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1.0 EXECUTIVE SUMMARY

1.1 Introduction

The audit team of John Hallberg and Prem Gupta spent four days, February 26 through March
1, 1995 at the Simferopol power plant, located m Simferopol CIty. They performed the
following energy audIt as representatIves of Bums and Roe Enterpnses, Inc of Oradell, New
Jersey.

The Simferopol power plant is presently 100% government owned, but is in the process of
reorganization for privatIzation WIth the governments change to a free market economy. The
plant consists of three 160 T/Hr. steam bOIlers supplymg steam to two 50 MW turbines; two
100 GCal hot water boilers; two 150 MW gas turbines. All boilers use natural gas with mazut
as an emergency back-up.

1.2 Principal Findinl:s

Several Energy Conservation Opportumties (ECO's) for the power plant were IdentIfied for short
term low cost measures and for longer term higher cost measures for large energy savings. The
low cost measures include instrumentatIOn for measuring fuel consumptIon and heating values
and for controlling combustion efficiency which would result m SImple payback periods as short
as six months. Larger cost long term measures mclude major combustIOn control system
upgrades, mcludmg interlocks and flame safeguard systems, coal, ash and laboratory
instruments, and would result in payback periods of about one to three years.

Rehabilitation and reconstruction studies have been completed on thIS power plant to evaluate
the options: (1) hfe extension of existing units, (2) complete replacement WIth new power plant,
or (3) a mix of life extension presently bemg done WIth addition of new units. The objectives
are to be able to minimize NOx formation and mcrease boiler effiCIency and rehabihty. A
proposed ABB combmed cycle power plant was cancelled due to lack of funds.

• 5906-01/02B/SIMFEROPOLl51l7/95 1
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1.3 Recommendations

BOller efficIency can be Improved, emisslOns reduced and the hfe expectancy of the Simferopol
power plant extended based on the recommendatlOns hsted in the followmg Table. The Table
summarizes several energy conservation opportuniues whIch WIll pay for themselves within short
periods of time.

An investment of $80,000 in boiler efficiency improvements (ECO-03, 04, 05) will result in
an annual savings of $194,000, which corresponds to 2,927,200 Nm3 of natural gas and 364
tonnes of mazut. An additional investment of $25,000 in energy conservation programs
(ECO-Ol, 02) may result in an annual savings up to $61,000 which corresponds to 920,400
Nm3 of natural gas and 114 tonnes of mazut.

Many other opportunities eXlst within the power plant for energy savmgs whIch could be the
subject of further audIts and actlOns by the plant staff. The energy conservatlOn opportumues
also have applications m other power plants.

It is recommended to purchase one addItional Enerac combustlOn analyzer for Krimenergo to use
m their other three power plants.

Summary of Ener~y Conservation Opportunities (ECOs)

Annual Project Simple Payback

EeO# Description
Savings Cost
in US$ mUS$ Current

(1995 Prices) (1995 Prices) Energy
Pnces

01 Energy ConservatlOn $51,000 $25,000 < I year
Management Program Note 1

02 Energy ConservatlOn $10,000 Note 1 < 1 year
Training Program

03 In-Situ Oxygen Analyzer $11,000 $29,000 2.6 Years
One Unit - 2 Probes

04 Mazut Some Flow Included WIth $16,000 Included WIth
Meters (4 Req'd) ECO-03 ECO-03

05 On-Line gas ealonmeter $183,000 $35,000 2.3 Mo.

NOTE 1: See Section 5

• S906-01/02B/SIMFBROPOUS/17/9S 2
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2.0 BACKGROUND

Twelve newly independent states (NIS) emerged from the collapse of the former SOVIet Umon
in 1991. USAID is addressing and managing aSSIstance to these countnes through the newly
formed Bureau for Europe and the New Independent States (USAID/ENI).

Funding activities In the energy sector supports the cost of techmcal aSSIstance, tramIng, and
limIted capital assistance in support of energy-related eqUIpment and cooperation WIth local
institutions.

Ukraine, with a population of 52 mIllion, is consIdered one of the most energy intensive states.
InitIal assistance has shown that there are many opportunitIes to reduce energy consumptIOn and
to reduce environmental degradation. The breakup of the Soviet Umon has resulted in the cut
off of supplies and spare parts required by the Ukrainian Energy Suppliers, which threatens the
reliability of major power plants. This SItuation IS compounded by lack of hard currency
exchange to pay for needed supplIes and fuels.

Most of the thermal power plants are coal fired units that are co-fired WIth mazut and natural
gas, complimented by natural gas and mazut fired umts in populated areas. These umts often
supply hot water to district heatIng and steam for industrial use. Electricity and dIStrict heatmg
supplIes are threatened because Ukraine is unable to pay for imported oil and gas at pnces
approaching world fuel pnces.

•

• 2.1 Objectives of Enerey Savine Proeram

•

•

•

•

USAID/Kiev has implemented an expanded energy program in UkraIne to enhance the relIability
of power generation and reduce dependency on Imported 011 and gas and Improve energy
productIvIty.

The purpose of these efforts WIll be to provide servIces and, where appropriate, U. S. and local
products, directed toward imprOVIng energy and operatIng effiCIencies in power generation, and
in the eqUIpment and controls reqUIred to use energy efficiently and cost-effectIvely.

The purpose of the work is to improve boiler efficiency at seven power plants and/or combmed
power and dIstrict heating plants whIch have been selected by USAID/Ktev in consultatIOn WIth
the Ministry of Energy and Electnfication. These plants are fired WIth natural gas, fuel oil or
coal. The objectives are to (1) foster Improved management of boller/ plant operations by
Identifymg and ImplementIng ImmedIately cost-effective "low cost - no cost" effiCIency
Improvements; (2) proVIde eqUIpment support to Implement low-cost operations, Improve
momtonng and energy management; (3) proVIde operatIOn traIning.

• 5906-01l02B/SIMFEROPOLl5/17/95 3



•
2.2 Purpose of the Audit

The purpose of the audIt was to:

• Assess overall techmcal and management capabIliues, plant energy efficIency, and
capital Investment decisIOn-makIng processes for each plant; assess plant
procedures for identIfying and executing energy saving Investments requmng
management changes, and capItal investment.

• Identify short-term no-costIlow-cost efficiency measures wIth savIngs potenual
and paybacks.

• • Provide prelimInary identificauon of longer term energy conservation
opportunities (ECO's) requiring larger capital investment.

•
3.0 DESCRIPTION OF POWER PLANT

3.1 General Description

•

•

•

ENERGO SYSTEM:

LOCATION:

INSTALLED CAPACITY:

COMMISSIONED:

FUEL:

DISTRICT HEATING

KRIMEAENERGO

CITY OF SIMFEROPOL

TWO - 50 MW TURBINE GENERATORS
3 - 160 TIH POWER BOILERS
2 - 100 GCAL HOT WATER BOILERS
2 - 150 MW (105 MW NET GAS TURBINES)

1958

GAS, MAZUT OR GAS AND MAZUT

SUPPLY HOT WATER HEATING FOR CITY OF
SIMFEROPOL

•

•

For a more detailed description of the following Items, see References in Appendix G.

3.2 Boiler Plant

The Simferopol power plant was commissIOned In 1958 burnmg anthraCIte coal In three-160 T/H
BKZ - 110 ATM, 540°C boilers supplyIng steam to two - 50 MW VK-50 CHP turbInes
OrigInal plans were to add four more 50 MW units. In 1996 natural gas was found In northern
Crimea and In 1968 to 1976 the bOIlers were converted to burn only natural gas and mazut. The
steam turbines were rebUIlt and converted to condensmg umts and two new 100 GCal hot water
bOIlers burning gas and mazut were bUIlt.

In 1986 two 150 MW (105 MW net), two stage SImple cycle gas turbmes from Lemngrad

• 5906-QI/02B/SIMFEROPOU5/17/95 4
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Electrosila Works were commIssIoned. The turbmes burn No.2 fuel oil wIth natural gas as
backup. One gas turbine is used as a peaker and the other turbme shaft IS disconnected and the
generator is used as a synchronous condenser (40 MVAR) for power factor correctlOn.

3.3 Mazut Supply

Mazut IS sampled from one railroad tanker car at delivery and from the plpelmes feedmg bOllers.
The amount of mazut fired for the total power station IS determmed by measuring the level of
the mazut storage tanks once per ShIft.

3.4 Gas Supply

Natural gas i.n the plant supply pipelme IS at a pressure of about 1.7 bar and is automatlCally
regulated to a pressure of 0.5 bar by either of two parallel control valves. Total plant mlet flow
is measured by an onfice plate and dIfferential pressure mstrument, and flow and pressure are
continuously recorded. Each of the three 110 bar bOllers also has an onfice plate and differentIal
pressure type flow mstrument, and so the mass flowrate of natural gas to each of these bOllers
can be determined. Each burner on each boiler is proVIded wIth an onfice plate and manometer
flowmeter so that gas flowrate can be balanced among these.

3.5 Boiler Efficiency Calculations

Previously, the performance calculations were done routmely based on algonthms, curves, and
tables developed by the plant desIgners. More sophisticated calculatlOns, such as boiler
efficiency by the heat loss method or turbine cycle effiCIency were carned out entirely by means
of manual calculations.

3.6 Process Control System

The main boilers are balanced draft furnaces and aIr flow IS regulated by dampers on the FD
and ID fans. The dampers have remote manual control from the maIn control panels and
absolute pressure transmitters provide an indication of furnace pressure. EXIsting flue gas
oxygen analyzers are either not m servIce or are known to proVIde inaccurate readmgs, and aIr
flow control IS based upon guesswork.

As at the maIn boilers, combustlOn control of hot water peaker boilers excess air control is based
on guesswork. Furnaces have absolute pressure mdicators, but not transmItters, and so It IS
necessary to manually adjust the FD and ID fan dampers. The dampers do, however, have
electric posltioners.

Each of the five boilers has a mazut feed and a mazut return onfice plate and flow transmItter
as well as electrically pOSItioned mazut flow control valves.

3.7 Environmental Issues

The plant has to pay fines for emisslOns of NOx, S02 and vanadium. They also have to pay
discharge fee for plant waste water.

• 5906-01l02B/SIMFEROPOU5/17/95 5
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3.8 Future Plans

The building for two addItional 100 GCal boilers has been erected, but the bOIlers planned for
startup in 1994 are not built m the Ukrame, and there IS no money to pay for them.

The ChIef Engineer of Knmenergo, Alexander P. Oparko dISCUSSed a broad range of subjects
regarding the plans and projects for energy development in Cnmea. He placed major emphasIs
on the recent Cnmea PreSIdentIal Decree for development of alternative energy technologIes,
which Crimea, has a rich potential. As a result of the extensive drilling program over the past
ten years explonng for gas and oil, geothermal resources have been dIscovered which could
provide up to 40% of Crimea heating needs (see attached meetmg notes). He is very much
interested in US experience in geothermal technology and would lIke to develop greater U.S.
cooperation in engmeenng, development and eqUIpment. He also would lIke to learn more about
other mature U.S. alternate technologies such as refuse burnmg, wind power, energy storage and
solar.

3.9 Inspection. Assessment. Comments

• • The station IS well managed by expenenced personnel. The engmeenng staff IS
competent.

•
• ChemIcal Department staff is competent. There IS a need for proper analytIcal

equipment to perform to hIgher standards in a short time.

• The cycling mode of station operatIOn affects the equipment and results m
considerable plant refurbishment and replacement.

•
• The power station considers control systems to be obsolete, l.e., all eqUIpment

was designed in the 1950's. The power station IS proud of the fact that they are
able to operate these old UnIts.

• 4.0

• Power plant is takmg measures aImed at effective utilIzatIOn of fuel (see AppendIX
C for descnptIOn).

DESCRIPTION OF AUDIT ACTIVITIES

•

•

The audIt activities included the collectIOn of mformation and data from vanous reference
sources and mdividuals workmg withm the power plant. The acuviues are of two types: one
for specific combustion effiCIency audit measurements and calculatIOns, and the other for
mformation of a general natural regardmg other energy conservation measures

4.1 Specific Audit Activities

4.1.1 Scope and Methodology

IndiVIdual systems and/or equipment were Idenufied for data collectIOn and analySIS and were
selected based on several critena, includmg:

• 5906-01102BISIMFEROPOU5117195 6



•

•

• Quantity of energy used withm the system.
• Potential for energy efficIency improvements.
• SIgnificance of system/component to the power plant.
• Potential for replication.

The selectIOn of systems and eqmpment to audit were made after meetmg WIth power plant
specIalIsts to dISCUSS energy conservatIOn pnontIes and a walk through the power plant. In
preparation for the audit actIvities at the power plant, techmcal energy momtoring eqUIpment
was purchased m the United States, shipped to Kiev and delIvered to the power plant. The
eqUIpment was purchased to momtor and to make measurements of various systems that were
likely to be encountered WIthin the power plant. The measurements enabled audItors to learn
speCIfic information about the systems bemg mvestIgated. Based on the measurements, the
auditors calculated bOIler efficiency and potential energy improvements that could be gamed by
installing energy efficiency equipment. Economic paybacks were calculated and the priority of
items established according to the shortest payback. Based on estImated cost of equipment and
money available, recommendations were then made as to whether to Implement the Items
StudIed.

The main components of the equipment are:

•
•
•
•
•

Portable Enerac 2000 combustion analyzer
Portable computer and pnnter
Fluke power analyzer
"Heat Spy" Infrared temperature detector/indIcator

•

•

•

•

Of this equipment, the most sIgnificant was the Portable Enerac 2000 CombustIOn Analyzer
which showed a potential ImmedIate fuel savmgs by tumng the boilers to reduce excess
combustion au and increase bOIler efficIency.

The majority of the equipment was used extensIvely by the audIt team and as a trammg tool for
the plant personnel. TypICally, the audit team would separate dunng the day, with each member
responsible for data collection, etc. Each member would usually be accompanIed by three to
six specIalists, for the purpose of observmg and answenng questIOns, etc.

4.1.2 General

The Simferopol plant was selected by USAID/KIEV m consultatIOn WIth the Ministry of Energy
and ElectrificatIOn. The MIniStry also identIfied the management of the faCIlity as receptive to
this type of program and felt that the maxImum benefit could be gamed by workmg at
Simferopol.

4.1.3 Boller EffiCIency

The specific plant audit consisted primarily of on-Ime flue gas emIssion measurements usmg
Enerac 2000 portable combustion analyzer, laptop computer and printer. Measurements were
made on Boller #1 burning natural gas.

The Enerac 2000 portable combustion analyzer IS an instrument which has chemical cells to

• 5906-01l02B/SIMFEROPOU5/17/95 7
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•

measure oxygen, carbon monoxIde, sulfur dioxIde, oxides of nitrogen content and combustible
gases. The unit also has a type K thermocouple mcorporated m the probe to measure the
temperature of the gas at the extractlOn pomt. The fuel analysis of 15 vanous typical fuels are
contained in the memory of the portable analyzer. Also, custom fuel analysIs can be
programmed using a laptop computer. Enerac 2000 portable combustion analyzer calculates,
displays and prints boiler efficiency, excess air, CO2 and emissions.

Due to the high in-leakage rates m the furnace, the economizer and the air heater, an on-line
calculation of the combustlOn efficiency by Enerac 2000 portable combustlOn analyzer proved
to be not feasible. The efficiency calculated is actually overall bOIler efficIency as shown on the
pnntout. Direct measurements of O2, CO, combustible gases, NOx and S02 appeared to be
accurate. Any improvement in the efficiency of the Slmferopol power plant must come
primarily from an improvement in overall effiCIency of Its boilers. Slmferopol power plant IS
efficient due to a significant thermal load. A copy of the Enerac 2000 portable analzyer pnnt
outs can be seen in Appendix B.

For a detailed descriptlOn of the AudIt actiVIties see the tnp report m AppendIx G.

Burns and Roe engmeers estImated an incremental Improvement in bOIler efficiency achievable
due to a reduction in excess air fed to the boilers. Using a portable combustlOn analyzer, 5-8%
excess furnace oxygen was measured at fun load while finng natural gas. CO emisslOns were
neghgible in all tests. Based on calculations, the excess furnace oxygen at fun load whIle finng
gas can be reduced by 1.35%, resulting in an mcremental improvement in boiler efficiency of
at least 0.36%.

In future the Simferopol power plant operators should be able to manually adjust the air supply
to determine what magnitude of reductlOn m excess air could be achIeved withm constrains
imposed by CO emissions, smoke, and flame StabIlity. Therefore, it IS recommended that
permanent mstruments be installed to measure the O2 and CO content of the flue gas and thus
assist the operators in avoiding unsafe condItions whIle continually mlmmlzmg excess alr.

4.1.4 BOller Plant

Tests were taken at nght and left side of No.1 steam power boiler near the extractlOn pomts
for existing oxygen analyzer. The two extraction pIpes connect to a common shunt pipe to the
LD. fan suction. A single extractIve type paramagnetIc oxygen analyzer pulls a sample below
the intersection of the two pipes. The Enerac 2000 portable combustlOn analyzer mdicated the
same concentration as the eXlstmg analyzer, whIch was calIbrated m January 1995, and IS
installed on the newest boiler. A second set of tests were taken at the LD. fan mlet.

Flue gas samples were also taken from a hot water bOIler No.2 which was operatmg fun load
on natural gas. These bOIlers burn only mazut dunng wmter when natural gas is curtailed to
supply domestIc use. A good sampling pomt could not be found before the convection backpass,
so samples were taken from a sample point ahead of the LD. fans. The sample pIpe was too
small to insert the Enerac probe to get stack temperature, therefore, the efficiency numbers are
not valId. A hose was used to connect the probe to the sample pipe. Four tests, two before and
two after reducing excess air show some improved results. Carbon monOXIde can be reduced
by further tuning of burner registers and fan dampers to Improve turbulence in the furnace.

•

• 5906-01l02B/SIMFBROPOU5/17/95 8
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4.1.5 Boiler Controls

The bollers have no burner management system and all mterlocks are of a very basic design
offering limited protection. Most control functions are single loop manual control from the maIn
control board. The controls and instruments are obsolete, readings are unstable and reqUIre
ongoing maintenance to keep operational. Spare parts are dIfficult to obtam.

4.1.6 Boiler Back End Including Stack

The three BKZ-160-100 FB steam power boilers each have two stages of tubular heaters in a
diVIded backpass, WIth two induced draft (LD.) fans dischargmg to one of the three flues m a
common stack.

4.2 General Audit Activities

Information was gathered from existing sources, plant histoncal operating data and discussions
with key personnel. Actual audit activities consisted of takmg operating data and test
measurements wherever possible and performing analysis based on this data and histoncal
information.

4.2.1 Scope and Methodology

General audit activities included discussions about the entire power plant. IndIVIduals
responsible for various tasks within the power plant organIzation were mterviewed to obtaIn
mformation and data on energy consumption, prices and performance. They were questlOned
what organizational changes and controls have been implemented to manage energy conservatlOn
and effiCIency. In addition, the Chief Engmeer was requested to provide a description of what
recent measures had been taken for improvement of operational effiCIency and effective fuel
utilization.

4.2.2 Power Plant Audits

The audIt activitIes associated with the total power plant conSIsted pnmarI1y of a reVIew of the
various available publications and brochures produced by the vanous agencies and by the
Ministry of Power and Electrification as well as from drawmgs and diagrams proVIded by the
engmeers at the power plant. Much mformatIon and msight was also gaIned through the
interviews related to the system specific audIts at all levels. Many of the personnel employed
in the power plant have had expenence m areas other than the one m which they currently work,
and this was useful as background material

5906-01/02B/SIMFEROPOL/5/17/95 9
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5.0 FINDINGS AND RECOMMENDATIONS

5.1 Low-Cost. No-Cost Short Term Opportunities

ECO-Ol ENERGY MANAGEMENT CONSERVATION PROGRAM

The chief engmeer is responsIble for energy conservatiOn and efficIency improvements at the
Simferopol power plant in addition to hIS other duties. Because of the shortage of hard currency
to pay for imported fuel all of the management is hIghly motivated to find ways to improve
operating efficiencIes m order to achieve effective fuel utIlization, and all employees are aware
of the need for conservation. However, the eXIsting program must be expanded and enhanced
WIth management restructuring and new procedures to prepare for the commg privatIzatiOn
reforms. These changes will help to prepare the plant to be commercIally onented by
mcorporating western management methods and procedures.

The stated goals for this program, as a minimum, should be emphaSIzed as follows:

• Conserve energy
• Reduce enVIronmental pollutiOn
• Improve operational effiCIency
• Improve equipment reliability
• Introduce new technologIes

The stated pUrPose for an expanded energy management program should be to provide a basis
for attracting pnvate financing and future investments for a viable enterpnse havmg the potential
for success.

As a first step, a highly visible management staff position and/or department should be
established reporting to the director and haVing the responsIbIlity and authority to develop,
implement and monitor energy conservatIon, training, reliability and rehabilitatiOn programs
The primary tasks will be coordination, communicatiOn, and informatiOn. The energy manager
should be responsible for knowmg about, reVIeWing and consolidating the findings and
recommendations of the numerous studIes and reports prepared by consultants and Institutes for
the USAID, World Bank, EBRD, EC, MInIstnes, etc., so as to minimIZe duplicatiOn of work
and maxImIze exchange of informatiOn and expertise.

In addItion, the energy manager should coordmate and monitor the progress and success of
conservatIOn measures implemented by the power plant staff and employees.

In 1994 the Simferopol power plant consumed the followmg quantItIes of fuel'

1994 Prices 1995 World Pnces

•

Gas 153,836,000 Nm3

Mazut 19,112 tonnes

5906-01l02B/SIMFBROPOU5117/95
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($131/tonne)
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If only a modest savings of about 0.5 percent of this fuel expenditure is saved in the first year,
$52,000 of expenditures can be Justified for measures to improve fuel utilIzation and efficIency,
improve reliabilIty and reduce maintenance.

Some funds should be provided for consulting servIces to assist the Simferopol power plant
management wIth traimng and matenals to establIsh thIS program under ECO-Ol and ECO-02.

ECO-02 ENERGY CONSERVATION TRAINING PROGRAM

Many sources of energy waste and loss may seem very ObVIOUS and simplistIc, and the power
plant engineers and speCIalists are well aware of the cumulative magmtude of these losses.
However, the staff needs, and should encourage, much more support from all employees In the
Identification and elimination of many sources of energy loss. Many of the sources of waste
may not be known or understood by many of the employees, and thIS IS where the results of a
formal training program can have sIgmficant energy conservation paybacks. The auditors were
informed that the employees already know all about energy conservatIOn. However, It IS the
auditors observations and measurement results as well as the observations and measurements of
other studies WhICh indicate that there are many low cost, no cost opportumties for energy
savings, and this is the point of recommending a low cost, no cost energy conservation traInIng
program for all employees. EstablIsh procedures, classes, more posters, incentives, rewards,
competition, etc. and utilize the expertise of the engIneers and speCIalists to reInforce the
importance of energy savings. If only one tenth of one percent of the annual fuel budget can
be saved in the first year, $10,000 can be proVIded for traInIng materials

ECO-03 IN-SITU O2 ANALYZERS

The boiler efficiency Improvements can be accomplished by replacing or supplementing the
eXIsting extractive oxygen analyzers WIth In-place ZIrconium OXIde sensor analyzers of the type
used in the United States. It is dIfficult to obtain a representatIve sample by USIng an extractive
type analyzer. Also, the Instrument can become fouled with aCId sludge formed from mOIsture
condensation and soot. United States practIce typICally places an oxygen sensing probe Into the
flue gas duct. This technology could be applied to the bOIlers at Simferopol power plant.

It IS recommended to install In-SItU zircomum oxide oxygen probes on at least one umt, two
reqUIred. For detailed calculation of payback saVIngs, see Appendix A-I.

ECO-04 MAZUT SONIC FLOW METERS

The audit team learned through intervIews WIth statIOn personnel that one area WhICh has
hampered the stations progress in energy improvements is the InabIlIty to accurately measure the
decrease In fuel consumption due to any changes In operatIOn or eqUIpment motivated by
effiCIency Improvement. This IS because the eXIstIng fuel flow Instruments In place at the statIon
are inaccurate or don't work. If only modest gaIns In effiCIency could be realIzed due to the
incentive provided by the ability to more accurately evaluate such Improvements, such flow
monitoring equipment could pay for itself In a very short period.

LIne sizes and design Information were obtained for speCIfyIng sonic flow meters for two supply
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and two return mazut lines serving the boilers.

ECO-OS ON-LINE NATURAL GAS CALORIMETER

The most important concern and priority at Simferopol was the urgent need for analytICal
instruments for monitonng fuel qUalIty (mazut, gas). The data mdicates that the plants are
paying large sums of money for fuel energy content (heatmg value) WhICh they do not receIve
Instruments for measuring the fuel heat value in Kcal/Kg and other parameters would provIde
the documentation necessary for makmg claims against suppliers.

They urgently need an on-line gas calorimeter to venfy the heat content supphed by Gasprom.
TheIr laboratory calorimeter is not commerCIal (certified), the tests are not contmuous so they
cannot make a claim for credIts. We were given test results for monthly averages for 1994, as
well as gas consumption. The plant claims losses of about 8.70S x 1010 BTU/Year which results
m $183,000 loss per year. Although thIS loss of expensIve gas fuel heatmg value has nothmg
directly to do with "combustion" effiCIency, this IS also a pnonty m reducmg the large sums of
hard currency they must pay for fuel gas. For detailed calculation of payback savmgs, see
Appendix A-I.

5.2 Medium and Loni: Tenn Opportunities

COMBUSTION IMPROVEMENT PROGRAM

This is a longer range energy conservatlOn program requiring larger investments of capItal WhIch
will accomplish larger fuel savmgs, Improvements m effiCIency and rehabihty and hfe extenslOn
of the boilers.

• Improve burner design and combustlOn air flow configuratlOn and temperature
profiles.

• Repair boller aIr leaks.

• Develop new procedures for startup and shutdown cYclmg based on results of
metallurgical testmg for creep and fatigue hfe.

• Upgrade instrumentation for load control, fuel control, combustion air and boller
pressure control.

• RepaIr and/or replace (asbestos) InsulatIOn on bOIlers.

There are other studIes whIch have been done or are beIng done, and It IS recommended that the
results and recommendatlOns be coordmated to prevent overlap or conflIctIng tasks.

MEASURES FOR IMPROVEMENT OF RELIABILITY

Additional equipment Items WhIch were requested by the chIef engineer and hIS SpecIalIsts WhIch
are urgently needed for maintaimng rehablhty of the boilers and power plant are hsted below:
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1.

2.

3.

4.

5.

6.

7.

8.

9.

DESCRIPTION

Oil Analyzer (laboratory) used for detectIng organIcs
breakthrough from makeup water treatment carbon filters before
demineralizers. Hydrocarbon contamInatIOn of demIneralizer
resins can cause irreparable damage and reduction of capacIty
required for boIler feedwater makeup. (2 x $8000)

Gas Leak detectors needed for testing for leaks of natural gas
from piping valves and eqmpment and hydrogen leaks at
generators (2 x $600)

Condenser Tube leak detectors Loss of condenser vacuum and
increased turbine backpressure results In loss of thousands of
dollars of fuel and power every year. A helIum leak detectors
can be used by Knmenergo on ten condensers at the four power
plants.

Conductivity and pH Meter (laboratory) used for testIng water
quality of water treatment, feedwater and condensate systems.

Dissolved Oxygen Probes (feedwater) a specific Ion oxygen
probe analyzer is needed for contInUOUS momtoring for control of
dissolved oxygen in feedwater from deaerators to bOIlers. Range
0-5 ppb (2 x $3,500)

Oxygen Analyzer (laboratory) IS a lower cost alternate to onlme
momtoring, a modern portable oxygen analyzer can be used
manually to obtain faster and more accurate readings than
present.

SilIca Analyzer necessary for measuring deminerallzer
performance and quality of water beIng fed to boilers. SilIca In
steam going to turbines WIll cause senous damage to blades.

Vanadium Test KIt the metal vanadmm is present in fuel 011
burned in gas turbines and can cause damage to bladIng If not
treated. Also, vanadium IS considered to be toxic, and presents a
personnel and enVIronmental hazard in emiSSIOn concentrations
and quantities are calculated based on percent concentratIOn m
fuel 011 and rate of bummg.

Level Gauges for Four Mazut Tanks Important for measuring
delivenes and consumption of fuel.

COST

$16,000

$1,200

$12,000

$1,200

$7,000

$2,500

$9,000

$600

$10,000

Note: $1995 US equipment/instrument pnces.

5.3 Replicatin2 and Expandin2 the Pr02ram to Other Power Plants

An economic benefit can be derived from extendmg the demonstratIOn program to other
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Ukralnian Power Plants. From Burns and Roe experience the Ukralman Power Plants, when
firing gas and mazut, exhIbIt the followmg typical charactenstics:

• Ukrainian power plants operate m a steady-state mode (base load),wIth a turbme
maint31mng throttle pressure, "fixed" firing rate, and manually adjusted air flow
(fixed settmgs for each load)

• Very high in-leakage rates (up to 100%) are typical, which make readmgs of any
oxygen analyzer dependent on Its location (distance from the furnace). They also
make Impossible on-lme calculatlOn of the combustion effiCIency at the back end
of the boiler. What IS calculated by the Enerac IS bOIler efficiency.

• Most of the oxygen analyzers are of the extractive/paramagnetic type, WIth
questlOnable accuracy and a measurement time constant on the order of about 1-2
mmutes. As a result, they cannot be used for real time excess air control.

• Low carbon monoxide levels (10 to 100 ppm) m the flue gas m combination WIth
4 to 5 % oxygen in locations WIth 850-870 Degree Centigrade temperature leads
us to believe that combustion efficiency of the Ukralman Power Plants can be
improved. In our estimation, the improvement will be on the order of 0 5 % to
1%.

The conc1uslOns are as follows:

• Excess air can be reduced until less than 100-150 ppm of carbon monoxIde IS
generated whIch is indIcatIve of effiCIent gas combustlOn.

• ConSIderable economIC benefit can be realized by reducmg the excess oxygen by
1-1.25 % and achIeve 0.5 % Improvement m combustion effiCIency even WIth
eXIsting manual control of the combustlOn process. It IS Important that constant
operator attention is maint31ned. Such attentlOn can be obtained by way of
operator mcentIves based on the fuel savmgs. Another alternatIve would be to
invest m expenSIve automatic control for the excess alr system.

• Savings can be achieved more eaSIly with carbon monOXIde measurements of the
undIluted flue gas at dIfferent boiler loads.

• Improvements m boiler effiCIencies and reductlOns m fuel consumptlOn can be
further demonstrated by replIcatmg and expandmg the portable combustlOn
analyzer program"to other Ukralman power plants
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6.0 IMPLEMENTATION PHASE (Follow-up Visit)

Burns and Roe engineers conducted follow-up VISitS and training dunng July 22 
August 16 In Ukraine In accordance with the Delivery Order objectives The following
report descnbes the activities of John E Hallberg, P E and Alexander Flllppov who vIsited
Simferopol on Monday and Tuesday, July 28-29, 1997

6.1 Introduction

WORK PLAN
For the power plant
1 Review the steps taken by the plant for Implementation of recommendations and

assist In completion
2 Provide additional training and assistance on installation and use of the equipment
3 Refine and finalize the audit report and the recommendations for short and long

term actions based on follow-up discussions with power plant personnel and minor
additional audit work, If necessary

4 Measure actual energy savings based on audit recommendations and eqUipment
Installation, If measurements are not possible, estimate and provide the rationale
of the method that IS used for estimation

PERSONS MET DURING MEETINGS:
Anatohy K Voronovskly - Chairman of the Board, Director, Knmenergo
Alexander Chupnnko - Director of Simferopol Power Plant
Vladimir Cherkosov - Chief Engineer
Vaslly V Kunnnoy - Worked at all seven power plants
Valery Bablchev - Chief of Technical Department (computer expert)
Alexander Dublnets - Chief of Electncal Works
Valery Duzhenko - Chief of Electncal Laboratory
Sergey KOJevnlkov - Chief of BOiler and Turbine Works
Alexander Lltvlnov - Chief of Automatic and Measunng Equipment Department

INSTRUMENTS SUPPLIED TO SIMPEROPOL CHP PLANT
llrtek oxygen analyzers (2) probes for one bOIler, one two-channel analyzer
Panametncs two channel ultrasonic transit time flow meter
Panametncs one channel ultrasonic transit time flow meter
Instromet natural gas chromatograph, display control Unit and accessones
Oxygen cell and consumables for Enerac

Dunng February - March of 1995, the plant was proVided with an Enerac combustion
analyzer, a laptop computer and printer, an Infrared thermometer and a Fluke power
analyzer
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6.2 Results and Benefits

Enerac Combustion Analyzer

They do not have a program diskette for the Enerac S N 11003252 They used to buy
reference gases to calibrate Instruments In plant, but now calibrate the Enerac and use It
to check other Instruments But they cannot use It to plot and analyze data on the printer
as descnbed In the manual, and wonder If there IS special software to make It work We
were given a document showing calculation of efficiency and energy savings of about
$34,000 dunng 1995 uSing the Enerac We were also given a document from the Central
Cnmean Regional Department of Environmental Protection regarding a dispute In
comparison of Inspector uSing coloremetnc burettes to test flue gas vs Enerac readings
always being lower and a reqUirement to do parallel tests with the Donorgres Laboratory
"TESTO-33" Instrument.

Fluke Power Harmonics Analyzer

The Electncal Department has been uSing the Fluke power analyzer extensively to
measure current, voltage and phase angles with very good results They measure voltage
on busses, current on current transformers

The accuracy of the Fluke is higher than measunng eqUipment In the plant for measunng
voltage and current. They trust the Instrument very much and use It to check other
measunng Instruments. When testing phases on a group of transformers at the gas
turbines, they found an unbalance They could perform maintenance on the scheme, but
the cost would be higher than the energy losses

They used the Fluke to try to find the weak POints In bOiler feedwater pump motors and
Identified that stator winding need to be replaced They also discovered that copper rotor
bars end connections were weakening, resulting In losses The problem IS that these are
old 3 KV motors no longer made, as 6 KV IS standard

They also found a small200W unbalance of about 20% at administration bUilding where
one phase was overloaded and they corrected It The Important lesson IS that the Fluke
IS useful for Identifying energy losses

Infrared Thermometer

The Infrared thermometer Mlnolta Cyclops IS used to check for heat losses from bOilers,
drum insulation, steam lines, etc They found bad insulation on a stream drum and
replaced It They tned to check the accuracy of Instrument against a thermocouple and
found 40°C difference They do not trust the accuracy, but said they do not have a manual
In Russian or table of emlsslvltles We mentioned that the Mlkrom manual was translated
and should be similar
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They used the Instrument to find a steam leak under Insulation In the main bUilding They
were starting a boiler, 370°C, 40 kg/cm 2 and saw there was a problem, valve was
steaming, not normal They measured insulation temperature difference near the valve
and found a 10 cm crack on weld of 325 x 24 mm pipe

Instromet Encal Gas Chromatograph

We went to the power plant control room to look at the Instromet Encal gas chromatograph
(GC) display mounted In the main panel Above It IS mounted a data logger which can
Input real time heat content from the GC to record total from metered gas flow At present,
they input a fixed value of KCal/cu m

We then went to the gas metering substation to see the GC installation They ran new
shielded cable about 3000 ft from GC to control room dIsplay control Unit They took a
sample line from downstream of orifice meter run to control house where GC IS mounted
on the wall They added a filter In the sample line with sIlica gel dlsslcant for removing
mOIsture and crude from gas sample All tubing and wIring IS Installed, waiting for
calibration gases to clear customs In Kiev, so the startup engineer can travel to
commission the GC Their biggest concern IS the need for a spare electronics display
board Attached IS a diagram of the system

Zirtek Boiler Oxygen Analyzers

We went to look at the installation of oxygen analyzers on one of the two large hot water
heating bOilers. The electroniC two-channel analyzer display Unit was mounted In the bOIler
control panel They mounted the probes below the observation ports on backpass of the
bOIlers They made up an extra pair of flange-nozzles and Installed them In the second
bOiler so the probes could be sWitched to that bOIler when operating

They mounted the reference air control panel between the two bOIlers with cable and
copper air tUbing run to both They found a very small air blower-compressor salvaged
from an old hydrogen analyzer, which they mounted inside the cabinet

Panametrics Ultrasonic Flow Meters

Valery Bablehev - Chief of Technical Department IS trying to develop a computerized
information system for the plant and would like to combine the data from all Instruments
Into one program He has wntten a program In C-Ianguage for downloading data from the
Panametncs He asked where IS the program from Panametncs for downloading data to
a computer They use the flow meter every day for measunng hot water flow and mazut
flow to boilers
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6.3 Conclusions

We were provided with a table of consumption, heating values and pnces for natural gas
and mazut for 1996-1997, attached In-plant cost to produce electricity IS 53 Kp/KWh
(2 91 ¢/KWh), and Kremenergo sells at 7.11 Kp/KWh (3 91¢/KWh)

The technicians at Simferopol plant were most Innovative and creative and took the
Initiative to find solutions to solve problems encountered dunng Installation of the USAID
supplied equipment.
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7/29/97

...... utC..

Simferopol Power Plant

Mazut and Natural Gas Consumption:

1996: Total
Gas 123,336,000 Nm3

Mazut 9891 tons

Heat Content (Average): Gas 7969 KcallNm3

$83/1000 M3 Mazut 8767 KcallNm3

Elec =5.3 KopeckslKWH Cost. 7.11 Kopecks/KWH Krimenergo Sells

X1000 Nm3 Gas Mazut
Month
1996 Consumption

Measured Contract
ConsumptIon Price/ton

Calories Calories

Jan 13456 7924 279 tons USD 194

Feb 13203 7879 634 (8660 Kcal) 197

Mar 10472 7858/8076 8796 3063 197

Apr 7258 912 197

May 6806 --
June 7161 8435 8410 --
July 9891 8651 8778 246 200

Aug 13478 8736 8875 ---
Sept 8447 8667 8930 1193 (9208 Kcal) 180

Oct 4580 8444 8835 2717 170

Nov 11263 7862 8135 142 (8602 Kcal) 180

Dec 17321 7841 7986 327 (8800 Kcal) 180
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Simferopol Power Plant

Mazut and Natural Gas Consumption:

X1000 Nm3 Gas Mazut
Month
1997 Consumption

Measured Contract
Consumption Price/tonCalories Calones

Jan 18812 7886 8097 -- 185

Feb 17551 7841 7967 301 185

Mar 18526 8092 138 190

Apr 14817 7879 598 190

May 12531 8343 25 190

Jun 12674 8246 - 190
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State Committee of the Autonomous Crimean Republic for the
Environment and Natural Resources Protection

The Central Crimean Regional Department for Nature Protection

March 12-25 1997
UKrymenergo" GAEK

Ministry for Power Engineering of Ukraine
74, Kievskaya Str.

Account 221902 in "Pzominvest Bank" kRB
MFO 324430, OKPO 00131400

Statement of Checking How the Legislation on Water
protected Facilities is Observed

I, the State Inspector at the Central Crimean Regional Natural Protection Office, Ms. I.P
Shcherbakova, in the presence of the representatives from "Krymenergo" GAEK - Engineer
of the Industrial & Technical Department, Ms O. Yu Valia·Yeva, Senior Engineer from
Simferopol HPP, Ms. V.N. Cherkassova, have carried out checking how the legislatIon on
the water protected facilities is observed at the Heat Power Plant named after V.I. Lenin,
the latter being an independent structural unit within "Krymenergo" GAEK (the provisions
on the structural unit of December 1, 1995). The checking has been performed on the
ground of the Law of Ukraine "on the natural envIronment protection". The checking
resulted in finding out the following:

In 1996, at Simferopof HPP, there was produced:

Power energy
Heat energy
Reactive energy

- 294,713 MW - h
- 350,976 Gcal
- 72,724.8 MVar

Between January and February In 1997, there was produced:

Power energy
Heat energy

·57,557 MW - h
- 132,276 Gcal

The consumption of fuel in 1996 was

Natural gas ·123,336 thousand m3

mazut - 9,891 ton
at the average sulfur content of 1.7%
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In January 1997, there was consumed

of the natural gas - 18,812 thousand m3 at the lowest fuel
combustion heat Q =7,800 Keal/m3

of mazut - 0 ton

At the moment of the inspection, there are in operation:

two power boilers - BKZ-160-100FB
one water heating bOiler KVGM-100
a steam turbine T-34155-90
a generator at No 3 in the synchronous compensater mode

The gas and turbine plants do not function due to the absence of the fuel

The enterprise was given the developed and approved standards of MAE levels valid until
January 1, 1998 Until the same date, there is valid the permission to release the harmful
substances Into the atmosphere in the amount of 3,893.086 tonlyr (887.286 g/s)

According to the report - 2TP-air in 1996, the exhausts amounted to 761.610 tiyr, Including
there'

the mazut ash - 4.930 ton/yr;
sulfur anhydride - 354.930 tonlyr;
nitrogen dioxide - 401.760 ton/yr

The others Include - the mazut ash (4.920 tonlyr).

The standards concerning the maximum admitted exhausts by each boiler when working
on mazut set the exhausts of the mazut ash in recalculation on the vanadium pentaoxfde
The quantity of the given substance IS determined by calculation, but in Chapter 2 of the
Report 2TP-alr is not specified for the given substance.

According to an agreement with DONORGRES, there is fulfilled each quarter inventory of
the exhausts sources given by each boiler with submitting a statement on the effictency
and the exhausts into the atmosphere due to the data from the reports and the
instrumental measurements in 1996 the CO2 content in the flue gases is absent.

At the HPP there are monthly calculated exhausts of the harmful substances With taking
tnto account the values of the sulfur content of the fuel determined by the laboratory of the
enterprise, and the same is done concerning its lowest combustion heat.
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The standards concerning the maximum admitted exhausts by each boiler when working
on mazut set the exhausts of the mazut ash in recalculation of the Vanadium Pentoxlde.
The quantity of the given substance is determined by calculation, but in Chapter 2 of the
Report 2TP-air is not specified for the given substance.

According to an agreement with DONORGRES, there is fulfilled each quarter inventory of
the exhausts sources given by each boiler with submitting a statement on the efficiency
and the exhausts into the atmosphere. Due to the data from the reports and the instrument
measurements in 1996, the CO2 content in the flue gases is absent.

At the HPP, there are monthly calculated exhausts of the harmful substances and taking
into account the values ofthe sulfur content of the fuel determined by the laboratory of the
enterprise, and the same is done concerning Its lowest combustion heat.

However, there are no records kept in the register books of the exhausts into the
atmosphere, nor is kept the register for the exhausts measurements (the forms of the
registers were reconmended due to "Instructions for organizing control of the exhausts at
a HPP" - RD.34.02.306-88). Enerac-2000 was not used by the laboratory of the HPP
during 1996 due to the resource of the oxygen analyzer to be over.

On March 18, 1997, the laboratory of the State Committee for the Natural Resources and
Environment, p20 - function together with the laboratory of the HPP performed parallel
taking samples from the operated boiler systems. The laboratory of the State Committee
used the national production instrument - "Inspector - 1 - Express-Method", the Laboratory
of the HPP used "Enerac-2000.

The comparison of the results shows discrepancy between the values concerning the
exhausts. For example, when the steam boilers BKZ-160-FB on No.1 are being operated,
the analytical control instrument registers absence of CO in the fuel gas exhausts (Enerac
2000); the express-method "Inspector" determines their presence on the level of 62.5
mglm, that is within the process requirements and corresponds to the approved maximum
admitted exhausts levels.

Analysis for the Boiler BKZ-16Q-100FB at NO.3 was not perfonned by the laboratory ofthe
State Natural Protection Committee due to the mismatching the sample-taking holes.

In the exhausts of the water heating boiler KVGM-1oo at No.1, measurements with both _
• the instruments show presence of CO; the values determined by the laboratory of the State

Commrttee is higher in this case too than those determined by the HPP

The values for the nitrogen oxide exhausts are practicany the same, except for the
exhausts from BKZ-16Q.100FB at No.1; the reading from Enerac-2000 is 102.5 mg/m3

, the
• reading from "Inspector" is 150 mg/m3

• The results of the checkmg measurements are
attached.
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As the method of "'nspector 1" is a test-method. it IS suggested to carry out two parallel
measurements by Enerac-2000 and using the instruments "TESrQ-33" from the laboratory
of DONORGRES. The results shall be in written form submitted to the inspection.

Concerning formation and arrangement of the wastes, there has been found as follows'

According to the data from the HPPI the territory is made up of three areas with the total
area of 26.88 He:

1 - 23.18 he - the industrial area
2 - 3.09 he - the ash-dumping area
3 - 0.6 he - an area in the collective orchards zone

In the limits on arrangement of the wastes issued by the State Committee for the Natural
Protection valid for 1997, there were not set the wastes resulting from draining the sewage
waters at the ash-dumping area.

The construction and Installation works office "Krymenergostroi" has not submitted the ad
on setting the borders of the area in the nature.

State Inspector I Signature I

Persons present at the time of the inspection:

Engineer of "Krymenergo" GAEK
Chief Engineer of Simferopol HPP

I.P. Shcherbakeva

O. Yu Valiayeva
V.N. Cherkesov

•

•

•

On the ground of the above said, there is suggested:

1. To make an additional checking of the exhausts of the harmful substances into the
atmosphere.

2. To keep records in the register for exhausts and in the register for measurements
of the exhausts into the atmosphere - The grounds for that - "Instrudions for
organizatIon of the control over the exhausts at the HPP" - RD.36.02.306-88.
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OXYGEN PROBES IN HOT WATER BOILER NO. 1

PROBE FLANGES IN HOT WATER BOILER NO.2
ZIREK BOILER OXYGEN ANALYZER

SIMFEROPOL



OC CONTROLLER DISPLAY & DATA LOGGER

GAS CHRONATOGRAPH IN CONTROL HOUSE

SIMFEROPOL





Location:
lJate:

Simferopol Heat Power Station
June 30, 1997

Re) TllP Status

We amved at the plaut workers hving quarters on the evenIng of6/26. Alexander Valenlinovlch escorted us to a
two loom flat dut wa£ m.ad~ available for our use

Work began with a Ineetmg al the plant at 9.00 AM on the morning of the 27th. Ininal meeting was \Vlth the Plant
Director and Alexander V, We adjourned and began a review ofthe equipment mstallation.

[ ,,~ uC( 'CronIC panels were Installed 10 the instrument cabinets located in front of the operators ·'console". The
l1lnrlrmnllohql ....ll••111~1 .&.!..!.J1 __ 1l.........I..ll..I~...u vP ...u'"'....., whL1~. dll:~UOIllI.oS ana relerenCe aIr cabInet 1he

reference all is supplied from a small compressor dechcated to the probe installatIOn

The analyzer system is installed In a hot water boiler that was built about 5 - 7 years ago. The probes arc In the
outside wall of the llue gas downcomer above the alrpreheater, The boiler has two probes spaced at approximately
the 1/4 pOUlts (honzontally). The refer~Ii1¥~ ~ir ~A~m't illllf f1hnnt thr 'iflmr rl""lItion Ollar it th, oidm of tho !Bd!l'.

Power was sWItched on for the electrOnICs panel and reference air flow was verified. There \\as an open
thermocouple clrcuit Indicatlon on one of the analyzeroS. A loose WIre behind the panel was located and promplly
fixed At this pOInt tbele was no heat in the boder as it was not operanng Therefore. the actual analyzer indIcation
was nnr vahri Thf': nl"ll1t"r Wll~ itllrted up lind had r.o.ohecl6S0 tG ~no ';'':1,. C. 'YI'ltl..u .wuI.lL lwu huurl>. Whlle waiting
for the boller to heat up, we toured thc power plant The analrzers were ShOWUl~ al'l'roxima~ylY : ~~ ~ %mWPiin
.n.'\'~"1 I"j..ULLYU!~ I,lp~J4LUr dna m.a.mtenance questtons me bOIler was shut down.

It lihollkl hr. nnrl",n ThAt thf' hnt Uft,lt,.r hntllllr 1£ not norml1n~, o,o~ll.tlli .au";""! th.~ vuil."" Th.., pltU1L wc:;m I.U

extra effort to be able:: to start the bOIler at this time

Wt" 1'1"11"1' ,~.;tl, ~ lpvande-r V :at Il:OO AM on S:~tu!'dA}' t& al~~Wcr Ao~,Y r.... LhQl ",!uC'~Liuu~ 411U ~ee some ot {he
sUlToundi!1g area. Slllce Monday was a hulIday and the dttector would not be available until Tuc'5day monmlg, it
wa~ :.uggested that 'We delay going to Odessa unlil Tuesday, July 1st. This was done

P~n.onnl.ll Contacts'
Mr. Chuprinko
Mr. Valentlnov1ch
N.lr. KUl'c'l1m:y
Mr Yarcmeko
:\1r. Selko

RecOmmClldc.d Action

Phom.t DU"ectOi
Chu~fEnglneer.lnstrumenlalitJn & Control ( Lltvinov Alexander}
Ass't Head, Industrial Technological Workshop ( VasIl)
Metalworker ( YuriY )
Metalworker ( Igor)

1. The plant is qU1te concerned about not having access to a spare set of electrOnICs. I think there should be a
umt available In the Ukraine If not at each plant



May 30,1997
DelIvery Order #06
Task 2 Power Plants CombustIOn EfficIency

Busmess Tnp Report.
Penod: May 20 - 22, 1997
Destmal:lon' Slmferopol Combmed Heat and Power Plant

Completed by, Alexander Filippov,
Bums and Roe KIev ResIdent Engineer

Dunng the penod from May 20 through May 22 I Vlslted Slmferopol CHP plant.
The purposes of the trip were:
1) To sIgn letters of recelvmg for the eqwpment supplIed by USAID/Bums and

Roe
2) To schedule a start-up VlSlt of ZIRTEK and INSTROMET compames

techrucal represental:lves
3) To teach the plant staff how to operate the supplied energy eqwpment.

I met Wlth Mr Chuprynko, the plant dIrector. Mr. Cherkesov, Chief engmeer, Mr
Lltvmov, Cillef of Control Eqwpment Department, and several technical
specIalists

We SIgned the letters of receiVlng for the main eqwpment.

I was shown the installed 02 analyzer at the boiler house. The plant decIded to
mstall the 02 analyzer on both of theIr water hea1:lng boilers. The reason for that
is that these boilers never operate SImultaneously Thus the plant will be able to
change analyzers from one boiler to another when its necessary. The installal:lon
was 85% completed by May 20 The management confirmed that they Wlli be
ready to accept the start-up specIalIst by June 15.

We dIscussed the plan of gas chromatograph mstallal:lon and techmcal details
related Wlth tins. Installal:lon of It is to be fimshed by June 15

We spent almost the whole Thursday, 5/22, at the Cnmean Chamber of
commerce, trymg to obtain a document, certIfyIng the mternal:lonal standard
codes for the gases for gas chromatograph Tills document has been Issued and
Wlli be needed when the gases Wlll be delIvered to the plant m order to clear them
through the customs.

Dunng the tnp I had three seSSlOns of work Wlth technICIans, shoWlng them how
to operate the somc flowmeter.

I proVlded the management Wlth the new coupons for extra sensors for Enerac
2000 m exchange for the wrong ones they had received together Wlth the
eqillpment.
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Business trip report

Date: February 21, 1996

Fax No. (101)(202) 408 6835

Business trip report - Siroferopol, Ukraine
Energy Efficiency and Market Reform Project
Delivery Order No.6
Task 2. Power Plants Combustion Efficiency

Participants from the phmt:
Director - Alexander Chuprinko;
Chief Engineer - Vladimir Cherkesov;
Chief of Technical Department - Valery Babichev.

During the period February 14-17, 1996 Bums and Roe resident engineer in Ukraine
Alexander Filippov visited Simferopol Power Plant following its invitation for
technical support and discussing business matters.

Two questions were put regarding ENERAC 2000 combustion analyzer supplied by
Bums and Roe audit team along with portable equipment. First, chief engineer stated
that the plant specialists use ENERAC very actively and obtained big savings with it.
But it is already the time to substitute oxygen sensor in the device, which has a one 
year lifetime term. In respect or this, Mr. Cherkesov asked me if it was possible to
provide the plant with the new oxygen sensor and three other sensors along with
energy equipment that Burns and Roe should purchase for the power plant. I
promised to check this possibility and in any case to help the plant to establish direct
relations with ENERAC supplier in order to by spares in the future. The chief of
technical department Valery Babichev indicated that though ENERAC combustion
analyzer can be used together with a computer, the software can only be used for
storing and retrieving the experimental data. He wished to know whether special
software exists that allows to analyze the experimental data and supports decision
making process on adjusting combustion regimes. I promised to find out and provide
him with such an information.

Then the chief engineer and the director explained that they had business
propositions for Bums and Roe as a continuation of our USAID program.



Simferopol power plant has three 160 T/H BKZ-110 ATM boiler units, two
steam turbines 34 MW, two hot water boilers 100 GCal, two gas-turbine
units 105 MW.

At present time gas turbines are mostly used as a synchronous condensers
and as peakers to cover energy deficit in emergency cases in the Crimean
power system.

In 1995 the average electricat load of the power plant was 40.8 MW
including 7.8% for self needs_The reason for low level of load is a lack of
fuel at the plant. '

5425 tons of mazut 0=9284 kcal/kg, 153019M Tlc.m. of gas (0=8057
kcal/kg) fuel were burnt [in 1995] in generating regime.

Annual water consumption is 4 M c.m. from Simferopol re~rvoir.

The price for gas today is USD80 per 1000 c.m., for mazut - approx.
USD104/ton.

Using control devices supplied by Burns and Roe representatives allowed
increase efficiency and sufficiently simplify maintenance/adjusting and
repairing operations. The Fluke power analyzer is permanently in use, Heat
Spy infrared temperature detector is used for measuring temperatures on
contact points and surfaces. In particular, several points with damaged
thermal isolation were identified and recovered on the main steam line.

ENERAC 2000 combustion analyzer is used for adjusting the plant
equipment while changing operation regimes. Its usage in 1995 helped
saving 602M nc.m. of gas (approx. 5 billion karbovanets or approx.
USD34000) on each boiler unit of the ptant (see Appendix - efficiency
calculation).
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TEST 34 BOILER#
SERIAL # 11003~55

ENERAC MODEL 2000
COMBUSTION TEST RECORD

FOR~ BURNS ~ ROE

TI 11E:: : 10: 17: 11
DATE: 0:;/09/95

.I

FUEL NATURAL GAS:21870 BTUILB
-

COMBUSTION EFFICIENCY:
AMBIENT TEMPERATURE:
STACk TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STAC~ DRAFT (INCHES H~O): 
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

MODE:MGM OXY_REF=TRUEX

91.8 Yo
- 21 JFC
'16 -.:_

14.4 Yo
<) MGM

0:;.6 Yo
c).~O X
3. ()
201 Yo
4~ MGM

<) MGM
1990 PPM

;

• I

-1

FOR: BURNS ~ ROE

TIME: 10:26:~7

DATE: 03/(J9/95

FUEL NATURAL GAS: 21870 BTU/.J.,.B

COMBUSTION EFFICIENCY: .... 94.4 Yo
AMBIENT TEMPERATURE: .... ,., IlC--STACY.: TEMPERATURE: ::5 a:
OXYGEN: 03.9 Y.
CARSON MONOXIDE: 94 MGM
CARBON DIOXIDE: 09.6 Y.
COMBUSTIBLE GASES: 0.0:: y.
STACr, DRAFT ( INCHES H::O) : :- 4.1
EXCESS AIR: 21 y.
OXIDES of NITROGEN: 51 MGM , -
SULFUR DIOXIDE: 0 MGM
CARBON MONOXIDE ALARM: 1990 PPM

MODE:MGM OXY_REF=TPUEX

36 80ILER# 5 _
BESTAVAILABLE COpy
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J,.t,Cl-~~ i-<-L~~e....... c.<... ~ -

a. o{ju~ fl'(f
FUEL NATURAL GAS:21870 BTU/LB

.COMBUST I ON -EFF ICI ENCY: "
AMBIENT~EMPERATUQE:

STAC.~ 'TE~PERAT,URE:' "
OxvGEN' . . ,'}_ : .;.:'• .lI ~- -I" _~ ~ '" ",
CARBON MONOXIDE; :.-- .
CARBON DIOXIDE£ _.:, .... ,
COMBUSTIBL£'GASES: .
STACK DRAFT.~INCHEi H20):
EXCESS AIR:' .. - .: ~<
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

98.5 %...
_ - !.,' - 9. ~ IIIC

11 "-':
. 10.5 .,
-:- 0 MGM

05.9 Yo
, 0.00 Yo

11.6 J_

90 Yo
177 MGM

o MGM
1990 'PPM

1 _

'\

r' . '

.'

MODE:MGM OXY_REF=- 0% <,.: - • ,.
-~ ...' ,);.

TEST 6 BOILER# 5
SERIAL '# 11003255 ----:--------

ENERAC MODEL 2000
COMBUSTION TEST RECORD

FOR: BURNS ~ ROE

M £J-t-~ ; /00 CI' N -z.. ~~~ ~.A<~'"
/.:- rl7 ' ,1l,At;~-''''c

of f.,..,. a d)""J;',''1/

-EST 7 BOILER# -,.:~.5 _

=UEL NATURAL GAS:2187Q BTU/LB

.- ,

- =- ~ ;
..... - :.... ..

, .-- "

. '.,-

. '.. ... ';-

'.-,

. .
...~-'

, '

V '" - .._- ~- '\.- ~ _.. -- -
./ '"_..... -..-----

./ '

86.2 Y.
. 9 -:
16 '1IlC

06.9 "4
125 MGM

07.9 Y
0.81 Yo

- 11.0
43 Yo-

155 HGM ,
a-MGM

- 1990 PPM

-- ..... -~;

'-: . : .... -

TH1E: 10:5~:41

DATE: 12/15/95

:OMBUSTION EFFICIENCY:
;MBIENT TEMPERATURE:3TACt-. TEMPERATURE:
JXYGEN: L._

:::ARBON MONOXIDE:
:::ARBON DIOX IDE: 
:OMBUSTIBLE GASES:
3TACK DRAFT CINCHES H20)::XCESS AIR': - . '.".'" -.. - -
JXIDES of NITROGEN:~
3ULFUR DIOXIDE: .
;ARBON MONOXIDE ALARM:

- - t

lODE:: MGM 'C;XY" REF= -':. OX, _ _ _ .,,11 _

BEST AVAILABLE COpy



,,

• 1

TEST' 59 BOILER# 1 '!rUb u. ,n,u.. .coreA 15i:.:5--/~-ltJ-O
SERIAL' # 11003255. ' . 00~~~ j'U-•. Ak.H....t;
,ENERAC MODEL :2 C) OC) ? . : '..' ..
, . " COMBUSTION TEST RECORD

.. . FOR: 'BURNS 1k ROE- .. ~.. ..., _:.- - ...... - ..
.. .

TI ME : 13 : 33: 17
DATE:! 95(11/95-... _... ~ ..

36 X
118 MGM

I) MGM
1990'PPM

.. ,. l

7:;;.5 Yo
18 IIC

374 IIC
, 06.0 X

7 MGM "..~

08.4 Y-
0.00 Yo

+ 9.2

.. 1

\ - 'i .. - ..~, f ...- t J

F;JEL. NATURA( 't?AS~218?0 STU/LB .....
1 ~': .~ ;~.. ~: '/ _ .. , -:- , ~ ..

'caMBUSTION~EFFfCIENCY:
AMB I ENT -~TEMP ERATURE : ....

" ~STACK~TEMPERATURE:
OXYGEN: .. ,' '.:-. '
CARBON MONOXIDE:
CARBON DIOXIDE:
~COMBUSTIBlE GASES: /
STACK DRAFT (INCHES H~O):

EXCESS AIR: '
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

MODE:MGM OXY_REF=TRUEX

.
TEST 60 BOILER# 1 _
SERIAL # 11003255

ENERAC MODEL 2000
;,COMBUSTION TEST RECORD. ~ ''':.

....... '.......
FOR:" BURNS ~ ROE. ..

'-
J .. "

"TIME: '13":57~5()
DATE:" 05/ii/95

j :

,fUEL JNATURAL GAS:~1870 BTU/l~

95.2 X
22 .:
19 EC

.02.4 X ~, , '

23 MGM " ..
10.4 y. ..

\
0.04 Y. ,

..
+ 10.2", 12 Y.

" '138 MGM
0 MGM..

PPM·1990 .
'': 'I

... ..
COMBUSTION EFFICIENCY:

, "

AMBIENT TEMPERATURE:
STACK TEMPERATURE:

.. - OXYGEN :-~:'::"',;'" ' .. '
: CARBON MONOX I DE: .. ' ,

CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAFT (INCHES H20):
EXCESS AIR:'
OXIDES of'NITROGEN:
SULFUR DIOXIDE:
'CARBON 'MONOXIDE ALARM:

.... _" ......--1:1"1.,:'- "'1:/'1' c .. _'_-,_ ~

°FST AVAILABLE COPY
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Appendix 4

Calculation
ofeconomic efficiency [annual] achieved due to implementation

ofthe technology ofidentification of oxygen level
in flue gases at boiler.No.1 ofSimferopol Power Plant

using ENERAC 2000 device.
,

Implementation of the technology of identification of excess air oxygen
allows to fire gas fuel in boiler furnaces with minimum level of excess air
thus reducing:

1. heat losses in flue gas
2. energy consumption for blow
3. speed ofcorrosion on metal heating surfaces
4. pollution

••••••••• 011 .

E =5'828'202'300 KBV (approx. USD 34000)
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ECO-03 AND ECO-04 CALCULATIONS

IN-SITU OXYGEN ANALYZERS AND MAZUT FLOW METERS

1 0 INTRODUCTION

The bOIlers air to fuel ratio IS controlled manually The eXisting extractive paramagnetic
type oxygen analyzers are maintained and calibrated However, the Instruments are prone
to being fouled by mOisture and aCid sludge from the flue gas. Also, there IS a significant
time lag between sample POint and readout The biggest problem with the existing extrac
tive analyzers IS that the sample IS taken after major air in-leakages has already occurred.
Installation of in-situ zirconium OXide cells upstream of major In-leakages would improve
reliability, response, and accuracy of readings.

2 0 ASSESSMENT OF POTENTIAL EXCESS OXYGEN REDUCTION

There IS the potential to reduce the levels of excess oxygen at the Simferopol units This
potential IS based on the current levels of excess oxygen that are maintained at the burn
ers In order to assess this potential, It IS necessary to evaluate the measured excess oxy
gen levels and account for air In-leakage through the various sections of the boiler. Normal
burner design for gas fired burners IS an excess oxygen level at the burners of 2.0% For
burners of this design and vintage, It would be more appropriate to assume that the excess
oxygen level would be closer to 2 5%. These are the minimum levels required for stable
flames and proper combustion. Excess oxygen levels higher than this provide the oppor
tUnity for a reduction In the operating levels

2 1 Evaluation of Excess Oxygen at the Burners

At full load firing gas, the excess oxygen was measured at the convection pass to be 5.0%,
for test 1 ThiS test POint was considered to be the normal operating condition for full load
The air in-leakage between the measured point and the burners would be 8.0% Using the
curve to convert the measured excess oxygen to the excess oxygen at the burners Indi
cates 3 85% excess oxygen at the burners. The measured carbon monoxide levels for thiS
tests was very low ThiS indicates that the excess oxygen at the burners can be reduced

Accounting for the eXisting burner design, the minimum excess oxygen at the burners would
be assumed to be approximately 2.5%. Thus, the potential reduction in excess oxygen at
the burners would be 3 85 - 2.5 = 1 35%

2.2 Effect of Excess Oxygen on BOiler EffiCiency

BOiler effiCiency IS calculated based on the ASME BOiler Test Code, PTC-4 1 The losses In

bOIler efficiency affected by the excess oxygen levels are the dry flue gas loss and the
mOIsture In air loss The dry flue gas loss IS the loss of heat determined by the flue gas flow
and the difference in temperature of the flue gas and the ambient air. The mOisture In air
loss IS the same loss calculated for the moisture that is contained in the air.

G \BENDER\SIMFCALC 1 MAY 4, 1995



The reference excess oxygen was selected to be 2 0%, which IS tYPical for gas fired burn
ers of this design and vintage BOiler efficiency was calculated for excess oxygen levels up
to 5%, to account for possible operating conditions above the optimum

A curve of the efficiency loss due to high excess oxygen IS shown below

EFFICIENCY LOSS DUE TO
HIGH LEVELS OF EXCESS OXYGEN

o L...-...-II'",",---'--o.--L~--L-...........J'---'--'-~.L.......----'

15 2 25 3 35 4 45 5 55
Excess OXygen Level, %

2.3 BOiler Efficiency Possible With Reduced Excess Oxygen Operation

Based on the data collected dunng the VISit to the plant It appears that It IS possible to op
erate the bOilers at reduced excess oxygen levels. It has been shown that the potential ex
cess oxygen reduction possible at the burners IS approximately 1.35%. This would reduce
the excess oxygen from 3.85% to 2.5%. USing the curve shown above, the boiler efficiency
saving would be 0 36%

3 0 COST ANALYSIS

Fuel savings can be realized by replacing eXisting extractive oxygen analyzers with zirco
nium oXide sensor probes placed directly into the flue gas path to be able to better control
excess air for combustion In addition, mazut flow meters are reqUired to realize benefit
from lower excess air

Equipment Cost

ECO-03 Oxygen analyzers, 1 unit, 2 probes
ECO-04 Mazut SOniC flow meters, 4 required

$29,000
$16,000

Based on test results, It IS estImated that a modest 0 36% Increase In boiler effICiency can
be achieved from better control and reduction of excess air reqUired for combustion, which
Will result In a 0 36% decrease In fuel costs.

G \BENDER\SIMFCALC 2 MAY 4. 1995



Power BOiler No 1 Capacity

Steam pressure = 110 ATM
= 1595 PSI

Steam temperature = 540°C
= 1004°F

Total heat of steam (hs) = 1487 BTU/lb
Steam production capacity = 160 Tonnes/Hr

= 352,640Ib/Hr
Feedwater temperature = 196° C

= 385° F
Total heat of water (hf) = 354° F
Gas high heating value (HHV) = 16,598 BTU/lb
1994 power generation = 363,279,000,000 KWH

1994 gas consumption = 5518 x 1012BTU

150MW gas turbine (105MW net) is used as a peaking Unit and'

Turbines

50,000KW x 95 Ibs/KWH = 475,000 Ibs/Hr steam
(Assume 9500 BTU/KWH x 2 turbines

or 9 5 Ibs steam/KWH)
950,000 Ibs/Hr steam

AuxIliaries = 107.920 Ibs/Hr steam
1,057,920 Ibs/Hr steam

BOilers

160,000 Kg/Hr x 2 204 Ibs/Kg = 325,640 Ibs/Hr steam
x 3 boilers

1,057,920 Ibs/Hr steam

Fuel Ibs/Hr = Steam Ibs/Hr (hs - hf)/boller eff x HHV BTU/lb
= 1,057,920 (1487 - 354)/0.84 x 16,598
= 85,970 Ibs/Hr natural gas/on 3 bOilers
= 28,657 Ibs/Hr natural gas per boiler

Annual fuel = 28,657 Ibs/Hr x 16,598 BTU/lb x 8760 HrNr x 0.35
capacity factor

= 1.458 x 1012 BTUNr natural gas per boiler

G \BENDER\SIMFCALC 3 MAY 4, 1995



Simple Payback for 02 Analyzers - 1994 Pnces

Fuel cost per bOiler per year = 1 458 X 1012 x $0 747/106 BTU = $1,089,379
Savings per year due to bOiler efficiency Improvement =°0036 x $1,089,379 = $3922
Payback = $29,000/3922 = 74 years

Simple Payback for O~ Analyzers - World Pnces

Fuel cost per bOiler per year = 1 458 X 1012 x $210/106 BTU = $3,062,513
Savings per year due to bOiler efficiency Improvement =°0036 x $3,062,513 =$11,025
Payback = $29,000/11,025 = 2.6 years

Simple Payback for 02 Analyzers and SOniC Flow Meters - 1994 Prices

($29,000 + $16,000)/$3922 = 11 5 years

Simple Payback for O2 Analyzers and SOniC Flow Meters - World Pnces

($29,000 + $16,000)/$11,025 = 4 years

NOTE

These payback values are based on a very low capacity factor for these bOilers. The ca
pacity factor IS based on the total gas consumption and power generated which Includes
the 105MW gas turbine peaker and hot water peaker bOilers. If the power bOilers and tur
bines were operated at full load, the payback penods would be substantially reduced

G \BENDERISIMFCALC 4 MAY 4, 1995



BCO-05 - CalculatIOn

Online Gas Calorimeter

Reported heatIng value specIficanon for RUSSIan natural gas IS 8116 Kcal/Kg. However, the
techmcal specialists complain that the delIvered heatIng value runs low by as much as 143
Kcal/Kg when the plant IS paYIng for gas on a volumetnc basIs. They want to be able to
measure the gas delIveries on the basIs of heat content. An onlIne gas calonmeter measunng
and recordIng Kcal/Kg and Sp. Gr. costs about $35,000.

Delivered Natural Gas

213,300,000 Nm3/Yr x 0.7207 Kg/Nm3 = 153,725,310 Kg/Yr

153,725,310 Kg/Yr x 142.7 Kcal/Kg = 2.194 x 1010 Kcal/Yr

2,194 X 1010 Kcal/Yr x 3.9685 BTU/Kcal = 8.705 X 1010 BTU/Yr

SImple Payback - DomestIc Pnce

8.705 X 1010 BTU/Yr x $0.747/1(15 BTU = $65,029/Yr

$35,000/$65,029 = 0.54 Yr = 6.5 months

Simple Payback - World Price

8.705 X 1010 BTU/Yr x $2 10/106 BTU = $182,805 Yr

$35,000/$182,805 = 0.16 Yr = 2.3 months

5906-01l02B/CALC 1/5/17/95
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WORLD CLASS 3000

OXYGEN ANALYZER WITH
CONTROL ROOM ELECTRONICS

January, 1993

FEATURES

• Totally FIeld RepaIrable Probe
• Patented Electronrc Cell ProtectIon
• Rugged 316 SS for all Wetted

Parts
• FlexIble Electronrcs ConfiguratIon
• Control Room Electronrcs

Module can be Integrated wIth
up to 8 World Class 3000
Probes (16 wIth Master/Slave)
Averages up to 8/16 World

Class 3000 Probes
• Easy CalIbratIon
• No PotentIometers to Adjust
• QUick Change DIffusIon Element
• FIeld-RepaIrable Cell Design
• Field-RepaIrable Heater/

Thermocouple
• Flame Arrestor (OptIonal)

WORLD CLASS TECHNOLOGY FROM
THE WORLD LEADER

Rosemount IS the leader In oxygen flue gas analyzer technology
Rosemount Incorporated the Hagan analyzer and combustion
expertise The Hagan In SitU. ZirCOnium oXIde oxygen analyzer has
long been established as the Industry-standard. Rosemount has
combined this Hagan expertise with state-of-the-art features Into
one package - the World Class 3000 Oxygen Analyzer The
World Class 3000 IS established as the standard-of-the-Industry

The World Class 3000 IS totally field repaJrable as Internal
components are conveniently accessible for uSing In-house service
personnel For example. the heater/thermocouple probe assembly
can be replaced and put back Into service by In-house personnel In
one-half hour or less ThIs repair IS made Without requiring the
probe tube to be removed from the process

The Hagan ZirCOnium oXide sensor cell Incorporates a patented
electrOnic ceil-protection feature that automatIcally protects the
sensor electrodes from reducing atmospheres often found In many
combustion processes

For those applications where more than one oxygen analyzer will
be Installed on-site. the World Class 3000 Oxygen Analyzer
together with the mIcroprocessor-based CRE 3000 Control Room
ElectrOnics module IS a cost-effective solution

•he CRE 3000 Control Room Electronics module allows interfacing
With up to eight World Class 3000 probes (16 With master/slave)
Via the HPS 3IlOO Field Interface Module ThIs fleXible, easily
expanded. eIecIronicS anangement allows the World Class 3000
probes to be inked to the Control Room ElectroniCS module
Without the ackIed cost of requlnng Intelligent field electrOniCS (IFT
3000)

The CRE 3000 Improves the accuracy of the combustion control
process as It averages the oxygen results thereby reducing errors
due to strallfica1Jon Up to 4 averages of any probe combinations
can be user-delined.

The HPS 3000 Field Interface Module prOVides local power to the
oxygen probe. It IS connected to the CRE 3000 at a distance of up
to 1200 feet WIth low cost signal cable The HPS 3000 module IS
housed In a standard NEMA 4X (IP65) enclosure for full weather
and corrosaon-proof protectlon It IS also aVallable In an optional
explOSIon-proof Class 1. DIVISIon 1 enclosure to allow low-cost
adaptability 01 the Worlll Class 3000 electroniCS to hazardous
gas areas.

Users With mulbprobe applications may also choose an optional
MPS 3000 Mulliprobe Test Gas Sequencer The MPS 3000
prOVides autanatJc test gas sequencing for up to four (4) World
Class 3000 probes to accommodate fully automatic mIcro
processor-based cahbrallon of the analyzer packages.

Supersedes Product Data 106-300NG.
Pages 1-8. dated March, 1992 ROSEMOUNT®



Filter Head Assembly

OXYGEN SENSOR

Sensor Cell Assembly Heater Thermocouple
Assembly

t.

Features Benefits

Rapid accurate and reliable measurement of excess Significant fuel savings normally pay for analyzer In less than one year
oxygen with a single, In Situ probe Significant enhancement In safety

Electrodes are self protected by patented electronic Provides long life for sensing element even In the presence of sulphur and
diffUSion limited current mode of operation redUCing atmospheres

No sample system, no sample probes no scrubbers Low Installation and low maintenance costs
and no pumps are necessary, test gas callbratlon
check without disturbing probe

High speed of response Ideal for closed loop control

Solid ZIrCOnium oXide electrolyte PrOVides high reliability

Field-replaceable cell Ease of maintenance

SUitable for use In temperatures up to 1300°F (700°C) May be used with any fuel.
Absolutely no condensation

Matenal of construction 316 LSS (all wetted parts) High resistance to corrosion

Sensitivity of cell Increases loganthmlcally when Very useful for low oxygen levels.
oxygen decreases Ideal for low excess air burners

ADDITIONAL FEATURES
• Output voltage and sensitivity Increase as the oxygen concen

tration decreases
• Use with any fuel including coal or residual fuel burners

DiffUSion element keeps cell clean while the V-deflector protects
the diffUSion element

• UnIque patented electronIC cell protection feature automatically
protects sensor cell when analyzer detects redUCing atmospheres

DIGITAL ELECTRONICS FEATURES
• Control Room Electronics module (CRE 3000) can Interface With

up to eight (8) World Class 3000 probes (16 With master/slave)
PrOVides all necessary Intelligence for controlling the probe and
optIOnal MPS 3000 MUltlprobe Gas Sequencer

• CRE 3000 ElectronICs prOVides user fnendly, menu-dnven
operator Interface With context-sensitive, on-line help

• CRE 3000 Electronics averages the process data as defined by
user ThiS reduces inaccuracies due to stratification
Remote contact Inltlates calibration
HPS 3000 FIeld Interface Module allows interfacing of World
Class 3000 probe and CRE 3000 Without requiting Intelligent
field electrOnICS or expensive cabling

2

• Output SUitable for use With receivers such as indicators, recorders,
controllers, data loggers or computers

• OptIOnal flame arrestor
• OptIonal abraSive shield for extremely harsh enVltonments, including

high velOCity particulates In flue stream. installation Within 10 ft (3m)
of soot blowers or heavy salt cake bUildup SpeCIfic applications
pulvenzed coal. recovery boilers and lime kilns

• Optional exploslon·proof HPS 3000 enclosure allows low-eost
adaptability to World Class 3000 electronics In hazardous areas

• Optional MPS 3000 Mulbprobe Test Gas Sequencer proVides fUlly
automatic test gas calibration and reference liIr for up to four (4)
World Class 3000 probes. MPS 3000 can be located up to 300
It (91m) from World Class 3000 probe

• Optional stack temperature and combustion effiCiency measure
ment Stack thermocouple required.

• Probe heater over temperature protection With software disable as
standard Hardware disable (hne voltage relay) requires one
additional tWisted pair HPS/CRE cable



WORLD CLASS FAMILY OF ELECTRONICS

CRE 3000 Control Room ElectroOlcs Module
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HPS 3000 Field Interface
(NEMA 4X Non-hazardous Enclosure)

HPS 3000 Field Interface
(Explosion-Proof Enclosure)
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Optional MPS 3000 Multlprobe Test Gas Sequencer



SPECIFICATIONSG)

OXYGEN SENSING EQUIPMENT
robe lengths, nommal: 18 Inches, 3 feet, 6 feet, 9 feet, 12 feet

dependmg upon duct dimenSIon
Probe material of constructIon' 316 LSS (all wetted parts)
Temperature limits for probe In

process measurement area: 50 to 1300°F (10 to 700°C)
Cell speed of response. 1 millisecond
Probe reference

air flow (optional) 2 SCFH clean dry Instrument quality air
(20 95% OJ Reference air set supplIed
as standard

CRE 3000 CONTROL ROOM ELECTRONICS

AmbIent environment reqUirements' Clean, Dry
Ambient temperature range 40 to 120°F (4 to 50°C)
VibratIon' Slight· 30 degree drop test
Number of probes. 8 maximum expandable to 16 With slave

CRE 3000
CommuOlcatlons 1 RS 232 for communication With slave CRE

3000 (max 50 feet (15m)
Analog outputs 2-12 Isolated outputs 0·20 mADC, 4-20 mADC

Into 950 ohm max, 0-10 VDC Into 2K ohm min
02 indication

(analog output) ~O 1% O2or ±3% of reading, whichever
IS greater

Power supply 11 0/115/220V ± 10% Vac at 50/60 Hz
"lower requirements 100 VA

HPS 3000 FIELD INTERFACE
Electrical claSSIfication: NEMA 4X (IP65) Optional - Class 1,

DIVISion 1, Group B
HumIdity range: 95% Relative Humidity
Ambient temperature range' -20 to 140°F (-30 to 60°C)
VibratIon: 5 mlsec', 10 to 500 xyz plane
External electrtcal nOIse' MInimum Interference
Cablmg distance between

HPS 3000 and probe: MaXimum 150 feet (45 m)
Cabling Distance between

HPS 3000 and CRE 3000. Maximum 1200 teet (364 m)
ApprOXimate shlppmg weight· 12 pounds (544 kg)
Power supply 100/115/220V .:!" 10% Vac at 50/60 Hz
Power requirements: 200 VA

<D All SIaliC pertormance characteristics are With operallng vanables conslant
SpeClhcatlons subJecl 10 change without notice

4

Calibration gas mIxtures: Rosemount Test Gas Kit Part No
6296A27G01 contains 04% 02N2
Nominal and 8% 02N2 Nommal
Other sUitable gas mIxtures can be
usersupphed

CalibratIon gas flow: 5 SCFH
ApprOXimate shlppmg weights:

18 inch (457 mm) paeuge: 55 pounds (2497 kg)
3 foot (0.91 m) package: 60 pounds (2724 kg)
6 foot (1.63 m) package: 66 pounds (29 94 kg)
9 foot (2.74 m) package: 72 pounds (32 66 kg)
12 foot (3.66 m) package: 78 pounds (35 38 kg)

System speed or response
(amplifier output): less than 3 seconds

Resolution senSitivity - Transmitted Signal 0 01 % 02
02 range. Field SelectaJje (0-1%, 0-5%,0-10%,0-25%, 0-100%)
Programmable

contact outputs: 8 available. Form-C, 48 V max,
100mAmax

Indicators: LED Indlcatorn for system failure (failure descnptlOn
available on LED panel)
Calibration In progress for each of 8 probes, 02 HilLa
Alarm for each of 8 probes Probe failure for each of
8 probes

Programmable
displays' 2 line, 0 8 Inch high, 8 digit, alphanumenc LED displays

for IndiVidual or averaged results
Operator mterface: 4 line by 20 character backlight LCD alpha

numenc dIsplay, 8 key general purpose
keyboard.

ApprOXimate shipptngwelght: 35 pounds (15 88 kg)
Averagmg: 4 user-deftnable averages of 2 to 8 probes

MPS 3000 MULTIPROBE TEST
GAS SEQUENCER (OPTIONAL)

Electrical classification: NEMA 4X (IP65)
Humidity range: 95% Relabve Humidity
Ambient temperature range: -20 to 140°F (-30 to 71°C)
Vibration' 5 mlset:2, 10 b 500 xyz plane
External electrical nolSlt: MinImum Interference
Plpmg dIstance between

MPS 3000 and probe: Maxtmum 300 feet (91 m)
Cabling dIstance between MPS 3000

and CRE 3000: MaxJnlUm 1000 feet (303 m)
ApprOXimate shlppmgwelght: 35 pounds (15 88 kg)
Power supply: 1OO/115122OV ±10% Vac at 50/60 Hz
Power requirements: lS VA
Plpmg requirements: 114" o.d. tUbing, 1/4" NPT

bulkhead connectors (high gas In, low gas
111, ref an 10, 4 Xtest gas out, 4 x ref air out)

(



WITH CONTROL ROOM ELECTRONICS

4 T_ted Pu Plus 2 T_lId PO'
for Opbons (1200 Feel Max)

7 Conductor cable
(150 Feet Max)

CI I-IIWorld Class 3000
Probe

CI I-II
2 Pneumabc Lines

by Customer
(300 Feel Maxi

I-IICI

tl I-II
7 Conductor Cable

1150 Feet Max)

CI World Class 3000 I-II
Probe

tl -I-II
2 Pneurnanc LInes

by Customer
(300 Feet Max)

I-IICI

CI I-II
7 Conductor Cable

(150 Feet Max)

line Voltage (LVI

LV

4 TWisted Pall' Plus 2 TWISted Pair
for OptIOns (1200 Feet MaxI

line Vohage (LV)

" T_ed PO' Plus 2 TWisted Paw
lor OptIons (1200 Feet Max)

CRE 3000
Control Room

Eledrorucs

line Voltage
100 to 120 von
220 10 240 von

c

(
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HIGH TEMPERATURE OXYGEN SENSORS

Model 8212
Thls sensor IS deSlgned to fulfill
the specIal requrrements of the
Glass Industry Model 8212 pro
VIdes rellab1e O2 measurement
In posltlve pressure tanks. even
In condltlons of slgnlhcant
-Batch Carryover"

Model 8081
The versatl1lty of thls "workhcIse·
sensor IS proven by lts mdustry
WIde appllcanons around the
world You can expect Model
8081 to prOVlde dependal:ie O2

measurement in numeIOUS
coal. gas. all andwaste-tiled en
VlIonments.

Model OX
Model OX prOVldes the cnhcal
measurements you need In a
slate-of-the-art rebUlldab1e de
sign. Avallable option permlts
use of a portable extractlve de
vice to venty oxygen readmgs



""'esign and operating advantages common to all
ACe/ZIRCOA Oxygen Sensors.

• Solld-state desIgn

• Integral thermocouple (B R S)

• Place c:l.1rectly lIlto combustlOn
chamoer

• Operanng temperature range
1200 - 2900° F (650 - 1600° C)

----Mode18212

• Termmal ~ead ratlnq 3000 F
(1500 C) mCIXlIIlUIn

• :<esponds mstantly to changes III

tumace atmosphere

• 0Io sample llnes to plug or leak.

• No heaters to calibrate or tCl!.

• Llttie or no mamtenance reqwred.

Model 8081

• OptIonal qUlck-<l1sconnect sensor lead
wue

.• Installatlon mountlng assembhes
avOllable

• Accuracy of ± 5% of the observed
process vanable.
Le pv=2 O%±O 1%

Model OX
• 6" (l52mm) sensor Wlth cerarruc

mountlng plug

• Mount III melter crown backwalls
recuperator stacks regenerator
crown/target walls

• ;)eslgned to wIthstand attack lram
hlgn vapor pressure metalS

• Patented boot protects electrode

• ..=.Jloy. alurmna and silicon carblde
protectlon tubes avOllable

• Lengths avOllable from 18 to 42"
(457 to 1067mm.)

• Opnonal venflcatlon port

• Lengths avauable from 20 to 36"
(508 to 914mm)

• RebUlldable
• Alloy and alu."Illl1a protectlon tubes

avOllable

~------=-------l---~--+---l

MODEL 8081

PROTECTION TUBE SENSOR I.IOIJNT1NG FlTTlNG REFERENCE AIR FlTTlNGI 1.0.1.25. 1.50 NPT I
1.2:ll r.Jr;::::-:::-;:::":::--~;,,,r-....l-------
253S .1..-' 0000 ~

REFRACTORY MOurlTlI1G PLUGVENT HOU,

lD.
76

JcJTI

L.l..-I--'=~=~=-:"j]IL :
~U~.!B. I

152 121~ LEADWIRE
s.;J
2438

MODEL 8212
REFER81CE AIR FfTTIllG

ALL DIMENSIONS
INCHES

MM

MODEL OX

SENSOR MOUNTING FlTTlNG
10NPT PROTEcnON TUBE ZIRCONIA ELEcmolYTE

f-'.,.:'I'------...,.'/""'--.-~!f_-.....:..I-_.",.,.,
~IIlfs

---I

EA
For speci1ic application in1ormation, please call. CauticlIL Oxygen seI1SOIS should be

used. only to' oxvgen mm not c:ilIect
cm c:;nlIol sel".501S sl'.ould be
connectec1to c:roproonate tnm or
process conrrcl.r.str...mentswtllch
onlyc::low U-e ~e-runmgotthe

cm:'ue'Il".:.xT'..:e Use ot oxygen
senolS to: IOICll.naeoendent control
ot comousno~.may result m
comousnon en: snUt<1ownwtuch
COUld looa '0 ext:: oston and
er~ ....:c...."Ter ::.. ~~!""'"-SSlCDS) hc:JZC:cls

DIVISION OF ZIRCOA INC
31711 SOLON ROAD
SOLON OHIO 44139
TEL (216] 349-7220
FAX (216) 248-8864
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High.temp O2 measurement improves
boiler performance

Reheater

2. Probe location (above) In
Unit 7's boIler was SWitched
from front wall of furnace to
secondary pendant tubes

location of the probes had to
be changed. At the front wall
of the furnace. operation was
completely unpredictable and
uncontrollable. rendenng the

probes unSUitable for use m an
automatic control system A
location In Umt 7 that could

permllre U2 prooe:. ""at: 'ill".... 'J '"~.....~
In the lDspecnon pons on the front wall of
the furnace (Fig 2). Wtth a monitor for
each Installed at an devanon 88 ft below
the probes In the burner-control cabmet
room Although perfonnance was satlsfac
tory at first. two months later one of the
probes faded. breaking off at a POInt
beyond the IOslde of the from-wall tubes It
was decIded that excessive amounts of slag
collecting on the probe had caused the fall
ure. rather than stresS caused by constant
vlbratlon expenenced at thiS locauon

The next step was to Install a probe wIth
a stainless steel protection tube (FIg 3).
IRstead of the standard sIlicon carbIde
tube. to see If It could better Withstand the
extreme condItions m the furnace. After
only three days of operation. thIS probe
faIled-an excessIve amount of slag had
accumulated on Its up. The other probe
faIled after four months of continuous
operation The cause agl11n appeared to be
from l>lag.

Smce probe perfonnance otherwise was
satisfactory, an outer protection tube was
added to mcrease longeVity. The longest
achievable run With this added protectlon
was only a probe life of three months The
outer tube also had an adverse effect on the
accuracy of the reading If extreme care
was not taken 10 Its IOstallatlon

Improved location. ObVIOusly. the

Sootblowers

I
02 probe

Inlttal
locatIon

air readings. Nlpsco started expenmenung
with permanently mstalled hlgh-tempera
wre O2probes In the upper furnace of Untt
7 These criteria were established as a
basiS for the purchase of a new system.

• Low maintenance requirements
• Continuous operation In the furnace

section of the holier.
• Improved probe life. with a one-year

minimum deSIred.
A system that appeared to meet the cn

tena was a ZirCOnium OXide cell mounted
in a SIlicon carbIde tube ThiS type of
probe had seen service In the glass and
steel mdusmes. but not In US uulmes The
probe IS said to offer several advantages

• High-temperature operation. from
1200F to 2900F

• FJSt response.
• No sensor calibration requIred.
• No heater cahbrauon or failure.
Probe operatIon. The hIgh-temperature

capability of the new 02
probes allows theIr perma-
nent installation m an area
of the furnace other than
the economIzer outlet The
htgh-temperature cell IS
exposed to a reference gas
(mstrument aIr) on one
SIde of the cell. process
gas on the other (Fig I).
Zircoma OXide cells be-
have as solid-state elec
trolyte at hIgh tempera
Wres In the presence of a
catalyst Under Isothermal
conditions. and when 02
partial pressures differ on either
SIde of the cell. an emf inverse
ly proportional to 02 content 10

the process gas IS developed.
Proper functlomng of the

Z1rcoma OXIde cell IS achieved
above a mlmmum recommend
ed temperature of 1100F.
Because the old probes (also
zirconium OXide cells) had to
operate at temperatures of 850F
or less at the economIzer outlet.
a heater assembly and tempera
lUre controller were reqUired to
malOtalO cell temperatures
greater than IIOOF Since
beaters aren t reqUIred with the
new hIgh-temperature probes.
callbratlon requIrements are
eltmmated

Signal
output

Copyright 1991, McGraw-HIII, Inc. All nghts reserved.

Instrument air

02 probe

1. 02 system consists of
hlgh-temoerature probe and
mOnitor to measure excess air

02 momtor

Look.mg for ways to Improve plant heat
rates Northern [ndlana Public ServIce Co
(NlpSCOl has mstailed high-temperature 02
sensors In the furnace and convectlon pass
es ot several ot Its bOIlers. begmnmg with
Units 7 and 8 at ItS Badly generating
station with good results

The problem Units 7 and 8 are
Babcock & Wilcox Co <Barberton. OhiO)
coal-fired steam generators with Cyclone
burners Unlt 7 IS a 175-MW drum boller.
UOlt 8 a 340-MW once-through bOiler As
with most utility UOltS. excess-atr control
was achieved by determmmg O2 levels at
the economIzer outlet Smce bOlh UOltS are
normally run under negative furnace dratt
aIr can Infiltrate through leaks 10 the bOIl
ers. ductwork.. or expansIOn Jomts This air
In-leakage can result In a bIas In the
excess-02 ,-ontrol Circuit giVing mdlcatlon
of suffiCIent O2 when In fact. the opposite
condmon may be true

Enough aIr mtiltratlon can lead to
Improper air-to-fuel ratios. poor combus
tIOn. and corrosive damage If a redUCing
atmosphere prevalls Also. the O2 probes
and analyzers on Unus 7 and 8 became
mcreasmgly unreliable RepaIrs to mam
taIn the economizer-outlet system had
become excessive and costly The result?
The O2control system often operated With
one or more probes out of service. making
It more dIfficult tor the operators to mont
tor and maintain excess-02 levels whIch
led to a lack ot confidence In the system

To l>olve the problem of bIased excess-

Utilities



Protection tube Platinum electrode

3. ProtectIon tube (nghtl of stainless steel
IS aimed at ImprovlOg probe's ablhty to with·
stand extreme furnace conditions

greatly Improve the service life of the
hIgh-temperature 0 1 probes appeared to be
m the superheater area of the bOIler con
vection pass Rather than bemg exposed to
harsh environmental condlllOns In the
open area of the furnace. the probes would

{....... c o.o.A_U~UUI. t'.\Jl.....~ ...HJl~ ""lLU.U.i LUI""" ~

ondary pendant tubes (Fig 2)
Consequently, four 02 probes were

Installed In the secondary superbearer sec
bon of the furnace--{Wo In each sidewall.
A potential nsk In puttIng them thef'e was
they would be close to the sootblowers.
After the probes were to servICe. the soot
blower nearest each probe was operated. It
was found that sootblower operation
would not damage the probes The O2 sys
tem could now be momtored to evaluate
the performance and longeVIty of the
probes

The bottom hne. Imtlal tnals on Untt
7's hIgh-temperature O2 system show that
the probes have good potential for apphca-

"'lVl. ~.... ........ ....- - - -

gamed from these tnals was put to good
advantage when a hIgh-temperature O2

system for Umt 8 was mstalled. mciudmg
four probes In the pendant reheat area of
the convection pass After continuous
operation for over a year, none of Unit 8's
probes have fatied.

Results to date have shown differences
of O2 measurement taken at the economiz
er of 0 4% to 2.5% when compared to the
hIgh-temperature probe readmgs Probe
performance has been so successful that
the economIzer O2 system Will be phased
out at Nlpsco Also. operator confidence m
02 measurement of flue gas has been
restored. Tom Elliott

HI-TEMP CARBON
AND OXYGEN SENSORS,

ELECTRONICS
AND ACCESSORIES.

• Simple, Cost Effective Technology
• Integral Thermocouples
• , sooOe (2900°F)
• Industry-Specific Models Available
• Matched Accessories

31711 Solon Rd., Solon OH 44139 Tel:(216)349-7220
FAX:(216)248-8864



ONTROLOTRON Models 990DBN
and 990DBP

Universal Dedicated &Portable
Dual Path Clamp-On Transit-Time Flowmeters

FUNCTIONS
Senes 9900 offers the follOWing
optional functions
• Industry Slandard Analog and

Digital Data Outputs
• Digital Row Rate and Total Display
• Graphics Display With Stnpchart

and Datalogger
• RS-232 Serial 1/0 Data/Command

Communication
• FIeld Programmable Status

Alarms Relay Outputs
• Memonzed Flow, Site and

DiagnostIC Data Printout

P~cision Dual p~th~- .

DESCRIPTION
Models 990DBN and 990DBP are preciSion Dual Path

Universal Clamp-On Transit-Time Ultrasonic Flowmeters
of NEMA 4X and Portable construction respectively. They
are Ifltended for application wherever high accuracy, for
either custody transfer or regulatory requirements. IS
demanded They maintain their high performance even
when located close to elbows or other upstream disturb
ances 80th offer field programmability for essentially any
pipe Size, and operate with essentially any liqUid. They
replace and outperform most conventional IntrUSive flow
meters even In their best applications and provide all
Industry standard analog and digital data outputs. LCD
Digital or Graphics display, with Integra Datalogger and
Stnpchart printout

Senes 99008 Unlflow measures flow by means of two
orthogonal ultrasonic beams, preferablyoperated In the
reflect mode ThiS makes the system extremely resistant to
flow profile distortion, crossflow or flow swirl errors. normally
caused by upstream bends, gatevalvesor short straight run
conditions Its Clamp-On constructIon makes It simple to
Install In eXisting Installations, or as a preciSion replacement
for high maintenance Turbine, Venturi and Wetted Trans
ducer 4 Path Chordal ultrasonrc f1owmeters.

The 990 Family Includes both Dedicated and Portable
models Portable models can be used toqUlckly evaluate the
performance which Will be provided by theDedlcated models
DedIcated NEMA 4X 9900B models are suitable for opera
tion In almost any environment, Indoors or outdoors. and at
pipe temperatures up to 500°F

FEATURES
• Umversal Applicability
• Outperforms Conventional

IntrUSive Aowmeters
• Lower Cost/Higher Reliability

than IntrusIve Flowmeters
• User Friendly Menu Driven Field

Programmable Site Setup
• Non-Intrusive Universal Clamp-On

Transducers
• MultlPulse!> TransmiSSion
• No Cuttmg of Pipe Ever ReqUired
• Batch and Sampling CapabIlity

BUilt In
• Cahbratable to 1/4% of Flow Rate
• BI-Dlrectlonal Flow Measurement



WhA1 11 UU~~

Models 99008N and 9900BP
measure the flow of most liqUIds
In most pipes between 6 and 360
Inch diameter. and with flow rates
of :±:40 ft/sec. and temperatures up
to 500°F They are Intended as
high performance replacements for
Turbine. Venturi and 4 Path Wetted
Chordal ultrasonrc flowmeters

HOW IT WORKS
System 9900B Dual Path

transducers operate In Reflect
mode to prevent crossflow error
Orthogonal transducer path
Orientation prevents error due
to distorted flow profile

WHERE TO USE
Series 99008 IS Intended for

high precIsion or custody transfer
applicatIons of'petroleum produ£!s.
chemicals or water Dual orthogonal
path Reflect Mode operation, equI
valent to 4 paths. IS highly resistant
to distorted flow profile. crossflow
and SWirl conditions ThiS makes
990DBN Ideal for Nuclear Feed
water, Interstate 011 PlDehne,
Hydro-Power Turbine and Irrigation
Turnout flow measurement applica
tions The 990DBP IS functionally
Identical to the NEMA 4X 990DBN

..E.ortablilty facIlitates use as a
test deVice, or In applications
which do notregulre continuous
flow measurement -

APPUCABIUTY
L1QUJDS: Any saaicaJfyconductlVe homogeneous flUid
LIQUID (PIPE) 1EYPERATURE. -40°F to +250°F Standard

-80°F to +500°F OptIOnal
PIPE SIZES: 6 to3EIllnches 00
PIPE MATERIAl.:.Any soolcally conductive pipe matenal

YetaJ. Glass. PlastiC. etc
PIPE WALL THIOOESS. 0 05 t03 00 Inches
LINER MATERIAl.:.Any somcally conductive matenal Glass.

ffastlc. Cement, etc . Intimately bonded to
lie pIpe Intenor

LINER THICKNESS: Up to 1 Inch, dependent on matenal
FLOW VELOCITYRANGE: :::40 fps. min. dependent on pipe

00 and mounting track type

991 CLAMP-ON TRANSDUCERS
PIPE SIZE RATIr«3S
• Group 3. 6 to 24 iJdles. 00
• Group 4 20 to 48inl:hes. 00
• Group 5. 36 to 300iilches, 00
RATING. Intnnslcallysafe. Radiation ReSistant and

SubmersiCdeavailable
CONSTRUCTlON:.AlufTlInum. staInless steel and speCial alloy

«plastiC.
CONNECTORS: C'atdulet for NEMA 4, BNC for Portable

992 MOUNTING 1RACKS
• AvaIlable In OlrectaReflectJve Mounting for all transducer sizes

In standard pipe cimeter ranges.
• PlnStop transducerspacing standard for all models

994 FLOW COMPUJER
• POWER: 20 W, 9b3iVDC onntemalBattery,

100/115a230VAC. 1<1> ~
• TEMPERATURE: -5°F to +115°F

{except for GraphiCS Models)
• SIZE: 10.S·W. 9"tl.13"H
• WEIGHT: 12.8 panS
• RATING. IntnnslcaDysate. NEMA 4X With cover closed
• MODULES: Plug-ln.fnterchangeable W/O speCial tools
• RANGES: Size 4: TralSducer SIZes 3 and 4

SIZe 5:TlGIlSducer Sizes 3, 4 and 5

994 PERFORMA~(StandardConditions)·
• SENSITIVITY: 0.001 fps at any flow rate Including zero
• LINEARITY: O.o<nfps
• RESPONSE BANDWIDTH: 10 Hz (settable)
• SLEW RATE: 20ftlse:/sec
• FLOW PROFILECOMPENSATION. Via liqUid VISCOSity entry
• ZERO DRIFT STABJJTY: 0.005 fps for transducer sizes 3 to 6

995 HAND HELD CONTROL/DISPLAY TERMINAL
• 2 Row 32 character1.llquJd Crystal Display
• 30 Keys, Numenc trFunctJon Identtfied.

• Submit ApplicatIon Ii IUtiiiltD'1 Form for estimate of performance under
speCifiC application camJ1tlns..



HOW TO ORDER & SPECIFY SERIES 990DB
Selecting the most appropnate

model and optional functions and
features. offered In System 990DS.
IS qUite simple. especially Ifyou fol
low the procedure below However.
feel free to call on your local
Controlotran representative for
assistance If needed

The Unlflow part numbenng
system IS a gUide to the process
of selecting your preferred model,
as well as producing the part
numbers of all the system com
ponents The procedure below,
gives you an opportunity to con
Sider the many Unrflow system
options offered Check with your
local Contralotron representative
to assure selectIOn of compatible
Dedicated model functions Note.
however, that standard Portable

Umflow Systems are supplied fully
loaded. with all available functions
and features.

System 990 DedIcated Models
use a "SUlldlng Slock" System ThiS
permIts you to order only those
functIOns that you actually need
for your application, so as to keep
your costs as low as pOSSible If, at
a later time, a new function IS re
qUired. most can be added merely
by plug-In of the desired Function
Module Into a compatible 994 Flow
Computer

Umt/ow Systems Include the
follOWing Components:

• SerIes 991 Transducers
• Serres 992 Transducer

AccessorIes
• Series 994 Flow Computer and

Function Modules
• Senes 995 Hand-ijeld Control

Display Unrt -
• Serres 996 Remote Accessories

Specifying and ordenng System
990 Umflow eqUIpment Involves the
follOWing steps
1 SpecIfy the Components of

your selected system, chOOSing
the component options which
contain your deSired features

2. Specify the deSired optional
plug-In Function Modules and/or
Remote Accessorres by part
number below

3 Obtain the prrce and delivery of
your selected components. and
place your orderwith Controlotron
either through your local Repre
sentative or Factory Direct

Listed below are the part numbers for all Umflow system components To construct the component part number which
has your deSired options replace the part number LETTERS With the appropnate CODE symbols listed below

991ABC·D A=MOOEL B=TYPE C=TEMPERAlURE O=SIZE
TRANSDUCER N=NEMA4 M=MetaI Body 5=250°Fma. 3=6" to 24" pipe 00

P=I'IaslIc Body H=375°Fma. 4-20" to 48" pipe 00
V=5omc Velocrty VH=500°F max " 5=36" to 360" pipe 00

992MTABCD·E A=MODEL B=TYPE C=STYLE D=MATERIAL E=P1PEDD RANGE (mln.l"
MOUNTING TRACK N=NEMA4 O=OII!Cl Beam M=Metal XDCR A-Alummum 3=6" to 24" Pipe 00 5X=6' to 10' pipe 00

R=ReleICl Beam P=Plastlc XOCR 5=Sleel 4-2OOtD4&" pipe 00 5Y=10'to IS' pIpe 00
SH=For VH XOR5 5-36"tD 84" PIP! 00 52=18' to 30' pIpe 00

" 5ee99OSlECTManual

992CAB·C A=MOOEL B=ElMRDNMENT C=LENGTH 992MTM·A A-PIPE DD RANGE
TRANSDUCER CABLE N=NEMA4 5=5landard Temp C=Lenqt/l mft. MAGNETIC TRACK 4-20" to 4&" pipe 00

W"'Submerslble Krt MDUNTKIT 5..48" to 216" pipe 00
6-18' to 30' pIpe 00

993ABC A=MOOEL B.C=CODES RESERVED
APPUCATIONFUNtnDN C=Control Only Module
AND CONTROL MODULE M=Memory and Control Module

994ABCD·EF A=MODEL .f B=PIPE00 RANGE C=OISPLAY D=POWER SOURCE E=PRDGRAM LOAD F=SPECIAL
FLOW COMPUTER OBN=NEMA4 4-6"tD48" B=Bllnd¥ S=I001115VAC 1..BasiC Data ... N(n)=CC Nuclear

OBP=Ponable 5=6"to216" G=Graphlcs M-230VAC 2=Add A5·232 & Datalog Grade
6=6"tD360" O=Olgrtal B=91036VOC 3-Add GraghlCS 5(n)=lntnnSlcally

GL=Llghted SB",115VAC + Battery + Stnpcllart sale
GraphIcs MB-230 VAC :;Jlattery

994·7 ANALOG COMPUTER PrDVIdes Programmable lsolaled 410 20 rnA 0tD 10 VOC and Pulse Rate OUIll'. one rellUlred per eIlanneI <t!!!--

994·10ABC A=MDDEL B=TYPE C=RATING
ALARM RELAY MODULE N=NEMA4 A=NOIllIalIy Open D=Ory Reed (10 VA max I

B=Normally Closed M",Mercury Welled (50 VA max ) (Not available In Ponable Units or In NC' Type)

994·11ABC A=MODEL J, B=lYPE C=COOE RESERVED
LCD DISPLAY COMPUTER D=Dlgltal DiSPlay D=OualPath

G=Graphlcs Display

994·12ABC A=MODEL B.C=COOES RESERVED
R8·232 1/0 MODULE T=995 Hand Held Termmal Dnwr Only

5=R5·232 and 995 OrNers

995T 996P 996p·5 996PSP·A A=lCOCR81ZE 996DABC A=TYPE B=MDDa C=POWER SDURCE
HAND·HELD PRINTER PRINTER PAPSI. PIPE SIMULATOR A=O 1 230r4 REMOTE D=DIQItaJ N'"'NEMA4X 5=110/115 VAC
CDU TERMINAL 5PACXREflW DISPLAY P=Panel Mount M=230VAC

• Transducers apelllld ebOn 4Oll'F WIll require penacllerllu~ willi plllGdicily prvpartllllllllll ...........,.... FarUU-................ IJcIarr-ueuaa ..
_ended



TYPICAL SPECIFICATIONS
The flowmeter furnished shall

be the Controlotron System 990DB
Unlflow Clamp-On Dual Path Translt
Time Ultrasonic type. or approved
eqUivalent, and shall contain the
features listed below

~ MultlPulse™ Flow Detection
Ij;jif TransXTM Ultrasonic Trans
- misSion Optimization
~ Metallic Mode Conversion
~ Wide Beam Transducers
ij;iif Made In USA

~ PlnStop Umversal Mounting
Track (no ruler scales)

~ 64 x 256 Pixel Graphics
Display

IE' Programmable Slrlpchart
Option for Flow, Liquid Data

~ Programmable 64K Memory
Datalogger Option

~ All Modules Plug-In, Including
Power Supply

~ NumeriC Entry Only. Hand
- Held Programming
~ Full Diagnostic Data Access

~ Plug-In Function Options
~ Analog Data 0 to 10 VDC

& Isolated 4 to 20 mA
ji;iii" Alarm Relay Module
- 8 Programmable Relays
~ Digital and GraphiCS

Display Computer/Driver
~ RS-232 Senal Data I/O.

Selectable Baud Rates
iiA' Intrinsically Safe ConstructionI"'" Reflect OT Direct Transmission
- Mode
~ Simultaneous IndiVidual Beam &

Summed Data Display

AWORD ABOUT CONTROLOTRON
Controlotron, completing ItS third decade of operation,

specializes In the manufacture of proprretary Instruments for the
measurement and control of liqUids All Controlotron products are
derived from Company sponsored research and development
programs, the heart of our continued ablhtyto proVide new and
unique Instruments of outstanding value and performance
characteristics, such as

Portable System 990 UNIFLOW
MultlPulse™ TranSit-TIme Rowmeter

DedIcated System 990.
MultlPulse™ Transit-Time Rowmeter

Portable System 190 Spectra:
Portable Founer Flowmeter

Dedicated System 190 Spectra·
NEMA 4X Founer Flowmeter

Portable 990E
Thermal Energy Flowmeter

DedIcated 990E
Thermal Energy Flowmeter

Your Local RepresentatIve

ONTROLOTRON

RENTAL/
PURCHASE PLAN
Users who Wish to famlliarrze

themselvesWIth Models 990DBN
and 990DBP prior to purchase
may avail themselves of Rental
plans (where available)
Advance purchase of the
99008 Field Manual Will prOVide
detailed Information beyond thiS
brochure.

CUSTOMER
SERVICE

Users of Controlotron Instruments
enJoy the benefit of worldWide
customer seMce organizations,
available on short notice for
training, application, Installation,
demonstration, and maintenance
services. Contact us or your
local representative for details
on these seMces.

2 YEAR WARRANTY
System 990 carnes a limited

2 yearwarranty, from dateof ship
ment, against intrinSIc defects

)

155 Plant Avenue. Hauppauge, New York 11788 Phone (516) 231-3600 - Fax. (516)231-3334- Telex 961-447

990DBN-1
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contalrIS the stream seleenon urut, valvmg for
autorn.a1B:l. gas calibranon. and almn relay~.

The result? An on-lIne BTU Analyzer you
can easilyconfigure to match avatlable
sp3Ce. The system's mcdularcomponen1s

also allow fast. easy field- .'"repaus. for ID.II11IIlUID "'" •

~~e. -

Flexible, Modular Design,
The Yiodel. 2920 System \\'35 desIgned for

easv l!1Stallanon and mamtenance.
The system COIlSlSts of two compact, self

contained modules housed ill rugglrl NEN1A
4cases. One mcrlule contams the gas
chromatograph and the tI.VlI1. on-board
oompute:rs that run anaI.\'StS operanons
and commurucanons. The other mcdule

Far)wrs, the naturalgas mdustry has rlI?PLIaiamarereltable.
field-ready on-tineBTUAnalyzer. One tIXltu:ouIdbe a:JSier to install:
easter to operate. andeosier to maintain. Wrih troe. birlitrrtionol COJn

munzcationsfor remote amtrolandtroubk5hooting. Andlower rosts.
TocItt}; EGC--G Chandler - aFortune200 company andone oftbe

most trustednames moJlandgas fJ:jttrpmentfor over 45years
has met the need.

The Model 2920 On-Une BTUAmdyzer.
_ The )100e12920 BID Analyw System IS Bwlt to WIthstand haISh envuun-

astand-alone gas chromatographdeugned mental conditions, itdeliveIs the rq::em-
to measure the heatmg value ofup to SlX ability and aa:uracy ofalaboratory gas
natural gasstreams. chromatDgtaph

B1sy, On-site, One-Site Installation.
unlike other on-line systems, the MOOel It takes onlyho~- notdays-toput

2920 System IS rnstl11ed on-5J.te illaSIngle !he MOOelZr:p.O S}mn mto~
meter house. ElectroIlKS, the chromaro- del1\eytoon-hne~
grnph and the stream seltrt>r are alllocatfrl The analyzer and relatedopnons are

in one structure nus Thl-approvedfor use ill Class I. Dtv1slon 2.
makes routine IruIJIl- GrolJlX5 C&DeI1Vlrol1rI1ents. with
ten:mce easIer -and operatlIlg~ from -25° to

~'"""f-' dnunatiaillyredua:s 4S"C (-10' to 1l0'F).
installatlon Wits.

- - -""



No learning Curve.
SomeS}~ are fD cornphcated, Ittakei

hours of trnJIllIlg and serv1C:e-support to put
them to work.

The ~100e12920 S\SteQ1 d.clffi awav\Vlth the, .
leammg curve The menu-dnven 0rernnng
SI-'StelTllS so user-fuendly. even an untrnmed
layman can learn to run It -111 minutES.

Total Off-Site Communiamons &Control

EasyTo Install EasyTo Use. EasyTo Maintain.

I

eat
L

The benefits are ObvIOU5. No more long
dmei to Site; to mOOlfyprograms or~
thatyour~ ISworkmgp~ly With the
Model2fJlJJ System, anything you can do at
the umt'skeypadyou can also do VIa

m<Xiem.

• Repeatability &tt:erThan ±O.5 BTIJI
UIDBTIJ.

• Automatic Calibranon.

• Autom:ttic Restart AftErp~Outagffi.

• Built-InData ProtECtLOIl

• ~1'Maintenance Mcdu1ar Design

• Built-InDi~tics.

• Parallel Port For Standarrl PnnIEI:

• PC-Basai Remore Contro~ E3sy Interface
With Industrv StandardGmnurucanon,
Software.

• ComplianceWith IndLwyStandards:
GPA, AS'ThL ISO, AGA.

CommurucanngVllth the M00el2920
System lS as easvas dialing your phone.
USIng any romputer and astandatd ffi<Xiem,
you have irnrne:liate aa;e$ to all system
funcnans and reporrs.
Morutor~ons. MOOJfy ronfiguratlOn

oroperatmgPa!"&Ile~. Run diagn(1)flC

tests. All from your office, home, lab, or
hotel room. Even \\tule The machme IS

~nrungan~

• F1exJble, One-Site, One-Structure
InstallatIOn ForAll CDInponents
CDmpetr.tor's Components must
reseparatei

• F)l-ApprovErl ForCla$ 1. DIVlSlon 2.
Gro~ C&DEnVll'OIlIIleD.ts.

• Dual On-Board CrunpUTa'S For
Snnultaneo\.5 Opernnon &
Commurncanons.

• Remore Commuruc.anons, DiagnllitIcs
&ControL

• Up To Six Natural.~ Streams.

• kcurncv UIlSUlpamlIn The IndusTry~

~

J
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rornputers. Whi1eooe oomputerrafurrm
anai)~. the otba- lmrxIIes rornmUIllalllons

Mvmmi bUll-in progranurung allO\W
the urnt to ooi!ate heanngvaiue, relative
densIty, and~bilityVla theAGA8
meth<Xi The svsen am ana1yz£S COffipc61
OOn With~nwal~

(M;n~ isplWfflyrontrollffi to
wrtlun ::o.on:,diminanng eIl'<m causerl
by ambient teffill:1'a1Ure fluctuations.
Analysis~ IS rett.er than :0.5
BTIJ fUXXl B1U

Easy Operation.
With the MOOel2920 System. aSIIIlple menu

gwdes the user through every opernnon step
by-step - promptmg the opern.torfor infor
ma!lon to configure parameters for gas~,
cahbrallon. d:llii retneval, and dlagnaroCS.
• Sampimg nme can be set or adjusted

qrncklv and easl1v
• 51 (kYm \) units or English uruts (Blt/Scf)

are sunply selectfrl from the menu
• Samplfs are autornaI1Callyp~
~arullJS:S

• Calibrnnon is qtllck - and automatic.
• Data are p~'Ord-protectei to prevent
~g.

Proven penonnance.
The ~1cx:le12920 System Use5 field-proven

tfdmologte5 and industry-standard gas
chromatogrnpluc te:hruqufS And It's lm1
performanee-te;ted mavanetv of real-world
applieattons.

With some systems. you have to walt untll
~ are completfrlrefore you cancom
municatewith the remote UIllt With the
MOOel2920 Svstem, you have umntmuptErl
acxl$ to data and rontrols. even dunng
:malVS1S. That's~ the Mcm2920 use:;
not ~ne but two~on~ooard

(

OUrstandaIdcolumns have an~
life span of 1O}'e3IS Thepropnetal'V manu
facturing pnx:eB ensures thaI the instru
mentWIil maintain supenor tffit~Jh
tyand~over its entIre seMce 1Jfe.

AThermal C1>nductIVity~ (Till)
gMS you extremely lugh sens1UVltyto low ("
amcentratiODSofcomponents.
Forpro~ from harsh field COndItIOns,

all Mcxiel2920~OOIDfXlnenls are
encasai in arugged. weather-proof and
mOlS1.Ure-renstantNfu'v1A4par.kage.

Value-Extra Feat1.lre5.
The j100el 2920 Svstem \vas designed

and bULlt to deliver more for your money.
To meet that objeen.ve, we've mcluded a
long l.Lst of harmvorking, easy-to-use
extra feamres.

These features mcludeAutomai1c
Calihratron at user-definerl intervals.

Automaiu:ShuitkJwnandRe1art systerm- fortralning. multl-strueture
far Power FazlUJm, with bUilt~lll Data imtallanon.~g, SUWJrt. andother
ProtectIOn. and lightprogramII12ble iterm thatdonlshowupin the quotffipnre
Higb/ltJw Stgnc;alarms. Doll3r for dalla1; feature for feanrre. no

Bfstofall, the~mnSy3tEmC3l'l otherBTIJ AnalyzEreven COI11ffi cl.ase, 1Il

elimmate the "hu&1aEs" ,_ __ rsfonnanre. ease of
ofolheron-line ~ :.~-:r=:;:~_-: ...: .."_ . use,orvalue.

Don'tPayMore For :LEss.
For acomplete demonstration ofM00el2920 System

capabJhtle:i. sunply glVe us acall

AEGsG INSTRUMENTS
CHANDLER

PO llo.x 470710 • Tulsa. Oklahoma. LSA. 74147.n710
Te!qlncne: \.918) 250-"7200 • f,Al. (918) '159-7199 • TEUX W'i8'i3
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Specifications.
ENVII=tONMENTAL REQUIREMENTS:

.~g~Range:

-2) to45'C (-1(1' to ll00F)

• EnVlI'Onmental Ratmg: tWrovOO by
Factory ~lutual Rffiearch Co. tor use
ill Class I, DivlSlon 2, GrotJIIi
C&Dlocations.

• \'E!\1A4enclC6tlre

INTERFACE SPEOFlCATlONS:

• Pnnter: ParnlleVcentrom~

• Computer RS232C (DTE), 2400 Baud.
8dat2. bIts. no panty, 1stop bit

ANALOG OUTPUT SPECIFICATIONS.

• The analog output for achart rEmrder15
0-10 Ydc, 1(XXJ OID1Ssourre l1l1pOO3nce.

PRINTER SPeCIFICATIONS:

• Pnnter: Ep;on9-pm orequiv3lentwith
parnlIel (Centrorurs) mlErfare

POWeR REQUIFtEMENTS:

• PO\\e'" 110 or 220\blJs =100.4., 501611 Hz,
Z5() \~max.. 40 Wopemnng

GAS ReQUIREMENT'S:

• Carner Gas HeUum (lao Grade,
SlJ,995% pure)

~: 1035 kPa (150 Jlilg)

Cormtrtu:m: StUnle>.) steel tubing
pIOV.ldai WIth the analvzer Flex1ble
pillsnc tubmg 15 NOT lBIlmmend£rl

• Supply Gas: Dry InsttumentAu; ~itrogen
orother mert gas (Instrument grade)

Premlre' ;20 kPa (75 tmg)

Comur.tzcm: H<re provided wrrh analyze
or otherclean tubing rated for the
pressure.

• Sample Gas' Analyze5 dryP1relme
quahty natural gas that contillIlS:
nitrogen, methane, carbon chmade.
ethane, prqJane, I-bUtane, n.JJutane.
i-f.e'ltal1e, neo-pentane, n-pentme.
C~ and heavIer comp:ments
Mt:ixJmum mJetfln'lEUre: 21 ~1Pa

(3(XX)f&g)
Mmzmum m/pJ[J1f!:SUre'

appI.'OXimately35 kPa (0.50 pslg)

Connu:Jton· StainIt5steel tubing
pl'OVlCkrlWith the analyzer orother
tIJbing ralai for thep~

Test: time. Mar 1093 18.11 calibrMIon #' 3
TMt#; 185 Stream#: 1 Locabon NO. 93030B

Swndlard / DIY Anal\fSll!l Ssturamd/Wet AnQlvsls

Moll!l% E1Tt11t ROen.- GPM- Mole% BT\J1t R.Den"

Methane 95.027 982.02 0-6264 93.373 945.28 0.5172
Ethane 2.420 42.92 0.0251 0.6471 2.378 42.17 0.02"'7
Propane O.S67 16.83 0.0102 0.1839 0.658 16.53 0.0100
i-Butane 0.100 5.21 0.c032 0.QS23 0-167 5.12 o.OO3:Z
n-Butane 0.134 437 0.0027 0.0421 0.131 4.29 0.CIO:i!6
IwPel'lUlne 0.051 2.03 0.0013 0.0185 O.oso 1.99 0.0012
n-Pentane 0.023 0.93 o.oooe 0.D084 0.023 0.91 0.0006
(c..+ ) 0.0'79 3.99 o.oo:z5 0.0339 D.CT77 3.92 0.0025
MoiBture 0.000 0.00 0.0000 1.7-.0 O.aa 0.010$
Nl'trogen 0.371 0.00 0.0036 0.365 0.00 O.D035
(COt) 1.070 0.00 0.0183 1.051 0.00 0.0180

Totel 100.00 1038.3 0.5917 0..saG1 100.00 1021.1 0.5922

• Unr:::orrected for COITIpressblrty =t SO OF & 14.730PSIA.
•• DqUid Volume reporred at 60 OF

Standard/Dry AnaIYI;IIf;1

17.138
0.5928
0.9979
229:38. En"'tJllb
1040.6 eTUJCF
46.3666 Ibml1000cP

Molar Mass
F1ehmve Density
CompniS&lblilty Factor
HeatIng Value
Heannil Value
Absolum Gas Censrty
UnnOrTT1alized Tatal: 100.038
L.ast Calibrated WIth Calgas of 1050.3 BTU/CF Mer. 1093 16:31
c,,+ LBst Updsm: Mar. 02 93 14:11
c,,+ BTUtc= 506Ei..a c,,+ IblTl/Gal 6.6425. end Ce+ Mol \Nt, 92.00.

<::-~EGt:G INSTRUMENTS
CHANDLER

PO. Box 470710 • Tulsa. OklahomaX SA 74147-D710
Telephone (918) 250-7200 .. fAX: (918) 459-7199 • 1"E1.tX 205843

~ramd/Wet Anelysls

17.163
o.se34
o,ggn
22538. BnJllb
1023.5 eTUlll:I
46.4117IblTfl1000CF

_...
- .
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The Made! :a92. can also be amfigt.ll8l
[or uS(' at • $I&UClnlry location. Ask for our
hrochun: un the. Me.1 2Q20 SYfolcm for
St.atJQna~ Appllcat1ons.

- --------
"'\ Data Storageand RecaU

The Model 292 bas a a.tamgc ClpaClty

th..t tKlld.'1 wta from as ",-,nyas 64 analyses.
The IItn~ data are mmpded iato a repon
And filed by locauon numbof (sample Slta).
...hid! YOII enl4l an * kaypad. When an
cplntDr CDrea a pnM_y-.ed IocabOft

Durnhl:r.lhe panel clilplay indic:au:apmrious
alUl~ $tofed under abat number. 'this
Jives Ole operator iftltlnt acoess to •
QJsnplc~ bi$Lory IJfall data calcen It that Itn:.

The~d rt:pcrb ClU be tlall'licm:d to a
priDter Of tta\Urencd to I COCDJlUEer At IDy

time. Ttamfenin, the repons to I cxllnput.er
reqloliteS an~ c:cmmumcu;on driver
~rware padcaae such I. Procatnm· 3ad a
modem 1ft the C(lmputer.

The MC'tdel 292 POI1ablc anr Analyzer
i'l fully-ealibr.ated when.t lc:a"Clio the fae;tgry.
All ~ntur alD teCilibata the umt
penodically to ~nfy its lupe;nor
nlpeatabl!lIY. Thl5 III ea)' to aecomplish
lIIioS calibcatlOn a". the bypad, aM
c:ahbtariClQ software thttir.pmgralllllled iBm
th~ utlir. If no other QIi1:atiau data ale

enlcn-d. me Model 2.92 WIn default to tbe
ori,lnal illput proVIded II Ibe Ca~. 1he
date aDd hearing value ,~tho. calibrated sas
",11 be pnnted llulomlflally on eacll
al1lIYSI~ report. A calibr.ltlOD report c::ln ~
n:-p.;rtltZ It Iny fime.

n Equipment SUpplied Witft
,,0> Each Instrument

• sec uf«Imputet cables

• Two son by 1,6" 00 f1e.lClhle ss
NbU. f(lf =-rric, and lample p5.

• O/IC A ('t by 3116M JI) black nylon hose
for Soupply p.

• Of'Cl"1hCln Manual
• f2CllJry Cllib,.llon Sf1l!lCI-

Gas Inputs
C:\f'neI C'JlIS: 99.995'1i Helium,

10.14 kP3 (ISO pslg)

Sumv Gao; it! SWlrtil.in; Valve'
N'h·agm.lklium, or Instr1lmr:nl Air,
55" kPa (80 f'lSlg)

ConnecIDtW
Pantllel :Prin.bz!i Epsoa2<ampeublt dot

matm. Jlft11Ia'
Cpmpu1ef U232C: for scnal

c:ommumcltlOQ (l)'IE) - typically
through. modml

AnftlogOutl!!t:Q.lDVDCsipl for
plott"" a.r:a.topm

Syswm futcr(:uz: DiSJlal to for u~
amy With OUr Model 2920 Syl;tem
ror St:ation:ary AppIlcltioM; RS232
wlal CMll1\UQJalllOR (OlE)

Sienal In!!!!: RCSCIVed foy fubJre system
appllcatiods

DisplayedResutts
Cnmposnjonal AnaJYIII (mole 'lrl)

HalingValue;

k11m) (B~a:). S&lndatd and
Smra~

IrJltg(B~mass). S&anda,d and
~r:lted

Compre.ssiblltty Facror

Relartve densiIy

Ab50JlIte pi de1W1Y. kwm~
(lbmass/llm Sa:)

Repea1abBity
Wilhin .1.0 BmI1000 sa:

Voltage Requirements
120 VAC :dO'!! SOl6O Hz..

or
220 VAC =10'96 SO/60 Hz

Call be uperated wi1h an IDw:rIU f,om
12 VDC($Cc InverteriD~)

External Tube ComriicUans
"Thtee Inlets: tAl" NPT (female).

Five Vents; tn'· tube.

(See Ac:cessone& (or melnc adapters)

t~ Speciflcatlans (continued)

H2S
The unitcan opt:r.tlc wlth gas $trcams

lbat cantamH~withoul C.lEc:CSsIYe

degradation. n.e ll'IIUmwu
ddectlble limit for H2S is 2500 p~.

EIedricaI ClassificaUon
AppIowd by PM (Factory MutlJa1) Cor

Ch$s 1, OivislOIJ 2. Croup' C /1( 0
spt.eific:aboDS

A Weights and Dfmensions
NCI WC:lgbl: 14 kg (30 lb)

Cabinet DimcDSJons:
46x2!x48cm
(18 x11 x 19 in.)

Shippini Wcigbt; 2S q (55 Ibs)

Sbippmg~ons:
SSllsaxS6cm
(23 x23 x22 m.)

A Orderg Information
Model 292·20.BlU AMJyz.er, 120 VAC

or 220 VAC (spe.c:iCy vol...when
ordI:ri~. Complete wilh .11 tbc
equipmeztt listed.~ aa:caontl
from the follawina list.

lawl1a'to provida operalingJ'C'~
from a tnlck or autn beUtry:
Pan 1.300-21404.

12VDCto 120VAC.
Part f3OO..2!l6S6,

12VDCto~VAC.

TnumlUer
WodeI29a FOl,lr...Qanael 4·20 rnA
Ourem: Tll%ISCIUtta. Permits the
Doster ofany .. of43 plramcrcrs
mcamed during. rat(~ I.
Murina VtJuc:, "N~~~
Rchldve DensIty. etC.) to an extcmal
rc=rdiDg or SlO",,~~v1Cll..

~"&".OpUo.
Model 292-«lO.1ncJudes two
regulators, ganga, meet. canYIJ'1
CIte., and two DOT·Approved
aluftnuum bantu with a CIlpac::ity Q{

195 Iilers (6.9 cubic &:el)

TOTAL P 11
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SIMFr;teD PaL 5,EAM FOu}Ef2. BOI L f:= R
... - ----~

(T) X'/Gt=.JJ L£Vl3.LS
c:~ ",veeTilJN frlt;;5 AT '.0, FAtJ

--~2~· AII2. TE.PlP "30 d L- ATt:..H r'
--- TIME 12:29::36. 12:33: 16·- 92/22/95" I 12:59: 94 I 13: 1B: 94 ..DATE ',62/22/95

I 92/22/95 ,1 92/22/95

NATURAL GAB: 21819 BTlJ/LB 1R r

- . 1L I :1-R I 1RFUEL
,

COMBUSTION EFFICIENCY: 84.9 " 94.4 " 83.6 " 83.7 %
AMBI ENT TEMPERATURE: 23 ·C 24 ·C 22 ·C 17 "C
STACK TEMPERATURE: 399 ·C 421 ·C 129 ·C! 141 ·C
OXYGEN: ()~ :i -'+ e7.; ~I _~! ~_ 98.2 ", 97.4 "CARBON MONOXIDE: 3~l 1 PGM
CARBON DIOXIDE: If. 7 tI...~ ~7 .1 " ~9 . " 97.2 '" 07.6 %
COMBLSTI BLE GASES: 9.eo " B.0B " ILea '" 9.Ge %
STACK DRAFT (!itCHES H20): - 1.9 -.9 - 6.6 - 4.0
EXCESS AIR: V~f(1..tt 49" 28 % 57 ". 49 "of ru . '~a7-MGM~2i7- MGM ----rS7 l'iQi1 BB M~.
SULFUR DIOXIDE: o MGM o MGM o MGM g MGM
CARBON MONOX!'""E ALARI!1: 1999 PPM 199B PPM 1999 PPM 1999 PPM.. "-

MODE: MGM OXV.....REF :TRt..!E"
AVE:'" AVe-

(..,fL/f3KkrEO :JAIJ 19Cf.5' Oz ANALY-uJ.?::;"4,5 01.. AtJ/H.tl:E~ ~ 2~5"

Ibo 1OfJtlB/!-~'~ ~ 35ZJfJ4 0 Lg5/Hf2. 57£I1M

: '0 AT;'~ -:: J,CJ~ fl51 ,

540 fJ C :: loot I)F 7TEAM h.s -;: 1487 IJTU/ L8

196 0 e .:.. J~S-(} F FEE.1JWflTEt- h1- :;: 351- 5TU/LI5



• • •
__..._"'" lI ..~~flI ""'T~*,",~~*,tt'r~~~~'~J1OJiJ.NA, tl'ow ......M--rOf'- 10

Slf'l\FE~DPDL ~I()T WATE.R- go J LC12

O)CY~£1l LEVELS
n,- 4. D~ 'F"JlNg' -'3~ ,·C Af/? 'rc.w f

e~IU::l?1J#c: ul1P, IREWCc Exas5 AIR...

FUEL

. lol:1 09:56:27 .~ 19:09:21 \1 19 : 12:39 ; 10a~B:3e
DArs 02/23/95 I 92/23/95 92/23/95 02/23/95

'~TURAL GAS:2187B /LB ZR ~-' - ''LL '2R, J 2L

9 MGM
1990 PPM

(!) MOM B MGM
1990 PPM' 19ge PPM

v .....lU~ 0

SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

MODE:MGM OXY--REF-TRUE%

Pl"'?rEN! TEMPERATURE: 1B 0 C 19 • C J
STHL ( TEMPERATURE: 24 • C 30·C r

IOXYGEN: 05 •9 % 04 •4 % _ . u - _ I
CARBoN MONcm • -- 27 MGfiTl ---6~ J ~ R UJ<U

CARBON DIOXIDE: 98.5 " 08.5 % I 09.3
COMBUSTIBLE GASES: 9.ee ~ 9.90 % : 0.B3
STACK DRAFT (IfI£HEB H20): 2.9 - 2.al1- 2.1
EXCESS AIR: 34" 35 % 24

100 Gca.L / HR. l< Y, '1 t:'iJ)X JoG ~ "3 'Ie'l '3 liD} c)tJ{'J £5TiJ II-

~
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SIMFEROPOL - POWER PLANT STAFF

SIMFEROPOL - NEW BOILER BUILDING

,,~i;~~
~,
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SIMFEROPOL - TURBINE-GENERATORS
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SIMFEROPOL - BOILER GAS & MAZUT BURNER
~
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Russian Namra] Gas

H2 := 1.1 C - 0.721
CH4 = 95.0 H = 0.24
C2~ = 0.5 0 - 0.01
C3Hs - 0.5 N2 = 0.026
N2 - 1.5 0.997
O2 - Qd

99.1

KcallKg x Kg/2.2046 Lb x 3.9685 BTUlKcai = 1.8

1.8 x KcallKg = BTU/LB

LHV = 7840 to 8000 Kcal/Kg

MW - 2 Hz + 16 CH4 + 30 C2~ + 44 C3Hs + 28 Nz + 320z

- (2 x 0.011) + (16 x 0.95) + (30 x 0.005) + (44 x 0.005)
+ (28 x 0.015) + (44 x 0.005)

MW - 16.232

Conversion of Volumerrric to Weight Analysis

C - (12 CH4 + 24 ~~ + 36 ~H8) I MW

C - «12 x 0.95) + (24 x 0.005) + (36 x 0.005» I 16.232 = 0.721

H = (2 H:z + 4 CH4 + 6 CzI4 + 8 C3Hg) I MW

H - «2 x 0.011) + (4 X 0.95) + (6 X 0.005) + 8 X 0.005» I 16.232 = 0.24

0 - 32 0iMW =32 x 0.005 I 16.232 =0.01

N2 - 28 N2/MW = 28 x 0.015 I 16.232 =0.026

WI. - 11.5C + 34.5 (H - 0/8) + 4.3 S

=- (11.5 x 0.721) + 34.5 (0.24 - 0.0118) + (4.3 x 0)

Wa - 16.528 LBS AIRJlB FUEL

WH20 - 9H + W + 0.014 (1 + X) Wa, (1 + X = 1) Excess Air, StochlOmeU'ic

= (9 x 0.24) + 0 + (0.014 x 16.528)

Wmo = 2.39 LBS WATER/I LB FUEL FORMED FROM COMBUSTION

HHV = LHV + 1040 x WH21)

= (1.8 x 7840) + (l040 x 2.39)

HHV - 16,598 BTU/LB LOW VALUE
= 16.886 BTU/LB SPECIFICATION



(0.0189 H:J + (0.0856 CH4) + (0.1524 C:1H6)

+ (0.2190 C3H0 + (0.01 N2) + (0.0378 0:)

= 8.335

Russian Natural Gas

H:1 - 1.1
CH4 - 95.0
C:1Ha - 0.5
C3Hs == 0.5
Nz - 1.5
O2 = 0.5

99.1

Ft3 Dry Flue Gas/
Ft3 Gas - -

= (0.01 CH4) + (0.02 ~H6) + (0.03 C3H0 + (0.01 OJ

= 0.986

100 X Ft3 COzIFt3 Flue Gas == 0.986/8.335

= 11.83% Ultimate for Perfect Combustion

D IHdlLBERClTABLES



Mazut Dry Wet

C - 84.7 80.47
H2 - 10.7 10.17
N2 - 0.9 0.86
O2 - 0.7 0.67
S - 3.5 3.33
W - 0.0 5.0
Ash - 0.14 0.13

100.64 100.63

Wi). - 11.5C + 34.5 (H - 0/8) + 4.3 S

= 11.5 (0.8047) + 34.5 (0.1017 - 0.0067/8) + 4.3 (0.0333)

Wa = 12.88 LBS AlRfLB FUEL

WH20 - 9H + W + 0.014 (1 + X) Wa. (1 + X = 1.0) Excess Air Stochiometric

= 9 (0.1017) + 0.05 + 0.014 (1.0) 12.88

WH20 - 1.15 LBS WATERll LB FUEL FORMED FROM COMBUSTION

HHV - LHV + 1040 X Wmo

= (1.8 x 9568 KcallKg) BTU/LB + (1040 x 1.0)

- 18,414 BTU/LB



Mazut

C == 80.47
H2 - 10.17
N2 - 0.86
O2 - 0.67
S - 3.33
W - 5.0
Ash = 0.13

100.63

Ft3 Flue Gasl
Lb Fuel = 1.505C + 3.57 H2 + 0.557 S + 0.135 N2 - 0.448 O;l

= 1.505 (80.47) + 3.57 (10.17) + 0.557 (3.33) + 0.135 (0.86) - 0.448 (0.67)

== 158.68 Ft3 Flue Gas/Lb Fuel

Ft3 CO2/

Lb Fuel = O.315C = 0.315 (80.47) == 25.348

CO:z% :: 100 X Ft3 C02IFt3 Flue Gas = 25.348/158.68

CO2 = 15.97% Ultimate for Perfect Combustion



SiMFEROPOL
NATURAL GAS PRlCING

Consumption
Power

Ga~prom
Plant KRBI $/ $1 $

1994
106 Nm3 BTU/Ft3

1000 NmJ 1000 Nm3 Ion BTU Lol:Jt

TOlllle~ KcallKg Kcal/Kg DIF

January 16,971 235 7,646 643 7,937 -291 578,615 15.64 069 13,523

February 14,752 20.5 7,762 648 7,994 -232 716,721 15 65 068 9,236

March 14,477 201 8,118 645 7,964 +154 765,697 1665 073 (6,459)

April 12,768 177 7,822 645 7,966 -144 686,860 14.93 066 4,816

May 11,994 166 8,079 650 8.028 +51 702,410 ]5.14 0.66 (1,602)

June I I ,348 15.7 8,144 678 8,372 -228 656,100 J3 96 058 5,955

July 11,73 I 16.3 8,123 676 8,344 -221 726,462 1640 0.69 7,099

August 1) ,537 16.0 8.050 673 8,307 -257 736,940 15.88 0.67 7,884

September 11,561 J60 8,103 673 8,308 -205 976,376 1666 0.70 6,584

Octoher 12,176 16.9 7,460 640 7,900 -440 1,071,963 13.32 059 12,544

November 14,996 208 7,730 640 7,900 -170 3,314,383 2706 1 20 12,140

December 9,525 132 8050 640 7,900 +150 3.472,715 2657 1 18 (6,691)

Annual 150,836 213.3 6543 -- 17 27 0747 .$65,029

~
~

Tons1720.947 = Nm3 x Hl'. BTU (LHV)/Std Fe = 0.081 x KcaJlKg, m1 = 35.3l ft3

n I!HIIIII RI,'l lllI PI

Tolal $3,684,t27
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SIMFE1{OPOJ

)

~

Power Net Pm,·er
Natural Gd.> 1\1J/ui

I h:at Rdt.<lse Mmus Lo~~~

G~nera[lon At BIJ.'t Hot W.Jtcr Gell roLal Ileal

,:)~4- 1011 KWH 1O~' KWH and :-'leam -- Relt:a<;e
G Cal 1000 ml Std. fuel

ron~
Std Puel

Hm WaIn Ste.am Oedl
TOllS 10m

lalllldry 30408 25318 7121& 16971 19168 142 191 61091 962 68055

fehruary 27379 2231~ 89199 1-1752 J6379 307~ 7118 lW.17J ~S7() S,)~3

March :!7738 22740 7236:! 14471 15925 2180 2805 68005 RJ2 6M31?

Apnl 29360 25913 3()675 12768 IJ954- -- -- 26866 7£H 17507

May 29099 26196 17352 11994 13185 .- -- 15856 383 16239

June 285W 25769 12109 11348 12320 -- -- 931-1 2184 11498

July "l1931 :!9102 620H 11731 12904- .- .- 438g 1644 6032

AllgU'>1 ~()601 27812 9807 liB7 1'.'!69 I - - .- 5592 3880 9472

September 30414- 27437 12933 11561 12717 -- -- 8215 -1252 12467

Oclob~r 31037 27436 23171 12176 14089 485 651 16080 5519 21599

November 336{)·\ 2,N69] 51R16 14996 11353 1375 1846 42332 8356 50688

DCLcmber 33089 27684 70456 9525 11058 7145 9491 65974 1900 67874

Annual 363279 316477 469506 153836 171743 14401 ]9112 -114688 31463 446151

IJ INH I Ufofftrll -1m 1\



QUALITY OF INITIAL WATER AND
CIRCULATING WATER IN SIMFEROPOL POWER PUNT

Parameter Innal Water Circulating Water

AlkalInIty Meql Kg :Max - 4 2 Min - 2.26 Max - 2.5 Min - 1.3

Hardness Max ~ 5.5 Min - 3.4 Max· 11.4 Mm - 4.2

Conductivity US/Cm2 Max·283 Min - 210 Max - 680 Min - 238

504-2 Mg/Kg Max - 65.4 Min - 45.7 Max - 481 Min - 82.5

pH 7.89 8.23

Li03-z Mg/Kg 62 14.8

CU ...2 Mg/Kg 46.3 100

Fe,,"3 Mg/Kg 0.33 0.27

CI 15.8 35

OXIdatlon 2.4 4 14

CO2 4.5 -

NU3 aTe --

Suspended Solids -- 6.9



-

SIMFEROPOL TIP 1994
ANALYSIS

Mazut KcallKg

Power Plant

Ja.nuary 9640 S -2.8

February 8611

March 9492 W ~3.5

Apnl 9497 Ash Content

May -- Not More Than

June -- 0.14%

July -- Flash Point

August -- 143°C

September 9212 V1SCOSlty 80°

October -- 30 Centistokes

November 9407 0.985 Densny

December 9250 @20°C



SlMFEROPQL POWER PLANT

Laboratorv Instrument PnontV LlSt

1 2 - 011 m water analyzers

2 2 - Gas leak detecton - narural gas and hydrogen

3. 1 - On-lme natural gas calorImeter

4 1 - Condenser tube leak detector

5 1 - Laboratory pH meter

6 2 - Dissolved O2 in feedwater (ORP probes or chemettes)

7 1 - Laboratory 'ltliea (Sl02) analyzer

8. 1 - Analyzer for VanadlUffi in mazut (for gas rurbines)

BOller Instruments PnOrltV List

--

1.

"....

3.

4 - In-sItu oxygen probes for steam boilers

2 - In·SIW oxygen probes for hot water bOllers

3 - Mazut flow meters for all bOIlers supply and return
(2 - 159 x. 8 mm @ lOOoe, 1 - 114 x 6 mm @ 97°C)



CHECKLIST
ThlPROVING COMBUSTION EFFICIENCY

UKRAINIAN POWER PLANTS

The followmg work will be performed at each plant, as a minimum

• Introduction and mformatIon exchange with piant management

• Discussion and presentatIon of the scope of work

• Identify the persons to be assigned for hands-on audit trammg

• Provide trammg and assistance to the team selected on the use of the demonstratIon
portable mstrumentatIon

• Perform audit tests

• Leave behmd the demonstratIon portable mstruments

• Determine physicallocatlOns for installing the statIonary instruments

• Determine locatiOns for instalhng the remote momtonng modules

• Determme physical charactenstIcs related to the locations for the stationary
instruments



IIEPEtIEHh MEPOIIPHHTIlli
ITO ITOBblillEHI1lO 3Cl>cI>EKTIIBHOCTH
ITPOUECCOBrOPEHMHTO~A HA
YKPA.IIHCKI1X 3JIEKTPOCTAHIUIHX.

B KatIeCTBe rrpOrpaMMbI MHHIIMYMa Ha KIDKllOH CTaHUIIII 6y)leT
rrpOH3BelleH CJIenyIOIIlI1n 06'beM pa6oT:

- IIpellcTaBJIeHHe H 06MeH HH<pOpMaulieH C a,ZJ;MIlllliCTpaUHen
CTaHUIIll;

- 06cy)K)leHIIe II rrpen;CTaBJIeHIIe 06'beMa pa60T;

- Ha3HatIeHHe rrepCOHaJIa )l.IDI rrpOBelleHlliI aYllIITa;

- 06YtIeHIIe II rrOMOmb B o6yqeHIIII BbI6paHHoro nepCOHaJIa
no Bonpoca~1 rrpliMeHeHII5I nOpTaTlIBHOrO 060PYllOBaHII5I;

- IIepenatIa ile~lOHCTpaTIIBHororrOpTaTlIBHOrO o6opy)lOBaHII5I;

- OnpeneJIeHUe MeCTa LlJI5I yCTaHOBKlI CTauIIoHapHoro
060pYllOBaHII5I;

- Onpe)le,,'IeHIIe MeCTa LlJI5I yCTaHOBKII JllICTaHUIIOHHbIX
II3MepIITeJIbHbIX MO.nyJIen;

- OrrpeneJIeHIIe <pH3IItIeCKIIX xapcucreplICTIIK 060PYLlOBaHII5I
T3C llJI5I yCTaHOBKII cTaulIoHapHbIX IIpII6opOB;



Sunferopol
02 23 95

SThIFEROPOL POWER PLA.I~T

)<1EASURES AIMED AT EFFECTIVE FUEL UTILIZATION

1. Moderruzanon of furnaces. convectIve gas conduIt (bK3-150-100 cI>btype bOllers) caused
by the change of fuel to gas and mazur.

2 Modernlzatlon of bK-50-90 type steam mrbmes WIth the purpose to esrabl1sh comrolleJ.
heat extraction Re-markmg was performed after the modermzation: the type of the
modermzed mrbmes is T-34/55-90

3 Mastenng and operation of two fT-100·3M type units.

4 Mastenng and operatlOn of two KBfM-IOO type water boilers.

5 Insrallanon and operanon of the H-600 umt

6. RehabllltatlOn of mazm-handlmg faCllmes and constrUct!on and operation of the combmed
fuel pumphom.e.

7 The change of the burner sprayers of the rry-1.2 type to sprayers with diameter 23m.m.

8. RehabllltatlOTI of the burners of bK3-160-100 ~b type bOIlers.

SIgned

-..

Drrector of the Sunferopol Thermal Power Plant

ChIef of the Techrucal Department

Mr. Tchuprmko A. G

Mr. Babltchev V N.



5906-01/Cf2A1APPENDIX/4/18/95

APPENDIXD

List of Contacts Made Dunng Plant Audits



PERSONS MET DURING MEETINGS AT
THE SIMFEROPOL POWER PLANT

1. Alexander Chuprinko
2. Oleg
3. Valery Babichev
4. Alexander Litvinov

5. Alexander Dubinets
6. Sergey KojeVDikov
7. Alexandr Fralov
8. Ludmila Vavilova
9. Alexander Kozelsky

10. Galina KoDStaorinova

11. Olga Valyaeva
12. Alexander Pilganchuk
13. Victor Bashalin
14. Michail Markin
15. Nikolay Keremsev
16. Vladimir Cherkosov
17. Alexander P. Opatko

Director of Simferopol Power Plant
Deputy Director
Chief of Technical Department
Chief of Automatic and Measuring Equipment
Depa:rtmeDt
Chief of Electrical Works
Chief of BoUer and Turbine Works
Deputy Chief of Tecbnica1 Department
Chief of Water Treatment and Chemical Works
DeputY Chief of Heat Generation
Department of KIymenergo
Engineer of Heat GeDeration
Department of Krymcnergo
Chief - Insttumentation and Control
Ecology Engineer, Krymenergo
Chief of Maintenance Department
EugiDeer (Kern)
Engineer (Kern)
Deputy Chief Bngineer, K:rymenergo
Chief Engineer of Power Plant
Chief Engineer, Krymencrgo



-

SIMFEROPOL POWER PLANT

ORGANIZATION STRUCTURE

Managenal Sector

1 DIrector
2. Chief Engmeer
3. Deputy Director for General Affair!!
4 Labor Safety Engmeer
5 ChIef of Personnel Deparnnem
6 Chief of Civil Defense Department
7 Supply Department
8. Technical Department
9 Construction Department
10 Deparrment of Plannmg
11. Bookkeepmg
12. Sernor Clerk

Techrucal and Production Sector

1 Boiler and Turbine Work
2. Gas Turbine Works
3 Elecrnc Works (Including Laboratory)
4 Automatlon and Measurement
5 Water Treatment Works
6. Heat Supply and Underground Lines

Non Productlon Sector

1 Housmg
.2 . Krndergarten
3 Fanmng
4 Dispemary
5 Dmmg Hall (Canteen)
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APPENDIXE

AbbreviatIons and Umt ConverSIons



AC -
amps -
atm -
bar -
BTU -
cfm -
cm -

"cm- =
CO -
CO2 =
DC -
°C =
OF -
OR =
ECO -
eff -
ex air -
ft2 -
ft3 -
Gcal -
GJ -
gph -
gpm -
GWh -
H2 -
H2O -
H2SO4 -
hectare -
hectoliter -
Hg -
hr -
Hz -
J -
kcal -
kg -
Kgcc -
kJ -
km -
kN -
kp -
kPa -
kV -
kVA -
kVAr -
kW -
kWh -

5906-01I02A/ABBRFl4/26/95

ABBREVIATrONS AND UNIT CONVERSIONS

alternating current
amperes
atmosphere = 14.696 pounds per square inch
100,000 pascals = 14.504 pounds per square inch
British thermal urnt
cubic feet per minute
centuneter = 0.3937 inches
square centimeter = 0.155 square Inches
carbon monoXide
carbon dioxide
direct current
degree CelsiusT(°C] = (5/9)*(T(°F] -32)
degree Fahrenhelt
degrees RankineT(OR] = T[OF] + 460
Energy Conservauon Opportumty
efficiency
excess air
square feet
cubic feet
gigacalorie = 1 bllhon calones = 3.968 ml1lion BTU
gigajou1es = 1 billion joules
U.S. gallons per hour
U.S. gallons per minute
gigawatt hours = 1 billion watt hours
hydrogen
water
sulfuric acid
10,000 square meters = 2.471 acres
100 liters = 26.42 U.S. gallons
mercury
hour
hertz = cycles per second
joules
kilocalories = 1 thousand calories = 3.968 BTU
kilogram = 2.2046 pounds
7,000 kcal = 27,776 BTU
Kilojoules = 1 thousand joules = 0.947813 BTU
kilometer = 0.621 mIles
k:ilonewton = 1 thousand newtons
kopec = 11100 ruble
kilo pascals = I thousand pascals = 0.14504 pounds per square inch
kilovolts = 1 thousand volts
kilovolt-amperes
ki10vars = 1 thousand volt-amperes (reactIve)
kilowatt = 1 thousand watts
kilowatt hour = 1 thousand watt hours

1



lbs -
liter -
m -

"')m- -
m3 -
rnA =
MCal -
metnc ton =
mg -
mm =
MJ -
mm -
MPa =
MVA -
MW =
MWh -
NG =
nm -
Nm3 =

NOx -
O2 -
P -
PC =
ppm -
pSi -
psig -
R -
s -
S02 -
sq ft =
Teal -
T -
TPS -
V =
VA -
VARs =
yr -

ABBREVIATIONS AND UNIT CONVERSIONS (Cont'd)

pounds
0.2642 U.S. gallons = 0.03531 cubic feet
meter = 39.37 inches
square meter = 10.76 square feet
cubic meter = 35.31 cubic feet
mIlliampere = 0.001 amperes
megacalorie = 1 million calories
1 thousand kilograms = 1.1023 U.S. tons
milligrams
minute
megajoules
millimeter = 0.03937 inches
1 million pascals = 145.04 pounds per square inch
megavolt-amperes
megawatt = 1 mIllion watts
megawatt hours = 1 million watt hours
natural gas
nanometer
cubic meters at standard conditions of temperature and pressure (200 e
and 1 atmosphere)
nitrogen oxide
oxygen
pressure
personal computer
parts per million
pounds per square inch
pounds per square inch (gauge)
ruble
second
sulfur dioxide
square feet
tetracalorie = 1 trillion calones = 3.968 billion BTU
temperature
Thermal Power Station
volts
volt amps
volt-amps reactive
year

5906-01JWAJABBRFl4/25J95 2
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Letters of Receipt for EqUIpment
Energy AudIt Items Lists
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ENERGY AUDIT ITEMS

POWER PLANT ENERGY SAVINGS

Deaerator vents

Steam Traps

BOller Blowdown

Mazut tanks vents & leaks

Leaks - Steam & feedwater & compressed arr and Nat. gas

BOller leaks - fire box. flue gas ducts

ID fan wear, eff., leakage

FD Fans wear, eff., leakage

AIr heater leakage, ESP leakage, effiCIency if coal

InsulatIOn-boiler, heaters, deaerator, pIpmg, duct work

Generator losses - coolmg system eff. (scale, crud)

Condenser/vac - leakage, coolmg water fouling

ASME Short fonn (heat rate) & PT6 abbreVIated

BOller feed pumps - seals leakage

Valve Stem packmg leaks

Turbine lube oil system - coolmg system (scale, crud)

BOller combustIon - excess aIr, orsat, fuel flow, air flow, temp, press., burners, carbon losses

Electncallosses - transfonners, large motors

DIstnct heatmg water losses (quantIfy)

o IRALLBERGIEVERGY mI



BOITPOCHHK 110 YJIYtruIEHHIO KTIlI CrOPAHHR HA YKPAHHCKI1X
3JIEKTPOCTAHIlIUIX

C'IerrylQmajI pa60Ta 6YlIeT rrpOBelIena Ha Ka}l(llOH H3 3JIeKTpOCTaHUHH. KaK MHHHMyM:

>/<

>/<

>/<

>/<

>/<

>/<

>/<

>/<

>/<

>/<

>/<

*

TIpelICTaBJIeHHe H 06MeH HHCpOpMaUHeii C PYKOBOlICTBOM CTaHUHH

06CY}l(lleHlle H npelICTaBJIeHHe 06beMa pa60T

OueHKa TeXHHlfeCKHX H OpraHH3auHoHHbIX B03MOIKHOcreM

YCTaHOBJIeHHe B03MO:lKHbIX HanpaBJIeHHH COTpYlIHHlfeCTBa

TIo B03MOIKHOCTII OnpelIeJIeHHe nOMOmH Ha MeCTaX

OnpelIeJIeHHe H KOOpmfHHpOBaHHe pa60lferO rpaepHKa

lIHCKyCCHH C nepCOHaJlOM. OTBelfalQUlHM 33 pa60ry CTaHUHH

OnpelIeJIeHHe HaJlHlfHjI cymeCTBylQUlHX HCTOqfiHKOB HHepopMaUHH H lIaHHbIX

OrrpelIeJIeHHe lIaHHhIX ° pa60Te CTaHUHH Ha BceM npOTIDKeHHH ee cymeCTBoBaHHjI

BlI3HT Ha CTaHUHIO IlJUI OnpelIeJIeHHjI Tpe60BaHHH K BhI6paHHoMy

H3MepHTeJIhHOMY 060pylIOBaHHIO:

AHaJlH33TOPhI CrOpaHHH

ClfeTtmKH nOTOKa TOnJIHBa (r33. Heqno IIJIH yrOJIb)

KHCJIOpOlIHble aHaJlH33TOPhI

03HaKOMJIeHHe C cymeCTBYlQmHMH lfepTe>KaMH no Tpy6onpoBOlIaM H

1I3MepHTeJIbHOH TeXHHKe lIJIH OnpelIeJIeUHH MeCTOHaXO)f(lIeHHjI nyHKTOB

MOHHTopllHra

OrrpelIeJIeHHe epH3HlfeCKoro MeCTOnOJIO:lKeHHH lIJIH YCTaHOBKH nepBHlfHoro

3JIeMeHTa

OrrpelIeJIeHHe MeCTOnOJIO>KeHHH lIJIjI YCTaHOBKH lIHCTaHUlloHHhlX MorryJIeA:

MOHIITOPIIHra

ilO1I6op nepCOHaJla lIJIjI o6YQeHliH Ha MeCTax HaBhIKaM npOBelIeHlilO aylIliTa



APPENDIX G

Reference.

1 Plant Audit VISit Tnp Report, October 1994
2 Preliminary Audit Report, December 1994
3 Plant Audit VISit Tnp Report, Team #2, March 1995
4 Follow-up Audit Tnp Report, July-August 1997
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REGIONAL USAID MISSION
FOR

UKRAINE, BELARUSANDMOLDOVA

August ll., 1994

-

-
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TO: Dr.James Osborn
Project Officer
Office of Energy, Environment and Natural Resources

FROM: Andrei Parinov, PDS

SUBJECT: Combined Heat and Power Plants (CRP) Combustion
Efficiency Demonstration Project in~ri~ea~~

__• ..,4.~__ ...

As a result of our recent vis~t to Crimea between August 3-9,
~994 and an opportunity to get familiar with Crimean CHPs'
technlcal problems, Andrei Kononov t engineer/expert of
IDEA!PADCO and I have identified areas for the USAID technical
assista~ce projects In that part of Ukraine.

The proven low-cost method to increase power plants' operational
capabilities and ensure industrial reliability is to equip CHPs
with new, qu~ck response instrumentation that display the
principal combustion process parameters: residual 02, SOx, NOX t

C02/ CO etc. Accurate data enables the adjustment of boiler
operat~ons so as to fire less fuel and increase boiler
efficiency.
These gains in turn lead to reduced emissions and reduced carbcn
release to the atmosphere. Stationary instrumenta~ion and
portable combustion analyzers measuring flue gases are a first
step towards life extension of combined heat and power plants
that are in need of maJor rehabilita~iQn.

In the tr~p report we have tried to explain the major reasons for
accomplishing a combust~on efficiency demonstration project at
Simferopol CHP t the b~ggest and least efficient power plant ~n

Crime.3..
We assume the cost of the demo project would not exceed $100,000.
Hav~ng additional funds ($SO,OOO), ~t could be possible to
provide all the CHPs in Crimea with the portable combustion
analyzers and add~tional instrumentation.

In the trip report we have outl~ned the main spec~ficat~on and
parameters re CHPs' opera~ion. The detailed technical is
available and we can prov~de it any time, when required.
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CRIMEA
ENERGY SECTOR OEVELOPMENT

TRIP REPORT
( August 3-9, 1994 )

Delegat1.on:

~~dre~ Parinov, PDS USAID/Kiev
&~dre1. Kononov, IDEA!PADCO Energy Specialist

Purpose: to investigate ways to improve district heating plants
combustion efficiency ,

Objectives: (1) foster improved management of boiler/plant;;
operations by identifying and impletnent.ing immediately cost
effective "low-cost - no cost n efficiency improvements; (2) ~~
equipment support to implement low-cost options; (3) imp r 0 V' e
monitor:l.ng and energy management; (4) adjust boiler compcne..Tlts to
eliminate power plant impact ( NOx, C02 t CO, SOx) on enviromnenti
(5) provide operation training.

Background

One out of 6 newly-emerged ministries set up in the Republic of
Crimea is the Min~stry of Energy, Fuels and Transport. The min~s~ry

is headed by Mr. Franchuk. Within the Ministry there is a
Department for the power industry, headed by Mr. Dubovenko.
Functl.ons of the recently set up Ministry are not clear at the
moment. Currently, the general superv~sion over the power sec~cr

of the Republic of Crl.mea loS executed by the Ministry of power and
Electrif~cation of Ukraine.

Dur~ng our visit to the Crl.mea we had meetings with the management
of the Crl.meaEnergo Power Productl.on Association, the Dept. Head
for the power ~dustry (Mr. Dubovenko), power plants' direc~ors.

We visited all the major power plants in the region: Sim£ercpol
CHP, Sakskaya CHP (Sak1), Ka~sh-Burunskaya CHP (Kerch) and
Sevastopol CHP.

Energy Sector of the Crimea

CrimeaEnergo (energyproductl.on and distribut~onassocl.atl.on) is l.n
charge of generat~ng electrl.cl.ty + transml.ssion, heat product~on +
distrl.but~on wl.thin the territory of the Crl.mea. Rated outout frc~

power plants is O.4M KW wl.th annual capacity of 0.6 Bl.KWH.
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Electrlcl~Y transm~ssion network of C~imeaEnergo is tied to the
nat~onal grid by 4 h~gh-¥oltaae lines 33Q-220kV ....

Elec<::::icity produced by CrimeaEnergo is hardly sufficient:. for
cover~ng the growlng needs. The necessary portion of ~t ~s belng
imported from the Eastern par~ of Ukra~ne.

Rel~anility of electricity supply with~n ~he C=imea is not posslble
due to the below-mentioned factors.

{l} electricJ.ty transmission lines operate on peak load mode,
stabil~ty limlts are 6-8% instead of 20% required;

(2) eXJ.stence of elderly, small, phys:Lcally' and morally
depreciated power plants;

(3) closure of underbuilt Cr~mean Nuclear power plant;

(4) impossible constr~ction and commlssioning of new powe~

plants due to a lack of approprlate :unds ~n the CrJ.rneaj

(5) l~mits to natural gas supply to the republ:Lc.

In addit~on, power sector suffers from other problems: low tarlffs
for electricity and heat; issue of consumers~ non-payment.

Another factor of concern is a demographic one: mass immigration of
tatar population ( 380,000 officially, over 1M from non-officlal
sources) . As the result of demographic changes the Crimea faces the
problem af electrlcity deficlency. During 1993/94 electricity
consumption increased at 120 MW and tends to exceed up to 600 MW ~n

the near future.

A combination of different factors, i.e. political instabil~ty,

special,attentlon to environment, gas delivery deficiency do not
pave the way to constructioning and commission~ng of new
traditional energy generating capacities. Non-traditlonal sources
0: energy productlon (solar-electr~cpower plants, heat pumps I wind
power towers) are not capable to meet the demands :l.n energy supply.

Tak:l.ng ~nto considerat~ons all the aforementioned factors, the
CrimeaEnergo has worked out the gu~delines for the development of
power sector in the Crimea:

(~) rehabil~tation and upgrading the exist~ng co-generatJ.ng
po-wer plantsi

(2) construction of new power plants and electr~c~t1

d~str~bution l~nes;

(3) modern~zat~on of reactive power controls lO-ll0kVj



- demand-s~de management
lamps) ;

3 --
(product~on of energy $ave~

(5) introduction of new tar~ffs for elect=~c~ty and heat;

(6) energy conservation at res~dential bu~ldings

radiators, thermostat~c valves, heat pumps,
exchangers, heat controllers);

(heat
heal:

-

-

(i) production of new electricity counters;

(8) training of the personnel of the CrimeaEnergo;

(9) equipPl.ng power plants Wl.th portable instruments 0::
pollut~on cont:ol, SF6 leakage in C1rcu~t breakers of
330kVi

(10) equipping power plants with pollution filters and
controls.

Out of four b~ggest power.plants in the Crimea (Simferopol,
Kamish-Burun, SevastopoI and Sakskaya ClIPs). I Simferopol CHP seems
to be of a vital impor~ance tD'the-cr~meaEnergodue to:

(l) political importance: Simferopol CHF is located in t~e

capital of the Crimea, where all government agencies are located;
(2) industry: Simferopol is the biggest and least effectlve

due to agel.ng equipment though has to supply the city with
electr~c~ty and heat;

(3) management: very receptive and anticipate collaborat~ve

work w~th American engineers;
(4) demographic factor: the population has increased

drastically within recent year (new tatar settlements) i
(S) social factor: necessity in reliable electricity+heat

supply;
(6) geographic factor: Simferopol has an airport, whereas

Saki and Kerch do not;

Thus we recommend Simferopol CHP for a demonstration boiler
effic~ency project. Attached are the information re power plants
operation parameters and necessary equ~pment specification.
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Table 1. Biggest co-generating power plants in the Crimea

SJ.mferopol Kamish- Sevastopol Sakskaya
Plant Burunskaya.

(1959) (1950) (1933) (1950)

Out"Ollt 100 MW :30 MW 55MW 12MW
(ele~tric) (2 x 50 MW) (2x12+ 6MW)

Boilers 3 4 6 1 I 3
I

Boiler 180 t/hr 80 t./hr 75 t/hr 75 t/hr
capacity

Turbines 2 3 3 2

Heat cap. 12,OOOm3/hr 4 / 300 m.3/hr 10 / 000m3/hr 1/00Om3/hr

Heat dist 90 m3/hr 100 m3/hr 40 m3/hr 30 m3/hr

Fuel/year 156,500,000 - 110,000,000 38,500 t
gas m3 m3 spec. fuel

Fuel/year 29 t 150 t 24,200 t 55,000 t 6,080 t
fuel oil spec. fuel

Fuel/year - 96,100 t - -
coal

Smoke
chimneys 1 1 6 1

Heat
capacity 150 100 - -
GCal/Hr

Fuel cons 356 184.9 490 174
g/kWHr

Fuel cons 165 191 180 173
kg/GCal
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Table 2. Instrumentation necessary for ~he boiler ef=ic~ency

d~onstration project

* Co-generating
power plant CA SWC FM FHV CC

1. Simferopol 3 3 1+3 1 -

2. Kamish- 4 4 1+4 I :!. 4
Burunskaya I

3 • Sevaatopol 6 6 1+6 1 -
4. Sakskaya 3 3 1+3

,
1 - I

Abbreviation:

C~ - Portable Combustion Analyzer

SWC- Steam and Water Quality Controls

FM - Fuel Meter

FHV- Fuel Heat Value (instrument)

CC - Carbon Content (in the furnace)

TCITAL p O~ .,..~
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- ~ETING NOTES

Tuesday. 20 September 1994

Ukraine Ministry of EnergJ and Electrification
State Scientific Research and Design Institute

of Alternative Energy

Subject:

Attendees:

Status of Pre~ent Development

Dr. VIctor G. Slulga, Director (KIev) Td. 011-7044-221-4604
Dr Victor D Bllodld, Sr Research Associate. Chief Project DesIgner

Peter Goldbmnner. ProJect Manager. Burns and Roe Company
John E Hallberg, Sr Mechamcal Engmeer, Burns and Roe Company

Discussion:

We were gIven a summary at eXIStmg projects In the Ukraine for development of alternatIve
energy technologle~ for offsettlIlg the dependence on expensIve namral gas from RussIa and the
dechne of Ukrame coal quallty and reserves

• 4 - WECX - 100 KW Wind Energy ConversIOn
u.s. Wmd Power - 87% Ukrame ownerstup
BUIlt enurely In Ukrame under lIcense

• L'VIV - 4200 m well. 210°C (410"F)

• Chimea - 80 KIn N of KIev. 5 MW thennal for Greenhouses

• Crlmea - 3 wells 1-1/2 - 2 KIn deep. 50 -Iooe
Ten projects usmg heat

• Luhanska Resk Power Plant - feedwater heater repowenng With 115 Q C geothennal bnne

SHPOCK. General Manager of Krunenergo directed a feasIbility study ill 1993 prepared by
people WIth no expenence III geothermal presentmg cautIouS results

Def111.itlon of geothermal resources 1ll the Crunea IS secondary data as a result or many wel1~

dnlled "earchmg for oil and gd<., The ln~tltute of Geology and G~ochemlstry m L'VIV IS the
pnnclpal geothermal lIlstltute III the Ukrame

D J!llLLBI:RG'CRiMEA



_ Ukraine Ministry of Energy and Electrification
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It is e"tunated that 40% of the heatmg need~ of CrImea could be provIded from 40-50c C hot
water wells. Existmg geothennal wells presently dIsplace 2-1/2 rmllion tons eqUlvalent oil pter
year They are presently working With several forelgn firms on heatIng projects Current
payback period for heat is 4-5 years. Payhack for greenhouses growmg strawbenes IS less than
one y~ar

They have been workmg WIth Ormar to tlJ to uevelop a Jomt venture for bUlld11lg the Onnat
hinary turbine in one ot the three Ukrame rurbme factones.

1l1ey 'Wanted to learn more about V.S technology and manufacturers l11vo!ved in geothermal
Followmg are a few U.S.A. sources of informatIon

• Barber Nichols - blllary turbmes
• Mafi Trench - bm...1.ry mrbl11es
• Atlas Copea - binary turbmes
• Elliott - geothermal steam turbmes
• Geothennex - Subrr Sany!. GeologIst
• Thermochem - Paul Hirtz, GeochemIst
• Geothermal Resources Councli

Followmg are a few geothermal plants we are tarmllar WIll and have worked on.

• COSO - China Lake. CalIfOrnIa
• Brady Hot Springs. CalIfonna
• Cerro Prie[o, MexIco
• Mantaro, MeXiCO

• Los Humeros. MeXiCO

• Steamboat Springs, Nevada
• Impenal Valley. CalIfornia
• Vale, Oregon

We could not ofter them any future aSSlst-ance because alternative energy technology is not In

scope of combustlon effICIency
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ALTER.~ATIVE ENERGY CALIFOR..'ilA

Geothennal - COSO, Impenal Valley, Geysers

• Wmd Power ~ Palm Sprmgs. etc

• Energy Storage - Many exarnpkt>

• Garbage Power - City of Commerce (FW Mass Burn)

• LandtJ.11 Gas - Puente Hills. 50 M:W

• Solar Power - Luz (Rr 395)

• FlUIdized Beel - Trona, Mecca, etc. (Pyropower, ABB-CE)

• Coal Gasification - Coolwater StatIon (Texaco & GE)

• Methane - Cow Manure - Gntano, Rancho Cucamonga IFertthzer ProductIon and CO~

for Greenhouse)

Biorecyclmg Technologies Inc.
6101 Cherry Avenue
Fontana. CA 92336
Tel. 909-899-2982
Fax. 909-899-9519
JlIl1 Hamamoto
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TRIP REPORT

1.1 IntroductIon

USAID/ENI retamed Burns and Roe Enterpnses, Inc. (BREI) to perform plant audIt VISItS to
seven Ukramian Thermal Power Plants (TES).

The obJectlve of these audit visIts IS to Improve the combustIOn efficIency of the UkraIman
Power Plants.

Burns and roe performed the plant audit VISItS dunng a Feb 6--Mar 11 tnp to the UkraIne In
accordance WIth the Delivery Order objectlves. The followmg report descnbes the activitleS of
Team #2 (John E. Hallberg, P.E. and Prem Gupta), which vIsIted Odessa CHP plant,
Simferopol CHP plant, Knvoi Rog TPP and Burshtyn TPP. A report descnbing the activitIes
of Team #1 (Selisett Corban, P.E. and George Keller, P.E.) whIch VISIted Kourakhovska,
Uglegorsk and ZmIev TES was issued separately.

1.2 Work Plan

The followmg work was planned for each plant audit VISIt:

• Perform introduction and informatiOn exchange with the plant management.

• Discuss and present scope of the work.

• IdentIfy personnel to be assigned for hands-on audit trammg.

• ProvIde trammg and aSSIstance to the team selected for the use of the
demonstratIOn portable InstrumentatiOn.

• Perform audit tests.

• Turn over the demonstration portable Instrumentation to the plant management
and sign the papers.

• Determine best location for mstalhng statIonary mstruments.

• Determme best location for InstallIng receIver Instruments.

• Define process and envIronmental COndItIOnS as well as length of the cable runs.
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1.3 Trip Report and Findings

1.3.1 Mon. and Tue.. Feb. 6-7. 1995 - Travel to Kiev.

Feb. 8 through Feb 15. 1995 - In Kiev.

The followmg actlvltles took place during this tlme:

• Meetmgs and introductIOns at the office of USAID/Ukrame MIssion WIth Dr
Osborn and Andrei Pannov of USAID/KIEV.

• Meet10gs and mtroductions at the office of IDEA/KIEV With Danan DaIchok and
hIS staff.

• Arrangements for expediting delivery of USAID eqUIpment from USA to KIev

• Arrangements for custom clearance.

• Arrangements for delivery of USAID equipment to the office of IDEA/KIEV

• Arrangements for safekeepmg of USAID eqUIpment.

• Inspection and check-out of the arnved USAID equipment.

• Powenng up and installation of the software programs for seven TI computers.

• Dry run with nine portable analyzers.

• Local procurement of the mIssmg accessones.

• Arrangements for reliable vehIcles, translators and safe travel 10 UkraIne.

1.3.2 Thurs. Feb. 16. 1995 - Travel to Odessaenergo - Odessa CHP Plant

Feb. 17 through Feb 21. 1995 - In Odessa CHP Plant

On Feb. 7, we went to the plant with messrs Andrew Pannov (USAID), Andryl Kononov and
Vitali Plotmkov (IDEA) and met wIth George VUkOZlCh, the plant dIrector. We worked m the
dIrectors office settmg up the equipment, demonstratmg Its use and dlscussmg the program for
combustIon efficIency.

On Feb. 18 we spent some tIme lettIng the two selected engmeers practIce settmg up the Enerac
CombustIon Analyzer and gomg through the functlons. We then went to the bolier house to run
some tests. We set up at the crossover to the convectlon pass near the extractIOn pomt for the
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eXIstmg oxygen analyzers on power steam bOIler 5 - left sIde. The bOIlers were burnIng natural
gas. We took two samples on the left sIde, then took one sample on the nght sIde and got off
the bOIler when the reading showed carbon monoxIde went over range WIth excess aIr reading
mOVIng between 0 and 2 percent. We were Informed that the FD fan on the nght SIde was not
operaung because of breakdown. The plant ImmedIately reduced load on thIS bOIler.

We ran three tests on the left side of boiler No.7. The combustIOn effiCIency was faIr but could
be Improved by reducIng excess aIr.

We continued our discussions WIth the engIneers requestIng InfOrmatIOn and data reqUIred for
our audit report and planning our work for Monday

On Feb. 20, we met WIth the Chief of the laboratory, Antomna Ogorodnikova to gather data and
Informauon on natural gas and mazut. We obtaIned test data for 1994 gIVIng monthly average,
maxImum and mInimUm heat contents in KJoules/Nm3 and Kcal/Nm3 WIth total gas consumptIOn
by month in mIllion Nm3 and corresponding pnCIng. It appears that Odessaenergo IS beIng sold
short by an average 115 Kcal/Nm3 by Gasprom. ThIS IS why they place such a hIgh pnonty In
obtaImng an online recording calonmeter to prove the delIvery of gas.

We went to the offslte hot water peaker bOIlers (3) and steam bOIlers (2) to look at locatlons to
put In-SItU oxygen probes and locate flow meters for mazut and get measurements. the aSSIgned
engmeers were also made famIliar WIth the operatlon of "Heat Spy" and Fluke harmOniC
analyzer.

Past noon we took the combustion analyzer to get more test data on bOIlers No. 5 and 7, except
this ume at the LD. fans. One test was made on each SIde of boIler No.7. The oxygen and
excess air readings were very high, partly due to aIr leakage from the air heaters. We discussed
the readings with the Chief Engineer of the power plant Oleg Yarotskiy and bOIler expert from
Odessaenergo Nicolai Marenkov. They agreed to make a slIght adjustment to reduce excess aIr
to tune the bOIler and we took addluonal readIngs. The results were SIgnificant, proVing to the
engIneers the value of thIS Instrument for saymg fuel.

We returned to the DIrector's office to gather the remaImng mformatIon from the plant. We
were given copies of bOIler control diagrams, dimenSIOns for cable runs for oxygen analyzers,
etc. We also were given a letter of receIpt for the eqUIpment gIven to them. The engIneers WIll
proVIde additional test runs for our use.

1.3.3 Tuesdav. Feb. 21. 1995 - Travel to Krymenergo - Simferopol CHP Plant

Feb 21 through Feb 24 - In Simferopol CHP Plant

On Feb. 21 evemng we arnved at the power plant The plant DIrector Alexander Chupnnko
and Deputy Director Oleg greeted us. He gave a bnef descnptlon of the power plant. Andryl
Kononov and VItali Plotmkov met us and made IntroductIOns.
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On Feb. 22, we brought the equipment to the Deputy DIrector's office. Three representatIve
engIneers from Crimenergo as well as many engineers from the power plant staff were present.
Andryl Kononov gave an Introduction on the purpose of the combustion efficIency program by
USAID. We then gave a bnef descnptIOn of our scope of work and handed out copIes of the
checklist "ImproVing CombustIon EfficIency" in RUSSIan language. We also proVIded a lIst of
Information required for preparing our audIt report.

We set up all of the instruments and demonstrated the functIons and operation of the Enerac
CombustIon Analyzer. By noon we brought the analyzer to the boIler house and took tests at
nght and left SIde of No.1 steam bOIler near the extractlon POints for exisnng oxygen analyzer
The two extractIOn pIpes connect to a common shunt pIpe to the LD. fan suctIOn. A Single
extractIve type paramagnetIc oxygen analyzer pulls a sample below the mtersectIOn of the two
pIpes. The Enerac indicated the same concentratIon as the eXIStIng analyzer, WhIch was
calibrated In January 1995, is installed on the newest bOIler and the operators feel confident In
its accuracy. A second set of tests were taken at the LD. fan Inlet.

The operators were requested to slightly close the FD fan Inlet vane damper to reduce the
amount of excess air. This test showed 0.1 % mcrease In bOIler effiCIency, a 0.8% reductIOn
in oxygen, a 0.4% Increase m carbon diOXIde and a 8% reductIOn in excess aIr.

We made a tour of the turbine building and the gas turbines and returned to the Deputy
Director's office to discuss the mformatIon we reqUIred, and to learn more about the power
plant. We were given a descnptIon of the plant water systems. They gave us copIes of bOIler
control diagrams.

On Feb. 23, we went to the hot water boilers to take combustIOn tests. No.1 boiler was shut
down and No.2 boIler was operating full load on natural gas. These boilers burn only mazut
during WInter when natural gas is curtaIled to supply domestic use. We could not find a good
sampling pomt before the convection backpass, so we took flue gas samples from a sample pomt
ahead of the Lb. fans. The sample pIpe was too small to Insert the Enerac probe to get stack
temperature. A hose was used to connect the probe to the sample pIpe. Therefore, the
effiCIency numbers are not valid. Four tests, two before and two after reducing excess aIr
showed some impressive results. Carbon monOXIde can be reduced by further tunmg of burner
regIsters and fan dampers to improve turbulence in the furnace.

We opened the rear wall access door on No. I boller at the upper backpass to determIne a good
locauon for a single oxygen probe, heater and calibratIon umt. Two tubes WIll have to be
bumped to make an opemng for the oxygen probe. The plant engIneers didn't have any problem
With dOIng thIS. Gas temperature IS about 800C.
We obtaIned SIzes, temperatures and flow rates for mazut flow meters. There are four hot water
supply, four hot water return lines to distnct heating and two mdustnal steam supply lines with
no condensate returns. They do not have any problems measunng these flow rates.

We met With LudmIlla Lavilla, the ChIef of the water treatment and chemIcal laboratory to
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dISCUSS analytical mstrumentation pnonnes and specificanons for the power plant. Makeup
water for the power plant comes from the Simferopol reservOIr. The water is lime softened in
clanfiers, from whIch the water flows to two treatment plants consIstmg of anthracite filters.
acnvated carbon filters and two stages of sodium form cation exchange softeners.

Softened water is supplied to the cooling towers~ bOIlers, and distnct heatmg system. They have
had serious problems of organIC fouling of canon resms due to 011 breakthrough from the
acnvated carbon filters. The hydrocarbon carryover goes wIth the feedwater to the bOIlers and
results in carbonaceous deposits in the superheater tubes, resulting m reduced heat transfer,
increased fuel consumptIon when steam temperature drops, hot spots on tubes and pOSSIble tube
ruptures. TheIr most urgent need is to obtain two oil in water analyzers to detect hydrocarbon
breakthrough from the two acnvated carbon trains for cleamng and reactivanng the carbon

Another very hIgh pnonty instrument need by the power plant is an online natural gas
calonmeter to certIfy the delivery of gas from Gasprom, RUSSIa. We were given data for 1994
of laboratory tests showmg the heat content of gas actually delivered bemg lower on average
than the gas heat content the power plant was paYing for Although this analyzer does not
contnbute dIrectly to reducmg energy consumption, It WIll prove the loss of thousands of dollars
each year of energy paId for but not receIved.

Later we receIved copies of gas and mazut data for consumptIOn and pricing, and a letter of
receIpt for the eqUIpment. The engmeers said they would use the Enerac combustIOn analyzer
to do tumng of the bOilers over the next week and send us the results.

We met with the ChIef Engmeer of Krimenergo, Alexander P. Opatko. We discussed a broad
range of subjects regarding the plans and projects for energy development in the Cnmea. He
placed major emphasis on the recent Ukrame PresIdentIal Decree for development of alternanve
energy technologIes, which Cnmea, like CalifornIa, has a rich potentIal. As a result of the
extenSIve drilling program over the past ten years explonng for gas and oil, geothermal
resources have 'been discovered which could proVIde up to 40 % of Cnmea heanng needs. He
IS very much Interested In our expenence In geothermal technology and would like to develop
greater U.S. cooperatIOn in engmeenng, development and eqUIpment. He also would lIke to

learn more about other mature U.S. alternate technologIes such as refuse burning, Wind power.
energy storage and solar.

On Feb. 24, the plant engmeers were using the combustIon analyzer on theIr own taking tests
and tumng the bOIlers. We spent the day m dISCUSSIOns WIth the Deputy Director reviewmg the
mformatIon we receIved, gettmg clanficatlons and translatlons of some terms.

1.3.4 Saturday, Feb. 25. 1995 - Travel to Dmproenergo-KnvOl Rag Power Plant

We met the Director, Deputy Director, Plant ChIef Engineer and the Chief Engmeer of
Knmeaenergo before departmg for Dmproenergo-KnvOl Rog Power Plant. The ChIef Engmeer
of Knmeaenergo agaIn emphaSIzed the hope for future cooperatlon on alternatIve energy
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technology and requested informatton, brochures and qualificauons.

Feb. 26 Through March I - In KrivOl Rog Power Plant

On Feb. 27, we brought the equipment to the power plant and set It up m the archIves lIbrary.
We then went to meet the DIrector Valeriy Chebotar and the Chief Engmeer Vladimer Ludekof
and gave a brief mtroductIOn and descnpuon of the mstruments we brought for them and
presentauon of our scope of work. The Director gave a descnption of the power plant. The
Director and Chief EngIneer then came with us to the library to look at the Instruments. They
then called for specialists to come meet WIth us.

We first met WIth Vadim Necrnsov, Chief of water treatment and chemIcal laboratory and
Svetlana Kikohonkova, Engmeer - chemIcal laboratory. We dISCUSSed bOIler water chemIstry
and fuel analyses and requested data on coal, mazut and natural gas.The most cntical need IS
for online momtonng of oxygen m feedwater and SIlIca (SiOl) after the demmeralizer for
makeup to the condensers. Each umt has a condensate polisher. They also expressed a cnucal
need for an online natural gas calonmeter measuring KcaI/Kg and Sp. G. and a laboratory
calonmeter for measuring coal and mazut heaung value m Kcal/Kg.

We were then introduced to the boiler engineers and electncal engIneers who would be
responsIble for the instruments we brought.

We demonstrated the functions and operation of the Enerac and let the two asSIgned engmeers
practice usmg the instrument. We were gIven monthly data for 1994 consumptIOn and pnces
of coal, gas and mazut.

HHV of TP coal, mazut and Russian natural gas was calculated and programmed mto the Enerac
WIth the Texas Instrument computer. We then went to No.5 block nght boller (TPP-21OA) to
take some tests. We tned to get a sample at the convection backpass (about elev. 26000) where
the eXIstmg oxygen analyzer extractIon pomt IS located. ThIS locatIon IS between the backpass
and furnace above the three back burners. The engmeer tned to msert the probe mto a sample
port, but It hIt somethIng and would not go through.

We went back to No.5 umt and took four good tests, one each through the center thermocouple
insertIon POInt ahead of each regeneratIve air heater.

During dinner meetmg, Dr. Osborne (USAID) asked why the CIS has not used Enerac type
analyzer before, to the DIrector and Chief Engmeer. They explamed that the former SOVIet
Umon did not have the advanced manufactunng capabIlltleS to make thIS kind of computenzed
analyzer. We explamed that it is only in the past few years that the state-of-the-art
electrochemIcal specIfic gas sensors have been developed m the U.S. and Europe and that the
Enerac IS presently the most advanced U.S. made analyzer which IS computer programmable.
Up to thIS tIme the Orsat flue gas analyzer has been the most accurate method for testmg flue
gas composltlon by volume for CO, 02' CO2, and N2 by dIfference. The disadvantage In It's
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use is that It takes a lot of tIme to set up and use, and the operator has to be expenenced and
constantly practIce 10 order to get accurate readings.

On March 1, we met wIth the ChIef Engmeer, his assIstant and the two bOIler engmeers to
discuss the combustion efficIency test results and other Items. Mr. Ken Carlson, BRC Project
DIrector from Washmgton, D.C. was present at thIS meetmg. The Chief Engmeer seemed to
be Impressed at the readings shown on the Enerac pnntout from the previous afternoon's tests.
Consldenng the quality of coal bemg burned and less than full load at 225 MW, the test results
were good, mdicating that the boilers were performmg well. He noticed the hIgher flue gas
temperature from the left furnace burning 15% natural gas (323,319C) vs. the nght furnace
burn10g 5% natural gas (303,304C). He recogmzed that Improvement in performance can be
made because of unburned combustlble and carbon monoxIde levels, where carbon dIOXIde levels
could 10crease closer to the ultlmate level for perfect combustIOn. They made several copIes of
the Enerac pnntouts for the engmeers to have.

We were told that UOlt 5 was reconstructed about five years ago. UnIt 6 IS presently
disassembled and undergomg reconstruction after five years of operation. There IS a lot of
fireSIde deposits on furnace wall tubes and convectIon backpass tubes which results In loss of
boiler efficiency. There IS a lot of concern about ash slaggmg on the superheaters and reheaters
from the different coals they receive, and they would like to get a laboratory instrument for
determming ash fUSIOn temperature to determIne slaggmg charactenstlcs and thus have better
control over the fuel mIX and boiler operation.

Because of a shortage of mazut, they presently use natural gas for flame stabillzmg. They
presently get coal from Donetsk, Lugansk and Kuznetsk fields. The coal is receIved at two car
dumpers, sent to the fuel yard and mIxed WIth dozers. From the reclaim the coal goes to the
mills and it cannot be determined what kind of coal or charactenstIcs goes to the bOIlers. Up
to five times a day the fuel charactenstIcs gomg to the bOIlers could change. There is usually
about a four hour lead tIme because of holdup time In hoppers.

They could see the advantages of having nu~lear dual gamma ash gage on the coal conveyors
gomg to the bOIlers. This Instrument could gIve real tIme readouts of percentage ash and
mOIsture, which would allow the operators to choose the mode of operanon of bOIlers to adjust
for changes In mOIsture, ash content and volatlles. However, they are concerned about the cost,
would much prefer to have laboratory Instruments to determine proximate analyses (fixed
carbon, volatIles, ash, moisture), heatIng value and ash fUSIOn temperature. If they can register
these Instruments with the National StandardIzatIOn CommIttee, they WIll be able to test coal
dellvenes and issue chums to suppliers for defiCIencIes In quality.

They urgently need an online gas calonmeter because they are be10g shorted on heat content by
Gasprom. Their laboratory calonmeter IS not commercIal (certIfied), the tests are not contInUOUS
so they cannot make a clatm for credits. We were gIven test results for monthly averages for
1994 as well as gas consumptIOn.
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We discussed the possibility of installing m-situ Zircomum oxide oxygen probes on at least one
unit, two furnaces, two per furnace, four requIred. If so, they would prefer mstalling at same
locatIon as eXIstmg extractIon points to be able to compare WIth RusSIan made extractIve type
oxygen analyzer. Maintenance, calibratIOn and accuracy for eXIstmg analyzers IS very good and
operators have hIgh confidence in the readings. They would rather see the money spent on other
hIgher pnonty mstruments they need. We discussed the possIbIlity of usmg mfrared (lR) type
carbon .'?ioxide analyzers m addItion to the eXlstmg oxygen analyzers.

We obtamed lme SIzes and design informatIon for specIfymg somc flow meters for two supply
and two return mazut lines servmg the bOIlers. We talked about the possIbIlIty of usmg the
pulvenzed coal feeders to measure revolutIOns with counter switches and summmg to measure
fuel feed to bOIlers. The engmeers think there would be 20-25% error due to wear and spacmg
of feeder plates. This Idea needs to be further explored.

The electncal engmeer found the heat spy so useful m the first day of use that the chIef engmeer
would like to obtam a second one. The electncal engmeer found some hot spots on generator
buses and some hot contacts on sWItchgear and they were gomg to Immediately take actIOn to
do maintenance. Also. he WIll put the power analyzer to use to look for transmISSIOn and
SWItchyard problems and he will run tests on fan and pump motors to check the motor
efficienCIes and the pump and fans performance.

The chief engmeer asked If we knew of analytlcal mstrumentatIOn for performmg waveform
analySIS to determme vibration harmonics in balancmg turbme generators. They do not have the
technology to balance rotors adequately after overhaul and repairs, and have sustained large
economIC losses to maintenance and operatIOn from damage to bearmgs and blading. We Said
we would get them informatlOn on portable Founer waveform harmomc analyzers and orbIt
vector plotters with aSSOCiated computer interface eqUIpment, transducers. fittmgs, cables, etc.

They also want to learn about U.S. technology for Identlfymg hidden cracks m weld Joints m
complex shapes and sectlOns m supercnticaI steam servIce. They have dye penetrant, mag
partIcle, ultrasomc and X-ray NDT, but theIr X-ray eqUIpment does not have the needed energy
level film resolutIOn.

For the Enerac combustlOn analyzer, they Said It would be difficult to obtaln the necessary
specificatIon calIbratIon gases of good quality and would prefer to have the calibratlon gas kIt
prOVIded. ThIS IS an actIon Item, to determme If these gases can be obtamed m Kiev to
specificatIon and furnIshed to the power plants. It IS necessary to calibrate the analyzer about
every three to four months.

If m-situ oxygen analyzers are proVIded, it IS necessary to furnIsh S.S. tubmg smce It IS very
difficult to obtaln. They also need the necessary lengths of tWIsted WIre. and mterconnectmg
cables.
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1.3.5 Thursday. March 2 - travel to LVIvenergo - Burshtyn Power Plant

March 3 through March 7 - In Burshtyn Power Plant

On March 3, we met wIth the ChIef Engmeer of the Power Plant. The chief engmeer then
called In a group of engmeers and specIalists. We presented our plan and explaIned the scope
of work. We then had all the equipment brought mto the chIef engmeer's office and we set It
up and showed it to the specialists.

At noon we met Dr. Osborne and Andrew Pannov (USAID), Danan Diachok, and AndreI
Kononov (IDEA) for a few minutes to gIve a status on successes of the three prevlOus plant
VIsits.

We tramed the two aSSIgned boiler engineers for operatlOn of the Enerac. We asked for analyses
of the coals bemg burnt m the plant.

On March 4, we met WIth Orest DanIluk, Deputy DIrector. He sald one of theIr bIggest
problems is losmg their techmcal speCIalIstS. Many of the engmeers have gone on to work m
foreIgn countries or gone mto positlOns in mlmstnes or government. The present Director m
the Ministry of Energy Vilen Semenuk was formerly ChIef Engmeer at Burshtyn and the present
ChIef Engineer of LVlvenergo Stephan Melmr was also Chief Engineer at Burshtyn.

On March 6, we were given the analysis for Polsky coal. We calculated the higher heatmg
value (HHV) and programmed the Enerac. We then went to Umt (block) No.4 to run tests.
These umts have the dual block Taganrog TP-lOO (two bOIlers per turbine) T-type bOIlers. We
took four flue gas samples at the same locatlons where the eXIstmg RUSSIan extractlve type
analyzers are connected. Therefore, the "stack" temperature readmgs are not correct, resultmg
in invalid efficiency calculatlon results. However, the flue gas constItuent values are directly
measured, except CO2 which IS calculated based on fuel analySIS and the measured oxygen
content. This 200 MW rated urnt was burnmg about 95 % Polsky coal Wlth about 5 % gas at a
maxImum derated output of 165 MW. The Enerac readmgs for oxygen corresponded very close
to the oxygen readings from the eXIsting RUSSIan analyzers.

The operators felt quite confident in the O2 analyzer readings, however, the instruments have
to be routlnely maintaIned and calibrated. We then took flue gas samples at the two I.D. fans
to compare reading to see how much leakage there was from the alr heaters. ThIS umt had the
Ljungstrom regeneratlve aIr heaters replaced wIth tubular air heaters dunng reconstructIOn.
However, all the readings, mcludmg oxygen and excess aIr, mdicated sIgmficant aIr mleakage.
probably most from ductwork and precipItator leaks.

We then went to Block 5 bOIlers and took flue gas samples at the same extraction points as the
eXIStIng oxygen analyzers. These bOIlers were burnmg 60% natural gas and 40% mazut. at
95 MW load and reduced steam pressure and temperature. The oxygen levels were high due
to somewhat hIgh excess alr. The hIgh oxygen readmgs correlated WIth the control room
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readings from the existing extracuve oxygen analyzers.

We met with Nikolai Kobyev, Deputy Chief Engmeers for reconstruction and Development, to
dISCUSS the pnonties for instrumentatIOn needs as IdentIfied during prevlOus tnp. The same
Issue about natural gas heat content at other power plants was raIsed and we were gIven data for
1994 shOWing the Gasprom values and Burshtyn laboratory values. The data mdlcates that they
are not receIVing the fuel energy that they are paYing for. Although an on-line gas calonmeter
does not contribute directly to Improvmg "combustIOn" effiCIency, it may be a tool for recordmg
actual gas energy consumptIOn and reduCtIon of payments for Imported gas.

We talked about the problem of the existing extractIve oxygen analyzers requinng so much
malntenance and calibratlon. Because of a prevIOUS discovery that the shunt line from backpass
to LD. fan was filled WIth acidic sludge, and fouled the analyzers, we suggested to Nickolat that
maybe two couplings could be welded on the shunt line bend near the backpass to Inject steam
to flush the sludge In the pIpe by hIgh velocIty into the backpass to clear the holes In the pIpe,
and to the LD. fan duct connectlOn. They should disconnect the sample hose to analyzer before
flushing the line. NIColai thinks thIS is a good Idea and Said they wIll try thIS on one bOIler
He thinks that instead of buymg new in-SItU oxygen analyzers, the money can be better spent
on more Important and useful Instruments. They have receIved four of new Improved but
SImIlar deSIgn analyzers manufactured In Kiev, whIch WIll be Installed on Umt 3 whIch IS
presently under reconstructlon.

On March 7, we again met with NICkoiai to contmue our discussIons on pnorities of necessary
instruments. We talked about a possible way to measure pulvenzed coal feed from the bunkers
to the burners by countlng revolutions of the rotory feeders and totalIzmg electronically since
these are volumetnc feeders. Since the rotary plates wear over tIme, the questlOn is of how
much the accuracy would deteriorate over time. Nicolai thought thIS mIght be a good Idea to
look mto further, and would be a lot less expenSIve than putting weIght transducers on the two
belt feeders from the raw coal bunkers to the pulvenzers.

NickolaI was the person who dunng our last tnp asked about an ash gauge. We showed hIm
the literature form the three manufacturers of the dual gamma nuclear gauges and the budget
pncmg. He descnbed theIr eXIStIng sarnphng and analySIS system and procedures.

In 1994 they paid 2.2 bIllion KRB ($24,000) In fines for emIssions based on the delivery
analyses of sulfur in coal and mazut and then calculating 502 and 503 concentratlOns In mass
flow of flue gas based on boIler loads. The calculated results are only educated estImates at best
based on the accuracy of sulfur contents vanatIons over ume and estImates of the tons of coal
burned. They have a ZeIgler CEM mstalled for No.3 stack (Umts 1, 4, 9, 10, 11, 12) WhICh
was purchased by the Mmistry In U.S.A. and Installed by MLV, an Austnan company, and the
power plant paid for It. They cannot use It now because they need about $4000 to $6000 to

purchase calibrauon gases and pay for renewal of the servIce contract. They also have a one
year old German manufacture IMR combustlOn analyzer sImtlar to the Enerac, except
conforming to European standards using the Selgert equatIon. They need a new oxygen sensor,
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which typICally for all electro-chemical oxygen cells last about one year. They also need the
special calibrauon gases and service on the analyzer.

They also placed a hIgh priority on gettIng better level gauges on four maIn mazut storage tanks
to measure delivenes and consumptIon of mazut. The present level instruments are pressure
transducers near tank bottom, indIcating level based on heIght and densIty of liquid. The gauges
are not very accurate due to vanations of densIty of mazut and water content and pluggmg of
the tank nozzles with crud.

New ultrasonic level Instruments would provIde accurate level readings, and are not that
expensive.

They found the heat spy to be so useful that they would like to obtaIn a second instrument to be
used by theIr electncal maintenance engmeers to locate hot spots in switchgear contacts,
transformers, motors and generators. They also asked about vacuum leak detector
instrumentatIon and techniques for IdentifyIng and locatIng condenser vacuum leaks.

1.3.6 On March 8, we left Bursktyn for KIev. On March 9, debnefing was held with Dr.
Osborne, Danan Diachok, Andrew Pannov and Andryl Kononov, and Tom Kerney of the World
Bank, to partIcipate in completion of filmmg of a TV documentary on the USAID and World
Bank roles in the Ukrame energy program.
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TRIP REPORT
Delivery Order No 6 - Energy Efficiency and ReliabilIty, Ukraine

Subtask 2.3 - Implementation Phase (Follow-up VISit)
July 21 to August 9,1997

INTRODUCTION
USAID has provided funds for Burns and Roe Enterpnses, Inc to procure and supply
energy efficiency Instruments and perform plant audit VISitS at seven Ukrainian Thermal
Power Plants. The objective of these VISitS has been to Improve combustion and bOIler
effiCienCies, Improve mOnltonng and energy management

Dunng February - March of 1995, each plant was provided with an Enerac combustion
analyzer, a laptop computer and pnnter, an Infrared thermometer and a Fluke power
analyzer

Burns and Roe engineers conducted follow-up VISits and training dunng July 22 - August
16 in Ukraine In accordance with the Delivery Order objectives The following report
descnbes the activities of John E Hallberg, P E and Alexander Fillppov who vIsited KnvOl
Rog TPP, Simferopol CHP Plant, Odessa CHP Plant and Burshtyn TPP A report
descnblng the actiVities of George Keller, P E who vIsited Zmlev, Uglegorsk and
Kourakhovska Power Plants IS Issued separately

WORK PLAN
For each power plant
1 Review the steps taken by the plant for Implementation of recommendations and

assist in completion
2 PrOVide additional training and assistance on Installation and use of the eqUipment
3 Refine and finalIze the audit report and the recommendations for short and long

term actions based on follow-up diSCUSSions with power plant personnel and minor
additional audit work, If necessary.

4 Measure actual energy savings based on audit recommendations and eqUipment
installation, If measurements are not pOSSible, estimate and provide the rationale
of the method that IS used for estimation

TRIP REPORT AND RESULTS
Mon & Tue. July 21-22. 1997 - Travel to Kiev, Ukraine
Wed. July 23, 1997 - Travel to Knvol Rog (Zelenodolsk)
Thr & Fn. July 24-25. 1997 - In Knvol/Rog TPP

PERSONS MET DURING MEETINGS
Vladimir F Soroka - Chief Engineer (new)
Peter Solovey - Chief of Maintenance Department
RJabokon Nlkolay - Deputy Chief of Automation
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Vladimir Pachura - SeniorMaster, Head of Automation Department
AnatoliJ Propopenko - Electrical Specialist
Vasily BoklY - Infrared Thermometer
Andrey Kolobayev - Fluke power analyzer, Ultrasonic flow meter

INSTRUMENTS SUPPLIED TO KRIVOI RaG TPP
Zirtek oxygen analyzers, 4 probes for 2 bOilers, 2-two channel analyzers
Panametncs two channel ultrasonic flow meter
Instromet natural gas chromatograph, display unit and accessones
Oxygen cell and consumables for Enerac

DISCUSSION
Of all the personal contacts made In February, 1995, we met only one person, Peter
Solovey - Chief of Maintenance Department The former Chief Engineer, Vladimir
Luchnlkov was promoted two years ago to First Deputy MInister of Energy in Kiev. The
new Chief Engineer - Vladlmer Soroka was promoted from the BOiler Department He was
very busy and did not seem to be familiar with the work we were dOing

There IS a Canadian company at the plant working on "Group Project Implementation", a
$260 million World Bank loan for rehabilitation of Units 6,7 & 8 It was said that they are
prepanng tenders This firm has Installed a satellite system for telephone, fax and E-mail

They find the Enerac combustion analyzer to be very good compared to other Instruments
However, they do not see any advantages to use It effectively In this plant on the
supercntlcal bOilers, as there are no appropnate measuring ports They claim that the
Instrument is expensive to maintain, reqUlnng calibration every three months, With a
calibration gas kit which they do not have Also, the oxygen sensor must be replaced
every year They recently received a new sensor, but haven't Installed It yet because they
cannot calibrate It (supplemental calibration gas kits have been reordered for each plant)

The Infrared thermometer IS used a lot In the Electncal Department for checking contacts
Mechanical techniCians use It on generator and turbine where they cannot measure direct
It IS used for routine maintenance measuring hot spots on bus connections, at dlstnbutlon
substation, on motors, beanngs, transformer bushings, Insulators, etc They now use the
Infrared thermometer in place of manual hand test for rotor and stator "hot spots". They
also use It on heat exchangers to find scale and sludge bUild-up In heat exchangers

Sometimes the technical people Will not believe the Instruments, but Will trust their
experience or hand or senses An example IS for coal mill beanngs where many have
been destroyed, but the Infrared thermometer can find hot spots qUickly and save a lot of
money. It would be very useful for operations to have thiS Instrument, everybody who
needs It, Instead of one man It would be best for each control room to have one

Last Monday, 21 July, they started uSing the Panametncs ultraSOnic flow meter to measure
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cooling water flow to condensers Next they plan to measure bOiler feedwater and dlstnct
heating water flow rates. They recognize many opportunitIes for uSing this Instrument to
save energy The most Important use IS for balanCing the dlstnct heating demand load

A practical example we observed was to measure the flow rates of 25 cu m/sec through
a filter wIth new media Installed The chemists said flow rate would decrease due to
Increased pressure drop, but there was no way to check It In a matter of a few minutes,
the speCialist confirmed the flow rate with the ultraSOnic flow meter

Another example IS where they plan to check mazut flow to quantify measurement
differences and losses. ThiS morning they could not account for 80 tonnes of mazut
burned in three bOilers, how much per bOiler and why Was It easIer to burn the mazut
than poor coal In one of the bOilers, or was the coal unusually bad that night?

They requested technical literature on doppler ultraSOnic flow meters for use In open
channel flow measurements In cooling water flumes

They Installed oxygen analyzer probes on the base loaded Unit 1 dual boilers, two probes
per bOiler with signals to two dual channel analyzers Installed In the control room behind
the main panel Jerry Harger from Zirtek commissioned the Instruments In June and
trained the personnel

Dunng startup, one electrOnic board failed and Zirtek replaced It Out of 8 probes (4
spare), four were damaged, the ceramic broken One analog output for the plotter failed
after Jerry Harger left The analog outputs are connected to their stnp recorders They
plan to move the analyzers (display) to the front panel as operators become confident In
readings The oxygen readings were averaging about 4%, temperature about 700°C Air
heater temperature as about 500°C +

Reference air for the probes IS temporanly supplied from compressed air cylinders, good
for one week The only compressed air available IS plant air which IS wet and dirty With 011
They plan to Install a coalescer and filters

Positive advantage of the ZirCOnium OXide probes IS that they are "ten times less
maintenance" and very stable Two maintenance techniCians work full time on the Soviet
made paramagnetic oxygen analyzers to repair and adjust them Every morning they have
to blow down, clean and adjust them on all the bOilers, and whenever operators call them
to check on erratic readings

The Instromet Encal Gas Chromatograph was receIved In May and they had not yet
Installed It We looked at the Instrument In the shop and answered questions about
connections They have been studyIng the RUSSian language manuals

We went to the natural gas metering substation to look at where they planned to Install the
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chromatograph They believe the control house IS too small and want to bUild a new 3m
x 3m bnck bUilding, but have no money They are concerned about regulations, safety and
maintenance They will take the sample line off of main before onfice run They are
planmng to Install display control umt in laboratory After much diScussion, they think they
can clean up the control house and Install GC In there by August 8.

The employees haven't been paid until today, 25 August, 30% of their December 1996
salary The plant could not even find enough money to buy milk for the kindergarten
children They need money to buy freon for the turbine bUilding overhead crane cab air
conditioner, where temperature reaches 120°F

It is hard to get people motivated, even though they are highly skilled and experienced
The plant still generates power when they can get enough fuel, and do not get paid for the
power It is a catch-22 situation where they know they need modern Instruments to
measure and analyze fuels to save large sums of money and energy, but no money to
even buy spare parts and supplies

We did not get Information on results from uSing the Fluke power analyzer as the specialist
was said to be on vacation

Sat. July 26. 1997 - Travel to Simferopol
Sun. July 27, 1997 - Rest and wntmg notes
Mon and Tues. July 28-29, 1997 - In Simferopol CHP Plant

PERSONS MET DURING MEETINGS:
Anatohy K. Voronovskiy - Chairman of the Board, Director, Knmenergo
Alexander Chupnnko - Director of Simferopol Power Plant
Vladimir Cherkosov - Chief Engineer
Vaslly V Kunnnoy - Worked at all seven power plants
Valery Bablchev - Chief of Techmcal Department (computer expert)
Alexander Dublnets - Chief of Electncal Works
Valery Duzhenko - Chief of Electncal Laboratory
Sergey KOJevmkov - Chief of Boiler and Turbine Works
Alexander lItvinov - Chief of Automatic and Measunng Equipment Department

INSTRUMENTS SUPPLIED TO SIMPEROPOL CHP PLANT
Zirtek oxygen analyzers (2) probes for one baller, one two-channel analyzer
Panametncs two channel ultraSOniC transit time flow meter
Panametncs one channel ultraSOnic transit time flow meter
Instromet natural gas chromatograph, dIsplay control umt and accessones
Oxygen cell and consumables for Enerac

DISCUSSION
Valery Bablehev - Chief of Techmcal Department IS trying to develop a computenzed
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informatIon system for the plant and would like to combine the data from all Instruments
Into one program He has written a program in C-Ianguage for downloading data from the
Panametncs. He asked where IS the program from Panametncs for downloading data to
a computer. They use the flow meter every day for measunng hot water flow and mazut
flow to bOIlers

They do not have a program diskette for the Enerac S N 11003252 They used to buy
reference gases to calibrate Instruments In plant, but now calibrate the Enerac and use It
to check other instruments But they cannot use It to plot and analyze data on the pnnter
as described In the manual, and wonder If there IS special software to make It work We
were given a document shOWing calculatIon of effiCiency and energy savings of about
$34,000 dUring 1995 uSing the Enerac We were also given a document from the Central
Crimean Regional Department of EnVIronmental Protection regarding a dispute m
companson of Inspector using coloremetnc burettes to test flu gas vs Enerac readings
always beIng lower and a requirement to do parallel tests with the Donorgres Laboratory
"TESTO-33" instrument

The Electrical Department has been uSing the Fluke power analyzer extensively to
measure current, voltage and phase angles with very good results They measure voltage
on busses, current on current transformers

The accuracy of the Fluke IS higher than measunng equipment In the plant for measuring
voltage and current They trust the Instrument very much and use It to check other
measuring Instruments When testing phases on a group of transformers at the gas
turbInes, they found an unbalance They could perform mamtenance on the scheme, but
the cost would be higher than the energy losses

They used the Fluke to try to find the weak POints In bOIler feedwater pump motors and
Identified that stator wlndmg need to be replaced They also discovered that copper rotor
bars end connections were weakemng, resulting In losses The problem IS that these are
old 3 KV motors no longer made, as 6 KV IS standard.

They also found a small 200W unbalance of about 20% at admlntstratlon bUilding where
one phase was overloaded and they corrected It. The Important lesson IS that the Fluke
IS useful for identifying energy losses

1"he mfrared thermometer Mmolta Cyclops IS used to check for heat losses from bOilers,
drum msulatlon, steam lines, etc They found bad insulation on a stream drum and
replaced It They tried to check the accuracy of Instrument against a thermocouple and
found 40°C difference They do not trust the accuracy, but said they do not have a manual
In RUSSIan or table of emlssivltles We mentioned that the Mlkrom manual was translated
and should be Similar

They used the Instrument to find a steam leak under Insulation m the main bUilding They
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were starting a bOIler, 370°C, 40 kg/cm2 and saw there was a problem, valve was
steaming, not normal They measured insulation temperature difference near the valve
and found a 10 cm crack on weld of 325 x 24 mm pipe

We went to the power plant control room to look at the Instromet Encal gas chromatograph
(GC) display mounted In the main panel Above It IS mounted a data logger which can
Input real time heat content from the GC to record total from metered gas flow At present,
they Input a fixed value of KCallcu m

We then went to the gas metering substation to see the GC installation They ran new
shielded cable about 3000 ft from GC to control room display control Unit They took a
sample line from downstream of onfice meter run to control house where GC IS mounted
on the wall. They added a filter In the sample line with sIlica gel disslcant for removing
mOisture and crude from gas sample. All tubing and wiring IS Installed, waiting for
calibration gases to clear customs In Kiev, so the startup engineer can travel to
commiSSion the GC Their biggest concern IS the need for a spare electroniCs display
board. Attached IS a diagram of the system

We went to look at the installation of oxygen analyzers on one of the two large hot water
heating bOIlers The electronic two-channel analyzer display Unit was mounted In the bOiler
control panel They mounted the probes below the observation ports on backpass of the
boilers They made up an extra pair of flange-nozzles and Installed them In the second
boiler so the probes could be switched to that bOiler when operating

They mounted the reference air control panel between the two bOIlers With cable and
copper air tubing run to both They found a very small air blower-compressor salvaged
from an old hydrogen analyzer, which they mounted inSide the cabinet

We were proVided With a table of consumption, heating values and pnces for natural gas
and mazut for 1996-1997, attached In-plant cost to produce electriCity IS 53 Kp/KWh
(2 91 ¢/KWh), and Kremenergo sells at 7 11 Kp/KWh (3 91¢/KWh)

Wed, July 30,1997 - Travel to Odessa
Thr & Fri. July 31-Aug 1. 1997 -In Odessa CHP Plant

PERSONS MET DURING MEETINGS
George Vukovlch- Director
Oleg Yarotskl - Chief Engineer - Power Plant
Sergey Donchenko - Chief of Instrumentation
Valerie Gurburov - EqUipment Engineer
Antonlna Ogorodnikova - ChIef Chemist

INSTRUMENTS SUPPLIED TO ODESSA CHP PLANT
Zirtek oxygen analyzers, 2 probes for one bOiler, 1 two-channel analyzer
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Instromet natural gas chromatograph, display control Unit, accessories
Silica Analyzer In Customs
Conductivity Meter In Customs
pH meter In Customs
011 In water analyzer In Customs

DISCUSSION
The power plant IS In the process of being transferred to Municipal ownership and control,
not pnvatlzed. The only Instruments to pass Customs clearance were the gas
chromatograph (GC) and bOiler oxygen analyzers The other Instruments are on plant
terntory one month In custody under Customs control They do not know when released

The Enerac, Infrared thermometer and Fluke power analyzer are In the custody and being
used by the firm "Energo Naladka (Energy Adjustment) Enterpnse"

The Enerac was used Intensely until February 1996 when the oxygen cell failed They now
have a new cell, but no calibration gas kit or instructions They provided a detailed wnte-up
on Its use and energy savings (attached).

The Mlnolta Cyclops Infrared thermometer was used to measure bOiler and piping
insulation, temperatures of beanngs, motors, buss connections to 6 KY, 6-11 OKY contacts,
etc They provided a detailed wnte-up on Its use (attached).

We could not get any Information about use of the Fluke power analyzer or results They
provided a letter that did not give any real descnptlons of Its usefulness

We looked at installation of the oxygen probes and reference air cabinet at about 24 m
elevation They used an old soft dnnk dispenser cabinet, modified the compressor for air,
added an accumulator tank and filter and mounted the control air cabinet inSide It They
also found some additional copper tubing from salvage The analyzer display Unit IS
mounted In the main bOIler control panel, With a cutout for mounting a stnp chart recorder.

It was decided to mount the Instromet Encal gas chromatograph In the chemical lab since
there IS a sample hne already Installed The GC cabinet IS mounted on the wall, display
control Unit sitting on a desk, and electncal outlets Installed No tubing was Installed, but
can be qUickly completed There was a lot of diSCUSSion whether the GC should be
Installed at the gas metering substation

They have a data logging system Similar to Simferopol scheme, except they used a
Pentium computer for logging

We were proVided a list of data for gas and mazut consumption, heat contents and prices
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In Plant Cost to Produce Import Power Annual Ave. Cost
Avg.
Sell

Winter - 3 Kp/KWh (1 65¢) 6 5 Kp/KWh (3 57¢) 65 Kp/KWh (3 57¢) 8

Summer - 20 Kp/K\Nh (10 9¢) 6 5 Kp/KWh (3 57¢) 6.5 Kp/KWh (3 57¢) 8

ODESSA - 31 July 1997

In the result of the computation modes and elimination of the insulation defects carned with
application of Instruments Enerac + Cyclops, these were achieved economy of fuel in terms
of the condition of fuel (7000 KCaI/Kg)

Consumption of Conventional Fuel Savings

1995
1996
1997

878 tons
724 tons
222 tons

04%
04%
02%

For the period of operation of the gas analyzer Enerac 2000 between March 1995 and
December 1996, a brigade team of adjusters and engineers of the Central Research and
Technical Department of Odessa Energy Adjustment, there were fulfilled the works that are
similar for 9 out of 14 Installed bOilers

Odessa Heat Power Plant - Mode and ecological and heat and technical tests of the steam
bOIlers KU-1.

1. TP-170, Station #5,6,7, and 8 adjustments of the furnace mode, ecological and
heat and techmcal tests wIth optimIzation of the harmful substances In the coming
out smoke output gases

2. TP-47, Station 10 adjustment of the furnace mode, ecological and heat and
chemical adjustment with optimization of exhaust of the harmful substances Into the
atmosphere In the coming out smoke gases

At the bOiler of KU-2

1 GM-50, Station 1, 2, 3 adjustment of the furnace mode, ecological, heat and
techmcal adjustment WIth optimizatIon of the exhausted harmful substances,

At the bOilers of the water heating bOIler house of Odessa Heat Power Plant

8



1 PTVM-100, Station 2 - adjustment of the furnace mode, ecological, heat and
technical adjustment with optimization of the exhausted harmful substances

At the enterprises of Odessa Heat Supply Network

1. There were carned out ecological, heat and technical tests of the water heating
bOilers at the following bOIler houses

Sevemaya-1 
Northern

Yuzhnaya-1 
Southern

Chuboska -

BOilers PTVM-50, No 1 and 2
BOilers PTVM-100, No 3 and 4

Boilers PTVM-50, No 1, 2, 3 and 4

BOIlers KBGM-50, No.3 and 5

Besides on the steam bOilers of Odessa Steam Power Plant they regularly carned out work
aimed at correcting the mode gUidelines after a long term non-operation of the equipment,
m case of operatmg the bOIlers, on a combmed fuel (gas + mazut), determmatlon of the
operation characteristics of the bOIlers on the ground of the results of the gas analysIs
(leakages along the gas path of bOIler) There were also carned out express tests of the
bOIlers before their repair and after repairing to evaluate the fulfilled repair works

CONCLUSIONS
DUring the period of operation of the mstrument Enerac 2000, the specialists from the
group for adjustment of the heat and techmcal equipment of Enterprise Adjustment one
can come to the followmg conclusions'

Operation of the Instrument for determmatlon and adjustment of the optimal
combustion mode for a set load gives reduction of the working time by 50-60%

The efficiency of carrying out of adjustment and regulation (controlling) of the
furnace process as the bOiler IS rising on account of reduction of the time for makmg
samples, and it increases the capacity of the boiler by 0 8 - 1 2% due to the
preCIsion of the Instrument readmgs

Work with the Instrument Enerac 2000 IS of large effect In the work of the operations
people of the bOilers concerning corrections of the furnace mode when working In
the non-stationary modes of the bOIler work, as well as It gives a large reduction of
time when fulfilling the mode and adjustment and also ecological and heat and
technical tests of a bOIler with the aim of making the mode gUidelines as well as the
ecological and heat and technical characteristics of the bOiler

Remarks (or comments) (concerning the orgamzatlon and service maintenance)
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A low life time resource of the oxygen sensor life (1 year)
Service maintenance IS not available
(they were talking about having a representative in Moscow, but from the standpoint
of Ukraine, that IS another country abroad, another currency and problem of
lOgiStiCS Should have representative In Kiev or another large City )
The Instrument has not been registered or certified with the State Standards of
Ukraine

REVIEW ON FUNCTIONING OF METER CYCLOPS 300AF/300
The Instrument IS used for precise measurement of the temperatures of surfaces without
direct contact with the medium In the range from -50 to 1000°C The adjustment people
of the enterpnse "Odessa Energo Naladka" used the instrument for the follOWing purposes:

1. Measunng temperatures of the outside surfaces of the cover boiler aggregates at
Odessa Heat Power Center to determine the heat losses Into the surroundings

2 Measunng temperatures of surfaces, Insulation of the steam and hot water pipelines
for restoring and repairing the heat insulation of the pipelines

3 To check the temperatures of heating the cases of the beanngs of the rotating
mechanisms and the temperature of heating the motors

4 To check the temperatures of connections of the buss lines in the distributive
devices With the voltage of 0 4-6 KV

5 To check the temperature of connections of the buss lines of open dlstnbutlng
devices With the voltages of 6-110 KV, at transforming substations

Usage of the Instrument cyclops 300AII900 resulted In Identification of the places of
damaging the outside cover of the bOilers and insulation of the pipelines Elimination of
damaging of the cover and restoration of the pipeline Insulation made In due time resulted
In reduction of the heat losses into the environment from 0 05-0 15%

Checking of temperatures of the bearings In rotating mechanisms (fans, smoke suckers
(I 0 Fans), pumps, etc) allowed to replace them In due time preventing getting of the
equipment out of order

The systematic checking of the temperature of the connections of buss In the distributing
devices and at the substatIons permitted to prevent the emergency Situations at the
Odessa Heat Power Center

CONCLUSIONS
The Instrument IS reliable and SUitable In operation, It has small overall size ProViding
availability of a pnnter, ItS pOSSible to register the readings
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availability of a printer, Its possible to register the readings.

REMARKS
1 The Instrument has not been certified with the State Standards of Ukraine

2 Service maintenance IS not available

Sat. August 2. 1997 - Travel to Burshtyn
Sun. August 3. 1997 - Rest and Writing
Mon and Tue. August 4-5. 1997 - In Burshtyn Power Plant

PERSONS MET DURING MEETINGS
Vasyl' Bendasluk - Director (New)
Igor I. Bozenenkow - Deputy Director - Foreign Affairs (Former Director)
Orest Daniluk - Deputy Director - Technical
Nlkolay Kobzev - Deputy Chief Engineer for Reconstruction and Development
Gorgory Stepas - Deputy Chief Engineer - Operations
Ivan Berkosha - Chief of Technical Department
TanaslY Semotyuk - Head of Adjustments Workshop
Mykola Korvotsky - Head of Chemical Workshop - GC
Peter Choplk - Senior Forman Automation Workshop - O2 Analyzers

Dept of Automatic Control Systems
Michall Zelanovsky - Deputy Chief of Adjustment Dept - Enerac, Infrasec
Yaroslav PYrlhh - Computer Specialist
Nina Kryzhanovskaya - Senior Foreman - Electrical Department

INSTRUMENTS SUPPLIED TO Burshtyn
Zirtek oxygen analyzers, 2 probes for one T-bOller, 1 two-channel analyzer
Panametrlcs two channel ultraSOnic transit time flow meter
Instromet natural gas chromatograph, display control Unit and accessories
Oxygen cell and consumables for Enerac

DISCUSSION
There have been significant management changes and finanCial problems at this power
plant which seem to have had a negative effect on employee morale and successful results
With USAID energy effiCiency and mOnitoring Instrumentation

The new Director, Vasyl' Bendaslvk, came from Dobrotvotor APP 900 MW power plant
There was a fluidized bed bOiler project at that plant which IS no longer operating The
former Director IS now Deputy Director of Foreign Affairs There seems to be a lot of
political in-fighting and lack of support for highly skilled and experienced technical
specialists wanting to see progressive Improvements made

They are In the process of another organizational change In LVlvenergo where 300 new
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paid December salary.

It is difficult for employees to be motivated when last week they received only 20% of their
February salary The power that the plant generates for domestic and export consumption
IS paid for In bartered goods, not cash

About the Enerac combustion analyzer, they asked why the manual has detailed
Instructions for plotting and emiSSions analySIS, but the Instrument says "no function" The
bUilt-in pnnter IS supposed to pnnt curves, but It does not work They can only get plots
on computer screen by uSing Enercomp for Windows They had diSCUSSions With
Uglegorsk power plant about the Enerac Also, the refresh diskette IS a 525 in floppy,
whereas the Tllaptop has a 3 5 In dnve Enerac S N 11003249 They used It for a while
to measure CO2and NOx In flue gas.

They also have a German IMR combustion analyzer (1994) Similar to Enerac, which also
needs an oxygen sensor, calibration gases and service, but no money to purchase.

They report that the Zeigler UNICON CEM system Installed on stack No 3 several years
ago is stili non-functional because they need calibration gases The probe in stack IS
damaged because of lack of use and no maintenance. They said $455,000 was wasted
They said the amount of fines for emissions has decreased because the number of Units
operating has decreased Fees (fines?) paid for emiSSions In 1996

EmiSSions
Soot
Sulfur Anhydride
NOx
CO
V20 S

Hrvlna
212,588
459,107

76,352
4,538

404
752,989 $413,732

They also have a flue gas analyzer ANALIT-PRIBOR which was manufactured in Kiev It
IS reported to be a microprocessor type photo sensitive spectrum analyzer measunng CO2,
CO, S02' NOx, NO, N02, and haVing a long life The Instrument IS not portable, but
compact In size and eaSily moved It was installed on Unit 9 for awhile near I D fan, but
removed because It was getting damaged In the dirty atmosphere

The Infrared thermometer was used up until SIX months ago to find problems, but batteries
died and they cannot find 2 Hrvlna ($1 10) to buy four new ones The electrician used It
to check a large "fuse" on a transmiSSion tower which was overheating from a short CirCUit
and could have been a senous safety Incident They used It to check insulation and covers
on bOiler burners They also used It to find and repair insulation on steam lines from
bOilers They did not seem to be aware of other uses for checking temperatures of motors,
beanngs, contacts, etc The electnclans apparently refused to use It
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The Infrared thermometer was used up until SIX months ago to find problems, but battenes
died and they cannot find 2 Hrvlna ($1 10) to buy four new ones The electrician used It
to check a large "fuse" on a transmiSSion tower which was overheating from a short CirCUit
and could have been a senous safety Incident They used It to check Insulation and covers
on bOiler burners They also used It to find and repair Insulation on steam lines from
boilers They did not seem to be aware of other uses for checking temperatures of motors,
beartngs, contacts, etc. The electncians apparently refused to use It

They recently received the Panametncs two-channel ultrasonic flow meter and training on
how to use It The technical specialist has studied the manual and plans to use It for
measuring mazut

The Fluke power analyzer IS being used for measurements only In secondary circuits up
to 100V, 02,03,05 amp A more SUitable application would be In primary CirCUits It has
been useful for preparing current phase diagrams and use In HV sWltchyard CirCUits for
checking measurements from current and voltage transformers.

They know that harmOniCS from large motors are a senous problem and the Fluke would
be a valuable Instrument for analYZing, but it IS not the responsibility of their department

The Instromet gas chromatograph has not yet been Installed because of financial
problems, and trying to deCide where It should be located They said there IS no space In
the natural gas metering substation control house, and have deCided to remodel a secure
room near Unit 2 They have a contract With another organization to install about 50m of
sample line from the main gas distribution line to bOiler room They will raise walls to
ceiling to enclose room and proVide insulation They were asked where they Will vent
sample and calibration gases to atmosphere and where KCal output Signal would be
Integrated With meter station flow, pressure and temperature logging on computer They
do not yet know. The Instrument and accessones are stili packed In boxes and It is
questionable If equipment Will be Installed and commissioned by the end of August

The two Zirtek oxygen probes are Installed on Unit 3 bOiler angled downward above a
burner on each Side ThIS IS not a good location because of the POSSibility of flame
Impingement and high temperature and slag damage Zlrtek engineer recommended
location higher up In radiant sectIon In fire box Recommended temperature range for
zirCOnium OXide cell long term performance IS 600 to about 1200°C

The reason probes were Installed on Umt 3 IS the fuel split IS about 90% coal, 5% gas and
5% mazut and burner deSign results In unstable flame and ineffiCient combustion During
the commissIoning test, oxygen was measured at 11-12% and 870-900 o e The bOiler IS
presently shut down for repaIrs

Some of the experts wanted to Install probes the same way at all 16 burners Our
Impression IS that they do not want to relocate the probes higher In the furnace
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but recognition of the creativity and innovation of many talented specialists which can go
a long way to help solve problems and Improve energy efficiency In many small ways In

the Burshtyn power plant

Wed. August 6.1997 - Travel to Kiev
Thur & Fn. August 7-8. 1997 - Kiev meetings, tnp report
Sat. August 9, 1997 - Travel to USA
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State Committee of the Autonomous Crimean Republic for the
Environment and Natural Resources Protection

The Central Crimean Regional Department for Nature Protection

March 12-25 1997
"Krymenergo" GAEK

Ministry for Power Engineering of Ukraine
74, Kievskaya Str.

Account 221902 in "Pzominvest Bank" kRB
MFO 324430, OKPO 00131400

Statement of Checking How the Legislation on Water
Protected Facilities is Observed

I, the State Inspector at the Central Crimean Regional Natural Protection Office, Ms I P
Shcherbakova, In the presence of the representatives from "Krymenergo" GAEK - Engineer
of the Industrial &Techmcal Department, Ms 0 Yu Vaha-Yeva, Semor Engineer from
Simferopol HPP, Ms V.N Cherkassova, have carned out checking how the legislation on
the water protected facIlities IS observed at the Heat Power Plant named after V I Lentn,
the latter being an Independent structural Untt within "Krymenergo" GAEK (the provIsions
on the structural Untt of December 1, 1995) The checking has been performed on the
ground of the Law of Ukraine "on the natural environment protection" The checking
resulted In finding out the following

In 1996, at Simferopol HPP, there was produced

Power energy
Heat energy
Reactive energy

- 294,713 MW - h
- 350,976 Gcal
- 72,7248 MVar

Between January and February In 1997, there was produced

Power energy
Heat energy

- 57,557 MW - h
- 132,276 Gcal

The consumption of fuel In 1996 was

Natural gas - 123,336 thousand m3

mazut - 9,891 ton
at the average sulfur content of 1.7%
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In January 1997, there was consumed'

of the natural gas - 18,812 thousand m3 at the lowest fuel
combustion heat Q = 7,800 KCal/m3

of mazut - 0 ton

At the moment of the Inspection, there are In operation

two power bOIlers - SKZ-160-1 OOFS
one water heating bOiler KVGM-100
a steam turbine T-34155-90
a generator at No 3 in the synchronous compensater mode

The gas and turbine plants do not function due to the absence of the fuel

The enterpnse was given the developed and approved standards of MAE levels valid until
January 1, 1998 Until the same date, there IS valid the permission to release the harmful
substances Into the atmosphere In the amount of 3,893 086 ton/yr (887 286 g/s)

According to the report - 2TP-alr in 1996, the exhausts amounted to 761 610 tlyr, including
there

the mazut ash - 4 930 ton/yr;
sulfur anhydnde - 354 930 ton/yr,
nitrogen dioxide - 401 760 tonlyr

The others Include - the mazut ash (4 920 ton/yr)

The standards concerning the maximum admitted exhausts by each bOiler when working
on mazut set the exhausts of the mazut ash in recalculation on the vanadium pentaoxlde
The quantity of the given substance IS determined by calculation, but In Chapter 2 of the
Report 2TP-alr IS not specified for the given substance

According to an agreement with DONORGRES, there IS fulfilled each quarter Inventory of
the exhausts sources given by each bOiler with submitting a statement on the effiCiency
and the exhausts into the atmosphere due to the data from the reports and the
Instrumental measurements In 1996 the CO2 content in the flue gases IS absent

At the HPP there are monthly calculated exhausts of the harmful substances with taking
Into account the values of the sulfur content of the fuel determined by the laboratory of the
enterpnse, and the same IS done concerning Its lowest combustion heat
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However, there are no records kept In the register books of the exhausts Into the
atmosphere, nor IS kept the register for the exhausts measurements (the forms of the
registers were recommended due to "Instructions for organrzlng control of the exhausts at
a HPP" - RD 34 02 306-88) Enerac-2000 was not used by the laboratory of the HPP
dUring 1996 due to the resource of the oxygen analyzer to be over

On March 18, 1997, the laboratory of the State Committee for the Natural Resources and
Environment, p20 - function together with the laboratory of the HPP performed parallel
taking samples from the operated bOiler systems The laboratory of the State Committee
used the national production Instrument - "Inspector - 1 • Express-Method", the Laboratory
of the HPP used "Enerac-2000

The comparison of the results shows discrepancy between the values concerning the
exhausts For example, when the steam bOilers BKZ-160-FB on No 1 are being operated,
the analytical control instrument registers absence of CO In the fuel gas exhausts (Enerac
2000), the express-method "Inspector" determines their presence on the level of 62 5
mg/m, that IS within the process requirements and corresponds to the approved maximum
admitted exhausts levels

AnalysIs for the BOiler BKZ-160-1 OOFB at No 3 was not performed by the laboratory of the
State Natural Protection Committee due to the mismatching the sample-taking holes

In the exhausts of the water heating bOiler KVGM-1 00 at No 1, measurements with both
the Instruments show presence of CO, the values determined by the laboratory of the State
Committee IS higher In thiS case too than those determined by the HPP

The values for the nrtrogen oXide exhausts are practically the same, except for the
exhausts from BKZ-160-100FB at No 1, the reading from Enerac-2000 IS 102.5 mg/m3

, the
reading from "Inspector" IS 150 mg/m3 The results of the checking measurements are
attached

As the method of "Inspector 1" IS a test-method, It IS suggested to carry out two parallel
measurements by Enerac-2000 and uSing the Instruments "TESTO-33" from the laboratory
of DONORGRES The results shall be In written form submitted to the inspection

Concernrng formation and arrangement of the wastes, there has been found as follows

According to the data from the HPP, the territory IS made up of three areas With the total
area of 26 88 hectares

1 - 23 18 he - the industrial area
2 - 3 09 he - the ash-dumping area
3 - 0 6 he - an area In the collective orchards zone

In the limits on arrangement of the wastes Issued by the State Committee for the Natural
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Protection valid for 1997, there were not set the wastes resulting from draining the sewage
waters at the ash-dumping area

The constructIon and installation works office "Krymenergostrol" has not submitted the act
on setting the borders of the area in the nature

State Inspector I Signature I

Persons present at the tIme of the Inspection:

Engineer of "Krymenergo" GAEK
Chief Engineer of Simferopol HPP

I P Shcherbakeva

o Yu Valiayeva
V N Cherkesov

On the ground of the above said, there IS suggested

1. To make an additional checkIng of the exhausts of the harmful substances Into the
atmosphere.

2 To keep records In the regIster for exhausts and In the register for measurements
of the exhausts Into the atmosphere - The grounds for that - "Instructions for
organizatIon of the control over the exhausts at the HPP" - RD 36 02 306-88
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ODESSA CHP PLANT
Fuel Consumption

X1000 m3 Gas Mazut

Month Consumption Measured Contract Consumption CaloriesCalories Calories

1-95 26350 7922 7979 3858 9630

2-95 23373 7907 7865 842 9630

3-95 23224 7894 7953 105 9630

4-95 17588 7872 7959 -- --
5-95 8179 7865 7918 -- --
6-95 1722 7850 7860 1045 9630

7-95 -- -- -- 3217 9630

8-95 -- -- -- 3173 9750

9-95 284 7850 7922 3810 9750

10-95 10143 7850 7922 407 9750

11-95 16623 7845 7922 2901 9750

12-95 20029 7834 7870 8277 9613

Total 147515 7879 7850 27635 9670



ODESSA CHP PLANT
Fuel Consumption

X1000 m3 Gas Mazut

Month Consumption Measured Contract Consumption CalonesCalones Calones

1-96 23557 7870 7946 6947 9530

2-96 20496 7890 7952 4477 9530

3-96 22081 7861 7927 3234 9639

4-96 15165 7820 7870 -- --
5-96 8828 7831 7850 -- --

6-96 6868 7862 7910 1007 9680

7-96 5583 7865 7890 1853 9652

8-96 6955 7865 7910 1117 9530

9-96 3605 8037 7998 50 9530

10-96 2027 8046 7965 1170 9530

11-96 10672 8028 7957 -- --
12-96 21492 8012 7945 51 9530

Total 147329 7902 7967 19906 9567



ODESSA CHP PLANT
Fuel Consumption

X1000 m3 Gas Mazut

Month Consumption
Measured Contract

Consumption Calories
Calories Calories

1-97 27380 7996 7924 - --
2-97 25122 7905 7922 - --
3-97 20271 7960 7917 - --
4-97 14130 7927 7945 - --

5-97 8901 7923 7960 -- --
6-97 7915 7902 7984 - --
7-97 7705 7907 7995 -- --

Gas $83/1000 m3 Mazut $95 to $118 per tonne
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BURSHTYN

COAL CONSUMPTION

8-4-97

1995 P 1996 P

B (T) Qp *B (T) Qp

I 379710 7097 367645 4285

II 298164 4393 256612 4210

III 320951 4509 264699 4354

IV 279651 4210 216863 4333

V 309413 3910 254222 4583

VI 319353 4022 255993 4747

VII 288009 3982 260548 4715

VIII 362394 4092 231768 4743

IX 391070 3672 231428 4717

X 419617 3608 229952 4496

XI 344118 3779 247744 4413

XII 311231 4437 268332 4106

PIC 4023711 4037 3085806 4464



BURSHTYN

NATURAL GAS

8-5-97

1996 P 1997 P

8 (T) Qp *8 (T) Qp

I 22069 8030 41599 8043

II 15726 8023 14889 8078

III 7813 8040 13023 8125

IV 1178 8030 20083 8115

V -- -- 34271 8100

VI -- -- 36519 8097

VII -- -- 23345 8123

VIII 14068 8098

IX 25593 8110

X 17410 8135

XI 14222 8123

XII 33175 8130

PIC 151254 8092



Simferopol Power Plant

Mazut and Natural Gas ConsumptIon

1996: Total
Gas 123,336,000 Nm3

Mazut 9891 tons

Heat Content (Average). Gas 7969 Kcal/Nm3

$83/1000 M3 Mazut 8767 Kcal/Nm3

Elec =5 3 Kopecks/KWH Cost, 7 11 Kopecks/KWH Knmenergo Sells

7/29/97

X1000 Nm3 Gas Mazut
Month
1996 ConsumptIon

Measured Contract
ConsumptIon Price/ton

Calories Calories

Jan 13456 7924 279 tons USD 194

Feb 13203 7879 634 (8660 Kcal) 197

Mar 10472 7858/8076 8796 3063 197

Apr 7258 912 197

May 6806 ---
June 7161 8435 8410 ---

July 9891 8651 8778 246 200

Aug 13478 8736 8875 ---
Sept 8447 8667 8930 1193 (9208 Kcal) 180

Oct 4580 8444 8835 2717 170

Nov 11263 7862 8135 142 (8602 Kcal) 180

Dec 17321 7841 7986 327 (8800 Kcal) 180
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Simferopol Power Plant

Mazut and Natural Gas Consumption

X1000 Nm3 Gas Mazut
Month
1997 Consumption

Measured Contract
Consumption Pnce/ton

Calones Calories

Jan 18812 7886 8097 --- 185

Feb 17551 7841 7967 301 185

Mar 18526 8092 138 190

Apr 14817 7879 598 190

May 12531 8343 25 190

Jun 12674 8246 --- 190


