call 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 S 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: 22 VDC supplied by NiCad rechargeable bat-
teries (30-40 hrs. per charge)
Max, Vacuum: 48” water column

OQUTLINE DIAGRAM

e TTOR SR

Al LAMAE AP . L——wr—é

In addition to the Model 320P Portable Flue Gas Oxy-
gen Analyzer, Teledyne Analytical Instruments also
manufactures thermal conductivity anaiyzers, near
infrared anatyzers, flame ionization analyzers, uitra-
violet analyzers and the industry’s most comptete and
comprehensive line of oxygen analyzers.

NTS

Represented by:

Telephone: 704/847-3107

Fax Number: 704/847-7228 589-1605

”~



The Micro-fuel Cell is a sealed etectrochemical 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 Portabie

Analyzer:

s 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 mare reliable convenient instrument for
use on typical applications.

» 7) Fastresponse time of 30% in less than & 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

——ontrol 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 wiil 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 ceil.

Typical Applications:

Boilers, fireboxes and process streams. Used in
power plants, refineries, chemical plants, and steei-
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 wouid have
to be added to maintain the heat level, increasing
the cost.

“W$TELEDYNE AN
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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 resuit
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 fuei can add
up to many thousands of doliars per menth.

SPECIFICATIONS:

Three Ranges Standard: 0-5, 0-10 and 0-25% oxygen
{optional ranges availabie)

Sensitlvity: 0.5% of full scale

Accuracy: =1% of full scale at constant temperature;
+5% of reading or 1% ot 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 B-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 fuily
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: 22 VDC supplied by NiCad rechargeabie bat-
teries (30-40 hrs. per charge)

Max. Vacuum: 48" water column

OUTLINE DIAGRAM
1L I

in addition to the Model 320P Portable Flue Gas Oxy-
gen Analyzer, Teledyne Analytical instruments aiso
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.

NTS

Ropreaented by:

JOHNSTON, INC.
P.O. Drawer 1075
Matthewa. NC 28108

Telephone: 704/847-3107

Fax Numbaer: 704/847-7228 588-1605

Y



16830 CHESTNUT STREET, CITY OF INDUSTRY, CA 91749
(213) 961-8221 » 283-7181 TWX 9101887 TDYANYL COID

Model No. Description Price
320P Oxygen (02) analyzer supplied standard S 895.00

with the following:

- Built-in sampling system with integral,
| pushbutton-actuated sample pump

- Three linear ranges: 0-5, 0-10, 0-25%
02 (switch selectable)

- Local meter display (direct readout)

- Deep-drawn aluminum case

- Battery-powered (rechargeable NiCad
batteries with 110 VAC, 50/60 Hz

charging circuit)

- Micro-Fuel Cell: Class B-1 (calibrated
with ambient air) - 6 month warranty

- 90% response in 7 seconds (B-l cell)

- Cell saver cap

- Operating temperature range: +32 degrees F
to +122 degrees F (0 degrees C to +50
degrees C)

- 0-100 mVDC output

- Battery charging power cord

- Instruction manual

NO-CHARGE 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-1l 70.00

h

PRICES SUBJECT TO CHANGE WITHQUT NOTICE
EFFECTIVE DATE DECEMBER 1, 1989 320p/PD.1



Model 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: 1,200.00

- Integral liquid-crystal digital display

- Linear range: 0% to 100% 02

PRICES SUBJECT TO CHANGE WITHOUT NOTICE
EFFECTIVE DATE DECEMBER 1, 1989 320P/PD.2
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TO: MARC E. SHERMAN
IRD MECHANALYSIS, INC.

SUITE 110
500 WEST DUTTON’S MILL ROAD
ASTON, PA 13014

215-497-44493
215-497~4451 FAX

FROM: MARK LANDSEIDEL
DUKE FOWER COMPANY
P.0. BOX 306
CLIFFSIDE, NC 28024
704-657-6314

SUBJECT : IRD MODEL 880

SLEASE 3SUBMIT A FIRM QUOTATION TO: RCG/HAGLER BAILLY. INC.
DAVID KEITH
1530 WILSON BLVD
SUITE 300
ARLINGTON, VA 22209
703-351~-300

FOR 1 EACH IRD MODEL &850 MICROPROCESSOR ANALYZER-EALANCER.
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 3880 BROCHURE AND OPTION SHEET TO GUOTATION.
THIS EQUIFPMENT WILL BE SHIPPED 7O KOSTROMA, RUSSIA AND GIVEN
THE ENERGY AUTHORITIES THERE FOR THEIR USE AS PART 70 U.S.
FOREIGN AID.

PLEASE COPY ME ON THE QUOTATION.

THANKS . MaRK.

BEST AVAILAELE CCFY



IRD Mechanalysis

May 1, 1992

Mr. Mark Landseidel
Duke Power Company
P.0O. 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
rhe 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. I look forward to
hearing from you soon.

Sincerely yours,
IRD MECHANALYSIS, INC.

2/
‘/:]//mc. & X AL sppen

Marc E. Sherman
District Manager

MES/pw
Encs. (per above)

mmply to Northeast Region Office:

IRD Mechanalysis, Inc. Corporate Headquarters:

SU“e ‘]0 RD Mechonolysis, inc.
‘ i 6150 Huntley Road
500 West Durtan’s Mill Road - v Roa
I VAL AN a7y .
AS'On, Pennsylvonio 19014 HE ST.A. VAT L 11‘.;..5 CL/"Y 2)041:'318&;“;.372}“0 43229
215/497-4449 .
FAX: 215.497.445) Telex 24-5318

FAX: 614-885-7568
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Mlcroprocessor Analyzeraealancer
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—___DESCRIPTION

The.Model 880.microprocessor—analyzer-balancer

Is a rugged, seif-contained, portable diagnostic

tool, dasigned to be taken directly to the machine
--—for—vibration--spectrum- analysls—and in-place
balancing. : :

.—- Pressing a single switch. generates- a-completely -

annotated hard-copy' frequency spectrum from

600-600,000 cpm In only 25 seconds. You can
. .—also ..obtain low frequency-measurements-to -60
cpm. :

- . slngle sensor measures. machlnerv_vlbratlon. in
displacement, velocity acceleration and Spike

““Energy ™ units.

— _FEATURES .

e — Digital ampliitude or- frequency - display - pro-

____vides a high precision_readout for balancing_

-*-—Automauc-i‘urder“?indication of-the-spectrum——
frequency peaks to show bharmonic rela-

and analysis.

tionships of frequency peaks to rpm.

_ o __Analog amplitude _and_frequency meters
suppiement the digitai displays and ald in an-

e Dlagnostic: cépgplllt? incld(je_sa_ﬂag-,ggpy

tabular readout of the most llkely causes of

- = - alyzing unsteady signais::

vibration:

i

e Automatic tabular listing of spectrum frequen-

e Prints: out AVERAGE, MINIMUM, and

= —cy peaks and amplitudes:

MAXIMUM-overall-vaiues—for-both- spectrum ——
and amplitude vs tlme plots

e Chart speed selector with' three time-piot
- speeds records-short transients—and- slowly -
___changlng vibration over a number of hours.

- —e— Event-marking; feature-pnnts a-short-vertical -
line: to_Indicate the_precise_time ot events on

amplitude vs. time. plots.

7 IRD Mechanalysis




60 to 600,000 com (1 t0:10,000 Hz). Tmmmmmmwmwmw
TUNABLE FILTER RANGE : ~ o - v iy

i ibranon/sound ;
SowBOOOOOCplnmmranqesemoGOOOOCpmandGOGlo s ammmmm lovel moter. P
'nJNABLE FILTEFI CHABACTERlSTlCS
Erroao’ﬁlter 10% BW (Q. = 10) for fast’ plonlng

=B. tomamﬁnaraweep.so lo 600,000; 600!0600000 pm. 5T M22FEISTTS0°C) -
u c oLy
anual lier-tune: 60-to 60,000; 600-1o 600,000 cpm. QYERALLDIMENSIONS | ,

. 6-1/2!in (432 mm x 356
TEANAL OSCILLATOR RANGE Analyzer: 17 in'x 14:in x ¢ x 356 mm x 165 mm)..

-——60 1o 600,000 com m two-ranges; 60 1o 60,000 cpm; 600 to 600,000 cpm——— POWER REQUIREMENTS

E'LH;‘OBOSCOPIC LIGHT ng'” wli o 50 H 9025 V 25 W: arpaahia Gacamy
— Intensity strober . : padt. NW 005'3"0“ M‘V -hoar munim
--~—600,000 cpm. atlory chiarger AUIOManc charge whenever oil AC power with Geui 10—
DISPLACEMENT RANGES (see note*) . prevent overcharge. Maximum charging rate. available
- -- English: 0 to 100 miis-n-exght fuilk-scaie overiapping ranges; 0 1o .03; 0 mﬂtmc& " -

10.3;010.3;0101; 010 3; 0 to 10; 0 1o 30; 0 10 100 miis K.
...... Metnc. 0 (o 3,000 pm n exght full-scale ovenapaing . anges.om1pgt?13 STANDARDACCESSOF"ES

010 10; O 1o 30: 0 10 100; 0 to 300; 0 to 1,000; 0 to 3,000 T 1 Modal 970: accelerometer ~ P/N 19697 ; j
m pk-pk. D Gk o Moder 970 PIN2043

T oET o (N o 1"_—‘—"—

VELOCITY RANGES (see note’) | T D ot - P 28830

. ___Enghsh: 0 10 100 Vs in exght fuli-scale overapping ranges; 0 to 0.3; e 011 2-11-{3:7 -T)-strobe-cable-for- Mode! 571 strobe— PN-28836 ————
0t.1;0t0.3;0101;01t03;0.1010; 0 10 30; 0 lo 100 . ® 1 Power cable - P/N 196431 :
in/speak. «_8.Rolis- 4444

"7 Metric: O lo 3,000 Vs in éighl [Gl-scale overlapping ranges: 0 to 1700

3; 0 to 10; 0 to 30; 0 to'100; 0 to 300; 0 1 1000; O 10 3000 mmvs :?gwuw- 2]77P/N28578
o +- ==~ —paak (Or rms factory ogton).

CCELERATIO GE (with Mode! 970) ¢ 1 Operaung nstructions manuai - P/N 28838
ACCELERATION RAN wi
- English ang meinc0 10 100 g in eght uil scale overlapping ranges: O'W"‘“GF'TIONAEAGCESSOHIES

.03:0!0.1;010.3;: 00 1; 00 3; 0to 10; 0 to 30; 0 10 100 g peak (1 ® Model 544 vibrabon velocity pckup - P/N 4526
- — 386 wvs2, or 9.8 m/s2). - J (9 = ©.12 # (3T m).pickup.cable forMocel 544. - P/N.20433
SPIKE ENERGY UNITS RANGE e Magneuc pickup hoider for Model 544 and Model 970 - P/N 4332

® Magneuc shield for Model 544 transducer - P/N 10449
- Engitsn and mewnc: 0 to-100 g mr eght full-scale overtapping ranges— 0 o —"
03:010.1:010.3;010.1;0103; 010 10; 0 10 30; 0 10 100 g with special  * v0/C0act displacement accessones:

-~ circuits designed 10 detect and analyze Spika Energy units. gu"g%nmm channol - /N 23093
TEST SIGNAL ©12 fi (5.7 m) extension cable:for strobe light - P/N 28838
~----Internaily generated tes! signal opafales on-AC or batery power 10 check - 25 ft-(7. &mmmmm for Modei 970 acceterometer~—
circuit oparaton in test. Test si ts synchrmous 0 and in phase with the P/N 21044
. Jine power when swiched (o Al -Zintl.&uuwmmwupmble for Model 544 uansducar
BATTERY CHECK P/N 21045 :
igital LO BATT indicator; analog meter display of batiery vollage to - ____.'_g‘,JNlt Z(:a%mj_mm_mkup.caue for Model 970mmuneter -
dicate remaining battery operaung time in BATT CK: analog meter of
ttery vollage when charging power swilch off 10 indicate charge condition. * wpné‘é&i m) exiension pickup cable for Model 544 transducer -

‘QUTPUTS 012 [t (3.7 m) nonN-CONtACt MoNitor piCku cablemmBNCconnectort
~Built-in XY printar/plotier with annotaled frequency and Wna piots. -—-——————mc(::nm?fmwr-outp‘nmﬂrsa‘:\sm:w of 200 mvimnt(8 mvnn-nh?‘—

Diagnosuc tabutar pnnt-out to aud data interpretation. P/N 24809 : ,
. Ha"“g(“'c markers on spectrum plats (0 aid idenufication of harmonic ___-J?_lt(umummmsgnalsem pickup cable.with spada lugs for
vibrations.

. connect o non-contact signal sensors with sensitivity of 200 mv/mil

Display and pnntout of rpm. {8 mVium) - P/N 22874

Printoul of averatt ampiitude: average, maxmum and minimum levels *12 ft (3.7 m) non-contact signal sensor pickup cable with spade lugs for
over six-second sampla penod at start of frequancy piots. non-contact signal sensor - P/N 29030. Simiar 1o P/N 22874 bul with an

Printoul of overall amphtude average: MMMuM and MaxIMuM levels at: ——————asdad wire and 24V} 1o he
the end of amplitude vs. tima ploL ~Spa0s 16g W0 Apply power {~24V)

nal sensor.:
-Event marker. .. - Mwmm«mmty iransducer—P/MN-24957 —————
Soike Enargy (8-sample average) signature in broad high-band mode © 12 f1 (3.7 m) pickup cahle for Made! 560 - P/N 25136 .
._Pnntout of prompting messages_ (o guide operator through singla-plane e 25 f1 (2.6.m} extension.pickup-cable. for Model 560.- B/N 25137
and two-piane balancing. * 50 fi (15.2 m) extension pickup cable for Model 560 - PN 25138
DC power oulput (-24 V) to drive non-contact signal sensors. e Model 308 vibraton/sound level meter
~Analog ampitude meterand analog frequency meter. @ Chart paper (sold in lots of 48 rolls) - PN 24444
Digital amphtude meters: covers range 3-1/2 digits (.0000-1500 o Calibrator - PN 21073 '
- — Engiish, or .0000 ~15 k melnc). o Vibrabon chast Strage NotebooK with ST fifler sheels “F/N 25864~
Digual frequency mater; covers range of 60-600,000 cpm.  Notebook filler sheets (package of 100) - PN 25865
.- Rigual display ol measurement.umnts: SACCOSS0rY-Ca30—PN-25345
English: mils pk-pk, Vs pk, (or rms faciory opuon), g pk. ® Service instruction manual - P/N 29359
R cmMenm: p:n pk-pk, mavs pk, (or rs factory opbon), g pk._ +—NOTE: For-di tocity readings bolow 200" cpm U
Swobe light outpul receptacle optional low-trequency- poelmp (Model 560) is recommended.

-~ Signal overscala indication.

o

IRD Mechenalysis - U.S.A. IRD Mechanalysie ~- Canada IRD Mechsanalysis - Belgium IRD Mechanalysis - Austrafis 1991 IRD Machansiysis, Inc.
{AD Mechanatysia, inc. IAD Mechanatysis, Ltd. IRD Mechanalysis, N.V. IRD Mechanalysis, Pty., Ltd. All rights reserved,
6150 Huntiey Road 477 Barton Street East Excelsioriaan, 39 Box 2 337 Pacific Highway DD s
Columbus. OH 43229-9851 Stoney Creek. Ontario LBG 4S1 1930 Zaventem (Zoning Keiberg)  Crows Nest, NSW 2065 o IRD Mo registared oy
Phone: 614/885-5376 Phone: 4158/643-4204 Phone: (2) 721.28.33 Phone: (02) 929 8122 Mechanasysis, Inc.
Telex: 24-5318 FAX: 416/643-1143 Telex: 61256 FAX: (02) 922 3937 Subject 10 change without
: 614/885-7668 FAX: (2) 725.00.17 natice.
mm IRD Mechanalysis - U.K. IRD Mechanalysis - France
IRD Meschanaiysis (UX), Ltd. IRD Mechanalysis - indla IRD Mechanalysis, s.a.r.l.
Sumpers Lane IRD Mechanatysis, Lid. Z.A. de Courtaboeut L02023
Sealand industrial Estate B10. Ansa Industrial Estate Miniparc - Batiment 5
Chester CH1 4LT Sakl Vihar Road 6 Avenuae des Andes
Phone: (44) 0244 374914 Saki Naka, Andheri (East) 91552 Les Ulis Cedex
Telex: 617034 Bombay 400 072 Phone: (16.1} 69.88 11.88
FAX: (44) 0244 379870 Phone: (22) 5782906/5780178 Talex: 603967 FORM # 2255C
Talex: 011-79402 FAX: (16.1) 69.86. 10.90

FAX: 0091222027576
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- Model 880 Anaiyzer-Balancér

THHModel 880 has developed a
reputation as a rugged, versatile
instrument. Now |IRD has made the
880 even more powerful - adding new
diagnostic capabilities that makes
machinery condition analysis easier
and more accurate.

The Model 880 Microprocessor Anaiyzer-Balancer is a
self-contained, portable diagnostic instrument designed
‘0 be taken directly to the machine for vibration spec-
rum analysis and in-place balancing.

l@l

The 880 is an important tool in a Predictive Mainte-
1ance Program. it is the perfect complement to your
cortable vibration measuring instruments or your auto-
mated data coilection and machinery condition surveii-
-ance systems. His versatility ailows you to perform four
:mportant PMP functions with ease and accuracy.

|
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Baseline Signatures
The 880 can be used to establtsh baseiine vibration
smmm 1 res. This permanent record serves as a “finger-
o ainst which future signatures can be compared
to getect and diagnose machine fauits.

Repair Confirmation -
‘Nhen a machine has been repaired, the 880 can be

:sed to run a comparison vibration signature to insure
‘he repairs were performed properly.

~ault Diagnostics

‘Nhen 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,
misalignment, mechanical looseness, bent shafts, bad
bearings and worn gears.

In-Place Balancing.
if unbalance is found, the 880 can perform in-piace
single and two-plane balancing.

Foge eyl

BEST AVAILAGLE CCFY
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Signature

Balance 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. Piot generated in
95 seconds.

The BALANCE signature (2.8% bandwidth) provides
still higher frequency resolution necessary for fine
analysis and baiancing. Plot generated in 210 seconds.
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Automatic tabuiar 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 APM 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.



Machine Operating Cycie

Event Marking
A printout of short vertical lines

g Ml a : H H 2 HIR N '
TS R : H on Amplitude vs. Time plots can
| :9 :’g‘ be used to manually indicate
’ ia ! iy precise time of specific events.
IR B |
- DL
Pob A e : i
f = | 9a - H :
[ w8 1A o
: I 4TI | =}
P00 @ e L] 11 | | - 3
: Event marks can be used to indicate change
; in machine operating modes
Machine Coast-Down
Pl 2a : : : ! : LN
i [ S G : -
b e H : -
PorrE s 't
A - i L i i
; 11 VY | H H
o an+ : : ~I
[ 4 <3 : H B
[ A ] H I ‘£
1 0w : H ~
=1 Ve _ . H
32 9z i i— e < i G
S S DR S N SRS [N N U S (N SRS SR AR N N R Mt S, <
- RPM iT56 600 (400 200 1000 869 600 % 400
' STC X 230 %
; 710 %
: X T MARKS RESONANT PEAKS
Event marks can be used to indicate RPM (obtained with tachometer) in
relation to machine vibration levels during machine coast-down.
g . : Beat Vibration
! . Beat frequency time signature
£ caused by operation of two
i induction motors on the same
ig- baseptate.
e
I 2
H 3 =o'
i A6 °C” (OEFICT)
P . R o g ! Spike Energy
R >+ ¢ : :.: : ¢ Measurements
b2 wmaw A D T S e o B B | The 880's Spike Energy
__l';:%u-, detection circuits are designed to
o B - wew - - sense microscopic flaws in
= - i ‘ L bearing or gear elements. A
N : Yo'l high frequency broad band filter
- F ' ' ' mode is provided to enhance
Spike Energy Amplitude vs. Time Signature frequency peaks which would
e . - ot t e s C el e st otherwise be obscured by
R R P o rr g o R am unbalance, misalignment and
; : i other similar vibrations.
o]
';.! Frequency analysis.of these high
i frequency signals aids
=g an in determining the source of the
cd Pp R : u e Spike Energy signal (i.e.,
" T b . B ) e H N [ bearlngs' gears’ f‘l.lbbil"lg. Btc.).
Splke Energy Amplitude vs. Frequency Signature
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A step-by-step reference is provided for assistance
when balancing with programmable calculators.

mmyngle and two-plane balance prompting messages
ided by the Model 880 guide the operator through
each step of the balancing procedure.

awd

Sample Two-Plane Balancing Messages

i o 1 i, i, Bl e >

BALANCE <2 - PL> SAPETTHTIGESTIRS SEYR™RBTER™——~~==
macu_ FAN T 102 _ = RTR WT_IN LBS NR END TW BAL ;
SPINM ROTOR 17.7cRPR 108 NEAR EMOD 3
ORIGINAL BAL 1 0Z = 28.33 cM -— . DG 3 1
NEAR EWD 1s7T 'rt‘angn ENDS 5 __mis - &
——bBe___pEce 1 2 ~~DEGmn 13 FAR ENO n
el s 2 S I A ---25.3--95:5* s i
} ——— s e RO ‘
Frak EMO PO —-——MIls ia '
_.-_26.35.6_.-..asc. » ""SE?:SEEOEgE" STOP ROTOR -
—— e MILS & REMOUR Tt .
“IEASnEY REET i
FOORETOR"REF"RRK
STOFP ROTOR
EZNGTTHETIRRCENDS T EETRTRATER™ """ CACEOCATRE " CGRETWT
—ABO __opcaw 1= FR END TW BRL CORRECTION WT ‘
----2;.... -G 1e NEAR END NEAR END .‘.
-_u_.ﬁ._-_ian .38 . _ocsce = =48 bl ngcae B :
B2 _miLs 6 __z.n.fi...@/cn a i
FAR END ——b__RAo
— ——DEGH 11 FAR END i
2 _miLs 12 =88 %0 0ecum o 1
aToP ROTOR ..__J.‘.Q.s._@van c ¥
REMOUE TuW JUUUII .~ T - ¥ - | = ?_
SETR-RETBR-—————" FRYAR QT """ SPTN_RGTGR™™
CORRECTION BAL NEAR END CORRECTION EAL 4
NEAR END =00.05 cecesx o NEAR END j
eRP___pECE 17 ...Q:M_.@ cm A 31 __pece 17
ol ___miLs 1w el _RAD b4 _mrLs 1w j
Far ENO FAR ENO ‘ FAaR END !
L&Y __ngce 19 529 _oeces o d8b___pEce 19 i
222 _miLs ze — e - Gm _....QJJ...._nn_a T J
STOP ROTOR AN ——l_ o STOP ROTOR AN 3
e -EEE01E= E°R" HT ?ELSEEGIEES"“R il F
4
CORPORATE
HEADQUARTERS
D Mechanaiysis, inc.
150 Huntiey Road
Columbus, Ohio 43229
614/885-5376
Fax: 614/885-7668
Form # 2130B
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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~ve 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 $ kBTU MJ

Moscow O No insul 44,971 3,779,745 3,987,843
No W.S. ’

Moscow 1 Add wW.S. 38,613 3,269.506 3,449,512
No Insul

Moscow 2 Add Ww.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.
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TABLE 1. ANNUAL. [LOADS

Lt ke Gk AN A S o WO L P WA AN AR o T T S AL St M WO ik YA oo Y S B S MU UR TR Setet T TV WO TR S N A St 4o (AAKY W PO OSSO o W T TS TNV W T T TYETY SR W S . (R SO TS T A W ) o Sl o W .

ool ing Loads = 0 G, 000

Heating Loads # 2,924,401 47.473
eI R Y E T E R R T T R P I AT I A TR S
TABLE 2. ENMERGY BY SYSTEM COMPONENT

v oome-=- Site Energy -—----> L eeemee Qource kEnergy —--- i
Component (ERTU? (EBTU/=qfti* CkBTUD (kBTU/sgftaix

Alr Zystem Fans 438, 722 8.334 438, 782 T 8.3284
Dooling Flants 0 0, Q00 8] 0,000
Heating Flants 2,824,407 17.473 2,824,402 47.4732
Fump s 23,124 0.3873 23,124 0.387

HYAL Total 3,346,207 96. 245 2,346,307 S56.245
Lights 106,349 1.732€ 106,842 1.7736
Other SElwatyic 238,424 .89 53,424 n.338
Mizge, Elactris » ’ 0,000 0 0. 000

Moteszs L. Sibte snergy s the actual anergy consumed.

2. Souwrce a2nerqQy accounts for a2lectrical generating
itnefficiencies. Foar this study:
Cincbtric generating sfficiency =100.0 %

J« Energy per unit floor area is bhased on the gross
building flwowar area. FFor this building:

tross floor area = 23,4389 =sqft
Zonditioned floor area ] 53,495 aqft

4. Apnual conoling load is the sum of all cooling plant
lxads.

S. Annual heating leoad is the sum of all primary and
auxiliary heating plant loads. [t does not include the
domestic water heating load.
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iAHLE 1. HNNUAL LDADJ
Ciomponent CRETW (LBTU/sqgft)*

Tinaling Loads * [ 0, 0G0
Hepating Loads - 2,824,401 47 .4732

B T T T r T T T Ty T Ry Ty R Ty RS e SRR
TABLE . EMERGY BY ENERGY COMFONENT

‘ f—=-— Dite Energy -————- g g ——— Sourece Energy ———- w
Component TRBTUI <LBTU/sqft1* CRBTUD <lBrU/sqft7*

Glectrin 21,306 8.772 DEl, 206 8.772

Matural Has 0 Q. 00 0 0,000
Fuel 0il o 0,000 ’ O . 000
Fropane 0 0. 000 0 O Q00
fipmnte Heating Dy BEd, GUR 47.4732 2,824,402 47.473
Femote ooling 9 e QOO0 (&) 0,000

HVYALL Total 2,346,308 36.245 u'u46'3”8 560245

Electric 180,273 Z.E94 160,'2‘73 2594
latural fGas O (‘) 000 (8] O.000
el il 0O QOO0 O G, OO0

ropanae ) U.UUU O <, 000

-’ 8 el e
[z

amate Heating 273,165 3.5 =273, 165 3,391

Mz ‘WA’ Total

Motes: 1. Site enaergy is the actual snergy consumed.
e GDource enerqy accounts for electrical generating
inefficiencies. For this study:
Electric generating efficiency =10Q0.0 %
e Znerdy per unit floor ar2a is based on the Qrogs
building floor area. For this building:

Gross floor area = 53,495 sqft
Conditioned floor area = 59, 435 sqgft

4. Annual cooling load is the sum of all cooling plant
loads.

=

S. Annual heating load is the sum of all primary and
auxiliary heating plant loads. It does not include the
domestic water heating lwoad.
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TABLE 1. ANNUAL LOADS

hamponent o MJD . MJ/s3qmi*
Dmaling loads o« 0 0, 000
Meaflnq l.oads % 273,308 S29.1:z28

g R sy A R e R e e e ST
TARLE . ENERGY RY SYSTEM COMFONENT

e Gita Epergy —-—-- * L=——= Gource Energy ——-- *
Component £ MJo £ MI/sqml* ¢ MJD { MJ/sqmd#

Alr System Fans 526,243 95. 208 SZE, 243 DE. 208
Ciaoling Flants 0 Q. OO0 0 0, Q00
HMeating Flants 2,373,902 . SE39.128 2,973,302 939.128
Fumps o4, 2397 4.3414 2, 337 4,414

HYAD Total 2,530,342 £38. 730 3,930,342 £328. 730
lights 11z, 721 2003299 115,,11 20.399
DO her Tlectric E6, DEG 10,198 &, 326E 10,138
Migo. Sloctvic O 0,500 0 Q, 000
Nome Mot Water ~e8, 204 Z2.142 288, 204 S52.142

—%f T e f“«“_m,__,mﬁ_‘mu_; ........ ———— e —

32.735 457, 301 a2. 735
MP\ND TDTAL 3,387,843 TZ1.486 2,987,843 721,486

ay is the actual energy consumed.
Z. Juurrc 20ergy accounts for electrical generating
1neTf1u1enules. For this study:
Elactric generating efficiency =100.0 %
Se Energy per unit floor area is based on the gross
building floor area. For this building:

Aross floor area & 5,927 sgqm
Conditioned floor area = 5,327 sgm

4. Annual cooling load is the sum of all cooling plant
loads.

5. Annual heating lmad is the sum of all primary and
auxiliary heating plant loads, It does not include the
domestic water heating load.
(S EL S IR IS S ST R R R Y TR Y T R
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TaBLE 1. ANNUAL LOADS :

Componant ¢ MJ € MJ/sgmd *
Tombling loads * 0 O, Q00D
awting Loads # 2,379,302 559,128

R T I T e e T
TABLE . EMEREY BY ENMEREY COMFPONENT

Tem——— Site Enargy —-——-- e i Source Energy ——-->
Component ¢ MJI) (£ MJ/sgm)* ¢ MJID ¢ MJ/=gm)#

Eleckric S50, 640 39, 622 S50, 640 99, 620

Matural lEas O 0. 000 ) 0. 000
Fuel 011 i} Q. 000 0 Q. 000
Fropans 0 C QL0000 0 0. 000

snote Heatbing T ITE, GOZ 529. 128 7,979,930z 539, 178

Famodia Dol ing ] 0,300 0 0,000

q R N P S3oEEeAty g it it e R T TR ) g -y oz
1’ N oy Yuwd ! . o’ L R '
HYALL Tl al 2,330, 345 £28. 750 Dy 030, 94 £38.730

Electric 1693, 637 20.333 1693, 037 20,333
latural Has 0 0L QG0 ( 0. 000
Tl g1l O 0,000 0 (e OO
VTP ATTE 0 g 000 8] Cra G0G
fRexmiat e Heating =88, 204 SZ. 142 =88, L0 ) Sz.14z

!

457, 301 92,739 457, 301
587, 243 701,486 3, 987, 342

gy 13 the attual @nergy sonsumed.

Y. Source energy ascounts for 2lectrical generating
wnefficiencies. For this study:

Electric generating efficiency =100,0 %

3. Energy par unit floor area is based on the gross
building floor area. For this building:

Gross floor area e S, 927 mgm
Conditioned floor area = 5,527 sgm

4. Annual cooling load is the sum of all cooling plant
loads.

Z. Annual heating load is the sum =f all primary and
auxiliary heating plant loads. It does not include the
domestic water heating load.
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TABLE 1. ANNUAL LIJADS

aling loads = 0 0. 000
Meating Loads ¥ 2,433,554 40,04

FREREEEEERRAAAREL TR AR R RRER AR R R AR R ERRH R R R R R RR N RN LR R AR AR
TABLE 2. ENERGY BY SYSTEM COMPONENT

femm—ee Gite Energy ——e—- > Smme—— Source Energy ——--i
Lomponent CLBTUD tEBTU/sqftox CRBTUD CLBTU/sgftr*

Air Svstem Fans 379,’3* £.281 273,634 £.381
Cozling FPlants 0 QL 000 0 0, 000
Heating Plants Z,433, 55« 40,304 2,423,324 40,304
ffumps oz, 880 0.285 22,280 0.385

HYAIZ Total =, 336, OEE 47 EET o, 836, UEB 47, EEY

Lights 108, 343 1.7396 106, 843 1.79%

Other Eleactyric 33, <24 2. 898 53,4 G 0.838
fMisc. Electric 0 QL0000 G 0. Q00

_ Dam. Hot Water 272, 165 4,591 273, 165 4,591

Nen-HVAL Total LSS,L“' 7.028% 433,42 7. 05
3,;’%.406 S4. 354 3,263,506 S, 959

. anergy 13 the actual energy consumed.
S Souroe anergy acoounts for alectrical generating
inefficiencies. For this study:
Tlmctric aeparating efficiency =100.0 %
3. Eperdgy per unit floor area is based on the gross
oullding floor area.  Faor this building:

Gross floor area = 53,4395 sqgft

Conditioned floor area = 599,495 sqft

4. Annual cooling load i1is the sum of all cooling plant
" loads.

5. Annual heating lwmad is the sum =f all primary and
auxiliary heating plant loads. It does not include the
domestic water heating load.
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FABLE L. ANNUAL L.OADS
Component CkBTU thETU/ sqftix
Candling lazads o# 3 0L, 000
dwating Loads 2,123, 554 A0, 304
HERREERRERR AR LEE SR EAS SR REREEE SR ELAEEA LA KR EREREEE XX B LA XA AR XRRT S
TABLE . ENERGY BY ENMERGY COMFONMENT

v Site Energy —o-o & e Sourice Energy cee-
Domponent CRETU) (EBTU/sqftax CkBTU) (kBTU/sqgftoe

Flecty i 402,514 £.7E6 402,514 &.7EE

Matural Has i g OO0 SO 0,000
Fuel 01l O O, QOO (9] 0. 000
Frmpane G 0. 000 O 3. OO0
emote Heating o, 403, 554 Eg =Tt 2,433,554 A0, A0
Famote Dooliling % Cr o OO0 [ G, QOO0

HYAIL Tk al 2,826,068 47 . 6673 2,836,088 17 . 669
Electriac 160,273 2.694 160,873 A B

datural tias 0 L OO0 O 0. 000

w2l J1l %) U.UUU #] £, 000

v ana Q O 200 Pt 0,000
Remote Heating 273, 163 4,321 273, 165 F.591

M= HY AL ': ..nt"\l

]Trﬂﬂ

1. Zite 2nergy is the actual energy cons
L. Bowrce energy accounts for electrical generating
inefficiencies, For this study:
Electric generating efficiency =100,0 %
SZeoEnergy per uwnit floor area i3 based on the aross
building floor area. Far this building:
nross floor area . = 99,435 sgit
Conditioned floor area = 59,435 sqgft

4. Annual cooling load is the sum of all cooling plant
loads.

. Annual heating load is the sum of all primary and
auxiliary heating plant loads. It does not include the
domestic water heating load.
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TTAELE 1. ANNHAL LOADS

o ot ey s e o 380 S WA 3K M ol o b O S s A W Vo SO B 3 T W | MO BT ST A S0 o W S Tl W Yo o A e WO RIS S b DD e P oo M P M W ok A MRS S O RO . W A Sl ML rm. i YR S R e e e

Compmn@nt £MI € MJ/=qm) *

1;: 1‘::;:)_[_ 1_ H| g L_ P] _'{d;-‘, *~ l‘) (:) . (:) l:)(:)

Heating Loads ¢ 2,567,532 464,322

LR R PR R R Y Y T Y TSR YR T R R R R
TARL ENERGY BY SYSTEM IZOMFOMENT

Lmeeeemee Gi e Engrgy ce—e-— L= Source Energy -——- >
Component . MI) . MJ/sqma* € MTJ2 ¢ MJ/sgm)#
Alr Eystem Fans 400, 535 720465 400, 3525 72,465
Coaling Flants 0 O, 000 a) O, Q00
HMeating Flants Z,ZE7,3S2 464, 523 Z,967,3536 164, 522
Pumpz 2, 140 4.367 4, 140 4,367

VAL Tatal 3,992.21 341,355 2,992,211 541,355

Lights 11z, 73 Z0. 395 112,731 20,333
Dther Elactriac 56, SEE 10,128 SE, ZEE& 10,138

Miae, Elaectric O O.000 ) 0. 000
—DNon. Hot Water 238, 204 2. 142 =288, 204 CoEE. 142

Nun~H Aﬁ fotal LS?.QHL f2.735
;FANH ’DTm q,44W,DIE . ﬂ;ﬁ

Site sneraqgy is :he actual =nergy cansumed.

2. Bouwrce @energQy accounts for electrical generating
inefficiencies. For this study: ’

Slactric generating afficiency =100,0 %

Z. Energy per unit floor area 1is based on the gross
building floor area. For this building:

Gross floor area = S5.927 =qm
Conditioned floor area = ',q~7 3qm

4. Annual cooling load is the sum of all conling plant
loads.

5. Annual heating load is the sum of all primary and
auxiliary heating plant loads. It does not include the
domestic water heating laoad.

R RIS R R R N Y Y Yy SIS Ty
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TABRLE 1. ANNUAL LOADS

(2 L 00

2,067,336 4b$.a_;

- . W I YT e 0 R 00 VW eh 20 VAW A TSI SO SNV Sch SO TOT R AW VI A TR AL T P YW e e SR St At SO e St S W Tl S MO TR T M MO oM O s St AWK W ST D N o LT Y e

R L r R T e R e
TaBLE 2. ENMERGY BY ENERGY COMPOMENT

Leee——— Site Energy ————-—i Goe——— Hource Energy s
Coinponent S €  MJI/sgm)* ¢ MID € MJI/sgmi»
Electric 424,679 7G 2323 424,675 76.822
HWTural 3as Q ] 0,000
el 011 <) 0. OO0 0 O, 000
Fyoapanss 2 iy elsly ) G, 000
Faincte Heating 2. SET,STE 464 S22z 2,567,536 461, 5202
:jnnLn ngllnq > Cr, GO0 0 0. 000
HVAID Total 2,993,211 541.355 ayEer, 211 241,385
Sleactric 162, 037 20.523 163, G397 30,533
Natural Has ) ) O, Q00 i Q. 000
Tal 011 0 L Q00 0 G O0G
=ropane 0 _.uuu 0 D000
Fomota Heating =88, 204 S2.142 288,04 RS W
Tomtal 4357, 301

Moxtas: 1. Zite eneragy 13 the actual anergy consumead.
L. Source snerqQy acoounts for electrical generating
tnafficiensies. FFor this study:
Electric generating efficiency =100.0 %
2. Znergy per unit floor area is based an the gQross
huilding floor area. For this building:

Gross floor area e q,SL? sqQm
Conditioned floor area == 5,927 =gm
4. Annual cooling load i3 the sum of all cowoling plant

loads.

5. Annual heating load is the sum of all primary and
auxiliary heating plant locads. It does not 1nclude the
domestic water heating load.
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TFABLE 1. aAMNUAL LLOADS

mmponent CLEBRTUD ChBTU/sqTE)*
iealing Losads # o G, 000
Heating Loads * y Hd, D0 POl RN

SE XA R S A e R E L R Y e IS R R s SR SIS RS A LS R e
TABLE ZYSTEM COMFOMENT

L Gite Energy -—e—- * == Qourse Energy —e—ee
Momponent CRBTUD tkETU/:qft>+ CEBTUD (kBTU/sqgftix

Alv Svstem Fans 280, 880 4.721 280, 880 4,721

Cooling Flants O '(MN3 0 0000
Heating Flants 1, dsa, 320 24,286 1, 444,320 24.hu
Frimp s 20, 740 0,342 20,7340 0,343

HYAIL Total 1,748, 5340 3. 386 1,746, 340 29,3536

Llrghts ‘ 106, 843 1.796 106, 344 1.796

Sther Electric 53, diE4 . 838 53,424 0.878
Mizge. Zlectric 9] 0. 000 ) 0000
Dom. Mot Watar 273,163 4,521 272,165 4,591

pnergy 1s the actual energy consumed.

L. Source anergy acoounts Tor electrical generating
inefficiencies. For this study:
Electels generating afflociency =100,0 %

. Energy per unit floor area is based on the gruoss
burlding floor area. Foor this huilding:

Gross floor area o= 59,495 sqgft
Donditioned floor area = 59,435 sqftk

4. Annual cooling load is the sum of all cooling plant
loads.

. Annual heating load is the sum of all primary and
auxiliary heating plant locads. It goes not include the
domestic water heating load.
A L e R R T L e R Y P Y e S SRS LTSI SRR Y S
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PREEIDE SR R S B R E R R PR PR Y S R AT I LSS E LSS L LR E SRR
TARLE 1. ANNUAL LOADS

Companant (kBTU) CkBTU/sgft 1 *

chanlliog lloads # € 0. Q00
Amating Loads * y b4, 20 24 286

EAEAREAKRAERARAEAEERRRELEAA RS AR LG ARA LR AR AR RN AE R LR AR IR A AL AT AR L AR RER
TARLE 2. ENERGY BY ENERISGY COMFONENT

] Site Energy —-=—-- > Gmem— Source Epergy so-->
ﬁompanent CRETUR CkBTU/sqftox CkBTUDY (kBTU/s qf+)*

Electyia 301,620 T.070 301,620 S5.070
Matural fHas % 0L G0 Q G, QOO0
Fuct Jil i} . QOO0 0 QL300
Freapana ! G, 000 0 Q. 000
Somote Heating G, YI0 2. 286 y et 220 =24, 206
enmat e Dol g 0 0, GOo O 0. Q0o
HY A Tt al 1, 74&, 540 PR T 1,?46,540 2. 3256
mlmotra: 160,272 2. 694 160,273 2a 9
Watural Has 0 QOO0 0 Q. 000
el ) u QOQ 0 G, GOO
Y ) G (¥] 0,000 0 1, SO0

fremnte Heatiog 272,163 +.991 273,163 4,521

1

o~3
b il

Zitae 2nergy 13 the aatual 2nargy consumed,
Ze Bource energy cocounts for electrical generating
tnatficiencies. For this ﬁtudy.
Electric generating efficiency =100.0 %
S. Energy per unit floor area is bhased on the gross
building floor area. For this building:
Grioss floor area = 39,435 =gft
Conditioned floor area = 29,495 asqgft
4. Annual coaling load iz the sum of all cooling plant
loads.
S. aAnnual heating load 1s the sum <f all primary and
auxiliary heating plant loads. It does not include the
domestic water heating load.
hE i e L S R LSS EEL L LS EEEETELTEE LR ELLL L EEE B L L L LR L LR FE X Lk )

BEST AVAILABLE COFY



ENEFRGY BUDGET <Ax
Building : MOSCOW = : 25-05-32
Eite : Helsinki, Finland £1001930200
Frepared By : UNIVERSITY QOF FITTSBURGH
Carrier Hourly Analysis Frogram Fage 1 of |
PEREREE g A R I R T TR R R E I T R R TR TR R e
TAELE 1. ANNUAL L.OADS
Zomponmant ¢ MI) £ MJ/sqm)*
Coeal ing lloads # ’ 8 0. 000
Heating Loads 1,524,471 TS . B0Y

v b o o 2 S 0 P SR W i SN THATY e Sk SRy e AR S e o K ho S o SUAS  o,  h  l  S  —  C300 PO Do Pl VORI A  (FOR PO O R TS TR S SIS o S Sl W SO YO . SO oo ot o

Mo

ES R L L s P R E S E S I E R L L P L S PR R SR RS T LR EL L E B LS

TARBLLE 2. ENERGY BY SYSTEM COMPONENT

e B G EN@rgy e e SUrc e Enerqy ——m—e
Component € MJ: € MJ/sqm)* ¢ MJ) ‘ MJI/sqm)*
Al Bystem Fans 296, 5944 S2.615 296, 344 532.613
Noaling Flants 0 0,000 0 0. 000
Meating Flants L, SD23, 472 275.809 1,524,472 275,807
Camp s =1,882 3,959 21, 88% 3.35%
HYAND T al 233.3283 1,842,637 332.3282
20.3EN 112,721 20.2
Dther Elasobvis EE, JEE 10.198 56,366 10,138
Mizmec. Elactrig Iy O, 00 Y] C. 000
. ot Hater 288, S =88, 204 S2.1492
457,301

e tniotidute ingeipiehaipt o St it i ottt

1] ‘ oy b -
ngut~

i T, 793, 938

anevgy 1s the actual energy Sonsumed.
AN Ty acoounts Tar elactrical genarating

raefficiencies, Fow this study:
Clectvric generating sfficiency =100.0 %

e o Enevgy per ounit floor area iz bazed on the gross
buillading Tloor area.  For this bulilding:

Ciross floor area = 5,927 zgm

Conditioned flaor area & 3,327 mgm

4. Annual cosling load is the sum of all cooling plant
loads.

3. Annual heating load is the sum of all primary and
auxiliary heating plant loads. It does not include the
domestic water heating load.

R R RS R R ST I eI S R R Ry Y R I E T R Y Y LI
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2. Gource enerdgy accounts for electrical generating
inefficiencies, For this study:
Electric generating efficiency =100.0 %
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MANUFACTURER

W. R. Bonsal Company of Charlotte.
North Caroiina, established in 1895, is the
licensor of the SUREWALL?® formulae,
systems. trademark and methods.

SUREWALL® Surface Bonding
Cement and related products are
available nationally from licensed
manufacturers.

PRODUCT PRESENTATION
SUREWALL Surface Bonding
FEent was originaily designed to be
! in lieu of mortar in the construction
" —ystacked concrete biock walls. in
addition to SUREWALL Surface Bonding
Cement. a line of complementary
products are aiso avaiiable to improve
strength and/or adhesion. and as
coatings over SUREWALL Surface
Bonding Cement to obtain specific
surtace textures. Applications for
SUREWALL products include:
® Retrofitting existing masonry and
concrete structures.

® Racquetbail and handball court
construction.

® Stucco applications for superior finish.

® Below-grade masonry construction.

® Exterior insutation and wall finish
systems.

@ Decorative, weather-resistant finish
system.

SUREWALL Surtace 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.

mANTAGES

EWALL Surface Bonding Cement

® Provides decorative impact-resistant
finish over many substrates including
expanded polystyrene insulation board.

® Reduces cracking associated with
conventional stucco/piaster.

@ Results in textured, stucco-like finish.
Integral pastel colors eliminate the
need for paint.

® Provides a durable water-resistant
coating fulfiling the need for damp-
proofing.

® Results in greater flexural and tensile
strength than conventionai mortar
construction.

® Increases per man hour productivity
when drystacking blocks,

® Contributes to a through-wall cost
savings.

® Provides excellent safety factor
because it is non-combustible. has a
zero flame spread and emits no toxic
fumes.

STRUCTURAL PRODUCTS

SUREWALL Surface Bonding Cement

A patented, portiand cement. glass
tiber and special chemical mixture
applied in a one-ccat bonding
appiication approximately 1/8” 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. i.e.. 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® 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 mortariess wall
construction.

SUREWALL*® Bonding Adhesive

An acrylic polymer emulsion
specifically formulated as an admixture
for SUREWALL® Cement Products. It
£ -ovides superior bond to questionable
substrates such as old masonry, poured-
in-place concrete, rigid foam insulation
board. brick or precast concrete columns
and beams,

INSULATION SYSTEMS

SUREWALL® SBC Insulation System
The SUREWALL SBC Insuiation
System is an integrated system of
structural surface bonding cement
apptied to expanded polystyrene

BEST AVALADLE COTY

insulation boards which are mechanicaily
attached to exterior wall surfaces. it can
be attached tc 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® FRP [nsulation 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
appiied 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.
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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 traffic
and/or high abuse buildings such as
shopping centers and warehouses, of
one to two stories. where economicat 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

wail while greatly decreasing HVAC needs.

7.13/Bon

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, especiaily where
machinery is 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 in
single and muiti-family construction,
especially where stucco, adobe, masonry
or plaster tinishes are designed in.
Extremely guiet. zero-flame spread
privacy walis 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

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
utitizing 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.

Renovation

One coat of fiber-reinforced
SUREWALL Surface Bonding Cement wil
both improve the structural integrity of old
masonry, and provide an attractive,
impact-resistant finish. These are
desirable qualities in most retrofitting/
rengvation projects. 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.

The SUREWALL FRP Insulation
System can aiso 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 tinished
exterior. Exterior insulation also leaves all
interior wails and beams “as is” for
decorative use or refinishing. {deat 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.




Drystacking with SUREWALL® Surface Bonding Cement
or more economical, structurally superior walls. |

dvantages

Compared to conventional block and
mortar construction, drystacking blocks
and coating each side with fiber-
reinforced SUREWALL Surface Bonding
Cement to create attractive, finished
walls, not only saves time and {abor, but it
aiso creates a structuratly supenor wall
(see structural properties chart, next
page). The washable, impact-resistant
finish aiso saves maintenance dollars for
the user/owner for years to come. Surface
bonding is a money-saving construction
technique for use where the thermal
mass, structural strength, and aesthetic
value of masonry construction is desired.

New Construction

[A]ASSEMBLY AND INSTALLATION

On concrete pad or foundation, set
first row of concrete blocks in bed of
mortar, or for additional bonding strength,
a-bed of SUREWALL Surface Bonding
Cement. Following block courses are
simply stacked to form desired walls.
Door and window openings are shaped
and then supported by traditional

asonry construction methods.
echnical drawings on this page show
—undation, corner and intersecting wall
techniques.)

Firat Coat
SUREWALL Surface Bonding

Cement is mixed on site with clean water

to a plaster consistency. Apply mixture to

both sides of wail surfaces with hand
—owel or spray equipment to a minimum
—!'nckness of 1/8 inch. Levei wall surface

nd fill alf voids.

Complete one entire section without
interruption to avoid cold joints or lap
marks.

Second Coat

A second application is sometimes
necessary to plane the walls true and
level, or achieve the specified finish and
texture. The second coat may be applied
as soon as the first coat has set firmly
enough to carry the weight.

SUREWALL Surface Bonding
Cement or SUREWALL? Finish Coat may
be used depending on the texture
desired.

Additional Uses

The SUREWALL?® Court System for
racquetbail, handball and squash court
walls goes up faster and more
economicaily than conventional systems,
offers fast, true play and requires minimal
maintenance. (Request brochure entitied
“The SUREWALL® 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 limeproof
and designed tor applications over
portland cement plaster products.

Short Form Specification

Deacription

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 leveied 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.

Additional Information

The following literature is available
upon request: “Building with SUREWALL®
Surface Bonding Cement,” “SUREWALL®
Guide Specifications,” and “The
SUREWALL® Court System.”

REST AVAILABLE COFY

Intersection of Bearing and
Non-Bearing Walls




STRUCTURAL PROPERTIES —Unreinforced Wall Assembiages-
SUREWALL® Surface Bonding Cement '4” thickness over block VS. Mortar, conventional construction.

UltimateWalt-
Type Block Block Strength- Strengthy—Gross Area
Construction Thickness.-. HelghtThickness. Gross Area: psi. ~ kips-
Compressive—Axiat Loading
Mortar. Type N R
{4 walls tested) 8" 9.0H/T 960 psi 570 204
SUREWALL :
(3 walls tested) 8* M9H/T 980 psi 410 . 148
Compressive-Eccentric Loading T/6 ASTM E-72
Mortar, Type S
(3 walls tested) a8 250H/T 1516 psi 542 196
SUREWALL
{4 walls tested) a” 2d7H/T 1516 psi 189 68
SUREWALL
(3 walls tested) 8" t1toOH/T 1010 psi 302 109
Racking wall Size
’ Horizontal Shear
Lbs. Per Ft.
of Wall Lgth.
Mortar, Type N
({ASTM-E-72) 8" 8'x 8 1100 psi 2,970
SUREWALL
(ASTM E-519) 8" A'x 4 980 psi 3,230

Flexural-—Vertical Span AS'_I'M E-72

Maximum Uniform

Load. Lbs./Sq. Ft.

Mortar, Type S

(5 walls tested) B 4’ x 8 1100 psi 35.0ibs.
SUREWALL

(2 walls tested) g 4'x8 1180 psi 71.01bs.
Mortar, Type S

(3 wails tested) 8 ) 4'x16' 1516 psi 11.51bs.
SUREWALL

(3 walls tested) a8” 4'x 16’ 1516 psi ~ 15.81bs.
Impact-Vertical ASTM E-72
Mortar, Type S

{3 walls tested) 8 4" x B8’ 1330 psi 170 /b,
SUREWALL '

(3 walls tested) a8* 4'x8 1330 psi 230t /M.
SUREWALL .

(1 wall tested) IR F-of ’ 4'x8" 1320 psi 3801t /o

‘Independent lab test available upon request. The values shown ir this table are uitimate loads. not the allowabie d.&sign load, and must be
reduced with adequate safety factors.. - -




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 industrial/commercial 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 appiied to the exterior walls of
virtually any type of new construction. It is
also used for the renovation/retrofitting of
existing structures. The system is
composed of SUREWALL® Surface
Bonding Cement, selected insulation
boards, fasteners and accessories.

ADVANTAGES

The SUREWALLE® 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 1s minimized and not consumed
for heating and cooling of the building

iass 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.

6

® The possibility of dangerous smoke
inhalation caused by fire is reduced by
placing combustible insulation
materials on the wall's exterior.

& SUREWALL® 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.

e All of the mass is available for passive
energy utilization when installed over
concrete and masonry. :

SYSTEM COMPONENTS

SUREWALL?® Surface Bonding Cement
A patented, proprietary mixture of
portland cement, giass fibers and special
chemicais. This product, combined with

SUREWALLE® Bonding Adhesive and
appiied to foam board, provides weather
and impact resistance. The product is
non-combustible, damp-proof, and
comes in a variety of colors.

SUREWALL® Bonding Adhesive

An acrylic polymer emuision
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 Insuiation Board

Specially cured, flame retardant, low
density, expanded poiystyrene, rigid
board available from certified
manufacturers. A highly effective
insulator, Meets Federal Specifications
HH-1-524C. Available in 3/4", 1", 12" and
2" thicknesses. Can be cut to different
sizes.

SUREWALL?® 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 metai 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 piaster.
Manufactured from exterior grade PVC
plastic or zinc alloy metal.

EPS Board

~B8;,
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ASSEMBLY AND 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" 0.€. in
the field of each EPS paneis. Fasteners
must penetrate into the structural
member of the building.

2. Accessories are piaced where
required. Board joints are taped with
Joint Reinforcement Tape.
Accessories are glued or stapled
directly to EPS Board.

3. SUREWALLS® Surface Bonding Cement
is applied in two layers, each coat 1/8”
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 1/4 inch.
Application must be made above 40°F
and hand troweled. Control joints are
raked clean.

Panelization

The off-site construction of building
panels using the SUREWALL*® SBC
insulation System provides large
projects with increased design flexibility.

chemucally attached expanded
polystyrene board, reinfarced with glass
netting over all joints and covered with
polymer modified SUREWALL?® Surface
Bonding Cement.

Execution

All materials in this section are to be
instailed by a factory-trained, certified
contractor in strict compliance with the
manufacturer’s printed procedures.

LONG FORM SPECIFICATIONS
Contact SUREWALLE® Producers
Council. (See page 12.) Code approvais.

(See page 11.)

Description

improved energy efficiency, greater
durability, lower production costs, and
controiled environmental conditions.

SHORT FORM SPECIFICATIONS

Exterior Insulation System to be
SUREWALL® S8C insufation System,
consisting of mechanicaily and

ENVIRONMENTAL
Test Description

Large Scafe Fire Test

Fire Hazard Classification

Heat Transmission

Accelerated Weathering

Sait Spray Resistance

Mildew Resistance

Sand Abrasion

Uniform Lateral Load Resistance

Impact Resistance

Dynamic Impact

Resistance 10 Indentation

Tensile Bond

Negative Wind Load Resistance

TECHNICAL PERFORMANCE DATA

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 (24" 0.c.)
Gypsum Wallboard
ASTM-C-23

ASTM-B-117

MIL-F-8261 (method 508)
ASTM-D-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 =

{Stow 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.

Results

a) did not contribute to Flame Spread on exterior.

b) capabhie 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 With Plastic
Plastic Acces.  Acces.
Fiame Spread 5 15
Fuel Contribution 10 0
Smoke Development 20 275
No Insulation R-11 Bats in
In Studs Studs
U=019 U = 0.058
R=284 R=172

(U.V. only)} No effect after 1500 hours
No corrosion after 300 hours

No support for mildew

No eftect after 500 liters

(vertical) wood studs 247 o.c.

136 psf

(vertical) woad studs 24" o.c.
58" = 240 fi. Ibs.

Weight 5.5 ibs.
7 ft. Ibs. first crack

97 psi

24-30 psi
Failure in EPS
24-30 psi
Failure in EPS
Passed 100 psf




SUREWALL® FRP and FRP Insulation System

“YSTEM PRESENTATION
The SUREWALL FRF Insulation

ystem is an integrated exterior insulation
and wall-finish system. it was designed
primarily for residential use. to provide an
exterior insulation shell and create an
attractive. seamiess finish on exterior wall
runs of up to 30 feet. This allows freedom
of architectural design and permits cost-
effective construction of attractive.
energy-efficient buiidings. It is applied
directiy to exterior open stud wall framing
or any type of existing walil construction
for renovation/retrofitting. The system is
composed of SUREWALLS® Fiber-
Reinforced Plaster. selected polystyrene
insulation boards. conventional woven
wire lath and accessories. The finishis a
fiber-reinforced, weather-resistant.
polymer-modified portiand cement
plaster.
ADVANTAGES

The SUREWALL® FRP Insulation

System has gistinct advantages over
conventional in-wall insulation methods at
a cost competitive to lath and plaster.
® The installation is faster because

plaster is appiied 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 piaster and
wire reinforcement,

® The possibility of dangerous smoke
nhalation from fire is reduced by

E‘_nblacing the combustibie insulation

aterials on the exterior.

# R-19 thermal resistance can be
achieved with standard 4" wood stud
walls in combination with R-11 batt
insulation.

e Thermal resistance is greatly improved
because voids and air infiltration are
significantly reduced through the
continuous air-tight exterior envelope.

® investment :n HVAC equipment i$
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 is
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

SUREWALL® Flber-Reinforced Plaster
(FRP)

A glass fiber-reinforced. portiand
cement plaster, which when mixed with
SUREWALL® Bonding Adhesive,
produces a durable, weather and impact-
resistant finish in one application over
insuiation board.

SUREWALL* Bonding Adhesive

This acrylic potymer 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 is 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
ibs. density.

Accessories

Accessaories used in the system are

conventional and readily available.

Lath - Woven wire fabric lath,

1 inch, 20 gauge galvanized.

Trim - Corner beads, casing beads,

plaster stops, contro! 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.

- Porygyrere
insuianon
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[AJASSEMBLY AND INSTALLATICN 5. SUREWALL® FRP is mixed with trades in compliance with code
‘ SUREWALL® Bonding Adhesive and requirements. Installation is not permitted
by qLnas;:faiggtfgpslgzttlgsor#eb:pppe“r(f:c;rtgﬁd wbater to trow_el consistency and in temperatures below 40°F
. described is for use on the exterior of O A s hokooes | LONG FORMSPECIFICATIONS
wood or steel stud framing (maximum 24 of 3/8" minimum can be obtained in Contact SUREWALL Producers
0..). On masonry or concrete substrates one application using a double-back Council. (See page 12.} Code approvals.
the requirements for fastening of the (See page 11.)

method. Textures may be applied
immediately following application.
SUREWALL FRP is available in a

polystyrene board are different. Contact
manufacturer for details.
. Stud spacing. bracing, and sheathing. variety of factory-blended colors, and
when required. as per local codes. X
Where fire barrners are required. grey or white concentrate.
exterior grade gypsum sheathing must | FRP as Stucco :
be applied first. Where moisture SUREWALL® Fiber Reinforced

barriers are necessary. instail water- Plaster when used with metal lath or

resistant paper or polyethytene over poultry netting has proven to be a viable

studs or sheathing. substitute for 3-coat stucce. This process
2. The polyslyrene insulation board is greatly reduces labor cost and expedites

installed horizontally. Vertical butt compietion of the project.

joints are staggered and must

coincide with the framing member. SHORT FORM/SPECIFICATIONS

3. Woven wire lath, galvanized, is placed Description

over theylnSUIanon board and Exterior insulation and finishing
mechanically altached through the |y ctems, to be SUREWALL® FAP

board into the studs with staples, nails Insulation System. consisting of

or screws. The fasteners must C?‘Ch mechanically attached polystyrene

the wire lath and must be of sufficient | .1\ jation board. woven wire fabric lath,

length to D?’;ﬁ?‘;‘h‘hf studa and covered with SUREWALL® FRP

minimum o - The fasteners are modified with SUREWALL® Bonding

used at 6” spacing on all framing Adhesive

members. The woven lath is placed ‘

horizontally with a minimum of 4” Execution »

overlap. The wire \ath is discontinued All materials are to be instailed in

at control joints. strict compliance with manufacturer's
4. Accessories are attached printed procedures.

mechanically through the foam into Backing boards and ail structural

the framing member. members shail be provided by other

TECHNICAL PERFORMANCE DATA:
SUREWALL® FRP Insulation Systemn has been extensively tested by independent Testing Laboratories. Test reports are
available upaon request. v
TEST DESCRIPTION METHOD RESULTS
Water penetration, percolation ICBO No loss of 4 feet water pressure after 48 hours.
(34" FRP Plaster)
Uniform Transverse load ASTM-E-72 Max. load to failure 80.4 |bs./sq. #.
(over woed studs 24" 0.c.)
impact resistance Dynamic Impact 0.5 1b. - 12  No damage or delamination from 3-foot drop.
(over wood studs 24° 0.c.) diameter
Freeze-Thaw Resistance -10°F-ambient each 112 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 3/8 inch R = 0.06.
FRP Plaster
‘ *Polystyrene Ins. Board at 1inch Average R = 3.6.
Negative Wind Load Resistance ASTM-E-72 Passed 100 pst
*Actual vaiues for Polystyrene insulation Board are delivered with the board and may be different, depending on source.




Renovating/Retrofitting with
& UREWALL® 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 it an extremely
valuable. money-and-time-saving tool in
renovating and retrofiting existing
structures.

Interiors .

Inside existing structures., new
impact-resistant walls and partitions can
quickly and easily be created by
drystacking blocks and coaling thern with
SUREWALL Surtace Bonding Cement.
Old masonry, plaster and concrete walls
can be rejuvenated, 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 applications.
On old masonry and concrete exteriors. it
creates a new water-resistant finish which
_Luces cracking associated with

ventional stucco. One 1/8" coating
— turn oid masonry into a finished,
durabie. moisture-resistant, textured
exterior wail. 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 project area
composed of buildings of various ages,
materials and architectural styles. its
stucco-like finish offers an economical
way {0 create an overail ook from a
variety of styles. colors and finishes.

ASSEMBLY. INSTALLATION

Renovation of Oid Masonry Walls,
Plaster or Concrete:

Remove otd paint, cracked and
unsound pilaster. Fill cracks and voids,
flush with the existing surface, using a
sand/cement patching compound.
Maintain all existing expansion jaints.
Apply SUREWALL® Surface Bonding
Cement modified with 1 gt. of
SUREWALL® Bonding Adhesive as
outlined under instaliation Procedures for | Over Wood or Panelled Walls:

New Construction. Generally. a second When panels cannct be removed, with a scratch coat of portiand cement
coat is necessary, and it should be SUREWALL Surface Bonding Cement plaster (or a minimum 1800 psi prepared
lied in the same manner as the first can be installed over these panels. The mortar, Type S), to a total thickness of 1/2
“I[II A textured finish,rather than a proper installation is to first nail paper- inch (minimum 3/8 inch). After the plaster
eled or float finish, works best for backed diamond mesh {ath to the entire has cured (normalily 7 days), SUREWALL
hiding mortar joints. panel surface. The lath is then covered Surface Bonding Cement is applied.

10
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SUREWALL‘"" Products

SHELF LIFE

One year from the date stamped on
the bag. when stored unopened on
pallets in a dry location.

PACKAGING
PRODUCT CONTAINER
SUREWALL®
Surface Bonding .
Cement 50-1b. multi-ply

£ Eimi paper bags with a
ggaRtEWALL Finish polyethyiene

moisture barrier

SUREWALL?® High

Stress Grade

SUREWALL® 1 and 5-gai. pails

Bonding Adhesive

SUREWALL®* Fiber- 80-Ib. multi-ply

Reinforced Plaster paper bags with a
polyethyiene

moisture barrier

LIMITATIONS

1. Material shouid 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
beiow freezing within 24 hours.

2. Do not add any foreign materials (anti-
freeze. lime. sand. etc.), as the
chemicai balance and structural
performance could be adversely
affected.

3. Unsupported walls should not exceed
2 stanies or 167 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
warranty statement for systems
described in this brochure.

Technical Support

SUREWALLEF Systems have been
extensively tested by independent testing
agencies. Data is availabie upon request
including fire testing, structural
performance and accelerated
weathering.

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 Matenatls Release 906,
907, 908 .
Farm Home Administration

Ontario, Canada 78-7-15
(SBC Insulation System)

National Research Board NRB-184
(FRP insulation System)

ICBQO #3959

PATENTS
U.S. -4.090.884: 4,115,135;
4.359. 849:
UK. -1.411.653: 1.516.053:
CANADA - 965.805;
MEXICQO - 169.571

SUREWALL® EPS INSULATION BOARD—CALCULATED VALUES

No. 1" 2"
Insulation Thickness Thickness
Construction Type: Rt Rt U Rt U
Wood Studs® 2" x 4* 3.27 0.31 7.51 A3 11.71 0.09
Metal Studs” 2.60 0.38 6.84 15 11.04 0.09
8” Concrete Block™ 2.12 0.47 6.36 16 10.56 0.09
6"—Precast Concrete™" 1.68 0.60 592 A7 10.12 0.10

NOTE: Actual R Vaiue of the SUREWALL EPS Board is shown inside the package. The K Vaiue for SUREWALL® Surface

Bonding Cement = 7.01 BTU/in/h/ftz°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. 80 ib./cu. ft., no insulation in the cores

""*Average Normal Weight Concrete

3' 4"
Thickness Thickness
Rt u RR U
15.91 0.06 20.11 0.05
15.24 0.07 19.44 0.05
14.76 0.07 18.96 0.05
14,32 0.07 18.52 0.05

11



SUREWALLE Colors and Finishes

==lors

The 7 colors as shown (actual colors
may vary due to printing limitations),
along with Natural Grey #100 and Super
White #225. are available in SUREWALL®
Surface Bonding Cement and
SUREWALLE® Finish Coat.

All colors are factory biended and
coiored integrally using mineral oxide
pigments to insure light fastness and
fade resistance.

R R

-

Pearl Grey #150 ' Pale Yellow #500

Cautlon: The finished color and appearance 3
can vary consigderably on the wail depending %
on the suction of the biock. weather )
conditions. workmansfip and curing. No
warranty or guarantee of any sort ts made as
to color uniformity ang appearance of the
proguct on the wall.

Natural White #200

Antique White #275 White Jade #400 Sandstone #310

tured Finishes

English o ‘ d Travertine'

SUREWALL
Producers Council
P O. Box 241148 Inca Company* United Products* W. R. Bonsal Company
Chariotte, NC 28224 Stanton & Empire Streets P O. Box 642 P O. Box 241148
/525-1621 Wilkes-Barre, PA 18702 Columbus, NE 68601 Charlotte, NC 28224
717/822-2191 402/564-8576 704/525-1621
Telex: 802037
arrett industries* Sparfil International* W. R. Bonsal Company
Route 3, Box 21181 5 Veronica Street 111 N. Vineland Ave. at Pitchess Place
San Antonio, TX 78218 Cobourg, Ontaric K9A4K5 City of Industry, CA 91746
512/651-6550 416/372-8550 213/333-2217 (Area code changes 1/4/84: B18) "LICENSED PROCUCEAS
SUREWALL® 5 a registerea iragermark of the W R Borsal Company. Chariotte, N C.. aro Bes: Corcrete Products. Atlanta Ga $1983. W R. Bonsal Cormpany. Charorie NC

54 126
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(Supersedes November 1988)

1. PRODUCT NAME

STO SYSTEMS: ;

SYSTEM [, SYSTEM i, M-SYSTEM,
TOUGHWALL, BELOW GRADE
SYSTEM, PREFABRICATED PANEL

2. MANUFACTURER

STO [ndustries

6175 Riverside Drive, S\W.

Atlanta, Georgia 30331

Phone: (404) 346-3666
(800) 221-2397

FAX:  (404) 346-3119

A gonsion of 5TO Corp..
*he 3ystems fechnolagy rgamzanon

3. PRODUCT DESCRIPTION

Basic Use: STO Full Thermal Sys-
tems are used to insulate, protect
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 anv 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 protecting/reinforcing 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-paint Spec-Data® format has been reproduced
from publications copynghted bv C51, 1964, 1965, 1964,
1967, and used by permission of The Canstruction Speci-
fications Institute. Alexandria, VA 22314,
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SPEC

I
This Spec-Data sheet conforms
to editoriai style prescribed by
The Construction Specifications
institute. The manufacturer is
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 Ib. bag of STO BTS-B). 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
Ib. 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—38’ lengths.

1

® 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 Ib. 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
¥a") is determined by wall U-factor
requirements.

System |

STO DISPERSION ADHESIVE
STO 1# EPS Insulation Board

6![}'

STO REINFORCING FIBER MESH

imbedded in
STO RFP Ground Coat

e STOfFinish
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DOW STYROFOAM INSULATION
BOARD

2 |b. density Dow Styrofoam man-
ufactured to ASTM C578-85 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-factor require-
ments.

Below Grade

Extruded polystyrene insulation
boards or 2 Ib. density EPS (ex-
panded polystyrene) shail 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 BTS-B

A polymer-based adhesive,
ground coat and leveler (mix with
7-9 quarts of clean water for each
60 Ib. bag of STO BTS-B). STO BTS-B
is used as a ground coat when ap-

plied (with STO MESH) directly 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 |b. 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 reinforcement.

STO ARMOR MAT

A heavy-duty, interwoven fiber-
glass mat for high impact resistance.
Specifically developed for maximum
impact 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:

ITANBEDRDESNYSSEY
b L., HAERTWED.

STOLIT
Pebbled Texture (troweled); 1, 1.5, 2
mm Stone

STOLIT R
Rilled Pattern Texture; 1, 1.5, 2 mm
Stone

STO SPRAYPLASTER
Pebbied 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 11

STO ADH-8, BTS-B Adhesive
STO 1# EPS Insulation Board

STO REINFORCING FIBER MESH
imbedded in
STO BTS-B Cround Coat

$TO 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 resuits are
available upon request).

5. INSTALLATION

NOTE: All materials in this section
shall be installed according to the
“Limitations” stated under “3-Prod-
uct 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 %" 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 ¥4” 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 %" notched
trowel.

insulation Value Chart

Type of No insulation | 17 Insulation | 2" Insulation | 3" Insulation | 4" tnsulation
Canstruction R u R u R u R u R U
Metal Stud .72 37 6.57 35 [ 1042 10 [ 1427 D7 |18.12 .06
8" Concrete Block 1.96 .51 5.81 A7 9.66 0 | 1351 .07 17,36‘ .06
B* Precast Concrete 1.49 .31 5.34 19 9.19 .11 13.04 08 |16.89 .06
Wood Stud 290 35 | 675 a5 11060 09 | 1445 07 [ 1830 .05

~NOTE: To determiie “R” and “U” for other thicknesses pf insulation, use R = 3.85 for each 1 inch, U= 1R,

Table 1

Code Approvals

M & MC

MEA 277-83-M

MEA 278-83-M

6-82-M

Ontario Building Code B5-9-87

Boston Massachusetts State Building Code Approval
State of Connecticut Certificate of Compliance
Wisconsin Building Material Approval #810303
City of Phoenix, Arizona File No. M-2-85-B
State of Rhode island, Dept. of Community Affairs, Building Commissioner, july 3, 1985.
City of Los Angeles, Research Report No. RR 24708

City and County of 5an Francisco Bureau of Building Inspection. Approval No. 20051021
California State Fire Marshal Listing No. 2160-1089; 100

International Conference of Building Officials Report No. 3906

Building Officials Code Administrators International Research Report No. 83-1%

Southern Building Code Congress International Report No. 8378

U.S. Dept. of Housing & Urban Development Materials Release No. 1020a

Metropolitan Dade County, Florida, Acceptance No.: 83-0603.1(80)R

New York State Division of Housing & Community Renewal, Certificate of Acceptability No. 490-82-

New York City Department of Buildings, Report of Material & Equipment Acceptance Division,
New York City Department of Buildings, Report of Material & Equipment Acceptance Division,

New York Department of Buildings Report of Materiai & Equipment Acceptance Division, MEA

Tabie 2
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M-Systern

Mechanically Fastened
STO Track System

STQ Pre-Grooved 14 EPS
Insulation Board

STO REINFORCING FIBER MESH
imbedded in
STO RFP Ground Coat

STO Finish



STO BTS-B

Mix with 7-9 quarts of clean water
for each 60 Ib. bag of STO BTS-B.
Apply STO BTS-B to back of EPS
board using a %" or 4" 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 surtace as described under “Pre-
parations of the wall surface”. Precut
insulation board to fit around open-
ings, projections, 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 surface of
the board to insure uniform contact
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 protected
(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/ievel 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 stee! trowel,
apply a ground coat of STO RFP over
the EPS boards to a uniform thick-
ness of approximately ¥ 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 2% 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”)

STOLIT 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 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 STOLIT 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 %" thick continu-
ous layer and immediately press ex-
truded polystyrene boards or 2 Ib.
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 surface 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 System

Masonry Substrate
Diluted STO FLEXYL Sealer

STO FLEXYL
Adhesive/Waterproofer

STO 2# EPS or Extruded
tnsulation Board

STO REINFORCING FIBER MESH
imbedded in
STO FLEXYL Ground 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 %" 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 ¥ie" thick. Imbed 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
stee! 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 STYROFOAM 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"
o0.c. and masonry, and 24" from both
ends over stud spacing of 24" o.c.
Vertical joints shall be staggered and
insulation boards interiocked 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 |b. 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 5" 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.

STOLIT 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 smail
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 horizontai 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 STOLIT 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
STYROFQOAM* Brand Insulation

STO Fastener Disk
STO MESH-C
imbedded in
STQ TOUGHWALL Ground Coat

STO FINISH

*STYROFOAM ia a trademark of
The Dow Chemical Comparry



6. AVAILABILITY AND COST

STO materials are manufactured
in Rutland, Vermont, Atlanta, Geor-
gia, and Phoenix, Arizona, and are
purchased by certified STO Applica-
tors through STO Distributors lo-
cated throughout the U.S. Contact
the main office in Atlanta, Georgia
{Phone: (800) 221-2397).

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-
dures, shall be free from defects in
material and workmanship for a
period of five (5) years for STO Ex-
terior Insulation Systems applied ac-
cording to STO Specifications
#A100, A200, A300, A400, D100,
D200, M100, or for a period of three
{3) years for STO Specification E-
1000, 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
-PURPQOSE.

Defects caused by misuse, mis-
handling, improper storage, impro-
per application, improper combi-
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
whale or in part by insufficient or

defective waterproofing between
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-
ferred or assigned by the BUYER.
Since the goods are building mate-
rials and are not intended to be soid
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 Act.

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. Pericdic
inspections should be made at all
caulk and expansion joints and any
other penetrations through the insu-
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~
417).

10. FILING SYSTEMS

SPEC-DATA? ]
Sweets’ Architectural Catalog File
No. 07240/STO
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| EXTERIOR INSULATION AND FINISH SYSTEMS
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(Supersedes May 1985)

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, L 60067

Phone: (708) 358-9500
(800) 323-7407

3. PRODUCT DESCRIPTION

FUL-O-MITE |DF 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-
O-MITE |DF Coating is vapor
permeable to minimize con-
densation problems.

FUL-O-MITE |IDF is a fow-
maintenance exterior wall in-
sulation finish system,

Limitations:

e Temperatures should be a min-
imum of 40°F for 24 hours before
and after installation.

e Finished work must be pro-
tected from moisture, frost or
freezing temperatures until cured
(approximately 24-72 hours).

e 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.

s Not for horizontal application,
6/12 minimum slope required.

e Installed by applicators regis-
tered by TEC.

e 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 ten-point Spec-Data® format has been reproduced
from publications copyrighted by C51, 1964, 1965, 1966,
1967, and used by permission of The Construction Speci-
fications Institute, Alexandria, VA 22314,

3.1.11

3.1.2

3.2
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3.3.3

sive and base coate
freeze-thaw stable (be-
fore combining with port-
fand cement) proprietary
modified acrylic co-
polymer ad-mix.

Portland Cement—ASTM
C150, Type |, fresh and
free from lumps.
BC-360—0One Step Latex
Modified as an adhesive
and base coat-dry powder
mixture to be combined
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:
ASTM (C578-87a, Type |
Maximum length per
sheet: 48" = %", max.
deviation per foot of
length.

Maximum width per
sheet: 24" = V", max.
deviation per foot of
width,

Thickness: as specified 1”
min. £ V4",

Edges to be square, max.
deviation V32" per foot.
Density: 1.0 pcf = .1
Cure of board in billet:

4 to 6 weeks air cure in a
heated ventilated area or,
5 days vented cure at
140°F or,

3 days vented cure at
158°F.

Flame spread values per
ASTM E84.

Flame spread of 25 or less.
Smoke density of 450 or
less.

Mesh Embedment base
coat—must be a hard,
breathing-type bonding
layer comprised of those
materials described in 3.1,

- The Construction Specifications

SPEC

.
This Spec-Data sheet conforms
to editorial style prescribed by

Institute. The manufacturer is
rasponsibie for technical ac-
curacy.

-

viva

and 3.2 of this document.

35 TEC Brand Reinforcing

Mesh:

BC-970 Standard Reinforc-

ing Mesh—alkali-

resistant, balanced
weave, compatible with
the Mesh Embedment
base coat of the System.
BC-975 Medium Reinforc-
ing Mesh—for moderate
impact resistance, alkali-
resistant, balanced
weave, compatible with
the Mesh Embedment
base coat of the System.

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.

Finish Coat:

.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.

[JS VY]
[=a =]

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:

e ICBO 4565

s BOCA 88-22

s SBCCI 8883

s HUD MR#1107

e State of Wisconsin DILHR

#890007-1

s Dade County

aroan -

(5861 Aeyy soposiadng)

6861 1sndny

pojesodioduy N7

L

SWILSAS HSINIA ANV NOLLVINSNI 3O1d11X1 i




Florida #86-0602.3
o City of New
Orleans (per pro-
ject)

e U.L. Classified File #R10914

4. TECHNICAL DATA

Extensive tests have been con-
ducted on the FUL-O-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 EB4-0 smoke development,
0 flame spread

5. INSTALLATION

Preparatory Work: Inspection
of substrates to determine suit-
ability to accept FUL-O-MITE IDF
System,

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 caiculations, 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 | portland cement per 60
pound unit (3.1.1).

Mix BC-360 Binder/Primer with
5 quarts of water per 50 |b. bag
(3.1.2).

Apply mixed Binder/Primer to
completely cover insuiation
board using %." 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 27-4";
double wrap all corners, edges,
and termination points; aliow to
cure for 12 hours minimum.

Mix Finish Coat BC-371 a min-
imum of 3 minutes with a fow
speed mixer; apply to cured rein-
forced primer layer using a
trowei; 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 instailing 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

a an 10cn

BC-371 and Reinforcing Meshes
BC-970, BC-971, BC-975 and
BC-979 available nationall