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1.0 EXECUTIVE SUMMARY

1.1 Introduction

The work described rn tlus report has been carned out by Burns and Roe Enterpnses, Inc wlthm
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 - Ukrarne, Technology Based Project, Energy EffICIency and Market Reform Project
(EEMRP), Task 2 - Power Plants Combustion EfficIency.

U S AIDIKIev has inItIated an energy savrngs program by provldrng rnstrumentatIOn 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 savrng program at seven power and/or CHP plants The project
team vIsited Ukrarne September 14-0ctober 13, 1994, to select representative plants and to gather
prelImrnary informatIOn at the selected plants The project teams performed combustion audits
during February and March 1995.

During these audIts, the project teams trarned plant personnel on the use of portable combustion
effiCIency Instrumentation A set of portable combustion effiCIency rnstrumentatlon was gIven to
plant rn 1995. In 1997 the plant receIved and accepted oxygen analyzer, general range and hIgh
range mfrared thermometer, lIqUId flow meter, combustIOn analyzer consumables, laboratory
calorimeter and sulfur analyzer. InstallatIon of oxygen analyzers was IrntIated m July 1997

The Kourakhovska power plant IS presently 51 % government owned The plant conSIsts of one
subcntical 200 MW urnt and SIX subcntIcal 210 MW units WIth a total of 1460 MW mstalled
capacIty. The plant was cOmmISSIOned between 1972 and 1975 The coal supplied to the power
statIOn has poor qualIty, WIth caloric values of 2200 to 4000 kcal/kg and 36 to 46 % ash content
Typically, the plant fires coal alone and coal supplemented by mazut Plans are m place to
reconstruct tlus statIOn However, the schedule for reconstructIOn IS dependent upon development
of the new boiler deSIgn and availabilIty of funds

1.2 Principal Findings

Several Energy ConservatIOn OpportumtIes (BCO's) were IdentIfied for the Kourakhovska power
plant for short term "no-cost low-cost" measures. The "no-cost low-cost" measures mclude
mstrumentatlon for measunng excess aIr and fuel consumptIOn whIch would result m short
payback penods.

Very hIgh (by western standards) rn-Ieakage rates rn the furnace, the econOmIZer and the aIr heater
(total m-Ieakage 65% and hIgher) are typIcal These make readmgs of any oxygen analyzer
dependent on ItS locatIOn (dIstance from the furnace), dIStOrtS the measurement of combustion aIr
flow and makes automatic control of combustIon very dIffIcult HIgh leakage rates mherent m

•
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the boiler technology used for the Kourakhovska power plant cannot be remedIed at a reasonable
cost Most of the msulatmg matenal used at the plant IS asbestos Considenng the age of the
power plant, it IS recommended that longer range plans should consIder complete replacement or
major repowering and rehabIlItatIOn

1.3 Recommendations

BOller effiCIency can be Improved, emissIOns reduced and the lIfe expectancy of the Kourakhovska
power plant extended based on the recommendatIOns lIsted m the following Table The Table
summarizes several energy conservatIOn opportunItIes whIch WIll pay for themselves withm short
periods of tIme.

An investment of $134,500 in boiler efficiency improvements (ECO-04,05,06,07) will result
in an annual savings of $173,500, which corresponds to 6,900 tons of coal and 400 tons of
mazut. An additional investment of $25,000 in energy conservation programs (ECO­
01,02,03,) may result in an annual savings of up to $607,000 which corresponds to 24,000
tons of coal and 1,400 tons of mazut.

Many other opportunitIes exist withIn the power plant for energy savmgs which could be the
subject of further audIts and actIons by the plant staff The energy conservatIon opportumtIes also
have applicatIons m other power plants.

Summary of Energy Conservation Opportunities (ECOs)

Annual Project Simple Payback

ECO# Description
Savings Cost in US$

Currentin US$ (1995
(1995 Prices) Prices) Energy

Prices

01 * Energy ConservatIOn $506,000 $25,000 < 1 year
Management Program Note 1

02 * Energy Conservation $101,200 Note 1 < 1 year
Traming Program

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

04 * In-SItu Oxygen Analyzer $72,290 $29,000 48Mo.
One BOller - 2 Probes

•
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Annual Project Simple Payback

ECOU Description
Savings Cost in US$

Currentin US$ (1995
(1995 Prices) Prices) Energy

Prices

05 * Portable Infrared VIdeo Included wIth $4,200 Included wIth
Momtors (Bottom Ash) ECO-04 ECO-04

06 * Sulfur Laboratory Analyzer $101,200 $45,000 534 Mo
and Testing Sieve Shaker

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

* Portable LIqUId Flow Meter $9,800

Note 1 See Section 5

1.4 Implementation

* Highly Recommended

The plant IS presently in a very 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 qUalIty of coal have
declined smce 1995. Typically only 2 umts out of 7 are operatmg at 60 - 70% MCR At thIS
time the plant IS overwhelmed by polItical and econOmIC factors out of Its control and It is a
testlll10ny to the management's efforts that the adjusted efficiency of the plant remamed the same
or lll1proved smce 1994

ECO-02 (energy conservatIon traming program), and ECO-03 (fuel quality lll1provement program)
were not Implemented due to lack of funds Salanes were not paId for 6 to 8 months and the
management began layoffs Under these CIrcumstances lll1plementatIOn 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 Since 1995 the plant utilized
the audIt eqUIpment that was left behmd by the BREI audIt team as part of the USAID boiler
effiCIency improvement demonstratIOn program There were lll1provements m effIciency due to
lower excess aIr combustIOn as well as savmgs in tons of envIronmental pollutants and aVOIded
envIronmental fmes For more detal1s 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 Union
in 1991 USAID is addressmg and managmg assistance to these countries through the newly
formed Bureau for Europe and the New Independent States (USAID/ENI)

Fundmg actIvIties in the energy sector support the cost of technIcal aSSIstance, traImng, and
lImIted capItal aSSIstance in support of energy-related eqUIpment and cooperatIon WIth local
institutions.

Ukrame, WIth a population of 52 mIllIon, is conSIdered one of the most energy mtensive states
ImtIal aSSIstance has shown that there are many opportumtIes to reduce energy consumption and
to reduce environmental degradatIon. The breakup of the SOVIet Umon has resulted m the cut-off
of supplies and spare parts reqUIred by the Ukrainian Energy SupplIers, which threatens the
reliabIlity of major power plants This situation IS compounded by a lack of funds to pay for
needed supplies and fuels.

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

These units often supply hot water for dIStrict heating and steam for industrial use Decreasmg
coal supplies and declining qualIty of coal supplIes is affecting the abilIty of the Ukrame to meet
Its needs for electncity Also, electrICIty and distrICt heatmg supplies are threatened because The
Ukrame is unable to pay for imported coal, oil and gas at prices approachmg world fuel pnces.

2.1 Objectives of Energy Saving Program

USAID/KIev has Implemented an expanded energy program m 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 operatmg effICIencIes m power generation, and
m the eqUIpment and controls requrred to use energy effICIently and cost-effectively

The purpose of Task #2 was to improve bOIler efficiency at seven power plants and/or combmed
power and dIstnct heatmg plants whIch were selected by USAID/Klev m consultatIon WIth the
MlillStry of Energy and ElectrIficatIOn These plants are frred WIth natural gas, fuel oil or coal
The objectives are to (1) foster Improved management of bOller/plant operations by Identifymg
and Implementmg immediately cost-effective "low cost - no cost" effICIency ImprOvements, (2)
prOVIde eqUIpment support to Implement low-cost operatIOns, Improve momtormg and energy
management, (3) provide operatIOn traIning

4



2.2 Purpose of the Audit

The purpose of the audit was to

• Assess overall technIcal and management capabIlIties, plant energy efficIency, and
capItal investment declSlon-makmg processes for each plant, assess plant
procedures for IdentIfying and executmg energy savmg mvestments requmng
management changes, and capItal mvestment.

• Identify short-term no-costIlow-cost efficIency measures WIth savmgs potentIal and
pay backs

• PrOVIde prelimmary IdentIfIcatIOn of energy conservation opporturutles (ECO's)
requinng larger capItal mvestment

3.0 DESCRIPTION OF POWER PLANT

3.1 General Description

In 1969 work commenced on the constructIOn of one urut of 200 MW and SIX units of 210 MW
capaCIty each The last urut was completed by 1975 The units were desIgned to fIre by-products
and fmes washmgs of Donetsk coal preparation and sludge (schlamm) The statIOn has a total
mstalled capaCIty of 1460 MW. The boilers operate under subcntIcal condItions

ENERGO SYSTEM.

LOCATION.

INSTALLED CAPACITY

COMMISSIONED

FUEL

DONBASSENERGO

40 KM SOUTH-WEST OF DONETSK

1460MW
1 x 200 MW + 6 x 210 MW

1972-1975

LIGNITE (SCHLAMM) SUPPLEMENTED BY MAZUT

For a more detailed descnptIOn of the fuel and of the followmg Items, see the PrelImmary AudIt
Report, Issued m December 1994, Reference 1 m AppendIX G

3.2 Boiler Plant

The boilers are Type TP-I09 from the Taganrog Boller Works The boIler supplies steam at a

C \UmlllC\koorJpt new\AugUIII 27 1997
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rate of 640 tons per hour at a pressure of 140 bar gauge and lIve steam temperature of 535°C
Steam from the high pressure turbIne exhaust IS dIrected back to the boiler for reheat and returned
to the IntermedIate pressure cylinder at a pressure of 39 bar gauge and reheat temperature of
535°C The boIler operates on a balanced draft pnnciple wIth aIr beIng supplIed by two 50%
forced draft fans and exhaust gas removed by two 50% Induced draft fans The turbInes were
supplIed by the Kharkov Turbine Factory

The design caloric value of the coal was 4100 kcallkg but actual average operation caloric value
is 3200 kcallkg

3.3 Coal Handling

The coal is delIvered to the statIOn by 40 different suppliers durIng a typIcal week and IS weIghed
by railroad car scales In the coal handlIng yard The coal IS blended by bulldozers In the yard.
The blended coal is supplIed into two conveyor systems feeding all bOIlers and weighed on each
conveyor (1 & 2) for the entire statIOn The coal is not weIghed on a per urut baSIS The average
quality of the coal over 5 day period IS determIned by takIng coal samples from the conveyors
The coal is analyzed for caloric value, water, ash, volatilIty and sulfur content ThIS IS a slow
process due to outdated laboratory eqUIpment

Coal IS supplied to the boIler uruts and held In two raw coal bunkers pnor to beIng fed to two
trains of 68 ton/hr drum ball Illllls. The motIve aIr for transfer of the pulvenzed fuel IS dIrected
from the outlet of the aIr heater and IS used to dry the pulvenzed fuel In additIOn to transportIng
It to pulvenzed fuel bunker The ball mIll IS also supplied WIth flue gas extracted from the
precIpItators to mIX WIth the motIve air and limIt the oxygen content to less than 18% ThIS
mlrumlzes the explosIOn nsk In the coal dust system.

The Illlll outlet temperature is controlled to 70°C by adjustment of the rate of raw coal feed The
combIned aIr and flue gas IS separated from the pulvenzed fuel via centrIfuge separators through
whIch all the pulverIZed fuel IS passed prior to storage In the pulverIZed fuel storage bunker The
storage bunker for the pulverIZed fuel is used to supply fuel to the SIxteen burners arranged In two
rows of burners In both walls of the furnace. PulverIZed fuel flow to the burners IS controlled VIa
rotary feeders fitted to each outlet of the pulverIZed fuel storage bunker The capaCIty of the dust
system IS not suffiCIent for the poor qualIty of the coal that is actually fIred In the statIon.

3.4 Mazut Supply

The power station units are supplemented WIth mazut Kourakhovska uruts never operate on
mazut alone due to ItS hIgh cost and hIgh S02 eIlllsslons. The maXImum mazut aSSIstance IS about
25 %, but blendIng of coal is redUCIng thIS figure to about 10%

6
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3.5 Gas Supply

The power statIon presently IS not desIgned for finng natural gas

3.6 Boiler Efficiency Calculations

On January 5, 1994 the station produced 15409 x 106 KWH of electncIty, consumed 11,799
tons/day of coal WIth a calonc value of 2136 kcallkg and 1227 tons/day of mazut On April 29,
1994 the station produced 19229 x 106 KWh of electrIcIty, consumed 14,377 tons/day of coal WIth
a calonc value of 3759 kcal/kg and 90 tons/day of mazut. Only station efficIency can be
determmed The fuel consumptIon of each umt is not known

3.7 Process Control System

Boilers of the Kourakhovska power plant operate in a steady-state mode (turbme followmg the
boIler) Operator manually adjusts finng rate and aIr flow (fIxed settings for each load) and
allows frequency to float There are two O2 analyzers on each umt whIch are used to momtor O2

content of exhaust gas before the economIzer at 500°C. 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 O2 analyzer indIcatIOns. There are no
eo analyzers m the power statIon.

Hot water IS supplIed from each of the seven umts for dIStrICt heatmg and from two umts for
greenhouses. In the statIon the pipelines run above ground and m the CIty underground.

The statIon has an ffiM 386 computer-based system for the control of steam and feedwater of Unit
6 (U8) ThIs IS a pIlot unit chosen by the MIniStry of the Ukrame There are 100 control pomts
and 20 control loops. The system is not fully COmmIssIOned. The VIsual InspectIOn revealed that
the system resembles Amencan-made DeS systems of 1982-83 vintage

3.8 Environmental Issues

The ElectrostatIc PreCIpItators (ESP) are reported operating very unsatIsfactory ThIS may be
attnbuted to hIgh specIfic electncal reSIstIvity of the fly ash ThIS affects the ESP abIlIty to
collect partIcles from flue gas, thus reducmg ESP effICIency The statIon uses low NOx burners
and staged combustIon to effectIvely reduce NOx emISSIons Poor qualIty of fuel (both coal and
mazut) mcreases the S02 aIr pollutIOn and causes severe problems of boIler slaggmg CombustIOn
of PolIsh coal results m espeCially hIgh levels of S02 emissIOns

•
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Because the stack heIght far exceeds the "good engmeermg practIce" cnteria, the pollutants
emItted do not produce a local aIr qualIty problem, but are a concern for the atmosphenc
pollutIOn

The statIOn lacks outdoor fIxed monitonng eqUIpment for recordmg gaseous and dust values

3.9 Future Plans

Management of the Kourakhovska power plant IS aware of the poor condItIon of Its bOIlers High
leakage rates are mherent m the boIler technology used for the Kourakhovska power plant and
cannot be remedIed at a reasonable cost. Management also understand that asbestos IS not an
appropriate msulatmg matenal and that conSIdering the age of the power plant, complete
replacement or major repowermg are the best optIOns Management is attracted to a number of
advanced technologIes, includmg an applIcatIOn of Atmosphenc CIrculatmg FlUIdIZed BOller
(ACFB) technology, 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 (I.e
consumers are dIsconnected for non-payment), consumptIOn WIll drop sIgnifIcantly The future
of the Kourakhovska power plant IS tied to the success of the Ukra1ll1an economy as a whole
Before most of the populatIon could afford electrICIty at market pnces, the salanes of the general
populatIOn must increase significantly Until that happens it IS best to contract for good quality
coal (the station already pays world market pnces for coal) and mamtam the eXIsting facilItIes

3.10 Inspection. Assessment. Comments

• The power statIOn IS well run by expenenced personnel and IS well managed The
staff IS competent and fully cooperated m provIdmg the requested mformatIOn and
assIgrnng the hands-on audIt traIrnng personnel The statIOn IS qUIte clean for a
coal firing plant and normally dIrty areas are kept clean by the plant personnel

• ConsIderable work of refurbIshIng and major component replacement on all bOIlers
and on Urnt U9 (the seventh urnt) HP turbme casmg has been done durmg the past
6 years Plans are m place for the next 6 years to contmue the major component
replacement on all boilers and Unit U9 IP turbme rotor

•

•

• Most of the process control systems operate on "manual" mode from the control
board located m the Urnt Control Room A chart IS used to mdIcate the umt load
as a functIOn of the amount of coal and mazut cofired The controls and
instrumentatIOns are outdated, the readmgs are unstable and reqUIre ongoing
mamtenance to keep them operatIOnal

•
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The bOIlers have no burner management systems The ongmal mechamcal
governors are stIll m operatIOn All mterlocks are of a very basIc nature offenng
hmlted protectIOn Spares are hard to find

The coal IS supplIed by 40 supplIers The statIon presently has httle mput
regardmg the qualIty of the coal specIfied or control over fuel acqUisItIOns

The coal delIvered to the plant does not match onginal boiler deSIgn requIrements,
thus reducmg boIler effiCIency and mcreasmg mamtenance reqUirements. In
addItIOn, the poor qualIty of coal mcreases the aIr pollutIOn and causes reductIOn
m MW output of the bOIlers Mazut IS coflred almost all the tIme m order to
dehver the MW output reqUired by the system and mamtam stable operatIon of the
boIlers

The statIon operates in cyclic mode WIth two umts shut down each mght and the
balance of umts operatmg at mllllIDum load (140 MW) The daily cyc1mg mode
of operation affects the eqUIpment and results m conSIderable plant refurbishment
and replacement.

The effICIency can be determmed per station only, not for each one of the umts
because the fuel consumptIOn per each umt IS not measured (no meters per umt)
The power statIOn WIll like to have coal flow meters to measure the input at each
mill, a total of two deVIces per each 210 MW bOIler

9



4.0 DESCRIPTION OF AUDIT ACTIVITIES

The audIt actIvIties mcluded the collectIOn of mformatIOn and data from vanous reference sources
and mdividuais workIng Withm the power plant The activItIes are of two types one for specIfIc
combustIon effIcIency audIt measurements and calculatIOns, and the other for informatIOn of a
general natural regardmg other energy conservatIOn measures.

4.1 Specific Audit Activities

4 1 1 Scope and Methodology

IndIVIdual systems and/or eqUIpment were IdentIfied for data collection and analysis and were
selected based on several cnteria

• QuantIty of energy used WIthin the system
• Potential for energy efficiency improvements
• SIgmficance of system/component to the power plant.
• Potential for replIcatIOn.

The selectIon of systems and eqUIpment to audIt were made after meeting WIth power plant
specialIsts to dISCUSS energy conservatIOn priontIes and a walk through the power plant

In preparatIOn for the audit activIties at the power plant, energy momtonng eqUIpment was
purchased ill the Umted States, shIpped to KIev and delIvered to the Kourakhovska power plant
The equipment was purchased to make measurements of vanous systems that were lIkely to be
encountered wIthin the power plant The measurements enabled auditors to learn specIfic
information about the systems bemg mvestIgated Based on the measurements, the audItors
calculated potential energy improvements that could be gamed by mstallmg energy effiCIency
eqUIpment.

EconOmIC pay backs were calculated and the Items priontIZed accordmg 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 pnnter
• Fluke AC power analyzer
• Cyclop Infrared Temperature Detector (heat spy)

The audIt eqUIpment was left behmd at Kourakhovska power plant as part of the USAID bOIler
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effIcIency lffiprovement demonstration program Of this eqUlpment, the most sigruficant was
ENERAC CombustlOn Analyzer WhICh demonstrated an opporturuty for Immediate fuel savmg
by tunmg the bOIlers to reduce excess combustlOn aIr.

The majority of the eqUlpment was used extensively by the audIt team personnel and as a tralrung
tool for the plant personnel assIgned for hands-on audIt trammg TypIcally, the audit team would
take measurements whIle trammg the assIgned local personnel how to use the eqmpment

4 1.2 General

The Kourakhovska power plant was selected by USAID/KIEV m consultatlOn wIth the MlruStry
of Energy and ElectnflcatlOn The Mlrustry also Identified the management of the power plant
as receptIve to this type of program and conSIdered that the maXlffium benefIt could be gamed by
audltmg the Kourakhovska power plant

Management of the Kourakhovska power plant are lookmg forward to forthcommg pnvatlzatlOn
At the present tlffie they are allowed to spend only 1% of the plant gross income on salanes As
a result, the Kourakhovska power plant IS losmg its techrucal and mamtenance personnel
Technical personnel of the Ukramian power plants are hIghly regarded m CIS and can mcrease
theIr mcome SIgnificantly by workmg m RUSSIa.

4.1.3 Boiler EffiCIency

The speCIfIC plant audIt consisted primanly of on-Ime flue gas emISSIon measurements using a
ENERAC 2000 portable combustlOn analyzer, laptop computer and pnnter Most of the
measurements were made on Boiler #6 at maxlffium (200 & 180 MW) and reduced (mInimum)
loads of 155 and 140 MW, while firmg coal and coal supplemented by mazut.

The ENERAC 2000 portable combustlOn analyzer IS a portable Instrument WhIch has chemIcal
cells to measure oxygen, carbon monOXIde, sulfur dlOxlde, OXIdes of mtrogen content and
combustible gases The unit also has a type K thermocouple mcorporated m the probe to measure
the temperature of the gas at the extractlOn pomt The fuel analySIS of 15 vanous typIcal fuels are
contamed in the memory of the portable analyzer Also, custom fuel analySIS can be programmed
usmg a laptop computer ENERAC 2000 portable combustlOn analyzer calculates, dIsplays and
pnnts, boiler efficIency, excess aIr, CO2 and emisslOns

The measurements were made at the furnace eXIt and at the bOIler stack This was done WIth
fIxed combustIon settmgs 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

C \Uknmc:\kour_rpt ncw\Augull 27 1997
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Due to the hIgh m-Ieakage rates in the furnace, the economIzer and the air heater, an on-lIne
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 nmeteen dIrect measurements made. A copy of the ENERAC 2000 portable analyzer
pnnt-outs can be seen m AppendIx B.

For a detaIled descriptIOn of the AudIt activItIes see the tnp report of Team #1 (AppendIX G).

Any improvement m the efficIency of the Kourakhovska power plant must come pnmanly from
an Improvement m boIler effiCIency On the steam SIde the Kourakhovska power plant is effiCIent
due to a sigmficant thermal load Due to software limItatIOns of the ENERAC 2000 portable
combustion analyzer, bOIler effiCIency could not be calculated on-lIne because of hIgh aIr m­
leakage. For the same reason an on-lIne measurement of the bOIler efficiency Improvement
achIeved by reductIon in 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. At full load finng coal, the excess oxygen was
measured in the convectIon pass to be 5.6% for the normal operatmg condItion. CO emISSIOns
were neglIgible BRC converted this measured excess oxygen to the excess oxygen at the burners
usmg calculated in-leakage rates and arrived at 4.25 %excess oxygen at the burners

The statIon reports that stable combustIon WIth 0 3-0 5% O2 at the burner level can be achIeved
due to staged combustion and low NOx burner design The low NOx burners are completely
replaced every 4 years and are mspected, repaIred or replaced on "as needed" basis every two
years However, bOIler operators typIcally add large safety margm and operate bOIlers at hIgher
excess furnace oxygen that IS called for by the burner deSIgn Smce the burners at thIS plant are
replaced on a regular baSIS, BRC very conservatIvely assumes that only 3% excess O2 at burner
level WIll be achIeved usmg modern O2 analyzers Excess oxygen levels hIgher than thIS prOVIde
the opportumty for a reductIon m the operating levels

Based on the data collected durmg 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 oxygen
reductIOn pOSSIble IS approxnnately 1.25% whIle finng coal ThIS would reduce the excess
oxygen from 425% to 3.0% and Improve efficiency by 05%.

In the future, the Kourakhovska power plant operators should be able to manually adjust the
combustIon aIr supply to determme what magrntude of reduction m excess aIr could be achIeved
wlthm constraIns imposed by CO emISSIOnS, smoke, and flame StabIlIty Therefore Burns and
Roe recommends that permanent Instruments be Installed to measure the O2 content of the flue gas
and thus aSSIst the operators m aVOIdmg unsafe conditIOns whIle contmually mlmmlzmg excess
aIr

•
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4.1 4 Boiler Plant

Present burner settmgs produce lIttle CO or NOx emISSIOns on all fuels When firmg coal, hIgh
levels of S02 are sometnnes emItted due to an mconsIstent qualIty of the coal Sulfur dIoxide
emIssIons could change from 4,000 mgm to 700 mgm m few hours, but tend to be In 2000-3000
mgm range when emISSIOns are adjusted for 3% excess 02'

CombustIOn of PolIsh coal results In especIally mgh levels of S02 emISSIOns Personnel of the
plant stated that the sulfur content of the Polish coal seemed to be much higher then the
SpeCIfication. They estimate a 3.5% sulfur content. Last wmter the plant had cntlcal shortages
of fuel and the Polish coal delIvenes saved the plant from severe blackouts. However,
combustIOn of Polish coal resulted m furnace "puffs" and very rapId corroSIOn of the back end.
Since all of the Kourakhovska power plant bOIlers are of tangent tube constructIOn (tubes are
spaced 8 rom apart WIth asbestos blocks behmd them), and of balanced draft (negative furnace
pressure), furnace "puffs" cause loss of the furnace mtegnty Personnel of the Kourakhovska
power plant reported 21 % m-leakage m the furnace alone and about 100% overall m-leakage To
mamtain the ongmal deSIgn CrItena of 30% overall m-leakage, they used to completely remove
and reInstall furnace msulatIOn every five years. At the present tnne the Kourakhovska power
plant can no longer afford such overhauls

4.1 5 Boiler Controls

The combustion control IS actually a manual operatIOn Coal IS usually fed to the boilers at
maximum coal feeder speed, WIth co-firmg of mazut used to bnng the boIler to the reqUIred load
The forced draft fan aIr damper POSItIOns are adjusted manually based upon a chart dIsplayed on
the control room wall, whIch IS a functlon of the amount of coal and mazut beIng fired and the
load Fmal air damper position adjustment IS made based upon O2analyzer indications Thus the
control of fuel and combustion aIr ratlo IS essentIally a manual operatIOn based upon maintaimng
a certaIn umt load, under constant bOIler outlet steam pressure and temperature WIth an O2
indIcatIOn between 4 to 6 %.

None of the umts have CO analyzers. The TP-109 bOIlers have two oxygen analyzers located on
the convectIOn pass per bOIler.

4 1.6 BOller Back End Includmg Stack

The boilers have LJungstrom type regenerative aIr heaters wmch are expenencing hIgh In-leakage
The electrostatIc preCIpItators InStalled on all boilers have low effIcIency, pOSSIbly due to the fly
ash hIgh specific electncal resIstivIty.

•
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4.2 General Audit Activities

Information was gathered from existmg sources, plant hlstoncal operatmg data and dIScussIons
wIth key personnel Actual audit actIvItIes consIsted of takmg operatmg data and test
measurements wherever possIble and performmg analysIs based on thIS data and hlstoncal
informatIon

4 2.1 Scope and Methodology

General audIt actIvItIes mcluded dISCUSSIOns about the entIre power plant IndIviduals responsIble
for various tasks WIthIn the power plant orgaruzatIon were mtervIewed to obtain InformatIon and
data on energy consumptIon, pnces and performance They were questioned what orgarnzatIOnal
changes and controls have been trnplemented to manage energy conservatIOn and effiCIency In
addItIon, the ChIef Engmeer was requested to prOVIde a descnptlon of what recent measures had
been taken for trnprovement of operational effiCIency and effectIve fuel utIlIzatIon

4.2.2 Power Plant AudItS

The audIt actIVIties associated WIth the total power plant consisted pnmanly of a reVIew of the
vanous available pubhcations and brochures produced by the varIOUS agenCIes and by the MinIstry
of Power and ElectrificatIon as well as from drawings and diagrams provIded by the engmeers at
the power plant Much InformatIon and InsIght was also gamed through the mtervIews related to
the system speCIfic audIts at all levels Many of the personnel employed m the power plant have
had expenence 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
reqUIre mamtenance. Temperature readmgs were taken wIthm the boIler proper where no
thermocouple were mstalled.

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 m AppendIX B.

•
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5.0 FINDINGS AND RECOMMENDATIONS

5.1 Low-Cost, No-Cost Short Term Opportunities

ECO-Ol ENERGY MANAGEMENT CONSERVATION PROGRAM

The chIef engmeer IS responsIble for energy conservation and effIcIency nnprovements at the
Kourakhovska power plant m addItion to his other dutIes Because of the shortage of hard
currency to pay for nnported fuel the entrre management of the plant IS hIghly motivated to fmd
ways to nnprove operatmg efficIencies m order to achIeve effective fuel utIhzatIOn, and all
employees are aware of the need for conservatIOn However, the eXIstmg program must be
expanded and enhanced WIth management restructunng and new procedures to prepare for the
commg pnvatization reforms These changes w111 help to prepare the plant to be commerCially
onented by mcorporatmg western management methods and procedures

The stated goals for this program, as a mmnnum, should be emphasized as follows:

• Conserve energy
• Reduce envIronmental pollutIon
• Improve operational effiCIency
• Improve equipment reliabihty
• Introduce new technologIes

The stated purpose for an expanded energy management program should be to proVIde a baSIS for
attractmg private financmg and future mvestments for a Viable enterprise havmg the potential for
success.

As a frrst step, a highly VISIble management staff posItion and/or department should be estabhshed
reportmg to the dIrector and having the responsIbl1ity and authority to develop, nnplement and
morntor energy conservation, trammg, rehabIhty and rehabl1itatIOn programs The prnnary tasks
will be coordmatIOn, commurncatIOn, and mformation The energy manager should be
responsIble for knowmg about, revIewmg and consohdatmg the fmdmgs and recommendatIOns
of the numerous studIes and reports prepared by consultants and Institutes for the USAID, WorId
Bank, EBRD, EC, M1ll1stnes, etc, so as to mmnmze duphcatIOn of work and maXlffilZe exchange
of information and expertIse

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

C \Ukratne\kooUllt new\Au~U&l 27 1991
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In 1994 the Kourakhovska power plant consumed the followmg quantities of fuel'

Coal 4,017,027 tons
Mazut 240,352 tons

$ 85,455,000
$ 15,749,500
$101,204,500(*)

(*)Pnce calculatIon IS usmg 1995 cost of fuel

If only a modest savings of about 0 5 percent of this fuel expendIture IS saved m the first year,
$506,000 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 Kourakhovska management with
training and matenals to establIsh the programs under ECO-01, 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 magmtude of these losses.
However, the staff needs, and should encourage, much more support from all employees m the
IdentificatIOn and elImmation 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 sIgmficant energy conservation paybacks The audItors were informed
that the employees already know all about energy conservatIOn However, It IS the audItors
observations and measurement results as well as the observations and measurements of other
studies which indIcate that there are many low cost, no cost opportumtIes for energy savings, and
thIS IS the pomt of recommending a low cost, no cost energy conservatIon traImng program for
all employees. The management should establIsh procedures, classes, more posters, incentives,
rewards, competItion, etc. and utilIze the expertIse of the engmeers and speCIalIsts to remforce
the Importance of energy savings If only one tenth of one percent of the annual fuel budget could
be saved, thIS could amount to approxImately $101,200'

ECO-03 FUEL QUALITY IMPROVEMENT PROGRAM

The plant must survey aggressIvely the avaIlable coals and take ImtIatIve m contractmg dIrectly
from supplIers The plant must locate the best fuel consIdermg boIler operational needs, deSIgn
requirements, pollUtion control eqUIpment performance and delIvered costs The plant must
conSIder a blending strategy of mdlvldual coals to meet the above cntena. The number of coal
supplIers must be reduced to a mInimum for a better control of blending process

ThIS program must be coordmated WIth the reqUIrements for burner modificatIons and the
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resultant slagging charactenstlcs on bOIler performance as a result of the coal reactIvity and ash
charactenstics

As a result of better coal quahty and consistent ash mOIsture charactenstIcs, sigmficant savmgs
of fuel and mamtenance costs will be realized

A consideration should to be given to sWitch the Kourakhovska power plant to burn natural gas
Tills Will Improve efficiency, reduce emissions and extend hfe expectancy of the Kourakhovska
power plant At the present tIme the cost of natural gas is competitive With other fuels

ECO-04 INSITU O2 ANALYZER

The boiler efficiency improvements can be achieved by replacmg the eXlstmg extractIve oxygen
analyzers With in-place zirconium OXide sensor analyzers of the type used m the Umted States.
One problem With the eXlstmg Instruments mstalled at the plant IS that they are extractive rather
than m-place Therefore using extractive gas samphng instruments It is difficult to obtam a
representative sample and the instruments 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 sensing probe mto the flue gas duct rather than
extractmg a sample to It Tills technology could be applied to the boilers at Kourakhovska power
plant

It IS recommended to install the new Instruments on 210 MW Boller #6 (U8)

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 Tills 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 SULFUR LABORATORY ANALYZER AND TESTING SIEVE SHAKER

An accurate Sulfur laboratory analyzer should be provided to venfy the Sulfur content of the
received coals versus the coal specIfIed A testIng SIeve shaker should be provided to venfy
fIneness of the coal dust before combustIOn. These measurements WIll prevent deterioratIOn 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 interVIews WIth plant personnel that one area which has hampered
the plant progress In energy Improvements IS the inabIlIty to accurately measure the decrease m
fuel consumption due to any changes In operation or equipment motivated by effiCIency
improvements. This IS because the plant does not have Instruments to measure the fuel flow for
eIther mazut and coal to each boiler If only modest gaInS in effIciency could be realized due to
the mcentive prOVIded by the abIlIty to more accurately evaluate such Improvements, such flow
monitoring equipment could pay to itself In a short penod of tIme

The followmg instruments are recommended for metenng the fuel input to the boIler

one portable somc type flow meter for mazut.

instruments to measure raw coal consumption to 210 MW Boiler #6 (U8), located
between raw coal bunker and mill (coal feeder)

The above portable somc flow meter can also be used for measunng the leakages In hot water
pIpIng of the dIstnct heatIng lInes.

For detaIled calculatIOns see Appendix A-I.

5.2 Medium and Long Term Opportunities

There are several other long term measures for improving power plant reliability, boiler efficiency
and meetmg envIronmental requIrements, WhICh reqUIre further study and large mvestments of
capItal These are hsted below for future reference

•

C \Utnlnc\koorJpl ncw\Auaulll 27 1991

Upgradmg the bOIlers WIth combustIOn control systems mcludmg mterlocks and
flame safety system Automatic control of fan dampers for combustIOn aIr and
control valves for steam and fuel to meet the load demand will proVIde more rapId
response than manual control, thus resultmg In stable and efficient combustion
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• Investigate lower cost S02/NOx removal technologIes For S02 removal investIgate
blending of coal and coal washIngs and lower cost sorbent technologIes for flue gas
condItIOning For NOx removal Investigate use of burner deSIgn technology for
low NOxemISSIOns (low cost), SNCR (selectIve non-catalytIc reductIOn), and 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 or refurbIsh to meet the world standards.

• The plant has to develop short term and long term plans for boder and aIr pollution
control system malfunction preventIOn

• Install continuous opaCIty monitors (one per stack) to monitor the VISIble
emissions

• Provide additional and updated analytical eqUIpment to the chemical laboratory.

• Replace the eXIstIng water treatment plant WIth one USIng state-of-the-art
technology.

• Modify the eXIsting return air system (add aIr nozzles) from the coal storage
bunkers to the furnace to ensure good mIXIng WIth the combustIOn aIr. The return
aIr should 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
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 econotnlc benefit can be denved from expandIng the demonstration program to other
UkraInIan power plants. From Burns and Roe expenence the Ukralman power plants when finng
coal or coal and mazut, exhibit the following characteristics

•

•
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Ukralman power plants operate In a steady-state mode (base load),wlth a turbIne
maIntammg throttle pressure, "fixed" fIrIng rate, floatmg frequency and manually
adjusted aIr flow (fixed settIngs for each load)

Very hIgh in-leakage rates (70% and hIgher) are typIcal, WhICh make readings of
any oxygen analyzer dependent on its locatIOn (dIstance from the furnace) They
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also make impossible 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
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

• Low carbon monoxIde levels (10 to 100 ppm) In the flue gas in combinatIon WIth
4 to 5 % oxygen In locatIOns WIth 850-870 degree CentIgrade temperature leads to
the conclusIOns that the boIler efficiency of the UkraIruan power plants can be
improved. The Improvement can be estImated on the order of 0 15 % to 1%

The conclusIOns are as follows'

•

•

•

•
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Excess aIr should be reduced until at least 300-400 ppm of carbon monoxIde IS
generated which IS an indication of economIC combustIOn

There IS room for an econOmIC benefit because the startmg point of the excess air
(4 to 5 % excess oxygen) IS high It should not be very difficult to reduce the
excess oxygen by 0.5% and achIeve 0.15% Improvement in the bOIler effiCIency
even with the eXlstmg manual control of the combustIon process prOVIded that
constant operator attention IS achieved Such attention can be obtamed VIa an
economIc mducement based on the fuel savmgs. Another alternatIve would be to
invest In 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 USIng the portable combustion analyzer.

Rephcatmg and expandIng the portable combustIOn analyzer demonstration
program to the balance of twelve power plants and several other combIned power
and dIStrICt heating plants wlthm the Ukralruan Electncal System WIll prOVIde
significant improvements in boiler effiCIency WIth low cost investments.
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6 0 IMPLEMENTATION

The plant IS presently in a very diffIcult fmancial posItIon since It pays world pnces for fuel but
sells electncal power at the rate set by the government Both load factors and quality of coal have
declmed smce 1995.

TypIcally only 2 umts out of 7 are operatmg at 60 - 70% MCR. At the same tnne there IS a
shortage of power m the Ukrame and electrIcal power IS bemg nnported 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 3 to 5% of ItS receIpts
are m cash) but can get some coal by tradmg credIts. At thIS tIme the plant IS overwhelmed by
polItIcal and econOmIC 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 nnproved since 1994

ECO-02 (energy conservation training program), and ECO-03 (fuel qualIty improvement program)
were not Implemented due to lack of funds. Salanes were not paId for 6 to 8 months and the
management began 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 realIzed 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 nnprovement 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 in Appendix H) An nnprovement in
heat rate energy consumption is mdIcated by the plant. Some of thIS improvement m effiCIency
IS due to lower excess aIr combustIOn whIch was made pOSSIble by tnnely analySIS VIa ENERAC
2000 Plant personnel clanns $25,000 to $30,000 per year in benefIts due to use of a modern
portable combustion analyzer (see the Protocol). So nnpressed 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 WhICh tunes all power bOIlers m DONBASENERGO system. So now
Kourakhovska' ENERAC 2000 IS helpmg 5 TES to conserve energy and reduce envIronmental
pollutIon So the overall benefit should be 5 times higher than mdIcated m the Protocol

The plant personnel were unwIllmg to quantIfy savings m tons of envIronmental pollutants or
aVOIded envIronmental fines, but had no doubts that such savmgs took place.

An nnprovement m operatIOnal effiCIency also took place smce two technIcians can perform the
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measurement m 15 minutes whereas prevIously an mfenor measurement reqUIred an effort of 4
technIcIans for 4 hours

CYCLOP 300AF INFRARED THERMOMETER

The plants have nothing but praIse for the Cyclop 300AF mfrared thermometer. It was m WIde
use for about 2 years The instrument IS used to troubleshoot the generator stator, disconnect
SWItches, and boiler tubes. The Protocol states $12-15,000 per year m benefits, whIch is
conservatIve.

FLUKE AC POWER ANALYZER

The plant also likes the Fluke AC power analyzer. It was m constant and wide use for about 2
years. An economIC benefit of 12,000 per year IS claImed m the Protocol.

ZIRTEK OXYGEN ANALYZERS

ZIRTEK oxygen analyzers are being mstalled at the plant The reason for the delay IS not known
The plant have declined to estImate an economic benefit from thIS mstrument untIl It gams some
hands-on expenence WIth It

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. Future benefits are
estimated by the Kourakhovska plant at $10-11,000 per year

MICRON M90 HIGH RANGE INFRARED THERMOMETER

A MICRON M90 high range infrared thermometer was avaIlable to the plant for at most 2
months The plant is trymg to learn how to use the thermometer and works hard to commISSIOn
It ThIS WIll take some tIme. Future benefits are estimated by the Kourakhovska plant at $10­
11,000 per year
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LABORATORY SULFUR ANALYZER

A laboratory sulfur analyzer was aval1able to the plant for at most 1 month The plant IS trymg
to learn how to use the analyzer This w111 take some time However the plant has hIgh hopes
for the instrument and works hard to commiSSIOn it The sulfur analyzer was provIded to venfy
the sulfur content of the receIved coals versus the coal speCIfied This would prevent detenoration
of the furnace, air heaters and the duct work and thus prevent a drop III the bOIler effIcIency.

There also w111 be savmgs m tons of SOz emISSIOns and aVOIded enVIronmental fmes In 1995 we
estimated the economic benefIt from a sulfur analyzer at $101,200 per year The plant have
declIned to estImate an economIC benefit from thIS mstrument untIl It gams some hands-on
expenence with it. Smce the plant load IS down about 50%, we estImate that under the present
condItions the econOmIC benefit WIll be about $50,000 per year

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 commiSSIon it This w111 take some tIme The
plant have declmed to estImate an econOmIC benefit from this Instrument until It gaIns some hands­
on experience WIth It
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APPENDIX A-I

Energy Conservation Opportunities (ECO' s)



ECO-04. 05. and 07 - CALCULATIONS

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

1 0 INTRODUCTION

The air to fuel ratio of boiler #6 is controlled manually The existing extractive paramagnetic type
oxygen analyzers are maIntaIned and calibrated However, the instruments are prone to being
fouled by mOIsture and acid sludge from the flue gas Also, there is a sigmficant tune lag between
sample point and readout, which is aggravated by swings in 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 have already occurred. Installation of In-SItu zircomum oxide
cells upstream of major In-leakages would improve reliabilIty, response and accuracy of readIngs.
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 Infrared 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 Kourakhovska umts, however only
unit #6 IS assessed in detail. This potentIal IS based on the current levels of excess oxygen that
are maintained at the burners. In order to assess this potential, it is necessary to evaluate the
measured excess oxygen levels and account for air in-leakage through the various sectIOns of the
boIler.

The station reports that stable combustion WIth 0.3-0.5 % O2 at the burner level can be achieved
due to staged combustion and low NOx burner design. The low NOx burners are completely
replaced every 4 years and are Inspected, repaIred or replaced on "as needed" basis every two
years. However, the existing extractIve paramagnetic type oxygen analyzers are too slow and
unreliable and therefore operators typically add a large safety margin and operate boilers at higher
excess furnace oxygen that is called for by the burner design

In the station's judgement, the excess furnace oxygen at full load while firing coal can be reduced
to 0 5% at the burner level If relIable Instantaneous excess oxygen measurement becomes available
to the operators Since the burners at thIS plant are replaced on a regular baSIS, BRC very
conservatIvely assumes that only 3% excess O2 at burner level WIll be achIeved USIng modem O2

analyzers. Excess oxygen levels hIgher than thIS prOVIde the opportumty for a reductIon In the
operatIng levels.

Al-2



2 1 Evaluation of Excess Oxygen at the Burners

At full load firing coal, the excess oxygen was measured m the convection pass to be 5 6 % for
the normal operating conditIon CO emissions were neglIgIble BRC converted this measured
excess oxygen to the excess oxygen at the burners using calculated m-leakage rates and arrived
at 4.25 % excess oxygen at the burners. Accounting for the existmg burner deSIgn and routine
burner replacement, the mimmum excess oxygen at the burner level can be assumed (very
conservatively) to be 3% Thus, the potentIal reduction in excess oxygen at the burners would
be 4 25 - 3 0 = 1.25 %.

2.2 Effect of Excess Oxygen on Boiler EffiCIency

BoIler effICIency is calculated based on the ASME BOller Test Code, PTC-4 1 The losses in
boiler efficiency affected by the excess oxygen levels are the dry flue gas loss and the moisture
m aIr loss. The dry flue gas loss IS the loss of heat determined by the flue gas flow and the
difference in temperature of the flue gas and the ambient air. The moisture in air loss is the same
loss calculated for the moisture that IS contamed in 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 operating conditions above the optimum.

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

EFFICIENCY LOSS DUE TO
HIGH LEVELS OF EXCESS OXYGEN
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2 3 Boiler Efficiency Improvement With Reduced Excess Oxygen Operation

Based on the data collected durmg 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 oxygen
reductIon is approxImately 1 25 % while firing coal ThIS would reduce the excess oxygen from
4.25% to 3.0%

•

C\UknunclKour_cco.4'906AM\MI)' 101995
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Using the curve shown above, the boiler efficIency savmg IS extrapolated to be 0.5 %. Reduction
in excess oxygen from 4 25 % to 3.5 % WIll yIeld 0 3% efficiency Improvement, reductIOn in
excess oxygen from 3 50% to 3 0% wIll yield another 0 2% efficiency improvement for a total
of 0 5%

3 0 COST ANALYSIS

The cost savings of a 0 5 % reduction m the bOIler effiCIency would be realIzed m a fuel saving
of approxImately the same amount The total cost of fuel fIred in 1994 for Unit #6 IS estimated
at $14,458,000 (see attached calculation)

BRC calculates total annual savings for Umt No 6 to be:

$14,458,000X 0.5% = $72,290

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 and an mfrared bottom ash temperature detector WIll be shared among
seven bOIlers, therefore only 1/7 of their pnces is included 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 ..:.. 7 ~ $575 (portable infrared
bottom ash temperature detector) = $66,875. We will assume cost of installation and
cOmmIssionmg to be $10,625, which IS reasonable smce installation and commIssioning wIll be
done by the plant using local labor. Therefore, total Installed cost for ECO-04, 05, and 07 will
be $77,500 per boiler

• Payback at current fuel pnce for the entire package'

$77,500/$72,290=1 072 yr = 12.86 months

• Payback at current fuel prIce for the oxygen analyzer system alone.

($4000+$25,000)/$72,290 = 0401 yr = 4.8 months

Note Tlus IS not recommended Unsafe operating condItions could develop If an Infrared
bottom ash temperature detector IS not proVIded.

C\Utrame\KmJt_«o4\906AM\Ma)' 101995
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• Payback at current price for an mfrared bottom ash temperature detector and the
oxygen analyzer system.

($600+$29,000)/$72,290 =0409 yr = 491 months

• Payback at current price for coal flowmeters. a portable mazut meter and the
oxygen analyzer system:

($1,400+$46,500+$29,000)/$72,290 = 1 064 yr = 12.76 months

ECO-06 - CALCULATION

SULFUR LABORATORY ANALYZER AND TESTING SIEVE SHAKER

1.0 INTRODUCTION

A modem Sulfur Laboratory Analyzer will allow Kourakhovska Power Plant to reject shIpments
of coal of poor quality and unacceptably high levels of sulfur Sulfur content of Ukrainian coal
even from the same mme can vary SIgnificantly. Kourakhovska Power Plant does not control back
end temperature and as result SOz m the flue gas (as high as 6g per CUbIC meter) reacts WIth water
and becomes sulfuric acid. A testing SIeve shaker will allow the plant to venfy fineness of the
coal dust before combustIon If the plant would 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 mOl % avoided reduction m botler efficIency for the entire
plant GIven $101,204,500 as total annual cost of fuel for Kourakhovska Power Plant, the total
savings m fuel cost would be $101.204

Payback at current price

$45,0001$101,204 ~ 0.445 yr ~ 5 34 months

C \llkramc\Kour_cco 4\ 9 06AMl.May 10 1995
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HIGH TEMPERATURE OXYGEN SENSORS

...... :- .... ; -

• Model 8212
Thls sensor IS deSIgned b fulfill
the specIal requrrements of the
Glass Industry. Model 8212 pro­
VIdes rellable O2 measurement
In pOSItlve pressure tanks. even
In condItions of signItlcant
-Batch Canyover"

Model 8081
Theversatlhty oftlus -workhorse·
sensor is proven by lis industry­
Wide applications around the
world You can expect Model
8081 b prOVIde dependat.ie O2

measurement In numerous
coal. gas. oll andwaste-fileden­
Vlronments.

Model OX
Model OX prOVIdes the enhcal
measurements you need In a
state-of-the-art rebUlldable de­
sign. Avcnlable ophan permIts
use of a portable extIactive de­
Vice b venty oxygen readings



2. Probe location (above) In
Umt Ts boiler was SWitched
from front wall of furnace to
secondary pendant lubes

02 probe
fmal location

Economizer

Econo,mz~ x 1"---­
02 probe

locatIOn of the probes had to
be ch3JJged. At the front wall
of the furnace. operaIion was
completely unpredictable and
uncontrollable. rendenng the

probes unsullable for use 10 an
automatic control system A
location m Unn 7 tbal could

Probe testing. At Unit 7. two high-tem­
perature O2 probes were wtially mstalled
In the IOspecnon pons on the front wall of
the furnace (Fig 2). with a momtor for
each IOstalled at an elevanon 88 ft below
the probes m the burner-control cabmet
room Although performance was satisfac­
tory at first, two months later one of the
probes failed. breaking off at a POtnt
beyond the JDslde of the front-wall tubes It
was decIded that excessive amounts of slag
collectIng on the probe had caused the fail­
ure. rather than stress caused by constant
vlbrallon expenenced at this locallon.

The next step was to mstall a probe with
a stamless steel protection tube (FIg 3).
mstead of the standard silicon carbIde
tube. to see If It could better WIthstand the
extreme condltlons in the furnace After
only three days of operation. thiS probe
failed-an excessive amount of slag had
accumulated on Its lip. The other probe
failed after four months of conllnuous
operatIon The cause agam appeared to be
from slag

Smce probe perfonnance otherwise was
satisfactory, an outer protection tube was
added to mcrease 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 JRstallatton.

Improved location. ObVIOusly, the

Sootblowers

/
02 probe

Inlttal
location

aIr readmgs. Nlpsco started expenmenung
with permanently JDstalled high-tempera­
ture 02 probes JD the upper furnace of Umt
7 These CrItena were established as a
basiS for the purchase of a new system'

• Low mamtenance requIrements
• Continuous operauon 10 the furnace

section of the baJler.
• Improved probe hfe. With a one-year

mlmmum deSired.
A system that appeared to meet the cn­

tena was a zircomum OXIde cell mounted
ID a SIlicon carbide tube ThiS type of
probe had seen servIce 10 the glass and
steel mdustnes. but not JD US uUhtles The
probe IS saId to offer several advantages

• HIgh-temperature operation, from
1200F to 2900F.

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

capablhty of the new 02
probes allows theIr perma-
nent JDstallatlon JD 3JJ area
of the furnace other than
the economIzer outlet The
high-temperature cell IS
exposed to a reference gas
(Instrument au) on one
Side of the cell. process
gas on the other (Fig I)
Zlrcoma OXide cells be­
have as sohd-state elec­
trolyte at high tempera­
tures JD the presence of a
catalyst Under Isothermal
condmons. and when 02
partial pressures differ on either
Side of the cell. an emf JDverse-
Iy proportIOnal to 02 content JD
the process gas IS developed.

Proper functlonmg of the
zircoma OXIde cell IS achIeved
above a mlmmum recommend­
ed temperature of IIOOF.
Because the old probes (also
zlrcomum OXide cells) had to
operale at temperatures of 850F
or less at the economIzer outlet.
a heater assembly 3JJd tempera­
ture controller were reqUired to
matntaln cell temperatures
greater than IIOOF SI nce
heaters aren t reqUired with the
new high-temperature probes.
calibration requirements are
ehmmated

Signal
output

02 monrtor

Instrument air

02 probe

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

Repnnted from May 1991 Issue of POWER.

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

High.temp O2 measurement improves
boiler performance

Utilities

Lookmg for ways to Improve plam heat
rates. Northern Indiana Public ServIce Co
(Nlpsco) has mstalled hIgh-temperature 02
sensors m the furnace and convectIOn pass­
es of several of its bOIlers. begmnmg WIth
Units 7 and 8 at ItS Bailly generating
stallon with good results

The problem. Unlls 7 and 8 are
Babcock & Wilcox Co (Barberton. OhIO)
coal-fired steam generators WIth Cyclone
burners. URlt 7 IS a 175-MW drum boller.
URlt 8 a 340-MW once-through bOiler As
With most ullhty URlts. excess-air control
was achIeved by detertmmng O2 levels at
the economIzer outlet Smce both umts are
normally run under negallve furnace draft.
aJr can mfiltrate through leaks m the boll­
erst ductwork.. or expansIOn Jomts ThIs air
tn-leakage can result tn a bias tn the
excess-02 control CIrcUit. glvmg mdlcatlon
of suffiCient 02 when. 10 fact. the opposite
condillon may be true

Enough air tnflltralJon can lead to
Improper alr-to-fuel ratios. poor combus­
tion. and corrosIve damage If a reducmg
atmosphere prevaIls Also. the O2 probes
and analyzers on Umts 7 and 8 became
mcreasmgly unreltable RepaIrs to mam­
taln the economIzer-outlet system had
become excessIVe and costly The result')
The 02 control system often operated WIth
one or more probes out of servIce. makmg
It more difficult for the operators to mom­
tor and mamtam excess-Oz levels. which
led to a lack of confidence m 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 02
system for UnIt 8 was Installed. Includmg
four probes m the pendant reheat area of
the convectIOn pass After continuous
operation for over a year, none of Unll 8's
probes have failed.

Results to date have shown differences
of 02 measurement taken at the economIz­
er of 0 4% to 2 5% when compared to the
hIgh-temperature probe readmgs Probe
performance has been so successful that
the economizer 02 system WIll be phased
out at Nipsco Also, operator confidence m
O 2 measurement of flue gas has been
restored. Tom Elliott

have maximum protection W1dnn cbc sec­
ondary pendant tubes (Fig 2).

Consequently, four 02 probes were
Installed 10 the secondary superbearer sec­
non of the furnace-tWo m each sidewall.
A potential nsk 10 puttmg them mere was
they would be close to the sootblowers.
After the probes were 10 serviCe., the soot­
blower nearest each probe was operated. It
was found that sootblower operation
would not damage the probes. The O2 sys­
tem could now be monnored to evaluate
the performance and longeVity of the
probes

The bottom line. Imtlal mals on Unn
7's high-temperature O2 system show that
the probes have good potential for apphca-

Zircoma Outer
substrate lead wire

greatly Improve the service Itfe of the
hIgh-temperature O2 probes appeared to be
10 the superheater area of the botler con­
vection pass Rather [han bemg exposed to
harsh envIronmental conditions 10 the
open area of the furnace, the probes would

Platinum electrode

3. Protection tube (nght) of stainless steel
IS aimed at Improving probe'S ability to With­
stand extreme fumace conditions

Reference
air httmg

HI-TEMP CARBON
AND OXYGEN SENSORS,

ELECTRONICS
AN D 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

Proouct uata
106-300NC

January, 1993

FEATURES

• Totally Field Repairable Probe
• Patented Electromc Cell Protection
• Rugged 316 SS for all Wetted

Parts
• Flexible Electromcs Configuration
• Control Room Electronics

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

Class 3000 Probes
• Easy Calibration
• No Potentiometers to Adjust
• QUick Change DiffusIOn Element
• Field-Repairable Cell Design
• Field-Repairable Heater/

Thermocouple
• Flame Arrestor (Optional)

•

•

WORLD CLASS TECHNOLOGY FROM
THE WORLD LEADER

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

The World Class 3000 IS totally field repairable as Internal
components are conveOlently accessible for uSing In-house service
personnel For example, the heaterlthermocouple probe assembly
can be replaced and put back Into seMce 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 cellmcorporates 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 solUDon

, he CRE 3lJOO Control Room Electronics module allows interfacing
WIth up to eight World Class 3000 probes (16 With master/slave)
VIa the HPS 3000 Field Interface Module This fleXIble, eaSily
expanded, electroniCS arrangement allows the World Class 3000
probes to be inked to the Control Room Electromcs module
WIthOUt the added cost of requlnng Intelligent field electrOOlCS (1FT
3000)

The CRE 3000 improves the accuracy of the cornbuslJon control
process as Itaverages the oxygen results thereby reducing errors
due to strablicatJon Up to 4 averages of any probe combinations
can be user-defined.

The HPS 3000 Reid Interface Module prOVides local power to the
oxygen probe. It IS connected to the CAE 3000 at a distance of up
to 1200 feetWlth low cost signal cable. The HPS 3000 module IS
housed ,n a standard NEMA 4X (IP6S) enclosure tor full weather
and corroSlOl1-proof protectron It IS also aVailable In an optronal
explOSion-proof Class 1, DIVISIon 1 enclosure to allow low-cost
adaptability of the World Class 3000 electronrcs to hazardous
gas areas.

Users with nUtiprobe appllcalJons may also choose an optronal
MPS 3000 MultJprobe Test Gas Sequencer. The UPS 3000
prOVides aulDmatic test gas sequenCing for up to four (4) World
Class 3000 probes to accommodate fully automatic mlcro­
processor-based calibration of the analyzer packages.

•
Supersedes Product Data 106-300NC,
Pages 1-8, dated March, 1992 ROSEMOUNT® 'J1easuremer

Centrel
:>'oal,tl::'::'1
'al"t::£



•

•

• Filter Head Assembly

OXYGEN SENSOR

Sensor Cell Assembly

..
.~.

.~

Heater Thermocouple
Assembly

•

•

•

•

Features Benefits

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

Electrodes are self protected by patented electrOniC PrOVides long life for sensing element even In the presence of sulphur and
diffUSIon limited current mode of operation reducing atmospheres

No sample system, no sample probes, no scrubbers Low installation and low mamtenance 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 maintenance

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

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

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

ADDITIONAL FEATURES

e

•

•

•

• 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-deflector protects
the diffUSIOn element

• Unique, patented electromc cell protection feature automatically
protects sensor cell when analyzer detects reducing atmospheres

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

up to eight (8) World Class 3000 probes (16 With master/slave)
ProVides all necessary intelligence for controlling the probe and
optional MPS 3000 Multlprobe Gas Sequencer

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

• CRE 3000 ElectrOnics averages the process data as defined by
user ThiS reduces inaccuracies due to strabfJcatlon
Remote contact Initiates calibration
HPS 3000 Field Interface Module allows interfacing of World
Class 3000 probe and CRE 3000 Without requlnng mtelligent
field electromcs 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
pulverized coal, recovery boders and lime loins

• Optional explOSion-proof HPS 3000 enclosure allows low-eost
adaptability to World Class 3000 electrOniCS In hazardous areas

• Optional MPS 3000 Multlprobe Test Gas Sequencer proVides fUlly
automatic test gas calibration and reference aJr 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

e'e

'-~ ----.
HPS 3000 Field Interface

(NEMA 4X Non-hazardous Enclosure)
HPS 3000 Field Interface

(Explosion-Proof Enclosure)

i

'-

•
Optional MPS 3000 Multlprobe Test Gas Sequencer

-------------------------------------;.1/
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SPECIFICATIONS<D

OXYGEN SENSING EQUIPMENT
'robe lengths, nomanal. 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 air set supplied
as standard

CRE 3000 CONTROL ROOM ELECTRONICS

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

CRE3000
Communications: 1 RS 232 for communIcation With slave CRE

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

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

(analog output): ±O 1% 02 or ±3% of readrng, 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 60°C)
Vibration: 5 mlsec2, 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 shlppmg weight. 12 pounds (5 44 kg)
Power supply, 100/115/220V ± 10% Vac at 50/60 Hz
Power requirements: 200 VA

<D All static performance characteristics are With operating vanables constant
SpeCifications subJect to change Without notice

4

Calibration gas mixtures: Rosemount Test Gas Kit Part No
6296A27GOl contarns 0 4% 02N2
Nomrnal and 8% 02N2 Nomrnal
Other sUitable gas mixtures can be
usersupphed

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 (failure descnptlon
available on LED panel)
Calibration 10 progress for each of 8 probes, 02 HIlla
Alarm for each of 8 probes Probe failure for each of
8 probes

Programmable
displays: 2 line, 0 8 lOch high, 8 digit, alphanumenc LED displays

for indIVIdual or averaged results.
Operator anterlace: 4 line by 20 character backlight LCD alpha­

numenc dIsplay, 8 key general purpose
keyboard.

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

MPS 3000 MULTIPROBE TEST
GAS SEQUENCER (OPTIONAL)

Electrical claSSIfication: NEMA 4X (IP65)
Humidity range: 95% Relative Humidity
Ambient temperature range: -20 to 140°F (-30 to 71°C)
Vibration: 5 mlseo:', 10 to 500 xyz plane
External electrical nOise: MlllllTlum Interference
PIPing distance between

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

and CRE 3000: Maximum 1000 feet (303 m)
ApprOXimate shipping weight: 35 pounds (15 88 kg)
Power supply: 1OO/115122OV .t10% Vac at 50/60 Hz
Power requirements: 15 VA
PIPing requirements: 114· o.d tubing, 1/4" NPT

bulkhead connectors (high gas m, (ow gas
In, ref 8Jr In, 4 Xtest gas out, 4 X ref air out)

(



WORLD CLASS 3000 MULTIPROBE APPLICATION
WITH CONTROL ROOM ELECTRONICS

4 TWISted PllJr Plus 2 TWIsted Pau
tor Opbons (1200 Feel Max)

•

•

7 Conductor Cable
(150 Feet Max)

41111WIOlrldlcl,aslsI3looo-I.III===:::::l====:::::;"l
Probe

_.,--I·III--..........-~-
2 Pneumabc LlnllS

by Customer
(300 Feet Max)

41__1·111===========.1

41_1--I.IIII===:::::=:t=====:::::::J

CI World Class 3000 I·IIII===::::\::===:;-,
Probe

.1 -'.III=======;-]
2 Pneumabc L,nes

by Customer
(300 Feet Max)

c,__I·III==========:!J

41__1·111==1======.1
7 Conductor Cable

(150 Feet Max)

line Voltage (LV)

4 TWIsted Pau Plus 2 TWISted Pair
lor OptIOns (1200 FlIllI Max)

Une Voftage (LV)

4 TWIsted PllJr Plus 2 TWIsted Pall'
lor OptIOns (1200 Feet Max)

CRE 3000
Control Room

Eleclrontcs

line Voltage
100 to 120 Vo~

220 to 240 Vo~

(

(

·,nted In the USA
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•
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Heat Spy measures surflce temperatl.lres of glass, furnace walls and furnace 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. depending
upon the application.

Wahl deSigned and built two Heat Spy
models from the bottom up tor precise,
accurate measurement of high temperatures
under the toughest factory conditions,

DHS-29X measures through glass ports
90010 32000F. 482 to 1760°C

Measure through glass, flames and products
of combustion using the DHS·29X (2 1 • 2.5
microns). Its smaU target resolution and
long telescopic range make the DHS·29X
Ideal for aiming through ports In fumace
walls at refractories, glass gobs, fumace
tubes. ceramICS, billets. slag and annealing
matenals. A sapphire window proteots the
silicon optiCS from heat and contamrnatlon.

3·Year WarrantY
DHS-29X Standard Sight
DHS·29XT ielescoptC Sight

DHS-35XT measures furnace tubes
800 to 3200"F, 426 to '760°C

In the narrow speetral range of 3.5 • 4 1
mIcrons. the DHS-35XT minimizes errors
caused by reflectance from walls and
flames. That makes it excellent for meas\.lring
furnace tube temperatures through open
ports. It is also your best choice for hIgh
temperature general purpose aophcatlons

3-Year Warranty
OHS-3SXT Telescopic Sight

-;q

The high-<Xlherency laser aiming beam adds
a powerful dlmel'lSlon to preCISe temperature
measurements. The laser places a VISIble
red dot on the center of the target surface.

You can held the Heat Spy in any POSitIon
~nd at any level. It IS especially useful In
cramped areas and in awkward conditions
such as standing on ladders and platforms.

The laser is very effective indoors under all
lighting conditions and dramatically useful
at rllght outdoors. tn bright sunlight use Heat
Spy's enclosed optical Sight AVOid vieWing
the laser sight directly or when reflected from
shiny suriaces. Laser energy from low reflec­
tIVe targets such as painted surfaces or OXI­
dIzed metals IS consrdered safe for viewing

~. ,r.-~~., - .......... 'u "'Ul:: "~A aNn r-ANAOA (RnnW"'-2R~3 • FAX (~1n\ 670.'84n

Use Laser for Tough Aiming Situations
How LaserAiming WorksfD Your Advantage

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

less than 1.0mW power
- Optional CFR 1040,10 Class III-A:

Certified less than 5 OmW max. power
- Separate laser SWitch and

indIcating light
- Laser IS on only when readmg

temperatur@.
BEST AVAILAtJLE COpy

• Available on most of our popular
models: DHS-24L. -24XL. -26L.
·2SXL. ·28XL

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

awkward areas



tyd3~dM tal C~gge e ons Ion an - e~ arran

IMoacl DH$-24)(, -XL. DH5-2SX,.XT DJiS.27X IJtS-28X DHS-29X DHS-35XT DHSo1OX DHs-BX
DH$-24L DHSo26L .XL. DHS-28XT, -.11.. DHS-29XT (see box belD11

ApplicatIOn General IJ"..e General Usa 0'Ieck. Iil1l TCf'I1) I-ig,Temp H"Jgh Tell1l Eccncmy Small Targets
Best Aocuracv Induding Glass TCll"PSralure i'IdtXllngGa Measures ThnJ FumacaTu. Model Eloctrcnic
Glass Surfaces Surfaces of Flames &lttat:es Gas&lAames AnnaaJlI'Ig Gflneral USQ Co/TlXlnents

Work

Temperatwe 0101000"F 0102000''= Ieoo'O :3O(lO'F :RID 2500"F I 900 10 3200"F BOO 10 32OO'F OloSSO'For O101000"F
Range .::/0 10 +550"C ·20 10 1000"C 318 10 1649'C OlD 138O"C 482 10 1760'0 4<16 10 176O"C -2010275"C -20 to 55O'C
SpeclraI Ranga (;II 8-14 a-14 4320·4472 18.14 ~ 2.1-2.5 3S·41 8-14 80104

N:D.JrarN 81 '!7"F::5' :Q3%FS :1:03% FS 05%FS 1:Q3%FS I ±O.3%FS ±05%FS :o.s%FS 03% FS
Re&oIUllon 1cFFC l'Frc 1'F1"0 1'FI'C "'FrO 1'FrC l'Fr-c 1'Fr-C
Ambtmt Q)eral1On 25 to 125'F 2510 125'P 25101ZS"F 2510125"F 2510 125'F 2510 125'F -4010 11O"F 25:0 125'F
T~e -4 10 S2'C -4\0$200 -41052'C ..(1OS2"C -4 10 5<1"C -4to52"C 51043"C -4 10 S2"C
Temp. CoeIlICient :0,1 !le9'deIl 10.1 degldeg ::0 1 d~deg ..0.1 deg'deg :1:0 1 del1dE:g 10.1 <le9'CIeO :1:0.2 deQICeg :0 1 deg.'deg

Aepeatatlliity :l'F ~F :!:3"F ::S"F :t3'F :t3"F :l:2"F :!:2'F

Response TIme 10 1See. 1 sec. 1sec. , &eC. , see. 1 sec. :l sec. hac.
9S"~of Readlnq
T~Sl:leat 1 m. dia , In dla. 31M. elia. 1 In. cia. 1 IlL lia. 1 In. cia. 2in.lia. O.lSh dia.
Focal Polnt e2ft. C2lt. @10lt 82ft. @10ft. C10ft. 82ft ~lln.

DIstanc:e 10 Target SIZe 201 20-1 401 20:1 tOO t 100"1 20:1 NlA
Beyond Focal Pan!

Practical WorI<fng Ota 40 ft oto <40 It. Ole l0011 0104011. 010 150ft. 010150 It. 01040 It. 01081n.
Distance
Sighting System Encio&ed Sight EncfCiSed. L.a&9r. Enclosed Endosecl. I.a!Ir Cndcsed Sight Enclos«I OpbcaJ Sight IJght Beam OIl

or l.a&er Of Tel0SCCPO 0ptJcaI Sight OITeIe!lccp! crTelll&COp8 OtT~ centerUne
AdjllS!llble EmssM1y 0.2 ·1.0 0.2 -1.0 0.2 -1.0 0.2 - 1.0 G.2·1-O 0.2·1.0 Pl'HelD.95 0.2 to t 0
Range
Output to RtlCOIder 1 rnVldeg 1 mV/deg. t mVlde.9 1mVldeg. 1 mvldeg. lmVldeg. None 1 mVideg

ContJnuous Operabng 40 I'.rs 40 tl1S. 40hrs 4Orns. 4Onrs. <lOin. 251q. 40 hrs.
TIme P41' BatteN Ulser StIrS lJlserSm Laser51'11S

W&lght U::s 2.2 2.2, en 2.8 2.5 2.2.{T)2.8 2.S. (T):3.0 2.5.{T)SO 2.2 2.5
PrIces Include carrying esse, spare battery, owner& manual. trigger lOCI<, AC *pter(spedfy tUa2»VAC). I

.~

"'Ace
IH'N~
ClV.

EP-10

H7D

MN1S04
NIST-HS
RHS-1S

More Useful Accessories
Part No. Description

'1441-1 Spar'e AC Adapter, 110VAC
11441-2 Spare AC Adapter, 22.0VAC
9852 Span:l Trigger lJx:k
9990 Heat Spy CBrrytng case
8-11 Bend1 Stand
CAM ~onIAepair Manual

Spectfy ModeIISerial No.
Emtssivity Coating
Black Spray PaInt
Leather Holster (except for
mxJe(s WIth telescopIC sIght)
Standard 9V Alkaline Battery
NSfTraceable Test Data
Heat Spy Portable Stnp
Chart Recorder. 12 selectable
chart speeds, 110VAC and
rechargeable internal battery.

T-12 Heavy DutyTripod
WZ111 Spare Owners Manual, specify

mxIel and serial no.
BP12-110 Rechg. Battery Pack, nov
BP12-22D Rechg. Battery Pack, 'i!2.0V
VJS.14 S8fety Wrist Stmp
Call Wahl for mare great jnfrared products
and blackbcxifcalibration sources or our full­
line Handbook of Temperaiure Instruments.

• c: ll. y (~1 n\ ~n.?A4n

Close Focus DHS-ax
oto 1000"F, ·20 to 550ee
For very small objeclS, SUCh asBeciaic ccm­
ponents. the close-fOCUS 1nsln:D8ll includes
a bUitt-1O light beam for precisB akning.

FM Approved
for Haurdous Environments

Wahl offers Heat Spy models tested and
approved by Factory Mutual laboratories
Models are approved fer 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
othGlr locations where combustible gases,
grains and dust are present.

FM Approved models are dedIcated OF or =C
and are fumlshed without a connection for AC
adapter, extemal battery pack or recorder
olltput

To order, specify "F or ce.
DH5-24X (F or C) -FM LCD
DHS-24 (F or C) -FM LED
DHS-26X (F or C) -FM LCD
DHS·26 (F or C) -FM LeO
DHS-2SX (F or C) -FM LCD
For telescopIc Sight on FM models DHS-26X and
OHS-2SX. add suffix '1"" c 9 DHS-26XTF-FM

Price Includes ca-rymg case. S!=lare battery. owners ~:,~".., Tfi~;:: ;.......;~ ;";~'1:.:..~

manual and trigger lock tr.:;)}1" ~:r.!l~ 1~1t':~~'':; ~~~:
BEST AVAILABLE cop41, I "l"l"'\r I t=occ 11\1 T~~';IC::~ .:::~';:~~~~~ ~A"1.?Ae:~
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Berthold

Noncontact
Weighing System

LB330-1C
for all kinds ofbulk material

on continuous conveyors

,,/
"-



Ncnccntaci massflow 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

• Installation 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 fall

• 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

•

•

•

•

and on a screw conveyor

-- - '",-

Welghmg system LB 330 - 1C mstalled
on a nsmg conveyor belt



Measuring pr5nc5ple
()

o

Design
Arod-shaped gamma source whose
type, length and activity dlstnbutlon IS
matched to the conveyor system and
the matenalloadlng IS Installed below
the massflow In a lockable shielding
with a collimated radiation opening
AsCintillation 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 Unit LB 330 - 1 C
calculates the massflow

The very high stability of the measu­
nng system IS ensured by well-proven
Berthold system providing automatic
dnft stabilization 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

The evaluation Unit IS precallbrated 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 calibrated weighing systems,
e. g. weigh bndge
The evaluation Unit automatically
analyzes the resulting pairs of values
(result of the radlometnc system and
of the comparative system) uSing an
autocallbratlon program and perlor­
mes an automatic self-correction.
This calibration 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 Unit 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 GOCo IS used (half-life
5.3 years), With medium loading 137Cs
(half-life 30 years) and With low
loading 241Am rod sources (half-life
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 measuring frame which
forms the outer limitation of the useful
beam, and which, like the shielding, IS
filled With lead when GOCo 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 limits
stipulated in the Radiation Protection
Regulations.
Low doserates are guaranteed by
uSing a sensitive detector and there­
fore source actiVities Will be extremely
smail.

Width Weight
mm A B H1 H2 L of

MeasurIng
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

i ~
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LB 3~O-1 C- An E~aiuat50n Unit offering Many Advantages

• wear resistant fOil 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 mA) via DiP-switches

freely selectable measuring range
of both outputs

• dlgttallnputs for conveyor stop and
external menu selection, or for
external clearing of the Integrator.,
external activation of the tare
measurement and also actIVation
of the 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 I~
standard; when uSing a separate
mOIsture measurement, the eva­
luation Unit may therefore be used
as dry-weight computer

• printer Interlace for parameter
protocol "sting 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

Baslsweight Loading

~ g/cm2 - kg/m
,. ... t/h .r'I

~!I' ~ ~!I'

\

;e..,
I \

I \
I \

I \

,.~,/
I~

{ \

Evaluation Unit Installed In protection hOUSing

BEST AVAUARI F ('()f:ly



Dimensional Drawings
DimenSions In mm

Evaluation Unit
Weight approx 6 kg

217

Evaluation Unit m protection housmg
Weight. approx 18 kg

Scmtillation detector with calibratIOn cover
Sz 5-M 1 40/35 or50/50
Weight approx 18 kg

Tachometer with mountmg bracket
Weight approx 5 kg

420

T

(

Your inquiries

should include

the following details:

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

Massflow velOCity and possible
alterations

Material, bulk weight, grain size of
bulk matenal

Matenalloadlng or conveyor
throughput

Measunng range and accuracy
required

Approximate matenal profile section
of matenal With maximum loadmg
(sketch)

Options required (e. g. pnnter)

Proposed location of measurmg
system (draWing)

'----- -- - - --
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BERTHOLD SYSTEMS INC., 101 CORPORATION DRIVE, AUQUIPPA, PA 15001-4863, PHONE 412-378-1900. FAX 412-378-1926

qt:;ST AVAILABLE COpy ,.



PREISER
MODEL 880 SULFUR ANALYZER

880 A 880M

AUTOMATIC OR SEMI-AUTOMATIC OPERATION
SAMPLE SIZE IS 0.5gm FOR SAMPLES CONTAINING UP TO 4% SULFUR

SULFUR RANGE: 0.005 TO 99.99 %
TWO MINUTE ANALYSIS TIME



MODEL 880 SULFUR ANALYZER
The Model 880 sulfur determlnator uses oXIdative combustion and non dispersive Infrared detectIon to

perform sulfur analysIs In coal, coke as well as In other solids and heavy liqUIds It utIlizes a micro-computer
and an Integral electronic balance With other automatic systems to rapidly and accurately determine the
sulfur content Two models of the 880 are available' A seml- automatic model and a fully automatic model

In the automatic model, all analyzer operations are controlled by the operator through an interactive flat
panel touch display This graphically based operator Interface IS desIgned to allow easy, straight forward
operation of the analyzer With minImal operator training. No knowledge of a computer language IS requIred
Sample size utilized IS 0 5 grams for coals containing up to 4% sulfur Coals having sulfur ranges of 0 005 to
99.99% can be analyzed. Accuracy IS ±1% of the sulfur content for most samples, Within the limits of ASTM
04239-85.20 samples can be weighed out by the operator at one time and then measured by the analyzer In
unattended operation In approxImately 40 minutes The analyzer calculates and displays the percent sulfur
by weight from the S02 reading and the initial weight of the sample. The result of the analySIS IS prrnted out
on a bUilt-in prrnter

The semi-automatic model dIffers from the automatic version In two major respects 1) It runs one sample
at a tIme and 2) Instead of the Interactive touch screen, It has a 4 line LCD display and a separate, simple
keypad The result of an analySIS IS displayed on a LCD display screen as % Sulfur and IS printed out on a
bUllt-m prrnter.

ORDERING INFORMATION:

CATALOG NO.:

92·1206·01

92-1205-01

DESCRIPTION

MODEL 880A AUTOMATIC SULFUR ANALYZER

MODEL 880M SEMI·AUTOMATIC SULFUR ANALYZER

~
PREISER SCIENTIFIC, INC.
94 OLIVER STREET • ST. ALBANS, WV 25177 • USA

Tel: 304n27-2902· WATS: 800/624-8285· FAX: 304-727-2932



MODEL 880 SULFUR ANALYZER

Automatlc or Semi·automatlc operatwn
Sample Slze lS O.Sgr for samples contammg up to 4% sulfur

Two mmute analysts ttme
Sulfur range 0.005 to 00 99%

User fnendlv

The Model 880 sulfur determInator uses
oXIdatIve combustIOn and non dIspersIve
Infrared detectIon to perform sulfur analysIs
In coal, coke as well as In other sohds and
heavy lIquids It utIlizes a micro-computer
and an Integral electronIc balance with qther
automatic systems to rapIdly and accurately
determIne the sulfur content Two models of
the 880 are aVailable A semi-automatic model
and a fully automatIc model

In the automatic model. all analyzer
operatIOns are controlled by the operator
through an InteractIve flat panel touch dls­
plav ThIs graphIcally based operator Interface
IS designed to allow easy, straight forward
operatIOn of the analyzer WIth mInImal
operator traInIng No knowledge of a com­
puter language IS reqUIred Sample size
utlhzed IS 0 5 grams for coals contaInIng up to
4% sulfur Coals havIng sulfur ranges of 0 005
to 99 99% can be analyzed Accuracy IS ±t%
of the sulfur content for mostsamples, WIthIn
the lImIts of ASTM 04239-85 20 samples can
be \\ elghed out by the operator at one tIme
and then measured bv the analyzer In unat­
tended operatIOn In approxlmatelv 40 mm­
utes The analyzer calculates and dl~plav~ the
percent sulfur by weIght from the S02 read­
mg and the mIllal weIght of the sample The
result of the analySIS IS pnnted out on a bUllt­
m pnnter

The semi-automatIC model differs from the
automatic \erSlOn m t\\O maJOI respect~ 1) It
nms one sample at a time and 2) mstead of
the mteractlve touch screen, It has a 4 hne
LCD dlspla\ and a separate, simple keypad
The result of an analvsls IS displayed on a
LCD dlspla:v screen as % Sulfur and IS pnnted
out on a bUllt-m printer

To learn more about these sulfur
analyzers, call or write!

880A

880M

~

~SER
PREISER SCIENTIFIC, INC.
P.o. BOX 1330 ST. ALBANS, WV 25177
Tel: 304/727-2902 WATS: 800/624-8285
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St. Alhnns, W('~l VirJlinicl 2.t>177 Effective Wet Sieve Tester

For Particle Size Measurement of Fine Granular Materials that Resist Dry Sieving

I~'.

0:"1 fJ
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• T.'tI wet, dry. or In dry-weI $"l'lul!nc~-S"mple

may be IntrOlllJCM 10 Wl:i VAC In Clry wilt. Or slur
form 8el/ll"ln'"9 rf'~' Wllh dry silmple permltl a
Inilla! perIod of dry screpnlllll n"IOfll addIng w::ltor.'

• Recovers separated size segments Abllitv to per-.
form phySIcal or cnemlca l loStS on seD~r3ted Sl%....
IegmentS o( II sample IS (\l)sorabill. wEi-VAC pro· •
vldes recovery o( sampiS IraCHons pprm,tt.ng furthe..J
testing; other metnOtlG may not ~

• Provides r.prod"elble rosults-WET·VAC·s ptede-J
tllrmlnsd spraV Per,(lClS 101 ellch SIElVe. llnd operator
conrrol of vlbrallon lI"tenSlly perf'll! uniform testing
conditions for comparallve aM reprOCluclble reSUlts.,

• Extends 1he renge of sleliing ~l'taIY51!-VVe'Slevlngt
of finllS offefs an extension 01 normal dry SIeving
range. WEToVA.C teSI results Cil" be relal!''' drrecllytO
results of dry test-sillng ,n IlIrgor Sile rBn~es

• Suites the needs of wet,prOCOllss Industries-WET.
VAC offers an leleal c.ontrol for weT process Induslrlal
oper3tlons tlecllu5e wet lelits most Closely allproxl­
male actusl wet':lrocesslnQ condiTions

i
WV·2 has '2" flher U¢1lon S.e Throtlllh
Nesting Cvllnder Is above fi'ter .ec'hOn.

....
..... I

"lt-- I \I/£'I'-VAC
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between sieves and other components seal
the system. Bonom sieve nests In a sIeve
holder lifting ring which nests in a filter sec­
tion comprised of 500mm filter paper held
betweena special Filter Base and FilterHolder.
A See.Through Nesting Cylinder is provided
for I/Isual mOnitoring of water Ittl/el. If filter
paper blinds and needs to be changed, sieves
can be raised and locked from the filter sec­
tion using the lifting ring. Lifting ring and
sieve Cover assembly with spray bar are sized
to fit 8" or 12- sieves, depending on modal.

Pumped 0-35 psi recirculating water system
with i·gallon (26.5.hter) holding tank make
the Wet-Vac independent of tap and drain
connections. However, valve!> are included
to permit such connections for once.through
operation ifdesired. Water Is available to the
rotating spray bar above the tOP sieve. and
also to a hose-mounted hand spray and to en
upward spray in the well beloW the filter
section. Hend spray Is used to flush sieve
cover, bonoms of SIeves, and the upward
spray clears filter paper to promote passage
of water.

.. til 116 "0 ISO 11110 120(' .)1'

nEVE Sl~

Typ.elll COl' Slmplt-Wet va Dry S,ev1no

114 II n6 130 110 1100 HOD U2S

Stainless steel components Include the sieve
COver assemblV, sieve holder lift ring, filter
holder. Instrument case, and water holding
tank. The 11.gallon steel cabInet with two
hinged doors has baked painted finish and
houses the water tank, vacuum blower, rn~
tor. pump, and piping. An Internal storage
shelf, locking wheels, and durable rubber mit
top work surface are included. Electricel re­
quirement is 20 amps at "SV/60Hz. Controls
Inclucle gauge Bnd adjustment knob for wa·
ter, SWItches for water. hand spray. vibration,
and vacuum, end a vacuum indicator light.
Overall Wet·Vle dimensions are 36 x 28 x 6.­
(914x7t1x1626mmt WxDxH.

WV-3 Clift be uSed witll 12M or r "eMf.
Wet Sieving IS used to overcome panicle
egglomeratlol'l, pancaking, electrostatic at­
traction and other problems whIch inhibit
propers,evln9 ofmanyfine materialson a dry
basIS, Gilson's WetoVac is designed to pro.
vide advantages of wet sieve testing while
minlml~lno prOblems wIth liquid handling
and fmes recovery as encountered with slm.
pier manual methOds. Features include elec­
tromagnetrc vibration, internal vacuum,
pumped water recycle. rotating sieve spray.
and filter recovery of subsleve fines. Dry
sieving IWlth vibration only) may be per·
formed for easy separations and 15 also em·
ployed prior to introduction of water and
vacuum, Eight or more sieves may be used.
and Wet-Vac models are avaIlable tor 8 In,
(203mm) and 1240. 1305mml dl~meter sieves
Essential parts are stainless steel. and the
entIre system 15 housed In acablnet on wheels.

Typical Wet-Vac uSes Include coal and min·
Ing and mineral process deSign or control.
investigations of soils Or ocean and river sedi­
ments, control of slurries or non-soluble
chemicels and powders and R&D appllca·
tlons System offers control for wet-process
Industrial operatIons because tests closely
apprOXlmate actual conditions. Samples may
be Inuoduced In dry. wet. or slurry fo,m,

The 3600 vpm Vlbratton of sieves and filter
has rheostat control of amplitude and serves
to disperse malenal on sIeves and to USlst
passage of water bv breaking water surface
tension. Constant vacuum of ilbOlJt 2- of
mercury,s provldpcl bv e hlower exhilustlng
to the reM 01 the cilh,"et Rubher gllSket 'Ings
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PRF;ISER SCU·:NTIfj'lC, INC.
94 Oliver Street, P.O. Box 1330
St. Alir..ln~. West Virginia 25177

PREISER SCIENTIFIC, INC.
94 Oliver Street. P.O. Box 1330
St. Albans, West Virginia 25177

Applications

" COIl "recaratlon "I,nt andlor
operating eonuol

" Mining/mineraI oroe.n conlrol
" Plpehna slurty analysIs alld canuol
• IPA and olner soli eontlrnll'lOlrlon

Investrgation
• Oceen Ino faver sedimenls
• Rne Salls. oru. fton.soluble

Chemicals and powders
• Process R&D tabS

FlIt... sec:tlon remow"
to allow SPrilY Haad

for ~lftlnllilt.,..

380
380
380
380
380
38.0

2 m 0.3

5 (21 05 WVA·168 Si."lI
8 (31 0.5 Mesh Protector

2 (11 05 ror ':c:" ".y•• w.tn
2 (1l 0.2 nne·mesh cloth
A (21 03
5 421 0.5

35Jt~

Shipping Data
Ib (kg) Cu. Ft.

....0 12(0)
0&85 12111
440 (200)
A65 121 tl
'60 (2091
.t65 (2201

" Internal vacuum system always in
operation during wet Sieving

" Three models available for 12" (30Smm)
or 8" (203mml diameter models

• Internal water recycle system prOVIdes
closed Circuit recycle mode or optional
once·through water from external tap

(Jurlll! motl)rl~ed spray
bar ID 818118 cover.

" Rotating sieve spray provides efficIent
water distribution, always accomj)anied
bV Vibration and vacuum

" Subsieve materIal recovery Is provided
by flIter at base of sieve stack

• SIeve capacity: liP to eight sieves ot
2-1/8- (lS.4Cm) stacking height

• Attrawve po"abl. cabinet

• Bunt·in control circuit permits attaching
timer accessory

• Essent'., components of st,lnl......,

Model

WtlA-150
WVA'151
WtlA-161

WI/·1
WV·1F
WV·2
WV-2F
WtI,3
W\I.3F

WtlA-1DO
WVA·1GS
WVA·110
WVA·112
WVA·188
TSA-169

(Continuedl

Hind sprav fDr flushing sl.".
bottom. and cOlier.

WetNac may be controlled bv use of II built·
in circuit a/'ld COl'ltfOr cable 5up~lIed. Cable is
plugged to port rn back of unit to connect a
timer accessory. Gilson'. Model TSA·189
Digital Timsr desCribed elsewher. I, Ideally
suited. System tracks total ·01'1- time even
when interruptions are necessary.

Select Wet,Vac model depending on slz. of
.Ieves to be employed. Model WV-3lneludel
cover assemblies and lifting rings to permit

. use of either S" Or 12" SI8V8S. Recommended
sieves of all stainless steel in No. 16(1.18mml
to No. 835 (20\Jm) size rang, should b, or­
dered separately. Rubber gaskets and flIter
papers are also ordered separately. All mod­
el, requlr. It least 4 WVA-161 gaskets; add
either of 8" or 12" size dependIng on Wet.Vat;
mOdal ordered. An e)(tra set of Filter Holder
Ind Filter Sese is nelpful In (Ulse filter paper
blind•• Mod.' WVA-1S8 Sieve Mesh Protec.
tor II recommended for mesh support of 12,­
,lev811 of '200 and finer when loadIng could
cause blinding.

ReqUired Accessorln
RUbber Gaskel, 12"
Rubber Gasket, ."
Filler Paper. 500mm. Sax of 100

WET·VAO Sl'II8 Tuter
For 12" 1305rnl1l) Slevtl$, T15V/60Hz

230V150Hz
'or 8" (203mm) SieVlI!I. 115V/SOHz

230V/liOHz
f!or 12" and 8- Sieves. 116V/60Hz

230V/SOHz

GILSON WET,VA~ WET SIEVE TESTER

Optional ACCllUorlllll
Extr. Filler Holder"
I!lltra f=lItar Base"
extra See-Throllgn 12' Cyhndar"
Elltf. See·Through S" CVllnder'
Slev. Mesh Protector. 12'
Olgltal electroniC 1imer 115V

• One ."Ilplled WIth Wot Vee moeel••

•



Tyler Laboratory Equipment

Ro-Tap Testing
Sieve Shaker
The Ro-Tap Testmg Sieve Shaker was
the first mechanIcal sieve shaker intro­
duced to accurately reproduce the
circular and tappmg motion given
testing sieves In hand-slevmg, but with
a uniform. mechanical action assunng
dependable, comparable tests Since
then the Ro-Tap has become the un­
Questioned standard of companson In
alliaboratones the world over

The Ro-Tap IS bUIlt for handling
8" diameter testmg sieves of different
openings With the regular height
sieves. one sample can be tested
on a senes of SIX sieves of dIfferent
openings, while with half-height Sieves,
one sample can be analyzed on a
serres of thirteen sieves of different
openings, and all wIth one operatIOn
of the machine

By uSing pans with extended rims,
three different samples can be tested at
one time with regular heIght sieves
and seven different samples with half­
height sieves

The Ro-Tap IS operated byavertically
mounted. totally enclosed J4 hp motor
The standard Ao-Tap IS fUrnished for
operatIon from 110 or (220) volts,
single phase current, with 1750 rpm
units for 60 cycle current and 1450
rpm units for 25 or 50 cycle The
Ro-Tap IS actuated through ItS bUilt-In
timer

The dimensions of the Ao-Tap are
hetoht 25". width 28". depth 21" The
net-weight including the motor and
timer IS 200 Ibs Approximate shipping
weIght domestic, 225 Ibs. export
2351bs

For 6" x 3" diameter sieves.
adaptors are available for the standard
8" Ao-Tap For 12" diameter sieves
specially bUilt units can be supplied

RX-25 Hand­
Operated Portable
Sieve Shaker

_ RX-24 Motor­
Dnven Portable
Sieve Shaker

Ro-Tap with SIX full-height 8"
diameter sIeves and pan

BEST AVAILABLE COP



o NTROLOTRON Models 990DBN
and 990DBP

FEATURES

Senes 9900 offers the follOWIng
optional functions
• Industry Standard Analog and

DigItal Data Outputs
• Digital Row Rate and Total Display
• GraphiCS Display With Stnpchart

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

Commumcatlon
• Field Programmable Status

Alarms Relay Outputs
• Memonzed Flow, SIte and

Diagnostic Data Printout

DESCRIPTION

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

FUNCTIONS

Models 990DBN and 990DBP are precIsion Dual Path
Universal Clamp-On TransIt-Time UltraSOnic Flowmeters
ot NEMA 4X and Portable construction respectively They
are lI1tended tor 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 flow­
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 990DB Unrtlow measures flow by means of two
orthogonal ultrasonIc beams, preferably operated in the
reflect mode ThiS makes the system extremely resIStant to
flow profile distortion, crossf/ow 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, Ventun and Wetted Trans­
ducer 4 Path Chordal ultraSOnic f/owmeters

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 Dedicatedmodels
DedIcated NEMA 4X 99008 models are SUItable for opera­
tlon In almost any enVironment, Indoors or outdoors, and at
pipe temperatures up to 500°F

• Umversal Applicability
• Outperforms ConventIonal

IntrUSive Rowmeters
• Lower Cost/HIgher RelIability

than IntruSive Flowmeters
• User Fnendly Menu Dnven Field

Programmable Site Setup
• Non-IntruSIVe Universal Clamp-On

Transducers
• MultiPulse~ TransmISSIon
• No CuttIng of PIpe Ever ReqUIred
• Batch and Sampling CapabIlIty

BuiltIn
• Cahbratable to 1/4% of Flow Rate
• S,-D,rectIonal Flow Measurement

BESTAVAILABLE COpy



WHAT IT DOES
Models 990D8N and 990D8P

measure the flow of most liqUids
In most pipes between 6 and 360
Inch diameter, and with flow rates
of ±40 ftlsec. and temparatures 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

WHERE TO 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 0,/ PIpeline,
Hydro-Power TurbIne and Irngatlon
Turnout flow measurement applIca­
tions The 990DBP IS functionally
Identical to the NEMA 4X 990DBN

.fgrtabillty faCIlitates use as a
test deVice, or In applications
which do notTegUlre continuous
flOw measurement -

SPECIFICATIONS
APPUCABIUTY

LIQUIDS: Any SQrlIICiify conductIVe homogeneous flUId
LIQUID (PIPE) TEYPERATURE. -40°F to +2S0°F Standard

-80°F to +SOO°F Optional
PIPE SIZES:6to3illnches 00
PIPE MATERlAL:hly sOnlcally conductive pipe matenal

Metal. Glass. PlastiC, etc
PIPE WALL THICKM$S: 0 os to 300 Inches
LINER MATERIAl:Any sonlcafly conductive matenal, Glass,

ftastlC. Cement, etc . IntImately bonded to
lie pipe Intenor

LINEA THICKNESS:. Up to 1Inch, dependent on matenal
FLOWVELOCITYRANGE: z40fps. mID, dependent on pIpe

00 and mountIng track type

991 CLAMP-ONlJIANSDUCERS
PIPE SIZE RATINGS
• Group 3. 6 to 24 indies. 00
• Group 4: 20 to 48 iJl:hes. 00
• Group S: 36 to 360iirches, 00
RATING: IntnnslcaJlysafe. RadIatIon ReSistant and

SubmersitEavailable.
CONSTRUCTION:AIl.ITllnum, stainless steel and speCIal alloy

or plastiC.
CONNECTORS: Qn:iulet for NEMA 4, BNC for Portable

992 MOUNTING "TRACKS
• Available In DirectarReftectlve Mounting for all transducer sizes

In standard pIpe daneter ranges.
• PlnStop transducerspacrng standard for all models

994 FLOW COMPUTER
• POWER: 20W. 9 to3fiVDCorrntemaf Battery,

100/115ar2.30VAC, 1'"~
• TEMPERATURE: -5Ofto +11S0F

(except for Graphics Models)
• SIZE: 10.S'W. 9" 0.13' H
• WEIGHT: 12.8 poor:1lE
• RATING: Intnnslcallysafe. NEMA 4X with cover closed
• MODULES: Plug-In. Interchangeable W/O speCial tools
• RANGES: SIZe 4: TJ3ISducer SIZes 3 and 4

Size 5: TaJSducer SIZes 3, 4 and S

994 PERFORMAN~(Standard Conditions)·
• SENSITIVITY: 0.001 fps at any flow rate Including zero
• LINEARITY: 0.003 4Js:
• RESPONSE BANDWIDTH: 10Hz (settable)
• SLEW RATE: 20ftlSEClsec
• FLOW PROFILE COMPENSATION. Via liqUId VISCOSity entry
• ZERO DRIFT STABIITY: 0.005 fps for transducer sizes 3 to 6

995 HAND HELD CONTROUDISPlAY TERMINAL
• 2 Row, 32 characterliquid Crystal Display
• 30 Keys, Numenc aFunction Identified.

• Submit ApplicatIon II IrumlidJOn Form for estrmate of performance under
specifiC applicatIon ccndilU'ls.

RF<:;T ,IIVAILABLF COpy



HOW TO ORDER & SPECIFY SERIES 990DB
..4... 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
Contr%tron representative for
assIstance If needed

The Unrflow 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 below,
gIves you an opportunrty to con­
Sider the many Unrflow system
options offered Check with your
local Controlotron representative
to assure selection of compatible
Dedicated model functions Note,
however, that standard Portable

Unrflow Systems are supplied fully
loaded, with all available functIons
and features

System 990 Dedicated Models
use a "BUilding Block" System ThiS
permits you to order only those
functions that you actually need
for your application, so as to keep
your costs as lowas 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.

Unrtlow Systems Include the
follOWing Components

• Series 991 Transducers
• Series 992 Transducer

Accessories
• Series 994 Flow Computer and

Function Modules
• Series 995 Hand-I:feld Control

Display Unit -
• Series 996 Remote Accessories

Specifying and ordenng System
990 Unrtlow equipment Involves the
follOWing steps
1 SpecIfy the Components of

your selected system, chOOSing
the component optIons which
contam your deSired features

2 SpecIfy the deSired optional
plug-In FunctIon Modules and/or
Remote Accessones by part
number below

3 ObtaIn the pnce and delivery of
your selected components, and
place yourorderWith Controlotron
either through your local Repre­
sentative or Factory Direct

l.Jsted below are the part numbers for all Un/flow system components To construct the component part number which
has your deSired options, replace the part number LEITERS with the appropnate CODE symbols listed below

991ABC·D A=MODEL B=TYPE C=TEMPERA1RE D=SIZE
TRANSDUCER N=NEMA4 M=Metal Body S=25O"F max. 3..6" 10 24" Pipe 00

P=PlastJc Body H=375°F max. 4-20"1048" PIPe 00
V..Somc VeIocJty VH=5OO"F max." 5=36" 10 360" Pipe 00

992MTABCD·E A=MODEL B=TYPE C=STYLE D=MATERIAl E=PlPEODRANGE(mlll )"
MOUNTING TRACK N=NEMA4 O=OlrectBeam M=Metal XDa! A-Aluminum 3=6" to 24" Pipe 00 5X=6' 10 10' pipe 00

R..Refelet Beam P=PlastJc XDCR S..SteeI ....2ll"I048"plpeOO 5Y=10' 10 18' Pipe 00
SH=ForVHXORS 50=36"10 84" Pipe 00 5Z=18' 10 30' Pipe 00

" 5ee99OSlECTManual

992CAB·C A=MOOEL B=ENVIRONMENT C=lENGTH 992MTM-A A=PlPE 00 RANGE
TRANSDUCER CABLE N=NEMA4 S=Standan:t Temp C=lengt/lln It. MAGNmC TRACK 4=20" to 48" Pipe 00

W=SUbmerslble KrI MOUNT KIT 5=48" 10 216" Pipe 00
6=18' 10 30' PIPe 00

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

994ABCO·EF A=MOOEL I- B=P1PE 00 RANGE C=DISPLAY D=POWER SOURCE E=PROGRAM LOAD F=SPECIAL
FLOW COMPUTER OBN=NEMA4 4..6'1048' B=B1lnd .4f" S-1001115VAC 1=8as1c D3Ia ... Nln)",CC Nuclear

OBP=Portable 5-6" to 216" G=Graphlcs M-230VAC 2=Add R5-232 & Oatalog Grade
6=6' to 360" D=Dlgrlal B-9 10 36 VDC 3=Add GraphiCS Sln)= Intnnslcally

Gl=LJghted 5B- 115 VAC + Battery + StnpdJart safe
GraphiCS MB-230 VAC .:;Jlattery

994·7 ANAlOG COMPUTER ProVIdes Programmable Isolated 4to 20 mAo 0to 10 VOC and Pulse Rate OUIP~ one reqUIred per dIanneI~

994·10ABC A=MDDEL B-TYPE C=RATING
AlARM RELAY MODULE N=NEMA4 A=NOrmally Open O=Ory Reed (10VA max )

B=Normally Closed M=Mercury WeIIId (SO VA max ) (Not available Inl'llrtable umts arm NC" Type)

994-11ABC A=MODEL '" B-TYPE C=CODE RESERVED
LCD DISPLAY COMPUTER o=Dlgltal Dlliplay D-Dual Path

G=Graphlcs Display

994·12ABC A=MODEL B.C=CODES RESERVED
RS·232 110 MODULE T= 995 Hand Held TermmaJ Onver Only

S=RS·232 and 995 Dnvers

9951 996P 996p·5 996PSP-A A=XDI:R SIZE 996DABC A=1'lPE I=MODEl C=POWER SOURCE
HAND·HELD PRINTER PRINTER PAPER, PIPE SIMULATUR A=O. t.2.30r4 REMOTE D=~ N",NEMA4X S=1101115 VAC
CDU TERMINAL 5PACK REFIllS DISPlAY P= Panel Mount M=230VAC

• TIansdllCmope,.lIIdlllan4lJll"Fwllll8qul/lIpenadlcllfwIltltJn.-Il,WilIIperjadIcIlrprDplllti-'ID..............Farun.............. IIclDIY....... 1S
-.nendtd

BEST AVAILABLE COpy



TYPICAL SPECIFICATIONS
The flowmeter furnished shall

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

lEt MultlPulse™ Flow Detection
~ TransXTM UltraSOnic Trans-

miSSion Optimization
~ Metallic Mode Conversion

Wide Beam Transducers
IB' Made In USA

IB PlnStop Universal MountIng
Track (no ruler scales)

~ 64 x 256 PIxel Graphics
DIsplay

~ Programmable Stnpchart
OptIon for Flow, LIqUId Data

IB' Programmable 64K Memory
Datalogger Option

~ All Modules Plug-In, IncludIng
Power Supply

lB' Numenc EntryOnly. Hand­
Held ProgrammIng

IB Full DIagnostic Data Access

~ Plug-In Fu1ctlon Options
~ Analog Data. 0 to 10 VDC

& IsoJated 4 to 20 mA
~ Alarm Relay Module

8 Programmable Relays
~ DlgltaJand GraphiCS

Display ComputerIDnver
~ RS-2325enal Data 110,

Selectable Baud Rates
lEt IntnnslcalySafe Construction
~ Reflect orDirectTransmlsslon

Mode
~ SImultaneous IndiVidual Beam &

Summed Data Display

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 Controlotron products are
derrved from Company sponsored research and development
programs, the heart of our continued ability to proVide new and
unIque Instruments of outstanding value and performance
characterrstlcs, such as'

Portable System 990 UN/FLOW:
MultlPulse™ TranSit-Time Flowmeter

Dedicated System 990:
MuftlPulse™ TranSit-Time Flowmeter

Portable System 190 Spectra:
Portable Founer Flowmeter

DedIcated System 190 Spectra
NEMA 4X Founer Flowmeter

Portable 990E
Thermal Energy Flowmeter

Dedicated 990E
Thermal Energy Flowmeter

Your Local Representative

ONTROLOTRON

RENTAL/
PURCHASE PLAN
Users whowish to famillarrze

themselveswith Models 990DBN
and 990DBP prror to purchase
may avail themselves of Rental
plans (where available)
Advance purchase of the
990D8 Field Manual will proVIde
detailed Information beyond thiS
brochure

CUSTOMER
SERVICE

Users of Comofotron Instruments
enJoy the benef.t of worldWide
customer service orgamzatlons,
available on short notice for
training, application, installatIon,
demonstration, and maIntenance
services Contact us or your
local representative for details
on these services.

2 YEAR WARRANTY
System 990 carries a limited

2 yearwarranty, from dateofship­
ment, against iltrrnslc defects

.J

155 Plant Avenue Hauppauge New York 11'ZRR Phone (516)231-3600- Fax (516)231-3334-Telex:961-447
, , HFST AVA!

tABLE COry oonnRI\J_1
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AUDn RECORDS SUMMARY
FLUE GAS MEASUREMENTS

ENERAC Ser. 11003253:
Oxy_ref = true:

)

Test 6
Test 8
Test 9
Test 10
Test 11
Test 12
Test 13
Test 14
Test 15
Test 16
Test 17
Test 18
Test 19
Test 20
Test 21
Test 22
Test 23
Test 24
Test 25

Flue Gas Measurement at the stack on coal at 180 MW blr #9
Flue Gas Measurement at the stack on coal at 180 MW blr #6 side A
Flue Gas Measurement at the stack on coal at 155 MW blr #6 side A
Flue Gas Measurement at the stack on coal at 1SO MW blr #6 side A
Flue Gas Measurement at the stack on coal at 1SO MW blr #6 side B
Flue Gas Measurement at the stack on coal at 140 MW blr #6 side B
Flue Gas Measurement at the stack on coal at 140 MW blr #6 side A
Flue Gas Measurement at the stack on coal at 140 MW blr #6 side B
Flue Gas Measurement at the furnace eXit on coal at 140 MW blr #6
Flue Gas Measurement at the furnace eXit on coal at 140 MW blr #6
Flue Gas Measurement at the furnace eXit on coal at 140 MW blr #6
Flue Gas Measurement at the furnace eXit on coal at 180 MW blr #6
Flue Gas Measurement at the furnace exit on coal at 180 MW blr #6
Flue Gas Measurement at the furnace eXit on coal at 200 MW blr #6
Flue Gas Measurement at the furnace exit on coal at 200 MW blr #6
Flue Gas Measurement at the furnace eXit on coal at 200 MW blr #6
Flue Gas Measurement at the stack on coal at 200 MW blr #6 side A
Flue Gas Measurement at the stack on coal at 200 MW blr #6 side A
Flue Gas Measurement at the stack on coal at 200 MW blr #6 side B

C\Ukame\Kou,_apx b 2 49PM May 3 1995 B-i
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FOR: BURNS & ROE

l'EST 6
SERIAL l- _ 0-"

ENERAC MODEL 200G
COMBUSTION TEST RECORD

/60 MW

TIME: 15: 17: 02
DATE: 02/23/95

FUEL DESIGNCL 7472

COMBUSTION EFFICIENCY:
AMBIENT TEMPERATURE:
STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAFT {INCHES H20): +
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOX IDE :
CAPJ30N MONOXIDE ALARM:

MODE:PPM OXY--REF=TRUE%

I Sf- A--

OVER %
20 °C

166 °C
10.2 %

14 PPM
09.0 %
0.29 %
7.1

92 %
219 PPM

1151 PPM
900 PPM

SERIAL ~ 11003253

• BEST AVAILABLE COpy
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TI!¥JZ:: 13:27:23
DA:2: B2/24/95

/ CO~3USTION ~-FLCIENCY:

AMBIENT TEMPERATuRE:
STACK TEMPERATURE:
OX'yGEN:
CARBON MONOXIDE:
CARBON ::J~OXI:'E:

COMBUSTIBLE GASES:
STACK DRHF7 {I NCtiES H20>: +
EXCESS AIR:
OXIDES of f\.lITROGEN:
SU!..FUR DIOXIDE:
CARBON MONOXIDE ALARJVI;

MODE:MGM OXY_~EF=TRUE%

OVEJo{
l,s 0 C
39- °C

10.5 %
53 MG!"1

B8.'7
0.2:
10.8

97 %
234 MGM

2142 MGM
900 PPM

rOP': BURNS (~ R02

T:ME: :a:39::7
.. DATE: 02/26/95
~.

FUE:' PR0"1Co.c;::... 7472

COMBUSTION E...-f ICIENC't: t'II"'=":1 01
,Jr,J-...t .. /0

A~1BIENT 7EMPERATuRE: 20 °C
STACK TE~t:PERATURE : ~ '75 °C
OXYGEN: ,,", '"'l %.. .:...~

CARBON l\'IONOX~DE:
..,

MGi'1.
CARBON DIO~::)E: 0'7.3 0'

10

COMBUS7iBLE GASES: 0.32 %
STAC}~ DRAF:' (I hlCrlES ri2C1 } : + 6.5
EXCESS AlR: 134 %
0>\ I DES of N::-ROG2N: 254 lVJGI'-'i
SU:.?UP. DIO:x. :;)E : 0VE.':t :vtGM
CAR:E:Or.. rvjONO>~:DE r!1LARIVi: 9(30 rP~1

flJ-2



TES: 18 B'- b h-----------
SERIAL tt ll':'o::J";)~..J";) f5'D HIX/

ENERAC MODEL 2000
COM3~STION TE3T RECORD

FOR: BuRNS ~ ROE

TIME: 18:4t3:48
DATE: 132/26/95

FUEL PROMCOAL 7472

COMBUSTIO~ E:FICIENCY:
AMBIENT TEMPERA7URE:
STACK TEMPEP~TURE:

OXYGEN:
CARBON MONOXIDE:
CARBON DIOX:DE:
COMBUSTIBLE GASES:
STACK DRAFT (l NCHES H20): +
EXCESS AIR:
OXIDES of N:TROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

MODE:PPM OXY-REF=TRUE%

OVER %
213 °C

175 °C
11. 7 %

11 ?PM
137.7 %
13.41 %
6.7
121 %
191 PPM

21346 PPM •
91313 ?PM

":'£2T ~ 1 :SO::..EP. ':% 6-t2 I5?2 MW
SERIA~ ~ 110133253
E~ERAC ~ODEL 2e00

COMB~STION TEST RECORD

FOP.: BLRNS & ROE

TIIYJE: 113:45:37
DATE: 02/26/95

FUEL PP.OMCOAL 7472

•

COMBUSTION E.~FICIENCY:

AMBIE~~ ~~PERATURE:

STACK ~~PS~ATURE:

OXYGEN:
CARBON MONOXIDE:
CARBON D~OX::)E:

COMBUSTIBLZ GASES:
S~ACK DRA~ {INCHES H20}: +
EXCESS A1R:
OXIDES of ~:TROGEN:

SU:..FUR DIOXIDE:
CARBON MONOXIDE ALARM:

MO:CE:Ppl'I'

OVER %
20 °C

159 °C
11.2 %

8 PPM
B8.2 %
1C.41 %
13.7

1139 %
186 ?PM

1972 PPM
9013 PPM

• BEST AVAILABLE COPt

B-3



SERIA:" ;:: :~03::~:::' b-! 140 ,t1UY'-+ H~ter(
:EST ... 2 3·:) I:"'=:~ +: b2
SERIA~ ~ 1:00325:

ENERAC MODEL 2000
C0MBLJ37 IOt~ TEST RECOP.D

FOP.: ELENS & ~OE

7:1\1:2: 11 :09: 15
DATE: 62/26/95

)

F~EL PROMCOAL 747 2

COMBU87ION EFFICIENCY:
AMBIENT TEMPERATURE:
STACK TEMPEP-ATURE:
O>:-.tGE~~ :
CAP.BON MONOXIDE:
CARBOt-l :JIOXIDE:
COMBUSTIBLE GASES:
S:-HCK DRHFT (I NCHES H20): +
EXCESS AIR:
OX~DES of NITROGE~:

SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

MODE:MGM OXY-REF=TRU~4

OVER %
20 °C

152 °C
13.2 "

10 MGM
06.6 %
0.28 "
8.2
161 "
235 MGM

3702 MGM
900 PPM

TE8":' ~ 3 BO: LER+t 6,....k..:.....- _
SERIAL +t 11003253

ENERAC MODEL 2000
COMBUSTION 7EST RECOP..D

FOP.: BURNS & ROE

T: 1\":::; : 1l: 1G: 44
DATE: 02/26/95

FUE~ PROMCOAL 7472

CO~BUSTION EFFICiENCY:
AMBIEtrr TEMPERATURE:
S7ACK TEMPERATURE:
OXYGEt\J:
CAP?ON MONOXIDE:
CAF..30N [, I OX IDE:
CO~BU8TIELE GASES:
S7ACK DRsCtFT (I NCHES H20}: +
EXC:::;SS AI R :
OX~~ES of NITROGEN:
SULFUR DIOXIDE:
CARBOI\l fV:ONC,),IDE ALARM:

"'10DE:MGM 0XY-REJ

OVER %
28 °C

152 °C
12.3 "

10 MGM
137.3 %
0.32 %
7.5
135 %
223 MGM

OVER MGM
980 PPM

BEST AVAILABLE COpy

B-LJ



TES: _4 _~ " ..
SER~AL ~ 11003253

ENERAC MODEL 2000
COl'1BUST I ON TEST RECORD

?OR: ~URNS & ROE

T ~ M=:: 11: 16: 59
DATE: 02/26/95

FUEL PROMCOAL 7472

COMBuSTION EFFICIENCY:
AMBIENT TEMPERATURE:
STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAFT (I NCHES H20): +
EXCESS AIR:
OXiDES of NITROGEN:
SULFUR DIOXlDE:
CARBON MONOXIDE ALARM:

MODE:PPM OXY-REF=TRUE%

OVER %
213 °c

171 °C
12.6 %

8 PPM
07.0 %
0.37 %
6.5
144 %
180 PPM

1471 PPM
900 PPM

SERIH~ ~ 11003253
J._,=> 15 :i30~LER+l: 6, _

SEP.:A~ ~ 11003253
ENERAC MODEL 2000

CO~EUSTION TEST RECORD

E>P.: EURNS & ROE

T:ME: 11:59:17
DA:'E: 02/26/95

F~E~ PROMCOAL 7472

"- C0M3US~ION EFFICIENCY: 60.7 %
"-' AMBiENT TEMPERATuRE: 24 °C

ST~CK TEMPERATURE: 766 °C
OxYGEN. 06.2 %
CAP.30N ,"10 l\;OX IDE : 338 PPM
CARi30N :>:i 0 ..... mE : 12.3 r.
COMBUSTIBLE GASES: 0.66 %
STACK D?HFT (I NCt-lES H20) : + 0.8
EXCESS A:R: 41 %
OXI~ES OT NITROGEN: 289 PPM
SULrUP. D: OX IDE: 1742 PPM
CARBAI\I MnI\IAVTT)'l:' ~Ttl;plVl: °il0 PPM

MODE

BESTAVAILABLE COpy



6 -,-4.0 tzw__ciT :b
SE2:AL # •• ~~~~~~

~NERAC MODEL 2000
COrv'BUSTION TEST RECORD

FO?: BURNS & ROE

TI!"'lE: 12: 139: 29
DATE: 02/26/95

FuE: PROMCOAL 7472

COMBUSTION EFFICIENCY:
AMBIENT TEI"'J.'ERATURE:
STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACY. DRAFT {I NCHES H20): +
EXCESS AIR:
OXI~ES of NITROGEN:

~ SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

MODE:PPM OXY-REF=TRU~

63.7 "
24 °C

774 °C
05.1 "

142 PPM
13.3 "
0.55 "
0.9

31 "292 PPM
1724 PPM

9013 PPM

TEST 17 BOIl.ERtt 6_....l../_4_0~!1__/JL-__
SERIAL ;1 110133253

ENERAC MODEL 2000
COMBUSTION TEST RECOP~

?OR: BURNS ~ ROE

T I ME : 12 : i::ll : 44
DATE: 02/26/95

FuE~ PROMCOA~ 7472

COMBUSTION EFFICIENG~:

AMBIENT 7EMPERATURE:
STACK TEMPERATURE:
OXYGEN:
CAP.BON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACY. DRAFT (INCHES H20): +
EXCESS AIR:
OXI~ES oi NITROGEN:
SULFUR DIOX IDE.
CARBON MONOXIDE ALARM:

MODE : PPM OXY-.REF=TRU~

62.3 "
24 °C

777 °C
05.6 "

119 PPM
12.9 "
0.59 "

1.2
35 "289 PPM

1780 PPM
900 PPM

BEST AVAILABLE COpy



JERiA:' ~ 118133253 ('?-/7 J(, W
TEST 18 EO I LERlt 6r_-..!-..::..O....:l/=--'...:..-f _
SERI~ ~ 118a3253

ENERAC MODEL 2000
COIYIBUS7 I ON TE3T REC0iD

FOR: BWKNS & ROE

LME. ~2:42:28

DH':'E: 1212/ 26/95

FuEL PRO~CO~ 7472

CO~3~ST~0~ EFFICIENCY:
f-lMB:ENT 7EMPERATURE:
STACK 'fEiJ>ERATURE:
OX'lGE\ .
CARBO"j ,Y10NOXIDE:
CARBOt>..j DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAIT (I NCHES H20): -I­

EXCESS AIR:
OXIDES of NITROGEN:
SULFUR D1OXIDE:
CARBON MONOXIDE ALARM:

MODE:PPM OXY-REF=TRUEY.

62.2 ~

28°C
821°C

85.8 ~

147 PPM
13.4 %
0.58 ~

11.2
30 %

297 PPM
1795 PPM

908 PPM

TEST 19 BOILER~ 61__l_g_0_f1...:..-~__
SERIAL ~ :1883253

ENERAC MODEL 2000
COMBUSTION TEST RECORD

•

•

•

FOR: BURNS & ROE

TIME: 12:43:87
DA7E: 82/26/95

FUE:' PROMCOAL 7472

COMBUSTION EFFICIENCY:
AMBIENT TEMPERATURE:
STACK TC'--MPERATURE:
oXYGEr\l :
CARBON MONOXIDE:
CARBON :) I OX IDE :
COMBUSTIBLE GASES:
STACK DRAFT (I NCHES H20}: +
EXCESS AIR:
OXI~ES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

MODE :MGM OXV 'D=_'T"nII""~

/2--7

61.1 ~~

29°C
819°C

05.2 %
164 MGM

13.2 %
8.56 %
11.8

32 %
385 MGM

OVER MGM
988 PPM

(



SERIAL ~ l1e03253 )1/
EST 20 BOILER;!: 6,_.........::.2_QO I~\.-\ ' J

SERIM~ ;!: 11903253
E~ERAG MODEL 2000

COMl3lJSi I ON TEST RECO?.D

~OR: BURNS & ROE

TIME: 13:94:00
DATE: 02/26/95

FUEL PROMCOAL ~472

COMBUSTION crFICIENCY:
AMBIENT TEMPERATURE:
STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DI OXIDE:
COMBUSTIBLE GASES:
STACK DRAFT {I NCHES H20): +
EXCEb"""S AI R :
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

MODE:MGM OXY-REF=TRUE%

59.4 %
31°C

824°C
05.6 %

140 MGM
12.9 %
0.61 %
11.7

35 %
405 MGM

3656 MGM ,
~00 ?PM I

61.6 %
32°C

824°C
05.9 %

135 PPM
13.4 %
0.53 %
7.6

30 %
298 PPM

1416 PPM
9139 PPM

•

•

•

•

? 1\. )TEST 21 BOILER;!: 6,_.!:::'-...::tN:..=...- _
SERIAL;!: 11003253

ENERAC MODEL 2000
COMBUST I ON TEST RECORD

FOR: BURNS & ROE

T I ME : 13 : 95 : 25
DATE: 02/26/95

F~L PROMCOAL 7472

COMBJSTION EFFICIENCY:
AMB I ENT TEMPERATURE:
STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTI BLE GASES:
STACK DRAFr (I NCHES H20): +
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

MODE:PPM OX'

BEST AVAILABLE COpy



TEST 22 Ee·
SERIAL ~ ::ae3253
ENERA~ MODEL 2000

COMBUST I ON TEST RECORD

FOR: BURNS ,1 ROE

TIME: 13:96:35
DATE: 02/26/95

FUEL PROMCOA:' 7472

COMBUSTION E?FICIENCY:
AMB I ENT TEMP:zRATURE:
STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIJE:
COMBUSTIBLE GASES:
STACK DRAFT (INCHES H20):
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

MODE: PPM OX'L.REF=TRUE%

60.8 %
32 °C

839 °C
134.4 %

1413 PPM
13.8 %
13.60 %

+ 23.6
26 %

285 PPM
1479 PPM

9130 PPM

•

SERIHL ~ 110133253 ?
T:2ST 23 30iLL~~ 6 Lf)C) f1 w L D F'tJ
SS~IA~ ~ 1:L3G3253

ENERAC MODEL 2e00
CO"':BJS~ ~or~ T2ST RECO:;:m

?0R: BURNS & ROE

TIME: 13:36:54
DATE: 1212/26/95

FUE1~ PROMCOAL 7472

•

•

•

COMBUSTION EFFICIENCY:
AMBIENT TEMPERATURE:
STACK TEMPERATURE:
OXYGa,,:
CARBON MONOX IDE:
CARBON DI OX IDE:
COMBUSTIBLE GASES:
STACK DRAF:' (I NCHES H20): +
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOX IDE:
CARBON I¥fONOXIDE ALARM:

MODE :PPM OXYJ- - --

OVER %
313 °C

161°C
11.13 %

61 PPM
138.4 %
13.35 %
113.8

1135 %
178 PPM .~

112123 PPM 2. 'f ZG
912113 PPM I

BEST AVAILABLE COpy



:ES":." ~ 6 A ?~() f4 t-V
SE?!A~ ~ ~i0aS253

ENERAC ~ODEL 200~

cm~BUST:o "Ii TES:- REC0RD

FOR: 3uR~S & R0E

TIME: 13: 44 : 19
DA7E: 02/26/95

FUEL PROMCOAL 7472

COMBUSTION EFFICIENCY:
A~BIE~l TEMPERATURE:
STACK r.t=.MPERATURE:
OXYGEi\ :
CARBON MONOXIDE:
CARBO!\; DIOXIDE:
COMBUST IBLE GASES:
STACK DRAFT (I NCMES H20): +
EXCESS AIR:
OXIDES of NITROGEN:
SL:i.FUR DIOXIDE:
CARBON MONOXIDE ALARM:

MODE:PPM OXY-REF=TRUE%

OVER !~

29°C
180°C

11.5 %
13 PPM

BB. (3 '.
0.28 %
9.4
115 %
181 PP"'l

1123 PPi'tl
900 PP~1

fEiL 25 EO E ..ERi± 6 5 U-O h~
SEP.IA~ i± 11003253

ENERAC MODEL 2000
CO~~USTION TES7 RECOR~

F0:R: JURNS & ROc

TIME: 13:46:14
DATE: 02/26/95

FUEL PROMCOAL 7472

•

CO~BUSTION EFFICIE~CY:

AMB~E~l TEMPERHTURE:
STACK TE:~PERATURE:

OXYGEN:
CARB0N MONOXIDE:
CA'P30N DIOX IDE :
CO~BUSTIELE GASES:
STACK DRAFT (INCHES h20): +
Ex.CESS AIR:
OX:~ES of N~TROGEN:

SULFUR DIOXIDE:
CAP30N MONOXIDE ALAR~.

MODE:MGM (

OVER
28

179
11.5

17
07.9
121 .. 29

9 .. 9
116
243

3081
9121121

!{;

°C
°C

%
MGr"l

/'.%
%

MG"'1
MGM
PPtvI

BEST AVAILABLE COpy



AUDIT RECORDS
FLUKE AC POWER ANALYZER

GENERATOR WATER COOLING PUMP MOTOR

1) Phase A

AMPS TEXT SCREENS

Arms = 157 Arms = 157
Apeak - 223 AHM = 2
Adc - -3 KF - 1 0
% THD-R - 1.4 % THD-F - 1.4
CF 1.43

VOLTS TEXT SCREENS

Vrms - 234 Vrms - 234
Vpeak - 333 VHM - 1
Vdc - 0 CF = 1.42
% THD-R - 0.4 % THD-F = 0.4

WATTS TEXT SCREENS

KW - 32 KW = 32
KVA - 37 KVAR = 18
PF = 0.88 °ALAG = 29
DPF - 0.88

5906-01/02BIUGLEG/5/8/95

fJ- \,



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

~.

,~

F ~

PLANT PERSONNEL AUDIT TRAINING

BOILER
O2 ANALYZER

RECORDERS



•

•

5906-01l02BI

BOILER FURNACE PRESSURE AND STEAM FLOW RECORDERS

BOILER AUTO/MANUAL CONTROL STATIONS

,[5/8/95



•

•

•

5906-0l/02A/APPENDIX/4/18/95

APPENDIXC

Power Plant Data



CALCULAnONS OF TOTAL FUEL COSTS
FOR KOURAKHOVSKA STATION

The following calculations are done using aVaIlable 1994 fuel consumptIon data and 1995
prices of fuels

1) January 5, 1994 consumptIon:

April 29, 1994 consumptIon:

11,799 tons of coal @2135 kcal/kg and
1227 tons of mazut

14,377 tons of coal @3759 kcal/kg
90 tons mazut @880 kcal/kg

The average coal consumptIon for two days using standard (7000 kcal/kg) fuel:

(11,799 x 2136 x
7000

14,377 x 3759) x
7000

0.5 = 5,660 tons of
standard coal

2) Total annual coal consumption for the station:

5,660 x 365 = 2,075,900 tons of standard coal or

2,065,900 x 7000 =- 4,017,000 tons of 3600 kcal/kg coal
3600

3) Total annual cost of coal using January 1, 1995 pnces for 3600 Kcal/Kg coal

Cost per ton is: 3,191,000 c/ton @150,000 c/$ is $21.27

4,017,000 x 3,191,000/$150,000 = $85.455,000

4) Total annual consumptIon of mazut:

1227 + 90 x
2

365 = 240,352 tons of mazut

5) Total annual cost of mazut using January 1, 1995 prices of

9,829,000 coupons per ton at 150,000 coupons ($65.5)

240,352 x

5906-01/02B/CALCI5/10/95

9,829,000= $15.749.500
150,000



6) Assuming that unit No.6 consumptIOn is 1/7 of the stahon consumption, the total fuel
cost for Unit No. 6 is:

$85.455.000 + $15.749.500 ­
7

$101.204.500
7

$14.458.000

Total annual estimated cost of fuel for the entire plant IS $101.204.500

Total annual estimated cost of fuel for Unit #6 (U8) IS $14.458.000

5906-01/CJ2B/CALCI5/10/95



CUSTOM FUEL CREATED FOR KOURAKHOUSKA POWER PLANT
FOR DESIGN COAL

5906-01/02BIUGLEG/5/9/95



~

LIST OF ENERAC STANDARD FUELS

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

#2 OIL 0.867 0124 0.001 0 0.008 0 0 19360 I

#6 OIL 0881 0.1 0009 0.002 0.007 0 0 18300 0.999

NAT GAS 0714 0.236 0.05 0 0 0 0 21870 I

ANTHRACITE 08436 0.0158 00063 0.0191 00089 0028 0.0783 13300 I

BITUMINOUS 0.666 0.0428 001 0.063 0.03 0.0788 0.11 11700 0.9996

LIGNITE 0.451 0.03 0.009 0.148 0012 0.293 0057 7780 I

WOOD 50% H2O 0.247 0.03 0003 0.218 0 0.5 0 4320 0998

WOOD 0% H2O 0495 006 0.006 0.435 0 0 0 8460 0.995

#4 OIL 0.875 011 0004 0 0008 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 0828 0.172 0 0 0 0 0 21132 I

COKE OVEN GAS 0.434 0.23 0.172 0.164 0 0 0 16230 I

BLAST FURNACE o 155 0.0025 0.554 0.286 0 0 0 1061 09975

SEWER GAS 0.46 o 101 0 0.416 0 0.022 0 8032 0.999

5906-01/02AITABLE 1/4/20/95
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BESTAVAILABLE COpy



" • _ ;;,.~ .. ,{ r -:..).~-t=:}\t r;'<~;"';~11' p ~

~ \ "". ~'lli.. v:'" ......

-tiJet tJUci?5 "
UeHa TOUXHB8 no ~peXOJcKOI rp3C

I. UeHa TonXHBa sa I994 ro~

YrOX'b:

MeayT:

553663 ICp6/TH7 II: 1200546 Kp6/TyT

2480233 Kp6/TH'1! == 183I528 Kp6/rq'H
.

IT. HHBapb 1995 ro~a

YrOJIb:

Mssy'J!:

319aTI6 Kp6/TH'!" s 6094680 Kp6/TyT

9829076 ICp6/ fH!I! == 7'01377 Kp6/TyT"

BEST AVAILABLE COpy

- I,469 MJIH.ttp6./!H'l'

, '

, '

m. Ha I KepT! I995 r.
Ib HQeH'l'pS'Dl (lit; ~II')

0; · 6500 KKax/Kr - 7.5 M~H.Xp6ITHT

9~ • 5000 KKaX/Kr- - 5,5 M.l8. Kp6!'l' Hf

raso:Bwe yrmr: (Itm; JJ IU)

0; II: 4200 KitaJI/Itr - 3,5 MJl~. xp6/ 'QI'l'

Q;== 4600 KXaJI!XI'" - 3639000 xp6/fHT

p~~ 3600 + 3600 XRaJl/Kr - 2683000 ltp6/'fHT

.!P, rp'

O~ • 3800 KK8JI!Itr - 2,.8 MJIH.1tp6/TH'l'

O~" II: 3,683 +3,592 KItax/ttr - 2,I50 MJIH_ttp6./'l'HT

npoMnpo~yltT (o~xo~ yrJI~ noo~e odoromeHH~)

O~ I: 3600 KKaJI/Kr - I,4 MJlH.ltpd.!vr'l'

4270
H 3728

Op II: 2833
5320



I,

~.

' ....
"•>''.

JlJJISM

0; · 2800 i' 3100 KKa3I/Kr

3559
OR II: 2800'
P 2610

M'ssY'r

.- ,

- 0,76 MJIH. Kp6. / TNT

- 12 MJIR.Kp6./TMT

·,

• I

I I II: I50000 Kp6.

BEST AVAILABLE COflY
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WO: 05906-001

RECORD OF TELEPHQNE CQNVERSATION.S

DATE: April 28, 1995

TIME: 8:30 a.m. and 11 :00 a.m.

FROM: G. Keller P.E.

COMPANY/DEPT: BRC

Dlstnbutlon: SNCorban

TO:

COMPANY/DEPT.:

V.M.Tarasenko, Deputy Technical Director of Operations

Kurakhovskaya Central Power Plant

Tel. 011-380-(6212) 53-61 and 3-36-50

SUBJECT: Minimum Excess Oxygen at the Burner Level for Kurakhovskaya Unit #6.

DISCUSSION:

BRC requested station's Judgement on the mInimum excess oxygen at the burner level that

must be maintained once the new oxygen analyzers are Installed at Kurakhovskaya Unit #6

(U8)

Mr.Tarasenko asked for an hour to research the subject. When BRC called the second time,

Mr Tarasenko stated that stable combustion With 0.3-0.5% O 2 at the burner level can be

achieved due to staged combustion and low NOx burner deSign. The low NOx burners are

completely replaced every 4 years and are Inspected, repaIred or replaced on lias needed"

baSIS every two years He gave hiS regards to Nina (Mrs.Corban) and asked when we will be

back.

1



OXYGEN ANALYZER DATA FOR KOURAKHOVSKA BLR #6

The following data wIll be used to specify and install new high temperature oxygen analyzers:

210 MW BOller, coal and mazut frred.

•

Install Probes at Elevation·

Process Temperature:

Ambient Temperature:

Length of the cable run to the control room:

C\UkrvnclJ..r.JlfObo2\I011AM\May HI 1995

38m.

700 degrees Centigrade minimum
900 degrees Centigrade normal
1050 degrees Centigrade maXImum

55 to 60 degrees Centigrade

front· 100 m
rear: 100 m



-
S02 and NOx EUlissions

ConversIon Chart-..
1 To Convert To: {MuRiply by}

i .wGJ OIlS 3.5711.74

Gase 3.70 11.80
I !CoalA 1230 Is..as 430

! 1J~tu' Oil! 1540 748 538

Gasc 1590 775 55"1..r-- 1"'-'-- ...-..-....ioo --.-.lioo:iioJll

I A:- Coal:- F!ua Ge.s dry 6% excess O2: Asst.mes 350 Nm'/GJ - ref lEA F-~ 1988.. e:· Oil '. Rue Gas dri3% excess o..~: Assumes 2eO Nm;'1GJ - ref lEAp~ 19S6.• l c:.. Gas:· Aue Gas Ory 30/0~ Oz:~ 270 Nm"lGJ - ref tEA~1~. \\

•

•



•

•

•
5906-01/02AIAPPENDIX/4/18/95

APPENDIXD

List of Contacts Made During Plant Audits



•

•

LIST OF CONTACTS MADE DURING PLANT AUDITS

• Sergey A. Ivanov, Engineenng Techmcal Director

• Vemamm N. Tarasenko, Deputy Engineenng Techmcal DIrector

• Vladimir V. Burlaka, Deputy Technical DIrector

• Chenchikov M. IvanoVlch, Chief of the Boiler and Turbme Rooms

• Egukpov G. AnatolievIch, Deputy Chief of Thermal Automation Room

• BifJukov A. Anatolievich, ChIef of Computer Department

• Degljarenko V. IvanovIch, ChIef Electrotechnical Laboratory

• Timoshenko V. Petrovich, Lead Engineer of the Adjustment Team

• Pilugm Y. Ivanovich, ChIef of the EcologICal Laboratory

5906-01/02BIUGLEG/5/8/95



"J

•

•

•
5906-01l02AJAPPENDIXJ4/18/95

APPENDIXE

Abbreviations and Unit Conversions



ABBREVIATIONS AND UNIT CONVERSIONS

AC - alternating ament -- -
amps - amperes
atm - atmosphere =14.696 pounds per square inch
bar - 100,000 pascals = 14.504 pounds per square inch
BTU - British thermal unit
cfm - cubic feet per minute
cm - centimeter =0.3937 inches
cm2 - square centimeter = 0.155 square inches
CO - carbon monoxide
CO2 - carbon dioxide
DC - direct current
0<:: - degree Ce1siusT[°C] = (5/9)*(T[°F] -32)
OF - degree Fahrenheit
OR - degrees RankineT(°R] = T[°F] + 460
ECO - Energy Conservation Opportunity
eff - efficiency
ex air - excess air
tt2 - square feet
ft3 - cubic feet
Gcal - gigacalorie =1 billion calories = 3.968 milllon BTU
GJ - gigajoules = 1 billion joules
gph - U.S. gallons per hour

• gpm - U.S. gallons per minute
GWh - gigawatt hours = 1 billion watt hours
H2 - hydrogen
H2O - water
H2SO4 - sulfuric acid.' hectare - 10,000 square meters = 2.471 acres
hectoliter - 100 liters = 26.42 U.S. gallons
Hg - mercury
hr - hour
Hz - hertz = cycles per second

• J - joules
kcal - kilocalories = 1 thousand calories = 3.968 BTU
kg - kilogram = 2.2046 pounds
Kgcc - 7,000 kcal =27,T/6 BTU
kJ- - Kilojoules =1 thousand joules = 0.947813 BTU

• km - kilometer =0.621 miles
kN - kilonewton = 1 thousand newtons
kp - kopec = 11100 ruble
kPa - kilo pascals = 1 thousand pascals = 0.14504 pounds per square inch
kV - kilovolts = 1 thousand volts

• kVA - kilovolt-amperes
kVAr - kilovars = I thousand volt-amperes (reactlve)
kW - kilowatt = 1 thousand watts
kWh - kilowatt hour = 1 thousand watt hours

• I

~'
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ABBREVIATrONS AND UNIT CONVERSIONS (Cont'd)

lbs - pounds -- .. -
liter - 0.2642 U.S. gallons = 0.03531 cubic feet
m - meter = 39.37 inches
m2 - square meter = 10.76 square feet
m3 - cubic meter = 35.31 cubic feet
rnA - milliampere = 0.001 amperes
Meal - megacalorie = 1 million calories
metric ton - 1 thousand kilograms = 1.1023 u.S. tons
mg - milligrams
min - minute
MJ - megajouies
mm - millimeter = 0.03937 inches
MPa - 1 million pascals = 145.04 pounds per square inch
MVA - megavolt-amperes
MW - megawatt = 1 million watts
MWh - megawatt hours = 1 million watt hours
NG - natural gas
nm - nanometer
Nm3 - cubic meters at standard conditions of temperature and pressure (20 0 C

and 1 atmosphere)
NOx - nitrogen oxide

°2 - oxygen
p - pressure
PC - personal computer
ppm - parts per million
psi - pounds per square inch
psig - pounds per square inch (gauge)
R - ruble
s - second
5°2 - sulfur dioxide
sq ft - square feet
Teal - tetracalorie = 1 trillion calories = 3.968 billion BTU
T - temperature
TP5 - Thermal Power Station
V - volts
VA - volt amps
VARs volt-amps reactive ,/- ,

• yr - year

• 5906·01/CJ2A/ABBREl4/2S/95 2
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ITEM

1.

2.
3.
4.

5.
6.
7.
8.
9.

10.

lL
12.
13.
14.
15.
16.
17.
18.
19.
20.
2L
22.
23.
24.
25.
26.
27.
28.
29.
30.
31,
32.
33.
34.

35.
36.
37.
38.
39.
40.
41.
42.

43.

44.

45.

46.

47.
48.
49.
50.
51.
52.

LIST OF EQUIPMENT

DESCRIPTION

2 KBV ENERAC 2000 COMBUSTION
ANALYZER
SP 48-48" STACK PROBE
SH 10-10FT HOSE FOR PROBE
ONE CONDENSATION TRAP WITH
DESECANT
AC POWER CORD
SMOKE CHART & 30 SMOKE PAPERS
DISPOSABLE FILTER
ENERAC 2000 DISKET & MANUAL
INSTRUCTION MANUAL ENERCOMP
WINDOWS & DISKET
CYCLOPS 300AF INFRARED
THERMOMETERS
MAXELL CHARGER KB8E
FOREIGN PLUG ADAPTOR
220V AC POWER SUPPLY
RECHARGEABLE AA BATTERIES
CYCLOPS 300AF SOFT CASE
AA SIZE BATTERIES
LENS CAP
EYE PIECE CAP
2x03.5mm MINIATURE PLUGS
INSTRUCTION MANUAL

. CYCLOPS NECK STRAP
FLUKE 141 METER
FLUKE IC41 - 5 CASE
TL-24 TEST LEADS
TP-20 TEST PROBES
AC-20 TEST CLIPS
RS-232 CABLE
PLUG ADAPTOR
9 PIN TO 25 PIN ADAPTOR
COMMUNICATION SOFTWARE
USER MANUAL
GETTING STARTED WINDOWS
QUICK REF. CARD
RECHARGEABLE TYPE "C"
BATTERIES
WARRANTY REG. CARD
80i-500S AC CURRENT PROBE
80l-1000S AC CURRENT PROBE
TYPE "C" BATTERIES
MANAGING THE HARMONINGS
Ti4000M COMPUTER
OKIDATA ML3380 PRINTER
KEY BOARDS (RUSSIAN) &
ADAPTER
QUICK REF. CARD FLUKE
80i-l000S PROBE
801-10005 PROBE USER'S MANUAL
& WARRANTY CARD
WORD PERFECT 6.0 WINDOWS 6.0
LANGUAGE MODULE (RUSSIAN)
WORD PERFECT V 6.1 FOR
WINDOWS
LOTUS 1-2-3 FOR WINDOWS
APEX DATA DATA/FAX MODEM
WINDOWS FOR WORKGROUPS
USERS GUIDE
PROCOMM PLUS FOR WINDOWS 2.0
NULL MODEM ADAPTER
DB25 CABLE 10 FT

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 #

11003253

nfa
nfa

nfa
nfa
nfa
nfa
nfa

nfa

20002073
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa
nfa

nfa
nfa
n/a
nfa
nfa
nfa
5010405253
407A0005645

nfa

nfa

nfa

nfa

nfa
nfa
nfa

nfa
nfa
nfa
nfa
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cnHCOK O~OPYnOBAH~fl

OTC

OTC

OTe

OTe
OTC
OTe
aTe

OTC
aTe
OTC

20002073
OTC
aTe
OTe
OTC
OTC
OTC
OTC
OTC
OTC
OTC
OTC
OTC
OTC
OTC
OTe
OTC
OTC
OTC
OTe
OTe
OTe
OTe
OTC
OTC
OTe
aTe
aTe
OTe
OTe
5010405253
407A0005645
OTC

3as. HOMep

11003253

1

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

Kon-soom1CAHVlE

: ~EV ENERAC :000 aHan~3aTOp

Ylltl1raH~f1 TOnnl1Sa
SP 48-48 " TPYSH~A 30H~
SH lO-10FT HOSE FOR PROBE
ONE CONDENSATION TRAP WITH
DESECANT
[)HVp nl1TaHI1f1
n~HoB~e rpa~I1K~ ~ SYHara
CMeHHbllil HlnbTP
ENERAC 2000 nHcKeTa 11 pYK-SO
HHCTpYKUI1f1 nporpaHHbI
WINDOWS & DlSKET
CYCLOPS 30DAP I1H~paKpacHbllil
TepHoMeTp
MAXELL 3aPfl~Hoe rCTpoAcTSO
AAanTep esponelilcKolil p03eTK~

220V I1CTO~HI1K nI1TaH~f1
nepe3apfllltaeHble 3neHeHTbI AA
~YCLOP 300AF HflrKI1A ~YTnflp
3neHeHTbI nina AA
KpbllDKa OSloeKTI1Ba
Kpbllllt<a BI1311pa
2x03.5 mm MI1Hl1aT~pHble pa310eHbI
PYKOBOACTBO
CYCLOPS NECK STRAP
FLUKE 141 113Hepl1Tenb
FLUKE IC41-5 +YTnflp
TL-24 TECT npoBo~a
TP-20 TEST 30H~b1
AC-20 TEST Knl1nCbI
RS-232 I1HTep.elilcHbllil KaSenb
Bl1nO'fHblA aAanTep
9 Ha 25 Ho~eK aAanTep
nporpaHMa CBR311
PYKOBOACTBO
Ha'fano pa60Tbi C WINDOWS
KapTa GblCTpOA CC~nKI1
AKKYHynflTOpbl Tl1na "C"
KapTa perHCTpaUI1~ nporpaHHbI
80l-500S 30HA nepeHeHHoro TOKa
80l-1000S 30HA ne~eHeHHoro TOKa
baTapeAKI1 Tl1na "C
PYK-SO 113HepeHKfI rapMOHI1K
Ti4000M COMPUTER n3BM
OKlDATA ML3380 nPHHTEP
AAanTep pYCCKOR KnaSI1Typbl
KapTa GblCTpOA CCblnKI1
801-1000S PROBE
801-10005 PROBE PYKOSO~eTBo
H perl1CTpaUI10HHafl KapTa 1

npOrPAMMH~E nAKET~ C PYKOBOaCTBAMH
(HA3BAHHfl aAH~ bE3 nEPEBOnA)

HOMep

1­

2.
3.
4.

5.
6.
7.
8.
9.

10.

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21­
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41­
42.
43.

44.

•

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 DATA/FAX MODEM
49. WINDOWS FOR WORKGROUPS

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

1

1
1
1

1
1
1
1

OTC

OTC
OTe
OTe

aTe
aTC
OTe
OTC
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CHECKLIST
Il\1PROVING 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 training and assistance to the team selected on the use of the demonstration
portable instrumentation

• Perform audit tests

• Leave behind the demonstration portable instruments

• Determine physical locations for installing the stationary instruments

• Determine locations for installing the remote monitoring modules

• Determine physical characteristics related to the locations for the stationary
instruments
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llEPEtIEHb MEPOIIPI1JITIIM
no nOBbIIIIEHHIO 3cDcDEKTIlBHOCTII
IIPOIJ;ECCOB rOPEHHH TOIIJIHBA HA
YKPAHHCKHX 3JIEKTPOCTAH:QHHX.

B Kal.JeCTBe nporpaMMbI MMHMMyMa Ha KIDKaOM CTaHUMM 6yaeT
npOM3BeaeH cJIe.zlYI0IIUIiI 06'beM pa6oT:

- IIpeaCTaBJIeHHe If 06MeH MH<popMaUMeiI C a,llMMHMCTpaUMeiI

CTaHUllli;

- 06cy:IKaeHMe If npeaCTaBJIeHHe 06'beMa pa6oT;

- Ha3Hal.JeHMe rrepCOHaJIa aID! npOBeaeHIDI ay.uMTa;

- 06YT.JeHHe If nOMOmb B 06YT.JeHllli BbI6paHHOrO nepCOHaJIa
no BOnpOCaM IlpMMeHeHMH nopTaTHBHoro o6opyaoBaHHH;

- IIepeaal.Ja .lleMOHCTpaTMBHoro nopTaTMBHoro 060pY.llOBaHM5I;

- Orrpe.lleJIeHMe MeCTa ,lJ;JIH yCTaHoBKM CTau;MOHapHoro

o6opyaoBaHIliI;

- OrrpeaeJIeHMe MeCTa .llJI5I yCTaHoBKM .llMCTaHUMOHHbIX

M3MepHTeJIbHbIX MO,lJ;YJIeM;

- Orrpeae.;r:reHMe <pIf3Ml.JeCKMX xapaKTepMCTHK o6opyaoBaHM5I
T3C .llJIH yCTaHOBKM CTaUMOHapHbIX npH6opOB;
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3. Plant Audit Visit Trip Report Team #1 March 1995
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PRELIMINARY AUDIT REPORT

IMPROVING COl\mUSTION EFFICIENCY

KOURAKHOVSKA POWER PLANT
(Sept. 2S Thru Sept. 28, 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 and coal wastes 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 cycling mode 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 combustion 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 boiler the
existing extractive oxygen analyzers with two in-place zirconium oxide sensor
analyzers as used in USA.

It is recommended: two devices per boiler

c) Coal Meters

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

i) Two devices to measure raw coal consumption per boiler located
between raw coal bunker and mill.

ii) Two devices to measure flow of mazut (supply and return lines).

d) Laboratory device to quickly determine caloric value and ash content of the
coal as it is delivered to the station.

It is recommended: one device per station.

e) Device on conveyors to measure coal quality parameters (caloric value, ash
content, water content and volatility).

It is recommended: one device per station.

f) 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

•
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measured.

It is recommended: one heat spy per station.

g) 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 TIm.

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

h) 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 and washings blending or lower cost
sorbent technologies for flue gas conditioning. For NOx removal use of a burner
design technology for low NOx emissions (low costs) or SNCR (selective non-catalytic
reduction) or SCR (selective catalytic 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) New water treatment plant.

6) Upgrade the dust control system to the world performance standards, either replace
the existing ESP or refurbish to meet the world standards.

7) The plant have to develop short term and long term plans for boiler and air pollution

S906-02IPARJ12/9/94 3



control system malfunction prevention.

8) Install continuous opacity monitors one per stack to monitor the visible emissions.

9) Provide proper analytical equipment to the chemical laboratory.

10) Demonstrate the applicability of Fluidized Bed Combustion technology for this
station.

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 quite clean for a coal firing plant and normally dirty areas are
kept clean by the plant personnel.

The station is well run by experienced personnel.

ConsIderable work of refurbIshing and major component replacement on all
boilers and on Unit U9 (the seventh unit) HP turbine casIng has been done
during the past 6 years.

Plans are in place for the next 6 years to continue the major component
replacement on all boilers and Unit U9 IP turbine rotor.

The bOIlers have no burner management systems.

The station has no NOx pollutIOn control system.

The original mechanIcal governors are sUll In operatIOn.

All interlocks are of a very baSIC nature offering lImIted protecuon.

Most of the process control systems operate on "manual" mode from the
Control Board located in Unit Control room.

The design of equipment is obsolete and because of the advanced age is also
sigmficantly worn out.

The controls and instrumentatIOns are outdated, the readings are unstable and
reqUIre ongoing maintenance to keep them operational. Spares are hard to be
obtaIned.

Unit US (the sixth umt) has a microprocessor system Installed to control
feedwater and steam temperature, but is not commisslOned. Field mstruments
(pnmary elements) ar still not aVaIlable. The VISUal Inspection revealed that It
IS far from up to the-state-of-the-art technology used in USA.

The station has no automatic synchromzing and It IS not planned to Install one.

The station lacks outdoor fixed momtonng eqUIpment for recordIng gaseous
and dust values.

5906-02/PAR/1212/94 5
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Because the stack hights far exceed the "good engineering practice" criteria,
the pollutants emitted do not produce a local air quality problem, but It IS a
concern for the atmosphenc pollution.

The coal is supplied by 40 different suppliers during any gIven week. The
station has neither input to the quality selected for the coal nor control over the
fuel acqUIsitions.

The coal delivered to the plant does not match original boiler design
requirements, thus reducing boiler efficiency and increasing maintenance. In
addItion, the poor quality of fuel (coal) increases the air pollutlon and causes
severe problems of boiler slaggmg. Mazut is cofired almost all tlmes m order
to deliver the MW output required by the central dispatch center.

The Electrostatic PrecipItators (ESP) are reported operating very
unsatisfactory. This may be attributed to fly ash high specific electrical
resistivity that affects the abihty of the ESP to collect effiCIently the fly ash
particles from flue gas, thus reducing ESP efficiency.

Chemical department staff is above average and competent. It IS a stringent
need of proper analytical equipment to perform to higher standards and m a
shorter time except for fuel calonc value measurement WhICh is adequate.

The daily cycling mode of station operatIon affects the eqUIpment and results
in conSIderable plant refurbIshment and replacement.

The efficiency can be determined per station only, not for each one of the
units because the fuel consumptlon per each unit is not known (no meters per
unit).
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INTRODUCTION

ENERGO SYSTEM:

LOCATION:

INSTALLED CAPACITY:

COMMISSIONED:

FUEL:

POWER PLANT DESCRIPTION

DONBASSENERGO

40 KM SOUTH-WEST OF DONETSK

1460 MW
1 X 200 MW + 6 X 210 MW

1972-1975

LIGNITE (SCHLAMM) SUPPLEMENTED BY
MAZUT

1. In 1969 work commenced on the construction of one unit of 200 MW and six umts of
210 MW capacity each. The last unit was completed by 1975. The statlon has a total
installed capacity of 1460 MW. The boilers operate under subcntica1 conditIons.

2. The main fuel for the station was designed to be a by-product and fines washmgs of
Donetsk coal preparation and sludge. The poor quality of the fuel actually supplied
results in the burning of fuel oil (mazut) to stabilize the boiler and supply the
additional heat required for the load demand. The maximum fuel oil assistance being
in the order of 25 % but blending of coal is reducing this figure to apprmumately
10%.

3. The boilers are Type TP-I09 from the Taganrog Boiler Works. The boller supplies
steam at a rate of 640 tons per hour at a pressure of 140 bar gauge and hve steam
temperature of 535°C. Steam from the high pressure turbine exhaust is directed back
to the boiler for reheat and returned to the intermediate pressure cylmder at a pressure
of 39 bar gauge and reheat temperature of 535°C. The boiler operates on a balanced
draft pnnciple with air being supplied by two 50% forced draft fans and exhaust gas
removed by two 50% induced draft fans.

4. Coal is supplied to the boiler units and held in two raw coal bunkers pnor to bemg
fed to two trains of 68 ton/hr tube ball mIlls as shown on Attachment 1 and Reference
1 (Drawmg K-205769) The motive au for transfer of the pulvenzed fuel IS dIrected
from the outlet of the air heater and is used to dry the pulverized fuel in addItion to
transportIng it to pulverized fuel bunker. The ball mill IS also supphed with flue gas
extracted from the precipItators to mix WIth the motive air and hmit the oxygen
content to less than 18%. This mmimizes the explosion nsk m the coal dust system.
The O2 concentratlon is measured by paramagnetic oxygen meters. The mill outlet
temperature is controlled to 70°C by adjustment of the rate of raw coal feed. The
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combined air and flue gas is separated from the pulverized fuel via centrifuge
separators through which all the pulverized fuel is passed prior to storage In the
pulverized fuel storage bunker. The storage bunker for the pulverized fuel is used to
supply fuel to the sixteen burners arranged in two rows of burners in both walls of the
furnace. Pulverized fuel flow to the burners is controlled VIa rotary feeders fitted to
each outlet of the pulverized fuel storage bunker.

5. The capacity of the dust system as discussed in item 4 is not suffiCIent for the poor
quality of the coal that is actually fired In the station.

6. Hot water is supplied from each of the seven units for distnct heating and from two
units for greenhouses. In the station the pipelines run above ground and In the CIty
underground.

7. The units have no gas emissions monitoring.

8. The units have manual control of forced draft fan damper pOSItions and fan speed
(two speed fan) to control combustion air flow from the Control Board located In UOlt
Control Room. Indications from O2 analyzers are used to control the fuel to air rano
for the combustion.

9. The position of induced draft fan dampers is manually controlled from control board
to control furnace pressure.

10. The coal as delivered to the station is weighed by scales at receiving in the coal
handling yard and the mixed coal is weighed on each conveyor (1 & 2) for the ennre
station. The coal is not weighed on a per unit basis.

11. The design caloric value of the coal was 4100 kcal/kg. Actual operatIOn calonc value
is 3200 kcal/kg based upon an average of 5 days of sample collecnon and heating
value determination in laboratory.

12. The station would like to have better control of coal being fired by each of the uOlts.
The station would like to have devices to quickly determine caloric value and ash
content of coal as it is delivered to the station. The present laboratory facHines are
old and take too long to produce results In time.

13. The station has two 02 analyzers per unit to momtor 02 content of exhaust gas before
the economizer at 500°C. The components of each 02 analyzer is as shown m
Attachment 2. These analyzers require much mamtenance and readmgs are not
stable. The statIOn would like to upgrade the analyzers. The stanon tnes to mamtam
02 readings at less than 4% by manually adjustmg fan dampers. The stanon would
like to have devices to automatIcally control fan dampers and subsequently to control
O2 content of exhaust gas.

5906-02/PAR/1212/94 8



14. The station would like to have an optical burner management system.

15. The station is now developing a computer program with an IBM 386 computer for the
control of steam and water cycle of Umt 6. ThIS IS a pilot unit chosen by the
Ministry of Ukraine. There are 100 control points and 20 control loops.
Implementation is scheduled for the end of this year. The statIon would like to have
the instruments supplied as listed on Attachment 3 (primary elements).

BOILER PLANT

16. Boiler Coal Finng System Flow DIagram:

a. The boiler coal firing system flow diagram has been previously dISCUSSed In

items 4 and 5.

b. The statIon would like to have a deVIce on coal feeder to measure raw coal
consumption to the mIll. Two devices per umt or 14 deVIces per statIon. As a
preferred alternate the station would like a deVIce on the reCIrculatIon line
between mill and separator, to indicate both dust weIght (t/hr) and aIr flow
(m3/hr). Two devices per umt or 14 deVIces per statIon.

c. The station would like to have one device on each conveyor (total of 2 for
station) to measure coal quality parameters (caloric value, ash content, water
content and volatility). It may be only one device SWItched over between
conveyor 1 and 2.

d. The station would like to have one flow meter per burner to measure coal dust
flow to the burner a total of 16 flow meters per umt. The station would hke
to optimize combustion at each burner. If pOSSIble, to have deVIces to
measure coal quality parameters (calonc value, ash content, water content and
volatility) on each feeder (total of 16 deVIces per umt).

17. Boiler Design Performance:

The original TP-I09 boiler deSIgn performance is shown on Attachment 4. As stated
in Item 11, the design coal calonc value was 4,100 kcal/kg. The as-fired coal calonc
value is 3,200 kcal/kg.

18. As-Fired Fuel Analysis:

a. Coal:

1.

5906-02/PARl12/2/94
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li. Attachment 5 is a typical log of the coal supplied from September 1 to
September 11, 1994. Attachment 5 lists supplier, number of order,
type of fuel, total weight, water content, ash content, volatIlIty content
(measured once per 10 days for each supplier), caloric value (measured
once per 10 days for each supplier). The coal is sampled on arrival.

111. 25 % of the coal in stock is schlamm, a sludge coal.

iv. Supplier certificates have different values than Attachment 5.

v. Coal is separated in the coal storage area into piles of "schlamm,"
"very good coal" and "low caloric value coal". The coal IS
proportionally mixed in the coal storage area before entenng the two
conveyor systems feeding the boilers.

vi. Coal is sampled every eight minutes by a mechanical deVIce taking coal
samples from each conveyor. Then after 24 hours coal samples are
mixed up and analyzed for only water content. The 5 days of collected
samples from both conveyors are mixed up and analyzed in detaIl for
water, ash, volatilIty, sulfur content and calonc value. Attachment 6 is
the result of these 5 day analyses for specific 5 day penods as noted on
the attachment, and also indicates low, average and hIgh caloric values.

b. Mazut:

Mazut is delivered by rail tanks to the plant's oil tanks for storage. A typical
delivered mazut analysis is shown on Attachment 7. Typical 5 day as-fired
mazut analyses are shown on Attachment 8. Mazut, heated to 100°C by
steam, is delivered by pipeline to the boilers.

19. Mode of Fuel Firing:

a. Mazut is never fired alone.

b. Mazut is cofired with coal if coal caloric value is equal to or less than 3,000
kcal/kg which IS virtually every day. Mam steam temperature IS steady.
When amount of main steam decreases mazut IS cofired WIth coal to Increase
main steam flow. Switchover to mazut IS manual. The furnaces are eqUIpped
with infrared flame watch.

20. SectIOn/Plan View of Boiler:

References 2, 3 and 4 (drawmgs 9223, K-440378-15, and K-205762-16) are sectIon
views of the type TP-I09 boiler.

5906-02/PARl1212/94 10



PLANT OPERATION MODE

21. The units operate on cyclic mode with two units being shutdown each mght and the
balance of units being operated up to the minimum load of 140 MW.

22. The units operate at less than 50 hz to save fuel.

COMBUSTION CONTROLS

23. Operation is by pressure control mode. Load is changed by changmg the boiler
pressure setpoint. This varies the fuel flow from coal dust bunker to the burners.
Actual boiler output pressure and drum pressure are compared to the pressure
setpoint; the control error signal is regulating the boiler pressure controller.

CALCULATION OF BOILER EFFICIENCY

24. On January 5, 1994 the station produced 15409 x 1(1l kWh of electricity, consumed
11,799 tons/day of coal with a caloric value of 2136 kcal/kg and 1227 tons/day of
mazut.

25. On April 29, 1994 the statlon produced 19229 x 106 kWh of electrICIty, consumed
14,377 tons/day of coal WIth a caloric value of 3759 kcal/kg and 90 tons/day of
mazut.

26. Only efficiency per station can be determined not for each one of the units. The fuel
consumption per each unit is not known.

FUTURE PLANS

27. There is a program for developing a fluidized bed bOIler project at thIS plant but at
this tlme is postponed. Prelimmary work for constructIOn of the auxilIary faCIlItIes
has been stopped.

NOTE: See Project File for References 1, 2, 3, 4

S906-02/PARl12/2/94 11



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 savmgs program:

1. Laboratory devices to quickly determme caloric value and ash content of the coal as It
is delivered to the station - one total device per station.

2. Device on conveyors to measure coal quality parameters (caloric value, ash content,
water content and vo1atihty) - one total device per statIOn.

3. Two new in-situ O2 analyzers per boiler - 14 total deVIces per statIOn.

4. Automatic control system of forced draft fan damper positIOns to control 02 content
of exhaust gases - 7 total systems per stanon.

5. Devices to measure flow of coal dust to each burner (16 per bOIler) - 112 total
devices per station.

6. If possible devices to measure coal quality parameters per each rotary feeder (16 per
boiler) - 112 total deVIces per station.

7. Opncal burner management system - 7 total systems per statIOn.

8. Devices on coal feeder to measure raw coal consumption to each mill (2 per bOIler) ­
14 total devices per station.

9. Alternatively devices on the recirculation line between mill and separator to measure
dust weight and air flow (2 per boiler) - 14 total devices per statIOn

10. Portable combustion analyzer - one total deVIce per statIOn.

11. Instruments (primary elements) as listed on Attachment 3 for DOlt 6.

5906-02/PAR/1212/94 12
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ATTACHMENT ,

KOURAKHOVSKA POWER PLANT

QUALITY OF COAL FOR 5 DAYS

Date % Water % Ash % Volatility % Sulfur Lower Caloric Value
(kcal/ke)

12/29/93 to 1/3/94 9.23 36.41 33.41 1.72 3997

1/4/94 to 1/8/94 23.41 40.8 45.37 1.36 2136 Low

1/9/94 to 1/13/94 22.13 40.66 42.78 0.8 2435 Low

1/14/94 to 1/18/94 17.63 42.3 36.88 1.52 2758 Avg

1/19/94 to 1/23/94 12.44 46.12 46.36 1.12 2779 Avg

1/24/94 to 1/28/94 13.00 45.31 40.59 0.8 2857 Avg

4/29/94 to 5/3/94 8.48 36.89 35.43 0.87 3759 High

5/4/94 to 5/8/94 8.96 41.70 30.63 0.72 3827

5/9/94 to 5/13/94 11.03 37.49 34.07 0.88 3556

5906-02/Auach/ll/14/94



ATTACHMENT - 7

KOURAKHOVSKA POWER PLANT

QUALITY OF MAZUT

PARAMETER

•

•

Ignition Temperature in Open Crucible

Moisture Content

Density

Sulfur

Caloric Value

5906-02/Attach/11114/94

0.32%

0.991 g/cm3

3.96%

941 kcal/kg
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ATTACHMENT 8

KOURAKHOVSKA POWER PLANT

QUALITY OF MAZUT FOR 5 DAYS

Date % Water % Sulfur Lower Caloric
Value (kcal/kl:)

4/29/94 to 5/3/94 14.55 1.78 8174

5/4/94 to 5/8/94 15.64 2.20 8082

5/9/94 to 5/13/94 11.5 2.29 8499

5/14/94 to 5/18/94 10.12 2.38 8742

5/19/94 5/23/95 5.37 2.34 8824

5/24/945/28/94 7.34 2.24 8766

7/29/94 8/3/94 7.37 2.56 8752

8/4/94 to 8/8/94 6.07 3.29 8846

8/9/94 to 8/13/94 5.94 2.53 9147

8/14/94 to 8/18/94 4.10 3.12 9045

5906-02/Attach/ll/14/94
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From:

Date:

Subject:

Burns and Roe Company

S.B. Gerges

S.N. Corban

10/26/94

Trip Report
USAID Program of Improving Combustion
Efficiency of Ukrainian Power Plants
9/14 to 10/9/1994

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 during
the next follow-up audits of the same selected power plants.

The detailed descriptions of the 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 Mimstry 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 dunng 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(~;<.1)1at!

A meeting with Tom Kenney 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 Jist of seventeen large thermal power stations and lists of other district
thermal stations (CHP), an initial Jist 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
Darian Diachock.

Memo 11 2



During a meeting with Alexey Sheberstov, First Deputy Minister of Ministry of Energy
& ElectrificatIon of Ulaaine, 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 Crimea. The travel to Crimea was restricted
because of a cholera outbreak.

On Sept. 22, 1994 KIEV #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 02 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 scheduledto 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. Osbom'svisits 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 Laplnln, Head of Department of International ActiVities

Memo 1/ 3



of Ministry of Energy and Electrification of Ukraine. 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 obtain 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. Zmjev:

4. Krivoi Rog:

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 mdustnal 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 onglnal bOIler deSign reqUirements, thus
redUCing boiler effiCIency and increaSing maintenance.

•
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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 O2 analyzer's indications are used to manually control the combustion; the
instrument is an old design, not reliable and requires continuous maintenance.

The fuel metering, 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

Subcntical, Type TP-1 09

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 minimum load
of 140 MWI

Sliding pressure mode (Boiler pressure
setp0lnt IS changed to change the load)

None

No NOx Control

The meetings were held with the following key personnel:

Sergey A. Ivonov, General Engineer Technical 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. 11

ENERGO SYSTEM:

LOCATION:

INSTALLED CAPACITY:

COMMISSIONED:

BOILER TYPE:

Memo 1/ 6

DONBASSENERGO

50 KM North-east of Donetsk

3600 MW

4x300 MW 1972-1973 (First Phase)
3x800 MW 1975-1977 (Second Phase)

Supercntlcal
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 pressurrzed 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 TZlrulmk, Deputy Chief Engineer

Victor F. Lannov, 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 InformatIOn.

•
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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:

SERVICE DUTY:

UNIT OPERATION:

BURNER MANAGEMENT:

POLLUTION MONITORING:

KHARKIVENERGO

30 KM South of Kharkiv

2400 KW

1960-1969

Subcritical TP-1 00 for 6x200 MW Umts
Supercritical TPP-210 and TPP-210 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

•
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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 calonc
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
unit

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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PLANT VISIT SCHEDULE

Team #1 (S.N. Corban) Team #2 (J. Hallberg)
25 Sun Travel to Kaurakhavska
26 Man Kourakhovska (Plant
27 Tu Kourakhovska (plant)
28 Wed Travel to Uglegarsk
29 Thur Uglegorsk (Plant) Tmvel to Odessa
30 Fri Uglegarsk (plant) Odessa {PlanT}
0-1 Sat Travel to Kharkiv Odessa
2 Sun Kharkiv Odessa
3 Man Zmiev (plant) Odessa 7PLd 11t)
4 rues Zmiev (plant) !tavel to Moldova
5 Wed Travel to Krovoi Rag Moldova IPLaI'J t )
6 Thur Krivoi Rag (plant) Moldova /P'~J1T)
7 Fri Krivoi Rog (Plant Travel to Burshtyn
8 Sat Travel to Kiev Burshtyn
9 Sun TRAVEL TO USA Burshtyn
10 Man Burshtyn1PLC1nt )
11 Tues Burshtyn /f/f~"t)
12 Wed Travel to Kiev
13 Thur RETURN TO USA
14 Fri
15 Sat
16 Sun



CHECKLIST
IMPROYrnG COMBUSTION EmCIENCY

UKRAINIAN POWER PLANTS

The following work will bepeI~d at each plant, as a minimum:

• Introduction and infor:mation exchange with plant management

• Discussion and presentation ofthe scope ofwork

• Assess both technical and managerial capabilities

• Establish points ofcontacts

• Identify any local support, ifavaiIable

• 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 determine the requirements for selected
instrumentations:

Combustion analysers
Fuel flow meters t gas, oil or coal
Oxygen analyzers

• Review ofexisting P&ID t sto determine locations ofmonitoring points

• Determine physica110catiom 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.

Memo 1/

ATTACHMENT 4

IMPROVING COMBUSTION EFFICIENCY
UKRANIAN POWER PLANTS

PUNCH LIST

Boiler design basis fuel analysis (coal, mazut and natural gasL 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 O2 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

PLANT AUDIT VISITS

KOURAKHOVSKA, UGLEGORSK, AND ZMIEV TES

TEAM #1

llKRAINE

Prep~edby: ~~ __

March, 1995

Burns and Roe Enterprises, Inc
Oradell, New Jersey 07649



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,

Knvoy 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/UkralOe Mission with Dr.

Osborn and Andrei Parinoyof USAID/KIEV.

• Meetings and introductions at the office of IDEA/KIEV with Danan 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 nine 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 followlOg activities took place during this time:

• Selisett Corban, P.E. and George Keller, P.E. met with Georgy Kuryshk,
TechOlcal 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 malOtalO this schedule,

A discussion followed. OUf hosts made It clear that they are pleased to see us

2
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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 successfutly 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
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•

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 able 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 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.

Wed. Feb.22. 1995 -Travel to Kourakhovska TES.

4
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Feb 23 through Feb 27. 1995 - In Kourakhovska.

The following activities took place during this time:

• Sellsett Corban, P.E. and George Keller, P.E. met with Sergey A. Ivanov,

Technical Director of Operations, Benjamin M. Tarasenko, Deputy Technical

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 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) PCSsoftware

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 made on different boilers, at varrous 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 crrtlcal 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 Zmiev TES

While traveling to Zmlev TES ,we stopped to VISit the corporation DonORGRES in the

city of Gorlovka, which we had Identified as a promising I&C Contractor for

commissIoning stationary instruments. We met with Dr.Ostrovesky, Chief Engineer

6
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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 Tbllisl and Erevan TES as well as

hundreds of units In Ukraine, CIS and abroad. They are prepared to do light electrical

and I&C installation work but will not undertake mechanical or heavy electrical

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 Ukraiman 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.
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Feb 23 through Mar 5. 1995 - In Zmlev

The following activities took place during this time:

• Sellsett Corban, P.E. and George Keller, P.E. met with Alexander G. Chupyra;

Chief Engineer, Valentin Kolomlets; Manager of Automation, Alexander V

Ermolenko, Deputy Chief Engineer of Operations, and support staff of the Plant.

After an mtroduction 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

8
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of the measurements with very little assistance.

Measurements were performed on different boilers, at vanous 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 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.

Suns. Mar 5. 1995 -Travel to Kiev.

Mon. Mar 6, 1995 -Kiev Debnef.
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• Participated in informal meetings with Andrei Pannov at the office of

USAID/Ukraine Mission.

• Participated In Informal meetings at the office of IDEA/KIEV with Darlan Dlachok

and his staff.

• Made arrangements and moved the BRC audit sets #1 &2 from the office of

USAID/Ukraine 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) In the flue gas in combination
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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 Ukraiman 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

-~ 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 502 laboratory analyzer should be provided for each plant to control
the 502 content of the received coals versus the coal Specification.

• We recommend to modify the existing return air system from the coal storage

11



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.

12
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TRIP REPORT

PLANT AUDIT VISITS

KOURAKHOVSKA, UGLEGORSK, AND ZMIEV TES

liKRAINE

Prepared by.

August 1997

Burns and Roe Enterprises, Inc
Oradell, New Jersey 07649
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TRIP REPORT

1.0 Introduction

The work descnbed In tlus report has been carned out by Burns and Roe Enterprises, Inc witlun the

framework ofthe US Agency for International Development (USAID) Emergency Energy Program

for the Newly Independent States (NIS), Delivery Order No 6 Energy Efficiency and Reliabihty ­

Ukraine, Technology Based Project, Energy Efficiency and Market Reform Project (EEMRP), Task

2 - Power Plants Combustion EffiCIency.

U S AIDlKiev has Initiated an energy savings program by proVIdIng InstrumentatIOn 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 tlus energy saving program at seven power and/or CHP plants The project team VISIted

Ukraine September 14-0ctober 13, 1994, to select representatIve plants and to gather prelImInary

mformatIOn at the selected plants The project teams also performed combustIOn audIts dunng

February and March 1995.

Dunng these audIts, the project teams traIned 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 In 1995 In 1997 the plants receIVed and

accepted an oxygen analyzer, lugh range mfrared thermometer, lIqUId flow meter, combustIOn

analyzer consumables, and sulfur analyzer InstallatIOn of oxygen analyzers was InItIated m 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 In COmmISSIOnIng of eqUIpment

received In 1997

I
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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 Zmlev TES

Aug 6 through Aug 7, 1997 -In Zmiev

George Keller, P.E met with the management and support staff of the plant and explamed the

purpose of lis ViSit In the ensuing discussion plant techmcal and financial situation, impact of AID

supplied instruments on fuel effiCiency and environmental improvements at the plant, and reqmred

technical aSSistance With commlssionmg of the eqmpment received in 1997 were brought up.

A Protocol was prepared which descnbes the Impact of AID supphed instruments on fuel efficiency

and environmental Improvements at the plant A list of questions regarding commissioning 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 11, 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 ensmng discussion the following Issues were brought up plant techrucal

and financial Situation, Impact of AID supplied mstruments on fuel effiCiency and environmental

improvements at the plant, and reqmred technical aSSistance with conumsslOnmg of the eqmpment

received in 1997

A Protocol was prepared wlich descnbes the impact of AID supphed mstruments on fuel efficiency

and environmental improvements at the plant A list of questIOns regardmg commisslOmng 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 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 explained the

purpose ofms VISIt In the ensuing discussion the followmg Issues were brought up plant techrucal

and financial SItuatIOn, Impact of AID supplIed instruments on fuel efficIency and envIronmental

Improvements at the plant, and reqmred technical assIstance WIth commissIOnmg of the equipment

received in 1997.

A Protocol was prepared which describes the Impact of AID supplIed instruments on fuel efficiency

and environmental improvements at the plant A lIst of questions regardmg commIsSIoning of the

Laboratory Calonmeter and Sulfur Analyzer will be prepared by the chemical lab and forwarded

to George Keller. He WIll follow up on tms lIst upon hIS return to USA.

Tue. Aug 12. 1997 -Travel to KIev

Tue. Aug 12. 1997 -In Kiev.

Prepared the trip report and started preparation of the Final Reports.

Thu. Aug 14. 1997 -AID Kiev Debnefand Travel to USA

3.0 PrelIminary Fmdmgs

All three plants are presently m a very dIfficult financial position since they pay world pnces for fuel

but sell electncal power at the rate set by the government Both load factors and qUalIty ofcoal have

declined smce 1995..

TypIcally, on a gIven TES only 2 umts out of8 are operatmg at 60 - 70% MeR At the same time

there is a shortage ofpower in the Ukraine and electncal power is being 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 tradmg 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 remamed

the same or Improved smce 1994.

3
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ECO-02 (energy conservatIOn traming program), and ECO-03 (fuel qualIty Improvement program)

were not Implemented due to lack of funds Also the plants are presently in 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 of ECO-Ol (energy management conservatIOn program) goals were realized despIte the lack

offunds for a formal energy management conservatIOn program Smce 1995 the plants utilIzed the

audtt eqUIpment that was left behmd 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 in heat rate energy

consumption of2 14% (1997 vs 1995, grams of nominal fuel per KWHR) IS indicated by the Zffilev

plant. Some of this improvement in efficiency IS due to lower excess aIr combustIOn which was

made pOSSIble by timely analySIS via ENERAC 2000 Plant personnel considers that up to 0.4%

improvement was due to the use of a modern portable combustIOn analyzer.

The plant personnel were unwilling to quantify savmgs m tons of envIronmental pollutants or

aVOIded envIronmental fines, but had no doubts that such savings took place (see attached Protocols)

Off the record I was told by the management ofUglegorsk TES that savmgs in envIronmental fines

alone were about $20,000

An Improvement m operatIOnal efficiency also took place smce two techmCIans can perform the

measurement m 15 mmutes whereas previously an mferior measurement reqUIred an effort of 4

technicIans for 4 hours

So Impressed was the management ofDONBASENERGO by ENERAC 2000 that by the order of

the ChIef Engmeer of DONBASENERGO tills instrument was transferred from Kourakhovska to

the corporatIOn DonORGRES willch 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 spirit and who can argue With the leverage that was thus achIeved.

4
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INFRARED THERMOMETER CYCLOP 300AF

The plants have notlung but praise for the Infrared Thermometer Cyclop 300AF It was in WIde use

for about 2 years

FLUKE AC POWER ANALYZER

The plants also lIke the Fluke AC Power Analyzer It was m 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 mstruments but so

far not enough data to confirm their effectiveness

PORTABLE LIQUID FLOW METER TRANSPORT PT 868

ThIS instrument was available to the plants at most about 2 months. So far attempts to use thIS

mstrument for circulatmg water flow measurement were not successful, seemingly due to the

deposIts in the circulatmg water lInes ABB Company, actmg on Zmiev request, tried to measure

circulatmg water flow in 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 possibIlIty of

replacmg clamp-on sensors With statIonary sensors, wmch can be cleaned WithOut shuttmg down the

plant If this is not done, the mstrument WIll not find a wide applicatIOn at the three plants

It IS worth mentlOmng that ongmally (m 1995) thIS mstrument was pnmanly specIfied to measure

flow of mamt Since this applIcation does not produce pIpe deposIts, the measurement should be

successful. However by now the plants do not have much mamt 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 somethmg 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 Instruments.

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 6.000/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 PrelIminary 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 commlsslomng In commlsslOnmg In commlsslomng

High Range Infrared Thermometer In commIssIOning Expected future In commISSIOning Not In use

MICRONM90 benefit IS estlmated at $10-11 000

Portable LIqUId Flow Meter In commissIOning Expected future In commIssIOning Cannot be used With clamp-on

TRANSPORT PT 868 benefit IS estImated at $10-11,000 censors If in-Situ censors are

proVided, future benefit lS esltmated

at $50,000

6
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r KypaxOBO

AKT

YTBepX\,llaIO:

IDDKeHep KypaxOBCKOR TCC

A.K.Xapaxam
~----

KypaxOBCKaH T3C

3aM rJIaBHOrO HlDKeHepa - HaqaJIbHHK rno B.B.EypJIaKa, HaqaJIbHHK
:QHHH - E r.3acopHH, HaqaJIbHHK IUAHI1 B.<b.roJIoBameHKo, HaqaJIbHHK
3JIeKTOpo:u;exa - B C.EcPpeMOB, HaqaJIbHHK KTIJ; - M.M qeHtlHKOB,
npeLlCTaBHTeJIb cPHpMbI Burns and Roe Enterprises, Inc ,[(iKOPJOK KeJIJIep
COCTaBHJIH HaCTom.:u;HH aKT 06 3cPcPeKTHBHOCTH HCnOJIb30BaHIDI KOmpOJIbHO­
H3MeplITeJIbHOrO 060PYLlOBaHIDI, nOCTaBJIeHHOrO Ha KypaxOBCK)'IO T3C B
paMKax npoeKTa ''IIoBbImeHHe 3cP<peKTHBHOCTH H HaLJ;e)KHOCTH 3Hep­
reTIftIeCKHX H rrpOMbIlIIJIeHHbIX rrpe.unp:IDllllif YKpaHHbI".

3a rrepHO,U C1995r. no MaR 1997roLla Ha KypaxOBCK)'IO T3C nocTYIDUIo
CJIeJIYIOIIlee o6oPy.noBaHHe:
anaJIH3aTOp rrpo:u;ecca ropeHIDI ENERAC 2000

HH<ppaKpacHbIH TepMoMeTp CYCLOPS 300AFI300
HHcPpaKpaCHbIR TepMoMeTp MIKRON M90 B
HHcPpaKpaCHbIH TepMOMeTp MIKRON M90 H
LJ;B)'XKaHaJIbHbIH rropTaTHBHbIH YJThTpa3BYKOBOH pacxoLloMep
iKHLlKOCH Trans Port PT868
aHaJIH3aTOp 3neKTpWIecKHX rapMoHHK

cTaU;HoHapHhIH KHCJIOpo.u;OMep ZIRTEK
JIa60paTopHLIH KaJIOpHMeTP
JIa60paTopHbIH aHaJIH3aTOp co.u;ep)J(aHIDI cepbI B TOIIJIHBe
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1.fa3oaHaJlli3aTOp ENERAC 2000 6bIJI rro.rryqeH KypaxOBCKOR T3C H

HCrrOJIb30BaJIC5I B uexe HaJIa,LU<H AJ'I5I orrpe.lleneHH5I Bpe.llHbIX BbI6poCOB C

,AbIMOBbIMH r33aMH, JJ)IJI rrpOBepKH IlITaTllbIX KHCJlOpO.llOMepOB, ,ll.IDI nepHO­

.llHtIeCKOrO KOHTpOIDI H HaJI3.JI:KH peJKHMa ropeHIDI Ha KOTJlax.

PemeHHeM rJIaBHOro HH)J(eHepa r A3K ",[(oH6acc3Hepro" ENERAC 2000

nepe.llaH B CrrellHaJIH3HpoBaHHyIO OpraHH3auH1O ",L(oH6acc3HeprOHaJH1,IU<a"

,lllliI o6eCrreQeHIDI HHcTpYMeHTaJIbHbIX 3aMepOB Ha Bcex IDITH

3neKTpocTaHUIDIX, BXO.ll5IIUHX B 3HeproKoMrraHHlO ",[(oH6acc3Hepro"

3KoHoMWIecKHH 3<p<peKT OT HCrrOJlb30BaHIDI aHaJIH3aTOpa MO)J(eT 6bITh

oueHeH B CYMMy 25-30 ThICW! 'uOJIJIapOB CIIIA B ro,U.

2.HH<ppaKpaCHbIR TepMoMeTp Cyclops 300 AF/300 HaxO,lUITC5I B

3KcrrnyaTallHH B uexe HaJIa.llKH.llIDI KOHTpOIDI TeMrrepaTYPbI TI>y6 rroBepx­

HOCTeR HarpeBa KOTJIOB, pa3nHqHbIX TeruIOo6MeHHbIX arrnapaToB H Tpy6o­

npoBo,UoB. llIHpOKO HCnOJIb3yeTcH .z:vrn KOHTpOIDI JlOKaJIbHbIX HarpeBoB B

KOHTaKTHbIX COe.llHHeHH5IX CHnOBOrO 3neKTpoTeXHHqeCKOrO o60py'uOBaHIDI

CTaHUHH

fIpOCT, y,Uo6eH H Ha,UeiKeH B 3KCIIJIYaTauHH.

3KOHOMHqeCKHR 3cPcPeKT OT HcrrOJIb30BaHIDI npH60pa Ha KypaxOBCKOH

T3C MOiKHO OueHHTh B 12 - 15 ThICHti ,UonnapoB CIIIA.

3. HHcPpaKpaCHbIe TepMoMeTpbI WKRON M90B M 90H, a TaKiKe yJIb­

Tpa3By:KOBOH pacxo,UoMep iKH,UKOCTH nepe,UaH ,lllliI 3KcnnyaTauHH B uex

HaJIa,UKH. B HaCT05IIUee BpeMH rrpH60pbI OCBaHBaIOTCH rrepCOHaJIOM

OiKH,UaeMbIH 3KOHOMHqeCKHH 3cP4leKT OT HX BHe.npeHH5I COCTaBHT 20-22ThI­

CW! 'uOJIJIapOB CilIA B ro,U.

4. CT3UHoHapHbIH KHCJlOpo,UoMep ZIRTEK HaxO.llHTC5I B CTa,UHH

MOHTaiKa Ha KOTJle 6noK N 6.
JIa6opaTOpHblH: KanoplfMeTp If aHanH3aTOp CO.llepiKaHIDI cepbI B

TOillIHBe nepe,UaH B TOIIJIHBH)'IO na6opaTopmo II OCBaHBaeTCR

rrepCOHaJIOM

IIocne OCBoeHIDI BbImenepeQHCJIeHHOrO o60py'uOBaHHR 6y,UeT

onpe.lleneHa 3<p<peKTHBHOCTh H HH<popMaUIDI rrpe.llOCTaBneHa B areHCTBO

USAID B r. KHeB.



5. AHarrM3aTop ::meKl1JIflleCKMX rapMOHMK.
IIpM60p IIOCTORHHO MCIIOJIb3yeTcR B 3JIel<TpOTeXHIflIecKoH

JIa60paTopMM ,ll.IDI ,LumrHOCTMm KOMMYTauMoHHoro CMJIOBOrO
o6opy,llOBaHMR CTa.HUMM.

3KoHOMIflIecKHH 3<p<peKT MO)l(eT 6bITb ou;eHeH Ha ypoBHe 12000,lloJI­
JIapOB CIIIA

B.C. E<ppeMoB

E.r 3acopHH

,l()I(Op,ll)K KeJIJlep

HaqarrbHMK KTQ

IIpe,llcTaBMTeJIb <PMPMbI
Bums and Roe Enterprises.Ins
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Town of Kurakhovo

Approved
by ChIef Engmeer of Kurakhovo Heat Power Plant

A K Kharakhash
August 12, 1997

Kurakhovo Heat Power Plant

PROTOCOL

Mr. V V Burlaka - ChIefEngmeer Deputy, Head of the ProductIOn and Technical Department, Mr Ye G.
Zasorin - Head of the Adjustment and Measurements Workshop, Mr V F Go10vashchenko - Head ofthe
Heat Automation and Measurements Workshop, Mr V S Yefremov - Head of the Electnc Workshop, Mr
M I ChenchIkov - Head of the Boller and Heat Workshop, and Mr George Keller - the representatIve of
Burns & Roe Enterprzses Inc have drawn thIS statement on the effiCIency of usmg the control and
measurement eqUIpment and mstruments provided to Kurakhovo HPP withIn the frames of the project
"Improvement ofEfficiency and RelIability of the Energy and IndustrIal Enterpnses m Ukrame"

Between February 1995 and May 1997 the followmg mstruments were receIved at Kurakhovo HPP:
• an ENERAC 2000 combustIOn analyzer
• a Cyclops 300AF/300 infrared thermometer
• a MICRON M90 B infrared thermometer
• a MICRON M90 H infrared thermometer
• a TransPort PT868 two-channel portable ultrasonIc lIqUId flow rate meter
• an electnc power meter in A C CIrcuits With the voltage up to 600 V
• an analyzer of the electnc harmonics
• a ZIRTEC stationary oxygen meter
• a laboratory calorimeter
• a laboratory analyzer of the sulfur content m the fuel

I ENERAC 2000 gas analyzer was receIved by Kurakhovo HPP and it was operated in the adjustment
workshop to determme the unfavourable emIssions With the stack gases, to venfy the regular oxygen
meters, to check penodically and adjust the combustIOn regIme m the boilers.
Accordmg to the deCIsion of the ChIef Engmeer of "Donbassenergo" State ASSOCiatIOn of the Energy
Compames the ENERAC 2000 was transferred to the specIalIzmg organizatIOn "Donbassenergonaladka"
to prOVIde mstrumental measurements at all the five power plants mcluded mto the energy company
"Donbassenergo"

• The economIC effect ofusmg ENERAC 2000 can be assessed as equal to $25,000 to $30,000 per year

1 Cyclops 300 AF/300 mfrared thermometer IS operated m the adjustment workshop and It IS used
to check temperatures of the boiler warmed surfaces, of the surfaces of different heat exchangmg devices
and pIpelines The mstrument IS WIdely used to check the local warmmg of the contact connectIOns of
the hIgh power electrIC eqUIpment at the power plant
The mstrument is SUItable and SImple as well as relIable m operatIOn

Ii



The economIC effect of using Cyclops 300AF/300 at Kurakhovo HPP can be assessed m $12,000
to $15,000.

3 MICRON M90 B and M90 H mfrared thermometers as well as the ultrasoruc liqUId flow rate meter were
transferred to be operated in the adjustment workshop At the present tIme the mstrurnents are being
mastered by the personnel The expected economIC effect oftheIr mtroductIOn wIll be $20,000 to $22,000
per year.

4 ZIRTEK stationary oxygen meter is being prepared for mounting it in the boiler of Unit 6.
The laboratory calorimeter and the sulfur content analyzer m the fuel were transferred to the fuel
laboratory and they are bemg mastered by the personnel.
After mastermg the above mentioned eqUIpment by the personnel, the informatIOn concerning Its
efficiency will be determmed and sent to KyIV USAID MIssion

5 The analyser of the electric harmorucs
The instrument IS permanently used in the electnc laboratory for dIagnostics of the commutatIOn hIgh­
voltage equipment at the power plant

The economic effect can be estImated on the level of$12,000
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