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1.0 EXECUTIVE SUMMARY

1.1 Introduction

The work descnbed m thIs report has been carned out by Burns and Roe Enterpnses, Inc wIthm
the framework of the U S Agency for InternatIOnal Development (USAID) Emergency Energy
Program for the Newly Independent States (NIS), DelIvery Order No 6 Energy EffIcIency and
RelIabilIty - Ukrame, Technology Based Project, Energy EffIcIency and Market Reform Project
(EEMRP), Task 2 - Power Plants CombustIon EffIcIency

U S AID/Kiev has inItIated an energy savmgs program by provIdmg mstrumentatIOn eqUIpment
to combined heat and power plants (CHP) and power plant statIOns to Improve combustIOn
efficIency of the bOIlers as a fIrst step towards life extensIOn of these plants The purpose of Task
2 is to Implement thIS energy savmg program at seven power and/or CHP plants The project
team vIsIted Ukrame September 14-0ctober 13, 1994, to select representatIve plants and to gather
prelimmary informatIOn at the selected plants The project teams performed combustIOn audIts
durmg February and March 1995

Durmg these audIts, the project teams tramed plant personnel on the use of portable combustIOn
effIcIency InstrumentatIon. A set of portable combustion effIcIency mstrumentatIOn was gIven to
plant In 1995 In 1997 the plant receIved and accepted oxygen analyzer, high range Infrared
thermometer, lIqUId flow meter, combustIon analyzer consumables, laboratory calonmeter and
sulfur analyzer. InstallatIOn of oxygen analyzers was ImtIated In July 1997.

The Uglegorsk Power Plant is presently 51 % government owned The plant consIsts of four
supercntIcal 300 MW umts and three supercntIcal 800 MW umts wIth a total of 3600 MW
Installed capacIty. The plant was cOmmIssIOned between 1972 and 1977 The coal supplIed to
the power statIOn has poor qualIty, wIth calonc values of 3200 to 5000 kcal/kg and 31 % ash
content TypIcally, the plant fIres coal alone, coal and mazut, coal and natural gas, or natural gas
only Plans are m place for a major overhaul of all bOIlers and re-powenng of the 800 MW umts
usmg SIemens 200 MW gas turbInes However, the schedule for overhauls and re-powenng IS
dependent upon availabilIty of funds

1.2 Principal Findings

Several Energy ConservatIOn OpportumtIes (ECO' s) were IdentIfIed for the Uglegorsk power
plant for short term "no-cost low-cost" measures The "no-cost low-cost" measures mc1ude
Implementation of Instruments for measunng excess aIr, liqUId slag temperature, calorifIc value
of the coal, and fuel consumptIon These measures would result m short payback periods

Combustion of high sulfur coal and mazut results In hIgh S02 emISSIons The plant should try
contractIng directly from supplIers low sulfur coals and fuel oil CombustIOn of natural gas
should also be mcreased as much as possIble to reduce S02 emISSIons

1
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1.3 Recommendations

Boller effIcIency can be unproved, emissions reduced and the hfe expectancy of the Uglegorsk
power plant extended based on the recommendatIOns hsted m the followmg Table. The Table
summarIZes several energy conservatIOn opportumtles WIth short pay back penods

An investment of $130,500 in boiler efficiency improvements (ECO-04,05,06,07) will result
in an annual savings of $340,500, which corresponds to 2,100 tonnes of coal, 6,200 tonnes
of natural gas and 11 tonnes of mazut. An additional investment of $25,000 in energy
conservation programs (ECO-Ol,02,03,) may result in an annual savings of up to $968,000
which corresponds to 6,000 tonnes of coal, 17,600 tonnes of natural gas and 30 tonnes of
mazut.

Many other opportumttes eXIst withm the power plant for energy savmgs WhICh could be the
subject of further audIts and actIons by the plant staff The energy conservation opportumtles also
have apphcatlons m other power plants

Summary of Energy Conservation Opportunities (ECOs)

Annual Project
Simple PaybackSavings Cost in US$

ECOU Description in US$ (1995
,(1995 Prices) Prices) Current Energy

Prices

01 * Energy ConservatIon $806,600 $25,000 < 1 year
Management Program Note 1

02 * Energy Conservation $161,300 Note 1 < 1 year
Traimng Program

03 * Fuel QualIty Improvement See ECO-03 Note 1 < 1 year
Program

04 * In-SItu Oxygen Analyzer $179,250 $29,000 19Mo
One BOller - 2 Probes

05 * Portable Infrared VIdeo Included WIth $4,600 Included with
Momtors (Bottom Ash) ECO-04 ECO-04

06 * Calorimeter and $161,300 $40,000 3 Mo.
Sulfur Laboratory Analyzer

07 Coal Flow Meters - One Included with $46,500 Included WIth
Boiler ECO-04 ECO-04

* Portable LIqUId Flow Meter $10,400

Notel: See SectIOn 5 * Highly Recommended
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1.4 Implementation

The plant is presently m a diffIcult finanCial posItion smce it pays world pnces for fuel but sell
electncal power at the rate set by the government. Both load factors and quahty of coal have
declined since 1995. TypIcally only two 300 MW umts (out of 7) are operatmg at 60 - 70%
MCR Three supercritical 800 MW umts do not run at all due to lack of natural gas At thIS time
the plant IS somewhat overwhelmed by pohtIcal and economIC factors out of ItS control and it is
a testlIDony to the management's efforts that the adjusted efficIency of the plant remamed the same
or lIDproved since 1994.

ECO-02 (energy conservation traming program), and ECO-03 (fuel quahty lIDprovement program)
were not Implemented due to lack of funds. Salanes were not paid for months and the
management considenng layoffs Under these CIrcumstances lIDplementation of the above
programs would be very difficult even if the program funds were aval1able

Some of ECO-01 (energy management conservation program) goals were realized despIte the lack
of funds for a formal energy management conservation program Smce 1995 the plant utIhzed
the audIt eqUIpment that was left behmd by the BREI audIt team as part of the USAID bOIler
efficiency lIDprovement demonstratIon program There were Improvements m effIcIency due to
lower excess aIr combustlOn as well as savings m tons of envIronmental pollutants and aVOIded
environmental fines For more details see section 6 of thIS report
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2.0 BACKGROUND

Twelve Newly Independent States (NIS) emerged from the collapse of the former Soviet Umon
m 1991 USAID is addressmg and managing assIstance to these countrIes through the newly
formed Bureau for Europe and the New Independent States (USAID/ENI)

Funding actIvities m the energy sector support the cost of technical assIstance, traming, and
limIted capItal assIstance m support of energy-related eqUIpment and cooperatIon WIth local
mstItutIons

Ukrame, WIth a population of 52 millIon, IS consIdered one of the most energy mtensIve states
InitIal aSSIstance has shown that there are many opportumtIes to reduce energy consumption and
to reduce environmental degradatIOn The breakup of the SOVIet Uruon has resulted in the cut-off
of supplIes and spare parts reqUIred by the Ukralman Energy SupplIers, which threatens the
reliabilIty of major power plants. ThIS SItuatIOn IS compounded by a lack of funds to pay for
needed supplIes and fuels

Most of the thermal power plants are coal fIred uruts that are co-fIred WIth mazut and natural gas,
complImented by natural gas and mazut fIred uruts m populated areas

These units often supply hot water for dIstrIct heatmg and steam for mdustrial use Decreasing
coal supplies and declinmg qualIty of coal supplIes is affecting the abIlIty of Ukraine to meet ItS
needs for electrICIty Also, electrICIty and district heatmg supplIes are threatened because the
Ukrame IS unable to pay for Imported coal, 011 and gas at prices approachmg world fuel prices

2.1 Objectives of Energy Saving Program

USAID/Kiev has implemented an expanded energy program in the Ukrame 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 Improvmg energy and operating effIciencies m power generation, and
m the eqUIpment and controls reqUIred to use energy effIciently and cost-effectIvely

The purpose of Task #2 was to Improve boIler effiCIency at seven power plants and/or combined
power and distrIct heating plants which were selected by USAID/Klev m 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 implementmg lIDIDedIately cost-effective "low cost - no cost" effICIency Improvements, (2)
prOVIde equipment support to Implement low-cost operatIons, Improve monitormg and energy
management; (3) provide operation training.
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2.2 Purpose of the Audit

The purpose of the audIt was to

• Assess overall techrucal and management capabilltIes, plant energy efficiency, and
capital Investment declSlon-making processes for each plant; assess plant
procedures for IdentIfymg and executmg energy savmg mvestments requmng
management changes, and capItal mvestment

• IdentIfy short-term no-costilow-cost efficIency measures WIth savmgs potentIal and
paybacks

• ProvIde preluninary IdentificatIon of energy conservatIOn opportunities (ECO' s)
requmng larger capItal investment

3.0 DESCRIPTION OF POWER PLANT

3.1 General Description

The Uglegorsk statIOn was constructed In two phases The first phase was cOmmlssioned between
December 1972 and December 1973 The second phase was commIssIOned between December
1975 and December 1977. Phase one consIsted of 4x300 MW boIlers Phase two consIsted of
3 x 800 MW bOIlers In December 1977 the constructIOn of all 7 umts WIth a total output of 3,600
MW was completed.

ENERGO SYSTEM'

LOCATION.

INSTALLED CAPACITY:

COMMISSIONED

FUEL TYPE

DONBASSENERGO

50 KM NORTH-EAST OF DONETSK

3600MW
4 x 300 MW + 3 x 800 MW

4 x 300 MW 1972-1973 (FIRST PHASE)
3 x 800 MW 1975-1977 (SECOND
PHASE)

4 x 300 MW, COAL, GAS, MAZUT,
COAL & GAS OR COAL & MAZUT
3 x 800 MW, GAS, MAZUT OR GAS &
MAZUT

For a more detaIled descriptIOn of the followmg items, see the Prelunmary AudIt Report, Issued
In December 1994, Reference 1 m AppendIX G

C \Ukl1lIDC\UgleJpl new\AujlUll211 1991
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3.2 Boiler Plant

The Uglegorsk statIon was constructed m two phases Phase one COnsIsts of 4 x 300 MW bOIlers
(TPP-312A) manufactured by Taganrog producing steam at 1000 tonnes/hr at 255 bar gauge and
545°C live steam condItions Generators and turbmes were produced m Kharkov The bOIlers
burn only coal dust, only natural gas, only mazut, coal dust and natural gas or coal dust and
mazut Phase two COnsIsts of 3 x 800 MW bOIlers (TGMP-204) manufactured m Taganrog
producmg steam at 2680 tonnes/hr at 255 bar gauge and 545°F lIve steam condItIons Generators
and turbmes were produced in Lenmgrad The bOIler IS of the suspended type WIth balanced draft
combustion by deSIgn but currently operates as a pressunzed furnace with FD fans only in
operatIOn. The ID fans were removed. The bOIlers burn only mazut, only natural gas or mazut
and natural gas

3.3 Coal Handling

There are two conveyors (one operating, one standby), feedmg type TPP-312A (300 MW) bOIlers
for uruts 1,2,3 and 4. The total weIght of coal gomg to all four bOIlers IS measured contmuously
on eIther one of the conveyors The coal delIvered to the plant does not match original 300 MW
boIler deSIgn reqUIrements, thus reducmg bOIler effiCIency and mcreasmg mamtenance

The 300 MW bOIler (TPP-312A) has eIght burners and 2 coal dust systems for each boiler There
are 16 coal dust feeders Each coal dust feeder has its own pipelme, and each burner IS fed from
two pIpelines Each pIpeline has ItS own ventun to measure flow The amount of coal dust IS a
functIon of feeder speed whIch IS momtored continuously Via motor amperage The operator can
adjust speed of feeder manually or automatically TypIcally 10 tonnes/hr are fed through each
feeder WIth a normal range from 9-11 tonne/hr

Coal IS supplIed to the statIOn by apprOXImately 30 supplIers VolatilIty content of coal is not
measured because It doesn't affect the pnce of coal and is taken from suppliers certIficates.
Average coal volatIlIty IS 35 to 45 %. Coal samples are taken once per ShIft and then taken for
five days Coal analySIS IS done by the statIOn once every five days on blended samples taken for
five days Coal m storage yard IS blended to try to get consistent qualIty of coal to all bOIlers

3.4 Mazut Supply

Mazut IS dellvered in raIlroad tank cars Mazut samples are taken once per ShIft The samples
are analyzed once every 30 days and then compared to the certIfIcate.

The mazut flow measurements are available for each bOIler. The flow meters are not accurate for
the first 30% of the scale Uglegorsk units never operate on mazut alone due to ItS hIgh cost and
hIgh S02 emISSIOns.

6
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3.5 Gas Supply

The natural gas flow IS measured at each bOIler The flow meters are not accurate for the first
30% of the scale.

Heatmg value analysIs of natural gas is done once a week Heatmg value analysIs IS done
lffiffiediately If consumptIOn IS increasmg because of the worsemng quahty of natural gas

3.6 Boiler Efficiency Calculations

The methodology for the boIler efficIency calculatIon IS shown m Attachments 13, 14, 15 and 16
of the Prellffilnary AudIt Report (AppendIX G) The calculatIOns are done on a per umt baSIS
The mazut and natural gas fuel quantitIes are measured per boIler The coal fuel quantItIes per
boiler are extrapolated from power statIOn data The calculatIOn of effiCIency IS done once a
month and the average fuel data are used for natural gas, mazut and coal These effiCIencIes are
compared to the effiCIencIes calculated based upon the boiler deSIgn performance Attachment
11 of the Prelimmary AudIt Report (AppendIx G) shows the metnc tons of standard fuel (1 e.,
7,000 kcal/kg heating value) fired m 1993

3.7 Process Control System

Boilers of the Uglegorsk power plant operate in a steady-state mode (base load) with a turbine
maintaimng throttle pressure Operator manually adjusts fmng rate and air flow (fIxed settmgs
for each load) and allows frequency to float.

Load is changed by manually varying the fuel flow to the boIlers BasIcally, the combustIOn
control scheme for coal finng IS a manual operatIOn All umts have two CO analyzers per umt
located after the economIzer All umts have two Oz analyzers located after the economIzer In
addItIon, Urnt 7 has two addItIOnal Oz analyzers located m a hIgher temperature area of the
convection pass These analyzers are used by operators to remotely adjust the speed of coal
feeders and the position of forced draft fan dampers The fuel to aIr ratIO IS manually adjusted
based on expenence and Oz analyzer mdicatIOns

The statIOn would hke to locate the new Oz analyzers m a hIgher temperature area of the
convectIon pass

3.8 Environmental Issues

The four 300 MW units are proVIded WIth ElectrostatIc PreCIpItators (ESP), WhICh are reported
operatmg unsatIsfactonly. The 800 MW are not furmshed with ElectrostatIc PrecipItators (ESP)

The statIOn uses low NOx burners and staged combustIon to effectIvely reduce NO x emISSIons
CombustIOn of high sulfur coal and mazut results m hIgh SOz emIssions WhICh are of great
concern to the plant and the authonties The plant has to pay fmes for hIgh SOz emISSIOns.
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Because the stack height far exceeds the "good engIneerIng practIce" criteria, the pollutants
emitted do not produce a local air qualIty problem, but are a concern for the atmosphenc
pollutIOn

The statIOn lacks outdoor fIXed momtonng eqUIpment for recordIng gaseous and dust values

3.9 Future Plans

Management of the Uglegorsk power plant IS aware of the condItIOn of Its bOIlers HIgh leakage
rates are Inherent In the boiler technology used for the Uglegorsk power plant and cannot be
remedIed at a reasonable cost Management also understand that major repowenng IS the best
optIon Management IS attracted to a number of advanced technologIes, IncludIng an applIcatIOn
of SIemens 200 MW gas turbInes, but does not have funds to pursue these optIons

It IS Burns and Roe's Judgement that once the market rates are changed and enforced (1 e
consumers are dIsconnected for non-payment), consumptIOn WIll drop sigmficantly The future
of the Uglegorsk power plant IS tIed to the success of the Ukralllian economy as a whole Before
most of the populatIOn could afford electrICIty at market pnces, the salanes of the general
populatIon must increase sIgmficantly UntIl that happens It IS best to burn gas, reduce excess aIr
whenever possible and maIntaIn the eXIstIng faCIlItIes

3.10 Inspection. Assessment, Comments

•

•

•

•

•
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The power statIon IS clean, well maIntaIned and appeared to be well run and
managed The staff is competent and expenenced and fully cooperated In prOVIdIng
the requested InfOrmatIOn and assigmng the hands-on audIt traImng personnel
ThIs station is relatIvely new WIth the phase one COmmIssIOned 1972-1973 and the
phase two 1975-1977.

The major eqUIpment such as boilers, turbInes and generators are reported to be
In good shape.

Plans are In place to contInue work of replaCIng heatIng surfaces of all bOIlers and
to address the major problem of fInal stage bladIng erOSIOn on both 300 MW and
800 MW turbines. At thIS tIme, due to 800 MW bOIler heating surface
detenoratIon, each umt IS derated by 50 MW to a nommal ratmg of 750 MW

The 800 MW bOIlers operate as a pressurIZed furnace WIth FD fans only m
operatIOn The ill fans and ElectrostatIc PreCIpItator (ESP) are not mcluded in the
deSIgn, therefore the gases are exhausted dIrectly Into the chimney There are hIgh
gas leakages, vanadium corroSIOn and hIgh atmosphenc emISSIons

The plant operates contInuously on base load mode, WIth maXImum MW output
during the day startIng at 7 AM, and at mght and weekends reduced to MW output
reqUIred by central dIspatch center

8



• The economIC operatIOn of the 300 MW boiler depends on operatIOn WIth liquid
slag. When hIgh ash content coal IS fIred, the rate of producmg the lIqUId slag m
the bottom of the bOIler IS hIgher than the collectIOn rate of the slag from the bOIler
hopper. The boiler decreases ItS capacIty to 60% and has to be shutdown in order
to manually remove the slag from ItS bottom Thus the boIler has to be stopped
and started agam after slag removal. The bOIler does not have any mstrumentation
to morntor slag formation, Its level and temperature that must be mamtained at less
than 1280°C.

• Most of the process control systems operate on "manual" mode from the control
board located m the Urnt Control Room However, the temperature and pressure
of the mam steam at the boiler outlet are automatIcally controlled Some new
mstrumentatlon mcludmg vibratIOn morntonng eqUIpment have been provIded on
800 MW urnts. The boilers have no burner management systems

• The coal IS supplIed by 30 supplIers The station has lIttle mput regardmg the
qualIty of the coal specIfied or control over fuel acqUIsItIons Both coal and 011
have very hIgh levels of sulphur content, but the statIon does not have any
provISIons for S02 reductIOn eqUIpment.

• The coal delIvered to the plant does not match onginal 300 MW boiler deSIgn
reqUIrements, thus reducmg boIler effICIency and mcreasing maintenance In
addItion the poor quality of coal increases the aIr pollutIOn and causes severe
problems of bOIler slagging and reductIon of MW output to 240-250 MW Mazut
or gas has to be coflred to deliver maXImum 300 MW output If reqUIred by the
central dIspatch center.

• The effICIency calculations are performed on a per urnt basis The mazut and
natural gas fuel quantities are measured per bOIler The coal fuel quantItIes per
boiler are extrapolated from power station data These effICIencIes are compared
to the effiCIency calculated based upon the bOIler deSIgn performance recalculated
m 1981

• The power station will like to have coal flow meters to measure the mput at each
mIll, a total of two deVIces per 300 MW boiler

4.0 DESCRIPTION OF AUDIT ACTIVITIES

The audIt actiVItIes mcluded the collection of mformatIOn and data from varIOUS reference sources
and mdlvlduals working WIthIn the power plant The actIVIties are of two types' one for speCIfic
combustIon effiCIency audIt measurements and calculations, and the other for mformation of a
general natural regarding other energy conservatIOn measures

9



4.1 Specific Audit Activities

4 1 1 Scope and Methodology

IndIvidual systems and/or equipment were identIfied for data collectIOn and analysIs and were
selected based on several critena

• QuantIty of energy used withm the system
• Potential for energy efficIency Improvements
• SIgmficance of system/component to the power plant
• PotentIal for rephcatIOn

The selectIOn of systems and eqUIpment to audIt were made after meetmg wIth power plant
specIahsts to dISCUSS energy conservatIOn pnorities and a walk through the power plant

In preparatIOn for the audIt activIties at the power plant, energy momtonng eqUIpment was
purchased m the Umted States, shipped to KIev and dehvered to the Uglegorsk power plant

The eqUIpment was purchased to make measurements of vanous systems that were hkely to be
encountered within the power plant The measurements enabled audItors to learn specIfic
mformatIOn about the systems bemg mvestIgated Based on the measurements, the audItors
calculated potential energy Improvements that could be gamed by mstallmg energy effICIency
equipment

Econoffilc pay backs were calculated and the Items pnontized according to the shortest payback
Based on estImated cost of equipment and money available, recommendatIOns were made as to
whether to Implement the Items studied

The mam components of the audIt eqUIpment are.

• ENERAC 2000 Portable CombustIOn Analyzer
• Portable Laptop TI computer and Okidata prmter
• Fluke AC power analyzer
• Cyclop Infrared Temperature Detector (heat spy)

The audIt eqUIpment was left behmd at Uglegorsk Power Plant as part of the USAID boIler
effICIency improvement demonstratIOn program Of thIS eqUIpment, the most sIgmficant was
ENERAC CombustIOn Analyzer which demonstrated an opportumty for 1ffiffiedIate fuel savmg
by tuning the bOIlers to reduce excess combustion aIr

The majonty of the eqUIpment was used extensIvely by the audIt team personnel and as a traIning
tool for the plant personnel assigned for hands-on audIt tra1ll1llg TypIcally, the audIt team would
take measurements while traImng the aSSIgned local personnel on how to use the eqUIpment
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4 1.2 General

The Uglegorsk power plant was selected by USAID/KIEV m consultation wIth the Mmistry of
Energy and ElectrifIcatIOn. The Mmistry also IdentIfied the management of the power plant as
receptIve to thIS type of program and consIdered that the maXImum benefIt could be gamed by
auditmg the Uglegorsk Power Plant.

Management of the Uglegorsk Power Plant are lookmg forward to forthcommg pnvatizatlon At
the present tIme they are allowed to spend only 1% of the plant gross mcome on salanes As a
result, the Uglegorsk Power Plant IS losing ItS technIcal and mamtenance personnel. Techmcal
personnel of the Ukra1ll1an Power Plants are hIghly regarded in CIS and can mcrease theIr mcome
sIgmfIcantly by workmg in RUSSIa

4 1 3 Boller Efficiency

The specIfIc plant audIt conSIsted pnmarily of on-hne flue gas emissIOn measurements usmg a
ENERAC 2000 portable combustIon analyzer, laptop computer and pnnter. Measurements were
made on two boilers, Boller #3 and Boller #7, at maXImum and mImmum loads, on coal and
natural gas.

The ENERAC 2000 portable combustIon analyzer IS a portable instrument WhICh has chemIcal
cells to measure oxygen, carbon monoxIde, sulfur dIOXIde, OXIdes of nitrogen content and
combustIble gases The urnt also has a type K thermocouple mcorporated m the probe to measure
the temperature of the gas at the extractIOn pomt The fuel analysIs of 15 various typIcal fuels are
contamed m the memory of the portable analyzer. Also, custom fuel analySIS can be programmed
usmg a laptop computer ENERAC 2000 portable combustIon analyzer calculates, dIsplays and
pnnts, bOIler efficIency, excess aIr, CO2 and emIssIons.

The measurements were made at the economizer eXIt and at the bOIler stack ThIs was done with
fIxed combustion settings and essentially at the same time (the same coal and ambIent
temperature) The measured parameters mcluded gas temperature, 02' CO, combustIble gases,
NOx and S02

Due to the hIgh in-leakage rates in the furnace, the economIzer and the aIr heater, an on-hne
calculatIOn of the combustion efficiency by ENERAC 2000 portable combustIOn analyzer proved
to be not feasIble (see Appendix B.) DIrect measurements of 02' CO, combustible gases, NOx

and S02 are consIdered to be accurate

There were twenty drrect measurements made A copy of the ENERAC 2000 portable analyzer
pnnt-outs can be seen in AppendIX B

For a detaIled descnptIOn of the AudIt activitIes see the tnp report of Team #1 (AppendIX G)

Any lffiprovement In the effiCIency of the Uglegorsk power plant must come prImarIly from an
Improvement in boiler efficiency On the steam SIde the Uglegorsk power plant is effICIent due
to a SIgnificant thermal load.
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Due to software lnmtations of the ENERAC 2000 portable combustIOn analyzer, boIler effiCIency
could not be calculated on-lIne because of hIgh aIr in-leakage For the same reason an on-lIne
measurement of the boiler efficIency Improvement achIeved by reduction m the excess oxygen was
not feasIble.

Burns and Roe estImated an mcremental Improvement m bOIler effiCIency achIevable due to a
reductIon m excess aIr fed to the bOIlers Usmg the ENERAC 2000 portable combustIOn
analyzer, BRC measured about 6.1 % excess furnace oxygen m the convection pass which
translates into 5 % excess oxygen at the burner level whIle firing coa1. CO emIssions were
neglIgIble dunng the test.

In Burns and Roe's Judgement the excess oxygen at the burner level can be reduced to 3 5 % for
a 1.5 % O2reductIon whIle fmng coa1. ThIs translates mto an mcremental improvement m bOIler
effiCIency of 0 5%

In the future, the Uglegorsk power plant operators should be able to manually adjust the aIr supply
to determme what magmtude of reduction m excess aIr could be achIeved wIthin constrams
Imposed by CO emIssions, smoke, and flame stabIlity. Therefore Burns and Roe recommends
that permanent Instruments be mstalled to measure the O2content of the flue gas and thus aSSIst
the operators m aVOIdmg unsafe condItIons whIle contmually mImmIzmg excess air

4 1 4 Boiler Plant

Present burner settmgs produce lIttle CO or NOx emISSIons on all fuels When fmng coal, hIgh
levels of S02 are emItted due to an mconsistent qUalIty of the coal Sulfur diOXIde emIssions were
exceedmg mgm scale of the instrument (4,000 mgm) As a result It was necessary to SWItch to
ppm scale whIch IS about 2.86 tImes hIgher Sulfur dIoxide emISSIOns were m 5000 to 6000 mgm
range

CombustIon of poor qUalIty coal resulted in furnace "puffs" and very rapId corrosion of the back
end Since four 300 MW boilers of the Uglegorsk power plant are of tangent tube constructIOn
(tubes are spaced 8 mm apart WIth asbestos blocks behmd them), and of balanced draft (negatIve
furnace pressure), furnace "puffs" cause loss of the furnace mtegnty Personnel of the Uglegorsk
power plant reported 5 % in-leakage m the furnace, about 50% m-leakage overall To mamtam
the ongmal design cntena of 30% overall in-leakage, they used to completely remove and
reInstall furnace InsulatIon every five years At the present tIme the Uglegorsk power plant can
no longer afford such overhauls.

BOIlers of the Uglegorsk power plant operate very well on natural gas. EmIssions are low, bOIlers
run better than on coal and, in the plant's opmIOn, wi11last longer It IS also more economIcal
to burn the gas at the present mIX of fuel prices
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4. 1 5 Boller Controls

The combustIOn control is actually a manual operatIon Load IS changed by manually varymg the
fuel flow to the boilers The forced draft fan aIr damper posItIOns are adjusted manually based
upon a chart displayed on the control room wall, whIch IS a functIOn of the amount of coal and
mazut or natural gas bemg fired and the load Final air damper posItIOn adjustment is made based
upon O2 analyzer indications. Thus the control of fuel and combustIOn aIr ratio IS essentially a
manual operation based upon mamtammg a certam urnt load, under constant boIler outlet steam
pressure and temperature with an O2 mdication between 4 to 6%

4 1 6 Boller Back End Includmg Stack

The boilers have LJungstrom type regeneratIve aIr heaters which are expenencing high m-Ieakage
The electrostatIc precIpitators mstalled on 300 MW bOIlers have low effIcIency, possIbly due to
the fly ash high specific electncal resistivIty

4.2 General Audit Activities

InformatIon was gathered from eXIstmg sources, plant histoncal operatmg data and dIScuSSIons
WIth key personnel Actual audIt actiVItIes consIsted of taking operatmg data and test
measurements wherever possIble and performmg analysIs based on thIS data and histoncal
mformatIOn

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 obtam mformatIOn and
data on energy consumptIon, pnces and performance They were questIOned what orgaruzatIOnal
changes and controls have been implemented to manage energy conservatIon and efficiency In
addition, the ChIef Engmeer was requested to proVIde a descnptIOn of what recent measures had
been taken for Improvement of operatIOnal efficiency and effectIve fuel utIlIzatIOn

42.2 Power Plant AudItS

The audIt actIvIties associated WIth the total power plant conSIsted pnmanly of a reVIew of the
varIOUS avaIlable publicatIOns and brochures produced by the varIOUS agencIes and by the Mirustry
of Power and ElectnficatIOn as well as from drawmgs and diagrams proVIded by the engIneers at
the power plant. Much InformatIon and InsIght was also gaIned through the IntervIews related to
the system specIfic audits at all levels Many of the personnel employed m the power plant have
had experience m areas other than the one m WhICh they currently work, and thIs was useful as
background matenal

The Cyclop mfrared thermometer (heat spy) was used to find hot spots on generator buses, hot
contacts on sWItchgear and sWItchyard eqUIpment, hot spots on duct msulatIon, etc that all may
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reqUIre maIntenance. Temperature readIngs were taken wIthIn the boiler proper where no
thermocouple were Installed

The portable Fluke ac power analyzer was used to run tests on fan and pump motors to check
motor power factor, and performance and qualIty of power supply to the relay panel, sWItchgear,
etc

There were several audIt measurements, the records can be seen In AppendIx B

5.0 FINDINGS AND RECOMMENDATIONS

5.1 Low-Cost. No-Cost Short Term Opportunities

ECO-Ol ENERGY MANAGEMENT CONSERVATION PROGRAM

The chief engIneer IS responsible for energy conservatIOn and effiCIency improvements at the
Uglegorsk power plant In addItIOn to his other dutIes Because of the shortage of hard currency
to pay for Imported fuel the entire management of the plant IS hIghly motIvated to find ways to
improve operatIng efficiencIes In order to acmeve effective fuel utihzation, 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 comIng
privatIZatIOn reforms These changes will help to prepare the plant to be commerCially onented
by IncorporatIng western management methods and procedures.

The stated goals for thIS program, as a mlmmum, 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 fmancIng and future Investments for a VIable enterprise havIng the potential for
success

As a fIrst step, a highly VISIble management staff position and/or department should be establIshed
reportmg to the director and havmg the responSIbIlIty and authorIty to develop, Implement and
monitor energy conservatIOn, trammg, relIabIlIty and rehabIlItation programs The pnmary tasks
WIll be coordmation, commumcatIOn, 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 USAlD, World
Bank, EBRD, EC, MInistries, etc, so as to mInImIZe duplIcatIon of work and exchange of
information and expertIse.
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In addItion, the energy manager should coordinate and morntor the progress and success of
conservatIOn measures Implemented by the power plant staff and employees.

In 1994 the Uglegorsk power plant consumed the followmg quantItIes of standard fuel (7,000 Kcal
per kg)

Coal:
Gas:
Mazut.

999,464 tonnes
2,930,600 tonnes
5,232 tonnes

$51,272,500
$109,721,700

$328.600
$161,322,800(*)

(*)Pnce calculatIOn IS using 1995 cost of fuel

If only a modest savmg of about 0 5 percent of thIS fuel expendIture IS saved m the fIrst year,
$806,600 of expendItures can be JustIfied for measures to Improve fuel utIlIzatIon and effICIency,
Improve reliabIlity and reduce mamtenance

Funds should be proVIded for consultmg servIces to assIst the Uglegorsk management WIth
tralrnng and matenals to establIsh the programs under ECO-Ol, ECO-02, ECO-03

ECO-02 ENERGY CONSERVATION TRAINING PROGRAM

Many sources of energy waste and loss may seem very obvIOUS and simplIstIc, and the power
plant engmeers and specialIsts are well aware of the cumulatIve magrntude of these losses
However, the staff needs, and should encourage, much more support from all employees m the
identIficatIOn and ellffilllation 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
trammg program can have slgmficant energy conservatIon paybacks. The auditors were mformed
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 mdicate that there are many low cost, no cost opportumtles for energy savmgs, and
thIS IS the pomt of recommendmg a low cost, no cost energy conservatIOn tralrnng program for
all employees. The management should establIsh procedures, classes, more posters, mcentlves,
rewards, competItion, etc and utilIze the expertIse of the engmeers and speCIalIsts to remforce
the nnportance of energy savings If only one tenth of one percent of the annual fuel budget could
be saved, this could amount to approxnnately $161,300'

ECO-03 FUEL QUALITY IMPROVEMENT PROGRAM

The plant must survey aggressIvely the available coals and take mitlatlve m contractmg dIrectly
from supplIers. The plant must locate the best fuel consldenng boIler operatIOnal needs, deSIgn
reqUIrements, pollutIOn control equipment performance and delivered costs. The plant must
conSIder a blendmg strategy of mdlvldual coals to meet the above critena The number of coal
supplIers must be reduced to a mmimum for a better control of blending process
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This program must be coordmated with the reqUIrements for burner modIfications and the
resultant slagging charactenstics on bOIler performance as a result of the coal reactivity and ash
characteristIcs.

As a result of better coal quahty and conSIstent ash moisture charactenstIcs, sIgmficant savmgs
of fuel and mamtenance costs WIll be reahzed

However, a consIderatIOn has to be given to switch to burn natural gas for the entIre power plant.
This WIll Improve combustion efficIency, reduce emISSIons and extend hfe expectancy of the
Uglegorsk Power Plant. At the present tIme the cost of natural gas is competItIve WIth other
fuels

ECO-04 INSITU O2 ANALYZER

The boder effiCIency improvements can be achIeved by replacmg the eXIstmg extractIve oxygen
analyzers WIth m-place zircomum OXIde sensor analyzers of the type used in the Umted States.
One problem WIth the eXIsting mstruments Installed at the plant IS that they are extractIve rather
than in-place. Therefore usmg extractIve gas samplmg mstruments It IS dIfficult to obtam a
representatIve sample and the mstruments can become fouled WIth aCId sludge formed from
mOIsture condensatIOn and soot.

In addItIOn, the instruments have questIOnable accuracy The measurement tIme constant IS on
the order of about 1-2 mmutes therefore, they cannot be used for real tIme excess aIr control

Umted States practIce typIcally places an oxygen sensmg probe mto the flue gas duct rather than
extracting a sample to It. ThIS technology could be apphed to the bOIlers at Uglegorsk Power
Plant

It IS recommended to Install the new Instruments on 300 MW Boiler #3 For detailed calculatIOns
see AppendIx A-I.

ECO-05 VIDEO MONITORS OF THE BOTTOM ASH

There IS a concern about ash slaggmg of the furnace from the dIfferent coals receIved, and the
plant would like an mstrument to momtor the ash fuSIOn temperature to determme slaggmg
process and thus have better control over boIler operation ThIS InStrument WIll enable excess aIr
reductIons calculated under ECO-04

It IS recommended to proVIde one portable mfrared VIdeo momtor to VIew
bottom/ash/slag/removal for the bOIler For detaIled calculatIons see AppendIX A-I
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ECO-06 CALORIMETER AND SULFUR LABORATORY ANALYZER

An accurate Calorimeter and Sulfur laboratory analyzer should be provIded to venfy calonfic
value and the Sulfur content of the receIved coals versus the coal specifIed. This will prevent
detenoratIOn of the furnace, aIr heaters and the duct work and thus prevent a drop in the bOIler
efficIency.

For detaIled calculations see AppendIx A-I

ECO-07 FUEL METERS

The audIt team learned through mterviews WIth plant personnel that one area which has hampered
the plant progress in energy nnprovements IS the mabilIty to accurately measure the decrease in
fuel consumption due to any changes m operation or eqUIpment motivated by effiCIency
nnprovements ThIS IS because the plant does not have mstruments to measure the coal flow to
each boIler Natural gas flow meters already exist per each bOIler and work well The mazut
flow measurements are avaIlable for each boiler and are accurate above 30% of the scale If only
modest gams m efficIency could be realIzed due to the mcentlve prOVIded by the ability to more
accurately evaluate such nnprovements, such flow monitonng eqUIpment could pay to Itself m a
short penod of time

The followmg mstruments are recommended for metenng the fuel mput to the boIler

one portable somc type flow meter for mazut

mstruments to measure raw coal consumptIOn to 300 MW BOller #3, located
between raw coal bunker and mIll (coal feeder)

The above portable sonic flow meter can also be used for measurmg the leakages in hot water
plpmg of the dlstnct heating lmes It IS very accurate at low flows For detailed calculatIOns see
AppendIx A-I.

5.2 Medium and Long Term Opportunities

There are several other long term measures for Improvmg power plant reliabIlIty, boIler efficIency
and meeting envIronmental reqUIrements, whIch reqUIre further study and large mvestments of
capItal These are lIsted below for future reference.

• Upgradmg the bOIlers WIth combustIOn control systems mc1udmg interlocks and
flame safety system Automatic control of combustIOn aIr and fuel flows to meet
the load demand will result m stable and effICIent combustIon

• InvestIgation of lower cost S02/NOx removal technologIes For SO 2 removal
conSIder use of coal and coal by-product blendmg or lower cost sorbent
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technologies for flue gas condittorung In addItion, because of the hIgh sulfur
content of mazut, an 011 treatment plant should be considered as a method for
reducIng S02 emISSIons

For NOx removal consIder use of a burner desIgn technology optimIzed for low
NOx eIDlssions (low cost) or SNCR (selectIve non-catalytic reductIOn) or SCR
(selective catalytic reductIOn).

• Replace the entire eXIstIng controls, instrumentatIon and Interlocks wIth state-of
the-art technology for a fully automatic operatIon of the plant.

• Upgrade the dust control system to the world performance standards, either replace
the eXIstIng ESP's or refurbIsh to meet the world standards.

• The plant has to develop short term and long term plans for boIler and aIr pollUtion
control malfunction prevention system

• Install continuous opaCIty morutors (one per stack) to morutor the VIsIble
emIssions

• PrOVIde additIOnal and updated analytical equipment to the chemical laboratory

• ModIfy the eXIstIng return aIr system (add air nozzles) from the coal storage
bunkers to the furnace to ensure good IDlXillg WIth the combustIOn arr The return
arr should arrIve ill the furnace as hIgh velOCIty Jet wIth the ratIO of its hOrIzontal
velOCIty to the vertIcal velOCIty In the furnace of 6 to 1 Presently the return air
rIses along the furnace walls as "parasIte air" and does not partICIpate In
combustIOn

5.3 Replicating and Expanding the Program to Other Plants

An economIC benefit can be derived from expandIng the demonstratIOn program to other
Ukralllian Power Plants From Burns and Roe expenence the Ukralllian Power Plants when [mng
coal or coal and mazut, exhIbit the following characteristics

•

•

•

Ukralman power plants operate m a steady-state mode (base load),wlth a turbme
mamtainmg throttle pressure, "fIxed" frrmg rate, floatmg frequency and manually
adjusted aIr flow (fIxed settmgs for each load)

Very mgh in-leakage rates (50% and higher) are typIcal, which make readings of
any oxygen analyzer dependent on ItS locatIOn (dIstance from the furnace)
Because of In-leakages It IS not feaSIble to make an on-hne calculation of the
combustion effiCIency at the back end of the boIler

Most of the oxygen analyzers are of the extractive/paramagnetic type, with
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questIOnable 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 combmatIOn with
4 to 5% oxygen in locatIOns WIth 850-870 degree CentIgrade temperature leads to
the conclUSIOns that the boIler effiCIency of the Ukralman Power Plants can be
Improved The improvement can be estImated on the order of 0.2 % to 1%

The conclUSIOns are as follows

•

•

•

•

Excess air should be reduced untIl at least 300-400 ppm of carbon monOXIde is
generated which IS an mdicatIOn of economIC combustIOn.

There IS room for an econOmIC benefit because the startmg pomt of the excess aIr
(4 to 5% excess oxygen) IS high. It should not be diffIcult to reduce the excess
oxygen by 1 to 1.25% and achieve 0 5% Improvement in the boiler effiCIency even
WIth the eXIstmg manual control of the combustIon process provIded that constant
operator attentIOn IS achIeved Such attentIon can be obtamed VIa an economIC
inducement based on the fuel savmgs Another alternatIve would be to mvest m
an expenSIve automatic control for the excess aIr system.

The benefit cannot be achIeved WIthOUt carbon monOXIde measurements of the
undIluted flue gas (850-970 degree CentIgrade temperature) at dIfferent boIler loads
whIch can be done usmg the portable combustIOn analyzer

ReplIcatmg and expandmg the portable combustion analyzer demonstratIon
program to the balance of twelve Power Plants and several other combmed power
and dIstnct heatmg plants withm the Ukralman Electncal System will provIde
sigmficant improvements m boIler effIciency WIth low cost mvestments

C \Uknune\UlllcJpt ncw\AuiU:d. 28 1997
19



60 IMPLEMENTATION

The plant is presently in a dIfficult fmancial position smce It pays world prices for fuel but sells
electncal power at the rate set by the government Both load factors and qualIty of coal have
declmed since 1995.

Typically only 2 umts out of 7 are operatmg at 60 - 70% MCR At the same tune there IS a
shortage of power in the Ukrame and electrIcal power is bemg unported from RUSSia The answer
to this paradox IS that poor quality coal reqUIres mazut or gas to support combustion whIch can
be bought only for cash. The station practIcally does not have cash (only 10% of ItS receIpts are
m cash) but can get some coal by tradmg credIts. At thIS tune the plant IS overwhelmed by
pohtIcal and econOIDlC factors out of ItS control and It IS a testImony to the management's efforts
that the adjusted effIciency of the plant remamed the same or unproved smce 1994

ECO-02 (energy conservatIon trammg program), and ECO-03 (fuel quahty unprovement program)
were not unplemented due to lack of funds. Salanes were not paId for months and the
management IS considenng layoffs Under these CIrcumstances ImplementatIOn of the above
programs would be very difficult even if the program funds were avaIlable

Some of ECO-Ol (energy management conservation program) goals were reahzed despIte the lack
of funds for a formal energy management conservatIon program Smce 1995 the plants utilIzed
the audit eqUIpment that was left behmd by the BREI audIt team as part of the USAID bOIler
effiCIency improvement demonstration program

ENERAC 2000

An ENERAC 2000 portable combustion analyzer IS regularly used by the plant to conserve energy
and reduce enVIronmental pollution (see attached Protocol m AppendIX H) An unprovement m
heat rate energy consumption IS mdicated by the plant Some of thIS unprovement m efficIency
IS due to lower excess aIr combustion whIch was made pOSSIble by tunely analySIS via ENERAC
2000 Plant personnel claIms $45,000 to $50,000 per year m benefIts (contract labor savmgs,
aVOIded envIronmental fmes, and unprovement in effICIency) due to use of a modern portable
combustion analyzer (see the Protocol).

The plant personnel were unwIllmg to quantify savmgs m tons of envIronmental pollutants but had
no doubts that such savmgs took place. An unprovement m operatIOnal effiCIency also took place
smce two techmClallS can perfonn the measurement m 15 mmutes whereas preVIously an mfenor
measurement reqUIred an effort of 4 techmclans for 4 hours

CYCLOP 300AF INFRARED THERMOMETER

The plants have nothmg but praIse for the Cyc10p 300AF infrared thermometer. It was m WIde
use for about 2 years. The mstrument is used to troubleshoot heat leaks, the generator stator,
dIsconnect switches, and boIler tubes The Protocol states $69,000 per year in benefits
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FLUKE AC POWER ANALYZER

The plant also h.kes the Fluke AC power analyzer It was m constant and wIde use for about 2
years. An economIC benefIt of 1,250 per year IS claImed m the Protocol

ZIRTEK OXYGEN ANALYZERS

ZIRTEK oxygen analyzers were available to the plant at most about 2 months They worked
rehably for about a month Presently the generatmg umt IS off hne The plant expects an
economIC benefIt of $30,000 per year from the analyzers If used for manual control If the
analyzers are utilized for an automatIc oxygen tnm control, the savmgs are estImeted at $60,000
per year

TRANSPORT PT 868 PORTABLE LIQUID FLOW METER

ThIS mstrument was available to the plant for about 2 months. The plant IS trymg to learn how
to use the meter and works hard to commISSIOn It ThIS wIll take some tIme. The plant have
declmed to estimate an economIC benefit from thIS mstrument untIl It gams more expenence

MICRON M90 HIGH RANGE INFRARED THERMOMETER

A MICRON M90 lngh range mfrared thermometer was avaIlable to the plant for at most 2
months The plant IS already usmg the thermometer for bottom ash temperature measurements
The plant have declmed to estlmate an economIC benefit from thIS mstrument until it gams more
expenence

LABORATORY SULFUR ANALYZER

A laboratory sulfur analyzer was avaIlable to the plant for at most 1 month The plant IS trymg
to learn how to use the analyzer ThIS WIll take some time However the plant has hIgh hopes
for the mstrument and works hard to commission It The sulfur analyzer was provIded to venfy
the sulfur content of the received coals versus the coal specified Tlns would prevent deterioratIOn
of the furnace, aIr heaters and the duct work and thus prevent a drop m the boIler effIciency

There also wIll be savmgs m tons of 802 emISSIOns and aVOIded envIronmental fines In 1995 we
estimated the econOmIC benefit from a calonmeter and a sulfur analyzer at $161,300 per year
The plant have declined to estnnate an economic benefIt from thIS Instrument until It gams some
hands-on experience with it Smce the plant load is down about 50%, we estimate that under the
present condItions the combmed econOmIC benefit wIll be about $80,000 per year.
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LABORATORY CALORIMETER

A laboratory sulfur analyzer was avaIlable to the plant for at most 1 month. The plant is trymg
to learn how to use the analyzer and works hard to comrrusslon It Tills wIll take some time. The
plant have declined to estImate an econOmIC benefit from this instrument until It gaIns some hands
on expenence with it.
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ECO-04. 05. and 07 - CALCULATIONS

INSITU OXYGEN ANALYZERS. COAL AND PORTABLE MAZUT METERS AND
INFRARED BOTTOM ASH TEMPERATURE DETECTOR

1 0 INTRODUCTION

The bOIlers air to fuel ratio IS controlled manually The eXIstmg extractIve paramagnetIc type
oxygen analyzers are mamtamed and calIbrated However, the mstruments are prone to bemg
fouled by mOIsture and aCId sludge from the flue gas Also, there IS a significant tIme lag between
sample point and readout, whIch IS aggravated by swings m excess oxygen due to fluctuatIons of
coal feed to burners The bIggest problem with the existing extractive analyzers is that the sample
IS taken after major air in-leakages has already occurred InstallatIon of m-situ ZIrconium OXIde
cells upstream of major in-leakages would Improve relIabIlIty, response and accuracy of readmgs
However, three other instruments are necessary to actually realIze a benefIt from a lower excess
aIr, namely, coal flowmeters, a portable mazut meter and an mfrared bottom ash temperature
detector.

2.0 ASSESSMENT OF POTENTIAL EXCESS OXYGEN REDUCTION

There IS a potential to reduce the levels of excess oxygen at all Uglegorsk umts, however only unit
#3 is assessed in detail. This potential IS based on the current levels of excess oxygen that are
maintamed at the burners In order to assess thIS potential, It IS necessary to evaluate the
measured excess oxygen levels and account for aIr m-Ieakage through the vanous sections of the
boiler. Normal coal burner design calls for an excess oxygen level at the burners of 3 5 % Smce
the burners at thIs plant are replaced on a regular basis, it is expected that an excess aIr level of
3.5 % IS achIevable These are the mImmum levels reqUIred for stable flames and proper
combustIon Excess air levels higher than thIS proVIde the opportumty for a reductIOn in the
operating levels.

2.1 EvaluatIon of Excess Oxygen at the Burners

At full load finng coal, the excess oxygen was measured in the convection pass to be about 6 1%
for the normal operating conditIOn, during tests 5 and 6 The aIr m-Ieakage m the boiler walls
from the measured pomt to the burners would be 8 0% Using the curve to convert the measured
excess oxygen to the excess oxygen at the burners mdIcates 5 0% excess oxygen at the burners

Accountmg for the eXIstmg burner deSIgn and routme burner replacement, the mlillmum excess
oxygen at the burners would be assumed to be approxImately 3 5% Thus, the potential reduction
in excess oxygen at the burners would be 5 0 - 3 5 = 1.5 %
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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 m
bOIler efficIency affected by the excess oxygen levels are the dry flue gas loss and the moisture
m air loss The dry flue gas loss IS the loss of heat determmed 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 contamed m the air

The reference excess oxygen was selected to be 3.5% Boiler effiCIency was calculated for excess
oxygen levels up to 6.5 %, to account for possible operatmg condltlOns 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

tf. 08
ui
OIl

.3 06

r>
iii 04

~
w 02

35 4 45 5 55
Excess Oxygen Level, %

6 65

2.3 Boiler EffiCIency Improvement WIth Reduced Excess Oxygen Operation

Based on the data collected during the VISIt to the plant It appears that It IS possible to operate the
boilers at reduced excess oxygen levels It has been shown that the potential excess aIr reduction
possible at the burners is approxlIDately 1 5% while firing coal. ThIS would reduce the excess
oxygen from 5% to 3 5 %. Usmg the curve shown above, the bOIler effiCIency saving would be
0.5%

3 0 COST ANALYSIS

The cost savmgs of a 0 5 % reductlOn m the bOIler effICIency would be realized m a fuel savmg
of approxlIDately the same amount. The total fuel fired m 1994 for Umt #3 was 698,320 metric
tons of reference fuel (7000 Kcal/Kg coal) or 977,648 tons of 5000 Kcallkg coal

The prevailmg price of Ukraiman coal in January 1995 was 5,500,000 coupons per metnc ton of
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5000 Kcal/kg coal, which IS $36 67 U.S. at 150,000 coupon per $ exchange rate The total cost
of fuel per year for Unit #3 would be 977,648 x $36.67 = $35,850,352 or '" $35,850,000

BRC calculates total annual savings for Urnt No.3 to be

$35,850,000 x 0.5% = $179,250

NOTE. $36.67 per ton of 5000 Kcal/Kg coal is equal to or above the current world pnce of coal
on per BTU basis

As we mentIOn earlIer, coal flowmeters, a portable mazut meter and an infrared bottom ash
temperature detector may be necessary to actually realize a benefit from a lower excess oxygen
A portable mazut meter WIll be shared among seven bOIlers, therefore only 1/7 of ItS pnce IS
included m per boiler payback calculatIOns An infrared bottom ash temperature detector wIll be
shared among four boilers, therefore only 1/4 of ItS price IS mcluded in per boiler payback
calculatIons

Total equipment cost $25,000 (hIgh temperature oxygen analyzers) + $40,000 (two coal flow
meters) + $9000 - 7 :::: $1300 (portable mazut meter) + $4000 - 4 = $1000 (portable infrared
bottom ash temperature detector) = $67,300 We WIll assume cost of installatIOn and
commissioning to be $10,850, which is reasonable since Installation and commissioning will be
done by the plant usmg local labor Therefore, total mstalled cost for ECO-04, 05, and 07 WIll
be $78,150 per boiler

• Payback at current fuel price for the entIre package.

$78,1501$179,250 = 0436 yr = 5.23 months

• Payback at current fuel price for the oxygen analyzer system alone'

($4000+$25,000)/$179,250 = 0.16 yr = 1.9 months

Note This IS not recommended Unsafe operating conditions could develop if an infrared
bottom ash temperature detector is not provided

• Payback at current prIce for an mfrared bottom ash temperature detector and the
oxygen analyzer system

($1150+$29,000)1$179,250=0.168 yr = 2 months

• Payback at current pnce for coal flowmeters. a portable mazut meter and the
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oxy~en analyzer system'

($1,500+$46,500+$29,000)/$179,250 = 0429 yr = 5 15 months

ECO-06 - CALCULATION

CALORIMETER AND SULFUR LABORATORY ANALYZER

1 0 INTRODUCTION

A modem CalorImeter and Sulfur Laboratory Analyzer w111 allow Uglegorsk Power Plant to reject
shipments of coal of poor qualIty and unacceptably hIgh levels of sulfur. Sulfur content of
UkraIllIan coal even from the same mine can vary sIgmficantly Uglegorsk Power Plant does not
control back end temperature and as result S02 in the flue gas (as hIgh as 6g per CUbIC meter)
reacts wIth water and becomes sulfurIC acid. If the plant will bum coal that complIes wIth
specIfication, excessive corrosion and degradatIon of the furnace, aIr heaters and back end ducts
can be aVOIded

2 0 ASSESSMENT OF POTENTIAL ECONOMIC BENEFIT

Burns and Roe assumes that preventIon of excessive corrosion and degradatIOn of the furnace, aIr
heaters and back end ducts WIll result in 0.1 %avoided reduction III boiler efficiency for the entire
plant GIven $161,322,800 as total annual cost of fuel for Uglegorsk Power Plant, the total
savings in fuel cost would be $161.323.

Payback at current price

$40,000/$161,323 z 025 yr z 3 months
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HIGH TEMPERATURE OXYGEN SENSORS

Model 8212
TIlls sensor IS deSlgned to fulfill
the specIal requrrements of the
Glass Industry. Model 8212 pro
VIdes rellable O2 measurement
In pOSlhve pressure tanks. even
in conditions of slgnlf1cant
"Batch Carryover"

.. '.~ ~ • ..# .' ., • .' '. ~ •

, .~ ~'. .-: • t .' •

Model 8081
The versahhty ofthls "'WOTkhrnse'

sensor IS proven by Its industry
Wlde appllcanons around the
world You can expect Model
8081 to prOVlde dependabie O2

measurement In numelous
coal. gas. oil andwaste-fi1ed en
VlIonments.

Model OX
Model OX prOVIdes the enhcal
measurements you need In a
state-of-the-art rebUlldable de
sign. Avcnlable option permIts
use of a portable extrachve de
VIce b venfy oxygen readings



2. Probe location (above) In

Unit 7's boiler was SWitched
from front wall of furnace to
secondary pendant lUbes

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

probes unsuitable for use 10 an
automatic control system A
location In UnIt 7 that could

Probe testing. At Unit 7, two high-tem
perature 02 probes were lDlually Installed
In the inspection pons on the front wall of
the furnace (Fig 2). with a mOnitor for
each IOstalled at an e1evanon 88 ft below
the probes 10 the bumer-control cabmet
room Although performance was satisfac
tory at first, two months later one of the
probes failed. breaking off at a POint
beyond the IOslde of tile front-wall tubes It
was decided that excessive amounts of slag
collectlOg on the probe had caused the fail
ure. rather than stress caused by constant
Vibration expenenced at this location

The next step was to mstall a probe with
a stamiess steel protection tube (Fig 3).
IDstead of the standard silicon carbide
tube, to see If it could bener Wlthsrand the
extreme conditions in the furnace. After
only three days of operation. thiS probe
failed-an excessive amount of slag had
accumulated on Its tip. The other probe
failed after four mODths of contmuous
operation The cause agaIn appeared to be
from slag

Since probe performance otherwise was
satisfactory, an outer protection tube was
added to IOcrease longevity. The longest
achievable run With this added protection
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

/
02 probe

mltlal
location

air readings, Nlpsco started expenmentmg
with permanently JRstalled high-tempera
ture O2probes 10 the upper furnace of VOlt
7 These cruena were established as a
basiS for the purchase of a new system

• Low maintenance reqUirements
• Continuous operation 10 the furnace

section of the boiler.
• Improved probe life, With a one-year

mlmmum deSired.
A system that appeared to meet the cn

tena was a ZlrCODlum OXide cell mounted
10 a SIlicon carbide tube ThiS type of
probe had seen service 10 the glass and
steel mdustnes, but not 10 US utilities The
probe IS said to offer several advantages

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

• Fast response.
• No sensor cahbranon reqUired
• No heater calibration or failure
Probe operation. The high-temperature

capablhty of the new 02
probes allows their perma-
nent 1Ostallatlon to an area
of the furnace other than
the economizer outlet. The
high-temperature cell IS
exposed to a reference gas
(mstrument au) on one
Side of the cell, process
gas on the other (Fig I).
Zlrcoma OXide cells be
have as solid-state elec
trolyte at high tempera
tures 10 the presence of a
catalyst Vnder Isothermal
conditions, and when 02
parual pressures differ on either
Side of the cell, an emf tOverse
Iy proportional to O2content to
the process gas IS developed.

Proper functlomng of the
zircoma OXide cell is achieved
above a mInimum recommend
ed temperature of IIOOF.
Because the old probes (also
zucomum OXide cells) had to
operate at temperatures of 850F
or less at the economizer outlet,
a heater assembly and tempera
ture controller were reqUired to
maintain cell temperatures
greater than IIOOF Smce
heaters aren t reqUired with the
new high-temperature probes,
caltbratlon requirements are
ehmmated

02 probe

1. O2 system consists of
high-temperature probe and
monitor to measure excess air

02 mOm (Or

Repnnted from May 1991 Issue of POWER.

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

Instrument air

Utilities

High.temp 02 measurement improves
boiler performance

Looking for ways to Improve plant heat
rates. Northern Indiana Public Service Co
(Nlpsco) has Installed high-temperature 02
sensors In the furnace and convection pass
es of several of Its bOIlers, beg10mng with
VOlts 7 and 8 at Its Bailly generating
station with good results

The problem. Vnlts 7 and 8 are
Babcock & Wilcox Co (Barberton. OhIO)
coal-fired steam generators with Cyclone
burners VOlt 7 IS a 175-MW drum bOIler.
VOlt 8 a 340-MW once-through boiler As
With most utlhty unlts. excess-air control
was achieved by determ10lng O2 levels at
the economizer outlet Smce both units are
normally run under negative furnace draft,
air can 10filtrate through leaks 10 the bOIl
ers ductwork. or expansIOn jo1Ots This mr
m-Ieakage can result In a bias 10 the
excess-02 wnrrol CirCUit, gIVIng indication
of suffiCient O2 when. 10 fact. the opposite
condition may be true

Enough air Infiltration can lead to
Improper alr-to-fuel ratios, poor combus
tion. and corrosive damage If a redUCing
atmosphere prevails Also, the O2 probes
and analyzers on Vnlts 7 and 8 became
mcreasmgly unrehable Repairs to mam
tam the economizer-outlet system had
become excessive and costly The result?
The O2 control system often operated With
one or more probes out of service, mak.mg
It more difficult for the operators to mom
tor and mamtam excess-02 levels, which
led to a lack of confidence In the system

To solve the problem of biased excess-



tlon to utility bOilers The knowledge
gamed from these tnals was put to good
advantage when a high-temperature O~

system for DOlt 8 was mstalled. IDcludmg
four probes ID the pendant reheat area of
the convectton pass After continuous
operatton for over a year, none of DOlt 8's
probes have failed

Results to date have shown dIfferences
of O2 measurement taken at the economiz
er of 04% 10 25% when compared to Ihe
high-temperature probe readlDgs Probe
performance has been so successful that
the economizer O2 system Will be phased
out at Nlpsco Also. operator confidence m
O2 measurement of flue gas has been
restored Tom Elliott

have maximum protection wlthm !be sec
ondary pendant tubes (FIg 2).

Consequently, four 02 probes were
Installed tn the secondary superheater sec
bon of the furnace-lWo tn each sidewall.
A potential nsk m puttmg them there was
they would be close to the sootblowers
After the probes were m serviCe, !be SOCI·
blower nearest each probe was operated It
was found Ihat sootblower operatIOn
would not damage the probes. The O2 sys
tem could now be momtored to evaluale
the performance and longeVity of the
probes

The bottom hne. Imual tnals on Umt
7's high-temperature O2 system show that
the probes have good potential for apphca-

Zircoma Outer
sUDstrate lead wire

greatly Improve the servIce lIfe of the
high-temperature O~ probes appeared to be
ID the superheater area of the bOIler con
vection pass Rather than bemg exposed to
harsh envIronmental condItions ID the
open area of the furnace, the probes would

Protection tube Platmum electrode

3. Protection tube (nght) of stainless steel
IS aimed at Improving probe's ability to with
stand extreme furnace conditions

Reference
air flttmg

HI-TEMP CARBON
AND OXYGEN SENSORS,

ELECTRONICS
AND ACCESSORIES.

• Simple, Cost Effective Technology
• Integral Thermocouples
• 1600°C (2900°F)
• Industry-Specific Models Available
• Matched Accessories

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



WORLD CLASS 3000

OXYGEN ANALYZER WITH
CONTROL ROOM ELECTRONICS

106-300NC
January, 1993

FEATURES

• Totally FIeld RepaJrable Probe
• Patented Electromc Cell ProtectIon
• Rugged 316 SS for all Wetted

Parts
• Flexible Electromcs ConfiguratIon
• Control Room Electromcs

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
• Fleld-RepaJrable 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 IOdustry-standard Rosemount has
combmed thiS Hagan expertise with state-of-the-art features IOta
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 repairable as Intemal
components are conveniently accessible for uSing In-house service
personnel For example. the heater/thermocouple probe assembly
can be replaced and put back IOta 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 3000 Field InErface Module This fleXible. eaSily
expanded, electroniCS arrangement allows the World Class 3000
probes to be inked to the Control Room Electronrcs module
Without the added cost of mqulnng intelligent field electrOniCS (1FT
3000).

The CRE 3000 unproves lie accuracy of the combustion control
process as It averages the oxygen results thereby reducing errors
due to strallficatlon Up to4 averages of any probe combinations
can be user-defined.

The HPS 3000 Field Interface Module proVides IocaJ power to the
oxygen probe. It IS connec:led 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 (IP6S) enclosure for full weather
and corrosaon-proof proteclon. It IS also avaJlable In an optional
exploSlOn-pmof Class 1. IlMslon 1 enclosure to allow low-cost
adaptability at the World Class 3000 electronics to hazardous
gas areas.

Users WIth multIprobe applications may also choose an optional
MPS 3000 Multlprobe TeSl Gas Sequencer The MPS 3000
proVIdes automatic test gas sequencmg for up to four (4) World
Class 3000 probes to acemvnodate fully automatic micro
processor-based calibration of the analyzer packages.

Supersedes Product Data 106-300NC.
Pages 1-8. dated March, 1992 ROSEMOUNT® ",leasuremer.'

Control
~nal\:1:31
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Filter Head Assembly

OXYGEN SENSOR

Sensor Cell Assembly Heater Thermocouple

Assembly

Features Benefits

Rapid, accurate and reliable measurement of excess Slgmficant fuel savings normally pay for analyzer In less than one year
oxygen with a single. In Situ probe Slgmflcant 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 calibratIon
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 mamtenance

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 bumers.

DiffUSion element keeps cell clean while the V-deftector 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 Electronrcs averages the process data as defined by
user ThiS reduces InaccuraCies due to stratification
Remote contact Inrtlates calibration
HPS 3000 Field Interface Module allows interfacing of World
Class 3000 probe and CRE 3000 Without requlnng 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 enVIronments, 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 explOSIon-proof HPS 3000 enclosure allows low-cost
adaptability to World Class 3000 electrOniCS In hazardous areas

• Optional MPS 3000 Mulbprobe Test Gas Sequencer proVides fUlly
automatic test gas calibration and reference air 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 (line voltage relay) reqUires one
additional tWisted pair HPS/CRE cable



WORLD CLASS FAMILY OF ELECTRONICS

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

HPS 3000 Field Interfac.
(explosIon-Proof Enclosure)

Optional MPS 3000 Multlprobe Test Gas Sequencer



SPECIFICATIONSill

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

depending 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% 02) Reference SIr 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: Shght: 30 degree drop test
Number of probes 8 maXImum, expandable to 16 With slave

CRE3000
Communications: 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 mdlcatlon

(analog output): ±O 1% 02 or ±3% of readIng, whichever
IS greater

Power supply. 11 0/115/220V ± 10% Vac at 50/60 Hz
"ower 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 60aC)
Vibration: 5 m1sec2, 10 to 500 xyz plane
External electrical nOise: MInimum Interference
Cabling distance between

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

HPS 3000 and CRE 3000: Maximum 1200 feet (364 m)
ApprOXimate shipping weight· 12 pounds (S 44 kg)
Power supply. 100/11S/220V .:!:10% Vac at 50/60 Hz
Power requirements: 200 VA

<D All static performance characteristics are With operating vanables constanl
SpeCIfications subject to change Without nollce

4

Calibration gas mixtures: Rosemount Test Gas Kit Part No
6296A27G01 contains 0 4% 02N2
Nominal and 8% 02N2 Nominal
Other SUitable gas mixtures can be
user supplied

Calibration gas flow. 5 SCFH
ApprOXimate shipping weights:

18 inch (457 mm) package: 55 pounds (24 97 kg)
3 foot (0.91 m) package: 60 pounds (27 24 kg)
6 foot (1.83 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 Selectable (0-1%, 0-5%, 0-10%, 0-25%, 0-100%)
Programmable

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

Indicators: LED Indicators for system failure (fat/ure descnptlon
available on LED panel)
Calibration In progress for each of 8 probes, 02 HilLo
Alarm for each of 8 probes Probe failure for each of
8 probes

Programmable
displays 2 line, 0 8 Inch high, 8 digit, alphanumeric LED dIsplays

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

numenc display, 8 key general purpose
keyboard.

ApprOXimate shipping weight: 35 pounds (15 88 kg)
Averaging: 4 user-definable averages of 2 to 8 probes

MPS 3000 MULTIPROBE TEST
GAS SEQUENCER (OPTIONAL)

Electrical claSSIfication: NEMA 4X (IP6S)
Humidity range: 95% Relative HumIdity
Ambient temperature range: -20 to 140aF (-30 to 71°C)
Vibration: 5 mlsecZ, 10 to 500 xyz plane
External electrical noise: MInimum Interference
Plpmg distance between

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

and CRE 3000: MaxImum 1000 feet (303 m)
ApprOXimate shipping weight: 35 pounds (15 88 kg)
Power supply: 1OO/1151220V .:!"10% Vac at 50/60 Hz
Power reqUirements: 15 VA
PIping requirements: 114" o.d. tubing, 1/4" NPT

bulkhead connectors (high gas In, low gas
In, ref air In, 4 x test gas out, 4 x ref air out)

(

"
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WORLD CLASS 3000 MULTIPROBE APPLICATION
WITH CONTROL ROOM ELECTRONICS

(

CRE 300ll
Conlrol Room

Eleclrorucs

llne Vollage
100 10 120 Vo"
220 10 240 Vo"

" TWISted Par Plua 2 TWIsted Pu
for OpllClna (1200 Feet Max)

4 T_Ied Paw Plus 2 TWIsted Pu
for OptIons (1200 Flllll Max)

Une Voltage (LV)

Une Vottage (LV)

4 TWIsted Pasr Plus 2 T_Ied Pair
lor OptIOns (1200 F""t Max)

7 Conductor Cable
(150 Flllll Max)

2 Pneumatic L,nes
by Customer

(300 Fllllt Max)

7 Conductor cable
(150 F....t Max)

411 I-IIWorld Class 3000
Probe

411 I-II
2 Pneumallc Lines

by Customer
(300 Fllllt Max)

I-II411

411 I-II
7 Conductor Cable

(150 F....t Max)

tll·WO-rld c-lass-3000-I-II,I===1====il
Probe

fl' '_III==========::::;-)

f'--I-II,f===:=-r=~~UI:=-~~~~=-.J
fl__·I-II~~~~~t===== I-LV

)

·,"Ied 'n the USA
~osemounlAnalytIcal Inc 1993 "

RoseMount :',ialitIC:. ,1C ROSEMOUNT® ~J1e'iSuremenr

Contra:
Anal',lIC.:l1



Heat Spy measures surface temperatures of glass, furnace walls and fumace tubes

--
Target Size

Heat Spy'
For crucial high temperature
applications tap Into Wahl's
"hands·off experience"

Infrared thermometry IS one of the very
best ways to measure surfaces at very hIgh
temperatures. SpeCIal narrow spectral
ranges are required, however, dependmg
upon the application.

Wahl designed and built h'110 Heat Spy
models from the bottom up for preCise,
accurate measurement of high temperatures
under the toughest factory conditions.

DH&-29X measures through glass ports
900 to 3200"F, 4S2 to 1760°C

Measure through glass, flames ane:! products
of eombustion uSIng the OHS-29X (2 1 - 2.5
microns) 11$ smaU target resolutfon and
long telescopic range make the DHS·29X
Ideal for aiming through ports In fumace
walls at refractories, glass gobs. furnace
tubes. ceramrcs, billets. slag and annealing
matenats. A sapphire window protects the
silicon optiCS from heat and contaminatIOn.

3-Year Warranty
DHS·29X Standard Sight
DH5-29XT Telescopic Sight

DHS.3SXT measures furnace tubes
SOO to 3200"F, 426 to 1760°C

In the narrow spectral range of 3.5 - 41
mIcrons. the DHS-35XT minirnizes errors
caused by reflectance from walls and
flames. That makes it excellent fer measuring
furnace tube temperatures through open
ports. It is also your best chOice for hrgh
temperature general purpose acpllcatlons

3-Year Warranty
DHS·35XT Telescopic Sight

The high-coherency laser aiming beam adds
a powerful dimenSion to preCISe temperature
measurements. The laser places a VISIble
red dot on the centel' of the target surface.

You can hold the Heat Spy in any positIon
and at any level. It IS especially usefUl In

cramped areas and in awkward conditions
such as standing Qlliadders and platforms

The laser is very effective indoors under all
'lighting condibOns and dramatically useful
at night outdoors. In bnght S1Jnlight use! Heat
Spy's enclosed optIcal Sight Avoid VIewing
the laser sight directly or when reflected from
shiny surfaces. Laserenergy from low reflec
tIVe targets such as palflted surfaces or OXI
dIZed metals IS conSIdered safe for vIewing

Use Laser for Tough Aiming Situations
How LaserAiming Works to YDur Advantage• Available on most of Our popular

models: OHS-24L. -24XL. -26L,
·26XL. -28XL

• Add the laser almlnS option for:
- Precise centering on target
- Night and low-light conditions
- Measuring In cramped and

awkward areas

• Meets U.S. Federal Safety RegUlations:
- CRF 1040.10 Class 1\; Certified

less than 1.OmW power
- Optional CFR 1040 10 Class Ill-A:

Certified less than 5.0mW max. pDwer
- Separate laser sWitch and

indIcating Itght
- Laser rs on only when reading

temperature
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rMoaCl OHS-24)(, -XL. DHS-26X, ·XT CHS-27X DHS-28X OHS-29X DHS-35Xr DHg.,1OX DHS08X
DHS-24L DHg.,26L ·XL. DHS-28Xt,-1 DHS-29X'T (see bOX below)

ApplicatIon General !Je'.,e General Use ChEIcK HglTetf1) I1!t1Temp H"Jgh TeJ'I'l' Ec:cnomj SmiIJJ Targets
Best AinJracy Inducling Giass TCl'rperalure I'ldUdlngGe Measures TnnJ FumaceTlJ& Model f!loctrorllC
Glass Sutfaces Surfaces of FiMl9S aJrIaces GllI&6I'Rames Annealing General UOO Conllonents

Work
Tempera:ura oto l000"F 0102000'" , SOC '0 :3(lOO"F 32 10 2500"F I 900 10 3200"F BOO 1032OO"F o10 SSO"F or O101000"F
Rclf'\90 ·~IO",550·C ·20 to 1000"C 318to 1E49"C OlD 138O"C 482 to 17OO'C 426 to 176CJ"C -20 to 275"C -20 10 550°C
Spec'JBJ Range M 8·14 13-14 4320,4472 18 .14 ~ 2.1-2.5 35" 4 t 8-14 8-1<4
AinJraCII at 'l7'F =5" :Q3%FS :t03%FS 05'0/. FS I :03%FS I :t.t:l.3%FS ±OS%FS :05%FS 03%FS
FlesoIutlon l'FFC 1"FrC I'FrC l°FI"C 1"Ff'C 1"Fro ,oFf"C l°Fr-C
Ambll~nt Q::lcrallOn 2510 125°F 2510 125~ 2S 10 12S'F 2510 125'"F 25 to 125"F 2510 125°F ~to 11o-F 25 to 125'F
Tempervture -4to~'C -4 to $2"C -4 to 52·C "'to 52"0 -4 to 52"0 -4to52"C 510 43"C -4loS2"C
Temp. CoerllClent :0.1 de\Yde9 10 1 deg!deg :::0, d~deg -.il.l de9'deg :to 1degdeO 10.1 degldeg 102 dCQ'deg :0 1 cetVQeQ
Repealablilty ::1 of :!:2"F ~"F ::S"F :l:3°F :t~F :t2"F :!:2"F

Response 'lime to 1 sec- 1 sec. 1sec. 1sec. 1 Gl:C. 1 sec, ~sec. 1&ec.
95% of Aeadlnq

Target &ze at 1 In. dia. tin dJa 3111. C1ia. lin. r.ia. 1111. cia. lin. cia. 2 In. aL 0.15 In. dia
Focsl PoInt @2ft. 0211. @101l, @2R. alOft Cl0ft. G2ft. ~lln,

Olstance 10 Target SIZe 201 201 401 20"1 1001 100 1 20:1 N'A
Beyond Focal POIn!

PraCllcal Worldng Ol040ft Olo401l 0101COll 010 40 It. 01Cl15Ofl. Ota 150ft. Olc40fI. 01081n.
Distance
Sighting System Enclosed Sight Enclosed, Laser, Enctooe<l EncloseO. I..a5Br 6'lcIcsetI Sign Endosed OpbealSigl'll IJght Beam on

or L.a&er OI'Tet0SeCPO Optical Slgm or Telescopt' aTeIe&cope or TetesecI» Center Une

AdjLl!ill!ble EmtSSlVlly 02·10 0.2 ·1.0 0.2-1.0 0.2 -1.0 Q.2.·1.Q 02,1.0 Pre-sel 0.95 0.21a 10 IRange

C>.Jlpullo Recartler 1 mVldeg 1 mlf/deg. 1 mVldeg 1mVldeg. 1 mVIdog. 1mVldeg. None 1 mVtdeg i
Conlmuaus Operabng 40 hI'S ~tlIs. 40hni 4Ohrs. 40 IllS. 40 hrS. 25/n. ~ht$,

Trmtl Per Batterv Laser 5 nrs Laser 5 tus t..aser5nrs
WSIg."rt L.bS 2.2 :2.2, (T) 2.8 2.5 2.2. (T)2.8 U(T)30 2.5, (T) 3.0 2.2 2.5
Prlccs/nclude carrying es!le. spare battery, ownen; manual. tngger Ioct<. AC a=pler (specify 11D1dlO VAt). I

III·
"'Ace
tNTNJ;
C/!J,

EP-10

H7D

MN1604
NIST-HS
RHS-15

T-12
W2111

More Useful Accessories
P8rt No. Description

11441-' SpareAC Adapter, 110VAC
11441-2 SparuAC Adapter. 220VAC
9852 SpaJeTrigger Ux:k
9990 HeatSpy CsnyIng case
8-11 Berdl Stand
CAM caJibraIicnIRep Manual

SpecIfy ModeIISerial No.
EITlIssivity Coating
BlackSpray ?alnt
Leather Holster (except tor
m:xleIs With telescopiC sIght)
Standard 9V AlkaJlne Battery
N1STTraceabie Test Data
Heat Spy Portable stnp
Chart Recorder. 12 selectable
chartspeeds. 110VAC and
rechargeable internal battery.
Hea\Iy Duty Tripotf
Spare Owners Manual, Specify
model and senal no.

BP12-110 Aechg. Battery Pack, 110V
BP12-22D~ Battery Pack, '22.0V
W8-14 safety Wrist Strap
Call Wahl fat mare great infrared products
and blackbodycalibration sources or our full
line Handbook afTemper.dur8lnstrurnents.

Close Focus DHS-8X
oto 1000"F. -20 to 550°C

For very small objeclS. such as8l:lJtlnic cem
ponents. the close-focusI~ im;:ludes
a bUIlt-in light beam for preciseiiming.

FM Approved
for Ha:u!rdous Environments

Wahl offers Heat Spy models tested and
approved by Factory Mutual laboratones.
Models are approved for use In Class I and
Class II Groups C, D, E, F and G hazardous
locations. ThiS assures safety when used In
petrochemical plants, underground mines and
other locations where combustible gases,
grains and dust are present.

FM Approved models are dedIcated OF or ·C
and are furnished without a connection for AC
adapter, external battery pack or recorder
output.

To order, specify "F or cC.
OH5-24X (F or C) -FM LCD
DHS-24 (F or C) -FM LED
OHS-26X (F or C) -FM LCD
DHS-26 (F or C) -FM LSD
OHS-2BX (F or C} -FM LCD
For telescopIc sight on FM models DHS-26X and
OH5-2SX, add suffix OIl'" c g DH5-26XTF-FM

PTlce Includes carryIng case. spare battery. ownors
manual and tflOger lock

v t:J)
t""I\' , Tnr I ecce 1M TUC rt~1\ 1\ !\In ("I\MAnA ~\'AI)1_?AI:;~
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Berthold

Noncontact
Weighing System

LB330-1C
for all kinds of bulk material

on continuous conveyors

-',.



Ncncontact massilow meter

The Compelling
Advantages

• Noncontact massflow determIna
tion with gamma attenuation for
kinds of bulk matenal on conti
nuous conveyors

• No moving parts - no mechanical
wear

• Instal/atlon on eXisting belts, screw
conveyors or chain conveyors
does not reqUire any major mecha
nical modifications

• Little space required for frame 
no relaxation section required for
massflow

• Massflow determination possible
dunng free fal/

• Low source activity due to the use
of highly sensitive sCintillation
counters

• Extreme long-term stability due to
automatic dnft and decay compen
sation

• Check of calibratIon on the empty
conveyor system by a standard
absorber

• Determination of the dry weight
possible With eXisting mOisture
Signal

(
Welghmg system LB 330 - 1C mstalled
on a nsmg conveyorbelt

and on a screw conveyor
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Measuring principle
()

-..

o

Design
A rod-shaped gamma source whose
type, length and activity distribution IS

matched to the conveyor system and
the matenalloadlng IS Installed below
the massflow In a lockable shielding
wIth a colhmated radiation opening
A SCintillatIOn detector Installed above
the massflow detects the radiation
attenuated by the matenal to be
measured and provides a countrate
dependent on area weight From this
countrate and the conveyor speed,
the evaluation umt LB 330 - 1 C
calculates the massflow

.A,c:::JTEC:!
The very high stability of the measu
nng system IS ensured by well-proven
Berthold system providing automatic
dnft stablhzatlon The high voltage
control ensures constant amplification
of the radiation pulses regardless of
temperature and ageing of electronic
components The accuracy obtained
In practIce depends on the dlstnbutlon
of the matenal on the conveyor belt,
the averaging penod, and the accu
racy of the check weigher

With eXisting applications this has led to
accuracies between 0.5 and 1.5 % on
standard conveyor belts and up to 2.5 %
on other conveyor systems, such as
chain, screw or bucket conveyors

If' J.. ••
",.uilD..:rn'it~Cn

The evaluation umt IS precahbrated by
the manufacturer and IS Immediately
ready for operation, Ifyou are willing to
accept a slight decrease In accuracy.
Maximum accuracy IS achieved only
by means of comparative weighing
uSing cahbrated weighing systems,
e g weigh bndge
The evaluation umt automatically
analyzes the resulting pairs of values
(result of the radiometric system and
of the comparative system) uSing an
autocahbratlon program and perlor
mes an automatic self-correction
This cahbratlon IS stored as a set of
constants The computer IS capable
of processing up to three externally
selectable sets of constants for
vanous products.
All evaluation unrt functions affecting
the continuous measurement are
protected by a password.

Radiation Source and
Shielding
The type of gamma source used
depends on the matenalloadlng With
high belt loading ecCo IS used (half-life
5.3 years), With medium loading 137CS
(half-life 30 years) and With low
loading 241Am rod sources (half-hfe
433 years)
The gamma radiation does not conta
minate the product to be measured
The noncontact massflow meter may
therefore also be used In the food
Industry. The shielding IS an Integral
part of the measunng frame which
forms the outer limitation of the useful
beam. and WhiCh, like the shielding, IS
filled With lead when ecCo and 137 Cs IS
used.
This ensures that the radiation level
outside the measuring frame IS so low
that It IS well below the dose hmlts
stipulated In the Radiation Protection
Regulations.
Low doserates are guaranteed by
usmg a senSitive detector and there
fore source actiVitIes Will be extremely
small.

Width WeIght
mm A B H1 H2 L of

Measurrng
frame

approx.kg

500 1006 n6 494 754 706 190

650 1156 926 584 844 856 220

800 1306 1076 674 934 1006 250

1000 1506 1276 794 1054 1206 290

1200 1706 1476 914 1174 1406 330

1400 1906 1676 1034 1294 1606 370

1600 2106 1876 1034 1294 1806 420

Scmtllla110n counter
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LB ~~O-1 C-.An E~aluat~cnUnit offering Many Advantages

• wear resistant fall keypad

• easy operation via alphanumeric
dlsplav

• operation mode setting via
DIP-switches

• automatic decay compensation
for the calibration parameters as
standard, allows calibration over
several days or even weeks

• two Isolated current output signals
IS standard, range selection
(0/4 - 20 rnA) via DIP-switches

freely selectable measunng range
of both outputs

• digital mputs for conveyor stop and
external menu selection, or for
external clearing of the Integrator,
external activation of the tare
measurement and also activation
ofthe printer for protocol pnntoutof
Intermediate results

• digital outputs for malfunctions
indicator, set alarms, external
Integrator and signals when rea
ching a preselected batch weight

• tachometer Input either as fre
quency or current Input, selec
table via DIP-SWItches

• Input for mOisture compensation IS
standard, when uSing a separate
mOisture measurement, the eva
luation umt may therefore be used
as dry-weight computer

• printer Interface for parameter
protocol listing and accurate docu
mentation of the measured values
Several evaluatIon units may be
connected to one printer

Integrated mass

Time

Loading capacity

Belt Width VelOCity

g/cm2 ,... ~ kg/m .. tIh .Il
~ ~ ~

Baslswelght Loading

------~

~\
I \

/ \
I \
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Evaluation Unit Installed In protection hOUSing • ~ 1
1 I
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Dimensional Drawings
DimenSions In mm

Evaluation umt
Weight approx 6 kg

Evaluation umt In protection housing
Weight approx 18 kg

SCintillation detector with calibration cover
Sz 5-M 1 40/35 or50150
Weight approx 18 kg

Tachometer with mounting bracket
Weight approx 5 kg

1,
I
1
I

Your inquiries

should include

the following details:

Type, Width and profile section
(e. g. through section) ofconveyor belt

Massflow velOCity and possible
alterations

Measunng range and accuracy
required

Approximate matenal profile section
of matenal with maximum loading
(sketch)

Matenal, bulk weight, grain size of
bulk matenal

Matenalloadlng or conveyor
throughput

Options required (e g. pnnter)

Proposed location of measunng
system (drawing)

------ --- -- --

BERTHOLD SYSTEMS INC., 101 CORPORATION DRIVE, AUQUIPPA, PA 15001-4863, PHONE 412-378-1900. FAA. 412-378-1926
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The 1760
Sulfur A.naCjfzel1'
An automatic titrimetric system
for rapid sulfur determinations
following combustion in a Parr
oxygen bomb.

RECOMMENDED FOR
Coal mine, coal preparation plant, coal burning
utility, commercial Inspection and other Industnal
laboratones where sulfur determInatIons for solid or
liqUid fuels and combustible wastes are run dally on
a routine basIs, and where rapId tests with good
repeatability are requIred. It IS also an attractive,
moderately pnced, automatIc system for laboratones
where calonmetnc tests are run on an intermittent
basIs, and where reliable results with good
repeatability are required.

COMPATIBLE WITH
BOMB CALORIMETRY
Although the 1760 Analyzer can be operated as a
stand-alone Instrument, In most Installations It Will be
used In conjunctIon wIth a Parr oxygen bomb
calonmeter. In these cases, sulfur determinations Will
be made uSing the calonmetnc sample and no
additional sample or welghmgs WIll be reqUIred. The
operator Will simply collect the washmgs from the
bomb follOWing a calonmetlc test and place them In
the Analyzer to obtam

• A complete sulfur determination In less than fIve
minutes for samples ranging from 0 1 to 5 percent
sulfur, WIth accuracy and preCISion well Within ASTM
test reqUIrements.

• Automatic titration of the total aCid In the bomb
washings as reqUIred to calculate the calonflc value
of the sample.

• Full communrcatlon capabilities for automatIcally
transferring sulfur and total aCid values to a Parr
Calonmeter or Calonmeter Controller, and/or
to a 1750 Proximate Analyzer or computer for
incorporation Into calonmetnc, prOXimate, or other
complete fuel test reports.

PROVEN PROCEDURES
For more than 50 years, standard ASTM methods for
determinIng sulfur In solid and liqUId fuels have been
based upon the analySIS of bomb washings follOWing
combustion of a sample In an oxygen bomb. This
same reliable procedure IS used to prepare samples
for the 1760 Analyzer, ensunng complete conversIon
of all sulfur to soluble sulfates 10 the process. But the
fmal sulfur assay IS made by a rapid tltnmetnc
procedure Instead of the tediOUS gravimetric method.
ThIS procedure IS based upon a method descnbed
by HiCks, Fleenor and Smith" In whIch the soluble
sulfates 10 the bomb washings are titrated With a lead
perchlorate solution to obtain a lead preCipitate. The
titratIon IS performed In a non-aqueous medIum to

ensure complete precipitation and a sharp end-pOInt
as detemuned with a lead-ion selective electrode.
TitratIon in 1be 1760 Analyzer preceeds automatically
under mu:mprocessor control, determining first the
total aCId in Ite bomb washings, then bringing the
solution to UIe proper pH for the sulfate titratIon and
continUing to an end-point from which the Analyzer
Will calcula!e and report the sulfur content of the
sample. ChIonde and other Ions found in many coal
samples do not interfere WIth this ion-specific
titration.

A COMPACT, AU1DMATIC
TITRATION SYSTEM
Automatic titlatJon in the 1760 Sulfur Analyzer is
conducted in a 600 ml beaker held on a magnetic
stir plate usmg a stir bar for agitatIon. All of the
necessary electrodes and reagent discharge tubes
are mounted on a non-metallic cover attached to an
adjustable arm arranged so that all sensor and tubes
can be 10Vlleled into the beaker and raised as a unrt.
Reagents used in fixed amounts are delivered from
bottles With alrached manually operated automatic
pipets furnished With the instrument. The trtrants are
fed by high precISIon metenng pumps driven by
high resolution stepper motors operating under
mIcroprocessor control. All reagent concentratIons
have been selected to produce good precIsIon With
optImum operating speed.

SAMPLE SIZE
The 1760 SuIftJr Analyzer is designed for use With
one gram samples. the SIze usually burned in Parr
oxygen bombs. This amount of sample works well for
matenals having sulfur cOnlents between 0.1 and 5.0
percent. If the sulfur content runs higher, the sample
size should be reduced so 1hat the amount of sulfur
m the test does not exceed 75 milligrams.

RAPID TESTS
Both the tata! acid and percent sulfur can be
determmed within five minutes after completion of
the bomb process. The time reqUired for the
automatic tlbabon Will be roughly proportIonal to the
amount of sulfur in the sample.

-"The Rapid De!l!lmination of Sulfur In Coal; Analytical Chemica
fJcta., 68,4SG:i(l974)
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Sulfur Determined
With 1760 Analyzer

Percent

COAL SAMPLES
0553 +1- 0.027 0539 +/- 0006
199 +1- 0.05 197 +1- 001
304 +1- 0.07 304 +1- 003
047 +1- 0.03 0451 +1- 0003
185 +/- 006 189 +1- 003
3.00 +/-0.13 298 +/-001
462 +/-018 461 +/-001
033 +1- 0.03 033 +1- 003
0.95 +1- 0.03 094 +1- 001
3.01 +1- 0.04 3.02 +1- 001
5.02 +/- 0.05 5.02 +1- 005

lIQUID HYDROCARBON SAMPLES
0.15 +/- 002 015 +1- 001
0.50 +/- 0.02 0.51 +/- 001
1.00 +1- 0.03 100 +/- 001
3.08 +/- 0.05 308 +/- 0.02

Standard Cedifled
Sample SulfurContent
Number "-ent

NBS 1631A
NBS 1631B
NBS 1631C
NBS 2682
NBS 2683
NBS 2684
NBS 2685
Alpha 1700
Alpha 1704
Alpha 1708
Alpha 1711

ACCURACY AND PREOSION
PROVEN BY COMPARISON TESTS
Tests With standard samples have shown that the
1760 Analyzer can determine sulfur values Within a
repeatability interval approximately one-half that
allowed by aJrrent ASTMIISO test methods. The
preciSion ob!aJnable with the Analyzer also falls well
within limits allowed by current standards but Will
vary With the amount of sulfur present In the sample,
which IS true for other accepted sulfur methods as
well. The excellent results obtainable With thiS new
procedure are best ilustrated by the values listed
below for tess conducted With standard coal and
liqUid hydrocarbon samples.

EASY CALIBRATION
The 1760 Analyzer is usually calibrated With standard
sulfate solutions, but standard coal or 011 samples
can be used as well. The calibratIOn IS independent
of the sample size. Software In the Instrument
prOVides a alIVe fitting program to ensure
outstanding accuracy over the entire range of
the instrument. Although the Analyzer can be
restandardized as often as deSired, It must be
restandardized only when a solution or component IS
changed. Up 10 1500 tests can be conducted With a
smgle bottle of titrant solution.

Alpha 2821
Alpha 2823
Alpha 2825
Alpha 2829

ACCESSORIES
The 1760 SaAJr Analyzer is fumished as a complete
operating system with titration pumps, electrodes
and electrode hold~six beakers, a magnetIc stir
plate With stir bar, reagent bottles and two automatIc
pipets. A supply of lead perchlorate and O.2N sulfUriC
acid is provided. The user will have to supply
ammmOnium hydroxide and methanol whIch are
common reagents available in most laboratones

1722
1723
A597E
A643E

ORDERING INFORMATION
1760 Sulfur Analyzer complete with

accessories, 115/230 v 50/60 Hz
Smart Unk Board
RS232C Printer Output Board
Smart Unk cable, 25 ft.
Cable for RS232C output

SEPOR,INC.
718 N Fries Ave.. Wilminaton, CA 90748

CONVENIENT KEYBOARD CONTROL
The Analyzer has been designed with a high degree
of flexibility so that It can be adapted easily to
various installations Sample weights can be entered
manually from the touch panel keyboard, or picked
up automatically from a 1741 Balance Interface, or
from a 1261 Calonmeter or a 1720 or 1730
Calorimeter Controller, or from a 1750 Proximate
Analyzer over a Smart Link network. All data entnes
are shown on an LED display for operator venflcatron
before they are entered Into the system. In addition
to ItS use for data entry, the keyboard serves also as
a convenient means for controlling the several steps
in the automatic titration and for calltng up reports
from the Instrument.

OPERATOR PROMPTING
The microprocessor is programmed to prompt the
operator with messages on the LED display showing
the current status of the test and Identifying the data
which must be entered so that the test can continue.
It also monitors the performance of the Analyzer and
advises the user (1) If the sensors need cleaning,
(2) If a result falls outside the optimum range, (3) if
operating conditions are not correct, or (4) If the
required data IS not available

CALCULATIONS AND STORAGE
The Analyzer calculates the percent sulfur In the
sample and reports this value together With a sample
Identification number, date and time of the test.
Automatic storage IS prOVided for up to 300 tests.
These values can be called to the Instrument display
at any time or transferred to an aUXiliary pnnter on
command. Software Incorporated Into the Analyzer
allows the operator to call up either a Single report,
or reports from a range of samples, or a complete
memory dump. Program controls also prOVide for
convenient memory management and for pre
formatted reports compatible With any of the pnnter
options listed below.

PRINTED REPORTS
Printed reports can be obtained from the 1760
Analyzer uSing any of the follOWing options:

1. By adding a 1722 Smart Link Board and
connecting the Analyzer onto a Smart Link network,
sulfur values can be included in printed reports
produced by any of the follOWing:

(a) A 1261 CalOrimeter With an attached printer,
(b) A 1720 or 1730 CalOrimeter Controller With an

attached prmter.
(c) A 1750 Proximate Analyzer with an attached

printer.
(d) A laboratory or central computer connected

onto the network via a 1745 or 1747 Computer
Interface.

2. If the Analyzer IS used as a stand alone
Instrument, reports can be obtained by adding a
1723 Printer Output Board and connecting the
Analyzer to a Parr 1755 Printer or to any 40/80
column printer compatible With an RS232C output.
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The 1281 Calorimeter

The 1281 Calorimeter is designed for users who want a
calonmeter with all of the new technology provided in
the 1271 Model but who do not require a fully automat
ed bomb closmg mechanism and a provision for expan
sion to a dual calorimeter. Except for these two features,
the 1281 Calorimeteroffers the user all ofthe latest devel
opments in automatic bomb calorimetry in a single, com
pact unit. The choice, therefore, between the two models
will depend upon the antIcipated work load, the degree
ofautomation deSIred, the savmgs in operator time and
any associated budget restraints.

INTEGRATED DESIGN

In the 1281 Calorimeter all ofthe principal components:
the combustion bomb, the bucket and jacket, the water
handling system and the oxygen filling system are built
into a single console wlnch includes the calorimeter con
troller and the operatmg keyboard. The unit is 18 inch
es wide, 21 inches deep and 16 inches high, WIth a recessed
area at the top for a 1756 Printer.

As with the 1271 Calorimeter, the bomb body and buck
et m the 1281 Model are permanently mounted m the
calonmeter, but the bomb head with Its attached elec
trodes and sample holder must be removed for loading
the sample and attachmg an auxiliary cotton fuse. The
loaded head is then returned to the calorimeter and the
bomb is closed with a simple 23-degree turn ofthe twist
lock closure.

THE CALORIMETER CONTROLLER

An integral, microprocessor-based controller built into
the 1281 Calonmeter proVIdes the same operating con
trols, data acquiSItIon, data processing, data reporting
and commumcation capabilities furnished in the 1271
Model. Both Instruments share the same menu driven
programming and operating system with a bright, back
lit liquid crystal display.

THE WATER HANDLING SYSTEM

Abuilt-m water tank, circulating pump and tempera
ture control system prOVIde mtemal water CJl'CU1ation
for both filling the calonmeterbucket and for mamtaining
true isopenbol operating conditions dunng the test. As
with all Parr calonmeters, this is a closed loop system
whIch conserves water and elimmates the problems
caused by poor quality water supplies. The calonmeter
bucket holds approximately 400mL of water m which
the temperature will nse approximately lOoC dunng a
normal test.

The 1281 Calorimeter

ADDmONAL ACCESSORIES

Abomb washtank to supply distilled water to wash the
bomb, a coolerto remove the heat obtainedfrom the sam
ple, and a printerto produce calorimetric reports are fur
nished with the 1281 Calorimeter. These accessories are
described on page 13. The air or gas required to lock the
system and pressurize the bomb wash tank is best sup
plied from a tank ofcompressed airor nitrogen. Anitro
gen tankpressure regulator for this purpose is furnished
with the calorimeter.

THE OXYGEN BOMB

The 1136 and 1136CL oxygen bombs used in the 1281
Calonmeterare described on page 7. These are the same
as the 1131 and 1131CL bombs used in the 1271
Calorimeter, but modified WIth extended electrodes to
operate in a head-on-top configurationwithmanual open
ing and closing.



ORDERING GUIDE

A1281 Calorimeter is furnIshed with the following parts
which are easily interconnected to form a complete oper
ating system:

• Calorimeter module with a built-in controller, an oxy
gen bomb with Its attached water bucket, an outer water
jacket and a water tank.
• PrInter
• Bomb wash tank
• Water cooler
• Oxygen pressure regulator
• Nitrogen pressure regulator
• Spare parts kit.

OPTIONAL ADDmONAL ITEMS

1136 Oxygen Combustion Bomb. Although an 1136
Bomb is furnished with the 1281 Calorimeter, many users
will want to have a spare bomb available to ensure con
tinuous operation during routine servicing. This extra
bomb can be eIther the standard 1136 stainless steel
model or an 1136CI Bomb made of a special alloy that
offers best resistance to free chlorine and halogen acids.

The 1281 Calorimeter

A895DD Bomb HeadAssembly. By purchasing a sec
ond head for the 1136 bomb, the user can prepare the
next sample for testing before the current test is com
pleted, thereby mmirnizing turnaround time and obtaIn
ing maxnnum thru-put from the calonmeter.

CATALOG NUMBERS

1281EA Complete calorimeter with 1136 stainless
steel bomb, for 115V 60Hz

1281EF Complete calorimeter with 1136 stainless
steel bomb, for 230V 50Hz

1281CLEA Complete calorimeter with 1136CL bomb,
for 115V 60Hz

1281CLEF Complete calorimeter with 1136CL bomb,
for 230V 50Hz

1136 Oxygen combustion bomb, stainless steel

1136CL Oxygencombustimbomb forchlorineservice

A895DD Head assembly fur 1136 bomb

A895DDCLHead assembly for 1136CL bomb

1289 Spare parts kit for 1281 calorimeter

The 1281 Calorimeter System

~ 11



ONTROLOTRON Models 990DBN
and 990DBP

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

FUNCTIONS
Serres 9900 offers the follOWing
optIonal functions
• Industry Standard Analog and

Digital Data Outputs
• Digital Row Rate and Total Display
• GraphiCS Display With Strrpchart

and Datalogger
• RS-232 Serrall/O Data/Command

Commumcatlon
• Field Programmable Status

Alarms Relay Outputs
• Memorrzed Flow, Site and

Diagnostic Data Prrntout

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 Intended 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 Both offer field programmability for essentIally any
pipe SIze, and operate With essentially any liqUid. They
replace and outperform most conventional intrusive f1ow
meters even In their best applications and provide all
Industry standard analog and digital data outputs, LCD
Digital or GraphiCS dIsplay, With Integral Datalogger and
Stnpchart pnntout

Senes 9900B Unlflow measures flow by means of two
orthogonal ultrasonic beams, preferably operated In the
reffect mode ThiS makes the system extremely resistant to
flow profile distortion, crossflow or flow SWirl errors, normally
caused by upstream bends, gate valves orshort straight run
conditIons Its Clamp-On construction makes It SImple to
Install In eXisting Installations, or as a preCIsion replacement
for high maintenance Turbine, Venturr and Wetted Trans
ducer 4 Path Chordal ultraSOnic flowmeters

The 990 Family Includes both Dedicated and Portable
models Portable models can be used to qUickly evaluate the
performance which Will be provided by the Dedicatedroodels.
DedIcated NEMA 4X 9900B models are SUitable for opera
tion In almost any enVIronment, Indoors or outdoors. and at
pipe temperatures up to 50QoF

FEATURES
• Umversal Applicability
• Outperforms Conventional

Intrusive Rowmeters
• Lower Cost/Higher Reliability

than Intrusive Flowmeters
• User Frrendly Menu Dnven Field

Programmable Site Setup
• Non-IntruSIVe Universal Clamp-Qn

Transducers
• MultiPu/se~ TransmissIon
• No Cutting of Pipe Ever RequITed
• Batch and Sampling Capability

Budt In
• Calibratabfe to 1/4% of Flow Rate
• BI-Olrectlonal Flow Measurement



WHAT IT DOES
Models 99008N and 99008P

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, Venturr and 4 Path Wetted
Chordal ultrasonic flowmeters

HOW IT WORKS
System 99008 Dual Path

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

WHERETO USE
Serres 99008 IS Intended for

high preCISion or custody transfer
applications ofpetroleum products,
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 PIpeline,
Hydro-Power TurbIne and Irrigation
Turnout flow measurement applica
tIons The 990DBP IS functionally
Identical to the NEMA 4X 990DBN

...E.ortabJilty faCIlitates use as a
test deVice, or In applications
which do not?egUJre contInuous
flow measurement. -

SPECIFICATIONS
APPLICABIUlY

LIQUIDS: AnySClllJl:aRyconductlve homogeneous flUid
LIQUID (PIPE) lBFERATURE. -40°F to +2S0°F Standard

-BO°F to +SOO°F OptIonal
PIPE SIZES. 6 lo3Sllnches 00
PIPE MATERJAL:AIIy sOnlcally conductive pipe matenal

YletaJ, Glass. PlastIC. etc
PIPE WALL TIiICKNESS: 0 OS to 3 00 Inches
LINER MATERIAL:Aoy sonrcally conductive matenal, Glass.

FtastIC. Cement. etc. IntImately bonded to
liepipe Intenor

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

00 and mountIng track type

991 CLAMP-ONTRANSDUCERS
PIPE SIZE RATINGS
• Group 3. 6 to 24 Jndles, 00
• Group 4. 20 to 48 inl:hes.00
• Group 5 36 to 36DiiTches. 00
RATING: Intnnsicallysafe. Radiation ReSistant and

SubmersitD1eavailable
CONSTRUCTlON:AuTlInum, stainless steel and speCIal alloy

«plastIC.
CONNECTORS: Qmdulet for NEMA 4, BNC for Portable

992 MOUNTING TRACKS
• Available In DlredarHetJectlve Mounting for all transducer sizes

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

994 FLOW COMPUTER
• POWER: 20W,9to3fiVDC onntemal Battery.

l00/115a-230VAC. let> ~
• TEMPERATURE: -SOF to + 115°F

(except for GraphICS Models)
• SIZE: 10.S'W, !r O.~H
• WEIGHT: 12.8pard;
• RATING: IntnnSlCallysafe, NEMA4X With cover closed
• MODULES: Plug-In. Interchangeable WIO speCial tools
• RANGES: SIZe4: TJGIISducer SIZes 3 and 4

SIZe5: Tl21Sducer SIZes 3, 4 and S

994 PERFORMANa: (SIandard Conditions)·
• SENSITIVITY: 0.001 fps at any flow rate Including zero
• LINEARITY: 0.003 fps
• RESPONSE BANDWIDTH: 10Hz (settable)
• SLEW RATE: 20ftlssclsec
• FLOW PROALECOMPENSATION: Via "qUid VISCOSIty entry
• ZERO DRIFT STABIJTY: 0.005 Ips for transducer sizes 3 to 6

995 HAND HELD CONTROUDISPLAY TERMINAL
• 2 Row, 32 characterUquId Crystal Display
.30 Keys. NumencaFunctlon IdentIfied.

• Submit Application IlIbmlllfJOn Form for estimate of performance under
specifiC applicationan:liDls.



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

model and optional functIons and
features, offered In System 990DB.
IS qUite simple, especially Ifyou fol
low the procedure below However,
feel free to call on your local
Controlotron representatIve for
assistance If needed

The Unlflow part numberrng
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 be/ow,
gives you an opportunity to con
Sider the many Unlflow system
options offered Check with your
local Controlotron representatIve
to assure selectIOn of compatIble
Dedicated model functions Note.
however, that standard Portable

Unlflow Systems are supplIed fully
loaded, wIth all available functIons
and features

System 990 DedIcated Models
use a"Budding Block" 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

Unrflow Systems Include the
follOWing Components

• Series 991 TranSducers
• Series 992 Transducer

Accessories
• Series 994 Flow Computer and

Function Modules
• Series 995 Hand-l:Ield Control

Display Unit -
• Series 996 Remote Accessories

SpecIfying and orderrng System
990 Unrflow 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 yourorderwith Controlotron
eIther through your local Repre
sentative or Factory Direct

LIsted below are the part numbers for all UnlfJow 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·0 A=MOOEL B=TYPE C=1EMPERAlURE D=SIZE
TRANSDUCER N=NEMA4 M=Metaillody 5=2511"Fmax 3=6"1024" Pipe 00

P=Plasbe BOdy H=375°F max. 4..211" to 48" pipe 00
V=Some Velocity VH=5OO"F mu.." 5=36" to 360" Pipe 00

992MTABCO-E A=MODEL B=TYPE C=STYLE D=MATERIAL E=PlPEOD RANGE lmln )"
MOUNTING TRACK N=NEMA4 O=OlrectBeam M=Metal XOCR A..Alumlnum 3=6"to 24" Pipe 00 5X=6' to 10' pipe 00

R=Reteld Beam P=PIastle XOCR 5=Steel 4-211" tD 4"Pipe 00 5Y=10'to 18' Pipe 00
5H=For VH XOR5 5=36"tD 84" pipe 00 5Z=18' tD 30' Pipe 00

" see 99OSt.ECT Manual
992CAB·C A=MODEL B=ENVIRONMENT C=LENGTH 992MTM·A A=PlPE DD RANGE
TRANSDUCER CABLE N=NEMA4 5=5tandanl Temp C=LengtlJ In It. MAGNmCTRACK 4..211" to4" Pipe 00

W=Submellllble KIt MDUNTKIT 5=48" to 216"plpe 00
6= 18' 1030' PI/I8 00

993ABC A=MDDEL B.C=CDDES IIESEIlVED
APPUCATIONFUNcnON C=Control Only Module
AND CONTROL MODULE M=Memory and Control Module

994ABCD-EF A=MODEL I- B=PlPE OD RANGE C=DISPLAY D=PQWER SOURCE E=PRDGRAM LOAD F=SPECIAL
FLOW COMPUTER CBN=NEMA4 4=6" to 48" B-8111ld ..., 5= 1001115 VAC 1=Basll: 0aIa .... N(n)=CC Nuclear

OBP=Portable 5-6" to 216" G-Graphlcs M=230VAC 2=Add RSo232 & Catalog Glade
6=6" to 3611" D=Drgrtal B=9lo36 VOC 3=Add Gnlphrcs 5(n)=lntnnslcally

GL=L1ghted 5B= 115 VAC + Battery + 5tnpchart safe
GraphiCS MB=230 VAC =Jlaltery

994·7 ANALOG COMPUTER PrOVIdes Programmable Isolated 410 20 rnA 0to 10 VDC and Pulse Rate Outp~. one reqUired per dIanneI~

994·10ABC A=MODEL B=TYPE C=RAnNG
ALARM RELAY MODULE N=NEMA4 A=Normally Open D=Ory Reed (10 VA IIIiX I

B=Normally Closed M-Mercury WelIIld (SO VA max ) (NOI avaIlable In Partible Uruls orm' Ne Typel

994·11ABC A=MODEL J, B=TYPE C=CODE RESERVED
LCD OISPLAY CDMPUTER D=Dlgltal Display D=DuaJ Path

G=Graphlcs DISplay

994·12ABC A=MDDEL B.C=CODES RESERVED
RS·232/10 MODULE T=995 Hand Held Terminal Onwr Only

5=R5-232 and 995 Onvers

9951 99SP 996P-5 99SPSP·A A=XDCRSIZE 996DABC A=TYPE I=MODEL C=PQWER SDURCE
HANO-HELD PRINTER PRINTER PAPER. PIPE SIMULATOR A=O.1.2.30r4 REMOTE D=Orgrtal N=NEMA4X 5=1101115 VAC
CDU TERMINAL 5PACK RERLLS DISPLAY P=Panel Mount M=230VAC

• Tl'lInsdunli Olllll'll1lld lbon ~Fwtlll'llllUllIpenodlC 1IIurIIIIIImenl. WilllpenodIcIIfprapDltl..IlI.............. Far.IlIImI....,....~1IclDry-a.llaa Is
_.nded



TYPICAL SPECIFICATIONS
( The flowmeter furnished shall

be the Controlotron System 990DB
Unlflow Clamp-On Dual Path Translt
Time Ultrasonrc type, or approved
equivalent, and shall contain the
features lIsted below

IB' MultlPulse™ Flow Detection
~ TransXTM Ultrasonrc Trans-

miSSion Optimization
~ Metallic Mode Conversion

Wide Beam Transducers
~ Made In USA

IB PlnStop Universal Mounting
Track (no ruler scales)

IB" 64 x 256 Pixel Graphics
Display

~ Programmable Strrpchart
Option for Flow, LiqUid Data

lEt Programmable 64K Memory
Datalogger Option

~ All Modules Plug-In, IncludIng
Power Supply

lB' Numerrc Entry Only. Hand
Held Programming

IB Full Diagnostic Data Access

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

& IsoJated 4 to 20 mA
~ Alarm Relay Module

8 Programmable Relays
~ Digital and GraphiCS

Display ComputerIDnver
fB' RS-232 Senal Data I/O,

Selectable Baud Rates
~ IntnnslcaJlySafe Construction
~ Reflect orDirect Transmission

Mode
~ Simultaneous Individual Beam &

Summed Data Display

I

(

AWORD ABOUT CONTROLOTRON
Controlotron. completing Its third decade of operation,

specializes In the manufacture of proprietary Instruments for the
measurement and control of liqUids All Controlotran products are
derived from Company sponsored research and development
programs, the heart of our continued ability to prOVide new and
unique Instruments of outstanding value and performance
charactenstlcs, such as

Portable System 990 UNIFLOW:
MultlPulse™ TranSit-Time Flowmeter

Dedicated System 990:
MultlPulse™ TranSit-Time Flowmeter

Portable System 190 Spectra:
Portable FOUrier Flowmeter

Dedicated System 190 Spectra.
NEMA 4X FOUrier Flowmeter

Portable 990E
Thermal Energy Flowmeter

Dedicated 990E
Thermal Energy Flowmeter

Your Local Representative

ONTROLOTRON

RENTAL/
PURCHASE PLAN
Users who Wish to familiarize

themselveswith Models 990D8N
and 990D8P pnor to purchase
may avail themselves of Rental
plans (where available)
Advance purchase of the
99008 FIeld Manual will proVide
detailed Infonnatlon beyond thiS
brochure.

CUSTOMER
SERVICE

Users of ConIrolotron Instruments
enJoy the benefIt of worldWide
customer service organrzatlons,
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 date ofship
ment, agaInst intnnslc 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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AUDIT RECORDS SUMMARY
FLUE GAS MEASUREMENTS

EN ERAC Ser. 11003246:
Oxy_ref= true:

Test 5
Test 6
Test 8
Test 9

Flue Gas Measurement at convection pass on coal at 180 MW blr #3 side A
Flue Gas Measurement at convection pass on coal at 180 MW blr #3 side B
Flue Gas Measurement at convection pass on coal at 180 MW blr #3 side A
Flue Gas Measurement at convection pass on coal at 180 MW blr #3 side B

EN ERAC Ser. 11003251:
Oxy_ref= true:

Test 1
Test n/a
Test 2
Test 3
Test 4
Test 5
Test 6
Test 7
Test 8
Test 9

Flue Gas Measurement at the stack on coal at 240 MW blr #3
Flue Gas Measurement at the stack on coal at 240 MW blr #3
Flue Gas Measurement at the stack on coal at 240 MW blr #3
Flue Gas Measurement at the stack on coal at 240 MW blr #3
Flue Gas Measurement at the stack on coal at 240 MW blr #3
Flue Gas Measurement at the stack on coal at 240 MW blr #3
Flue Gas Measurement at the stack on gas at 550 MW blr #7
Flue Gas Measurement at the stack on gas at 550 MW blr #7
Flue Gas Measurement at the stack on gas at 550 MW blr #7
Flue Gas Measurement at the stack on gas at 550 MW blr #7

EN ERAC Ser. 11003246:
Oxy_ref=O:

Test 12
Test 13
Test 14
Test 15

Flue Gas Measurement at the stack on coal at 240 MW blr #3
Flue Gas Measurement at the stack on coal at 240 MW blr #3
Flue Gas Measurement at the stack on coal at 240 MW blr #3
Flue Gas Measurement at the stack on coal at 240 MW blr #3

EN ERAC Ser. 11003251:
Oxy_ref = true:

Test 13
Test 14

Flue Gas Measurement at the stack on coal at 240 MW blr #3
Flue Gas Measurement at the stack on coal at 240 MW blr #3

B-1



5J DE A-
SE~:H~ ~ ~lG032db

YES:- 5 BI~'Ii.ER+i:

SERI~L ~ :~008246
E~ERAC MODEL 2000

COMBUSTION TEST RECORD

FOR: BURNS & ROE

TIME: 13:14:19
DATE: 02/2121/95

FUEL GSHCOAL

COMBUSTION EFFICIENC1:
AMBIENT TEMPERATURE:
STACK TEMPERHTURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAFT (INCHES H20): +
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

MODE:MGM OXY-REF=TRUE%

71.0 y.
23 °C

357 °C
06.2 %

15 MGM
12.4 Y.
1'.59 %
6.1

40 %
923 MGM

OVER MGM
50 PPM

7£S7 6 B0I!..ER+t 3 1&0 H lXI
S:E:RIHL +t 11003246 >/ DE B

ENERAC MODEL 2000
COMBUSTION TEST RECORD

FOR: BURNS & ROE

T~fv1E: 13:17:3l
DJ4:=:: 02/20/95

FUE::' GSHCOAL

cc;,rts US:- ~ 0 N E.l:T ICIENCY :
AMEIENT TEMPERATURE:
S7ACK TEMPERATURE:
OXYGEN:
CAREON MONOXIDE:
CHRBON !)I Or, IDE:
COMBUSTIBLE GASES:
STACK DRHFT (I NCHES H20): +
E'<CESS AIR:
OXI:rES of NI7ROGEtJ:
SULFUR DIOxIDE:
CARBON MONOxIDE ALARM:

MODE:MGM OXY-REF=TRUE%

67.5 %
22 °C

366 °C
06.0 Y.

25 MGM
12.5 %
1.82 %
5.9

39 %
917 MGM

OVER MGM
50 PPM



SERIAL tt 1112103246
ENERAC MODEL 2000

C~"'1BUSTION 'rEST RECORD

FOR: BUR~3 & R' E

'rIME: 13:29:27
DATE: 1212/2121/95

FUEL GSHCOAL

COMBUSTION EFFiCIENCY:
A~BIENT TE~PERATURE:

STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOX IDE:
COMBUSTIBLE GASES:
STACK DRAF:' (I NCHES H20): +
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

MODE:MGM OXY-REF=TRUE%

63.4 %
20 °C

386 °C
134.3 %

33 MGM
13.9 %
2.27 %
6.3

25 %
973 MGM

OVER MGM
513 PPM

7ES7 9 BOILER~ 3 B ,gO MW
SERIAL # 111211213246

ENERAC MODEL 2000
CC'lY1BUSTION TEST RECORD

FOR: BURNS & ROE

TIME: 13:31 :21
DATE: 1212/20/95

FUEL GSHCOAL

C0MBUSTION EFFICIENCY:
AMBIE~7 TEMPERATURE:
S7ACK TEMPERATUP£:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAFT (INCHES H20): +
EACESS AIR:
OXIDES of NITROGEN:
SULFUR DIOXIDE:
~~~BON MONnYID~ AI APM:

6121.7 %
2121 °C

386 °C
134.2 %

43 MGM
14.13 %
2.49 %
6.4

24 %
973 MGM

OV1=.....R MGM
513 PPM



'lEE: IAI... 1:1 1188::251 24 () AA I J /
... ES7 1 BOILEP.1:1 3,_--=:~..:::.v-=r.....:....:'W:....- __. _
SER:AI... 1:1 1180325:

ENERAC MODEL 2000
CO~B~S7ION TES7 REC0P.D

FOR: BuRNS & ROE
10

TIME: .Qcr: 13:49
DATE: 02/21/95

FUEL GSCOAL 8528

COMBUSTION EFFICIENCY:
AMBIE~T TEMPE~ATURE:

STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAFr {I NCHES H20': +
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

MODE:PPM OXY-REF=TRUEY.

OVER %
21 °C

146 °C
89.2 %

8 PPM
89.8 %
8.20 %
12.9

75 %
525 PPM

1995 PPM
50 PPI\1

SERIAL 1:1 11883251
ENERAC MODEL 2000

COMBUSTION TEST RECORD

FOR: BURNS & ROE

TIME: 11:15:48
DATE: 02/21/95

FUEL GSCOAL 8528

COMBUSTION EFFICIENCY:
AMBIENT TEMPERATURE:
STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAFT (I NCHES H20): 
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONO)'T-T'" I'>T A"PIVl:

MODE: PPM OX' .

OVER %
21 °C

145 °C
89.8 %

o PPM
18.1 %
8.22 %
12.7

72 ~,.

517 PPM
2109 PPM

5l2l PPM



TES7 2 3 24" t1JM.~-
SERIAL ~ l16~w~~~

ENERAC MODEL 2000
COMBUS7ION TEST RECORD

FOR: BURNS & ROE

TIME: 11: 16: 03
DATE: 02/21/95

FUEL GSCOAL 8528

COMBUSTION EFFICIENCY:
AMBIE~l TEMPERATURE:
STACK TEMPERATURE:
OXYGEN:
CAP~ON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAFT (INCHES H20): 
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOX IDE:
CARBON MO~OXIDE ALARM:

MODE:PPM OXY-REF=!RUE%

OVER %
21 °C

145 °C
09.1 %

o PPM
09.9 %
8.22 %
12.5

74 %
488 PPM

2119 PPM
58 PPM

SER~AL ~ llu~3251

ENERAC MODEL 2000
TEST 3 COMBLJSTIOt\J TEST RECORD

FOR: BURNS & ROE

T H1E: 11: 19: 83
DATE: 82/21/95

FUEL BITUMINOUS: 11708 BTU/LB

COMBUS7ION EFFICIENC1:
AMBIENT TEMPERATURE:
STACK TEMPERA7URE:
OXYGEN:
CARBON MONOX~DE:

CARBON DIOXIDE:
CO~BUSTIB~E GASES:
STACK DRAFT (I NCHES H20):
EXCESS rCtIR:
OAIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MON0vTnE ATARM:

"'T)E:PPM 0

-- P,:.,

OVER %
28 °C

145 °C
89.1 %

8 PPM
18.2 %
8.22 %

- 12.4
74 %

525 PPM
2084 PPM

50 PPM



w,__--=2_4:....:;{)---!,....;H~W~_TEST 4 BO::r..=.
SER:ri: n 11003~5~

ENERAC MODEL 2000
C0MBJS7:0N ~ES~ ?EeOR)

FOR: BURNS ~ ROE

TIME: 11:2G:21
DATE: 02/21/95

FUEL NEwCOA~ 8528

COMBUSTION EFF~CIENCY:

AMBIE~~ TEMPERATURE:
STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAFT (INCHES H20): 
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

,)"JER ~/'.19 "c
144 °C

09.1 ~,

/~

0 PPM
09.9 }~

13.23 %. ,., ..,
.':".\.J

74 ~/
,~

525 PPI\1
2:53 PPM

50 PP~1

TEST 5 BC'i::'EF:+t 3 240 MIX!
SERiAL +t 1113133251

ENERAC MODEL 2000
COIVlBL..IS":'ION TES~ RECG':;:D

F0R: BURNS & ROE

7IME: 1~:21:5S

DATE: 132/21/95

77813 BTU/i.E

12.3
79 %

524 PPM
2094 PPM

50 PPM

FUEL LIGNITE:

COMBUSTION EFFICIENCY:
AMBIENT TEMPERATUP~:

STACK TEMPE?ATURE:
OXYGEN:
CARBON MONO~I~E:

CARBON DIOXIDE:
COMBUSTIBLE GHSES:
STACK DRAFT (INCHES H20): 
E~CESS AIR:
Ox~DES of ~ITROGEN:

SULFU2 D I O/- IDE:
CHRBON MONOXIDE ALHRM:

MODE:F -,

-, -

OVER
'q1 _

144
139.5

o
139.3
0.23

,,~

°C
°C

%
PPM

%
%



SE2:H~ ~ 1~8GS25:

TES7 b 30:~2R~

SERIA~ ~ :~803251

.... G-A~ S50 H iii

~NERAC MODEL 2000
COMBUSTION TEST REC0R~

?0R: BUR~S & ROE

7IME: 11:58:28
DATE: 82/21/95

FUEL NATURAL GAS:21870 BTu/LB

COMBUS7IOt\: EFF:i CI:a~C"l : OVER .'/~
AMBIEI\jT TEMPERATURE: 59 of
STACK TEMPERhTURE: 323 of
OXYGEN: 86.0 ~/,+

CARBON MONOXIDE: 0 ppr'1
CARBON DIOXIDE: 06.4 ~,

/+

COMBUST I3LE GASE3: 0. ~1~
~
/~

STACK i)RAF7 ( INCHES H2C1
) : + 2.8

EXCESS .... T'O • 36 ~/
H.,i .. - /0

OxIDES of N~TROGEN: 69 PPM
SULFUR DIOxIDE: G PP'V!
CARBON MONOXIDE ALARM: 5\6 ??f"II

MODE: PPI'-1 OX\'Jl.EF=TRLJE~~

TEST 7 BOILER~ 7 SSe H Itt
SERIAL ~ I1JG3251

ENERAC MODE~ 2000
CO~BUST!ON :-EST RECORD

FOR: BUR~S & ROE

T:!"1E: 11 :52:59
DATE: 82/21/95

FUEL NATURAL GAS:21878 BTU/LB

COMBUS7~0N EFF:CIENCY:
AMBIENT TEMPEP~TURE:

STACK TEMPERATuRE:
OXYGEN:
CARBON MONO~:~E:

CARBON DI OX IDE :
cmmus:" : BLE GASES:
STACK DRAFT <. I NCHES H20): +
eXCESS HIP.:
OXIDES of NITROGEN:
SLJ:"FUP. DIOXIDE:
CARBON MONOYIDE ALARM:

r;-r-,-

15°C
163°C

85.9 %
G PPM,

08.5 %
0.30 %

2.1
35 %
70 PPM

G PPM
50 PPM



S~-;;:'·(·7........... H.i.o.o

,..., ~

Q .-J ....... .-.....~~

+t 1:003251
ENERAC MODEL 2000

COMBuST~0N TES7 RECOR~

BURNS & ROE

7H1E:
D""T"T""'Hl.r:..

FUE..

: 1 : 54: 19
02/~1/95

NATURAL GAS:21870 BTU/LB

COMBUSTION EFFICIENCY:
AMBIENT TEMPERATURE:
STACK TEMPERATURE:
OXYGEN:
CAP~:ON MONO~~~E:

CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAFT (I NCHES H20): +
EXCESS AIR:
OXIDES of NITROGEN:
SU:"FUR :JIOXIDE:
CARBON MONOXI~E ALARM:

MODE:PPM OXY-P£F=TRU~~

OVER ~~

14 °C
162 °C

05. 9 ~,

o PPM
08.5 %
0.00 %

1.7
35 %
68 PPM
o PPM

50 PPM

SE2I?tL +t 1: 003251 sS'O /"1,1/ /TES:- 9 BOIL2Rii 7 l;V' _

SER1~L ~ :10~3251

ENERAC MODE~ 2000
COMBUS7ION TEST RECORD

FOR:

7IfV:E:
DAlE:

FUEL

BUR"lS & ROE

12:01 :26
02/21/95

(j.-A~
HGI\IT::: 77BB BTU; 1:15

CO~BuS7:0~ EF?IC~ENCY:

H~B:ENT TEM?ERATURE:
STACK TEMPE2A7URE:
OXYGE:-J:
CA~BON MONOXI:JE:
CARBON DIOX IDE:
COMBuSTIBLE GASES:
STACK DRAFT (INCHES ,20): +
E'r,CESS AI? :
OXIDES of NITROGEN:
SULPJR DIO,,<I:JE:
CARBON MONOXIDE ALARM:

lViO:JE :PPI\4 OXV-P.EF=7RUE~;

OVER %
12 °C

138 °C
05.9 %

2 PPM
12.2 %
0.00 %
2.8

37 %
67 PPM

6 PPM
50 PPM



SERIAL #
~~T <~ BnIT-~ff ~
U:.o::::l .L "- J .w:.•..".. '-.l 24 A • ( ~/
""";:::'R TAT .. i 1 n0'J"')4b~ V I
;:J ......... J.... -++ ...... ILl U~

ENERAC MODEL 2000
C0MBUSTION TES7 RECOR~

FOR: BURNS & ROE

TlME: 113: 12:52
DATE: 1212/21/95

FUEL NEWCOAL 8528

COMBUSTION EFFICIENCY:
AMBIENT TEMPERATURE:
STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
::ARBOI\.1 DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAFT (INCHES H20>: +
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOX IDE:
CARBON MONOXIDE ALARM:

MODE:PPM OXY-REF= 13%

36.2 ?~

28 °C
141 °C

8'7.8 %
OVER PPM
11 .121 '.
OVER %
OVER

57 ~~

546 PP~1

2379 PPM
513 PPM

TEST 13 BOILER# 3 2~HW
SE~IAL # 1181213246

ENERAC MODEL 2000
COMBUSTION TEST RECORD

FOR: BURNS & ROE

TIME: 113: 15:02
DATE: 82/21/95

FUEL LIGNITE: 778121 BTU/LB

COMBUSTION EFFICIENCY:
AMBIENT TEMPERATURE:
STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAFT (INCHES H20):
E.XCESS AlP.:
OxIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALHRM:

MODE:PP:

()
~ I

OVER %
19 °C

143 °C
89.6 %

171 PPM
09. 3 !~

0.59 %
+ OVER

79 %
737 PPM

3271 PPM
50 ppr'



TEST 14 BOlLE _ ~(

SE? IAL 11 11003246:3 2'2L19 Fe
ENERAC MODEL 2000

COMBUSTION TEST RECORD

FOR: BURNS & ROE

7 IME : 10: 17 : 27
DATE: 02/21/95

FUEL NEWCOAL 8528 BTU/LB

COMBUSTION EFFICIENCY:
AMBIE~7 TEMPERATURE:
STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAFT {INCHES H20}:
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

MODE:PPM OXY-REF= 0%

OVER %
18 °C

143 °C
09.5 %

o PPM
09.6 %
0.83 %

+ OVER
79 %

731 PPM
3377 PPM

50 PPM

7ES7 15 BOILER11 3 240 H W
SE~IAL 11 11003246

ENERAC MODEL 2000
COMBUSTION TEST RECORD

FOR: BURNS & ROE

:'IME: 10:25:45
DATE: 02/21/95

FUEL BITUMINOUS: 11700 BTU/LB

COMBUSTION EFFICIENCY:
AMBIENT TE~PERATURE:

STACK TE~ERATURE:

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

lDE:PPM OXY....REF= 0%

o '\-- _,_ _ If

OVER %
16 °C

143 °C
09.2 %

o PPM
10.1 %
1.05 %

+ OVER
75 %

765 PPM
3152 PPM

50 PPM



TEST : 3 BOlLER+t 3 240 H LV
SERIAL +t 11803251

ENERAC MODEL 2000
COMBUSTION TEST RECORD

?OR: P'JRNS & ROE

TIME: 11:30:83
Dt7E: 02/22/95

FUEL NEWCOAL 8528

COMBUSTION EFFICIENCY:
AMBIE~7 TE ,PERATURE:
STACK TEMPERATURE:

CA~30~ MONOXIDE:
CAk:,:·!\I DIOXIDE:
COME 7IBLE GriSES:
STAC! JRAFT " I NCHES H20): -r
EXCESS AIR:
vA:DES of NITR0G=.:
SULFUR DIOXIDE:
CARBON MONOXIDE LA"::"'

MODE:~PM OXY-REF=TRUEY.

OVER %
18 °C

133 °C
10.1 %

o PPM
09.1 %
0.22 %
11.9

89 %
519 PPM

1547 PPM
50 PPM

TES7 14 BOILER+t 3 Z40 H W
SERIAL +t 11003251

ENERAC MODEL 2000
COMBUSTION TEST RECORD

FOR: BURNS & ROE

T I ME:: 11: 31 : 04
DATE: 02/22/95

FUEL NEWCOAL 8528

COMBUSTION EFFICIENCY:
AMBIENT TEMPERA~UP£:

STAC~ TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAIT (I NCHES H20): +
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

.,.,ODE :?PM O~' _

OVER %
18 °C

182 °C
10.9 %

o PPM
08.5 %
0.17 %
12.1

103 %
485 PPM

1451 PPM
50 PPM



AUDIT RECORDS
FLUKE AC POWER ANALYZER

A) MOTOR, 3 PHASE, 380V

1) Phase A 213V, 142 Amps

AMPS TEXT SCREENS

Arms = 142 Arms = 142
Apeak: - 205 AHM = 2
Adc - -3 KF - 1.0
% THD-R - 1.3 % THD-F - 1 3
CF 1.44

VOLTS TEXT SCREENS

Vrms = 213 Vrms = 213
Vpeak: = 306 VHM = 4
Vdc = 0 CF = 1.44
% THD-R - 1.7 % THD-F = 1.7

WATTS TEXT SCREENS

KW = 26 KW = 26
KVA - 30 KVAR = 16
PF - 0.86 °ALAG = 31
DPF - 0.8

5906-01/02AIUGLEG/5/3/95



B) GENERATOR RELAY PANEL: CT & PT LEADS

1l0.6V, 3,92 AMPS, 0.41 KW, 49.5 HZ

AMPS TEXT SCREENS

Arms - 3,92 Arms = 3,92
Apeak = 5.54 AHM - 0.04
Adc = -0.04 KF = 1.0
% THD-R - 1.0 % THD-F = 1.0
CF 1.41

VOLTS TEXT SCREENS

Vrms - 103.4 Vrms - 103.4
Vpeak - 145.2 VHM = 0.4
Vdc = 0.2 CF = 1.4
% THD-R - 0.6 % THD-F = 0.6

WATIS TEXT SCREENS

W = 410 W = 410
VA - 410 VAR - 30
PF - 1.0 °ALAG - 4
DPF = 1.0

S906-01/r:rlAIUGLEG/Sf2/9S



UNIT CONTROL BOARD

5906-01/02B/UGLEG/5/8/95

BOILER
O2 ANALYZER

RECORDERS
ANDMAZUT

FLOW METERS



1000 MVA STEP-UP GENERATOR TRANSFORMER

5906-01/02BIUGLEG/5f8/95 ;-?:_~~~
- ~,;- -~

~b'<Cf::~C~~~~

BOILER
BACK-END

'-



CALCULATION OF TOTAL FUEL COST FOR
UGLEGORSK POWER PLANT

The following calculatIon is usmg 1994 fuel consumption and 1995 pnces of fuel.

Consumption for 3 months m standard (7000 Kca1/Kg) tons

TOTAL

250,254
255,492
478,078
983,824

COAL

249,866

GAS MAZUT

107,539 849
222,849 363
402,267 --.2.J
732,650 1,308

Pnce of coal per standard ton: (*)$36,67 x 7000 = $51.3
5000

Price of natural gas per standard ton: 5,616,000c = $37.44
150,000c

Pnce of mazut per standard ton' 9A22,000c = $62.81
150,000c

ConsumptIOn for 12 months m standard tons and dollars

Coal: 249,866 x 4 = 999,464 x 51.3 = $ 51,272,503

Gas:

Mazut:

732,650 x 4 = 2,930,600 x 37.44 =

1,308 x 4 = 5.232 x 63.81 =

Total

$109,721,660

$ 328,622

$161,322,780

Total cost of fuel is estImated at $161.322,789

(*) Assumed 1995 prevailIng pnce for one ton of coal m Ukrame = $36,67 at 5000
Kcal/Kg.

c = coupon

5906-01/02A/UGLEG/514/95



CALCULATION OF COST OF FUEL
FOR UGLEGORSK UNIT NO.3

The followmg calculatIOn IS using 1994 fuel consumptIOn and 1995 pnces of fuels.

1. Total fuel consumption for 3 months:

59,143 + 54,567 + 60,870 = 174,580 standard tons (7,000 Kca1/Kg)

2. Total fuel consumption for 12 months:

174,580 x 4 = 698,320 S.T.

3. Total consumption of natural gas for 3 months:

20,218 + 39,804 +_25,908 = 85,930 S.T.

4. Total consumption of natural gas for 12 months:

85,930 x 4 = 343,720 S.T.

5. % gas of total fuel:

343,730
698,320

49.2%

6. Total consumpuon of mazut for 3 months:

23 +84 = 107 (S.T.)

7. Total consumpuon of mazut for 12 month:

107 x 4 = 428 (S.T.)

8. % mazut of total fuel:

428
698,320

5906-01l02A/COST/5/3/95

= 0.06%



9. Cost of fuel if burning only coal:

Price: 5,500,000 c/ton @5000 kcal/kg @150,000 c/$
Price for 1 ton of coal = $36,67 @ 5000 kcal/kg (*)

Total coal consumption at 5000 kcal/kg:

698,320 x 7000 
5000

977,648 tons of coal

Total cost of fuel for Unit #3 in 1995 pnces usmg 1994 fuel consumption:

977,648 x 36,67 = $35,850,352

10, Cost of fuel if burning present mIxture of coal and gas: 50,8% coal and 49,2% gas.

Pnce of gas for one standard ton of fuel:

5,616,OOOc = $37,44
150,000c

$35,840,352 x 0,508 + 343,720t x $37,44 =

18,211,978 + 12,868,876 = $31.080,854

Total cost of fuel for Umt No.3 is estimated at $31,080,854,

(*)Assumed prevaihng pnce in UkraIne
c = coupon

5906-01/02A/COST/5/3/95
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CUSTOM FUEL CREATED FOR UGLEGORSK POWER PLANT
FOR DESIGN COAL

5906-01/fYlAIUGLEG/5/2/95 BCSi A.VAILABLE COpy



LIST OF ENERAC STANDARD FUELS

FUEL q%) H2(%) N2(%) °2(%) S(%) H2O(%) ASH (%) HHV SUM

#2 OIL 0867 o 124 0001 0 0.008 0 0 19360 1

#6 OIL 0881 o I 0009 0.002 0007 0 0 18300 0999

NAT GAS 0714 0236 0.05 0 0 0 0 21870 1

ANTHRACITE 08436 0.0158 0.0063 00191 00089 0028 0.0783 13300 1

BITUMINOUS 0666 00428 0.01 0.063 003 00788 0.11 11700 09996

LIGNITE 0451 003 0.009 0.148 0012 0293 0057 7780 1

WOOD 50% H2O 0247 0.03 0003 0.218 0 0.5 0 4320 0998

WOOD 0% H2O 0495 006 0006 0.435 0 0 0 8460 0995

#4 OIL 0875 011 0004 0 0.008 0 0 18800 0997

KEROSINE 0851 0.143 0003 0 0002 0 0 19900 0.999

PROPANE 0818 0.182 0 0 0 0 0 21677 1

BUTANE 0.828 0.172 0 0 0 0 0 21132 1

COKE OVEN GAS 0434 0.23 o 172 0.164 0 0 0 16230 1

BLAST FURNACE 0.155 0.0025 0554 0286 0 0 0 1061 0.9975

SEWER GAS 0.46 o 101 0 0416 0 0022 0 8032 0.999

5906-01/02A/TABLE 1/4/20/95
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OXYGEN ANALYZER DATA FOR UGLEGORSK BLR #3

The followmg data will be used to specify and install new high temperature oxygen analyzers:

300 MW Boller, coal, gas and mazut fired.

Install Probes at ElevatIOn:

Process Temperature:

Ambient Temperature'

Length of the cable run to the control room:

C IUkra..,elUIl-Prob 02\10 J2AM\Mlv JO 199'

41m.

700 degrees Centigrade minimum
850 degrees Centigrade normal
1050 degrees Centigrade maximum

55 to 60 degrees Centigrade.

front 130 m
rear 130 m
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502 and NOx Eo1issions
ConversIon Chart-....

,,

! To Convert To: (Multiply by)

: From. mgt/ppm. ppm s'GJ IbI106 Stu -
i Nm'lNOX ~ coal" QitBjGasclCoal" Olla IGasc

i ml"ll'Jm:! 1 0 A~·7 0 ~~ f f 8.14 16.51 f 6.28
!~" .~ .35) O..WV 0.280 1°.270 x1 ·4 x10·-ilx10·4
II------f--...;...-----;~':'!:'::"i--+___;.-__r__~___r__:...::.-r___---

I ppm NOx 2OSI 1 ~ji;)~t~~~: a71810575 0554 161 1134 11 29 i
I · t·~:;~:~~:~:···· I· x10-3 10.3 !x10·3 J

! s",:>,*:<:.: "...~ • .- 233 1as IT¥iIjI ppm $02 2.86 :~~ 1 1.00 0.801 O.n1 x10"3 10.3 ix10-~
If------+--~~i____+_-~~~~----.~~~~

; eoafA 2.as 11.39 1.00 I -1
,

! .giG.! 01113 3.5711.74

Gase 3.70 11.80
I 'CoaiA

1230 Is..as 430

! 1J~tu' OilS 1540 748 538

! GasC 1590 775 55"1-
r- i - ..~ ~~--:~-- ...............--t

I A:- CoaJ:· Flue c:es dry 6% excess O2: Asstme9 360 Nrn'lGJ - ref lEA F-~ 1988.
. e:- Cil '. Aue Gas dry 3% excess o..~: Assumes~ Nm=lGJ - ref lEAp~ 19S6.
1 c:- Gas:· Rue Gas (fry 30/0 excess Oz;~ 270 Nm'tGJ - "" t;A~ 1;&5. 1\
I



343811, n. MHpOHOBCKHli, r neOaJlbUenO .uoneUl\oi! OOJl. TeJl 34-54, 35-27

YKPAHIICKASI rA30BASI KOpnOPAl.lHSI cY K P r A 3.

nOHEUKOE OBJIACTHOE rOCY.!lAPCTBEHHOE TIPE.!lTIPH5IT HE no rA3OCHMi~
Ii r A3H <l>HKAU}1I1 c:.!lOHEUKOBJIrA3~

... .D.E6AJIbl.lEBCKOE ynPABJIEHHE rA30Boro X03S1DCTBA

" 4~,,/~j'f" N!! o/-aUl..L_-_.__-
II liA N!! OT-_._-----.......- -------- .

U COCTaBct rasa. so. Mati 1994 r.

tl..,qaJIbHHKY nIl;
Yrx,ro~CKO~ r.P3C
~PYAbH~KY ~.rr.

#1. ASOT

t~J.. YrJI. ra.:3
oTaH

fulG#l ilponaH
M-6YTaH
H-6YTaH
:k1-nCHTaH

H-m~HTaR

M8TaH

2,390
u,119
1,592
LJ,623
0,U?4
U,U9b
u,u32
U,VI?

95,LJ51

3,545
u,u2J
2,191
u,bb4
O,115
U,2J1
U,U40
~.u99

93,125

'rGIlJl:OTa cropaHn!! ri13a = 80lj5~ 8LJ3U XKaJI./M3

J.1J!OTHOCTb rasa: C util5.94 r. = U,695 xr/M 3
c23.u5.94 r. = U,?Io xr/M 3

C~.~H!!~ r.~OTa cro,aH~~ ra3a dUI2 ~xa~/M 3

J,
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APPENDIXD

List of Contacts Made During Plant Audits



LIST OF CONTACTS MADE DURING PLANT AUDITS

• Georgy Kuryshko, Technical Director

• Isodor Tsiroulnik, ChIef of Techmcal Department

• Mikhail Roudoy, Deputy Chief Engmeer

• Nickolay Kerasy, Deputy Chief Engmeer

• Alksey Voronkov, Chief of Thermal Automatics Shop

• Dimitry Fiodoraff, Chief of Computer Department

• Vladislav Dzekanovsky, ChIef of Eqmpment Adjustment Department

• Sergey Sergeyew, Computer Department Engineer

5906-0l/02AIUGLEG/5/2/95
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APPENDIXE

Abbreviations and Unit Conversions
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AC -
amps -
atm -
bar -
BTU -
cfm -
cm -
cm2 -
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- -
kIn -
kN -
kp -
kPa -
kV -
kVA -
kVAr -
kW -
kWh -

S906-0lf02AIABBREl4126/95

ABBREVIATIONS AND UNIT CONVERSIONS

alternating cmrent
amperes
atmosphere =14.696 pounds per square inch
100,000 pascals = 14.504 pounds per square inch
British thermal unit
cubic feet pa- minute
centimeter = 0.3937 inches
square centimeter = 0.155 square inches
carbon monoxide
carbon dioxide
direct current
degree CelsiusT[°C] = (5/9)*(T[°F] -32)
degree Fahrenheit
degrees RankineT[°R] = T[°F] + 460
Energy Conservation Opportunity
efficiency
excess air
square feet
cubic feet
gigacalorie = 1 billion calories = 3.968 milhon BTU
gigajoules =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 = 1:1,776 BTU
Kilojoules = 1 thousand joules = 0.947813 BTU
kilometer = 0.621 miles
kilonewton = 1 thousand newtons
kopec = 11100 ruble
kilo pascals = 1 thousand pascals = 0.14504 pounds per square inch
kilovolts = 1 thousand volts
kilovolt-amperes
kilovars =1 thousand volt-amperes (reactive)
kilowatt = 1 thousand watts
kilowatt hour = 1 thousand watt hours

1



lbs -
liter -
m -
m2 -
m3 -
mA -
MCal -
metric ton -
mg -
min -
MJ -
mm -
MPa -
MVA -
MW -
MWh -
NG -
nm -
Nm3 -
NOx -
°2 -
P -
PC -
ppm -
psi -
psig -
R -
s -
S02 -
sq ft -
Tcal -
T -
TPS -
V -
VA -
VARs -
yr -

5906-01/02A/ABBRE/4125195

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 (20°C
and 1atmosphere)
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 calories = 3.968 billion BTU
temperature
Thermal Power Station
volts
volt amps
volt-amps reactive ;' "
year

2
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MHHHCTep':TBO 3HepreTHltH
H 3neltTpH~HltaUHH YltpaHH~

ITPOH:3BO.nCTBeHHOe
3HereTH~eCltOe 06~e.nHBeHHe

·,I(OHBACC3HEPrO·

yrJIErOPCKAjJ rp3C
343814 r ~e6anbueBo, r CBeTBo.napClt

~OHeUltast o6n
Tene~oH 5-43-59 TeneTaHn 329135 "AcTpa"

Pac~eTHuH c~eT 00221303 M~O 334099
~e6anbueBCltOe OT.neneHHe AK fipoKHBeCT6aHlta

____ It

Ha It OT February 17, 1995

LETTER OF RECEIVING

Here is to certify that the representatives of the American
Company "Burns & Roe" of New Jersey, Mrs Selisett Corban,PE
and Mr George Keller,PE handed over to the Uglegorskaya
Thermal Power Station the equipment listed in accordance
with the Attached List.

The equipment have been purchased, shipped, and handed over
to the Uglegorskaya Thermal Power Station under the auspices
of the U. S. Agency for International Development Program
"For More Efficient Operation of Ukraine Thermal Power
Stations" .

The equipment have been handed over to the Uglegorskaya
Thermal Power Station as a gift of the u.S. Government
within the scope of the two-part Agreement about the U.S.
technical and economical assistance to Ukraine.

Director of the Uglegorskaya
Thermal Power Station



'. .~.

LIST OF EQUIPMENT
February 17, 1995

1. 2 KBV ENERAC 2000 COMBUSTION
ANALYZER

2. SP 48-48" STACK PROBE
3. SH 10-10FT HOSE FOR PROBE
4. ONE CONDENSATION TRAP WITH

DESECANT
5. AC POWER CORD
6. SMOKE CHART & 30 SMOKE PAPERS
7. DISPOSABLE FILTER
8. ENERAC 2000 DISKET & MANUAL
9. INSTRUCTION MANUAL ENERCOMP

WINDOWS & DISKET
10. CYCLOPS 300AF INFRARED

THERMOMETERS
11. MAXELL CHARGER KB8E
12. FOREIGN PLUG ADAPTOR
13. 220V AC POWER SUPPLY
14. RECHARGEABLE AA BATTERIES
15. CYCLOPS 300AF SOFT CASE
16. AA SIZE BATTERIES
17. LENS CAP
18. EYE PIECE CAP
19. 2x03.5mm MINIATURE PLUGS
20. INSTRUCTION MANUAL
21. CYCLOPS NECK STRAP
22. FLUKE #41 METER
23. FLUKE #C41-S CASE
24. TL-24 TEST LEADS
25. TP-20 TEST PROBES
26. AC-20 TEST CLIPS
27. RS-232 CABLE
28. PLUG ADAPTOR
29. 9 PIN TO 25 PIN ADAPTOR
30. COMMUNICATION SOFTWARE
31. USER MANUAL
32. GETTING STARTED WINDOWS
33. QUICK REF. CARD
34. RECHARGEABLE TYPE ·C"

BATTERIES
35. WARRANTY REG. CARD
36. 80~-500S AC CURRENT PROBE
37. 80~-1000S AC CURRENT PROBE
38. TYPE ·C" BATTERIES
39. MANAGING THE HARMONINGS
40. T~4000M COMPUTER
41. OKIDATA ML3380 PRINTER
42. KEY BOARDS (RUSSIAN) &

ADAPTER
43. QUICK REF. CARD FLUKE

80~-1000S PROBE
44. 80~-1000S PROBE USER'S MANUAL

& WARRANTY CARD
45. WORD PERFECT 6.0 WINDOWS 6.0

LANGUAGE MODULE (RUSSIAN)
46. WORD PERFECT V 6.1 FOR

WINDOWS
47. LOTUS 1-2-3 FOR WINDOWS
48. APEX DATA DATAIFAX MODEM
49. WINDOWS FOR WORKGROUPS -

USER'S GUIDE
50. PROCOMM PLUS FOR WINDOWS 2.0
51. NULL MODEM ADAPTER
52. DB25 CABLE 10 FT

ITEM DESCRIPTION QTY

1

1
1

1
1
1
1
1

1

1
1
1
1
4
1
4
1
1
2
1
1
1
1
2
2
2
1
1
1
1
1
1
1

4
1
1
1
4
1
1
1

1

1

1

1

1
1
1

1
1
1
1

SERIAL #

11003251

n/a
n/a

n/a
n/a
n/a
n/a
n/a

n/a

20002071
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a
n/a
n/a
n/a
n/a
n/a
50106404117
407A0005584

n/a

n/a

n/a

n/a

n/a
n/a
n/a

n/a
n/a
n/a
n/a
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HHHK~T~P~T~v 3H~preT~KH

H 3ne~TpdtwK~~HH Y~~CHHU

DIJ·.H3 D ~I'::,-'':'S e'iK: e
~Hur~TX~eCKOe o6~eA~H~hH~

-JlOHliACC3HF.F-rO·

yrJIErOPCKAH rp3C
3GJ614 r na~Q~bCe8~, r CBeTnu~~p~~

J:C'H.-UK<<.i'1 ... Oft
re~~~UH 5-4J-5~ TeneTa~n 3~9l35 'A~':'~a'

PUC~eTH~~ C~~T OO~~lJOJ M~O 334u3~
n.6Cr._~eBcxv~ v~~eneHHe AK npUKHSeCTCaHXa

----------------- ~ ------------
HII ~ _ _ __ tot":" w

17 <pc BpaJIR 199Sr.

nPHEMo-nEPE,LJ;ATOqHhIA AKT

-
-

-

HaCTOSIIIlHM nO,llTBCp)f{):lae-rc'i, ClTO npe):lCTaSHTeJU1 aMc:p11.K.aHcKo!i

KOMnaHHH "Burns & Roe" H3 HhlO-A)f{epCII, ['-)f{a CeJIHCeT Kop6aH H

r-H ,lI;JKOP.z:t}l( KeJIJIep nepe.z:taJIH YrJIerOpCKoH fP3C CJIe.llYlOlUee

o6oPY,llOBaHHC COr.iIaCHO IIpHJIaraeMoMy nepel£HIO.

npH60phl 6b1JIH 3aKyn..'IeHhl, ,D;OCTaBJICHhl H nCpe,lIaHbI YrJIerOpcKoit

fP3C B paMKax nporpaMMhl AreHcTBa no Me:>KJIyHapollHoMy pa3BHTHlO
CiliA "no nOBhlweHHIO 3cPcPeXTHBHOCTH pa60ThI T311 YKpaHHhI".

TIpH60Phl nepe.naHhl YrJIerOpCKOH fP3C B K:llIeCTBe 6e3B03Me:J,lIIIOll
nOMoUIH YKpaUHe co CTOpOHhI npaBHTeJlhCTBa CiliA B paMKax

):lByCTOPOHHdi ,noroBopeHHocTH 0 TeXHHKO-3KOHOMlf'iCCKOM
CO.llCaCTBHH YKpaHHc co CTOpOHbl CiliA.

STOT AKT COCTaBJIeH Ha pyCCKOM H aHrJIHitcKoM H3hIKax Ii

HMeeT paBHylO CUJIY.
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IIEPEtIEHb MEPOIIPI1JITIiM
no IIOBhIlliEHHIO ScDcDEKTIiBHOCTH
IIPOIJ:ECCOB rOPEHHH TOIIJIHBA HA
YKPAHHCKHX SJIEKTPOCTAHIJ:HHX.

B Ka"tfeCTBe rrporpaMMbI MIIHIIMYMa Ha Ka:>K.n;oi1: CTaHIJ;IIIl 6y.n;eT
rrpOll3Be.n;eH CJIe.zlYI0IUllH 06'beM pa6oT:

- IIpe.n;cTaBJIeHHe II 06MeH llHcPopMaIJ;lIei1: C a.n;MllHllCTpaUlleH
CTaHIJ;IlIl;

- 06cy:>K.n;eHlle If rrpe.n;CTaBJIeHlle 06'beMa pa6oT;

- Ha3Ha"tfeHlle rrepCOHaJIa .n;JHI rrpOBe.n;eHllH ay.n;MTa;

- 06y-qeHMe If rrOMOIUb B 06y-qeHMM BbI6paHHoro rrepCOHaJIa
no BOrrpOCal\I rrpIIMeHeHIlH rropTaTMBHoro 060pY.llOBaHllH;

- IIepe.lla"tfa .n;eMOHCTpaTMBHoro rropTaTllBHoro o6opy.n;OBaHllH;

- Orrpe.n;eJIeHMe MeCTa .n;JIH yCTaHoBKM CTaIJ;IlOHapHoro
060pY.llOBaHMH;

- Onpe.n;eJIeHMe MeCTa .n;JIH yCTaHoBKM .n;MCTaHUMOHHbIX
M3MepMTeJIbHbUMo.n;YJIei1:;

- Orrpe.n;eJIeHMe cPM3M"tfeCKMX xapaKTepMCTMK o6opy.n;OBaHllH
T3C .n;JIH yCTaHOBKM CTaIJ;MOHapHbIX rrpM6opOB;



CHECKLIST
IMPROVING COMBUSTION EFFICIENCY

UKRAINIAN POWER PLANTS

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

• Introduction and information exchange with plant management

• Discussion and presentation of the scope ofwork

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

• Provide traimng and assistance to the team selected on the use ofthe demonstration
portable instrumentation

• Perform audit tests

• Leave behind the demonstration portable instruments

• Determine physical locations for instaIIing the stationary instruments

• Determine locations for instaIIing the remote monitoring modules

• Determine physical characteristics related to the locations for the stationary
instruments
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PRELIMINARY AUDIT REPORT

IMPROVING COMBUSTION EFFICIENCY

UGLEGORSK POWER PLANT
(Sept. 28 Thro Oct. 1, 1994)

EXECUTIVE SUMMARy

The preliminary audit activities consist of a reconnaissance visit made to the plant to meet
with key plant personnel, to establish local contacts, to collect information regarding boilers,
combustion process and controls, fuel management and general plant operations.

Based on the preliminary survey of this plant the following are Low-Cost, No-Cost Short
Term and Medium and Long Term recommendations:

Low-Cost. No-Cost Short Term Recommendations

1) Fuel Quality Improvement Plans

The plant must survey aggressively the available coals and take initiative in
contracting directly from suppliers. The plant must locate the best fuel considering
boiler operational needs, design requirements, pollution control equipment
performance and delivered costs. The plant must consider a blending strategy of
individual coals to meet the above criteria. The number of coal suppliers must be
reduced to a minimum for a better control of blending process.

2) Boiler Startup and Shutdown Plans

The plant must develop plans and procedures for boiler startup and shutdown to
carefully monitor the furnace operation during load swings to limit the increase of the
emissions of dust, CO, NOx and improve boiler combustion efficiency.

3) Energy Saving Program

The energy saving program consists of providing instrumentation equipment to
improve combustlon efficiency of the boilers, as a first step towards the life extension
of the plant. The implementation of this program is in two phases. During the first
phase, in order to demonstrate the improvement of boiler's combustion efficiency, the
following instruments are recommended to be installed on one boiler except as noted.
Based on operation results the program may be expanded to the balance of the boilers
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in the plant. Implementation of the second phase is addressed under the Medium to
Long-term Recommendations.

a) Portable combustion Analyzers

This analyzer is a very useful device to the power plant. It facilitates boiler
operational adjustments to improve combustion efficiency and enable the boiler
to be fine-tuned from emission point of view (CO, 02' NOx and SO~.

It is recommended: one portable combustion analyzer and associated probe
per station.

b) In Situ O2 Analyzers

The combustion efficiency can be improved by replacing on one 300 MW
boiler the existing extractive oxygen analyzers with two in-place zirconium
oxide sensor analyzers as used in USA.

It is recommended: two devices per 300 Mw boiler.

c) Coal Meters

The following devices are recommended for metering the coal input to the
same 300 MW boiler selected for the above in-situ O2 analyzer replacement:

Two devices to measure raw coal consumption per 300 MW boiler located
between raw coal bunker and mill.

d) Devices to quickly determine the ash and water contents of the coal supplied to
the mills on the same 300 MW boiler.

It is recommended: two devices per 300 MW boiler.

e) Portable infrared temperature monitor (heat spy).

This monitor is microprocessor based-operation and gives precision spot
temperature measurements without the contact with the subject being
measured.

It is recommended: one heat spy per station.
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f) Portable multimeter ac power analyzer

The multimeter, microprocessor based-operation is monitoring one and three
phase service recording electrical values such as volts, amps, kW, PF, Kvar,
KVA, Kwh, KVarh frequency and percentage of THD.

It is recommended: one multimeter ac power analyzer and reporting software
per station.

g) Laptop personal computer

This MS-DOS portable Laptop personal computer with color display is
configured with reporting software necessary to meet the application.

It is recommended: one Laptop personal computer with software per station.

Medium to Long-Term Recommendations

1) Implementation of energy saving program phase two.

2) Implementation of the balance of the instrumentation per the attached station "Would
Like-To-Have" instrument list, as a first step before replacing the entire existing
instrumentation of this station.

3) Investigate lower cost S02/NOx removal technologies.

For S02 removal for example use of coal blending or lower cost sorbent technologies
for flue gas conditioning. In addition, because of high level sulphur content of both
coal and oil, it is recommended the investigation of an oil treatment plant as a
solution to reduce the S02 emissions. For NOx removal use of a burner design
technology for low NOx emissions (low costs) or SCR (selective catalytic reduction)
or SNCR (selective non-eatalytic reduction) both expensive solutions.

4) Replace the entire existing controls, instrumentations and interlocks with state-of-the
art technology for a fully automatic operation of the station.

5) Upgrade the dust control system to the world performance standards, either replace
the eXIsting lESPs or refurbish to meet the world standards.

6) The plant have to develop short term and long term plans for boiler and air pollutIon
control system malfunction prevention.

7) Install continuous opacity monitors one per stack to monitor the visible emissions.
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8) Provide proper analytical equipment to the chemical laboratory.

9) Demonstrate the applicability of Siemens 200 MW gas turbine prototype technology
for repowering the 800 MW units.

The above recommendations are preliminary and subject to further review and refinement

based upon completion of final audit and associated tests and measurements.
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The preliminary survey of this plant has revealed the following observations and assessments:

Observations and Assessments

The station is clean, well maintained and appeared to be well run and
managed. The staff IS competent and expenenced.

This station was constructed in two phases. The first phase conSIsts of four
units each rated 300 MW, with boilers finng coal dust, gas, mazut, gas and
coal dust or coal dust and mazut. The phase two consists of three umts each
rated 800 MW, with boilers finng mazut, gas or mazut and gas.

The 800 MW boilers operate as a pressurized furnace WIth FD fans only in
operation. The ill fans and Electrostatic Precipitator (ESP) are not included,
therefore the gases are exhausted dIrectly Into the chImney. There are hIgh
gas leakages, vanadIUm corrOSIon and hIgh atmosphenc emISSIons.

ThIS station is relatively new with the phase one commiSSIOned 1972-1973 and
the phase two 1975-1977.

The station reported the major equipment such as boilers, turbines and
generators in good shape.

Plans are in place to continue work of replacing heatIng surfaces of all boilers
and to address the major problem of final stage blading eroSIon on both 300
MW and 800 MW turbines. At thIS time, due to 800 MW boIler heating
surface deterioration, each umt IS derated by 50 MW to a nomInal ratIng of
750 MW.

The economIC operation of the 300 MW boiler depends on operation WIth
liquid slag. When high ash content coal is fired, the rate of prodUCIng the
liquid slag in the bottom of the boiler is higher than the collectIOn rate of the
slag from the boiler hopper. The boiler decreases its capacity to 60 % and has
to be shutdown in order to manually remove the slag from the bottom of the
boiler. Thus the boiler has to be stopped and started agaIn after slag removal.
The bOiler does not have any Instrumentation to momtor slag formatIon and ItS
level, and furnace temperature for ash fusion temperature that must be
maintained less than 1280°C.

The boilers have no burner management systems.

The station has no NOx pollution control system.
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The plant operates continuously on base load mode, with maximum MW's
output during the day starting at 7 AM, and at night and weekends reduced to
MW's output required by central dispatch center.

Most of the process control systems are operated on "manual" mode from the
Control Board located in Unit Control room. However, the temperature and
pressure of the mam steam at the boIler outlet are automatically mamtamed
constant.

The station is interested in using new automatic controls for the entire plant.

Some new instrumentation mcluding vibration monitonng equipment have been
provided on 800 MW umts.

The station lacks outdoor fixed monitonng eqUipment for recordmg gaseous
and dust values.

Because the stack heIghts far exceed the "good engmeenng practice" cntena,
the pollutants emitted do not produce a local aIr qUalIty problem, but It IS a
concern for the atmospheric pollution.

The coal is supplied by approximately 30 suppliers. The station has httle mput
to the quality selected for the coal or control over fuel acquiSItIOns.

The coal delivered to the plant does not match origmal 300 MW boiler design
requirements, thus reducing boiler efficiency and mcreasmg maIntenance. In
addItion the poor quality of coal increases the aIr pollutIOn and causes severe
problems of boiler slagging and reductIOn of MW's output to 240-250 MW.
Mazut or gas has to be cofired to deliver maximum MW's output if reqUired
by the central dispatch center.

The four 300 MW umts are furnished with ESP's that are reported operatmg
unsatisfactory.

Both coal and oil have very high levels of sulphur content, but the station does
not have any provisions for S02 reductIOn eqUipment.

The effiCIency calculatIons are performed on a per umt baSIS. The mazut and
natural gas fuel quantIties are measured per boiler. The coal fuel quantItIes
per boiler are extrapolated from power statIOn data. These effiCIenCIeS are
compared to the effiCIency calculated based upon the boiler deSIgn
performance recalculated In 1981.
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The statton is worried about spare parts for any equipment installed under the
energy saving program. The statton suggests 5 year spare parts supply.
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INTRODUCTION

ENERGO SYSTEM:

LOCATION:

INSTALLED CAPACITY:

COMMISSIONED:

FUEL TYPE:

POWER PLANT DESCRIPTION

DONBASSENERGO

50 KM NORTH-EAST OF DONETSK

3600 MW
4 X 300 MW + 3 X 800 MW

4 X 300 MW 1972-1973 (FIRST PHASE)
3 X 800 MW 1975-1977 (SECOND
PHASE)

4 X 300 MW; COAL, GAS, MAZUT,
COAL & GAS OR COAL & MAZUT
3 X 800 MW; GAS, MAZUT OR GAS &
MAZUT

1. The Uglegorsk station was constructed in two phases. The first phase was
commissioned between December 1972 and December 1973. The second phase was
commissioned between December 1975 and December 1977. Phase one consIsts of
4x300 MW boilers (TPP-312A) manufactured by Taganrog producing steam at 1000
tons/hr at 255 bar gauge and 545°C live steam conditions. Generators and turb10es
were produced in Kharkov. The boilers burn only coal dust, only natural gas, only
mazut, coal dust and natural gas or coal dust and mazut. The 300 MW boIler
descriptIon is shown on Attachment 1. Phase two consIsts of 3x800 MW bOIlers
(TGMP-204) manufactured 10 Taganrog produc1Og steam at 2680 tons/hr at 255 bar
gauge and 545°F live steam conditIons. Generators and turb10es were produced 10
Leningrad. The boiler is of the suspended type with balanced draft combustIon by
design but currently operates as a pressurized furnace WIth FD fans only 10 operatIon.
The ID fans were removed. The boilers burn only mazut, only natural gas or mazut
and natural gas.

2. The 800 MW boilers operate WIth over pressure in the fuel chamber of 400 kg/m2•

EffiCiency depends on the mode of operatIOn and ranges from 92-94 %. The statIOn IS

interested in control deVices in order to have the possibility to operate 10 different
modes of operation. When us10g alternative modes of operation effiCiency drops 2
3%.
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3. The station is interested in using a new system of automatIc control of the whole
plant. The major equipment such as boilers, turbines and generators are in good
shape. The automation system should be renovated.

4. The station is worried about spare parts for any equipment we will install for
improving combustion efficIency. Station proposes that withIn allocated funds
quantity of devices to be decreased in order to have additional spare parts. Spare
parts should be provided for five years. The existIng station equipment was made In
Ukraine and RUSSia.

5. The station is interested In control system for coal dust mill and to control partIcle
size. They also would like to measure coal dust flow to burners and control
automatically quality of coal for ash and water.

6. The station also wants to monitor incomplete combustion by measunng NOx, S02 and
02' The statIon has continuous 02 analyzers which they think are good. They would
also like to momtor hot particles in emIssions (opacIty monitor).

7. Since the analySIS of coal takes great amount of time the station IS interested In
including the express analySIS of coal in the low cost program.

8. At present time the station measures 02 and CO In-SItU In every bOIler. They
measure S02 and NOx with a portable device for which only one exists In the whole
of Donbassenergo system.

9. The 300 MW boiler (TPP-312A) has eight burners and 2 coal dust systems for each
boiler. The volatility of the coal is 43%. The content of O2 after the forced draft fan
is 16%. The precipitator is 98.5 % efficient. Temperature of air after airheater IS
140°C. Exhaust gas at 140°C IS directed to mill dunng startup. The water content
of the coal is 8-16%. During normal operatIon of the mill, hot gases and hot air are
directed to the mill. The amount of hot gases and air IS based upon 16% 02 content
If the 02 content becomes greater than 19% an explosion could occur. There is a
monitonng and protection system associated WIth the mill. The Input temperature to
the mill is 400°C. The temperature output of the 100 ton/hr mill is 90°C. When
output temperature of the mill is 110°C coal and gas are switched off. Output
temperature of a safe operation of the mlll is 70-90°C. If the output temperature IS
less than 70°C the coal dust becomes too dry.

The primary air mixes with coal dust and IS sent to burners There are 16 coal dust
feeders. Each coal dust feeder has ItS own pipelme, and each burner IS fed from two
pipelmes. Each pIpelIne has ItS own ventun to measure flow. The amount of coal
dust IS a functIOn of feeder speed which IS mOnItored continuously via motor
amperage. The operator can adjust speed of feeder manually or automatIcally.
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Typically 10 tons/hr are fed through each feeder with a normal range from 9-11
ton/hr.

The O2 content of the exhaust gas after the water economizer and before air heater is
3%. The range of 02 is controlled ±.5% by changing the speed of the feeder to
increase or decrease flow of coal.

10. The exhaust gas temperature before the convection pass is momtored by chromel
allumel thermocouples to be around 900°C. If the temperature is not mamtamed
around 900°C pipes in convection pass could become sludged. The maXImum
allowable temperature is 950°C. This temperature IS controlled by the amount of
recirculating gas. It is the decision of the operator either to Increase amount of the
recirculation gas or decrease amount of the fuel thus to decrease the boiler capacIty.

There is stable operation of burners for: 02 equal to 2.8 to 3.3%, and exhaust gas
temperature equal to 890°C to 910°C. The operation of burners IS unstable wIth
exhaust gas temperature at 870°C and 930°C.

11. Economic operation of the boiler depends on operatIon with liquid slag. When coal
of high ash content is burned the amount of lIqUId slag that IS produced mcreases. If
slag zone is full the capacity of the boiler must be decreased to 60% and the slag
would be removed manually. The statIon would lIke to have OptIcal control of liqUId
slag to be able to monitor formatIon of slag m boIler hopper, to aVOId stop and start
of the boiler for slag removal.

When the ash content of fuel is 20% the productIon of slag will be 10 ton/hr WhICh IS
normal. When ash content of fuel increases to 30% production of slag Increases to 14
ton/hr. The boiler can still operate normally because of the capacity of slag zone If
ash content of fuel is greater than 30% formation of slag will be hIgher than 14 ton/hr
and plant load must be reduced to 240 MW to keep slag formatIon at 14 ton/hr.
SInce the time of the analysis for fuel ash content IS too long (2 to 3 days), It IS a
need to have an optical control of slag formation and level.

If the ash fusion temperature is less than 1280°C there IS no problem. If temperature
is above 1500°C there is a problem. Presently, thIS temperature is not monitored.

Slag formed is cooled by water and together WIth precipitator flyash pumped to an ash
storage pond 5 km from statIon. ThIS mIxture of slag and flyash can be used to
produce cement or road surfaces.

BOILER PLANT

12. Boiler DeSIgn Performance:
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a. The 1981 revised Type TPP-312A (300 MW) boiler desIgn performance is
shown on Reference 1. The origmal boiler design was based upon finng
5,500 kcal/kg coal. This revised calculation assumes a coal calonc value of
3,978 kcal/kg.

b. The Type TGMP-204 (800 MW) boller desIgn performance firing mazut is
shown on Attachment 2 and Reference 2. The origmal boiler design was
based on all mazut firing. The bOIlers were reconstructed to fire natural gas
(only burners). Boilers were then fired on natural gas to determine the
performance. The boiler performance on natural gas IS shown on Reference 3.

13. Mode of Fuel Firing:

a. 300 MW Units:

1. Mazut Only or Natural Gas Only (60-100% load).

ii. Natural Gas and Coal:

1. Content of fuel - equal to or greater than 60% coal, equal or
less than 40% natural gas.

2. Concerned with slag removal If ratio as discussed in a.H.l.
above is not maintained.

3. Try to burn more natural gas than coal, when available.
However, if cofinng coal and natural gas must maintain the
ratio as discussed in a.ii. 1. above because of concern with slag
removal.

b. 800 MW Units:

1. Mazut Only:

1. Mazut all 3 levels of burners (30-100% load)

ii. Natural Gas Only:

5906-02/PAR 2/1212/94
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111. Natural Gas and Mazut (32-100 % load):

1. Mode 1- first level natural gas, second and third level of burners
mazut.

2. Mode 2 - first and second level natural gas, thud level of
burners mazut.

IV. Normal operation is either natural gas or mazut. Combination is not
normal and only dunng wmter time.

14. As-Fired Fuel Analysis

a. Coal:

1. Coal is supplied to the station by approxImately 30 suppliers.

n. Volatility content of coal IS not measured because it doesn't affect the
pnce of coal and is taken from supplIers certificates. Average coal
volatility is 35 to 45 %.

111. Coal samples are taken once per shIft and then taken for five days.
Coal analysis is done by the statIOn once every five days on mIxed
samples taken for five days.

IV. Coal in storage yard is mixed to try to get consIstent quality of coal to
all boilers.

v. Coal minimum, maximum, and average typical analysis for 1993 and
1994 IS shown on Attachment 3.

c. Natural Gas:

1. Natural gas heating value analysIs IS done once a week If quality of
natural gas gets worse mcreasmg quantIty of natural gas fired then
immediately an analysis is done.

h. Natural gas minimum, maxImum and average typICal analysIs for 1993
and 1994 IS shown on Attachment 4.

c. Mazut.

1.

5906-02/PAR 2/1212/94
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n. Mazut samples are taken once per shift with mazut analysis being done
once every 30 days.

iii. Mazut minimum, maximum and average typICal analysis for 1993 and
1994 is shown on Attachment 4.

15. Boiler As-Fired Fuel Performance:

a. 300 MW Units:

i. When no natural gas can be used, coal with a calonc value of greater
than 4,500 kcal/kg is used to reach 300 MW.

ii. Minimum caloric value of coal delIvered is 3600 kcal/kg. In this case
natural gas is cofired with coal: 80% coal, and 20% natural gas to
reach nominal 300 MW.

iii. If the coal's caloric value IS less than 4500 kcal/kg capacIty of unit IS
decreased. With 3,600 kcal/kg coal the capacity of unit is reduced to
240-250 MW. If dispatch asks for maximum capacity, the coal is
cofired with natural gas or mazut as discussed in a.n. above to reach
nominal capacIty.

IV. Natural gas cofinng is preferred If it IS available. However, during the
WInter the natural gas is replaced by mazut for peaking load operatIon
only. If base load operation, only coal IS fired and the umt IS reduced
at 80% capacity, as discussed in a.lii. above. Coal and mazut are fired
at the same burners.

v. When coal is 4500 kcal/kg boiler effiCIency at normal capacIty is 92 %.
When coal is 5500 kcal/kg boiler effiCIency is 94 %.

VI. Natural gas is basically always fired because the calonc value of the
coal is usually less than 4500 kcal/kg as dISCUSSed In the as-fired fuel
analySIS, Item 14.

vn. The boiler can reach 100% capacity when firing eIther natural gas or
mazut.

b. The 800 MW units can produce 800 MW's firing natural gas, mazut or a
cOmbInatIOn of fuels. Since August 1993 only natural gas has been fired.
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16. Boiler Firing System Flow Diagram

a. Units 1-4 type TPP-3l2A (300 MW) bOIlers - as shown on Attachments 5 and
6. There are eight burners and two coal dust systems per boiler. Each coal
dust system consists of a raw coal bunker, one mill, one separator and one
cyclone. There IS one coal dust bunker for each boiler. There are sIxteen
coal dust feeders, wIth each burner being fed by two coal dust feeders. See
item 9 for additional details.

b. Units 5-7 type TGMP-204 (800 MW) boilers - are mazut and natural gas fired
units. Due to pressurized furnace operation with only forced draft fans
operating and no precipitators the 800 MW units have a major problem with
leakages, vanadium corrosion, and hIgh atmospheric emissions. The umts are
derated 50 MW because of bOIler heating surface deterioratIon.

17. Section/Plan View of Boilers:

a. References 4, 5 and 6 (drawings 08.8008001, 08.8028.014, K-593467) are the
section views of the type TPP-312A (300 MW) boilers.

b. References 7 and 8 (drawmgs 08.8028015, 08.0918.016) are the sectIon VIews
of the type TGMP-204 (800 MW) bOIlers.

FUEL SUPPLY

18. Flow Diagrams for Fuel Supply:

a. Mazut:

1. Attachment 7 is the mazut flow diagram for the type TPP-312A (300
MW) boilers. Reference 9 is the flow diagram for the type TGMP-204
(800 MW) bOIlers.

11. Attachment 8 IS the mazut flow diagram assocIated WIth the mazut
unloading and mazut storage tanks.

lll. The mazut fired is measured at each boiler. The flow meters are
inaccurate for first 30% of the scale but the rest is accurate

b. Natural Gas:

Attachment 9 IS the natural gas flow dIagram for the type TPP-312A
(300 MW) bOIlers. Reference lOIS the flow diagram for the type
TGMP-204 (800 MW) bOIlers.
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11. The natural gas fired is measured at each boiler. The flow meters are
inaccurate for the first 30% of the scale but the rest is accurate.

c. Coal:

There are two conveyors one operating, one standby feedmg units 1 to 4 type
TPP-312A (300 MW) boilers. The total weIght of coal going to all four
boilers is measured continuously on eIther one of the conveyors.

PLANT OPERATION MODE

19. 300 MW Units:

a. During day starting 7 AM all units operate at 300 MW's.

b. At night and weekends all units operate at 200 MW's.

20. 800 MW Units:

a. During day starting 7 AM all units operate at 750 MW's.

b. At mght all units operate at 450 MW's.

c. During weekends all units average at 500-600 MW.

COMBUSTION CONTROL

21. Reference 11 details the combustion control scheme for mazut finng. Reference 12
details the combustion control scheme for coal finng. In pnnciple, the temperature
and pressure of the main steam at the boiler outlet is automatically maintained
constant. Load is changed by manually varying the fuel flow to the boilers.
Basically, the combustion control scheme for coal finng is a manual operatIOn. The
speed of coal feeders is adjusted manually from the control board. Forced draft fan
dampers are manually operated from the control board to adjust fuel to aIr ratIO. An
O2 mdicating and recording mstrument aSSIsts the operator m settmg the correct
combustion air flow rate.

22. CO and 02 Analyzers:

a. All umts have two CO analyzers per unit as shown on Attachment 10 WhICh
are located after the economizer.

b. All units have two 02 analyzers except Umt 7 whIch has four. All units have
two O2 analyzers located after the economIzer. In additlon, Umt 7 has
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additional two O2 analyzers located in a higher temperature area of the
convectIon pass.

c. The station would like to locate the new O2 analyzers in a higher temperature
area of the convectlOn pass.

d. The existing O2 analyzers with electrochemical cells are accurate wIth either
natural gas or mazut fired but not both.

CALCULAnON OF BOILER EFFICIENCY

23. The methodology for the boiler efficiency calculation is shown on References 13, 14,
15 and 16 for December 1993, and February, May and August 1994 respectively.
The calculations are done on a per unit basis. The mazut and natural gas fuel
quantities are measured per boiler. The coal fuel quantIties per boIler are
extrapolated from power station data. The calculatlOn of effiCIency IS once a month
and the average fuel data are used for natural gas, mazut and coal. These effiCIenCIes
are compared to the effiCIencies calculated based upon the bOIler deSIgn performance
as discussed in item 12.

Attachment 11 shows the metric tons per standard fuel (i.e., heating value for fuel IS
7,000 kcal/kg) fired in 1993.

FUTURE PLANS

24. The statIon has plans to install gas turbmes for a repowenng program of the 800 MW
umts. A Siemens 200 MW gas turbine prototype IS under conSIderation

NOTE: See Project File for References 1 to 16.
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STATION "WOULD-LIKE-TO-HAVE" INSTRUMENT LIST

The following is a summary of the instruments that the station "would-like-to-have" provided
under the energy savings program (see Attachment 12):

1. Devices to measure consumption of coal dust and air mixture per burner
Eight devices per 300 MW boiler - 32 deVIces total per statIon.

2. Devices to measure consumption of raw coal before ball mills located any
place between mill and raw coal bunker. Two devices per 300 MW bOiler - 8
devices total per station.

3. Temperature of furnace - continuous monitoring for 300 MW units; two per
boiler (500 - 2000°C) - 8 devices total per station. Slag removal depends on
thiS monitoring.

4. Measurements of ash and water content of coal supplied to mill. Two per 300
MW boiler - 8 devices total per station.

5. Optical device to monitor the process of liquid slag removal (video camera).
Two per 300 MW boiler - 8 devices total per station.

6. Portable device for instantaneous analysis of combustion: S02, NOx ' CO, O2
in ductwork going to the stack. One per station.

7. In-situ device for contmuous monitoring of 02' CO, NOx• One per boiler 
7 devices total per station.

8. Continuous monitoring of O2 content m boIler outlet. Two per boiler - 14
devices total per station.

9. Continuous monitonng of hard particles (dust content) after precipitator 
portable, m-situ or both. Portable-one per station. In-sItu two per 300 MW
boiler - 8 deVIces total per station.
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ATTACHMENT 3

UGLEGORSK POWER PLANT

COAL ANALYSIS

Parameter 1993 Values* 1994 (8 mo.) Values*

Caloric Yalue, kcal/kg 4108 + 4505 3952 + 4875
4358 4380

% Ash 25.4 + 33.4 25.6 + 35.1
30.17 30.97

% Water 8.2 + 14.5 7.0 + 11.8
10.63 9.5

% Sulfur 1.29 + 3.66 1.92 + 4.47
2.81 3.25

*Yalues given are range and average.

5906-021Allach/llIl4/94



Parameter

Caloric Value, kcal/kg

% Sulfur

% Water

ATTACHMENT I;
UGLEGORSK POWER PLANT

MAZUT ANALYSIS

1993 Values*

8693 + 9327
9118

2.16 + 3.2
2.46

0.03 + 8.6
5.78

1994 (8 mo.) Values*

No ash content measurement

NATURAL GAS ANALYSIS

Caloric Value, kcal/kg

Density, kg/m3

7892 + 8102
7993

0.717

7712 + 8000
7873

0.717

*Values given are ranges and average

5906-02/Attach!11/14/94
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ATTACHMENT II

UGLEGORSK POWER PLANT

USE OF FUEL 1993

UOIt I 2 3 4 Total for 5 6 7 Total for Total Plant
4 Units 3 Units

Total, T.Y.T.... 616837 643916 559932 271640 2092325 377950 954278 1118530 2450748 4543083

Coal, T.Y.T. 427458 463375 413242 186121 1490196 - - - - 1490196

Natural 0 ••, T,Y.T 184884 176461 1435»81 82510 51'79OCS '421'1 711413 '7'202' 1901fJ43 2489549

Marot, T.Y.T. 4495 4080 2709 2939 14223 35819 176795 336501 549115 563338

"'Tons of standard fuel at 7000 kcallkg.

5906-02/Attach/ll/14/94



In- fr~arapcxoR rP3a
2lJUI YJlyqmSHU paUMa I'OpeHHJI !OOnHBS

aeo6XOllHMC. •

I. fiepaRocHoR npH60p llna 3Kcnpacc SHa.nKSS cocraBs YSO~HX

r8f.SOB .. IIII'.

~ 2. npH60p BHsys.nbHoro KOHfpoJIJI BYXOltS UllKoro IDJISKS HS JerKH

Korna - 2 mr. H8 I KoreA. Boera 8 Mr.
--> 3. npH60pH no HSNep8ffi!1) pacxona yru. ( OEilJIeBo3;n;ymHoR oMecH)

Ha KOTan TnII/312A • Ha lC8>Klij'1) ropaJIKy - 8 111'. fB I KOreJI.
Ha 4 Kor~ - 32 mr.

-7'4. PaCXOll cllIporo yr1J1l H8 Koren • 0-1001'/'180 - 2111'. 88 I KOreJI

Bearo - 8mI'.
-IJ> 5. npeCSopw DO HSNepe HMI) reMRaps rypi B lUtpe lP8KSJI8 or 500 llO

20000C. Bearo 8 Mryx.

6. npH60p no HSMepeHHI) BJa~KoorH, SOX&HOOrH yrXi noorynam.ero
a8 NeJIb HHQY .. 2 .1'. H8 I KOreJI. Boero 8 mI'.

7. Cr8QH0H8pHEiI! npH60p 2lJIR Hsnpep9BHoro IOHrpo~ cocr8B8

yxoaRmHx raSo~ • 7 mr.

8. npK60p KsnpapClBHoro KOHrpoJV[ 02 HS EXOlts H3 X01'Jl8 "!'I14mr.

9. DpH60p SanlllJlSHHOOrH raSOBoro norOK8 yxonamHx rasOB

( nepeHocHoJt - 1mlJ.'., Or8QHOHSpHIlIA. 8 ft. )

fipHMeqSHHS: nopguKOBYR ROMap coor.a8rorByelJ.' npHoparsry.
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Date:

Subject:

Burns and Roe Company

S.B. Gerges

S.N. Corban
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Trip Report
USAID Program of Improving Combustion
Efficiency of Ukrainian Power Plants
9/14 to 10/911994

CopIes to:

R.Edelman
R.S.Gagliardo
M.Giniger
C.Crosman
J.Hallberg

This trip report is a brief summary of activities taking place during the trip to Ukraine
that started on Sept. 14, 1994 thru October 9, 1994.

The activities have been related to the subject task and included as follows: selection
process of the typical power plants to implement the combustion efficiency
improvement program and to conduct the initial audits of those plants.

The initial audits consisted of establishing plant contacts, collecting information
regarding boilers, combustion controls, fuel management and general plant operations.

Specific audit test measurements and associated calculations will be performed durrng
the next follow-up audits at the same selected power plants.

The detailed descriptions otthe findings, analyses of measurements and calculatIons,
including recommendations will be fully covered in the audit reports that will be
prepared for each selected plant.

Background:

USAID/KIEV has initiated an energy saving program by providing instrumentation
equipment to combined heat and power (CHP) plants and power plant stations to
improve combustion efficiency of the boilers as a first step towards life extension of
these plants.

Such earlier pilot program in 1992 at Kiev No. 5 CHP station, demonstrated
substantial savings in oil and gas at a low cost of installed instrumentation equipment.

Therefore, the purpose of this work has been to implement the above energy saving
program at five other power plants orland CHP plants as selected by USAID/KIEV in
consultatIon with Ministry of Energy and ElectrificatIOns.

1



Power Plant Selections

Departure from New York USA was on Sept. 14, 1994 and arrival In Kiev on Sept.
15,1994.

Upon arrival in Kiev-Ukraine a meeting was held at the office of USAID/Ukraine
MiSSion on Sept. 16, 1994 with Dr. Osborn of USAID/KIEV and Darian Diachock of
IDEA/KIEV.

Dr. Osborn suggested selection of seven power stations located in different regions
of Ukraine, that should be considered for energy saving program. This is a change
from original five power stations. In addition after considerable discussions and
assessment of the actual political climate of Ukraine, it was decided that dUring this
trip all selected power stations would be visited for an initial audit. The detailed
audits including the measurements and tests would have to take place later during the
second trip. The selection criteria of the power stations was established as follows:

Combination of power stations and district heating plants

Geographical locations to encompass all Energo regions

Power station ratings to be representative for Ukraine power sector

Cover all types of fuels: gas, mazut, coal (lignite, high and low
bituminous. anthracite)

Types and ratings of the boilers to be representative

Political considerations.
l(~;<.r jt@.,!

A meeting with Tom Kenne~of World Bank in Kiev was held to discuss the available
reports, studies, and info related to power sector in Ukraine.

Performance data on power stations and CHP plants was also obtained dUring a
meeting with Oleg Gerasimenko a local consulting engineer recommended by IDEA,
Inc.

Based on the above general criteria and performance data available on Ukraine power
sector, from a list of seventeen large thermal power stations and lists of other distnct
thermal stations (CHP), an initial list of seven power stations and CHP plants had been
prepared. With minor modifications the selected power plants are as shown on the
Attachment 1. The concurrence to thiS selection was obtained from Dr. Osborn and
Danan Diachock.

Memo 11 2



During a meeting with Alexey Sheberstov, First Deputy Minister of Ministry of Energy
& Electnficatlon of Ukraine, on Sept. 20, 1994, the energy saving program was
explained, and the proposed selection of the power plants for this program received
his concurrence and approval.

However, the final selection was reduced to six power plants due to the deletion of
Simferopol CHP station located in Cnmea. The travel to Crimea was restricted
because of a cholera outbreak.

On Sept. 22, 1994 K1EV #5 CHP plant was visited. The purpose was to get
information from the plant personnel related to the program already in place:
combustion analyzer and in-situ O2 analyzer.

Planning of Initial Audit Visits

A plant visit schedule was prepared with "Two Teams" planned to visit the selected
six plants. Each team had assigned two persons.

Team #1:

Selisett N. Corban
Marc Giniger

Team #2:

John Hallberg
Cliff Crosman

Team #1 was scheduled to visit four plants all located east, south-east and southwest
of the country.

Team #2 was scheduled to visit two plants, one located south the second located
west of the country. This team included In its schedule the travel to visit a plant In
the Republic of Moldova which is a different task activity.

An agenda entitled "Check Ust" of the work to be performed at each plant during this
audit, was developed (see Attachment #3) and also translated in RUSSian. Two days
were allocated for imtial audit of each plant. The plant visits had to be scheduled to
cOincide with Dr. Osborn's visits in the areas. On Sept. 28, 1994 he was scheduled
to be in Donetsk - Kourakhovska region followed up by Sept. 29-30, 1994 VISit to the
city of Odessa.

The plant visit schedule (see Attachment #2) together with the "Check List" were
discussed and handed to Igor LaplnJn, Head of Department of International ActiVities

Memo 1/ 3



of Ministry of Energy and Electrification of Ukrame. He took care to send the
documents to all six plants and associated Energo organizations for advance planning
of each team's arrivals.

Arrangements for translation and car transportation services for both teams were
made with a local Dutch firm called "Tebodin".

Initial Audit of the Plants

Introduction

The purpose of this initial audit work IS as outlined on the attached "Check list". The
information regarding power plant's operations was gathered from eXisting sources
and discussions with key personnel. A "Punch List" (see Attachment 4) was
developed and used to obtam the data at each power station.

The following trip report covers the audit activities performed by Team #1.

The Team #2 trip report is presented under a separate document.

General

The following four power stations in Ukraine were subject of inItial audit activities:

1 . Kourakhovska:

2. Uglegorsk:

3. Zmiev:

4. KrivOi Rag:

1x200 + 6x210 MW

4x300 + 3x800 MW

6x200 + 4x300 MW

10x300 MW

In general three types of nominal Unit sizes are thru all four plants: 200 MW, 300
MW, 800 MW.

The plants are well run by experienced staff that spent almost their entire profeSSional
life at these plants.

These plants are operated like very large Industnal complexes employ between 2000
3000 persons and have dedicated nearby towns for power plant personnel.

As a general comment the plants are deSigned for multiple fuel capabilities. Coal
delivered to the plants does not match ongmal boiler deSign reqUirements, thus
reducing boiler efficiency and increaSing mamtenance.

Memo 1/ 4



For some power plants, every five years a boiler's performance is reviewed and
adjusted based on the actual as-fired fuel properties. This derating is reflected in MW
net output of the plant and calculations of boilers and plant's efficiencies.

In general, combustion regulation is based on maintaining constant the temperature
and pressure of the main steam at the boiler outlet.

The fuel to air ratio for the combustion process is manually adjusted from the control
board located in the Unit Control Room.

The 02 analyzer's indications are used to manually control the combustion; the
instrument is an old design, not reliable and requires continuous maintenance.

The fuel metenng, where installed is for the entire plant, (except natural gas) thus the
efficiency calculations for each boiler are extrapolated based on procedures outlined
in theoretical books.

The actual instrumentation equipment of the plants is old and outdated; the operating
personnel do not fully trust their indications or operations. The plants are in need of
entire upgrading of the process control system.

A. KURAKHOVSKA POWER PLANT (Sept. 25 thru Sept. 28)

ENERGO SYSTEM:

LOCATION:

INSTALLED CAPACITY:

COMMISSIONED:

BOILER TYPE:

FUEL TYPE:

COAL METERS.

MAZUT METERS:

O2 ANALYZERS:

Memo 1/ 5

DONBASSENERGO

40 KM South-west of Donetsk

1460 MW

1972-75

Subcritical, Type TP-109

Lignite (Schlamm) supplemented by
mazut when lignite calonc value IS

..::;.3000 Kcal/Kg

Total per plant; extrapolated for each
Unit

None

Old, need frequent regulations and
maintenance, indications are not stable.



SERVICE DUTY:

UNIT OPERATION:

BURNER MANAGEMENT:

POLLUTION MONITORING:

Cyclic operating mode (two units
shutdown each night and the balance
of the units reduced to minrmum load
of 140 MW)

Sliding pressure mode (Boiler pressure
setpoint IS changed to change the load)

None

No NOx Control

The meetings were held with the following key personnel:

Sergey A. Ivanov, General Engineer Technrcal DIrector

Veniamin M. Tarasenko, Deputy Technical Director of Operations

Victor F. Larinov, Chief Engineer of Donbassenergo from Gorlovka

Support Plant Staff

Overall assessment of technical and managerial capabilities of the plant staff is
average. The staff is competent, and fully cooperated in providing the available
information.

On Sept. 28, 1994, Dr. Osborn viSited the plant and he was briefed on initial audIt
results.

B. UGLEGORSK POWER PLANT (Sept. 28 thru Oct. 1)

ENERGO SYSTEM:

LOCATION:

INSTALLED CAPACITY:

COMMISSIONED:

BOILER TYPE:

Memo 11 6

DONBASSENERGO

50 KM North-east of Donetsk

3600 MW

4x300 MW 1972-1973 (First Phase}
3x800 MW 1975-1977 (Second Phase)

Supercrrtlcal
Type TPP-312A - First Phase
Type TGMP-204 - Second Phase



FUEL TYPE:

COAL METERS:

MAZUT AND GAS METERS:

O2 ANALYZERS:

SERVICE DUTY:

UNIT OPERATION:

BURNER MANAGEMENT:

POLLUTION MONITORING:

4x300 MW; coal, gas, mazut, coal and
gas or coal and mazut

3x800 MW; gas, mazut or gas and mazut

Total per plant; extrapolated for each
unit

Measured at each unit

"In situ" electrochemical cells on each
boiler, accurate indications if either gas
or mazut IS burnt, but not both.

Continuously at loads required by
central dispatch center.

Maintain constant the temperature and
pressure of the steam at the outlet of
the bOIler

None

No NOx Control
No S02 Control

The 800 MW boilers have operated as a pressurized furnace With FD fans in operation
only; ID fans are not provided, gases are directly exhausted Into the chimney. There
are high gas leakages, and vanadium corrosIOn.

The meetings were held with follOWing key personnel:

Georgy Kuryshko, Technical Director

Fedor Tzirulmk, Deputy Chief Engineer

Victor F. Larinov, Chief Engineer of Donbassenergo from Gorlovka

Support plant staff

The power statIon is clean and appeared to be well run and managed. The staff IS

competent and cooperated in providing the mformatlon.

Memo 11 7



A concern was expressed in reference to available spare parts for the equipment to
be installed under energy saving program. A suggestion was made for including into
the program spare parts for 5 (five) years.

C. ZMIEV POWER PLANT (Oct. 3 Thru Oct. 5)

ENERGO SYSTEM:

LOCATION:

INSTALLED CAPACITY:

COMMISSIONED:

BOILER TYPE:

FUEL TYPE:

COAL METERS:

MAZUT AND GAS METERS:

O2 ANALYZERS:

SERVI CE DUTY:

UNIT OPERATION:

BURNER MANAGEMENT:

POLLUTION MONITORING:

KHARKIVENERGO

30 KM South of Kharkiv

2400 KW

1960-1969

Subcritical TP-1 00 for 6x200 MW Units
Supercritical TPP-21 0 and TPP-21 0 for
4x300 MW Units

Coal low-bituminous, anthracite and
gas or mazut

Total per plant; extrapolated for each
unit

No meters for mazut, meters for gas

Old, need frequent regulatIons and
maintenance, indications are not
reliable.

Continuously, base load.

Maintain constant the temperature and
pressure of the steam at the boiler
outlet.

None

No NOx Control

The meetings were held WIth the following key personnel:

Oleg K. Gritsaniuck; Director

Memo 1/ 8



Alexander G. Chupyra; Chief Engineer

Valentin Kolomiets; Automation

Due to the geographic location of this power plant, the buses of this plant switchyard
are used to exchange power between the Russian and Ukrainian electrical systems.
The plant operates in parallel with Russian system, not with the Ukrainian grid.

Plant is old, and the control is an obsolete design of 1950's. There are several plans
for improving or changing this plant. A joint venture between B&W (USA) and several
Ukrainian companies works on a pilot design for a boiler to burn the local low calOriC
value coal, to replace in future the existing boilers.

An overall assessment of technical and managerial capabilities of the plant staff was
not possible to be made fully at this time due to limited number of personnel that were
assigned to work with us (one person). The cooperation was minimal. Some of the
requested information was not provided.

D. KRIVOI ROG POWER PLANT (Oct. 5 Thru Oct. 8)

ENERGO SYSTEM:

LOCATION:

INSTALLED CAPACITY:

COMMISSIONED:

BOILER TYPE:

FUEL TYPE:

COAL METERS:

MAZUT METERS:

GAS METERS:

O2 ANALYZERS:

Memo 1/ 9

DNIPROENERGO

100 KM South-west of Dnipropetrovsk

3000 MW

1965-1973

Supercritical
Type P50 - Units 1, 2, 3, 4
Type TP-21 OA - Units 5, 6, 7, 8, 9, 10

Coal low-bituminous anthracite
supplemented by mazut and gas

Total per plant; extrapolated for each
umt

None per plant

Total per plant and each boiler

Old, indications not reliable.



SERVICE DUTY:

UNIT OPERATION:

BURNER MANAGEMENT:

POLLUTION MONITORING:

Base load.

Maintain constant the temperature and
pressure of the steam at the boiler
outlet.

None

No NOx Control

The meetings were held with the following key personnel:

Valeri M. Cebotari; Director

Vladimir A. Lucinikov; Chief Engineer

Victor Kabanenko; Automation

Support plant staff

There is a program of reconstruction of this plant but because of several problems In

the last years, the implementation of the program has been postponed.

The power station is well managed. The staff is competent and fully cooperated in
providing the requested information.

A concern was expressed related to the availability of spare parts for the
instrumentation equipment to be installed under the energy saving program.

On October 8, 1994 the Team #1 traveled from Knvoi Rog to Kiev and back to USA
on October 9, 1994.
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SELECTION CRITERIA-
Improving Combustion Efficiency

Ukrainian Power Plants

September 19, 1994
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AlTfJCkl'1 EAIT*2.

PLANT VISIT SCHEDULE

Team #1 (S.N. Corban) Team #2 (I. Hallberg)
25 Sun Tmvel to Kaurakhovska
26 Mon Kourakhovska (Plant
27 Tu Kourakhovska (Plant)
28 Wed Travel to Uglegersk
29 Thur Uglegorsk (plant) Travel to Odessa
30 Fri Uglegorsk (plant) Odessa (PlanT)
0-1 Sat Travel to Kharkiv Odessa
2 Sun Kharldv Odessa
3 Man Zmiev (plant) Odessa (p~l1r)

4 rues Zmiev (plant) Tmvel to Moldova
S Wed Travel to Krovoi Rog Moldova IPLant )
6 Thur Krivoi Reg (plant) Moldova 1.P'~nt)

7 Fri Krivoi Reg (Plant Travel to Burshtyn
8 Sat Travel to Kiev Burshtyn
9 Sun TRAVEL TO USA Burshtyn
10 Man Burshtyn I PL,;;nt)
11 Tues Burshtyn 1(/1cJ" f)
12 Wed Travel to Kiev
13 Thur REnJRN TO USA
14 Fri
15 Sat
16 Sun



A7TlICkI1EAlrJJ- 3
CHECKLIST

Th1PROVlNG C01vfBUSTIDN EFFICIENCY
UKRAINIAN POWER PLANTS

The following work will be peIformed at each plant, as aminimum:

• Introduction and information exchange with plant management

• Discussion and presentation ofthe scope ofwork

• Assess both technical and managerial capabilities

• Establish points ofcontacts

• Identify any local support, ifavailable

• Identify and coordinate the work schedule

• Discussion with key personnel regarding operation ofthe plant

• Determine the availability ofthe existing sources ofinformation and data

• Determine the plant historical operating data

• Walk through the plant to detennine the requirements for selected
instrumentations:

Combustion analysers
Fuel flow meters, gas, oil or coal
Oxygen analyzers

• Review ofexisting P&ID's to determine locations ofmonitoring points

• Determine physicalloeaticms for installing the selected primary element

• Determine locations for installing the remote monitoring modules

• Identify the persons to be assigned for on-the-job audit training



A.

B.

C.

D.

E.

F.

G.

H.

I.

J.

K.
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ATIACHMENT 4

IMPROVING COMBUSTION EFFICIENCY
UKRANIAN POWER PLANTS

PUNCH LIST

Boiler design basis fuel analysis (coal, mazut and natural gas), design
boiler performance for each fuel, parameters derated from original
design, and original design fuel analysis.

Mode of fuel firing - only natural gas, only mazut, only coal, and
combination of fuels.

As fired natural gas and mazut analysis, as fired best, average, worst
coal analysis, where measured and frequency.

Boiler as fired fuel natural gas, mazut and coal performance.

Boiler firing system line diagram - air supply, exhaust gas, fuel feed etc.

Section/plan views of boiler.

Flow diagrams for natural gas, mazut, and coal feed and measurement
of fuel feed.

Mode of unit operatIon - loading of units.

Copy of drawings showing combustion control scheme (functional
analysis) for fuel feed and combustion aIr.

CO and 02 monitoring.

Calculation of boiler efficiency for natural gas, mazut and coal firing
based upon A. and C. above. Method of efficIency calculations.
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TRIP REPORT

1.1 Introduction

USAID/ENI retained Burns & Roe Enterprises, Inc. (BREI) to perform plant audit visits

to seven Ukrainian Thermal Power Plants (TES) ..

The objective of these audit visits is to improve the combustion efficiency of the

Ukrainian Power Plants.

Burns & Roe performed the plant audit visits during a Feb 6-Mar 7 trip to the Ukraine

in accordance with the Delivery Order objectives. The following report describes the

activities of Team #1 (Selisett Corban, P.E. and George Keller, P.E.), which visited

Kourakhovska, Uglegorsk and Zmiev TES. A separate report describes the activities

of Team #2 (John Hallberg P.E. and Prem Gupta) which visited Odessa, Simferopol,

Krivoy Rog and Burshtyn.

1.2 Work Plan

The following 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 training.

• Provide training 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 installing stationary instruments.
• Determine best location for installing receiver Instruments.

• Define process and environmental conditions as well as length of the cable runs.



1.3 Trip Report and Findings

Mon. & Tue, Feb.6-7, 1995 -Travel to Kiev.

Feb 8 through Mar 15, 1995 - In Kiev.

The following activities took place during this time:

• Meetings and introductions at the office of USAID/Ukraine Mission with Dr.

Osborn and Andrei Parinov of USAID/KIEV.

• Meetings and Introductions at the office of IDEA/KIEV with Darian Diachok 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 safekeeping of USAID equipment.

• Inspection and check-out of the arrived USAID equipment

• Powering up and installation of the software programs for seven TI computers.

• Dry run with mne portabJe analyzers.

• Local procurement of the mIssing accessories.

• Arrangements for reliable vehicles, translators and safe travel in the Ukraine.

Thurs, Feb.16, 1995 -Travel to Uglegorsk TES.

Feb 17 through Feb 21, 1995 - In Uglegorsk.

The follOWing activities took place during this time:

• Selisett Corban, P.E. and George Keller, P.E. met with Georgy Kuryshk,
Technical Director, Fedor Tzirulnik, Deputy Chief Engineer and support staff of
the Plant. After an introduction and information exchange with the plant
management, Team 1 presented the scope of work and outlined the schedule

and the required assistance to maintain this schedule.

A discussion followed. Our hosts made It clear that they are pleased to see us
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return to provide equipment and services. Apparently, scores of foreign

companies vIsited the plant and promised some assistance which never

materialized.

• The plant management identified those personnel to be assigned for hands-on

audit training. George Keller concentrated on providing training and assistance

to the team selected for the demonstration and continuous use of the portable

combustion analyzer. Selisett Corban proVided training to the team assigned to

the Infrared "Heat Spy" and Fluke power analyzer.

• Team #1 proceeded to prepare for audit tests. George Keller worked with the

local computer specialists in resolVing Texas Instruments (TI) PC software

problems. Local computer specialists were competent and familiar with the

latest PC software. We were surprised at the large number of PC's in use.

Use of TI PC for an interface with a EES portable combustion analyzer

(ENERAC) was successfully demonstrated. We obtained an absolute analysIs

of the local coal and successfully created a custom fuel for the portable

combustion analyzer's library of fuels.

Team #1 proceeded to perform audit tests. On the first day of the audit tests

most of the measurements were performed by the BREI Team while training the

assigned local personnel. On the second day the assigned team performed most

of the measurements with very little assistance. Measurements were performed

on different bOIlers, at various MW loads, at different locations on the boilers,

and on two fuels (coal and natural gas). Occasionally a new access hole In the

furnace or a duct was required for the analyzer probe insertion. This was

accomplished by the plant personnel very expeditiously.

• Power analyses were performed by utilizing the Fluke harmonic analyzer.

• The assIgned team was also trained In the use of the infrared "Heat Spy".

• We also worked on finding the best location for stationary instruments, such as

oxygen analyzer and coal flowmeters. Because of the high leakage rates (up to

100% and higher), which make readings of any oxygen analyzer dependant on

3



Its dIstance from the furnace, we recommended the use of high temperature

oxygen analyzers for stationary purposes. After a discussion both parties

agreed to use high temperature oxygen analyzer for stationary purposes. We

also defined the best locations for receiver instruments, process and

environmental conditions. and the length of the cable runs. USing the Infrared

"Heat Spy" we were abJe to measure ambient temperature around the future

high temperature oxygen analyzer. Metal temperature at the mounting location

(railing) was 57-60 Degree Centigrade.

• We also worked with the laboratory staff to define cntical needs for fuel

analysIs.

• The Team spearheaded all necessary paper work required to turn over to the

plant the portable instrumentation used for the audit test demonstration.

Wed, Feb,22, 1995 -Travel to Kourakhovska TES.
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Feb 23 through Feb 27! 1995 - In Kourakhovska.

The following activities took place dunng this time:

• Selisett Corban, P.E. and George Keller, P.E. met with Sergey A. Ivanov,

Techmcal Director of Operations, Benjamin M. Tarasenko, Deputy Techmcal

Director of Operations, Vladimir V. Burlaka, Deputy Technical Director, and

support staff of the Plant. After an Introduction and information exchange with

the plant management, Team 1 presented the scope of work and outlined the

schedule and the required assistance to maintain this schedule.

A discussion followed, very similar to the one at the prevIous plant. Our hosts

made it clear that they are pleased to see us return to provide equipment and

services. Scores of companies visited the plant and promised some assistance

which never materialized.

• The plant management identified those personnel to be assigned for hands-on

audit training. George Keller concentrated on prOViding traimng and assistance

to the team selected for the demonstration and continuous use of the portable

combustion analyzer. Sehsett Corban provided training to the team assigned to

the Infrared "Heat Spy" and Fluke power analyzer.

• Team #1 proceeded to prepare for audit tests. George Keller worked with the

local computer speCialists in resolving Texas Instruments (TI) PCSsoftware

problems. Local computer specialists were competent and familiar With the

latest PC software. We were surpnsed at the large number of PC's In use.

Use of TI PC for an interface with a EES portable combustion analyzer

(ENERAC) was successfully demonstrated. We obtained an absolute analysis

of the local coal and successfully created a custom fuel for the portable
combustion analyzer's library of fuels.

Team #1 proceeded to perform audit tests. On the first day of the audit tests

most of the measurements were performed by the BREI Team while training the

assigned local personnel. On the second day the assigned team performed most

of the measurements With very httle assistance.
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Measurements were made on different boilers, at various MW loads, at different

locations on the boilers, and on two fuels (coal and coal!mazut). Occasionally

a new access hole in the furnace or a duct was reqUIred for the analyzer probe

insertion. This was accomplished by the plant personnel very expeditiously.

• Power analyses were performed by utilizing the Fluke harmOniC analyzer.

• The assigned team was trained In the use of the Infrared "Heat Spy".

• We also worked on finding the best location for stationary instruments, such as

oxygen analyzer and coal and mazut flowmeters. Because of the high leakage

rates (up to 100% and higher), which make readings of any oxygen analyzer

dependant on ItS distance from the furnace, we recommended the use of high

temperature oxygen analyzer for stationary purposes. After discussion both

parties agreed to use stationary high temperature oxygen analyzer and a

portable mazut flowmeter. Portable mazut flowmeter can also be used to

troubleshoot condensate leaks.

We also defined the best locations for receiver instruments, process and

environmental conditions, and the length of the cable runs. Using the infrared

"Heat Spy" we were able to measure ambient temperature around the future

high temperature oxygen analyzer. Metal temperature at the mounting location

(railing) was about 55 Degree Centigrade.

• We also worked with the laboratory staff to define critical needs for fuel

analysIs.

• The Team spearheaded all necessary paper work required to turn over to the

plant the portable Instrumentation used for the audit test demonstration.

Tues. Feb.28. 1995 -Travel to Zmlev TES

While traveling to Zmiev TES ,we stopped to visit the corporation DonORGRES In the

city of Gorlovka, which we had Identified as a promismg I&C Contractor for

commissioning stationary instruments. We met with Dr.Ostrovesky, Chief Engineer
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of DonORGRES, who incidentally is a member of the American Academy of Sciences

(tel.(06242)4-22-23). Dr.Ostrovesky is technically very competent and a tough

negotiator. After a considerable downsIzing he stili has 440 people reporting to him.

DonORGRES commissioned all fossil Units at Tbilisl and Erevan TES as well as

hundreds of Units In Ukraine, CIS and abroad. They are prepared to do light electncal

and I&C installation work but will not undertake mechanical or heavy electncal

installations. All start-up men from DonORGRES are graduate engineers but will run

instrument cable or will hire and supervise local labor.

We proposed that DonORGRES should become a representative for American

companies that supply equipment under the USAID contract. ThiS would simplify

spare parts supply and maintenance for all Ukrainian power plants. Dr.Ostrovesky

agreed to that suggestion and we since then made the necessary contacts.

We also discussed the commissioning of the stationary equipment under the USAID

contract. DonORGRES implied that without their participation the equipment will not

be properly commissioned. In our opinion, the power plants are capable to do the

work themselves. However, if DonORGRES is reasonable In pricing the commissioning

of the stationary eqUIpment, it could be a good insurance policy.

7



Feb 23 through Mar 51 1995 - In Zmiev

The following actiVities took place during thiS time:

• Sellsett Corban, P.E. and George Keller, PIE. met with Alexander GI Chupyra;

Chief Engineer, Valentin Kolomiets; Manager of Automation, Alexander V

Ermolenko, Deputy Chief Engineer of Operations, and support staff of the Plant.

After an Introduction and information exchange with the plant management,

Team 1 presented the scope of work and outlined the schedule and the required

assistance to maintain thiS schedule.

• A diSCUSSIOn followed, very similar to the one at the previous plant. Our hosts

made it clear that they are pleased to see us return to provide equipment and

services. Scores of companies visited the plant and promised some aSSistance

which never materialized.

• The plant management identified those personnel to be assigned for hands-on

audit training. George Keller concentrated on providing training and assistance

to the team selected for the demonstration and continuous use of the portable

combustion analyzer. Selisett Corban provided training to the team aSSigned to

the Infrared "Heat Spy" and Fluke power analyzer.

• Team #1 proceeded to prepare for the audit tests. George Keller worked with

the local computer specialists In resolving a hardware problem with the Texas

Instruments (TI) PC. Local computer speCialists were familiar With the latest

software. We were unable to boot-up the TI PC. As result, we had to use a

local PC for an interface with the EES portable combustion analyzer (ENERAC).

The Interface was successfully demonstrated. We have obtained an absolute
analySIS of the local coal and successfully created a custom fuel for the portable
combustion analyzer's library of fuels.

• Team #1 proceeded to perform audit tests. On the first day of the audit tests

most of the measurements were performed by the BREI Team while traimng the

aSSigned local personnel. On the second day the aSSigned team performed most
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•

•

•

•

•

of the measurements with very little assIstance.

Measurements were performed on different bOIlers, at various MW loads, at

different locations on the boilers, and on two fuels (coal and natural gas).

Occasionally a new access hole In the furnace or a duct was required for the

analyzer probe insertIon. ThIs was accomplished by the plant personnel very

expeditIously.

Power analyses were performed by utIlizing the Fluke harmOniC analyzer.

The assigned team was trained in the use of the infrared "Heat Spy".

We also worked on finding best location for stationary instruments, such as

oxygen analyzer and coal flowmeters. Because of the high leakage rates (up to

100% and hIgher), whIch make readings of any oxygen analyzer dependant on

ItS distance from the furnace, we recommended the use of high temperature

oxygen analyzer for stationary purposes. After a discussion both parties agreed

to use high temperature oxygen analyzer for stationary purposes. We also

defined the best locations for receiver instruments, process and environmental

conditions, and the length of the cable runs. USing the infrared "Heat Spy" we

were able to measure ambient temperature around the future high temperature

oxygen analyzer. Metal temperature at the mounting locatIon (railing) was 48

55 Degr. Centigrade.

We also worked with the laboratory staff to define critIcal needs for fuel

analysis.

The Team spearheaded all necessary paper work reqUIred to turn over to the

plant the portable instrumentatIon used for the audit test demonstratIon.

Suns. Mar 5. 1995 -Travel to Kiev.

Mon. Mar 6. 1995 -Kiev Debrief.
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• Participated in mformal meetings with Andrei Parinov at the office of

USAID/Ukraine Mission.

• Participated In mformal meetings at the office of IDEA/KIEV with Danan Diachok

and his staff.

• Made arrangements and moved the BRC audit sets #1 &2 from the office of

USAID/Ukrame Mission to a secure location in close proximity to the office of

IDEA/KIEV.

Tues, Mar 7. 1995 -Travel to USA.

5,1 preliminary Findings,

1, Ukrainian power plants operate in a steady-state mode (base loaded), with a

turbine maintaining throttle pressure, "fixed" firing rate, floating frequency and

manually adjusted air flow (fixed settings for each load),

Present combustion settings produce little CO or NOx emissions on all fuels.

However, when firing coal, high levels of S02 are emitted due to the poor

quality of the coal. Combustion of Polish coal results in especially high levels

of S02 emissions. S02 content of the Polish coal seems to be much higher then

the Specification.

2. Very high leakage rates (100% and higher) are typical, which makes readings

of any oxygen analyzer dependant on its location (distance from the furnace).

They also make Impossible on-line calculation of the combustion efficiency at

the back end of the boiler.

3. Most of the oxygen analyzers we have seen are of the extractive/paramagnetic
type, with questionable accuracy and a measurement time constant on the order
of about 1-2 minutes. As a result, they cannot be used for real time excess air

control.

4. Low carbon monOXide levels (10 to 100 ppm) m the flue gas in combination

10
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with 4 to 5% oxygen in locations with 850-870 Degree Centigrade temperature

lead us to believe that combustion efficiency of the Ukrainian Power Plants can

be improved. In our estimation, the improvement will be no less then 0.5% and

no more then 1%.

5. Ukrainian Power Plants seem to operate very well on natural gas. EmiSSions are

low, boilers run better and will longer life expectancy. It also seems to be more

economical to burn the gas at present mix of fuel prices.

6. EXisting return air system from the coal storage bunkers to the furnace reduces

combustion efficiency due to poor mixing With combustion air.

5.2 preliminary Recommendations

• Excess air should be reduced until at least 300-400 ppm of carbon monoxide

'::s..... IS generated which is Indicative of economic combustion.

• There is room for a considerable economic benefit because the starting point of

the excess air (4 to 5% excess oxygen) is high. It should not be very difficult

to reduce the excess oxygen by 1-1.25% and achieve 0.5% improvement In

combustion efficiency even with existing manual control of the combustion

process provided that constant operator attention is achieved. We believe that

such attention can be obtained via a small economic inducement based on the

fuel savings. Another alternative would be to Invest In an expensive automatic

control for the excess air system.

)

• This benefit cannot be achieved without carbon monoxide measurements of the

undiluted flue gas (850-870 Degree Centigrade temperature) at different bOiler

loads. Thus by extending the eXisting portable analyzer program to all

Ukrainian power plants an improvement in combustion efficiency can be

achieved at low cost.

• An accurate S02 laboratory analyzer should be provided for each plant to control

the S02 content of the received coals versus the coal Specification.

• We recommend to modify the eXisting return air system from the coal storage
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bunkers to the furnace to insure good mixing with the combustion air (add air

nozzles). The return air must arrive in the furnace as high velocity jet with the

ratio of Its horizontal velocity to the vertical velocity in the furnace of 6 to 1.

Presently the return air does not participate in combustion, but rises along the

furnace walls as "parasite air".

• The best thing that can be done for improving combustion efficiency, reducing

emissions and extending life expectancy of Ukrainian Power Plants is to switch

them entirely to burn natural gas, which IS presently cost competitive with other

fuels.
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TRIP REPORT

1.0 Introduction

The work described m this report has been carried out by Burns and Roe Enterpnses, Inc wIthin the

framework ofthe U S Agency for International Development (USAID) Emergency Energy Program

for the Newly Independent States (NIS), DelIvery Order No 6 Energy EffiCIency and ReliabilIty

Ukrame, Technology Based Project, Energy EffiCIency and Market Reform Project (EEMRP), Task

2 - Power Plants CombustIOn Efficiency.

U S AID!K.Iev has 1ll1tiated an energy savmgs program by provIding mstrumentation eqUIpment to

combined heat and power plants (CHP) and power plant statIOns to Improve combustIOn efficIency

of the boilers as a first step towards lIfe extension of these plants The purpose of Task 2 IS to

implement this energy savmg program at seven power and/or CHP plants The project team visited

Ukrame September 14-0ctober 13, 1994, to select representative plants and to gather prelImmary

mformation at the selected plants The project teams also performed combustion audIts during

February and March 1995

During these audIts, the project teams tramed plant personnel on the use of portable combustIOn

efficiency instrumentatIon. A set ofportable efficiency mstrumentatIOn (ENERAC 2000 combustion

analyzer, Fluke AC power analyzer, and Cyclop Infrared Temperature Detector (heat spy) was gIven

to the Kourakhovska, Uglegorsk, and ZmIev plants m 1995 In 1997 the plants received and

accepted an oxygen analyzer, hIgh range mfrared thermometer, lIqUId flow meter, combustIOn

analyzer consumables, and sulfur analyzer InstallatIOn of oxygen analyzers was ImtIated in May 

June 1997

In August 1997 Burns and Roe Enterpnses, Inc representative George Keller made a follow-up VISIt

to the Zmiev, Uglegorsk, and Kourakhovska plants The purpose of thIS visit was to collect data

necessary for issuance of the final reports and to assist plants m commissiomng of eqUIpment

receIved in 1997

1
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2 0 Tnp Report and Fmdmgs

Mon & Tue. Aug 4-5. 1997 -Travel to KIev

Wed. Aug 6. 1997 -Travel to Zmiev TES

Aug 6 through Aug 7. 1997 -In ZmIev

George Keller, P.E met with the management and support staff of the plant and explained the

purpose ofhis visit. In the ensumg dIScussIon plant techmcal and fmancIaI situatIOn, Impact of AID

supplIed mstruments on fuel effiCIency and environmental Improvements at the plant, and reqUIred

technIcal aSSIstance with commissiomng of the equipment receIved m 1997 were brought up

A Protocol was prepared which descnbes the Impact of AID supplIed mstruments on fuel effiCIency

and envlfonmentalImprovements at the plant A lIst of questIOns regardmg commissIOnmg of the

Sulfur Analyzer was prepared by the chemIcal lab and gIVen to George Keller. He WIll follow up on

this list upon hIS return to USA

Fn Aug 8. 1997 -Travel to Uglegorsk TES

Aug 8 through Aug II. 1997 -In Uglegorsk TES

George Keller, P E met WIth the management and support staff of the plant and explained the

purpose ofhis ViSIt In the ensumg dIScussIon the follOWIng Issues were brought up' plant techmcal

and financIal situatIOn, Impact of AID supplIed instruments on fuel effiCIency and envIronmental

Improvements at the plant, and reqUIred technIcal aSSIstance WIth commIssIOmng of the eqUIpment

receIved m 1997

A Protocol was prepared whIch descnbes the Impact of AID supplied mstruments on fuel effiCIency

and envIronmental Improvements at the plant. A lIst of questIOns regardmg commissIOnmg of the

Laboratory Calonmeter and Sulfur Analyzer WIll be prepared by the chemIcal lab and forwarded to
George Keller He WIll follow up on thIS hst upon hIS return to USA

Aug 11. 1997 -Travel to Kourakhovska TES.

2
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Aug 11 through Aug 12, 1997 -In Kourakhovska

George Keller, P.E met with the management and support staff of the plant and explamed the

purpose oflns VISIt In the ensuing dIscussIOn the followmg Issues were brought UP' plant technIcal

and financial situatIOn, impact of AID supphed mstruments on fuel efficIency and envIronmental

Improvements at the plant, and reqUired technIcal aSSIstance WIth COmmISSIOnIng of the eqUipment

receIved in 1997

A Protocol was prepared whIch descnbes the Impact of AID supplied mstruments on fuel effiCIency

and environmental Improvements at the plant A hst of questions regarding COmmISSIOnIng of the

Laboratory Calorimeter and Sulfur Analyzer wIll be prepared by the chemIcal lab and forwarded

to George Keller He will follow up on thIS list upon hIS return to USA

Tue, Aug 12, 1997 -Travel to Kiev

Tue, Aug 12, 1997 -In Kiev.

Prepared the tnp report and started preparation of the Final Reports

Thu, Aug 14, 1997 -AID KIev Debrief and Travel to USA

3 0 Preliminary Findmgs

All three plants are presently m a very dIfficult finanCIal pOSItIOn smce they pay world pnces for fuel

but sell electrical power at the rate set by the government Both load factors and quality of coal have

declmed smce 1995

TypICally, on a gIven TES only 2 units out of 8 are operating at 60 - 70% MCR At the same tIme

there is a shortage ofpower m the Ukrame and electrical power IS bemg Imported from RUSSIa The

answer to thIS paradox IS that poor qualIty coal requires mazut or gas to support combustIOn whIch
can be bought only for cash The statIOns do not have cash but can get some coal by trading credIts
At thIs time all three plants are overwhelmed by polItIcal and economIC factors out of theIr control

and it IS a testImony to the management's efforts that the adjusted efficiency of the plants remained

the same or Improved smce 1994.
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ECO-02 (energy conservatIOn training program), and ECO-03 (fuel quality Improvement program)

were not implemented due to lack of funds Also the plants are presently m a very dIfficult finanCIal

posItIOn. Salaries were not paid for 6 to 8 months and the management began layoffs Under thIS

cIrcumstances implementatIOn of the above programs would be very dIfficult even if funds were

aVailable.

Some ofECO-Ol (energy management conservatIOn program) goals were realIzed despIte the lack

of funds for a formal energy management conservatIOn program Smce 1995 the plants utilIzed the

audIt eqUipment that was left behind by the BREI audit team as part of the USAID boIler effiCIency

Improvement demonstration program

ENERAC2000

ENERAC 2000 portable combustion analyzer IS regularly used by plants to conserve energy and

reduce envIronmental pollutIOn (see attached Protocols) An Improvement m heat rate energy

consumption of2 14% (1997 vs 1995, grams ofnommal fuel per KWHR) IS indicated by the ZmIev

plant. Some of thIS improvement m efficiency is due to lower excess air combustIOn wmch was

made pOSSIble by timely analySIS Via ENERAC 2000. Plant personnel conSIders that up to 04%

Improvement was due to the use of a modem portable combustIOn analyzer.

The plant personnel were unwillIng to quantify savings m tons of environmental pollutants or

avoided environmental fines, but had no doubts that such savmgs took place (see attached Protocols)

Off the record I was told by the management ofUglegorsk TES that savmgs m environmental fines

alone were about $20,000

An Improvement m operatIOnal effiCIency also took place smce two technICIans can perform the

measurement m 15 mmutes whereas prevIously an mfenor measurement required an effort of 4

technicians for 4 hours

So Impressed was the management of DONBASENERGO by ENERAC 2000 that by the order of
the Chief Engineer of DONBASENERGO thIS mstrument was transferred from Kourakhovska to
the corporatIOn DonORGRES wmch tunes all power bOIlers m DONBASENERGO system So now
Kourakhovska' ENERAC 2000 IS helpmg 5 TES to conserve energy and reduce environmental

pollUtion ThIS development does not follow to the letter the terms of the AID contract With

Kourakhovska but rather to ItS spmt and who can argue WIth the leverage that was thus achieved.
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INFRARED THERMOMETER CYCLOP 300AF

The plants have nothing but praIse for the Infrared Thermometer Cyclop 300AF It was in wIde use

for about 2 years

FLUKE AC POWER ANALYZER

The plants also hke the Fluke AC Power Analyzer It was in WIde use for about 2 years

OXYGEN ANALYZER ZIRTEK

Oxygen Analyzer ZIRTEK was aVaIlable to the plants at most about 2 months So far they worked

reliably m the Zmiev and Uglegorsk TES The plants have high hopes for these instruments but so

far not enough data to confirm their effectIveness

PORTABLE LIQUID FLOW METER TRANSPORT PT 868

ThIS mstrument was available to the plants at most about 2 months So far attempts to use thIS

instrument for circulatmg water flow measurement were not successful, seemingly due to the

deposits m the cIrculating water hnes ABB Company, actmg on ZmIev request, tried to measure

cIrculatmg water flow m the same pIpe usmg theIr verSIOn of a portable ultraSOnIC meter. ThIS

attempt was also WIthout success Management of the Zmiev Plant felt that thIS confirms that the

measurement problem IS due to the deposIts and therefore asked me to mvestIgate possibihty of

replacmg clamp-on sensors WIth stationary sensors, which can be cleaned without shuttmg down the

plant If this IS not done, the instrument WIll not find a WIde apphcatIOn at the three plants

It is worth mentIOning that ongmally (m 1995) this mstrument was pnmarily specIfied to measure

flow of mazut. Smce this apphcatIOn does not produce pIpe deposIts, the measurement should be

successful. However by now the plants do not have much mazut to measure

HIGH RANGE INFRARED THERMOMETER MICRON M90

HIgh Range Infrared Thermometer MICRON M90 was avaIlable to the plants at most about 2
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months So far attempts to use thIS mstrument for temperature measurements were eIther not made

or not successful. Management of the ZmIev Plant dIslIkes this mstrument and would lIke to trade

it for something more useful to them Other TES were less emphatIc about It Generally It IS too

early to tell, It Just may take some tIme for the plants to get used to a new mstrument

LABORATORY CALORIMETER AND SULFUR ANALYZER

Laboratory Calonmeter and Sulfur Analyzer were avaIlable to the plants at most about 2 months

All plants are trymg to learn how to use them ThIS WIll take some tIme. The plants have high

expectations for these mstruments

COMPARISON TABLE

The table below compares economic impact of the USAID supplIed instrumentatIOn at the three

power plants that were VISIted (all numbers are from the Protocols, see AppendIx H of the Fmal

Report)

Kourakhovska Uglegorsk Zmlev

CombustIOn Analyzer ENERAC $25,000 to $30,000 per year $45,000 to $50,000 per year $5,000 to 6 OOO/yr

2000

Infrared Thermometer Cyclop $12,000 to $15 000 per year $69,000 per year $8,000/yr

300AF

Fluke AC Power Analyzer $12,000 to $15,000 per year $12,500 per year $800 to 1,000 per year

Oxygen Analyzer ZIRTEK In commISSIOnIng PrelImmary results $30,000 per Expected future benefit IS estImated

year If used With manual controls at $12,000

$60,000 per year If used With

automatic controls,

Laboratory Calonmeter In commIssIOning In commIssIOning N/A

Sulfur Analyzer In commIssIOning In commlsslOnmg In commIssIOning

High Range Infrared Thermometer In commissIOning Expected future In commlsslOnmg Not muse

MICRONM90 benefit IS estimated at $10-11,000

Portable LIqUId Flow Meter In commissIOning Expecled future In cOmmlSSJOmng Cannot be used With clamp-on
TRANSPORT PT 868 benefit IS estimated at $10-11 000 censors If m-sltu censors are

proVided, future benefit IS estImated
at $50,000
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YTBepiK,2l;aro:

r. CBeTJIO,llapCK

AKT

HaqaJIbHHK [(TAM: H.H.fy6a, HaqaJIbHHK [(HHH AB..;u3eKaHoBcKHii,

HaqaJIbHHK lITO <I>.II.[(bIPYJIhHHK npeJlCTaBHTeJIh ]J;OH OPfP3C
B.<I>.Pyx.Juma, npenCTaBHTeJIh cPHPMbI Bums and Roe Enterprises, Inc
,l{)KOp,ll)K KeJIJIep COCTaBHJIH HaCTOmIlHR an 06 3<p<peKTHBHOCTH

HCnOnh30BaHH» KOHTpOJIbHO-H3MepHTeJIhHbIX rrpH6opoB H o6opY.llOBaHH» ,

IIOCTaBJIeHHOrO Ha YrJIeropcKYJO T3C B paMKaX IIpOeKTa " lIoBbImeHHe
:xp<pCKTHBHOCTH H Ha,n;e)KHOCTH 3Hepre'fHlleCKHX H npOMblillJIeHHbIX
npe.llIlpIDITHR YKpaHHbI" .

3a nepHOn C <}>eBpaIDI 1995 IIO MaR 1997 rona Ha YT3C nOCl)'IIHJIO
cnenymmee o6opy,AOnaHHe:
- amulli3aTop npo~ecca ropeHIDI ENERAC 2000
- HHq,paKpacHbJH TepMOMeTp Cyclops 300AF/300
- I1H«ppaKpacHbIH TepMOMeTp MIKRON M90

- ,llByxKaHaJIbHbIR nopTaTHBHLIH YJIhTpa3ByKOBOH paCXO,llOMep )KH,l{KOCTH
TransPort PT868
- npH60p no H3MepeHHlO 3JI. MOUJ;HOCTH B ~eIDIX nepeMeHHoro TOKa ,AO 600 B.
- cTaUHoHapHhIH KHCJIOpOnOMep ZIRTEK
- na6opaTopHbIH KaJIOpHMeTp
- na6opaTopHhIH aHaJIH3aTOp co,n;epxcaHIDI cepbI B TOIIJrnBe

1. ra:maHaJIH3aTOp ENERAC 2000 HaXOJlHTCg B 3Kcn.rryaTa~HH B uexe
H8JIa}lKH H HCllOJIb3yercSI ,llJISI KOHTpOJISI H KOppeKTHpOBKH llpoueccoB rOpeHH»
TOnJIHBa , }lJISI npoBepKH illTaTHbIX KHCJIOpO}loMepoB, }lJISI nepHo}lHqeCKOrO
KOHTpOJISI co6mo,ZleHIDI Tpe60BaHHH 3KOJIOrHqeCKOH: HHcneKUHH, }lJISI
HCnbITaHHH HOBbIX KOHTpOJIhHO-H3MepHTeJIbHhIX npH6opoB ra30BOrO aHaJIH3a
KOTJIOn.

3KOHOMHQeCKHH 3<p<peKT OT HCnOJIh30BaHHSI npH60pa ENERAC 2000 3a I
CqeT cOI<:puruem·m paCXOnOB lIa npHBJIeqeHHe cneunaJIHCTOB CTOpOHHIf'{ \\j")
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opraHH3a.I..lHH , 3a Cqer HCKJllQqeHIDI illrpacPOB OT 3KOJIOrHQeCKOH HHCneKQHH 3a

IIpCBblmCHHC lfOpM BPC,lJ:HbIX BbI6poCOB, 3a CqeT nOBbImeHIDI 3cPcPeKTHBHOCTH H

Ha,lJ:e){(HOCTH pa60ThI OCHOBHOrO KOTeJIbHOrO o6opy,lJ:OBaHIDI MO:>KeT 6hITh

OueHeH B cYMMY 45 - 50 TbICHq ,lJ:OJIJIapOB CIlIA. , tcf
2.lliI<ppaKpacHbIH TepMOMeTp Cyclops 300AF/300 HaxO,UHTCSI B 3KcnnyaTauHH

B uexe HaJIa,I{Klf H HcnOJlb3YeTCH .lI;JIH KOHTpOJIH TeMneparyp P8.3Jll1qHbIX

IloBepXHocTeii. Oco6yro ueHHOCTb 3TOT rrpH60p npe,n:CTaBJIHeT npH KOHTpOJIe

TeMIIeparyphI IlOBepXHOCTH TenJIOBOH H30JISlUHH naponpoBO,lJ:OB H nOBepXHOCTH

06MypOBKH KOTJIOB. IIepHo,llHqecKH npH60p HCnOJlb30BaJICH )lJUI KOHTpOJUI

TeMIleparypbJ BbIBO.n;OB reHepaTopOB H30JISlTOPOB BJI , KOHTaICfOB

3JIeKTPoo6opy,lJ:OBaHIDI nOA HaIlpH:>KeHHeM, TeMnepaTYPbI BpaIQalOlQHXCH

qaCTeH MexaHH3MoB.3KoHOMHqeCKHH 34>cPeICf OT HCnOJlb30BaHIDI npH60pa

Cyclops 300AF/300 3a CqeT COKpalQeHIDI nOTepb TenJIa B OKpY:>KalOIJ.lYIO cpe.ny

3a nepHOl( 3KcnnyaTaIlHH Ha YT3C MO:>KHO OueHHTb B 69 ThIC. $ CilIA. "U>f
3. lliuppaKpacHhIM TepMOMeTp MIKRON M90 HaxoAHTCH B 3KcIInyaTaUHH B

uexe HaJIa,I{KH H HCIlOJIb3YeTCH ,llJISI nepHO,lJ:HqeCKOrO KOmpOJUI TeMneparypbI B

TonKe KOTJIa , TeMneparyp B JIeTKax rrpH 3aTpy,UHeHH.sIX BbIXO,lla >I<H,Z:{Koro

illJIaKa , CB.SI3aHHOro C H3MeHeHIDIMH xapaKTepHCTHK TBep,lJ:oro TOIIJIHBa H

B03MOiKHbIMH HapyrneHIDIMH TOnOqHOrO pe:>KHMa. 3KOHOMHqecKHH 3Q>cPeKT OT

era HCnOJIb30BaHIDI BH)Jy KopOTKoro rrepHo,n:a 3KcIIJIyaTaQHH O.QeHHTb He

IIpe,l(CTaBJISleTCH B03MO:>KHbIM.

4. CTaUHoHapHbIH KHCJlOpo.n;OMep ZIRTEK yCTaHOBJIeH H BKJUOqeH B pa60Ty Ha

KOTJIe 6JIOI<:a 1 14.07.1997 rO,l(a. Ha npOTHiKeHHH 1 MeCHua OIIbImOH

3KCTIJIyaTaUHH IJpOBO.n;HJIHCb 3KcnnyaTaQHOHHhle HCIJbITaHIDI KHCJIOpo.n;oMepoB

C ueJIbIO OIIpe.n;eJIeHIDI 3Q>cPeICfHBHocTH HX npOMbIWJIeHHOrO BHe.n;peHIDI .n;IDI

33,IlaQ TCXHOJIOrHtIeCKOrO KOHTpOJISI H aBTOMaTHqeCKOrO peryJIHpOBaHIDI

peiKHMoB ropeHHH B TOnKe KOTJIa. IIPH HCllbITaHH.sIX rronyqeHbI CJIe,Z{ylOIUHe

pe3YJIbTaThI:

- B cpe,llHeM Ha 10% nOBbICHJIaCb TOqaOCTb oIIpe,neJIeHIDI K03cPcPHUHeHTa

H36hITKa B03.uyxa , lITO no rrpe,l(BapHTeJIbHhIM oueHKaM rrpHBo.n;HT K

IlOBbIllIeHHIO KIll( KOTJIa Ha 0,1 % H K .n;OCTHiKeHHIO 3KOHOMHqeCKOrO 3<p<peICfa

30 TbIC. $ CilIA B ro.n;

- npHMCHCUHC KHCJIOpO,llOMCpOB ZIRTEK B CHCTCMa aBTOMaTJflICCKOro

pcryJIHpOBaHIDI no npe,llBapHTCJIbHbIM oucHKaM II03BOJIHT IIOBbICHTb Kll,l(
KOTJIa Ha 0,2%, qTO npHBO)];HT K 3KOHOMHQCCKOMy 3<P<PCIcry B 60 ThIC. $ CIIlA

B ro)];.

CJIC.llYeT OTMeTHTh , qTO 60JIee BbICOKHH 3KOHOMHqeCKHH 3cP<l>eICf Ha Yf3C

MOiKHO nOJIY1IHTb npH HCIlOJIb30BaHHH KHCJIOpO)];OMepOB ZIRTEK C

llPHHY,l.I,l1TeJJhHbIM p8.3orpeBoM qyBCTBHTeJIbHOrO 3JIeMeHTa.

nOJIee TOQHLIe pe3YJThTaTLI 3KOHOMHQeCKOrO 3<p<peKTa MOiKHO IlO.JIY1IHTh

TOJIbKO nocJle npoBe.n:cHIDI 6anaHcoBhIX HCnhITaHHH KOTJIa.

5 ilpHOOp no H3McpeHlHo 3JI MOmHOCTH B ueII5IX IIepeMeHHoro TOKa no 600 B



HaXO,L(HTCg B nOCTOgHHOH 3KcnnyaTaUHH B 3JIeKTpHQeCKOM uexe.

3KOHOMHQeCKHH 3<p<peKT 01' ero HCIIOJIb30BaH~MOiKeT 6hITh oueHeH Ha ypoBHe

1250 $ CIIIA B ro,L(.

6. ,ITByxKaHaJIhHhIH nOPTaTHBHhIH YJIhTpa3ByKOBOH pacxo.llOMep iKH,llKOCTH

TransPort PT868 , JIa60paTopHhIH KaJIOpHMeTp, JIa60paTopHhIH aHaJlli3aTOp

co.uepJKaHIDI cephI B TOnJIHBe B HaCTOgmee Bpe~ HaXO~C5I Ha CTa,z:(HH

OCBOeHHJI If OueHHTh 3KOHOMHQeCKHH 3<p<peKT 01' HX BHe.llpeHIDI He

npe,L(CTaBJrneTC.H B03MOiKHhIM.

IIo.llnHcH:

HatIaJIhHHK QTAM H.M.fy6a

Ha'l3JILHIII( I.\HHH ~ AB.}:(3CKaHOBcKHi!

Ha'lllJJbHHK rno ~.~................. Q).II.l\LIPYJlLIIHK

B.<I> . Pyx.ruI,naCT. 6p. HH)J(eHep .nOH OPfP3C

Ilpe,ltCTaBHTeJIh <pHPMbI

Burns and Roe Enterprises, Inc 7.. .. . .niKOp.lliK KeJIJIep



Town of Svetlodarsk

Approved
by ChIef Engmeer of Uglegorsk Heat Power Plant

G I Kuryshko
August 8, 1997

Uglegorsk Heat Power Plant

PROTOCOL

Mr N.!. Guba - Head ofthe Heat AutomatIOn and Measurements Workshop, Mr A V DzekanovskYI - Head
of the Adjustment and Measurements Workshop, Mr. F.P Tsyrulmk - Head of the ProductIOn and
Technology Department, Mr V F Rukhliada - the representatIve ofDon ORGRES, Mr George Keller - the
representative of Burns & Roe Enterprises Inc have drawn thIS statement on the efficiency of usmg the
control and measurement eqUipment and mstruments provided to Uglegorsk HPP WIthm the frames of the
project "Improvement ofEfficIency and ReliabIlIty of the Energy and IndustrIal Enterpnses in Ukrame"

Between February 1995 and May 1997 the followmg instruments were receIved at Uglegorsk HPP'
• an ENERAC 2000 combustIOn analyzer
• a Cyclops 300AF/300 infrared thermometer
• a MICRON M90 mfrared thermometer
• a TransPort PT868 two-channel portable ultrasomc lIqUid flow rate meter
• an electnc power meter in A C CIrCUIts with the voltage up to 600 V
• a ZIRTEC statIOnary oxygen meter
• a laboratory calorimeter
• a laboratory analyzer of the sulfur content m the fuel.

1. ENERAC 2000 gas analyzer IS operated in the adjustment workshop, and It IS used to check and
correct the fuel combustIOn process, to venfy the regular oxygen meters, to check penodically how the
reqUirements of the ecological mspectIOn are observed, to test new control and measurement instruments
to be used for the gas analysIs of boilers.
The economIC effect ofusmg ENERAC 2000 resultmg from a reductIOn ofthe costs to mvolve specialIsts
from other organIzations, from elimmatmg the fines set by the ecologIcal mspectIOn for exceeding the
standard levels of the unfavourable emISSIOns, from improvement of the effiCIency and relIabilIty of
operatmg the mam boiler equipment can be assessed as equal to $45,000 to $50,000 per year.

2 Cyclops 300 AF/300 Infrared thermometer IS operated In the adjustment workshop and It IS used to check
temperatures of varIOUS surfaces A speCIal value of thIs instrument is an OPPOrtunIty to check the
temperatures of surfaces of the heat Insulation of the steam pIpelInes and the temperatures of the bOilers
casmgs surfaces Penodically the mstrument was used to check the temperature of the outputs of the
generators, of the hIgh-voltage hne isolators, of the contacts of the electnc eqUipment when the voltage
IS applied, of the temperature of the rotating parts of mechamsms The econormc effect of usmg Cyclops
300AF/300 resultmg from a reductIOn of the heat losses mto the enVIronment durmg the penod of ItS
operatIOn at Uglegorsk HPP can be assessed m $69,000 per year



3 MICRON M90 infrared thermometer IS operated m the adjustment workshop and it IS used for a
penodical checking the temperature m a boIler furnace, temperatures m the apertures m cases of any
problems With lettmg the lIqUId slag out what can be related with changes of the solId fuel characteristIcs
or With the possible breakmg the furnace regImes It does not seem possIble to assess the economIC effect
of usmg the mstrument due to a short penods of ItS operatIOn

4 ZIRTEK stationary oxygen meter was mounted and mvolved mto operatIOn ofthe boiler at Urnt I on July
14, 1997. For a month of the experimental operation there were carned out the pIlot tests of the oxygen
analyzers with the aim to determme the efficiency of their mdustnalimplementatIOn from the pomt of
view of the tasks of the processmg control and automatIC control of the combustion regImes m the boiler
furnace. The follOWing data were receIved after the tests

- the average nse in the preCISIOn of determinatIOn of the exceSSIve air factor IS 10 per cent, which, due to
the prelimmary estimatIOns, brings to nsmg the bOIler efficiency by 0 I per cent and to gaIrnng the
economIC effect of $30,000 per year,

- mclUSIOn ofZIRTEK oxygen meters m the automatIC control system, due to the prelImmary estImatIOns,
will allow to mcrease the boIler effiCIency by 0 2 per cent, whIch gIves the economIc effect of $60,000
per year.

There should be marked that a hIgher economIC effect can be gained at Uglegorsk HPP providmg
operatIOn ofZIRTEK oxygen meters With a forced warmmg-up of the sensItIve element
More preCIse results concerning the economIC effect can be aVailable only after carrymg out the balance
tests of the boiler

5 The mstrument for measuring the electric power m the alternatmg current clfcuits WIth the voltage up to
600 V is permanently operated m the electrIc workshop The economIC effect from ItS using can be
assessed on the level of $1,250 per year.

6 TransPort PT868 two-channel portable ultrasonic lIqUId flow rate meter, the laboratory calonmeter, the
laboratory analyzer of the sulfur content m the fuel IS being mastered now and the economIC effect of
its ImplementatIOn does not seem to be possible to be assessed.

Signatures.
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Head of the Heat Automation and Measurements
Workshop

Head of the Adjustment and Measurements
Workshop

Head of the Production and Technology
Department

Representative ofDon ORGRES

RepresentatIve ofBurns & Roe Enterprzses Inc

NJ Guba

A V. DzekanovskYl

F.V. Tsyrulmk

V.F. Rukhliada

George Keller


