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1.0 EXECUTIVE SUMMARY

1.1 Introduction

The audit team of John Hallberg and Prem Gupta spent four days, February 26 through March
1, 1995 at the KnvOl Rog power plant, about 45 Km SE of KnvOl Rog CIty. They performed
the following energy audit as representatives of Bums and Roe Enterprises, Inc of Oradell, New
Jersey.

The Krivoi Rog power plant IS presently 100% government owned, but is m the process of
reorganlzanon for pnvatizatIOn WIth the governments change to a free market economy. The
plant conSIsts of ten supercnncal 300 MW umts. The plant was commIssIoned between 1965
and 1973 and was built m three stages.

The coal the station bums is from the Donetsk region types T, TP and TK. 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.

OperatIOnal life of a unit is considered to be 200,000 hours. The first umt has been in operatIOn
for about 30 years and has undergone extenSIve renovanon at about 200,000 hours for an
esnmated hfe extension of 25 years. Umts 2 and 3 have operated 23 years and 25 years, Umt
6 for 22 years and the other umts less nme. Umt 5 was reconstructed about 5 years ago. Umt
6 is presently bemg rehablhtated to replace bOIler pressure parts, overhaul turbme/generator and
other equipment and upgrade mstrumentatIOn. There are plans to rebmld other umts.

1.2 Principal Findinl:s

Several Energy ConservatIOn Opportumnes (BCO's) for the power plant were Identlfied for short
term low cost measures and for longer term higher cost measures for large energy savmgs The
low cost measures mclude instrumentanon for measunng fuel consumptIOn and heatmg values
and for controllmg combusnon effiCIency whIch would result m simple short payback penods.
Larger cost long term measures mclude major combustion control system upgrades, mcludmg
mterlocks and flame safeguard systems, coal, ash and laboratory mstruments, and would result
in payback periods of about one to three years.

Rehabihtation and reconstrucnon studIes have been completed on thIS power plant to evaluate
the options: (1) hfe extenSIOn of eXlstmg umts, (2) complete replacement WIth new power plant,
or (3) a mix of hfe extension presently bemg done WIth addItIon of new umts The objectIves
are to be able to cleanly bum the eXIstmg poor qUalIty coals, remove SOz and mimmize NOx

formation and mcrease bOIler effiCIency and rehablhty. One proposed optIOn IS reconstructIOn
WIth atmosphenc CIrculatIng flmdlzed bed (ACFB) boilers.
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1.3 Recommendations

Boiler efficIency can be Improved, emISSIons reduced and the life expectancy of the KrivOl Rog
power plant extended based on the recommendatIOns listed In the folloWIng Table. The Table
summanzes several energy conservatIOn opportunItIes WhICh wIll pay for themselves withIn short
penods of tIme.

An investment of $166,000 in boiler efficiency improvements (ECO-04, 05, 06, 07, 08) will
result in an annual savings of $1,006,000, which corresponds to 16,570 tonnes of coal,
2,798,690 Nm3 of natural gas and 919 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 $144,700 which corresponds to 23,833 tonnes of coal, 4,025,554 Nm3 of natural gas
and 1322 tonnes of mazut.

Many other opportunitIes eXIst WIthIn the power plant for energy savIngs 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 SImple Payback

Savings
Project

ECOU Descnption
In US$

Cost In US$ Current

(1995 Prices)
(1995 Prices) Energy

Pnces

01* Energy Conservation $1,200,000 $25,000 < 1 year
Management Program Note 1

02* Energy Conservation $247,000 Note 1 < 1 year
Training Program

03* Fuel QUalIty Improvement See ECO-05 Note 1 < 1 year
Program

04* In-SItu Oxygen Analyzer $204,000 $40,000 2.4 Mo
One Umt - 4 Probes

05* Laboratory calonmeter $212,000 $35,000 2.0 Mo.
with ProXImate Analyzer,
Sulfur Analyzer and
accessories

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

07 On-LIne gas calonmeter $590,000 $35,000 0.7 Mo.

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

Note 1: See SectIOn 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 addressing and managIng assIstance to these countnes through the newly
formed Bureau for Europe and the New Independent States (USAID/ENI).

FundIng actIvities in the energy sector supports the cost of techmcal assIstance, traInIng, 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 In 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 umts that are co-fired wIth mazut and natural
gas, complimented by natural gas and mazut fired umts in populated areas.

These umts often supply hot water to dIStnCt heating and steam for industnal use. DecreaSIng
coal supplIes and declIning quality of coal supplIes IS affectIng the abIlIty of UkraIne to meet ItS
needs for electricity. Also, electncIty and dIStriCt heatIng supplIes are threatened because
Ukraine is unable to pay for Imported coal, oil and gas at pnces approachIng world fuel pnces

2.1 Objectives of EDerey Savine Proeram

USAID/Kiev has implemented an expanded energy program In UkraIne to enhance the reliabIlIty
of power generatIOn and reduce dependency on Imported 011 and gas and Improve energy
prodUctIvIty.

The purpose of these efforts WIll be to provide services and, where appropriate, U.S. and local
products, directed toward Improving energy and operatIng effiCIencIes In power generatIon, and
In the equipment and controls required to use energy effiCIently and cost-effectIvely.

The purpose of the work IS to Improve bOIler efficiency at seven power plants and/or combIned
power and dIstnct heating plants WhICh have been selected by USAID/KIev In consultatIOn WIth
the Mimstry of Energy and ElectrificatIOn. These plants are fired with natural gas, fuel 011 or
coal. The objectives are to (1) foster Improved management of b0l1er/ plant operatIOns by
IdentIfying and Implementmg 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 traIning.
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2.2 Purpose of the Audit

The purpose of the audit was to:

• Assess overall techmcal and management capabIlIties, plant energy efficIency, and
capital mvestment declSlon-makmg processes for each plant; assess plant
procedures for Identifying and executing energy savmg mvestments requmng
management changes, and capItal mvestment.

• Identify short-term no-costilow-cost efficiency measures wIth savmgs potential
and paybacks.

• Provide prelIminary identificatIOn of longer term energy conservatIon
opportumtIes (ECO's) requmng larger capItal mvestment.

3.0 DESCRIPTION OF POWER PLANT

3.1 General Description

The Knvoi Rog Steam Power StatlOn consIsts of ten supercritical 300 MW umts firing coal.
The station was commIssioned between 1965 and 1973. The station was constructed in three
stages. The first stage (umts 1-4) consIsts of bOIlers from Podolsk and turbmes from Kharkov,
the second stage (umts 5-8) consists of bOIlers from Taganrog and turbines from Kharkov, and
the third stage (umts 9-10) consists of bOIlers from Taganrog and turbmes from Kharkov.

ENERGO SYSTEM:

LOCATION:

DNIPROENERGO

45 Km SOUTHEAST OF KRIVOI ROG

INSTALLED CAPACITY: 3000 MW

10 x 300 MW

COMMISSIONED:

FUEL:

1965-1973

Coal low-bitummous supplemented by mazut and gas

For a more detailed descriptlOn of the followmg Items, see the PrelImmary AudIt Report,
Reference 1 in Appendix G

3.2 Boiler Plant

The Podolsk bOIlers are type P-50 of RUSSian manufacture from the Podolsk Machme BUIldmg
Plant. The layout IS of two Identical boIler blocks coupled together to supply the reqUIred steam
rate of 950 tons per hour. Each bOIler IS supercntlCal and capable of supplymg steam at a rate
of 475 tons per hour at a pressure of 255 bar gauge and lIve steam temperature of 545°C
Reheat steam IS also produced at a temperature of 545°C. The boIler operates m a balanced
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draft mode. Coal IS supphed to the boiler unit and held in raw coal bunkers prior to being fed
to the ball mills. The motIve atr for transfer of the pulvenzed fuel IS dIrected from the outlet
of the atr heaters and IS used to dry the pulvenzed fuel m addItIon to transportmg It to
pulvenzed fuel storage bunkers. The contatned atr IS returned back to the pnmary atr system
via centrifuge separators through which all the pulvenzed fuel IS passed pnor to storage m the
pulvenzed fuel storage bunkers. The pulvenzed fuel storage bunkers supply pulvenzed fuel flow
to the burners Via indivIdual bunker outlets feedmg to rotary feeders whIch control the flow to
the burners. The fuel flow is controlled manually from the Unit Control room. The Taganrog
bOIlers are type TPP-210A of RussIan manufacture from the Taganrog Boiler Works. The
characteristics of the Taganrog bOIlers are sImilar to those dIscussed prevIOusly for the Podolsk
boilers.

3.3 Coal Handlin~

Coal is supplied to the station from more than 30 suppliers. The coal can go eIther of two ways.
from rmlroad dIrect to the coal storage or from ratlroad dIrect to statIon's two conveyors (one
plus one reserve). There is a speCIal scale in the ratlroad track to weIgh as-receIved coal to
+.5% accuracy. Coal m storage is not blended. Usually as-dehvered coal bypasses storage and
goes directly from coal train to raw coal bunkers. Mechamcal coal samples are taken from the
two conveyors and collected every 5 mmutes 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

Mazut IS sampled from one railroad tanker car at dehvery and from the plpelmes feedmg bOIlers
The amount of mazut fired for the total power statIon IS determmed by measunng the level of
the mazut storage tanks once per shIft.

3.5 Gas Supply

The power statIon units 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 Zmlev, Uglegorsk,
Khourakhuvska, Burshtyn and other power plants m Ukramlan Power System. The calculatIOns
are done on a per unit baSIS The only fuel measured dIrectly per boiler IS the natural gas All
other fuel quanhhes per boller are extrapolated from power statIon data The quahty of the coal
IS also averaged on a 5 day basis. These effiCIenCIes are compared to the effiCIencIes calculated
based upon the boller deSIgn performance as dIscussed m Item 10 of the Prehmmary AudIt
Report Reference 2 m AppendIX G.

3.7 Process Control System

Boilers of the Knvoi Rog power plant operate m a steady-state mode (base load) with a turbme
matntaining throttle pressure, "fixed" finng rate, floatIng frequency and manually adjusted atr
flow (fixed settIngs for leach load). There are four O2 analyzers per umt whIch are used to
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momtor furnace 02. These analyzers are used by operators to remotely adjust speed of coal
feeders and position of forced draft fan dampers. The fuel to au ratio IS manually adjusted
based on expenence and O2 analyzer mdicatIOns. There are no CO analyzers m the power
statIon.

3.8 Environmental Issues

The Electrostatic Precipitators (ESP) are reported operatIng very unsatIsfactonly. ThIS may be
attributed to fly ash high speCIfic electrical reSIstIvity that affects the abIlity of the ESP to
effiCIently collect the fly ash partIcles from flue gas, thus reducmg ESP efficIency.

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

Because the stack heights far exceed the "good engmeenng practIce" cnteria, the pollutants
emItted do not produce a local aIr qUalIty problem, but are a concern for the atmosphenc
pollution.

The station has no NOx or S02 pollution control system.

3.9 Future Plans

The first unit has been in operation for approximately 30 years and has undergone considerable
renovation. StartIng in 1987 the cylinders of the hIgh and medIUm pressure sectIOns of the
turbines in units 1 to 5 have been replaced. Some steam pipelines interconnectmg the boiler and
turbine have been replaced. Various heating surfaces have been replaced m the boilers. Some
parts of the control system have been replaced. It is conSIdered that these measures would
prolong a unit's lIfe another 25 years. There are plans to do the same kmd of work on the other
umts. However, the financial conditIOn of the UkraIne IS an obstacle to completmg these plans,
and schedules are bemg delayed.

Operational lIfe of a unit is conSIdered to be 200,000 hours of operatIOn. The umts of stages
2 and 3 have an operational lIfe of 5 to 7 years. Unit 6 has operated 180,000 hours WIth the
rest of umts less. Umts are operated on the order of 6,000 to 8,000 hours per year.

A reconstructIon study IS bemg completed by a speCIal agency and conSIsts of three optIons'

a. ReconstructIOn of eqUIpment withm eXIstmg structures.

b. Construct SImIlar power plant nearby.

c. Reconstruction of four umts in eXIsting structures and construction of SIX new
umts nearby.

The objectIves are to use presently available coal, mcrease relIabilIty of the bOIlers, remove S02,
NOx, and gas emissions cleanup. The station would prefer the third option. There IS much
interest in applIcation of Atmosphenc Circulatmg FlUIdIzed BOller (ACFB) technology to achIeve
these goals. The finanCIal condItIon of UkraIne IS an obstacle to Implementmg the program
The statIOn is now replacmg the eXIstmg equipment step by step.
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The emIssions from 300 MW umts are now on the agenda in Ukrame. The station IS mterested
m improvmg combustIOn efficIency to reduce emISSIOns.

3.10 Inspection. Assessment. Comments

• The statIOn IS well managed by expenenced personnel The engmeenng staff IS
competent. There IS a need for proper analytIcal eqUIpment to perform to hIgher
standards m a short tIme.

• The power station typIcally operates wIth 5-6 umts at base load, 2-3 umts m
reserve and 1 umt undergomg overhaul.

• The plant desIgn is a base load plant. The plant capacity may go down to 30%
when operatIng, but a unit capaCIty cannot go less than 210 MW; operating range
of a umt IS 210 to 290 MW.

• The cycling mode of statIon operatIOn affects the eqUIpment and results m
conSIderable plant refurbIshment and replacement.

• The station expressed concern about adequate spare parts available for the
eqUIpment proVIded to improve combustIOn efficIency.

• The total statIOn operating and mamtenance personnel IS 2,500 plus 1,000 for
SOCIal programs. In addItIOn, there are 500 contracted maintenance personnel.
There are workshops for repainng turbme and boIler components and a speCIal
workshop for automation.

• The power statIOn conSIders control systems to be obsolete, I.e., all eqUIpment
was deSIgned in the 1950's. The power station IS proud of the fact that they are
able to operate these old umts.

• When all units of the power statIon are operatIng they can produce a maxImum
output of 2,200 MW WIth an average coal of 4,500 kcal/kg. WIth mazut or
natural gas co-finng the power station can produce 2,400 MW.

• The power station would like to have coal flow meters to measure the input to
each mill (2 deVIces per bOIler) for mill effiCIency Improvement Each burner has
a 5 ton/hr capacity for coal dust Each coal dust feeder (16 total per boiler) can
revolve from 500-1500 rev/mm. Speed of rotahon of each coal dust feeder IS
based upon mam steam pressure and temperature at the boIler outlet.

4.0 DESCRIPTION OF AUDIT ACTIVITIES

The audit activities included the collection of information and data from various 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 regardmg other energy conservatIOn measures

5906-0l/02AIKRIVOI ROG/51l7/95 7



4.1 Specific Audit Activities

4.1.1 Scope and Methodology

IndIVidual systems and/or eqUipment were Identified for data collectIOn and analysIs and were
selected based on several cntena, mcludmg:

• 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 eqUipment to audit were made after meetmg WIth power plant
speciahsts to discuss energy conservatIOn pnoritIes and a walk through the power plant. In
preparation for the audit activitIes at the power plant, techmcal energy momtoring equipment
was purchased in the Umted States, shipped to Kiev and delivered to the power plant. The
equipment was purchased to momtor and to make measurements of varIOUS systems that were
likely to be encountered within the power plant. The measurements enabled auditors to learn
specIfic information about the systems being mvestigated. Based on the measurements, the
auditors calculated boiler effiCIency and potential energy improvements that could be gained by
installing energy efficiency equipment. EconomIC paybacks were calculated and the prionty of
items established according to the shortest payback. Based on estimated cost of eqUipment and
money available, recommendations were then made as to whether to Implement the items
studied.

The mam components of the equipment are:

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

Of this eqUipment, the most sIgmficant was the Enerac CombustIOn Analyzer whIch showed a
potential immediate fuel savings by tuning the bOIlers to reduce excess combustion air and
increase boiler effiCIency.

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

4.1.2 General

The KrivOl Rog power plant was selected by USAID/KIEV in consultation WIth the Ministry of
Energy and Electnfication. The Mmistry also Identified the management of the facility as
receptive to this type of program and felt that the maximum benefit could be gamed by workmg
at KnVOl Rog.
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4.1.3 Boiler Efficiency

The specIfic plant audit consisted pnmanly of on-hne flue gas emiSSIOn measurements USIng
Enerac 2000 portable combustIOn analyzer, laptop computer and pnnter. Measurements were
made on BOller #5 burning 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 nitrogen 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 vanous typICal fuels are
contaIned in the memory of the portable analyzer. Also, custom fuel analySIS can be
programmed using a laptop computer. Enerac 2000 portable combustion analyzer calculates,
displays and prints boiler efficiency, excess air, CO2 and emissions.

The measurements were made through the center thermocouple InSertIOn POInt ahead of each
regenerative au heater. This was done with fixed combustIOn settIngs and essentially at the
same tIme (the same coal and ambIent temperature). The measured parameters included gas
temperature, 0z, CO, combustIble gases, NOx and SOz.

Due to the high in-leakage rates in the furnace, the economIzer and the aIr heater, an on-lme
calculation of the combustIOn effiCIency by Enerac 2000 portable combustIon analyzer proved
to be not feaSIble. The efficiency calculated IS actually overall bOIler effiCIency as shown on the
printout. DIrect measurements of 0z, CO, combustible gases, NOx and SOz appeared to be
accurate. Any improvement in the effiCIency of the KrivOl Rog power plant must come
primarily from an improvement In overall efficiency of its boilers. On the steam SIde the KnvOl
Rog power plant is efficient due to a sIgmficant thermal load. A copy of the Enerac 2000
portable analzyer pnnt-outs can be seen in AppendIX B.

For a detaIled description of the AudIt actIvIties see the tnp report In AppendIx G

Bums and Roe engIneers estimated an incremental Improvement in boiler effiCIency achIevable
due to a reductIOn m 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 natural gas. CO
emiSSIOns were negligible in all tests. Based on calculatIons, the excess furnace oxygen at full
load while firing coal can be reduced by 1.2%, resultmg In an mcremental improvement In
boiler efficiency of at least 0.33 %.

In future the KrivOl Rog power plant operators should be able to manually adjust the aIr supply
to determine what magmtude of reductIOn m excess aIr could be achIeved withm constraIns
Imposed by CO emiSSIOns, smoke, and flame StabIlIty. Therefore, It IS recommended that
permanent instruments be installed to measure the Oz and CO content of the flue gas and thus
assist the operators In aVOIdIng unsafe condItIOns whIle contInually mInImIZIng excess air.

4.1.4 Boiler Plant

BOller No.5 was tested by the bOIler department speciahst usmg the Enerac 2000 portable
combustIOn analyzer. Umt 5 was reconstructed about five years ago. Umt 6 IS presently
dIsassembled and undergOIng reconstructIon after five years of operatIOn There IS a lot of
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fireside deposits on furnace wall tubes and convection back pass tubes whIch results m loss of
boiler efficIency. There IS a concern about ash slaggmg on the superheaters and reheaters from
the different coals they receIve, and the plant staff would lIke to get a laboratory mstrument for
determining ash fusIOn temperature to determme slaggmg charactenstIcs and thus have better
control over the fuel mIX and bOIler operatIOn.

4.1.5 Boiler Controls

The boilers have no burner management system and all mterlocks are of a very basic desIgn
offering limited protection. Most control functIOns are smgle loop manual control from the
control board located in the control room. On the older umts, the controls and mstruments are
obsolete, readings are unstable and reqmre ongoing maIntenance to keep operatIOnal Spare
parts are dIfficult to obtain.

Umt 5 control room instruments were all replaced m 1990 dunng hfe extenSIOn reconstructIOn.
Unit 6 control boards were stnpped of ongmal mstruments and techmCIans were m the process
of replacement.

4.1.6 Boiler Back End Includmg Stack

The boilers have LJungstrom type regeneratIve air heaters whIch are expenencing high leakage
The electrostatic precipItators have low efficIency, possibly due to the fly ash high speCIfic
electrical resistivity.

4.2 General Audit Activities

InformatIOn was gathered from existmg sources, plant hlstoncal operating data and diSCUSSIOns
with key personnel. Actual audit actIVItIes conSIsted of takIng operatmg data and test
measurements wherever pOSSIble and performmg analySIS based on thIS data and histoncal
mformation.

4.2.1 Scope and Methodology

General audit activitIes mcluded discussions about the entire power plant. IndIviduals
responsible for various tasks within the power plant organization were mtervIewed to obtam
mformation and data on energy consumption, prices 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 descnpnon of what
recent measures had been taken for Improvement of operanonal effiCIency and effectIve fuel
utilization.

4.2.2 Power Plant AudIts

The audit acnvities aSSOCIated WIth the total power plant conSIsted pnmanly 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 informatIOn and mSIght was also gaIned through the
intervIews related to the system speCIfic audits at all levels. Many of the personnel employed
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in the power plant have had expenence m areas other than the one m whIch they currently work,
and thIS was useful as background matenal.

The Cyc10p mfrared thermometer (heat spy) was used to find hot spots on generator buses and
sWItchgear contacts, etc. whIch may need mamtenance.

5.0 FINDINGS AND RECOMMENDATIONS

5.1 Low-Cost. No-Cost Short Term Opportunities

ECO-01 ENERGY MANAGEMENT CONSERVATION PROGRAM

The chief engineer is responsible for energy conservatIOn and efficIency Improvements at the
KrivOl Rog power plant m 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 utihzation, and all employees are aware
of the need for conservatIon. However, the eXIstIng program must be expanded and enhanced
WIth management restructuring and new procedures to prepare for the commg 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 mmimum, should be emphaSIzed as follows:

• Conserve energy
• Reduce environmental pollutIOn
• Improve operatIOnal effiCIency
• Improve equipment reliabIhty
• Introduce new technologIes

The stated purpose for an expanded energy management program should be to proVIde a baSIS
for attractIng pnvate financmg and future mvestments for a Viable enterpnse havmg the potentIal
for success.

As a first step, a hIghly viSIble management staff pOSItIOn and/or department should be
estabhshed reporting to the dIrector and havmg the responSIbility and authonty to develop,
Implement and monitor energy conservatIOn, traimng, reliabIhty and rehabIhtation programs.
The primary tasks Will be coordmallon, commumcallon, and mformation. The energy manager
should be responSible for knowmg about, reVIewmg and consolIdatmg the findmgs and
recommendallons of the numerous studies and reports prepared by consultants and Inslltutes for
the USAID, World Bank, EBRD, EC, Mlmstnes, etc., so as to mimmize duphcatIOn of work
and maxiffilze exchange of mformatIOn and expertise.

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

In 1994 the Knvoi Rog power plant consumed the followmg quantItIes of fuel:
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Coal 4,062,902 tonnes
Gas 686,447,000 Nm3

Mazut 225,517 tonnes

($11.09/tonne)
($15.88/1000 Nm3)

($35. 87/tonne)

1994 Pnces
$40,993,064
$10,901,642
$ 8.088.935
$59,983,641

1995 World Pnces
($45/tonne) $182,830,590
($50/1000 Nm3) $34,322,350
($131/tonne) $29.542,727

$246,695,670

If only a modest savmgs of about 0.5 percent of this fuel expendIture is saved m the first year,
$1,200,000 of expendItures can be Justified for measures to Improve fuel utilIzatIOn and
efficiency, improve reliabIlIty and reduce mamtenance.

Some funds should be provided for consultmg services to assist the KrivOl Rog management WIth
training and matenals 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 elImmatIOn of many sources of energy loss. Many of the sources of waste
may not be known or understood by many of the employees, and thIS IS where the results of a
formal training program can have sigmficant energy conservation paybacks. The audItors were
informed that the employees already know all about energy conservatIOn. However, It IS the
auditors observations and measurement results as well as the observatIOns and measurements of
other studies WhICh indIcate that there are many low cost, no cost opportumtIes for energy
savings, and this is the pomt of recommending a low cost, no cost energy conservatIOn trammg
program for all employees. EstablIsh procedures, classes, more posters, mcentlVes, rewards,
competition, etc. and utilize the expertIse of the engineers and speCIalIsts to remforce the
importance of energy savmgs. If only one tenth of one percent of the annual fuel budget can
be saved in the first year, $247,000 can be proVIded for traImng material

Eeo-03 FUEL OUALITY IMPROVEMENT PROGRAM

The plant must aggressIvely survey the available coals and take ImtIatIve m contracting dIrectly
from supplIers. The plant must locate the best fuel considenng bOIler operational needs,design
requirements, pollution control eqmpment performance and delIvered costs The plant must
consider a blending strategy of mdividual coals to meet the above cntena. The number of coal
suppliers must be reduced to a mimmum for a better control of blending process.

This program must be coordinated with the requirements for burner modIficatIOns and the
resultant slaggmg charactenstics on bOIler performance as a result of the coal reactiVIty and ash
characteristIcs.

As a result of better coal qUalIty and consistent ash an mOIsture characteristics, SIgnificant
savmgs of fuel and maintenance costs WIll be realIzed.
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ECO-04 IN-SITU O2 ANALYZERS

The boIler efficIency improvements can be addressed by replacmg the eXIstmg extractive oxygen
analyzers with m-place Zircomum oXIde sensor analyzers of the type used m the Umted States.
One problem with the eXIstmg mstruments mstalled at the plant are that they are extractive rather
than m-place. It is difficult to obtam a representative sample by using extractive type analyzer.
Also, the mstrument can become fouled wIth aCId sludge formed from mOlsture condensation
and soot. United States practice typICally places an oxygen sensing probe mto the flue gas duct.
ThIS technology could be applied to the bOllers at KnvOl Rog.

It is recommended to install in-situ zirconium oxide oxygen probes on at least one unit, two
furnaces, two per furnace, four required For detailed calculatIOn of payback savmgs, see
Appendix A-I.

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 mam 48" reclaIm belts feedmg to bOller 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 testmg for ash and moisture, and every five days the
heat content in Kcal/Kg IS tested. They have the capabihty to measure sulfur by the tItrametnc
method on the calonmeter 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 calonmeter 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 minutes 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 time readouts of percentage ash and
mOlsture, WhICh would allow the operators to choose the mode of operatIOn of bOllers to adjust
for changes m mOlsture, ash content and volatIles. Considenng the cost, It IS recommended to
furnIsh fuel laboratory instruments 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 delivenes to substantiate claIms to supplIers 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 mdustnal emItters. The
calculated results are only educated estimates at best based on the accuracy of sulfur contents
vanations over time and estimates of the tons of coal burned. More accurate and frequent
analyses would help to improve the data requried for calculatmg emISSIons from the bOIlers used
in determimng fines.
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These instruments would result in Improved control of fuel procurement, coal yard management
for blending and qUalIty control and more consIstent ash and mOIsture contents gomg to the
boilers. The savmgs are dIfficult to estImate, but would be realIzed m Improvements to bOIler
efficIency, reduced emissIOns and more stable bOIler operation WhICh wIll reduce mamtenance
and extend boiler hfe.

If only one tenth of one percent of the annual fuel (coal and mazut) budget can be saved (l.e.
$212,000) the payback will be two months based on 1995 world fuel cost.

ECO-06 MAZUT SONIC FLOW METERS

The audIt team learned through mtervlews wIth statIOn personnel that one area whIch has
hampered the stations progress in energy Improvements IS the mabihty to accurately measure the
decrease in fuel consumption due to any changes m operatIOn or eqUIpment motIvated by
efficiency improvement. This IS because the eXIstIng fuel flow mstruments in place at the statIOn
are inaccurate or don't work. If only modest gams in effiCIency could be realIzed due to the
incentive provided by the abihty to more accurately evaluate such Improvements, such flow
monitoring equipment could pay for Itself in a very short penod.

Line sizes and design mformation were obtaIned for specifying somc flow meters for two supply
and two return mazut lines servmg the bOIlers.

ECO-07 ON-LINE NATURAL GAS CALORIMETER

The most important concern and priority at KnvOl Rog was the urgent need for analytical
mstruments for monitoring fuel qUalIty (coal, mazut, gas). The data indIcates 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 documentauon necessary for makmg claIms agaInst suppliers.

They urgently need an on-line gas calonmeter to venfy the heat content supplied by Gasprom.
Their laboratory calorimeter IS not commercial (certIfied), the tests are not contInuous so they
cannot make a claim for credits. The plant claims losses of about 71 X 109 Kcal (2.8 X 1011

BTU's) WhICh results m $590,000 loss per year. Although thIS loss of expensIve gas fuel
heating value has nothmg directly to do WIth "combustIon" effiCIency, thIS IS also a pnonty m
reducing the large sums of hard currency they must pay for fuel gas. For detailed calculatIOn
of payback savings, see Appendix A-I.

ECO-OS COAL FLOW METERS

The audit team learned through intervIews WIth plant personnel that one area whIch has
hampered the plant progress m energy Improvements IS the mabllity 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 mstruments 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 in efficiency could be reahzed due to the
mcentive proVIded by the ablhty to more accurately evaluate such improvements, such flow
momtonng eqUIpment could pay to itself m a short period of time. Instruments to measure raw
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coal consumption to 300 MW Umt #6 on belt conveyors, located between raw coal bunkers and
mIlls (coal feeder) are recommended

For detailed calculations see AppendIx A-l

5.2 Medium and Lon&: Term Opportunities

COMBUSTION IMPROVEMENT PROGRAM

This is a longer range energy conservation program requmng larger investments of capital whIch
WIll accomplish larger fuel savmgs, improvements m 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 pulvenzed coal flow to mmimize pulsation and excess oxygen variations.

• Repair boIler air leaks.

• Develop new procedures for startup and shutdown cyclmg based on results of
metallurgIcal testmg for creep and fatigue life

• Continue rehabilItatIOn upgradmg of precipitators (electrofilters).

• Consider lIme or lImestone mJection technology for reductIon of S02' consistent
wIth fuel quality improvement program.

• Upgrade instrumentation 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 confhctmg tasks.

MEASURES FOR IMPROVEMENT OF RELIABILITY

The chief engmeer asked about analytical mstrumentatIOn for performmg waveform analysIs to
determine VIbration harmomcs m balancing turbme generators. They do not have the technology
to balance rotors adequately after overhaul and repairs, and have sustained large economIC losses
to maintenance and operation from damage to bearmgs and blading. Turbme relIabilIty WIll be
Improved WIth portable Fast Founer Transform (FFT) waveform harmomc analyzer and orbIt
vector plotter wIth assocIated computer mterface eqUipment, transducers, fittmgs, cables, etc
This eqUipment cannot Improve combustion efficIency, however, umt effiCIency would be zero
If the turbine IS out of service because of VIbratIon. ApproXImately $30,000 would provIde a
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complete set of equipment and accessones which could be used at several power plants wlthm
an Energo system. Payback for one 300 MW turbme-generator balancmg based on lost
productIOn at $0.03 per Kwh would be about 3.5 hours

They also want to learn about U.S. technology for Identifying hIdden cracks m weld JOInts m
complex shapes and secnons In supercnncal steam servIce. They have dye penetrant, eddy
current magnetic partIcle, ultrasomc and X-ray NDT, but theIr X-ray eqUIpment does not have
the needed energy level film resolutIOn. ThIS could be a repeat of the InfOrmatIOn technology
transfer provided to Kyrghystan in February, 1995 as well as information on the Integrated
Diagnostic Measurement Corp. (IDM) subsidiary of Arkwnght Mutual Insurance co., new
Integrated Real-Time Inspection System (IRIS) using the new three dimensIOnal Computed
Tomography (CT).

Addlnonal equipment items whIch were requested by the chief engIneer and his SpecIalISts whIch
are ungently needed for maintammg relIabilIty of the bOIlers and power plant are listed below:

DESCRIPTION

1. Infrared Temperature "Heat Spy" used for locatmg sources of
heat loss. also useful for locatIng "hot spots" WhICh could lead
to equipment failure, such as bearmgs,motor and generator
windings, switchgear contacts, Iso-phase bus bar bolting, etc.

2. SilIca Analyzer necessary for measunng demineralizer
performance and quality of water bemg fed to bOIlers. SIlica in
steam gOIng to turbines WIll cause serious damage to blades.

3. Oil Analyzer (laboratory) used for detecting organIcs
breakthrough from makeup water treatment carbon filters before
deminerallzers. Hydrocarbon contammation of deminerallzer
reSInS can cause irreparable damage and reductIOn of capacIty
reqUIred for bOIler feedwater makeup.

4. DIssolved Oxygen Probes (feedwater) a specIfic IOn oxygen
probe analyzer is needed for contmuous monitonng for control of
dissolved oxygen in feedwater to each bOIler between 50-250
ppb. ($2,200 each x 10)

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

Note: $1995 US eqUIpment/instrument pnces

5.3 Replicatin2 and Expandin2 the Pro~ram to Other Power Plants

COST

$4,000

$9,000

$8,000

$22,000

$2,500

An economic benefit can be denved from extendmg the demonstratIOn program to other
Ukrainian Power Plants. From Burns and Roe expenence the UkraIman Power Plants, when
firing coal or coal and mazut, exhibit the followmg typICal charactensncs:
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• UkraIman power plants operate m a steady-state mode (base load),with a turbme
maIntaImng throttle pressure, "fixed" firing rate, floatmg frequency and manually
adjusted aIr flow (fixed settings for each load).

• Very hIgh in-leakage rates (up to 100%) are typICal, which make readmgs of any
oxygen analyzer dependent on Its locatIOn (distance from the furnace). They also
make ImpossIble on-lme 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 reducmg the excess oxygen by
1-1.25% and achieve 0.5% Improvement m 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 mcentIves based on the fuel savmgs. Another alternatIve would be to
invest in expensive automatIC control for the excess air system.

• Savmgs can be achieved more easily WIth carbon monoxide measurements of the
undIluted flue gas at dIfferent boIler loads.

• Improvements m boIler efficienCIes and reductIOns in fuel consumption can be
further demonstrated by replIcatmg and expanding the portable combustIOn
analyzer program to other Ukraiman power plants.
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6.0 IMPLEMENTATION PHASE (Follow-up Visit)

Burns and Roe engmeers conducted follow-up VISitS and trammg dunng July 22 ­
August 16 m Ukrame In accordance with the Delivery Order objectives The followmg
report descnbes the activities of John E Hallberg, P E and Alexander Flllppov who vIsited
Knvol Rog TPP

6.1 Introduction

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

assist m completion
2 Provide additional tralnrng and assistance on Installation and use of the equipment
3 Refme and fmallze 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
mstallatlon, If measurements are not possible, estimate and provide the rationale
of the method that IS used for estimation

PERSONS MET DURING MEETINGS
Vladimir F Soroka - Chief Engineer (new)
Peter Solovey - Chief of Maintenance Department
Rjabokon Nlkolay - Deputy Chief of Automation
Vladimir Pachura - SenrorMaster, Head of Automation Department
Anatollj Propopenko - Electncal Specialist
Vaslly BoklY - Infrared Thermometer
Andrey Kolobayev - Fluke power analyzer, Ultrasonrc flow meter

INSTRUMENTS SUPPLIED TO KRIVOI ROG TPP (April - May. 1997)
Zirtek oxygen analyzers, 4 probes for 2 bOilers, 2-two channel analyzers
Panametncs two channel ultrasonrc flow meter
Instromet natural gas chromatograph, display unrt 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 printer, an Infrared thermometer and a Fluke power
analyzer
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6.2 Results and Benefits

Enerac Combustion Analyzer

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, requiring 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 (A supplemental calibration gas kit has since been ordered and sent
to the plant)

Infrared Thermometer

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 beanngs where many have
been destroyed, but the Infrared thermometer can find hot spots qUickly and save a lot of
money It would be very useful for operations to have this Instrument, everybody who
needs It, Instead of one man It would be best for each control room to have one

Fluke Power Harmonics Analyzer

We did not get Information on results from uSing the Fluke power analyzer as the specialist
was said to be on vacation However, we know from prevIous audit that the electncal
department uses It extensively for testing and analyZing power Circuit phase load balance,
phase angle and motor losses, etc

Panametrics Ultrasonic Flow Meter

They started uSing the Panametncs ultraSOnic flow meter to measure cooling water flow
to condensers Next they plan to measure bOiler feedwater and dlstnct heating water flow
rates They recognize many opportunities for uSing thiS Instrument to save energy The
most Important use IS for balanCing the dlstnct heating demand load

A practical example we observed was to measure the flow rates of 25 cu m/sec through
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a filter with new media mstalled 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 One 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 m one of the bOilers, or was the coal unusually bad that night?

They requested technical literature on doppler ultrasonic flow meters for use m open
channel flow measurements In cooling water flumes

Boiler Oxygen Analyzer

They Installed oxygen analyzer probes on base loaded Unit 1 dual bOilers, two probes per
bOIler with signals to two dual channel analyzers mstalled m control room behind mam
panel Jerry Harger from Zirtek commissioned the mstruments In June and tramed the
personnel.

Dunng startup, one electronic board failed and Zirtek replaced It Out of 8 probes, (4
spare), four were damaged, the ceramic broken One analog output for plotter failed after
Zirtek left The analog outputs are connected to their stnp recorders They plan to move
the analyzers (display) to the front panel as operators become confident m readmgs The
oxygen readings were averagmg about 4%, temperature about 700°C Air heater
temperature IS about 500°C +

Reference air for the probes IS temporanly supplied from compressed air cylinders, good
for one week The only compressed air available IS plant air which IS wet and dirty With 011
They plan to Install a coalescer and filters

POSitive advantage of the ZirCOnium OXide probes IS that they are "ten times less
mamtenance" and very stable Two mamtenance techniCians work full time on the Soviet
made paramagnetic oxygen analyzers to repair and adjust them Every mornmg they have
to blow down, clean and adjust them on all the bOilers, and whenever operators call them
to check on erratic readmgs

Instromet Encal Gas Chromatograph

The Instromet Encal Gas Chromatograph was received m May and they had not yet
mstalled It We looked at the mstrument 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 onflce 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

6.3 Conclusions

The employees haven't been paid until today, 25 August, 30% of their December 1996
salary The plant could not even find enough money to buy milk for the kindergarten
children They need money to buy freon for the turbine building overhead crane cab air
conditioner, where temperature reaches 120°F

It IS hard to get people motivated, even though they are hIghly skilled and experienced
The plant stili 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.
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Location:
Date:

Krivoy Rog Power Plant
June 24, 1997

Re) Tnp Status

We anwed at the plant hotel on the evemng of 6/23. Plant Director escorted US to the hotel.

Work bcp-'ln ",ith a meeting at the plant at 9:00 AM on the mornIng of tho 24th. Jnitial meeting was WIth the ChIef
enginee~ oRe adjourned and began dIScussions WIth key suporvision. Pmnary interest was how to proceed Wlth

work and several questions about the analyzer operating princiylle!\. On,. specific. concem Wit about the 6-12 inch
e·~tc!lSlOn ",f the probe tip into the gas stream.

I SU1>o~stcd that we go look at the equipment installation. The e1ectromc panels were mstalled m the instrument
cabmets located behInd the operato1'S control panels. Each panel has been mstalled behInd a lockable. clear door.
The workmanship was very good on the installation ofprobes, wirIng, electronics and reference arr cabinet. The
Ictt'f'..:l...e atr 15 supphed from compressed air cylinders

The 2 &y&ttlmG ( 4 ~nll.lv~~t'S) arc iDltAIled l"ll' iu',wt'll IInil # I, nnders .A. &:s Th, probeo are In tho tMuie wa1l6ftL....

flue &:l.S downcomer above the alI' preheater. Each boiler hu two probes spaced at approximately the 1/4 pomts
(honzontally). The reference air cabmets are at about the same elevatIon over at the SIde ofthe boller. The 42 mch
probes have a long pIpe nozzle stand-offwelded to the pipe mountIng supplied by Zirtek. It 1$ unfortunate that some
nus-understandmg occum:d over the generally suggested 6 - 12 inch entry mto the gas stream. The plant understood
tlus to be an actuallmut. Therefore the stand-offnozzle was installed and creates no particular mechanical problem.
However, the probe could be cxtendmg an additIonal 18-24 inches Into the gas stream ifmounted as expected
HOl'efully thc measurement cell at the probe tIp IS not "seeing" any non-combustion air (In-leakage) that maybe in a
boundary layer along the wall. The plattt personnel were very careful to follow the instructions as tht:y understood
iok..U& .u.ol ~v""'-J \x; w.w.w~ul1«=dfor me engmeermg aaaptatlon.

The system. for bouer A was not completely installed. The bouer B system was completely installed and ready for
conUsslSsiomng. The reference air panel was started at the proper flows and the power switch was engaged at the
clectroDlcs' panels. Both analyzers began oJleratmg correctly immediately. This activity included considerable
trammg througn qucsnon and answers as well all hands on operation. We broke for lunch.

After lunch several questions were addressed and then word came that analY7.er #1 on bOIler B had faulted The
display had gone blank. To troubleshoot tho fault. we sW1tehed the el~l..uuni~ lor analy.l;er #1 between boiler A &

B Analyzer #1 on boiler B be~an o"peratm~ ;ropw!Y, The 4 - 20 rnA Ilnl'l11"l2 nlllf1I1.~ wrre scaled 0 - :201?1e 02 \vhon
smpped. Ihe plant wanted them scaled 0 • 10%. Tha was done. (See Note on Zuuc" - they may Jtm n~ec1lhe 0 - 5
rnA. setup I I took the faulted electronics to the hotel for further investigation.

The plant aSked lfI would look at the EnCal2000 chromatograph. They did not understand (and dId not f11ld
documentat'on on) how to iIlstall the loose regulators, sample probe, fIlter, eto. The disCUSSIOn went very well and
they seemed gain a proper understanding ofhow the parts were related. We ended the day.

Vv e met on 6/25 at 9:00 AM. The day began Wlth an inspection of the spare probes. All four spare probes had
vtbratcd. (or bounced) hard enQ1Jih in shUlment to cnl.'1h Thl't "hnnt" thAt 'tIlrn:nlndr the eeU st the probe tip on t\'.'(\ of
the pr()~~s, the outer cell lead5 h4d :>t:lVt:lll:U IlClir the cell connccrlon. They can not be used. unul they are repall'ed.
The locatlon of the damage Will reqwre replUr at the Zirtek plant. The remaining two Sllarcs appear to be funcnonal
The- "bO.lt" 15 not required for noImal opcratton. Limited electrical chcx:ks ean be (and were) lWUt: on the two
··good" spares. A full evalua:tJ.on reqUlrell that the probe be heated to at least 650 Deg. C.

knvny ROf; (Cont.)
:! of2
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The plant attempted to start up the good analyzer on boiler A from what they had learned. It was not successful but
prowled an excellent trainmg OPPOrtunIty. We installed a spare electroIUcs set to replace the urnt "borrowed" from
boUer A the day before 'they were able to correct their mistakes made dunng the attempted startup with my
assIStance. Both analyzers on boiler A became operational with out further difficulty. At thn point all four analyzers
were onlIne. The plant seemed quIte pleased.

Typical rl!3.dmgs observed on the oxygen analyzer display were:

II I III I I1II III I I I I ••• 111I01

A 100 5.75 666 Anal~er#l

5.60 661 " #2

B 80 4.70 648 #1
4.50 64S •• #2

T 1 11 lIn I II II IIi II 111111 IIIll1ulnUIDIllIIun InT niln Tn rrnt nmrtnn 1m WUllIilllIln Thll1mJ In Jhm
office TIle portable meter was passmg all basic self tests. However, they could not get beyond an enor U1CllCatlOn
that there was low signal strength from the transducers. We discussed then' attempts m some detal1. I'm sausfied that
me plant personnel nau I1UUl:: l'vcuy le:m.UUI&U10 llUglU!J~ 4U 4 V1VV~1 1U~I4UAUUU VAl U. _.1oWl1 ........~ lW.... 'f',....} 4&M1 ..u
the right entries for plPe material, pipe SIZe, pipe contents, etc. They had followed all the manualt s ttouble shooung
ups for low slgIlaI strength including reposltloning the transducers and ttyulg the spare transducers. There were two
par:un~ ..ters OUt ofthe accepted range that can be checked. off-line as well as on-line. This was demonsttated mmy
presence. Then was no obvious remedy m the manual. Perhaps tins is part oftb.e problem. The only help I may
have been was to venfy that they had used a correct and logical approach to solving the problem They had
contacted Alexander Filippov for help. I agreed that this seemed appropriate.

The installatton and \raming was finished in the early aftemoon. We will travel to Simferopol on the 26th.

Personnel Contacts
Mr. CheboW"
Mr. Soroka
:Mr. Terenchuk
Mr Pachura
Mr. Kuriat
~. Kozhurbkv
Mr. Ksrokhov

Recommended Action:

Plant Director
Head ofAutomatic measurement ( Yegor Nikolayevich Sysoyev?)
Ass't Head of Operation (Viktor)
Sr. Foreman for l&C Equipment (Vladim1r)
Foreman ofChcmical Gas analyzers Vanliy)
Electr1c & Metal Worker (Alexander)

II .. (Viacherlav)

1 The two damaged spare probes. Ser#189-18 & 189-10 should be sent back to Zirtek for reparr.
2. The plant is quite concemed about not having access to a spare set of electtomcs I thInk there should be a

umt available in the tJkrame If not at each plant.
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ECO-04, ECO-06, AND ECO-Da 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 significant
time lag between sample POint and readout, which IS aggravated by swings in excess
oxygen due to fluctuations of coal feed to burners The biggest problem with the eXisting
extractive analyzers is that the sample is taken after major air In-leakages has already
occurred Installation of in-situ zirconium OXide cells upstream of major in-leakages would
Improve reliability, response, and accuracy of readings.

2.0 ASSESSMENT OF POTENTIAL EXCESS OXYGEN REDUCTION

There IS the potential to reduce the levels of excess oxygen at the Krivol Rog Units ThiS
potential IS based on the current levels of excess oxygen that are maintained at the
burners. In order to assess this potential, It IS necessary to evaluate the measured excess
oxygen levels and account for air in-leakage through the vanous 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 appropnate 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 opportunity for a
reduction 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 7.2%. BRC
calculation Indicates that the corresponding excess oxygen at the burner IS about 5.2%.

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 2 - 4 0 =1.2%.

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
burners of thiS deSign and vintage. BOIler effiCiency was calculated for excess oxygen
levels up to 6%, to account for pOSSible operating conditions above the optimum.

G \BENDER\KROGCALC APRIL 27, 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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23 BOiler Efficiency Improvement With Reduced Excess Oxygen Operation

Based on the data collected dUring the VISit to the plant It appears that It IS possible to
operate the bOilers at reduced excess oxygen levels It has been shown that the potential
excess oxygen reduction possible at the burners IS approximately 1 2% This would reduce
the excess oxygen from 5 2% to 4% USing the curve shown above, the bOiler efficiency
Improvement would be 0 33%

30 COST ANALYSIS

Fuel savings can be realized by replacing eXisting extractive oxygen analyzers with
ZirCOnium 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

EGO-04 Oxygen analyzers, 1 Unit, 2 probes
EGO-06 Mazut SOniC flow meters, 4 required
EGO-OS' Coal flow meters

Installation and commissIoning

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

$111,000

Based on test results, It is estimated that a modest 0 33% increase In bOiler efficiency can
be achieved from better control and reduction of excess air required for combustion, which
WIll result In a 0 33% decrease In fuel costs,

Plant generating capacity = 10 Units x 300 MW (282 MW derated) =2820 MW
1994 power generation = 9,896,612,000 KWH/8760 hrs = 1130 MW

~ 4 Units at full load
(1130 MW/2S2 MW)

G \BENDER\KROGCALC APRIL 27, 1995



Simple Payback for 0, Analyzers - 1994 Prices

Fuel cost per Unit per year = $59,983,641 total/4 Units = $14,995,910
Savings per year due to bOiler effiCiency Improvement = 0 0033 x $14,995,910 =$49,487
Payback =$40,000/49,487 = 081 year = 97 months

Simple Payback for 0, Analyzers - World Prices

Fuel cost per unit per year =$246,695,670 total/4 Units = $61,673,918
Savings per year due to bOiler efficiency Improvement =0 0033 x $61,673,918 =$203,524
Payback = $40,000/203,524 = 020 year = 24 months

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

($40,000 + $16,000)/$49,487 = 1 13 years = 136 months

Simple Payback for 0, Analyzers and SOniC Flow Meters - World Prices

($40,000 + $16,000)/$203,524 = 0.27 year = 33 months

Simple Payback for Entire Package - 1994 Prices

$111,000/$49,487 =2 24 years =26 9 months

Simple Payback for Entire Package - World Prices

$111,000/$203,524 = 0.55 year = 65 months

G \BENDER\KROGCJ1LC APRIL 27, 1995 ,)\



ECO-07 - Calculation

Online Gas Calorimeter

Reported heatIng value specIficatIon for Russian natural gas IS 8116 Kcal/Kg. However, the
technical SpecIalIStS complain that the delIvered heatmg value runs low by as much as 143
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 calonmeter measunng
and recording Kcal/Kg and Sp. Gr. costs about $35,000.

Delivered Natural Gas

686,447,000 Nm3/Yr x 0.7207 Kg/Nm3 = 494,722,350 Kg/Yr

494,722,350 Kg/Yr x 143 Kcal/Kg = 7.075 x 1010 Kcal/Yr

7.075 x 1010 Kcal/Yr x 3.9685 BTU/Kcal = 2.808 x 1011 BTU/Yr

Simple Payback - DomestIc Price

2.808 x 1011 BTU/Yr x $0.715/1<1' BTU = $200,722/Yr

$35,000/$200,772 = 0.17 Yr = 2.1 months

Simple Payback - World Pnce

2.808 X 1011 BTU/Yr x $2.101106 BTU = $589,680 Yr

$35,000/$589,680 = 006 Yr = 0.7 months

5906-01/CY2A/CALC/5/17/95
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HIGH TEMPERATURE OXYGEN SENSORS

Model 8212
ThIs sensor IS deSlgned to tulf:1ll
the specIal requrrements of the
Glass Industry Model 8212 pro­
vIdes rellable O2 measurement
m pOSltlve pressure tanks. even
In condItIons of slgnlflcant
"Batch Carryover"

Model 8081
The versatl1lty of th1s "workhoIse·
sensor IS proven by Its Industry­
Wlde appllcations around the
world You can expect Model
8081 to prOVlde dependa1:'le O2

measurement In n umelous
coal. gas. all andwaste-tiIeden­
VlIonments.

Model OX
Model OX prOVldes the cn-ncal
measurements you need In a
state-of-the-art rebUlldable de­
SIgn. AvaIlable optIon permIts
use of a portable extracb.ve de­
VIce to venfy oxygen readmgs



p • '. - '. • • • •• ~ • •••• • ~ • - • ..:.' • '. • ...... • . '.

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

• Sol.1d-state desIgn • Termmal head ratmg 3000 F. • Opnonal qurck-d.1sconnect sensor lead

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

• Place arrectly mto combusnon • Responds mstantly to changes m -. Instailatlon mountlng assemblles

cnarn.oer furnace atmosphere avaIlable

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

1200 - 29000 F (650 - 16000 C) • No heaters to callbrate or faJ1. process vanable,

• Llttle or no mamtenance requIred
le pv=2 O'Yo±O 1%

Model 8212 Model 8081 Model OX
• 6" (152mm) sensor WIth cerarruc

mounnng plug

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

• DesIgned to wIthstand attack from
hJ.gh vapor pressure metals

• Patented bact protects electrode

• Alloy alurruna and silicon carbIde
protectlon tubes avaIlable

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

• Opnonal venncatlon port

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

• RebU1ldable
• Alloy and alumma protectlon tubes

avaIlable

MODEL 8212

MODEL 8081

PROTECTION TUBE SENSOR MOUNTING FITTING REFERENCE AIR FITTINGI 1.0, 1.25, 1.50 NPT

~£~j-::o:-o:::-;:o::-:::o:---~;';";/,i.---l-------
;

1-------_=----__-1.__ 5fs --t----l

LEAD WIRE
~

2438

REFRACTORY MOUNTI~lG PLUG'lENT HOLE

II
76

J
lOi!

L-L-I---.::L==--,

I ~;t I

~ 5.!l __-..:1 I .iB. --4--"';
152 .-- 121

REFERENCE AIR FITTlNG

SENSOR MOUNTING FITT1NG
1aNPT PROTECTION TUllE ZIRCONIA ElECTROLYTE

r"'Ttl ----;;---.--!-!_---'-I---=-0 l.Q
--~1l25

----I~ilI._~ _

152

QUICK.lJISCONNECT ELECTRICAL SOCKET

ALL DIMENSIONS
INCHES

MM

MODEL OX

For specfJic application information. please call: caution. Oxyge'1 sensors should be
used only tor oXYgen mm not dJrect
em control5ensors should be
connected to aopropncrte mm or
process control :nstrurnents wluch
onlyallow the t.l"e-runmg ot the
em/fuel=e Useotoxygen
senors tm 10tOlll1deoendent control
ot combusno'1 may result Il1
COmDusc.on= snut<:lown wluch
COUld leaa '0 e=:OSlon and
envuonrren'C!. (en--SSIons) h=ds

DIVISION OF ZIRCOAINC
31711 SOLON ROAD
SOLON OHIO 44139
TEL (216) 349-7220
FAX (216) 248-8864.,... ~

A Member of the imlER Didier Group ~.t



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. operanon was
completely unpredIctable and
uncontrollable. rendenng the

probes unsuuable for use 10 an
automatic control system <\
location In Unn 7 that could

02 probe
fmallocatlon

Economizer

Economlz~)( I '----'I
02 probe

Probe testing. At Unit 7. two hIgh-tem­
perature 02 probes were IDmaJly IDstalled
In the mspecnon ports on the front wall of
the furnace (Fig 2). WIth a momtor for
each Installed at an elevauon 88 ft below
the probes m the burner-control cabinet
room. Although peri'ormance was satisfac­
tory at first. two months later one of the
probes faded. breakmg off at a pomt
beyond the 10Slde of the front-wall tubes It
was decIded that excessive amounts of slag
collect1Og on the probe had caused the fail­
ure. rather than stress caused by constant
Vibration expenenced at thiS location

The next step was to Install a probe with
a stainless steel protection tube (Fig 3).
Instead of the standard slhcon carbide
tube. to see If It could bener wllhstand the
extreme condlllons In the furnace After
only three days of operation. thIS probe
faIled-an excessIve amount of slag had
accumulaled on ItS tip. The other probe
failed after four momhs of continuous
operation. The cause agam appeared to be
from slag

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

Improved location. ObVIOusly. the

Sootblowers

atr readmgs. Nlpsco started expenmentmg
wllh permanently IDStalied hIgh-tempera­
ture 02 probes m the upper furnace of VOlt
7 These crltena were established as a
basIS for the purchase of a new system

• Low mamtenance reqUirements
• Continuous operauon In the furnace

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

minImum deSIred.
A system that appeared to meet the cn­

tena was a zlrcomum OXide cell mounted
In a SIlIcon carbide tube ThiS type of
probe had seen servIce In the glass and
steel Industnes. but DOt In US utilities The
probe IS Said to offer several advantages

• High-temperature operation. from
l200F to 2900F

• Fast response.
• No sensor cahbranon reqUIred.
• No heater cahbrauon or failure
Probe operation. The hIgh-temperature

capability of the new O2
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 solld·state elec- /
trolyte at high tempera- 02 probe
tures In the presence of a Initial
catalyst. Under Isotbennal location

condlllOns. and when 02
partIal pressures differ on euher
Side of the cell. an emf mverse-
Iy proportional to 02 content 10

the process gas IS developed
Proper functIOning 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 temperatuRS of 850F
or less at the econonuzer outlet.
a heater assembly and tempera­
ture controller were reqUIred to
mal'llam cell temperatures
greater than IIOOF Since
heaters aren t reqUired with the
new high-temperature probes.
calibration requirements are
eliminated

Signal
output

Repnnted from May 1991 issue of POWER.

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

02 probe

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

02 monttor

Lool-lOg for ways to Improve plant heat
rates Northern [ndlana Public ServIce Co
(Nlpsco I has Installed htgh-temperature O2
sensors 10 the furnace and convection pass­
es ot several of ItS bOIlers. beglOmng wllh
Units 7 and 8 at Its Badly generating
station With good results

The problem. Units 7 and 8 are
Babcock & WIlcox Co (Barberton OhIO)
coal-fired steam generators wnh Cyclone
burners Umt 7 IS a 175-MW drum bOIler.
Umt 8 a 340-MW once-through bOIler As
wnh most utility umts. excess-air control
was achieved by detenmmng O2 levels at
the economIzer outlet SlOce both umts are
nonnally run under negative furnace drat!
aIr can Infiltrate through leaks In the boil­
ers ductwork. or expansIOn Jo1Ots This air
m-leakage can result 10 a bias In the
excess-02 "ontrol CIrcuIt. gIVing indication
of suffiCient O2 when. In fact. the opposne
condition may be true

Enough air IOfdtratlon can lead to
Improper alr-to-fuel ratios. poor combus­
tion and corrosive damage If a redUCing
atmosphere preVails Also. the 02 probes
and analyzers on Umts 7 and 8 became
IOcreaslngly unrelIable. Repairs to maln­
tam the economizer-outlet system had
become excessIve and costly The result?
The O2 control system often operated WIth
one or more probes out of servIce. mal-1Og
It more difficult tor the operators to mom­
tor and malOtalO excess-02 levels. which
led to a lack ot confidence In the system

To solve the problem of biased excess-

UtJlitles

High.temp O2 measurement improves
boiler performance



greatly Improve the service life of the
hIgh-temperature O2 probes appeared to be
In the superheater area of the bOIler con­
vection pass Rather than being exposed to
harsh environmental condltJons 10 the
open area of the furnace. the probes would

tlon to utility bOIlers The knowledge
gamed from these tnals was put to good
advantage when a high-temperature 02
system for Unit 8 was Installed. mcludmg
four probes In the pendant reheat area of
the convection pass After continuous
operation for over a year. none of Umt 8's
probes have failed

Results to date have shown differences
of 02 measurement taken at the economiz­
er of 0 4% to 2 5% when compared to the
high-temperature probe readmgs Probe
performance has been so successful that
the economizer O2 system Will be phased
out at Nlpsco Also. operator confidence In

O2 measurement of flue gas has been
restored Tom Elliott

have maximum protection wllhm the sec­
ondary pendant tubes (Fig 2)

Consequently, four O2 probes were
mstaJled In the secondary superl1ealer sec­
hon ot the furnace-iWO In each Sidewall.
A potential nsk In puttmg them mere was
they would be close to the sootblowers
After the probes were in serviCe., the soot­
blower nearest each probe was operated. It
was found that sootblower operation
would not damage the probes The O2 sys­
tem could now be monitored to evaluate
the performance and longevity of the
probes

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

ZirCOnia Outer
sutJsrrate lead wire

~
ProtectIOn rube Platmum electrode

3. Protection tube (right) of stainless steel
IS aimed at Improving probe's ability to With­
stand extreme furnace condItions

Reference
air fitting

HI-TEMP CARBON
AND OXYGEN SENSORS,

ELECTRONICS
AND ACCESSORIES.

• Simple, Cost Effective Technology
• Integral Thermocouples
• , 600°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

~roaU(.;l Ud.la

106-300NC
January, 1993

FEATURES

• Totally FIeld Repatrable Probe
• Patented Electronic Cell Protection
• Rugged 316 55 for all Wetted

Parts
• Flexible Electronics Configuration
• Control Room Electronics

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

Class 3000 Probes
• Easy Calibration
• No Potentiometers to Adjust
• QUIck Change Diffusion Element
• Fie/d-RepalTable Cell Design
• Field-RepalTable Heater/

Thermocouple
• Flame Arrestor (Optional)

WORLD CLASS TECHNOLOGY FROM
THE WORLD LEADER

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

The World Class 3000 IS totally field repairable as Intemal
components are conveniently accessible for uSing In-house service
personnel For example. the heater/thermocouple probe assembly
can be replaced and put back Into service by In-house personnel In
one-half hour or less ThiS repair IS made WithOUt requiring the
probe tube to be removed from the process

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

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

.he CRE 3000 Control Room ElectrOniCS module allows interlacing
With up to eJglt World Class 3000 probes (16 With master/slave)
via the HPS :JIOO Field Interlace Module ThiS fleXible, eaSily
expanded, eIectronrcs arrangement allows the World Class 3000
probes to be lilked to the Control Room ElectrOnics module
Without the adied cost of requmng Intelligent field electrOniCS (I FT
3000).

The CRE 3000 mtproves the accuracy of the combustJon control
process as Itcwerages the oxygen results thereby reducing errors
due to stratJficatJon. Up to 4 averages of any probe combinations
can be user-defined.

The HPS 3000 Reld Interlace Module prOVides local power to the
oxygen probe.. It IS connected to the CRE 3000 at a distance of up
to 1200 feet IIIlh low cost Signal cable The HPS 3000 module IS
housed In a slandard NEMA 4X (IP6S) enclosure for full weather
and corroSKlJl1ll'OOf protection It IS also available In an optional
exploslon-proot Class 1. DIVISion 1 enclosure to allow low-cost
adaptability dthe World Class 3000 electrOniCS to hazardous
gas areas.

Users with mulbprobe applications may also choose an optional
MPS 3000 MuI1Jprobe Test Gas Sequencer The MPS 3000
proVides autamatlc test gas sequencing for up to four (4) World
Class 3000 pIObes to accommodate fully automatic mlcro­
processor-based calibration of the analyzer packages

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

BESTAVAILABLE"COPy



Filter Head Assembly

OXYGEN SENSOR

Sensor Cell Assembly Heater Thermocouple

Assembly

t.

Features Benefits

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

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

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

High speed of response Ideal for closed loop control

Solid ZirCOnium oXide electrolyte Provides high rehabillty

Field-replaceable cell Ease of mamtenance

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

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

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

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

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

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

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

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

up to eight (8) World Class 3000 probes (16 with master/slave)
Provides all necessary mteiligence 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 requtnng Intelligent
field electroniCs or expensive cabling

2

• Output sUitable for use With receivers such as Indicators, recorders,
controllers, data loggers or computers

• Optional flame arrestor
• Optional abraSive shield for extremely harsh enVIronments, including

high velOCity particulates In flue stream, Installation Within 10 ft (3m)
of soot blowers or heavy salt cake buildup SpecifiC applications
pulvenzed coal, recovery boilers and lime kilns

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

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

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

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



WORLD CLASS FAMILY OF ELECTRONICS

CRE 3000 Control Room Electronics Module

(-e· .-.<)

\
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HPS 3000 Field Interface

(NEMA 4X Non-hazardous Enclosure)

HPS 3000 FIeld Interface

(explosIon-Proof Enclosure)

Optional MPS 3000 Multlprobe Test Gas Sequencer



SPECIFICATIONSCD

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

depending upon duct dimensIOn
Probe matenal 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% 0) Reference au set supplied
as standard

CRE 3000 CONTROL ROOM ELECTRONICS

Ambient environment requirements' Clean, Dry
Ambient temperature range 40 to 120°F (4 to SO°G)
Vibration: Slight 30 degree drop test
Number of probes 8 maXimum, expandable to 16 with slave

CRE 3000
CommunicatIons 1 RS 232 for communication with slave CRE

3000 (max 50 feel (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% 0, 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
Electncal claSSification' NEMA 4X (IP65) Optional - Class 1,

DIVISIon 1, Group B
Humidity range: 95% Relative Humidity
Ambient temperature range: -20 to 140°F (-30 to 60°C)
Vibration: 5 mlsec2

, 10 to 500 xyz plane
External electncal nOise MInimum Interference
Cabling distance between

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

HPS 3000 and CRE 3000 Maximum 1200 feet (364 m)
ApprOXimate shipping weight 12 pounds (5 44 kg)
Power supply. 100/115/220V ± 10% Vac at 50/60 Hz
Power reqUirements 200 VA

<D All static performance charactenS!lCS are WIth opera!lng vanables constant
SpeCIfications subJect to change Without notice
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Calibration gas mixtures: Rosemount Test Gas Kit Part No
6296A27G01 contains 04% 02N2
Nominal and 8% 02N2 Nominal
Other sUitable gas mixtures can be
user supplIed

Calibration gas flow: 5SCFH
Approximate shipping weights:

18 Inch (457 mm) package: 55 pounds (24 97 kg)
3 foot (0.91 m) package: 60 pounds (27 24 kg)
6 foot (1 83 m) package: 66 pounds (29 94 kg)
9 foot (2.74 m) package: 72 pounds (32 66 kg)
12 foot (366 m) package: 78 pounds (35 38 kg)

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

ReSOlution sensitivity - Transmitted Signal' 0 01% 0,
02 range: Field Selectable (0-1%, 0-5%, 0-10%, 0-25%, 0-100%)
Programmable

contact outputs: 8 avaJIable, Form-C, 48 V max,
100 rnA max

Indicators' LED indicators for system failure (failure descnptlon
available on LED panel)
CalIbration In progress for each of 8 probes, 02 HI/Lo
Alarm for each of 8 probes Probe failure for each of
8 probes

Programmable
displays: 2 lIne, 0 8 Inch high, 8 digit, alphanumeric LED displays

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

numenc display, 8 key general purpose
keyboard

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

MPS 3000 MULTIPROBE TEST
GAS SEQUENCER (OPTIONAL)

Electrical claSSification: NEMA 4X (IP65)
Humidity range: 95% Relative HumIdity
Ambient temperature range: ·20 to 140°F (-30 to 71°C)
Vibration: 5 mlsec2, 10 ID 500 xyz plane
External electrical 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 shlpplngwerght: 35 pounds (15 88 kg)
Power supply: 100/115J220V ±10% Vac at 50/60 Hz
Power requirements: 15 VA
Piping requirements: 114" 0 d tubing, 1/4" NPT

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

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

depending upon duct dimensIOn
Probe matenal 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% 0) Reference au set supplied
as standard

CRE 3000 CONTROL ROOM ELECTRONICS

Ambient environment requirements' Clean, Dry
Ambient temperature range 40 to 120°F (4 to SO°G)
Vibration: Slight 30 degree drop test
Number of probes 8 maXimum, expandable to 16 with slave

CRE 3000
CommunicatIons 1 RS 232 for communication with slave CRE

3000 (max 50 feel (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% 0, 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
Electncal claSSification' NEMA 4X (IP65) Optional - Class 1,

DIVISIon 1, Group B
Humidity range: 95% Relative Humidity
Ambient temperature range: -20 to 140°F (-30 to 60°C)
Vibration: 5 mlsec2

, 10 to 500 xyz plane
External electncal nOise MInimum Interference
Cabling distance between

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

HPS 3000 and CRE 3000 Maximum 1200 feet (364 m)
ApprOXimate shipping weight 12 pounds (5 44 kg)
Power supply, 100/115/220V ± 10% Vac at 50/60 Hz
Power reqUirements 200 VA

<D All static performance charactenS!lCS are WIth opera!lng vanables constant
SpeCIfications subJect to change Without notice
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Calibration gas mixtures: Rosemount Test Gas Kit Part No
6296A27G01 contains 04% 02N2
Nominal and 8% 02N2 Nominal
Other sUitable gas mixtures can be
user supplIed

Calibration gas flow: 5SCFH
Approximate shipping weights:

18 Inch (457 mm) package: 55 pounds (24 97 kg)
3 foot (0.91 m) package: 60 pounds (27 24 kg)
6 foot (1 83 m) package: 66 pounds (29 94 kg)
9 foot (2.74 m) package: 72 pounds (32 66 kg)
12 foot (366 m) package: 78 pounds (35 38 kg)

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

Resolution sensitivity - Transmitted Signal' 0 01% 0,
02 range: Field Selectable (0-1%, 0-5%, 0-10%, 0-25%, 0-100%)
Programmable

contact outputs: 8 avaJIable, Form-C, 48 V max,
100 rnA max

Indicators' LED indicators for system failure (failure descnptlon
available on LED panel)
CalIbration In progress for each of 8 probes, 02 HI/Lo
Alarm for each of 8 probes Probe failure for each of
8 probes

Programmable
displays: 2 lIne, 0 8 Inch high, 8 digit, alphanumeric LED displays

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

numenc display, 8 key general purpose
keyboard

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

MPS 3000 MULTIPROBE TEST
GAS SEQUENCER (OPTIONAL)

Electrical claSSification: NEMA 4X (IP65)
Humidity range: 95% Relative HumIdity
Ambient temperature range: ·20 to 140°F (-30 to 71°C)
Vibration: 5 mlsec2, 10 ID 500 xyz plane
External electrical 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 shlpplngwerght: 35 pounds (15 88 kg)
Power supply: 100/115J220V ±10% Vac at 50/60 Hz
Power requirements: 15 VA
PiPing requirements: 114" 0 d tubing, 1/4" NPT

bulkhead connectors (high gas In, low gas
In. ref em In, 4 x test gas out, 4 x ref air out)
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WORlD CLASS 3000 MUlTIPROBE APPllCAnON

WITH CONTROL ROOM ElECTRONICS c
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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

REC011JvŒNDED FOR
Coal mine, coal preparation plant, commercial
inspection, coal burnlng utllity and other Industnal
laboratones where calonflc tests of sohd, hquld or
refuse-denved fuels are run dally on a routine basls,
and where rapld tests wlth good repeatabllity are
reqUired. Although princIpal uses for the 1261
Calonmeter are found ln coal laboratones, It has
equally Important apphcatlons for determlnlng the
calorlflc value of other solid and Iiquld fuels. Firms
involved in waste dIsposai management find the
1261 Calonmeter a reliable means for mOnitoring the
energy content of refuse fuels. Equally Important
applications are found ln food laboratones for
determlnlng calonflc values for foodstuffs and animai
feed mIxtures, ln university laboratones for teachlng
purposes and for hlgh preCIsion energy research
projeets.

A COMPLETE, SELF-CONTAINED
OPERATING UNIT
Ali sensors, controls and jacketing ln the new Parr
1261 Isopenbol Calonmeter are bUllt Into a single,
compact cabinet ta provlde a self-contamed
operatmg Unit conslstmg of:
• A temperature-controlled, Insulatmg water jacket

wlth a bUilt-1n clrculatlng system and an electnc
heater.

• An oval calonmeter chamber and bucket.
• An 1108 oxygen combustion bomb
• A bUllt·m automatlc system for charglng the bomb

wlth oxygen.
• A hlgh preCIsion eleetromc thermometer.
• A sealed, touch-panel keyboard for data entry

and operatIon control. ...
• A bnght, LED dlsplay for operator promptmg,

status mdlcatlon, data venflcatlon and report
revlew.

FULLY INTEGRATED
MICROPROCESSOR CONTROL
Ali steps ln the test procedure are managed by a
mlcroprocessor control system uSlng thlrd generatlon
hardware and software pre-programmed to:
• Operate the calonmeter ln elther the conventional

isoperlbolleqUlhbrlum mode or ln a faster
isopenbolldynamic mode.

• MOnitor and control the jacket temperature.
• Ascertam equllibnum, tire the bomb, contirm that

IgnitIon has occurred and mOnitor the
temperature nse.

• Terminate the test within operatmg parameters
selected by the user and check for errors.

A Burr:r:IN MICROCOMPUTER
Ali data mvolved in a calorlfic test IS handled
automatlcally by a dedicated mlcrocomputer whlch
WIll:
• Accept and store ail sampie welghts and

temperature data.
• Apply ail necessary correctIons for aCld, suifur

and fuse.
• Compensate for any added combustion ald or

"SpIking"•
• Compute and report the heat of combustion ln

umts selected by the user.
• TransmIt test results to an alpha numenc prmter

(not mcluded wlth the calonmeter).
• Accept sampie welghts directly from an analytlcal

balance usmg an appropnate Interface.
• Communlcate wlth and transmit calonflc data to a

central computer and/or other instrumentatIon ln
a Smart Unk network.

(
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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

REC011Jv1ENDED FOR
Coal mine, coal preparation plant, commercial
inspection, coal burning utIlity and other Industnal
laboratones where calonflc tests of solid, liquid or
refuse-denved fuels are run dally on a routine basIs,
and where rapId tests wIth good repeatability are
required. Although princIpal uses for the 1261
Calonmeter are found In coal laboratOries, It has
equally Important applications for determining the
calorIfIc value of other solid and liquId fuels. Firms
involved in waste dIsposal management find the
1261 CalOrimeter a reliable means for momtorlng the
energy content of refuse fuels. Equally Important
applications are found In food laboratones for
determining calonflc values for foodstuffs and animal
feed mIxtures, In university laboratOries 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 Isopenbol 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 CIrculating system and an electric
heater.

• An oval calonmeter chamber and bucket.
• An 1108 oxygen combustion bomb
• A bUilt-in automatIc system for charging the bomb

with oxygen.
• A high preCIsion electromc thermometer.
• A sealed, touch-panel keyboard for data entry

and operatIon control. ...
• A bright, LED display for operator prompting,

status indicatIon, data Verification and report
revIew.

FULLY INTEGRATED
MICROPROCESSOR CONTROL
All steps In the test procedure are managed by a
microprocessor control system uSing third generation
hardware and software pre-programmed to:
• Operate the calonmeter In either the conventional

isoperlbolleqUillbrlum mode or In a faster
isopenbolldynamic mode.

• MOnitor and control the jacket temperature.
• Ascertain equllibnum, fire the bomb, confirm that

IgnitIon has occurred and mOnitor the
temperature rise.

• Terminate the test within operating parameters
selected by the user and check for errors.

A Burr:r:IN MICROCOMPUTER
All data Involved in a calorIfic 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

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

(not Included WIth the calOrimeter).
• Accept sample weights directly from an analytIcal

balance usmg an appropriate Interface.
• Communicate WIth and transmit calonflc data to a

central computer and/or other instrumentatIon In
a Smart Unk network.
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Isoperibol Calorimetry
A classical method-improved with automatic control.

Provides rapid tests in the 1261 Calorimeter with
excellent repeatability, using either the CLASSICAL
EQUllIBRIUM METHOO or a RAPIO OYNAMIC METHOO
which cuts the time for an individual test almost in half.

1HE ISOPERIBOLIEQUILIBRIUM: :ME1HOD
The excellent jacket temperature control provlded ln
the 1261 Calonmeter is Ideal for test runs usmg the
classlcal isopenbol method. In thls procedure the
Jacket temperature IS held constant throughout the
test wh/le the controller contmuously monators the
temperatures ln the jacket and ln the bucket and
performs the Integrat/on needed ta account for any
heat leak resultmg from any dJfferences between
bucket and jacket temperatures dunng the run The
test continues untJl the controller determmes that
eqUlhbnum has been reached, usually Wlthm 8 to 10
mmutes after flring, at whlch pOint It Signais the
operator to return ta the calorrmeter 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 startlng another run. A
new test can be started immedlately. The jacket
temperature IS controlled automaticaJly and is usually
set slightly higher than room temperature, although
any temperature preferred by the operator can be
used. Obvlously, for best results ail tests should be
conducted wlthm the same operatlng range.

THE ISOPERIBOLIDYNAlvITC METHOD
As an alternative to the equllibrrum method, Parr has
developed an Isoperrbol/Dynamlc method for use rn
the 1261 Calonmeter whlch cuts the time reqUlred for
an Indivldual test almost m half. Usmg thls procedure
the test IS run in the same manner as descrrbed
above for the equllibrrum method, but wlth the
controller Instructed to employa sophlsticated curve
matchlng technrque to compare the temperature rrse
wlth a known thermal curve for the system. USing
thls companson, the controller can extrapolate and
predict the final temperature wlthout waitlng for It ta
develop, maklng It pOSSible to termmate the test and
compute the calonflc value of the sample in perrods
as short as 3 to 4 minutes after firlng. The savrngs rn
operatlng tlme wlth thls method Will become
part/cularly slgnrficant when runnmg multIple
samples.

AITAlNABI:.E PREOSION
The precIsion attamable wlth the rapld Isoperrboll
Dynamlc method IS fully comparable to results
obtamed wlth the EqUlhbnum method. Routme
comparlson tests wlth standard samples have shown
standard devlatlons of 0.05 to 0.08 percent of the
determmed value for both the IsopenbollDynamlc
and the IsopenbollEqulhbnum methods. It should be
noted, of course. that ln companson tests wlth a non-

homogenous matena! such as coal, the results may
show a wlder spread than tests with a umform
sample such as benzolc aCld. Nevertheless, ail
results obtamed with the 1261 Calorrmeter should fall
weil wlthm approximately one-half of the 50 Btu/lb
repeatability Iimits speclfied in standard ASTM/ANSI
test methods. Replicate tests wlth a bltumlnous coal
sampIe Will seldom differ by more than 30 Btu/lb.

COrvIPARATIVE OPERATING SPEEDS

Operating Mode
1261 Calorimeter -

Iso'peribol/. Isoperibol/
. Equilibrium- Dynamic

4

Time for a Single test

Complete tests per hour

10 to 12 mIn

5 to 6

6 to 8 mm

8 to 10
f J
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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.

1HE ISOPERIBOLIEQUILIBRIUM: :ME1HOD
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 monators 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 dunng the run The
test continues until the controller determines that
eqUillbrrum has been reached, usually Within 8 to 10
minutes after fIring, at which POint It Signals the
operator to return to the calorrmeter 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 ISOPERIBOLIDYNAlvITC METHOD
As an alternative to the equllibrrum method, Parr has
developed an Isoperrbol/Dynamlc method for use rn
the 1261 Calonmeter whIch cuts the time reqUIred for
an indiVidual test almost In half. USing thIS procedure
the test IS run in the same manner as descrrbed
above for the equllibrrum method, but With the
controller Instructed to employ a sophisticated curve
matching technrque to compare the temperature rrse
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 calorrflc value of the sample in perrods
as short as 3 to 4 minutes after firing. The savrngs rn
operating time With thiS method Will become
partIcularly slgnrficant when running mUltIple
samples.

AITAlNABI:.E PREOSION
The precIsion attamable With the rapId Isoperrbol/
DynamiC method IS fUlly comparable to results
obtamed 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 Isopenbol/Dynamlc
and the IsopenbollEqulhbnum methods. It should be
noted, of course. that In comparrson tests With a non-

homogenous matenal such as coal, the results may
show a Wider spread than tests with a Uniform
sample such as benZOIC aCId. Nevertheless, all
results obtamed with the 1261 Calorrmeter should fall
well Within approximately one-half of the 50 Btullb
repeatability limits speCified in standard ASTM/ANSI
test methods. Replicate tests WIth a bItuminOus coal
sample Will seldom differ by more than 30 Btu/lb.

COrv:lPARATIVE OPERATING SPEEDS

Operating Mode
1261 Calorimeter -

Iso'peribol/. Isoperibol/
. Equilibrium- Dynamic

4

Time for a Single test

Complete tests per hour

10 to 12 mIn

5 to 6

6 to 8 mIn

8 to 10
f J

----~1f
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The 1261
Calorimeter
Convenient touch-panel
keyboard operation
with many options

MANY UNIQUE FEATURES
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 IsoperibollEqUillbrium test
method or a faster Isoperlbol/Dynamlc procedure,
depending 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 momtor the
temperature rise, 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 appropriate 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 calOrimeter.

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 50 that a
test or reporting procedure can continue.
Menu driven setup program. When operated with a
1755 Printer, the calOrimeter may be configured
automatically uSing a menu driven, conversational
program provided In the calOrimeter firmware. ThiS
setup program 15 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 calonmeter IS
functioning properly and to Identity any errors or
problems.

AUIOMATIC STANDARDIZATION
The 1261 Calorimeter will automatically generate ItS
energy eqUivalent (EE value) from a senes of
standardization tests, calculating a mean value from
eiIber (a) all standardization tests, or (b) from the last
10 tests for each bomb/bucket combination. The user
can enter the maximum relative standard deviation
he will accept for a series of standardization tests
and the calOrimeter will advise him If his
standardization fads to meet this cnteria. Energy
eqwvalent values for up to eight bomblbucket
comblnattons can be stored In the computer.

MAINTAINS STANDARDIZATION
One of the most important characteristics of the
1261 Calorimeter 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
atlributed largely to an effective water jacket which
isofates the calorimeter 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 calorimeter
operations or change the energy eqUivalent since the
calorimeter does not reqUire a pressurized water
supply for Its operation. Features Introduced when
the calonmeter IS operated With the recommended
1563 Water Handling System add further to Its ability
to maintain constant standardization, since the 1563
System ensures that the bucket Will always be filled
with water at a constant temperature Within +1-0.5 0

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



'" Options and
Specifications

ACCESSORIES
Six fuel capsules, fuse wire for 500 tests and a stand
for holding the bomb head dUring assembly are
furnished With each calonmeter, also a bottle of 100
benZOIC aCid pellets for standardizing the calOrimeter
and complete operating 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)

\~

MANY USER OPTIONS
Although specifiC procedures are recommended,
various options are available to the user.
• Program parameters can be adjusted to

accommodate unusual sample Sizes, burning
rates and precIsion requirements.

• The calorimeter can be programmed to
accommodate any reagent concentratIOns
selected by the user.

• Calorific values can be reported in any of several
measurement Units.

• The calorimeter program can be adjusted to
compensate for the subtle differences in the way
aCid correction values are handled In ASTM, 8S
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
calOrimeter bombs.

PRINTED REPORTS
A printed record of all essential data and results from
each test, including detailed error and diagnostic
messages, can be obtained by connecting the
calorimeter to a Parr 1755 Pnnter deSCribed on
page 9, or to any 40/80 column commerCial printer
compatible with an RS232C output.

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

CO:MPATIBLE MODULAR DESIGN
The 1261 CalOrimeter IS fUlly compatible With eXisting
Parr bombs, calonmeter controllers, closed-clrcult
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 In a removable chaSSIS
Simplifies trouble shooting problems Also, the
calOrimeter 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
Electrical

Power ReqUirements
DimenSions

Isoperibol/Equlllbnum
IsoperlbollDynamlc
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
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The 1760
Sulfur Analyzer
An aut?matic titrimetric system
for rapid sulfur determinations
following combustion in a Parr
oxygen bomb.

RECOM1tlENDED FOR
Coal mine, coal preparation plant, coal burmng
utility, commercial Inspection and other Industrral
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 pnced, automatic system for laboratones
where calorrmetrrc tests are run on an intermittent
baSIS, and where reliable results With good
repeatability are required.

COMP.A.TIBLE WITH
BOMB CALORTh1ETRY
Although the 1760 Analyzer can be operated as a
stand-alone Instrument, In most installations It will be
used In conjunction With a Parr oxygen bomb
calorrmeter. In these cases, sulfur determinations Will
be made usmg the calonmetrrc sample and no
addItional sample or welghlngs Will be required. The
operator Will Simply collect the waShings from the
bomb following a calonmetlc test and place them In
the Analyzer to obtain:

• A complete sulfur determinatIOn In less than five
minutes for samples ranging from 0.1 to 5 percent
sulfur, With accuracy and preCISion well Within ASTM
test reqUirements.

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

• Full commumcatlon capabilitIes for automatically
transferring sulfur and total aCid values to a Parr
CalOrimeter or CalOrimeter Controller, and/or
~o 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 m solid and liqUid fuels have been
based upon the analySIS of bomb washrngs followmg
combustIon of a sample m an oxygen bomb. ThiS
same rehable procedure IS used to prepare samples
for the 1760 Analyzer, ensunng complete conversion
of all sulfur to soluble 'sulfates m the process. But the
fmal sulfur assay IS made by a rapid tltrlmetrlc
procedure Instead of the tediOUS gravimetric method.
ThiS procedure IS based upon a method descnbed
by HiCks, Fleenor and Smith * In which the soluble
sulfates 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 determmed With a lead-ion selectIVe electrode.
Titr3lon In the 1760 Analyzer preceeds automatically
under microprocessor control, determlmng first the
total aCid in the bomb washings, then bringing the
sol":iDn to the proper pH for the sulfate titratIon and
COrDlUlng to an end-pOint from which the Analyzer
Will catculate and report the sulfur content of the
sample. Chlonde and other Ions found In many coal
samples do not interfere With thiS Ion-speCific
titration.

A COMPACf, AUTOMATIC
TITRATION SYSTEM
Automatic titration in the 1760 Sulfur Analyzer is ­
conmJcted 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 umt.
Reagents used in fixed amounts are delivered from
bottles With attached manually operated automatic
pipets furnished wrth the mstrument. The tltrants are
fed by high preciSion metenng pumps driven by
hIgh resolution stepper motors operating under
microprocessor control. All reagent concentrations
have been selected to produce good preCISion With
optimum operating speed.

SAMPLE SIZE
The 1760 Sulfur Anafyzer is designed for use with
one gram samples, the size usually burned In Parr
oxygen bombs. This amount of sample works well for
materials 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
deterrmned Within five minutes after completion of
the bDmb process. The time required for the
automatic titration will be roughly proportional to the
amount of sulfur In the sample.

•"The Rapid Determlnabon of Sulfur In Coal:' Analytical Chemica
Acta.. 68. 480-3 (1974)



USE WITH EXISTING EQUIPMENT
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 performed 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 stonng
it In the correct order under operator assigned
sample numbers. The operator can overnde the
automatic data system at any time to enter weights
manually, If necessary. Weights taken on a non­
digital tnp 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 determined 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 ADUtotai
mOisture values direct from the 1750A Interface.

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 confirmation
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
alr-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
Alr-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 performed. 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
performed. Tare, gross and final weights can then be
collected automatically in the 1750A Interface and
transmitted to the 1750 Proximate Analyzer over a
Smart Unk for Incorporation Into the final proximate
analySIS report. Without thiS arrangement, ADL
welghlngs must be entered Into the Analyzer through
the keyboard.

The 1750A Interface 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 (3091762-n16) 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.

RECO:M1vfENDED FOR
Assembling data, calculating and reportmg 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 Industnallaboratones where coal samples are
tested dally on a routine basIs.

A FULLY INTEGRATED
DATA PROCESSING SYSTEM
The proximate analYSis of a coal sample IS a tediOUS
procedure involving several separate welghlngs and
producmg considerable data as needed to calculate:
Air-dry moisture Volatile matter
Total moisture Fixed carbon

Ash
There is no way to avoid the individual welghings
and heatmgs involved in these separate
determinations, but the data entry, data processing
and reporting functions can be speeded and
sImplified considerably uSing the convement
mIcroprocessor system provided by a Parr 1750
ProXimate Analyzer.
Operatmg 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 dunng the senes of steps required to
determine alr-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 acceptmg the
data as generated, orgamzmg and stormg 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 calonmeter equipped with a 1720 or 1730
ControOer) the 1750 Analyzer will proVide all of the
funeuons 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 prompting the
operalDr to Identify each entry with a valid sample
number. Weights can also be entered from a
keybaarcl. The Analyzer will collect and hold all
sampie weights for calorimetnc determmatlon until
called up by the calorimeter.
• Collect and store sulfur values from a 1760 Sulfur
Analyzer to be Included in a consolidated proximate
analysis report.
• Calculate alr-dry moisture, total moisture,
volatile matter, fixed carbon and ash for each
sample on any of four reference bases:

AlHeceived (AR) Dry (DRY)
As-determined (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 (including calorific value
and sulfur) by feeding aU collected reports to any of
the folloWing:

A Parr 1755, 4O-column printer or an aQ-column
commercial printer.

A 1261 Calonmeter with a Parr 1755 Pnnter.
A central computer.
A laboratory or personal computer connected on a

Parr smart Lmk.

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



ONTROLOTRON Models 990DBN
and 990DBP

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

FUNCTIONS
Series 9900 offers the follOWing
optional functions

• Industry Standard Analog and
Digital Data Outputs

• Digital Flow Rate and Total Display
• GraphiCS Display with Strlpchart

and Datalogger

• RS~232 Senall/O Data/Command
Communication

• Field Programmable Status
Alarms Relay Outputs

• Memonzed Flow. Site and
Diagnostic Data Printout- -

Precision Dual Path

DESCRIPTION
Models 990DBN and 990DBP are preCISion Dual Path

Universal Clamp-On Transit-Time Ultrasonic Flowmeters
of NEMA 4X and Portable construction respectively They
are Intended for application wherever high accuracy, for
either custody transfer or regulatory reqUirements. IS
demanded They maintain their high performance even
when located close to elbows or other upstream disturb­
ances Both offer field programmability for essentially any
pipe size. and operate with essentially any liquid. They
replace and outperform most conventional IntrUSive 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 printout

Senes 99008 Unlflow 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. gatevalves 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 99008 models are SUitable for opera­
tion In almost any environment. Indoors or outdoors. and at
pipe temperatures up to 500°F

FEATURES
• Universal Applicability
• Outperforms Conventional

IntrUSive Rowmeters

• Lower Cost/Higher Reliability
than Intrusive Flowmeters

• User Friendly Menu Driven Field
Programmable Site Setup

• Non-IntrUSIVe Universal Clamp-On
Transducers

• MultlPulse® Transmission
• No Cutting of Pipe Ever Required
• Batch and Sampling CapabIlity

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



WHAT IT DOES
Models 9900BN and 9900BP

measure the flow of most liqUids
In most pipes between 6 and 360
Inch diameter. and with flow rates
of :!:40 ft/sec, and tempE>ratures up
to 500°F They are Intended as
high performance replacements for
Turbine, Venturi and 4 Path Wetted
Chordal ultrasonic flowmeters

HOW IT WORKS
System 9900B Dual Path

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

WHERE TO USE
Series 99008 IS Intended for

high precISion or custody transfer
applications ofpetroleum products.
chemicals or water Dual orthogonal
path Reflect Mode operation, eqUi­
valent to 4 paths, IS highly resistant
to distorted flow profile, crossflow
and SWirl conditions ThiS makes
990DBN Ideal for Nuclear Feed­
water. Interstate Oil Plpe!toe,
Hydro-Power Turbine and Irrrgation
Turnout flow measurement applica­
tions The 990DBP IS functIonally
Identical to the NEMA 4X 990DBN

ortabilit facIlitates
test eVlce, or rn applications
which do notregUlre continuous
flow measurement -

SPECIFICATIONS
APPLICABILITY

LIQUIDS: Any sonciiBy conductive homogeneous flUid
LIQUID (PIPE) TEMPERATURE. -40°F to +250°F Standard

-80°F to +500°F Optional
PIPE SIZES 6 toE Inches 00
PIPE MATERIAl..:.Any SOniCally conductive pipe matenal

Y'etal. Glass, PlastiC, etc
PIPE WALL THICKNESS. 0 05 to 300 Inches
LINER MATERIA1.:.Any sonlcally conductive matenal Glass,

ffastlc. Cement, etc. Intimately bonded to
1ile pipe Intener

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

00 and mounting track type

991 CLAMP-ON lHANSDUCERS
PIPE SlZE RATINGS
• Group 3 6 to 24 m.es. 00
• Group 4 20 to 48 iJdles. 00
• Group 5 36 to 360irches. 00
RATING. lntnnslcalysafe. Radiation ReSistant and

Submersitii! available
CONSTRUCTION:.AJurmnum. stainless steel and speCial alloy

«plastic
CONNECTORS. CGIldulet for NEMA 4, BNC for Portable

992 MOUNTING lBACKS
• Available In DlrectorReffectlve Mounting for all transducer sizes

In standard pipe darteter ranges
• PlnStop transducerspacing standard for all models

994 FLOW COMPlIlER
• POWER: 20W, 9tDSliVOCofintemalBattery.

100/115a.230VAC, 1q, ~
• TEMPERATURE: -SOFto +115°F

(except for GraphiCS Models)
• SIZE. 10.5'W, 9" D. 13'H
• WEIGHT: 12 apoo1CS
• RATING. Intnnslcalysafe, NEMA 4X With cover closed
• MODULES. Plug-In. Interchangeable WIO speCial tools
• RANGES. SIze 4: Tl31Sducer Sizes 3 and 4

Size 5: TJalSducer Sizes 3, 4 and 5

994 PERFORMANCE (Standard Conditions)·
• SENSITIVITY: 0.001 fps at any flow rate Including zero
• LINEARITY· O.OO3fps
• RESPONSE BANDWIDTH: 10 Hz (settable)
• SLEW RATE. 20 ftlsec/sec
• FLOW PROFILE COMPENSATlON: Via liqUid VISCOSity entry
• ZERO DRIFT STABIJTY: 0 005 Ips for transducer sizes 3 to 6

995 HAND HELD CONTROL/DISPLAY TERMINAL
• 2 Row, 32 charactert..aquld Crystal Display
• 30 Keys, Numenc or functIOn Identtfied

• Submit ApplicatIOn InfarmalJon Form for estimate of performance under
speCIfic applicatIOn corz:jl1i:J1s..



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;i MetallIc Mode Conversion
~ Wide Beam Transducers
fj;A' Made In USA

~ PlnStop Universal MountIng
Track (no ruler scales)

~ 64 x 256 Pixel Graphics
Display

J;i Programmable Stnpchart
Option for Flow, LiquId Data

ii'" Programmable 64K Memory
Datalogger Option

ii'" All Modules Plug-In, Including
Power Supply

ii'" NumeriC Entry Only. Hand­
Held Programming

riA' Full DIagnostic Data Access

jj;O' Plug-In function OptIons
~ Analog Data 0 to 10 VOC

& Isolated 4 to 20 mA
IY'" Alarm Relay Module

8 Programmable Relays
~ Digital and GraphiCS

Display Computer/Driver
tt::' RS-232 Senal Data I/O.

Selectable Baud Rates
~ IntrinSically Safe Construction
I~ Reflect or DIrect Transmission
- Mode
~ Simultaneous IndiVidual Beam &

Summed Data Display

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

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

Portable System 990 UNIFLOW
MultlPulse™ TranSit-Time 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 familiarize

themselves WIth Models 990DBN
and 990DBP pnor to purchase
may avail themselves of Rental
plans (where available)
Advance purchase of the
9900B FIeld Manual Will proVIde
detailed rnfonnatlon beyond thiS
brochure

CUSTOMER
SERVICE

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

2 YEAR WARRANTY
System 990 carnes a limited

2 year warranty, from date of shJp~
ment, against intrinSIC defects

155 Plant Avenue. Hauppauge, New York 11788 Phone (516) 231-3600 • Fax (516) 231-3334 • Telex 961-447 I ~
9900BN-1 J



HOW TO ORDER & SPECIFY SERIES 990DB

"
Selecting the most appropnate

model and optional functions and
features, offered In System 990DB,
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 Unlflow part numbenng
system IS a gUide to the process
of selecting your preferred model,
as well as prodUCing the part
numbers of all the system com­
ponents The procedure below,
gives you an opportunIty to con­
Sider the many Unrflow system
options offered Check with your
local Controlotron representatIve
to assure selection of compatible
Dedicated model functions Note,
however, that standard Portable

Unlflow Systems are supplied fully
loaded, with all avaIlable functions
and features

System 990 Dedicated Models
use a "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
follOWIng Components

• Series 991 Transducers
• Series 992 Transducer

Accessories
• Series 994 Flow Computer and

Function Modules
• Senes 995 Hand-fjeld Control

Display Unit -
• Senes 996 Remote Accessories

Specifying and ordenng System
990 Umf/ow 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 delrvery of
your selected components, and
place yourorder wIth Controlotron
either through your local Repre­
sentative or Factory Direct

Listed below are the part numbers for all Unrflow system components To construct the component part number which
has your desired options, replace the part number LETTERS with the approprrate CODE symbols listed below

991ABC·D A=MODEL B=TYPE C=TEMPERATURE D=SIZE
TRANSDUCER N=NEMA4 M=MetaI Body S=250°F max 3=6" to 24" pipe 00

P= Plasnc Body H=375°F max 4=20" to 48" pipe 00
V=Somc Velocity VH= 500°F max • 5=36" to 360" pipe 00

992MTABCD·E A=MODEL B=TYPE C=STYLE D=MATERIAL E=P1PE 00 RANGE (min I'
MOUNTING TRACK N=NEMA4 o=Olreet Beam M=Metal XOCR A=Alumlnum 3=6" to 24" Pipe 00 5X=6' to 10' pipe 00

A=Retefet Beam P=Plasttc XOCR S=Sleel 4..2D"to 48" pipe 00 5Y=10'to lB' pipe 00
SH=For VH XORS 5=36" to 84" pipe 00 5Z=lB' to 3D' pipe DO

• see 99OSl.ECT Manual

992CAB·C A=MODEL B=EHVJRONMENT C=LENGTH 99ZMTM·A A=P1PE 00 RANGE
TRANSDUCER CABLE N=NEMA4 S=Stanoard Temp C=Length In It MAGNETIC TRACK 4=20" to 48" pipe OD

W=Submerslble Kit MOUNTKIT 5=48" to 216" Pipe 00
6= 18' to 30' pipe 00

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

994ABCo·EF A=MOoEL I- 8=PIPE 00 RANGE C=DISPLAY O=POWER SOURCE E=PRDGRAM LOAD F=SPECIAL
FLOW COMPUTER OBN=NEMA4 4=6'1048" B=Bhnd~ S=1001115VAC 1=Baslc Data .- N(n)=CC Nuclear

OBP=Ponable 5=6"10216" G=Graphlcs M=230VAC 2=Add RS·232 & Oatalog Grade
6=6'10 360" D=Olgrtal B=9to 36VDC 3=Add GraphiCS S(n)=lntnnslcally

GL=Lighted SB= 115 VAC + Battery + Slnpcllart Sale
GraphiCS MB=230 VAC ~attery

994,7 ANALOG COMPUTER PrOVIdes Programmable lsolatea 4to 20 rnA 0to to VOC and Pulse Rate Outp~ one reqUIred per cnannel~

994-10ABC A=MOOEL 8=TYPE C=RATING
ALARM RELAY MOOULE N=NEMA4 A=Normally Open D=Dry Aeed (10VAmax )

B=Normally Closed M=Mercury Welled (SO VA max) (Not available In Ponable Unrts orin Ne Type)

994·11ABC A=MOOEL '" B=TYPE C=CODE RESERVED
LCD DISPLAY COMPUTER o=Dlgltal Display o=Dual Path

G=Graphlcs DiSPlay

994,12ABC A=MODEL 8.C=CDDES RESERVED
RS·232110 MODULE T=995 Hand Held Terminal Dnver Only

5=RS-232 and 995 Orlvers

995T 996P 996P,5 996PSp·A A=XDCRSIZE 996DABC A=TYPE 8=MDDEL C=POWER SOURCE
HAND·HELD PRINTER PRINTER PAPER PIPE SIMULATOR A=O 1 2.30r4 REMOTE D=Olgrtal N=NEMA4X S=110/115VAC
CDU TERMINAL 5PACKREFlW DISPLAY P=Panel Mount M=230VAC

• Transducers Daeratell .bove40O"FwllllllqUlfll alinDCllc IlIlurtlla- wrtll aenodlClty OnlllOrtJonallD opInlIIIf 1lInIIIIfI1In Forem-~lII*d/III.1actDIYClII\IIIItItlan II
nlCOIlImlllllled



Berthold

Noncontact
Weighing System

LB330-1C
for all kinds of bulk material

on continuous conveyors



~~onc~nlac~ massi~o'&v meter
(

The CompeHing
Ad1Jantages

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

• No moving parts - no mechanical
wear

• Installation on eXisting belts. screw
conveyors or cham conveyors
does not require any major mecha­
mcal modifIcations

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

• Massflow determination possible
dunng free fall

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

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

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

• Determination of the dry weight
possible With eXisting mOisture
Signal

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

and on a screw conveyor
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Cesign
A rod-shaped gamma source whose
type, length and activity dlstnbutlon IS
matched to the conveyor system and
the matenalloadlng IS Installed below
the massflow In a lockable shleldrng
with a collimated radiation opening
A sCintillation detector Installed above
the massflow detects the radiation
attenuated by the matenal to be
measured and provides a countrate
dependent on area weight From thiS
countrate and the conveyor speed,
the evaluation unit LB 330 - 1 C
calculates the massflow

"\ ....... ~., ...._.... i". F!
... 40 41 ~~.J ....; ttl JI

The very high stability of the measu­
nng system IS ensured by well-proven
Berthold system providing automatic
drift stabilization The high voltage
control ensures constant amplification
of the radiation pulses regardless of
temperature and ageing of electroniC
components The accuracy obtained
rn practice depends on the dlstnbutlon
of the matenal on the conveyor belt,
the averaging penod, and the accu­
racy of the check weigher

With eXisting applicationsthiS has led to
accuracies between 0 5 and 1.5 % on
standard conveyor belts and up to 2.5 %
on other conveyor systems. such as
chain, screw or bucket conveyors.

The evaluation Unit IS precallbrated by
the manufacturer and IS tmmedlately
ready for operation. Ifyouare Willing to
accept a slight decrease Bl accuracy.
Maximum accuracy IS achieved only
by means of comparative weighing
uSing calibrated weighing systems,
e g weigh bridge
The evaluation unit automatically
analyzes the resulting pairs of values
(result of the radiometric system and
of the comparatIve system, usrng an
autocallbratlon program and pertor­
mes an automatic self-correction.
ThiS calibratIon IS stored as a set of
constants The computer IS capable
of processing up to three externally
selectable sets of constants for
vanous products
All evaluatIon Unit functions affecting
the continuous measurement are
protected by a password

Radiation Sourca and
Shielding
The type of gamma source used
depends on the material loading With
high belt loading 60Co IS used (half-life
5.3 years), with medium loadIng 137Cs
(half-life 30 years) and wIth low
loading 241Am rod sources (half-life
433 years)
The gamma radiation does not conta­
mmate the product to be measured
The noncontact massflow meter may
therefore also be used In the food
Industry The shielding IS an Integral
part of the measunng frame which
forms the outer limitation of the useful
beam, and WhiCh, like the shIelding, IS
filled with lead when 60Co and 137 Cs IS
used.
This ensures that the radiation level
outSIde the measunng frame IS so low
that It IS well below the dose limits
stipulated In the RadIation Protection
RegulatIons
Low doserates are guaranteed by
usmg a senSitive detector and there­
fore source actIVIties Will be extremely
small.

Width WeIght
mm A B H1 H2 L of

Measurmg
frame

approx.kg

500 1006 776 494 754 706 190

650 1156 926 584 844 856 220

800 1306 1076 674 934 1006 250

1000 1506 1276 794 1054 1206 290

1200 1706 1476 914 1174 1406 330

1400 1906 1676 1034 1294 1606 370

1600 2106 1876 1034 1294 1806 420

i ~I

Lead shteldlng ella 105
pn,o« mounl80 Iocj(aole
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i.E S~O-1 C ... An E~ai'Uaijon Unit offering Many Adyantages

• wear resistant fall keypad freely selectable measunng range • tachometer Input either as fre-
of both outputs quency or current Input, selec-• easy operation via alphanumenc table via DIP-switches

dlsplav • digital Inputs for conveyor stop and
external menu selection, or for • Input for mOisture compensation IS• operation mode setting via external cleanng of the Integrator, standard, when uSing a separate

DIP-SWitches external activation of the tare mOisture measurement, the eva-
measurement and also activation luatlon unrt may therefore be used• automatic decay compensation of the pnnter for protocol pnntout of as dry-weight computer

for the calibration parameters as Intermediate results
standard, allows calibration over • prrnter Interface for parameter
several days or even weeks • digital outputs for malfunctions protocol listing and accurate docu-

indicator, set alarms, external mentation of the measured values.• two Isolated current output signals Integrator and signals when rea- Several evaluation unrts may be
IS standard, range selection ching a preselected batch weight connected to one prrnter
(0/4 - 20 mA) via DIP-switches

-::-.. ~ ..... ...... .: -... .:. -....
.. -l..l .. "III .. _,._

Loading capacity
;e..,

/ \
/ \

/ \

'ftI!IIII/IJJi;
/ \

I \

I \
{ \

Baslswelght

Belt width

Loading

kg/m f----O--.t

VelOCity

Integrated mass

Uh ~

Time

-
EvaluatIon unrt Installed In protectIon hOUSing
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~imens;onai Drawings
DimenSions In mm

EvaluatIOn umt m protection housmg
Weight approx 18 kg

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

Evaluation umt
Weight approx 6 kg

Tachometer wIth mountmg bracket
WeIght approx 5 kg

Your inquiries

should include

the following details:

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

Massflow velocity and possible
alterations

Measunng range and accuracy
reqUired

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

Matenal, bulk weight, gram size of
bulk matenal

Matenalloadmg or conveyor
throughput

Options reqUired (e g. pnnter)

Proposed location of measunng
system (drawing)

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

.. ''II ')... - ~ ..._----~ :r'-rf ............__.. ~ .... -'



t lH (-D'3-1 '?'3': 1': : ..+0

The Ramsey·
Series 2.0B Belt Scale System

... a rugged,
versatile performer.

The Ramsey Serles 20B Belt
Scale System IS designed for gen­
eral InpJant conveyor-weighing
applicatlons In the most demand­
Ing Industnal environments

The Senes 208 offers a hrgh
degree of accuracy plus repeat­
able stabIlity In helping you control
feed rates to crushers, mills,
screens and other processes It
can monrtor productlon output,
control loadout of prodUct. and
monitor Inventory while It gener­
ates mformatlon vital to the man­
agement and operation of your
business.

Easy to Install. Indoors or out­
doors, on fixed or portable convey­
ors, the Series 20B Belt Scale's
rugged construction makes It a

wise chOIce for particularly r,arsh
applications InclUding'

• crushmg plants;
• chemical plants:
• asphalt plants,
• mines;
• cement mills.
• coal preparation plants;
• sand and gravel operations,
• coal-fired power plants;
• ore beneflcatlon processes,
• truck and rail loadout.

Continuing a tradition of
innovative technology.

For over 40 years, Ramsey has
earned a reputation for ploneenng
and developmg belt conveyor
scale technology, We have Intro­
duced most of the advances In

electroniC belt conveyors, Includ­
Ing the first mlcroprocessor-oased
scales

Now, the Serles 208 Belt Scale
System, featuring the Micro-Tech
II Integrator with advanced digital
hardware, gIves you even greater
capabilitIes,

The Micro-Tech II expands on
the features offered by Its prede­
cessor which IS In use In thou­
sands of applicatIOns around the
world New features include a
large, easy-to-read display, user­
friendly software with prompting
to lead you through set-up and
calibratIon, plus expanded
computational and diagnostIc
capabilities



Easy-to-use. 'thlrd-generatlon" softINare • NEMA 4 enclosure
Excellent tempera!l.Jre stabllrty and electncal nOISe resistance

• DlgrlaJ electronIcs for accuraiB. drift-free performance No
potentiometers to adjust • Easy~to-read, plaln&Enghsh display

• Easy-la-understand keyboard for straJght·fonvard user Interface
• A broad range of outputs hfghllow rate alarms microprocessor

failure alarm, pulse for remote totalIZer, optlonal current or frequency
rate, and an optional RS-232C or R$-485 output.

71~8287007 P n~

The series 208 Belt Scale System
combines the tIme proven reliability
of Ramsey's scale carnage ana
speed sensor with the power and
Intelligence Of the advancea eleCtron.
ICS In the MIcro-Tech II Integrator
Each Series 208 element
• The Micro-Tech 11 Integrator,
• The Model 10-20 Carnage·

Welghbndge,
• The Model 60-12 Digital Belt

Speed Sensor
. ,plays a cntlcal role In accurately

weighing matenal moving on tne
belt

The easy-to-use, staLe-of-~e·

art Micr'o·Tech II integrator.
With the advanced capabilities of

the Micro-Tech 11, you get enhanced
accuracy and greater control over
your operation It computes the rate
at which matenal on the conveyor IS

passing It also totals material
weight, energizes the welghbndge's
load cell, powers the speed sensor,
and provides all system Information.
calibration Inputs and commUnications
outputs,

The Micro-Tech illS deSigned for
easy operatIOn and calibratIon with •
a large, easy-to-read display,
straight-forward, tactile-touch key-
board: and software that prompts the
user through the proper set·up and
operational procedures The third­
generation" software 1$ based on
Ramsey's years of experlence In
belt scale development and
application.

Easy-to-read display.
All data and user InstructIOns are

displayed on abright, 4X20-character,
alphanumeric, vacuum-fluorescent
display. The engineering units are
selectable to meet your particular
application reqwrements. e g tons
long tons, tonnes, pounds.
kilograms.

In the normal runnmg mode the
top line dIsplays total matenal
weighed and IS operator selectable
to be either the master total or a
resetable. shift total. Even If used III

the reset-total made, the master total
!$ always ~elng updated In the mIcro.
processor S memory and can be W
called up on the dlsplay by the operator
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Accuracy.
On factory approved Insta.llatlons.

Ramsey warrants that the Senes
208 Belt Scale System w,11 we1gn
and totalize to a value wltmn =1,2°/0

of test value when cahbratea agalnst
a known test weight, cham or Ram­
sey's standard electroniC calibration,

The test rate must be between 25
and 100°/<;,1 of the scale system s
calibrated capacity. Test duration IS

defined as at least 1000 counts or
the master totalizer and at least
ten (10) minutes running time War·
ranty is subject to the scale system
being Installed, operated and main·
talned In accordance With factory
Instructions

Model 10-20
Camage/ Welghtmdge

Simplified troubleshooting.
A vanety of speCial, bUilt-In diag­

nostIc functions assist In identifying
operating faults, The microproces­
sor detects certain error conditIons
and generates an error message to
alert the operator.

A test menu allows the operator to
check the dIsplay and the micropro­
cessor function, and to View a
number of system-operating Inputs
and outputs ReadIly Viewed, set-up
menus allow verificatIOn 01 all set-up
parameters.

If the operator cannot Identify an
operating problem. Ramsey techm­
cal service personnel can often
Interpret Information from the unit
over the phone to help get the sys­
tem back In service qUickly.

empty for a preset penod of time.
The auto span function allows you

to use either Ramsey-pioneered,
electronIc cahbratlOn
(standard on all Units), or an
applied test load, such as a chain or
test weight A separate menu gUides
you through a weighed matenal load
test.

The second line displays the
current rate at which matenal 1$

passing over the conveyor. -his
• can be exoressed In engineering
., units per hour or as a percentage

of the calibrated ranae
At the operator s discretion, the

third line can either be left blank,
display belt speed or dlsplav Delt
loading The fourth line In the
normal run mode IS re­
served for error messages.

In any calibrate or set­
up mode, the first three
lines are used to display
prompt messages fOr the
operator The fourth line
Identifies the functIon of the
special "soft keys. activated onlY
when required for a particular set of
chOices or options

Simple, "posltlve feedback"
keyboard.

The Micro-Tech Irs easy-to­
understand keyboard IS used for all
operator Intertace and data entry
The large. clearly¥ldentlfied keys
have a tactile touch for poSItive
operator feedback

•
The operator enters data on a 12­

key, telephone-type pad. Four dedi­
cated keys Include a "RUN key that
always returns you to the normal run
mode. and three keys that allow you
to access and scroll through the var­
iOUS set-up and calibrating menus

Three special soft keys provide
set-up and calibration options

Quick and easy set-up.
On IMlal staJ1-up, the Mlcro~Tech

II leads the operator step-by-step
through an mtlaJlzatJOn procedure
The operator needs only to enter the
applIcable operating parameters of
the specific Installation No separate
or external calculations are reqUired

All future changes or selection of
optIons are made via
simple menus that are called up by
the operator

A choice of easy calibratIon
methods.

Micro-Tech II features operator•
.. Initiated. automatic zero and span
.. functions A fully automatic, Auto

Zero Tracking option IS available
that Will lliltlate an auto-zero function
whenever t\1e conveyor belt runs



ModeJ 60~ 12 {Jig/tal Belt Speed Sensor

Permanen[ly ailgr:ea
welghbndge.

Rigid and rugged. the Model
10·20 CamagelWelgnbndge re­
mainS permanently aligned within

the conveyor
frame The one­
plece,drop-In

style 10-20 IS

completely
assembled at the
factory and IS

qUickly and easily
installed and
aligned In
the conveyor

DeSigned
and bUilt to
contrtbute to

the conveyor
stringer section

modulus in the scale
area. the welghbndge

provides additional stIffening
ana support to help minimiZe

conveyor deflectlon.
Both the sIngle and dual Idler

models offer three pOint sus­
penSion and employ trunnlon­
type, frictIonless PiVOts. These
sealed Units are Impervious to
vibration, mOisture and product
accumulatIon. This ellmmates the
problems associated with the
application of knife edges and
beanngs In adverse environments.

Other features include:
• No moving or wearing parts;
• PreCISion, strain-gauge load

cell applied In tension to
guarantee load cell alignment
and accuracy.

• A total deflection on weight
Idler(s} less than 004 Inches,

• Slim profile to minimize mater­
Ial build-up and resultant zero
shltt,

• Optional counter-weIghted car­
nages to meet light belt loading
reqUirements

The ~Norld's most
accurate and reliable belt
speed sensor.

The Ramsey Model 60-12 Digi­
tal Belt Speed Sensor IS the most
reliable and accurate speed­
sensing deVIce ever developed
for oelt scale seMce. Any chance
of belt slIppage IS eliminated and
positIve contact with the belt IS
always assured

This IS accompltshed by direct­
coupling the sensor to either the
conveyor tall pulley, snubbing roll.
or the large dIameter lagged
return roller. No wheels ride on
the belt ellmmatlng problems
related to the bUlld~up and sllp~

page that cause speed measur­
Ing error.

The speed sensing element
employs a bruShless pulse
generator which outputs pulse
Signals to the Micro-Tech II. Each
pulse represents a Unit of belt
travel and the pulse frequency is
proportional to belt speed

Other features Include
• Rugged, cast-aluminum hOUSing

sUitable for outdoor
InstallatIOn,

• A C pulse generator-no
brushes to adjust or replace.

We back UP aualir.:
products With· the DeS! ::'1

customer service.
When you select a Ramsey

206 Belt Scale System, you get a
high qualtty product baCKed oy a
service-oriented orgar"lzi3.tIOn

Knowledgeable sales represen­
tatives throughout the U Sand
around the world assist you With
application reqUirements

A large customer service staff
at our Minneapolis headquarters,
and at afflltlated companies out­
Side the U.S., assist you With
technical service questions and
spare parts requirements

Experienced factory service
techniCians and authOrized Inde­
pendent service representatives
are available. on request. to pro­
Vide you With on-site servIce
support and aSSistance

From the moment you make
the deCISion to select Ramsey
you know It'S the nght chOice

Tecnmcal dara.
If you require additional detailed

speCificatIOns, dimenSions, shlp~

ping weights, etc. relatlve to the
Senes 208 Belt Scale System,
please request the Serles 20B
Technical Data Sheet Ramsey
Catalog No. 13.301
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Ramsey Technology, Inc. has spe­
CIalized In the field of process Instru­
'Tlentatlon aM automatic control
since 1953

Throughout Ramsey's product fam­
ily you will find an intrinSIC rugged­
ness In deSIgn and construction that
assures rehable performance In the
'nost demanding Industrial envlron-

ments In addition to the system
described In this catalog, Ramsey
undertakes custom automation con­
trol projects ana IS eager to work with
you In the solution to your specifIc
needs

Ramsey sales representatives are
located throughout the Umted States
and In dozens of countries wOrldwide.

With that and manufacturing faCilities
on three continents, Ramsey can
supply your needs wherever you are
located.

For additional InformatIOn on any of
Ramsey's products, call or write
Ramsey Technology, Inc, or any of
our affiliate companies today I

lr 3=~?\M5~nTECHNOLOGV INC. J
501 90th Avenue N W
Mmneacolls, MN 55433
(612) 783-2500 FAX (612) 783-2525

RAMSEY Companies are located In'

• Australia • Germany • NetherlandS
• Canada • Italy • Spain
• France • Mexico • United Kingdom

Represented By:

A The-necllc5 CCfTllJerl "'rntec In L.!':; \0\
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How the
System Ope!atfS:

2

Ramsey s Sertes 14 PrecISion Belt
Scale IS the most wloely certified
electroniC belt conveyor scale
on the market. with certification
against HandbooK 44 by many
states and weighing bureaus wlthm
the United States, and certification
agamst both OIML and EEC Class I
standards outside the U.S

Ramsey 5 introduction of the
Senes 14A 8elt Scale System IS
another step towards ultimate
excellence A new world standard
of preCISion performance for belt
conveyor weighing Ramsey S J..I.p1
MICRO-MASTER'" Integrator
has "second generatIon'
mlcroprocessor·based technology
wnlch provides the most advanced
conveyor scale electronics
available IJ.P'~ emu-pee) IS Ramsey s
symDol for mIcroprocessor-based
welghrng technology

The Series 14A System continues
to rncorporate the Model 10·14
low deflectIon. full floatmg unitized
carnage/welghbridge and Ramsey 5
60·12 dIgital speed sensor, both
widely proven on hundreds of
precIsIon conveyor weighing
applications The new electronics
package IS what really makes the
new Serres 14A System a standout'
The Model 10-150 load cell
exciter/dIgitIzer and Model 10-151
MICRO·MASTER mtegrator are
the proaucts of years of Ramsey
experrence Incorporating second
generation mIcroprocessor
technology and software. The result
IS unparalleled electroniC stabIlity
and system weighing accuracy.

•Ramsey Senes 14A precISion belt
scales have four l4) major compo­
nents The carnage/welghbndge.
load cell dIgitizer, speed sensor,
and Integrator, often referred to as
the totalizer

The carnage/welghbndge
assembly houses four (4) preCISion
load cells that serve as the primary
weIght sensorS The load cells
generate an electrrcal output Signal
proportional to belt loading, usually
expressed In pounds per toot The
full floating carnage mounts to the
conveyor stringers and supports
the weigh idlers The speed sensor
IS an electro-mecnanlcal deVice
attached directly to the tall pulley
or other large dIameter Idler pulley
so pOSitive contact with belt IS
assured. The speed sensor
produces a vanable frequency
pulse output Signal which 1S
proportional to true belt speed
The load cell digltlzer energlzes
the load cells and converts the
load cell output SIgnal to an
accurate, stable digital transmiSSion
to the MICRO-MASTER Integra,toa
The Integrator prOVides mtelhgenc
to the system. calculates and
displays rate, total weight and
other vanables It also prOVides
operating interface and dIagnostics
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~fVeighbridge

Ramsey's 10-14 carnage/
welghbndges are three (3) or four
(4) Idler suspenSion-type featurmg
full floating unitized assembly with
no Pivot POints and no moving
parts All carnage/welghbndges
are constructed of structural steel
tubing and are factory pre­
assembled with checkrods to
faCIlitate fast and easy field
installation Only eight (8) bolts
are required to mount the unit to
conveyor strmgers To reduce scale
area deflection, additional conveyor
stringer supports may be required.
Four (4) hermetically-sealed
precISIon load cell assemblies are

~
PPlled In tension to support the
elghbndge.
The load cells are sized to provide

at least 100% overload protectl0n
and are structurally safe to 250%

! of rated belt scale capacity Each
of the four load cells can withstand

! at least a 3,750 pound load
1 Static measuring accuracy of the

camage/welghbndge asseml.')ly IS
wlthm 05% of scale capacrty
Because of excellent system
lineanty from 25 to 100% of
rated capacIty, test weights and/or
roller-type calibration chams can
be "sized to simulate loading at
40% to 75% of scale capacIty
instead of 75% of capacity Which
has been prevIous' rule of thumb"
m the Industry As a result, the
cost of the callbratmg equipment
can often be significantly reduced.

WEIGHBRIOQE FEATURES
1 Rigid structural steel tubing

construction with checkrods­
malntaans posItive alignment

2 No movtng or weanng parts­
no adJustmg. longer lifespan.
Factory pre-assembled -ease
of field Installation

. Four (4) load cells applied In
tension to carnage

5 Full floating weIgh platform.

Model 5D~12

Digital
Spetn Sensor:

The Ramsey Mode16Q-12 Digital
Belt Speed Sensor IS the most
positive. reliable and accurate
speed sensing device yet developed
for belt scale service. The Unit IS
desIgned and constructed for
direct connection to a conveyor
tall pulley, snubbing roll or
large diameter lagged return roller
where there 1S no chance of belt
slippage, and posItIve contact
with belt 15 assured. Problems
associated wIth wheels attemptmg
to contact the belt and resulting
build-up and slippage are thus
avoided

The speed sensmg element
employs a brushless pulse
generator producmg a stream of
pulses. each pulse representing
a unit of belt travel. FreQuency
of the pulse stream IS proportional
to true belt speed.

No brushes to replace or adjust
The pulse output (belt speed)
slgnalls fed to the MICRO­
MASTER Integrator

DIGITAL BELT SPEED SENSOR
FEATURES
1 PosltlVe. direct connection to

tall pulley shaft. snubbing roll or
large diameter lagged return roll
-no wheels ndlng on belt With
resultmg bUild-up and speed
measuring error.

2. Rugged castalummum hOUSIng IS
SUitable for outdoor Installation,

3 AC pulse generator-no brushes
to replace or adjust.

71~8287007 F C?

Model10~150

Load Cell
ExciterIDigitizer:

The Ramsey Model 10-150 Load
Cell EXCIter/DigItizer serves as an
interface from the 10-14 carnage/
W81ghbrrdge to the Model 10-151
JJPIll MICRO-MASTER Integrator
The Unit powers the toad cells and
converts the analog force Signals
from the strain gauge load cells to
an accurate, stable digital output
for use an tota~lzatlon In the
MICRO-MASTER Integrator

The 10-150 IS a dlgltal
microprocessor-based deVice
prOViding AID conversion and
extraordmary temperature stablltty
The enclosure ls fabricated of
14-gauge steel and conforms to
the NEMA standard for Type 4
(water-tight and dust-tlght)
In addition to protecting the
electrOniC CirCUIt boards from
mOisture and dirt, the enclosure
also serves to shIeld the
electronics from electrical nOIse

LOAD CELL DIGITIZER
FEATURES
,. Accepts mternatlonal power

requirements 50/60 Hz, 100-260
Volts

Load cell digitizer [s housed
In a dust-tight. weather-tlght
enc~osure that IS SUitable for
outdoor installations.

No periodiC adjustments or
calibration

4 DigItal accuracy

5. Extraordmary temperature
stability
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9. AUTO SPAN When depressed
the "AUTO SPAN" button initiates
an automatIc span calibration

7O. START STOP. The START
and STO P" buttons are used to
manually start or stop an auto zer~
auto span. acqUired test duration.
or test procedure,

17 ADVANCE. When depressed,
"ADVANCE" button advances to the
next scroll POSition. operation or
option VISible In eIther total or
rate dIsplay

12. ENTER. When depressed the
"ENTER" button allows insertion
of newly computed values
replaCing old zero, span. etc

13. LAMP TEST When depressed
displays Will alternately flash all
segments of alternate characters
off and on The HIGH/LOW and
ERROR LED's Will blrnh. off and on
about once a second

74 FUNCTfON When ~i~pressed
the FUNCTION bUttC'l"l selects
vanous speCial functions Shown on
upper half of digit PUSh~lJttonsand
dIsplays them In the tot.~. display

NOTE. Certain pushbue-.:-ns are
operable only With key ':'1

"CALIBRATE" POSition

tIC 3. QiPJ¥LL4

3. RATE INDICATOR. In normal
"RUN' mode. the rate of material

passmg over the belt scale IS
displayed In your choice of
engmeerlng unIts The rate display
IS the same type and sIze as the
totalizer In "CALIBRATE" mode.
the rate display also mdlcates
vartOus scroll options and scale
constants which are selected via
the keyboard If an error occurs,
the error location WIll be Indicated
on the rate display,

LED INDICATORS
4. (HIGH LOW RATE
INDICATOR) When red LED
illuminates a pre-settable low or
high rate Within the microprocessor
has been exceeded. High or fow
rate remote alarm outputs are
actIve when IndIcator IS on

5. IJ,P (MICROPROCESSOR
INDICATOR) While the green LEO
IS I!lumlnated. the mIcroprocessor
IS operating In a normal mode

6 ERROR When red LED Illumi­
nates. an error Within the welghmg
system has occurred A remote alarm
output will activate at thIS time,

OPERATING PUSHBUTIONS:
7 RUN. When depressed the

"RUN' button causes the integrator
to operate In normal mode.

8 AUTO ZERO When depressed,
the AUTO ZERO" button initiates
an automatic zero calibration

eEsrAVA~ABLECOPY

Ramsey's MICRO-MASTER
Integrator has mlcroprocessor­
based technology whlch offers
advanced software. the product of
years of Ramsey mnovation and
experience, The brIght easlly­
read alpha-numeric displays
Interface with the operator to
assIst In set-up. calibration and
dIagnostics. Multrple outputs are
available for process monitoring
and control Including the
capabIlity for dIrect Interface
with a computer,

PANEL FEATURES
1 KEY SWITCH. When key
SWitch IS In the "RUN posItion, the
mtegrator IS securtty safe Key
operating parameters of the
integrator cannot be changed
When the key SWitch IS in the "CAL:'
(calibrate) position, all operating
parameters such as zero. span, test
duration. etc, are accesSible

DIGITAL DISPLAYS
2 TOTALIZER In normal RUN
mode, the total materral weight IS
read on the 12 digit vacuum
fluorescent, alpha-numeric display.
easdy readable In high or low
ambient light When m 'CALIBRATE'
mode. the display can also indicate
varrOuS messages such as scroll
names, When the RUN" button
IS depressed. the master total
IS again dIsplayed

4
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I
operatmg data SImply pushmg rFUNCTION,SET-UPthenADVANCE
repeatedly scrolls through various
set-up functions on the totalizer l:l1t.

display Other diagnostic functlons t~
that allow checking of the load ceBs iand mIcroprocessor function are
acceSSIble via the pushbutlons

MICRO-MASTER FEATURES

1 All digital data processing
MICRO~MASTER IS a true
digital deVice, not an analog
device With a digital readout
like others call "digital" Digital
processing. integration and
totalization of data proVides
optimum dnft·free stability

2 Advanced software The
product of years of Ramsey s
mnovatlon and experience

3 Continuous self-checktng of
software and hardware L.E.D.
IndIcators Illuminate when
high/low rate alarm or when an
error occurs

4 AutomatIc calibration,
Automatic zero, automatic
span, selectable auto zero
trackmg and auto test duration
are all bUilt In.

5 Accepts rnternatlonal power
requIrements 50/60 Hz

I
100-260 Volts. £..

6. Simple entry of all data and ~

instructions via pushbuttons !:-'

All keys are ot membrane ~-

tactIle feedback type ...
l'"

7. No internal adjustments iMICRO-MASTER contains no
potentiometers or adjustable !;-

tresistors to cause problems

I8 Multiple output capability In
addItion to two pulse outputs
and two current outputs and
alarms, MICRO-MASTER also
has 20 mA. senal digital or ~,
RS 232 outputs available ~(ASCII protocol.) 0-

9. Vacuum fluorescent alpha- ~
numeric displays prOVide ...

~
easy-to-read digital display In ..
high and low ambIent light !:

I

'0 Extraordinary temperature ~
stability t

11 Sacked up by proven Ramsey
Know·how and servIce
availability

DIAGNOSTICS
MICRO-MASTER features several
dIagnostiC functions that allow the
operator or serviceman to check the
Unit s stored data and operating
functions One unique feature IS the
Unit's abIlity to scroll" through
Its stored calibratIOn constants and

feature IS Auto Zero Trackmg where
the auto zero function IS automati­
cally initiated when the belt runs
empty for a penod of time. (For
more information on calibrating a
conveyor scate. refer to Ramsey's
Catalog Sheet Number 11.100.)

ACCURACY
On factory approved InstallatlOns,
Ramsey warrants that the Senes
14A PreCISion Belt Scale System
Will weigh and totalize with an error
of less than 0 25% (±:4%J of test
load at flow rates of between 25
and 100% of the scale systems'
calibrated capacIty when calibrated
agaInst an actual weIghed matenal
test Further, Ramsey warrants that
the sca~e system will repeat to
wlthin 0 , %of consecut1vely-run
Simulated calibration tests (e g.,
Ramsey electroniC callbrat10n or
test cham). Test duration IS defined
as at least three (3) CirCUIts or
revolutions of the conveyor, or at
least 1,000 counts on the master
totalizer and at least ten (10)
minutes runnmg tIme Warranty
subject to scale system being
InstaHed. operated and mamtamed
m accordance With factory
InstructIOns

= iU=:.>+<:¥iW <i e~ a:e;t!¥ SSCP, ;

~-FUNCTION AND KEYBOARD
PUSHBUTTONS.
The 'Function' pushbutton relates
to the 12-key keyboard, If presged
first, It addresses a keystroke on
the keyboard to an uPper case
"function" as opposed to the lower
case' number" It IS through this
keyboard with Its vanous functions
and numbers that all initial data
peculiar to your scale Installation
IS onglnaUy entered Into
the microprocessor's memory
Selection of operating choices
such as English versus Metnc,
engmeerrng units, scale capacity,
etc, are entered Via the keyboard
The keyboard IS also used to caU
up and display various constants
and data stored In memory, and
Interrogate the mIcroprocessor for
diagnostiC and trouble-shooting
purposes. The keyboard is non­
functional when the key sWitch is
In the normal "run" pOSition There
IS no concern over aCCIdental data
entry or system adjustments by

I unqualified operators. Only
... qualified personnel with a key to
.wltch the umt to the "calibrate'
~osltlOn can access the keyboard

and Its many functions and data
All the functions and data stored
In the MICRO·MASTER memory
are too extensive to cover In
this publication. Upon request,
a Ramsey representative can
provide more Informatlon or a
demonstration of the power of
MICRO·MASTER

SET·UP:
To prepare MICRO-MASTER for
operation. It IS only necessary to

I
enter several constants In the
microprocessor memory Via the
pushbuttons If full scale data [s
provtded with order, these can be
Installed at the factory durmg
check-out Once Installed, start-up
can be as Simple as runmng an
auto zero. an auto span. and
depreSSing the 'RUN' button

CALIBRATION:
The automatic calibration feature
allows you to use eIther Ramsey
pioneered electrOnic calibratIon or

I an applied test load such as static
~ weights or a cham The chOIce IS
~electable via the pushbuttons
Fhe mIcroprocessor also prOVIdes

t
a separate totalizer functIon to
assist In running weighed matenal I

load tests, An additional selectable '
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'NOTE AlSO available In 0 t N J. S anl;1 orner metric standardS
"NOTe; Applies on sJn'Jle unit shHlmants only (Idlers excluCled)
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1 : 10-14-3 10-14-4 i 10·14 :) 10-'4-4

64' I 37 I 9:3 95'1," 189 I. I 0 I j 1(I'~1" 965 Lbs I ~ 020 lOa 9€ Cu Ft I ':5 Cu F' I

I 7;? ! '75 I 81" 1a3J," 117'/,1 10' I I ,~;w;:1· I 005 Lbs 965 LOs I 84Cu 1"1 I ;;0 Cu Ft 1
1
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54" 57' 5:3" 165',' 159' /,' I 10" I 3',"'A'" I 1520 Lbli, BeO Lbs I 66 Cu Ft I '2 CL. "t I

4S I 5'· 57' ~9"·" 153 '.-1 10' I 1"'IIIJL1- 190 Lbli B50 Lbs I 60 Cu lOt
,

E5 CU Ft I,
4:1 i 45 51 ' '53'/." "47 • I '0" I I', ."1- I i6! Lbs 820 Lbs I 54 Cu ,.1 58 Cu FtI

36 39 4:5" 147 I·' 141 11• I 7'/.' I ",.~1" r 7M Lbs 795 Lbs I ~Cu lOt I 52 Cu Ft

30" n 39' 14"/.' 13;"/," : 7'1.' I "1'",;('" I 70S LI:i$ 7M Lba I 4~ Cu !Ot r
~6 Cu Ft I

24" M' 33- I 35'1.. I 1=:9'/•• I 7'1t. I WJ ,x," ,
675 LI:i$ 735 Lbs I 36 Cu 1'1 ::'9 C,J f't~,

20 1 23' 29 131'" '25/, 17'1,· ~"6X' oj
I 660 LoS I 7151.l:is 130CuFl I ,,3eu 1=1 I
I

'5 Zl I 27" 129/: In'" I 7 I" i 1t'loX,11 ·1 650 Lt;J$ I 705 Lbs I 30Cu Ft 33 Cu f't
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For IlIu:rtratlOI'l
purpose. only 4 Idler
<hmenSlon drawing
1$ shown. 3 Idler. 4 ft.
$paclng dimenSional
d.rawlng av81hill)Ie
upon ",Quest.

Weigh Span three or four Idler
SU5penSl0n 144" (3 66 meters)
minimum welgn span
Clearance ReQUlreme'lts fits any
standard cDnveyor No space reCUlred
above belt line See plan view drawing
TOr deck plate cut-out dimenSions

Idiers idlers are normally furnished
by customer Ramsey can supply on
request
Welghbrldge Design umtlzed assembly
conSlstmg of full-floating weigh
platform and two support beams which
attach to the conveyor stringers

Conveyor Sizes 18"-84" belt wldtM
(400mm-2000mmJ

Welglibrloge Construction mecnanlcal
steel tubing

Welgnbr1dge Mountmg 8 bOlts 1four
per support beam) to conveyor
stringerS
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MICro Master
ModeI1o-151·P- Panel mount
Weight; 22.75 lbs Boxed shlppmg _Ight_
Apl)roxlmately 25 IbS.
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Model 60-12 OlgltlJl Speed Sensor
Wtllght 8 Ibs
Boxed Shipping Weight 10 Ib&.
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MICro Master
McdeI1Q-151-4. Field,
sur1ace motlnt. NEMA-4
Weight; 39 5 Ibs. Boxed. shl~plng
W8IVht APproximately 44 lbs

Model 10·150 Load Cell Digitizer
SurtaCG mQunllng, NEMA-4.
WeIght 25 Ibs.
Sored shlppmg weight 26 Itls.
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(4) Two Remote Total Counter Outputs
la) Solid state optically Isolated

relay outOUt With 240 Vac
::: 5 Amo contact closure for
remote AC mechanical counter
Relay contact closure rate and
duration front panel selectable

(b) Isolated Transistor SWitch
output for high speed DC
remote counter SWitch rated
24 Vdc 16 mA

(5) AUXiliary DIgital Serral Output
Isolated 20 mA current output
for remote indicatIOn of dlsplavs
(RS232C optionally available)

(6) Current Outouts lone Included)
selectable 0 mA to 20 mA or 4 mA
to 20 mA for remote IndIcation of
o to 100% flow rate Second
OOtional for remote indiCation of
belt lOading

(7) Second Internal resettable total
counter

(8) 24-hour clock 200-year Calendar
(9) Internal test and diagnostics

(10) Pushbutton mdlcallOn of all
operating and calibration
parameters

(11) R-Cal Output for remote control
of Digitizer R·Cal relay

CALIBRATION
Test duration' AutomatlC cahbratlon

duratl0n acqUlsltron.
Zero: Automatic aSSisted and unassisted

(Auto Zero Tracking) zero calibratIOn
Selectable Sealed Zero feature
prevents unauthorized zeroing
Adjustable Zero Llmrt controls zero
adjustment range

Span' Automatic span calibration usmg
weIghts. cham. R-eal (electronic]

material. or post (pre-weIghed)
calibration methods

ACCURACY
WIthin 0 009% of full scale.
LINEARITY
Integrator has no mtegrator Imeanty
errors

OPERATING TEMPERATURE RANGE
-10°C to -r50oC (+14Q F to +122°F)
TEMPERATURE SENSITIVITY
Due to the digital nature of the
Integrator, there are nO temperature
mduced zero or span errors
TEMPERATURE SENSITIVITY OF
CURRENT OUTPUTS

Zero 025 uA/oC maximum I
Span 35 ppm/oC typIcal
65 ppm/QC maximum

POWER REQUIREMENTS i
Selectable 110. 130 150. 220. 240 r
or 260 Vae -15 .,. 10%. SWitch
selectable. 48-62 Hz. 35 VA maximum
ENCLOSURES ~
Model 10-151-4 Field surface mount -
NEMA~ , ~

Model 10-151-P Panel mount. 288 x ~
144 DIN 43700 r

CONVERSION RATE
10 converSions/second
ISOLATION
Complete oDtieal Isolation (250 vac
minimUm) between Inputs and outputs
ENCLOSURE
Surface mounting NEMA-4

MP MICRO-MASTER INTEGRATOR­
MODEL 10-151
INTEGRATOR TYPE
Continuous electronic

CIRCUIT DESIGN
Modular 100 percent solid state
mICroprocessor-based electronlcs.
CIRCUIT CONSTRUCTION

"6809 microprocessor With up to 24K
bytes permanent (program memory).
1K byte data memory (calibration
constants entered through front panel
push buttons) Microprocessor operates
at 250 000 instructIons per second

POWER FAILURE PROTECTION
Replaceable long-life energy celi
caoable of protecting RAM for up
to three yean;; With power off

COUNT RATE
Up to 194400 counts per hOur (front
panel selectable)
INPUTS

(1) Digital Serial Data (load) Input
20 mA current loop. from Load
Cell Digitizer

(2) Auxll1ary Olgltal Senal Input, 20
mA current loop, allows full remote
control of front panel operations
{RS232C optionally available.}

(3) Digital Voltage or Current Speed
Input from Speed Sensor

(4) Operator Inputs
fa) 21 front panel ooeratlng

pushbuttons. membrane (flush)
type With tactile feedback

Ib) One key5wltch. lead Wire
sealable for controlled
calibration access

OUTPUTS
l') Two blue-green vacuum­

fluorescent displays. 12-<:haracter
16-segment alpha/numeric
(a) Total dIsplay Direct readmg 8

digit display of accumulated
total In Eng (Ish (pounds short
or long tons) or metric
(kilograms. or tonnes) units

(bJ Rat8 display Direct reading
4·dlglt display of material flow
rate In English or metric Units

(2) Three LED indicators
ra) Red ERROR' (alarm) Indicator
{b) Red HIGH/LOW (rate)

indicator
(cl Green MICROPROCESSOR

OK indicatOr
(3) TMree Isolated transistor SWitch

outPUtS rated 24 Vdc. 100 mA
for remote indicatIon of ERROR
HIGH RATE .and LOWRATE
alarms

" .......,.,UC}: ,$4Q

:Elett:rical 3iQ€£iiications:
-- LOAD CELLS -

LoaCJ Cell Type environmentally
sealed sucer-preCISlon strain gauge
With special temperature compensation

Loaa Cell Mounting lOur (4) cells
applied In tension

Non-Linearity Ma)(lmum 05% or rateo
OutPut

Reoeatatllit'! Within 02% of reteCJ
output

HysteresIs' max 03% of rated output
T.;mperature SenSitivity -= 0006~. per
degree F on zero balance ..:.. 00089&
per degree F on rated output

Overload Protection (as applied In
typical welghbndgsi Minimum Cl
100% to maintain electncallntegnty
Minimum of 250% to malntaln
structural Integrity (Each at the four
10M cells are capable of suoportlng
at least 3 750 pounds)

LOAD CELL DIGITIZER,
MODEL 10-150
DIGITlZER TYPE
Continuous electronic load cell to
digital signal digitiZing

CIRCUIT DESIGN
Modular. solid state. microprocessor­
based electroniCS

CIRCUIT CONSTRUCTION
6502' mIcroprocessor WIth 4K bytes
ROM (program) memory and 128 bytes
data memory Microprocessor operates
at 300.000 Instructlons per second

POWER REQUIREMENTS
Selectable 110 130 150 220 240
or 260 VAC 50 or 60 Hz. 50 VA max

LOAD CELL EXCI-:-ATION
10 or 15 Vdc 260 mA maximum
OUTPUTS
Standard Digital Serial Data Output
20 mA current loop 600 baud
compatible With Ramsey Model 10-151
Mlcro·Master Integrator
CALIBRATION
No periodiC calibration reQulreO
OPERATING TEMPERATURE RANGE
-40°C to +50o C (-40C'F to +122°F)
TEMPERATURE SENSITIVITY
For -10c C to +50c C

Zero 0 15 IN/ °C maxtmum
Span 40 ppm/vC maximum

For -40"C to -10oe
Zero 015 uV;oC maximum
Span'S ppm/oC maximum

ACCURACy
Within 004490 of load cell capacity
over full temperature range of -40°C
to +50oC Within 0022% of load cell
capacIty -lOoe to .,..50oC

LINEARITY

•

Better tl"lan 0 01 c~ of net for Inputs
from 0 to 105% of full scale

1
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oontams the st:re2m seleenon urut, valvmg for
autorruttffi gas ailibranon. and alarm relays

The result? An on-l.m.e BTU Anal.}'Zeryou
can easJ.1y configure to match avallable
~are. The system's mcxiular components
also allow fast. e2SYfield~ • • • ••repaus, for IIllIllIDUID ::>. •

OOm~e. -

Flexible, Modular Design.
The ~odel 2920 Svstern \\"'35 desIgned for

easv mst:allatton and ITIa1Iltenance.
The system consISts of two compact, self­

contained modules housed ill ruggerl NEMA­
4~ One module contalnS the gas
chroma!Dgrnph and the l\\'1I1, on-board
romputel'S that run analvSlS operanons
and commurucatlo11S The other module

Faryears, the naturalgas industry has1lI!f?daiamore reliable,
field-ready on-tineBTUAnalyzer. One tIXltwauIdbe eLlSier to install,
easter to operate, andeasier to rnaintatn. With true, bidiroctianal com­
municattonsfor remote amtrolandtroub1l5hooting. Andlower rosts.

'!bcIa}; EGC..(J Chandler - aFortune200 companyandone oftbe
most trustednames motlandgas fXJutpmentfor over 45yeatS­
has metthe need.

The Model 2920 On-Line BTUAn3lvzer..-
- The ~100ei 2920 B'IU Analyze' Symem 1$ Built towithstand harsh environ-

astand-alone gas chromatogrnph designed ment:Jl conditIons, itdeliveIs the repem-
to measure the heating value ofup to six ability and aa:urncy of aiabornmry gas
~~gas~. ~~h

Easy, On-site, One-Site Installation.
unhke other on-lme sys1EII1S, the McxieJ. Ittakfsonlvhotlni- notday5-toput

2920 System 15 mstalled on-51tE maSIngle tre MOOel Zrp.O Swtem mto~
meter house. Electronic;, the chromato- cle!Mrytoon-me~
grnph and the stream selector are alllOOUEd The analyzer and relatedoptlons are

in one stroeture This FM-appl.'OVtrl for use mClass I, Divlslon 2,
makes routine rnam· GrolJlXiC&DenvlID11Illenls,with
1Erulnceeasler-and operating~ from -25°to

~~~ drnmancallyrtrluCES 45"C (-10> to 1l0"F).
installation am.

: -: -
___"l"!



No Lem.ning Curve.
Some systems are &) comphaltai It t3kts

hours of t.raIrung and seI'Vloo-support to put
them to work.

The ~100el2920 S~ drei awayWlth the
learrung curve. The menu-drIven operanng
system lS so tm-friendly, even an untrameri
layman can legm to ron It-1Il IIllIlUtEs.

Total OJI-Site Communiattions &Control

• Autornanc Calibration.

• Automanc RestntAftEr PO\\e' OUtageS.

• Built-In DataProlEClion.

• Em;y Maintenance MOOu.1ar DesIgn.

• Built·InDi~ticl.

• P3l"JlleI. Port For StandaniPnnteI:

• PC-BasErl Remote Coorro~ f.3sy Intel'fuo;
With IndustryStandard Cornmurucahon
Software.

• ComplianceWith Ir1dLmy Standan:ls:
GPA. A)TIvl, ISO, AGA.

EasyTo InstalL EasyTo Use. EasyTo Maintain.
• flexlble. One-Site, One-StruClllre • RepeatlbilitvFetterThan :to 5BTIJ/

InstallatIOn ForAll Cornp::JI1ents HID BTIJ.
CompetItor's Components must
re separatrrl.

• B-1-Approvai ForCla~ I, DiVlSlon 2,
GlUlJIl) C&DEnVll'OIlIIleI11S.

• Dual, On-fuarO. Computers For
Simultaneous Opernnon &
Commuruca1J.ons.

• Remote Q}rnmllI1lC2nons, DiagnClSlir.s
&ControL

.UpThS~N~~~S~

• Aocuracy UIlSU1p~ In The Indusrry.

CommurucanngWith the M<Xiel2920
System is as easvas dialingyour phone.
Using anycomputerand astandaId rn<Xfem.
you have lIIlIOO:liate aa.I'$ to all~~
functIons and reports..

Momtorq:erntiorn. MOOifyconfiguratLon
orq:eranng parameters. Run dlagnOOlC
tes1s. All from your office, home, lab, or
hotel room Evenv,tule the machme IS

~nmngan~.

The i:slefus are olJ\t1ous. No more long
driws to Site; to mcxiIfyprogramsor~'
tb.aty\')ur~lSworkmgp~lv. With the
Model 2920~ anything you can do at
the unifs keypadyou can also do VJ.a

mOOem.

I

eat
I



rornpUTerS. W1lileonerompu1Er~rrm
anai)~. ~ oth£rhan:iI.es oomrn1.lI1icanons.

Advmm:i, buiJt-m programrnmgallow.;
the urnt to calcula1e heatingvalue, relative
der151ty, and~bilityV1a the AGA8
method. The system a}g) ana1y'zfsoom~­
tlDn With e:<a;'ptioo3l aa;uracy.

Oven~ isprecselyoontrol.le:i to
witlun :l:0.01oc, eliminaIing error,) causei
by ambient~fluetuatiOIlS.
Analy3is repeatability lS retrer than :!:O.s
B1U / UXX) BTIJ.

Easy Operation.
With the Mcxie12920 Sys~ aSlrnple menu

guides the user through every opernnon step­
by-step - prornptmg the ope1'3tOr for infor­
matlon Tn configure parameters for gas ana!y5ls,
calIbratIon, daut retneval, and dlagrlC6tlai.
• Samplmg tune Cll1 be set or adjusted

qrncklv and e3S11v
• sr (kym I) uruts or Enghsh uruts (BTC/Scf)

are snnply selectei from the menu.
• Samples are 2l.ltornaIicallyP.
~ arullyS.:5.

• Calibrnnon IS quIck - and automattc.
• Data are p~'Ord-prorectOO. to prevent

tal:nfeIlIlg,

Proven Perlonrumce.
The ~1odel2920 System usei field-proven

technologu:5 and mriusnv-standard gas
chromatographic techniques. And It's been
perforrnanee-tfste:i in avarlet)' of real-world
appheatIons
Withsome~, you hm>etowaltilllll1
an~ are completedMore you canrom­
murueate Vvith the remote urut 'With the
M00el2920 Swt.em, you~ uruntem.Iptfrl
ar:as to dara and controls. evendunng
analysIS. That's tecause the M00el2920 uses
not one but two~ on-lxJard

c

Ourstandardcolumns have an~
life span of 10years. Theproprietarymanu­
faetunngpItX.5 erJSUre) that the instru­
tnentwill maintain supenor Tffit~ili­
ty and aa;urayorer its entire servIce hfe.

AThennal Conductivityrae:tor (TCD)
gire;ywextremelylughsensitiVlty to low (
concentratiom ofcompo~.

ForprotEaionfrom harshDeld amditioIlS,
all Model 2920~ romponents are
encamin amgged. wea!her-pIOOf and
moisture-ImstantN&'v1A4package.

AutomatzcSbutdoum tmdRestart ~- fortrlnning multi-strueture
for Power Faz/ures, with boot-in Data mstillalln progrnmrrung, suw>rt. and other
Protection. and eight progr&IlIIlable itBmtrnttdon'tshowup in the quota!price.
HtghlLow Signalalarms. Dollarfor dolliu; feature for feature, no

Be;tofallthe~ 'mIJ~can otherBIDAnaiyzerevm COI1'lffi clooe, ill
ehmmatethe "lulk21.0liIS" ,_ __ pe1fOl111a1'lre. ease of
ofotheron-hne ~ -:~_~~-;: .::--: .--: . -=_ _ _ use, or value..__:";':'""_ T __ -: ••-=--_

•

•

•

Value-Extra Feah1reS.
The j-1odel2920 System was desIgned

and bUIlt to deliver more for vaur monev:
To meet that ob)ectJ.ve, we've'rnclude::i a'
long lIst of hardvv'Orkmg, e2SY-to-use
extra feat1IreS

These fea1:UI'e5 rncludeAutomanc
Ca/thratfon at user-dff1ned intervals:

Don"t PayMore For Less.
For acomplete demonstratl.on of M00el2920 System

capabihtle5. sunply glve us acall.

AEG&.G INSTRUMENTS
CHANDLER

PO 130.1:470710 • TuIsa,Oklahoma.l'.~A 74147'{)710
Telephone: (918) 250-"7200 • F,t.j'. (918) '159-7199 • TE[£X. 2O'iS't.3

-
-~ ... -:.- ----

~--===.::..::;::;:~=~-.::....:;-~=-=--=-=-:;-::'"=-1-- tr-Hrl---------.---~~~- ~~ - • '-
-=-.-.::--:=-,,- -:::--._--- - I._--~:::=:::::....:.----_·-

. - ..._-- .. - .~i -- ~ -.. -.-
.. --"-'" ----=---=- =--"
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Specifications.
ENVIFlONMENTAL REQUIREMENTS:

•~gThm~rature Rm1ge:
-2SOto4)'C (-l<fto llOOF)

• EnYlI'Onmental RatIng: Approvro bv
Faaory ~luDJal Rese3rch Co. for use
in Cl~ I, DiviSIon 2, Groups
C&Dloca1Jons.

• !\'E1\1A4enclasure

INTERFACE SPE~FlCAT10NS;

• PnntEr. ParnlleVCentromc;
• ComputEr RS232C (DTE), 2400 Baud.

8dm:a bus. no P2l'1ty, 1stop bIt

ANALOG OUTPUT SPEClFlCATlONS:

• The analog output for achart recorderlS
~10 Vdc, l(XX) GIDiSsourre~.

PRINTER SPeCIFICATIONS:

• Printer. Efron9-pm orequivaIentWIth
parallel (Caltrorncs) lIlIeIfare

POWER REOUlReMENTS:

• f'o\\fr 110 or 220\b1.ts :10%, 5(l1fj) Hz,
250 \Amax.. 40 Wopmumg

GAS RSllJJR!:MENTS:

• Carner Gas: HelIum (Zero Grade,
99 9':'-'""% pure)

Jltrf;sure 1035 kPa (150 JEg)
Canm:d:on: Staln1~ steel tubing

provu:lrlWith the analvzet flexilile
plasnctubing 15Nar recommendai

• Supply Gas: Dty Instrument~ ~itrogen

orothermert gas (Instrument grnde)

Prem.lre' 520 kPa 05 IEg)

r1Jnnfrtzon.. Here provl<ied Wlth anaiy7i
or othex clean tubing rated for the
p~

• SampleGas'Anal~ drypi~
quality natural gas that contaInS·
nitrogen methane, carlxm rumode.
ethane, propane, r-butme, n-butane.
iiffital1e, neo-pentane, n-pentlne.
CbandheavIerccffilXlnenls

Maximum miRJ/Jrf$Ure' 21 ~fPa

(3(XX)[Eg)
Mimmum mlPJpre;suTe:

approxiIruttely 3.5 kPa (0 50 pslg)

CLmna:tllm: Stainl~ steel tubing
pl'OVldeiWIth the analyzer or other
Illbing ratai for thep~.

jest time. Mar. 1093 18;11 CalibrMIon #: 3
Test#: 185 Streem#: 1 L.ocatJon NO. 93030B

$tEIn~rd/ Dry Analysm SsturatBd/Wet AnalYsis

Mole% BTU" R.Den." GPM- Mole% BTU'" R.Osn"

Methane 95.027 982.02 0-5264 93.373 945.28 0.5172
Ethane 2.420 42.92 0.0251 0.6471 2.378 42.17 0.0247
Propane 0.667 16.a3 0.0102 0.1839 0.858 16.53 0.0100
I-Butane 0.160 s.:n 0.0032 0..0523 0-167 6.12 o.ClO32
n-Butane 0.134 4.37 0-0027 o.OQ1 0.131 4.29 o.DC26
I-Pentane 0.051 2.03 0.0013 0.0185 O.oso 1..99 0.0012
n-Pentane 0.023 0.93 o.oooa 0.0C84 0.023 o.s1 0.0006
(Co.... ) 0-079 3..99 o..tI025 0.0339 o.CJ77 3.92 0.0025
Moisture 0000 0.00 ooסס.0 1.740 0.88 0.010$
Nitrogen 0.371 0.00 0.0036 Q.3G5 0.00 0.0035
(COt) 1.070 0.00 0.0183 1.051 0.00 a.QUIO

Total 100.00 1038.3 o.ss17 O.sae1 100.00 1021.1 0-5922

• Uncorrected for compre,ss1bJlrty at 60 OF& 14.730PSIA
•• !..JquJd Volume reported at 6Q OF

Standard lOry Ana\yl;lls

17.138
0.G928
0.9979
22938. STUllb
1040.e BTUICF
4S.seaEi Il:ImI,OOOCF

Molar Mass
Relative Osnsn:y
CornprEIS&lblilty Factor
HeatIng Value
t-Ieatin\ill Value
AbsolU1lEl Gas Censlty
UnnOrTnalized Total' 100.038
UIst CalibratDd VVJth Calgas of 1050 3 BnJICF Mar. 1093 '6;;31
c"... Last UpdstB. Mar. 02 93 '4:11
c,,+ BTUICF 5065.8. c"... IbrnlGal 6.6425. and Ce+ Mol Wt:. 92.00.

~~EGt1G INSTRUMENTS
CHANDLER

PO.Box47071O • Tulsa. Oklahoma, [SA :'4147-0710
Tel£;lhone. (918) 250-7200 • fAX: (918)1159-7199 • Tl::LI:X 205843

Seturated/Wet Anelysls

17.1153
0.5934-
0-99n
2253B. EJTIJllb
'023.5 BTUJlb
4S.41,7Ibml1000CF

~
~
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The Madel ~2 can also be amfiguMd
fC'r usr It IIr.atlClnary 1000tion. Ask for our
hrochl.lR: un the Model 2020 Sysl~m for
St,alH)!\at\' ApplicatIons.

- --------
c..\ Data Storageand RecaU

The Model 292 bas a :loturlllge ClpIlCSry

lh... l hnld.~ oata from as mny as 64 lnalyses,
The Illl~ data are mmpiJed Jalo a~
and filed by lcation number (sample s,~).

...bu:il YOIoI eRret on Cbe. lcaypd. When art

apenotor CDIeI:lI a pnMQlI$Iy....,g Iocabon
lIurnlo:er. the panel clisplay iQdiQ&Ca pmious
aaal~ $tmcd lomder that number. this
"vas the operator iutlnt access to a
C:Olllple~ hi5toryofall data uken at that lire.

The 5UH'ed teJlOft' ClI1 be tlalli!fcmd k> II

printer or tfaftSrencd to I COCD~ At IDY
lime:. Tram£errin, the repons to. Cl101plaler
rcq~itu an~ communication dn\/CI'
50ftware paebpsuc;b as Proc:oIn~. aad II

IDClidem in the 1XIlDputer.

The MC'4el 292 PorIIlblc BTU Analyzer
is (v.lly-al~t=d when It IcaVQ the fa=ry.
Atl c:Jp:I'IUIl' CBQ reealibt.l~ I!l~ anie
pu,odically '0 -vuify ilS supenor
~pu.bblhly. ThIs IS eay to a.c:r::omplisll
UiiQS calibcation a", 1he keypld. and
c:ahwatiOQ softwam dial ispl'Oplllllllld into
Ihe utlir, If no odter QJibmiou data ~
enrcn-d. rbe Model 292 WIll dcCauli to the
orisinal iDput povidec1 I' !be ra=ry. The
date aDd beaung \/Slue ,( tho calibrated sas
v.,11 bI!: pnnt.ee.t lulOlDItically en eac:b
loalYSI~ rt:port. A cslibnltlDD report ~n he

m-pnl'llc::d It IllY" me.

n Equipment SUpplied With
eo... Each Irstrument

• set ufcomputet cables
• TwoJOl'tby l,S"OOflexlhlt;.$

Nbu. far ClIrricr and $ample JPl5.

• OM A ft by 3116· 10 blade nylon bose
rot $lJpply pl.

• Op:rallon Manual
• faclUry C'alibr.lIon Specs.

GasInputs
C.af'rIltI CJlls: 99.995'i1 HeH1.Im,

10.14 kPa (150 pslg)

S\1I!Wv Gao; fur SWlttiling Valw!
N,lrtlgen, Hclllun, or llUtl'\1mr:nl Air,
SS2 kPa (80 pslg)

Connectors
Parallel Pnnt$ EpsaI2<ampttiblt dot
matnxpn~

9?mputet RS232C: for scna!
amunu1UCltJ011 (D'IE) -lypic:all)'
through. modan

&,lOEo..Ua().10VDCsipJ for
plottina euaa..topm

Svswm !nterm; Di8JtaI LO for \1$11I

amy With ou, Mode12920 Sy~tem

for St2tiOnary ApplICltJons; RS232
$oCI'i~1 CM'Imua.JaltlOR (OTE)

Sipl moot: Reserved fDr fulUre system
applic:a'tlCll2S

DJsptayed Resutts
Cumpositional Analyas (mole "')

Hating Vallie;

iJ'hn3 (BNI'SCf) - SlIndard and
Saturated

kJltg (BluJlb mus.) • Standnd and
SU&Jt2ted

Comprcs.sibil1ty Facun

Relativ~ density

Ab5011ltr. gilS density. kwm!
Ob rnassllOOO Sa:)

Repea1abBlty
Within al.oStu/1000SCF

VoUage Requirements
120 VAC :d01Jl5OlQ) JU.

or
220VAC =10.... SOI6OHz

Call be upe:rased wim an InYetlU from
12. VDc (sec: lnveRerio~)

Extemal1\abe ConnedIons
Three Inlets: W" NPT (female).

FlY!: Vents· In'" tube.

(See Aa:essnnes for Dletnc 3daptets)

t~ SpedfIcatIans (continued)

H2S
The wUtcan.r.tlcWIth gas streams

thatc:mlamH~withouJ CEc.uIYe

dcgrad:l1lClD. 'ne mimmwu
cktectJbJe limit for H2S is 2S1X1 ppn.

EtecIricaI Classification
Approved by FM (factory MutuaI) fot

CUS 1. DiviSIon 2. Croup' C &: D
spt.eiLicItioDS

;:;" \Veigtds and DImensions
Net WC;IJ:I.: 14 K&(30 Jb}

CAlJinet DbncDSions:
46:a:2az48cm
(18 xl1x 19 in.)

Shippin& Weight: 2S q (55 Ills)

Shippmg Dinwlsions:
S81158xS6cm
(23 x 23 .lC 22 In.)

A Ord!rtng Information

Madel m·20BlU Analyzer. 120 VAC
or 220 VAC (speci!)' voJtaae when
urduiD&}. Complete with alltbc
equipllf'.nllistcd.~r la:cacrltl
from the rollO'NinJ list.

tawria' to provide Oper.iling JlCIQIM'
iiom a truck or .DIn battery.:
Pm '.300-27~

l1VDC to 120VAC,
Part f3OO.2!6S6,

J2VDCto DaVAC.

Tn1Wlllllter
1rIodeI198Four..Q1n1\tl 4-20 rnA
Oll'l=~. Permits the
lDIosUr ofmy 4 ot43 s-ramcters
mc.uured during. teSt (sueh .1
Heatinc Velue, '9ftN~ 4J(,(X);p CJKHu
Re.tAtive Density, elC.) to an uu:maJ
I'CQ)rdiDg o:t SlOn:J&e device.

P...... 80ate 0,110.
Model292~.Includes two
te8lllators. gauges. bfar:ket. carrYing
CldC,aM lW() DOT-Approved
alunnnum bottles with a Cllpacity af
195 lilers (6.9 cubic feet)

TOTHL P 11
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---k;z.IViJl ~G­
SERIAL ~ 110032513
SERIAL ~ 1101332513

ENERAC MODEL 2000
COMBUS7ION TES'! RECORD

FOR: BURNS & ROE 3~o -r/H
tv u-r; t~;::1 01-0

TIME: 16:15:04 117/,-

DATE: 02./28/95 L2Fi S"I D€

FUEL TP FUE. ~7, }JItL ~,4~

COMBUSTION EFFICIENCY: 76.2 %
AMBIENT TEMPERATURE: 14 0C
STACK TEMPERATURE: 323 °C
OXYGEN: :5 t 05.2 %
CARBON MONOXIDE:' 27 MGM
CARBON DIOXIDE: 18.13 %
COMBUSTIBLE GASES: 1.21 %
STACK DRAFT (I NCHES H20): - 4. 7
EXCESS AIR: 32' %
OXiDES aT NITROGEN: 869 MGM
SULFUR DIOXIDE: 2092 MGM
CARBON MONOXIDE ALARM: 513 PPM

MODE;MG~ OXY-REF=!RUEY.

t<Rl V(!) t R.oG- FU/ 'I q (; (). -,::::
SERIAL # 1113032513

2 2 tJ 1t7YJ 2 ~~ jJ. IjJ
SERIAL # 1113032513
SERIAL ~ 110032513

ENERAC MODEL 2000
COMBUSTION TEST RECORD

JSdT!HFOR: BURNS & ROE

!V, J. t; C.CfT PL~
TIME: 15:52: 01
DATE: ~2/28/95 ~IG-Ifr ~,[)C

FUEL TP FUEL If"% !JAT· GA~

COMBUSTION EFFICIENCY: 83.2 %
TURE 13 °CAMBIENT TEMPERA: 319 °C

STACK ~ERATURE: ",. 07. 2 ~
OXYGEN: 1.t8, 2.. Gl

• : CARBON MONOXIDE: . 21 M j'I1
.?~ ~ CARBON DIOXIDE: 11. 4 . %

COMBUSTIBLE GASES: 0.86 %
STACK DRAFT (INCHES H20): - 5.13

50 %EXCESS AIR: 9213 MGM
OXIDES of NITROGEN: 171'":l6 MGi....SULFUR DIOXIDE: to I'j

CARBON MONOXIDE ALARM: 513 PPM

MODE:MGM OXY-REF=TRUEY.

f - .. _ r-_ .

...._.
.. -_. ---

MODE:MGM OXY-REF=TRUEY.

BEST AVAILABLE COpy

77.9 ~

14°C
304 "C

05.8 %
24 Mm..,

12.4 ~

1.47 %
4.1

37 ~

9213 MGr1
2352 MGM

513 PPM

SERIAL # 1101332513
SERIAL ~ 11'31332513 20013

ENERAC MODEL
COMBUSTION TEST RECORD;

3~a T: If
FOR: BURNS 8: ROE N~. If RIG-itT oLR.

TIME: 16:08:42 R\ G-tt1 slDE
DATE: 32/28/95

FUEL TP FUEL 5"'7.. ;VAT. rrlt-7 '

COMBUSTION EFFICIENCY:
AMBIENT TEMPERATURE:
STACK TEMPERATURE:
OXYGEN: If,~
CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:
STACK DRAF1 (I NCHES H20): ­
EXCESS AIR:
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

MODE:MGM OXY....REF=TRUE%

79.7 %
14°C

3'33 °C
06.3 %

24 MGM
12.1 %
1.3'3 %
4.6

41 %
941 MGM

2246 MGM
50 PPM

TIME: 16:1313:48
DATE: 02/28/95

l<R~V~1 ((.OG­
SERIAL ~ 11131332513
SERIAL ~ 11003250

ENERAC MODEL 2000
COMBUSTION TEST RECORD

FOR: BURNS & ROE ,&() T}f/

it ~ .~ R01-!~ (;Lf?
;V L.JEPr SiDE

FUEL TP FUEL 5"0/. /II"?:. Crll9.

COMBUSTION EFFICIENCY:
AMBIENT TEMPERATURE:
STACK TEMPERATURE:
OXYGEN: to
CARBON MONOXIDE: I

CARBON DIOXIDE:
COMBUSTI BLE GASES:
STACK DRAFT (I NCHES H20): ­
E<CESS AIR:
OXIDES of NITROGEN:
SULFUR DIOXIDE:
CAP~ON MONOXIDE ALARM:

f '.

•



KRIVOI ROG PO\VER PLANT
Wednesday, 01 March 1995

The temperature check-out of krufe switches and bu'ars boltmgs of 04 kW sWItchboards was
carned out usmg the new heat spy gIven by USAID As a result of this check, the followmg
hot spots were detected:

1

2

3.

4

Kmfe Switch NRT-1B

Kmfe Switch R-42

Kmfe Switch KNOU-2B

Kmfe Switch KNOU-3B

Upper knIfe temperature IS 63 ° - 95°C

A-phase busbar temperature IS 113 ° and C-phase
busbar temperature IS 80°

B-phase upper knIfe temperature IS 80° and C-phase
upper knIfe temperature IS 65 °C.

All phases knIfes temperature IS above 50°C.

5 Hot spots were also detected at the followmg knIfe switches and busbars connectIons·

KNOU-5B. KNOU-5A, NPT-5A, P47a (Phases C, B), CirCUit Breaker NOP-6, BM-3A
(Phases C, B), NOP-2 (Phase A), MN-5 (Phase A), MN-4 (Phases A, B), OBK-1, P-65

Because of these findmgs, mamtenance wIll be performed at earl1est tIme to correct these
problems before pennanent damage happens.

D IHALLBERGIKRlVOI
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1 Supply

3 Supply

01.03 95

I
Block
1 to 4

---------------------2 Return

I
Block
5 to 10

---------------------4 Return

KRIVOI ROG
MAZUT PIPING

1 2 3 4

et>mm 133 133 133 133 mm

~ 4 4 4 4 mm

T 100 - 120°C 90 - 110°C 100 - 120°C 90 - 110°C °C

p 18 - 22 15 - 20 35 - 40 32 - 37 Kg/em:!

T/H 1 - 60 1 - 40 1 - 80 1 - 60 Ton/Hour

D IHALLIJERG\KRHO/



I I •

LIST OF ENERACCSTANDARI> FUELS

C,A...
~

C(%) H2(%) N2(%) 02(%) S(%) H20(%) ASII(%)
IIIlV

SUM
LIlV

Posltlon Fuel BTU/LB Kcal/Kg

1 #20,1 0867 o 124 0001 0 0008 0 0 19360 1

2 #60,1 o 881 o 1 0009 0002 0007 0 0 18300 0999

3 Nat Gas 0714 0236 005 0 0 0 0 21870 1

4 Anthracite 08436 00158 00063 00191 00089 0028 00783 13300 I

5 B'tummus 0665 00428 001 0063 003 00788 o 11 11700 09996

6 Llgmte 0451 003 0009 o 148 0012 0293 0057 7780 1

7 Wood 50% H2O 0247 003 0003 0218 0 05 0 4320 0998

8 Wood 0% H2O 0495 006 0005 0435 0 0 0 8460 0995

9 #40,1 0875 o 11 0004 0 0008 0 0 18800 0997

10 KerosIne 0851 o 143 0003 0 0002 0 0 19900 0999

11 Propane o 818 o 182 0 0 0 0 0 21677 1

12 Butane 0828 o 172 0 0 0 0 0 21132 1

13 Coke Oven Gas 0434 023 o 172 o 164 0 0 0 16230 1

14 Blast Furnace o 155 00025 0554 0286 0 0 0 1061 09975

15 Sewer Gas 046 o 101 0 0416 0 0022 0 8032 0999

8 Mazut 08047 o 1017 00086 0.0067 00333 005 00013 18414 1 0063 9568

Donetsk 0522 001 0005 0.015 0015 0085 0348 097 4355

TP Coal 0506 004 0015 0018 0019 0.056 0346 9213 1 4820

15 Rus Gas 0721 024 0026 001 0 0 0 16598 0996 7840

Kuznetsk 0614 0021 0015 0.047 0003 0097 0203 9954 1 5300

7 Polsk.y 0584 0020 0015 0015 0018 0091 0257 9345 1 4974

/J \1I~1181RCilT1RLES



KRIVOI ROG

TP Coal - KnvOl Rog %

C = 0.5061 506 Kcal/Kg x Kg/2.2046 Lb x 3 9685 BTU/Kcal = 1 8
H2o = 0.040 40
N20 = 0015 1 5 1.8 x Kcal/Kg = BTU/LB
O2 = 0018 1 8
S = 0.019 1 9 LHV = 4820 Kcal/Kg
W = 0.056 5 6
Ash = 0346 346

1.000 1000

Wa = 11 5C + 34 5 (H2o - 0/8) + 4 3 S

- 11.5 (0506) + 34.5 (004 - 0.018/8) + 4 3 (0.019)

Wa - 7.203 LBS AIRJLB FUEL

Willa - 9H + W + 0.014 (l + x) Wa, (1 + x = 1.00) excess air stocrnometnc

- 9 (0 04) + 0.056 + 0.014 (1.0) 7.203

Willa - o517 LBS WATERJLB FUEL FORMED FROM COMBUSTION

HHV - LHV + 1040 x Wma

= (1.8 x 4820 Kcal/Kg) BTU/LB + 1040 (0.517)

HHV = 9213 BTU/LB

D IHALLBERGlnBLES



TP Coal - KnvOl Rag

C = 506
H2 = 40
N2 = 1 5
01 = 1.8
S = 1 9
W = 56
Ash = 346

1000

Ft3 Flue Gas/
Lb Fuel =

=

%

1 505C + 3 57 H2 + 0.557 S + 0.135 N2 - 0.448 O2

1 505 (50.6) + 3.57 (4.0) + 0 557 (l 9) + 0.135 (l 5) - 0.448 (l 8)

Ft3 CO2/Lb Fuel

= 90.89 Ft3 Flue Gas/Lb Fuel

= 0 315C = 0 315 (50 6) = 15 939

= 100 X Ft3 CO2/Ft3 Flue Gas = 15.939/90.89

= 17 54% Ultnnate for Perfect Combustion

o IHALLBERGITABLES



•

•

Mazut Drv Wet

C = 847 8047
H~ = 107 10 17
N~ - 09 086
O2 - 07 067
S = 3 5 3.33
W = 00 5.0
Ash - o 14 o 13

10064 10063

Wa = 11 5C + 34.5 (H - 0/8) + 4 3 S

- 11.5 (0.8047) + 34.5 (0 1017 - 0.0067/8) + 43 (00333)

Wa = 12 88 LBS AIRILB FUEL

WH20 - 9H + W + 0014 (l + X) Wa, (1 + X = 1 0) Excess AIr StochlOmetnc

= 9 (0 1017) + 005 + 0014 (1 0) 12 88

WH20 - 1.15 LBS WATERlI LB FUEL FORMED FROM COMBUSTION

HHV = LHV + 1040 x WH20

- (1.8 x 9568 Kcal/Kg) BTU/LB + (1040 x 1 0)

- 18,414 BTU/LB

D lHAlLBERG\TABLES



Mazut

C = 80.47
H2 = 10.17
Nz = 086
O2 = 067
S = 3 33
W = 50
Ash = 013

10063

Ft3 Flue Gas/
Lb Fuel =

=

1.505C + 3.57 H2 + 0557 S + 0.135 N2 - 0448 O2

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 CO,.j
Lb Fuel = 0.315C = 0 315 (8047) = 25 348

CO2% - 100 x Ft3 CO2/Ft3 Flue Gas = 25.348/158 68

CO2 = 15.97% Ultimate for Perfect Combustion

D IHALLBERGITABLES ff/l



• • • I •

4
·-4

ilEAVY RESIDUAL OILS

Representative Analyses

Total (lIHV) Net (LHV) LIIV

C II S N+O °API
SP BTUlIb OTU/gal OTUlIb BTU/gal Kcal/Kg
GR.

Mazut
15,736 8,742

Mazut 85 7 101 23 o 1 16,589 9,216

+ 08

Mazut 8471 10 71 3 5 1 57 80 1 015 18,150 153,570 17,170 145,260 9,539

Mazut
17,444 9,691

Residual 87.1 12.43 0.47 0.47 30.0 0876 19,130 139,660 17,980 131.300 9,989

Residual 86.4 12.38 1.22 1 22 340 0855 19,270 137,310 18,080 128,940 10,044

Venuez 860 112 2.1 08 38.0 08348 19,390 134,960 18,180 126,570 10,100

Residual

Residual 857 13.93 0.37 037 400 0.825 19,450 133,760 18,230 125,390 10,128



HE"T OF COMBUSTION
GRAVITY

Relahon of GraVity and Ultimate C02 In Flue Gas
Heating Values of Fuel Oils Corresponding

to the API Gravity

API Total Heating Value Net Heating Value Grovlty. Ultimate
Ratio of

Gravity deg API CO2, per cent Deg Speclfir Per Cent Per Cent Carbon to

at60deg F Btu per Lb Btu per Gal. Btu per Lb Btu per Gal API Grovlty Carbon* Hydrogen Hydrogen

0 17,670 > 7(" 158,610 16,660 149,470 !
1 17,730 157,980 16,710 148,870 10 10679 o t~ : IS7

2 17,800 157,380 16,780 148,330
20 10599

~ z..

3 17,870 156,750 16,840 147,780 3 182 30 10520
Hn=o./f~

-

4 17,930 156,110 16,910 147,250 4 180 40 10443

5 17,980 155,470 16,990 146,860 5 178 50 10366 Mil )(..

6 18,030 154,860 17,050 146,340 6 176 60 10291 5=-3.5%

7 18,090 154,220 17,110 145,790 7 174 70 10217

M~ 'l ur ... 8 18,150 : '1(,,1 153,570 17,170 145,260 ~8 171 80 10143 84,11 10.71 7.",

9 18210 152930 17.230 144 700 9 169 90 10071

t 10 18,260 152,280 17,270 144,000 10 16.7 100 l000c 1000

11 li,310 151,590 17,310 143,410 11 165

ND.k,
12 18,360 151,000 17,350 142,720 12 164

13 18,410 150,310 17,400 142,030 13 163

•
14 18,450 149,720 17,440 141,440 14 161 140 9725 8859 1041 851

15 18500 149030 17 480 140750 15 159

~ 16 18,550 148,440 17,520 140,160 16 158 160 9593 8839 1061 833
~- - -

17 18,600 147,750 17,550 139,470 17 156

No. ~
18 18,650 147,160 17,590 138,790 18 155 180 9465 8820 1080 817

19 18,700 146,570 17,630 138,190 19 153

20 18,740 145,880 17,660 137,510 20 152 200 9340 8801 1099 801

21 18,780 145,290 17,690 136,910 21 151

22 18820 144600 17730 136.230 22 149

23 18,860 144,010 17,760 135,640 23 148

24 18,900 143,420 17,800 135,040 24 147 240 9100 8745 1155 757

25 18,940 142,820 17,830 _134,350 25 146
- ~

No 4
26 18,980 142,140 17]ffif- 133,760 26 T4v

27 19,020 141,540 17,890 133,170 27 144

28 19,060 140,950 17,920 132,580 28 143
280 8871 8711 1189 733

29 19,090 140,360 17,950 131,890 29 141

30 19,130 139,660 17,980 131,300 30 140 300 8762 8694 1206 721

31 19,160 139,080 18,000 130,710 31 13.9 I, 32 19200 138.490 18,030 130120 32 138

wo,2 33 19,230 137,900
- 33 137

I18,050 129,530 8550

34 19,270 137,310 18.080 128,940 34 136
340 8638 1262 684

35 19,300 136,720 18,110 128,350 35 135

36 19,330 136,130 18,130 127,560 36 134 I
37 19,360 135,540 18,150 127,160 37 13J 380 8348 I 8607 12 93 666

38 19,390 134,960 18,180 126,570 38 133

39 19420 134350 18200 1259130 39 132 I

~



Russian Natural Gas

H2 = 1 1 C = 0721 Kcal/Kg x Kgl2.2046 Lb x 3 9685 BTU/Kcal = 1 8
CH4 = 950 H = 0.24
C2H6 = 05 a = 001 1.8 x Kcal/Kg = BTUILB
C3Hg = 05 Nz = 0026
N2 = 1 5 0997 LHV = 7840 to 8000 Kcal/Kg
O2 - Q.2

99 1

MW =

=

MW =

(2 x 0 011) + (16 x 0 95) + (30 x 0.005) + (44 x 0 005)
+ (28 x 0 015) + (44 x a 005)

16232

•

•

•

ConverSIOn of Volumennc to Wel!!ht Analvsls

C = (12 CH4 + 24 C2H6 + 36 C3Hg) I MW

C = «12 x a 95) + (24 x 0.005) + (36 x a 005)) I 16 232 = a 721

H = (2 H2 + 4 CH4 + 6 CZH6 + 8 C3Hg) I MW

H = «2 x a 011) + (4 x 0.95) + (6 x 0.005) + 8 x 0.005)) I 16 232 = 024

° - 32 OzlMW = 32 x 0.005 I 16.232 = 0 01

N2 - 28 N2/MW = 28 x 0 015 I 16.232 = a 026

Wa = 11 5C + 34 5 (H - 0/8) + 4.3 S

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

Wa = 16.528 LBS AIRiLB FUEL

WH2a = 9H + W + 0.014 (1 + X) Wa, (1 + X = 1) Excess AIr, Stocluometnc

= (9 x 0 24) + 0 + (0 014 x 16 528)

WH2a = 2 39 LBS WATERl1 LB FUEL FORMED FROM COMBUSTION

HHV = LHV + 1040 x WH2a

= (1.8 x 7840) + (1040 x 2.39)

HHV = 16.598 BTU/LB LOW VALUE
= 16,886 BTU/LB SPECIFICATION

D IHALLBERGITABLES



RUSSIan Natural Gas

H2 = 1 1
CH4 = 950
C2H6 = 05
C3Hg = 05
N2 = 1 5
O2 = Q.2

99 1

Ft3 Dry Flue Gas/
Ft3 Gas =

=

+ (0 2190 C3Hg) + (001 N2) + (00378 02)

= 8335

(001 CH4) + (0 02 C2H6) + (0.03 C3Hg) + (001 02)

= 0.986

=

=

100 x Fe CO2/Ft3 Flue Gas = 0 986/8 335

11.83 % Ultunate for Perfect CombustIon

D IHALLBERG\TABLES
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Table 9-11. Analyses of Fuel Gases*

Conatituenb of BU, CA by 'Volume

081

~- ~'
g l'a R ~ .: B ~ !

I 9 B ~ i ?roducts of combus- '- 'a ..~
, I ."-1 ..J ..J \Ion, cu. It./cu. It. Baa 8 a!J i~

muml~an~ .b ~.a!"ii ~ - 3 3g ~ ~] 8
I J · .E1

...a -- -- ~ ,.n-gOldS~:/ lLIU) b ..a B.... :f d T tal :a ~ fi;J t •
"/~ 'B~~~~~ co Co. B. N. 0. CB. CdI. Odl. Odl, tit ~.s d ~ ~ co. litO N. (dry) a ~-!] £8 i
t 5 Natural 188, Teurkana..~9)~.tJ., :::: 0.80::::"'J:2i):-:: 96.00 -::::: --:::-~ if.Sj Ti7 967 873 0.97 1.927.29 8.26 11.7 80.1 35M
il Natural Salt Clcnland. ~l}o~.'~. .••. ..... ..•• 1.30 .•. 80.50 18.20 ••• ••• .65 10.70 1131 1025 1.17 2.168.50 9.67 12 1 81.1 3tOO
~4jj'+NaluraJBas.OilCitf'P .~t,P';fJ..••.•••••••••• 1.10 .•• 67:60 SI.30 ••• ••••7111.70 12321120 1.30 2.299.2610.56 12.3 81.7 1620

RelorteOallu(honzontall..,H...... 8.6 1.5 51.5 3.5 0.'31.4 ••••• 1.1 1.1 .42 5.00 575 SID 0.50 1.213.99 4.49 11.2 83.5 3665
Coko--oveosu J.'.,..72:'(. 6.31.853.03.4 .231.6 ••••• 2.7 1.0 .425.19 588521 .511.254.134.6411.0827 J660
Coke--oveo gas, KoppenoveDI..... 6.8 2.2 47.3 6,0 .333.9 ••••• 2.6 0.9 .44 5.23 591 52S .54 1.23 4.19 4.73 11.4 823 3650
Cnrbureted "'ater,Bl.. ,.•........ 33.4 3.9 34.6 7.9 .910.4 ••••• 6.7 2.2 .65 4.37 536 496 .74 0.753.54 4.28 17.2 88.5 3815
Blue waler su 42.8 3.0 49.9 3.3 .5 0.5 ••••• ••• ••• .53 2.26 308 281 .46 .51 1.82 2.28 22.3 89.7 3800
lbeoret\cal walera."..••••....•• 50.0 h ••• 50.0 •••••••.•••••• ,... ••• .. •.•52 2.39 325 298 .50 .501.89 2.39 20.9 903 3830

rthraclte producer I 24.0 7.5 16.550.2 .6 1.2 ••••• ~.. .~. .85 1.05 134 124 .33 .19 1.36 1.69 19.5 65.6 3000
BllumJoodl producera ~ •.ol •• 27.0 4.5 14.050.9 .6 J.O .~.;; ••• ... .86 1.24 ISO 140 .S5 .19 1.49 ,.84 19.0 69.2 3160
Blll8t·lurnace lu I,. ..~.:t' •• 27.510.0 3.058.0 1.0 0.5 ~..... , •• 1.00 0.78 02 100 ,.38 .041.21 .59 n.9 61.0 UOJ
Oil RBI (Protero 1920) .•...•....•. 6.8 1.0 59.2 2.7 0,125.4 ••••• J.8 .0 0.35 4.91 575 510 .47 1.21 '.91 4.38 10.7 84:1 371$

• from ItCombuatiora." 2d eel.. TalJlI 20. p. 3-1. Amencaa Gall A.oclatloa. 1926. Ileprpduoed b, permI__•

tier (LI/v) K(ouill<.9l'8TV/L6
-v

f1v55.,~ 79~9 143Z'
tJ!JnJe~L ~ 00 0 114-00

G-A5 <tl \C, 14
J
60 e;} I. I I, 5' II,!)" 1'15 tJ" (J.b

7/0 45'

7/3 btg

lZ3 '[,7 11.8

~
~ .~.........
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KRIVOI ROG

COAL AND MAZUT CONSUMPTION POR 1994

Coal Coal Pnce Mazut Mazut Price

Months
Consumption Consumplion

Ton of St. Ton of Std.

Fuet KRB/Ton $/Ton $ Fuel KRB/Ton $/Ton

January 277,396 475.389 1285 3,564,539 12,37] 1,581,585 42.75

Fehruary 405,743 334,719 731 2,965.981 28,357 1.424,632 31.11

March 464,812 303,022 6.59 3,663,111 32,946 1,472,306 32.00

April 256,484 310,431 674 1,728.702 9,156 1,670,989 3633

May 88,952 278,166 5.99 532,822 5,676 LS82,500 34 tl

June 57,606 300,976 6.49 373.863 3,247 1,509.000 32 11

July 256,017 308,000 655 1,676.911 7,893 1,813,000 4093

August 483,934 523,000 II 81 5,715,260 18.816 1,306,000 28 15

September 450,305 425,000 9 16 4,124,194 28,020 1,627,000 27.76

October 424.059 419.000 817 3,464,562 29,944 2.003.000 2844-

November 391.892 1,225,000 15.22 5,964.596 26,965 4,756,000 3882

December 493,702 1,791.000 1462 7,217,923 22,126 7,961.000 60 91

Annual 4,062,902 646,000 JO.09 40,993,064 225.517 2,670,000 3585

Total $8,088.935

L' Jf4UJlFRVHllU ~
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KRIVOI ROG
NATURAL GAS CONSUMPTION FOR 1994

Ga~ ConsumptlOl1
Power

:II' Gasprom
Plant KRB/l000 m! $/ $/ $ Over

1994
Nonnal mJ BTU/Ft3

Pnce 1000 Nm3 106 BTU Charge
Tonnes KcaJlKg KcaJlKg DIF

January 12,112 16,828,000 7,915 656 8,100 -143 426,929 11.54 0.50 3,437

February 6,056 8,407.000 7,975 656 8,100 -143 624,172 13 63 0.59 2,028

March 4.830 6,659,000 7,975 656 8,100 -143 492,640 10.75 0.46 1,261

April 27,036 37,477,000 1,975 656 8,100 -143 607,448 13.21 0.57 8,745

May 43,761 60.670,000 7,975 656 8,100 -143 607,448 13.09 0.57 14,155

June 65,029 90,214,000 7,975 656 8,100 -143 651,000 13.85 0.60 22,142

July 87,595 121,549,000 7.975 656 8,100 -143 689,000 15 55 067 33,306

August 79,809 110,712,000 7,975 656 8, lOO -143 691,UOO 1489 0.64 28,986

September 70,148 97.346,000 7,975 656 8,100 -143 902,000 13.92 060 23,885

October 51,548 71,516,000 7,975 656 8,100 -143 1,209,000 1502 065 19,015

November 27.324 37,961,000 7,939 656 S,lOn -161 3,303,000 2696 1 16 20,251

Dccemher 19,538 27,078,000 7,904 656 8.100 -196 4.785.000 3661 I 58 24,012

Annual 494,786 686,447,000 7,954 656 8.100 -- 1.055,000 15.88 0686 200,923

Tolal $10,901,642

,~

* Average Speclficallon Heatmg Value
lQ94 Total He£lflllg Value Not RClCIVC'd

72 28 x lO'l Kcal Lost
286 85 x 109 BTU's Lo,,'
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KRlVOI ROG
POWER AND HEAT RELEASE FOR 1994

Power ConsumptIOn
for oCPower for Release of

Power Auxiliary Heat Heat (Hot
Release Equipment Generation Water)

Months 1000 KW/1! 1000 KWfH 1000 KW/H 6KAL

January 620,903 40.726 1.053 22.583

FehlUary 9"'3.893 56,120 913 21,915

March 1.005,976 60.256 964 22,320

AprIl 624,679 40,717 594 9,242

May 359,429 27,530 378 6.241

June 393.415 25,690 313 4,050

July 864,780 55,670 351 5,490

August 1,216,147 74.348 325 4,680

September 1,085.348 68,893 311 4.900

Octoher 1,005,986 65.664 354 5,565

November 916,427 59,507 J,348 lh,083

December 859,629 56,771 1,549 I 32.133

Annual 9.H96,612 631,S92 ~.473 16') ,262



KRIVOI ROG POWER PLANT
CONSUMPTION OF SERVICE WATER AND

WASTES DISCHARGE FOR 1994

Consumpnon of ServIce Water

Month Pnce
Wastes DIscharge

1000 m3 1000 m3

KRB/m3 Total MLN KRB

January 2119 235 498 3067 5

February 2000 420 840 2770.7

March 3200 274 564 30675

Apnl 6000 274 2074 2968.6

May 7000 274 2419 4047

June 9000 274 2430 391 7

July 9000 274 1447 404.7

August 8000 274 2160 4047

September 7000 400 2648 391 7

October 4000 840 1600 2208.6

November 2400 1480 3222 29686

December 2000 2070 2629 3067.5

Annual 61719 365 22532 221166



UKRAINE 1994

AVERAGE MONTHLY EXCHANGE RATES $/KRV

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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6500086000
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12109194 -53200 54200 43500 24000 05/12194 129500 135000 110200 110200
-

-33000 34000 26800 15470 82000 86000 71000 71000
--225 235 2032 89 385 40 34 34
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,
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30 315 - 28 I
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KRIVOI ROG
01.03.95.

MEASURES TAKEN AT KRIVOI ROG POWER PLANT
FOR IMPROVEMENT OF OPERATION EFFICIENCY

AND EFFECTIVE FUEL UTILIZATION

1 ConversIOn of the generatmg urnts mode of operatIon to the neutral-oxygen water mode
of operatIOn

2. RehabIlitatIon of eqUipment and filters of the demmeralizmg unit

3 Replacement of turbme lugh-pressure and mtermedIate pressure cylinders at 5 generatmg
urnts by more efficIent ones

4. IntroductIOn of the new Y3rrn type burner urnts at the boilers of the TIlII-21OA type.

5. ElaboratIon of the automatIc system for control of water and chemIcal operatIon
performance of all the generatmg urnts by the followmg parameters. sodIUm, pH, and
electrIC condUCtIVIty.

6. RehabIlitatIon of urnt control boards at 4 generatmg units with the purpose of upgrading
of mstrumentatton.

7 Replacement of generator stators at 2 generatmg urnts; operatIon of rehabIlitated
generator rotors at 8 generatmg urnts

8 Replacement of the couplIng autotransformer between the 154 kV sWItchyards and the
330 kV swltchyards

9 RehabIhtatIon of preCIpItators of the generatmg urnt No.4 (currently at the executIon
stage)

10 Replacement of the OenT-1150M type feed-pump turbines by those of the 0 P-12IlM type

11 ReconstructIOn of the TIIIl-210A type bOIler WIth the purpose of increasmg ItS relIabIlIty
by means of the feed water CIrculation scheme moderruzatIon (currently at the executIon
stage)

D IHALL8£RG KRJ\ 01 fl."
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KRIVOI ROG PRIORITIES

1. On-lme natural gas calonmeter

2 Laboratory calonmeter - Coal and mazut
Muffle furnace (220V) ProxlIDate analysIs ash fuSIOn temp

3 Ash gage - dual gamma and mIcrowave for ash content and mOIsture

4 SIlIca (SiO::.) analyzer - after No. III amon (7 pomt sample SWltchmg)

5 DIssolved oxygen m feedwater
ORP specIfic Ion probes'7

6 VIbratIon Founer Waveform VibratIon AnalYSIS Portable EquIpment

7 In-SItu oxygen ZIrcomum oXIde probes. heaters, cahbrators and momtormg umt for one
urnt.

8. High resolutIon x-ray umt for Dmeperenergo system to use at all supercntIcal steam
power plants.

01.03.95
KRIVOIROG

LIST OF INSTRUMENTATION AND EQUIPMENT
FOR CHEMICAL LABORATORY

1 Oil products detector (analyzer) WIth the range of sensltIVlty from a to 5 mlg/kg.

2 Muffle furnace (lOOO°C) - 2 umts

3. DeSIccator (200°C) - 2 urnts

4 Laboratory scales (max weIght 10 kg)

5 Laboratory scales (max weIght 200 g) - 3 umts

o \HALLBERG KRIlOI
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APPENDIXD

List of Contacts Made Dunng Plant Audits



1
2
3
4
5.
6.
7
8
9
10.
11.
12.

Chebotar Valeny
VladlImr Luchmkov
Victor Cabanenko
Manya Kotenko
Peter Solovey
Georgly Rats
VasIlIy VolokovIkh
VladimIr BryJakh
Egor Sysoev
Valeny Torgunsky
Vadim Necrasov
Svetlana Nikolaenkova

KRIVOI ROG
PEOPLE MET

DIrector
ChIef Engmeer
ChIef of TechnIcal Department
Head of ArchIves
ChIef of Mamtenance Department
ChIef of Electnc Department
Mamtenance Engmeer
Electnc Engmeer
ChIef of AutomatIc Department
Engmeer
Chief of Water Treatment
Water Treatment Engmeer

KRIVOI ROG

NUMBER OF EMPLOYEES AT THE POWER PLANT (01-02-95)

1.

2.

3

Employees of Power Plant Total

Maintenance and OperatIonal
Including OperatIOn Staff

Others

4021

3126
858

895

D IHAILBERG PERSO\S
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APPENDIX E

AbbrevIatIOns and UOlt ConverSIOns



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

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

5906-01/fflAlABBRE/4126/95

ABBREVIATIONS AND UNIT CONVERSIONS

alternatIng current
amperes
atmosphere = 14.696 pounds per square Inch
100,000 pascals = 14.504 pounds per square Inch
British thermal umt
cubic feet per minute
centimeter = 0.3937 inches
square centimeter = 0.155 square Inches
carbon monoxide
carbon diOXIde
direct current
degree Ce1slUsT[°C] = (5/9)*(T[OF] -32)
degree FahrenheIt
degrees RankineT[OR] = T[OF] + 460
Energy ConservatIOn Opportumty
efficiency
excess aIr

square feet
cubic feet
gigacalone = 1 bIllIon calones = 3.968 mIllIon BTU
gIgaJoules = 1 billion joules
U.S. gallons per hour
U.S. gallons per minute
gigawatt hours = 1 billion watt hours
hydrogen
water
sulfuric acid
10,000 square meters = 2.471 acres
100 liters = 26.42 U.S. gallons
mercury
hour
hertz = cycles per second
joules
kilocalories = 1 thousand calones = 3.968 BTU
kilogram = 2.2046 pounds
7,000 kcal = 27,776 BTU
Kilojoules = 1 thousand joules = 0.947813 BTU
kIlometer = 0.621 mIles
kilonewton = 1 thousand newtons
kopec = 11100 ruble
kilo pascals = 1 thousand pascals = 0.14504 pounds per square Inch
kilovolts = 1 thousand volts
kilovolt-amperes
kilovars = 1 thousand volt-amperes (reactIve)
kilowatt = I thousand watts
kilowatt hour = 1 thousand watt hours

1



lbs -
liter -
m =..,
m- =
m3 -
rnA =
MCal =
metnc ton -
mg -
mm =
MJ -
mm -
MPa =
MVA =
MW -
MWh -
NG =
nm -
Nm3 -

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

ABBREVIATIONS AND UNIT CONVERSIONS (Cont'd)

pounds
0.2642 U.S. gallons = 0.03531 cubic feet
meter = 39.37 inches
square meter = 10.76 square feet
cubic meter = 35.31 cubic feet
milliampere = 0.001 amperes
megacalone = 1 million calories
1 thousand kilograms = 1.1023 U.S. tons
mIlligrams
mmute
megajoules
millimeter = 0.03937 inches
1 million pascals = 145.04 pounds per square Inch
megavolt-amperes
megawatt = 1 millIon watts
megawatt hours = 1 million watt hours
natural gas
nanometer
cubic meters at standard conditions of temperature and pressure (20°C
and 1 atmosphere)
nitrogen oxide
oxygen
pressure
personal computer
parts per ml1hon
pounds per square inch
pounds per square inch (gauge)
ruble
second
sulfur dioxide
square feet
tetraca10ne = 1 trillion calories = 3.968 billion BTU
temperature
Thermal Power Station
volts
volt amps
volt-amps reactIve
year

5906-01/fJ2A/ABBRE/4/25/95 2
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APPENDIX F

Letters of ReceIpt for EqUIpment
Energy AudIt Items LIsts



·\1HHHcTepCTBO 3HepreriHOi Ii 3JleK1r>H epHll:aUH H YCCP

np0I13B01I.CTBEHHOE 3HEPfETWlfECKOE 05bE1I.I1HEHi1E ,,[(H3il?J3:i2:PfO"

racy1I.APCTBEHHOB nPELIJ1PI1>lTlfE KP tlB)?JlKCKA 51 rOCY,UAPCTBEHHASI

PAAoHHASI 3JlEKTPOCTAHUl1SI

322420'r. 3eJleH2,1l.0JIbCK AnOCTOJIOBCKOro

p- Ha JJ,HenponeTpoBcKOfi 06JJaCTH '

--,-!..;o,..O...::...;.i._9_6~-__1\\_~d'~~1f~.r

Ha !'6 OT

paCtIeTHhIfi ClIer 221301 B

UeHrpa.'1b.Ho-rOpO,1l.CKOM OT,1l.eJleHHlt

AK nl15 r. KpHBOfi Por (I<RI \/0 I ROG-)

Met>O 305493 HB,1l.eKC 324099
-

_ r•.KpHBoll Port np. K. MapKca 5
I-

t
- . -

- -Hac'l'o1!tBJftf _nO,llTae'7!;ll.''I'CJft 'qTQ npe.ttC'1'8BHTeJJeN SMe-pHXSH­

Cleot 1WIIl8HHH "Bet'HS--SH.! Poy" -.nmHoil XQ.ldet'I'OY netJe,!1SHY KpH­

BOPOEeltOtt me CJJe,ttyI)UIHe 3,ieR'rpOHHO-HSMepHTeJJhHHe lTpHO'OpH:
_ • _--, L... _ _ '" _

. ",'

I. MO~~b -2000 "EIlEPAK" t AHSJJH8aT0l' npo~ecca cro-p8HHJll t BKJllltlSJII:
- SOH,ll; --

~ nporpauuHoe-06ecneQeHHe B~oyc.

2. wJJm:. -MO,IUUb 4I. AH8JlH~TOP rst:N0HHx ueRTpHttecn8. BltIlJQSJII:
... Me. ,u~ '!'ota! 500 A;·' '
- uetlJf- 1J)I1I TOxa 1000 A; -
- npo~MVHoe odeCneqeHHe;
"':' no'P'!WeJ. ,U"- IIpHdopa.

3. "MmW.lTs" -300 H~/300- ,

BectroHT8!C'l'HNi Ortpe.Jle.JMTe.lta TeunepaTYPY.
- - - Of ...

4. IIepeHOCHOI KOMlIb13Tep ~H'P'H Texcsc.
/nporp8~oe .o6eCneqeHHeJ~

5. IIpHHTep ~b1CH,lta'ra"-; Mo~eJJh 380.

6. ConyTCTBymtee O(S0py,1IOB8HHe:

- 2 KOUlUeKTS xatSeJett .u:c1! MO,J1eJ1S;

- YC'rpOICTBO ~J"r: no~es'PII,ItRH 6sTapel;
- aKRyMyJJlIT0pY THna "C";
- KOHBe'P,.0I'- HSnpll1lteHHII H SKIKH;
- MO,!leM;

- rrporpaYM8 ,1lJS1l yCTSHosKH pyccROro f[~;

- pYCHIDHqHpOB8HHSfl XJ8BH8'!'yP8;

- rrporpaMMHoe odeCneqeHHe~ ITe~eKT;
.,. B9C'S""'...., 0J94 P. 8a& )11550-2000
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2
- rrpOrpaMMHOe 06eCneqeHHe BHHnOYC;
- rrpOrpaMMHOe 06eCneqeHHe ]OTOC;
- nporpaMMMHOe 06eCneQeHMe llPOXOM lilac.

I1pH6opH 6Y1H ~axyIlJJeHDlt ,ltoCTSB.lem;r H nepenSHH KpHBOPO~­

CRoM fP9C B paMXSX rrporpaMMH AreHCTBS no Me~yHspOnHOMY

Pa~BHTHlO CIllA "IloSbImeHHe :$PeKTH1!lHOCTH pa60TLT Y!Cp8HHCRH'X TaC".
llpH60pu nepe~aHH KpHBOPO~KO~ fPBC B xa~ecTse 6e~Bo~es­

,ltHO~ nOMomH YKpSHHe co CTOpOHhT rrpaBWreJIltCTB8 ClllA B paMR8X ,nBYX­
cTOp0HHe" ,noroBopeHHOCTH if TeXHHKO-3KOHOMHQeCXOM co.neMCT~HH

YxpSMHe co CTOpOH'bT ClllA. {\ I

I.03.95r. CfY'14I f',~U
~.Xo~6epr, CT.HH~Hep

IfBepH~ 5H,Il Poy lt



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

Boller leaks - fire box, flue gas ducts

ID fan wear, eff , leakage

FD Fans wear, eff., leakage

AIr heater leakage, ESP leakage, effiCIency If coal

Insulatlon-bOller, heaters, deaerator, pIpmg, duct work

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

Condenser/vac - leakage, coolmg water foulmg

ASME Short form (heat rate) & PT6 abbreVIated

Boller feed pumps - seals leakage

Valve Stem packmg leaks

Turbme lube 011 system - coolmg system (scale, crud)

Boller combustIon - excess aIr, orsat, fuel flow, aIr flow, temp, press, burners, carbon losses

Electncal losses - transformers, large motors

DIstnct heatmg water losses (quantify)

D IHALLBERGlENERGY lTM



BonpOCHHK no y m"QIIIEHHIO KTI1I cropAHI151 HA YKPAI1HCKI1X
3JlEKTPOCTAHllI151X

CJIenYlOIUa.lI pa60Ta 6yneT rrpOBeneHa Ha Ka)KlIOH H3 3JIeKTPoCTaHUHH. KaK MHHHMyM:

*

*

*

*

*

*

*

*

*

*

*

*

*

*

npenCTaBJIeHHe H 06MeH HHq,opMaUHeii C pYKOBonCTBOM CTaHUHH

06cy)KlIeHHe H rrpenCTaBJIeHHe 06beMa pa60T

OueHKa TeXHHqeCKHX H opraHH3auHoHHhiX B03MO>KHOCTeH

YCTaHOBJleHHe B03MO}KllhIX HarrpaBJleHHH COTPynHHqeCTBa

Do B03MOJKHOCTH onpeneJIeHHe rrOMOIUH Ha MeCTaX

OnpeneJleHHe H KoopnlfHHpoBaHHe pa6oqero rpaepHKa

lIHCKyCCHH C nepCOHaJIOM. OTBeqalOIUHM 3a pa60ry CTaHmm

OnpeneJleHHe HaJIHqHJI cymeCTByloIUHx HCTOqHHKOB HHq,opMaUHH H naHHhlX

OnpeneJleHHe naHHhlX 0 pa60Te CTaHUHH Ha BeeM npOTIDKeHHH ee cymeCTBoBaHH.lI

BH3HT Ha CTaHUHIO lIJIJI orrpeneJleHHJI TPe60BaHHH K Bhl6paHHoMy

H3MepHTeJlhHOMY 060pYlIoBaHHIO:

AHaJIH3aTOPhl crOpaHHJI

CqeTtmKH rrOTOKa TOnJIHBa (ra3. Heq:no HJlH yroJlb)

KHCJIOpOllHhle aHaJIH3aTOPhl

03HaKoMJleHHe C cymeCTBYlOmHMH qepTe)lffiMH no TPy6onpoBollaM H

H3MepHTeJlbHOH TeXHHKe lIJIJI OnpelIeJlellHJI MeCTOHaXO)KlIeHHJI nyHKToB

MOHHTopHHra

OnpelIeJleHHe epH3HqeCKOrO MeCTOrrOJlO)KeHHJI lIJIJI YCTaHOBKH rrepmfqHOrO

3J1eMeHTa

Onpe.ueJleHHe MeCTOnOJlO)KeHH.lI lIJI.lI YCTaHOBKH lIHCTaHlIHOHHhlX Mo.uyJleM

MOHHTopHHra

no.u6op nepCOHaJIa lIJI.lI o6yqeHH.lI Ha MeCTax HaBhlKaM npOBelIeHHIO ay.uHTa



•

CHECKLIST
I1\1PROVING COMBUSTION EFFICIENCY

UKRAINIAN POWER PLANTS

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

• IntroductIOn and mformatlon exchange with plant management

• DISCUSSion and presentation of the scope of work

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

• Provide tramIng and assistance to the team selected on the use of the demonstration
portable instrumentation

• Perform audit tests

• Leave behmd the demonstration portable mstruments

• Determine physIcal locations for installing the stationary mstruments

• Determine locatIOns for installing the remote mOnItonng modules

• Determine phySIcal charactenstlcs related to the locations for the statIonary
mstruments



IIEPEqEHh MEPOIIPfJJITMM
IIO IIOBhIIDEHIIIO SCI>CI>EKTMBHOCTII
IIPOUECCOB rOPEffiIH TOIIJIMBA HA
YKPAlIHCKIIX SJIEKTPOCTAHUII,RX.

B KaqeCTBe rrpOrpaMMbI MHHMMyMa Ha KaiKLJ;OH CTaHIum: 6yLJ;eT

rrpOll3BelteH CJIenyroIUllH 06beM pa6oT:

- IIpeLJ;CTaBJIeHlle II 06MeH HHcPOpMaUMeH C a,n;MMHHCTpaUMeH

CTaHUHH;

- 06cyJKLJ;eHUe H rrpenCTaBJIeHHe 06'beMa pa6oT;

- Ha3HaqeHHe rrepCOHaJIa .z:LIDI rrpOBelteHM5I ayLJ;HTa;

- 06yqeHMe II rrOMOIUb B o6yqeHHM BbI6paHHOrO nepCOHaJIa

no BorrpocaM rrpMMeHeHM5I nopTaTMBHoro 060pYLJ;OBaHM5I;

- IIepeLJ;aqa LJ;eMOHCTpaTMBHoro rropTaTMBHoro 060pYLJ;OBaHM5I;

- OrrpelteJIeHIIe MeCTa LJ;JI5I yCTaHoBKM CTauMOHapHoro

06opYLJ;OBaHM5I;

- OrrpeLJ;eJIeHMe MeCTa LJ;JI5I yCTaHoBKM LJ;HCTaHUMOHHbIX

M3MepMTeJIbHbIX MOltyJIeH;

- Orrpe.n;eJIeHIIe cPH3HtIeCKHX xapaKTepMCTMK 060pYLJ;OBaHM5I

T3C LJ;JI5I yCTaHoBKM CTaUMOHapHbIX rrpM6opOB;

t,



APPENDIX G

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

CopIes to:

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

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

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

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

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

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

Background:

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

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

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

i\
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Power Plant Selections

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

15, 1994.

Upon arrival in Kiev-Ukraine a meeting was held at the offIce of USAID/Ukralne

MiSSion on Sept. 16, 1994 with Dr. Osborn of USAID/KIEV and Danan Dlachock of

IDEA/KIEV.

Dr. Osborn suggested selection of seven power stations located in different regions

of Ukraine, that should be considered for energy saving program. This is a change

from original five power stations. In additIon after considerable discussions and

assessment of the actual political climate of Ukraine, it was decided that during thiS

trip all selected power stations would be visited for an initial audit. The detailed

audits including the measurements and tests would have to take place later during the

second trtp. The selection criteria of the power stations was established as follows:

Combination of power stations and distnct heating plants

Geographical locatIons to encompass all Energo regions

Power station ratings to be representative for Ukraine power sector

Cover all types of fuels: gas, mazut, coal (lignite, high and low

bituminous, anthracite)

Types and ratings of the bOilers to be representative

Political consideratIons.
J(:;ix.Y)1~/

A meeting With Tom Kenney of World Bank In Kiev was held to discuss the available

reports, studies, and info related to power sector in Ukraine.

Performance data on power stations and CHP plants was also obtained dunng a

meeting with Oleg Gerasimenko a local consultmg engineer recommended by IDEA,

Inc.

Based on the above general criteria and performance data available on Ukraine power

sector, from a list of seventeen large thermal power stations and lists of other district

thermal stations (CHP), an jnitlallist of seven power stations and CHP plants had been

prepared. With minor modifications the selected power plants are as shown on the

Attachment 1. The concurrence to thiS selection was obtained from Dr. Osborn and

Oarlan Diachock.

Memo 11
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Durrng a meeting with Alexey Sheberstov, First Deputy Minister of Ministry of Energy
& Electrrflcatlon of UJaaine, on Sept. 20, 1994, the energy saving program was
explained, and the proposed selection of the power plants for this program received
his concurrence and approval.

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

On Sept. 22, 1994 KIEV #5 CHP plant was vIsited. The purpose was to get
information from the plant personnel related to the program already in place:
combustion analyzer and in-situ 02 analyzer.

Planning of Initial Audit Visits

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

Team #1:

Sellsett N. Corban
Marc Gmiger

Team #2:

John Hallberg
Cliff Crosman

Team #1 was scheduledto visit four plants allioeated east, south-east and southwest
of the country.

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

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

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

Memo l'
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of Ministry of Energy and Electnfication of Ukraine. He took care to send the
documents to all six plants and associated Energo organizations for advance planning
of each team's amvals.

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

Initial Audit of the Plants

Introduction

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

The following triP report covers the audit actiVities performed by Team #1.

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

General

The following four power stations in Ukraine were subject of initial audit actIVities:

1. Kourakhovska:

2. Uglegorsk:

3. Zmiev:

4. Krivoi Rog:

1x200 + 6x210 MW

4x300 + 3x800 MW

6x200 + 4x300 MW

10x300 MW

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

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

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

As a general comment the plants are deSigned for multiple fuel capabilities. Coal
delivered to the plants does not match onglnal bOiler deSign reqUIrements, thus
reducing boiler efficiency and increaSing maintenance.
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For some power plants. every five years a boiler's performance is reviewed and
adjusted based on the actual as-fired fuel properties. This derating is reflected in MW
net output of the plant and calculations of bOilers and plant's efficiencies.

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

The fuel to air ratio for the combustion process is manually adjusted from the control
board located In the Unit Control Room.

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

The fuel meterrng, where installed IS for the entire plant. (except natural gas) thus the
effiCiency calculations for each boiler are extrapolated based on procedures outlined
in theoretical books.

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

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

ENERGO SYSTEM:

LOCATION:

INSTALLED CAPACITY:

COMMISSIONED:

BOILER TYPE:

FUEL TYPE:

COAL METERS.

MAZUT METERS:

O2 ANALYZERS:
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DONBASSENERGO

40 KM South-west of Donetsk

1460 MW

1972-75

Subcritlcal. Type TP-1 09

Lignite (Schlamm) supplemented by
mazut when lignite caloric value IS

~3000 KcallKg

Total per plant; extrapolated for each
Unit

None

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



SERVICE DUTY:

UNIT OPERATION:

BURNER MANAGEMENT:

POLLUTION MONITORING:

Cyclic operating mode (two units
shutdown each night and the balance
of the units reduced to minimum load
of 140 MW)

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

None

No NOx Control

The meetings were held with the following key personnel:

Sergey A. Ivonov, General Engineer TechnIcal Director

Veniamin M. Tarasenko, Deputy Tectlnlcal Director of Operations

Victor F. Larlnov, Chief Engineer of Donbassenergo from Gorlovka

Support Plant Staff

Overall assessment of technIcal and managerial capabilitIes of the plant staff is
average. The staff is competent, and fully cooperated In prOViding the avaIlable
information.

On Sept. 28, 1994, Dr. Osborn visited the plant and he was briefed on initial audit
results.

B. UGLEGORSK POWER PLANT (Sept. 28 thru Oct. 1)

ENERGO SYSTEM:

LOCATION:

INSTALLED CAPACITY:

COMMISSIONED:

BOILER TYPE:

Memo 11 6

DONBASSENERGO

50 KM North-east of Donetsk

3600 MW

4x300 MW 1972-1 973 (First Phase)
3x800 MW 1975-1977 (Second Phase)

Supercntlcal
Type TPP-31 2A - First Phase
Type TGMP-204 - Second Phase



FUEL TYPE:

COAL METERS:

MAZUT AND GAS METERS:

O2 ANALYZERS:

SERVICE DUTY:

UNIT OPERATION:

BURNER MANAGEMENT:

POLLUTION MONITORING:

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

3x800 MW; gas, mazut or gas and mazut

Total per plant; extrapolated for each
Unit

Measured at each Unit

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

Continuously at loads reqUired by
central dispatch center.

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

None

No NOx Control
No SO 2 Control

The 800 MW bOilers have operated as a pressurized furnace with FD fans in operatIon
only; 10 fans are not provided, gases are directly exhausted into the chimney. There
are high gas leakages, and vanadium corrOSion.

The meetings were held with following key personnel:

Georgy Kuryshko, Technical Director

Fedor TZlrulnik, Deputy Chief Engineer

Victor F. Lannov, Chief Engrneer of Donbassenergo from Gorlovka

Support plant staff

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

competent and cooperated in prOViding the rnformatlon.

Memo 11
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A concern was expressed In reference to available spare parts for the equIpment to
be Installed under energy saving program. A suggestion was made for including into
the program spare parts for 5 (five) years.

C. ZMIEV POWER PLANT (Oct. 3 Thru Oct. 5)

ENERGO SYSTEM:

LOCATION:

INSTALLED CAPACITY:

COMMISSIONED:

BOILER TYPE:

FUEL TYPE:

COAL METERS:

MAZUT AND GAS METERS:

O2 ANALYZERS:

SERVICE DUTY:

UNIT OPERATION:

BURNER MANAGEMENT:

POLLUTION MONITORING.

KHARKIVENERGO

30 KM South of Kharkiv

2400 KW

1960-1969

Subcritical TP-1 00 for 6x200 MW Units
Supercrltlcal TPP-21 0 and TPP-21 0 for
4x300 MW Units

Coal low-bItuminous, anthracIte and
gas or mazut

Total per plant; extrapolated for each
Unit

No meters for mazut, meters for gas

Old, need frequent regulatIons and
maintenance, indIcations are not
reliable.

Continuously, base load.

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

None

No NOx Control

The meetings were held with the following key personnel:

Oleg K. Gritsanluck; Director
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Alexander G. Chupyra; Chief Engineer

Valentin Kolomiets; Automation

Due to the geographic location of this power plant, the buses of this plant switchyard
are used to exchange power between the Russian and Ukraiman electrical systems.
The plant operates in parallel with Russian system, not with the Ukrainian gnd.

Plant IS old, and the control is an obsolete design of 1950's. There are several plans
for Improving or changing this plant. A jOint venture between B&W (USA) and several
Ukrainian companies works on a pilot design for a boiler to burn the local low calonc
value coal, to replace in future the existIng boilers.

An overall assessment of technical and managerial capabilities of the plant staff was
not possible to be made fully at this time due to limited number of personnel that were
assigned to work with us (one person). The cooperation was minimal. Some of the
requested Information was not provided.

D. KRIVOI ROG POWER PLANT {Oct. 5 Thru Oct. 81

ENERGO SYSTEM:

LOCATION:

INSTALLED CAPACITY:

COMMISSIONED:

BOILER TYPE:

FUEL TYPE:

COAL METERS:

MAZUT METERS;

GAS METERS:

02 ANALYZERS:

Memo 1/ 9

DNIPROENERGO

100 KM South-west of Dmpropetrovsk

3000 MW

1965-1973

Supercritical
Type P50 - Units 1, 2, 3, 4
Type TP-210A - Units 5,6,7,8,9,10

Coal low-bituminous anthracIte
supplemented by mazut and gas

Total per plant; extrapolated for each
umt

None per plant

Total per plant and each boiler

Old, indications not reliable.



SERVICE DUTY:

UNIT OPERATION:

BURNER MANAGEMENT:

POLLUTION MONITORING:

Base load.

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

None

No NOx Control

The meetings were held with the following key personnel:

Valeri M. Cebotan; Director

Vladimir A. Lucinikov; Chief Engineer

Victor Kabanenko; Automation

Support plant staff

There is a program of reconstruction of this plant but because of several problems In
the last years, the implementation of the program has been postponed.

The power station is well managed. The staff IS competent and fully cooperated In
providing the requested information.

A concern was expressed related to the availability of spare parts for the
instrumentation equipment to be Installed under the energy saving program.

On October 8, 1994 the Team #1 traveled from Knvoi Rog to Kiev and back to USA
on October 9, 1994.

Memo 1/
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PLANT VISIT SCHEDtJLE

Team #1 (S.N. Corban) Team #2 (J. Hallberg)
25 Sun Travel to Kaurakhovska
26 Man Kourakhovska (Plant
27 Tu Kourakhovska (Plant)
28 Wed Travel to Uglegorsk
29 Thur Uglegarsk (plant) Travel to Odessa
30 Fri Uglegorsk (Plant) Odessa 7PI.an t)
0-1 Sat Travel to Kharkiv Odessa
2 Sun Kharkiv Odessa
3 Man Zmiev (plant) Odessa IPLd 11tJ
4 Tues Zmiev (plant) Tmvel to Moldova
5 Wed Travel to Krovoi Rag Moldova IPLant )
6 Thur Krivoi Rog (plant) Moldova 7P'~nt)
7 Fri Krivoi Rog (Plant Travel to Burshtyn
8 Sat Travel to Kiev Burshtyn
9 Sun IRAVEL TO USA Burshtyn
10 Man BU13htyn(PL~n t J
11 rues Burshtyn /llfr:J"J1f)
12 Wed Travel to Kiev
13 Thur RE11JRN TO USA
14 Fri
15 Sat
16 Sun



CHECKLIST
IMPROVING COlvfBUSTION EFFICIENCY

UXRAlNIAN POWER PLANTS

The following work will be pe:ii]jjjjed 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 of contadS

• Identify any local support, ifavailable

• Identify and coordinate the work schedule

• DiS~Jssion with kej' personnel regarding operation of the plant

• Determine the availability ofthe existing sources ofinformation and data

• Detennine the plant historical ope."ating data

• Walk through the plant to det:nnine the requirements for selected
insttumentations:

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

• Review ofexisting P&ID's10 detennine locations ofmonitoring points

• Detennine physicallocaticm for installing the selected primary element

• Determine locations for instaDing the remote monitoring modules

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



A.

B.

C.

D.

E.

F.

G.

H.

I.

J.

K.
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ATIACHMENT 4

IMPROVING COMBUSTION EFFICIENCY
UKRANIAN POWER PLANTS

PUNCH LIST

Boiler design basis fuel analysis (coal, mazut and natural gas), desIgn
boiler performance for each fuel, parameters derated from original
design, and original design fuel analysis.

Mode of fuel firing - only natural gas, only mazut, only coal, and
combination of fuels.

As fired natural gas and mazut analysis, as fired best, average, worst
coal analysIs, where measured and frequency.

Boiler as fired fuel natural gas, mazut and coal performance.

Boiler firing system line diagram - air supply, exhaust gas, fuel feed etc.

Section/plan views of boiler.

Flow diagrams for natural gas, mazut, and coal feed and measurement
of fuel feed.

Mode of unit operation - loading of units.

Copy of drawings showing combustion control scheme (functIonal
analysis) for fuel feed and combustion aIr.

CO and 02 monitoring.

Calculation of bOiler effiCiency for natural gas, mazut and coal finng
based upon A. and C. above. Method of efficiency calculations.
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SELECTION CRITERIA

Improving Combustion Efficiency
Ukrainian Power Plants

September 19, 1994
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PRELIMINARY AUDIT REPORT

IMPROVING COMBUSTION EFFICIENCY

KRIVOI ROG POWER PLANT
(Oct. 5 Thro Oct. 8, 1994)

EXECUTIVE SUMMARY

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

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

Low-Cost. No-Cost Short Term Recommendations

1) Fuel Quality Improvement Plans

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

2) Boiler Startup and Shutdown Plans

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

3) Energy Saving Program

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

a) Portable combustion Analyzers

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

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

b) In Situ 02 Analyzers

The combustion efficiency can be improved by replacing on boiler Unit 5 the
existing extractive oxygen analyzers with four in-place zirconium oxide sensor
analyzers as used in USA.

It is recommended: four devices per boiler unit 5.

c) Fuel Meters

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

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

It is recommended: three devices per boiler unit 5.

ii. Two mazut flow meters per each mam pipeline (supply and return).

It is recommended: total of 4 devices per station.

ill. Two mazut flow meters (supply and return lines) per subboiler (tota14
per boiler).

It is recommended: four devices per boiler unit 5.

d) Portable infrared temperature monitor (heat spy).

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

5906-021PAR 1/12/9/94 2



It is recommended: one heat spy per statlon.

e) Portable multimeter ac power analyzer

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

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

f) Laptop personal computer

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

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

Medium to Long-Term Recommendations

1) Implementation of energy saving program phase two.

2) Implementation of the balance of the instrumentation per the attached station "would­
like-to-haven instrument list, as a first step before replacing the entire existing
instrumentation of this station.

3) Investigate lower cost S02/NOx removal technologies.

For S02 removal for example use of coal blending or lower cost sorbent technologies
for flue gas conditionmg. For NOx removal use of a burner design technology for
low NOx emissions (low costs) or SNCR (selective non-catalytic reduction) an
expensive solution.

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

5) New water treatment plant.

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

7) The plant have to develop short term and long term plans for boiler and air pollution
control system malfunction prevention.
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8) Install connnuous opacity monitors one per stack to momtor the VIsible enussions.

9) ProvIde proper analytical equipment to the chemical laboratory.

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

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

based upon completion of final audit and associated tests and measurements.
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The prelIminary survey of thIS plant has revealed the followmg observatlons and assessments:

Observations and Assessments

The statton IS well managed by expenenced personnel. The engmeenng staff
is competent.

A reconstructlon study of this station IS bemg completed and conSIsts of three
options:

Reconstruction of all major eqUIpment WIthin eXIStIng structures.

Constructton of simIlar power plant nearby.

Reconstrucnon of four units m existmg structures and constructIOn of
SIX new umts nearby

Statton would prefer the third optIon. At the present nme due to finanCIal
condition of the UkraIne the eqUIpment is replaced step by step.

StartIng 1987 consIderable work of refurbIshIng and major component
replacement on Umt 1 boIler and on Units I to 5 HP and IF turbine secnons
has been done. Some steam pipelines Interconnecting the Unit 1 bOIler and its
turbine have been replaced.

Plans are in place to continue the major component replacement on all boilers
and turbines.

The boilers have no burner management systems.

The stanon has no NOx pollution control system.

The original mechamcal governors are stIll 10 operanon.

All interlocks are of a very baSIC nature offenng limIted protectIOn.

Most of the process control systems operate on "manual" mode from the
Control Board located in Unit Control room. A chart is used whIch Indicates
the unit load as a functton of the amount of coal and mazut fIred.

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

The controls and instrumentanons are outdated, the readings are unstable and
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requrre ongomg maIntenance to keep them operauonal. Spares are hard to be
obtaIned.

The statIon lacks outdoor fixed momtonng eqUIpment for recordmg gaseous
and dust values.

Because the stack heights far exceed the II good engmeenng practIce II cntena,
the pollutants emitted do not produce a local au quality problem, but It IS a
concern for the atmosphenc pollutIon.

The coal IS supplied by 32 dIfferent suppliers dunng any gIven week. The
statlon has little input to the quality selected for the coal or control over the
fuel acquIsitIons.

The coal delivered to the plant does not match ongmal boiler deSIgn
requrrements, thus reducmg bOIler effiCIency and increasmg maintenance. In
additIon, the poor quality of fuel (coal) mcreases the air pollutIon and causes
reductIon m 1-'IW output of the plant. Mazut and gas are cofired almost all
times in order to deliver the MW output reqUIred by the central dIspatch
center.

The ongmal bOIler deSIgn performance when finng coal was reVIsed m 1989
and subsequently the boiler maxImum load output was reduced from 300 MW
to 282 MW. Therefore the power plant MW output is derated to 2820 MW
from 3000 MW, a total reductIon of 180 MW (6%). The main steam
temperature was also changed from 565°C to 545°C to increase boller
reliability.

The ElectrostatiC PrecIpitators (ESP) are reported operating very
unsatIsfactory. ThIS may be attributed to fly ash high specIfic electncal
reSIStiVIty that affects the ability of the ESP to collect effiCIently the fly ash
partIcles from flue gas, thus reducing ESP efficiency.

ChemIcal department staff IS competent. It IS a stnngent need of proper
analytical eqUIpment to perform to lugher standards and in a shorter tIme
except for fuel caloric value measurement which IS adequate.

The cycling mode of station operation affects the eqUipment and results m
conSIderable plant refurbishment and replacement.

The efficiency calculations are performed on a per umt baSIS. Except for
natural gas that IS measured directly per boller, all other fuel quanutles (mazut
and coal) are extrapolated from power stauon data. Actual fuel consumptIon
of either mazut or coal per each umt is not known.
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These efficiencIes are compared to the efficIencIes calculated based upon the
boIler desIgn performance recalculated In 1989.

The stanon expressed concern about adequate spare parts aVaIlable for the
euqIpment proVIded to Improve combusnon efficIency.
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INTRODUCTION

ENERGO SYSTEM:

LOCATION:

INSTALLED CAPACITY:

COMMISSIONED:

FUEL.

POWER PLANT DESCRIPTION

DNIPROENERGO

100 KM SOUTH-WEST OF DNIPROPETROVSK

3000 MW
10 X 300 MW

1965-1973

COAL LOW-BITUMINOUS, ANTHRACITE
SUPPLEMENTED BY MAZUT AND GAS

1. The Knvoi Rog Steam Power Stanon conSIsts of ten supercntIcal 300 MW umts finng
coal. The stanon was comffilSsIOned between 1965 and 1973. The station was
constructed in three stages. The first stage (umts 1-4) conSIsts of bOIlers from
Podolsk and turbmes from Kharkov, the second stage (umts 5-8) conSIsts of bOIlers
from Taganrog and turbines from Kharkov, and the thIrd stage (umts 9-10) conSIsts of
boilers from Taganrog and turbines from Kharkov.

2. The coal the stanon fires is from the Donetsk regIOn types T, TR and TK. The
desIgn coal characteristics consisted of a calonc value of 6,500 kcal/kg, 15 % ash, and
5-6% water. The actual coal charactenstics consist of a caloric value of 4,500 to
5,500 kcal/kg, up to 40% ash and a water content of 9%. The station also cofires
natural gas and mazut with the coal in order for the umts to reach rated performance.
TYPICally the station fires 80% coal, 10% natural gas, and 10% mazut.

3. The expenence gaIned in the operation of these umts was Incorporated Into the desIgn
of future 300 MW umts In the former U.S.S.R.

4. The Podolsk bOIlers are type P-50 of RUSSIan manufacture from the Podolsk Machme
BUIlding Plant. The layout IS of two IdentIcal bOIler blocks coupled together to
supply the required steam rate of 950 tons per hour. Each boIler IS supercntIcal and
capable of supplying steam at a rate of 475 tons per hour at a pressure of 255 bar
gauge and live steam temperature of 545°C. Reheat steam IS also produced at a
temperature of 545°C. The boiler operates in a balanced draft mode. Coal is
supplied to the boiler umt and held In raw coal bunkers prior to being fed to the ball
nulls. The motive aIr for transfer of the pulvenzed fuel is directed from the outlet of
the aIr heaters and is used to dry the pulvenzed fuel in addinon to transportIng It to
pulverized fuel storage bunkers. The contaIned aIr IS returned back to the pnmary air
system VIa centnfuge separators through WhICh all the pulvenzed fuel IS passed pnor
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to storage m the pulvenzed fuel storage bunkers. The pulvenzed fuel storage bunkers
supply pulvenzed fuel flow to the burners VIa mdividual bunker outlets feedmg to
rotary feeders WhICh control1ite flow to the burners. The fuel flow is controlled
manually from the Unit Control Room. The Taganrog bOllers are type TPP-21OA of
RUSSIan manufacture from the Taganrog BOller Works. The charactensucs of the
Taganrog bOllers are SImIlar 10 those dISCUSSed prevIously for the Podolsk bOllers.

5. The fIrst umt has been in operation for approxImately 30 years and has undergone
conSIderable renovatlon. Starting in 1987 the cylinders of the high and medium
pressure secUons of the turbines in umts 1 to 5 have been replaced. Some steam
pIpelines mterconnectlng the bmler and turbine have been replaced. Vanous heaung
surfaces have been replaced in the boliers. Some parts of the control system have
been replaced. It is consIdered that these measures would prolong a umt's hfe
another 25 years. There are ]JIans to do the same kmd of work on the other umts.
However, the fmancial condition of the Ukrame is an obstacle to completmg these
plans. The schedule has been ShIfted one year.

Operauonallife of a umt IS considered to be 200,000 hours of operauon. The umts
of stages 2 and 3 have an opernnonallife left of 5 to 7 years. Umt 6 has operated
180,000 hours with the rest of units less. Umts are operated on the order of 6,000 to
8,000 hours per year.

6. A reconstruction study is being completed by a SpecIal agency and conSIsts of three
optlons:

1. Reconstruction of equipment within existing structures.

2. Construct similar power plant nearby.

3. Reconstruction of four umts in eXIsUng structures and constructIon of SIX new
umts nearby

The objecuves are to use actual coal, increase reliabIlity of the bOllers, remove S02'
NOx and gas emISSIons cleanup. The statIon would prefer the thIrd optIon. The
fmancial condition of the Ulaame IS an obstacle to lmplementmg the program. The
station IS now replacmg the equipment step by step.

7. The emISSIOnS from 300 MW units are now on the agenda in the UkraIne. The
statIon IS mterested in improving cornbusllon effiCIency to reduce emISSIons.

8. The total statton operating and mamtenance personnel is 2,500 plus 1,000 for SOCIal
programs. In addition, there are 500 contracted mamtenance personnel. There are
workshops for repairing turbine and boIler components and a special workshop for
automatton.
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9. Installatlon of mstruments for combustlon efficIency should not create a problem due
to Item 8. above.

BOILER PLANT

10. BOller DesIgn Performance:

a. The ongmal type P-50 bOiler desIgn performance IS shown on Attachment 1.

b. The original type TPP-21OA boller desIgn performance IS shown on
Attachment 2.

c. The 1989 revIsed type P-50 bOiler design performance IS shown on
Reference 1.

d. The 1989 reVIsed type TPP-21OA bOiler deSIgn performance IS shown on
Reference 2.

e. The type P-50 and type TPP-210A bOiler deSIgn performance WIll next be
reVIsed in February 1995.

f. DIScussIon:

1. The boiler performances are based upon coal and mazut cofinng WIth
mazut being 5% of the total heat mput.

ii. The mam steam temperature was changed from 565°C to 545°C to
increase bOiler reliability.

iii. The maxImum bOIler load is now 282 MW due to the reductlon m coal
quality from the ongmal boiler deSIgn performance coal. This WIll be
addressed m the February 1995 boiler deSIgn performance reVISIon.

11. Mode of Fuel Firing:

a. Mazut Only:

1. Mazut only dunng Imtlatlon of combusuon (startup).

Ii. Mazut only for several hours If mIll brakes. etc. (emergency).
Maximum load on mazut IS 180 MW (90 MW per subbOller).

b. Natural Gas Only:
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1. A umt can operate at 300 MW on natural gas only.

c. Coal:

1. Always cofue mazut and sometimes natural gas.

11. Try to keep mazut to 5-10% of bOIler heat mput. However, It could
rise to 25 % if poor qUalIty coal 15 fired. Mazut IS contmuously cofired
WIth coal when coal calonc value IS equal or less than 5000 kcal/kg to
have a maximum 280 MW umt output (maxImum bOIler load).

lii. Try to keep natural gas at 10-15 % of boIler heat mput.

IV. There IS an explosion problem whIle cofirmg natural gas and coal dust.
Therefore, thIS is done only under very stnct conditIons and seldom.

12. As-Fired Fuel AnalysIs:

a. Coal:

1. Coal is supplied to statton from 32 supplIers.

n. The coal can go eIther of two ways: from raIlroad direct to coal
storage or from raIlroad direct to statIon two conveyors (one plus one
reserve).

Ill. There IS a special scale m the raIl to weIgh as-receIved coal to ±.5 %
accuracy.

IV. Coal in storage IS not blended. Usually as-delivered coal bypasses
storage and goes directly from coal tram to raw coal bunkers.

v. MechanIcal coal sampies are taken from the two conveyors and
collected every 5 minutes and mIxed for 24 hours and analySIS done.
Coal is then collected for 5 days, mIxed and a more detailed analySIS
completed.

VI. Attachment 3 details mimmum, maxImum and average coal analyses

b. Natural gas:

i.

n.

5906-021PAR 1/1212194
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c. Mazut:

1. Mazut IS sampled from one raJ.1road tanker at delIvery and from
pIpelIne feeding bOIlers.

11. Attachment 4 detaIls typICal mazut analyses.

13. BOller As-Fired Fuel Perfonnance:

a. A umt can produce 300 MW fmng natural gas.

b. Dunng coal finng a umt normally produces 250-260 MW. This occurs
because amount of mazut fired IS usually lImIted to 5 % of the boIler heat
input. The expense of mazut, heatlng servIces for mazut, and bOIler
manufacturer recommendation to lImIt mazut finng to 5 % to mamtam bOller's
reliabIlity are the factors to be conSIdered.

14 Boller Firing System Flow Diagram:

a. Umts 1-4 (P-50 boilers) - as shown on Attachment 5. There are 12 burners
per subbOller (24 burners total), and two raw coal bunkers, one mIll, one
separator, one cyclone, one coal dust bunker per subbOller.

b. Units 5-6 (TPP-210A boilers) - as shown on Attachment 6. There are 24 coal
dust feeders and 12 burners total (6 burners per subboIler) wIth one common
coal dust bunker per boIler. Each subbOller has its own mill, separator and
cyclone. There IS one raw coal bunker for subbOller A and two raw coal
bunkers for subbOller B (UnIts 5-8). There are two raw coal bunkers per
subbOller for UnIts 9 and 10.

c. UnIts 7-10 (TPP-210A bOIlers) - as shown on Attachment 7. There are 12
coal dust feeders and 12 burners total. The other eqUIpment is as discussed m
b. above.

d. All units have one additional oil burner per subbOller or 2 per boiler.

15. Section/Plan View of Boiler:

a. Attachments 8 and 9 are sectlon VIews of the P-50 boilers.

b. Attachment 10 IS a sectlon VIew of the TPP-210A bOIlers.
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FUEL SUPPLY

16. Flow Diagrams for Fuel Supply:

a. Mazut:

1. Attachment 11 is the mazut flow diagram for the P-50 bOllers. A
sImilar flow diagram eX1sts for the TPP-21OA bOllers. The flow
dIagram shows the flow to the 12 burners plus one additIonal 011 burner
per subboiler (26 burners total).

ll. The amount of mazut fired for the total power statIon IS determmed by
measunng the level of the mazut storage tanks once per shift.

ill. The power statIon would like to have 2 flow meters per each mam
pipeline (supply and return) for a total of 4.

IV. In addItIon, the power statIon would lIke to have 2 flow meters (supply
and return) per subbOller (total of 4 per bOller) for a total of 40 or 44
including the flow meters from 16.a.lli. above.

b. Natural Gas:

Attachment 12 is a typical natural gas flow diagram per boiler. Natural gas
flow meters already exist per subbOller and work well. The flow meters that
eXIst per burner do not work.

c. Coal:

1. Attachment 13 shows the conveyor arrangement for the power statIon
The conveyors on the top nght deliver coal to the raw coal bunkers of
units 1 to 4. Sampling takes place as discussed in 12.a.v. The locatIon
of the 2 scales that weIgh the coal gomg to umts 1 to 4 is also shown.

ii. A similar arrangement IS shown on the top left for umts 5 to 10. The
four scales on the conveyors have a + 1% accuracy

•

•

ill.

5906-021PAR 111212194
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PLANT OPERATION MODE

17. The power statIon typically operates wIth 5-6 UnIts at base load, 2-3 UnIts m reserve
and 1 umt undergoing overhaul.

18. Attachments 14 and 15 detaIl the power statIon load wIth 6 to 7 UnIts operatmg on
October 3 and 4, 1994 and October 7, 1994 respectIvely for each hour of the day
The maxImum load per unit is 272 MW

19. Attachments 16 and 17 detail the same as 18. above except dunng July and February.
In July 7 to 8 umts are operatIng; and In February only 3 to 4 UnIts are operatIng
because of a lack of fuel.

20. The plant is a base load plant. The plant capacIty may go down to 30% when
operating, but a umt capaCIty cannot go less than 210 MW; operating range of a umt
is 210 to 290 MW.

COMBUSTION CONTROL

21. Attachments 18 to 20 detail the combustIon control scheme. Coal IS usually fed to the
bOIlers at maxImum coal feeder speed, With cofinng of mazut used to bnng the bOIler
to the requIred load. The forced draft fan air damper pOSItions are adjusted manually
based upon a chart which indicates the unit load as a function of the amount of coal
and oil fired. In addition, the air damper adjustment IS made based upon O2 analyzer
indications. The schemes on Attachments 18 and 19 are used to control the main
steam temperature. The control of fuel and combustIOn air ratIo IS essentIally a
manual operatIon based upon maIntaimng the reqUIred unit load WIth constant boIler
outlet main steam pressure and temperature and with O2 indIcatIons less than 4 %.

22. CO and 02 Analyzers:

a. None of the units have CO monitonng.

b. As shown on Attachment 21, two 02 analyzers are located per subbOller after
the economizer where the temperature is 380 to 400°C or four per bOIler.

c. The power station would like to locate the two O2 analyzers per subbOller (4
per bOIler) after the reheater of the first stage where the exhaust gas
temperature IS 550 to 600°C for a total of 40 02 analyzers per plant.

d. The thermocouples shown are used for momtonng only. The four metal
temperature thermocouples located above the fuel chamber are unreliable.
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CALCULAnON OF BOILER EFFICIENCY

23. The methodology for the boIler efficIency calculatIon IS shown on References 3 and 4
for February and August 1994 respectIvely. The calculatIons are done on a per umt
basIS. As dISCUSSed preVlously, in items 12 and 16, 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 as discussed in Item 10.

NOTE: See Project File for References 1, 2, 3, 4
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STATION "WOULD-LlKE-TO-HAVE" INSTRUMENT LIST

The folloWIng IS a summary of the instruments that the statIon "would-hke-to-have" provIded
under the energy savIngs program:

1. Two mazut flow meters per each maIn pIpelIne (supply and return) - 4 deVIces total
per statIon.

2. Two mazut flow meters (supply and return) per subbOller (total 4 per boIler) - 40
deVices total per station.

3. DeVIces to meter the flow of coal from each raw coal bunker to Its subbOller located
between bunker and mill (4 deVices for umts 1 to 4 and 9 to 10, 3 deVIces for umts 5
to 8) - 36 meters total per statIon.

4. Two In-SItu 0 1 analyzers per subbOller or a total of 4 per bOller - 40 deVIces total per
statIon.

5. ContInuous opaCIty momtor for each stack - 5 momtors total per statIon.

6. Portable combustIon analyzer - one per statIon.

7 Adequate spare parts supplied for eqUIpment proVIded to Improve combustlOn
efficiency.
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TRIP REPORT

1.1 Introduction

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

The objectIve of these audit visIts IS to Improve the combustIon effiCIency of the UkraIman
Power Plants.

Bums and roe performed the plant audIt vISItS dunng a Feb 6--Mar 11 tnp to the UkraIne In
accordance WIth the Delivery Order objectlves. The follOWIng report descnbes the aCtIVItIes of

• Team #2 (John E. Hallberg, P.E. and Prem Gupta), which VISIted Odessa CHP plant,
Simferopol CHP plant, KrivOl Rag TPP and Burshtyn TPP. A report descnbmg the activitles
of Team #1 (Selisett Corban, P.E. and George Keller, P E.) whIch visIted Kourakhovska,
Uglegorsk and ZmIev TES was issued separately

• 1.2 Work Plan

· - -

The followmg work was planned for each plant audIt VIsIt:

• Perform mtroduction 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 mstrumentatlon.

• Perform audit tests.

• • Tum over the demonstration portable InstrumentatIOn to the plant management
and Sign the papers.

• Determme best location for Installing statIonary instruments.

• • Determme best locanon for InstallIng receIver Instruments.

•

•

• Define process and envIronmental condItIons as well as length of the cable runs.

5906-01102A/TRIP/4n195



•

•

•

•

1.3 Trip Report and Findings

1.3.1 Mon. and Tue.. Feb 6-7. 1995 - Travel to Kiev.

Feb 8 through Feb 15. 1995 - In Kiev.

The followmg activities took place during this time:

• Meetmgs and introductIOns at the office of USAID/Ukrame MIsslOn wIth Dr.
Osborn and AndreI Pannov of USAID/KIEV.

• Meetmgs and introductions at the office of IDEA/KIEV WIth Danan DaIchok and
hIS staff.

• Arrangements for expediting delivery of USAID eqUIpment from USA to KIev.

• Arrangements for custom clearance.

• Arrangements for delivery of USAID eqUIpment to the office of IDEA/KIEV

• Arrangements for safekeepmg of USAID equipment.

• Inspection and check-out of the amved USAID eqUIpment.

• Powering up and installation of the software programs for seven TI computers.

• Dry run with nine portable analyzers.

• Local procurement of the mIssmg accessones.

• Arrangements for reliable vehIcles, translators and safe travel 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), AndryI Kononov and
Vitali Plotmkov (IDEA) and met WIth George VUkOZICh, the plant director. We worked In the
directors office settIng up the eqUIpment, demonstratIng Its use and dISCUSSing 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 bOIler house to run
some tests. We set up at the crossover to the convectIon pass near the extractIon pomt for the

•

5906-0I/Cf2A1TRIP/4nI95 2



eXIstmg oxygen analyzers on power steam boIler 5 - left sIde. The bOIlers were burnmg 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 carlJon monoxIde went over range with excess air reading
movIng between 0 and 2 percent. We were informed that the FD fan on the right SIde was not
operaung because of breakdown. The plant Immediately reduced load on thIS boIler.

We ran three tests on the left side of boiler No.7. The combustIOn effiCIency was faIr but could
be Improved by reducmg excess air.

We conunued our discussIons with the engmeers requestmg mformatIOn and data reqUIred for
our audit report and planmng our work for Monday.

On Feb. 20, we met WIth the Chief of the laboratory, Antomna Ogorodmkova to gather data and
informatIon on natural gas and mazut. We obtamed test data for 1994 gIvmg monthly average,
maxImum and mInImUm heat contents in KJoules/Nm3 and Kcal/Nm3 WIth total gas consumptIOn
by month m mIllion Nm3 and corresponding pncIng. It appears that Odessaenergo IS bemg sold
short by an average 115 Kcal/Nm3 by Gasprom. ThIS IS why they place such a hIgh pnonty In
obtaInIng an online recording calonmeter 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 m-sltu 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 Dleg 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 addittonal readmgs. The results were sIgmficant, provIng to the
engmeers the value of this Instrument for saymg fuel.

We returned to the DIrector's office to gather the remaImng mformation from the plant. We
were gIven copIes of boiler control diagrams, dimenslOns for cable runs for oxygen analyzers,
etc. We also were given a letter of receIpt for the eqUIpment gIven to them. The engmeers 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 evenmg we arnved at the power plant. The plant DIrector Alexander Chupnnko
and Deputy DIrector Oleg greeted US. He gave a bnef descnptlOn of the power plant. Andryl
Kononov and Vitali Plotmkov met us and made IntroductIons.

5906-01/02AJTRIP/4n195 3



On Feb. 22, we brought the equipment to the Deputy DIrector's office. Three representauve
engmeers from Cnmenergo as well as many engineers from the power plant staff were present.
Andryi Kononov gave an mtroduction 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 "Improvmg CombustIon EffiCIency" in RussIan language. We also provIded a list of
mfonnauon requIred for prepanng our audIt report.

We set up all of the mstruments and demonstrated the functIons and operatIon of the Enerac
CombustIon Analyzer. By noon we brought the analyzer to the boIler house and took tests at
nght and left sIde of No. I steam boIler near the extractlon pomts for eXlstmg oxygen analyzer
The two extractIOn pIpes connect to a common shunt pIpe to the LD. fan suctlon. A smgle
extraCtive type paramagnetlc oxygen analyzer pulls a sample below the mtersectIOn of the two
pipes. The Enerac indicated the same concentratIOn as the exisung analyzer, WhICh was
calibrated in January 1995, is installed on the newest boIler and the operators feel confident 10
its accuracy. A second set of tests were taken at the LD. fan 1Olet.

The operators were requested to slightly close the FD fan 10let vane damper to reduce the
amount of excess alr. ThIS test showed 0.1 % lOcrease 10 bOIler effiCIency, a 0.8% reducnon
in oxygen, a 0.4% mcrease 10 carbon diOXIde and a 8% reductIon 10 excess alr.

We made a tour of the turbine building and the gas turblOes and returned to the Deputy
Director's office to discuss the mformatlon we reqUIred, and to learn more about the power
plant. We were gIven a descnpuon of the plant water systems. They gave us copIes of boIler
control diagrams.

On Feb. 23, we went to the hot water boilers to take combustIOn tests. No.1 boiler was shut
down and No.2 boiler was operating full load on natural gas. These boilers burn only mazut
during winter when natural gas is curtailed to supply domesuc use. We could not find a good
sampling pomt 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 lOsert 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 tumng of burner
regIsters and fan dampers to improve turbulence 10 the furnace.

We opened the rear wall access door on No.1 boiler at the upper backpass to determme a good
location for a smgle oxygen probe, heater and calibratIon umt. Two tubes WIll have to be
bumped to make an opening for the oxygen probe. The plant engmeers didn't have any problem
with domg this. Gas temperature IS about 800C.
We obtaIned SIzes, temperatures and flow rates for mazut flow meters. There are four hot water
supply, four hot water return lines to distnct heatmg and two mdustnal steam supply hnes 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 speCIfications 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.
acttvated carbon filters and two stages of sodium form cation exchange softeners.

Softened water IS supplied to the cooling towers, bOIlers, and distnct heatIng system. They have
had serious problems of organic fouling of catton reSinS due to 011 breakthrough from the
acttvated 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 obtain two 011 10 water analyzers to detect hydrocarbon
breakthrough from the two activated carbon trams for cleamng and reactIvating the carbon

Another very high priority 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 paYing for. Although this analyzer does not
contribute dIrectly to reducing energy consumptIon, It wIll prove the loss of thousands of dollars
each year of energy paId for but not receIved.

Later we receIved copies of gas and mazut data for consumptIon and pricing 1 and a letter of
receipt for the eqUIpment. The engmeers SaId they would use the Enerac combustIOn analyzer
to do tumng of the bOIlers over the next week and send us the results.

We met with the Chief 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 nch potential. As a result of the
extenSIve dnlling program over the past ten years explonng for gas and all, geothermal
resources have 'been discovered which could proVIde up to 40% of Cnmea heating needs. He
IS very much interested in our experience m. geothermal technology and would like to develop
greater U.S. cooperation In engmeenng, development and eqUlpment. He also would like to
learn more about other mature U.S. alternate technologIes such as refuse burning 1 wmd power,
energy storage and solar.

On Feb. 24, the plant engineers were usmg the combustIOn analyzer on their own taking tests
and tuning the bOIlers. We spent the day in dISCUSSIons WIth the Deputy Director reVIeWing the
mformatIon we receIved, gettmg clarificatIOns and translatIOns of some terms.

1.3.4 Saturday, Feb, 25, 1995 - Travel to Dnrproenergo-KrivOl Rog Power Plant

We met the DIrector, Deputy Director, Plant ChIef Engineer and the Chief Engineer of
Knmeaenergo before departing for Dmproenergo-Knv01 Rog Power Plant. The ChIef Engineer
of Knmeaenergo agaIn emphaSIzed the hope for future cooperatIOn on alternatIve energy

•
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technology and requested mformation, brochures and qualificanons.

Feb. 26 Through March 1 - In KrivOl 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 bnef Introducnon and descnpnon of the Instruments we brought for them and
presentanon of our scope of work. The Director gave a descnpnon 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 cnucal need IS
for online momtonng of oxygen In feedwater and SIlica (Si0-J after the demmeralizer for
makeup to the condensers. Each unIt has a condensate polisher. They also expressed a cntlcal
need for an online natural gas calonmeter measunng Kcal/Kg and Sp.G. and a laboratory
calonmeter for measunng coal and mazut heanng value In Kcal/Kg.

We were then introduced to the boller engineers and electncal engmeers who would be
responSIble for the instruments we brought.

We demonstrated the functions and operatlOn of the Enerac and let the two assIgned engmeers
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 mto 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 extraetlon pomt IS located. This locatIOn IS between the backpass
and furnace above the three back burners. The engmeer tned to Insert the probe mto 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
insertlon pomt ahead of each regeneranve alr heater.

Dunng dinner meetmg, Dr. Osborne (USAID) asked why the CIS has not used Enerac type
analyzer before, to the Director and Chief Engmeer. They explaIned that the former SOVIet
Umon did not have the advanced manufactunng capabIlities to make thIS kind of computenzed
analyzer. We explamed that it is only in the past few years that the state-of-the-art
electrochemIcal specIfic gas sensors have been developed m the U.S. and Europe and that the
Enerac IS presently the most advanced U.S. made analyzer which IS computer programmable.
Up to this tIme the Orsat flue gas analyzer has been the most accurate method for tesung flue
gas compOSItIOn by volume for CO, 02' COz, and Nz by dIfference. The disadvantage mIt's
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use IS that It takes a lot of time to set up and use, and the operator has to be expenenced and
constantly practice In order to get accurate readings.

On March 1, we met wIth the Chief Engmeer, hIS assIstant and the two boiler engmeers to
discuss the combustion efficIency test results and other Items. Mr. Ken Carlson, BRC Project
DIrector from Washington, D.C. was present at thIS meetmg. The ChIef Engmeer seemed to
be impressed at the readings shown on the Enerac pnntout from the previous afternoon's tests.
ConSIdering the quality of coal bemg burned and less than full load at 225 MW, the test results
were good, indicatIng that the boilers were performmg well. He noticed the higher flue gas
temperature from the left furnace burning 15% natural gas (323,319C) vs. the right furnace
burning 5% natural gas (303,304C). He recogmzed that Improvement in performance can be
made because of unburned combustIble and carbon monoxIde levels, where carbon diOXIde levels
could mcrease closer to the ultImate level for perfect combustIon. They made several copIes of
the Enerac pnntouts for the engmeers to have.

We were told that Umt 5 was reconstructed about five years ago. Umt 6 IS presently
disassembled and undergomg reconstructIon after five years of operatIon. There IS a lot of
fireSIde deposits on furnace wall tubes and convectIon backpass tubes which results m loss of
bOIler efficiency. There is a lot of concern about ash slaggmg on the superheaters and reheaters
from the dIfferent coals they receIve, and they would lIke to get a laboratory instrument for
determming ash fUSIOn temperature to determme slaggmg 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 stabilizmg. 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 m hoppers.

They could see the advantages of having nuclear dual gamma ash gage on the coal conveyors
gomg to the bOIlers. ThIS mstrument 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 mOIsture, ash content and volatIles. However, they are concerned about the cost,
would much prefer to have laboratory Instruments to determme prOXImate analyses (fixed
carbon, volatiles, ash, mOIsture), heatmg 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 In quality.

They urgently need an online gas calorimeter because they are being shorted on heat content by
Gasprom. Their laboratory calonmeter is not commerCIal (certIfied), the tests are not continuous
so they cannot make a claIm for credits. We were gIven test results for monthly averages for
1994 as well as gas consumptIon.

•

5906-QI/fJ2A1TRlP/4nI9S 7



•

•

•

•

We discussed the possibility of installing in-situ ZIrcomum oXIde oxygen probes on at least one
umt, two furnaces, two per furnace, four reqUIred. If so, they would prefer mstalling at same
locatIOn as eXIstmg extraction points to be able to compare wIth Russian made extractive type
oxygen analyzer. Mamtenance, 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 pnority instruments they need. We discussed the possIblhty of usmg mfrared (lR) type
carbon .'pioxide analyzers in addItion to the eXlstmg oxygen analyzers.

We obtained line SIzes and design informatlon for specIfying somc flow meters for two supply
and two return mazut lines servmg the bOIlers. We talked about the pOSSIbIlIty of usmg the
pulverized coal feeders to measure revolutlons WIth counter switches and summmg to measure
fuel feed to bOIlers. The engmeers think there would be 20-25% error due to wear and spac10g
of feeder plates. This Idea needs to be further explored.

The electncal engmeer found the heat spy so useful 10 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 engmeer asked If we knew of analytIcal mstrumentatIOn for perform1Og waveform
analysis to determine Vlbratlon harmonics in balancing turbme generators. They do not have the
technology to balance rotors adequately after overhaul and repaIrs, and have sustamed large
economic losses to maintenance and operation from damage to bearings and blading. We said
we would get them informatIon on portable Founer waveform harmomc analyzers and orbIt
vector plotters with associated computer interface eqUIpment, transducers, fitt1Ogs, cables, etc

They also want to learn about U.S. technology for identIfymg hIdden cracks in weld Joints 10

complex shapes and sectIOns in supercntic;u steam servIce. They have dye penetrant, mag
partIcle, ultrasomc and X-ray NDT, but their X-ray eqUIpment does not have the needed energy
level film resolution.

For the Enerac combustion analyzer, they Said It would be difficult to obtam the necessary
specIfication calibratIon gases of good quality and would prefer to have the calibratIon gas kit
provided. ThIS is an actIOn Item, to determine if these gases can be obtamed 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. tubmg SInce It is very
difficult to obtain. They also need the necessary lengths of tWISted WIre, and mterconnectIng
cables.

•
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1.3.5 Thursday. March 2 - travel to LVIvenergo - Burshtyn Power Plant

March 3 through March 7 - In Burshtyn Power Plant

On March 3, we met wIth the Chief 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 engmeer's office and we set It

up and showed it to the specialists.

At noon we met Dr. Osborne and Andrew Pannov (USAID) , Dman Diachok, and AndreI
Kononov (IDEA) for a few minutes to gIve a status on successes of the three prevlQus plant
VISItS.

We trained the two asSIgned boiler engineers for operatIon of the Enerac. We asked for analyses
of the coals bemg burnt in the plant.

On March 4, we met with Orest DanIluk, Deputy DIrector. He Said one of theIr bIggest
problems IS losing theIr techmcal speCIalists. Many of the engineers have gone on to work In
foreign countries or gone into positIOns m mimstnes or government. The present DIrector In
the Mimstry of Energy Vilen Semenuk was formerly ChIef Engmeer at Burshtyn and the present
ChIef Engmeer of LVIvenergo Stephan Melnir was also Chief Engmeer at Burshtyn.

On March 6, we were given the analysis for Polsky coal. We calculated the higher heatIng
value (HHV) and programmed the Enerac. We then went to Umt (block) No.4 to run tests.
These umts have the dual block Taganrog TP-lOO (two bOIlers per turbine) T-type bOIlers. We
took four flue gas samples at the same locatIOns where the eXlstmg RUSSIan extractIve type
analyzers are connected. Therefore, the "stack" temperature readmgs are not correct, resultIng
in mvalid 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 urnt was burnmg about 95 % Polsky coal With about 5 % gas at a
maxImum derated output of 165 MW. The Enerac readmgs for oxygen corresponded very close
to the oxygen readings from the eXIsting RUSSIan analyzers.

The operators felt quite confident in the O2 analyzer readings, however, the instruments have
to be 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 umt had the
Ljungstrom regeneratIve air heaters replaced WIth tubular air heaters during reconstructIon
However, all the readings, mcluding oxygen and excess aIr, mdicated SIgnificant atr mleakage,
probably most from ductwork and preCIpItator leaks.

We then went to Block 5 boilers and took flue gas samples at the same extractIon points as the
existing oxygen analyzers. These boilers were burnmg 60% natural gas and 40% mazut, at
95 MW load and reduced stearn pressure and temperature. The oxygen levels were high due
to somewhat hIgh excess air. The high oxygen readmgs 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 pnontIes for mstrumentation needs as identIfied dunng previous tnp. The same
issue about natural gas heat content at other power plants was raIsed and we were gIven data for
1994 showmg the Gasprom values and Burshtyn laboratory values. The data mdIcates that they
are not receIVIng the fuel energy that they are paying for. Although an on-line gas calonmeter
does not contribute directly to Improvmg "combustIOn" effiCIency, It may be a tool for recordmg
actual gas energy consumption and reductIOn of payments for Imported gas.

We talked about the problem of the existIng extractIve oxygen analyzers reqUIring so much
marntenance 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 NickolaI 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 mto the backpass to clear the holes 10 the pIpe,
and to the LD. fan duct connectlon. They should disconnect the sample hose to analyzer before
flushing the line. Nicolai thinks this is a good Idea and saId they WIll try this on one boIler.
He thinks that mstead of buymg new in-SItU oxygen analyzers, the money can be better spent
on more important and useful Instruments. They have receIved four of new Improved but
Similar deSIgn analyzers manufactured in Kiev, WhICh WIll be Installed on Umt 3 whIch IS

presently under reconstructIon.

On March 7, we again met with Nickolai to contmue our diSCUSSIOns on pnonties of necessary
instruments. We talked about a pOSSIble way to me3Sure pulvenzed coal feed from the bunkers
to the burners by countIng revolutions of the rotary feeders and totalizing electromcally since
these are volumetnc 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 lOto further, and would be a lot less expenSIve than putt10g weight transducers on the two
belt feeders from the raw coal bunkers to the pulvenzers.

Nickolai was the person who during our last tnp asked about an ash gauge. We showed hIm
the literature form the three manufacturers of the dual gamma nuclear gauges and the budget
pncmg. He descnbed theIr existIng 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 calculat10g S02 and S03 concentratIOns In mass
flow of flue gas based on boiler loads. The calculated results are only educated estImates at best
based on the accuracy of sulfur contents vanatIOns over time and estImates of the tons of coal
burned. They have a ZeIgler CEM Installed for No.3 stack (Umts 1, 4, 9, 10, 11, 12) WhICh
was purchased by the Mimstry 10 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 calibratIon 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
conformmg to European standards usmg the Selgert equatIOn. They need a new oxygen sensor,
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which typically for all electro-ehemical 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 delivenes and consumptIOn of mazut. The present level instruments are pressure
transducers near tank bottom, indIcating level based on heIght and denSIty of liqUId. The gauges
are not very accurate due to variations 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 electncal maintenance engIneers to locate hot spots In SWItchgear contacts,
transformers, motors and generators. They also asked about vacuum leak detector
instrumentanon and techniques for idennfyIng and locatIng condenser vacuum leaks.

1.3.6 On March 8, we left Bursktyn for Kiev On March 9, debnefing was held WIth Dr.
Osborne, Darian Diachok, Andrew Parmov and Andryl Kononov, and Tom Kerney of the World
Bank, to participate in completion of filmIng of a TV documentary on the USAID and World
Bank roles in the Ukraine energy program.
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which typically for all electro-chemical oxygen cells last about one year. They also need the
special calibratton gases and service on the analyzer.

They also placed a high priority on getting better level gauges on four main mazut storage tanks
to measure delivenes and consumptIon of mazut. The present level instruments are pressure
transducers near tank bottom, indicattng level based on heIght and density of liqUId. The gauges
are not very accurate due to variatlons 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 electncal maintenance engineers to locate hot spots In switchgear contacts,
transformers, motors and generators. They also asked about vacuum leak detector
instrumentatIon and techmques for identIfying and locating condenser vacuum leaks.

1.3.6 On March 8, we left Bursktyn for Kiev. On March 9, debnefing was held with Dr.
Osborne, Danan Diachok, Andrew Pannov and Andryl Kononov, and Tom Kerney of the World
Bank, to parttclpate in completion of filming 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

Dunng February - March of 1995, each plant was prOVided With an Enerac combustion
analyzer, a laptop computer and pnnter, an Infrared thermometer and a Fluke power
analyzer

Burns and Roe engineers conducted follow-up VISitS and training dUring 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, Ukraine
Wed. JUly 23. 1997 - Travel to Knvol Rog (Zelenodolsk)
Thr & Fn. July 24-25. 1997 - In Knvol/Rog TPP

PERSONS MET DURING MEETINGS
Vladimir F Soroka - Chief Engineer (new)
Peter Solovey - Chief of Maintenance Department
Rjabokon Nlkolay - Deputy Chief of Automation
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Vladimir Pachura - SeniorMaster, Head of Automation Department
AnatoliJ Propopenko - Electncal Specialist
Vaslly Bokiy - Infrared Thermometer
Andrey Kolobayev - Fluke power analyzer, Ultrasonic flow meter

INSTRUMENTS SUPPLIED TO KRIVOI ROG 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 m February, 1995, we met only one person, Peter
Solovey - Chief of Mamtenance Department The former Chief Engineer, Vladimir
Luchnikov was promoted two years ago to First Deputy Mmlster of Energy m Kiev The
new Chief Engmeer - 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 Electrical 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, msulators, etc They now use the
mfrared 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 beanngs where many have
been destroyed, but the Infrared thermometer can find hot spots qUickly and save a lot of
money It would be very useful for operations to have thiS Instrument, everybody who
needs It, Instead of one man It would be best for each control room to have one

Last Monday, 21 July, they started usmg the Panametncs ultraSOnic flow meter to measure
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cooling water flow to condensers Next they plan to measure bOIler feedwater and district
heating water flow rates. They recognize many opportunities for uSing this Instrument to
save energy The most Important use IS for balancing the district 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 llrtek commissioned the instruments In June and
trained the personnel.

Dunng startup, one electroniC board failed and llrtek 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 striP 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 temporarily supplied from compressed air cylinders, good
for one week. The only compressed air available IS plant air which IS wet and dirty With 011

They plan to Install a coalescer and filters

POSitive advantage of the Zirconium OXide probes is that they are "ten times less
maintenance" and very stable Two maintenance techniCians work full time on the Soviet
made paramagnetic oxygen analyzers to repair and adjust them Every morning they have
to blow down, clean and adjust them on all the bOilers, and whenever operators call them
to check on erratic readings

The Instromet Encal Gas Chromatograph was received In May and they had not yet
Installed It We looked at the Instrument In the shop and answered questions about
connections They have been studying the RUSSian language manuals

We went to the natural gas metering substation to look at where they planned to Install the
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chromatograph They believe the control house IS too small and want to bUild a new 3m
x 3m bnck bUilding, but have no money They are concerned about regulations, safety and
maintenance. They will take the sample line off of main before onfice run They are
plannrng to Install display control unrt 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 stili 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:
Anatolly K. Voronovskly - Chairman of the Board, Director, Knmenergo
Alexander Chupnnko - Director of Simferopol Power Plant
Vladimir Cherkosov - Chief Engineer
Vaslly V Kunnnoy - Worked at all seven power plants
Valery Bablchev - Chief of Technrcal Department (computer expert)
Alexander Dubmets - Chief of Electncal Works
Valery Duzhenko - Chief of Electncal Laboratory
Sergey KOJevnrkov - 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 ultrasonrc transit time flow meter
Panametncs one channel ultrasonrc transit time flow meter
Instromet natural gas chromatograph, display control unrt and accessones
Oxygen cell and consumables for Enerac

DISCUSSION
Valery Bablehev - Chief of Technrcal Department IS trying to develop a computenzed
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Information system for the plant and would like to combine the data from all Instruments
Into one program He has written a program In C-Ianguage for downloadIng data from the
Panametrlcs He asked where IS the program from Panametrlcs for downloadIng data to
a computer They use the flow meter every day for measuring 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 printer
as deSCribed In the manual, and wonder if there IS special software to make It work We
were given a document showing calculation of efficiency and energy savings of about
$34,000 dUring 1995 uSing the Enerac We were also given a document from the Central
Crimean RegIonal Department of EnVironmental Protection regarding a dispute 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 Electrical Department has been uSing the Fluke power analyzer extensIvely to
measure current, voltage and phase angles With very good results They measure voltage
on busses, current on current transformers.

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

They used the Fluke to try to find the weak pOints In bOiler feedwater pump motors and
Identified that stator Winding need to be replaced They also discovered that copper rotor
bars end connectIons were 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 admInistration 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 emlSSlvltles 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 53 Kp/KWh
(2 91 ¢/KWh), and Kremenergo sells at 7 11 Kp/KWh (3 91 ¢/KWh)

Wed, July 30, 1997 - Travel to Odessa
Thr & Fri, July 31-Aug 1. 1997 - In Odessa CHP Plant

PERSONS MET DURING MEETINGS
George Vukovlch- Director
Oleg Yarotskl - Chief Engineer - Power Plant
Sergey Donchenko - Chief of Instrumentation
Valerie Gurburov - EqUipment Engineer
AntonIna 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 Unit, accessones
SIlica Analyzer In Customs
Conductivity Meter In Customs
pH meter In Customs
a,l 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) Enterprise"

The Enerac was used mtensely 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 write-up
on ItS use and energy savings (attached).

The Mlnolta Cyclops Infrared thermometer was used to measure bOiler and piping
msulatlon, temperatures of bearings, motors, buss connections to 6 KV, 6-110KV 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 deSCriptions 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 bot/er 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 mstalled The GC cabinet IS mounted on the wall, display
control Unit sitting on a desk, and electncal outlets Installed No tubing was Installed, but
can be qUickly completed There was a lot of diSCUSSion whether the GC should be
Installed at the gas metenng substation

They have a data loggmg system Similar to 81mferopol scheme, except they used a
Pentium computer for loggmg

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¢) 6 5 Kp/KWh (3 57¢) 65 Kp/KWh (3 57¢) 8

Summer - 20 Kp/KWh (10 9¢) 6 5 Kp/KWh (3 57¢) 6 5 Kp/KWh (3 57¢) 8

ODESSA - 31 July 1997

In the result of the computation modes and elimination of the Insulation defects carned with
application of Instruments Enerac + Cyclops, these were achieved economy of fuel In terms
of the condition of fuel (7000 KCaIlKg)

Consumption of Conventional Fuel Savings

1995
1996
1997

878 tons
724 tons
222 tons

04%
04%
02%

For the period of operation of the gas analyzer Enerac 2000 between March 1995 and
December 1996, a brigade team of adjusters and engineers of the Central Research and
Technical Department of Odessa Energy Adjustment, there were fulfilled the works that are
similar for 9 out of 14 installed bOilers

Odessa Heat Power Plant - Mode and ecological and heat and technical tests of the steam
boilers KU-1

1 TP-170, Station #5,6,7, and 8 adjustments of the furnace mode, ecological and
heat and technical 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·100, No 3 and 4

BOilers PTVM-50, No.1, 2. 3 and 4

BOilers KBGM-50, No 3 and 5

Besides on the steam bOIlers of Odessa Steam Power Plant they regularly carned out work
aimed at correcting the mode gUidelines after a long term non-operation of the equipment,
In case of operating the bOIlers, on a combined fuel (gas + mazut), determination of the
operation characteristics of the bOIlers on the ground of the results of the gas analysIs
(leakages along the gas path of bOiler) There were also carned out express tests of the
bOIlers before theIr repair and after repairing to evaluate the fulfilled repair works

CONCLUSIONS
Durmg 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 determmatlon and adjustment of the optimal
combustion mode for a set load gives reduction of the workmg time by 50-60%

The effiCiency of carrymg out of adjustment and regulation (controlling) of the
furnace process as the bOIler IS riSIng on account of reductIon of the tIme for makmg
samples, and It Increases the capacity of the bOiler by 0 8 - 1 2% due to the
preCISion of the Instrument 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 gUidelines as well as the
ecological and heat and technical characteristics 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 enterpnse "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 Measunng temperatures of surfaces, insulation of the steam and hot water pipelines
for restonng and repalnng the heat insulation of the pipelines.

3 To check the temperatures of heating the cases of the beanngs of the rotating
mechanisms and the temperature of heating the motors

4 To check the temperatures of connections of the buss lines In the distributive
devices With the voltage of 0 4-6 KY

5 To check the temperature of connections of the buss lines of open distributing
devices With the voltages of 6-110 KY, 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 beanngs 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 Wnting
Mon and Tue. August 4-5. 1997 - In Burshtyn Power Plant

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

Dept of Automatic Control Systems
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-bOIler, 1 two-channel analyzer
Panametncs two channel ultraSOnic transit time flow meter
Instromet natural gas chromatograph, display control Unit and accessories
Oxygen cell and consumables for Enerac

DISCUSSION
There have been Significant management changes and financial problems at thiS power
plant which seem to have had a negative effect on employee morale and successful results
With USAID energy effiCiency and mOnitoring Instrumentation

The new Director, Vasyl' Bendaslvk, came from Dobrotvotor APP 900 MW power plant
There was a flUidized bed bOiler project at that plant which IS no longer 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 expenenced 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 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. dnve Enerac S N 11003249 They used It for a while
to measure CO2and NOx In flue gas

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

They report that the Zeigler UNICON CEM system Installed on stack No 3 several years
ago IS still 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 umts
operating has decreased Fees (fines?) paid for emiSSions In 1996

•

•

•

EmiSSions
Soot
Sulfur Anhydnde
NOx
CO
V20 S

Hrvlna
212,588
459,107

76,352
4,538

404
752,989 $413,732

•

•

•

They also have a flue gas analyzer ANALIT-PRIBOR which was manufactured In Kiev It
IS reported to be a microprocessor type photo sensitive spectrum analyzer 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 electncian 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,
beanngs, contacts, etc The electnclans apparently refused to use It
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The Infrared thermometer was used up until SIX months ago to find problems, but battenes
died and they cannot find 2 Hrvlna ($1 10) to buy four new ones The electnclan 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

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

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

They know that harmOniCs from large motors are a senous problem and the Fluke would
be a valuable Instrument for analyzing, but it is not the responsibility of their department

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

The two Zirtek oxygen probes are Installed on Unit 3 bOiler angled downward above a
burner on each Side ThiS IS not a good location because of the possibility of flame
Impingement and high temperature and slag damage 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 spirt 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 & Fn. August 7-8. 1997 - Kiev meetings, tnp report
Sat. August 9. 1997 - Travel to USA
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State Committee of the Autonomous Crimean Republic for the
Environment and Natural Resources Protection

The Central Crimean Regional Department for Nature Protection

March 12-25 1997
"Krymenergo" GAEK

Ministry for Power Engineering of Ukraine
74, Kievskaya Str.

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

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

I, the State Inspector at the Central Crimean RegIonal Natural Protection Office, Ms I P
Shcherbakova, In the presence of the representatives from "Krymenergo" GAEK - EngIneer
of the Industrial & Technical Department, Ms 0 Yu Valla-Yeva, Senior Engineer from
Simferopol HPP, Ms V N Cherkassova, have earned out checking how the legislation on
the water protected facIlitIes IS observed at the Heat Power Plant named after V.1. 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 Inspection, there are m operation.

two power bOIlers - BKZ-160-100FB
one water heatmg 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 enterprise was given the developed and approved standards of MAE levels valid until
January 1, 1998 Until the same date, there IS valid the permission to release the harmful
substances Into the atmosphere m the amount of 3,893086 ton/yr (887 286 g/s)

Accordmg to the report - 2TP-alr In 1996, the exhausts amounted to 761 610 t/yr, Includmg
there

the mazut ash - 4 930 ton/yr,
sulfur anhydnde - 354 930 ton/yr,
nitrogen dioxide - 401 760 tonlyr

The others include - the mazut ash (4 920 ton/yr)

The standards concerning the maximum admitted exhausts by each bOiler when working
on mazut set the exhausts of the mazut ash in recalculation on the vanadium pentaoxlde
The quantity of the given substance IS determmed by calculation, but In Chapter 2 of the
Report 2TP-alr IS not specified for the given substance

According to an agreement With DONORGRES, there is fulfilled each quarter mventory of
the exhausts sources given by each bOiler With submitting a statement on the efficiency
and the exhausts Into the atmosphere due to the data from the reports and the
Instrumental measurements In 1996 the CO2 content In the flue gases IS absent

At the HPP there are monthly calculated exhausts of the harmful substances With taking
Into account the values of the sulfur content of the fuel determined by the laboratory of the
enterpnse, and the same IS done concerning ItS lowest combustion heat

2
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However, there are no records kept m the register books of the exhausts mto 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
dUring 1996 due to the resource of the oxygen analyzer to be over

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

The comparison of the results shows discrepancy between the values concerning the
exhausts For example, when the steam bOIlers BKZ-160-FB on No 1 are being operated,
the analytical control instrument registers absence of CO In the fuel gas exhausts (Enerac­
2000), the express-method "Inspector" determines their presence on the level of 62 5
mg/m, that IS wlthm the process requirements and corresponds to the approved maximum
admitted exhausts levels

AnalySIS for the BOiler BKZ-160-1 OOFB at No 3 was not performed by the laboratory of the
State Natural Protection Committee due to the mlsmatchmg the sample-taking holes

In the exhausts of the water heatmg bOiler KVGM-100 at No 1, measurements With both
the Instruments show presence of CO, the values determined by the laboratory of the State
Committee is higher m 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-160-100FB at No 1, the reading from Enerac-2000 IS 102 5 mg/m3, the
reading from "Inspector" is 150 mg/m3 The results of the checking measurements are
attached

As the method of "Inspector 1" is a test-method, It IS suggested to carry out two parallel
measurements by Enerac-2000 and usmg the Instruments "TESTO-33" from the laboratory
of DONORGRES The results shall be m wntten form submitted to the mspection

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 industrial area
2 - 3 09 he - the ash-dumping area
3 - 0 6 he - an area in the collective orchards zone

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

The construction and installation works office "KrymenergostrOl" has not submitted the act
on setting the borders of the area In the nature

•

State Inspector / Signature /

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 Calones

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
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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
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ODESSA CHP PLANT
Fuel Consumption

X1000 m3 Gas Mazut

Month Consumption
Measured Contract

Consumption Calories
Calories Calories

1-97 27380 7996 7924 -- --
2-97 25122 7905 7922 -- --

3-97 20271 7960 7917 -- --
4-97 14130 7927 7945 -- --
5-97 8901 7923 7960 -- --
6-97 7915 7902 7984 -- --
7-97 7705 7907 7995 -- --

•

•

•

•

•

•

Gas $83/1000 m3 Mazut $95 to $118 per tonne



BURSHTYN

COAL CONSUMPTION

8-4-97

•

•
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•

•

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 247744 4413

XII 311231 4437 268332 4106

Pic 4023711 4037 3085806 4464



BURsHTYN

NATURAL GAS

8-5-97
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1996 P 1997 P

8 (T) Qp *8 (T) Qp

I 22069 8030 41599 8043

II 15726 8023 14889 8078

III 7813 8040 13023 8125

IV 1178 8030 20083 8115

V -- -- 34271 8100

VI -- -- 36519 8097

VII -- -- 23345 8123

VIII 14068 8098

IX 25593 8110

X 17410 8135

XI 14222 8123

XII 33175 8130

PIC 151254 8092



Simferopol Power Plant

Mazut and Natural Gas Consumption'

1996: Total
Gas 123,336,000 Nm3

Mazut 9891 tons

Heat Content (Average) Gas 7969 Kcal/Nm3

$83/1000 M3 Mazut 8767 Kcal/Nm3

Elec = 5.3 Kopecks/KWH Cost, 7 11 Kopecks/KWH Knmenergo Sells

7/29/97

•

•

•

•

•

•

X1000 Nm3 Gas Mazut
Month
1996 Consumption

Measured Contract
ConsumptIon Pnce/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 Consumptton

Measured Contract
Consumption Price/ton

Calories 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


