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1.0 EXECUTIVE SUMMARY

1.1 Introduction

The work described m this 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 - Ukraine, Technology Based Project, Energy EffICIency and Market Reform Project
(EEMRP), Task 2 - Power Plants Combustion EffIciency.

U S AID/KIev has IIDtmted an energy savmgs program by provIding mstrumentation eqUipment
to combined heat and power plants (CHP) and power plant statIOns to Improve combustion
efficIency of the bOIlers as a fIrst step towards hfe extensIOn of these plants The purpose of Task
2 IS to Implement thIS energy savmg program at seven power and/or CHP plants The project
team visited Ukraine September 14-0ctober 13, 1994, to select representative plants and to gather
prelImmary mformatIOn at the selected plants The project teams performed combustIon audIts
during February and March 1995

During these audits, the project teams trained plant personnel on the use of portable combustion
effiCIency InstrumentatIon A set of portable combustion efficiency mstrumentatIOn was gIven to
Zmlev plant in 1995 In 1997 the Zmlev plant receIved and accepted oxygen analyzer, hIgh
range mfrared thermometer, lIqUId flow meter, combustion analyzer consumables, and sulfur
analyzer. InstallatIOn of oxygen analyzers was initiated at Zmiev in May 1997.

The Zmlev Power Plant is presently 51 % government owned and IS m the process of pnvatIZation.
The plant conSIsts of SIX subcntIcal 200 MW units and four supercntIcal 300 MW umts WIth a
total of 2400 MW installed capacIty. The plant was cOmmISSIOned between 1960 and 1969. The
coal supplied to the power station has poor qualIty, WIth calonc values of 3200 to 5000 kcal/kg
and 40% ash content. Typically, the plant fIres coal alone, coal and mazut, coal and natural gas,
or natural gas only

1.2 Principal Findings

Several Energy Conservation Opportumtles (ECO's) were Identified for the Zmlev 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 in short
payback penods

Very high (by western standards) m-Ieakage rates m 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 any measurement of combustIOn arr
flow and makes automatic control of combustIon very dIffIcult HIgh leakage rates mherent m
the bOIler technology used for the Zmlev power plant cannot be remedIed at a reasonable cost

•
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Most of the msulatmg material used at the plant IS asbestos Considermg the age of the power
plant, It IS recommended that longer range plans should consIder complete replacement or major
repowermg and rehabIlitation.

1.3 Recommendations

Bouer efficiency can be Improved, emIssIOns reduced and the lIfe expectancy of the ZlTIlev power
plant extended based on the recommendatIOns listed m the followmg Table. The Table
summanzes several energy conservatIOn opportumties (ECO), WhICh wIll pay for themselves
withm short periods of time

An investment of $143,500 in boiler efficiency improvements (ECO-04,05,06,07) will result
in an annual savings of $224,400, which corresponds to 5900 tones of coal and 570 tones 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 $1,153,000 which corresponds to 30,100
tones of coal and 2,900 tones of mazut.

Many other opporturuties exist withm the power plant for energy savmgs WhICh could be the
subject of further audIts and actIOns by the plant staff The energy conservatIOn opportumties also
have applIcations m other power plants

Summary of Energy Conservation Opportunities lECOs)

Annual Project Simple Payback

ECO# Description
Savings Cost in US$
in US$ (1995 Current

(1995 Prices) Prices) Energy
Prices

01 * Energy ConservatIOn $960,000 $25,000 < 1 year
Management Program Note 1

02 * Energy Conservation $193,000 Note 1 < 1 year
Tralrung Program

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

04 * In-SItu Oxygen Analyzer $31,400 $29,000 11 3 Mo
One BOller - 2 Probes

•
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Annual Project Simple Payback

ECO# Description
Savings Cost in US$
in US$ (1995 Current

(1995 Prices) Prices) Energy
Prices

05 * Portable Infrared V Ideo Included WIth $4,600 Included with
Monitors (Bottom Ash) ECO-04 ECO-04

06 * Sulfur Laboratory Analyzer $193,000 $30,000 19Mo

07 Coal Flow Meters - One Included wIth $69,500 Included wIth
Boiler ECO-04 ECO-04

* Portable Liqmd Flow Meter $10,400

•
Note 1 See Section 5

1.4 Implementation

* Highly Recommended

•

•

•

•

•

The plant IS presently m a very dIfficult fmancml posItIOn smce It pays world pnces for fuel but
sell electncal power at the rate set by the government Both load factors and quahty of coal have
declined since 1995. TypIcally only 2 units out of 10 are operatmg at 60 - 70% MCR At this
time the plant IS overwhelmed by pohtical 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 lffiproved smce 1994

ECO-02 (energy conservation trammg program), and ECO-03 (fuel qualIty lffiprovement 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-01 (energy management conservation program) goals were realized despIte the lack
of funds for a formal energy management conservatIOn program Smce 1995 the plant utIlized
the audIt eqUIpment that was left behmd by the BREI audIt team as part of the USAID boiler
effiCIency nnprovement demonstration program There were Improvements m effiCIency due to
lower excess aIr combustIOn as well as savmgs m 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 Umon
m 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 m the energy sector support the cost of technical aSSIstance, tralmng, and
limIted capItal aSSIstance m 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 envrronmental degradatIOn The breakup of the SOVIet Umon has resulted in the cut-off
of supplIes and spare parts reqUIred by the Ukralman Energy SupplIers, which threatens the
relIabIlIty of major power plants ThIS SItuation IS compounded by a lack of funds to pay for
needed supplIes and fuels

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

These umts often supply hot water for dIStrict heatmg and steam for industrial use Decreasmg
coal supplIes and declmmg qualIty of coal supplIes IS affectmg the abIlIty of the Ukraine to meet
ItS needs for electncity Also, electrICIty and dlstnct heatmg supplIes are threatened because
Ukrame is unable to pay for Imported coal, 011 and gas at world fuel pnces.

2.1 Objectives of Energy Saving Program

USAID/Klev 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 IS to prOVIde serVIces and, where appropnate, U.S. and local
products, directed toward improvmg energy and operating effIcienCIes m power generatIon, and
m the eqUIpment and controls reqUIred to use energy effiCIently and cost-effectively

The purpose of Task #2 IS to nnprove bOiler effiCIency at seven power plants and/or combmed
power and dlstnct heatmg plants whIch were selected by USAID/Klev m consultatIon WIth the
Mlillstry of Energy and ElectnficatIon These plants are fired WIth natural gas, fuel 011 or coal
The objectives are (1) to foster Improved management of bOller/plant operations by IdentIfymg
and nnplementmg 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 tralmng

•
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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 decIsion-makIng processes for each plant, assess plant
procedures for IdentIfyIng and executIng energy savIng Investments requmng
management changes, and capital investment

• IdentIfy short-term no-costIlow-cost efficIency measures WIth savIngs potentIal and
paybacks.

• ProvIde prelImInary IdentIficatIOn of energy conservation opportumtles (ECO's)
requinng larger capItal Investment

3.0 DESCRIPTION OF POWER PLANT

3.1 General Description

The first urnt was put Into operatIOn In 1960 The umt was desIgned to fire natural gas which was
readIly avaIlable. After three urnts were put Into the operatIOn, the government deCIded In 1963
to redesign these units for coal fmng along with deslgmng the next seven umts for coal fmng
The eqUIpment for gas firing IS still In place. In 1969 the constructIOn of all 10 umts WIth a total
output of 2,400 MW's was completed

ENERGOSYSTEM:KHARElVENERGO

• LOCATION. 30 KM SOUTH OF KHARKIV

•
INSTALLED CAPACITY: 2400 MW

6 x 200 MW +- 4 x 300 MW

For a more detaIled descnptIon of the fuel and of the followmg Items, see the Prelimmary AudIt
Report, issued In December 1994, Reference 1 III AppendIx G

•

•

•

COMMISSIONED'

FUEL

1960-1969

Coallow-bltummous, anthracIte and gas or mazut
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3.2 Boiler Plant

The ZmIev steam power station consIsts of two lInes of umts The fIrst lme consIsts of SIX
subcntIcal 200 MW power umts These bOIlers were desIgnated TP-100 and were supplIed by
the Taganrog Boiler Factory and the turbmes were supplIed by the Lemngrad Metal Works The
second lIne conSIsts of four supercntIcal 300 MW power umts These boIlers were desIgnated
TPP-21O and TPP-21OA and were supplIed by the Taganrog Boller Factory and the turbmes were
supplIed by the Kharkov Turbme Factory The 300 MW umts conSIst of double bOIlers (two
subboilers) to Improve relIabilIty of operatIOn

3.3 Coal Handling

In the 1970's the coal supplied to the power station was changed to a much poorer qualIty than
the coal that was the baSIS for the plant deSIgn The ash content of the coal was up to 40 % and
still IS, and the caloric value of the coal ranged from 3,200-5,000 kcal/kg Coal IS measured m
a slffillar manner to Uglegorsk and Kourakhovska, power plants, I.e , sampling methodology and
weIghmg on conveyors

The speed of the coal dust feeders can be controlled from the control room Coal IS supplIed to
the statIOn by 44 supplIers. Lowest volatilIty content IS 4 % to 6% ImtIaI coal qualIty
determinatIOn IS achIeved by takmg coal sample from each raIlroad car and analyzmg for ash and
water contents

There is coal mixing by the bulldozers in the yard The average quality of the coal over a 3 to
5 day penod IS detennined by takIng coal samples from the conveyors The coal is analyzed for
calonc value, water, ash, volatilIty and sulfur content. ThIS is a slow process

There are scales to weigh the coal bemg delIvered per railroad car There are two conveyors
whIch delIver coal to the entire power station. Each conveyor has a scale WhICh measures the coal
fIred for the total power statIOn (10 umts).

3.4 Mazut Supply

The power statIOn umts are supplemented WIth mazut when It can be purchased ZmIev units
never operate on mazut alone due to Its hIgh cost and hIgh 802 emissIOns.

• 3.5 Gas Supply

•

The power station umts are supplementally fired by natural gas when It can be purchased The
urnts can operate at 200 and 300 MW on 100% natural gas Natural gas flow meters already eXIst
on each boiler and work well.

•
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3.6 Boiler Efficiency Calculations

The methodology for the boiler effIciency calculatIon IS shown on Attachment 17 of the
PrelIminary AudIt Report (AppendIx G) The calculatIons are done on a per umt and per plant
baSIS The only fuel measured dIrectly per boiler IS the natural gas All other fuel quantIties per
bOIler are extrapolated from power station data The quality of the coal is also averaged on a 3
to 5 day baSIS These effiCIencies are compared to the boIler deSIgn effiCIencIes The bOIler
design performance was recalculated m 1987 and 1992 as dIscussed m Item 16 of the above
report

3.7 Process Control System

BOIlers of the Zmiev power plant operate in a steady-state mode (base load) WIth a turbme
mamtammg throttle pressure, "fixed" fIrIng rate, floatmg frequency and manually adjusted aIr
flow (fIxed settmgs for each load) There are four O2 analyzers on each 300 MW unit and two
O2 analyzers on each 200 MW umt whIch are used to momtor furnace O2 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
mdicatIOns. There are no CO analyzers m the power statIOn ApproXImately 140 pomts m the
boIler are monitored by thermocouples

3.8 Environmental Issues

The SIX 200 MW units are furmshed WIth wet scrubbers, whIle the four 300 MW umts are
prOVIded WIth ElectrostatIc PrecipItators (ESP) Both systems are reported operatmg
unsatIsfactonly

Because the stack heights far exceed the "good engmeering practice" cntena, the pollutants
emItted do not produce a local aIr qualIty problem, but are a concern for the atmosphenc
pollutIOn

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

The statIOn has no NOx pollutIOn control system

3.9 Future Plans

Management of the ZmIev power plant IS aware of the poor condItIOn of its bOIlers High leakage
rates are Inherent m the bOIler technology used for the ZmIev power plant and cannot be remedIed
at a reasonable cost. They also understand that asbestos is not an appropnate msulatmg matenal

•
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and that considering the age of the power plant, complete replacement or major repowenng are
the best options They are attracted to a number of advanced technologies, mcludmg an
applicatIOn of Atmosphenc Circulatmg FlUidIzed Boller (ACFB) technology, but have no funds
to pursue them

It IS Burns and Roe's Judgement that once the market rates are changed and enforced (1 e
consumers are disconnected for non-payment), consumptIOn will drop sigruficantly The future
of the Zmiev power plant IS tied to the success of the Ukralman economy as a whole Before most
of the population could afford electncity at market pnces, the salanes of the general populatIOn
must increase sigruficantly. Until that happens It IS best to burn gas and mamtam the existIng
facillties

3.10 Inspection, Assessment, Comments

• The power statIOn IS well managed. The staff IS competent and fully cooperated
in prOVIdIng the requested InfOrmatIOn and aSSIgnIng the hands-on audit tralrung
personnel

• The buses of thIS power statIon are used for exchange of power between the
Russian and the Ukrallian systems OperatIOn of this plant IS In parallel WIth the
Russian grid not the Ukralman gnd

• The umts are operated base loaded without interruptIOn and proper maIntenance IS
often delayed. However, there is an annual mamtenance outage for each unit and
the regular maIntenance IS scheduled In accordance WIth the manufacturers
recommendatIOns

• Urut 1 bOIler has operated over 250,000 hours and has been expenenced 375
starting/shutdown cycles The operatIng hours are 1.5 times the deSIgn tIme

•

•

•

•

•

•

•
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Plans are m place to reconstruct this station The statIon would like to keep the
structures and replace all the eqUipment step by step The new plant IS expected
to dellver more than the 2400 MW of eXIstIng plant Installed capaCIty

A Joint venture IS m the process of developIng the deSIgn of a bOIler to burn low
quahty coal as a part of the "pure" coal program Zllliev Umt #3 boiler WIll be
used for testmg and venfymg the new deSIgn After thIS testmg eventually the
Umt #1 bOIler wIll be replaced WIth the new bOIler deSIgn This pilot boiler deSIgn
will replace all 200 MW bOIlers In the rest of the Ukrame

The station does not have a low NOx pollution control system The eXIstIng NOx

analyzers In 300 MW uruts are not used because they are not rellable
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• Most of the process control systems operate on "manual" mode from the control
board located in the Urut Control Room A chart IS used to indicate the urut load
as a functIOn of the amount of coal and mazut cofired

• The controls and mstrumentatIOn are outdated, 1950's vmtage and the readmgs are
unstable and reqUire ongomg mamtenance to keep them operatIOnal The bOilers
have no burner management systems The ongmal mecharucal governors are still
m operatIOn All mterlocks are of a very basic nature offering hmited protection
Spares are hard to find

• The coal IS supplied by 44 supphers. The statIOn has httle mput regardmg the
quahty of the coal specIfied or control over fuel acqUisitIOns

• The coal dehvered to the plant does not match ongmal 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 or gas IS cofired almost all the time m order
to deliver the MW output requrred by the system and maintain stable operation of
the bOilers.

• The onginal bOiler deSIgn performance when fmng coal was reVIsed m 1987 and
1992 and subsequently the boiler maXlffium MW output was reduced from 200
MW to 175 MW and from 300 MW to 275 MW Therefore, the power plant MW
output is derated to 2150 MW from 2400 MW, a reductIon of total 250 MW
(1 42 %). The mam steam temperature was changed from 570°C to 5400C to
mcrease the boIler rehabllity

•

•

•

•

•

•

•

•
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The units are operated on base load mode except dunng the weekends when two
or three uruts are shutdown and the balance of the uruts operates on reduced load
This operatIOn affects the eqUipment.

The effiCIency calculatIons are performed on a per urut and per plant basIs. Except
for the natural gas that IS measured drrectly per boller, all other fuel quantitIes per
bOiler are extrapolated from power station data These effIciencIes are compared
to the effiCIencies based upon the boller design performances recalculated m 1987
and 1992.

,

The power statIOn will like to have coal flow meters to measure the mput at each
mIll, a total of three deVIces per 200 MW boller
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4.0 DESCRIPTION OF AUDIT ACTIVITIES

The audIt actIvitIes Included the collectIOn of Information and data from varIOUS reference sources
and IndIViduals workIng within 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 regarding 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
• SIgrufIcance 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 prIOrItIes and a walk through the power plant

In preparatIon for the audIt actiVItIes at the power plant, energy morutormg eqUIpment was
purchased m the Uruted States, shIpped to KIev and delIvered to the ZmIev power plant

The eqUIpment was purchased to make measurements of vanous systems that were likely to be
encountered wIthm the power plant The measurements enabled auditors to learn speCIfIc
mformatIOn about the systems bemg investigated Based on the measurements, the audItors
calculated potentIal energy improvements that could be gamed by installing energy efficiency
eqUIpment

Economic paybacks were calculated and the items prIorItIzed 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 main 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)

•
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The audIt eqUIpment was left behmd at ZIDlev Power Plant as part of the USAID boIler effiCIency
Improvement demonstratIon program Of thIS eqUIpment, the most sIgmflcant was ENERAC
CombustIon Analyzer which demonstrated an opportumty for IIDmedIate fuel savmg by tumng the
boilers to reduce excess combustIon aIr

The majonty of the eqUIpment was used extensIvely by the audIt team personnel and as a trammg
tool for the plant personnel assigned for hands-on audIt trainIng. TypIcally, the audIt team would
take measurements whIle traimng the assigned local personnel how to use the eqUIpment

4 1.2 General

The Zmiev power plant was selected by USAID/KIEV m consultatIOn WIth the Mmistry of Energy
and ElectrificatIOn The M1ll1stry also IdentIfied the management of the power plant as receptIve
to this type of program and consIdered that the maXlIDum benefit could be gamed by audltmg the
Zmlev Power Plant.

Management of the Zmlev Power Plant are lookmg forward to forthcommg pnvatIZatIOn At the
present tlIDe they are allowed to spend only 1% of the plant gross mcome on salarIes. As a result,
the ZIDlev Power Plant IS losmg ItS technIcal and mamtenance personnel Technical personnel of
the UkrainIan Power Plants are hIghly regarded m CIS and can mcrease theIr income SIgnificantly
by working in RUSSIa

4 1 3 Boller Efficiency

The specIfic plant audit consIsted prlIDanly of on-hne flue gas emissIOn measurements usmg a
ENERAC 2000 portable combustIOn analyzer, laptop computer and pnnter Measurements were
made on two bOIlers, Boiler #1 and BOller #8, at maXlIDum and mInImUm loads, on coal and
natural gas

The ENERAC 2000 portable combustIon analyzer IS a portable mstrument which has chemIcal
cells to measure oxygen, carbon monOXIde, sulfur diOXIde, OXIdes of mtrogen content and
combustIble gases. The umt also has a type K thermocouple mcorporated in the probe to measure
the temperature of the gas at the extractIon point. The fuel analysis of 15 vanous typIcal fuels are
contamed m the memory of the portable analyzer. Also, custom fuel analysis can be programmed
usmg a laptop computer ENERAC 2000 portable combustIon analyzer calculates, dIsplays and
prInts, boiler efficIency, excess aIr, CO2 and emIssIons

The measurements were made at the furnace eXIt and at the bOIler stack ThIS was done WIth
fIxed combustIon settings and essentIally at the same tIme (the same coal and ambIent
temperature). The measured parameters mcluded gas temperature, 02' CO, combustIble gases,
NOx and S02'

•
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Due to the hIgh In-leakage 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 0z, CO, combustIble gases, NOx

and SOz are consIdered to be accurate

There were twenty one dIrect measurements made A copy of the ENERAC 2000 portable
analyzer print-outs can be seen In AppendIx B.

For a detaIled descnption of the Audit actIvItIes see the tnp report of Team #1 (Appendix G)

Any Improvement In the effIcIency of the Zmlev power plant must come pnmanly from an
improvement in bOIler efficiency of ItS boilers On the steam SIde the Zmlev power plant IS
effICIent due to a signifIcant thermal load. Due to software limItatIOns of the ENERAC 2000
portable combustIOn analyzer boIler efficiency could not be calculated In presence of illgh aIr In­
leakage and an on-line measurement of the fuel saved due to reductIon In excess aIr was not
feasIble

Burns and Roe estImated an Incremental Improvement In boIler effIcIency achIevable due to a
reduction In excess aIr fed to the bOIlers USIng the ENERAC 2000 portable combustIOn
analyzer, it was measured 5-6% excess furnace oxygen at full load while finng coal and 4%
excess furnace oxygen at full load willIe firing natural gas. CO emISSIons were neglIgIble In both
cases. In Burns and Roe's Judgement the excess furnace oxygen at full load willIe frrIng coal can
be reduced by 0.35 % Oz whereas excess furnace oxygen at full load whIle fmng natural gas can
be reduced by 1% 02' thus an incremental improvement In boIler effiCIency of a 15% willIe frrIng
coal and a 35% while fIring gas.

In the future, the Zmlev power plant operators should be able to manually adjust the aIr supply
to determine what magmtude of reductIOn In excess aIr could be achIeved WIthin constraIns
Imposed by CO emIssions, smoke, and flame stabIlity Therefore Burns and Roe recommends
that permanent Instruments be installed to measure the Oz and CO content of the flue gas and thus
aSSIst the operators In aVOIdIng unsafe conditIOns whIle contInually minImiZIng excess aIr

4 1 4 Boiler Plant

Present burner settIngs produce lIttle CO or NOx emISSIOns on all fuels. When fIring coal, hIgh
levels of SOz are sometnnes emItted due to an InCOnsIstent qualIty of the coal Sulfur dIOXIde
emISSIOns could change from 4,000 mgm to 700 mgm in few hours, but tend to be In 2000-3000
mgm range when emISSIons are adjusted for 3% excess 02'

CombustIon of poor qualIty coal resulted In furnace "puffs" and very rapId corrOSIon of the back
end SInce all of the Zmiev power plant boilers are of tangent tube constructIon (tubes are spaced
8 mm apart WIth asbestos blocks behInd them), and of balanced draft (negatIve furnace pressure),
furnace "puffs" cause loss of the furnace Integnty Personnel of the Zmlev power plant reported

•
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19% m-Ieakage m the furnace alone, over 65% m-Ieakage overall To maintam the ongmal
desIgn cnteria of 30% overall m-Ieakage, they used to completely remove and reInstall furnace
Insulation every five years. At the present time the Zmlev power plant can no longer afford such
overhauls.

BOIlers of the ZmIev power plant operate very well on natural gas EmISSIOns are low, bOIlers
run better than on coal and, m the plant's opimon, WIll last longer It IS also more economIcal
to burn the gas at the present mIX of fuel pnces.

4 1 5 BOller Controls

The combustion control IS actually a manual operatIon Coal IS usually fed to the bOIlers at
maximum coal feeder speed, WIth co-firing of mazut or natural gas 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 function of the amount of coal and mazut or natural
gas bemg fIred and the load Fmal aIr damper pOSItion adjustment IS made based upon O2

analyzer mdicatIOns Thus the control of fuel and combustIOn aIr ratio is essentially a manual
operation based upon mamtalffillg a certain umt load, under constant boIler outlet steam pressure
and temperature with an O2 mdicatIOn between 4 to 6 %

None of the urnts have CO analyzers As shown on Attachment 8 of the same report, the TPP­
210 bOIlers have two oxygen analyzers per subboiler or a total of four per boIler located in the
convection pass at approximately 600°C As shown on Attachment 6 of the same report, the TP­
100 boilers have two oxygen analyzers located on the convectIOn pass per boIler.

The excess O2 at the burners is mamtamed at approxImately 4 % The statIon wants to mamtam
actual aIr to theoretical aIr at a ratIO of 1 25 to account for maccuracies m the qualIty and quantIty
of coal bemg fIred and to compensate for InaccuraCIes m measurements BeSIdes havmg O2

analyzers the power statIOn would lIke to measure aIr consumptIOn at each burner to ensure proper
combustion at each burner

4 1.6 Boller Back End Includmg Stack

The boilers have Ljungstrom type regenerative air heaters which are experiencmg high m-Ieakage.
The electrostatic preCIpitators installed on 300 MW bOIlers have low efficIency, possibly due to
the fly ash hIgh speCIfic electrical resiStIVIty

The scrubbers Installed on 200 MW boilers are wet type and operate unsatIsfactonly

•
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4.2 General Audit Activities

InformatIOn was gathered from eXIstIng sources, plant histoncal operatIng data and dIScussIons
wIth key personnel. Actual audIt actIvIties consIsted of takIng operating data and test
measurements wherever possIble and performIng analysIs based on thIS data and histoncal
informatIOn

4.2.1 Scope and Methodology

General audIt actIvities Included dISCUssIOns about the entire power plant IndIviduals responsIble
for vanous tasks WIthIn the power plant organization were IntervIewed to obtain InformatIOn and
data on energy consumptIOn, pnces and performance. They were questIOned what orgarnzational
changes and controls have been Implemented to manage energy conservatIOn and efficIency In
addItIOn, the Chief Engineer was requested to provide a descriptIOn of what recent measures had
been taken for Improvement of operatIOnal effiCIency and effectIve fuel utIlIzation

42.2 Power Plant Audits

The audIt activities aSSOCiated with the total power plant conSIsted pnmarily of a reVIew of the
vanous avaIlable publIcations and brochures produced by the vanous agencies and by the Mlll1stry
of Power and ElectrificatIon as well as from drawings and diagrams prOVIded by the engIneers at
the power plant Much information and InsIght was also gamed through the IntervIews related to
the system specific audits at all levels. Many of the personnel employed In the power plant have
had experience In areas other than the one In which they currently work, and this was useful as
background matenal

The CYCLOP infrared thermometer (heat spy) was used to find hot spots on generator buses, hot
contacts on switchgear and switchyard equipment, hot spots on duct insulatIOn, etc that all may
reqUIre maIntenance. Temperature readings were taken WIthIn the boiler proper where no
thermocouple were Installed

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

There were several audit measurements, the records can be seen m Appendix B

•
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5.0 FINDINGS AND RECOMMENDATIONS

5.1 Low-Cost. No-Cost Short Term Opportunities

ECO-01 ENERGY MANAGEMENT CONSERVATION PROGRAM

The chIef engineer IS responsIble for energy conservatIOn and effIcIency Improvements at the
Zmiev power plant in addition to hIS other dutIes. Because of the shortage of hard currency to
pay for Imported fuel the entIre management of the plant IS hIghly motivated to fmd ways to
Improve operating effiCIenCIes In order to achieve effective fuel utIlIzatIon, and all employees are
aware of the need for conservation However, the eXIsting program must be expanded and
enhanced WIth management restructunng and new procedures to prepare for the commg
privatIZatIOn reforms These changes wIll help to prepare the plant to be commercially onented
by mcorporatmg western management methods and procedures.

The stated goals for this program, as a mInImUm, should be emphaSIZed as follows

• Conserve energy
• Reduce envIronmental pollutIon
• Improve operatIOnal efficiency
• Improve eqUIpment reliability
• Introduce new technologIes

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

As a first step, a highly VIsible management staffpOSIt10n and/or department should be establIshed
reportmg to the dIrector and havmg the responsIbIlIty and authority to develop, Implement and
momtor energy conservation, trammg, rehabIhty and rehabIlItatIOn programs The prImary tasks
WIll be coordmatIon, communicatIOn, and mformatIOn. The energy manager should be
responsible for knowmg about, reviewmg and consohdatmg the findmgs and recommendatIOns
of the numerous studIes and reports prepared by consultants and Institutes for the USAID, WorId
Bank, EBRD, EC, Mimstries, etc, so as to mInimIZe duplIcatIOn of work and exchange of
informatIOn and expertise.

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

C \tlkrlIJlt\Zm_1'[ll\ August 26 1997
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In 1994 the Zmiev power plant consumed the following quantIties of fuel

Coal 4,997,632 tones
Mazut 483,330 tones

(*)Price calculatIon IS usmg 1995 cost of fuel

$171,347,500
$ 20,807,500
$192,155,000(*)

If only a modest savings of about 0.5 percent of thIS fuel expendIture IS saved in the fIrst year,
$960,000 of expendItures can be justified for measures to Improve fuel utIlization and effIcIency,
improve relIabIlIty and reduce mamtenance.

Funds should be provIded for consulting serVIces to assist the ZmIev management wIth traImng
and matenals to establIsh the programs under ECO-Ol, ECO-02, ECO-03

ECO-02 ENERGY CONSERVATION TRAINING PROGRAM

Many sources of energy waste and loss may seem very ObVIOUS and SImplIstIc, and the power
plant engmeers and specIalists are well aware of the cumulatIve magmtude of these losses
However, the staff needs, and should encourage, much more support from all employees in the
IdentIfication and elIminatIOn of many sources of energy loss Many of the sources of waste may
not be known or understood by many of the employees, and thIS IS where the results of a formal
traImng program can have SIgnificant energy conservatIOn paybacks The audItors were mformed
that the employees already know all about energy conservation However, it is the audItors
observatIOns and measurement results as well as the observatIOns and measurements of other
studIes which mdIcate that there are many low cost, no cost opportumtIes for energy savmgs, and
thIS IS the point of recommendmg a low cost, no cost energy conservatIon traImng program for
all employees. The management should establIsh procedures, classes, more posters, mcentIves,
rewards, competItion, etc and utIlIze the expertIse of the engmeers and specIalIsts to reinforce
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 $193,0001

ECO-03 FUEL QUALITY IMPROVEMENT PROGRAM

The plant must survey aggressIvely the avaIlable coals and take ImtIatIve in contractmg dIrectly
from suppliers The plant must locate the best fuel consIdenng boIler operatIonal needs, deSIgn
requirements, pollutIOn control eqUIpment performance and dehvered costs The plant must
conSIder a blendmg strategy of mdIvIdual coals to meet the above cntena The number of coal
suppliers must be reduced to a mimmum for a better control of blendmg process

ThIS program must be coordInated 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, slgrnflcant savings
of fuel and mamtenance costs will be reahzed

However, a consIderatIOn has to be gIven to sWItch to bum natural gas for the entire power plant.
ThIs wIll lffiprove combustIOn efficIency, reduce emissIOns and extend hfe expectancy of the
Zmlev Power Plant. At the present tlffie the cost of natural gas IS competItive WIth other fuels

ECO-04 INSITU O2 ANALYZER

The bOIler efficIency lffiprovements can be achIeved by replacmg the eXlstmg extractIve oxygen
analyzers wIth m-place zIrconium oXIde sensor analyzers of the type used m the United States
One problem WIth the eXlstmg instruments mstalled at the plant is that they are extractIve rather
than m-place. Therefore using extractive gas samplmg mstruments 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 mstruments have questionable accuracy The measurement tlffie constant IS on
the order of about 1-2 minutes therefore, they cannot be used for real tlffie excess aIr control

United States practice typically places an oxygen sensmg probe mto the flue gas duct rather than
extractmg a sample to It This technology could be applied to the boilers at Zmlev Power Plant

It is recommended to Install the new Instruments on 200 MW Boiler #1

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 instrument to morntor the ash fusIOn temperature to determme slagging
process and thus have better control over boder operation This Instrument will enable excess air
reductIOns calculated under ECO-04

It IS recommended to proVIde one portable mfrared vIdeo momtor to VIew
bottom/ash/slag/removal for the boIler.

For detailed calculatIOns see Appendix A-I
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ECO-06 SULFUR LABORATORY ANALYZER

An accurate Sulfur laboratory analyzer should be provIded to venfy the Sulfur content of the
receIved coals versus the coal specIfied ThIs WIll prevent detenoratlon of the furnace, aIr heaters
and the duct work and thus prevent a drop m the boIler effICIency

For detaIled calculatIOns see AppendIx A-I

ECO-07 FUEL METERS

The audit team learned through mtervlews WIth plant personnel that one area whIch has hampered
the plant progress in energy improvements IS the mabilIty to accurately measure the decrease in
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 Natural gas flow meters already eXIst per each boIler and
work well. If only modest galllS m effiCIency could be realIzed due to the incentive provIded by
the abilIty to more accurately evaluate such improvements, such flow momtormg equipment could
pay to itself m a short penod of tIme

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

one portable sonic type flow meter for mazut

mstruments to measure raw coal consumption to 200 MW BoIler #1, located
between raw coal bunker and mIll (coal feeder)

The above portable some flow meter can also be used for measunng the leakages m hot water
plpmg of the distnct heatmg lInes.

For detaIled calculatIOns see AppendIx A-I

5.2 Medium and Long Term Opportunities

There are several other long term measures for Improvmg power plant relIabIlity, boiler effiCIency
and meetmg environmental reqUIrements, whIch reqUIre further study and large mvestments of
capital. These are lIsted below for future reference

• Upgrading the bOIlers WIth combustIOn control systems mc1udmg 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 m stable and efficIent combustIon
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• Investigate lower cost S02/NOx removal technologIes

• For S02 removal for example use of a coal and by-product blending or lower cost
sorbent technologIes for flue gas condltIOmng For NOxremoval use of a burner
design technology for low NOx emISSIOns (low cost) or SNCR (selective non­
catalytic reductIOn) or SCR (selective catalytIc reductIOn) both expensIve solutions

• Replace the entire eXlstmg controls, mstrumentatlon and mterlocks 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 eXIstmg scrubbers and ESP's or refurbIsh to meet the world standards.

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

• Install contmuous opacity monitors (one per stack) to monitor the VISIble
emiSSIOns.

• ProVIde addItional and updated analytIcal eqUipment to the chemical laboratory.

• ModIfy the eXIsting return aIr system (add aIr nozzles) from the coal storage
bunkers to the furnace to ensure good mixmg with the combustIOn aIr The return
air should arrive in the furnace as high velOCIty jet WIth the ratIO of ItS honzontal
velOCIty to the vertical velOCIty m the furnace of 6 to 1 Presently the return aIr
nses along the furnace walls as "parasIte air" and does not particIpate m
combustion.

5.3 Replicating and Expanding the Program to Other Plants

An economIc benefIt can be denved from expandmg the demonstratIon program to other
Ukrainian Power Plants From Burns and Roe expenence the UkrainIan Power Plants when firmg
coal or coal and mazut, exhIbIt the following charactenstics

•

•

C \Uknnnc\Z.mJPI\ AugLlKl26 1991

Ukramian power plants operate in a steady-state mode (base load),WIth a turbme
mamtammg throttle pressure, "fIxed" frrmg rate, floatmg frequency and manually
adjusted aIr flow (fIxed settmgs for each load).

Very hIgh m-Ieakage rates (70% and higher) are typical, which make readmgs of
any oxygen analyzer dependent 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.
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• 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) m the flue gas in combmatIon wIth
4 to 5% oxygen In locations WIth 850-870 degree Centigrade temperature leads to
the conclusIOns that the bOIler efficIency of the Ukraiman Power Plants can be
improved The improvement can be estImated on the order of 0 15 % to 1%

The conclUSIOns are as follows:

• Excess air should be reduced until at least 300-400 ppm of carbon monoxide IS
generated which IS an IndIcatiOn of economIC combustIOn

• There is room for an 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 0 5% and achIeve 0 15 % Improvement m the bOIler effICIency even with
the eXIstmg manual control of the combustIOn process proVIded that constant operator
attentIon IS achieved. Such attention can be obtamed Via an economIC inducement
based on the fuel savings 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

• 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 WIthIn the Ukraiman Electncal System WIll provIde sIgmficant
Improvements in boIler effiCIency with low cost mvestments.

C \l!k(llIl)C\ZmJIJt\ Augud 26 1997
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60 IMPLEMENTATION

The plant IS presently in a very dIfficult fmanclal posItion smce It pays world prIces for fuel but sells
electrical 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 10 are operatmg at 60 - 70% MCR At the same time there IS a
shortage of power m the Ukrame and electrIcal power is bemg Imported from Russia The answer
to thIS paradox IS that poor qualIty coal reqUIres mazut or gas to support combustIOn whIch can be
bought only for cash. The 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 Improved since 1994

ECO-02 (energy conservation traimng program), and ECO-03 (fuel qualIty Improvement program)
were not Implemented due to lack of funds SalarIes 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 behind by the BREI audIt team as part of the USAID bOIler effICIency
Improvement demonstratIOn program.

ENERAC 2000

An ENERAC 2000 portable combustIOn analyzer IS regularly used by the plant to conserve energy
and reduce envrronmental pollutIOn (see attached Protocol m AppendIX H) An Improvement m heat
rate energy consumption of 2 14% (1997 vs 1995, grams of nommal fuel per KWHR) IS mdlcated
by the plant Some of thIS Improvement m 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 use of the modem portable combustIOn analyzer However only $5,000 to
6,000/yr m benefIts are claimed in the Protocol, which IS extremely conservative

The plant personnel were also unwIllIng to quantify savmgs m tons of envIronmental pollutants or
aVOIded envrronmental fines, but had no doubts that such savmgs took place (see attached Protocol
In AppendIX H)

An Improvement m operatIonal effICIency also took place SInce two technicIans can perform the
measurement m 15 mmutes whereas preVIOusly an mfenor measurement reqUIred an effort of 4
technIcIans for 4 hours
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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. Two hIgh voltage accidents mvolvmg dIsconnect sWItches were prevented Via use
of the Cyclop 300AF The InStrument is also used to troubleshoot the generator stator The Protocol
states $8,000 per year m benefits, which is very conservative

FLUKE AC POWER ANALYZER

The plant also likes the Fluke AC Power Analyzer It was m WIde use for about 2 years However
only $800 to 1,000 per year m benefits are claImed In the Protocol, whIch IS extremely conservative

ZIRTEK OXYGEN ANALYZERS

ZIRTEK oxygen analyzers were avaIlable to the plant at most about 2 months They worked reliably
for about a month Presently the generatmg urut is off lme The plant expects an economIC benefit
of $12,000 per year from thIs instrument

TRANSPORT PT 868 PORTABLE LIOUID FLOW METER

This instrument was available to the plant for about 2 months. So far attempts to use thIS meter for
cIrculatmg water flow measurement have not been successful, seemmgly due to the depOSIts m the
circulating water lInes The ABB Company, actmg on Zmiev request, tned to measure circulatmg
water flow in the same pipe using theIr version of a portable ultrasoruc 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, whIch can be cleaned without shutting down the plant If thIS is not
done, the mstrument WIll not find a WIde applIcation at the plant. If m-situ sensors are provided,
future benefIts are estImated by the ZmIev Plant at $50,000 per year

It IS worth mentiorung that ongmally (m 1995) this Instrument was prImanly speCIfIed to measure
flow of mazut Smce this applIcatIon does not produce pIpe depOSIts, the measurement should be
successful However by now the plants do not have much mazut to measure

MICRON M90 HIGH RANGE INFRARED THERMOMETER

A MICRON M90 hIgh range Infrared thermometer was avaIlable to the plant for at most 2 months
So far attempts to use thIS Instrument for temperature measurements have not been successful
Management of the ZmIev Plant dIslIkes thIS Instrument and would like to trade It for somethmg
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more useful to them Generally It IS too early to tell, It Just may take some time for the plant to get
used to a new mstrument.

LABORATORY SULFUR ANALYZER

A laboratory sulfur analyzer was available to the plant for at most I month The plant IS trymg to
learn how to use the analyzer ThIS will take some time However the plant has hIgh hopes for the
mstrument and works hard to commISSIon It The sulfur analyzer was provIded to venfy the sulfur
content of the received coals versus the coal specIfied. ThIS would prevent detenoration of the
furnace, aIr heaters and the duct work and thus prevent a drop in the boIler effiCIency There also
wIll be savings in tons of S02 emISsIOns and aVOIded envIronmental fmes In 1995 we estimated the
economic benefit from a sulfur analyzer at $192,755 per year Smce the plant load IS down about
50%, we estimate that under present condItions the benefit will be under $100,000 per year.
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ECO-04. OS. and 07 - CALCULATIONS

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

1.0 INTRODUCTION

The boilers air to fuel ratio is controlled manually. The existing extractive paramagnenc type
oxygen analyzers are maintained and calibrated. However, the Instruments are prone to be10g
fouled by moisture and acid sludge from the flue gas. Also, there is a significant time lag
between sample point and readout, which is aggravated by swings 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 alr in-leakages has already occurred. Installation of 1O-situ
zirconium oxide cells upstream of major in-leakages would improve reliabihty, 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 monitor.

2.0 ASSESSMENT OF POTENTIAL EXCESS OXYGEN REDUCTION

There is the potential to reduce the levels of excess oxygen at all Zmiev units, however only umt
#1 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. Normal coal burner design calls for an excess oxygen level at the burners of 3.5 %. For
coal burners of this design and vintage, it would be more appropriate to assume that the excess
air level would be closer to 4.0%. These are the mlmmum levels required for stable flames and
proper combustion. Excess air levels higher than this proVide the opportunity for a reduction in
the operanng levels.

2.1 Evaluation of Excess Oxygen at the Burners

At full load firing coal, the excess oxygen was measured at the stack to be 12.4% and 15.1 %
for an average of 13.75% (test data 1 & 2). BRC calculation indicates that this corresponds to
4.35% excess oxygen at the burners. The corresponding measured carbon monoxide levels for
these tests was very low, therefore the excess oxygen at the burners can be reduced.

Accounting for the existing coal burner design, the minimum excess air at the burners would be
assumed to be approximately 4.0%. Thus, the potennal reducnon 10 excess oxygen at the
burners would be 4.35% - 4.0% = 0.35%.
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2.2 Effect of Excess Oxygen on Boiler Efficiency

Boiler efficiency is calculated based on the ASME Boiler Test Code, PTC-4.1. The losses ill

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

The reference excess oxygen was selected to be 4.0%, which is typical for coal fired burners
of thIS design and vintage. Boiler efficiency was calculated for excess oxygen levels up to 6%,
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

~ 08
It'-
IJ)

.3 06
'"~
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.....w02

35 4 45 5 55
Excess Oxygen Level, %

6 65

2.3 Boiler Efficiency Improvement With Reduced Excess Oxygen Operation

Based on the data collected during the visit to the plant it appears that It IS possible to operate
the boilers at reduced excess oxygen levels. It has been shown that the potential excess air
reductIOn possible at the burners is approximately 0.35% at full load while firing coal. ThIS
would reduce the excess oxygen from 4.35% to 4%. Using the curve shown above, the boiler
efficiency saving at full load (180 MW) would be 0.12%.

For minimum load (140 MW), we expect some addItIonal efficIency gain since presently air flow
is not reduced with the load. Thus we conservatIvely assume an overall efficiency gain of
0.15 % . Potential savmgs could be higher. BRC observed that normally the bOIlers are run
under higher excess oxygen then dunng the test, when plant management was making sure that
operators are following the "regime" chart. The "regime" chart gives operators optImal
positIOns of the ill fans, FD fans,and feeder speed for any given load.
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3.0 COST ANALYSIS

The cost savings of a 0.15 % reduction in the boiler efficIency would be realized in a fuel savmg
of approximately the same amount. The total fuel fired in August 1994, for all six of the
200MW units, was 0.4069 kg/kW-hr x 500,322,000 kW-hr = 203,581,022 kIlograms of
reference coal or 203,581 metric tons of reference fuel (7000 Kcal/Kg coal) or 293,526 tons of
4855 Kcal/kg coal.

The cost of coal in January 1995 was 4,883,748 coupons per metric ton or $35.65 U.S. per
metric ton at 4855 Kcal. The total cost of coal for all SIX units would be 293,526 metric tons
x $35.65 per ton = $10,464,200 U.S. per month or $125,570,000 per year. The total cost of
fuel per year for one unit would be $125,570,000/6 = $20,928,400.

BRC calculates total annual savings for Unit No.1 to be:

$20,928,400 x 0.15% = 31,393.=.. $31,400

NOTE: $35.65 per ton of 4855 Kcal/Kg coal is equal to or above the current world price of
coal on per BTU basis.

As we mention earlier, coal flowmeters, a portable mazut meter and an infrared bottom ash
temperature monitor may be necessary to actually realize a benefit from a lower excess oxygen.
A portable mazut meter and an infrared bottom ash temperature detector will be shared among
ten boilers, therefore only 1/10 of their price is included in per boiler payback calculations.

Total equipment cost: $25,000 (high temperature oxygen analyzers) + $60,000 (coal flow
meters) + $900 (portable mazut meter) + $400 (portable infrared bottom ash temperature
detector) = $86,300. We will assume cost of installation and commissioning to be $13,700,
which is reasonable since mstallation and commissioning will be done by the plant using local
labor. Therefore, total installed cost for ECO-04, 05, and 07 will be $100,000 per boiler.

• Payback at current price for the entire package:

$100,000/$31,400 = 3.18 yr = 38.2 months

• Payback at current domestIc pnce for the oxygen analyzer system alone:

($4000+$25,000)/$41,300 = 0.92 yr = 11 months

Note: This is not recommended. Unsafe operating conditIons could develop if an
infrared bottom ash temperature detector is not provided.
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• Payback at current price for an infrared bottom ash temperature detector and the
oxygen analyzer system:

($460+$29,000)/$31,400 = 0.938 yr = 11.3 months

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

($1,040+$69,500+$29,000)/$31,400 = 3.17 yr = 38 months
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ECO-06 - CALCULATION

SULFUR LABORATORY ANALYZER

1.0 INTRODUCTION

A modern Sulfur Laboratory Analyzer will allow Zmiev Power Plant to reject shipments of coal
with unacceptably high levels of sulfur. Sulfur content of Ukrainian coal even from the same
mine can vary sigmficantly. Zmiev Power Plant does not control back end temperature and as
result S02 in the flue gas (as high as 4g per cubic meter) reacts with water and becomes sulfunc
acid. If the plant will burn coal that complies with specification, excessive corrosion and
degradation of the furnace, air heaters and back end ducts can be avoided.

2.0 ASSESSMENT OF POTENTIAL ECONOMIC BENEFIT

Burns and Roe assumes that preventIon of excessive corrosion and degradation of the furnace,
air heaters and back end ducts will result in 0.1 % avoided reduction in bOIler efficiency for the
entire plant. Given $192,755,000 as total annual cost of fuel for Zmiev Power Plant, the total
savings in fuel cost would be $192,755 at current price of $35.65 per ton.

Payback at current price

$30,000/$192,755 = 0.156 yr = 1.9 months
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HIGH TEMPERATURE OXYGEN SENSORS

Model 8212
TIus sensor 1S des1gned to fulfill
the special reqLllIements of the
Glass Industry Model 8212 pro­
v1des rellable O2 measurement
m posltlve pressure tanks. even
in condlhons 01 slgnlllcant
"Batch Carryover"

Model 8081
Theversatlhty ofthls -workhorse­
sensor is proven by lts industrv­
wide appl1cahons around the
world You can expect Model
8081 to prOVlde dependalm O2

measurement in numeIOUS
cool. gas. au andwaste-fiIeden­
vmDIIlents.

Model OX
Model OX prOVIdes the cntlcal
measurements you need m a
state-of-the-art rebUlldable de­
Slgn. Avallable option permits
use of a portable extIactlve de­
vice to venty oxygen readmgs



• ~. 1'. • • ~ • ~ • • •••• ~. • ..' • • •••• ~:. •

'P'\esign and operating advantages common to all
ACejZIRCOA Oxygen Sensors.

• SolId-state desIgn • Terrrunal head ratlng- 3000 F. • Opnonal qulck-d1sconnect sensor lead

• Integral thermocouple (B R S) (1500 C) maxunum. wrre

• Place dlrectly illto combusnon • Responds mstantly to changes ill -. Installa:t:J.on mountlng assemblIes

chamber furnace atmosphere avcnlable

• OperatIng temperature range • No sample lmes to plug or leak. • Accuracy of ± 5% of the observed

1200.29000 F (650 - 1600= C) • No heateIS to callbrate or fcnl. process vanable.

• wttle or no mamtenance requrred.
Le pv=2 O%±O 1%

Model 8212 Model 8081 Model OX
• 6" (I 52mm) sensor WIth cerarruc

mountlng plug

• Mount ill melter crOVJ!l backwalls
recuperator stacks regenerator
croVJ!l/tcrrget walls

• DeSIgned to WIthstand attack from
rugh vapor pressure metals

• Patented boot protects electrode

• Alloy alumma and Sl1.Icon ccrrblde

protectJ.on tubes avcnlable

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

• Opt:l.onal venficat:l.on port
• lengths avcnlable from 20 to 36"

(508 to 914mm)

• Rebwldable

• .AJ:l.oy and alurnma protect:l.on tubes
avcnlable

MODEL 8212

SBISOR MOlM1NG FlTIlNG REFERENCE AIR RTTING

u,lt25, 1.50 NPT IPROTECTION TUBE

;(

>-- ~ U
4571067 --------1--- 165 --\----4

MODEL 8081

1..2..ll.r::
25 35 1::..1 0 0 0 0

LEAD WIRE
ill
2438

REFRACTORY MOUNTING PLUG'lENT HOLE

I [

~u
152

I r1ITI I

ALL DIMENSIONS
INCHES

MM

MODEL OX

lZ. SENSOR MOUNTING FITIING
r---- 81 - 1aNPT AlIIlIIlCl!OII TUllE ZIRCONIA ElECTROLYTE:1dJ ~/ I~---!~~~II lfs
'----.......; I .lD=Jli I

:iIIIIl4

For specific application infonnation, please call: Ccmtilon. ex-, ;~~ sensors should be
usedlJnJv'c cx-.gel' r'1m notdlrect
em c:::ontrc.. Ser..s.:::rs st'.ould. be
connectec C =::lTOO"lcrte tnm or
pm::essconJ:: _-.str..:.mentsw!uch
onlyaJiow:re .-e-rumngofthe
OlIJfuet rn:xt'...re Use 01 oxygen
sen= ior total maeoendent control
of =ustIO"1 'I1.ay ::esull m
comr.usnon= snut-down wruch
cculcLeaa ·0 ext::OSIon =d
e!"l'U'cn:I!:.€-"=" r€-""".:sSlor..s) haz:rrds

M~~/ZircriJEl
DI\1lSKJN OFZIRCOA INC
31711 SOLON ROAD
SO:l.:ON. OHIO 44139
TEL f,Z1lS) 349-7220
FAX. [7F6) 248-8864

A Met!lItIer of the C Didier Group ')1/



Reheater

2. Probe location (above) In
Unit 7's boiler was SWitched
from front wall 01 furnace to
secondary pendant tubes

locanon of the probes had to
be changed. At the front wall
of the furnace. operatIOn was
comp[etely unpredictable and
uncontrollable. rendenng the

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

02 probe
fmal locatIon

EconomIzer

Economlz~ X 1'-__--'
02 probe

Probe testing. At Unit 7. two high-tem­
perature 02 probes were lDltIally Installed
In the inspection ports on the front wall of
the furnace (Fig 2), With a momtor for
each Installed at an elevatIon 88 ft below
the probes In the burner-control cabinet
room Although petformance was satisfac­
tory at first. two months later one of the
probes faded. breaking off at a POIDt
beyond the inSide of the front-wall tubes It
was decided that excessIVe amounts of slag
collecting on the probe had caused the fal[­
ure rather than stress caused by constant
Vibration expenenced at this locatIOn

The next step was to Install a probe with
a stainless steel protection tube (Fig 3).
Instead of the standard Silicon carbide
tube. to see If It could better withstand the
extreme conditions in the furnace After
only three days of operation. thiS probe
failed-an excessive amount of slag had
accumulated on Its tip. The other probe
failed after four months of contlnuou!>
operation The cause agam appeared to be
from slag

Since probe performance otherwise was
satisfactory, an outer protection tube was
added to Increase longe;,ity. The longest
achievable run With this added protection
was only a probe hfe of three months The
outer tube also had an adverse effect on the
accuracy of the reading If extreme care
was not taken In Its InstallatIon

Improved location. ObVIOusly, the

:nr readIngs. Nlp!lOO stMted expenmentlng
WIth permanently lI6talied high-tempera­
ture O! probes 11I:rbe upper furnace of UOlt
7 These cntena were estabhshed as a
basiS for the purdilas'e of a new system

• Low maIntemmre reqUirements
• Contmuous <l!JItlUanon 10 the furnace

section of the boUer.
• Improved probi: life. with a one-year

mmlmum deSired.
A system that 3pl!eared to meet the cn­

tena was a ZlrCllDllIII1 OXide cell mounted
m a SIlicon carbide tube. ThiS type of
probe had seen seJYlce 10 the glass and
steel IOdustnes. MUot 10 US utI[ltIes The
probe IS Said to o1fa several advantages'

• Hlgh-temper.ansre operation. from
1200F to 2900F

• Fast response.
• No sensor caii1JmlOn reqUIred
• No heater calfur.mon or failure
Probe operation. The high-temperature

capablhty of the lEW 02
probes allows their perma-
nent mstallatlon ID aa area
of the furnace otb.er than Sootblowers
the economIzer oudeL The
high-temperature all IS
exposed to a reference gas
(mstrument aIr) 011 one
Side of the cell. process
gas on the other (Fsg I).
ZircoDia OXide celli. be-
have as solld-stau: elee- /
trolyte at high tempera- 02 probe
lUres 10 the presence of a Imtlal

locationcatalyst Under IsOlbmnal
condItions. and wilai 02
pamal pressures dlfIa on either
Side of the cell. an emf inverse-
ly proportional to~ content 10

the process gas IS developed
Proper functlonmg of the

zircoma OXide cell is achIeved
above a mInimUm n:commend­
ed temperature Df 1100F.
Because Ihe old prubes (also
zucoDium OXIde creDs) had to
operate at temperanm:s of 850F
or less at the econDmizer outlet.
a heater assembly aDd tempera­
ture controller wen: Rqulred to
maintain cell temperatures
greater than IIOOF Since
heaters aren t requilai wnh the
new hlgh-tempe~ probes.
calibration reqUIrements are
ehmmated

02 probe

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

02momtor

Repnnted from May 1991 issue of POWBt.

Copyright 1991, McGraw-HIli, Inc. All nghts lIServed.

UtIlItIes

Instrument air

High-temp 02 measurement improves
boiler performance

LookIng for ways to Improve plant heat
rates Northern Indiana Public Service Co
(Nlp!>co) has mstalled high-temperature 02
sensors In the furnace and convectlon pass­
es of several ot Its bOIlers. begmmng wllh
Units 7 and 8 at ItS Badly generating
station wllh good results

The problem Units 7 and 8 are
Babcock & Wilcox Co (Barberton. Ohio I
coal-fired steam generators With Cyclone
burners Unit 7 IS a 175-MW drum botler.
Unit 8 a 340-MW once-through botler As
wllh most utlhty umts. excess-air control
was achIeved by determInmg O2 levels at
the economizer outlet Smce both umts are
normally run under negative furnace dr:ltt.
air can Infiltrate through leaks 10 the bOl[­
ers ductwork. or expansIOn Jomts ThiS air
In-leakage can result ID a biaS In the
excess-O! wntrol circuit. glvmg mdlcatlon
of suffiCIent a! when 10 fact. the opposite
condItion may be true

Enough aIr IDflltratlOn can lead to
Improper alr-to-fuel ratIOs. poor combus­
tIOn. and corrosive damage If a reducmg
atmosphere prevails Also, the O! probes
and analyzers on Umts 7 and 8 became
mcreasmgly unrehab[e Repairs to mam­
taID the economlzer-out[et system had
become excessIve and costly The result?
The O! control system often operated With
one or more probes out of servIce. makmg
It more difficult tor the operators to mom­
tor and mamtam excess-a! [eveIs. which
led to a lack ot confidence 10 the system

To ,ol~e the problem of biased excess-



3. Protection tube (nght) of stainless steel
IS aimed at Improving probe's ability to With­

stand extreme furnace conditions

greatly Improve the servIce lIfe of the
hIgh-temperature O2 probes appeared to be
10 the superheater area of the bOIler con­
vectIOn pass Rather than bemg exposed to
harsh envIronmental conditIOns In the
open area of the furnace. the probes would

)

Reference
alf flttmg

')
ProtectIOn tube

ZirCOnia Outer
substrate lead WIre

Plattnum electrode

have maxImum protection WldllD the sec­
ondary pendant tubes (FIg 2)

Consequently, four 02 probes were
Installed In the secondary superheater sec­
bon of the fumace-tWo m each sIdewall.
A potenttal nsk m puttmg them Ihere was
they would be close to the sootblowers.
After the probes were m 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 mOnitored to evaluate
the performance and longeVity of the
probes.

The bottom line. Imtlal tnals on Unit
7's iugh-temperature 02 system show that
the probes have good potential for apphca-

tlon to utility bOilers The knowledge
gamed from these tnals was put to good
advantage when a high-temperature O2
system for Dnlt 8 was mstalled. mcludmg
four probes m the pendant reheat area of
the convection pass After continuous
operation for over a year, none of Unit 8's
probes have fatled

Results to date have shown dIfferences
of 02 measurement taken at the economIz­
er of 04% to 25% when compared to the
hIgh-temperature probe readmgs Probe
performance has been so succe~sful that
the economIzer 02 system WIll be phased
out at Nlpsco. Also, operator confidence 10

02 measurement of flue gas has been
restored. Tom Elhott

HI-TEMP CARBON
AND OXYGEN SENSORS,

ELECTRONICS
AND ACCESSORIES.

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

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



WORLD CLASS 3000

OXYGEN ANALYZER WITH
CONTROL ROOM ELECTRONICS

r-roOUCi. LJai.o.

106-300NC
January, 1993

FEATURES

• Totally Field RepaIrable Probe
• Patented Electronic Cell Protection
• Rugged 316 SS for all Wetted

Parts
• Flexible Electronics Conftguration
• 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 Cabbratlon
• No PotentIOmeters to Adjust
• QUIck Change DiffUSIOn Element
• Field-Repairable Celf Design
• Field-Repairable Heater/

Thermocouple
• Flame Arrestor (Optional)

WORLD CLASS TECHNOLOGY FROM
THE WORLD LEADER

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

The World Class 3000 IS totally fIeld repaIrable as Internal
components are conveniently accessible for uSing In-house service
personnel For example, the heater/thermocouple probe assembly
can be replaced and put back Into service by tn-house personnel tn
one-half hour or less ThiS repair IS made Without requmng the
probe tUbe to be removed from the process

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

For those applications where more than one oxygen analyzer Will
be Installed on-Site, the World Class 3000 Oxygen Analyzer
together with the microprocessor-based CRE 3000 Control Room
ElectrOnics module IS a cost-effective solutIOn

•he CRE 3000 Control Room electrOniCS module allows interfacing
'III1b up to eIght World Class 3000 probes (16 With master/slave)
wa 1IIe HPS 3000 Field Interface Module. This fleXIble, eaSily
l!IlIJl3I'Ided, electronics arrangement allows the World Class 3000
probes to be linked to the Control Room ElectrOniCS module
wdIlout the added cost of requlnng Intelligent field electronrcs (1FT
3(00).

The CRE 3000 Improves the accuracy of the combustion control
process as It averages the oxygen results thereby reducing errors
ll!I:Je. to stratlficatlon Up to 4 averages of any probe combinations
can be user-deflned

The HPS 3000 Field Interface Module prOVIdes local power to the
oxysen probe. It IS connected to the CRE 3000 at a distance of up
fa 2200 feet With low cost Signal cable The HPS 3000 module IS
housed ,n a standard NEMA 4X (IP65) enclosure for full weather
and corroS1Ol1-proot protec1Jon It IS also available in an optional
eJq:lloslon-proof Class 1, DIVISion 1 enclosure to allow low-cost
ada¢ablhty of the World Class 3000 electrOniCS to hazardous
gas areas.

Users wJlh multJprobe applications may also choose an optional
MPS 3000 Muitiprobe Test Gas Sequencer The UPS 3000
provrdes automatic test gas sequencmg tor up to four (4) World
Class 3000 probes to accommodate fUlly automatic mlcro­
processor-based calibration of the analyzer packages.

·,,1eaSJrSrr1Er
Ccr1'rCl

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

,nc:,. ~l :::, (
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Filter Head Assembly

OXYGEN SENSOR

Sensor Cell Assembly Heater Thermocouple

Assembly

t.

Features Benefits

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

Electrodes are self protected by patented e1eclrofllc 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 scrut::bers Low installation and low maintenance costs.
and no pumps are necessary, test gas calibralron
check without disturbing probe

High speed of response Ideal for closed loop control

Solid ZirCOnium oXide electrolyte PrOVides high reliability

Field-replaceable cell Ease of maintenance

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

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

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

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

tration decreases
• Use with any fuel Including coal or reSidual fuel burners

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

• Unique, patented electroniC cell protection feature automatically
protects sensor cell When analyzer detects redUClf1g 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·sensltlve, on-line help.

• CRE 3000 ElectroniCs averages the process dam as defined by
user ThiS reduces maccuracles due to stratlflcaDon.
Remote contact Initiates calibration
HPS 3000 Field Interface Module allows interfaCIng of World
Class 3000 probe and CRE 3000 Without requIring Intelligent
field electrOnics or expenSive cabling

2

• Output SUitable for use With receM!l's 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 boilers and hme kilns

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

• Optional MPS 3000 Mulbprobe Test Gas Sequencer prOVides fully
automatic test gas calibration and reference aJr for up to four (4)
World Class 3000 probes MPS 3000 can be located up to 300
f1 (91 m) from World Class 3000 probe

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

• Probe heater over temperature protectIOn With software disable as
standard Hardware dIsable (line voltage relay) reqUIres one
additional tWisted pair HPS/CRE cable
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HPS 3000 Field Interlace

(Explosion-Proof Enclosure)

Optional MPS 3000 Multiprobe Test Gas Sequencer
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CRE 3000 Control Room ElectroOlcs Module

HPS 3000 Field Interface

(NEMA 4X Non-hazardous Enclosure)
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SPECIFICATIONSCD

OXYGEN SENSING EQUIPMENT
robe lengths, nommal 18 mches, 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 m

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 mstrument quality air
(20 95% 02) Reference au set supplied
as standard

CRE 3000 CONTROL ROOM ELECTRONICS

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

CRE 3000
Communications 1 RS 232 for communication With slave CRE ­

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

IOto 950 ohm max, 0-10 VDC mto 2K ohm min
02 indIcatIon

(analog output) ±O 1% 02 or ±3% of reading, whichever
is greater

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

HPS 3000 FIELD INTERFACE
Electrical claSSification' NEMA 4X (IP6S) Optlonal- Class 1,

DIVISion 1, Group B
Humidity range: 95% Relative Humidity
AmbIent temperature range: -20 to 140°F (-30 to 60°C)
VibratIon 5 m/sec2 , 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 slatlc performance characteristics are With operating vanables constant
Specifications subJect to change WIthout notice

4

CalibratIon gas mIxtures: Rosemount Test Gas Kit Part No
6296A27G01 contams 0 4% 02N2
No,mnal and 8% 02N2 Nommal
Oller SUitable gas mixtures can be
user supplied

CalibratIon gas flow: 5 SCfH
Approximate shipping weights:

18 Inch (457 mm) package: 55 pounds (24 97 kg)
3 foot (0 91 m) package: 60 pounds (27 24 kg)
6 foot (1.83 m) package: 66 pounds (29 94 kg)
9 foot (2.74 m) package: 72 pounds (32 66 kg)
12 foot (3 66 m) package: 78 pounds (35 38 kg)

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

ResolutIon senSItIvity - Transmitted Signal. 0 01 % 02
02 range Field Selectable {O-1%, 0-5%,0-10%,0-25%,0-100%)
Programmable

contact outputs: 8 avai1a!*. Form-G. 48 V max,
100mAmax

IndIcators LED mdlcators for system faIlure (failure deSCription
available on lED panel)
CalIbration 10 progress for each of 8 probes, 02 HI/Lo
Alarm for each of 8 probes. Probe failure for each of
8 probes

Programmable
displays 2 line, 08 mch tigh, 8 digIt, alphanumeric LED displays

for IndiVidual oraveraged results
Operator Interface 4 line by 20 character backlight LCD alpha­

numenc display. 8 key general purpose
keyboard..

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

MPS 3000 MULTIPROBE TEST
GAS SEQUENCER (OPTIONAL)

Electrical claSSificatIon: HEMA 4X (IPBS)
Humidity range: 95% Relative Humidity
Ambient temperature range: ·20 to 140°F (·30 to 71°C)
VibratIon: 5 m/sec2, 10 toSOOxyz plane
External electrical nOIse: llnimum Interference
Plpmg dIstance between

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

and CRE 3000: Maxtrnum 1000 feet (303 m)
ApprOXimate shippingweiglrt: 35 pounds (15 88 kg)
Power supply: 100/115I22!'N .:t100/0 Vac at 50/60 Hz
Power requirements: 15VA
Plpmg requIrements: 114- o.d. tubing, 1/4· NPT

bulkbead connectors (high gas 10, low gas
10, mIartn, 4 x test gas out, 4 x ref air out)



WORLD CLASS 3000 MULTIPROBE APPLICATION
WITH CONTROL ROOM ELECTRONICS

4 TWISted Pair Plus 2 TWISled Pair
lor Options (1200 Feet Max)

7 ConduclDr Cable
(150 Feet Maj

41 I-IIWorld Class 3000
Probe

41 I-II
2 Pneumatic LlIl9S

by Customer
(300 Feet Maxj

I-II41

41 I-II
7 Conductor Cable

{l50 Feel MaxI

41 I-IIWorld Class 3000
Probe

41 -I-II
2 Pneumalic Lines

by Customer
(300 Feet Max)

I-II41

41 I-II
7 ConduclDr Cable

(150 Feet Llaxj

Une Vo~aga (LV)

4 TWisted Pair Plus 2 TWISted Pair
tor OptIOns (1200 Feet Max)

Llna Vo~aga (LV)

4 TWIsted PaJr Plus 2 TWIsted Pair
lor OptIOns (1200 F....t Max)

CRE 3000
Control Room

ElectrOniCS

line Voltage
100 to 120 Volt
220 to 240 Volt

(
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Heat Spy'
For crucial high temperature
applications tap into Wahl's
"hand&-off experience"

Infrared1hermometry IS one 01 the very
best ways to meaSl,lre surfaces at very hlgh
temperatures. Special narrow spectral
ranges are required. however, depending
upon the applICation.

Wahl desIQ~ and bUilt t1.vo Heat Spy
models from the bottom up for precise,
accurateme.asuremem of high temperatures
under tie toughest factory conditions

DHS·29X measures through glass ports
900 10 320QcF, 462 to 1760°C

Measure1hrough glass. flames and products
of combustion uSing the DHS-29X (2 1 • 2 5
microns). Its small ~arget resolution and
long telescopic range mal(e the DHS-29X
Ideal for aiming through ports In furnace
walls at refractories, glass gobs. furnace
tubes. cetamIeS billets, slag and annealing
matenals. A sapphire window protects the
silicon op1JCS trom heat and contamination.

~Year WarrantY
DHS·29X Standard Sight
DHS·Z9XT TelescopIc SIght

DHS·35XT measures furnace tubes
son to 3200°Fr 426 to 1760°C

In the narrow spectral range of 3.5 • 4 1
microns. the DHS-35XT mInimIzes errors
caused by re6ectance from walls and
flames. That makes it excellent for measuring
furnace tube temperatures through open
ports. It is also your best choice for hIgh
tempera1UrS general purpose anplloatlons

3-Year Warranty
OHS·35X'f TelescopIc Sight

.-
Ha2t Spy measures $l.Irface temperatures of glass, furnace walls and furnace tubes

.:: Target Size .

~ir30'-~20'-1-10'--L-
~?i~ I I ~
~'bJ () 9 :1 ~I~ t .~~

,,~

., ~_: J.4" 2.2" 1" CIA

.:~~ DHS·29XT DHS·35XT

The high-ctiherency laser atmlng beam adds
a powerfUl dimensIon to precsse temperature
measuremen!S. The laser plaoes a VISible
red dot on1t.le center of the target surface.

You can hc'Id the Heat Spy In any positIon
ana at any!leVel. It IS especially useful In
cramped azeas and in awkward conditions
such as sianding en ladders and platforms

The laseris"I'efY effectlve Indoors under all
lighting CCI'&dibons and dramatically useful
at nIght 0U1drJ0rs. in bnght sunlight use Heat
Spy's encIceed optical SIght AVOid VIewing
the lasersi;t1dteetty or when reflected from
shmy surfa::es. Laser energy from low reflec­
tIVe targets SllCl as paInted surfaces or OXI­
dIZed meta!s$conSldered safe for vIewing

Use Laser for Tough Aiming Situations
HewLaserAIming Works to Your Advantage• Available on most 01 our popular

models: DHS·24L. ·24XL. ·26L.
·2SXL. ·2SXL

• Meets U.S. Federal Safety Reg1Jlatlons:
- CRF 1040.10 Class 1\: Certified

less than 1.0mW power
- Optional CFR 1040.10 Class III-A:

Certified less than 5.0mW max power
- Separate laser SWitch and

IndIcating light
- Laser IS on only when reading

temperature

• Add the laser a1mlrt9 optIon for:
- Precise centerIng on target
- Night and low-light conditions
- Measuring In cramped and

awkward areas



ty

EP-10

H7D

MN1604
NJSHiS
RHS-15

T-12
W2111

More Useful Accessories
Part No_ Description

11441·1 Spare AC Adap1er, 11 OVAC
11441·2 Spare AC Adapter. 220VAC
9852 Spare Trigger lnck
9990 Heat Spy CarlYlng Case
B-11 I3enc:h Stand
CAM CafibraUonlFlepair Manual

Spectfy ModellSeriai No.
emiSSivity Coating
Black Spray Paint
Leather Holster (except for
mxIeis With telescoPIC sIght)
Standard 9V AlkalIne Battery
NlSf Traceable Test Data
Heat Spy Portable Strip
Chart Recorder. 12 selectable
chart speeds, 110VAC ana
rechargeable imemal battery.
Heavy Duty Tripod
Spare Owners Manual, Specify
model and serial no.

BP12-110 Rechg. Battery Pack, 110V
BP12·22Q Rechgo Battery Pack, '22.0V
\NS-14 Safety Wrist Strap
Cal wahl for more great infrared products
_ blackbodycalibmtion sources or our full

line Handbook at Temperature Instruments.

~t ~

d3~

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

For very small objects, such asaectn:mic cern­
ponents. 1he close-focus In.strutment includes
a bUllt-m ligtlt beam for precise aiming.

Tt"'\1 I l:OCt: 11\1 TUS:: IIC::J\ I\l\ln r"'J\I\lJ\nA awrn Jl"1_?A~~ • J:AY ('11n\ 1:7n..?iMn
-'1· _c ~r= r.-,_ =lJT ll-U-l1t1 ,....,t-.,-- :t=:":'i--n-~l~':

dM talC

FM Approved
for Ha~rdousEnvironments

R~gge e ons c Ion an - ear arran»rMooci DH$-24X. -XL DH$-26X, -XT DJiS.21X DHS-28X DHSo29X DHS-35Xl' CHSo10X DHs-BX
OH$-24L DHSo26L -XL DHS-28XT, -n. DHS-29XT ($80 bOX below)

Applicallon Gene~ UEe General USEl ~ H\t)Temp I1g,TE!IIl';l High Tt!fllJ Economy Small Targets
Best Ac:J::jJrar::; induding Gas:; T~e lI'IC:UOlngGlll!il!i Measures Thru Fumar.sTt.tlIlIi fv10dlll Eloctronlc
Glass Surfaces Surfaces otF1am9s SUrtace5 CiasslAames AnnsaIing Gon~raJ use CorrponenlS

Work

Temperature OIOl000-F o lo 2000'1" I600"'1) :3OO:l'F :J2 to 2500'"F f 900 to 3200"F 800 to 320lTF 010 SSO'F or oto l000"F
Rang<) :lOto +550'C ·20 to 1000"C 318 to 164!r-C 0:0 1380"'C I 48210 1700'C ~t0176O'C -2010 27S"C -20 to ssooC
Spec'raJ Range (IJ) 6·14 6-14 4 32!) ·4-412 I 8 - 14 : 2.1 - 2.S 3.5-41 8-1.' 8-1<1

Accurac:v Elt 71"F:::5' ::03% FS ±03%FS Q~FS 1::03% FS I fO.3·\,FS ±O..S.... FS :!:OS%FS 03%FS
ResolutIon l<F/·C ,·FfC ,·FfC 1"Fr-C "FtC 1"FI"C 1"F/-C ,·FFC
Ambient Oocr~llon 2510 12S·F 25 to 125·r: 2S10125"F 251012$'F 2Slo 125'F 2510125"1' 4010110"1' 2510 125"F
iemperell.Jre -4tQ~ C -410 S2"C -41ll52"C 410 52"C -4 10 52"C -41052"C 51043"C -4 to S2"C
Tl?'rY1p Coetlloent ::0,1 ~C1e9 ±O 1 deg'deg ::Do' CE!;'ldaJ --() 1 degldeg :!.{Jol deg'deg :tIl1 deg'deg :rl:l2 CleQ'oeg :0 1 de(}'QeQ-AepeataOll11y =l"F ±:?'F ::S"F :;'F 13"F Z3"F i2"F ::!:2'-F

Respo!1$e 1ime 10 1 sec 1 sea- 1sec. 1 SE!C 1see. 1 sec. 2 sec. 16eC.
95% of Readinq

Target S<ze at 1 In dis lin dl3 3 In. (fa. ,In. eJla. 1 m dill.. 1 nda. 21n dJa. 0.15 m. dia.
Focal POint @2ft @2fl @1011 ~2n. @10ft C10ft. @2ft @1In.

DIstance to Target Size 201 201 40"1 20-1 1001 100:1 201 twA
Beyond FClCllI POint

Practical Working Ol040ft Oto.40ft 010100:1. 010 40 ft. 010 150ft Otc 150 ft. Oto40ft. 0108111.
D151ance
Sighting System Enclosed SIght EnclCGOCl. Laser,

I~~
Enclosed. l.3sI!lr Enclcsed Siltt Erdosed Optical SIght light 6P...am on

or Wiser or T.;;IE:$COpO Qriel~ tr Telescope «T$I8$:Ope center line

Adjusteble EmSStVI'y 02·10 02·10 0.2 -1..1) 0.2 01 0 02-1.0 02-1.0 Pre-seI0.95 021010
Range
CMput 10 Recomer 1 rrNldeg 1 mV/de!J. 1 mVlde!rJ. 1mVlcRg. 1mVlOeg. 1mVIQeg None 1 mVldeg

ConllnLJOu~ Operating 40 I';rs 40 hrs. 401"oIli. <lOlus. i 4Ohrs. ~l1I$. 25~ 40 hrs
1ime PSt BatlSrv Laser 5 hrs ~r5hrs Lassr 5 hrs

Welg.'rtLb$ 22 :2 2, (T) 2.8 2.5 2.2. m2.8 2.S. (1) 3.0 2.S. (T) 30 2.2 25
Pr/ce$lnclude earrylng CS!le spare bBttery. OwnelO manual, trigger IOdt. AC adllpter ($pedly 110ar 220 VAC). 1

.'"
"'.C~.NTJ.U;
Cl!J

Wahl offers Heat Spy models tested and
approved by F~ctory Mutual laboratones.
Models are approved far use In Class I and
Class II Groups C, D, E, F and G hazardous
locations. ThiS assures safety when used In

petrochemical plants. underground mines and
other locations where combustIble gases,
grains and dust are present

FM Approved models are dedicated <'F or =C
and are furnished without a connection for AC
adapter, external banel)' pack or recorder
output
To order, specify uF or cC.
DH8-24X (F or C) -FM L.CD
OHS-24 (F or C) -FM L.ED
OHS-26X (F or C) -FM L.CD
OHS-26 (F or C) -FM LED
OHS-28X (F or C) -FM LCD
For telescopIc sight on FM mode's DHS·25X and
OHS-28X. add suffix 'T' c 9 DHS-26XTF-RJI

Price Includes ca-ryll'lg cOlse, s!'are batter)'. ownors
manual and tnagar lock

~ t:»J
,- ,<01 I



Berthold

Noncontact
Weighing System

LB 330-1C
for all kinds of bulkmaterial

on continuous conveyors



Noncontac1 massllo'N meter

The Compeiling
Advantages

(

• Noncontact massflow determIna­
tion with gamma attenuation for
kinds of bulk materIal 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 pclSSJble
dUrIng free fall

• Low source activity due totbe use
of highly senSitive sClntJllaiDl
counters

• Extreme long-term stabIlity due to
automatic drIft 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

(
Weighing system LB 330 - 1C Installed
on a nSlng conveyor belt

I
~ ,il I
1 •

,
1
j

~
I

,,1
I

t

and on a screw conveyor

:1
,!.

• I



Measuring pr~nc5ple
()

,0-;
"'-

Design
A rod-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.
A sCintillation detector Installed above
the massflow detects the radiation
attenuated by the matenal to be
measured and provides a countrate
dependent on area weight From this
countrate and the conveyor speed,
the evaluation 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

Wj,th eXisting applicatIons this has led to
atCUracles between 0.5 and 15 % on
sGandard conveyor belts and up to 2.5 %
00 other conveyor systems, such as
chain, screw or bucket conveyors

TIle evaluation Unit IS precallbrated by
1he manufacturer and IS Immediately
ready for operation, If you are willing to
accept a slight decrease In accuracy.
tJJaxlmum accuracy IS achieved only
by means of comparative weighing
a51ng calibrated weighing systems,
e.. g weigh bndge
"The evaluation Unit automatically
8I'Ialyzes the resulting pairs of values
(result of the radlometnc system and
ofithe comparative system) uSing an
BllJtocahbratlon program and perfor­
roes an automatic self-correction
This calibration IS stored as a set of
oonstants The computer IS capable
ofprocessing up to three externally
selectable sets of constants for
vaoous products
AI evaluatIon Unit functions affecting
the continuous measurement are
protected by a password.

Radiation Sourc~ and
Shielding
The type of gamma source used
depends on the matenalloadlng With
high belt loading 60Co IS used (half-life
5.3 years), With medium loadIng 137es
(half-life 30 years) and With low
loading 241Am rod sources (half-hfe
433 years)

The gamma radiation does not conta­
minate the product to be measured
The noncontact massflow meter may
therefore also be used In the food
industry. The shIelding IS an Integral
part of the measuring frame which
forms the outer limItation of the useful
beam, and WhiCh, like the shielding, IS
filled With lead when 60Ca and 137 Cs IS

used
This ensures that the radiation level
outSide the measunng 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
small.

Width WeIght
mm A B H1 H2 L of

Measuring
frame

approx kg

500 1006 776 494 754 706 190

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

"'1'

u.9:r...,....-l- -----''-- .J¥'!P

I

"'--""



1.3 3:30-1 C.. An E~aiuat50n Unit offering Many A.dvantages

• 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 measunng range
of both outputs

• digital inputs 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 pnnter for protocol printout of
Intermediate results

• digital outputs for malfunctions
Indicator, set alarms, external
mtegrator and signals when rea­
chmg a preselected batch weight

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

• Input for mOisture compensation IS

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

• printer Interface for parameter
protocol listing and accurate docu­
mentatIon of the measured values.
Several evaluation unrts may be
connected to one pnnter

~-.;p", ....... " ""
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Basisweight

Beltwidth

Loading

VelOCity

Loading capacity Integrated mass

EvaluatIOn Unit Installed In protection housmg ,
1
1
!
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Dimensaonai Drawings
DimenSions In mm

Evaluation Unit
Weight approx 6 kg

217

Evaluation Unit m protection housmg
Weight approx 18 kg

ScmtlllatlOn detector with calibration cover
Sz 5-M 1 40/35 or 50/50
Weight approx 18 kg

Tachometer with mountmg bracket
Weight approx 5 kg

420

T

c

(

Your inquiries

should include

the following details:

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

Massflow velocity and possible
alterations

Matenal, bulk weIght, grain size of
bulk matenal

Matenalloadlng or conveyor
throughput

Measuring range and accuracy
reqUIred

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

Options required (e g prrnter)

Proposed location of measurrng
system (draWing)

._---- - - ---

BERTHOLD SYSTEMS INC., 101 CORPORATION DRIVE, ALIQUIPPA, PA 15001-4863, PHONE 412-378-1900. F/l;I.. 412-378-1926



The 1160
SuDfur AuvaEvzer
An automatic titrimetric system
for rapid sulfur determinations
following combustion in a Parr
oxygen bomb.

RECOMMENDED FOR
Coal mine, coal preparation plant, coal burning
utility, commercial inspection and other industrial
laboratories where sulfur determmatlons for solid or
liquid fuels and combustible wastes are run dally on
a routine basIs, and where rapid tests with good
repeatability are reqUIred It IS also an attractIve,
moderately priced, automatic system for laboratories
where calorlmetrrc tests are run on an intermittent
basIs, and where relIable results with good
repeatability are reqUIred

COMPATIBLE WITH
BOMB CALORIMETRY
Although the 1760 Analyzer can be operated as a
stand-alone Instrument, In most installations It will be
used In conjunction with a Parr oxygen bomb
calorrmeter In these cases, sulfur determinations will
be made uSing the calorrmetrlc sample and no
additional sample or welghlngs will be reqUired The
operator will simply collect the washings from the
bomb following a calorlmetlc test and place them In
the Analyzer to obtain

• A complete sulfur determination In less than five
minutes for samples ranging from 0.1 to 5 percent
sulfur, with accuracy and precIsIon well within ASTM
test requirements

• Automatic titration of the total aCid In the bomb
washings as required to calculate the calorrflc value
of the sample
• Full communication capabilities for automatically
transferring sulfur and total aCid values to a Parr
Calorimeter or Calorrmeter Controller, and/or
to a 1750 Proximate Analyzer or computer for
mcorporatlon mto calorrmetnc, proXimate, or other
complete fuel test reports.

PROVEN PROCEDURES
For more than 50 years, standard ASTM methods for
determining sulfur In solid and liqUId fuels have been
based upon the analysIs of bomb washings follOWing
combustion of a sample In an oxygen bomb. This
same reliable procedure IS used to prepare samples
for the 1760 Analyzer, ensunng complete conversion
of all sulfur to soluble sulfates In the process But the
fmal sulfur assay IS made by a rapid tltrrmetnc
procedure mstead of the tediOUS gravlmetrrc method
This procedure IS based upon a method descrrbed
by Hicks, Fleenor and Smlth* In which the soluble
sulfates In the bomb washings are titrated with a lead
perchlorate solution to obtain a lead precipitate The
titration IS performed In a non-aqueous medium to

ensure complete precipitation and a sharp end-pomt
as deterrmrmd with a lead-Ion selective electrode
Titration in1he 1760 Analyzer preceeds automatically
under ml~rocessor control, determining first the
total aCid m the bomb washings, then bringing the
solu~lon to tile proper pH for the sulfate titration and
continuing to an end-pomt from which the Analyzer
WIll calcuJam and report the sulfur content of the
sample. ChlDnde and other ions found in many coal
samples do not Interfere With this ion-specific
titration.

A COMPACT, AUTOMATIC
TITRATION SYSTEM
Automatic DIlation m the 1760 Sulfur Analyzer IS
CC?ndueted ~ a 600 ml beaker held on a magnetic
stir plate usmg a stir bar for agitation. All of the
necessary eEctrodes and reagent discharge tubes
are mounted on a non-metallic cover attached to an
adjustable ann arranged so that all sensor and tubes
can be lDweR!d Into the beaker and raised as a Unit
Reagents used in fixed amounts are delivered from
~tt1es~ Cbched manually operated automatic
pipets ~mished with the Instrument. The tltrants are
fed by high preCISion metenng pumps driven by
high resolUfiDn stepper motors operating under
mIcroprocessor control. All reagent concentrations
ha~e been sefeeted to produce good preCIsion With
optimum operating speed.

SAMPLE SIZE
The 1760 SUlbr Analyzer is designed for use With
one gram samples, the size usually burned in Parr
oxygen~. This amount of sample works well for
matenals hailing sulfur contents between 0.1 and 5 a
percent. IUhe sulfur content runs higher, the sample
:SIze should he reduced so that the amount of sulfur
In the test does not exceed 75 milligrams.

RAPID1F5fS
Both the tom! acid and percent sulfur can be
determined lIithtn fIve minutes after completion of
the bomb process. The time required for the
automatic 'titIZion Will be roughly proportional to the
amount of sutur In the sample.

.Mlhe RapId De8nllnatJon of Sulfur in Coat." Analytical ChemIca
Acta.. 68, 480-3(S74)
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Sulfur Determined
with 1760 Analyzer

Percent

certified
Sulfur Content

Percent

COAL SAMPLES
0.553 + /- 0.027 0.539 +/ - 0 006
199 +/- 0.05 1.97 +/- 001
3.04 +1- 0 07 3 04 +/- 0 03
0.47 +/- 0.03 0451 +/- 0003
1.B5 +/- 0.06 189 +/- 003
3.00 +1- 013 298 +/- 001
462 +/-018 461 +/-001
0.33 +/- 0 03 0.33 +1- 0.03
0.95 +/- 0.03 094 +/- 001
3.01 +1- 0.04 302 +/- 001
502 +1- 005 502 +/- 005

lIQUID HYDROCARBON SAMPLES
0.15 +/- 0.02 0.15 +/- 001
0.50 +/- 0.02 051 +/- 001
1.00 +1- 003 100 +/- 001
3.08 +1- 005 308 +/- 002

Standard
Sample
Number

NBS 1631A
NBS 16318
NBS 1631C
NBS 2682
NBS 2683
NBS 2684
NBS 2685

Alpha 1700
Alpha 1704
Alpha 1708
Alpha 1711

EASY CAllBRATION
The 1760 Ar12tt{zer is usually calibrated WIth standard
sulfate solutions, but standard coal or 011 samples
can be used as well. The calibration IS Independent
of the sample SIZe. Software 10 the Instrument
proVides a aave fitting program to ensure
outstanding accuracy over the entire range of
the Instrument. Although the Analyzer can be
restandardized as often as deSired, It must be
restandardizacf only when a solution or component IS
changed. Up., 1500 tests can be conducted With a
Single bottle«titrant solution.

ACCURACY AND PREOSION
PROVENBY COMPARISON TESTS
Tests With st1ndard samples have shown that the
1760 AnalyzEI' can determ10e sulfur values Within a
repeatability Gerval approximately one-half that
allowed by carent ASTMIISO test methods. The
preCISIon obIainable with the Analyzer also falls well
Wlthm limits allowed by current standards but WIll
vary With tbeamount of sulfur present In the sample,
which IS trueb other accepted sulfur methods as
well The E!JI:8Ilent results obtainable With thiS new
procedure are best illustrated by the values listed
below for teSs conducted With standard coal and
liqUid hydrocarbon samples.

Alpha 2821
Alpha 2823
Alpha 2825
Alpha 2829

ORDERING INFORMATION
1760 Sldfur Analyzer complete with

aa:essories, 115/230 v 50/60 Hz
Slaart Unk Board
RS232C Printer Output Board
s-rt Unk cable, 25 ft.
CiiIfde for RS232C output

ACCESSOltlES
The 1760 SUlfur Analyzer is furnished as a complete
operating sysIiem with titration pumps, electrodes
and electrode holder. SIX beakers, a magnetic stir
plate With _ bar, reagent bottles and two automatic
pIpets. A slWfy of lead perchlorate and 0.2N sulfunc
aCId is prmrided. The user will have to supply
ammmonium hydroxide and methanol which are
common reagents available in most laboratOries.

1722
1723
A597E
A643E

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

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

OPERATOR PROMPTING
The microprocessor IS programmed to prompt the
operator with messages on the LED display shOWing
the current status of the test and identlfymg the data
which must be entered so that the test can contmue
It also mOnitors the performance of the Analyzer and
adVises the user (1) If the sensors need cleaning,
(2) If a result falls outSide the optimum range, (3) If
operating conditions are not correct, or (4) If the
reqUIred data IS not available

CALCULATIONS AND SIDRAGE
The Analyzer calculates the percent sulfur in the
sample and reports thiS value together with a sample
Identification number, date and blne of the test.
Automatic storage IS prOVided for up to 300 tests
These values can be called to the instrument dIsplay
at any time or transferred to an auxIliary pnnter on
command Software Incorporated into the Analyzer
allows the operator to call up either a single report,
or reports from a range of sampres. or a complete
memory dump Program controls also prOVide for
convenient memory management and for pre­
formatted reports compatible with any of the pnnter
options listed below

PRINTED REPORTS
Pnnted reports can be obtained from the 1760
Analyzer usmg any of the follOWing options:

1 By adding a 1722 Smart link Board and
connectmg the Analyzer onto a Smart Link network,
sulfur values can be Included In pnnted reports
produced by any of the follOWing:

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

attached pnnter
(c) A 1750 Proximate Analyzer with an attached

printer
(d) A laboratory or central computer connected

onto the network via a 1745 or 1747 Computer
Interface.

2. If the Analyzer IS used as a stand alone
Instrument, reports can be obtamed by adding a
1723 Printer Output Board and connect1Og the
Analyzer to a Parr 1755 Printer or to any 40/80
column prmter compatible With an RS232C output



ONTROLOTRON
Models 990DBN

and 990DBP

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

FUNCTIONS
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 Sena/I/O Data/Command

Communrcatlon
• Field Programmable Status

Alarms Relay Outputs
• Memonzed Flow, Site and

Diagnostic Data Printout
_ - -, _-""'r'.

Precision Dual Path

DESCRIPTION
Models 990DBN and 990DBP are precIsion Dual Path

Universal Clamp-On Transit-Time Ultrasonic Rmwneters
of NEMA 4X and Portable construction respectively. They
are Intended for application wherever high acctuaCy. for
either custody transfer or regulatory requirements, IS
demanded They maintain their high performanceeven
when located close to elbows or other upstream disturb­
ances Both offer field programmability for esseJ1ltially any
pipe Size, and operate with essentially any liqUId.. They
replace and outperform most conventlonallntrusiive f1ow­
meters even In theIr best applications and provuE an
Industry standard analog and digital data outputs. LCD
Digital or Graphics display, with Integral Datalogger and
Stnpchart printout

Senes 990DB Unlflow measures flow by meansottwo
orthogonal ultrasonic beams, preferably operated in the
reflect mode ThiS makes the system extremely resistant to
flow profile distortion, crossflow or flow sWirl errors, normally
caused by upstream bends, gate valves or shortsDaight run
conditions Its Clamp-On construction makes It Sinple to
Install In eXisting Installations, or as a precISion replacement
for high maintenance Turbine, Ventun and Wetted Trans­
ducer 4 Path Chordal ultrasonIc flowmeters

The 990 Family Includes both Dedicated and Portable
models Portable models can be used to qUickly evaluate the
performance which Will be provided by the DedlcatedlOOdels
Dedicated NEMA 4X 990DB models are sUltableuopera­
tlon In almost any environment, Indoors or outdoors. and at
pipe temperatures up to 500°F

FEATURES
• Universal Applicability
• Outperforms Conventional

IntrUSive Rowmeters
• Lower Cost/Higher Reliability

than IntrUSive Flowmeters
• User Fnendly Menu Driven Field

Programmable Slte Setup
• Non-IntruSIVe Universal Clamp-On

Transducers
• MultlPulse® TransmiSSion
• No Cutting of Pipe Ever ReqUired
• Batch and Sampling Capability

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



WHAT IT DOES
Models 9900BN and 99008P

measure the flow of most liqUids
In most pipes between 6 and 360
Inch diameter, and with flow rates
of ±40 fUsec, and temperatures up
to 500°F They are Intended as
high performance replacements for
Turbine, Venturi and 4 Path Wetted
Chordal ultrasonrc flowmeters

HOW IT WORKS
System 99008 Dual Path

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

WHERE TO USE
Series 99008 IS Intended for

high preCISion or custody transfer
applications of'petroleum products.
chemicals or water Dual orthogonal
path Reflect Mode operation, equI­
valent to 4 paths. IS highly resistant
to distorted flow profile. crossflow
and SWIrl condItions ThiS makes
990DBN Ideal for Nuclear Feed­
water, Interstate 011 Plpe"n~,

Hydro-Power Turbine and Irrigation
Turnout flow measurement applica­
tions The 990DBP IS functionally
Identical to the NEMA 4X 990DBN

ortabJllt facilItates
test eVlce, or In applications
which do not"ffigulre continuous
flow measurement -

SPECIFICATIONS
APPUCABJUTY

LIQUIDS; Any SUiii:aty conductIve homogeneous flUId
LIQUID (PIPE) lBFERATURE. -40°F to +250°F Standard

-BO°F to +500°F OptIOnal
PIPE SIZES: 6 to3m inches 00
PIPE MATEAJAL:ARysOnlcally conductive pipe matenal

UetaI. Glass. PlastiC, etc
PIPE WALL THICl<lESS: 0.05 to 3 00 Inches
LINER MATERIAl:Jkly sOnlcally conductive matenal, Glass.

flastlC, Cement. etc , Intimately bonded to
~ pipe Intenor

LINER THICKNe&.Up to 1 inch. dependent on matenal
FLOWVELOCJTYHANGE. :40fps. min, dependent on pipe

00 and mountIng track type

991CLAMP~NlHRNSDUCERS

PIPE SIZE RATINGS
• Group 3. 6 to 24 i1dEs. 00
• Group 4 20 to48D:hes, 00
• Group 5 361036Dilches. 00
RATING. lntnnslcaflysafe. RadIation ReSistant and

Submersibleavailable.
CONSTRUCTlON:JuTllnum. stainless steel and speCial alloy

CJ[ plastiC.
CONNECTORS: O:8n!let for NEMA 4, BNC for Portable

992 MOUNTING TRaCKS
• AvaIlable In Directm-&fIectlve Mounting for all transducer sizes

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

994 FLOW COMPUlER
• POWER: 20W. 9to.3iVDCorlntemal Battery,

l00/115a230VAC. lcf> ~
• TEMPERATURE: -saFto +115°F

(l!xcept for GraphiCS Models)
• SIZE: 10.SW. 9"'D.13"H
• WEIGHT: 12.8 pOID$
• RATING. IntnnSJCallysafe. NEMA 4X WIth cover closed
• MODULES. P1ug-ln,herchangeable WID speCial tools
• RANGES. Size4: T.JCEducer SIzes 3 and 4

5JZe S: TGillSducer Sizes 3. 4 and 5

994 PERFORMANCEtstandardConditlons)*
• SENSITIVITY: Q.m11ps at any flow rate Including zero
• LINEARITY: 0.003 Ips:
• RESPONSE BANJlMDTH: 10Hz (settable)
• SLEW RATE: 20 ftlsecJsec
• FLOW PROALE~ENSAT1ON:Via liqUId VISCOSity entry
• ZERO DRIFT STABIJTY: 0.005 fps for transducer sIzes 3 to 6

995 HAND HELD CORI ROUDISPLAY TERMINAL
• 2 Row 32 charaeterl.Jlpd Crystal Display
• 30 Keys. Numenc tIfin:tJon Identlfied.

• SubmIt Application b1b.1IIlIUI Form for estimate of performance under
specifiC appbeatJana:eoaJlDs.

, ",. \{
,#



HOW TO ORDER & SPECIFY SERIES 990DB
SelectIng the most appropriate

mOdel and optional functIOns and
features, offered In System 99008.
IS qUite simple. especIally Ifyou fol­
low the procedure below However,
feel free to call on your local
Contralotran representative for
assistance If needed

The Unlflow part numbering
system IS a gUide to the process
of selectmg your preferred model,
as well as producing the part
numbers of all the system com­
ponents The pracedure below,
gIVes you an opportunrty to con­
Sider the many Unrflow system
options offered Check with your
local Contralotran representatrve
to assure selection of compatible
Dedicated model functIOns Note,
however, that standard Portable

Unrflow Systemsare suppfJed fully
loaded. with alJavaJlable functIons
and features.

System 990 Dedicated Models
use a "BUilding Block" System ThiS
permits you to orderonly those
functions that you actually need
for your appllcaoon, so as to keep
your costs as Jow as pOSSIble If, at
a later tIme, anewfunction IS re­
qUired, most can be added merely
by plug-m of the des1red Function
Module Into a compatible 994 Flow
Computer

Unlf/ow Systems Inc/ude the
follOWing Components:

• Series 991 Transducers
• Series 992 Tnmsducer

Accessories
• Series 994 Flow Computer and

Function Modules
• Series 995 Hand-I:feld Control

Display Umt -
• Series 996 Remote Accessones

SpecIfying and ordering System
990 Unrflow equipment Involves the
follOWing steps
1 Speclfy the Components of

your selected system. chOOSIng
the component optIons which
contain your desired features

2 Specify the desired optional
plug-In Function Modules and/or
Remote Accessories by part
number be/ow

3 Obtain the pnce and delivery of
your selected components, and
place yourorderwith Controlotran
either through your local Repre­
sentative or Factory Direct

Listed below are the part numbers for all UnrfJow system components To construct the component part number which
has your desIred options. replace the part number LEITERS Wlfhthe appropriate CODE symbols listed below

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

P= PlastiC Body H=375°F I1lIIL 4=20" to 48" pipe 00
V=50mc Velocity VH=50O"f-." 5=36" to 360" pipe 00

992MTABCD·E A=MODEL B=TYPE C=STYLE D=MATERIAL E=PIPE 00 RANGE (mla I'
MOUNTING TRACK N=NEMA4 O=Olreet Beam M=MetalXOCR A=A1umlnum 3=6" to 24" Pipe 00 5X=6' to 10' pipe 00

R= Refelet Beam P=PlasllcXDCR S=5teel 4=20" to 48" Pipe 00 5Y=10'to 18' pipe 00
SH=For VH XORS 5=36"to 84' Pipe 00 5Z=18' to 30' pipe 00

• see 99OSI.ECT Manual

992CAB·C A=MODEL B=ENVIRONMENT C=LENGTH 992MTM·A A=PIPE DO RANGE
TRANSDUCER CABLE N=NEMA4 S=5tandard Temp C=Length 11I1. MAGNEllC TRACK 4=20" to 48' pipe 00

W=Submersible Kit MOUNT KIT 5=48" to 216" Pipe 00
6= 18'10 30' Pipe 00

993ABC A=MODEL 8,C=CODESasBIIED
APPUCATION FUNCTION C=Conlrol Only Module
AND CONTROL MODULE M=Memory and Control Module

994ABCD·EF A=MODEL I' B=PIPE 00 RANGE C=D1SPLAJ D=POWER SOURCE E=PROGRAM LOAD F=SPECIAL
FLOW COMPUTER OBN=NEMA4 4=6"to 48" B=Bllnd ...k' 5=1001115 VAC 1=Basic Data ... N(n) =GG Nuclear

OBP= Portable 5=6"to 216" G=Graphlcs M=230VAC 2=Add RS·232 &Oatalog Grade
6=6"t0360" D=Olgrtal B=9to36VDC 3=Add GraphiCS 5(n) = Intnnslcally

GL=Llghted 50=115 VAC + Battery + StnpdJart sale
GrapIUCS MB=230 VAG .;Jattery

994·7 ANALOG COMPUTER PrOVIdes Programmable Isolated 4 to 20 rnA 010 10 vm:_AIIse RateOutp' one reqUired per channel~

994-1DABC A=MODEL B=TYPE C=RAnNG
ALARM RELAY MODULE N=NEMA4 A=NormaJly Open D=Ory Reed (1O'A_ •

B=Normally Closed M=Mercury WeIII:lI (SO VA max ) (Not available In Portable Units or JR' NC' Type)

994·11ABC A=MODEL '" B=TYPE C=CODE RESEBIEII
LCD DISPLAY COMPUTER o=Olgltal Display O=Oual Palh

G=Graphlcs Display

994-12ABC A=MODEL B.C=CDDES IIESERVED
RS·232 110 MODULE T=995 Hand Held Terminal Onver Only

S=R5·232 and 995 Dnvers

995T 996P 996p·5 996PSP·A A=llIII:R SIZE 996DABC A=TYPE 8=MOOa C=POWER SOURCE
HAND-HELD PRINTER PRINTER PAPER, PIPE SIMULATOR A=D.l.2.30r4 REMOTE O=Olgllal N=NEMA4X 5=110/115 VAG
COU TERMINAL 5PACK REFILLS DISPLAY P=Panei Mount M=230VAC

" TllInsducers opelllted above 40lrFwIli requlIB penoolc relurtllshmelll, willi penoclldlJpnIpOItJ.................... Fotunme~""''''' 1S
_mended



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

[0' MultlPulse™ Flow Detection
~ TransXTM UltraSOnic Trans­

miSSion Optimization
~ Metallic Mode Conversion

Wide Beam Transducers
~ Made In USA

iB PlnStop Universal MountIng
Track (no ruler scales)

~ 64 x 256 Pixel Graphics
Display

~ Programmable Stnpchart
Option for Flow, Liquid Data

~ Programmable 64K Memory
Datalogger Option

~ All Modules Plug-In, IncludIng
Power Supply

IV NumeriC Entry Only. Hand­
Held Programming

!B Full Diagnostic Data Access

r;:;;;r Plug-In function Options
~ Analog Data 0 to 10 VDC

& Isolated 4 to 20 mA
lye Alarm Relay Module

8 Programmable Relays
~ Dlgltaf and GraphiCS

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

Selectable Baud Rates
~ IntrinsicallySafe Construction
1!1' Reflect or Direct Transmission

Mode
~ Simultaneous IndIvIdual Beam &

Summed Data Display

AWORD ABOUT CONTROLOTRON
Controlotron, completing Its thIrd decade of operation,

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

Portable System 990 UNIFLOW:
MultlPulse™ TranSIt-Time Rowmeter

DedIcated System 990.
MuftlPulse™ TranSit-Time Rowmeter

Portable System 190 Spectra:
Portable FOUrier Flowmeter

DedIcated System 190 Spectra:
NEMA 4X FOUrier Flowmeter

Portable 990E
Thermal Energy Flowmeter

Dedicated 990E
Thermal Energy Flowmeter

Your Local Representlt1Ve

ONTROLOTRON

RENTAL/
PURCHASE PLAN

Users who wISh to familiarize
themselvesWJth Models 990DBN
and 990DBP pnor to purchase
may avail themselves of Rental
plans (where avaIlable)
Advance purchase of the
99008 Field Manual will prOVIde
detailed InformatIon beyond thiS
brochure.

CUSTOMER
SERVICE

Users of Contralotron Instruments
enJoy the benefit of worldWide
customer seNice organizations,
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 date of shIp­
ment, against intnnslC defects

.J

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

990DBN-1
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AUDIT RECORDS SUMMARY

FLUE GAS MEASUREMENTS

Oxy_ref=true:

Test 1

Test 2
Test 3

Test 4
Test 5
Test 6
Test 7
Test 8
Test 9
TestlO

Test 11
Test 12
Test 13
Test 14
Test 15
Test 16

Test 17

Flue Gas Measurement at the stack on fun load (180 MW) coal for blr #1 sIde
A
Flue Gas Measurement at the stack on fun load coal for blr #1 sIde B
Flue Gas Measurement at the stack on min load (140 MW) coal for blr #1 sIde
A
Flue Gas Measurement at the stack on mm load coal for blr #1 sIde B
Flue Gas Measurement at the stack on mm load coal for blr #1 sIde B
Flue Gas Measurement at 476 Degr.C on mm load coal for blr #1 side A
Flue Gas Measurement at 476 Degr.C on mm load coal for blr #1 side B
Flue Gas Measurement at 466 Degr.C on fun load coal for blr #1 sIde B
Flue Gas Measurement at 494 Degr. C on fun load coal for blr #1 side A
Flue Gas Measurement at the stack on mm load gas for blr #1 side A

Flue Gas Measurement at the stack on min load gas for blr #1 side A
Flue Gas Measurement at the stack on min load gas for blr #1 side B
Flue Gas Measurement at the stack on fun load gas for blr #1 side B
Flue Gas Measurement at the stack on fun load gas for blr #1 sIde A
Flue Gas Measurement at 479 Degr.C on fun load gas for blr #1 sIde A
Flue Gas Measurement at 417 Degr.C on fun load gas for blr #1 sIde B

Flue Gas Measurement at the stack on fun load (275 MW) coal for blr #8 sIde
A

Oxy_ref= true:

Test 18
Test 19

Test 20
Test 21

Flue Gas Measurement at the stack on fun load coal for blr #8 side B
Flue Gas Measurement at the stack on min load (230 MW) coal for blr #8 SIde
A

Flue Gas Measurement at the stack on mm load coal for blr #8 SIde B
Flue Gas Measurement at 683 Degr.C on min load coal for blr #8 side B

5906-0l/02AIAPPENDIX/4/19/95



f&C H ~(/ ___ _)ERIAL It 11093239 1 A
"'EST 1 EOIL:ERlt 0
3EP.IAL +t 11903239 on -::-- ?1300
EN~~~~IO~TEST ;;;ECORD

FOR: BURNS &: ROEH

TIME: 12: 15:1)6
DATE: 03/131/95

FUE.. BITtJliflNOUS: 11100 BTL/LB

1JV-r.R %
COMBUSTION EFFICIEN~: 20 °C
AMBIENT TB'IPERATU~. 92 0 C
STACK TEMP~TURE. 12.4 %
OXYGEN: 21 MGM
CARBON MONOXIDE: 07 .4 %
CARBON DIOXIDE: 121.40 %
COMBUSTIB~ GH("'I~~k H20): + 6.6
STACK DRAF. 139 %
EXCESS AIR: 231 MGM
OXIDES of NITROGEN: 1328 MGM
SULFUR DIOXIDE: 50 PPM
CARBON ~ONOXIDE ALARM:

MODE:MGM OXY...REF=TRUE%

TEST 2 BOlLERft 1 B \.&l1.--=tU'---_
SERIAL ti 118B3239
~NERAC MODEL ~1300

COMBl.ETION TEST RECORD

FOR: BURNS 8: ROEH

T IME : 12:21: 16
DATE: 03A31/95

FUEL BITUMINOUS: 11700 BTU/La

COMBUSTION EFFICIEN~!:
AMBIENT T'EMPERATURE:
STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAFT <INCHES H20):
EXCESS AIR:
OXIDES of HITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARr-1:

MODE:MGM OX'L..P..EF=~P.UE%

13-1

OVER %
19 °c
91.3 °C

15.1 %
14 MGM

05.0 %
0.61 %

+ 10.1
248 %
159 MGM
861 MGM
9013 PPM



- -~ _,- ... 1-.t..f.i...l...-_-I..1.4 ':!-l~1 v&:::_
SERIAL # 11~M3239

ENERAC MODEL 2000
COMBiSTI ON TEST RECORD

FOR: BURNS & ROEH

T I ME: 14: 43:31
DATE: 03/01/95

FUEL
CO/+L

~~T~~ G~£:218V8 ETU7LB

COMBUSTION EFFICIENCY: OVER %
AMBIENT TEMPERATURE: 19 ° C
STACK TEMPERATUP.E: 88 °C
OXYGEN: 14 • 3 %
CARBON MONOXIDE: 42 MGM
CARBON DIOXIDE: 03.8 %
COMBUSTIBLE GASES: 0.26 %
STACK DRAFT <INCHES H20): + 6.2
EXCESS AIR: 191 %
OXIDES of NITROGEN: 157 MGM
SULFUR DI OXIDE: 946 MGM
CARBON MONOXIDE ALARM: 50 PPM

MODE:MGM OXY-REF=TRU~4
~

L1~~b~....L..-lt_'O_N_~W~TEST 4 BOIlER#
SERIAL # 1HD3239

ENERAC MODEL 2000
COMBlSTION TEST RECORD

FOR: BURNS & ROEH

TIME: 14:49:94
DATE: 03/01/95

)

FUEL

COAL
NATHRAt GHo.21are ~rU7tB

•

COMBUSTION EFFICIENCY: OVER %
AMB I ENT TEMPERATURE. 19 ° C
STACK TEMPERATURE: 88 ° C
OXYGEN: 14.8 %
CARBON MONOXIDE: 39 MGM
CARBON DIOXIDE : 03 .5 %
COMBUSTIBLE GASES: 0.37 %
STACK DRAFT (I NCHES H20): + 6.6
EXCESS AIR: 214 %
OXIDES of NITROGEN: 148 MGM
SULFUR DI OXIDE: 852 MGM
CARBON MONOXIDE ALARM: 50 PPM

•
DE:' \\

•



Jffir. #S:~J~ 1 .61/ \4(} ¥itW
ENERAC MODEL 2000

COMBUSTI ON TEST RECOPJ)

FOR: BURNS & ROEH

TIME: 14:5&:B1
DATE: B3/~1/95

COA-L
FUEL ~W'ii11Rl'zL GAS: 21870 BTU.. 'l::B

COMBUSTION EFFICIENCY:
AMBIENT TEMPEP~TURE:

STACK TEMPBtATUHE:
OX'fGEN:
CAHBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAFT (I NCHES H20): +
EXCESS AIR:
OXIDES of HITROGEN:
SULFUH DIOXIDE:
CARBON MONOXIDE ALARM:

ftIODE : MGM OX'L..HEF=TFWF"

OVER %
17 °C
92 °C

14.3 %
32 MGM

1,33.8 %
13.12 %
5.9
191 %
171 MGM

IBBS MGM
513 PPM

TIME: 15:23:48
DATE: 133/'21/95

____--:...<.,..:;/~...L..L.-+1,w_1._ .. "
SERIAL ;t 118B3239 t I
TEST 6 BOIl.EH;t ~~~lt--'-_""':--l-__\\~J
SEHIAL ;t 118133239

ENERAC MODEL 2000
COMBUSTION TEST RECOHD

FOH: BURNS & ROEH

CoA '-
FUEL ·NA"l11P.AL cp,s: 21870 BTld.4:.B

COMBUSTION EFFICIENCY: 74.1,3 y.
AMB lENT TEMPEHATURE: 26 ° C
STACK TEMPE?ATURE: 476 ° C
OXYGEN: 137 • 1 %
CARBON MONOXIDE: 54 MGM
CAF.BON DIOXIDE: 137.8 "
COMBUSTIBLE GASES: 121.68 "
STACK DRAFT {INCHES H20}: + 121.4
Ex:CESS AIR: 46 %
OXIDES of NITROGEN: 295 MGM
SULFUR DIOXIDE: 1756 MGM
CARBON MONOXIDE ALARM: 513 PPM

MODE :MGM <r. _

[)-3



TIME: 15:39:16
DATE: 93/91/95

TIME: 16:B3:44
DATE: 93/91/95

COft-L
FUB.. ..~.o;rllRAL CAS: 21 87 1a ETU~{LB

COMBUSTION EFFICIENCY: 71.2"
AMB lENT T&1PERATURE: 32 ° C
STACK TEMPERATURE: 425 ° C
OXYGEN: 98 .8 "
CARBON MONOXIDE: 86 MGM
CARBON DIOXIDE: 96.8 "
COMBUSTI BLE GASES: 9.92"
STACK DRAFr (I NCHES H20): + 9. 7
EXCESS AIR: 65 "
OXIDES of NITROGEN: 227 MGM
SULFUR DIOXIDE: 1491 MGM
CARBON MONOXIDE ALARM: 59 PPM

MODE:MGM OXY-REF=TRUE%

SERI AL tt 11 BB3239 11-S"'f'ItrJ i 11 f) h
TEST 8 BO ILERtt 1 \11) ~5 r":ljr (f )~Ol' r'" ' ;. .D
SERIAL tt I1BB3239 \ [~"'l'~

ENERAC MODEL 2000 l
COMBUSTION TEST RECORD

FOR: BURNS & ROEH

COAL
FUB.. NATl::fRAL 6AS: 21 GTe DTU/LE

COMBUSTION EFFICIENCY:
AMB I ENT TEMPERATURE:
STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAFT (I NCHES H2O):
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE AlARM:

--- -- ------

£-~

6B.8 "
37°C

466 °C
e16.7 "

135 MGM
e18.e1 "
1.74 "

+ I.B
42 "

32B MGM
2159 MGM

5B PPM

r.



TIME: 16:12:39
DATE: 03/01/95

fJ;:l;5T 9 j;j", .. .....::-. -

SERIAL # 11003239
ENERAC MODEL 2000

COMBUSTION TEST RECORD

FOR: BURNS & ROEH

CO,4- L
FUE.. ,"IQOjTlH¥\L GAS· 2187Q BTUA:E

COMBUSTION EFFICIENCY:
AMB IENT nJ'WIPERATLJRE:
STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAFT <I NCHES H20}:
E<CESS AIR:
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE Al..ARM:

MODE:MGM OXY..-REF=TRUE%

65.2 "
38 ·C

494 ·C
06.0 "

58 fICM
08.4 "
1.38 "

+ 0.5
36 "

336 MGM
2002 fICM

50 PPM

1/=\1..-
11
_'_l_q_O_~_V__SERIAL u 11BG3239

TEST 10 BOILER+t
SERIAL # 11003239

ENERAC MODEL 2000
COMBUSTION TEST RECORD

FOR: BURNS & ROEH

TIME: 09:45:26
DATE: 03/13'2/95

FUEL NATURAL GAS:2187B BTU/LB

•

COMBUSTION EFFICIENCY:
AMBIENT TE"1PERATURE:
STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAFr (I NCHES H20}: +
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONO~Tn~ ATAO~·

MODE :MGM OX' _

f3-~

OVER "23 ·C
98 ·C

113.8 "
I3MGM

05.7 "
0.00 X
4.7

94 X
119 MGM

o MGM
50 PPM

I ! ~



TEST 11 :&..__.­
SERIAL # 11903239

ENERAC MODEL 2000
COMBUSTION TEST RECORD

FOR: BURNa &: ROEH

TIME: 99:48:95
DATE: l:J3~2/95

FUEL NATUJ?AL GAS: 21870 BTU/LE

COMBUSTION EFFICIENCY: OVER %
AMB lENT 1."E'IJPERATURE: 22 °C
STACK TEMPERATURE: 100 0 C
OXYGEN: 113. 6 %

CARBON MONOXIDE: 0 MGM
CARBON DIOXIDE: 05.8 %
COMBUSTIBLE GASES: 0.00 %
STACK DRAFT (I NCHES H20): + 4.3
EXCESS AIR: 92 %
OXIDES of NITROGEN: 224 MGM
SULFUR DIOXIDE: 0 MGM
CARBON MONOXIDE ALARM: 50 PPM

MODE: MGM OX'LREF= 3%

TES:" 12 BOI LER+t
SERIAL # 11003239

ENERAC MODEL 2000
COMBUSTION TEST RECORD

FOR: BURNS &: ROEH

TIME: 09:56:53
DATE: 03/02/95

FUEL NATURAL GAS:21870 BTU/LE

COMBUSTION EFFICIENCY:
AMBIENT TEMPERATURE:
STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STHCK DRAFT <INCHES H20): +
EXCESS AIR:
OX I DES of NI TROGEN :
SULFUR DIOXIDE:
CARBC~ ~~T~~ ~~nOM·

MODE: _.

OVER %
20 °C
27 °C

11.6 %
o MGM

05.3 %
0.00 %
3.0
110 "
232 MGM

o MGM
50 PPM



SERIAL :# 11803239 J £\1 lq 0 ti tV
TEST 13 OOIl.ERtt ·l-rt-I"---'..-=-,-:....:...----

SERIAL # 11aQ3239 I
ENERAC MODEL 2000

COMBmiION TEST RECORD

FOR: BURNS & ROEH

TIME: 19:313:58
DATE: 03Ai2rJ5

FUEL NATURAL GAS:21870 BTU/LB

COMBUSTION EFFICIENCY:
AMB lENT "l"91PERATURE:
STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAFT <INCHES H20): +
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

OVER %
16 °C
92 °C

12.3 %
8 MGM

94.9 %
0.00 %
7.0
125 %
321 MGM

o MGM
50 PPM

•

~

~ST 14 BOlLEP.tt 1'" ~ It&) .,..../vJ
SER I AL # 11003239 --

ENERAC MODEL 2000
COMBUSTION TEST RECORD

FOR: BURNS & ROEH

TIME: 10:37:31
DATE: 03AJ2/95

FUB. NATURAL GAS: 21870 BTU/LB

COMBUSTION EFFICIENCY: OVER %
AMB I ENT TEMPERATURE: 16 °C
STACK TEMPERATURE: 95 °C
OXYGEN: 1n 4~. %
CARBON MONOXIDE: 42 MGM
CARBON DIOXIDE: 06.0 "
COMBUST I BLE GASES: 0. 03 "
STACK DRAFT <iNCHES H20): + 5.6
EXCESS AIR: 88 "
OXIDES of NITROGEN: 382 MGM
SULFUR DIOXIDE: . 0 MGM
CARBGN MONOXIDE ALAP~: 58 PPM

B-7 ~\



If (f
-------~~~~ASERIAL ~ 11903239 1l I ~

TEST 15 BOlLER~ ~~_~...;.;1\:.......::....~~=--__

SERIAL ~ 11303239
ENERAC MODEL 2000

COMBUSTION TEST RECORD

FOR: BURNS & ROEH

TIME: 11:31 :14
DATE: 03/e2/95

FUEl.. NATURAL GAS: 21870 BTU/LB

COMBUSTION EFFICIENCY:
AMBIENT TEMPERATURE:
STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUST IBLE GASES:
STACK DRAFT (I NCHES H20 J: +
EXCESS AIR:
OX IDES of NITROGEN:
SULFUR DIOXIDE:
CAP.BON MONOXIDE ALARM:

84.5 %
22 °C

479 °C
03.6 %

18 MGM
09.8 %
0.00 %
0.7

18 %
298 MGM

o MGM
50 PPM

•

•

MODE: MGM O~-REF= ~/.

TEST 16 BOILER" 10 ~'f~' rkr.yJ ~B
II

SER I AL ~ 1111U1I3239 ~
ENERAC MODEL 2000

COMBUSTION TEST RECORD

FOR: BURNS & ROEH

TIME: 11: 137 :94
DATE: 03/02/95

FUEl.. NATURAL GAS: 21870 BTU/LB

COMBUSTION EFFICIENCY: 86.8 %
AMB IENT TEMPERATURE: 26 °C
STACK TEMPERATURE: 417 ° C
OXYGEN: 04.1 %
CARBON MONOXIDE: B MGM
CARBON DIOXIDE: 09.5 %
COMBUSTIBLE GASES: 0.03 %
C:V··ACK DRAFT (I NCHES H20): + B •B
- ~~£S AIR: 22 %

~ of NITROGEN: 289 MGM
-, DIOXIDE: 13 MGM

M01\1QXTDE ALARM: 513 PPM

,- .
J

£-8



SERIAL +t 1HU33239 (\7' t-!"' uJ ~/l\.c.LL.
TEST 17 BOILER+t 8---,J~~~U. .L...,.;;;;..=.-~J~JJ~~_rr
SERIAL +t 11003239

ENERAC MODEL 2000
COMBUSTION TEST RECORD

FOR: BURNS 8: ROEH

T IME : 14:23 : 59
DATE: la3/la2/95

FUEL LIGNITE: 7780 BTU/LB

COMBUSTION EFFICIENCY: OVER %
AMBIENT TEMPERATURE: 23 °C
STACK 7:c:MPERATURE: 170 ° C
OXYGEN: 10 • 1 %
CARBON MONOXIDE: 12 MGM
CARBON DIOXIDE: 08.8 %
COMBUSTIBLE GASES: 0.19 %
STACK DRAFT (I NCHES H2O): + 7 • 1
D:CESS AIR: 88 %
OXIDES of NITROGEN: 1238 MGM
SULFUR DIOXIDE: 477 MGM
CARBON MONOXIDE ALARM: 5B PPM

MODE:MGM OXY-REF= 3%

TEST 18 BOlLER+t 8 ,27,j}J W SIf)G!3
SERIAL +t 11003239

ENERAC MODEL 2000
COMBUSTI ON TEST RECORD

FOR: BURNS 8: ROEH

TIME: 14: 25:39
DATE: la3/02/95

FUEL LIGNITE: 778B BTU/LB

•

•

•

COMBUSTION EFFICIENCY: OVER %
AMBIENT TIJYlPERATURE: 23 °C
STACK TEMPERATURE: 170 ° C
OXYGEN: 10.7 %
CARBON MONOXIDE: 7 MGM
CARBON DIOXIDE: 08.3 %
COMBUSTIBLE GASES: 0.21 %
STACK DRAFT {INCHES H20}: + 7.2
EXCESS AIR: 99 %
OXIDES of NITROGEN: 708 MI
SULFUR DIOXIDE: 315 I -'

-;ARBON M01" - .....-. '_ '~. 50 ~.

1ODE:MGM ( _ =-"- I~J&

B-9



TEST 19 F.rv.l.~~'"
SERIAL ~ l1Q03239

ENERAC MODEL 2000
COMBUST I ON TEST RECORD

FOR: BLJRNS & ROEH

TIME: 14:37:49
DATE: 03/92/95

FUE.. LIGNITE: 7780 BTU/LB

COMBUSTION EFFICIENCY: OVER Y.
AMBIENT 'I'EMPERATURE: 22 °C
STACK 1D'lPERATURE: 168 0 C
OXYGEN: 10.6 Y.
CARBON MONOXIDE: 11 MGM
CARBON DIOXIDE: 138.4 Y.
COMBUST IBLE GASES: Q. 18 Y.
STACK DRAFI" (I NCHES H20): + 5.7
EXCESS AIR: 98 Y.
OXIDES of NITROGEN: 632 MG.."
SULFUF T"l!OX!D'F': 269 MGM
CARBm. ,-.~ - -- _ -'1: 50 PPM

•

•

•

•

•

MODE:!"

• B-f 0



A
TEST 20 OOILERlt 8'---;;l~ """"'...L.:.---t.--'---J.--

SER IAL It 111aJ'3239 If
ENERAC MODEL 2000

COMBUSTION TEST RECORD

FOR: BURNS & ROEH

TIME: 14:39:19
DATE: 03/~5

FUEL LIGNIn:: 7780 BTU/LB

7780 BTU/LB

COMBUSTION EfFICIENCY: OVER Y.
AMB lENT TJ3'fIPERATURE: 22 °C
STACK TEMPEW%TURE: 169 °C
OXYGEN: 10.7 Y.
CARBON MONOXIDE: 13 MGM
CARBON DIOXIDE: 08.3 Y.
COMBUSTIBLE GASES: 0.18 Y.
STACK DRAFr (I NCHES 1-;20): + 5.9
EXCESS AIR: 99 Y.
OX IDES of NITROGEN: 1102 MGM
SULFUR DIOXIDE: 454 MGM
CARBON MONOXIDE ALARM: 50 PPM

MODE:MGM OXY-REF= 3%

SERIAL ~ :la~3239
TEST 21 BOlLERlt 8 .~1.} .,()h2.p~~ y.t,B
SERIAL It 11093239

ENERAC MODEL 2000
COMBlSTION TEST RECORD

FOR: BURNS & ROEH

TIME: 15:01:1iJ3
DATE: 03/02/95

FUEL LI GNI"IE:

•

COMBUSTION EFFICIENCY:
AMB lENT TEMPERATURE:
STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUST I BLE QliSES:
STA.....~ DRAFT (I NCHES H20): +
EXCESS AIR:
OXIDES of NI'TROGEN:
SULFUR DIOXIDE: .
: - .:'BON MONOXIDE ALARM:

- -= =: :MGM OXY-REF= 3%

B-II

37.3 Y.
27 °c

683 °c
07.8 Y.
1518 MGM
1Ia.6 "
1.913 "
9.7

57 "
HU8 MGM

680 MGM
50 PPM



AUDlT RECORDS
FLUKE AC POWER ANALYZER

A) Transformer Cooling Fan Motor, 3 Phase 400V

1) Phase A 230V, 91.8 Amps

AMPS TEXT SCREENS

Arms - 91.8 Arms - 91.8
Apeak - 131.7 AHM - 2.7
Adc = -0.2 KF - 1.1
% THD-R - 2.9 % THD-F - 3.0
CF 1.44

VOLTS TEXT SCREENS

Vrms - 230 Vrms - 230
Vpeak = 339 VHM - 9
Vdc - 0 CF = 1.47
% THD-R - 3.9 % THD-F - 3.8

WATIS TEXT SCREENS

W - 13.6 W = 13.6
VA - 21.1 VAR - 16 1
PF - 0.64 °ALAG - 50

• DPF - 0.64

•

,.

•
5906-01/00AIAPPENDlX/41l9/95

•
B-JA-



•

•

•

•

•

2) Phase B 227V, 91.4 Amps

AMPS TEXT SCREENS

Arms - 91.3 Arms - 91.2
Apeak - 130.4 ARM = 2.7
Adc - -0.2 KF - 1.0
% THD-R - 2.9 % THD-F - 3.0
CF 1.43

VOLTS TEXT SCREENS

Vrms - 226 Vrms - 226
Vpeak - 330 VRM - 8
Vdc - 0 CF - 1 46
% TRD-R - 3.6 % TRD-F - 3.5

WATIS TEXT SCREENS

W - 13.5 W - 13.5
VA - 20.7 VAR - 15.6
PF - 0.65 °ALAG - 49
DPF = 0.65

5906-OlI02A1APPENDIX/4/19/95
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3) Phase C 233V, 88.5 Amps

AMPS TEXT SCREENS

Arms - 88.3 Arms = 88.2
Apeak - 126.8 AHM = 2.7
Adc - -0.2 KF = 1.0
% THD-R - 3.1 % THD-F - 3.1
CF 1.44

VOLTS TEXT SCREENS

Vrms - 233 Vrms = 233
Vpeak = 341 VHM = 9
Vdc = 0 CF = 1.46
% THD-R - 3.9 % THD-F = 3.9

WATIS TEXT SCREENS

W = 13.3 W - 13.2
VA - 20.6 VAR = 15.7
PF = 0.64 °ALAG - 50°
DPF - 0.64

5906-01/02A/APPENDIX/4/19/95
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GROUND LEAKAGES

AMPS TEXT SCREENS

Arms
Apeak
Adc
% ThD-R
CF

=
=

=

5.03
7.03
-0.03
3.4
1.38

VOLTS TEXT SCREENS

Vrms = 230V

WATIS TEXT SCREENS

•

•

W
VA
PF
DPF =

0.04
1.13
0.05
0.04

W
VAR
°ALAG

=
=

0.04
1.12
88

•

59116-01lO2A1APPENDIX/41I9/95



•

•

•

B) GENERATOR RELAY PANEL: CT & PT LEADS

110.6V, 3.05 AMPS, 0.18 KW

AMPS TEXT SCREENS

Arms - 2.81 Arms = 2.84
Apeak - 3.95 AHM - 0.04
Adc - 0,04 KF - 1.0
% THD-R - 1.3 % THD-F - 1.3
CF ,; 1.4

VOLTS TEXT SCREENS

Vrms = 110.8 Vrms = 1108
Vpeak - 155,5 VHM - 0.7
Vdc = -0.1 CF - 1.4
% THD-R - 0.6 % THD-F - 0.6

WATIS TEXT SCREENS

W - 160 W = 166
VA - 316 VAR = 275
PF = 0.52 °ALAG - 59
DPF - 0.51

•
5906-01/02A1APPENDIX/4/19/95
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•

•

•

5906-01/rJ2A/Custom/4120/95
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•

•

•

~ I

~ • 1
:: ,," • 11 II

BOILER #1 - O2 RECORDERS

BOILER #1 - COAL FEEDER

5906-01/02A/Custom/4120f95



•
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APPENDIXC

Power Plant Data
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LIST OF ENERAC STANDARD FUELS

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

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

#6 OIL 0881 0.1 0009 0002 0.007 0 0 18300 0.999

NAT GAS 0714 0236 0.05 0 0 0 0 21870 1

ANTHRACITE 08436 0.0158 00063 0.0191 00089 0.028 0.0783 13300 1

BITUMINOUS 0.666 00428 0.01 0.063 003 0.0788 0.11 11700 09996

LIGNITE 0451 003 0009 0.148 0012 0.293 0057 7780 1

WOOD 50% H2O 0.247 0.03 0.003 0.218 0 0.5 0 4320 0.998

WOOD 0% H2O 0495 006 0.006 0435 0 0 0 8460 0.995

#4 OIL 0875 011 0004 0 0008 0 0 18800 0997

KEROSINE 0.851 0.143 0.003 0 0.002 0 0 19900 0.999

PROPANE 0.818 0.182 0 0 0 0 0 21677 1

BUTANE 0.828 0.172 0 0 0 0 0 21132 1

COKE OVEN GAS 0434 0.23 0.172 0.164 0 0 0 16230 1

BLAST FURNACE O.ISS 0.0025 0.554 0.286 0 0 0 1061 0.9975

SEWER GAS 046 o 101 0 0.416 0 0022 0 8032 0.999

5906·01l02A/TABLE 114/20/95
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CUSTOM FUEL CREATED FOR ZMIEV POWER PLANT FOR DESIGN COAL

Notes:
Data:
Coal:
C =
Water =
Ash =
S =
Comb -
Calorific Value:
N -
H2 =
°2 =

March 1, 1995
Per Power Eng. Handbook
DON AS
59.4%
7.3% (8.73%)
28.2 (29.64%)
2.6% (1.15%)
4.3% (9.16%)
5200 Kcal/Kg (4855 Kcal/Kg)
0.7%
1.2%
0.1%

Note: Data In parenthesIS IS for a lower calorific value.

5906-01/fJ2A/Customl4121/95



OXYGEN ANALYZER DATA FOR ZMIEV BLR #3

The following data will be used to specIfy and install new high temperature oxygen analyzers'

200 MW Boiler, coal, gas and mazut fired

•

•

•

Install Probes at Elevation'

Process Temperature

Ambient Temperature.

Length of the cable run to the control room

C\Ukra!neIZM Iproh o2\412PM\May9 1995

41m.

700 degrees CentIgrade minimum
900 degrees CentIgrade normal
1050 degrees CentIgrade maXImum

55 to 60 degrees CentIgrade.

front: 110 m
rear 125 m



·Infcrnational.'~

.Cori1"lu~tioii L.td'~·___.'IIIIi·-.'·iii'_-~;
~ .:'.;:..;:~~::.:.:~} ~~~.'i:-:~:;:":;' "~i:3~·':;

-
S02 and NOx EQ'lissions

ConversIon Chart-....
To Convert To: (Multiply by)

From. mgtIppm. ppm s'GJ IbI10G Stu -
Nm'l NOX 502 coat' QUBIGasciCoar' onD :Gasc

m ",lJJm:! 1 10 A~·7 0 2 '0 270 f 8.14 16.51 f 6.28
~11 .~ .3EC 0.350 O. 80~. x1·4 x10-4Ix10.~

.gtG.! OIlS 3.5711.74

Gasc 3.70 11.80
I !CoaIA 1230 1598

! 1J~t1J' Oull 1540 748
I
I

I Gase 1590 775
r-- i ~--..-.-...------~--'"-~~~ -----"~- ............--l

I A:- Coal:- F1ue Gas dry 6% excess O2: Asstmes 360 Nm'1GJ - ref lEA F-~ 1988.. e:· Cil :. F1ue Gas dry'3% excess O~: Assumes 2eO Nm3iGJ - ref lEAP~ 1966.! C ~- G~:· Fiua Gas 6ry 30/0~ Oz; A.ssum&s 270 Nm'lGJ - ref lEA~ 1sao. ,6
, ,

•

•

•

•

•



•

•

•

•
5906-01/02A1APPENDIX/4/18/95

APPENDIXD

LIst of Contacts Made During Plant AudIts



•

•

•

•

LIST OF CONTACTS MADE DURING PLANT AUDITS

• Oleg K. Gritsaniuck, Director

• Alexander G. Chupyra, ChIef Engineer

• Ermolenko A. Bacilievich, Deputy Chief of Operation

• Kolomijets V. Ivanovich, Chief of Equipment Testmg and Adjustment
Department

• Babenko J. MikhailoVICh, ChIef of computing Center

• Ustimenko A. Andrejevich, Electrical Engineer

• Miroshmchenko N. Alexandrovich, Electrical Engineer

S906-01/rJ2A/APPENDlX/4/18/9S
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•

•

S906-01/r:J2AJAPPPNDIXI4/18/9S

APPENDIXE

AbbrevIations and Unit Conversions



ABBREVIATIONS AND UNIT CONVERSIONS

AC - alternating current
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
°C - degree CelsiusT[OC) = (5/9)*(T[°F] -32)
OF - degree Fahrenheit
OR - degrees RankineT[OR) = T[°F] + 460
BCO - &~gyCoo~~~onOwomn~

eff - efficiency
ex air - excess air
ft2 - square feet
tt3 - cubic feet
Gcal - gigaca10rie = 1 billion calories = 3.968 million BTU
GJ - gigajoules = 1 billion jollies
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 = 27,776 BTU
kJ' - Kilojoules = I thousand joules = 0.947813 BTU
kIn - 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 = 1 thousand volt-amperes (reactlve)
kW - kilowatt = 1 thousand watts
kWh - kilowatt hour = 1 thousand watt hours

S906-01/02A/ABBRFJ4126/9S 1
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lbs -
liter -
m -
m2 -
m3 -
rnA =
MCal -
metric ton -
mg =
mm -
MJ -
mm =
MPa =
MVA -
MW -
MWh -
NG -
nm -
Nm3 =

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

ABBREVIATIONS AND UNIT CONVERSIONS (Cont'd)

pounds
0.2642 U.S. gallons = 0.03531 cubic feet
meter = 39.37 inches
square meter = 10.76 square feet
cubic meter = 35.31 cubic feet
milliampere = 0.001 amperes
megaca10rie = 1 million calories
1 thousand kilograms = 1.1023 U.S. tons
milligrams
minute
megajoules
milhmeter = 0.03937 inches
I million pascals = 145.04 pounds per square inch
megavolt-amperes
megawatt = 1 million watts
megawatt hours = 1 million watt hours
natural gas
nanometer
cubic meters at standard conditions of temperature and pressure (20°C
and 1 atmosphere)
nitrogen oxide
oxygen
pressure
personal computer
parts per million
pounds per square inch
pounds per square inch (gauge)
ruble
second
sulfur dioxide
square feet
tetraca10rie = 1 trillion calories = 3.968 billion BTU
temperature
Thermal Power Station
volts
volt amps
volt-amps reactive " ./
year Jf
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MiHICTepCTBO
eHepreTHKH Ta

eJleKTpnepiKauii YKpalHH
B E a «XapKiBeHepro»

3M HEBCKASI

MHHHCTepCTBO

3HepreTHKH H

3JIeKTpHcjJHKaUHH YKpaHHbI

IT :3 0 «XapbKoB3Hepro»

fP3C
HM. r. M. Kp.lKH.lKaHOBCKoro

~13750 Yl,palllla n Ko,rCOlrO.'lbClmii

3MHCllcr,Bro p'lIa XapbKOBCKOH o6J1.

o6J1 Kon ?539, Te.neT31in 625532 II
625545 "Cllr\ra», Te.'1eepal{C 5.35.85,

"TeJIeepoH 5·2247, 5-22·48

oTrpyao'lHble peKBH3HT61'
~ !BarOIlOB

CT JIHM3H IO)I(lI, KOlt. 444002.
III KOHTeHHepoB

CT 3MHeB IOiKlI. KOlt. 444303

paCqeTHblR C'ler - 221504 II IlpOM'

apoIi6allKe II. KOMCONO.1lbCKHA, 3MH'

esclCoro p-Ha, XapblCoBCxoll o(5J1••

YKpaHHa, M~O 351210

March 1. 1995~-

r-
----------

LETTER OF RECEIVING

-,

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

The equipment have been purchased. shipped. and handed
over to the Zmiyov Thermal Power Station under the
auspices of the U.S. Ag~ncy for International
Development Program "For More Efficient Operation of
Ukraine Thermal Power Station".

The equipment have been handed over to the Zmiyov Ther~~l

Power Station as a gift of the U.S.Goverr~e~t with~~ the
scope of the two-part Agr~~ment ~b~ut t~e U.S. techni~al

assistar.ce to Ukr~i~~.

•
Note: This document has be~n executed in Russian and
I English version. Each version is equall~~ccurate. I-,



LIST OF EQUIPMENF

ITEM DESCRIPTION

1. 2 KBV EHEP..AC ::000 C0l1EUSTION ANALYZER
2 . SP 413 -48" STACK PROBE
3. SH 10-10FI' HOSE FOR PROBE
4. ONE CONDENSATIOl{ TRAP WITH DESECANT
5. AC Pf)WER CORD
6. SMOKE CHART & 30 SMOKE PAPERS
7. DISPOSABLE FILTER
8. ENERAC ~OOO DISKET & MANUAL
9. INSTRUCTION t4-ANUAL EHERC0l1P WINDOWS & DISKET
10. CYCLOPS .'300AF IlfFRl\HED THERt10HETERS
11. MAXELL CHARGER KB8E
12. FOREGU PLUG ADAPTOR
13. 220V AC POWER SUPPLY
14. RECHARGEABLE A..A.. BATTER!ES
15. CYCLOPS .'30nAY SO~ CASE
16. AA SIZE BATTERIES
17. LENS CAP
18. EY¥ PIECE CAP
19. 2x~.'3.5mm MINIATURE PLUGS
20. INwTRUCTION MANUAL
21. CYCLOPS NECK STRAP
22. FLUKE #41 METER
23. FLUKE #C41-S CASE
24. TL-24 TEST LEADS
25. TP-20 TEST PROBES
26. AC-20 TEST CLIPS
27. RS-~.'3~ CABLE
28. PLUG ADAPTOR
29. 9 PIN TO ~5 PIN ADAPTOR
30. COMMUNI~ATION SOFnvARE
31. USER t1ANUAL
32. GETTING STARTED WINDOWS
33. QUICK REF. CARD
34. RECHARGEABLE TYPE "C" BATTERIES
35. WARRANTY REG. CAP.D
36. 80i-500S AC CURRENT PROBE
37. 80i-1000S AC CURRENT PROBE
38. TYPE "C" BATTERIES
39. MANAGING THE HARMONINGS
40. NOT USED
41. OKIDATA ML3380 PRINTER
42. KEY BOARDS (RUSSIAN) & ADAPTER
43. QUICK REF. CARD FLUKE 80i-1000S PROBE
44. 80i-1000S PROBE USER'S MANUAL & WARRANTY CARD
45. WORD PERFECT 6.0 WINDOWS 6.0 LAHGUAGE MODULE
46. WORD PERFECT V 6.1 FOR WIN~)WS

47. LOTUS 1-2-.'3 FOR WIlfDOWS
48. APEX DATA DATA/F~~ MODEM
49. WINDOWS FOR WORKGROUPS - USER~S GUIDE
50. PROCOMM PLUS FOR wnmows 2.0
51. NULL MODEM ADAPTER
52. DB25 CABLE 10 FT

QTY SERIAL #

1 110032:39
1 n/a
1 n/a
1 n/a
1 n/a
1 n/a
1 n/a
1 n/a
1 n/a
1 20002115
1 n/9, n/a...
1 n/a
4 n/a
1 n/a
4 n/a
1 n/a
1 n/a
2 n/a
1 n/a
1 n/a
1 n/a
1 n/r'9
2 n/r'9
2 n/a
2 n/a
1 n/r'9
1 n/a
1 n/a
1 n/r'9
1 n/r'9.
1 n/a
1 n/a
4 n/r'9
1 n/r'9
1 n/a
1 n/a
4 n/a
1 n/a

1 407AOOO5(34!3
1 n/a
1 n/a
1 n/a

(RUSSIAt.J ) 1 n/a
1 n/a
1 n/a
1 n/a
1 n/a
1 n/a
1 n/a
1 n/r'9



Nl1H1CTepCTBO

eHepreTHKII Ta

eJIercTpnq,iKaUii' YKpaiHB
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OTrpP0'lHbIC pCKBHSltTliI

.:x !aaroHoB

CT, JIItMaH IO)!(LI. KO.zt. 444002.
III KOHTciiHcpoa

CT. 3~lHeB IO/KII. KO..1. 444303

PaC'IerHblii CfJCT - 221504 II npoM·

crpoii6aHKe n. KOMCOIlOJlbCKHii. 3MH­
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cn~COK 050PYnOGAH~n

1 maPT.. 19952.

I-lDmpp

1. ..... KBV ENEHAC 2000 aHdf1U3dTOP Gll<\l2aIHHl Tm1f1U&d

2. SP 413-413" rpIJ(IHi>H:'l 30uq

3. SH 10-10IT HOSE FOR PROBE
4. ONE C-ONDEt-r:3ATION TPJ1P WITH DESECANT
5. U1H'~P 11(1 rd.IH1~l

6. /1l>lm(J&i>lt~ ?P,..'Pltl{U II o,/ma2Ci

7. Cmf.'HHbll1 CPl1f1b rp

8. ENERAC 2000 }luCH t:!Td. U P'JI{-tt,o

9. ~IH':;TPlm1.1l1R 'lP(k~pd.rnmhl ENERCOMP WINDOWS & DISKET
10. CYCLOPS 300AF IlH<PpaKPaCHblli Tepl1larneTP

11. HAZELL '3~.I:J~(JIHlt-! 'JCTPOUCT&O KBSE
12. AlOlrH1T+?P e&ponP-licl<OU p03eTKU

13. 220V AC UGTO'''UHtI< nUTaHUR

14. nt~pw3ap~Ol<a.embIPo 3f1emeHTbt AA
15. CYCLOPS 300AF mR2KUU ~'JTnRP

16. 3f1f':!mPI-I rbl run ..l AA
17. !<nbIWHd. 06bel{Tl1(1J.l

18. !<PWWKd &u~up~

19. 2xQJ3. 5mm mUHllt=iTIOPHb,e pa3bembl

20. P\jK O&OCjC r~fJ--UHGTP'/I<l.lUR

21. CYCLOPS NECK STRAP
22. FLUKE #41 tl']mP-PIlTenb

23. FLUKE #C41-S ~\jTnRP

24. TL-24 TECT npo&oga

25. TP-20 TEeT 30Hqbl

26. AC-20 TEeT K fl11nr.hl

27. RS-232 UlnePQJPl1CHhiU Ka6enb

28. Bl1f11'J "H-IhU"1 aqall rPop

29. 9 25 aganTep U?Of1hyaThlU

'v 30. np(J.~n(imrnH(Je of)ecneyetiue gllR C&R311

31. P\jH n&oqcTfI.H:J (onuciume)

, 32. Ha~hif10 p~6nTbl C WINDOWS
33. KaPTa 6~CTPO~ Gr.WIlKU

34. AHHI/rn\.ff1RrOPhl TU11<-1 "C"
35. KanT.i P."!~UCTPrtllUll flD02pammbi

36. BOi-500S '10W3 rH.?n"""me U H020 TOI<il

37. 80i-100
'
):3 '1<1W) ne~H'!meHH020 TOI{.:l

38. F,.iT<lPP(ll{l1 TlLrlil "e"
39. P'II( n~o'-1cr&o 11 'jrnf'~pp.HUR aapmOHUI<

40. He UCnOf1h~'JerCq

41. OKIDATA ML3380 np~HTEP

,42. Aqi.H1Tep PVCCIJOtl l<fla.&uaTVDbl

43. KdPTa. !-,blr. rpo(t CCblllKU 80i-1000S 301i']

44. 80~-1000:3 '3fJH'l PVI<O&OgCT~O U De211C rpa,U110HHaR K~:lPTO·-IKa.

nporPAMMHblE nA¥ETbl C PYf<!'nBnI1CTBAM~

(HA3BAHIIIH JlAHbl 6E3 nEPEBllI1A)

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

11003239
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
2000~115

n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/,::,
n/a
n/a
n/a
n/a
n/a
n/a

407A0005649
n/a
n/a
n/a

45. WORD PERFECT 6.0 WINDOWS 6.0 LANGUAGE MODULE (RUSSIAN) 1 n/a
46. WORD PERFECT tJ 6 ~ 1 FOR WINDOWS 1 n/a
47. LOTUS 1-2-3 F0R WINDOWS 1 n/a
48. APEX DATA DATA/FAX MODEM 1 n/a
49. WINDOWS FOR WORKGROtWS - USER1S GUIDE 1 n/a
50. PROCOMl1 PLUS FOR WINDOWS 2.0 1 n/a q(t51. NULL MODEM ADAPTER 1 n/a
C',-, T"".,T""~t=' '-'"nT't:' 1 I. tn' 1 n/a



CHECKLIST
IMPROVING COMBUSTION EFFICIENCY

UKRAllUANPOWERPLANTS

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

• Introduction and information exchange with plant management

• Discussion and presentation ofthe 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

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



llEPEl.IEHh MEPOIIPMHTHM
ITO IlOBhlillEIDIIO 3cDcDEKTIlBHOCTM
ITPOUECCOB rOPEHMH TOllJIMBA HA
YKPAMHCKMX 3JIEKTPOCTAHUMHX.

B KaqeCTBe npOrpaMMbI MHHIIMyMa Ha KaJK.n;OH CTaHUlI1I 6y.n;eT
npOlI3Be.lleH CJIe,nyrOIUHH 06'beM pa6oT:

- IIpe.llCTaBJleHHe M 06MeH llH<p0pMaUlIeH C a.llMllHIICTpaUlIeM
CTaHUIIII;

- 06CYiK.n;eHlIe M npe.n;CTaBJIeHlIe 06'beMa pa6oT;

- Ha3HaqeHlIe nepCOHaJIa .n;JIH npOBe.n;eHIIH ay.n;IITa;

- 06Yl.IeHlIe H nOMOIIU> B o6yqeHlIlI BbI6paHHOrO nepCOHaJIa
no BOnpOCaM nPllMeHeHIIH nopTaTIIBHoro o6opy.n;OBaHIIH;

- IIepe.n;aqa .n;eMOHCTpaTIIBHOrO nopTaTIIBHoro o6opy.n;OBaHIIH;

- Onpe.lleJIeHHe MeCTa ,llJIH yCTaHoBKII CTaUllOHapHoro
o6opy.n;OBaHMH; ,

- Onpe.lleJIeHlIe MeCTa ,l(JI.H yCTaHoBKII .n;IICTaHUMOHHbIX
1I3MepllTeJIbHbIX MOAyJIei1:;

- Onpe.n;eJIeHlIe <p1l3nqeCKMX xapaKTepllCTIIK o6opy.n;OBaHll.H
T3 C .n;JIH yCTaHOBKM cTaUlloHapHblx rrpll6opoB;
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PRELIMINARY AUDIT REPORT

IMPROVING COMBUSTION EFFICIENCY

ZMIEV POWER PLANT
(Oct. 3 Thru Oct. 5, 1994)

EXECUTIVE SUMMARY

The preliminary audit activiD:s consist of a reconnaissance visit made to the plant to meet
with key plant personnel, to establish local con1acts, to collect information regarding boilers,
combustion process and conttols, fuel management and general plant operations.

Based on the preliminary SDlVey 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 deliwred costs. The pIant must consider a blending strategy of
individual coals and a>al. byproducts to meet the above criteria. The number of coal
suppliers must be redul:ed to a minimum for a better control of blending process.

2) Boiler Startup and SbDtdown Plans

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

3) Portable Combustion Analyzers

This analyzer is a very useful device to the power plant: it facilitates boiler
operational adj1lStIIleDlS. to improve combusnon efficiency and enable the boiler to be
fine-tuned from emission point of view (CO, 02' NOx and SQi).

It is recommended: m.e portable combustion analyzer ans associated probe per
station.

5906-021PAR 3/1219194 1
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4) In Situ 02 Analyzers

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

It is recommended to install those new devices only on~ 300 MW unit in order to
demonstrate the improvement of boiler's combustion efficiency. All boilers in tins
station are in the program of either being replaced with a new design boiler or
reconstructed in the near future.

It is recommended: total of 4 devices per station.

5) Fuel Meters

The following devices are recommended for metering the fuel input to the same boiler
selected for the above in-Situ 02 analyzer replacement.

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

b) Two devices per 300 MW boiler to measure flow of mazut (supply and return
lines) per boiler.

6) Portable infrared temperatures monitor (heat spy).

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

It is recommended: one heat spy per station.

7) Portable multimeter ac power analyzer

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

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

8) Laptop personal computer

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

S906-02IPAR 3/1219/94 2
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It is recommended: one Laptop personal. computer with software per station.

Medium to Lon~-term recommendations

1) Implementation of the instrumentation per the attached station "Would-like-to-have"
instrument list has to be incorporated into the program of replacing the existing
boilers with the new design boilers or of boiler reconstructions.

2) Investigate lower cost S02/NOx removal technologies.

For S02 removal for example use of a coal and by-product blending or lower cost
sorbent technologies for flue gas conditioning. For NOx removal use of a burner
design technology for low NOx emissions (low cost) or SNCR (selective non-eatalytic
reduction) or SCR (selective catalytic reduction) both expensive solutions.

3) Replace the entire existing controls~ instrumentation and interlocks with state-of-the­
an technology for a fully automatic operation of the station.

4) Upgrade the dust control system to the world performance standards, either replace
the existing scrubbers and ESP's or refurbish to meet the world standards.

5) The plant has to develop short term and long term plans for boiler and air pollution
control system malfunction prevention.

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

7) Provide proper analytical equipment to the chemical laboratory.

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 followmg observatIOns and assessments:

ObservatIons and Assessments

The buses of this power station are used for exchange of power between the
Russian and the Ukraiman systems. Operanon of this plant is In parallel wIth
the Russian gnd not the Uknrinian gnd.

The units are operated as base load without interrupnon and proper
maintenance is put off. However there is an annual maintenance outage for
each unit and a regular maintenance in accordance with manufacturer's
recommendations.

This station has Unit I boiler operated over 250,000 hours, has been sWItched
on/off 375 times, operation time is 1.5 times the deSIgn time operation.

Plans are in place to reconstruct this statIOn. The statIon would like to keep
the structures and replace all the equipment step by step. The new plant IS

expected to deliver more than 2400 MW's of the eXlsnng plant Installed
capacIty.

A joint venture is in the process of developing a deSIgn of a boIler to burn low
quality coal as a part of the "pure" coal program. ZmIev boilers WIll be used
for testing and implementating the new design. The Unit #3 boiler will be
used for testing the new design. After this testing the Unit #1 boIler will be
replaced with new design boiler. This pilot boiler will replace all 200 MW
boilers In the rest of the Ukraine.

The bOIlers have no burner management systems.

The statIOn has no NOx pollution control system. The eXIsting NOx analyzers
in 300 MW units are not used because they are not reliable.

The original mechanical governors are stIll In operation.

All mterlocks are of a very basic nature offenng limited protection.

Most of the process control systems operate on "manual" mode from the
control Board located in the Unit Control room. A chart IS used to mdicate
the umt load as a function of the amount of coal and mazut cofrred.

The deSIgn of the equipment is obsolete, all designed in the 1950's, and
because of the advanced age is also significantly worn out.
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The controls and instrumemations are outdated, 1950's vmtage, the readmgs
are unstable and reqUIre ODgOing maintenance to keep them operational.
Spares are hard to be obtained.

The station lacks outdoor fixed monitoring equipment for recording gaseous
and dust values.

Because the stack heights far exceed the "good engineering practIce" critena,
the pollutants emitted do n~ produce a local aIr quality problem, but It IS a
concern for the atmosphe:r.ic pollutIon.

The coal is supplied by 44 suppliers. The station has little input to the quality
selected for the coal or control over fuel acquisitions.

The coal delivered to the plant does not match original boiler design
requirements, thus reducing boiler effiCiency and increasmg maintenance. In
addition, the poor quality of coal increases the air pollution and causes
reduction in MW output of the bOIlers. Mazut or gas is cofired almost all
times in order to deliver me MW's output reqUIred by the system and mamtam
the stable operations of the boilers.

The onginal boiler design performance when firing coal was revised in 1987
and 1992 and subsequently the boiler maximum MW output was reduced from
200 MW to 175 MW and from 300 MW to 275 MW. Therefore, the power
plant MW's output is deIatrd to 2150 MW from 2400 MW, a reduction of
total 250 MW (10.42%). The main stearn temperature was changed from
570°C to 540°C to increase the boiler reliability.

The SIX 200 MW units are furnIshed WIth wet scrubbers, while the four 300
MW umts are provided wi1h Electro StatIc PreCipItators (ESP). Both systems
are reported operating unsatisfactory.

The units are operated on base load mode except during the weekends when
two or three units are shutdown and the balance of the units operates on load
reduction. This operation affects the equipment.

The efficiency calculations are performed on a per unit and per plant baSIS.
Except for the natural gas that IS measured directly per boiler, all other fuel
quantities per boiler are emapolated from power station data. These
efficiencies are compared !D the effiCIencIes based upon the boiler design
performances recalculated in 1987 and 1992.
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INTRODUCTION

ENERGO SYSTEM:

LOCATION:

INSTALLED CAPACITY:

COMMISSIONED:

FUEL:

POWER PLANT DESCRIPTION

KHARKIVENERGO

30 KM SOUTH OF KHARKIV

2400 MW
6 X 200 MW + 4 X 300 MW

1960-1969

COAL LOW-BITUMINOUS, ANTHRACITE AND
GAS ORMAZUT

1. The ZmIev steam power station consists of two lines of umts. The first line consIsts
of SIX subcritical 200 MW P01i\'eI' unirs. The bOIlers were designated TP-100 and
were supplied by the Taganrog Boiler Factory and the turbines were supplied by the
Lemngrad Metal Works. The second line consists of four supercntical 300 MW
power units. The boilers were designated TPP-210 and TPP-21OA and were supplIed
by the Taganrog Boiler Factory and the turbmes were supplied by the Kharkov
Turbine Factory.

2. The first unit was put into opes:ation in 1960. The unit was deSIgned to fire natural
gas because of a supply of na1mal gas nearby. After three units were put into the
operatIon, the government decided in 1963, 1964 to switch operation of these umts to
coal and redesign these units fur coal fmng along with designing the next seven umts
for coal firing. The equipment for gas firing is still in place. In 1969 constructIOn of
all 10 units with a total output m2,400 MW's was completed.

3. The 300 MW units conSIst of <DubIe boilers (two subboilers) to Improve rehability of
operation.

4. In the 1970's, the coal supplied to the power station was changed to a much poorer
quality than the coal that was the basIS for the plant design. The ash content of the
coal was up to 40% and still is., and the caloric value of the coal ranged from 3,200­
5,000 kcal/kg. A special state program was started to improve the quality of the coal
by reprocessmg. However, when the coal was reprocessed byproducts were formed
which nobody knew what to do with at that time. Nevertheless, these byproducts
were delivered to the power stnions to be fired. The problems fmng the byproducts
at this plant are greater than at Kourakhovska power station because these units were
onginally designed to burn na1mal gas.

5906-02JPAR 3/11130/94 6



5. The buses of thIS power station are used for exchange of power between the RUSSIan
and the Ukraiman systems. Operation of thIS plant is In parallel with the RussIan
grid not the UkrainIan grid.

6. These umts are operated as base load without interruptIon. The station considers this
a problem because proper maintenance is put off. Only regular maintenance in
accordance with manufacturerts recommendations is performed. This is especially a
concern because of poor quality of coal and the age of the plant equipment. There IS
an annual mamtenance outage for each of the units.

7. The power statIon is proud of unit 1 boiler because it has operated over 250,000
hours t has been switched onloff 375 times, and actual operation time is 1.5 tImes the
deSIgn time of operation.

8. The power station considers the units to be complicated, old and control systems
obsolete, Le., all equipment was designed in the 1950's. The power station is proud
of the fact that they are able to continue to operate these old units.

9. The power station units are supplemented WIth either mazut or natural gas when It can
be purchased.

10. Coal IS measured in a similar manner to Uglegorsk and Kourakhovska, Le., samplIng
methodology and weighing on conveyors.

11. The power station has a plan to reconstruct the station. The main problem is to find
the correct design of these boilers for poor quality coal. They would like to replace
the whole plant step by step. They would like to keep structures but replace all
equipment. They would like to increase the capacity of the new plant above the
nominal 2,400 MW's of existing plant. They would like to use foreign boiler
manufacturer experience in the design of these boilers. At the moment, the station IS
developing schedules for reconstruction and butlding hOUSIng for workers. However,
the schedule for reconstruction IS dependent upon development of the new boiler.

12. A jomt venture of Kharkivenergo., B&W (USA) and Bilgorod boiler plant has been
formed to design a boiler to burn low quality coal. B&W and a local engineenng
company are responsible for design. The local engineering company would be the
central design bureau. Kharkivenergo and B&W are part of the pure coal program.
Pure coal IS the name of a special program to find an opnmal technology for the
boiler design. Zffilev boilers will be used for testmg the new design. The unit 3
boiler will be tested in a special center for pure coal. After testing, the umt 1 bOIler
will be replaced with a new design bOIler. The results of activities of the joint
venture will be a pilot boiler to be used for 200 MW units that will replace all 200
MW units in the rest of the Ukraine.

5906-021PAR 3/11130/94 7



13. When all units of the power station are operating they can produce a maxImum output
of 2,200 MW's With an average coal of 4,500 kcal/kg. With mazut or natural gas
cofinng the power statton can prodl!lce 2,400 MW's.

14. The speed of the coal dust feeders can be controlled from the control room. In
pnnclpal they have schemes to interlock the coal dust feeders and forced draft fan
dampers but don't work and don't use. Forced draft fans always operate at full
capacity.

15. There are four 02 analyzers per umt which are used to momtor 02 contents m bolier
combustion process. These analyzers are used to remote manually adjust from the
Control Room the speed of coal feeders and positton of forced draft fan dampers.
LimIts of O2 content are 4% to 6~. The fuel to air ratto IS manually adjusted based
on experience and 02 analyzer indications. There are no CO analyzers in the power
statton. Approximately 140 points in boiler are monitored by thermocouples.
Electncal signals go to the Control Room. Station Said they had NOx analyzers m
300 MW units but did not use because they are not reliable.

BOILER PLANT

16. BOller DesIgn Performance:

a. The 1987 revised type TP-lOO and type TPP-21O boIler design performances
are shown on References 1 and 2.

1. The boiler performances are based upon coal and mazut or coal and
natural gas cofiring with mazut bemg maximum 15 % of the total heat
input. Never mazut alone.

11. The main steam temperature was lowered from 570°C to 540°C.

111. The original boiler design performance calculations were based upon a
coal caloric value of 6430 kcal/kg, ash content of 18% and water of
6%.

iv. The 1987 boiler ped'OImances are based upon a coal calonc value of
4900 kca1/kg, ash content of 27% and water of 10%; gas of 8221
kcal/kg and mazut of9316 kca1/kg.

b. Excerpts from the 1992 revised type TP-lOO and type TPP-210 boiler deSIgn
performances are shown on Attachments 1 and 2 respectively. The TP-l00
boiler was derated from 200 to 175 MW output and the TP-210 boiler was
derated from 300 to 275 MW output.

5906-02JPAR 3111130194 8



17. Mode of Fuel Finng:

a. Mazut Only - units never operate on mazut alone.

b. Natural Gas Only - umts can operate at 200 and 300 MW on natural gas only.

c. Coal - can operate with coal firing alone, coal firing with mazut cofmng, and
coal firing with naim'al gas cofinng.

18. As Fired Fuel Analysis:

a. The as-fired fuel analysis for coal, natural gas and mazut is shown on
Attachment 3. The fuel analysis for the schlamm is also shown on
Attachment 3.

b. Coal:

1. Coal is supplied to the station by 44 suppliers. Lowest volatility
content is 4 to 6%.

11. Initml coal quality determination is achieved by taking coal sample
from each railroad car and analyzing for ash and water contents.

111. There is coal mixing by the bulldozers in the yard.

iv. The average quality of the coal over a 3 to 5 day period is determmed
by taking coal samples from the conveyors. The coal is analyzed for
calonc value, water, ash, volatility and sulfur content. This is a slow
process.

v. The power station would like to have deVIces to measure coal quality
feeding each mill (2 deVIces per bOIler) and after each cyclone (2
devices per boiler) for the TP-lOO bOIlers. They want the same
arrangement for the TPP-210 bOIlers except 3 deVIces per boiler
because each boiler has 3 mIll systems. The location of these devices
for the TP-lOO boiler IS shown on Attachment 4.

19. Boller Firing System Flow Diagram:

a. Units 1-6 (TP-l00 boilers) - as shown on Attachment 4; there are two rows of
eight burners (16 burners total), and two raw coal bunkers, two mills, two
separators, two cyclones and one coal dust bunker per boiler.

1.

5906-02IPAR 3/11130194

The power station would like to have coal flow meters to measure the
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input to each mill (2 devices per boiler) for mill efficiency
improvement.

11. Each burner has a 5 tonlhr capacity for coal dust.

ill. Each coal dust feeder (16 total per boiler) can revolve from 500-1500
rev/min.

IV. Speed of rotation of each coal dust feeder is based upon main steam
pressure and temperature at the boiler outlet. This IS the automatIc
system of controlling combustlOn. Good and fast but adjustment IS not
made correctly for all coal dust feeders as discussed below.

V. However, because of wear and tear of coal dust feeders the actual flow
of coal dust through each feeder ranges from 5-7 tons/hr causing local
problems at each burner and excess combustion of fuel. In additIon,
the speed of eight coal dust feeders are adjusted at one time.

VI. The power station would like to have individual coal dust flow meters
on each pipeline feeding the burners (16 total per bouer) and be able to
individually and manually adjust the coal dust flow to each burner, thus
to control combustIon at each burner.

vii. The design capacity of the coal dust feed system is 79 tons/hr. Now
the system is feeding 100 tons/hr of poor quality coal dust to each
boiler.

b. Units 4-10 (TPP-210 boilers) - A boiler firing system flow diagram was not
provIded for the TPP-210 boilers. The bOiler consists of two subbOilers of
475 tons/hr each. The unit can operate with one subbOller, but finng actual
coal requires two subboilers to maintain nominal stearn flow. Each subbOiler
has 12 burners on two rows for a total of 24 burners per boiler. Each boiler
has three mill systems of 50 ton/hr capacIty instead of two as discussed for the
TP-loo boilers. Three cyclones output to one coal dust bunker for two sub­
boilers.

i.

11.

5906-02/PAR 3/11130/94
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input to each mill (3 devices per boiler) for mill efficiency
improvement.

The power station would like to have individual coal dust flow meters
on each pipeline feeding the burners (24 total per boiler) from coal dust
bunker and be able to indiVIdually and manually adjust the coal dust
flow to each burner.
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20. SectlOn/Plan View of Boiler:

a. Attachments 5 and 6 are section views of the TP-lOO bauer. Attachment 7 IS
a plan VIew of the TP-lOO boilers.

b. Attachments 8 and 9 are section views of the TPP-21O bOller.

FUEL SUPPLY

21. Flow Diagrams for Fuel Supply:

a. Mazut:

1. Attachment 10 is the mazut flow diagram for the TP-lOO boilers. The
flow diagram shows the mazut bemg fed to eight of the sixteen burners.
A simllar flow diagram eXIsts for the TPP-210 boilers.

11. The amount of mazut fired for the total power station 1S determined by
measuring the level of the mazut storage tanks.

111. The power station would like to have the capability to measure the flow
of mazut to each boiler.

b. Natural Gas:

Attachment 11 is the natural gas flow diagram for the TP-lOO boilers. A
similar flow diagram exists for the TPP-210 bOllers. Natural gas flow meters
already exist per bolier and work well.

c. Coal:

There are scales to weigh the coal bemg delIvered per railroad car.

ll.

5906-02/PAR 3111/30/94
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power station (lO units)
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PLANT OPERATION MODE

22. The mode of umt operations during summer or wmter is the same and 1t 1S as follows:

TP-lOO (200 MW) BOller TPP-210 (300 MW) BOller

Night Load:
Day Load:
Weekend:

COMBUSTION CONTROLS

140MW
175 MW

Four or five units
each operating at
140MW

230MW
275MW
Two or three units
each operating at
230MW

23. Attachments 12 and 13 detail the combustion control scheme for the 200 MW (TP­
100) boiler. Attachments 14 to 16 detail the combustion control scheme for the 300
MW (TPP-210 boller). However, the combustion control is actually a manual
operation. Coal is usually fed to the boilers at maximum coal feeder speed, with
cofinng of mazut or natural gas 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 1S a functlOn of the amount of coal and
mazut or natural gas firing and load. Final alr damper position adjustment is made
based upon O2 analyzer indications. Thus the control of fuel and combustion alr ratio
is essentially a manual operation based upon malnwning a certam umt load, under
constant bolier outlet steam pressure and temperature with an O2 indicatlon between 4
to 6%.

24. CO and O2 Analyzers:

a. None of the units have CO analyzers.

b. As shown on Attachment 8 Ute TPP-210 boilers have two oxygen analyzels per
subboiler or a total of four per bOIler located m the convection pass at
approximately 600°C. As shown on Attachment 6 the TP-100 boilers have
two oxygen analyzers located on the convecUon pass per boiler.

c. The excess 02 is main1ained at approximately 4%. The station wants to
mainwn actual air to theoretical air at a ratio of 1.25 to account for
inaccuracies in the quality and quantity of coal being fired and to compensate
for maccuraCles m measurements.

d. Besides having 02 analyzers the power station would like to measure alr
consumpnon at each burner to ensure proper combustion at each burner.
Adjustment of fuel to air ratlo at each burner would be manual from the

5906-02/PAR 3/11130/94 12



Control Board in Unit Control Room.

CALCULAnON OF BOILER EFFICIENCY

25. The methodology for the boiler efficiency calculatIOn is shown on Attachment 17 for
August 1994. The calculations are done on a per umt and per plant basIS. The only
fuel measured directly per boiler is the natural gas. All other fuel quantities per
bolier are extrapolated from power station data. The quality of the coal is also
averaged on a 3 to 5 day basis. These efficiencies are compared to the efficiencies
calculated based upon the boiler design performance. The boiler design performance
was recalculated in 1987 and 1992 as discussed in item 16.

NOTE: See Project File for References 1 and 2.
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STATION "WQDLD-LIKE-TO-HAVE" INSTRUMENT LIST

The followmg is a summary of the instruments that the statIon "would-like-to-have" provIded
under the energy savmgs program:

1. DeVIces to measure coal quality feeding each mIll (2 deVIces per TP-loo bOller, 3
deVIces per TPP-210 bOIler) - 24 total devices per statIon.

2. DeVIces to measure coal quality after each cyclone (2 devices per TP-lOO boiler, 3
devices per TPP-210 boiler) - 24 total deVIces per station.

3. DeVIces to measure coal flow feeding each mIll (2 deVIces per TP-lOO boller, 3
devices per TPP-210 bOIler) - 24 total devices per station.

4. Devices to measure flow of coal dust to each burner (16 deVIces per TP-lOO, 24
deVIces per TP-210 bOIler) - 192 total deVIces per statIon.

5. DeVIces to measure flow of mazut to each boiler (2 deVIces per bOIler) - 20 total
devices per station.

6. New devices to measure O2 content of exhaust gases in convectlon pass (2 devices per
TP-lOO boiler, 4 devices per TP-210 boiler) - 28 total devices per station.

7. Devices to measure air consumption at each burner (16 devices per TP-lOO boiler, 24
deVIces per TP-21O boIler) - 192 total devices per station.

8. Video monitors to view bottom ash (slag) removal for each boIler (1 device per TP­
100 boller, 2 devices per TP-21O boiler) - 14 total monitors per station.

9. Furnace flame detection system for each boiler (1 device per TP-lOO boiler, 2 deVIces
per TP-21O bOIler) - 14 total systems per statIOn.

10. Portable combustIon analyzer - one per statIon.

5906-illfPAR 3fl1f30f94 14
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To:

From:

Date:

Subject·

Burns and Roe Company

S.8. 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.Gaghardo
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 or/and CHP plants as selected by USAID/KIEV in
consultation with Ministry of Energy and Electrifications.



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 USAIO/KIEV and Darian Dlachock of
IDEA/KIEV.

Dr. Osborn suggested selection of seven power statIons located In different regions
of Ukraine, that should be considered for energy saving program. This is a change
from original five power stations. In addition after considerable diSCUSSions and
assessment of the actual political climate of Ukraine, it was decided that dUring thiS
triP all selected power stations would be visited for an initial audit. The detailed
audits including the measurements and tests would have to take place later durrng 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.
J(~:{rif~~/

A meeting with Tom Kennex 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 generaf criteria and performance data available on Ukraine power
sector, from a list of seventeen large thermal power stations and lists of other distrrct
thermal stations (CHP), an initial list of seven power stations and CHP plants had been
prepared. With minor modifications the selected power plants are as shown on the
Attachment 1. The concurrence to thiS selection was obtained from Dr. Osborn and
Darian Diachock.
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Dunng a meeting with Alexey Sheberstov, First Deputy Minister of Ministry of Energy
& Electrification of Ulaaine, on Sept. 20, 1994, the energy saving program was
explamed, 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
Simteropol 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 scheduJedto 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 initial audit of each plant. The plant viSIts had to be scheduled to
coinCIde With Dr. Osborn's viSIts in the areas. On Sept. 28, 1994 he was scheduled
to be In Donetsk - Kourakhovska region followed up by Sept. 29-30, 1994 VISit to the
city of Odessa.

The plant VISit schedule (see Attachment #2) together with the "Check List" were
discussed and handed to Igor Laplntn, Head of Department of InternatIonal ActIVIties
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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. Zmiev:

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 IndustrIal 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 anginal bOiler desIgn requirements, thus
reducmg boiler efficiency and increasmg 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 metenng, where installed is for the entire plant, (except natural gas) thus the
efficiency calculations for each boiler are extrapolated based on procedures outlined
in theoretical books.

The actual instrumentation equipment of the plants is old and outdated; the operating
personnel do not fully trust their indIcations or operations. The plants are in need of
entire upgrading of the process control system.

A. KURAKHOVSKA POWER PLANT (Sept. 25 thru Sept. 28)

ENERGO SYSTEM:

LOCATION:

INSTALLED CAPACITY:

COMMISSIONED:

BOILER TYPE:

FUEL TYPE:

COAL METERS.

MAZUT METERS:

02 ANALYZERS:
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DONBASSENERGO

40 KM South-west of Donetsk

1460 MW

1972-75

Subcritlcal, Type TP-1 09

Lignite (Schlamm) supplemented by
mazut when lignite caloric value is
s.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 MW)

Sliding pressure mode (Boller 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. 1)

ENERGO SYSTEM:

LOCATION:

INSTALLED CAPACITY:

COMMISSIONED:

BOILER TYPE:
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DONBASSENERGO

50 KM North-east of Donetsk

3600 MW

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

SupercrJtlcal
Type TPP-312A - First Phase
Type TGMP-204 - Second Phase



FUEL TYPE:

COAL METERS:

MAZUT AND GAS METERS:

O2 ANALYZERS:

SERVICE DUTY:

UNIT OPERATION:

BURNER MANAGEMENT:

POLLUTION MONITORING:

4x300 MW; coal, gas, mazut, coal and
gas or coal and mazut

3x800 MW; gas, mazut or gas and mazut

Total per plant; extrapolated for each
unit

Measured at each Unit

"In SitU" electrochemical cells on each
bOIler, accurate indications if either gas
or mazut is burnt, but not both.

Continuously at loads reqUired by
central dispatch center.

Maintain constant the temperature and
pressure of the steam at the outlet of
the boiler

None

No NOx Control
No S02 Control

The 800 MW bOIlers have operated as a pressurized furnace With FD fans in operation
only; 10 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. Larinov, Chief Engineer of Donbassenergo from Gorlovka

Support plant staff

The power station IS clean and appeared to be well run and managed. The staff IS

competent and cooperated in prOViding the 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:

80 ILER 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

Subcntical TP-1 00 for 6x200 MW Units
Supercntical TPP-21 0 and TPP-21 0 for
4x300 MW Units

Coal low-bituminous, anthracite and
gas or mazut

Total per plant; extrapolated for each
Unit

No meters for mazut, meters for gas

Old, need frequent regulations and
maintenance, indications are not
reliable.

Continuously, base load.

Maintain constant the temperature and
pressure of the steam at the bOIler
outlet.

None

No NOx Control

The meetings were held with the following key personnel:

Oleg K. Gntsanluck; 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:
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DNIPROENERGO

100 KM South-west of Dnipropetrovsk

3000 MW

1965-1973

Supercritical
Type P50 - Units 1, 2, 3, 4
Type TP-210A - 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. Cebotan; 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 Krivoi Rag to Kiev and back to USA
on October 9, 1994.
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AlTflCJ.thEItIT*2
PLANT VISIT SCBEDtJLE

Team #1 (S.N. Corban) Team#2 (J. Hallberg)
25 Sun Tmvel to Kourakhovska
26 Mon Kourakhovska (Plant
27 Tu Kourakhovska (plant)
28 Wed Travel to Uglegorsk
29 Thur Uglegarsk (plant) Tmve1 to Odessa
30 Fri Uglegorsk (Plant) Odessa (PlanT)
0-1 Sat Travel to Kharkiv Odessa
2 Sun Kharkiv Odessa
3 Man Zmiev (Plant) Odessa (Pld 11T)
4 Tues Zmiev (plant) Travel to Moldova
5 Wed Travel to Krovoi Rag Moldova IPLant )
6 Thur Krivoi Rog (plant) Moldova (P'~nr)
7 Fri Krivai Rog (Plant Travel to Burshtyn
8 Sat Travel to Kiev Burshtyn
9 Sun TRAVEL TO USA Bmshtyn
10 Man Burshtyn I PLc:Jnt)
11 Tues Bmshtyn (flIOJ'Ylf)
12 Wed Travel to Kiev
13 Thur RETIJRN TO USA
14 Fri
15 Sat
16 Sun



CHECKLIST
IMPROVING CO:MBUSTION EffiCIENCY

UKRAINIAN POWER PLANTS

The following work will be perl'anned at each plant, as a minimum:

• Introduction and information exchange with plant management

• Discussion and presentation ofthe scope ofwork

• Assess both technical andmanagerial capabilities

• Establish points ofcontacts

• Identify any local support, ifavailable

• Identify and coordinate the work schedule

• Discussion with key personnel regarding operation ofthe plant

• Determine the availability ofthe existing sources ofinfonnatian and data

• Determine the plant historical operating data

• Walk through the plant to detmnine the requirements for selected
instrumentations:

Combustion analyse:s
Fuel flow meters, gas, oil or coal
Oxygen analyzers

• Review of existing P&ID's to determine locations ofmonitoring points

• Detennine physicallocatiom for installing the selected primary element

• Determine locations for inst;Uing the remote monitoring modules

• Identify the persons to be assigned far on-the-job audit training



A.

B.

C.

D.

E.

F.

G.

H.

I.

J.

K.
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AlTACHMENT 4

IMPROVING COMBUSTION EFFICIENCY
UKRANIAN POWER PLANTS

PUNCH LIST

Boiler design basis fuel analysis (coal, mazut and natural gas), design
bOiler performance for each fuel, parameters derated from onginal
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 umts.

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 ftrlng
based upon A. and C. above. Method of efficiency calculations.
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SELECTION CRITERIA.
Improving Combustion Efficiency

Ukrainian Power Plants

September 19, 1994
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TRIP REPORT

1. 1 Introduction

USAID/ENI retained Burns & Roe Enterprises, Inc. (BREI) to perform plant audit visits

to seven Ukrainian Thermal Power Plants (TES)..

The objective of these audit visits is to Improve the combustion efficiency of the

Ukrainian Power Plants.

Burns & Roe performed the plant audit visits during a Feb 6-Mar 7 trip to the Ukraine

in accordance with the Delivery Order objectives. The following report describes the

activities of Team #1 (Selisett Corban, P.E. and George Keller, P.E.), which visited

Kourakhovska, Uglegorsk and Zmiev TES. A separate report describes the activities

of Team #2 (John Hallberg P.E. and Prem Gupta) which visited Odessa, Simferopol,

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 Tnp Report and Findings

Mon. & Tue,. Feb.6-7, 1995 -TJaVel to Kiev.

Feb 8 through Mar 15, 1995 -In Kiev.

The follOWing activities took place during this time:

• Meetings and introductions at the office of USAID/Ukraine Mission with Dr.

Osborn and Andrei Parinoyof USAID/KIEV.

• Meetings and Introductions at the office of IDEA/KIEV with Danan Dlachok and

hiS staff.

• Arrangements for expecfJting 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 follOWing activities took place during thiS time:

• Sehsett Corban, P.E. and George Keller, P.E. met with Georgy Kuryshk,
Technical Director, Fedor Tzirulmk, Deputy Chief Engineer and support staff of
the Plant. After an introduction and mformatlon exchange with the plant

management, Team 1 presented the scope of work and outlined the schedule

and the reqUired assistance to mamtaln thiS schedule.

A diSCUSSion followed. Our hosts made It clear that they are pleased to see us
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return to provide equipment and services. Apparently, scores of foreign

companies vIsited the plant and promised some assistance which never

materialized.

• The plant management identified those personnel to be assigned for hands-on

audit training. George KeUer concentrated on providing training and assistance

to the team selected for the demonstration and continuous use of the portable

combustion analyzer. Selisett Corban provided training to the team assigned to

the Infrared "Heat Spy" and Fluke power analyzer.

• Team #1 proceeded to prepare for audit tests. George Keller worked with the

local computer specialists In resolving Texas Instruments (TI) PC software

problems. Local computer specialists were competent and familiar with the

latest PC software. We were surprised at the large number of PC's in use.

Use of TI PC for an interface with a EES portable combustion analyzer

(ENERAC) was successfully demonstrated. We obtained an absolute analysIs

of the local coal and successfully created a custom fuel for the portable

combustion analyzer's library of fuels.

• Team #1 proceeded to perform audit tests. On the first day of the audit tests

most of the measurements were performed by the BREI Team while training the

assigned local personnel. On the second day the assigned team performed most

of the measurements with very little assistance. Measurements were performed

on different bOilers, at various MW loads, at different locations on the boilers,

and on two fuels (coal and natural gas). Occasionally a new access hole in the

furnace or a duct was required for the analyzer probe insertion. This was

accomplished by the plant personnel very expeditiously.

• Power analyses were performed by utilizing the Fluke harmonic analyzer.

• The assigned team was also trained In the use of the Infrared "Heat Spy".

• We also worked on finding the best location for stationary instruments, such as

oxygen analyzer and coal flowmeters. Because of the high leakage rates (up to

100% and higher), which make readings of any oxygen analyzer dependant on
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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.
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Feb 23 through Feb 27, 1995 - In Kourakhovska,

The following activities took place dunng 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 PJant. 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 speciaJists in resolving Texas Instruments (TI) PCSsoftware

problems. Local computer specialists were competent and familiar with the

latest PC software. We were surpnsed at the large number of PC's In use.

Use of TI PC for an interface with a EES portable combustion analyzer

(ENERAC) was successfully demonstrated. We obtained an absolute analySIS
of the local coal and successfully created a custom fuel for the portable
combustion analyzer's library of fuels.

Team #1 proceeded to perform audit tests. On the first day of the audit tests

most of the measurements were performed by the BREI Team while training the

assigned local personnel. On the second day the assigned team performed most

of the measurements with very little assistance.
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Measurements were made on different boilers, at various MW loads, at different

locations on the boilers, and on two fuels (coal and coallmazut). 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 conaltions, and the length of the cable runs. Using the infrared

"Heat Spy" we were able to measure ambient temperature around the future

high temperature oxygen analyzer. Metal temperature at the mounting locatIOn

(railing) was about 55 Degree Centigrade.

• We also worked with the laboratory staff to define critical needs for fuel

analYSIS.

• The Team spearheaded all necessary paper work required to turn over to the

plant the portable instrumentation used for the audit test demonstration.

Tues, Feb.28, 1995 -Travel to 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
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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 Ukrainian power plants. Dr.Ostrovesky

agreed to that suggestion and we since then made the necessary contacts.

We also discussed the commiSSioning of the stationary eqUIpment under the USAID

contract. DonORGRES implied that Without their partIcipation the equipment Will not

be properly commissioned. In our opinion, the power plants are capable to do the

work themselves. However, if DonORGRES IS reasonable In pricing the commissioning

of the stationary equipment, it could be a good insurance policy.
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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.

A fter an IntroductJOn 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 resolvmg 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 training the

aSSigned local personnel. On the second day the assigned team performed most
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of the measurements with very little assistance.

Measurements were performed on different bOilers, at various MW loads, at

different locations on the boilers, and on two fuels (coal and natural gas).

Occasionally a new access hole In the furnace or a duct was required for the

analyzer probe insertion. This was accomplished by the plant personnel very

expeditIously.

• Power analyses were performed by utIlizing the Fluke harmonic analyzer.

• The aSSigned team was trained in the use of the infrared "Heat Spy".

• We also worked on finding best location for stationary instruments, such as

oxygen analyzer and coal flowmeters. Because of the high leakage rates (up to

100% and hlgherlw which make readings of any oxygen analyzer dependant on

ItS distance from the furnace, we recommended the use of high temperature

oxygen analyzer for stationary purposes. After a discussion both parties agreed

to use high temperature oxygen analyzer for stationary purposes. We also

defined the best locations for receiver Instruments, process and environmental

conditions, and the length of the cable runs. USing the Infrared "Heat Spy" we

were able to measure ambient temperature around the future high temperature

oxygen analyzer. Metal temperature at the mounting location (railing) was 48­

55 Degr. Centigrade.

• We also worked with the laboratory staff to define critical needs for fuel

analysIs.

• The Team spearheaded all necessary paper work reqUired to turn over to the

plant the portable instrumentation used for the audit test demonstration.

Suns, Mar 5. 1995 -Travel to Kiev.

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

USAID/Ukraine MIssion.

• Participated in informal meetings at the office of IDEA/KIEV with Danan Dlachok

and his staff.

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

USAID/Ukralne 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 malntamlng throttle pressure, "fixed" finng rate, floating frequency and

manually adjusted air flow (fixed settmgs 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. Ukraiman 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 S02 laboratory analyzer should be provided for each plant to control

the S02 content of the received coals versus the coal Specification.

• We recommend to modify the existing return air system from the coal storage
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bunkers to the furnace to Insure good mixing with the combustion aIr (add air

nozzles). The return aIr must arrive in the furnace as high velocity jet wIth the

ratio of Its horizontal velocity to the vertIcal velocity in the furnace of 6 to 1.

Presently the return air does not participate in combustIon, but rises along the

furnace walls as "parasite air".

• The best thing that can be done for Improving combustion efficiency, reducing

emiSSions and extending life expectancy of Ukraiman Power Plants is to sWitch

them entirely to burn natural gas, whIch IS presently cost competitive with other

fuels.
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TRIP REPORT

1 0 IntroductIOn

The work descnbed in tms report has been carned out by Burns and Roe Enterpnses, Inc Wltmn the

framework ofthe US Agency for InternatIOnal Development (USAlD) Emergency Energy Program

for the Newly Independent States (NIS), Delivery Order No 6 Energy EfficIency and RehabIhty ­

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

2 - Power Plants Combustion Efficiency

u.S AlDlKlev has Imttated an energy savmgs program by provIdmg mstrumentatIOn equipment to

combmed 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 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 prelimmary

informatIOn at the selected plants The project teams also performed combustion audIts dunng

February and March 1995

Durmg these audIts, the project teams tramed plant personnel on the use of portable combustIOn

effiCIency mstrumentatlOn A set ofportable efficiency mstrumentatIOn (ENERAC 2000 combustIOn

analyzer, Fluke AC power analyzer, and Cyclop Infrared Temperature Detector (heat spy) was gIVen

to the Kourakhovska, Uglegorsk, and ZmIev plants m 1995 In 1997 the plants receIved and

accepted· an oxygen analyzer, mgh range mfrared thermometer, hqmd flow meter, combustIOn

analyzer consumables, and sulfur analyzer Installation of oxygen analyzers was mittated 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 m commissIOmng of eqmpment

receIved m 1997

1
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2.0 Trip Report and Fmdings

Mon & Tue.. Aug 4-5. 1997 -Travel to KIev.

Wed. Aug 6. 1997 -Travel to ZmIev TES

Aug 6 through Aug 7. 1997 -In ZmIev

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

purpose ofhIs VISit In the ensumg discussion plant techrucal and fmancial sItuation, Impact of AID

supplied instruments on fuel efficiency and envIronmental Improvements at the plant, and reqUIred

technical aSSIstance with COnllTIlSSIOnmg of the eqUIpment receIved m 1997 were brought up

A Protocol was prepared whIch descnbes the impact of AID supplIed instruments on fuel effiCIency

and envrronmentalimprovements at the plant A list of questIOns regardmg 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.

Fri 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 explamed the

purpose ofhIs VIsit In the ensumg dIscussIOn the followmg Issues were brought up plant techrucal

and financIal situatIOn, impact of AID supplied mstruments on fuel effiCIency and envIronmental

Improvements at the plant, and reqUIred techrucal aSSIstance WIth commissionmg of the eqUIpment

receIved m 1997.

A Protocol was prepared which descnbes the Impact of AID supplIed mstruments on fuel effiCIency

and envIronmental Improvements at the plant A lIst of questIOns regardmg COmmISSIOnIng of the
Laboratory Calorimeter and Sulfur Analyzer wIll be prepared by the chemIcal lab and forwarded to
George Keller He Will follow up on thIS hst upon hIS return to USA

Aug 11. 1997 -Travel to Kourakhovska TES
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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 ofllis VISIt In the ensumg dIScussIon the followmg Issues were brought Up' plant techmcal

and finanCial sItuation, Impact of AID supplIed instruments on fuel effiCIency and envIronmental

Improvements at the plant, and reqUIred technIcal aSSIstance WIth COmmISSIOnIng of the eqmpment

receIved m 1997

A Protocol was prepared whIch descnbes the impact of AID supplIed mstruments on fuel effiCIency

and envIronmental Improvements at the plant A list of questIOns regardmg cOmmiSSIOnIng of the

Laboratory Calorimeter and Sulfur Analyzer will be prepared by the chemIcal lab and forwarded

to George Keller He will follow up on thIS lIst upon hIS return to USA

Tue, Aug 12. 1997 -Travel to Kiev

Tue. Aug 12. 1997 -In KIev

Prepared the tnp report and started preparatIOn of the Fmal Reports.

Thu. Aug 14. 1997 -AID KIev Debrief and Travel to USA

3 0 PrelImmary Findmgs

All three plants are presently m a very dIfficult finanCIal positIOn smce they pay world prices 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 of 8 are operatmg at 60 - 70% MCR At the same tIme

there IS a shortage ofpower m the Ukraine and electncal power IS bemg Imported from RUSSia The

answer to thIs paradox IS that poor qualIty coal reqUIres mazut or gas to support combustIOn whIch

can be bought only for cash The statIOns do not have cash but can get some coal by 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 since 1994

AugUllt271997
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ECO-02 (energy conservatIOn trammg program), and ECO-03 (fuel qualIty llnprovement program)

were not Implemented due to lack of funds. Also the plants are presently m a very dIfficult financial

pOSITIOn Salaries were not paId for 6 to 8 months and the management began layoffs Under thIS

cIrcumstances ImplementatIOn of the above programs would be very dIfficult even if funds were

aVaIlable.

Some ofECO-Ol (energy management conservatIOn program) goals were realized despIte the lack

of funds for a formal energy management conservatIOn program Smce 1995 the plants UTIlIzed the

audIt eqUipment that was left behInd by the BREI audit team as part of the USAID boIler effiCIency

improvement demonstration program

ENERAC2000

ENERAC 2000 portable combustIOn analyzer is regularly used by plants to conserve energy and

reduce environmental pollutIOn (see attached Protocols) An improvement m heat rate energy

consumptIOn of2.14% (1997 vs 1995, grams of nommal fuel per KWHR) IS indIcated by the Zmiev

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 04%

Improvement was due to the use of a modem portable combUSTIon analyzer.

The plant personnel were unwIllmg to quantify savmgs m tons of environmental pollutants or

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

Off the record I was told by the management ofUglegorsk TES that savmgs m environmental fines

alone were about $20,000

An Improvement m operatIOnal effiCIency also took place smce two technICIans can perform the

measurement m 15 minutes whereas preVIOusly an mferIor measurement reqUired an effort of 4

technIcians for 4 hours.

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

the ChIef EngIneer of DONBASENERGO thIS Instrument was transferred from Kourakhovska to

the corporatIOn DonORGRES which tunes all power bOIlers In DONBASENERGO system So now

Kourakhovska' ENERAC 2000 IS helpIng 5 TES to conserve energy and reduce envlfonmental

pollutIOn ThIS development does not follow to the letter the terms of the AID contract WIth

Kourakhovska but rather to ItS spmt and who can argue WIth the leverage that was thus achIeved

Augu,rt27 1997
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INFRARED THERMOMETER CYCLOP 300AF

The plants have nothIng but praise for the Infrared Thermometer Cyclop 300AF It was m wIde use

for about 2 years.

FLUKE AC POWER ANALYZER

The plants also hke the Fluke AC Power Analyzer It was in wide use for about 2 years.

OXYGEN ANALYZER ZIRTEK

Oxygen Analyzer ZIRTEK was available to the plants at most about 2 months So far they worked

reliably m the ZmIev and Uglegorsk TES. The plants have hIgh hopes for these mstruments but so

far not enough data to confirm theIr effectIveness.

PORTABLE LIQUID FLOW METER TRANSPORT PT 868

This mstrument was avaIlable to the plants at most about 2 months So far attempts to use this

mstrument for circulating water flow measurement were not successful, seemmgly due to the

deposIts m the CIrculating water hnes. ABB Company, actmg on Zmiev request, tned 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 possiblhty of

replacmg clamp-on sensors with statIonary sensors, whIch can be cleaned without shuttmg down the

plant If thIS IS not done, the mstrument WIll not find a WIde apphcatIOn at the three plants

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

flow of mazut Smce thIS applIcation does not produce pipe depOSIts, the measurement should be
successful However by now the plants do not have much mazut to measure.

HIGH RANGE INFRARED THERMOMETER MICRON M90

HIgh Range Infrared Thermometer MICRON M90 was avaIlable to the plants at most about 2

5
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months So far attempts to use this mstrument for temperature measurements were either not made

or not successful Management of the ZmIev Plant dIslIkes thIS mstrument and would lIke to trade

it for something more useful to them Other TES were less emphatIc about It Generally It IS too

early to tell, it Just may take some tIme for the plants to get used to a new instrument

LABORATORY CALORIMETER AND SULFUR ANALYZER

Laboratory Calorimeter and Sulfur Analyzer were available to the plants at most about 2 months

All plants are trying to learn how to use them. ThIS wIll take some tIme. The plants have mgh

expectatIOns for these instruments

COMPARISON TABLE I

The table below compares economIC impact of the USAID supplIed mstrumentation at the three

power plants that were VIsIted (all numbers are from the Protocols, see AppendIx H of the Final

Report).

Kourakhovska Uglegorsk Zm,ev

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 CycJop $12000 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 commlsslOnmg PrelImmary results $30000 per Expected future benefit IS estImated

year If used WIth manual controls, at $12,000

$60,000 per year If used with

automatIc controls,

Laboratory Calonmeter In commiSSIOnIng In commiSSIOnIng N/A

Sulfur Analyzer In commIssIOnIng In commlsslOnmg In commIssIOnIng

HIgh Range Infrared Thermometer In commissIonIng Expected future In commISSIOnIng Not In use

MICRONM90 benefit IS estimated at $10-11 000

Portable LIqUId Flow Meter In commlsslOmng Expected future In commISSIOnIng Cannot be used WIth clamp-on

TRANSPORT PT 868 benefit IS estimated at $10-11 000 censors If m-sltu censors are

proVided future benefit IS estImated
at $50,000
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k\MOeTCH ~H~OpMa.LUUI » B ~1HCTPJKI.t;t.m nOJl:b30Ba,'.reJHl 9lC-I22AI,AHarHocTl1Ke.
~ HeHcnpaBHocTl1fcTp.IC-I~).

B c~Jqao OCHa~eHHR paCXO~OMepa *H~KOOTij PT 668-2 CTaijHOHapH~M~ np{

o6pa30~aTe~HMH ~ KO~HqeOTBe 4 illT/le ~~K H3MepeHHH H ~OppeKr~pOBK~ P~C

xozr.a l.lKPK/JI.sU.tI1OHHOJ BO,zUi H.:i KOH~eHC3.'l'0p:bl B03MOJKaO lJl/'illieUKe Ba.KI.rM8. j

KOH~eHC~TOpnX TJP6»H H8 v,05+J.I~ ~ nO~iqeaHe 3KOHOM~q0CKOrO 3~~eKTa

04eHOQHO B 50 THc.~o~~apoB CiliA B ro~.

6.IIpM60P no 11 3MepeHMMJ 3JL. MO •.ll,HOC'.l'VI E J,eullx nepeM6HHoro '1'01<:8 ;1.0 Ovv:80JIl
HaXO~HTC~ B ~~on~JaTaUH~ B jAeKTp~qeCKO~ JlaOOpaTopM~.:KOHOMHqeCK~4 3*
1:'eK'1' 0'1' ero HCnOJlb30:aaIi~iI MomlfO o~aHHTb a3. lpo.BHe 800~100J AOJIJIatJ0.a
CiUA :e ro,zl.

7. I1a6opaTopHI:M aH9JIKSaTOp cO,Aep.tKaHKH cepht B TOITJut.ae Parr 176C EE' .B

HaC10~~ee BpeMH HaXO~~TC~ B c~a~11H OCBoeH~S•.

np~ OCHameH~H (~ono~HeHHH) 3Toro rrpMoopa ~a6op~ToPH~U Ka~QpijMaTpOM

130 3MO:'l{eH ~KOUOMW{eCKHJ 3~ peKT sa CtIeT nOBblmeHMJI npoHsBOAHTeJlbHOC'l'U

TPi~a B I,5~2 pa3a.
j HaCTOH~ee HpeMR 04GHAr~ 3KOHOMHqeC~HJ 3~~aKT He n~e~CT~BAReTCH

303MOJ1\HH)oS.

ITo,n;n.l1CK:

.::l,M. HaqailhHIUta

lATM

HaqaJlblUIK X~iM.

Jla60paTopHH

i1~e ......CTaBHTeJlb

,.p~PMH EapH3
Glil1 POi

/
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Zmiyev Heat Power Plant

PROTOCOL

Mr G Ye Zhalov - Head of the ProductIOn and Techrucal Department, Mr V F Soskov - AssIstant of the
Head of the Adjustment and Measurements Workshop, Mr V.V Mammtskyi - Assistant of the Head of the
AutomatIOn and Techrucal Measurements, Mr L Va. Ilchenko - Head of the ChemIcal Laboratory, 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 Zmiyev HPP
between 1995 and 1997 within the frames of the project "Improvement of EffiCIency and RehabilIty of the
Energy and Industrial Enterpnses in Ukraine".

Between February 1995 and May 1997 the followmg mstruments were received at ZmIyev HPP
• an ENERAC 2000 combustIOn analyzer
• a Cyclops 300AF/300 mfrared thermometer
• a MICRON M90 infrared thermometer
• a TransPort PT868 two-channel portable ultrasomc lIquid flow rate meter
• an electnc power meter mAC CIrcuits with the voltage up to 600 V
• a ZIRTEC stationary oxygen analyzer (oxygen meter)
• a Parr 1750 EF laboratory analyzer of the sulfur content m the fuel.

1 ENERAC 2000 gas analyzer IS operated m the adjustment workshop, and it IS used to check and
correct the fuel combustIOn process, to venfy the regular oxygen meters, to determine the unfavourable
emISSIons With the stack gases (checkmg how the reqUIrements ofthe ecologIcal inspection are observed)
The economIC effect ofusmg ENERAC 2000 resultmg from Improvement of the effiCIency and relIabIlIty
of operatmg the mam bOIler eqUIpment, from stoppmg to mvolve speCialIsts from other organIzatIOns,
from elImmatmg the fines set by the ecologIcal mspection for exceedmg the standard levels of the
unfavourable emISSIOns can be assessed as equal to $5,000 to $6,000 per year

2 Cyclops 300 AF/300 Infrared thermometer IS operated m the adjustment workshop and it IS used to check
temperatures of various surfaces the temperatures of the surfaces of the heat msulatIOn of the steam
pipeimes, hot water pipeimes and the temperatures of the surfaces of dIfferent heat exchangmg deVIces
EspeCIally valuable the Instrument IS to check the temperature of the electrIC and mechanIcal eqUIpment
that IS under voltage as well as that of the rotatmg parts ofmechamsms

The economIC effect ofusmg Cyclops 300AF/300 resultmg from a reductIOn of the heat losses mto
the enVIronment and from elImmatmg failures of the electrIc eqUIpment can be assessed m $8,000 per year

I MICRON M90 mfrared thermometer has not been practIcally operated at ZmIyev HPP due to
speCIfic measurement condItIOns reqUIred by the mstrument Itself, ImprobabIlIty to measure the
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temperature of a gas medIUm (the temperature of the flame in a furnace, that of the stack gases in the
volume of a boiler)

It IS easier to measure the temperature of the melted slag or that of the solid bodIes by USIng
Instruments that are simpler in operatIOn, for example, the optical pyrometer CYCLOPS 300 AF

It does not seem possible to estImate the economIC effect due to the short period of ItS operation

2. ZIRTEK stationary oxygen meter was mounted at 6-A Body of Unit 8 and It was involved Into
operation on July 6, 1997

While the energy unit was beIng operated between July 5, 1997 and August 2, 1997 the oxygen meter
was functioning with no failures, it gave readIngs of the real oxygen content directly at the output from the
furnace, which IS very cntical for correctIng and checkIng the process of burmng the fuel in the boIler

The precIsion of determInatIOn of the factor of the exceSSIve aIr content after the furnace has been
increased, which, according to the prehmInary estimatIOns, brings to gaining the economIC effect of
$12,000 per year.
More precise results concerning the economIC effect can be avaIlable only after providmg ZIRTEK
oxygen meters at both bodies of the boIler at Umt 8 and carryIng out the balance tests

5. PT 868-2 two-channel portable ultrasomc liqmd flow-rate meter IS at the moment under mastering.
The first experiments aImed at measuring the flow rate of a hqmd WIth applied transducers were of no
use.
The specialists from Slemens Company and we do not thInk that there are possible measurements ofthe
liquid flow rate In the pIpelInes haVIng sIgmficant deposIts of sedIments In form of scale and rust on the
internal surface of the pIpe (InfOrmatIOn relatIng to that there is also in the manual operatIOn for the user
910-122AI ("Diagnostics and Failures", pp 10-11)
On condItion of equipping the PT 868-2 hqmd flow meter WIth stationary transducers (4 unItS) to
measure and correct the flow rate of the cIrculatIng water on the condensers, It is possIble to Improve the
vacuum In the turbine condensers by 0.05 to 0 1 per cent and to have the approximately estimated
economIC effect of $50,000 per year

6 The instrument for measunng the electrIc power In the alternating current cIrcuits WIth the voltage up to
600 V IS operated In the electnc workshop. The economIC effect from ItS using can be assessed on the
level of $800 to 1,000 per year.

7. Parr 1750 EP laboratory analyzer of the sulfur content is now under mastering
On condItion of eqUIppmg tlus mstrument (m addItIOn) WIth a laboratory calorimeter, there IS

possIble to gam the economIC effect due to 1 5 to 2 times Improvement of the labour production
It does not seem possIble to estimate the economIC effect

SIgnatures
Head of the Production and Techmcal

Department
Assistant of Head of the Adjustment and
Measurements Workshop
ASSIstant of AutomatIOn and Technical

Measurements Workshop
Representative of Burns & Roe Enterprzses Inc


