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1.0 EXECUTIVE SUMMARY

1.1 Introduction

The audit team of John Hallberg and Prem Gupta spent five days, March 3 through March 7,
1995 at the Burshtyn power plant, about 90 Km south of LVIV CIty. They performed the
followmg energy audit as representatIves of Bums and Roe Company of Oradell, New Jersey.

The Burshtyn power plant IS presently 100% government owned, but IS m the process of
reorganizatIon for privatIzatIon wIth the government change to a free market economy. The
plant consists of twelve 200 MW umts. The plant was commIssIoned between 1965 and 1969
and exports power to eastern Europe.

The coal the station bums is from LVIV coal mines, the Donetsk regIOn, Poland and Ekibastusk.
Because of the poor quality of coal, the plant has to co-fire expensIve Imported mazut and
natural gas to support combustIon and to reach rated boiler performance. TypICally the statIOn
fires 80% coal, 10% natural gas, and 10% mazut.

Unit 12 is now under reconstructIOn includmg turbme repaIr, new HP and LP cylmders, and
electrostatic precipItator. The Umt 12 boiler has all cntIcal pressure parts and membranes
replaced and the steam drum checked, with an expected 20-25 year lIfe extenSIOn.

1.2 Principal Findin&s

Several Energy Conservation OpportumtIes (BCO's) for the power plant were Identified for short
term low cost measures and for longer term higher cost measures for large energy savmgs. The
low cost measures mclude instrumentatIOn for measunng fuel consumptIOn and heatmg values
and for controllIng combustion effiCIency WhICh would result m short SImple payback penods
Larger cost long term measures include major combustIOn control system upgrades, mcludmg
interlocks and flame safeguard systems, coal, ash and laboratory instruments, and would result
in payback penods of about one to three years.

RehabilItation and reconstructIon studIes have been completed on thIS power plant to evaluate
the options: (1) lIfe extension of eXIstIng umts, (2) complete replacement with new power plant,
or (3) a mix of lIfe extension presently being done WIth additIOn of new umts. The objectIves
are to be able to cleanly bum the eXIstmg poor qUalIty coals, remove S02 and mImmize NOx

formatIon and increase boiler effiCIency and relIabIlIty One proposed option IS reconstructIOn
with atmosphenc circulatIOn flUIdIzed bed (ACFB) bOIlers.

• 5906-01/02AIBURSHTYN/5117/95 I
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1.3 Recommendations

Boiler efficIency can be Improved, emisslOns reduced and the life expectancy of the Burshtyn
power plant extended based on the recommendations lIsted m the following Table. The Table
summanzes several energy conservation opportumtIes which WIll pay for themselves withm short
periods of time.

An investment of $155,000 in boiler efficiency improvements (ECO-04, 05, 06, 07, 08) will
result in an annual savings of $392,500, which corresponds to 6,316 tonnes of coal,
1,286,359 Nm3 of natural gas and 336 tonnes of mazut. An additional investment of
$25,000 in energy conservation programs (ECO-Ol, 02, 03) may result in an annual savings
up to $1,150,000 which corresponds to 18,500 tonnes of coal, 3,769,311 Nm3 of natural gas
and 983 tonnes of mazut.

Many other opportumties eXIst wIthin the power plant for energy savmgs WhICh could be the
subject of further audits and actions by the plant staff. The energy conservation opportumties
also have applications in other power plants.

Summary of Ener2Y Conservation Opportunities (ECOs)

Annual Project SImple Payback

ECG# Descnption
Savings Cost
in US$ in US$ Current

(1995 Pnces) (1995 Prices) Energy
Prices

01* Energy Conservation $958,000 $25,000 < I year
Management Program Note I

02* Energy Conservation $192,000 Note I < I year
Traimng Program

03* Fuel Quality Improvement See ECO-05 Note I < I year
Program

04* In-Situ Oxygen Analyzer $73,500 $29,000 4.8 Mo.
One Boiler - 2 Probes

05* Laboratory Calorimeter with $160,000 $35,000 2.6 Mo.
Proximate Analyzer, Sulfur
Analyzer and accessones

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

07 On-Lme gas calorimeter $159,000 $35,000 2.6 Mo.

08 Coal Flow Meters Included with $40,000 Included WIth
ECO-04 ECO-04

•
NOTE 1: See SectlOn 5
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2.0 BACKGROUND

Twelve Newly Independent States (NIS) emerged from the collapse of the former SovIet Umon
in 1991. USAID is addressmg and managing assistance to these countnes through the newly
formed Bureau for Europe and the New Independent States (USAID/ENI).

Funding actIvIties m the energy sector supports the cost of techmcal aSSIstance, trammg, and
limited capital aSSIstance in support of energy-related equipment and cooperation WIth local
institutions.

UkraIne, with a population of 52 mIllion, is considered one of the most energy intensIve states.
Imtial aSSIstance has shown that there are many opportumtIes to reduce energy consumption and
to reduce environmental degradation. The breakup of the SOVIet Umon has resulted m the cut
off of supplies and spare parts reqUIred by the Ukraiman Energy SupplIers, WhICh threatens the
reliability of major power plants ThIS situatIOn is compounded by lack of hard currency
exchange to pay for needed supplIes and fuels.

Most of the thermal power plants are coal fired units that are co-fired WIth mazut and natural
gas, complimented by natural gas and mazut fired units in populated areas.

These units often supply hot water to dIStriCt heatmg and steam for mdustnal use. Decreasmg
coal supplies and declImng quality of coal supplies is affectmg the abilIty of Ukraine to meet ItS
needs for electricIty. Also, electncity and dIstrict heatmg supplIes are threatened because
Ukraine IS unable to pay for imported coal, oil and gas at prices approachmg world fuel pnces

2.1 Objectives of Enere;y Savine; Proe;ram

USAID/KJ.ev has Implemented an expanded energy program in UkraIne to enhance the relIabilIty
of power generation and reduce dependency on Imported oil and gas and Improve energy
productivity.

The purpose of these efforts will be to proVIde services and, where appropriate, U.S. and local
products, dIrected toward improvmg energy and operatmg effiCIenCIes in power generatIOn, and
in the equipment and controls reqUIred to use energy effiCIently and cost-effectIvely.

The purpose of the work is to improve bOIler effiCIency at seven power plants and/or combmed
power and dIStnCt heating plants which have been selected by USAID/KJ.ev m consultatIOn WIth
the Mimstry of Energy and ElectnficatIOn. These plants are fired WIth natural gas, fuel 011 or
coal. The objectIves are to (1) foster Improved management of bOller/ plant operations by
identIfymg and ImplementIng Immediately cost-effectIve "low cost - no cost" effiCIency
improvements; (2) provide eqUIpment support to Implement low-cost operatIons, Improve
monitonng and energy management; (3) proVIde operatIOn traImng

• 5906-01/02A/BURSHTYN/5117/95 3



2.2 Purpose of the Audit

The purpose of the audIt was to:

• Assess overall techmcal and management capabihtles, plant energy efficIency, and
capital investment decIsIon-makIng processes for each plant, assess plant
procedures for IdentlfyIng and executing energy saVIng Investments requmng
management changes, and capItal investment.

• Identlfy short-term no-cost/low-cost efficiency measures WIth savIngs potentlal
and paybacks.

• • ProVIde prehmmary IdentlficatlOn of longer term energy conservation
opportumties (ECO's) requinng larger capital mvestment.

3.0 DESCRIPTION OF POWER PLANT

3.1 General Description

The station IS of 2400 MW capacIty employing 12 x 200 MW turbme generators of Lemngrad
Works manufacturer. The first umt was commIssIoned m 1965 and the final umt m 1969.

• ENERGO SYSTEM:

LOCATION:

LVIVENERGO

90 Km SOUTH OF LVIV

•
INSTALLED CAPACITY: 2400 MW

12 x 200 MW

•
COMMISSIONED:

FUEL:

1965-1969

Coal low-bituminous supplemented by mazut and gas

•

•

For a more detaIled descriptlOn of the followmg items, see the Prehmmary AudIt Report, issued
in December 1994, Reference 1 In AppendIx G.

3.2 Boiler Plant

The type TPlOO boilers are of Russian manufacturer from the Tagenrog Works The bOIler
produces steam at a rate of 640 tons per hour at a pressure of 140 bar gauge and hve steam
temperature of 545°C. Steam from the hIgh pressure turbine exhaust IS dIrected back to the
boiler for reheat and returned to the mtermedlate pressure turbme at a pressure of 28 bar gauge
and reheat temperature of 545°C. Feedwater IS supphed to the bOIler at a temperature of
235°C.

The boiler is of T shape design with a water cooled furnace of tangent tube constructlOn. The

• S906-01l02A/BURSHTYNIS/17/9S 4
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furnace is dIvided into two by a vertIcal tube screen In the mIddle of the furnace. The screen
is perpendicular to the axis of the drum and its role IS to Increase the surface absorbing the heat
radiation of the flame. In the upper section of the furnace above the nose are radiant pendant
superheaters. In the honzontal passes are reheaters and first stage superheaters and In the
vertical passes are reheater regulator stages and economIzer. Two LJungstrom type regenerative
air heaters are supplied for air heahng purposes on umts 2, 3, 6 and 7. All other boilers have
pIpe au heaters. The boiler operates on a balanced draft prinCIple WIth aIr being supphed by
2 off 50% duty centrifugal type forced draft fans and 2 off 50% duty induced draft fans.

3.3 Coal Handlin&

Coal is supplied to the stahon from more than 30 supplIers. The coal can go either of two ways'
from railroad duect to the coal storage or from raIlroad dIrect to stahon' s two conveyors (one
plus one reserve). There IS a speCIal scale in the railroad track to weIgh as-receIved coal to
+.5 % accuracy. MechanIcal coal samples are taken from the two conveyors and collected every
5 minutes and mixed for 24 hours and analyzed. Coal IS then collected for 5 days, mIxed and
a more detailed analySIS completed.

3.4 Mazut Supply

The present level instruments located near the bottom of tanks Indicate level based on heIght and
weight of liquid. The readings are not very accurate due to vanations of denSIty of mazut and
water content and pluggmg of the tank nozzles with crud. A high prionty IS placed on getting
better level Instruments on four maIn mazut storage tanks to measure delivenes and consumptIOn
of mazut. The amount of mazut used for the total power statIOn IS determmed by measunng the
level of the mazut storage tanks per shift.

3.5 Gas Supply

The power station umts are supplemented by natural gas when It can be purchased. Natural gas
flow meters already exist per boiler and work well.

• 3.6 Boiler Efficiency Calculations

•

The methodology for the boiler efficiency calculatIOn is SImIlar to Zmiev, Uglegorsk,
Khourakhuvska, Knvoi Rog and other power plants m Ukraiman Power System The
calculatIOns are done on a per umt 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 5 day baSIS. These effiCIencIes are compared to the
efficienCIes calculated based upon the boIler deSIgn performance.

3.7 Process Control System

BOIlers of the Burshtyn power plant operate m a steady-state mode (base load) with a turbme
maintaining throttle pressure, "fixed" firing rate, floating frequency and manually adjusted aIr
flow (fixed sethngs for leach load). There are four O2 analyzers per umt WhIch are used to
monitor furnace 02' These analyzers are used by operators to remotely adjust speed of coal

•
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feeders and posihon of forced draft fan dampers. The fuel to air ratio IS manually adjusted
based on experience and O2 analyzer indications. There are no CO analyzers in the power
statIOn.

3.8 Environmental Issues

Prior to 1988 all environmental checkmg was carned out by central group usmg portable
equipment. After 1988 the statIOn has taken over thIS work. The checks are carned out once
per month usmg portable eqUIpment the locatIOn being determined by the prevailing wmd
direchon. The measurements are taken at 2.5km, 5km, 8km, 15km, 20km and 30km dIstance
from the stahon. SOlI and water monitonng IS carned out local to station, and the cooling water
inlet and outlet conditions are momtored. All water runmng off the ash dump SIte IS monitored.
The test well water is checked for heavy metal contammation. In conJunchon with the KIev
Botanical Institute the area up to 30km distance IS checked. A lattice network IS momtored for
ground condihon and comparIson between areas recorded.

The power plant has made modIficatIOns to the boilers to reduce NOr

3.9 Future Plans

IMPRESSARIO AGRUPADOS, an engineering consulhng firm from Spam conducted a major
rehabilitation study in 1993 for EBRD. They evaluated seven alternatives for rehabilItation,
including rebuilding bOIlers and replacmg bOIlers WIth circulatmg fluidIzed bed (CFB) bOIlers,
and gas turbme combmed cycle repowenng.

The plant is very much mterested m learnmg more about CFB technology as a solution to the
problems resulting from poor coal - S02, NOx, and hIgh maintenance on the old Taganrog PC
bOIlers. They are also mterested m western technology for mstrumentahon and control, and
want to upgrade the automatIOn on the rehabIlItated block 12 as a demonstration project.
Expenence gained from application of a DIstnbuted Control System (DCS) to block 12 would
be applied to the 1995 reconstructIOn of blocks 11 and 7.

They are planning to add one or two gas fired peaker boilers to meet additIOnal hot water district
heating demand from city.

3.10 Inspection. Assessment. Comments

•

•

•

•

The stahon IS well managed by expenenced personnel. The engmeenng staff IS
competent. There IS a need for proper analytical eqUIpment to perform to hIgher
standards In a short time.

The CHP plant management gathers detailed informatIOn and performance data
on all aspects of the equipment operatIOn and maintenance. Therefore, data on
gas and mazut fuel consumption, gross and net KW output, steam and hot water
(gcal heat) for monthly (heating periods) and annual baSIS IS eaSIly obtained.

• The statIOn has carned out refurbIshment and development work m the past
pamcularly m respect of the burner finng arrangement for reductIOn of NOx

• 5906-01/02AfBURSlITYN/5/17/95 6
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• The station has had sIgnificant cracking in the inlet nozzle belt area of the
turbines and they have replaced the existmg umt 12 HP and IP shells and
modified steam path blading for the new uprated 225 MW machmes offered by
the turbine manufacturer.

• Each condenser is cleaned twice per year. At the time of condenser cleanmg,
there IS a loss of condenser vacuum WhICh causes a 5 MW loss m generator
output.

• The Ion exchange resms m the demmerahzer are m such a poor conditlOn that
excessive amount of water, aCId and caustIc are consumed for regeneration whIch
adds to pollution.

• The chemlCallaboratory ungently needs modern analytical equipment.

• Power plant design work is being done by Ukrame Teploelectroproject, L'VIV
Research Institute and TransmisslOn desIgn IS being done by Electrosetproject m
L'VIV.

4.0 DESCRIPTION OF AUDIT ACTIVITIES

The audit activities mcluded the collectlOn of mformatlOn and data from vanous reference
sources and indivIduals working withm the power plant. The activitIes are of two types: one
for specIfic combustion efficiency audIt measurements and calculatIons, and the other for
information of a general natural regarding other energy conservation measures.

4.1 Specific Audit Activities

4.1.1 Scope and Methodology

Individual systems and/or eqmpment were IdentIfied for data collectlOn and analySIS and were
selected based on several cntena, includmg:

• Quantity of energy used withm the system.
• PotentIal for energy effiCIency Improvements.
• Significance of system/component to the power plant.
• PotentIal for replIcation.

The selectIon of systems and eqmpment to audit were made after meetmg WIth power plant
specialIsts to dISCUSS energy conservatIon prionties and a walk through the power plant. In
preparatIOn for the audIt actIvitIes at the power plant, techmcal energy momtonng eqUIpment
was purchased m the United States, ShIpped to Kiev and delIvered to the power plant. The
equipment was purchased to momtor and to make measurements of various systems that were
likely to be encountered WIthin the power plant. The measurements enabled auditors to learn
specIfic informatlOn about the systems bemg investigated. Based on the measurements, the
auditors calculated boiler effiCIency and potentIal energy improvements that could be gamed by
mstallmg energy effiCIency eqmpment. Economic paybacks were calculated and the pnonty of
Items estabhshed accordmg to the shortest payback. Based on estImated cost of eqmpment and

5906·0lJ02A1BURSHTYN/5117/95 7
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money available, recommendatIOns were then made as to whether to Implement the Items
studied.

The main components of the equipment are:

• Enerac combustIOn analyzer
• Portable computer and printer
• Fluke power analyzer
• "Heat Spy" Infrared temperature detectorlIndIcator

Of this equipment, the most sIgnificant was the Enerac CombustIOn Analyzer WhICh showed a
potential immediate fuel savings by tuning the boilers to reduce excess combustIOn aIr and
mcrease boIler efficiency.

The majority of the eqUIpment was used extensively by the audit team and as a trainmg tool for
the plant personnel. TypICally, the audIt team would separate during the day, wIth each member
responsible for data collection, etc. Each member would usually be accompamed by three to
six SpecIalIstS, for the purpose of observmg and answenng questIOns, etc.

4.1.2 General

The Burshtyn power plant was selected by USAID/KIEV in consultation wIth the Mimstry of
Energy and Electrification. The MImstry also identified the management of the facIhty as
receptive to this type of program and felt that the maximum benefit could be gained by working
at Burshtyn.

4.1.3 BOller Efficiency

The specIfic plant audit consisted primarily of on-hne flue gas emIssion measurements usmg
Enerac 2000 portable combustion analyzer, laptop computer and pnnter. Measurements were
made on two boilers, Boiler #4 and BOller #5 burmng coal and natural gas.

The Enerac 2000 portable combustion analyzer IS an instrument 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 m the probe to measure the
temperature of the gas at the extractIOn point. The fuel analySIS of 15 VarIOUS typICal fuels are
contained in 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.

Flue gas samples for block 4 boilers were taken at the same locatIons where the eXIstIng RUSSIan
extractive type analyzers are connected. Therefore, the "stack" temperature readmgs are not
representative. However, the flue gas constItuent O2 and CO are directly measured, except CO2

WhIch IS calculated based on fuel analySIS and the measured oxygen content. This 200 MW rate
umt was burnmg about 95 % Polsky coal with about 5% gas at a maximum derated output of 165
MW. The Enerac 2000 portable combustIOn analyzer readmgs for oxygen corresponded close
to the oxygen readmgs from the eXIstmg RUSSIan analyzers.

5906-01/02A1BURSHTYN/5/17/95 8



Flue gas samples were also taken at the two LD. fans to compare readmg to see how much
leakage there was from the air heaters. This umt had the LJunstgrom regeneratIve aIr heaters
replaced wIth tubular heaters during reconstructIOn. All readIngs, includmg oxygen and excess
aIr, mdicated sIgmficant aIr mleakage, probably most from ductwork and precIpItator leaks.

Flue gas samples for block 5 were taken at the same extractIOn points where eXIstIng oxygen
analyzers are connected. These boilers were burning 60% natural gas and 40% mazut, at
95 MW load and reduced steam pressure and temperature. The oxygen levels were hIgh due
to somewhat high excess aIr. The high oxygen readmgs correlated wIth the control room
readings from the existIng extractive oxygen analyzers.

Due to the high m-leakage rates m the furnace, the economIzer and the air heater, an on-lIne
calculatIon of the combustion efficiency by Enerac portable combustIOn analyzer proved to be
not feasible. The efficiency calculated IS actually overall bOIler effiCIency as shown on the
pnntout. Direct measurements of 02' CO, combustible gases, NOx, and S02 appeared to be
accurate. Any improvement in the effiCIency of the Burshtyn power plant must come primarily
from an improvement in overall effiCIency of ItS bOIlers. On the steam SIde the Burshtyn power
plant is effiCIent due to a significant thermal load. A copy of the Enerac portable combustIOn
analyzer print-outs can be seen m AppendIX B.

For a detailed descnptIon of the AudIt actIvitIes, see the trip report m AppendIX G.

Burns and Roe engineers estimated an incremental improvement m boiler effiCIency achievable
due to a reduction in excess aIr fed to the bOIlers. Usmg a portable combustion analyzer, 5-7%
excess furnace oxygen was measured at full load whIle finng coal and 7-10% excess furnace
oxygen at 50% load while finng natural gas. CO emIssions were negligible in both cases.
Based on calculations, the excess furnace oxygen at full load while firing coal can be reduced
by 1% O2 resulting in an mcremental Improvement m bOIler effiCIency of at least 0.24 %.

In future the Burshtyn 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, It IS recommended that
permanent instruments be mstalled to measure the O2 and CO content of the flue gas and thus
assist the operators in aVOIding unsafe conditIOns while contmually minimIZIng excess aIr.

4.1.4 Boiler Plant

Block 12 is now under reconstructIOn mcludmg turbine repaIr, new HP and LP cylinders, and
a new 99% effiCIent RussIan electrostatIC precIpItatOr. The next preCIpitators for block 11 and
block 7 reconstruction m 1995 WIll be UkraIman manufacturer. The bOIler has all cntlcal
pressure parts and membranes replaced and the steam drum checked, WIth an expected 20-25
year lIfe extenSIOn. This will restore the ratmg of block 12 to upgraded 225 MW deSIgn and
wIll be finished in Apnl 1995.

5906-01/02A/BURSHTYN/5/17/95 9



4.1.5 Boiler Controls

The bOIlers have no burner management system and all mterlocks are of a very basIc design
offering limited protectIon. On the older umts, the controls and mstruments are obsolete,
readings are unstable and require ongomg maintenance to keep operational. Spare parts are
difficult to obtain.

Most Boiler control is single loop remote manual from a control board located in a central
control room. Operators can adjust gas control valve positIOn, mazut control valve positIOn or
rotary vane coal feeder speed so that the quantIty of steam is sufficIent to mamtaIn turbme load.
Operators can also adjust FD and ID fan dampers based on absolute pressure m a furnace, but
the four O2 analyzers per boiler are known to be inaccurate, therefore aIr flow control IS also
based on guesswork.

The eXIsting O2 analyzers of RussIan design and manufacturer require frequent maintenance and
calibratIOn. The steam boilers flue gas samples are drawn from the backpass after the
superheater and before the first stage reheater. Although these analyzers are functional, they
are subject to drift and sigmficant lag tIme as well as maccurate readings due to aIr m-Ieakage.
ThIS results m less than optimum control of excess air for effiCIent combustIOn whIch results m
waste of fuel.

4.1.6 Boiler Back End Including Stack

The boilers have tubular air heaters, except units 2, 3, 6 and 7 which stIll have LJunstrom type
regeneratIve aIr heaters.

The electrostatIc precipItators have low efficiency, possibly due to the fly ash hIgh specific
electrical resistivity. Umt 12 has been reconstructed WIth a new 99% efficiency RussIan
precipitator.

4.2 General Audit Activities

InformatIOn was gathered from existing sources, plant hlstoncal 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 hlstoncal
information.

4.2.1 Scope and Methodology

General audit actiVItIes mcluded diSCUSSIOns about the entIre power plant. IndIVIduals
responSIble for various tasks withm the power plant organIzatIOn were mtervlewed to obtaIn
informatIon and data on energy consumptIon, pnces and performance. They were questIoned
what organIzatIonal changes and controls have been Implemented to manage energy conservatIOn
and effiCIency. In additIOn, the ChIef Engmeer was requested to proVIde a descnptIon of what
recent measures had been taken for improvement of operational efficiency and effectIve fuel
utilizatIon.
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4.2.2 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
Ministry of Power and ElectnficatIon as well as from drawmgs and diagrams provided by the
engineers at the power plant. Much mformation and insIght was also gamed through the
mterviews related to the system specific audIts at all levels. Many of the personnel employed
m the power plant have had experience m areas other than the one m whIch they currently work,
and thIS was useful as background material.
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5.0 FINDINGS AND RECOMMENDATIONS

5.1 Low-Cost. No-Cost Short Tenn Opportunities

ECO-Ol ENERGY MANAGEMENT CONSERVATION PROGRAM

The Deputy DIrector is responsible for energy conservatIon and efficiency Improvements at the
Burshtyn power plant In additIOn to his other dutIes. Because of the shortage of hard currency
to pay for imported fuel all of the management is highly motIvated to find ways to improve
operating effiCIencIes 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 comIng pnvatIzatIon
reforms. These changes will help to prepare the plant to be commercIally onented by
incorporatIng western management methods and procedures.

The stated goals for thIS program, as a mimmum, should be emphasIzed as follows:

• Conserve energy
• Reduce environmental pollutIon
• Improve operatIOnal efficiency
• Improve equipment reliabIlIty
• Introduce new technologIes

The stated purpose for an expanded energy management program should be to provide a basis
for attracting private financing and future Investments for a viable enterpnse haVIng the potentIal
for success.

As a first step, a hIghly VISIble management staff pOSItIon and/or department should be
establIshed reporting to the dIrector and haVIng the responsibilIty and authonty to develop,
Implement and momtor energy conservatIOn, traIning, relIabIlity and rehabIlItatIOn programs
The pnmary tasks will be coordination, commumcation, and informatIon. The energy manager
should be responsible for knOWIng about, reviewing and consolIdating the findIngs and
recommendatIons of the numerous studIes and reports prepared by consultants and InstItutes for
the USAID, World Bank, EBRD, Ee, MInIstnes, etc., so as to mimmIze duplIcatIOn of work
and maxImIze exchange of information and expertise.

In addItIOn, the energy manager should coordInate and momtor the progress and success of
conservatIon measures Implemented by the power plant staff and employees.

In 1994 the Burshtyn power plant consumed the followmg quantItIes of fuel

1994 ConsumptIOn
Coal 3,083,276 tonnes
Gas 628,000,000 Nm3

Mazut 163,900 tonnes

5906-01l02A/BURSHTYN/5117/95

($25/tonne)
($15.84/1000 Nm3)

($107/tonne)

1994 Pnces
$70,081,900
$ 9,947,240
$17.537.300
$97,556,440

12

1995 World Pnces
($45/tonne) $138,747,420
($50/1000 Nm3) $31,400,000
($13l1tonne) $21,470,900

$191,618,320



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 maIntenance.

Some funds should be provided for consulting services to aSSIst the Burshtyn management WIth
traimng and materials to establIsh this program 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 engineers and specialists are well aware of the cumulatIve magnitude of these losses
However, the staff needs, and should encourage, much more support from all employees m the
identification and elImination of many sources of energy loss. Many of the sources of waste
may not be known or understood by many of the employees, and this is where the results of a
formal training program can have sigmficant energy conservation paybacks. The audItors were
informed that the employees already know all about energy conservatIOn. However, It IS the
audItors observations and measurement results as well as the observatIons and measurements of
other studies which indicate that there are many low cost, no cost opportunities for energy
savmgs, and this IS the point of recommending a low cost, no cost energy conservatIon training
program for all employees. Establish procedures, classes, more posters, incentives, rewards,
competihon, etc. and uhlIze the expertIse of the engIneers and speCIalists to reinforce the
importance of energy savmgs. If only one tenth of one percent of the annual fuel budget can
be saved in the first year, $192,000 can be proVIded for traIning material.

ECO-03 FUEL OUALITY IMPROVEMENT PROGRAM

The plant must aggressively survey the aVaIlable coals and take initiative in contractIng directly
from suppliers. The plant must locate the best fuel considenng boIler operatIOnal needs,design
requirements, polluhon control equipment performance and delivered costs. The plant must
consider a blending strategy of indIVIdual coals to meet the above cnteria. The number of coal
suppliers must be reduced to a minimum for a better control of blending process.

ThIS program must be coordinated with the reqmrements for burner modificatIOns and the
resultant slaggmg charactenstics on boiler performance as a result of the coal reactIVIty and ash
charactenstics.

As a result of better coal quality and consistent ash and mOIsture charactenstIcs, sigmficant
savings of fuel and maintenance costs WIll be realized.

ECO-04 IN-SITU O2 ANALYZERS

The boIler effiCIency Improvements can be addressed by replacmg the eXIstIng extractIve oxygen
analyzers with In-place ZIrcomum OXIde sensor analyzers of the type used m the Umted States.
One problem with the eXIstIng Instruments Installed at the plant are that they are extractive rather
than in-place. It IS dIfficult to obtain a representatIve sample by usmg extractIve type analyzer.
Also, the instrument can become fouled WIth aCId sludge formed from moisture condensahon
and soot. Umted States practIce typIcally places an oxygen senSIng probe mto the flue gas duct.
ThIS technology could be applIed to the boilers at Burshtyn.

59116-01l02A/BURSHTYN/5117/95 13



The possibihty of installing in-situ zircomum oXIde oxygen probes on at least one umt, two
furnaces, one per furnace, two reqUIred were discussed.

ECO-OS LABORATORY CALORIMETER WITH PROXIMATE ANALYZER, SULFUR
ANALYZER AND ACCESSORIES

The eXIsting sampling and analysIs system and procedure IS typical of other coal fired plants.
There are four main 48" reclaim belts feeding to bOIler house. A continuous auger sampler
takes a coal sample from each operating belt to a 1 m3 sample bunker. Every 24 hours a sample
composite is taken to the laboratory for testing for ash and mOIsture, and every five days the
heat content m Kcal/Kg is tested. They have the capabihty to measure sulfur by the otrametnc
method on the calorimeter ash residue.

They also sample every third car at the car dumper to test ash and mOIsture content of coal
deliveries from the mines. It takes 24 hours to run all of these samples and the laboratory IS a
continuous operation. They need a new, modem calorimeter WhICh WIll speed up the analyses
of coal and mazut for heat content, proVIding automatIc control of operatIOn and computer
interface for data storage, with better accuracy than the old manual operated calorimeters. These
modem calorimeters can run a sample in 10 to 20 mmutes and would free up at least one
laboratory SpecialISt to work on other tasks.

They could see the advantages of havmg nuclear dual gamma ash gage on the coal conveyors
gomg to the boilers. ThIS mstrument could give real orne readouts of percentage ash and
moisture, which would allow the operators to choose the mode of operatIon of bOIlers to adjust
for changes in moisture, ash content and volatiles. ConSIdering the cost, It IS recommended to
furnish fuel laboratory mstruments to determme proXImate analyses (fixed carbon, volatiles, ash,
moisture, sulfur), heating value and ash fUSIOn temperature. If they can regIster these
instruments with the National StandardIzation committee, they will be able to Improve testmg
of coal deliveries to substantiate claIms to supphers for deficienCIes m qUalIty

Fines for emIssions are based on the delivery analyses of sulfur m coal and mazut and then
calculating S02 and S03 concentratIOns m mass flow of flue gas based on bOIler loads. The fines
for thermal power plants are only ten percent of the fines leVIed on mdustrial emItters. The
calculated results are only educated esomates at best based on the accuracy of sulfur contents
variations over time and esomates of the tons of coal burned. More accurate and frequent
analyses would help to improve the data required for calculaong emIssions from the boilers used
in determming fines.

These mstruments would result m improved control of fuel procurement, coal yard management
for blendmg and qUalIty control and more consistent ash and moisture contents gomg to the
bOIlers. The savmgs are dIfficult to esomate, but would be realIzed m Improvements to bOiler
efficIency, reduced emIssions and more stable bOIler operaoon which will reduce maIntenance
and extend boIler life. If only one-tenth of one percent of the annual fuel (coal and mazut)
budget can be saved i.e. $160,000, the payback will be less than three months based on 1995
world fuel cost.
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ECO-06 MAZUT SONIC FLOW METERS

The audit team learned through intervIews with station personnel that one area whIch has
hampered the stations progress m energy Improvements IS the mabilIty to accurately measure the
decrease m fuel consumption due to any changes in operation or equipment motivated by
efficiency improvement ThIS is because the eXIsting fuel flow mstruments in place at the statIon
are maccurate or don't work. If only modest gams m effiCIency could be realIzed due to the
mcentIve proVIded by the abIlIty to more accurately evaluate such Improvements, such flow
momtonng equipment could pay for Itself m a very short penod.

Lme sizes and design informatIOn were obtained for speCIfying somc flow meters for two supply
and two return mazut lines serving the boilers.

ECO-07 ON-LINE NATURAL GAS CALORIMETER

The most important concern and pnonty at Burshtyn was the urgent need for analytical
instruments for momtonng fuel qUalIty (coal, mazut, gas). The data mdIcates that the plants are
paying large sums of money for fuel energy content (heatmg value) whIch they do not receIve.
Instruments for measuring the fuel heat value m Kcal/Kg and other parameters would prOVIde
the documentation necessary for making claIms agaInst suppliers.

They urgently need an on-Ime gas calorimeter to verify the heat content supplIed by Gasprom.
Their laboratory calorimeter is not commercial (certified), the tests are not contmuous so they
cannot make a claim for credIts. We were given test results for monthly averages for 1994, as
well as gas consumption. The plant claims losses of about 1.905 X 1010 Kcal (7.559 X 1010

BTU's) which results in $159,000 loss per year. Although thIS loss of expenSIve gas fuel
heatmg value has nothmg dIrectly to do WIth "combustIOn" efficiency, this IS also a pnority m
reducing the large sums of hard currency they must pay for fuel gas.

ECO-08 COAL FLOW METER

The audIt team learned through mterviews 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 m 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 gaIns m effiCIency could be realized due to the
mcenhve prOVIded by the abIlIty to more accurately evaluate such Improvements, such flow
momtonng eqUIpment could pay to Itself m a short period of hme. Instruments to measure raw
coal consumption to 200 MW Umt #4 on belt conveyors, located between raw coal bunkers and
mills (coal feeder) are recommended.

For detailed calculations see Appendix A-I.
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5.2 Medium and Lon& Term Opportunities

COMBUSTION IMPROVEMENT PROGRAM

ThIS is a longer range energy conservatIon program requmng larger mvestments of capItal WhIch
will accomplIsh larger fuel savmgs, improvements in efficIency and relIabIlity and lIfe extensIon
of the bOIlers. It is beyond the scope of this audIt to provIde detaIls other than enumerate
measures which could reduce mazut and gas co-firing by as much as 10-30% and possIbly
achieve some reductIon of NOx, reduce S02 and partIculate:

• Improve burner desIgn and combustIon aIr flow configuration and temperature
profiles.

• Improve pulverized coal flow to minimize pulsatIon and excess oxygen vanatIons.

• Repair boIler aIr leaks.

• Develop new procedures for startup and shutdown cyclmg based on results of
metallurgical testIng for creep and fatIgue lIfe.

• Continue rehabilitation upgradmg of precIpItators (electrofilters).

• Consider lIme or lImestone injection technology for reduction of S02, consIstent
with fuel quality improvement program.

• Upgrade mstrumentation for load control, fuel control, combustIon air and boiler
pressure control.

• Repair and/or replace (asbestos) msulatIOn on boilers.

There are other studies which have been done or are being done, and It IS recommended that the
results and recommendations be coordmated to prevent overlap or confllctmg tasks

MEASURES FOR IMPROVEMENT OF RELIABILITY

Additional equipment items WhICh were requested by the chIef engmeer and hIS specIalists WhICh
are urgently needed for maintaimng reliability of the boilers and power plant are lIsted below:

1.

DESCRIPTION

Infrared Temperature "Heat spy" used for locating
sources of heat loss. Also useful for locatmg "hot
spots" WhICh could lead to equipment faIlure, such as
bearings, motor and generator wmdmgs, SWItchgear
contacts, Iso-phase bus bar boltmg, etc.

$4,000

COST
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DESCRIPTION COST

2. SIlica Analyzer necessary for measuring demIneralIzer $9,000
performance and quality of water beIng fed to bOIlers.
SilIca In steam gOIng to turbInes will cause serious
damage to blades.

3. 011 Analyzer (laboratory) used for detectIng orgamcs $8,000
breakthrough from makeup water treatment carbon
filters before demineralizers. Hydrocarbon
contamInatIon of demIneralIzer resins can cause
irreparable damage and reduction of capacIty reqUIred
for boiler feedwater makeup.

4. Dissolved Oxygen Probes (feedwater) a speCIfic IOn $26,400
oxygen probe analyzer is needed for contInUOUS
monitoring for control of dIssolved oxygen In feedwater
to each boiler between 50-250 ppb. ($2,200 each x
12).

5. Oxygen Analyzer (laboratory) as a lower cost alternate $2,500
to onlIne monitoring, a modern portable oxygen
analyzer can be used manually to obtaIn faster and
more accurate readIngs than present.

6. Conductivity and pH Meter (laboratory) used for testing $1,000
water quality at water treatment, feedwater and
condensate systems.

7. Level Gauges for Four Mazut Tanks Important for $10,000
measunng deliveries and consumptIon of fuel.

8. CalIbratIOn Gases and MaIntenance for Zeigler CEM $6,000
on No.3 Stack for measunng emissions from Umts 1,
4, 9, 10, 11, 12

9. Distributed Control System for Reconstructed Umt $350,000
required for upgrading and automatIng combustIOn
control system to comply with regulations for flame
safety, as well as improvement of combustIon
effiCIency as a result of automatIc control of fan
dampers for combustiOn aIr and control valves for fuel
to meet load. More rapid response to load changes WIll
result In stable and effiCIent combustIOn whIch help
lower maIntenance costs.

10. Water Treatment Resins for DemineralIzers Required $1,500,000
for making high quality makeup water for boilers to
prevent damage, as well as to minimize chemical
consumptIOn and discharge of regenerant waste.
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5.3 Replicatine and Expandine the Proeram to Other Power Plants

An economic benefit can be derived from extending the demonstratIon program to other
Ukrainian Power Plants. From Burns and Roe expenence the UkraInian Power Plants, when
firing coal or coal and mazut, exhIbIt the following typIcal charactenstIcs:

• Ukrainian power plants operate In a steady-state mode (base load),with a turbine
maintaining throttle pressure, "fixed" finng rate, floatIng frequency and manually
adjusted aIr flow (fixed settings for each load).

• Very hIgh in-leakage rates (up to 100%) are typical, WhICh make readings 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. What IS calculated by the Enerac IS boiler effiCIency.

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

• Low carbon monoxIde levels (10 to 100 ppm) In the flue gas In combmation with
4 to 5% oxygen In locatIOns WIth 850-870 Degree CentIgrade temperature leads
us to believe that combustIOn effiCIency of the Ukraiman Power Plants can be
improved. In our estImatIOn, the Improvement will be on the order of 0.5 % to
1%.

The conclusions are as follows:

• Excess aIr can be reduced untIl a maximum of 300-400 ppm of carbon monoxIde
is generated whIch is indIcatIve of effiCIent coal combustIOn.

• ConSIderable economic benefit can be realized by reducIng the excess oxygen by
1-1.25 % and achieve 0.5 % Improvement In combustIOn effiCIency even WIth
existIng manual control of the combustIOn process. It is Important that constant
operator attention IS maIntained. Such attentIOn can be obtaIned by way of
operator incentives based on the fuel saVIngs. Another alternatIve would be to
invest in expensive automatic control for the excess air system.

• Savings can be achIeved more easIly WIth carbon monOXIde measurements of the
undIluted flue gas at different boIler loads

• Improvements In boIler effiCIencIes and reductIons In fuel consumptIOn can be
further demonstrated by replIcating and expandIng the portable combustIon
analyzer program to other UkraInian power plants.
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6.0 IMPLEMENTATION PHASE (Follow-up Visit)

Burns and Roe engineers conducted follow-up VISitS and tralnrng dunng July 22 
August 16 In Ukraine In accordance with the Delivery Order objectives The following
report descnbes the actiVities of John E Hallberg, P E , who vIsited Burshtyn on Monday
and Tuesday, August 4-5, 1997

6.1 Introduction

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

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

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

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

PERSONS MET DURING MEETINGS
Vasyl' Bendasluk - Director (New)
Igor I Bozenenkow - Deputy Director - Foreign Affairs (Former Director)
Orest Danrluk - Deputy Director - Technrcal
Nlkolay Kobzev - Deputy Chief Engineer for Reconstruction and Development
Gorgory Stepas - Deputy Chief Engineer - Operations
Ivan Berkosha - Chief of Technrcal Department
TanaslY Semotyuk - Head of Adjustments Workshop
Mykola Korvotsky - Head of Chemical Workshop - GC
Peter Choplk - Senror Forman Automation Workshop - O2 Analyzers

Dept of Automatic Control Systems
Mlchall Zelanovsky - Deputy Chief of Adjustment Dept - Enerac, Infrasec
Yaroslav Pynhh - Computer Specialist
Nina Kryzhanovskaya - Senror Foreman - Electncal Department

INSTRUMENTS SUPPLIED TO BURSHTYN
Zirtek oxygen analyzers, 2 probes for one T-boller, 1 two-channel analyzer
Panametncs two channel ultraSOnic transit time flow meter
Instromet natural gas chromatograph, display control Unit and accessones
Oxygen cell and consumables for Enerac

During February - March of 1995, the plant was proVided with an Enerac combustion
analyzer, a laptop computer and pnnter, an Infrared thermometer and a Fluke power
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analyzer

6.2 Results and Benefits

Enerac Combustion Analyzer

They asked why the manual has detailed Instructions for plottmg and emiSSions analysIs,
but the Instrument says "no function" The bUilt-In printer IS supposed to print curves, but
It does not work They can only get plots on computer screen by uSing Enercomp for
Windows They had discussions with Uglegorsk power plant about the Enerac Also, the
refresh diskette IS a 525 In floppy, whereas the Tllaptop has a 3 5 In drive Enerac S N
11003249 They used It for a while to measure COzand NOx In flue gas

They also have a German IMR combustion analyzer (1994) similar to Enerac, which also
needs an oxygen sensor, calibration gases and service, but no money to purchase

They report that the Zeigler UNICON CEM system Installed on stack No 3 several years
ago IS stili non-functional because they need calibration gases The probe m stack IS
damaged because of lack of use and no mamtenance They said $455,000 was wasted
They said the amount of fines for emissions has decreased because the number of Units
operatmg has decreased Fees (fmes?) paid for emiSSions In 1996

Emissions
Soot
Sulfur Anhydride
NOx
CO
VzOs

Hrvina
'212,588
459,107

76,352
4,538

404
752,989 $413,732

They also have a flue gas analyzer ANALIT-PRIBOR which was manufactured m Kiev It
IS reported to be a microprocessor type photo sensitive spectrum analyzer measuring COz,
CO, SOz, NOx, NO, NOz, and haVing a long life The Instrument IS not portable, but
compact m size and easily moved It was Installed on Unit 9 for awhile near I D fan, but
removed because It was gettmg damaged In the dirty atmosphere

Infrared Thermometer

The Infrared thermometer was used up until SIX months ago to find problems, but batteries
died and they cannot fmd 2 Hrvlna ($1 10) to buy four new ones The electriCian used It
to check a large "fuse" on a transmission tower which was overheating from a short circuit
and could have been a serious safety InCident They used It to check Insulation and covers
on bOIler burners They also used It to fmd and repair Insulation on steam lines from
bOilers They did not seem to be aware of other uses for checking temperatures of motors,
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bearings, contacts, etc The electricians apparently refused to use It

Panametrics Ultrasonic Flow Meter

They recently received the Panametrlcs two-channel ultrasonic flow meter and training on
how to use It The technical specialist has studied the manual and plans to use It for
measuring mazut

Fluke Power Harmonics Analyzer

The Fluke power analyzer IS being used for measurements only In secondary Circuits up
to 100V, 0 2, 0 3, 0 5 amp A more SUitable application would be In primary Circuits It has
been useful for preparing current phase diagrams and use In HV sWltchyard CirCUits for
checking measurements from current and voltage transformers

They know that harmOniCs from large motors are a serious problem and the Fluke would
be a valuable Instrument for analYZing, but It IS not the responsibility of their department

Instromet Encal Gas Chromatograph

The Instromet gas chromatograph has not yet been Installed because of financial
problems, and trying to deCide where It should be located They said there IS no space In
the natural gas metering substation control house, and have deCided to remodel a secure
room near Unit 2 They have a contract With another organization to Install about 50m of
sample line from the main gas distribution line to bOiler room They Will raise walls to
ceiling to enclose room and proVide insulation They were asked where they Will vent
sample and calibration gases to atmosphere and where KCal output Signal would be
Integrated With meter station flow, pressure and temperature logging on computer They
do not yet know The Instrument and accessories are stili packed In boxes and It IS
questionable If equipment Will be Installed and commissioned by the end of August

Zirtek Boiler Oxygen Analyzers

The two Zirtek oxygen probes are Installed on Unit 3 bOIler angled downward above a
burner on each Side ThiS IS not a good location because of the pOSSibility of flame
Impingement and high temperature and slag damage Zirtek engineer recommended
location higher up In radiant section In fire box Recommended temperature range for
ZirCOnium OXide cell long term performance IS 600 to about 1200°C

The reason probes were Installed on Unit 3 IS the fuel split IS about 90% coal, 5% gas and
5% mazut and burner deSign results In unstable flame and IneffiCient combustion DUring
the commiSSIOning test, oxygen was measured at 11-12% and 870-900°C The bOIler IS
presently shut down for repairs
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Some of the experts wanted to Install probes the same way at all 16 burners Our
Impression IS that they do not want to relocate the probes higher In the furnace

Coal IS supplied from 23 mines We were given data for coal, gas and mazut consumption,
heating values and pnces for 1995, 1996 and 1997

6.3 Conclusions

There have been significant management changes and financial problems at this power
plant which seem to have had a negative effect on employee morale and successful results
With USAID energy efficiency and mOnltonng Instrumentation

The new Director, Vasyl' Bendaslvk, came from Dobrotvotor APP 900 MW power plant
There was a flUidized bed bOiler project at that plant which IS no longer operating The
former Director IS now Deputy Director of Foreign Affairs There seems to be a lot of
political in-fighting and lack of support for highly skilled and expenenced technical
specialists wanting to see progressive Improvements made

They are In the process of another organizational change In LVlvenergo where 300 new
employees from the district will be absorbed Into the Burshtln power plant maintenance
organization There are former subcontractor maintenance specialists who have only been
paid December salary

It IS difficult for employees to be motivated when last week they received only 20% of their
February salary The power that the plant generates for domestic and export consumption
IS paid for in bartered goods, not cash

We were senSitive to many Impressions that technical speCialists working With USAID
supplied Instruments are very knowledgeable and expenenced, and know what needs to
be done, but are frustrated because management does not seem to be Interested In or
recognize the contnbutlons they can make It IS not so much a matter of needed money,
but recognition of the creativity and Innovation of many talented speCialists which can go
a long way to help solve problems and Improve energy effiCiency In many small ways In
the Burshtyn power plant
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BURSHTYN

COAL CONSUMPTION

8-4-97

•

•

•

•

•

1995 P 1996 P

8 (T) Qp *8 (T) Qp

I 379710 7097 367645 4285

II 298164 4393 256612 4210

III 320951 4509 264699 4354

IV 279651 4210 216863 4333

V 309413 3910 254222 4583

VI 319353 4022 255993 4747

VII 288009 3982 260548 4715

VIII 362394 4092 231768 4743

IX 391070 3672 231428 4717

X 419617 3608 229952 4496

XI 344118 3779 24n44 4413

XII 311231 4437 268332 4106

Pic 4023711 4037 3085806 4464



BURSHTYN

NATURAL GAS

8·5·97

•

•

•

1996 P 1997 P

8(T) Qp -B(n Qp

I 22069 8030 41599 8043

II 15726 8023 14889 8078

III 7813 8040 13023 8125

IV 1178 8030 20083 8115

V - - 34271 8100

VI - - 36519 8097

VII - - 23345 8123

VIII 14068 8098

IX 25593 8110

X 17410 8135

XI 14222 8123

XII 33175 8130

Pic 151254 8092
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REFERENCE AIR PROBE ABOVE BURNER

~

ZIRTEK BOILER OXYGEN ANALYZER

BURSHTYN



TnI' Sta.tu.~

Location:
Date:

Re)

Burshtyn PO\' er Plant
July 16, 1997

•

•
We arrIved at the plant on the eyening of7/14 The plant had arranged reservatlons at a hotel a few mmutes fromthe plant. We were met at the hotel by Mr. Tnshchuk (?). We went to a local cafe to get acquaInted and dl~CUSS thestatus of the oxygen analyzer installation. At present the boiler IS only operated often enough to control corrOSIon.We will discuss starring up the boiler tomorrow moming to allow a full operational test of the Zn'tek equIpment.

Work bcgan with a mectlllg at the plant at 9:00 AM On the mommg of the 15th. InitIal meetIng ""as with the ChIefofEllgmeenng and hIS staff. There was considerable dISCUSSlon about the location for mounting the probes. Twothings became evident as the day progressed'
1 There IS an error In the translatlon into RUSSIan. The suggested minimum extension mto the ftte box gottranslated as <'maxImum" in RUSSIan. Both Krivoy Rog and Burshtyn took thIS mfonnation as cntlcal anddid not consider the actual probe length as a determming factor in mounting the probe. All the other plantsignored the nanslanon error and made the logical installanon based on the eqUIpment delivered.2 The plant had understood that the probe could (should?) be mounted very close to the burner. Thiseonfuslon seemed to have come from mformanon gaIned in the distant past They Installed the probes sothat the rip of the probe was within Inches of the base of the flame: They were qUIte concerned about thehard scale (slag) that accumulates In this area. I agreed that the slag would be a problem when ftring fuelsthat produ. cd ash. I also told them that It was not a good 10catJon to make the oxygen measurement sincethe sample ~hould be made above (downstream) ofthe flame

.1\..l1other item ofdIscussion Involved when the boiler could be put lDto operation. The earhest possible day secmedto be Ilolthm 2 Or 3 days. I tlunk some ofthe uncertainty Involved the amount oflepair work that remamed to bedone and rhe current pOSSibility ofa workers strIke. A finn plan WCl$ agreed upon m the deputy dnector~ office Wewould do as much check-out and t:raImn~ as possibll:: without the': hoHer m operatIon. 1Ilssured them Uw( bai)cd onthe Ie" el oftechmcal eXl'erti~e t"xperienced at other plnnts In Ukrilllle. I Wd5 happy to let them do tht' fmal qtartupWith dus ag!eement, we were able to proceed with the work at hand.

Tht:re was concern about the amount ofcopper tubing supplied They dId not have enough to make- a pJ oper
m~tallation and do not have a normal source ofcopper tubIng. We worked out a solution based on matenalsaV:lllablc

•

•

•

•

•At lIDS pomt the alr supply system seemecl1u be satisfae:tory. \\ e looked insidl: the bOIler at the actual probe
An~lallat1on. I then fully understood the previous 4U;ClliS10n regardmg probe loc.<ilion and eXtenslon Into the boilerThe probes were mstL\Ued angled dowuward with the tIp Wlthln In mchc::; of the burner I explamed that tlus was apoor sample pOlDt. rhey wiUlted to know where the other plants had 1I1Stallcd the probcl' Ttold them that all theothcr probes had been m'ltalleod above (beyond) the mcballltnd suggl:lll.ed a sImilar locanon hlgher up the wall.They readily agreed that thts made sense. The chi!"fengiMer agreed to tho rcloelltloll Huwevcr. the plant would •startup with the 1..4rrent locanon just to verify proper oJ:)etanon. 1hope 1'hey only burn gss with the probes at thepresent IocatlOn r thmk the)1 may see some strange oxygen values sroce the measurement will be nt-bInd the flame,

The eleen-o:ue panl;11s mounted iu the instrUment racks behInd the operators panel. We powered up the electrOnICsand correctecl Ii WirIng c:nor which was dctl;cted by the OPEN alarm message. the SIgnal cable palIs on anal)-7ernumber tWO had beell1ev!::l:.ed We changed the analog output from 4 - 20 mA to where 0 - 5 rnA represents 0 - 10 •pelcent oxygen
~OTE. The standaro analog output SIgnal nmge in Russia l~ 0 - S rnA mSlead of4 - 20 mAo They wanted theanal).Gc:r scaled 110 0 - 5 mA represented 0 - 10 % oxygen. I recalculated the M and B parameters used In theANOtT function Ther n "den to be set as M - 5 and B ": 0 Tshowed t1.Lc: plant how to usc the appeudix. ~ection onlesl:~ling to calculate the new parameters. This same I'Icl!hng cltanSr: may be desired by the otheJ pov.~r plants.Whde scaJiDg was discussed at other plants. only ZmIev had Indicated the need for a 0 - 5 mA output signal •The :u1Alyzers arc Installed on umt #3. The bollets can~ fired on any combination ofgas, mazut alld coal. TheISsue of "hard'· ash depOSIts may connnue to be a concern even ~lth relocatton of the prObes. The locatIon high~ on

•
---z..1



Plant DIrector (Vasihy P.)
ChIefEngIneer ( Nikolai M. )
Head of AutomatIOn Workshop (Viktor A.)
Ass't Head ofAutomanOl1 Workshop (Yuny:M )
AC£l'tHcadofAdJLl~l.u.Lc;l1( "Y')rkshop (Mlk.lllUl U.)
Ass't Head ofBOller Operation Workshop ( Yaroslav V. )
Deputy ChiefEngineer on Reconstruction & RepaIr ( Nikolai M )

the wall WIll still be m the main [lIe box and the temperature i.'1. expected to be III excess of lOOO degrees C based on
the check out and level ofunderstandmg after training, I do not expect any dJffieulty with the actual hot start up,

There seemed to be a lot of Internal wrangling (politics) going on at dllS plant WhICh made It dJfficult to move
forward with the work Howc"er, once the actual work began, things moved well and everyone seemed quite
plcasl:u with the work accomplished. Most of the plants had notlced some difficulties wIth the accuracy ofthe
naJJ.slatlOn mto Russian. This is the only pla:nt that made a real Issue of the documentation. One indlVldual
complamed about the overall schematic because it dId not represent the actual ''boller'', Apparently most of the
workers prefcn;~a to ~elk H1ITflin;Al'l ;n'iteid OfP.nClOlOn,
Personncl Contacts.

Mr Bendasluk
Mr, Demy:un
Mr. Mati;yevstay
Mr. Trishcbuk
Mr, 7.nhlVn""nJ
Mr Shovozhuk
Mr, Kobzev

Recommended Action
1. The plant is quIte concerned about 110t having access to a spare set of ~lectron;M. I think then" ;;hnuld be a

unIT avlilll1ule;: in the Ukraine if not at each plant
2 Follow up should be made to determine that successful opera~~Qn ha:s been r.llirnhli"h,.d
3. One of the spare probes had suffered shippmg damage simJlar to the m'o probes at Krivoy Rog



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

Busmess Trip Report.
Penod: May 26 - 28. 1997
Desllnallon: Burshtyn Thermal Power Plant

Completed by: Alexander Filippov,
Burns and Roe Kiev ResIdent Engineer

Dunng the period from May 26 through May 28 I Vlslted Burshtyn Thermal
Power Plant. The purposes of the tnp were:
1) To sIgn letters of recelVlng for the equipment supplIed by USAID/Burns and

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

techrucal representatives.
3) To teach the plant staff how to operate the supplied energy eqUlpment.

During the meellng with Mr. Bozenenkov. Deputy director on foreIgn relations he
expressed rus sallsfaction by the fact of recelvmg the equipment. But he stressed
that the plant was facIng serious dIfficulties related Wlth the majOr lack of funds
The main reason IS non-payments for electncity. The plant doesn't get paId,
although tills is one of the largest power plants in UkraIne and even sells
electnclty abroad. The plant has bIg debt on wages for its workers. Since
November 1996 the employees have been paId from 30 to 40% oftherr monthly
wages.

On Tuesday. May 27. we had a techmcal mee1lng and diSCUSSlOn of chfferent
quesllons related to Installation of oxygen analyzer ZIRTEK. Meeting was
headed by Mr. Mallevsky. Cruef of control eqUlpment department, 12 specialISts
particIpated. By the time of my VlSlt the plan only had opened the boxes Wlth the
eqUlpment and hadn't studIed the manuals yet. So the meellng turned to be a
"bram storm" over different techrucal aspects of oxygen analyzer mstallation.
The speCIaliSts determined the boiler and the points of installallon. responsIble
persons and general prelimmary steps of work. I explained neceSSIty to fimsh
mstallallon by the end of June. 1997, in order for the ZIRTEK representallve to
complete start-up of the analyzer. Mr. Mallevsky and other managers proIIl1sed
to make their best to fimsh mstallahon in hme.

We dIscussed the Issue of gas chromatograph installation Tills queshon was
very difficult. It looked like the plant had dIfferent reasons not to mstall It at the
hme bemg. FIrst. the system of payment for gas has changed smce the deCISIon
of mstallatlon of gas chromatograph (calonmeter) was made. Now the plant pays
for the volume of receIved gas and for Its "average. contract" calones Dunng last
1.5 years they have not regIstered the calones content lower that contracted. only
on the contrary. So they were reluctant to mstall the deVlce wruch can "make"
them to pay addItional money for the gas. The second reason of bemg reluctant



to mstall the calonmeter now was the lack of finances to pay workers for
adffitlonal, "non-regular" Job.

Later I had another meetlng with Mr DeIman, Cluef engmeer, Mr. Stepas,
Deputy cluef engineer, and Mr. Matlevsky. Matlevsky expressed the plan for
oxygen analyzer installatlon and lus reasons to put on hold mstallatIon of gas
calorimeter The cluef engmeer and Ius deputy had ffifferent OpInIOn. They
beheved that it IS very important to have an on-line gas calonmeter After long
ffiscussIOn and argumg. the cluef engmeer decided to pass the gas calonmeter to
the cheImcal department and proImsed to mstall It.

In the end we had more dISCUSSIOns with Mr.Bozenenkov. and the others. The
followmg was decided:
1) the oxygen analyzer Wlli be installed by the end of June. The plant would

lIke to be the last m the line of the plants VISIted by ZIRTEK representative;
2) the questIon of mstallatIon of calonmeter WllI be dIscussed once more at the

plant and the final deCISIOn will be done withm next week.

Together With the techmcal specialists we went to the warehouse , opened boxes
with the equipment and checked the content. I proVIded the personnel With the
new coupons for extra sensors for Enerac 2000 in exchange for the wrong ones
they had received together with the eqUIpment.

Back m the office I mstructed the operators on baSIC operatlons With the sonic
flowmeter.

)0
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ECO-04. ECO-06, AND ECO-OB CALCULATIONS

IN-SITU OXYGEN ANALYZERS. MAZUT FLOW METERS AND COAL FLOW METERS

1 0 INTRODUCTION

The bOilers air to fuel ratio IS controlled manually The eXisting extractive paramagnetic
type oxygen analyzers are maintained and calibrated However, the Instruments are prone
to being fouled by mOisture and aCid sludge from the flue gas. Also, there IS a slgntflcant
time lag between sample POint and readout, which IS aggravated by sWings In excess oxy
gen due to fluctuations of coal feed to burners The biggest problem with the eXisting ex
tractive analyzers IS that the sample IS taken after major air In-leakages has already oc
curred Installation of in-Situ zircontum oXide cells upstream of major In-leakages would Im
prove reliability, response, and accuracy of readings

2 0 ASSESSMENT OF POTENTIAL EXCESS OXYGEN REDUCTION

There IS the potential to reduce the levels of excess oxygen at the Burshtyn untts This
potential IS based on the current levels of excess oxygen that are maintained at the burn
ers In order to assess thiS potential, It IS necessary to evaluate the measured excess oxy
gen levels and account for air In-leakage through the various sections of the bOiler Normal
burner deSign calls for an excess oxygen level at the burners of 3 5% For burners of thiS
deSign and vintage, It would be more appropriate to assume that the excess oxygen level
would be closer to 4 0% These are the minimum levels required for stable flame and
proper combustion. Excess oxygen levels higher than thiS prOVide the opportuntty for a re
duction In the operating levels.

2.1 Evaluation of Excess Oxygen at the Burners

At full load firing coal, the excess oxygen was measured In the convection pass and ahead
of the air heaters The excess oxygen measured was a maximum of 6 1% BRC calcula
tion Indicates that the corresponding excess oxygen at the burner IS about 5.0%

Accounting for the eXisting burner deSign, the minimum excess oxygen at the burners would
be assumed to be approximately 4 0% Thus, the potential reduction In excess oxygen at
the burners would be 5 0 - 4 0 = 1 0%

2.2 Effect of Excess Oxygen on BOiler EffiCiency

Baller effiCiency IS calculated based on the ASME Baller Test Code, PTC-4 1 The losses In
bOiler effiCiency affected by the excess oxygen levels are the dry flue gas loss and the
mOisture In air loss The dry flue gas loss IS the loss of heat determined by the flue gas flow
and the difference In temperature of the flue gas and the ambient air. The mOisture In air
loss IS the same loss calculated for the mOisture that IS contained in the air

The reference excess oxygen was selected to be 4 0%, which IS typical for coal fired burn
ers 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

G \BENDER\BURSCALC 1 MAY 3, 1995



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

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

Based on the data collected dUring the VISit to the plant It appears that It IS possible to op
erate the bOilers at reduced excess oxygen levels It has been shown that the potential ex
cess oxygen reduction possible at the burners IS approximately 1 0% This would reduce
the excess oxygen from 5 0% to 4% USing the curve shown above, the bOiler efficiency Im
provement would be 0.24%

3 0 COST ANALYSIS

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

Equipment Cost

ECO-04· Oxygen analyzers, 1 Unit, 2 probes
ECO-06 Mazut SOniC flow meters, 4 required
ECO-08: Coal flow meters

Installation and commissIoning

$29,000
$16,000
$40,000
$15.000

$100,000

Based on test results, It IS estimated that a modest 0 24% Increase In bOiler efficiency can
be achieved from better control and reduction of excess air required for combustion, which
will result In a 0.24% decrease In fuel costs,

Plant generating capacity = 12 Units x 200 MW (165 MW derated) =1980 MW
1994 power generation = 7,626,080,000 KWH/8760 hrs = 871 MW

~ 5 279 units at full
(871 MW/165 MW) load

G \BENDER\BURSCALC 2 MAY 3, 1995



Simple Payback for O2 Analyzers - 1994 Prices

Fuel cost per Unit per year = $97,556,440 tota1/5.279 = $18,480,099
Savings per year due to bOIler effiCiency Improvement = 0 0024 x $18,480,099 = $44,352
Payback =$29,000/$44,352 = 065 year = 78 months

Simple Payback for 0, Analyzers - World Prices

Fuel cost per Unit per year = $191,618,320 total/5 279 units = $30,615,329
Savings per year due to bOiler effiCiency Improvement =0 0024 x $30,615,329 =$73,477
Payback = $29,000/$73,477 = 039 year =48 months

Simple Payback for 0, Analyzers and Sonic Flow Meters - 1994 Prices

($29,000 + $16,000)/$44,352 = 1 year = 12 months

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

($29,000 + $16,000)/$73,477 = 0 61 year = 7 3 months

Simple Payback for Entire Package - 1994 Prices

$100,000/$44,352 = 2.25 years = 27 months

Simple Payback for Entire Package - World Prices

$100,000/$73,477 = 1 36 years = 16.3 months

G \BENDER\BURSCALC 3 MAY 3, 1995



ECO-07 - Calculation

Online Gas Calorimeter

Reported heating value specification for Russian natural gas IS 8116 Kcal/Kg. However, the
techmcal SpecIalIsts complain that the delIvered heatIng value runs low by as much as 130
Kcal/Kg (Avg. 42.1 Kcal/Kg) when the plant IS paYIng for gas on a volumetrIc basIs. They
want to be able to measure the gas delIvenes on the basIs of heat content. An online gas
calorimeter measuring and recordIng Kcal/Kg and Sp. Gr. costs about $35,000

Delivered Natural Gas

628,000,000 Nm3/Yr x 0.7207 Kg/Nm3 = 452,590,600 Kg/Yr

452,599,600 Kg/Yr x 42.1 Kcal/Kg = 1.905 x 1010 Kcal/Yr

1.905 x 1010 Kcal/Yr x 3.9685 BTU/Kcal = 7 599 x 1010 BTU/Yr

Simple Payback - Domestic Pnce

7.599 x 1010 BTU/Yr x $0.715/106 BTU = $51,407/Yr

$35,000/$51,407 = 0.68 Yr = 8.2 months

Simple Payback - World Pnce

7,599 X 1011 BTU/Yr x $2.10/106 BTU = $158,739 Yr

$35,000/$158,739 = 0.22 Yr = 2.6 months

5906-01/02A/BURSHTYN/5/16/95 I
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HIGH TEMPERATURE OXYGEN SENSORS

Mode18212
TIlls sensor IS deSIgned to fulfill
the specIal requrrements of the
Glass Industry Model 8212 pro
vIdes relIable O2 measurement
m pOSInve pressure tanks. even
In conditIons of SIgnIfIcant
-Batch Carryover"

Model 8081
The versatility of th1s -workhoIse·
sensor IS proven by Its mdustry
wide apphcanons around the
world. You can expect Model
8081 to prOVIde dependal::ie O2

measurement In numeIOUS
coal. gas, all andwaste-fileden
VIronments

Model OX
Model OX prOVIdes the cnncal
measurements you need m a
state-of-the-art rebUlldable de
sign. AvaIlable option permIts
use of a portable extractive de
VIce to venfy oxygen readmgs



~ '.. '., ~. . ~ : .... ,. .". " ~ . :. . ~ " .' ~,,~. . ' '. .

9O\esign and operating advantages common to all
.ACC/ZIRCOA Oxygen Sensors.

• Solld-state deslgn • Terrrunal head ratIng 3000 F • Opnonal qtllck-<lJ.sconnect sensor lean

• Integral thermocouple (B R S) (1500 C) ma::arnum WIle

• Place dlrectly illto combusnon • Responds lnstantly to changes ill -. Installa1:J.on mountlng assemblles

chamber furnace atmosphere avallable

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

1200 - 29000 F (650 - 16000 C) • No heaters to ca!lbrate or fall process vanable

• wille or no mailltenance requrred
le pv=2 O%±O 1%

Mode18212 Model 8081 Model OX
• 6" (152mm) sensor 'VJ1th cerarruc

mountlng plug

• Mount ill melter crown backwalls
reeuperator staclCS regenerator
crown/target walls

• Deslgnen to wlthstand attack from
hlgn vapor pressure metals

• Patented boot protects electrode

• Alloy alurnma and silicon carblde
protectlon tubes avcnlable

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

• Opnonal venflcatlon port.

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

• RebUJldable
• Alloy and alurnma protectlon tubes

avallable

MODEL 8212

SENSOR MOUNTING FITTING REFERENCE AIR ATiiNG
1.0, 1.25 1.50 NPT

PROTECTION TUBE

;{

MODEL 8081

~ U1-------- 4571067 ---------+-- ,65 -+---1

1.QJ..!..:I::':
2535 I:..i 0000

LEAD WIRE
lli
1438

REFRACTORY MOUNTING PLUGVENT HOLE

~
16

J
Ic;n

-....!'--====--,
I ~.u.
! I

121 11
L u ---.J L.u. -....l,-~

152 121

REFERENCE AIR FrTTING

ZIRCONIA ELECTROLYTE

IALL DIMENSIONS
INCHES

MM

MODEL OX

ll, SENSOR MOUNTING FITTING
~ 81 - , 0 NPT PROTECTION TUSE

~1J~------:-,/"-- !
~ ~ !fJ"------".~-------......:=:::.J117s

:'-,--u-_-_~___"_I ~ 1
152 SDl414

QUICK-DISCONNECT ELECTRICAL SOCKET

For specific application infonnation, please call: CauUon. Oxygen sensoIS should be
used only tor oXYgen mm not dlrect
aIr control sensoIS Should be
connected to erooropnate tnm or
process conuol ~'1Strumentswmch
onlyallow tl'e M's-runmgot the
aIrItuellI'.lXlUIe Use 01 oxygen
senors tor 10lal.ndependent control
ot combusllO"1 '!lay result In

comousllon= shut-aown whlch
could leae '0 exc'OSlon and
enwonrren'a, (eT.lSSIonsJ h=ds

DIVISION OF ZIRCOA INC
31711 SOLON ROAD
SOLON OHIO 44139
TEL (216) 349-7220
FAX (216) 248-8864

..'U,~.
A Member of the &mlEii DidIer Group



Reheater

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

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

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

02 probe
fmas IDeation

Economizer

Economlz~ )(
02 probe

Probe testing. At Unit 7. two high-tem
perature 02 probes were JDlUaJly JDstalled
JD the JDspecnon ports on the front wall of
the furnace (Fig 2). with a monitor for
each JDstalled at an elevation 88 ft below
the probes In the burner-control cabmet
room Although performance was satisfac
tory at first. two months later one of the
probes failed. breakmg off at a POInt
beyond the mSlde of the front-wall tubes It
was decIded that excessive amounts of slag
collecting on the probe had caused the fail
ure. rather than StresS caused by constant
Vibration expenenced at thiS location

The next step was to JDstall a probe with
a stamless steel protection tube (FIg 3).
mstead of the standard SIlIcon carbIde
lUbe. to see If It could better wIthstand the
extreme condlUons 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 continuous
operation. The cause agaIn appeared to be
from slag

Smce probe performance otherwise was
satisfactory. an outer protection tube was
added to mcrease longevity 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 10 Its IDstallatlon

Improved location. ObVIOusly. the

Saolblowers

/
02prabe

mltlal
location

aIr readIngs. Nlpsco started expenmentmg
with permanently IOstalled high-tempera
ture 02 probes 10 the upper furnace of Umt
7 These crltena were establIshed as a
basiS for the purchase of a new system

• Low mamtenance reqUIrements
• Continuous operation m the furnace

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

mlmmum deSired.
A system that appeared to meet the cn

tena was a ZirCOnium OXide cell mounted
In a SIlIcon carbide tube ThiS type of
probe had seen service 10 the glass and
steel mdustnes. but not 10 US utilIties The
probe IS said to offer several advantages

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

• Fast response.
• No sensor cahbratlon reqUIred.
• No heater calIbration or failure.
Probe operation. The high-temperature

capability of the new 02
probes allows their perma-
nent Installation In an area
of the furnace other than
the economizer outlet. The
high-temperature cell IS
exposed to a reference gas
(mstrument air) on one
Side of the cell, process
gas on the other (Fig I)
Zircoma OXide cells be-
have as solId-state elec
trolyte at high tempera
tures 10 the presence of a
catalyst Under lsothennal
conditions. and when O2
partial pressures differ on either
Side of the cell. an emf mverse-
ly proportional to O2content 10

the process gas IS developed.
Proper functlonmg of the

zlrcoma OXide cell IS achieved
above a minimum recommend
ed temperature of IIOOF
Because the old probes (also
ZirconIUm OXIde cells) had to
operate at temperatures of 850F
or less at the economizer outlet,
a heater assembly and tempera
ture controller were reqUired to
malOtaIn cell temperatures
greater than IlOOF Since
heaters aren t reqUired with the
new high-temperature probes.
calibration requirements are
ehmmated

Repnnted from May 1991 Issue of POWER.

Copyright 1991, McGraw-HiII, Inc. All rights reserved.

Instrument air

02 probe

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

02 mon1lor

Lool-mg for ways to Improve plant heat
rates Northern Indiana Public ServIce Co
(Nlpsco I has mstalled high-temperature O}
sensors In the furnace and convection pass
es ot several ot Its bOIlers. begmmng with
Units 7 and 8 at ItS BaIlly generatlng
station with good results

The problem. Units 7 and 8 are
Babcock & Wilcox Co (Barberton. OhIO)
coal-fired steam generators with Cyclone
burners Unit 7 IS a 175-MW drum bolier
Umt 8 a 340-MW once-through bOIler As
with most utility umts. excess-aIr control
was achieved bv detenmmng O2 levels at
the economIzer outlet Smce both units are
normally run under negative furnace dratt.
air can mtiltrate through leaks 10 the bOIl
ers. ductwork. or expansIOn Jomts This air
In-leal-age can result In a bIas In the
excess-O} \,.ontrol CIrcuIt. glvmg mdlcatlon
of suffiCIent O2 when. 10 fact. the opposite
condmon mav be true

Enough aIr lOfIltratlon can lead to
Improper alr-to-fuel ratios. poor combus
tion. and corrosIve damage If a redUCIng
atmosphere prevUlls Also. the O2 probes
and analyzers on Units 7 and 8 became
mcreasmgly unreliable Repairs to mam
talO the economizer-outlet system had
become excessive and costly The result?
The O2 control system often operated with
one or more probes out of service. makmg
It more difficult tor the operators to mom
tor and mamtam excess-02 levels which
led to a lack ot confidence m the system

To solve the problem of biased excess-

Vtlhtles

High.temp O2 measurement improves
boiler performance



tJon to utility bOIlers The knowledge
gamed from these tnals was put to good
advantage when a hIgh-temperature 02
system for Unit 8 was mstalled. mcludmg
four probes m the pendant reheat area of
the convection pass. After continuous
operation for over a year, none of Unlt 8's
probes have faded.

Results to date have shown differences
of O2 measurement taken at the economiz
er of 0 4% to 2.5% when compared to the
hIgh-temperature probe readmgs Probe
performance has been so successful that
the economIzer O2 system Will be phased
out at Nipsco Also, operator confidence 10

02 measurement of flue gas has been
restored Tom Elliott

have maxImum protection wlthm the sec
ondary pendant tubes (Fig 2).

Consequently, four 02 probes were
Installed m the secondary superlleaJer sec
bon of the fumace-iWo m each SIdewall.
A potential nsk m putting them there was
they would be close to the sootblowers.
After the probes were m servICe., the soot
blower nearest each probe was opernted. It
was found that sootblower operatIon
would not damage the probes The O2 sys
tem could now be momtored to evaluate
the performance and longevity of the
probes.

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

Zircoma
substrate

greatly Improve the service life of the
high-temperature O2 probes appeared to be
m 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

Protection tUbe Platmum electrode

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

Reference
air tstrmg

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

Proauct uata
106-300NC

January, 1993

FEATURES

• Totally Field RepaIrable Probe
• Patented Electromc Cell Protection
• Rugged 316 55 for all Wetted

Parts
• FleXible Electromcs ConfIguratIon
• Control Room Electromcs

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

Class 3000 Probes
• Easy Cabbratlon
• No Potentiometers to Adjust
• QUick Change DiffUSion Element
• Field-Repairable Cell DesIgn
• Field-RepaIrable Heater/

Thermocouple
• Flame Arrestor (Optional)

WORLD CLASS TECHNOLOGY FROM
THE WORLD LEADER

Rosemount IS the leader m oxygen flue gas analyzer technology
Rosemount mcorporated the Hagan analyzer and combustion
expertise The Hagan In Situ, ZirCOnium Clade oxygen analyzer has
long been established as the mdustry·starn:lard. Rosemount has
combined thiS Hagan expertise with stat~t-the-art features Into
one package - the World Class 3000 Oxygen Analyzer The
World Class 3000 IS established as the standard-of-the-mdustry

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

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

For those applications where more than one oxygen analyzer WIll
be mstalled on-Site, the World Class 3000 Oxygen Analyzer
together With the mlcroprocessor·based CRE 3000 Control Room
ElectrOnics module IS a cost-effective solUDon

,he CRE 3000 Control Room ElectrOniCs module allows mterfaclng
With up to eight World Class 3000 probes (16 With master/slave)
via the HPS 3000 Field Interface Module This fleXible, eaSily
expanded, electromcs arrangement allows the World Class 3000
probes to be inked to the Control Room ElectrOnics module
Without the added cost of reqUlnng Intelligent field electrOniCS (1FT
3000)

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

The HPS 3000 Field Interface Module prOVides local power to the
oxygen probe. It IS connected to the CRE 3000 at a distance of up
to 1200 feet WIth low cost Signal cable The HPS 3000 module 1&

housed In a slandard NEMA 4X (IP65) enclosure for full weather
and corroSlO/l1lroof protection It IS also avaJiable 10 an optional
explOSion-proof Class 1, DIVISion 1 enclosure to allow low-cost
adaptablilly of the World Class 3000 electrOniCS to hazardous
gas areas.

Users With I'l'Ubprobe applications may also choose an optional
MPS 3000 Mutbprobe Test Gas Sequencer The MPS 3000
prOVides automatic test gas sequencmg for up to four (4) World
Class 3000 probes to accommodate fully automatic micro
processor-based calibration of the analyzer packages

Supersedes Product Data 106·300NG,
Pages 1-8, dated March, 1992 ROSEMOUNT® ••1eas.Jf ;:'f"Y':~



FIlter Head Assembly

OXYGEN SENSOR

Sensor Cell Assembly

If.

~~

Heater Thermocouple
Assembly

Features Benefits

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

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

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

High speed of response Ideal for closed loop control

Sohd ZirCOnium oXide electrolyte Provides high rehabllity

Field-replaceable cell Ease of maintenance

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

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

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

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

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

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

• Unique, patented electrOnic cell protection feature automatically
protects sensor cell when analyzer detects redUCing atmospheres

DIGITAL ELECTRONICS FEATURES
• Control Room Electromcs module (CRE 3000) can Interface with

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

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

• CRE 3000 ElectroniCs averages the process data as defined by
user ThiS reduces inaccuracIes due to stratification
Remote contact 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 receivers such as Indicators, recorders,
controllers, data loggers or computers

• OptIonal flame arrestor
• OptIonal abraSIve shIeld for extremely harsh enVironments, including

high velOCity particulates In flue stream, Installation Within 10 It (3m)
of soot blowers or heavy salt cake buildup SpeCifiC applications
pulverized coal, recovery boilers and lime kIlns

• OplJonal explOSIon-proof HPS 3000 enclosure allows low-cost
adaptability to World Class 3000 electronics In hazardous areas

• Optional MPS 3000 Multlprobe Test Gas Sequencer proVides fully
automatic test gas cahbratlon and reference air for up to four (4)
World Class 3000 probes MPS 3000 can be located up to 300
It (91m) from World Class 3000 probe

• OptIonal stack temperature and combustion effiCiency measure
ment Stack thermocouple reqUired

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



WORLD CLASS FAMILY OF ELECTRONICS

eRE 3000 Control Room Electronics Module

.'

•

•

HPS 3000 Field Interface

(NEMA 4X Non-hazardous Enclosure)

HPS 3000 Field Interface

(explosion-Proof EnclOsure)

Optional MPS 3000 MultJprobe Test Gas Sequencer



SPECIFICATIONSCD

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

depending upon duct dimensIOn
Probe material of constructIOn: 316 LSS (all wetted parts)
Temperature limits for probe In

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

air flow (optional) 2 SCFH clean. dry Instrument quality air
(20 95% 02) Reference air set supplied
as standard

CRE 3000 CONTROL ROOM ELECTRONICS

Ambient environment requirements Clean. Dry
Ambient temperature range. 40 to 120°F (4 to 50°C)
Vibration: Slight: 30 degree drop test
Number of probes B 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

Into 950 ohm max, 0-10 VDC Into 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 (IP65) Optional - Class 1,

DIVISion 1, Group 8
Humidity range: 95% Relative Humidity
Ambient temperature range: -20 to 140°F (-30 to 60°C)
Vibration: 5 mlsec', 10 to 500 xyz plane
External electrical nOise. Minimum Interference
Cabling distance between

HPS 3aaa and probe. MaXimum 150 feet (45 m)
Cabling Distance between

HPS 3000 and CRE 3000. MaXImum 1200 feet (3S4 m)
ApprOXimate shlppmg weight 12 pounds (5 44 kg)
Power supply 100/115/220V 1"10% Vac at 50/S0 Hz
Power reqUirements' 200 VA

<D All static pertormance characteristics are With operating vanables constant
SpeCificatIOns subject to change Without nOllce
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Calibration gas mixtures: Rosemount Test Gas Kit Part No
6296A27G01 contains 04% O,N,
Nominal and 8% O,NzNominal
Other sUitable gas mixtures can be
user supplied

Calibration gas flow: 5 SCFH
ApprOXimate shipping weights:

18 Inch (457 mm) package: 55 pounds (24 97 kg)
3 foot (0 91 m) package: 60 pounds (2724 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 001% 02
0, range: Field Selectalie (0-1%, 0'5%,0-10%,0-25%,0-100%)
Programmable

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

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

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

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

numenc display, 8 key general purpose
keyboard.

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

MPS 3000 MULTIPROBE TEST
GAS SEQUENCER (OPTIONAL)

Electrical classification: NEMA 4X (IP6S)
Humidity range: 95% Relative Humidity
Ambient temperature range: -20 to 140°F (-30 to 71°C)
Vibration' 5 mlsec', 1010 500 xyz plane
External electrtcal nOIse: MInimum Interference
PIPing distance between

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

and CRE 3000: Maximum 1000 feet (303 m)
ApprOXimate shippmgwelght: 35 pounds (15 88 kg)
Power supply: 100/1151220V .±10% Vac at 50/S0 Hz
Power reqUirements: 15VA
Piping requirements: 114" o.d. tubing, 1/4" NPT

lUkhead connectors (high gas In, low gas
In, ref atr In, 4 Xtest gas out, 4 X ref air out)

(

(



WORLD CLASS 3000 MULTIPROBE APPLICATION
WITH CONTROL ROOM ELECTRONICS

4 TWISted Pair Plus 2 TWBtecl Pair
for Opbons (1200 Feel Max)

7 Conductor Cable
(150 Feel Max)
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Probe
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2 Pneumabc lines
by Cuslomer

(300 Feel Max)
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7 Conductor Cable

(150 Feel Max)
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Probe
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2 Pneumabc lines

by Cuslomer
(300 Feel Max)
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7 Conductor Cable

(150 Feel Max)

Line Vohage (LV)

LV

4 TWIsted Pair Plus 2 TWISted Pair
for OptIOns (1200 Feel Max)

line Vottage (LV)

4 TWIsted Pall' Plus 2 TWIsted Pair
tor OpllOns (1200 Feet Max)

CRE 3000
Control Room

Electrolllcs

ltlir~o ~C:~ott
220 to 240 Vott
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r The 1261
Calorimeter
A self-contained oxygen bomb
calorimeter with automatic
microprocessor control for rapid
and precise calorific tests with
minimal operator attentIon.

l

(

RECOtv1NIENDED FOR
Coal mine, coal preparation plant, commerCial
inSpection, coal burnmg utility and other Industnal
laboratorIes where calorific tests of SOlid, liqUid or
refuse-derlved fuels are run dally on a routrne basIs,
and where rapId tests wIth good repeatability are
reqUired. Although pnnc/pal uses for the 1261
CalOrimeter are found In coal laboratories, It has
equally Important applicatIons for determining the
calonfic value of other solid and liqUId fuels. FIrms
involved In waste disposal management find the
1261 Calonmeter a reliable means for mOnltonng the
energy content of refuse fuels. Equally Important
applicatIons are found In food laboratorIes for
determining calonf/c values for foodstuffs and animal
feed mIxtures, In university laboratones for teaching
purposes and for high preCISion energy research
proJects.

A COMPLETE, SELF-CONTAINED
OPERATING UNIT
All sensors, controls and Jacketing In the new Parr
1261 Isoperlbol CalOrimeter are bUilt Into a single,
compact cabinet to proVIde a self-contained
operating Unit consisting of:
• A temperature-controlled, insulating water Jacket

wIth a bUilt-In clrculatrng system and an electriC
heater

• An oval calOrimeter chamber and bucket.
• An 1108 oxygen combustIon bomb
• A bUllt-m automatic system for charging the bomb

with oxygen
• A hIgh preCISion electrOniC thermometer.
• A sealed, touch-panel keyboard for data entry

and operation control.
• A bnght, LED display for operator promptmg,

status indication, data vertflcatlon and report
review

FULLY INTEGRATED
MICROPROCESSOR CONTROL
All steps In the test procedure are managed by a
microprocessor control system usmg third generatIon
hardware and software pre-programmed to.
• Operate the calOrimeter 10 eIther the conventional

Isopenbol/eqUlllbrlum mode or In a faster
isoperlbolldynamlc mode.

• Monitor and control the Jacket temperature.
• Ascertain equilibrrum, fire the bomb, confirm that

ignitIOn has occurred and monitor the
temperature nse.

• TermInate the test wlthm operatmg parameters
selected by the user and check for errors.

A BUIIJ:IN MICROCOrvIPUTER
All data involved In a calonflc test IS handled
automatically by a dedicated microcomputer which
Will:
• Accept and store all sample weights and

temperature data.
• Apply all necessary corrections for aCid, sulfur

and fuse.
• Compensate for any added combustion aId or

"spiking".
• Compute and report the heat of combustIon In

Units selected by the user.
• TransmIt test results to an alpha numeric printer

(not mcluded with the calOrimeter)
• Accept sample weights dIrectly from an analytical

balance usmg an appropnate Interface.
• Communicate With and transmIt calOrifIc data to a

central computer and/or other instrumentatIon In
a Smart Link network.



Isoperibol Calorimetry
A classical method-improved with automatic control.

Provides rapid tests in the 1261 Calorimeter with
excellent repeatability, using either the CLASSICAL
EQUILIBRIUM METHOD or a RAPID DYNAMIC METHOD
which cuts the time for an individual test almost in half.

THE ISOPERIBOLlEQUILlBRIlTh1 METHOD
The excellent jacket temperature control prOVided In
the 1261 CalOrimeter IS Ideal for test runs uSing the
clasSical Isoperlbol method. In thiS procedure the
Jacket temperature IS held constant throughout the
test while the controller continuously mOnitors the
temperatures In the jacket and In the bucket and
performs the integration needed to account for any
heat leak resulting from any differences between
bucket and jacket temperatures dUring the run The
test continues until the controller determines that
eqUilibrium has been reached, usually Within 8 to 10
minutes after firing, at which POint It Signals the
operator to return to the calOrimeter to remove the
bomb and prepare It for the next test.

The operator does not have to walt for the jacket
temperature to cool before starting another run. A
new test can be started Immediately. The jacket
temperature is controlled automatically and IS usually
set slightly higher than room temperature, although
any temperature preferred by the operator can be
used. ObViously, for best results all tests should be
conducted Within the same operating range.

THE ISOPERIBOLJDYNAMIC 11ETHOD
As an alternative to the eqUilibrium method, Parr has
developed an IsoperibollDynamlc method for use In
the 1261 CalOrimeter which cuts the time required for
an indiVidual test almost In half. USing thIS procedure
the test IS run In the same manner as deSCribed
above for the eqUilibrium method, but With the
controller Instructed to employ a sophisticated curve
matChing technique to compare the temperature rise
With a known thermal curve for the system. USing
thiS comparison, the controller can extrapolate and
predict the final temperature Without waitIng for It to
develop, making It pOSSible to terminate the test and
compute the calOrifiC value of the sample In periods
as short as 3 to 4 minutes after firing. The savings In
operating time With thiS method Will become
particularly Significant when running multiple
samples -(, ,

ATIAINABLE PRECISION

The preCISion attainable With the rapid Isoperlboll
DynamiC method IS fully comparable to results
obtained With the EqUIlibrium method. Routine
comparison tests With standard samples have shown
standard deViations of 0 05 to 0 08 percent of the
determined value for both the Isoperibol/Dynamlc
and the IsopenbollEqUllibnum methods. It should be
noted, of course, that In comparison tests With a non-

homogenous material such as coal, the results may
show a Wider spread than tests With a umform
sample such as benZOIC aCid. Nevertheless, all
results obtained With the 1261 CalOrimeter should fall
well Within approximately one-half of the 50 Btu/lb
repeatability limits speCified In standard ASTM/ANSI
test methods. Replicate tests With a bituminous coal
sample Will seldom differ by more than 30 Btullb.

COMPARATIVE OPERATING SPEEDS

Operating Mode
1261 Calorimeter-

, Isoperiboll. Isoperiboll
Equilibrium Dynamic

Time for a Single test

Complete tests per hour

10 to 12 min

5 to 6

6 to 8 min

8 to 10
1 J

4
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.- The 1261
Calorimeter
Operates in a compact, self-contained
jacket with a built-in oxygen filling
system.

EFFECTIVE THERMAL JACKETING
Outstanding thermal Jacketing IS provided In the
1261 Calorimeter by a circulating water system which
maintainS a forced flow around the sides and bottom
of the bucket chamber and through the cover as well.
The water In this system IS recirculated continuously
by a bUilt-in, high capacity pump. Since all tests are
run by Isoperlbol methods, the Jacket temperature
remaIns constant dUring a run and no water
additions are needed. Also, no water additions or
waiting period are required at the end of a run since
the jacket does not have to be recycled back to a
fixed starting temperature. Jacket heating IS provided
by a sealed ImmerSion heater operated by the
calorimeter controller In conjunction with a bUilt-in
thermistor probe.

MOLDED FIBERGLASS AND
BRASS CONSTRUCTION
To ensure minimal heat leak and long service life,
both the outer case and the water jacket are made of
a high strength, compression molded, fiberglass
reinforced polyester resin. These parts are
assembled Into a sturdy, light weight structure which
can be used wIth aCidic water supplies or In a
corrosive laboratory atmosphere without damage to
the Instrument. The Inner bucket chamber IS made of
nickel brass for good corrosion resistance and
proven heat transfer characteristics.

A RELIABLE OXYGEN BOMB
Each 1261 Calorimeter IS equipped wIth a Parr
1108 Oxygen Bomb In which samples can be burned
completely and safely with full recovery of all
combustion products. The bomb IS held In an oval
bucket, covered with two liters of water. An Impeller
driven by a motor mounted Within the cover produces
excellent Circulation around the bomb.

A BUILT-IN OXYGEN FILLING SYSTEM
To Increase the speed, reliability and safety of the
bomb filling operation, the 1261 CalOrimeter has a
bUIlt-in automatic system for filling the bomb WIth
oxygen to the desired operating pressure ThiS IS
Installed Within the calOrimeter, leaving only a short
filling hose extending from the Jacket To fill the bomb
the operator SImply slips a connectIOn fitting onto the
bomb Inlet valve and pushes a button to start the
filling sequence Filling then proceeds automatIcally
at a controlled rate to a pre-set pressure. He then lifts

the connector from the bomb and proceeds WIth the
test. If. for any reason, the bomb pressure did not
reach the desired level, an error message Will
indicate a low charge The filling rate IS regulated so
that oxygen enters the bomb at a Uniform, controlled
rate, avOiding any sudden blast that might blow a
powdered sample out of the combustion cup. Safety
provisions are Included to prevent an aCCidental
overcharge to the full pressure of the oxygen supply
tank.

PREaSE ELECTRONIC THERMONIETRY
Temperatures are measured with a high preCISion
electrOniC thermometer bUilt Into the calOrimeter,
uSing a speCially deSigned thermistor network to
obtain excellent linearity and high resolution In
differential temperature measurements. ThiS custom
deSigned system WIth ItS associated software
provides a umform scale over a Wide range of
operating temperatures so that the energy eqUIvalent
(EE value) for the calOrimeter remains remarkably
constant as compared With less stable systems uSing
diodes or other temperature sensors ThiS stability IS
confmned by many users who report that they find It
necessary to recheck the energy eqUivalent only
once or twice monthly unless a major component of
the system has been changed.
The temperature sensor IS sealed In a 118" dla
stainless steel probe held In a fixed mounting on the
calOrimeter cover, where It IS raised and lowered With
the cover Measurements over the 200 to 40 0 C
workmg range can be obtained With 0.0001 0 C
resolution The absolute accuracy IS less precise
(+1-a 10 C) but thiS does not affect differential
measurements. Tailored software converts all
readings to CelSIUS values Instead of ambIguous
resistance umts No mercurial thermometers are
required.



The 1261
Calorimeter
Convenient touch-panel
keyboard operation
with many options

MANY UNIQUE FE.ATURES
All steps In the operation of a 1261 Calorimeter are
controlled from a sealed, touch-panel keyboard
mounted on the calorimeter together with a bright
LED display for data verification and prompting
From this keyboard the operator can control all
operations Involved In a calorific test, uSing the many
unique features bUilt Into this automatic system,
including:

Selectable procedures. The operator can choose
either the conventIonal IsoperrbollEqUillbrrum test
method or a faster IsoperlbollDynamlc procedure,
dependmg upon the speed desired for his particular
application.

Automatic control. The microprocessor will
(a) continuously mOnitor and control the Jacket
temperature, (b) detect eqUilibrium, fire the bomb,
confirm that Ignition has occurred and monitor the
temperature rrse, and (c) terminate the test within
operating parameters selected by the user and check
for errors.
Automatic computation. The microcomputer will
not only collect and evaluate all data, but It will also
(a) apply the necessary correction for heat loss, (b)
calculate and apply the approprrate corrections for
aCid, sulfur and fuse, and (c) compute and report the
heat of combustion In Units selected by the user

Data acquisition and storage. All sample weights
and temperature data are accepted and retained by
the calorrmeter

Large memory capacity. Data for up to 175 tests
can be retained In the memory until called up by the
operator.
Back-up power supply. Battery back-up IS provided
to protect the memory so that no data will be lost If
the power should fall.
Operator prompting. Clear, LED actuated messages
describe the current status of the test and Identify
the specific data which must be entered so that a
test or reporting procedure can continue
Menu driven setup program. When operated with a
1755 Prrnter, the calorrmeter may be configured
automatically uSing a menu drrven, conversational
program provIded In the calorrmeter fIrmware ThiS
setup program IS available at any time to set, change
or view the commonly used operating parameters.

Diagnostic tests. The controller Will make extensive
diagnostic tests to ensure that the calorrmeter IS
functioning properly and to Identify any errors or
problems.

AUTOMATIC STANDARDIZATION
The 1261 Calorrmeter Will automatically generate ItS
energy equivalent (EE value) from a serres of
standardization tests, calculating a mean value from
either (a) all standardization tests, or (b) from the last
10 tests for each bomb/bucket combmation. The user
can enter the maximum relative standard deViation
he Will accept for a serres of standardization tests
and the calorrmeter will adVise him If hiS
standardization falls to meet thiS crrterra. Energy
eqmvalent values for up to eight bomb/bucket
combinations can be stored In the computer.

MAINTAINS STANDARDIZATION
One of the most Important characterrstlcs of the
1261 Calorrmeter IS Its ability to maintain a constant
standardization. There should be no annoYing
fluctuations In the energy eqUivalent from morning to
afternoon, or from winter to summer. ThiS can be
attnbuted largely to an effective water Jacket which
Isolates the calorrmeter from temperature changes In
the laboratory and to a system with no paths for
Significant heat leaks Also, any change in pressure
In the water supply line Will not affect calorrmeter
operations or change the energy eqUivalent since the
calOrimeter does not reqUire a pressurrzed water
supply for ItS operation. Features Introduced when
the calorrmeter IS operated With the recommended
1563 Water Handling System add further to ItS ability
to mamtaln constant standardization, since the 1563
System ensures that the bucket Will always be filled
With water at a constant temperature Within + / - 0.5 0

C, and the volume of water placed In the bucket Will
always be the same when delivered from an
automatiC pipet.

-
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ACCESSORIES
Six fuel capsules, fuse wire for 500 tests and a stand
for holding the bomb head during assembly are
furmshed With each calonmeter, also a bottle of 100
benZOIC aCId pellets for standardlzmg the calOrimeter
and complete operatmg instructIons

ORDERING INFORMATION
1261EA Isoperibol oxygen bomb calorimeter

WIth 1108 oxygen bomb, 115 v 60 Hz.
(For 230 v 50 Hz, use Cat No. 1261 EF)

- Options and
Specifications
MANY USER OPTIONS
Although specifiC procedures are recommended.
vanous options are available to the user
• Program parameters can be adjusted to

accommodate unusual sample Sizes, burmng
rates and precIsion requIrements

• The calonmeter can be programmed to
accommodate any reagent concentrations
selected by the user

• Calonflc values can be reported In any of several
measurement Units.

• The calonmeter program can be adjusted to
compensate for the subtle differences In the way
aCld correction values are handled In ASTM, BS
and ANSI Methods.

• Programmable function keys are available for
operating convenience.

• Program controls can be password protected, If
desired.

• User selectable default parameters.
• A bomb usage tally can be maintained to notify

the user when each bomb should be serviced.
• Program parameters can be selected to support

all currently manufactured Parr combustion
calonmeter bombs.

PRINTED REPORTS
A printed record of all essential data and results from
each test, including detailed error and diagnostic
messages, can be obtamed by connecting the
calonmeter to a Parr 1755 Pnnter deSCribed on
page 9, or to any 40180 column commercial printer
compatible with an RS232C output

AUTOMATIC DATA TRANSFER
The calonmeter IS Smart Lmk ready for use with any
of the balance, sulfur or computer Interfaces
deSigned for thiS system, as descnbed on pages 11
& 16.

CO:MPATIBLE MODULAR DESIGN
The 1261 Calonmeter IS fully compatible with eXisting
Parr bombs, calOrimeter controllers, closed-CIrCUit
water handling systems and all Parr Smart Link
deVIces, making It easy to fit the Instrument Into an
eXisting laboratory set-up Modular deSIgn WIth all
electrOnics assembled m a removable chaSSIS
SImplifIes trouble shootmg problems Also, the
calonmeter IS eqUipped so that It can be connected
through a phone modem direct to the Parr
Instrument Company factory computer for trouble
shooting or for program parameter up-dates

SPECIFICATIONS

Available Test Procedures

Stored Energy EqUivalent
EE Values
CorrectIOns for ACid,
Sulfur and Fuse

Data Display
Operator Prompting
Diagnostics

Storage CapaCity, normal
Electncal

Power ReqUirements
DimenSions

IsopenbollEqulllbnum
Isopenbol/Dynamlc
DeterminatIon
StandardIzation

8
AutomatIcally from
Sulfur Analyzer, by
Operator Entry, or by
Fixed CorrectIons

LED
LED

LED With printed error
and diagnostic
messages

175 Tests
Separate Models:
110-125 v 60 Hz
210-250 v 50 Hz
1000 watts, maximum
20" Wide, 15"deep,
14" high

'Q' ,':)
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The 1760
Sulfur Analyzer
An aut~matic titrimetric system
for rapid sulfur determinations
following combustion in a Parr
oxygen bomb.

RECONllvIENDED FOR
Coal mine, coal preparation plant, coal burning
utility, commercial inspection and other industrial
laboratories where sulfur determinations for solid or
liquid fuels and combustible wastes are run dally on
a routine basIs, and where rapid tests with good
repeatability are required. It IS also an attractive
moderately priced, automatic system for laboratbrles
where calorimetric tests are run on an Intermittent
basIs, and where reliable results with good
repeatability are required.

COMPATIBLE WITH
BOMB CALORTh1ETRY
Although the 1760 Analyzer can be operated as a
stand-alone Instrument, In most installatIOns It Will be
used rn conjunction with a Parr oxygen bomb
calOrimeter. In these cases, sulfur determinations Will
be made uSing the calOrimetric 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 wlthrn ASTM
test reqUirements

• Automatic titration of the total aCid In the bomb
washrngs as required to calculate the calOrific value
of the sample

• Full commUnication capabilities for automatically
transferring sulfur and total aCid values to a Parr
CalOrimeter or CalOrimeter Controller, and/or
to a 1750 Proximate Analyzer or computer for
Incorporation Into calOrimetric, 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, ensuring complete conversion
of all sulfur to soluble sulfates rn the process But the
frnal sulfur assay IS made by a rapid tltrimetriC
procedure rnstead of the tediOUS gravimetric method
This procedure IS based upon a method described
by Hicks, Fleenor and Smith * rn 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-point
as determined with a lead-Ion selective electrode.
Titration In the 1760 Analyzer preceeds automatIcally
under microprocessor control, determining first the
total aCid rn the bomb washings, then bringing the
solutIOn to the proper pH for the sulfate titration and
contmulng to an end-pOint from which the Analyzer
WIll calculate and report the sulfur content of the
sample. ChlOride and other Ions found In many coal
samples do not Interfere with thiS Ion-specIfiC
titration.

A COMPACT, AUTOMATIC
TITRATION SYSTEM
Automatic titration In the 1760 Sulfur Analyzer is
conducted In a 600 ml beaker held on a magnetic
stir plate uSing a stir bar for agItation All of the
necessary electrodes and reagent discharge tubes
are mounted on a non-metallic cover attached to an
adjustable arm arranged so that all sensor and tubes
can be lowered Into the beaker and raised as a Unit.
Reagents used rn fixed amounts are delivered from
bottles with attached manually operated automatic
pipets furnrshed with the rnstrument. The titrants are
fed by high preCIsion metering pumps driven by
high resolutIon stepper motors operating under
microprocessor control. All reagent concentratIOns
have been selected to produce good preCIsion with
optimum operating speed.

SAMPLE SIZE
The 1760 Sulfur Analyzer IS deSigned for use With
one gram samples, the size usually burned In Parr
oxygen bombs. ThiS amount of sample works well for
matenals haVing sulfur contents between 0 1 and 5 0
percent. If the sulfur content runs higher, the sample
size should be reduced so that the amount of sulfur
In the test does not exceed 75 milligrams

RAPID TESTS
Both the total aCId and percent sulfur can be
detenmned Within five minutes after completIon of
the bomb process. The tIme reqUIred for the
automatic tItration Will be roughly proportional to the
amount of sulfur In the sample

•"The Rapid Determination of Sulfur In Coal," Analytical Chemica
Acta.. 68.480-3 (1974)



USE WITH EXISTING EQUIP~
The 1750 Analyzer does not require a special oven,
furnace or analytical balance. existing procedures do
not have to be changed. All drying and ashlng
operations are perlormed In the same oven and
furnace normally used for standard ASTM proximate
analyses. The Analyzer can be programmed to
communicate with any of the commonly used digital
analytical balances. Samples can be weighed and
treated In any order with the Analyzer accepting data
from a balance as generated, organizing and storing
It In the correct order under operator assigned
sample numbers. The operator can override the
automatic data system at any time to enter weights
manually, If necessary. Weights taken on a non
dIgital triP balance or scale to determine alr-dry loss
(ADL) can be entered manually, or the ADL value
can be calculated and entered separately ADL
values can also be determmed automatically uSing a
1750A Alr-dry Loss Interface connected to a top
loading balance. With thiS arrangement the 1750
Analyzer can be Instructed to obtain ADUtotal
mOIsture values direct from the 1750A Interlace.

CONVENIENT KEYBOARD OPERATION
With the 1750 Analyzer connected to a digital
analytical balance, each weighing Will be shown on
the LED display on the Analyzer for conflrmatton
before It IS entered Into memory The operator WIll
then use the touch panel keyboard to Identify each
entry as to the test (mOIsture, ash, volatile matter or
air-dry loss) and the function (tare, gross or final
weight) to which the data applies The Analyzer Will
also prompt the operator to Identify the data With a
valid sample number before It IS entered.

SELECTABLE REPORTS
The user can select from a variety of preprogrammed
options when obtaining final reports from the
Analyzer. Proximate analyses can be obtained for an
indiVIdual sample or from a full range of tests. All
supporting raw data can be Included In the report, or
the report can be condensed to show only final
values

AIR-DRY LOSS INTERFACE
Air-dry loss determinations are usually made uSing
large (1000 gram) samples on a top-loading balance,
often located In a faCIlity outSide of the laboratory
where other coal tests are perlormed. To facilitate the
transfer of ADL test data to the Proximate Analyzer,
Parr offers the 1750A Air-Dry Loss Interface which
can be connected directly to a digital top-loading
balance at the location where ADL welghlngs are
perlormed. Tare, gross and final weIghts can then be
collected automatically In the 1750A Interlace and
transmitted to the 1750 ProxImate Analyzer over a
Smart Link for incorporation Into the final proxImate
analySIS report. Without thiS arrangement, ADL
welghlngs must be entered Into the Analyzer through
the keyboard.
The 1750A Interlace looks and works exactly like the
1750 Proximate Analyzer, but It Will be Instructed to
gather and transmit only ADL data. Again, the user
must specify the make and model of hiS balance
when ordering the 1750A Interface so that the proper
commUnications protocols and cables can be
furnished.
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INSTALLATION ASSISTANCE
Installation and operation of the 1750 Proximate
Analyzer should proceed smoothly With little difficulty
uSing the detailed InstructIons furnished With each
Instrument But, since each installation IS unique,
users are urged to call the Parr Instrument Company
direct (309/762-7716) for assistance In adapting
peripheral deVices to a 1750 Proximate AnalySIS
System.

ORDERING INFORMATION
1750 Proximate analyzer WIth connecting cable

to an analytical balance (specified by the
user) 115/230v, 50/60 Hz.

1750A Air-dry loss interface, 115/230v,
50/60 Hz.

A597E Smart link cable, 25 ft

15
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The 1750
Proximate
Analyzer
A rapid data processing
system for calculating and
reporting the proximate
analysis of coal.

RECOIvfMENDED FOR
Assembling data, calculating and reporting the
proximate analysIs of coal, coke and related fuel
samples as tested In coal mine, coal preparation
plant, coal burning utility, commercial Inspection and
other Industrial laboratories where coal samples are
tested daJly on a routine basIs.

A FULLY INTEGRATED
DATA PROCESSING SYSTEM
The proximate analysIs of a coal sample IS a tedious
procedure involving several separate welghmgs and
producing considerable data as needed to calculate:

Air-dry moisture Volatile matter
Total mOisture Fixed carbon

Ash

There IS no way to avoid the indIVIdual welghlngs
and heatlngs Involved in these separate
determinations, but the data entry, data processing
and reporting functions can be speeded and
simplified considerably uSing the convenient
microprocessor system provided by a Parr 1750
Proximate Analyzer.

Operating in conjunction with a mOisture oven.
furnace and analytical balance already on hand In a
user's laboratory. the 1750 Proximate Analyzer Will

• Accept and retain all individual weighings
obtained dUring the series of steps required to
determine air-dry mOisture, total mOIsture, volatile
matter, fixed carbon and ash.

• Organize and store all test data for up to 100
samples, accepting the data as It becomes available
from a digital balance Samples can be weighed and
treated In any order with the Analyzer accepting the
data as generated. organizing and storIng It In proper
sequence under operator assigned sample numbers

• Collect and store sample weights for
calorimetric determinations. If a 1750 Proximate
Analyzer IS used With a 1261 CalOrimeter (or With a
1241 CalOrimeter eqUipped With a 1720 or 1730
Controller) the 1750 Analyzer Will provide all of the
funcoons of a 1741 Balance Interface, and a separate
Balance Interface Will not be reqUired. Each welghmg
Will be shown on an LED display before It IS entered
Into memory, With the Analyzer promptmg the
operator to Identify each entry With a valid sample
number. Weights can also be entered from a
keyboard The Analyzer Will collect and hold all
sample weights for calOrimetric determination untIl
called up by the calOrimeter.

• Collect and store sulfur values from a 1760 Sulfur
Analyzer to be Included in a consolidated proximate
analystS report.

• Calculate air-dry moisture, total moisture,
volatile matter, fixed carbon and ash for each
sample on any of four reference bases:

As-received (AR) Dry (DRY)
As-determmed (AD) Dry, ash-free (OAF)

• Convert calorific and sulfur values to any of the
mOisture reference bases listed above.

• Produce a consolidated proximate analyses
report for each valId sample (includmg calOrifIc value
and sulfur) by feedmg all collected reports to any of
the folloWing:

A Parr 1755, 40-column printer or an 80-column
commercial printer.

A 1261 Calonmeter WIth a Parr 1755 Printer
A central computer.
A laboratory or personal computer connected on a

Parr Smart Link.

• Produce full or partial reports at any time for an
indIVIdual sample or for a full range of tests Reports
can Include all supporting raw data or can be
condensed to show only final values.

("')
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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 Flow Rate and Total Display
• GraphIcs Display With Stnpchart

and DataJogger
• RS-232 Senall/O Data/Command

Communication
• Field Programmable Status

Alarms Relay Outputs
• Memonzed Flow, Site and

DiagnostIc Data Pnntout

DESCRIPTION
Models 990DBN and 990DBP are precIsion Dual Path

Universal Clamp-On Transit-Time Ultrasonic Flowmeters
of NEMA 4X and Portable construction respectively They
are Intended for application wherever high accuracy, for
either custody transfer or regulatory reqUirements. IS
demanded They maIntain their high performance even
when locatea close to elbows or other upstream dIsturb
ances Both offer field programmability for essentIally any
pipe size and operate With essentially any liqUid. They
replace and outperform most conventional IntrUSIVe flow
meters even In their best applications and provide all
Industry standard analog and digital data outputs. LCD
Digital or Graphics display, With Integral Datalogger and
Stnpchart pnntout

Senes 990DB UnIflow measures flow by means of two
orthogonal ultraSOnic beams. preferably operated In the
reflect mode ThiS makes the system extremely resistant to
flow profile distortion, crossflow or flow sWirl errors, normally
caused by upstream bends. gate valves or short straight run
conditions Its Clamp-On construction makes It Simple to
Install In eXisting Installations. or as a precISion replacement
for high maintenance Turbine. Venturi and Wetted Trans
ducer 4 Path Chordal 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 Dedicatedmodels
Dedicated NEMA 4X 990DB models are sUitable for opera
tlon In almost any environment, Indoors or outdoors. and at
pipe temperatures up to 500°F

FEATURES
• Universal Applicability
• Outperforms Conventional

IntrUSive Flowmeters
• Lower Cost/Higher Reliability

than IntrUSive Flowmeters
• User Fnendly Menu Dnven Field

Programmable Site Setup
• Non-Intrusive Universal Clamp-On

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

BUIlt In
• Caltbratable to 1/4% of Flow Rate
• BI-Dlrectlonal Flow Measurement



WHAT IT DOES
Models 990D8N and 990DBP

measure the flow of most liquids
In most pipes between 6 and 360
Inch diameter. and with flow rates
of :::!:40 fUsec. and temp~raturesup
to 500°F They are Intended as
high performance replacements for
TurbIne. Venturi and 4 Path Wetted
Chordal ultrasonic flowmeters

HOW IT WORKS
System 99008 Dual Path

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

WHERETO USE
Series 9900B IS Intended for

high precIsion or custody transfer
applications of.Qetroleum 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
9900BN Ideal for Nuclear Feed
water, Interstate Oil P,peltne,
Hydro-Power TurbIne and Irrigation
Turnout flow measurement applica
tions The 9900BP IS functIonally
Identical to the NEMA 4X 990DBN

ortabllltv faCilitates
test eVlce, or In applications
which do notregulre continuous
flow measurement --------

SPECIFICATIONS
APPLJCABJUTY

LIQUIDS. Any SOTlII::a:nvconductlve homogeneous flUid
LIQUID (PIPE) TaalCEAATURE. -40°F to +250°F Standard

-80°F to +500°F Optional
PIPE SIZES 6to3EDlnches 00
PIPE MATERIAL:h1y sonlcally conductIVe pipe matenal

Metal. Glass. PlastiC. etc
PIPE WALL THICKNESS. a05 to 3 00 Inches
LINER MATERIALhly sonJcally conductive material Glass

iPIastrc, Cement. etc, Intimately oonded to
'Jl1e pipe Interior

LINER THICKNESS. Up to 1 Inch, dependent on material
FLOW VELOCITYRANGE. =:40 fps. mID ,dependent on pipe

00 and mounting track type

991 CLAMP-ON lHANSDUCERS
PIPE SIZE RATINGS
• Group 3 6 to 24 Irn::nes, 00
• Group 4 20 to 48 tmCtles. 00
• Grouo 5 36 to 360,IIChes, 00
RATING. Intnnslcaflysafe. RadiatIon Resistant and

SubmerSlbla avaIlable
CONSTRUCTION:Alumlnum, stainless steel and speCial alloy

aplastiC
CONNECTORS. CaJdulet for NEMA 4, BNC for Portable

992 MOUNTING TRACKS
• Available In Direct arReflectlve Mounting for all transducer sizes

In standard Pipe dJameter ranges
• PlnStop transducerspacrng standard for all models

994 FLOW COMPUlER
• POWER. 20W, 9to3iVDCorlntemal Battery,

100/115cr230VAC, 1dl ~
• TEMPERATURE: -5°Fto +115°F

(except for GraphiCS Models)
• SIZE. 10.5'W. 9" D. ~.H
• WEIGHT 12 8 pooncs
• RATING. IntnnslcaDysafe. NEMA 4X With cover closed
• MODULES. Plug-In Interchangeable WIO speCial tools
• RANGES. Size 4 T1aISducer Sizes 3 and 4

Size 5. Tra:1saucer Sizes 3.4 and 5

994 PERFORMANCE (Standard Conditions)·
• SENSITIVITY: 0.001 fpsat any flow rate Including zero
• LINEARITY' 0003fps
• RESPONSE BANDWIDTH: 10 Hz (settabfe)
• SLEW RATE. 20 ftlsec/sec
• FLOW PROFILE COMPENSATlON Via liqUid VISCOSity entry
• ZERO DRIFT STABlJTY: 0 005 Ips for transducer sizes 3 to 6

995 HAND HELD COHTROUDISPLAY TERMINAL
• 2 Row 32 character Uquld Crystal DIsplay
• 30 Keys. Numenc or functIOn IdentIfied

• Submit Application fnformanon Form for estimate of performance under
speCifiC apphcatlOn conthtons.



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

model and optional functions and
features, otfered In System 990oB.
IS qUite simple. especially If you fol 
low the procedure below However,
feel free to call on your local
Controlotron representative for
assIstance If needed

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

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

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

Unlflow Systems Include the
fof/owlng Components

• Series 991 Transducers
• Senes 992 Transducer

Accessorres
• Series 994 Flow Computer and

Function Modules
• Serres 995 Hand-Ijeld Control

Display Unrt -
• Senes 996 Remote Accessories

Specifying and ordenng System
990 Umtlow eqUIpment Involves the
follOWing steps
1 SpeCify the Components of

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

2. SpeCify the desired optional
plug-In Function Modules and/or
Remote Accessones by part
number below

3 Obtain the pnce and delivery of
your selected components, and
place your order with Contr%tron
elther through your local Repre
sentative or Factory Direct

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

991ABC·D A=MOOEL B=1YPE C=TEMPERATURE O=SIZE
TRANSDUCER N=NEMA4 M=Metal Body S=250°F max 3=6" to 24" pipe 00

P=Plastic Body H=375'F max 4=20"to 48" pipe 00
V=Somc Velocity VH = 500°F max • 5=36"10360" pipe 00

992MTABCD-E A=MODEL B=1YPE C=STYLE O=MATERIAL E=PIPEOORANGE(min I·
MOUNTING TRACK N=NEMA 4 o=Olfeet Beam M=Metal XOCR A=Alumlnum 3=6" to 24" Pipe 00 5X=6' to 10' pipe 00

R=flefelet Beam P=Plastlc XOCR S=Steel 4=20"10 48" pipe 00 5Y=10'lo 18' pipe 00
SH =For VH XORS 5=36"to 84" pipe 00 5Z= 18' to 30' pipe 00

• See 990StECT Manual

992CAB·C A=MODEL B=8IYIRONMENT C=LENGTH 992MTM·A A=PIPE 00 RANGE
TRANSDUCER CABLE N=NEMA4 S=Stmdard Temp C=Lengtn In It MAGNETIC TRACK 4=20" to 48" pipe 00

W=SubmerslDle Krt MOUNT KIT 5=48" to 216" pipe 00
6=18' 10 30' pipe 00

993ABC A=MDOEL B.C=COOES RESERVED
APPLICATION FUNCTION C= Control Only Module
AND CONTROL MODULE M=Memory and Control Module

994ABCD-EF A=MODEL .; B=P!PEOD RANGE C=DISPLAY D=PDWER SOURCE E=PROGRAM LOAD F=SPECIAL
FLOW COMPUTER OBN=NEMA4 4=6" to 48" B=BllOd~ S=100/115VAC 1=Basic Data ... N(n) =CC Nuclear

OBP=Portable 5=6"to 216" G=Grapnlcs M=230VAC 2=Add RS·232 &Oatalog Grade
6=6"t0360- D=Dlgrtal B=91036VDC 3=Add GraphiCS Srn)=lntnnslcally

GL=lighled SB=115VAC + Battery + Stnpchart Safe
GraphiCS MB=230 VAC ~attery

994·7 ANALOG COMPUTER PrOVides Programmable lsoialed 4to 20 rnA 0to 10 VDC and Pulse Rate OUIP{rS one reqUired per d1aIIIlel~

994-10ABC A=MODEL B='ITPE C=RATING
ALARM RELAY MODULE N=NEMA4 A=Normally Open O=ory Reed (10 VA max I

B=Normally Closed M=Mercury Welled (50 VA max ) (Not available In PortableUmts orm NC Typel

994·11ABC A=MOOEL '" B=1YPE C=CODE RESERVED
LCD DISPLAY COMPUTER o=olgllal DiSPlay o=DuaiPath

G=Grapnlcs Display

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

S=RS-232 and 995 Drivers

995T 996P 996P-5 996PSP-A A=XDCRSIZE 996DABC A=1YPE B=MDOa C=POWER SOURCE
HANO·HELD PRINTER PRINTER PAPER. PIPE SIMULATOR A=O 1 230r4 REMOTE D=Dlgrtal N=NEMA4X S=1tO/115VAC
CDU TERMINAL 5PACK REFH.lS DISPLAY p= Panel Mount M=230 VAC

• Transducers operated above 400"F w,lIll!qulll! penolllc relullllslllent. willi penodlClIy proportJonallo III*I1In91emp1ntIJf1I far ellnllll~lII*IIUIn.1actDry_lIatlon IS
recommended



TYPICAL SPECIFICATIONS
The flowmeter furnished shall

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

~ MultlPulse™ Flow Detection
,~ TransXTM UltraSOnic Trans
- miSSion Optimization
J? Metallic Mode Conversion
- Wide Beam Transducers
iY"" Made In USA

1!1 PlnStop Universal Mounting
Track (no ruler scales)

~ 64 x 256 Pixel Graphics
Display

I~ Programmable Stnpchart
Option for Flow, LiqUid Data

~ Programmable 64K Memory
Datalogger Option

I~ All Modules Plug-In, Including
Power Supply

jj;;ii' Numenc Entry Only Hand
Held Programming

fjA' Full Diagnostic Data Access

,~ Plug-In function Options
IV Analog Data 0 to 10 VDC

& Isolated 4 to 20 mA
IV Alarm Relay Module
- 8 Programmable Relays
;y;r Digital and GraphiCS

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

Selectable Baud Rates
1y;J' Intnnslcally Safe Construction
,~ Reflect or DIrect Transmission
- Mode
ij;iI Simultaneous IndiVidual Beam &
- Summed Data Display

A WORD ABOUT CONTROLOTRON
Controlotron, completing Its third decade of operation,

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

Portable System 990 UNIFLOW
MultlPuJse™ TranSit-Time Flowmeter

DedIcated System 990
MultlPulse™ TranSit-Time Flowmeter

Portable System 190 Spectra.
Portable Founer Flowmeter

DedIcated System 190 Spectra
NEMA 4X FOUrier Flowmeter

Portable 990E
Thermal Energy Flowmeter

DedIcated 990E
Thermal Energy Flowmeter

Your Local RepresentatIve

ONTROLOTRON

RENTAL/
PURCHASE PLAN
Users who Wish to famillarrze

themselveswith Models 990DBN
and 990DBP pnor to purchase
may avail themselves of Rental
plans (where avaJiable)
Advance purchase of the
99008 Field Manual WIll prOVide
detailed information beyond thiS
brochure

CUSTOMER
SERVICE

Users of Controlotron Instruments
enJoy the benefit of worldWide
customer seMce organizations,
avaIlable on short notice for
training. application, Installation,
demonstratIon, and maintenance
seNlces Contact us or your
local representative for detaIls
on these services.

2 YEAR WARRANTY
System 990 cames a limited

2 year warranty, from date of ship
ment, against mtrlnSIC 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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contams the stream selectlon urut, valvmg for
autorrumrl gas calibration, and almn relays.

The l'ffiUit? An on-hne BTIJAnalyzeryou
can easIlyconfigure to match available
~~ The system's modularcomponents
also allowfast,~ field
reparrs, for II1IIllIIlUIn

downnme.

flexible, Modular Design.
The ~odel2920 System \\'25 dffiigned for

easv mstallaJIon and mamtenance.
The~ COnsISts of two compact, self

contamed modules hoUSfrl in ruggmNEMA
4cma One module contains the gas
chromatogrnph and the twIn, on-board
computer.; that run analySts operanons
and commurucations. The other module

For;m~, the naturalgas industry has 1U!RLiedamorereliable,
field-rPLldy on-lineBTUAnalyzer. One tIXltu:ouldbe easier to install,
easier fJJ operate, andet:ISier to mainfatn. With true, bitlitrrtianalcom
municationsjJr remote rontrolandtroubleshooting. Andlower rosts.

1lx:Ia}; EG&G Chandler - aFortune200companyandoneoftl:;e
masttrustednames in oilandgas frjUipmentfor over 45yam'
has met the need.

The Model 2920 On-Line muAn3lyzer.
_ The Mcxie12920 BTIJAnalyzer~ 1$ Built to withstand harsh envuon-

astand-alone gas chromatogrnphdesIgned mental condItions, itdeli\e:s the~-
to measure the heating value ofup to six ability andaa:uI2CY ofalaborntrny gas
naturJ! gas streams. cbroID2!Dgnlph

Easy, On-site, One-Site Installation.
Unlike other on-line systems, theMcxJel It takfsonlyho~- notdays-toput

2920 Sys1Ern is lIlStalled on-site maSIngle the Mo:El2920 SyWminrooperatton.
rnerer house. ElEdmnks, the cJ:umnato.. ~toon-hne~

graph and the stream selector are aIllocatei The analyzerand relatedoptions are
in one structure. This FM-approvedfor use mC1~ I, DMsion Z,
makes rouline main- GrolJIXi C&Denvironments,with
t.enarlre easier-and operatm.g~ from -25°to
dramatIcallyrmuCES 4sac (-10" to 11(JlF).
installation~



No leJrningCurve.
Some systems are so complkate.i it takes

hoUlS of traunng andseMoo-support to put
themtDwork.

The Mo:le12920 Systemtmi awaywith the
leammg CUtve. The menu-dnven oIE3lJng
systfm LS so user-friendly, even an lllltraIooi

layman can learn to ron it - In minutfs.

Total Off-Site Communications &Control

EasyTo Install EasyTo Use. EasyTo M3intain.

,
Ca

I

,
-"0

The l:e::telitsare obvious. No more long
dnws to SLtei tomodifyprograms army
that:your~ isworkmgpzqmy. With the
M<xiel2920~ anything you can do at
the tmlfskeypadyou can also do VIa

m<Xiem.

• RepeatabilityBetterThan :i:O.5 BTIJI
l(XX}BTU.

• Automatic calibration.

• AutoID31lc R£!tart After P<m:r OUtages.

• Built-InDa1aProlECtion.

• Easy Maintalance McdularDesign.

• Built.InDi~.

• Parallel PortFor Standani PrintEJ:

• PC-BasOO Remote Conrro~ Easy~
With IndusttyStandardCommurucanon
Software.

• ComplianceWith IndustLy Standan:ls:
GPA, ASTM, "&>, AGA.

Communicatmgwith the M<Xiel2920
System is as easyas dialingyourphone.
Using anycomputer andastandaIdm<Xfem.
you have irnImhate a.e.t'f'S to all system
functions and reports.

Momtor~ons. MOOify configuration
or~gparameter3. Rundiagn~
tesl5. All fromyour office, home, lab, or
hotel room. Evenwhile the machme IS

IEfumnngan~

• flexible, One-Site, One-Stnleture
InstallationForAll CDmponen15.
CompetItor's Components must
j)! ~arated.

• FM-Approvai ForCla$ I, DiVISion 2,
GroU{5 r&D EnVll'OIlIDeI11S.

• Dual, On-&>ard Compute'S For
Simultaneom Opern1ion &
Commurnca1J.OIlS.

• Remote CoI1lIIl.Ul1Ir.aJOIlS, Diagn~
&Control

• Up Th Six Natural Gas Streams.

• Aa:uracy UIlSUlpamiInThe Industry.
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OUrstandaIdwlumns havean~
lifespan of 10years. Theproprietary manu
facturingprtX5ensuns thatthe instru
mentwill maintainsupenor tffit~ili
ty and aa:urncyover1tsentl.re seMre hie.

AThermal Conduclm.tyDetector (TCD)
gMsyou extremelyhigh sensitivity TO low C
am!l'l1I'ati.omofoon1pOnam.

Forpl'ODmfrom lmhfieldomdittons,
all Model 2920~ a:nnponents are
encasaj inamggerl. weather-proofand
moistllre-nEst3ntN&\1A4package.

oompUtP.lS. WhneOIEa:mputer¢orrm
arull)res, the othB-hmiIes rommunicalions.

Advarmi, buil-inprogramrrung allmw
the unit to r;dcnJate heatingvalue, re1aIive
densJ.ty, and~tyVla theAGA8
rnethcxi The sysIIm am ana1yzfs CXlIIlp<E
tion With exa;>tilJ1alaa:uracy.

Q\el ternpernm~ptmlycontrollirl to
WIthin :l:O.OIOC,eiiminating errors caused
by ambient tem{mtUretluctuations.
~is ~2J:iID¥is retterthan :to.S
B1U11000 B'IU

EasyOperation.
With the Mcxiel2920 System, aS1II1ple menu

guides the user through every opernnon step
by-step - promptIng the operatorfor infor
mation ro configure parameters for gas~,
calIbration. data retnevnL and diagna;tta;,
• Sampling tune can beset oradjusted

qt11ckly and easIly
• 51 (kym I) unil'5 or English uruts (BTIJ/Scf)

are sunply sele::r.e:i from the menu.
• Sample;are autornaricallypurl¢
~~

• Calibrntion IS qtllck - and automatic.
• Data are P3$Wl)rd-proteeted to prevent

tampenng.

Proven penOll11311ce.
The Mcx1el2920 System uses field-proven

tEchnologIes and industIv-standard gas
chromatographic te:hniques. And it's Im1
performance-tested in avariety of real.-world
applications.

Withsome~. you have toW'dlt unn.l
ana1y!es arecompletaiOOfore you canrom
munieatewith the remote umt With the
M00el2920 S}SIEm. you hare unmlErruplBi
acres to data. and rontrols. even dunng
:malvsis. 'Iha1's 1:ronJse the M00el2920 US;S

not ~ne but two poM!1'ful, on-bow

Value-Fxtra FeaD.1re5.
The M<Xie12920 System was deligned

and bUIlt to deliver more for vour manev
To meet tha! objective, we'\Ie 'mcluded a'
long list ofhan:iY\.'OI'king, easy-to-use
e:xtraf~,

Theie features Il1cludeAubmt1nc
Caltbratitm at user-defined intervals,

Atdl.rmoJzcShuflbumandRe;far/ ~- fortrnlning multi-structure
far PowerFatiZllf!S, with built-in Data installatlon,~g, suw:>rt. and other
Protect10n: andeight programmable items1hatdon'tshowup in the quotffipnre.
HighlLow SignaloImms. Dollarfor dollaJ; feature for feature, no

Be;!ciaIL theMaFlW Systancan otherBIDAn2Iyl.ereven C0111ffi clase, Il1
eliminatethe "hiiinaFiS' ,_ __ rmonnance, ease of
ciotheron-line -.- _.- - .--- use, or value.

':. a _ ::--:=...:=.E.. -=.. :: - .. ;-~- :- -

(

--... -:-;-::- .. -=- -:... :.:.:--
- --_... - ----

-:---- -- -- ,- :,--._- :'="'- --

.- _..-- .
~-==:_.=;:.-===_..===~~=-==--=-=:-=:=-.::...•.. ~r-Hr~--_-:-_-~,_._-~.::::.::: ~~- .::. 
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AEGC.G INSTRUME.NTS
CHANOL.ER

PO I30x 470710 • TuIs:J.. Oklahoma.l1.<;.A. 74147-0710
Telephcne: (918) 250-i2CO • F,oI,X. (918) '15~7199 • TELEX. 205843

Don'tPayMore For Ltss.
For acomplete demonstrallon ofMcxie.l2920~tem

capabilities. sunply glve us acalL

-"



Specifications.
ENVI,.ONMENTAL ReQUIREMENTS:

.~g~Range

-2SO to4~C (-10" to 1107)

• Envrronmental Rating: Approvtrl by
Factory ~1utual~Co. for use
in Class I, Division 2, GroU{l)
C&Dlocatlons.

• ~'Ei\1A4enclosure

INTERFACE SPECFlCATIONS:

• PnntEr: ParallellCentroniOi
• Computer: RS232C (DTE), 2400 Baud,

8databits. no panty, 1stop bit

ANALOG OUTPUT SPECIFtCATlONS:

• The analog output for achart nmrder IS

0-10 Vdc, l(XX) OID1S SOUItE impe:iance.

PRINTER SPeCIFICATIONS:

• Printer: Ef:ron 9-pm orequiwlentwrth
parnllel (centrorn~) in1EIface

POWeR REOUIFtEMENTS:

• Po\J.e: 110 or 220 \bIm :: l()o~, S<VW Hz,
250 W1 nm., 40WopernDng

GAS REOUrREMENTS:

• Carrier Gas: Helium (?fro Grade,
fJH1f5% pure)
PremmJ: 1035 kPa (150 piig)

Cnnnf£fion: Stun.!fSS steel tubing
PIOVlded WIth the analyzer flexible
plasnctubingis NOT recormnendai

• Supply G2s: Dry InstrumentAiJ; Nitrogen
orother mert gas (Instrument grade)

PromR'e: 520 kPa <75 lEg)

Cbnn8::bon: HfB; provided WJ.th analyz.e
orotherclean tubing rated for the
pre:&lre.

• Sample Gas: Analyze5 dry Pl{Xlline
quality natural gas that cont2lnS:
nitrogen,~ caIbon clloxrde.
ethane, prq:Jane, I-butme, n-butane.
i-pentl11e, neo-pmtme, n-pentane.
C6andheav1ercoIIlp:lIlenls

Maximum inJfJ~re' 21 MPa
(3(XX)lEg)

Minimum mIeJpn!SS'UTe'
approxiIna1ely3.5 kPa (0.50 IEg)

Cimndlm: Stainle» sreel tubing
provide:lWIth the analyzer orother
tubingrntfrlfor thep~

Test time: Mar. 1093 18:11 calibradon It: :3
Test#.: 185 Stream#: 1 1.OCatIon No.93D3OB

Stendard I Ory Analysi& SsturatBd/Wet AnalYsis

Mole% BTU" R.Den." GPM- Mole% BTU" A.Den1t

Methane 95.027 982.02 0.6264 93.373 945.28 0.5172
Ethane 2.420 42.S2 0.0251 0.6471 2.378 .:2.17 0.0247
Propane O.Ei67 16.83 O.01Q2 0.1839 0.858 1B.S3 0.0100
I-Butane 0.160 5.21 0.0a32 0.QS23 0-167 5.12 0.0032
n-Butane 0.134 437 0.D027 0.0421 0.131 4.29 0..Q026
!-Pentane 0.051 2.03 0.0013 0.0186 O.Cl5O 1.99 0.0012
n-P'entane 0.023 0.93 0.0006 0.0084 0.023 0.91 o.ooos
(Co+) 0.079 3.99 Ct.OO25 0.0339 w:TT7 3.92 d.OO2S
MOisture 0.000 0.00 ooסס.0 1.740 o.ae 0.0108
Nitrogen 0.371 0.00 0.0036 0.365 0.00 O.tlO35
(COt) 1.070 0.00 0.0183 1.061 0.00 0.0160

Total 100.00 1038.3 Q.5917 o.sa61 100.00 1021.1 0.5922

• Unc::orrected for cornpressJbJllty m t5D OF & 14..730PSIA.
•• Liquid Volume reparred at 6Q.OF

Standard lOry AnalysiS

17.138
0S928
0.997.
22938. STUIIb
1040.15 BTUICF
46 366Ellbml1000CF

Molar Mass
RelatJvl!t Density
Cornpr8&&iblllty Factor
HeatJng Value
Heatin'il Value
AbSOlUtlB Gas Censlty
UnnonTlalized Taml: 100.038
Last Calibratad vvrth Calgas of 1050.3 BTIJICF Mar. 1093 1Elc31
c,,+ Last Updsta. Mar. o:z 9:3 14:11
Ce+ BTU,cF 5OG6.B. c,,+ IbmIGal 5.64:$, and c.+ Mol.VVt. 92.00.

~~EGc.G INSTRUMENTS
CHANDLER

P.O.Box47071O • Tulsa, Oklahoma, USA 74147.{)710
Telt:phane: (918) 250-7200 • fAX: (918) 459-7199 • TELEX. 205M3

s.uruted/WetAnalysis

17.163
0.5934
0.9977
22538. BTUl1b
1023.5 STUIlb
4S.4117Ibm11000CF

• •••. .
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The Madel 292 can also be amigunld
[Clf U:or ,t I ,I&tlClRary location. Ask Cor our
hroch\lft: lm dle Mcldcl 2Q:D Sysltm Cor
StaUOl\aN. Apphcatiolll.

- ---------,,\ Data Starage and RtcaU
The Madel 292 bas a ,tunlgc: Cllpaciry

lh.t hnld$ dau from as Nny lIS 64 analyses.
The "Inttd data are mmprled imo a ."
aM filed by location number (sample Site).
which yor,a elue, on ,. kitypad. Wheft alt
a~lOr eareD a pteviOllSly-wed IocalsOft
Durnb;r~ the panel display in4icPca previous
aaal~ $COrcd uder lbat nl.llDber. this
lives tile operator IlWInt acca.s to I

Wlllplcle hilaoryo£all dara liken It tbauire.
The~d ~portsClU be tr....cencd toa

priorer or 1rilI1lS(ened to I COCDJlWU At lay

lime. Tnm£errin, the repons 10. CIlO\PUIer
teq\,lita.ln~ communicuiondriver
5Dftware paca. Sucb.ll Pnx:otnM- aDd a
modem ill the computer.

The Model 292 Pemble Btu Anatyur
is (Ql\y-e:allbtlted whenIt1cava thenao"..
All .1'I~tl' cars feCllitwlfe. tile umc
petlodi<:illy to 'VUJfy itS supctlor

~&ablld)'. 11JJ5 IS ear to ac:r:omplish
U$ioS calibration a". 1M uy..d. &lid
cahbltrioo software that~plUPlIIIDed iom
Ihe uuit. J! no odter calitaticm data ~
eaten-d. !be Mc:xIeI 292 Will deCauU to tbe
orillnal input povir:f.ecJ II the tadOr)', The
ciate aPd be.ating w1uc a(' tho calibrated. sas
",If be printed automatically en eacb
aoalY511 rep3rt. A CShlntlOD report QIt he
n::-pmum It ally fJlDe.

1\ Equipment SUpplied With
eo.., Each Instrument

• sec o((OlDpluet cables

• Two 20 nby 1,$" 00 ftexlitleSS
natles. (or CIlrriet and .allllple ps.

• OM A €I by 3116- 10 blade nylon hose
fot SoIJppl)' p.

• Orcral,on Manual.

• faclury C'llibnllon Speca.

Gas Inputs
C:lh'Io!I ("JU: 99.995'5 Heli\lm,

lo.141cPa (150 psis)

Swply~ fer SWltthin; Valve!
N,lragm, Helium. or Il\Struml:nl Air.
552 kPa (80 psig)

ConnectDts
Parallel :PrintI!r. ~<ampltib1e dol

matrix Pf'l1*r

Cgmputer :RS2J2C: for serial
aJmmumcatioa (I)'IE) -lypi=Hy
throulb' modem

MIloS Outl!'!: 0-10 VDCsipl for
plottinaOraamopm

Svswm lnterfat:z: DiaJlal £0 for U$&

amy with DUr Model 2920 Sy~tem

for Stadonuy AppIICltioM; RS232
serial camnuaa.ianion (DlE)

Sipl Inwt= Reserved for furore system
applscatJQdS

DisplayedResults
Q)mposirional AnaJYIII (mole "')

HatingValue;

iJlm3 (B1u1Sa) • Slandatd arid
s.atun~

kJ/kg (BlUIlb mass) • Slandnd and
~~ted

Comprwibihty Facrtn

R.taflw~

Abiolute p$ del\Slly. Jcpn~
ObmassllOOO Sa=)

Repea1abllty
Within .1.0 BmI1000sa

Voltage RequlremelitS
130 VAC :t:l0$ 50160 JU.

or
:noVAe =101LSOI60Hz

Cau be opemed wish an IDwttu r,om
12 VDC($CC Inverterin~)

External tube Connections
Thre~ Inlets: WW NPT(femalc).

Five Ven~; 11l6- tube.

(See Aa:essone$ for melnc ;adapters)

A SpedfIcatlans (continued)

H2S
The unitan opmttc with gas stte:ams

that CCIDIamH~without c.lrCC&'Iiw
ckgr:adatiaD.neQ'l1nunum
ddectlbla lim~tfol' H2S is 2500 rpn.

Electrical ClassificaUon
Approved by PM ~.etory MlrtU.l) fot

Cba It DiviSion 2., Croupa C & 0
~DS

J~ Weigtdl and Dfmensians
Nelw~-= 14 kg (30 Ib)

Oibinet Dimensions:
"6 I: 211 Jt 48 em
(18 x11 x19 in.)

Shippin,WciPt 2S~ (SS Ibs)

Shippmg Dimemions:
saxSixS6em
(23 x 23 x22 m.)

A ord!rtng information
Mod&J 292·20BlU Analyzer. 120 V.4C

«220VAC(S)*iCy wi...when
anlmne). Complete wiab an the
equipaterttli*d. Ckder IClCCllCrle:1

from the rotJtwlinalisL

tllW'lll1cr to provide operating power
&om a truck cr .uln hllUtry:
Pan 1300-27404.

nv:octo 120VAC.
Pat I3QO.2!6S6,

12VDCto 22OVAC.

Tr.usrallW
Model 298Four-Qtnacl4-2D rnA
CUftOlll TtaasnJitU;r. Permits the
lIIosfcr ofany 4 of 4.3 JIIrlDlcrcr.;
meuJftd duringa leSt (sueb I'
Hutida Value••N1> WoCOz.~
A.dative Dentlty, ete.) to.n exu:mal
fCO)I'diDg Ofslora. ~yjClC.

P..bIc.at.Optloa
Model 292--«KJ.1ncludes two
reav"rors. puges. braeket. carryIng
C*.,.and Nrc) DOT-Approved
alumiaum boltla wnb a c:apa.c:ity of
lOS 1iIm (6.9 cubic feet)

TOTAL P 11
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SERIAL # IlBa3249

1fv{t$tf-T'Y,J )'7'"1+"" T"-rP r£'KJIA~L
SERIAL ~ 11sa3249 P::::.11(J,r(ti r~ .F7~e.
SERI~ ~ 11883249

ENERAC MODEL 2e0~

SERIAL ~ 118e8249
ENERAC MODEL 20~0

COMBUST!ON TEST RECORD

FOR: BURNS & ROE 1J t.O 4 rGb fJ\ W

TIME: 11;3:53:29 Lf(;pr (ttDtJ-r
DATE: '33/136/95

FUEL POLSKY COAL

r,

COMBUSTION EFFICIENCY:
AMB lENT TEMPERATURE:
STPtCK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMEUSTIELE GASES:
STACX DRAFT (I NCHES H2O):
EXCESS AIR:
OXIDES of NI'mOGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE Al.ARr'1:

MODE:MGM OX'{-REF"'TRU~

75.1 %
22 °C
42 °C

135.3 "
7 MGM

~~.0 "
OVER "

- 6.2
33 "216 MGM

OVER MGM
19913 PPM

88.4 %
22 °c
29 °c

Q5.7 %
14 MGM

18.6 %
OVER %

- 8.6
36 %

363 MGM
OVER MGM
1998 PPM

SERIAL # 111308249
SERIAL ~ 1113eS249

ENERAC MODEL 2000
COMBUST ION TEST RECORD

FOR: BURNS $. ROE

TIl'IE: 10:58:83
DATE: 133/135/95

FUEL POLSKY COAL

COMBUSTION EFFiCIENCY:
AMBI ENT TEMPERATURE:
STACK 1"E"1P TURE :
OXYGEN:
CARBON MONOXI
CARBON DIOXIDE:
COMBUSTIBLE ~.
STACK DRAFT (I N
EXCESS AIR:
OXIDES of NI'!Rt>GE
SULFuR D1OX !DE :
CARBON MONOXIDE ALA~:



SERIHL ~ 11003249
ENERAC MODEL 2000

COMBUSTION TEST RECORD

FOR: BURNS & ROE tJ ~ •t
TIME: 10:59: 19 Lf5Pr 0;;;&0
DATE: G3/gtv'95 ""'1"\'-
FUEL POLSKY COAL

'.
COMBUSTION EFFICIENCY: 81.7 %
AMBIENT TEMPERATURE: 22 0 C
STACK ~PERATl.lRE: 33 0 C
OX'iGEN: '36.9 %
CARBON MONOXIDE: 7 MGM
CARBON DIOXIDE: 12.6 "
COMEUSTIEI£ GASES: OVER %
STACK D:RAFr {I NCHES H2O): - 3.5
EXCESS AIR: 47 "
OXIDES of NITROGEN: 4e6 MGM
SULFUR DIOXIDE: OVER MGM
CARBON MONOXIDE ALARM: 19?,0 PPM

MODE: MGM OXY....REf;;TR~

72.2 %
22 °C
36 °c

85.4 "
138 MGM

13.9 "
OVER ~

- 7.13
34 "373 rwlGM

OVER MGM
19913 PPM

COMEUSTION EFFICIENCY:
AMB I ENT TEMPERATLJRE:
STACK 1"E'lPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COME UST I EI..:E GASES:
STACK DRAFT (INCHES H20):
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

MODE:MGM OX"L•.REF'''''TRUE%

SERIAL ~ l1aa3249
SERIAL ~ l1aa3249

ENERAC MODEL 2~~~

COMBUSTI ON TEST RECORD

FOR: BURNS & ROE

T1 ME: 11; 84 ; ~9 ~ r, .. t\-
DATE; 133/06/95

~t 6-(tT
FUEL POLSKY COAL



,,
""-.

SERIAL # 11893249
SERIAL # 11~g3249

ENERAC MODEL 20aa
COMBUSTION TEST RECORD

FOR: BURNS & ROE lJ t
TIME: 11:98:95 NV r
DATE: 93/(36/95 1t\?H-\ f4Z~~T

FUEL POLSKY COAL

COMBUSTI ON EFFI CIENCY:
AMBIENT TEMPERATURE:
STACK TEMPERATURE:
O)(liGEN:
CARBON MONOXIDE:
CAREON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAFT (I NCHES H2O):
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

MODE:MGM OXY....REP...TRl.JEY.

79.1 ~
22 ·C
36 ·C

95.9 %
11 fItGM

13.5 "
OVER "- 6.9

38 "356 MG"1
3359 /Cfl
199B PPM

!
I,
!
f

t,
~,

I

I

!I
I

OVER ".23 ·C
46' ·C

138.5 "e MG"I
11.1 "
1.62 "
4.4

66 "141 I'lGM
1234 MGM

9B PPM

SERIAL # 11ae3249
SERIAL # 11983249

ENERAC MODEL 2900
COMBUSTION TEST RECORD

FOR: BURNS & ROE

TIME: 11: 17:28
DATE: 83/96/95

FUEL POLSKY COAl.

lISt!
AMBIENT
STACK 'IE¥~lAiI1.JRE:
OX'Y'GEN: I
CARBON MONOXI :
CAREON DIOXIDE:
COMBUSTIBIJ:; GASES·
STACK: DRA1il' (I NC' .-.....-.....,,~

EXCESS AI~;
OXIDES of NITRQCEN:
SULFUR DIOXID~
CAREON MONOXIDE ALARM:



MODE.: MGM OXY-REF='I'RUE%

OVER %
28 ·C
::37 °c

96.9 ~ .....
lilMGM

8'7.9 %
1.19 %
6.7

44 %
2B7 MGl"I

1'326 l't'IGM
1991a PPM

OVER %
28 °c
47 °C

99.1 ,,+
~ MGft'l

06.7 "
1.75 %
4.7

69 %
152 MGM

1389 MG"'I
199B PPM I

I
I
I

I
, '

II
\

:I

FOR: BURNS ~ ROE ,,-

'l"!ME : ~:: 25: 18 rJ () It ~ Cf~ tv-. tV
JA:E: g3/la6/95 l-€r:T fLEtff2-
FUE.. RUS GAS 'c1'6

Mfr2;l/T +, e,~
COMBUSTION EFFICIENCY:
A?'IB IENT TEMPERATURE:
STACK TEMPERATURE:
OX'lGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STAC"'l( DRAFT (I NCriES H2O): 
.EXCESS AI R ;
OXIDES of NITROGEN:
Sl.JI..FUR DIOXIDE:
CARBON MONO>:: IDE ALARM:

SERIAL ~ 11SB8249
SERIAL ~ l1aB3249

ENERAC MODEL 2000
COMBUS1'ION TEST RECORJ

~'2. ~/NG5 ~IJ+'€ 9 rJtl'iHTYW
SERIAL +t 11883249 J"3fJG C.f7f CJi:.>ItJ-N)

ENERAC MODEL 20Ee I

COMBUSTION TEST RECORD

FOR: BURNS & ROE 1l6/r1'M. 6,0 Ve."iIG-tJ)

TIME: 11 :21:1:45 NEJ ~!J 'f, fo-{W
DATE: 83/a6/95 c.

WFr r--,e."~ r
FUEL RUS GAS to %

}tIt 2:G) r 411 r,
COMBUSTION EfFICIENCY:
AMBIENT TEMPERATURE:
STACK TEMPERATURE:
OXYGEN:
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GPSe;:
STACK DRAFT {I NOKES H20): 
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

:.



SERIAL # 11883249
SERIAL U 11080249

ENERAC MODEL 20~a
COMBUSTION TEST RECORD

FOR: BURNS & ROE ,,/

TIME: 11:28:59 Nv,p '/':; ~W
DATE: 83/ld6/95 (l. (G-f.fr {<.Eit f2-
FUEL RUS GAS to 1t.

M.h"~i -'/b 'ID
COMBUSTION EFFIC!ENCY: OVER"
AMBIENT TEMPERATURE: 23 0 C
STACK TEMPERATURE: 41 °C
OXYGEN: QS • 1 ,,004-
CARBON MONOXIDE: Q MGM
CARBON DIOXIDE: Q7.2 "
COMBUSTIBLE GASES: 1.36"
STACK DRAFT (I NCHES H20): - 28.7
EXCESS AIR: 57 "
OXIDES of N!TROGEN: 172 MGM
SULFUR DIOXIDE: 955 MGM
CARBON MONOXIDE ALARM: 19ge PPM

MODE: MG'-1 OX'{....REF=TRI..JEY.

SERIAL # l1QB3249
SERI~L U l1Qe3249

ENERAC MODEL 2~e9
COMBUSTION n:sr RECORD

FOR: BURNS & ROE t t b o/~ fA. I<J

TIME: 11 :31 :57 I"" ,
DATE: e3/~6/95 RJ&-t+i F~~N r
FUEl. ROO ~ 'fJ'?o

YIlt"'''r if-C '1.
COMBUSTION EFFICIENC'l: OVER"
AMBIENT TEMPERATURE: 23°C
STACK TEMPERATURE: :37 0 C
OXYGEN: 1l~. a ,,4-
CARBON MONOXIDE: e MGM
CARBON DIOXIDE: 1a5.7 "
COMBllSTI13LE GASES: 1 .17 "
STACl< DRAFr (I NCHES H2O). - 4B. 2
EXCESS AIR: 95 "
OXIDES of NITROGEN: 125 MGM
SUL.FUR DIOXIDE: 829 MGM
CARBON MONOXIDE ALARM: 199Q PPM

MODE:MGM OXY-REF"TRUE%

TOTHL F. 1.L
- -~;(;

i'p<, 0
f J

""



ti~

2,;,;;>

,

Burshtyn Polsky Coal - 95 % Design' 200 MW, 130 ATM, 575C Rus. Gas - 60% Design: 200 MW, 130 ATM, 575C

6 March 1995 Rus Ndt Gas - 5% Actual 165 MW Mazul- 40% Actual: 95 MW, 115 ATM, 535C
Boiler Tests No 4 Boller No 5 Boiler

L Front L.Rcar 1D Fan [.0. Fan R. Rear R. Front L. Front L. Rear R. Rear R. Front

Efficiency % -- - 10.2 74.8 -- -. -- '- -- --
Stack Temp ac 42 33 122 130 36 36 41 31 41 37

Oxygen %~ 53 6.9 128 11.3 5.4 5.9 9 1 6.9 8.! 10.8

Carbon Monoxide CO 7MGM 7 It 14 138 11 0 0 0 0

Carbon Dioxide CO2 14 0 126 7.3 8.7 13.9 17.5 67 7.9 7.2 5.7

Combustible Gas % > > 2.38 2.39 > > 1.75 1.19 1 36 1.17

Stack Draft mm -157 -216 -1334 -1316 -178 -154 -119 -175 -602 ·1036

Excess Air % 33 47 151 115 34 38 69 44 51 9S

NO.. Mg/Nm] 216 406 227 222 373 356 152 207 172 125

SO! Mg/NmJ > > 1605 1792 > 3359 1389 1026 955 829

Note' Existing oxygen analyzers O2 readings were similar to Enerac values

D III~/J.JIF"'GI/Am 1:.S
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BURSHTYN
COAL QUALITY

The quality of the coal shipped to the power station was determined by analyses of
samples taken manually from the railway cars. Quality of the coal fed to the furnace
was determined by analyses of samples taken automatically before the conveyor belts
of the bunker gallery.

Average annual ash mOisture and heat values of the burned coal were as follows:

1993 42.1% 9.9% 3294 kcal/kg

1994 39.7% 8.7% 3679 kcal/kg

The heat value of coal in 1994 comparing to that in 1993 increased due to lessening
of coal slime, the Promproduct coal, and Donbass high-ash coal supply. At the same
time, shipment of higher heat value coal from Western Donbass region increased. In
1994 the quality of 22% of the coal received by the power plant dUring the year was
checked. Actual ash content in the coal turned out to be 2.4% higher than that put
In the attached quality certificates. At some deliveries the disparity reached 19-20%.

In the 4th quarter the mine "Zakhldnodonbasska" drastically worsened the quality of
Its coal. The disparity concerning ash content raised to 6-8%. During the year 1994,
66 claims were made for Inadequate coal quality. The total price of the claims was
2565.7 min. krb. (for 34591 tons of coal). 59 claims with the total price of 2037.9
min. krb. (for 34469 tons of coal) were met. 22 claims which total price is 541.8
min. krb. (for 10275 tons of coal) are under consideration.

During the last year 147 claims were made for failure in performing of obligations for
coal supply. The total price of the claims was 756.4 min. krb. (for 4402 tons of coal).
85 of these claims with the total price of 360.4 min. krb. for 3083 tons of coal were
satisfied. 8 claims with the total price of 38.3 min. krb. (for 226 tons of coal) were
declined. 54 claims with the total price of 357.7 min. krb. (for 1093 tons of coal) are
under consideration.

DUring the last year 63 claims with the total price of 2854.2 min. krb. were made for
late fuel delivery. 50 of these claims with the total price of 1365 min. krb. were
conSidered and satisfied. The mentioned amount of money was not transferred to the
account of Burshtyn Power Plant due to shortage of funds at the account of the
Directorate of L'vlv Railroads. (The payment orders are in the card index file.) DUring
the last year 349.3 min. krb. was received for the claims carried-over from 1993 for
late fuel delivery. 13 claims With the total amount of 1489.2 min. krb. are under
consideration.



t BURSHTYN
l

Polsky Mixed %

C - 0.584 58.4 Kcal/Kg x Kg/2.2046 Lb x 3.9685 BTU/Kcal = 1.8
H2 - 0.020 2.0
N2 - 0.015 1.5 1.8 x Kcal/Kg = BTU/LB
O2 - 0.015 1.5
S - 0.018 1.8
W - 0.091 9.1
Ash - 0.257 25.7

1.000 100.0

Wa - 11.5C + 34.5 (H2 + O2/8) + 4.3 S

- 11.5 (0.584) + 34.5 (0.02 + 0.015/8) + 4.3 (0.018)

Wa - 7.55 LBS AIRlLB FUEL

WH20 - 9H + W + 0.014 Wa

- 9 (0.02) + 0.091 + 0.014 (7.55)

WH20 - 0.377 LBS WATER/LB FUEL FORMED FROM COMBUSTION

• HHV LHV + 1040 X H20 BTU/LB-

- (1.8 x 4974 KCal/Kg) BTU/LB + 1040 (0.377)

HHV - 9345 BTU/LB•

•

•

•
D IHA1LBERGITABLES



Polsky Coal Pure

Proximate

Fixed Carbon
Volatiles
Ash
Water

Primary

29.9
38.0
23.0
9.6 - 12

BURSHTYN

Alternate Mine

(31.0)
(34.0)
(27.0)
(8.0)
(0.6 '- 0.8 S)

Combustibles As Received 1-(W+A)I100 = 0.679

C - 82.0 C - 55.670
H - 5.0 H - 3.395
N - 1.5 N - 1.019
0 - 10.3 0 - 6.994
S - 1.2 S - 0.815

W - 9.1
100 Ash = 23.0

99.993

Ash Fusion C

•

•

•

•

t1 = 960
12 = 1266
t3 = 1400 Burshtyn Taganrog TP-l00 Boilers Rated 1270°C

Problem with slagging on superheaters derated
to 170 MW and increase excess air (LAMBDA)

D IHAUBERGITABLES



Russian Namral Gas

H2 - 1.1 C - 0.721 KcallKg x Kg/2.2046 Lb x 3.9685 BTUlKcal = 1.8
CH4 - 95.0 H = 0.24
C2H6 - 0.5 0 - 0.01 1.8 x KcalJKg = BTUJLB
C3Hg - 0.5 NJ = ~
Nz - 1.5 0.997 LHV = 7840 to 8000 KcalfKg
O2 - 0.5

99.1

MW - 2 H2 + 16 CH4 + 30 C2H6 + 44 C3Hg + 28 Nz + 32 O2

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

MW - 16.232

ConverslOn of Volumenric to Weight Analysis

C = (12 CH4 + 24 C2~ + 36 C3Hs) / MW

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

H = (2 H:z + 4 CH4 + 6 Cz~ + 8 C3Hs) I MW

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

0 - 32 02/MW' = 32 X0.005 I 16.232 = 0.01

N2 - 28 N:iMW = 28 x 0.015 / 16.232 = 0.026

Wi. - 11.5C + 34.S (H - 0/8) + 4.3 S

- (11.5 x 0.721) + 34.S (0.24 - 0.0118) + (4.3 x 0)

Wa - 16.528 LBS AIRJLB FUEL

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

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

• WIUO - 2.39 LBS WATERll LB FUEL FORMED FROM COMBUSTION

HHV - LHV + 1040 X Wmo

• - (1.8 x 7840) + (1040 x 2.39)

HHV - 16,598 BTU/LB LOW VALUE

= 16,886 BTIJ/LB SPECIFICATION

• c> IlfALLBERrJoTABLES -1~



(0.0189 HJ + (0.0856 CH4) + (0.1524 C2~)

+ (0.2190 C3Hs) + (0.01 N2) + (0.0378 0:)

= 8.335

Russian Natural Gas

H1 - 1.1
CH4 - 95.0
C2H6 - 0.5
C3Hs - 0.5
N2 - 1.5
O2 - 0.5

99.1

Ft3 Dry Flue Gasl
Fe Gas -

(0.01 CH4) + (0.02 CzH6) + (0.03 C3Hg) + (0.01 02)

= 0.986

100 X FtJ CO2/Ft3 Flue Gas =' 0.986/8.335

= 11.83% Ultimate for Perfect Combustion

D \HALLBERGITABLES



Mazut IJry Wet

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

100.64 100.63

Wa = 11.5C + 34.5 (H - 0/8) + 4.3 S

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

Wa = 12.88 LBS AlRILB FUEL

WHlO = 9H + W + 0.014 (1 + X) Wa• (1 + X = 1.0) Excess Air Stochiometric

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

WHlO - 1.15 LBS WATERll LB FUEL FORMED FROM COMBUSTION

HHV - LHV + 1040 X Wmo

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

- 18,414 BTU/LB

D IFW.LBERGITABLES



Mazut

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

100.63

Ft3 Flue Gasl
Lb Fuel =

=

1.S0se + 3.57 H2 + 0.557 S + 0.135 N2 - 0.448 Oz

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

- 158.68 Ft3 Flue Gas/Lb Fuel

Ft3 C021
Lb Fuel = O.315C :: 0.315 (80.47) = 25.348

COz% - 100 x p{3 C02IFt3 Flue Gas = 25.348/158.68

CO2 - 15.97% Ultimate for Perfect Combustion

..

- I ~ ~ I r
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BURSTHYN

1994 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total

Fuel ConsumptIon

Coal 238.7 265.9 270.2 236.6 146 6 12612 267.1 263.3 254.6 3263 324.7 328.0 3083.3
1000 ton

Gas 52.0 37.0 33.0 45.7 54.0 52.1 650 71.0 675 630 62.5 75.0 677.8
MLNM3

Mazut 170 18.4 21.0 106 6 1 4.7 84 63 6.9 13 8 22.3 28.2 1639
1000 ton

Power GeneratIon 603793 572957 584126 527426 423273 438597 654426 665594 655410 786921 802779 910778 7626080
1000 KW/H

Hot Water (Release) 18702 28244 21849 15044 6047 2690 1886 3284 3310 10504 23667 24130 159357
G Cal

Steam (Release) -- 2998 1727 2042 1502 1270 950 810 900 1752 1926 2500 18376
G.Cal

Service Water 20989 1998 20286 1924 1623 1719 2114.1 22096 2201 2596 2868 29165 26301
Consumption 648 60.7 669 68 66.9 76.4 669 706 735 73.5 68.3 64.8 8269
1000 M3 1080 90.0 108 108 81.8 108 1174 1179 1098 1098 108 1080 1271 9

Waste Water 120.5 M 3/H of waste water used for ash removal

Coal
Mazut
OffiCial 3/95

KRB 3,200,000 - 4,OOO,OOO/T =$25 - 31 75/MT
KRB 13,5oo,000/T = $107/MT
KRB/$ = 125,000

5906-01/02A/BURSHTYN/4/26/95
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BURSHTYN
NATURAL GAS PRICING

Consumption Power Plant Gasprom KRBI $1 $1 $
1000 Nm3 1000 Nm3 106 BTU Lost

1994 Tonnes 106 Nm3 KcallKg BTU/Ft3 KcallKg DIF

January 37,489 52 8,097 658 8,120 -23 422,399 11.42 049 1,677

February 26,675 37 8,070 664 8,200 -130 477,758 10.43 044 6,055

March 23,791 33 8,805 659 8,130 -45 634,600 13 79 059 2,507

Apol 33,164 46 8,093 658 8,120 -27 642,057 13.96 060 2,132

May 38,931 54 8,080 654 8,080 0 638,892 1377 060 0

June 37,489 52 8,078 656 8,100 -22 640,473 13.63 059 1,931

July 46,862 65 8,090 660 8,150 -60 762,245 1721 074 8,257

August 51,187 71 8,130 663 8,180 -50 646,799 13 94 060 6,094

September 48,303 67 8,137 660 8,150 -13 862,300 1471 063 1,571

October 45,420 63 8,113 662 8,170 -57 838,987 10 42 045 4,137

November 45,420 63 8,000 654 8,074 -74 3,358,032 2741 1 19 15,873

December 18,024 25 8,010 650 8,020 -10 4,913,882 3760 164 1,173

Annual 452,755 628 - 6575 8,124 -42 - 15 84 068 $51,407

Coal = 3,200,000 IKRB) - 4,000,000 = $25 - 31 75/mT

Mazut = 13,500,000 = $107/mT

Total $9,947,240

~
~

Officlal 3/95 126,000 KRB/$

$/1000 Nm3 x Nm3/35 31 ft3 x ft3/X BTU x 106/1

5906-0l/02A/BURSHTYN/4/26/95

X Kg x Delata Kcal/Kg x 3 9685 BTUlKcal x $/106 BTu = $Lost

$/106 BTU = 28 32 x $/1000 Nnf X BTU/ft3
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UKRAINE 1994

AVERAGE MONTHLY EXCHANGE RATES $IKRV

January 37,000

February 45,800

March 46,000

Apnl 46,000

May 46,400

June 47,000

July 44,300

August 46,400

September 58,600

October 80,500

November 122,500

December 130,700
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APPENDIXD

List of Contacts Made Dunng Plant Audits



PERSONS MET DURING MEETINGS AT
THE BURSHTYN POWER PLANT

fGore. I, j3o'tE'tJeJ Kav ..
1. Vladimir Zdanovsky
2. Gennadiy Kunovsky
3. Orest Daniluk
4. Nikolay Kobzev
S. Ivan Berkosha
6. Tanasiy SemotyUk
7. Ivan Iatsikovich
8. Antonina Styranivskaya
9. Michail Zdanovsky
10. Igor Bilas
11. Victor Matievsky
12. Vasiliy Kriviy
13. Alexander Ivasc:nko
14. Nina Krijanovskaya
15. Uriy Trishyuk
16. Lubomir Genega
17. Yaroslav Pyrceg
18. Anna Prusak
19. Roza Poloshyuk

PIttEC-lQ r<-
Chief Engineer
Deputy Director
Deputy Director
Deputy Chief Engineer
Chief of Tecbnical Department
Chief of Maintenance Department
Deputy Chief of Technical Department
Engineer of Maintenance Department
Deputy Chief of Maintenance Department
Engineer of Maintenance Department
Chief of Boiler Automation Department
Chief of Electric Works
Deputy Chief of Electric Works
Blectro Laboratory Engineer
Chief of Computer Department
Engineer of Computer Department
Programming Engineer
Data Collection Engineer
Water Treatment Engineer
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AbbrevIations and Unit Conversions



ABBREVIAnONS AND UNIT CONVERSIONS

AC - alternating current
amps - amperes
atm - atmosphere = 14.696 pounds per square mch
bar - 100,000 pascals = 14.504 pounds per square mch
BTU - Bntish thermal umt
cfm - cubic feet per mmute
cm = centimeter = 0.3937 inches
cm2 = square centImeter = 0.155 square mches
CO - carbon monoxIde
CO2 - carbon diOXIde
DC - direct current
°C = degree CelslUsT[OC] = (5/9)*(T[OF] -32)
OF - degree FahrenheIt
OR - degrees RankmeT[OR] = T[OF] + 460
ECO = Energy Conservation Opportumty
eff = efficiency
ex air - excess aIr
ft2 - square feet
ft3 = cubIC feet
Gcal = gigacalorie = 1 billIon calones = 3.968 millIon BTU
GJ - gigaJoules = 1 billion joules
gph - U.S. gallons per hour
gpm - U.S. gallons per mmute
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 calones = 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 ml1es

• leN - kilonewton = 1 thousand newtons
kp - kopec = 1/100 ruble
kPa - kilo pascals = I thousand pascals = 0.14504 pounds per square inch
kV - kilovolts = 1 thousand volts
kVA - kilovolt-amperes
kVAr - kilovars = 1 thousand volt-amperes (reactIve)• kW kilowatt = I thousand watts-
kWh - kilowatt hour = 1 thousand watt hours

5906-01/fYlAJABBRFl4126/95 1
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ABBREVIATIONS AND UNIT CONVERSIONS (Cont'd)

lbs - pounds
hter = 0.2642 U.S. gallons = 0.03531 cubic feet
m = meter = 39.37 Inches.,

square meter = 10.76 square feetm- =
m3 - CUbIC meter = 35.31 cubic feet
rnA - mIlliampere = 0.001 amperes
MCal - megacalorie = 1 million calories
metnc ton - 1 thousand kilograms = 1.1023 U.S. tons
mg - milligrams
mIn - minute
MJ - megajoules
mm = millimeter = 0.03937 inches
MPa - 1 million pascals = 145.04 pounds per square Inch
MVA - megavolt-amperes
MW - megawatt = 1 million watts
MWh - megawatt hours = 1 million watt hours
NG = natural gas
nm = nanometer
Nm3 = cubic meters at standard condiuons of temperature and pressure (20°C

and 1 atmosphere)
NOx - mtrogen oxide
Oz - oxygen
P - pressure
PC - personal computer
ppm - parts per million
pSI = pounds per square inch
pSIg = pounds per square inch (gauge)
R - ruble
s - second
SOz - sulfur diOXIde
sq ft - square feet
Tcal - tetracalorie = 1 trillion calories = 3.968 billion BTU
T = temperature
TPS - Thermal Power Station
V = volts
VA - volt amps
VARs - volt-amps reactive
yr - year

•

•

•
5906-01l02A/ABBRE/4f25/95 2
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Letters of Receipt for EqUIpment
Energy Audit Items Lists
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ENERGY AUDIT ITEMS

POWER PLANT ENERGY SAVINGS

Deaerator vents

Steam Traps

BOller Blowdown

Mazut tanks vents & leaks

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

Boiler leaks - fIre box, flue gas ducts

ID fan wear, eff., leakage

FD Fans wear, eff., leakage

Air heater leakage, ESP leakage, efficiency if coal

Insulation-boiler, heaters, deaerator, piping, duct work

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

Condenser/vac - leakage, cooling water fouling

ASME Short form (heat rate) & PT6 abbreviated

Boiler feed pumps - seals leakage

Valve Stem packing leaks

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

Boiler combustion - excess air, orsat, fuel flow, arr flow, temp, press., burners, carbon losses

Electrical losses - transfonners, large motors

District heating water losses (quantify)

D IHAUBERG1ENERGY 17M



BOIlPOCHHK flO YKYtDIIEHHIO KIIlI CrOPAHlUI HA YKPAI1HCKHX
3JIEKTPOCTAHlllIJlX

CnelIYlOUICUI pa60Ta 6YlIeT npOBelIeHa Ha KmKlIOIl 113 :meKTpOCTaHUHIl. KaK MHHHMyM:

•

•

•

...

...

...

...

...

...

...

...

...

...

...

...

...

...

flpelICTaBJIeHHe II 06MeH HHepopMallHell C PYKOBOlICTBOM CTaHUHH

06cy>KlIeHHe H npelICTaBJIeHHe 06beMa pa60T

OueHKa TeXHHlleCKHX H OpraHH3allHOHHhIX B03MO>KHOCTeIl

YCTaHOBJIeHHe B03MODhIX uanpaBJIeUHIl COTpylIUHlleCTBa

flo B03MO>KHOCTH OnpelIeJIeHHe nOMOUIH Ha MeCTaX

OnpelIeJIeUHe H KOOplIlfUHpOBaHHe pa60llerO rpaepHKa

lIHCxyCCHH C nepCOHaJIOM. OTBellalOUIHM 3a pa60ry CTaUUHH

OnpelIeJIeHHe UaJIHllHH CYUIeCTBYIOUIHX HCTOtIHHKOB IIUepoPMallHH H lIaUUhIX

OnpelIeJIeHHe lIaUUhIX 0 pa60Te CTaHUHH ua BCeM npOTIDKeHHH ee cymeCTBOBaUHH

BH3HT Ha CTaUUHIO lIJIH OnpelIeJIeUHH Tpe60BaUHA K BhI6pauBoMy

H3MepHTeJIhBOMY 060PYlIOBaHHIO:

AH3JIH3aTOPhI cropauHH

ClleTllHKH nOTOKa TOnJIHBa (ra3, ue$I'b HJlH yrOJIb)

KHCJIOpOlIHhIe aHaJIH3aTOPhI

03UaKOMJIeUHe C cymeCTBYIOUlHMH llepTexcaMH no Tpy6onpoBOlIaM H

H3MepHTeJlbBOA TeXHHKe lIJIH OnpelIeJIeUHH MeCTouaxO>KlIeUHJI nyHKTOB

MOHHTOpHHra

OnpelIeJIeHHe epH3HlleCKoro MeCTOnOJIO>KeHHJI lIJIJI YCTaBOBKH nepBHllBoro

3JIeMeHTa

OnpeneJIeUHe MeCTOnOJIO>KeHHJI lIJIJI YCTaHOBKH lIHCTaHUHOHHhIX MOlIYneit

MOHHTOpHHra

non6op nepCOH3JIa lIJIJI 06YlleHHJI Ha Mecrax HaBbIKaM npOBeneHHIO aynHTa
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CHECKLIST
Il\iPROVING COMBUSTION EFFICIENCY

UKRAINIAN POWER PLANTS

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

• Introduction and information exchange with plant management

• Discussion and presentation 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

• Determine physical characteristics related to the locations for the stationary
instruments
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IIEPEtIEHh MEPOIIPIUITIIit
ITOrrOBMmrnHmDaww~HOCtH

ITPO:QECCOB rOPEHIDI TOIIJmBA HA
YKPAHHCKllX :3JIEKTPOCTAHIUUIX.

B KatIeCTBe npOrpaMMbI MHHHMyMa Ha lGDK,UOH CTaHIIIDI 6y.ueT
npOII3Be.ueH CJIe.uyIOIllnH 06'beM pa6oT:

- IIpeacTaBJIeHIIe II 06MeH HH<pOpMaIlHeii C a,nMHHHcTpauHeii
CTaHIJ;HM;

- 06CY:>K.ZleHIIe H npeaCTaBJIeHHe 06'beMa pa6oT;

- HasHa-qeHHe nepCOHaJIa ,ltIDI npOBeaeHIDI ay.zurra;

- 06yqeHIIe II nOMoIllb B o6yqemm: Bbl6paHHoro nepCOHaJIa
no BOnpOCaM npIIMeHeHIDI nOpTaTIlBHOrO o6opy.noBaHIDI;

- IIepeaatIa .ueMOHCTpaTHBHOrO nOpTaTHBHOrO o6opyaoBaHIDI;

- OnpeaeJIeHMe MeCTa )lJI5I yCTaHOBKH CTan;HOHapHOro
o6opy.noBaHM5l;

- OrrpeaeJIeHHe MeCTa AID! yCTaHOBKH .znrCTaHInIOHHbIX
H3MepHTeJIbHbIX Mo.uyJIeii;

- OnpeaeJIeHHe <pII3HtIeCKHX xapaKTepHCTHK o60PY.llOBaHIDI
T3C ,llJI5I yCTaHOBKM CTallHOHapHbIX npH6opOB;
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APeetJDIXG

Reference

1. Plant Audit Visit Trip Report, October 1994
2. Preliminary Audit Report, December 1994
3 Plant Audit Visit Trip Report, Team #2, March 1995
4. Follow-up Audit Trip Report, July-August 1997
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DRAFT

TRIP REPORT

DELIVERY ORDER NO.6 - TASK 2

ENERGY EFFICIENCY AND RELIABll.1TY

OCTOBER 8-11, 1994

BURSHTYN CHP PLANT

A reconnaissance visit was made to the Burshtyn Combined Heat and Power (CHP) Plant to
meet with key personnel and to gather information and data regarding the CHP plant, operanons,
performance and problems. The following key personnel were identified and/or met with:

Igor 1. Bozenenkov - Director
Orest O. Daniluk - Deputy Director (TechnIcal)
Ginady - Deputy Director (Economics)
Voldodymyr G. Zdanovsky - Chief Engineer-
Nickoli Kobzev - Deputy Chief Engineer for Reconstruction and Development
Ivan Berkosha - Chief of Technical Department-
Andre Fedunkef - Chief, Boilers and Turbines
Victor Matievsky - Chief, Instrumentation
Olga Baron - Deputy Chief of Water Treatment

PURPOSE

The purpose of this trip was to identify deficiencies in existing instrumentation required for
monitoring, controlling and recording performance of ClIP Plant steam boilers combustion
efficiencIes and water and steam quality as described in delivery order No.6. This information
is required for defIning Scope of Work and necessary instrumentation and equipment required
for performing the ClIP Plant Energy Audit to be described in the Deliverable "Project Plan"
to be submitted for USAID/Kiev approval.

DISCUSSION

General Description of the Plant

See attached previously written report. Block 12 is now under reconstruction including turbine
repair, new lIP and LP cylinders, and a new 99% efficient Russian electrostatic precipitator.
The next precipitators for block 11 and block 7 reconstruction in 1995 will be UkraInian
manufacture. The boiler has all critical pressure parts and membranes replaced and the steam
drum checked, with an expected 20-25 year life extension. This will restore the rating of block
12 to upgraded 225 MW design and will be finished in April 1995.

1 D IHAUBERGiCROSMANJ
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Transmission distribution levels are 220 KV, 330 KV and 400 KV.

The L'VIVENERGO System is comprised of the following plants:

1. BURSHTYN - 2400 MW
2. KALUSH TPP - 160 MW
3. DOBROTVOR APP - 900 MW
4. IVANOFRANKOVSK - 5 MW Thermal
5. L'VIV TPP - 10 MW

Coal Feed System

The Burshtyn power station has more than thirty (30) suppliers of anthracite coal located in the
Ukraine, Donbas, Poland, Lublin, Russia, Kubits, and Kazakstan, so there is considerable
variation in fuel characteristics. Generally, the coal has a high volatiles content of about 30%,
an ash content of 24-55%, a moisture content of 7-20%, a sulfur content of 1.5-3.7%, and a
heating value of 2500-5000 kcallkg. Because of the importance of this plant for power export,
there are two main coal conveyors from reclaun, one to each end of boiler hou~e.

Each of the twelve boilers has two raw coal bunkers which are fed from the tripper belts. Coal
from each bunker is fed on two constant speed conveyors (except block 5 variable speed) to the
ball mills and the height of a gate on each conveyor can be varied to produce a given volumetric
feed rate. Flue gas is fed to the ball mills to dry the coal.

Pulverized coal from each ball mill is transferred to a cyclone separator and then from a
pulverized coal bunker through motor driven rotary vane feeders to each of the sixteen (16)
burners on a boiler. The speed of these rotary vane feeders can be varied to produce different
coal feed rates.

Natural Gas and Mawt Feed Systems

Natural gas is the startup fuel and is used between 0% and 30% load (60 MW for each block).
Each boiler has two natural gas supply lines, a 0-2000 m3/hr startup line and a 18-64,000 m3/hr
full flow line. Both lines to all twelve boilers include flowmeters and pressure indicators so that
the mass flowrate of natural gas can be determined, but mass flowrate cannot be directly
indicated or recorded. However, main gas flow to the power plant is measured and recorded.
Because of possible variations in heating value, installation of an on-line calorimeter would
account for errors in fuel gas delivery by measuring and recording KcallNm3, Sp. gr. and
Wobbe index. Accurate heat mput to indiVIdual boilers can be derived from this data.

Mazut is an emergency backup fuel. It is unloaded from 12 raIl cars at a time to underground
concrete tanks, then pumped to and stored in four (4) 20,000 m3• (2) 2,000 m3, and (2) 1,000 m3

storage tanks. At present, tank level cannot be determined accurately.

Mazut is supplied to all of the boilers at 130 C and about 20 atm in a recirculating piping
system. The oil lines have thick plate orifices and DP cells, and the flow meters do not work
because the DP taps become plugged and tar solids build up on the orifice plates. Because these
boilers burn up to 20% mazut, more accurate non-invasive type flow elements such as€oriolm'

5"{)NtC,

. ,)
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mass flow meters must be installed for momtoring and controlling fuel input. Each boiler has
a 159 mm diameter 0-20 T/H mazut supply line and a 66 nun diameter 0-10 T/H mazut return
line.

Combustion Controls

Combustion control is remote manual from a central control room. Operators can adjust gas
control valve position, mazut control valve position or rotary vane coal feeder speed so that the
quantity of steam is sufficient to maintam turbine load. Operators can also adjust FD and ID
fan dampers based on absolute pressure m a furnace, but the four O2 analyzers per boiler are
known to be maccurate, therefore air flow control is also based on guesswork.

The existing O2analyzers of Russian design and manufacturer require frequent maintenance and
calibration. The steam boilers flue gas samples are drawn from the backpass after the
superheater and before the first stage reheater where pressure is slightly negative, temperature
about 550 C +/-. The sample line is about 108 1!lID m dia. and about 70 m long. Although
these analyzers are functional, they are subject to drift and significant lag time as well as
inaccurate readings due to air in-leakage. This results in less than optimum cQntrol of excess
air for efficient combustion which results in waste of fuel.

Environmental Monitoring

Downwind dispersion concentrations of ash, NOx, S02' CO2 are checked once per month by
power plant laboratory at 2.5, 5.0, 8.0 and 10 Km. The government district center sanitary
laboratory in L'VIV makes random tests when plant is at full load.

Condenser Cooling Water

Condenser cooling water is taken from an artificial lake which was created by damming a nver
at the same time the plant was constructed. The lake is used as a fish farm and chemicals
cannot be used to maintam condenser cle3.nIiness, therefore condenser fouling with CaC03,

MgC03 and organics is a significant problem.

Each condenser is cleaned twice per year and the average deposit thickness at the time of a
cleamng is 3-4 mm. At the time of a condenser cleaning, there is a loss of condenser vacuum
from 0.036 kg/cm2 to 0.039 kg/cm2 absolute pressure which causes a 5 MW loss in generator
output. Two condensers have Ukrainian design ball cleaning systems which were installed in
1990.

Boiler Makeup Water and City Water Treatment

Lake water makeup is heated and sent to four (4) 150 TIH clarifiers and six (6) 3.0 meter
diameter anthracite fIlters. From that point water is sent to the city hot water district heating

I

system softeners and to the boiler makeup water demineralizer. City water demand is 300 TIH
and boiler makeup water demand is 240 T/H, and these two flows should be within the design
rating of the equipment. However, the ion exchange material in the demineralizer is in such

• 3 D IHALLBERGlCROSMANJ
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poor condition that 100 TIH are consumed in regenerating it. Also, the clarifiers are
overloaded, suspended solids are overflowing, and large quantIties of water are needed to
backwash the fIlters.

As a result of these conditions, the plant can meet a demand of 240 T/H for boiler feedwater,
but can only supply 200 T/H to the CIty. The quality of city water is also not good due to high
bacteria count. Another result of these conditions is high consumption of sulfuric acid and
caustic soda for demineralizer regeneratIons.

Rehabilitation Plans

IMPRESSARIO AGRUPADOS, an engineering consulting firm from Spain conducted a major
rehabilitation study in 1993 for EBRD. They evaluated seven alternatives for rehabilitatIon,
including rebuilding boilers and replacing turbines WIth upgraded 225 MW machines, adding
scrubbers, precipitators, replacmg boilers with crrculating fluidized bed (CFB) boilers, and gas
turbine combined cycle repowenng.

They are very interested in learning more about CFB technology as a solution to the problems
resulting from poor coal - S02, NOx, and high maintenance on the old Taganrog PC boilers.

They are also interested in western technology for instrumentation and control, and want to
upgrade the automation on the rehabilitated block 12 as a demonstration project. Experience
gained from application of a Distributed Control System (DCS) to block 12 would be applied
to the 1995 reconstruction of blocks 11 and 7.

A list of priority instruments (attached) was provided itemizing as a minimum primary field
instruments (transmitters, etc.) which are presently needed for block 12.

They are planning to add one or two gas frred peaker boilers to meet additional hot water district
heating demand from city.

Power plant design work is being done by Ukraine Teploelectroproject, L'VIV Research Institute
and Transmission design is being done by Electrosetproject in L'VIV.

Mana2ement Capabilities

The ClIP plant management gathers detailed information and performance data on all aspects
of the equipment operation and mamtenance. Therefore, data on gas and mamt fuel
consumption, gross and net K.W output, steam and hot water (gcal heat) for monthly (heatmg
periods) and annual basis is easily obtamed. This data will be used for comparing ClIP plant
performance audit before and after implementation of "no cost - low cost" efficiency
improvement equipment and procedures to improve monitoring and energy management.

The plant personnel are very knowledgeable and cooperatIve. They are aware of equipment and
instrument deficiencies and the need for upgrading and applying western technology for
improving combustion and energy efficiency.

• 4 D lHAUBERGlCROSMANJ
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RECOMMENDATIONS

BURSHTYN CHP PLANT

Audit Equipment

(1) Portable combustIon analyzer (with spare cells)

(1) Laptop computer with software

(1) Heat spy (portable infrared temperature momtor)

Combustion Controls - Purchase the following for mstallation by plant personnel:

(2) On-line coal analyzers for moisture, ash, and heat capacity (proximate)

(1) On-line calorimeter for natural gas (Kcal/Nm3
, Wobbe index)

(12) Mazut flowmeters for 159 mm diameter supply lines

(12) Mazut flowmeters for 60 mm diameter return lines

(8) Mazut tank ultrasonic level transmitters

(1) Combustion control system for Block 12

(1) . CEM system for one of the three stacks

(48) O2 analyzers rated for 570°C (500 mm wall, 40-70 m length)

(List) Priority instruments for Block 12 (transmitters, etc.)

--
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Water Treatment Eguipment - Purchase the following for installation by plant personnel:

(10) Ukrainian manufactured condenser ball cleaning systems (approxlIIlate cost =
150,000 roubles each - 1990)

(6) pH analyzers

(2) Silica analyzers

(78) Cubic meters of weak acid cation resin

(90) Cubic meters of strong acid cation resin

(26) Cubic meters of weak base amon resin

(10.5) Cubic meters of strong base anion r~sin

(1) Ammonium cycle condensate polisher rated for 500 m3/hr

Laboratory Eguipment - pH and silica

(1) Parr or equal bomb calorlIIleter for coal and mazut analysis

(1) pH meter

(1) Silica analyzer

6 D IHALLBERGiCROSMANJ



BURSHTYN ClIP PLANT

DESIGN COAL ANALYSIS (200 MWl

TAGANROG T-TYPE TPIOO BOILERS

As - 36.0%
C - 40.7%
O2 - 6.2%
H2 - 2.2%
S - 2.5%
N - 0.9%
H2O - 11.0%
Volatile - 38.6%
Q - 3800 KcallKg

PRESENT COAL ANALYSIS VARIATIONS (170 MW)

One Million Ton Storage, 30 Sources of Supply

Minimum. Average Maxunum

Moisture
Ash
KcallKg
Sulfur
Volatiles
Holdup time, hrs

7%
24%
2500
1.5%

. 30%
IHr

7

12%
35%
3200
2.4%
30%
2 Hrs

20%
55%
5000
3.7%
42%
3 Hrs

D IHAUBERGtCROSMANJ
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BOILERS PERFORMANCE

BURSHTYN CHP PLANT

Tagaurog Air Heaters
Design Present

Efficiency Efficiency

Units 1 - 7 TP-lOO 4 - Ljungstrom air heaters! 90% 87%
boiler

Units 1, 4 & 5 reconstructed
with pipe air heaters

Units 8 - 12 TP-lOOA Pipe air heaters 91 % 89%

Note: Design excess air less than 40% with 5000 KcallKg coal
Now excess air is 55 to 80% .

...".
• "-'>. .-
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FUEL INPUT

• • •
\

V

FLUE GAS

• •

KW
MEASUREMENT
ACCURACY 325rnrn

§

-, ,,' ':.,
J"~

3-5%

10%

2%

55% COAL

20% MAZUT

25% GAS

ASH

BUBSHTYN QHE PLANT

426rnrn

426rnrn

325rnrn

MEASUREMENT
ACCURACY

1 -1.5%

1200 rn3 SUPPLY
(MAX. PUMP CAPACITY)

1050 rn3 RETURN
1130 rn3 RETURN

. (MIDNIGHT)
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6. Pery.7Lf.iTOp BOS)JyXa I. CHrBa~ no nepen~
:eoa~ "Ra~opmpep -
IT oTynesD BOS~O -
non;OrpeBaTeJIH"

2. CnrHaJl no paoxo;Dy
oOTporo IIapa 9 0+5 MA

3. CHrHa~ o6paTHo!
Ol3H3lI OOH OBHoro
peryJI.B:Topa

4. CHrHM o6paTHoi!
Ol3HSl'I CJle;JtmItero
pery.mrropa

5. KOpeRD;mI no 02.

7. PeryMTop Ter.mepaTYpH I. Cm'HaJ! no TeMIIepa-
napa. 1IITITI; I-IY IIOTOXE: TYpe IIapa OOOTEeT-'

oTl3~lItero IIOToxa
(1+ 'no BnpHoxa 8 0+5 MA
.. ...

2. CKrHaJl no OROPOOTE:

~)
RSMeHeSlIR TeMftepa-

- TYpH sa BIIpHOROM

~
8. Pery.llHTOp TermepaTYpH I. CRrHaJ! no TeMIIepaTYpe

~apa npoMneperpeBa, . napa OOOTEeTGTl3yPJtnero
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rmlr-5 2. CllrH~ 06paTHO~ CEHSR
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14. Pefin1I.R:TOp ypOBHH 1. YpOBeBL B rrn,U-7
.. B II.-7 2. CzrH~ 06paTHO~ CBHSH no 2 0+5MA
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CHECKLIST
IMPROVING COMBUSTION EFFICIENCY

UKRAINIAN POWER PLANTS

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

• Introduction and information exchange with plant management

• Discussion and presentation ofthe scope ofwork

• Assess both technical and managerial capabilities

• Establish points ofcontacts

• Identify any local support, ifavailable

• Identify and coordinate the work schedule

• Discussion with key personnel regarding operation ofthe plant

• Determine the availability ofthe existing sources ofinformation and data

• Determine the plant historical operating data

• Walk through the plant to determine the requirements for selected
instrumenta1ions:

Combustion analysers
Fuel flow meters. gas, on or coal
Oxygen analyzers

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

• Determine physica11ocations for installing the selected primary element

• Determine locations for installing the remote monitoring modules

• Identify the persons to be assigned for on-the-job audit tTaining
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ENERGY AUmI ITEMS

POWER PI.ANT ENERGY SAYINGS

Deaerator vents

Steam Traps

Boiler Blowdown

Mazut tanks vents" leaks

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

Boiler leaks - fire box, flue gas duets

ID fan wear, eff., leakage

FD Fans wear, eft, leakage

Air heater leakage, ESP leakage, efficiency ifcoal

Insulation-boilet, heaters, deaerator, p;l";ng, duct work

Generator losses· cooling system eff. (scale, crud)

Condenser/vac • leakage. cooling water fouling

ASME Short form (heat rate) & PT6 abbreviated)

Boiler feed pumps· seals leakage

Valve Stem packing leaks

Turbine lube oU system • cooling system (scale, crud)

BoUer combustion· excess air, orsat, fuel flow, air flow, temp, press., burners. carbon
losses

Blectricallosses - transformers, large motors

District heating water losses (quantify)
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PRELIMINARY AUDIT REPORT

IMPROVING COMBUSTION EFFICIENCY

BURSHTYN POWER PLANT
(Oct. 8 Thru Oct. 11, 1994)

EXECUTIVE SUMMARY

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

The energy saving program consists of providing instrumentation equipment to improve
combustion efficiency of the boilers, as a first step towards the life extension of the plant.
The implementation of this program is in two phases. During the first phase in order to
demonstrate the improvement of boiler's combustion efficiency, the instruments to be
installed are listed under Low-Cost, No-Cost Short Term Recommendations and are related
to one boiler except as noted. Based on operation results the program may be expanded to
the balance of the boilers in the plant. Implementation of the second phase is addressed
under the Medium to Long-Term Recommendations.

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

Low-Cost. No-Cost Short Term Recommendations

1) One (1) Portable combustion analyzer (with spare cells) with probes

2) One (1) Laptop computer with software

3) One (1) Heat spy (portable infrared temperature monitor)

4) One (1) Portable multimeter ac power analyzer

5) One (1) On-line calorimeter for natural gas (Kcal/Nm3 , Wobbe index)

6) One (1) Mazut flowmeter for 159 mm diameter supply line

7) One (1) Mazut flowmeter for 60 mm diameter return line

8) Eight (8) Mazut tank ultrasonic level transmitters

5906-02JPAR.5/1219194 1



9) Four (4) 02 analyzers rated for 570°C (500 mm wall, 40-70 m length)

10) Two (2) On-line coal analyzers for moisture, ash, and caloric value-(Proximate)

11) Laboratory equipment

a) One (1) Parr or equal bomb calorimeter for coal and mazut analysis

b) One (1) pH meter

c) One (1) Silica analyzer

Medium to Lone-Term Recommendations

1) One (1) combustion control system for Unit 12

2) Eleven (11) Mazut flowmeters for 159 mm diameter supply lines

3) Eleven (11) Mazut flow meters for 60 mm diameter return lines

4) One (1) CEM (Continuous emission monitoring) system for one of the three stacks

5) (List) Priority instruments for Unit 12 (see attachment)

6) Water Treatment equipment

a) Six (6) pH analyzers

b) Two (2) Silica analyzers

c) Seventy eight (78) Cubic meters of weak acid cation resin

d) Ninety (90) Cubic meters of strong acid cation resin

e) Twenty six (26) Cubic meters of weak base anion resin

f) Eleven (11) cubic meters of strong base anion resin

g) One (1) Ammonia cycle condenser polisher rated for 500 m3 /hr

h) Ten (10) condenser ball cleaning systems similar to the existing systems
installed in 1990

i) Forty four (44) O2 analyzers rated for 570°C (500 mm wall, 4Q-70m length)

S906-02JPAR.511219194 2



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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INTRODUCTION

ENERGO SYSTEM:

LOCATION:

INSTALLED CAPACITY:

COMMISSIONED:

FUEL:

LVIVENERGO

60 KM SOUTH OF LVIV

2400 MW (12 X 200 MW)

1965-1969

ANTHRACITE, GAS AND MAZUT

GENERAL DESCRIPTION OF THE PLANT

Unit 12 is now under reconstruction including turbine repair, new HP and LP cylinders, and
a new 99% efficient Russian electrostatic precipitator. The next precipitators for Unit 11 and
Unit 7 reconstruction in 1995 will be Ukrainian manufacturer. The Unit 12 boiler has all
critical pressure parts and membranes replaced and the steam drum checked, with an
expected 20-25 year life extension. This will restore and upgrade the rating of Unit 12 to
225 MW, and will be finished in April 1995.

COAL FEED SYSTEM

The Burshtyn power station has more than thirty (30) suppliers of anthracite coal located in
the Ukraine, Donbas, Poland, Lublin, Russia, Kubits, and Kazakstan, so there is
considerable variation in fuel characteristics. Generally, the coal has a high volatiles content
of about 30%, an ash content of 24-55%, a moisture content of 7-20%, a sulfur content of
1.5-3.7%, and a heating value of 2500-5000 kca1Ikg. Because of the importance of this plant
for power export, there are two main coal conveyors from reclaim, one to each end of boiler
house.

Each of the twelve boilers has two raw coal bunkers which are fed from the tripper belts.
Coal from each of the two bunkers is fed on a constant speed conveyor (except Unit 5 which
is variable speed) to the ball mills, and the height of a gate on each conveyor can be varied
to produce a given volumetric feed rate. Flue gas is fed to the ball mills to dry the coal.

Pulverized coal from each ball mill is transferred to a cyclone separator and then from a
pulverized coal bunker through motor driven rotary vane feeders to each of the sixteen (16)
burners on a boiler. The speed of these rotary vane feeders can be varied to produce
different coal feed rates.

5906-021PAR.5/1219194 4



NATURAL GAS AND MAZUT FEED SYSTEMS

Natural gas is the startup fuel and is used between 0% and 30% load (60 MW for each unit).
Each boiler has two natural gas supply lines, a 0-2000 m3/hr startup line and a 18-64,000
m3/hr full flow line. Both lines to all twelve boilers include flowmeters and pressure
indicators so that the mass flowrate of natural gas can be determined, but mass flowrate
cannot be directly indicated or recorded. However, main gas flow to the power plant is
measured and recorded. Because of possible variations in heating value, installation of an
on-line calorimeter would account for errors in fuel gas delivery by measuring and recording
Kca1INm3, Sp. gr. and Wobbe index. Accurate heat input to individual boilers can be
derived from this data.

Mazut is an emergency backup fuel. It is unloaded from 12 rail cars at a time to
underground concrete tanks, then pumped to and stored in four (4) 10,000 m3, (2) 2,000 m3,

and (2) 1,000 m3 storage tanks. At present, tank level cannot be determined accurately.

Mazut is supplied to all of the boilers at 130°C and about 20 atm in a recirculating piping
system. The oil lines have thick plate orifices and DP cells, and the flow meters do not
work because the DP taps become plugged and tar solids build up on the orifice plates.
Because these boilers burn up to 20% mazut, more accurate non-invasive type flow elements
such as Coriolis mass flow meters must be installed for monitoring and controlling fuel
input. Each boiler has a 159 mm diameter 0-20 T/H mazut supply line and a 66 mm
diameter 0-10 TIH mazut return line.

COMBUSTION CONTROLS

Combustion control is remote manual from a central control room. Operators can adjust gas
control valve position, mazut control valve position or rotary vane coal feeder speed so that
the quantity of steam is sufficient to maintain turbine load. Operators can also adjust FD and
ID fan dampers based on absolute pressure in a furnace. The existing Oz analyzers of
Russian design and manufacturer require frequent maintenance and calibration. Flue gas
samples are drawn from the backpass after the superheater and before the first stage reheater
where pressure is slightly negative, temperature about 550°C +/-. The sample line is about
108 mm dia. and about 70 m long. Although these analyzers are functional, they are subject
to drift and significant lag time as well as inaccurate readings due to air in-leakage. This
results in less than optimum control of excess air for efficient combustion which results in
waste of fuel.

ENVIRONMENTAL MONITORING

Downwind dispersion concentrations of ash, NOx, S02, C~ are checked once per month by
power plant laboratory at 2.5, 5.0, 8.0 and 10 Km. The government district center sanitary
laboratory in L'VIV makes random tests when plant is at full load.
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CONDENSER COOLING WATER

Condenser cooling water is taken from an artificial lake which was created by damming a
river at the same time the plant was constructed. The lake is used as a fish farm. and
chemicals cannot be used to maintain condenser cleanliness. Therefore, condenser fouling
with CaC03, MgC03 and organics is a significant problem.

Each condenser is cleaned twice per year and the average deposit thickness at the time of a
cleaning is 3-4 mm. At the time of a condenser cleaning, there is a loss of condenser
vacuum from 0.036 kgIcm2 to 0.039 kg/cm2 absolute pressure which causes as MW loss in
generator output. Two condensers have Ukrainian design ball cleaning systems which were
installed in 1990.

BOILER MAKEUP WATER AND CITY WATER TREATMENT

Lake water makeup is heated and sent to four (4) 150 TIH clarifiers and six (6) 3.0 meter
diameter anthracite filters. From that point, water is sent to the city hot water district
heating system softeners and to the boiler makeup water demineralizer. City water demand
is 300 T/H and boiler makeup water demand is 240 TIH, and these two flows should be
within the design rating of the equipment. However, the ion exchange material in the
demineralizer is in such poor condition that lOOTIH are consumed in regenerating it. Also,
the clarifiers are overloaded, suspended solids are overflowing, and large quantities of water
are needed to backwash the filters.

As a result of these conditions, the plant can meet a demand of 240 TIH for boiler
feedwater, but can only supply 200 TIH to the city. The quality of city water is also not
good due to high bacteria count. Another result of these conditions is high consumption of
sulfuric acid and caustic soda for demineralizer regenerations.

DISTRICT HEATING

Steam is extracted from each turbine IP Cylinder to supply the district hot water heatmg of
the nearby city and greenhouses.

REHABILITATION PLANS

IMPRESSARIO AGRUPADOS, an engineering consulting firm from Spain, conducted a
major rehabilitation study in 1993 for EBRD. They evaluated seven alternatives for
rehabilitation, including rebuilding boilers and replacing turbines with upgraded 225 MW
machines, adding scrubbers, precipitators, replacing boilers with circulating fluidized bed
(CFB) boilers, and gas turbine combined cycle repowering.

The station is very interested in learning more about CFB technology as a solution to the
problems resulting from poor coal - S02' NOx, and high maintenance on the old Taganrog

59Q6.02JPAR.5/1219194 6



PC boilers.

They are also interested in western technology for instrumentation and control and want to
upgrade the automation on the rehabilitated Unit 12 as a demonstration project. Experience
gained from application of the Programmer Logic Controllers (PLCs) to Unit 12 would be
applied to the 1995 reconstruction of Units 11 and 7.

A list of priority instruments was provided itemizing as a minimum primary field instruments
(transmitters, etc.) which are presently needed for Unit 12.

They are planning to add one or two gas fired peaker boilers to meet additional hot water
distnct heating demand from city.

Power plant design work is being done by Ukraine Teploe1ectroproject, L'VIV Research
Institute and Transmission design is being done by Electrosetproject in L'VIV.

MANAGEMENT CAPABIL:rrms

The power station management gathers detailed information and performance data on all
aspects of the equipment operation and maintenance. Therefore, data on gas and mazut fuel
consumption, gross and net KW output, steam and hot water (gca1 heat) for monthly (heating
periods) and annual basis is easily obtained. This data will be used for comparing plant
performance audit before and after implementation of "no cost - low cost" efficiency
improvement equipment and procedures to improve combustion efficiency of the plant.

The plant personnel are very knowledgeable and cooperative. They are aware of equipment
and instrument deficiencies and the need for upgrading and applying western technology for
improving combustion efficiency of the boilers.
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AlTltCJtHENT 1

BURSHTYN ClIP PLANT

DESIGN COAL ANALYSIS (200 MWl

TAGANROG T-TYPE TPlOO BOILERS

As = 36.0%
C = 40.7%
O2 - 6.2%
H2 - 2.2%
S = 2.5%
N - 0.9%
H2O - 11.0%
Volatile = 38.6%
Q = 3800 Kcal/Kg

PRESENT COAL ANALYSIS VARIATIONS <170 MW)

One Million Ton Storage, 30 Sources of Supply

Minimum Average Maximum

Moisture 7% 12% 20%
Ash 24% 35% 55%
KcalIKg 2500 3200 5000
Sulfur 1.5% 2.4% 3.7%
Volatiles 30% 30% 42%
Holdup time, hrs IHr 2 Hrs 3 Hrs
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BOILERS PERFORMANCE

BURSHTYN CHP PLANT

Tagaurog Air Heaters
Design Present

Efficiency Efficiency

Units 1 - 7 TP-lOO 4 - Ljungstrom air heaters! 90% 87%
boiler

Units I, 4 & 5 reconstructed
with pipe air heaters

Units 8 - 12 TP-lOOA Pipe air heaters 91% 89%

Note: Design excess air less than 40% with 5000 KcallKg coal
Now excess air is 55 to 80%
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FLUE GAS

FUEL INPUT

I
~KW

MEASUREMENT
ACCURACY

325mm

3-5% 55% COAL - I I 426mm . -
1200 m3 SUPPLY

10% 20% MAZUT - I I
(MAX. PUMP CAPACIlY)

426mm ~

2% 25% GAS I
~

I I ~
325mm

~1050 m3 RETURN
1130 m3 RETURN ~

(MIDNIGHT)
~

MEASUREMENT ~
ACCURACY

1 -1.5%

ASH

BURSHTYN CHe PLANT
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R3MeBeHRR Te~mepaTY-

pH sa BnpHoRoM.

9. PeryPJlTOp HenpepHBHo~ I. CRrHaJl no pacxo~
2 0+5 MAnpoJ:crERR ROTJIa oOTporo napa

2. CRrHaJl no oaoxo~
npomo"qHoft BO;o;e

10. PeryJIJn'0p BKIIII 1. CHrHa.Jl no ~JleHmo. B ROnJleRTOpe napa
Ha rOpeJlRR KOT~a .J. 0+5 MA

lJ.. PerynHTOp ~OO~THpoEa- J.. CRrHaJl no pH ROTJlO-
BM :soft :so~ .J. 0-5 MA.



3.

1 2 3 4 5

L2. Pery~op ypOEHH B 1. CmrHaJI no ypOEHlO :B rmlI-5 2 0+5 MA
IIBlI-5 2. CllrH~ OdpaTHO~ CBHSR

.1.3. PerY_~Top ypOEHK .1.. YpoBeH:& 13 IIBlI-6
E IIBlI-6 2. CHrHaJI OdpaTHO~ CEHSR no 2 0+5 MA.

nonoxeHRlO RnanaHa

14. PefiSnffTOP yp013HH .1.. Y'po13e.8:& 13 IIBlI-7
B JI-7 2. CRI'Ha.Jl 06paT.80it C13JiSR no 2 0+5rAA.

nOJIoxemm PO

LS. PerynSTOp ypOEHH .1.. YpoBeB:& B IDm-4E Inm-4 2. 06paTHaH C13RS:& no nOJloJite- 2 0+5 MA.
Hmo PO

J..6. PefiiffiHToP YP0:BHR .1.. Ypo:eeBD 13 mm.. 13 -3 ..
2 0+5 MA2. OdpaTHaH 013j1S:& no nO.11oxe-

mno PO

J.? PerynHTOp yp0:BHH .I.. Y'p013 eHD :a IIH.Ir-2
13 IIHlI-2 2. 06paTHaH C:BS5:& no no.11O- 3 0+5 MA

zemm PO ( 13 .r:TO

3. 06oa.THaH CBH3:& no nOJlO-
sesmD PO (13 ROHneHoaTop'

18. PeryJT.R:TOp ~~OBBR J.. Ypo:eeH:& E OIIY
2 0+5 MA.• OIIY (IIH-.1.0 2. 06pa.THaJt C13HS:& no nOJ1oxe-

mno PO

19. Pery~~op ypOEBK oL. YpoEeBD B ROBneBcaTope
E ROH"'teHcaTope 2. Ot1paTBaJ! CEHS!:l no n01l0- 2 ~5 MA.

eBmo PO

20. Pery71J1TOp ynoEHH .I.. YpoEeBD B JI-6 aTa
13 nea~paTope 6ATa

~. O~pa.THaH OEHS:& no nOJlO- 2 0+5 MA
!teED Po



4.

1 ! 2 3 4 5

2J.. Pery1HTop naB~eBnR 1. n8B~eBRe B Ro~~eRTOpe. napa Ha YIIJlom.ae.aIDI .. ynlloTHem J. 0+5 ~J1A

22. Peryn~TOp ~aE~eHmr 1. ]SEneHHe B n-6aTa 1 0+5 MA
B ~ea~paTope 6 aTa

23. PerynHTop naEneHHR J.. ]SE~eBHe B Ro~eRTope .1. 0+5 MA
POY-25/l.Q .. POY-25/J.Q

24. PerynRTOp ypoBHH .i.. YpoBeH:& B OCHOBHOM
B OCHOBHOM doi!- .. 60bepe 2 0+5 MA
Jlepe 2. 06PlTHaR OBJlS:& no nOJloxe-

Hlim Po

25. Pery'llJiTOp ypOBHH J.. YpoEeHli B nRROBOM 6o!nepe
B nnKOBOM 6o~~epe

2. 06piTHag CBRS:& no nOJlo1te- 2 Ot5MA
mno PO

26. PeryiIJiTOp Te~1nepaTY J.. TeMIIepaTYpa ceTeBoi!
pH oeTeBo:M: BOItH BO;D;H

2. TeMnepaTYpa oRPY1talO!I1erO 2 0+5 MA
B05ltYxa

moro: 73

"",\V\, l
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TRIP REPORT

1.1 IntroductIon

USAID/ENI retained Bums and Roe Enterpnses, Inc. (BREI) to perform plant audit VISItS to
seven Ukralman Thermal Power Plants (TES).

The objective of these audit visits IS to improve the combustlOn efficIency of the UkraInian
Power Plants.

Burns and roe performed the plant audit visits dunng a Feb 6--Mar 11 trip to the UkraIne In
accordance with the Delivery Order objectives. The folloWIng report describes the actiVIties of
Team #2 (John E. Hallberg, P.E. and Prem Gupta), which visited Odessa CHP plant,
Simferopol CHP plant, Krivoi Rog TPP and Burshtyn TPP. A report descnbmg the activities
of Team #1 (Selisett Corban, P.E. and George Keller, P.E.) WhICh visited Kourakhovska,
Uglegorsk and ZmIev TES was issued separately.

1.2 Work Plan

The 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 InstrumentatlOn.

• 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 condltlOnS as well as length of the cable runs.

•
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1.3 Trip Report and Findings

1.3.1 Mon. and Tue.. Feb. 6-7. 1995 - Travel to Kiev.

Feb. 8 through Feb. 15. 1995 - In Kiev.

The following actIvIties took place dunng this time:

•

•

•

•

•

•

•

•

•

•

•

Meetmgs and introductions at the office of USAID/Ukrame Mission with Dr.
Osborn and Andrei Parinov of USAID/KIEV.

Meetmgs and introductions at the office of IDEA/KIEV with Darian DaIchok and
his staff.

Arrangements for expediting delivery of USAID eqUIpment from USA to Kiev.

Arrangements for custom clearance.

Arrangements for delivery of USAID eqUIpment to the office of IDEA/KIEV

Arrangements for 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 portable analyzers.

~cal procurement of the mIssing accessones.

Arrangements for reliable vehicles, translators and safe travel In UkraIne.

•

•

•

1.3.2 Thurs. Feb. 16. 1995 - Travel to Odessaenergo - Odessa CHP Plant

Feb. 17 through Feb. 21. 1995 - In Odessa CHP Plant

On Feb. 7, we went to the plant with messrs Andrew Pannov (USAID), Andryl Kononov and
Vitali Plotmkov (IDEA) and met WIth George VUkOZlCh, the plant director. We worked m the
directors office setting up the equipment, demonstratmg Its use and discussmg the program for
combustion efficIency.

On Feb. 18 we spent some time letting the two selected engmeers practice setting Up the Enerac
Combustion Analyzer and going through the functions. We then went to the boller house to run
some tests. We set up at the crossover to the convectIon pass near the extractiOn pomt for the

•
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•

•

existing oxygen analyzers on power steam boller 5 - left Side. The bOIlers were burning natural
gas. We took two samples on the left side, then took one sample on the right side and got off
the boiler when the reading showed carbon monoxide went over range with excess aIr reading
moving between °and 2 percent. We were informed that the FD fan on the right Side was not
operatIng because of breakdown. The plant immediately reduced load on this boller.

We ran three tests on the left side of boiler No.7. The combustion efficiency was fair but could
be improved by reducing excess air.

We continued our discussions With the engineers requestmg mformanon and data required for
our audit report and planning our work for Monday.

On Feb. 20, we met with the Chief of the laboratory, Antomna Ogorodnikova to gather data and
information on natural gas and mazut. We obtaIned test data for 1994 giving monthly average,
maximum and minimum heat contents in KJoules/Nm3 and Kcal/Nm3 with total gas consumpnon
by month in million Nm3 and corresponding pricmg. It appears that Odessaenergo IS being sold
short by an average 115 Kcal/Nm3 by Gasprom. This IS why they place such a high pnonty m
obtaimng an online recording calorimeter to prove the delivery of gas.

We went to the offsite hot water peaker bOIlers (3) and steam bOIlers (2) to look at locatIOns to
put in-situ oxygen probes and locate flow meters for mazut and get measurements. the assigned
engineers were also made familiar with the operation of "Heat Spy" and Fluke harmomc
analyzer.

Past noon we took the combustion analyzer to get more test data on boilers No.5 and 7, except
this time at the LD. fans. One test was made on each side of boiler No.7. The oxygen and
excess air readings were very high, partly due to air leakage from the air heaters. We discussed
the readings with the Chief Engineer of the power plant Oleg Yarotskiy and boiler expert from
Odessaenergo Nicolai Marenkov. They agreed to make a slight adjustment to reduce excess aIr
to tune the boiler and we took additional readings. The results were sigmficant, provmg to the
engineers the value of thiS Instrument for saying fuel.

We returned to the Director's office to gather the remammg information from the plant. We
were given copies of boiler control diagrams, dimenSIOns for cable runs for oxygen analyzers,
etc. We also were given a letter of receipt for the equipment given to them. The engineers will
provide additional test runs for our use.

1.3.3 Tuesday. Feb. 21. 1995 - Travel to Krymenergo - Simferopol CHP Plant

Feb. 21 through Feb. 24 - In Simferopol CHP Plant

On Feb. 21 evening we arrived at the power plant. The plant Director Alexander Chupnnko
and Deputy Director Oleg greeted us. He gave a bnef descnpnon of the power plant. Andryl
Kononov and Vitali Plotnikov met us and made mtroductlOns.

•
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On Feb. 22, we brought the equipment to the Deputy Director's office. Three representatIve
engIneers from Crimenergo as well as many engineers from the power plant staff were present.
Andryi Kononov gave an introduction on the purpose of the combustion efficiency program by
USAID. We then gave a brief description of our scope of work and handed out copIes of the
checklist "Improving Combustion Efficiency" in RussIan language. We also provided a list of
information required for preparing our audit report.

We set up all of the instruments and demonstrated the functions and operatIon of the Enerac
Combustion Analyzer. By noon we brought the analyzer to the boiler house and took tests at
right and left side of No. 1 steam boiler near the extractIon pOInts for existing oxygen analyzer
The two extractIon pipes connect to a common shunt pipe to the LD. fan suction. A single
extractive type paramagnetIc oxygen analyzer pulls a sample below the intersectIon of the two
pipes. The Enerac indicated the same concentration as the existing analyzer, which was
calibrated in January 1995, is installed on the newest boiler and the operators feel confident In

its accuracy. A second set of tests were taken at the LD. fan inlet.

The operators were requested to slightly close the FD fan Inlet vane damper to reduce the
amount of excess air. This test showed 0.1 % increase in boiler effiCIency, a 0.8% reductIon
in oxygen, a 0.4% increase in carbon dioxide and a 8% reduction in excess air.

We made a tour of the turbine building and the gas turbInes and returned to the Deputy
Director's office to discuss the information we reqmred, and to learn more about the power
plant. We were given a descriptIon of the plant water systems. They gave us copIes of boiler
control diagrams.

On Feb. 23, we went to the hot water boilers to take combustion tests. No.1 boiler was shut
down and No.2 boiler was operating full load on natural gas. These bOIlers burn only mazut
dunng winter when natural gas is curtailed to supply domestic use. We could not find a good
sampling point before the convection backpass, so we took flue gas samples from a sample point
ahead of the Lb. fans. The sample pipe was too small to insert the Enerac probe to get stack
temperature. A hose was used to connect the probe to the sample pipe. Therefore, the
efficiency numbers are not valid. Four tests, two before and two after reducing excess air
showed some impressive results. Carbon monoxide can be reduced by further tuning of burner
registers and fan dampers to improve turbulence In the furnace.

We opened the rear wall access door on No.1 boiler at the upper backpass to determine a good
location for a single oxygen probe, heater and calibration unit. Two tubes will have to be
bumped to make an opemng for the oxygen probe. The plant engineers didn't have any problem
WIth doing thIS. Gas temperature is about 800e.
We obtained sizes, temperatures and flow rates for mazut flow meters. There are four hot water
supply, four hot water return lines to district heatmg and two mdustrial steam supply lines WIth
no condensate returns. They do not have any problems measunng these flow rates.

We met with LudmIlla Lavilla, the ChIef of the water treatment and chemical laboratory to

•
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discuss analytical instrumentation priorities and specificauons for the power plant. Makeup
water for the power plant comes from the Simferopol reservoir. The water is lime softened In

clarifiers, from which the water flows to two treatment plants consisting of anthracIte filters,
activated carbon filters and two stages of sodium form cation exchange softeners.

Softened water is supplied to the cooling towers~ boilers, and district heating system. They have
had serious problems of organic fouling of cation resins due to oil breakthrough from the
acUvated carbon filters. The hydrocarbon carryover goes with the feedwater to the boilers and
results in carbonaceous deposIts in the superheater tubes, resulting in reduced heat transfer,
increased fuel consumption when steam temperature drops, hot spots on tubes and pOSSIble tube
ruptures. Their most urgent need is to obtam two oil in water analyzers to detect hydrocarbon
breakthrough from the two activated carbon trains for cleamng and reactivaung the carbon,

Another very high prionty instrument need by the power plant is an online natural gas
calonmeter to certIfy the delivery of gas from Gasprom, RUSSIa. We were given data for 1994
of laboratory tests showing the heat content of gas actually delivered being lower on average
than the gas heat content the power plant was paymg for. Although this analyzer does not
contribute directly to reducing energy consumpuon, it WIll prove the loss of thousands of dollars
each year of energy paid for but not receIved.

Later we received copies of gas and mazut data for consumptIon and pricing, and a letter of
receipt for the equipment. The engmeers said they would use the Enerac combustion analyzer
to do tuning of the boilers over the next week and send us the results.

We met with the Chief Engineer of Krimenergo, Alexander P. Opatko. We discussed a broad
range of subjects regarding the plans and projects for energy development in the Cnmea. He
placed major emphasis on the recent Ukraine Presidential Decree for development of alternative
energy technologies, which Crimea, like California, has a rich potential. As a result of the
extensive drilling program over the past ten years exploring for gas and oil, geothermal
resources have 'been discovered which could proVIde up to 40% of Crimea heating needs. He
is very much interested in our experience in. geothermal technology and would like to develop
greater U.S. cooperation in engmeering, development and equipment. He also would like to
learn more about other mature U.S. alternate technologIes such as refuse burning, wmd power,
energy storage and solar.

On Feb. 24, the plant engineers were using the combustion analyzer on their own taking tests
and tuning the boilers. We spent the day in diSCUSSIOns WIth the Deputy Director revIewmg the
information we receIved, gettmg clarifications and translatIons of some terms.

• 1.3.4 Saturday. Feb. 25. 1995 - Travel to Dniproenergo-Krivoi Rog Power Plant

•
We met the Director, Deputy Director, Plant ChIef Engmeer and the Chief Engmeer of
Knmeaenergo before departing for Dniproenergo-KnvOl Rog Power Plant. The Chief Engmeer
of Knmeaenergo agam emphasized the hope for future cooperation on alternauve energy

•
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technology and requested information, brochures and qualifications.

Feb. 26 Through March 1 - In Krivoi Rog Power Plant

On Feb. 27, we brought the equipment to the power plant and set it up in the archIves library.
We then went to meet the Director Valeny Chebotar and the Chief Engineer Vladlmer Ludekof
and gave a brief introduction and description of the Instruments we brought for them and
presentation of our scope of work. The Director gave a description of the power plant. The
Director and Chief Engineer then came with us to the library to look at the instruments. They
then called for specialists to come meet WIth us.

We first met with Vadim Necrasov, Chief of water treatment and chemIcal laboratory and
Svetlana Kikolionkova, Engineer - chemIcal laboratory. We discussed bOller water chemIStry
and fuel analyses and requested data on coal, mazut and natural gas.The most cnttcal need IS
for online monitonng of oxygen in feedwater and SIlica (Si0:J after the demIneralizer for
makeup to the condensers. Each unit has a condensate polisher. They also expressed a cnttcal
need for an online natural gas calorimeter measunng Kca1/Kg and Sp.G. and a laboratory
calorimeter for measuring coal and mazut heating value in Kcal/Kg.

We were then introduced to the boiler engineers and electrical engineers who would be
responsible for the instruments we brought.

We demonstrated the functions and operation of the Enerac and let the two assigned engineers
practice using the instrument. We were given monthly data for 1994 consumptIOn and pnces
of coal, gas and mazut.

HHV of TP coal, mazut and Russian natural gas was calculated and programmed into the Enerac
with the Texas Instrument computer. We then went to No.5 block nght boiler (TPP-21OA) to
take some tests. We tried to get a sample at the convection backpass (about elev. 26000) where
the existing oxygen analyzer extr3Ction point IS located. This locatton is between the backpass
and furnace above the three back burners. The engineer tned to insert the probe lOto a sample
port, but it hit something and would not go through.

We went back to No.5 unit and took four good tests, one each through the center thermocouple
insertion point ahead of each regenerative air heater.

During dinner meeting, Dr. Osborne (USAID) asked why the CIS has not used Enerac type
analyzer before, to the Director and Chief Engineer. They explained that the former SOVIet
Union did not have the advanced manufactunng capabilities to make this kind of computenzed
analyzer. We explained that it is only in the past few years that the state-of-the-art
electrochemIcal specific gas sensors have been developed In the U.S. and Europe and that the
Enerac is presently the most advanced U.S. made analyzer which is computer programmable.
Up to this time the Orsat flue gas analyzer has been the most accurate method for testmg flue
gas composition by volume for CO, O2, CO2, and N2 by difference. The dIsadvantage In It's

•
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use is that it takes a lot of time to set up and use, and the operator has to be experienced and
constantly practice in order to get accurate readings.

On March It we met with the Chief Engineer, his asSIstant and the two boiler engmeers to
discuss the combustion efficiency test results and other Items. Mr. Ken Carlson t BRC Project
Director from Washington, D.C. was present at thIS meetmg. The Chief Engmeer seemed to
be impressed at the readings shown on the Enerac printout from the previous afternoon's tests.
Considering the quality of coal bemg burned and less than full load at 225 MWt the test results
were good, indicating that the boilers were performing well. He noticed the higher flue gas
temperature from the left furnace burning 15% natural gas (323,319C) vs. the right furnace
burning 5% natural gas (303,304C). He recognized that Improvement in performance can be
made because of unburned combustIble and carbon monoxide levels, where carbon diOXIde levels
could increase closer to the ultimate level for perfect combustIOn. They made several copies of
the Enerac printouts for the engineers to have.

We were told that Unit 5 was reconstructed about five years ago. Unit 6 is presently
disassembled and undergoing reconstruction after five years of operation. There IS a lot of
fireside deposits on furnace wall tubes and convection backpass tubes which results in loss of
boiler efficiency. There is a lot of concern about ash slagging on the superheaters and reheaters
from the different coals they receive, and they would like to get a laboratory instrument for
determining ash fusion temperature to determine slagging characteristics and thus have better
control over the fuel mIX and boiler operation.

Because of a shortage of mazut, they presently use natural gas for flame stabilizing. They
presently get coal from Donetsk, Lugansk and Kuznetsk fields. The coal is received at two car
dumpers, sent to the fuel yard and mixed with dozers. From the reclaim the coal goes to the
mills and it cannot be determined what kind of coal or characteristics goes to the boilers. Up
to five times a day the fuel characteristics going to the boilers could change. There is usually
about a four hour lead time because of holdup time in hoppers.

They could see the advantages of having nu~lear dual gamma ash gage on the coal conveyors
going to the boilers. This instrument could gIve real time readouts of percentage ash and
mOIsture, WhICh would allow the operators to choose the mode of operation of boilers to adjust
for changes in mOIsturet ash content and volatIles. Howevert they are concerned about the cost,
would much prefer to have laboratory instruments to determine proximate analyses (fixed
carbon, volatiles t ash, moisture), heating value and ash fusion temperature. If they can register
these instruments with the National StandardizatIon CommIttee, they will be able to test coal
deliveries and issue claims to suppliers for defiCIencies 10 quality.

• They urgently need an online gas calorimeter because they are being shorted on heat content by
Gasprom. Their laboratory calorimeter is not commercIal (certified), the tests are not continuous
so they cannot make a claim for credits. We were glVen test results for monthly averages for
1994 as well as gas consumption.

•

•
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We discussed the possibility of installing in-situ zirconium oXIde oxygen probes on at least one
unit, two furnaces, two per furnace, four reqUIred. If so, they would prefer installing at same
location as existIng extractIon points to be able to compare WIth Russian made extractIve type
oxygen analyzer. Maintenance, calibration and accuracy for existmg analyzers IS very good and
operators have high confidence in the readings. They would rather see the money spent on other
higher priority instruments they need. We discussed the possibility of usmg mfrared (lR) type
carbon :~ioxide analyzers m addition to the existing oxygen analyzers.

We obtained line sizes and design information for specifying sonic flow meters for two supply
and two return mazut lines servIng the boilers. We talked about the possibility of using the
pulverized coal feeders to measure revolutions with counter switches and summing to measure
fuel feed to boilers. The engmeers think there would be 20-25% error due to wear and spacing
of feeder plates. This idea needs to be further explored.

The electrical engineer found the heat spy so useful in the first day of use that the chief engmeer
would like to obtain a second one. The electncal engmeer found some hot spots on generator
buses and some hot contacts on swItchgear and they were gomg to ImmedIately take actIon to
do maintenance. Also, he will put the power analyzer to use to look for transmission and
switchyard problems and he will run tests on fan and pump motors to check the motor
efficiencies and the pump and fans performance.

The chief engineer asked if we knew of analytIcal instrumentatIOn for performing waveform
analysis to determine vibration hannonics in balancing turbine generators. They do not have the
technology to balance rotors adequately after overhaul and repairs, and have sustained large
economic losses to maintenance and operation from damage to bearings and blading. We satd
we would get them information on portable Fourier waveform harmonic analyzers and orbit
vector plotters with associated computer interface equipment, transducers, fittings, cables, etc.

They also want to learn about u.s. technology for identifying hidden cracks in weld jomts in
complex shapes and sections in supercritic~ steam servIce. They have dye penetrant, mag
particle, ultrasonic and X-ray NOT, but their X-ray eqUIpment does not have the needed energy
level film resolution.

For the Enerac combustion analyzer, they SaId it would be difficult to obtain the necessary
specification calibration gases of good quality and would prefer to have the calibratIon gas kit
provided. This is an acnon item, to determme If these gases can be obtaIned In Kiev to
specification and furnished to the power plants. It IS necessary to calibrate the analyzer about
every three to four months.

If in-situ oxygen analyzers are provided, it is necessary to furnIsh S.S. tubing since It is very
difficult to obtaIn. They also need the necessary lengths of twisted wire, and interconnectIng
cables.

•
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1.3.5 Thursday. March 2 - travel to LVlvenergo - Burshtyn Power Plant

March 3 through March 7 - In Burshtyn Power Plant

On March 3, we met with the Chief Engineer of the Power Plant. The chief engineer then
called In a group of engineers and specIalists. We presented our plan and explained the scope
of work. We then had all the equipment brought into the chief engineer's office and we set It
up and showed it to the specialists.

At noon we met Dr. Osborne and Andrew Pannov (USAID), Darian Diachok, and AndreI
Kononov (IDEA) for a few minutes to give a status on successes of the three prevIous plant
visits.

We trained the two assigned boiler engineers for operatIon of the Enerac. We asked for analyses
of the coals being burnt In the plant.

On March 4, we met with Orest Daniluk, Deputy DIrector. He saId one of theIr biggest
problems is losing their technical specialists. Many of the engineers have gone on to work In
foreign countnes or gone into positions in mimstnes or government. The present Director in
the Ministry of Energy Vilen Semenuk was formerly Chief Engmeer at Burshtyn and the present
Chief Engineer of Lvivenergo Stephan Melnir was also Chief Engineer at Burshtyn.

On March 6, we were given the analysis for Polsky coal. We calculated the higher heating
value (HHV) and programmed the Enerne. We then went to Unit (block) No.4 to run tests.
These units have the dual block Taganrog TP-lOO (two boilers per turbine) T-type boilers. We
took four flue gas samples at the same locations where the eXIstmg Russian extractive type
analyzers are connected. Therefore, the "stack" temperature readings are not correct, resulting
in invalid effiCiency calculation results. However, the flue gas constituent values are directly
measured, except CO2 which is calculated based on fuel analysis and the measured oxygen
content. This 200 MW rated unit was burning about 95 % Polsky eoal with about 5 % gas at a
maximum derated output of 165 MW. The l;nerac readings for oxygen corresponded very close
to the oxygen readings from the existing RUSSian ~alyzers.

The operators felt quite confident in the 02 analyzer readings, however, the instruments have
to be routinely maintained and calibrated. We then took flue gas samples at the two LD. fans
to compare reading to see how much leakage there was from the air heaters. This unit had the
Ljungstrom regenerative air heaters replaced WIth tubular air heaters during reconstruction.
However, all the readings, including oxygen and excess aIr, mdicated significant air Inleakage,
probably most from ductwork and precipitator leaks.

We then went to Block 5 boilers and took flue gas samples at the same extraction points as the
existing oxygen analyzers. These boilers were burning 60% natural gas and 40% mazut, at
95 MW load and reduced steam pressure and temperature. The oxygen levels were high due
to somewhat high excess air. The high oxygen readings correlated with the control room

•
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readings from the existing extractive oxygen analyzers.

We met with Nikolai Kobyev, Deputy Chief Engineers for reconstruction and Development, to
discuss the priorities for instrumentation needs as identified during previous trip. The same
issue about natural gas heat content at other power plants was raised and we were given data for
1994 showing the Gasprom values and Burshtyn laboratory values. The data indicates that they
are not receiving the fuel energy that they are paymg for. Although an on-line gas calonmeter
does not contnbute direct!y to improving "combustion II efficiency, it may be a tool for recording
actual gas energy consumption and reducuon of payments for Imported gas.

We talked about the problem of the existing extractive oxygen analyzers requinng so much
mamtenance and calibration. Because of a previous discovery that the shunt line from backpass
to LD. fan was filled with acidic sludge~ and fouled the analyzers, we suggested to Nickolm that
maybe two couplings could be welded on the shunt line bend near the backpass to Inject steam
to flush the sludge in the pipe by high velocity into the backpass to clear the holes In the pipe,
and to the J.D. fan duct connectlOn. They should disconnect the sample hose to analyzer before
flushing the line. Nicolai thinks this is a good Idea and saId they will try this on one bOIler.
He thmks that instead of buying new in-Situ oxygen analyzers, the money can be better spent
on more important and useful instruments. They have received four of new improved but
similar design analyzers manufactured in Kiev, which will be installed on Unit 3 which IS

presently under reconstrucuon.

On March 7, we again met with Nickolai to continue our discussions on priorities of necessary
instruments. We talked about a possible way to measure pulverized coal feed from the bunkers
to the burners by counting revolutions of the rotary feeders and totalizing electronically since
these are volumetric feeders. Since the rotary plates wear over time, the question is of how
much the accuracy would deteriorate over time. Nicolai thought this might be a good idea to
look into further, and would be a lot less expensive than putung weight transducers on the two
belt feeders from the raw coal bunkers to the pulvenzers..
Nickolai was the person who during our last trip asked about an ash gauge. We showed him
the literature form the three manufacturers of the dual gamma nuclear gauges and the budget
pricmg. He descnbed their existing sampling and analysis system and procedures.

In 1994 they paid 2.2 billion KRB ($24,000) in fines for emissions based on the delivery
analyses of sulfur in coal and mazut and then calculating S02 and S03 concentraUons in mass
flow of flue gas based on boiler loads. The calculated results are only educated estimates at best
based on the accuracy of sulfur contents variauons over tIme and estlmates of the tons of coal
burned. They have a Zeigler CEM installed for No.3 stack (Units 1, 4, 9, 10, 11, 12) WhICh
was purchased by the Ministry in U.S.A. and installed by MLV, an Austrian company, and the
power plant paid for it. They cannot use it now because they need about $4000 to $6000 to
purchase calibrauon gases and pay for renewal of the servIce contract. They also have a one
year old German manufacture IMR combustion analyzer similar to the Enerac, except
conforming to European standards using the Seigert equation. They need a new oxygen sensor,
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which typically for all electro-chemical oxygen cells last about one year. They also need the
special calibration gases and service on the analyzer.

They also placed a high priority on getting better level gauges on four main mazut storage tanks
to measure deliveries and consumption of mazut. The present level instruments are pressure
transducers near tank bottom, indicating level based on height and density of liquid. The gauges
are not very accurate due to vanations of density of mazut and water content and plugging of
the tank nozzles with crud.

New ultrasonic level instruments would provide accurate level readings, and are not that
expensive.

They found the heat spy to be so useful that they would like to obtain a second instrument to be
used by their electrical maintenance engineers to locate hot spots in switchgear contacts,
transformers, motors and generators. They also asked about vacuum leak detector
instrumentatIOn and techniques for identifying and locating condenser vacuum leaks.

1.3.6 On March 8, we left Bursktyn for Kiev. On March 9, debriefing was held WIth Dr.
Osborne, Danan Diachok, Andrew Parinov and Andryi Kononov, and Tom Kerney of the World
Bank, to participate in completion of filmmg of a TV documentary on the USAID and World
Bank roles in the Ukraine energy program.
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TRIP REPORT
Delivery Order No 6 - Energy Efficiency and Reliability, Ukraine

Subtask 2 3 - Implementation Phase (Follow-up Visit)
July 21 to August 9,1997

INTRODUCTION
USAID has provided funds for Burns and Roe Enterprises, Inc to procure and supply
energy efficiency instruments and perform plant audit VISits at seven Ukrainian Thermal
Power Plants The objective of these VISitS has been to Improve combustion and bOiler
efficiencies, Improve mOnitoring and energy management

DUring February - March of 1995, each plant was prOVided with an Enerac combustion
analyzer, a laptop computer and pnnter, an Infrared thermometer and a Fluke power
analyzer

Burns and Roe engineers conducted follow-up VISitS and training dunng JUly 22 - August
16 In Ukraine In accordance with the Delivery Order objectives The follOWing report
desCribes the actiVities of John E Hallberg, P E and Alexander Flllppov who vIsited KrivOI
Rog TPP, Simferopol CHP Plant, Odessa CHP Plant and Burshtyn TPP A report
desCribing the actiVities of George Keller, P E who vIsited Zmlev, Uglegorsk and
Kourakhovska Power Plants IS Issued separately.

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

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

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

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

TRIP REPORT AND RESULTS
Mon & Tue. July 21-22.1997 - Travel to Kiev, Ukrame
Wed. July 23. 1997 - Travel to Knvol Rog (Zelenodolsk)
Thr & Fri. July 24-25. 1997 - In KnvOI/Rog TPP

PERSONS MET DURING MEETINGS
Vladimir F. Soroka - Chief Engineer (new)
Peter Solovey - Chief of Maintenance Department
RJabokon Nlkolay - Deputy Chief of Automation
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Vladimir Pachura - SeniorMaster. Head of Automation Department
AnatollJ Propopenko - Electrical Specialist
Vaslly Bokly - Infrared Thermometer
Andrey Kolobayev - Fluke power analyzer, Ultrasonic flow meter

INSTRUMENTS SUPPLIED TO KRIVOI RaG TPP
Zirtek oxygen analyzers, 4 probes for 2 bOIlers, 2-two channel analyzers
Panametncs two channel ultraSOnic flow meter
Instromet natural gas chromatograph, display Unit and accessones
Oxygen cell and consumables for Enerac

DISCUSSION
Of all the personal contacts made In February, 1995, we met only one person, Peter
Solovey - Chief of Maintenance Department The former Chief Engineer, Vladimir
Luchnlkov was promoted two years ago to First Deputy MInister of Energy In Kiev The
new Chief Engineer - Vladlmer Soroka was promoted from the BOiler Department He was
very busy and did not seem to be familiar With the work we were dOing

There IS a Canadian company at the plant working on "Group Project Implementation", a
$260 million World Bank loan for rehabilitation of Units 6, 7 & 8 It was said that they are
prepanng tenders ThiS firm has Installed a satellite system for telephone, fax and E-mail

They find the Enerac combustion analyzer to be very good compared to other Instruments
However, they do not see any advantages to use It effectively In thIS plant on the
supercntlcal bOilers, as there are no appropnate measunng ports They claim that the
Instrument IS expensive to maintain, requlnng calibration every three months, With a
calibration gas kit which they do not have Also, the oxygen sensor must be replaced
every year They recently received a new sensor, but haven't Installed It yet because they
cannot calibrate It (supplemental calibration gas kits have been reordered for each plant)

The Infrared thermometer IS used a lot In the Electncal Department for checking contacts
Mechanical techniCians use It on generator and turbine where they cannot measure direct
It IS used for routine maintenance measunng hot spots on bus connections, at dlstnbutlon
substation, on motors, bearings, transformer bushings, Insulators, etc They now use the
Infrared thermometer In place of manual hand test for rotor and stator "hot spots" They
also use It on heat exchangers to find scale and sludge bUild-up In heat exchangers

Sometimes the technical people Will not belIeve the Instruments, but Will trust their
expenence or hand or senses An example IS for coal mill bearings where many have
been destroyed. but the Infrared thermometer can find hot spots qUickly and save a lot of
money It would be very useful for operations to have thiS Instrument. everybody who
needs It, Instead of one man It would be best for each control room to have one

Last Monday, 21 July. they started uSing the Panametncs ultraSOnic flow meter to measure
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cooling water flow to condensers. Next they plan to measure bOiler feedwater and distnct
heating water flow rates They recognize many opportunities for uSing this Instrument to
save energy The most Important use IS for balancing the dlstrtct heating demand load

A practical example we observed was to measure the flow rates of 25 cu m/sec through
a filter with new medIa installed The chemists saId flow rate would decrease due to
Increased pressure drop, but there was no way to check It. In a matter of a few minutes,
the speCialist confirmed the flow rate with the ultraSOnic flow meter

Another example IS where they plan to check mazut flow to quantify measurement
differences and losses ThiS morning they could not account for 80 tonnes of mazut
burned in three bOIlers, how much per bOIler and why Was It easier to burn the mazut
than poor coal In one of the bOilers, or was the coal unusually bad that night?

They requested technical literature on doppler ultraSOnic flow meters for use In open
channel flow measurements In cooling water flumes

They Installed oxygen analyzer probes on the base loaded Unit 1 dual bOilers, two probes
per bOiler With SIgnals to two dual channel analyzers Installed In the control room behind
the main panel Jerry Harger from Zirtek commissioned the Instruments In June and
trained the personnel

During startup, one electrOnic board failed and Zirtek replaced It Out of 8 probes (4
spare), four were damaged, the ceramic broken One analog output for the plotter failed
after Jerry Harger left The analog outputs are connected to their strtp recorders They
plan to move the analyzers (display) to the front panel as operators become confident In
readings. The oxygen readings were averaging about 4%, temperature about 700°C Air
heater temperature as about 500°C +

Reference air for the probes IS temporartly supplied from compressed air cylinders, good
for one week The only compressed air avaIlable IS plant air which IS wet and dirty With 011

They plan to Install a coalescer and filters

POSitIve advantage of the ZirCOnium OXide probes IS that they are "ten times less
maintenance" and very stable Two maintenance technicians work full time on the Soviet
made paramagnetic oxygen analyzers to repaIr and adjust them Every morning they have
to blow down, clean and adjust them on all the bOilers, and whenever operators call them
to check on erratic readings

The Instromet Encal Gas Chromatograph was received In May and they had not yet
Installed It We looked at the Instrument In the shop and answered questions about
connections They have been studying the RUSSian language manuals

We went to the natural gas metenng substation to look at where they planned to Install the
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chromatograph They believe the control house is too small and want to build a new 3m
x 3m bnck bUIlding, but have no money They are concerned about regulatIons, safety and
maintenance. They will take the sample line off of main before onfice run. They are
planning to Install display control unit in laboratory. After much discussion, they think they
can clean up the control house and Install GC In there by August 8.

The employees haven't been paId until today, 25 August, 30% of their December 1996
salary The plant could not even find enough money to buy mIlk for the kindergarten
children. They need money to buy freon for the turbine bUilding overhead crane cab aIr
conditioner, where temperature reaches 120°F

It IS hard to get people motivated, even though they are highly skilled and expenenced
The plant stll1 generates power when they can get enough fuel, and do not get paId for the
power It IS a catch-22 sItuation where they know they need modern Instruments to
measure and analyze fuels to save large sums of money and energy, but no money to
even buy spare parts and supplies

We did not get information on results from uSing the Fluke power analyzer as the specialist
was said to be on vacation

Sat. July 26. 1997 - Travel to Simferopol
Sun. July 27.1997 - Rest and wntlng notes
Mon and Tues. July 28-29. 1997 - In Simferopol CHP Plant

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

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

DISCUSSION
Valery Bablehev - Chief of Technical Department IS trying to develop a computenzed
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Information system for the plant and would like to combine the data from all instruments
into one program He has wntten a program In C-Ianguage for downloading data from the
Panametrics He asked where IS the program from Panametncs for downloading data to
a computer They use the flow meter every day for measunng hot water flow and mazut
flow to bOilers

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

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

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

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

They also found a small 200W unbalance of about 20% at admlnrstratlon bUilding where
one phase was overloaded and they corrected It The Important lesson IS that the Fluke
IS useful for Identifying energy losses

The Infrared thermometer Mlnolta Cyclops IS used to check for heat losses from bOilers,
drum insulation, steam lines, etc They found bad insulation on a stream drum and
replaced It They tned to check the accuracy of Instrument against a thermocouple and
found 40°C dIfference They do not trust the accuracy, but saId they do not have a manual
in RUSSian or table of emissivitles We mentioned that the Mlkrom manual was translated
and should be Similar

They used the Instrument to find a steam leak under Insulation In the main bUIlding They
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were starting a bOiler, 370°C, 40 kg/cm2 and saw there was a problem, valve was
steaming, not normal They measured insulation temperature difference near the valve
and found a 10 cm crack on weld of 325 x 24 mm pipe

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

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

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

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

We were prOVided with a table of consumption, heating values and prices for natural gas
and mazut for 1996-1997, attached In-plant cost to produce electriCity IS 5 3 Kp/KWh
(2 91 ¢/KWh), and Kremenergo sells at 711 Kp/KWh (3 91¢/KWh)

Wed, July 30. 1997 - Travel to Odessa
Thr & FrI, July 31-Aug 1,1997 -In Odessa CHP Plant

PERSONS MET DURING MEETINGS
George Vukovlch- Director

• Oleg Yarotskl - Chief Engineer - Power Plant
Sergey Donchenko - Chief of Instrumentation
Valerie Gurburov - EqUipment Engineer
Antonlna Ogorodnlkova - Chief Chemist

INSTRUMENTS SUPPLIED TO ODESSA CHP PLANT
Zirtek oxygen analyzers, 2 probes for one boiler, 1 two-channel analyzer
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Instromet natural gas chromatograph, display control unrt, accessones
SIlica Analyzer In Customs
Conductivity Meter In Customs
pH meter In Customs
011 In water analyzer In Customs

DISCUSSION
The power plant IS In the process of being transferred to MUnicipal ownership and control,
not pnvatlzed. The only Instruments to pass Customs clearance were the gas
chromatograph (GC) and bOiler oxygen analyzers The other Instruments are on plant
terntory one month In custody under Customs control They do not know when released

The Enerac, infrared thermometer and Fluke power analyzer are In the custody and being
used by the firm "Energo Naladka (Energy Adjustment) Enterpnse"

The Enerac was used Intensely until February 1996 when the oxygen cell failed They now
have a new cell, but no calibration gas kit or instructions They provided a detailed wnte-up
on its use and energy savings (attached).

The Mlnolta Cyclops Infrared thermometer was used to measure bOiler and piping
insulation, temperatures of beanngs, motors, buss connectIons to 6 KY, 6-11 OKY contacts,
etc. They provided a detailed write-up on ItS use (attached)

We could not get any Information about use of the Fluke power analyzer or results They
provIded a letter that did not give any real descnptlons of ItS usefulness

We looked at installation of the oxygen probes and reference air cabinet at about 24 m
elevation They used an old soft dnnk dispenser cabinet, modified the compressor for air,
added an accumulator tank and filter and mounted the control air cabinet inSide It They
also found some additional copper tubing from salvage The analyzer display Unit IS
mounted In the main bOiler control panel, With a cutout for mounting a strip chart recorder

It was deCided to mount the Instromet Encal gas chromatograph In the chemical lab since
there IS a sample line already Installed The GC cabmet IS mounted on the wall, display
control Unit sitting on a desk, and electncal outlets Installed No tubing was mstalled, but
can be qUickly completed There was a lot of diScussion whether the GC should be
Installed at the gas metering substation

They have a data logging system Similar to Simferopol scheme, except they used a
Pentium computer for logging

We were proVided a list of data for gas and mazut consumption, heat contents and pnces
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In Plant Cost to Produce Import Power Annual Ave. Cost Avg.
Sell

Winter - 3 Kp/KWh (1 65¢) 65 Kp/KWh (3 57¢) 65 Kp/KWh (3 57¢) 8

Summer - 20 Kp/KWh (10 9¢) 6 5 Kp/KWh (3 57¢) 65 Kp/KWh (3 57¢) 8

ODESSA - 31 July 1997

In the result of the computatIon modes and elimInation of the insulation defects earned with
application of Instruments Enerac + Cyclops, these were achieved economy of fuel In terms
of the condition of fuel. (7000 KCaIlKg)

Consumption of Conventional Fuel Savings

1995
1996
1997

878 tons
724 tons
222 tons

04%
04%
02%

For the penod of operation of the gas analyzer Enerac 2000 between March 1995 and
December 1996, a bngade team of adjusters and engineers of the Central Research and
TechnIcal Department of Odessa Energy Adjustment, there were fulfilled the works that are
Similar for 9 out of 14 installed bOilers

Odessa Heat Power Plant - Mode and ecological and heat and techmcal tests of the steam
bOilers KU-1

1 TP-170, Station #5, 6, 7, and 8 adjustments of the furnace mode, ecological and
heat and techmcal tests with optImIzation of the harmful substances In the coming
out smoke output gases

2 TP-47, Station 10 adjustment of the furnace mode, ecologIcal and heat and
chemical adjustment with optimization of exhaust of the harmful substances Into the
atmosphere in the coming out smoke gases

• At the bOIler of KU-2

1 GM-50, Station 1, 2, 3 adjustment of the furnace mode, ecologIcal, heat and
technical adjustment with optImization of the exhausted harmful substances,

At the bOilers of the water heating bOiler house of Odessa Heat Power Plant.
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1 PTVM-100, Station 2 - adjustment of the furnace mode, ecological, heat and
technical adjustment with optimization of the exhausted harmful substances

At the enterprises of Odessa Heat Supply Network'

1 There were carned out ecological, heat and technical tests of the water heating
bOIlers at the following bOiler houses

Severnaya-1 
Northern

Yuzhnaya-1 
Southern

Chuboska -

BOilers PTVM-50, No 1 and 2
BOilers PTVM-1 00 I No 3 and 4

Boilers PTVM-50, No 1,2,3 and 4

BOIlers KBGM-50, No 3 and 5

•

•

•

Besides on the steam boilers of Odessa Steam Power Plant they regularly carned out work
aimed at correcting the mode gUidelines after a long term non-operation of the equipment,
In case of operating the bOilers, on a combined fuel (gas + mazut), determination of the
operation charactenstlcs of the bOilers on the ground of the results of the gas analySIS
(leakages along the gas path of bOIler) There were also carned out express tests of the
bOilers before their repair and after repairing to evaluate the fulfilled repair works

CONCLUSIONS
DUring the period of operation of the Instrument Enerac 2000, the speCialists from the
group for adjustment of the heat and technical eqUipment of Enterprise Adjustment one
can come to the following conclUSions

Operation of the Instrument for determination and adjustment of the optimal
combustion mode for a set load gives reduction of the working time by 50-60%

The effiCiency of carrying out of adjustment and regulation (controlling) of the
furnace process as the bOiler IS rising on account of reduction of the time for making
samples, and It Increases the capacity of the bOiler by 0 8 - 1 2% due to the
preCISion of the Instrument readings

Work With the Instrument Enerac 2000 IS of large effect In the work of the operations
people of the bOilers concerning corrections of the furnace mode when working In
the non-stationary modes of the bOiler work, as well as It gives a large reduction of
time when fulfilling the mode and adjustment and also ecological and heat and
technical tests of a bOiler With the aim of making the mode gUidehnes as well as the
ecological and heat and technical charactenstlcs of the bOiler

Remarks (or comments) (concerning the organization and service maintenance)
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A low life time resource of the oxygen sensor life (1 year)
Service maintenance IS not available
(they were talking about having a representative In Moscow, but from the standpoint
of Ukraine, that IS another country abroad, another currency and problem of
lOgiStiCS Should have representative In Kiev or another large City )
The Instrument has not been registered or certified with the State Standards of
Ukraine

REVIEW ON FUNCTIONING OF METER CYCLOPS 300AF/300
The Instrument IS used for precise measurement of the temperatures of surfaces without
direct contact with the medium In the range from -50 to 1000°C The adjustment people
of the enterprise "Odessa Energo Naladka" used the Instrument for the follOWing purposes

1 Measuring temperatures of the outSide surfaces of the cover bOiler aggregates at
Odessa Heat Power Center to determine the heat losses Into the surroundings

2 Measuring temperatures of surfaces, Insulation of the steam and hot water pipelines
for restoring and repairing the heat Insulation of the pipelines

3 To check the temperatures of heating the cases of the bearings of the rotating
mechanisms and the temperature of heating the motors

4 To check the temperatures of connections of the buss lines In the distributive
deVices With the voltage of 0 4-6 KV

5 To check the temperature of connections of the buss lines of open distributing
deVices With the voltages of 6-110 KV, at transforming substations

Usage of the Instrument cyclops 300AI/900 resulted In Identification of the places of
damaging the outSide cover of the bOilers and Insulation of the pipelines Elimination of
damaging of the cover and restoration of the pipeline Insulation made In due time resulted
in reduction of the heat losses Into the environment from 0 05-0 15%

Checking of temperatures of the bearings In rotating mechanisms (fans, smoke suckers
(I D Fans), pumps, etc) allowed to replace them In due tIme preventing getting of the
equipment out of order

The systematic checking of the temperature of the connections of buss In the distributing
deVices and at the substations permitted to prevent the emergency Situations at the
Odessa Heat Power Center

CONCLUSIONS
The Instrument IS reliable and SUitable In operation, It has small overall size PrOViding
availability of a printer, ItS pOSSible to register the readIngs
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availability of a pnnter, Its possible to register the readings

REMARKS
1 The instrument has not been certified with the State Standards of Ukraine

2 Service maintenance IS not available

Sat. August 2. 1997 - Travel to Burshtyn
Sun. August 3. 1997 - Rest and Wntlng
Mon and lue. August 4-5. 1997 - In Burshtyn Power Plant

PERSONS MET DURING MEETINGS
Vasyl' Bendasluk - Director (New)
Igor I Bozenenkow - Deputy Director - Foreign Affairs (Former Director)
Orest Daniluk - Deputy Director - Technical
Nlkolay Kobzev - Deputy Chief Engineer for Reconstruction and Development
Gorgory Stepas - Deputy Chief Engineer - Operations
Ivan Berkosha - Chief of Technical Department
TanaslY Semotyuk - Head of Adjustments Workshop
Mykola Korvotsky - Head of Chemical Workshop - GC
Peter Choplk - Senior Forman Automation Workshop - O2 Analyzers

Dept of Automatic Control Systems
Mlchall Zelanovsky - Deputy Chief of Adjustment Dept - Enerac, Infrasec
Yaroslav Pynhh - Computer Specialist
Nina Kryzhanovskaya - Senior Foreman - Electncal Department

INSTRUMENTS SUPPLIED TO Burshtyn
Zirtek oxygen analyzers, 2 probes for one T-bOller, 1 two-channel analyzer
Panametncs two channel ultraSOnic transit time flow meter
Instromet natural gas chromatograph, display control Unit and accessones
Oxygen cell and consumables for Enerac

DISCUSSION
There have been significant management changes and finanCial problems at this power
plant which seem to have had a negative effect on employee morale and successful results
with USAID energy effiCiency and mOnitoring instrumentation

• The new Director, Vasyl' Bendaslvk, came from Dobrotvotor APP 900 MW power plant
There was a flUidized bed bOiler project at that plant which IS no longer operatmg The
former Director IS now Deputy Director of Foreign Affairs There seems to be a lot of
political in-fighting and lack of support for highly skilled and experienced technical
specialists wanting to see progressive Improvements made

• They are In the process of another organizational change In LVlvenergo where 300 new
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paid December salary

It IS difficult for employees to be motivated when last week they received only 20% of their
February salary The power that the plant generates for domestic and export consumption
IS paid for In bartered goods, not cash

About the Enerac combustion analyzer, they asked why the manual has detailed
Instructions for plotting and emiSSions analySIS, but the Instrument says "no function" The
bUilt-in pnnter IS supposed to pnnt curves, but It does not work They can only get plots
on computer screen by uSing Enercomp for Windows They had diSCUSSions With
Uglegorsk power plant about the Enerac Also, the refresh diskette IS a 525 In floppy,
whereas the Tllaptop has a 3 5 In drive Enerac S N 11003249 They used It for a while
to measure CO2and NOx In flue gas

They also have a German IMR combustion analyzer (1994) Similar to Enerac, which also
needs an oxygen sensor, calibration gases and service, but no money to purchase

They report that the Zeigler UNICON CEM system Installed on stack No 3 several years
ago IS stili non-functional because they need calibration gases The probe In stack IS
damaged because of lack of use and no maintenance They said $455,000 was wasted
They said the amount of fines for emiSSions has decreased because the number of Units
operating has decreased Fees (fines?) paid for emiSSions In 1996

•

•

EmisSions
Soot
Sulfur Anhydride
NOx
CO
V20 S

Hrvlna
212,588
459,107

76,352
4,538

404
752,989 $413,732

•

•

•

•

They also have a flue gas analyzer ANALIT-PRlBOR which was manufactured In Kiev It
IS reported to be a microprocessor type photo sensitive spectrum analyzer measuring CO2,
CO, S02, NOx, NO, N02, and haVing a long life The Instrument IS not portable, but
compact In size and easily moved It was Installed on Unit 9 for awhile near I D fan, but
removed because It was getting damaged In the dirty atmosphere

The Infrared thermometer was used up until SIX months ago to find problems, but battenes
died and they cannot find 2 Hrvlna ($1 10) to buy four new ones The electriCian used It
to check a large "fuse" on a transmission tower which was overheating from a short CirCUit
and could have been a serious safety Incident They used It to check Insulation and covers
on bOiler burners They also used It to find and repair insulation on steam lines from
bOilers They did not seem to be aware of other uses for checking temperatures of motors,
bearings, contacts, etc The electnclans apparently refused to use It
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The Infrared thermometer was used up until SIX months ago to find problems, but batterres
died and they cannot find 2 Hrvlna ($1 10) to buy four new ones The electrrclan used It
to check a large "fuse" on a transmiSSion tower which was overheating from a short CircUit
and could have been a serrous safety InCident They used It to check insulation and covers
on bOIler burners They also used It to find and repair insulation on steam lines from
bOIlers They did not seem to be aware of other uses for checking temperatures of motors,
bearrngs, contacts, etc The electrrclans apparently refused to use It

They recently received the Panametncs two-channel ultraSOnic flow meter and training on
how to use It. The technical specialist has studied the manual and plans to use It for
measunng mazut

The Fluke power analyzer IS being used for measurements only In secondary CirCUits up
to 100V, 02,03,05 amp A more sUitable application would be In pnmary Circuits It has
been useful for preparrng current phase diagrams and use In HV sWltchyard CirCUits for
checking measurements from current and voltage transformers

They know that harmOniCs from large motors are a serrous problem and the Fluke would
be a valuable Instrument for analyzmg, but it is not the responsibility of their department

The Instromet gas chromatograph has not yet been Installed because of finanCial
problems, and trying to deCide where It should be located They said there IS no space In

• the natural gas meterrng substatIon control house, and have deCIded to remodel a secure
room near Unit 2 They have a contract With another organization to Install about 50m of
sample line from the main gas dlstnbutlon line to bOiler room They Will raise walls to
ceiling to enclose room and prOVide Insulation They were asked where they Will vent
sample and calibration gases to atmosphere and where KCal output Signal would be

• mtegrated With meter station flow, pressure and temperature logging on computer They
do not yet know The Instrument and accessones are stili packed In boxes and It IS
questionable If eqUipment Will be Installed and commissioned by the end of August

The two Zirtek oxygen probes are Installed on Unit 3 bOiler angled downward above a
• burner on each Side ThiS IS not a good location because of the pOSSibility of flame

Impingement and high temperature and slag damage Zirtek engineer recommended
location higher up In radiant section In fire box Recommended temperature range for
ZirCOnium OXide cell long term performance IS 600 to about 1200°C

• The reason probes were Installed on Unit 3 IS the fuel split IS about 90% coal, 5% gas and
5% mazut and burner deSign results In unstable flame and IneffiCient combustion Dunng
the commissIoning test, oxygen was measured at 11-12% and 870-900 oe The bOiler IS
presently shut down for repairs

•

•

Some of the experts wanted to Install probes the same way at all 16 burners Our
ImpreSSion IS that they do not want to relocate the probes higher In the furnace
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but recognition of the creativity and Innovation of many talented specialists which can go
a long way to help solve problems and Improve energy efficiency In many small ways In

the Burshtyn power plant

Wed. August 6.1997 - Travel to Kiev
Thur & Fri. August 7-8. 1997 - Kiev meetings, triP report
Sat. August 9. 1997 - Travel to USA
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State Committee of the Autonomous Crimean Republic for the
Environment and Natural Resources Protection

The Central Crimean Regional Department for Nature Protection

March 12-25 1997
"Krymenergo" GAEK

Ministry for Power Engineering of Ukraine
74, Kievskaya Str.

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

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

I, the State Inspector at the Central Cnmean Regional Natural Protection Office, Ms I P
Shcherbakova, In the presence of the representatives from "Krymenergo" GAEK - Engineer
of the Industnal & Technical Department, Ms 0 Yu Valla-Yeva, Senior Engmeer from
Simferopol HPP, Ms V N Cherkassova, have carned out checking how the legislation on
the water protected facIlities IS observed at the Heat Power Plant named after V I Lenin,
the latter being an Independent structural Unit within "Krymenergo" GAEK (the prOVIsions
on the structural unit of December 1, 1995) -The checking has been performed on the
ground of the Law of Ukraine "on the natural environment protection" The checking

• resulted In finding out the follOWing

In 1996, at Simferopol HPP, there was produced

Power energy
Heat energy
Reactive energy

- 294,713 MW - h
- 350,976 Gcal
- 72,724 8 MVar

Between January and February In 1997, there was produced

• Power energy
Heat energy

- 57,557 MW - h
- 132,276 Gcal

The consumption of fuel In 1996 was

• Natural gas - 123,336 thousand m3

mazut - 9,891 ton
at the average sulfur content of 1 7%
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In January 1997, there was consumed.

of the natural gas - 18,812 thousand m3 at the lowest fuel
combustion heat Q =7,800 KCallm3

of mazut - 0 ton

At the moment of the mspectlon, there are m operation

two power bOilers - BKZ-160-1 OOFB
one water heating bOiler KVGM-1 00
a steam turbme T-34155-90
a generator at No 3 In the synchronous compensater mode

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

The enterpnse was given the developed and approved standards of MAE levels valid until
January 1, 1998 Until the same date, there IS valid the permissIon to release the harmful
substances mto the atmosphere m the amount of 3,893086 ton/yr (887286 g/s)

According to the report - 2TP-alr m 1996, the exhausts amounted to 761 610 tlyr, Including
there

the mazut ash - 4 930 ton/yr,
sulfur anhydnde - 354 930 ton/yr,
nitrogen dioxide - 401 760 tonlyr

The others Include - the mazut ash (4 920 ton/yr)

The standards concerning the maximum admitted exhausts by each bOiler when working
on mazut set the exhausts of the mazut ash In recalculation on the vanadium pentaoXide
The quantity of the given substance IS determmed by calculation, but m Chapter 2 of the
Report 2TP-alr IS not specified for the given substance

Accordmg to an agreement with DONORGRES, there IS fulfilled each quarter inventory of
the exhausts sources given by each bOiler with submitting a statement on the efficiency
and the exhausts Into the atmosphere due to the data from the reports and the
Instrumental measurements In 1996 the CO2 content In the flue gases IS absent

At the HPP there are monthly calculated exhausts of the harmful substances with taking
Into account the values of the sulfur content of the fuel determined by the laboratory of the
enterprise, and the same IS done concerning ItS lowest combustion heat
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However, there are no records kept In the register books of the exhausts Into the
atmosphere, nor IS kept the register for the exhausts measurements (the forms of the
registers were recommended due to "Instructions for organizing control of the exhausts at
a HPP" - RD 34 02.306-88) Enerac-2000 was not used by the laboratory of the HPP
dunng 1996 due to the resource of the oxygen analyzer to be over

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

The companson of the results shows discrepancy between the values concerning the
exhausts For example, when the steam bOilers BKZ-160-FB on No 1 are being operated,
the analytical control Instrument registers absence of CO In the fuel gas exhausts (Enerac
2000), the express-method "Inspector" determines their presence on the level of 62 5
mg/m, that IS within the process requirements and corresponds to the approved maximum
admitted exhausts levels

AnalysIs for the Boiler BKZ-160-100FB at No 3 was not performed by the laboratory of the
State Natural Protection Committee due to the mismatching the sample-taking holes

In the exhausts of the water heating bOiler KVGM-1 00 at No 1, measurements with both
the Instruments show presence of CO, the values determined by the laboratory of the State
Committee IS higher In thiS case too than those determined by the HPP

The values for the nitrogen oXide exhausts are practically the same, except for the
exhausts from BKZ-160-1 OOFB at No 1, the reading from Enerac-2000 IS 102 5 mg/m3

, the
reading from "Inspector" IS 150 mg/m3 The results of the checking measurements are
attached

As the method of "Inspector 1" IS a test-method, It IS suggested to carry out two parallel
measurements by Enerac-2000 and uSing the Instruments "TESTO-33" from the laboratory
of DONORGRES The results shall be In wntten form submitted to the inspection

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

According to the data from the HPP, the territory IS made up of three areas with the total
area of 26 88 hectares

1 - 23 18 he - the Industnal area
2 - 3 09 he - the ash-dumping area
3 - 0 6 he - an area In the collective orchards zone

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

The construction and installation works office "Krymenergostrol" has not submitted the act
on setting the borders of the area In the nature

State Inspector I Signature I

Persons present at the time of the inspection

Engineer of "Krymenergo" GAEK
Chief Engineer of Simferopol HPP

I P Shcherbakeva

o Yu Vahayeva
V N Cherkesov

•

•

•

On the ground of the above said, there IS suggested

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

2 To keep records In the register for exhausts and In the register for measurements
of the exhausts Into the atmosphere - The grounds for that - "Instructions for
organization of the control over the exhausts at the HPP" - RD 36 02 306-88
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ODESSA CHP PLANT
Fuel ConsumptIon

X1000 m3 Gas Mazut

Month Consumption Measured Contract ConsumptIon CaloriesCalories Calories

1-95 26350 7922 7979 3858 9630

2-95 23373 7907 7865 842 9630

3-95 23224 7894 7953 105 9630

4-95 17588 7872 7959 -- --
5-95 8179 7865 7918 -- --
6-95 1722 7850 7860 1045 9630

7-95 - -- - 3217 9630

8-95 - -- - 3173 9750

9-95 284 7850 7922 3810 9750

10-95 10143 7850 7922 407 9750

11-95 16623 7845 7922 2901 9750

12-95 20029 7834 7870 8277 9613

Total 147515 7879 7850 27635 9670



ODESSA CHP PLANT
Fuel Consumption

X1000 m3 Gas Mazut

Month Consumption Measured Contract Consumption CaloriesCalories Calories

1-96 23557 7870 7946 6947 9530

2-96 20496 7890 7952 4477 9530

3-96 22081 7861 7927 3234 9639

4-96 15165 7820 7870 -- --

5-96 8828 7831 7850 -- --
6-96 6868 7862 7910 1007 9680

7-96 5583 7865 7890 1853 9652

8-96 6955 7865 7910 1117 9530

9-96 3605 8037 7998 50 9530

10-96 2027 8046 7965 1170 9530

11-96 10672 8028 7957 -- --
12-96 21492 8012 7945 51 9530

Total 147329 7902 7967 19906 9567



ODESSA CHP PLANT
Fuel Consumption

X1000 m3 Gas Mazut

Month Consumption
Measured Contract

Consumption CalonesCalones Calones

1-97 27380 7996 7924 - --
2-97 25122 7905 7922 -- --
3-97 20271 7960 7917 - --
4-97 14130 7927 7945 -- --
5-97 8901 7923 7960 -- --
6-97 7915 7902 7984 -- --
7-97 7705 7907 7995 -- --

Gas $83/1000 m3 Mazut $95 to $118 per tonne



BURSHTYN

COAL CONSUMPTION

8-4-97

•

1995 P 1996 P

B (T) Qp *8 (T) Qp

I 379710 7097 367645 4285

II 298164 4393 256612 4210

III 320951 4509 264699 4354

IV 279651 4210 216863 4333

V 309413 3910 254222 4583

VI 319353 4022 255993 4747

VII 288009 3982 260548 4715

VIII 362394 4092 231768 4743

IX 391070 3672 231428 4717

X 419617 3608 229952 4496

XI 344118 3779 247744 4413

XII 311231 4437 268332 4106

PIC 4023711 4037 3085806 4464



BURsHTYN

NATURAL GAS

8-5-97

1996 P 1997 P

8 (T) Qp *8 (T) Qp

I 22069 8030 41599 8043

II 15726 8023 14889 8078

III 7813 8040 13023 8125

IV 1178 8030 20083 8115

V -- -- 34271 8100

VI -- -- 36519 8097

VII - -- 23345 8123

VIII 14068 8098

IX 25593 8110

X 17410 8135

XI 14222 8123

XII 33175 8130

PIC 151254 8092



Simferopol Power Plant

Mazut and Natural Gas ConsumptIon

1996: Total
Gas 123,336,000 Nm3

Mazut 9891 tons

7/29/97

Heat Content (Average)
$83/1000 M3

Gas 7969 Kcal/Nm3

Mazut 8767 Kcal/Nm3

•

•

•

•

Elec = 5 3 Kopecks/KWH Cost, 7 11 Kopecks/KWH Knmenergo Sells

X1000 Nm3 Gas Mazut
Month
1996 ConsumptIon

Measured Contract
Consumption Price/ton

Calones Calones

Jan 13456 7924 279 tons USD 194

Feb 13203 7879 634 (8660 Kcal) 197

Mar 10472 7858/8076 8796 3063 197

Apr 7258 912 197

May 6806 ---

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

Aug 13478 8736 8875 ---

Sept 8447 8667 8930 1193 (9208 Kcal) 180

Oct 4580 8444 8835 2717 170

Nov 11263 7862 8135 142 (8602 Kcal) 180

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

Mazut and Natural Gas Consumption

X1000 Nm3 Gas Mazut
Month
1997 Consumption

Measured Contract
Consumption Pnce/ton

Calones Calories

Jan 18812 7886 8097 --- 185

Feb 17551 7841 7967 301 185

Mar 18526 8092 138 190

Apr 14817 7879 598 190

May 12531 8343 25 190

Jun 12674 8246 --- 190


