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1.0 EXECUTIVE SUMMARY

1.1 Introduction

As part of Delivery Order #6 of the NIS Energy EfficIency and Market Reform Project, the
United States Agency for InternatIOnal Development (USAID) sponsored a total of fIve mdustnal
energy audIts at large energy consuming industrIes m Ukrame One of the audIts was completed
by Bums and Roe Enterpnses, Inc, of Oradell, New Jersey, the other four audIts were
conducted by Resource Management Associates of MadIson (RMA) , and Foster Wheeler USA
CorporatIOn ThIS report detaIls the fmdings of the Bums and Roe energy audIt performed at
the Donetsk Metallurgical Plant located in Donetsk, Ukrame

The five mdustrial audIt sites were selected under prevIous actIvIties WIthin this Delivery Order
ThIs selection process mcluded workmg with Ukrainian agenCIes and the UkraInian IDEA Staff
to IdentIfy the largest and most intensIve electncal energy consuming sectors. Plants typIcal of
each sector were suggested for audits. SIte visits to each plant were coordInated by the IDEA
staff, team leaders from Foster Wheeler and RMA revIewed these facilities in order to select the
fIve most appropnate SItes. Each facIlity was evaluated usmg a numencal ranking form, and
the five plants scoring the highest were selected The chosen SItes were then notified that they
had been selected to participate m the energy audits and demonstratIOn activity. In addItion to
the Donetsk MetallurgIcal Plant, the following four plants were selected. Kiev ArtIstic Glass
Plant In Kiev; Zaporozhia Coke and ChemIcal Plant m ZaporozhIa; Strojindustrial Buildmg
Materials in KIev, and KOMMUNARIZAZ Car Plant m ZaporozhIa. Following notifIcation,
audit schedules were coordinated, and the audits conducted.

The audit team of John Hallberg and YefIm Donkin spent six days at the Donetsk MetallurgIcal
Plant In Donetsk, Ukraine. They performed the followmg energy audit as representatIves of
Bums and Roe EnterprIses, Inc (BREI) of Oradell, New Jersey. The scope of the audit was
lImited due to the SIZe of the plant (9,000 employees) and the five day schedule. A hst of
eqUipment used for the audIt can be found in AppendIX A.

The Donetsk plant IS 100% government owned and is one of the oldest integrated steel mills in
Ukrame, producing sheet steel, structural shapes and pIpe The plant produces speCialIZed alloy
steel shapes and blanks not made elsewhere in Ukrame

Products are supphed for use in automotIve, ship buIlding, coal, agrIculture and transport
machmery manufacture It was reported that up to fifty percent of production is exported for
hard currency. It was also reported that for the past fIve years the government has not proVIded
adequate support and money for mamtenance, spare parts and supplies because of a belief that
the steel productIOn was not required m Ukrame Consequently, the mlll, and m partIcular the
power plant, WhICh IS the heart of the steel mlll, are m very poor repaIr resulting in constant
equipment fallures and frequent shutdowns Much of the equipment IS more than 30-40 years
old, and the plant has a major 15 year rehabIhtatIOn strategy m progress for obtaIning modem
western steel makmg technology. Although productIOn has declined m recent years, the
management IS optImistic that the demand for high quality alloy steels will mcrease
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1.2 Principal Findings

Several Energy ConservatIon Opportumties (ECOs) for both the power plant and the mIll were
identified for short term low cost measures and for longer term higher cost measures for large
energy savmgs. The low cost measures mclude lllStrumentat10n for measuring fuel and electncity
consumption and for controllmg bOIler effICIency which would result in simple payback penods
as short as six months

The larger cost long term measures mclude major combustion control system upgrades, includIng
Interlocks and flame safeguard systems, replaCIng some large pumps, compressors and motors
and water treatment eqUIpment Costs would be from $500,000 to 3 5 mIllIon dollars and would
result in payback penods of about two to four years.

Considering the age of the power plant and poor effICIency of energy utilIzatIOn, It IS
recommended that the longer range plans should seriously consIder complete replacement or
major repowering and rehabilitat10n of the power plant WIth modem effICIent energy technology,
based on a more detailed mtegrated engineenng study of the steel mIll moderrnzatIOn and utIlity
reqUIrements.

The plant organIZation structure has positions of ChIef and Assistant ChIef EngIneers for energy
Because of the recent shortage of hard currency for natural gas, the management IS motivated
to improve energy utilIZation for generatIon of steam, electnc power and compressed air

The following Table 1 summarIZes several conservation opportunities WhICh will pay for
themselves within short periods of tIme. Energy costs for electricity and natural gas have been
Increasing monthly, and these effiCIency measures will become more economIcal as the domestic
energy costs approach world energy costs It IS apparent that many other opportumtIes exist
WIthin the steel mIll for energy savIngs whIch could not be analyzed for this audit.

An investment of $216,000 in energy conservation improvements (ECO-Ol through ECO-08)
will result in annual savings of $1,363,000 corresponding to a fuel equivalent of 32.7 million
standard cubic meters of natural gas, and 2.5 million kilowatt hours of electricity.
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Table 1 - Summary of Energy Conservation Opportunities (ECOs)

Annual Annual $ Cost Savings Simple Payback
Fuel Savings Annual ProjectECO# Description in m3tyr of Energy
natural gas Savings World Local Cost (US$) World Local
(electricity) Energy Energy Energy Energy

Prices Prices Prices Prices

1 Energy ConservatIon 14,000,000* 3 2x1011 BTU $570,000 $502,000 $30,000 19 days 22 days
Management Program

2 Power Demand Meters (2 lx106 kWh) 2 lx106 kWh $64,398 $21,463 $9,000 7 weeks 5 months

3 Valve Packmg and Tools 4,127,000 9 4x1OlO BTU $18,948 $16,602 $14,000 9 months 10 months

4 Instrument CalIbrators 3,161,000 7 2x1OlO BTU $151,426 $132,678 $14,000 5 weeks 6 weeks

5 Portable Flow Meter (380,000 kWh) 3 8x105 kWh $11,498 $3,833 $9,000 10 months 28 months

6 In SItu Oxygen Analyzers 1,273,000 2 9x1OlO BTU $60,900 $53,360 $75,000 15 months 17 months

7 Natural Gas Bypass 2,283,000 5 2x1OlO BTU $109,200 $95,680 $30,000 15 weeks 17 weeks
Control Valves

8 On-lIne Gas Calonmeter 7,903,000 1 8x1011 BTU $378,000 $331,200 $35,000 5 weeks 6 weeks

9 AnalytIcal Instruments 427,504 1 01x1011 BTU $152,778 $131,995 $100,000 8 months 9 months
32,307,986**

10 SodIUm Softener for $92,000 $92,000 not $92,000 $330,000 not applIcable 36 years
CoolIng Water Makeup applIcable

11 CombustIOn Control 1,282,512 3 03x1011 BTU $458,336 $395,984 $550,000 1 2 years 1 4 years
System 96,923,959*

12 Blast Furnace Gas (2 2x106 kWh) 2 2x106 kWh $65,760 $21,920 $250,000 3 8 years 11 4 years
Scrubber Pumps

*Savmgs are shown equated to natural gas, but would actually be a combmatlOn of all fuels (natural gas, furnace gas, coke gas, mazut, coke, and coal)
**Blast furnace gas m3
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2.0 PURPOSE OF AUDIT

The purpose of tlns audIt IS to Identify Energy ConservatIon Opportumties (ECOs) for short term
low cost measures and for longer term hIgher cost measures to Improve plant energy effIciency
and reduce dependence on Imported oil and gas.

The Donetsk MetallurgIcal Plant was selected as a cntIcal energy mtensIve facIlIty important to
the Ukraine economy, havmg many opportumtIes to reduce energy consumptIOn by Improvmg
efficIency of energy utilIZatIon. ThIs plant was selected based on dIScussions WIth offICIals from
Mimstry of Energy, Donbassenergo, Energy EffIcIency Center m KIev and technical instItutes

3.0 FACILITY BACKGROUND

3.1 Description of Facility

Donetsk metallurgIcal plant was founded m 1872 and now It IS one of the oldest ferrous
metallurgy enterpnses m Ukrame.

In 1960, for the ftrst tIme m the world, the production facilIties for contmuous steel castmg was
started up in the plant and these facIlIties are still in operation.

In 1968, a umt for cast-lron desulfunzatIOn was started up which made It possIble to produce
world-standard-qualIty cast Iron

In 1974, a new design of charging umt was introduced m the blast furnace workshop.

In the 1970's, the fundamental plant updatmg was inItiated. In 1974, a new coggmg mIll started
workmg In 1978, the largest m Ukrame hIgh-powered electnc steel furnace workshop came
into operation

In 1981, for the fIrst tIme in metallurgy, eqUIpment for coal dust injection mto blast furnace
went mto operation sharply reducmg coke consumptIOn

In 1982, an evacuatIOn umt was Installed m the electnc steel furnace workshop and the
technology of vacuum steel treatment was Implemented

In 1985, the largest workshop m Ukrame for exothermic slag-forming mixtures used dunng steel
castmg came mto operatIon

At the present time the plant COnsIsts of blast furnace workshop (2 blast furnaces WIth workmg
capacIty 1033 m3), open-hearth furnace workshop (6 open-hearth furnaces WIth capacIty 150
tons), electrIc arc steel furnace workshop (2 electric arc furnaces WIth capacIty 100 tons each),
coggmg mill workshop (contmuous billet mIll 950/900), sectIon rollIng workshop (lIght-sectIon­
250 and medmm-section-350 and 400 merchant mills) and sheet rollmg mIll (2300 mIll)
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Apart from the main productIOn workshops, there are the power plant supply workshop,
mamtenance workshops, scrap metal reprocessmg workshop, raIlway and transportatIon SItes,
synthetIc slag-formmg mIXtures productIOn workshop, plant storehouses for raw and other
matenals storage

3.2 Product Background

The merchant mills produce simple and shaped sections' round, square, hexahedral WIth
dImensIOns 12-65 mm., StrIP and spring steel (5-25 mm. thIck and 22-160 mm wIde), shaped
sections for automobile constructIOn, Ship-bUIldmg, coal mImng, agnculture, road machine
constructIOn And the plant is the only supplier of many of above mentioned items

In the 1990's, a general overhaul was started in the plant for the following reasons

1. Poor ecologIcal situation in the regIOn
2 Low effIcIency of fuel and energy consumption by eXIstmg metallurgical

technologIes and eqUIpment
3 Necessity to increase the profitability of production within market economy

conditions

3.3 Viability of Facility

SImultaneously WIth constructIon of new workshops for productIOn of fmished products, the
design for steel smeltmg workshops rehabIlItatIOn IS bemg carned out. The consortium of
German compames "Korf LurgI" and "Mannesmann Demag" has already prepared a prelImmary
deSIgn for open-hearth furnaces workshop rehabIlItation. German company "Fuks" executes
project engineenng for electric steel furnaces workshop rehabilitation Suggested works wIll
make it possIble to reduce the consumptIOn of power 2 times and natural gas almost 10 tImes
In fact, there will not be any detrimental wastes At the same time, the possibilIties for hIgh­
quality grades of alloy steel will be extended.

Due to the rehabilItation in the near future, the plant will become a fully renovated, effectIve,
competitIve and ecologIcally safe enterpnse specialIzed in productIon of high-quality rolled
products from alloyed steel grades and other products necessary for Ukrainian economy.

3.4 Facility Energy Use

3.4.1 Consumption

Energy sources used at the Donetsk MetallurgIcal plant include coal, electrIcity, natural gas,
coke gas, blast furnace gas, and mazut as a backup bOIler fuel It takes 6.0 to 6 5 GCal (24 to
26 MBTU) of total energy to produce a metnc tonne of steel. The pnnciple energy source is
coal, whIch IS used to produce coke. Coal and coke account for 69% of energy use m the steel
mdustry, and electricity accounts for 7%.
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Total plant electrical load IS about 75 megawatts, composed of 49 megawatts of purchased power
and 16 megawatts of generated power The plant electncal generatIOn facility has 49 megawatts
of capacity Production of electrIcity IS llffilted due to lack of fuel and boiler reliabIlIty Central
space heatmg IS provIded from the on-sIte cogeneratIOn power plant

1993 Fuel Consumption

Donetsk Metallurgical consumed the followmg amounts of utilItIes m 1993-

Utility

Natural Gas

Blast Furnace Gas

Coke Gas

Mazut

Coke

Coal

Power consumptIOn WlthOUt
auxlhanes of power plant

Thermal Energy (steam, hot water)

Oxygen

Compressed au

Servlce water

Wastewater dlscharge

Bums and Roe Enterpnses, Inc

Amounts

621,280,000 Nm3 14 15x106 MBTU

3,446,367,000 Nm3 9 74x106 MBTU

402,772,000 Nm3 7 41x106 MBTU

49,640 metnc tonnes 0 85x106 MBTU

1,186,176 metnc tonnes 30 42xl06 MBTU

90,690 metnc tonnes 0 79x106 MBTU

Total 63 36x106 MBTU

567.7 nulhon kWh

-not avmlable- GCal

34 3 nulhon CUbIC meters

315 4 nulhon CUbIC meters

10 5 nulhon cublc meters
(estImate)

4 47 nulhon cublc meters
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Natural gas IS used ill conjunction wIth coke gas and blast furnace top gas to produce steam for
power generaTIon and process steam. The fIve boilers have a total capacity of 565 metrIC tons
of steam per hour.

Natural gas (combined w/oxygen) is also used m the blast furnace. The blast furnace top gas
IS then recovered to be used for boiler fuel A blast furnace typically uses 480 kg of coke per
ton of Iron produced Coke has a heating value of 6900 kcal per kg (27,600 BTU/kg) of coke

3.4.2 Energy-using Systems

Heating, Compressed AIr and Electricity ProductIOn

Space heating, production heating, compressed aIr and electrICIty generation are provided by the
boilers

DomeSTIC Hot Water

DomestIC hot water is made WIth steam. Energy consumption for this use is insignificant m
comparison to process loads on the plant site

ProducTIon

All sigmficant electricity consumptIon ill the plant goes toward production. The plant's monthly
electrIcal peak demand IS about 100 megawatts of power. Major electrIcal energy users mc1ude
arc furnaces, large pumps for cooling water circulation, large motors for mechamcal rollmg of
metal, and support equipment such as conveyor systems to move products through the process
phases

Natural gas, coke gas, and blast furnace gas are used in boilers to generate steam for electrICIty
productIOn Natural gas is also used m production furnaces

3.4.3 Energy Costs

ElectrIcity IS currently purchased from Donessenergo. Fuel costs have rapIdly increased m the
past three years. Energy prices, in general, are currently increasing on a monthly basis and are
expected to contmue to increase untIl world prIces for energy are reached (See AppendIX D
for world and regIOnal energy prices) A 10 to 15% percent increase in rates per month IS
typIcal Usmg an exchange rate of 120,000 coupons per dollar, purchased electncity costs were
$O.Ol71/kWh (2050/kWh) ThIs includes a demand and consumptIOn charge. The cost of
electncity produced by on-SIte electncal generation averages one-thIrd the price of purchased
power, or $0.006 per kWh (720 coupons/kWh).

3.4.4 Energy Management Plan (Appendix H)

The plant engineers worked together with UkrNllmet Research Institute and Lenglpromez
InstItute deSIgners to develop a long term strategy through 2010 The rehabilitatIOn plan has
been developed m a way that the new effiCIent replacement production facilitIes revenues and
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energy savIngs will be sources of financing for addItional plant overhaul and rehabilitatIOn
CapItal investments in overall plant rehabIlItatIOn are being dnven by envIronmental
requirements, lngh fuel and energy costs forCIng use of new effIcIent metallurgical technologies
and eqUIpment, and Increasing profits

4.0 SYSTEMS AUDITED - SHORT TERM RECOMMENDATIONS

4.1 BoilerlPower Plant

The boiler/power plant supplIes power, steam and compressed air to the steel productIOn
facilIties. Some steam IS used to produce electricIty, and the remaining steam and hot water are
used for plant heating and for process heat. Thirty percent of the plant's electrical energy IS
produced on SIte, the remaInder IS purchased from the local utilIty. The boiler plant has five
boilers The oldest was Installed In 1957, the newest In 1980 See Table 2 for boiler deSIgn
capacitIes.

Table 2
Boiler Plant BOIlers

QuantIty Steam Capacity Pressure

3 75 T/hr 39 atm

1 120 T/hr 80/39 atm

1 180 T/hr 80 atm

Makeup water is obtained from the plant water system and treated. SInce a large amount of
makeup water is used, the amount of condensate returned to the boiler plant is small. The steam
is used, or the condensate disposed of, after the productIon process. The exact amount of
condensate lost could not be determined.

4.2 Energy Conservation Management Program (ECO-Ol)

EnVIronmental reqUIrements and lngh fuel and energy costs are compelling plant management
to conSIder capItal Investments in overall plant rehabilItatIOn as described in section 3 44,
Energy Management Plan, and in the long term strategIC plan descnbed ill AppendIX H. New
and more effICIent productIon facilIties could be a major foundation for Improved energy
savmgs, however, there are many opportunitIes for savmgs and conservatIon whIch can be
Implemented by the plant staff, which do not involve large capItal expenditures, through an
energy conservatIOn management program Success of such a program IS dependent on
availabIlIty of appropriate energy audit equipment, employee training in energy conservation
concepts, and an effectIve energy management department (or commIttee) WIth the support
of senior management.

With appropnate energy audIt equipment, members of the plant staff can IdentIfy and quantIfy
energy savings opportunItIes with short term paybacks for SubstantIal cost savings. For instance'
The additIon of instruments to monitor oxygen in the flue gas to permIt verifIcation that the
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proper fuel-to-air ratio IS mamtamed will provide improvements in combustion efficiency
Maintenance and repaIr of aIr leaks into the draft system as well as heat, water and steam leaks,
will also reduce losses and Improve effICIency

Boiler combustion effICIency can be Improved by providmg the operators WIth portable
combustIOn analyzers (WIth laptop computers for data storage and fuel charactenzatIOn). ThIS
would allow them to penodically measure the combustion effICIency every 4 to 8 hours and to
adjust the controls accordingly The cost of the equipment could be paid back in less than six
months

Portable energy audit equipment which would be beneficial for the Donetsk MetallurgIcal Plant

• boIler combustion analyzer
• non-contact ultrasomc flow meter
• non-contact temperature measunng deVIce
• 3-phase electrical meter WIth loggmg and down loadmg capability
• hot WIre anemometer
• laptop computer
• energy management reference books

An energy management department reporting to semar management should have the
responsIbIlIty and authonty to develop, Implement and momtor energy conservatIOn, tratmng,
relIabilIty and rehabIlitatIOn programs The stated goals for these programs, as a mimmum,
should be emphasized as follows

• Conserve energy
• Reduce environmental pollutIOn
• Improve operatIOnal effIciency
• Improve eqUIpment reliabIlIty
• Introduce new technologIes
• EstablIsh energy management procedures
• Tram plant staff in energy conservation concepts

The energy manager must promote energy conservation awareness to all end users of energy
The end users must be the ones responsIble for fmding the most effiCIent way to utIlIze energy
m theIr work area The responsibilIty of the energy management department IS to work with
plant personnel to

EDUCATE all plant personnel on energy use awareness,
MOTIVATE all plant personnel to fmd energy conservatIOn opportumties in theIr work areas,
REWARD all plant personnel for IdentIfymg potential energy conservation opportunitIes,
QUANTIFY each conservatIon opportunity potentIal savmgs and mvestment payback;
PLAN and update a rollIng 5 year energy management strategy to implement conservatIOn,
SOLICIT funding for energy conservation proJects;
IMPLEMENT conservation opportumties where funded or no cost,
FOLLOW UP after implementation and quantify actual savings;

Bums and Roe EnterprIses, Inc Page 9



ADVERTISE successful energy conservatIOn projects and lessons learned; and
REPLICATE successful conservatIOn projects to all parts of the plant

If only a modest 0.5% Improvement m overall plant efficienCIes could be achIeved, the resultant
savmgs in fuel cost alone would be about $570,000 per year (neglecting savmgs from purchased
electrIcal power), the energy savmgs would be about 3 2xlO11 BTU (See ECO-Ol)

4.3 Power Demand Meters (ECO-02)

There are ten meters for measuring imported power to the mIll. At least three meters are broken
and out of serVIce at a given time The plant IS unable to obtain spare parts because the meters
were orIgmally made m VIlnius, Lithuania many years ago and are now obsolete. The mill has
to rely on the utIlIty outsIde metermg for billmg The eXlstmg meters are 1 0% accuracy,
whereas new meters are 0 5% accuracy. This metering IS Important for measurmg and audltmg
reductIons m Imported power as a result of other energy effiCIency Improvements throughout the
plant.

4.4 Valve Packing Tools and Valve Packing (ECO-03)

Large quantItIes of hIgh pressure steam (and demineralized water) are lost m the power plant
and steel mill due to valve stem packmg leaks There IS a need for a kIt of valve packmg tools
includmg metrIC wrenches, pick hammer, chIsels, picks, gland puller, penetrants, graphite,
emery cloth, 220V pencIl grinder and stones, etc. Also, a selectIOn of square metrIC packmg
SIZes 6-30 mm, Garlock 1312 or eqUIvalent (about 65 Ibs) to pack about 120 valves should be
proVIded

4.5 Instrument Calibrators (ECO-04)

The engineers requested portable pressure calIbration standards for field calIbratIOn of
transmitters Most of the transmitters have one to two percent accuracy, but could gIve pressure
and flow measurements in error by as much as plus or mmus five percent if out of calibratIOn.
Many examples can be given where energy IS wasted because of inaccurate monitoring and
control of pressure and flow of steam, hot water, mazut and fuel gas being consumed in the
plant However, usmg natural gas fuel flow measurement as one example, a one half percent
improvement in total flow measurement accuracy for combustion excess flow would result in
a signifIcant reduction of wasted fuel.

4.6 Portable Flow Meter (ECO-05)

There is a critIcal need for a portable somc flow meter to measure cooling water flows in the
plant and balance systems to ensure that large pumps are operatmg at theIr best efficiency pomt
(BEP) There are many large pumps throughout the steel mIll WhIch could be optImIZed for
large energy savmgs. However, only one example has been evaluated as an example of energy
savmgs for large pumps. The example IS for the power plant crrculatmg water pumps for a 10%
Improvement m efficiency Payback for one system is less than one year at world energy prIce,
WhICh would be about the same payback for a permanently mstalled flow meter.
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4.7 In Situ Oxygen Analyzers (ECO-06)

The bOIlers aIr to fuel ratIO IS controlled manually It IS Impossible for the operators to
continuously adjust bOIlers for optImum combustion, espeCially when blast furnace gas feed
varies and steam loads vary

InstallatIon of two zrrcomum OXIde oxygen probes in each of five bOIlers' flue gas path will gIve
operator oxygen readmgs to accurately adjust fuel-arr ratIOS ThIS WIll mcrease bOIler effICIency
by an estImated three percent Payback would be about one year.

4.8 Natural Gas Bypass Control Valves (ECO-07)

The eXIsting natural gas control valves are operated manually to follow steam load based on
steam pressure. The valves are sIzed for full load, and operator response plus lag time results
m sIgmficant waste of natural gas due to slow c10smg of the large valves. The engmeers
estimate that natural gas consumptIOn could be reduced by 1 5% If a smaller parallel bypass
control valve IS mstalled at each bOIler

4.9 On-line Gas Calorimeter (ECO-08)

Reported heating value specificatIOn for RUSSian natural gas IS 8116 kcallkg However, the
techmcal speCIalists complain that the delivered heating value as delIvered runs low by as much
as 200 kcal/kg when the plant IS paymg for gas on a volumetrIC baSIS. They want to be able to
measure and record natural gas delIvenes contmuously on-lIne on the basis of heat content m
kcallkg, WIth specific graVIty, Wobbe mdex, temperature, and pressure. The plant presently
measures heat content m the water and gas laboratory on a weekly baSIS by collectmg samples
m a gas bomb and runmng the test m a bomb calorimeter This samplmg method IS dangerous,
tIme consummg, subject to error and only gIves an intermIttent samplmg of gas delivery rather
than an accurate total of energy received and consumed.

5.0 SYSTEMS AUDITED - LONG TERM RECOMMENDATIONS

5.1 Analytical Instruments for Water and Gas Laboratory (ECO-09)

The power plant engmeers proVIded a list of Instruments needed to Improve performance and
relIabIlIty of operatIon of the power plant and the aIr separation plants. New flow transmItters
would replace old, obsolete and maccurate transmitters to better momtor Improvements m
effiCIency and performance of the boIlers Also, mstruments are needed for monitoring qualIty
of makeup and feedwater to boilers and punty of oxygen used in steel makmg If only a one
percent savmgs m fuel can be achIeved by Improved momtormg of steam and fuel gas flows,
the payback for these mstruments would be less than one year

5.2 Sodium Softener for Cooling Water Makeup (ECO-10)

The plant presently pays 5000 coupons ($004) per cubic meter of makeup water for cooling and
process. This water from the nver IS not treated and is fed directly to the cooling tower
Sulfunc acid and a combination zmc-phosphate dispersant/corrosIOn inhibItor are fed to the
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tower. The water quality IS so poor that only about 1 33 cycles IS aclneved in the tower There
is significant scale in condensers and heat exchangers which results in large losses of energy and
waste of water which the plant must purchase In addItion, shutdowns reqUired for removal of
scale and corrosIon products (from acid) results in losses of productIon The coolmg towers
have old meffiCIent slat type asbestos fIll wlnch should be replaced Dnft is at least 0 5%,
wlnch IS a very large loss of water Also, spray nozzles keep getting plugged up WIth crud and
corrOSIon products (rust) which results m loss of thermal effIcIency.

A sample of 76mm pipe for aIr to water heat exchanger had 25-28mm of cementltious calCIUm
carbonate/silIca scale It is estnnated that about $90,000 per year could be saved in water costs
by softemng the makeup water, increasing cooling tower cycles from 1 33 to 2 5, and about
$180,000 per year savings of 750 kW (3 %) at $0 03/kWh due to reductIOn of condenser scale

5.3 Combustion Control System (ECO-ll)

We were given a copy of a letter from the Ukrame government inspection agency offICially
notifying the Donetsk Metallurgical Plant that the boilers must be upgraded because of lack of
technIcal protection requirements reqUired by current regulations BasIcally it is a requirement
for upgradmg the bOIlers with combustion control systems, mcludmg mterlocks and flame safety.

We were given copIes of boiler fuel supply lOgIC dIagrams and had many dIscussions of
modIfications for unprovement of boiler operatIons. The conclusion kept commg back to the
need for a combustIOn control and flame safeguard system for the bOIlers.

In addItion to the benefits of unprovmg the safety of boiler operations, as much as a one percent
nnprovement in boiler thermal effIcIency may be achievable, WhICh could result m as much as
a one percent savings in fuel consumption. Automatic control of fan dampers for combustion
arr and control valves for steam and fuel to meet load demand will proVIde more rapId response
than manual control, which will result in stable and effICIent combustion Monitonng oxygen
m the flue gas to minimize excess aIr WIll help to reduce the waste of fuel

5.4 Blast Furnace Gas Scrubber Pumps (ECO-12)

There are five 650 kW scrubber water pumps for blast furnace gas scrubbers WhICh are subject
to severe wear from abraSIves The pumps are cast Iron and when new are 83 % efficient but
rapIdly detenorate to about 65 % efficiency, WhICh IS a large loss of electrical energy for
pumping. There IS a need to replace thIS eqUIpment WIth alloy construction Approxunately
$65,000 per year in power costs could be saved at $0.03 per kWh

6.0 IMPACT OF SAVINGS

The short term energy savmgs mvestments that have been recommended will typically provide
fmancial payback WIthin the same budget year Due to present economic conditIOns, reserve
cash flows are not available to make internal plant investments WIth greater than a month
payback. Despite tlns cash flow problem, internal resources such as manpower and available
matenals can be utIlized to unprove energy effiCIency m some areas
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All of the energy conservatIon projects have multiple applicatIons wIthin the steel mill as well
as in other mdustrial facilitIes. The concepts proposed for energy conservation were origmated
as projects that are commonly implemented m the U.S.
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7. RESULTS OF FOLLOW-UP VISIT

7.1. Visit Objectives

During August 11-12, 1997, Burns and Roe resIdent engmeer, Alexander FIhppov, made an
eqUIpment follow-up VISIt to the Donetsk MetallurgIcal plant The VISIt was made With the followmg
ObjectIves

• ASSISt the plant wIth the use of the measuring mstruments
• Discuss eqUIpment mstallatIOn
• Assess energy conservatIOn achIevements m response to the 1995 energy audIt
• Assess energy conservatIOn Impact of the dehvered eqUIpment

The ongmal program desIgn allowed time for the plant to Implement recommended energy
efficIency measures and begm momtonng the results pnor to the eqUIpment follow-up ViSIt The
follow-up VISit occurred two months after the plant had receIved the first lot of energy efficient
eqUIpment All eqUIpment has been cleared from customs, and gIven to the plant personnel The
plant energy manager and hIS deputies were reluctant to proVIde any mformatIOn about the plant
even about energy conservatIOn other than related dIrectly to the dehvered eqUIpment, Without the
mrector's permISSIOn A formal request to the dIrector for necessary mformatIOn was submItted by
A FIhppov Durmg the meetmg With the plant dIrector, he was very cooperative, understandmg,
and ordered plant personnel to proVIde Burns and Roe With necessary mformatIOn for the final audIt
report The plant personnel who utIhze the eqUIpment are very profeSSIOnal and use the mstruments
extensIvely

7.2. Main Energy Conservation Opportunities (ECOs) Identified in 1995

Ofthe Energy ConservatIOn OpportunItIes (ECOs) Identified durmg the 1995 plant energy audIt, the
followmg ECOs were accepted for ImplementatIOn by the plant

14ECO DESCRIPTION ESTIMATED
SAVINGS
(USD/YR)

ECO #1. Energy ConservatIOn Management Program $502,000

ECO#2 New Power Demand Meters InstallatIOn $21,463

ECO#4 Instrument Cahbrators InstallatIOn $132,678

ECO#8 On-hne Gas Calonmeter InstallatIOn $331,200
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All the above recommendatIOn were accepted, and equipment delIvered Under ECO #1 the
followmg mstruments were provIded

• ENERAC 2000 combustIOn analyzer
• MId-range mfrared thermometer MICRON
• Hot Wire anemometer KURZ
• Power analyzer RUSTRAK RANGER
• Desktop computer WIth the software
• Energy Reference books

7.3. List of Contacts

Dunng the follow-up VISIt at Open Jomt Stock Company "Donetsk MetallurgIcal Works" on August
11-12, 1997, A FilIppov met WIth follOWing plant representatIves

- Chairman of the Board of Directors, Alexander Ryzhenkov
- Chief Energy Manager, VladImIr Kharchenko,
- Deputy ChIef Energy Manager, Alexander Danilov
- Chief of Industnal Thermal Laboratory, Alexander Yevtushkm,
- Chief of Electncal Measurements Laboratory, Arkadly Zonkov
- Chief of Central ElectrIcal Laboratory, Alexander Tatarov
- Ecology SpeCialist, Alexander SmolIamtsky
- ChIef of Gas Department, Valentm Verbitsky
- ChIef of Instruments and AutomatIOn Department, NIkolay Sanzhakov
- ChIef of EqUIpment Department, Tatlana Vazhmskaya

7.4. Status of the Plant During August, 1997 Visit

Dunng the penod 1995-1997 the plant has changed the form ofownershIp and become an open Jomt
stock company Shares were sold to employees at a low pnce of25 kopecks (approx 13 cents) a
share, and outSIde the plant at stock market pnce The plant has one mam mvestor - Jomt Venture
"Metalrussia", whIch mvested the eqUIvalent ofUSD 50 mIllIon m the plant Accordmgly several
work shops of the plant have become half-mdependent, WIth theIr own financial operatIOns The
plant produces cast Iron, dIfferent types of steel and steel products The plant IS trymg to keep ItS
place m the UkrainIan steel market, but as many others, faces the problem of cash shortage Most
operatIOns are m the form of barter Accordmg to plant mformatIOn, m 1997 only one tram car of
steel was sold for cash in Ukrame The electncal bills are also covered through barter operatIons
The plant gets cash mostly from export operatIOns There IS a lot of foreIgn actIVIty at the plant
related to feaSIbIlIty studIes for pOSSIble mvestments Three western firms are bIddmg for electncal
furnace refurbishment A company from Hong Kong IS mvestigatmg the pOSSIbilIty of USD50
mIllion mvestment m electnc steel meltmg department
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The level of production reduced smce 1995 Of two blast furnaces, one IS m operatIOn, all five
open-hearth furnaces are operatmg, and both electrIc arc steel furnaces are operatmg Three section
rollmg workshops work only at 1 ShIft (3 shIftS before), sheet rollIng mIll works at 1-2 ShIftS (3
ShIftS before)

7.5. Accomplishments During Visit

7.5.1. Energy Conservation Data

Donetsk metallurgical plant management IS concerned about energy conservatIOn, and the current
energy manager pays keen attentIOn to thIs tOPIC. However, paradoxically, the departments or smgle
workers do not profit dIrectly from energy conservation measures implementatIOn The finanCial
system IS such that the departments do not have their own funds and can calculate energy savmgs
only on paper. They cannot use money saved by energy conservatIOn measures ImplementatIOn
However most of the staff IS hIghly professIOnal and do theIr best m thIS respect. The followmg
mformatIOn reflectmg some energy conservatIOn and energy consumptIOn Issues was collected from
the ChIef Energy Manager

ENERGY CONSERVATION MEASURES FOR 1997

ECM Savmgs
(converted to

USD)

DIverSIOn of furnace fuels to gas and mazut 81,000

Heat msulation of external wall surface ofheatmg furnace of 8,594
the mIll 400

Heat msulatIOn of external wall surface of heatmg furnace of 594
the mill 250

Shut down heatmg burners in places where there IS no 919
permanent personnel presence

Shut down heatmg burners after work ShIft 3,567

Dunng the first quarter of 1997 the plant saved

Fuel­
Heat­
Electncity -

16623 tons of standard fuel (USD 868,000)
31158 GCal (USD 257,729)
18262.27 kWh
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Below is the data offuel consumption from 1995 through 1997

Year Natural Gas Blast Furnace Coke Gas Mazut Total
at USD 82 per Gas at USD 30 8 at

1000 cub.m at USD 0 049 per 1000 USD135-157
per 1000 cubm per 1 ton
cubm

real nonnal real 1000 tons of real tons of real tons of nonnal
1000 fuel cubm nonnal 1000 nonnal tons normal fuel. tons

cub m tons of fuel cubm fuel fuel

1995 242571 275252 1385313 198100 135569 77410 23142 31704 582466
473% 34% 133% 54% 100%

1996 331466 373680 921110 121515 34510 19704 21554 29528 544427
686% 223% 36% 55% 100%

1997 170529 192057 317749 36831 38570 22023 13223 16971 267882
6 717% 137% 82% 64% 100%

months

Fuel consumption at the plant

lqq6

lQQC

68.6%
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Electricity consumption by dIfferent products is as follows

Product Unzts ElectricIty consumptzon (kWh)

1995 1996 1997

Cast Iron tons 233 49 1 143

Steel tons 33 1 446 14.3

ElectrIc steel tons 676 689 270

Fimshed steel tons 96 905 797

Compressed aIr 1000 cub m 121 124 125

Oxygen 1000 cub m 958 941 931

Water 1000 cub m 493 497 461

Plant Pollution Data
(tons) 1995 1996 1997
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7.5.2. Follow-up monitoring

The results of the follow-up monitonng of delIvered eqUIpment mstallatIOn are as follows

ECO No.1 ENERGY MANAGEMENT PROGRAM

ENERAC 2000 combustion analyzer IS bemg utilIzed very extensIvely All major work shops of
the plant whIch have combustIOn processes request for the tumng Currently thIS mstrument was
used on:

• BOIlers at the vower vlant The regIme charts are being developed, hIgh level of access
air was IdentIfied. The boIler BKZ-75 (mIddle pressure) were tuned accordmg to the
recommendations It burns three types of gas coke, natural, and blast furnace gas
Tunmg allowed to mcrease effiCiency by 2-3%
Pnces for gases
- coke gas - USD 27/1000 cub m
- natural gas - USD 82/1 000 cub m
- blast furnace gas - USD 6 5/1000 cub m

CalculatIOns were made showing the potential savmgs of 1786 GCal per month due to
optimIzatIOn of regeneratIOn turbmes regIme and 679 tons of standard fuel per month due
to optimIzatIOn of mId-pressure boilers of the power plant This results m savings of
usn 427,000 per year for heat and usn 578,000 per year for fuel Such optimIzatIOn
now becomes much easier due to utilIzatIOn of the combustIOn analyzer

• Steel furnaces. The combustIOn analyzer was used for checkmg pollutIOn from furnaces
The results showed that dunng burning of coke gases, the amount of pollutants was m the
allowed range

• Llme annealmg furnace The ENERAC 2000 was used for tumng the furnace. It took
about 7 hours to make complete tunmg. After that, consumptIOn of fuel (coke and natural
gas) was decreased by 15% RecommendatIOns for the operatIOn were gIven

• Open hearth furnace Environmental measurements and tunmg were requested

The plant engmeer had trouble With mOisture sensors durmg measurements on furnaces Durmg
diSCUSSIOn A. Fihppov explamed some specifics ofmeasunng sulfur content With ENERAC to
aVOid tills problem

• Envlronmental momtormg The environmental laboratory is gomg to perform
environmental tests all over the plant The plant pays penaltIes for extra pollutIOn, but

Burns and Roe Enterpnses, Inc Page 19



also has "allowed" amounts. WIthout specIal mstruments the plant was not able to prove
the actual data before the envIronmental commIsSIOn, now they are optImIstIc and
expectmg the ENERAC to help m thIS

Infrared thermometer MICRON. The plant representatives say that they need hIgh range
temperature thermometer, while a mId-range one was delIvered When Bums and Roe speCIfied
the mstrument, another energy manager was at the plant He requested a mId-range mstrument
and did not conSIder the need for measuring flame temperature m bOIlers Now the personnel use
this thermometer to check hot spots at the SWItch yard, and msulatIOn on steamlmes A
FIlIppov explained more pOSSIble applIcatIOns of thIS mstrument based on the expenence of other
Ukramian mdustnal and power plants The instrument IS very easy-to-use, and dId not reqUIre
trammg

KURZ Anemometer IS used for

• measunng gas flow m pIpe lInes whIch do not have flowmeters WIth thIS purpose
speCIal openings are bemg made

• tuning the ventIlatIOn system m work shops.

• measurmg consumptIon of compressed aIr by dIfferent consumers One of the examples
shows that actual consumptIOn was 200 CUbIC meters per hour mstead of estimated 50
CUbIC meters per hour. ThIS opens potentIal for regulatIOn and control over compressed
aIr consumptIOn

• measurmg flue gases from electric steel meltmg furnace

RUSTRAK RANGER power analyzer. The engmeer who uses thIS instrument IS very well
qualIfied and WIll make as much use of thIS mstrument as pOSSIble The meter was on hand only
for one month and the personnel had not learned all possibIlItIes of thIS complicated deVIce
Among pOSSIble applIcatIOns they claIm followmg:

• reactIVe power analysis
• synchronous motors tunmg m order to compensate reactIve load
• tuning and checkmg electnc arc furnaces

The chIef of electric laboratory asked several questIOns about speCIfic features of Rustrak
Ranger, whIch reqUIre manufacturer consultatIOn ASSIstance WIll be prOVIded m obtammg the
needed mformatIOn

Energy reference books (one on electrIC motors and another on energy management) stay III the
chIef energy manager's office They are III EnglIsh WhICh does not allow to use them very
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broadly, although several specialists claimed that several tImes they used these books for
reference

Desktop computer has become an Important part of energy management at the plant One of Its
apphcations IS for makmg pollutIOn maps around the regIOn Also It IS used for downloadmg
data from the energy mstruments, performmg complex calculatIOns and makmg representatIve
reports.

ECO NO.2 INSTALLATION OF NEW POWER DEMAND METERS

The mitial idea after the audIt m 1995 was to replace ten power demand meters at the plant for
measuring Imported power The meters were provIded and they had 0 5% accuracy compared to
I% accuracy of old ones But durmg 1996-1997 the changes m UkraIman power system let the
customers to mtroduce a multI-tarIff system of payments for electncity The Donetsk
metallurgIcal plant currently IS usmg two-tarIff system of electnc bIlls payment. The next step IS
to SWItch to multI-tarIff system whIch reqUIres specIal multI-tanff power meters

Current pnces for electncity are as follows

1\vo-tar~)7rlCeS

• declared aVaIlabIhty pnce of 1 kW - USD 3 2
• consumed electncity pnce for 1 kWh - USD 0 029
One-tar~)7rlce
for secondary customers
• consumed electricity pnce for 1 kWh - USD 0 036
Electrlc heatmg
• consumed electncity pnce for 1 kWh - USD 0.1
Reactlve )7ower
• consumed electrICIty pnce for 1 kVARh - USD 0 00342

The supphed meters do not have multI-tarIff functIOn although they can be upgraded The plant has
a contract WIth Dnepropetrovsk company "Obhk" for mstallatIon of a full computenzed metermg
system. Since the energy management do not conSIder mstallatIOn of supphed meters reasonable
they agreed with "Oblik" to gIVe to them these meters as a partIal payment for the complete metenng
system, whIch cost Ukramian Hryvma 240,000 (USD 130,000) The estImated payback penod for
thIS system IS 6 months

ECO No.4 INSTALLATION OF INSTRUMENT CALIBRATORS

The pressure cahbrators were delivered to the plant and are used by ChIef of Instrument and
AutomatIOn department Nikolay Sanzhakov The pressure cahbrators WIll prOVIde for mcreasmg
the accuracy of metenng deVIces by 1-1.5%, whIch WIll result m sIgmficant fuel savmgs Durmg
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a short tIme when the mstrument was m use the first mtemal tests ofmanometer and flowrneters was
performed, and cahbratIOn of dIfferent mstruments all over the plant The specIahsts plan to use It
for tumng turbme control system

ECO No.8 ON-LINE GAS CALORIMETER INSTALLATION

The chIef of gas department IS responsIble for the installatIOn and utIhzatIOn of the on-hne gas
calonmeter supphed for the plant The calonmeter (Instromet) was receIved m May 1997, but
calIbratIOn gases came late, and customs clearance took around one month The calorimeter was
mstalled at the plant gas dIstnbutIOn statIOn A techmcal representatIve from the manufacturer IS to
corne m August, 1997 to start-up the calonmeter The management reahzes that tills mstrument WIll
provIde the possIbIhty to track on-hne the heat content of natural gas that the plant buys from
commerCial companIes.

7.6. Lessons Learned

Some Items hsted below can be conSIdered durmg preparatIOn of future programs

Purchase of computers should be done WIth Russian Language software, not only world-Wide
known software hke MICroSOft Office and Lotus Smart SUIte but specIahzed software for speCIfic
mstruments can be used very effiCIently for energy conservatIOn purposes The management of the
plant understands the use of mtegrated computer control systems, and havmg such programs on at
least one personal computer IS a first step towards such systems At the moment Donetsk
metallurgIcal plant utIhzes an mtegrated financial and mventory computer system

Purchased mstruments should be tested for operabIhty before sillppmg to customer by someone other
than the manufacturer.

Issues of local certification of eqUIpment should be addressed to ensure that the eqUIpment can be
used effectIvely

A schedule of a project should allow conSIderable time for customs clearance and permISSIOns from
mimstries or mstltutIOns. Expenence shows It took an average 2-4 weeks (m some cases even
longer)_ to clear the eqUIpment through customs and more tIme to obtam permISSIOns from
correspondmg mmistries or mstitutIOns to utihze It
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Energy Conservation Opportunities (ECOs)

ECO-I

ECO-2

ECO-3

ECO-4

ECO-5

ECO-6

ECO-7

ECO-8

ECO-9

ECO-tO

ECO-II

ECO-12

Energy ConservatIon Management Program

Power Demand Meters

Valve Packing Tools and Valve Packing MaterIal

Instrument Calibrators

Portable Flow Meter

In Situ Oxygen Analyzers

Natural Gas Bypass Control Valves

On-hne Gas Calorimeter

AnalytIcal Instruments for Water and Gas Laboratory

Sodium Softener for Cooling Water Makeup

CombustIon Control System

Blast Furnace Gas Scrubber Pumps
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ECO-Ol

ENERGY CONSERVATION MANAGEMENT PROGRAM

Based on the 1993 plant fuel consumptIOn data, and using approxnnate 1994 world energy
prIces, the overall fuel costs for the plant are as follows

Natural gas
Blast furnace gas
Coke gas
Mazut
Coke
Coal

Total

$/MBTU
(1994 world
prices)

$2 10
$1 26
$1 03
$1 37

$200
$300

MBTU

14. 15x106

9.74x106

741x106

0.85x106

30.42x106

o79x106

63. 36x106

Annual fuel cost

$29,715,000
$12,272,400
$7,632,300
$1,164,500

$60,840,000
$2,370,000

$113,994,200

If only a modest 0 5% nnprovement m overall plant efficienCIes could be achIeved, the resultant
savings In fuel cost alone would be about $570,000 per year (neglectIng all savings from
purchased (offSIte) electrical power); the energy savings would be about 3.2xlO11 BTU

0005(%) x $113,994,200 = $570,000
0.005(%) x 63.36x106 MBTU = 3.2xlO11 BTU

Equating the total fuel savings (in BTU) to natural gas, the eqUivalent annual fuel savings would
be 14,000,000 m3

3.2xlO11 BTU - 22,775 BTU per m3 (natural gas) = 1 4x107 = 14,000,000 m3

The eqUipment cost to nnplement such a program is small in comparIson to the savIngs, a
SUitable set of energy audit equipment can be purchased for about $30,000.

Payback at world energy prices.
$30,000/$570,000 per year = 0.053 year = 19 days

Payback at local energy prIces (using domestic prIces for all fuels at 88 % of world prIces, as
WIth natural gas)

annual fuel cost savings = $570,000 x 0 88 = $502,000
$30,000/$502,000 per year = 0060 year = 22 days
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(ECO-Ol continued)

The followmg IS an illustratIOn of potential savings based on bOIler combustIOn effIcIency tests'

Boiler Combustion Efficiency - Portable Combustion Analyzer and Computer

Description of Existing Equipment and Operating Conditions
Tests of combustion effICIency were made WIth a portable Bacharach unit BOIlers 1, 2, and 3
were bemg fIred WIth a mIxture of natural gas and blast furnace gas The actual mstrument
readings were based on 100% natural or 100% low energy gas as fuel and therefore not correct
for the mIxture of gases used However, the results mdicate potentIal savmgs can be obtamed
by Increasmg the combustIOn effICIency ThIS can be accomplIshed by the operators usmg
manual controls.

Description of Proposed Modifications
An estImated one percent mcrease in effICIency wIll save large amounts of fuel The estImated
fuel used by each boIler follows

QuantIty Steam Gas in CUbIC Meter Per Hour
of BOIlers CapacIty Blast Furnace Natural

3 225 T/hr 25,000 ea 3,000 ea
1 120 T/hr 42,000 2,000
1 180 T/hr 49,000 5,000

166,000 16,000 (9.64%)

Assumed heat content·
Natural gas, 1000 BTU/ft3

Blast furnace gas, 80 BTU/ft3

Average annual load on boIler plant·
3 x 75 TIhr = 225
1 x 120 T/hr = 120
1 x 180 T/hr = 180

525 T/hr

8000 kcal/kg
700 - 800 kcal/kg

Output average load (at assumed 80% capacIty factor) =
525 T/hr x 0 80 x 8760 hr/year = 3,679,200 T/year

Input at 80% effICIency = 3,679,200T x 2200 lb x 1000 BTU/lb = 1.01xlOI3 BTU/yr
yr ton 0 80 eff

Cost savmgs
The savmg m fuel due to a one percent mcrease m effICIency results m savmgs of 1 01xlOll

BTUlyear The savmg of natural gas IS equal to 9 64 percent of the total savmgs
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(ECO-OI continued)

At domestIc prIces of $1.84 per 1,000,000 BTU of natural gas, the dollars saved equal:
101,000,000,000 BTU x 0 0964 x $1.84/1,000,000 BTU = $17,915/yr

At world prIces of $2 10 per 1,000,000 BTU of natural gas, the dollars saved equal'
101,000,000,000 BTU x 0 0964 x $2.10/1,000,000 BTU = $20,446/yr

SImple Payback
One Enerac 2000 combustIon analyzer wIth acceSsorIes has a total cost of $6,000. An allowance
of $4000 is desIgnated for the laptop computer (optional, but may be deSIrable for storIng
sIgmficant amounts of performance data) for a total cost of $10,000

Payback at Local PrIces' $10,000/$17,915 = 0.56 years == 7 months
Payback at World PrIces' $10,000/$20,446 = 0.49 years == 6 months

Equipment Specification

Enerac Model 2000
220 Volt, 50 Hertz, RS-232 port
SIegert Fuel Equations
NOx, SOz
12 inch and 48 mch probes
20 foot samplmg hose
2 cases of thermal paper

Domestic PrIce of Natural Gas

~ x
1000 Nm3

Nm3 x
35 31 ft3

~ x
1000 BTU

1,000,000 = $1 84/106 BTU
1

World PrIce of Natural Gas

$74 x
1000 Nm3

~ x
1000 BTU

1,000,000 = $2.10/106 BTU
1

Projected World bank Data for Natural Gas

$3.5 - $81106 BTU by 2010
$110 - $250/Thousand CUbIC Meters (TCM)

Bums and Roe Enterpnses, Inc AppendIX A Page 4



ECO-02

POWER DEMAND METERS

Some of the meters for measurmg nnported power are broken and the plant IS unable to obtam
spare parts The eXIstmg meters are 1 0% accurate and new modern Amencan made meters are
o5% accurate WhICh wlll result m the following potential energy savmgs due to vanatIOns m
momtoring and bIllmg by utIlIty. Ten meters at $900 each are reqUIred, = $9000

567,747,000 kWh Consumed
138.488,000 kWh Produced
429,259,000 kWh Imported

x 0 005(%) Accuracy
2,146,295 kWh VanatIon

x $0 OllkWh Local Price
$21,463 Annual Vanation

SImple Payback

$9,0001$21,463 per yr =
o42 yr =: 5 months

Bums and Roe Enterprises, .ffic-

x $0 03/kWh World Price
$64,389 Annual VanatIon

$9,0001$64,389 per yr =
o14 yr ::: 7 weeks

AppendIX A Page 5



ECO-03

VALVE PACKING TOOLS AND VALVE PACKING MATERIAL

Large quantItIes of high pressure steam (and demmeralIzed water) are lost m the power plant
and steel mIll due to valve stem packmg leaks.

There IS a need for a kit of valve packing tools mcludmg metric wrenches, pick hammer,
chisels, pICks, gland puller, penetrants, graphIte, emery cloth, 220V pencIl gnnder and stones,
etc, cost = $4,000

Also, a selection of square metric packing SIzes 6-30 mm, Garlock 1312 or eqUIvalent (about
65 lbs) to pack about 120 valves should be provided, cost = $10,000 (OptIOn smce the total
cost of thIS matenal is dependent on the number of valves to be servIced, the cost could be
increased or decreased in accordance WIth availabIlIty of funds)

Total cost = $14,000

Assume 1/16" packmg leaks, 600 pSI steam, 65,000 lb/month

65,000 lb/mo x 12 mo/yr x 1000 BTU/lb x 120 valves = 9 36xlO lO BTU/year saved

Natural Gas - 9 64% of fuel, blast furnace gas and treated water no cost

SImple Payback

At local prices
$1 84/106 BTU x 0.0964(%)/gas x 9.36xlO lOBTU/year = $16,602/year
$14,000/$16,602 = 0.84 yr == 10 months

At world pnces:
$2 10/106 BTU x 0.0964(%)/gas x 9.36xlO lOBTU/year = $18,948/year
$14,000/$18,948 = 0.74 yr == 9 months
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ECO-04

INSTRUMENT £ALffiRATORS

The engmeers requested portable calibratlOn pressure calibration standard for field calIbratlOn
of transnutters Most of the older transnutters have one to two percent accuracy Usmg natural
gas flow measurement as an example, a 0 5% Improvement ill flow measurement for combustion
control would result in a Significant reduction of wasted fuel Cost of two mstrument calIbrators
is about $14,000

DelIvered Natural Gas

621,280,000 Nm3/yr x 0 005(%) = 3 11X106 Nm3/yr savmgs

3 11X 106 .; 8116 kcallkg x 0 7207 kg/m3 x 3.9685 BTU/kcal = 7 2xlO lO BTU/yr

Simple Payback - Local Price

7 2xlO lO BTU/yr x $1.84/106 BTU = $132,678/yr
$14,000/$132,678 = 0 11 yr == 6 weeks

Simple Payback - World Price

7 2xlO lO BTU/yr x $2 10/106 BTU = $151,426/yr
$14,000/$151,426 = 0.09 yr == 5 weeks

Bums and Roe Enterprises, Inc AppendIX A Page 7



ECO-05

PORTABLE FLOW METER

There is a crItical need for a portable sonic flow meter (prIce = approxImately $9,000) to
measure cooling water flows m the plant and balance systems to ensure that large pumps are
operatmg at their best efficiency point (BEP) There are many large pumps throughout the steel
mill which could be optimized for large energy savmgs However, only one example will be
evaluated as an example of energy savmgs for large pumps The followmg example IS for the
power plant crrculatmg water pumps for a 10% Improvement in effIcIency, from 65% to 75%'

HP = 22,040 gpm X 60 ft/2.31
1715 X 0.65

X 0.75

Energy Savmgs

=

=

513.5 HP

445 HP

68 5 HP savings

685 HP X 746 W/HP x 7,500 hr/yr = 383,260 kWh/yr

SImple Payback - Local Prices

383,260 kWh/yr x $OOllkWh = $3,833/yr
$9,000/$3,833 = 2.35 yr =: 28 months

SImple Payback - World PrIces

383,260 kWh/yr x $0.03/kWh = $11,498/yr
$9,000/$11,498 = 078 yr == 10 months

Instrument

"Controlotron" System 990P or equal ultrasomc flow meters, clamp-on, with transducers for
pIpe size groups 1-5 (12.7 mm - 9144 mm), 220 VAC plus battery power

Bums and Roe Enterprises, Inc Appendix A Page 8



ECO-06

IN SITU OXYGEN ANALYZERS

The boilers' air to fuel ratIO IS controlled manually. It IS trnposslble for the operators to
contmuously adjust bOIlers for opttrnum combustIon, especIally when blast furnace gas feed
varies and steam loads vary

Installation of two zrrcomum oXIde oxygen probes in each of fIve boilers flue gas path will give
operator oxygen readings to accurately adjust fuel-air ratios ThIs will mcrease boiler fuel
savmgs by an esttrnated three percent.

Energy Savmgs (See ECD-On

The savmgs m fuel due to a three percent mcrease m effIcIency results in 3.01xlO11 BTU/year

The savings of natural gas IS equal to 9.64 percent of the total savmgs or 2 90xlO lO BTU/year

Cost Savings - Local Pnce

2 90xlOlO BTU/yr X $1.84/106 BTU = $53,360/yr
$75,000/$53,360 = 1 4 yr == 17 months

Cost Savmgs - World Price

2.90xlO10 BTU/yr x $2 10/106 BTU = $60,900/yr
$75,000/$60,900 = 1 2 yr :: 15 months

Equipment SpecificatIon

The cost per boiler IS approximately $15,000 x 5 boilers equal to $75,000 If a cost is gIven
for blast furnace gas, the payback would be further reduced

SpecificatIOn of specifIC boIler probes and analyzers will reqUIre further on-SIte engineermg

Burns and Roe Enterprises, Inc Appendix A Page 9



ECO-07

NATURAL GAS BYPASS CONTROL VALVES

The existing natural gas control valves are operated manually to follow steam load based on
steam pressure The valves are sized for full load, and operator response plus lag tIme results
in slgmflcant waste of natural gas due to slow closing of the large valves. The engmeers
estimate that natural gas consumptIOn could be reduced by 1 5% If a smaller parallel bypass
control valve is Installed at each boiler.

Five boilers use approxImately 150,000,000 m3/yr

150,000,000 m3/yr X 0.015(%) = 2,250,000 m3/yr savings

2,250,000 m3/yr X 8116 kcal/kg x 0.7207 kg/m3 x 3.9685 BTU/kcal = 5.2xlOlO BTU/yr

Simple Payback - DomestIc Price

5.2xlOlO BTU/yr x $1.84/106 BTU = $95,680/yr
$30,000/$95,680 = °31 yr == 17 weeks

Simple Payback - World Price

5 2x1010 BTU/yr x $2 10/106 BTU = $109,200/yr
$30,000/$109,200 = 027 yr =:: 15 weeks

Control Valves

Assumed 4" butterfly, wafer type, electric operator, 1500 Nm3/hr, 3000 mm H20
Five valves at $6,000 = $30,000

Bums and Roe Enterpnses, Inc Appendix A Page 10



ECO-08

ON-LINE GAS CALORIMETER

Reported heatmg value specifIcatIon for Russian natural gas IS 8116 kcal/kg. However, the
techrucal specialIsts complam that the delivered heatmg value as delIvered runs low by as much
as 200 kcal/kg when the plant IS paymg for gas on a volumetnc basIs. They want to be able to
measure the gas delivenes on the basIs of heat content.

Delivered Natural Gas

621,280,000 Nm3/yr x 0.7207 kg/m3 = 447,760,000 kg/yr

Assume 1/2 of supply IS low by 200 kcal/kg.

o5 x 447,760,000 kg/yr x 200 kcal/kg = 4.4776x10IO kcal/yr

4 48xlO lO kcal/yr x 3 9685 BTU/kcal = 1.8xlO11 BTU/Yr

SImple Payback - Local Price

1 8xlOll BTU/yr x $1 84/106 BTU = $331,200/yr
$35,000/$331,200 = 0 11 yr = 6 weeks

SImple Payback - World Pnce

1 8xlOll BTU/yr x $2 10/106 BTU = $378,000/yr
$35,000/$378,000 = 009 yr == 5 weeks

Burns and Roe Enterpnses, Inc AppendIX A Page 11



ECO-09

ANALYTICAL INSTRUMENTS FOR WATER AND GAS LABORATORY

Total Annual BOller Heat Input (From ECO-Ol) = 1 01 X 1013 BTU/yr

Assumed One Percent Savings = 1 01 X 1011 BTU/year

Cost Savmgs - Natural Gas

At domestic price of $1.84 per 106 BTU, the dollars saved =
1 01 X 1011 BTU x 0 0964 (%NG) x $1 84/106 BTU=
$17,915

At world pnce of $2.10 per 106 BTU, the dollars saved =
1.01 x 1011 BTU x 0 0964 (%NG) x $2.10/106 BTU=
$20,446

Cost Savings - Blast Furnace Gas

At domestIc price of $1.25 per 106 BTU, the dollars saved =
1.01 x 1011 BTU x 0.0964 (%NG) x $1 25/106 BTU =
$114,080

At world pnce of $1.45 per 106 BTU, the dollars saved =
1 01 X 1011 BTU x 0 0964 (%NG) x $1.451106 BTU=
$132,332

Total Fuel Savmgs

At domestic prices, $17,915 + $114,080 = $131,995
At world prices, $20,446 + $132,332 = $152,778

SImple Payback

Payback at local prices, $100,000/$131,995 = 075 years (9 months)
Payback at world prices, $100,000/$152,778 = 0 65 years (8 months)
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(ECO-09 continued)

Power plant reguest instrumentation list

Quantity
1. Stearn Pressure Transnrrltter

P = 60 MPa 1
P = 16 MPa 1

2. Stearn Flow Transnrrltter
o- 100 ton/hour Ah = 160 KPa 3
o- 250 ton/hour All = 100 KPa 1
o- 250 ton/hour Ah = 250 KPa 1

3 Blast Furnace Gas Flow Transnrritter
o- 63000 nrr3/hour Ah = 1.6 KPa 3
o- 160000 nrr3/hour Ah = 1.6 KPa 1
0- 125000 nrr3/hour All = 1.6 KPa 1

4. Natural Gas Flow Transnrritter
o- 6300 nrr3/hour All = 16 KPa 3
o- 8000 nrr3/hour All = 6.3 KPa 1
o- 10000 nrr3/hour Ah = 1 6 KPa 1

5 Water Analyzer 5

6 Oxygen Meter for the Feedwater 5

7. Portable Flow Meter for Water 2

8. Gas Chromatograph (Analyzer) for Oxygen Purity 2

Burns and Roe Enterprises, Inc Appendix A Page 13



ECO-IO

SODIUM SOFTENER FOR COOLING WATER MAKEUP

Flow rates, In gallons per mInute, gpm:

CIrculatIng water, Qc = BTUH/500 AT

Evaporation rate, Qe = 0.0075 Qc x R/1O (00075 = annual average, 0009 = summer peak)

Dnft, Qd = 0.0001 Qc

Leaks and losses, Q1

Blowdown, Qb = [Qe/(N-1)] - (Qd + QD

Makeup, Qrn = Qe + Qb + Qd + Q1

(makeup water only, does not consIder blowdown dIscharge cost @ 400 coupons/m3, and
@ 107,000 coupons/dollar)

BTUH =

Range, R =

Qe =

Qd =

Q1 =

Number of cycles N =

Qb =

Qrn =

79,344,000

72F

198.4 gpm

110.2 gpm

22 gpm

25

[198.4/(2.5-1)] - (110.2 + 22) = 0

198.4 +0+ 110.2 + 22 = 330 gpm

330gpm - 44045 gallon'hr/m3'mmute = 75 m3/hr

EXIstIng makeup = 300 m3/hr

8760 hr/yr X225 m3/hr x 5000 coupons/m3 x $/107,000 coupons = $92,000/yr saVIngs

Srrnple Payback: $330,0001$92,000 = 3.6 yr
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ECO-ll

COMBUSTION CONTROL SYSTEM

The bOIlers' combustIOn air to fuel ratIo IS controlled manually It IS impossible for the
operators to continuously adjust boilers for most efficIent combustion when blast furnace gas
feed vanes and steam loads vary The combustIOn analyzer readmgs mdicated very hIgh 02
(too much excess air) A combustIon control system in combmatIOn with m SItu oxygen
analyzers will sIgnificantly improve overall boIler effIciency as well as safety Assuming a
three percent Improvement m efficIency, there would be approxImately three percent overall
savmgs m fuel.

Total Annual Boiler Heat Input (From ECO-Ol) = 1 01 X 1013 BTU/yr

Assumed Three Percent Savmgs = 3 03 X 1011 BTU/year

Cost Savings - Natural Gas

At domestic price of $1.84 per 106 BTU, the dollars saved =
3 03 X 1011 BTU x 0.0964 (%NG) x $1.84/106 BTU =
$53,745/yr

At world price of $2 10 per 106 BTU, the dollars saved =
3.03 x 1011 BTU x 0 0964 (%NG) x $2.10/106 BTU=
$61,339/yr

Cost Savmgs - Blast Furnace Gas

At domestic price of $1.25 per 106 BTU, the dollars saved =
3.03 x 1011 BTU x 0.0964 (%NG) x $1.25/106 BTU =
$342,239/yr

At world pnce of $1 45 per 106 BTU, the dollars saved =
3 03 X 1011 BTU x 0.0964 (%NG) x $1 45/106 BTU =
$396,997/yr

Total Fuel Savmgs

At domestIc pnces, $53,745 + $342,239 = $395,984/yr
At world pnces, $61,339 + $396,997 = $458,336/yr

SImple Payback

Payback at local prices, $550,000/$395,984 = 1 4 years
Payback at world pnces, $550,000/$458,336 = 1 2 years
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ECO-12

BLAST FURNACE GAS SCRUBBER PUMPS

There are fIve 650 kw scrubber water pumps for blast furnace gas scrubbers WhICh are
subject to severe wear from abrasIves Each of the two scrubbers is served by two 100%
pumps, one operatIng, one in standby The fifth pump serves as a maintenance spare. The
pumps are cast Iron and when new are 83 % effICIent but rapIdly detenorate to about 65 %
efficiency, which is a large loss of electncal energy for pumping Replacement of thIs
eqUIpment (at an estimated cost of $250,000) can save over $65,000 per year In power costs
at $0.03 per kWh.

Flow, Q = 1200 - 1600 m3/hr (m3/hr = 44045 gpm)

=

Pressure, P =

5285 - 7047 gpm

13 kg/cm2

Pump: 650 kW = 871 HP

= 13 kg/cm2 x 14.22 psil kg/cm2 = 185 pSI

BHP (lower flow)

BHP (hIgher flow)

USIng lower flow

= 5285 x 185 pSI 1 1715 x 0 83 = 686 HP x 746 = 513 kW

7047 x 138 psi 1 1715 x 0.65 = 871 HP x 746 = 650 kW

871 HP = 650 kW @ 65% (operating)
686 HP = 513 kW @ 83 % (desIgn)

difference = 185 HP = 137 kW per pump

For two scrubbers, there are two operating pumps'

Annual energy savIngs

2 pumps x 137 kW x 8000 hr/yr = 2 192x106 kWh = 2.2x106 kWh

SImple Payback

Local prices: 2 192xl06 kWh x $O.OllkWh = $21,920 per year
$250,0001$21,920 = 11.4 years

World prices. 2. 192x106 kWh x $0.03/kWh = $65,760 per year
$250,000/$65,760 = 3.8 years
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ENERGY LOSSES

Ql = Useful 50 - 90%

Q2 = Moisture in Fuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . " "

~ = H Moisture 10 Fuel 3 - 5%

Q4 = Moisture in Air . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Qs = Dry-Gas SenSIble Heat 6 - 30 %

Q6 = Incomplete CombustIOn (CO) 0 - 5 %

Q7 = Carbon in Refuse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0 - 2%

Q8 = Surface Heat and Misc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ., 2 - 9 %

Flue Gas Analysis

N2 = 100 - (02 + CO + C00

O2 - 0.5 CO
% Excess Air - ------------------------------- x 100

0.264 N2 - (02 - 0.5 CO)

= 30 - 40 % Stokers

= 20 - 30% Pulvenzed Coal

= 12 - 15% 011

= 8 - 10% Gas



COMBUSTION ANALYSIS Sl

Table 26. Effect of Excess Air on C02 in Combustion Products
The fIgure> In standard type are the percentages of carbon dlolude In the dry tlue gas resulting from the use of various amouots
of air The figures 10 Itlll", are rates of air supply (per unIt of fuel) corresponding to the hsted percentages of escess air.

o/oC02 % Excess Air

or 0 10 20 040 60 80 100 150 200

FUEL cu ft aIr

per %of Tbeormcal Air

unIt fuel 100 110 UO 140 160 180 200 250 300

Natural Gas o/oC02 12.0 10.7 9.8 8.} 7.1 6.} 5.7 ".5 } 7

(Cleveland) cu ft air--- 100 11.0 12.0 14.0 1..0 110 200 250 300
cu ft gas

Blast Furnace O/oC°2 25.5 24 .. 234 21.7 20.1 18.8 17.7 IS 3 13S

Gas CD ft au
0.61 0.75 0.11 0.95 1.09 1.22 1 36 1 70 2 O~

cu it gls

Producer Gas %COl 186 17 .. 16." 1.. 6 1}2 11.0 11.1 92 7.9
(BituminOUs) cu ft air

1.U 1.36 1.49 1.14 1.91 2.23 2.~1 310 372
cu it gas

Coke Oven Gas o/oC02 10.8 9.8 8.9 7.5 6.S 5.7 5.1 U 3."
(By-Product) CD it air--- 5.45 6.00 6.51 7.13 1.72 '.11 109 136 164

cu it gas

Carbureted Blue o/oCO.z 15.7 1".3 no 11.1 9.7 8.6 77 62 5 1

Gas (Heavy 011) cu ft air--- 5.21 S.7J 6.25 7.29 1.34 931 10 ~ ])0 156
CD it gls

Propane O/oC°l 14.0 12.6 11.5 9.8 8.5 7.5 6.7 5.3 ....
(Refiner} ) cu ft air--- 232 2S 5 27.9 32.5 37.2 41.1 46 ~ SlO "6

cu it gas

Butane O/oC°l 14.3 U.9 11.7 100 8.6 7.6 6.8 5.4 4.5
(Refinery) CD it air--- 30.0 33.0 360 12.0 41.0 540 600 7S 0 90.0

CD it gas

DIstillate Oil O/oC°l 15.2 13.8 12.6 10.7 9.3 8.2 7" 59 49
(Mld-Contment)

CD ft air
1341 1413 1611 1117 2157 2426 2696 3370 "04~

plod

Residual Oil o/oC02 15.6 lU U.9 11.0 9.6 8.5 7.6 6.1 5.0

(Mld-Contlnent) cu it aIr
1776 20721410 1621 2361 2664 2960 3700 4440

gal 011

BituminOUS o/oCO:z 184 16.7 1S.3 130 11.4 10.1 91 72 6.0
Coal CD ft air

141.3 155.4 1696 197 I 226 254 213 J53 414
Ibcoal

AnthraLlte O/oCOl 19.8 18.0 16.5 14.l JlA 11.0 100 79 66
Coal cu it au

129 7 142.7 ISH 111.6 20' 234 2S9 J14 )19
Ibcoal

Coke O/oC°2 20.4 18.5 17.0 145 12.7 113 102 8.1 6.8

cu ft air
396131.9 US I lSI 3 163 7 211 237 264 J30

Ibcoke
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Table 9-11. Analyses of Fuel Gases*

-s- 'a'
Constituents of gas. CJIa by volume

~ Ii I ~ .:0 ~!,
~ Products of combus. .... .... .... ":J- r::I tion, cu. rt./cu. ft. 188

~ e~ i~I • o:! o:!o. IDumlnanta "'u
.~ ~.a I J! .! :1=' ~]8'as. 1 '2 ~~ Q

Cl ~ ~"~) Ii. ...;5:: :J !i CO, litO N, r~
j:Q Q..;3

Brll!L5 CO Co, H, N, 0, CB. CtB. edl. Odl.
.... ... GJg

] 8i~ doER :Q ;».cl.a
Ne;,-UIlU ~

. p z ...r:q l':I.

Natura! IU, TeW'kanaJ~Q}'9"~}. - 0.80- 3.20- 96.00 - - - 0.57 Tf7 967 8fi 0.97 1.92 7.29 816 11.7 801 35M..... ....... ·.. ie:2o ·.. ·..Naturalaaa. Clcn)and. ~\,a.~."l; • .. .. .. .......... ..... 1.30 ·.. 80.50 ·.. ·.. .65 10.70 1131 1025 1.17 2.16 8.50 9 67 12 I 81.1 1<00
Natural gas. Oil City, P•.~l, ~n·. '8:' .......... si] 1.10

0]
67.60 31.30

i:i i:i
.71 11.70 1232 1120 1.30 2.29 9.26 10.56 12.~ 81 7 3620

Retort coeJ glS (horiZODtalk'nP. . 1.5 3.S 31.4 ·..... .42 5.00 575 510 0.50 1.21 3.99 4.49 11.~ 83 5 366S
Coke-oveo IU.......... J. Jo ... 6.3 1.8 53.0 3.4 .2 31.6 ...... 2.7 1.0 .42 5.19 S88 521 .51 1.25 4.13 4 64 11.0 827 3660
Coke-oven gu. Koppen ovens•...• 6.8 2.2 47.3 6.0 .3 33.9 ....... 2.6 0.9 .44 5.23 591 525 .54 1.23 4.19 4.73 11.4 82.3 3650
Cnrbure&ed water g&8.•••.••..... 33.4 3.9 34.6 7.9 .9 10.4 ...... 6.7 2.2 .65 4.37 536 496 .74 0.75 3.54 4.28 17.2 88.5 3815
Blue water gu.......••.•....... ·41.8 3.0 49.9 3.3 .S 0.5 ·.... ·.. ·.. .53 2.26 308 281 .46 .51 1.82 2.28 22.3 89.7 3800
Theoretical water a"............ 50.0 ..... SO.O

50:i' ·:6 .i :2- ·.... ·.. ·.. .52 2.39 325 298 .50 .50 1.89 2.39 20.9 90.3 3830
Anthracite producer IU••........ 24.0 7.5 16.5 ·.... ·.. ·.. .85 1.05 134 124 .33 .19 1.36 1 69 19.5 6S 6 1000
Bituminous producer all.. '~' '$" 27.0 4.5 14.0 50.9 .6 3.0 ·.... ·.. ·.. .86 1.24 ISO 140 .35 .19 1.49 1.84 19.0 69.2 31~

Blast·rurnace Ial ....... 1)0 " .• 21.5 10.0 3.0 58.0 1.0 0.5 ·.... 3:8 i:b
1.00 0.78 102 100 .38 .04 1.21 1.59 23.9 61.0 2M)

Oil RBI (Protero 1920) ..••.••..••. 6.8 1.0 59.2 2.7 0.1 25.4 ·.... 0.35 4.91 575 510 .47 1.21 3.91 4.38 10.7 842 312S

• hom "CombustiOll," 2d ed.. Table 1D. p. 34. Americaa Ou A.odatioa. 1926. Reproduced bl perm}asioa.

rJer (Lt',,) Kc~Llkt:j BiV/LB..
~45'fW55"'~ 795"9 /1)1Z~ 7/1)

1J/tTVt~L ~ 0 0 0 14-) 4-00 7/3 b'ItZ

&115 ¥'I \ C, 141609 I. , /, [; J,~ 15 (J .5' 0.6' 7z3 ';7 lI,g
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HEAVY RESIDUAL OILS

Representative Analyses

Total (HHV) Net (LHV) LHV

C H S N+O °API
SP

BTU/lb BTU/gal BTU/lb BTU/gal
KcaIlK

GR g

Mazut 15,736 8,742

Mazut 857 101 23 o 1 16,589 9,216
+ 08

Mazut 8471 1071 35 1 57 80 1 015 18,150 153,570 17,170 145,260 9,539

Mazut 17,444 9,691

ResIdual 87 1 1243 047 047 300 0876 19,130 139,660 17,980 131,300 9,989

ResIdual 864 1238 1 22 1 22 340 0855 19,270 137,310 18,080 128,940 10,044

Venuez 860 11.2 2 1 08 380 08348 19,390 134,960 18,180 126,570 10,100
ResIdual

ResIdual 857 13 93 037 037 400 0825 19,450 133,760 18,230 125,390 10,128



Relation of Gravity and Ultimate COt in Flue Gas
Heatmg Values of Fuel Oils Corresponding

10 the API Gravity

API Total H'·ahng Value Net Healing Value Gravity. Ultimate
Ratio of

Gravity deg API COt, per cent Deg Speclfir Per Cent Per Cent Carbon to

at 60 deg F Btu per Lb Btu per Gal Btu per lb Btu per Gal API Gravity Carbon* Hydrogen Hydrogen

0 17,670 7(, 158,610 16,660 149,470 I o t~ ":. /·57
1 17,730 lSi,980 16,710 148,870 10 t0679 ~ ~

2 17,800 lSi,380 16,780 148,330 20 1.0599 ,ffn: o.l·f~
3 17,870 156,750 16,840 147,780 3 182 30 - 1.0520

. -

4 17,930 156,110 16,910 147,250 4 180 40 1.0443

5 17,980 155,470 16,990 146,860 5 178 50 1.0366 Mil i-

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 1.0217

Mit ~VI" 8 18,150 1./(.1 153,SiO 17,170 145,260 -.+8 17.1 80 10143 84.11 10.71 7.'"
9 18210 152.930 17230 144 700 9 169 90 10071

t 10 18,260 152,280 17,270 144,000 10 16.7 100 10000 1000

11 Hi,310 151,590 17,310 143,410 II 165

ND." 12 18,360 151,000 17,350 142,720 12 164

13 18,410 150,310 17,400 142,030 13 163

--t- 14
18,450 149,720 17,440 141,440 14 161 140 9725 8859 1041 851

15 18500 149030 17480 140 750 15 159

I 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 lOBO 817

19 18,700 146,570 17,630 138,190 19 15.3

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 18'820 144600 17730 136230 22 149

23 18,860 144,010 17,760 135,640 23 14.8

24 18,900 143,420 17,800 135,040 24 147 240 9100 87.45 1155 757

-~
25 18,940 142,820 17,830 134,350 25 146
26 18,980 17,860--

-

Nil. 4
142,140 133,760 ~t:i 145

27 19,020 141,540 17,890 133,170 27 144
28 19,060 140,950 17,920 132,580 28 14.3 280 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 14.0 300 8762 8694 1206 721

31 19,160 139,080 18,000 130,710 31 139 I32 19200 138.490 18,030 130120 32 138

UO.2. 33
- 33 137 119,230 137,900 18,050 129530 340 8550 8638 684

34 19,270 137,310 18,080 128,940 34 13.6
1262

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 37 133 380 8348 I 8607 1293 666

38 19,390 134,960 18,180 126570 38 133

19 19420 1343'50 18200 125 ')RO 39 132 I

-~



Ch. 6 HEAT OF COMBUSTION 49

1. Difference in percentage of carbon and hydrogen content
will cause variations, since the more hydrogen in an oil,
the more heat it will produce.

2. The type and percentage of various hydrocarbons in an oil
will cause differences, as the paraffinic, naphthenic,
olefinic, and aromatic hydrocarbons possess different heat­
ing values.

3. Sediment and water present in the oil may be minimal, but
can also be considerable. Regardless of the amount, sedi­
ment and water, especially water, will help to decrease the
heat value of a fuel oil.

4. The percentage of ash is usually small, but as it is non-com­
bustible, there will be some loss ofheat.

5. Sulphur content will vary from 0.25 per cent to 3 per cent
and 4 per cent. When a pound of sulphur is burned, only
4,000 Btu are liberated, as compared to 14,600 Btu for a
pound of carbon, and 62,000 Btu per pound for hydrogen.
Therefore, if there is a large amount of sulphur, there will
be a decrease in per cent of carbon and hydrogen present,
with a resultant lowering of the heat value.

6. The amount of oxygen in fuel oil is usually quite small.
When it is present, it will unite with the hydrogen of the
fuel to form water vapor, even before the secondary air, or
oxygen supplied for combustion, can reach the hydrogen.
TIllS results in a decrease in available hydrogen, thus
decreasing the heating value.

The factors listed above can be ignored for most practical
purposes, but they illustrate why the heating values of fuel oils
will vary. Of the six factors mentioned, only factor 3 should
cause any degree of trouble. Sometimes, with residual oils such
as ~o. 5 and 6, the sediment and water content may be fairly
high. It IS pOSSible to have 10 per cent to 15 per cent of sediment
and water present, which would decrease the heating value
conSiderably and, of course, cause interference in the operation
of the combustion equipment.
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STEAM SYSTEMS PIPING C.107

TABLE C3.6 Loss Due to Steam Leaks·

Size of orifice (in) Steam wasted per month (lb) Water wasted (gal)

250-lb gauge
1/2 1,780,000 213,600
% 1,001,000 120,100
1/4 445,000 53,400
1/8 111,000 13,300

1/16 27,800 3,300
1/32 7,000 800

300-lb gauge
1/2 2,125,000 255,000
318 1,195,000 143,400
~ 531,000 63,700
1/8 132,800 15,900

1/16 33,200 4,000
Ih2 8,300 1,000

400-Ib gauge
1/2 2,804,000 336,500
Jls 1,577,000 189,200
1/4 701,000 84,100
1,/s 175,200 21,000

1/16 43,800 5,300
V:l2 11,000 1,300

600-Ib gauge
1/2 4,157,000 498,800
Jl8 2,338,000 280,600
1/4 1,039,000 124,700
1./s 259,000 31,200

1/16 65,000 7,800
1/32 16,300 2,000

·Values in the table are based on the use of Grashof's formula.
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Table 1: Energy losses of steam and compressed air leakages

Leak size Steam Leakage flow 1 Air leakage flow 2

mm kg/h. US$/yr litreIs KW . US$/yr

1 2.7 250 1 0.5 320

3 25 2,500 10 4.8 3060

5 - -- -- .. - 75
~ --_ ... . 7,500 27 13 _____~,3.00 ___

" - . --- -- --

10 300 30,000 105 50 31,500

" lObar: 8.500 h/vr: 2.700 MJ/t steam: " boiler - 0.9: gas price $ 0.125/ m J

2. 8.500 h/yr: 0.13 KWh/mJ



APPENDIX C
Plant Raw Material and Production History

Plant Energy Consumption History

Boilers No.3, 4 and 5 Performance Test Data



DONETSK METALLURGICAL PLANT

ANNUAL PRODUCTION

TONNES 1992 1993

Cast Iron Production 1191868 1003294

Ore 76253 9486

Sinter 1335711 1262183

Apatlte 615838 489199

Total 2027802 1760868

Open Hearth Steel 877224 796736

Cast Iron 531176 490952

Scrap 419414 382459

LIme 9113 8915

Magnetlte 12867 10755

Electnc Arc Furnace 419046 332338

Cast Iron 63022 83113

Scrap 433497 311698

LIme 28952 21928

MagnetIte 5332 6404
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1993 ANNUAL FUEL CONSUMPTION

DONETSK Blast Furnace
METALLURGICAL Nat. Gas Gas, Coke Gas, Mazut,

PLANT Nm3 x 103 Nm3 x 1()3 Nm3 x 103 Tons Coke, Tons Coal, Tons

Blast Furnaces 49645 --- --- --- 591420 42100

Air Heaters --- 729100 --- --- --- ---
Open Hearth Process 70215 --- 89015 19130 --- ---

Rolling Mdl 65970 14160 76240 --- --- ---

Power Plant 106740 980000 35065 5690 --- ---

Electnc Arc 6470 --- --- --- --- ---
AUXIliaries 322240 1723107 202452 24820 594756 48590

JANUARY - JUNE 1994

Blast Furnaces --- --- --- --- 143470 1470

AIr Heaters --- 132744 --- --- --- ---

Open Hearth 15200 --- 33280 4865 --- ---
---

RollIng Mill 15800 490 24550 --- --- ---

Power Plant 47430 254800 23770 1410 --- ---

Arc Furnaces 1500 --- --- --- --- ---

AuxlltarIes 85390 388020 83047 6275 146681 2155
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P~~YA~~~~ M~~A~A~~~~~M p~S~~~ ~~~A~~~P~~~~~ N 5 T3u-nBC ~M3

THn KOT4a: TTM-I59/CO (E-220/roo-rM)
npO",OA.eHHe

J!aTa BPPftSl H:l- TeftnepaT~pa ~fta. rpa", C TeH-pa ropsl- TeH-pa 'Paape-
HCM1T<\HMK ftPPP-HHM "ero B03"'9jXa nllTaTe- .eHHe B

"aC·HHH R nOB.KaHepe nOCAe B3 "'0 psn nocJle Plm rpaA C .libHOM TOnKe.
ROAN. 2

C4e- cnpa- CAe- cnpa- CAe- cnpa- CAe- cnpa- CAe- cnpa- rpa", C K'rc/M
Ba Ba aa Ba Ba aa aa Ba aa Ba

2.09.92 12srao 45 470 510 275 27"3 250 125 255 130 215 215 -
13"ao 25 470 505 275 272 250 125 255 130 220 220 -

17.0q·q2 12"ao 45 470 4qo 265 260 250 125 250 125 205 210 -
1~"ac 15 470 485 260 260 250 125 250 125 200 210 -

tfl.OQ·Q2 Q"ac 15 475 4Q5 275 275 270 120 250 125 215 220 155
Q"ac 45 470 4QO 275 278 265 125 260 125 205 215 152

10"ac 15 470 4QO 280 275 265 125 2F-0 130 210 220 154
10"ac 45 470 485 280 277 265 125 2f,0 125 210 220 154

~.10.Q2 10"ac 00 470 500 270 272 260 265 230 145 210 215 150
10"ac "30 480 510 272 272 265 255 240 145 205 215 150 III ..ac 07 470 505 272 274 260 260 2?0 135 205 215 154



P~~YA~~~~~ -~CA~A~~~~~M p~~~~~ ~~~A~~~p~~~~a N 5 T3u-nBC ~M3

THn KOTAa: TrM-I59/CO(E-220/IOO-TJvl)

I I I , , ,
AaTa BpPft'" M3- 'PaC'lCOA Ton .II MBa Rapo- JlaBne- Teft-pa PaC'lCOA COCTaB ~nOBN'lC ra30B
HClIt-l- nep~HMM npOM3- HMe R neper- ROAN,
TaHMH "lac.nHH nplIPo./tHHii KOKCOBNii AoneHHWH BOAM- f5apat'l:a- peTaro T/"l CO2 02 CO NOx

ra3 ra3 ra3 TeJib- He, napa,
HOCTb, KrC/CM2. rpaA C 3

3 3 3 T/"laC "De: "05 Yeoe: nr/Hn
'1"I-,c·"" TenA· '1"I-1C.H1I ,...nJi· '1"1-10. H1I Tenn·

B 'IrlC .Aong B "lac AOng B 'lac AOJiR

I2.09.92 12'1ac 45 - - 0,20 0,0132 73,0 0.9867 tiS 83.0 460 - 14,5 1'3,8 0,001'3 104
1'..ao 25 - - 0,20 0.01'38 70.0 0.9862 tl5 8'3,0 465 - 14,3 14,7 0,0010 102

17.09.92 12'1ac 45 0,1 0,0117 1,55 0,0942 72,0 0,8941 93 8'3,0 465 76 10,2 12,8 0,0008 102
1~..ac 15 0,1 0,0126 1,80 0,1179 65,0 0,86Q5 89 8'3,0 465 qo 6.4 16,2 - 8'3

18.09.92 9..ac 15 0,1 0,0156 - - 60,0 0,9845 87 8'3,0 460 80 9.2 1'3,4 - 104
9'1"c 45 0,1 0,016~ - - 57,0 0.98'37 87 8'3.0 460 as 6,8 15,6 - 102

10'lac 15 0,1 0,0155 - - 60,0 0,9845 sa 8'3,0 455 77 9,4 1'3,4 107-
10..ac 45 0,1 0,0155 - - 60,0 0,9845 87 82,5 460 85 6,8 15.4 - 85

~.09.92 10..ac 00 - - 0,20 0,0155 62,0 0,'*144 100 82.2 465 - - 16,0 0,0020 188
10..ac '30 - - 0.20 0,0155 62,0 0.9844 100 82.2 465 - - 17,0 - 156
II ..ac 07 - - 0,20 0,015'3 6'3,0 0,9847 100 82,2 465 - 17,0 107

~
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P~~y~~~a~~ _~~~~A~~a~~H pa~~~~ ~~~~~a~p~~a~a N 4 T3u-nBC nM3

THn KOTna: BK3-1~0-100n

npOJlOn.I?HHE'

naTa P1"P"Sl Ha- Jlaltn£OHHI? Te...nepaT".Jpa JIlIHa 1 rpaJl {" TeH-pa rnpst- T£OH-pa PA3pe-
HcnHTaHHiii "£Op£OHlnl 1t1Y1J1".JTa HO' 'fern S03J1".Jxa nHTaTE'- .eHlle ft

'faC-""H rnpPHHe ".J AHHococa aa B3 aft Bn rpaA {" nbHoiii TOnKe,
BnJIN, 2

cne- cnpi'\- cne- cnl''''- cne- cnpa- cnl?- cnpa- cne- cnpa- rpaA C Krc/l1
Ba sa Ita 8a aa Sft sa sa aft aa

15.12.92 ~'fac ~O 110 105 1~5 135 "340 340 - - 260 - 160 4
10'fftC 00 105 105 - - 350 350 - - 260 - ISO 4-5
10'fftc 00 110 110 140 140 360 360 - - 240 - 150 4-5
tt'fac 00 110 110 11':.0 IF-O ~BO "3BO - - 270 - 150 3-4
llttac "30 110 110 IF.,O 160 340 340 - - 270 - - -

16.12.92 ~ttac 00 110 110 1"30 1~0 '360 '360 - - 260 - ISO 4,5
~ttac "30 120 120 140 140 360 360 - - 260 - 150 6

10ttac 00 110 110 150 150 340 340 - - 250 - 160 6
10ttac "30 17.0 120 140 140 "360 "360 - - 250 - 150 5
11 ..ac 00 110 ItO 140 140 "360 "360 - - 250 - 150 -



P~~~n~~a~~ _CC~~A~~a_~~ pa~~~~ ~~~~~a~p~~~~a N 4 T3u-nBC nM8

Tllln KOTila: FK~-I~O-IOOn

fiaTa P-p"Pln, 1113- PacYOA Ton Il III a a napo- naSJJe- Te"-pa PaCXOA Co~aB ~1"OBNX ra30B
IIIcmJ- "epPHHH npOlll3- HHP a nepP.r- BC~I,

TAHHH '1ac·"H" npMpoJtHUK KOKCOBHH AO"eHHNH BOA1I- ~apa~a- peTarO TI'I CO2 02 CO MOx
ra3 ra:3 ra:3 TPllh- He, napa,

HOCTh, l1nA rpaA C :3
3 3 :3 or/'1ac ~ce: "oe; "Ci'> Hr/H"

TNr:·H" TenJJ. TJ,tt:. H" Tenll. "I"NC.H" TenJl.
B 'lac AOIl51 B '1ar: AOIl'il B ..ar: AonSl

15·12.<)2 <Mac "JO "J,2 0,287 0,0 0,0 75,0 0,'713 115,0 86,0 520 100 10,0 - - 231,2
10.."c ()() ~,2 0,2B'7 0,0 0,0 75,0 0,71~ 115,0 86,0 520 <)8 12,2 - - 306,3
10.."c "JO 'J,5 0,"t1"J 0,0 0,0 72,5 0,687 120,0 80,0 525 ~ 10,6 - - 245.1
11..ac 00 3,4 0,:H4 0,0 0,0 70,0 0,686 115,0 80,0 520 98 12,0 - - 2~1 ,2
I I 'lac 'JO 3,4 0,307 0,0 0,0 72,5 0,69"J 120,0 BO,O 520 as 9,4 - - 1R3,B

16.12.92 ~ar: 00 ~,B 0,"tB4 0,0 0,0 57,5 0,F-16 as,o 84,0 540 - <),4 1"t,3 - 2'31,2
<Nae "to "t,0 0,"t84 0,0 0,0 50,0 O,l'"tq 80,0 BO,O 525 70 7,4 16,0 - 250,0

10..Ac 00 2,4 0,2<)1 0,0 0,0 55.0 0,709 85,0 80,0 525 - 8,e. 14.0 - 156.2
10'l""c "'0 2,2 0,2<)"t 0,0 0,0 50,0 0,707 BO,O 80.0 520 - 7.0 15,4 - 154,2
II ..ae ()() 2,2 0,2<)'J 0,0 0,0 50,0 0,707 80,0 80,0 520 55 B,2 - - 15<),8

--" ,
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P~~9~~~a~~ -~~~~A~~~~~M pag~~~ ~~~~~a~p~~a~a N 3 T3u-nBC ~M3

THn KOTAa: FK3-75-~9'~

npOAOA.eHlle

flaTa Bp~lI~ Jla- TellnepaT~pa ~lIa, rpaA C Tell-pa ropSi- Tell-pa Paape-
HCnHTaHHM IIPpeHHH 'fero DDaAOJxa nHTaTe- .eHJle s

'faC·IIHH !JIC·raaos aa IIC:T.B3 aa IIC:T.Bn aa ICT.B3 aa ICT.Bn rpaA C JlhHOM TOnKe,
SOAH, 2

nne- cnpa- CAe- cnpa- cnE!'- cnpa- cne- cnpa- c.ne- cnpa- c.ne- cnpa- rpaA C Krc!M
sa sa sa sa sa sa sa sa sa sa Ba Da

2.09.92 lllfac 50 585 595 415 4~ '370 '380 225 220 160 If-5 345 365 104
12lfan '15 5"'5 575 410 425 '16'5 '37'5 225 20'5 160 16'5 '340 '365 104

'1.09.92 9lfac 1'5 540 550 '390 410 '345 '355 21'5 200 145 150 '325 340 104
9'far.: 45 535 545 '385 405 '340 '350 215 200 145 150 '320 ~5 104

10'fBC 50 540 565 '395 420 '3'50 "365 220 205 155 160 ~O '350 104

17.09.92 10lfac 45 525 550 '370 '395 '320 '325 200 155 120 140 '310 295 104
11 Ifar.: 1'5 535 555 "385 415 '34'5 '360 21"5 200 150 155 '320 '3'35 104
lllfan 45 525 550 '380 415 '345 '370 221) 210 160 165 '325 '345 104 4,0
12lfan 1'5 5"30 555 '385 415 '350 '370 220 205 160 165 TIO '3'50 104 '3,9

28.10.92 II'fac "30 565 560 410 420 '360 '370 22'5 210 165 165 '340 '35'5 104 2,'3
12lfac 00 570 565 400 42'5 '36'5 '370 225 210 160 165 '340 '355 104 2,6
12'fac 40 570 565 410 415 '365 '370 215 20'5 160 165 '345 '355 104 2,2

29.10.92 9'fac '30 545 5'35 '380 '380 '310 '315 195 175 1'30 1'30 290 '31'5 104 4,1
lO'fac 20 545 5"3'5 '380 '385 '310 '315 195 175 1'30 1'30 290 '315 104 4,2
lllfan 00 545 5'3'5 '380 '385 '310 '315 195 175 1'30 1'30 285 '31'5 104 4,4

4.11.92 lllfac "30 48"i 505 ~50 '37'5 "310 "3'30 190 175 140 140 295 "310 104 4,6
121far: 00 475 490 ~45 "370 ~05 "325 190 175 140 140 295 '310 104 '3,8



..),:>

P~~YA~~a~~ M~~A~A~~a~~M pa6~~~ ~~~A~a~p~~a~a N 3 T~I~-nBC nM3
\

THn KOTna: FK3-7~-~9'F

JlaTa BpellSl Mt!- Pac x ° A 'I' 0 n n MBa napo- JlaBne- Tell-pa PacxoA COCTaB AHIIOBHX rat!oB
HCIThI- IIepeHHM npoHt!- Hlle B neper- BOAl-It
TrlHHM 'filC·IIMH npHpOAHHM KOKCOBI-IM AOlleHHNii BOAM- 5apaESa- peTaro Tlq CO2 02 CO NOx

ras rilS ras Tenb- He~ napa,
HOOTh, Krc/c.M2 rpaA C S

t! t! t! T/qaO "05 1(00 ,,"01'5 IIr/HII
THO.HII Tenn· TNC.HII Ten1l. ",IC. HII TenJi.

B 'fao AonSl B qac AOJlSl B 'fac A01lSl

2.09.92 II'fao 50 - - 2~70 0,220 47,0 0~780 73,0 :56,0 450 - - 6~0 - 194
12'fao "35 - - 2,~5 0,198 46,5 0,802 72,0 36,0 440 - - 8,0 0,020 15'3

"'S.09.92 9qac 15 - - 1,80 0,178 40,5 0,822 66~0 :55,5 435 - - 10,1 0,002 14'3
9qac 45 - - 1, '35 0.181 40,0 0,819 64,0 :56,0 4'30 - - 11 .0 0.002 1'36

10..ao SO O.A 0,870 - - 50,0 0,1"'S0 6£...0 :56,0 440 - - 1O,? - 12'3

17.09.92 10'fac 45 ~." 0,245 - - 11,0 0.755 58.0 '36.0 440 - 12.4 7.0 0,002 18B

11'fi'JC 15 2.0 0,"3'32 - - '38.0 0,668 62,0 '36,0 440 - 16,2 6,6 - 107

11'filC 45 1.0 0,182 - - 42,5 0,B1B 60,5 '36.0 440 - 16,0 B.O 0.0015 96 I12'filC 15 0.56 0, I 10 - - 4'3.0 0,890 59,5 :56.0 440 - 16,B B.8 - 61

28.10.92 11qac ~o 1.4 0,2"'S1 0,"'0 0,028 42.4 0,74"'S 69,0 "35,5 440 - 18.0 6,0 - 13'3
12..ac 00 1,4 0,241 0,"30 0,027 40.0 0,7'32 70,0 '35,5 445 - 17,2 6,6 - 151
12'fillc 40 1,2 0,218 0,'30 0.028 '39.0 0,754 69,0 '36,0 445 - 17,2 6,6 - 11'3

29.10.92 9'fac ~o 5,0 0,980 0,20 0,020 0,0 0,0 65,0 '35,5 445 - 7,0 8,6 - 46'3
10'fac 20 5,0 0,990 O~ 10 0,010 0,0 0,0 #;'3,0 '35,5 450 - 7,0 9,0 - 4'38
11 ..ac 00 5,0 0,990 0,10 0,010 0,0 0,0 6'3,0 '35,5 455 - 7,0 9.6 - '31'3

4.11.92 11 ..rlo '30 - - - - '37,5 1,000 44,0 :55,0 420 - 15.6 7.6 - 25

12..ac 00 - - - - '37,0 1.000 41,0 '34,5 420 - 14,6 7.4 - 25
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DONETSK METALLURGICAL PLANT

1994
COST DATA

OCTOBER NOVEMBER DECEMBER

Natural Gas $65/1000 Nm3

Coke Gas Kp 500,000/1000 Nm3

Coke Kp 5,400,000/TON

Mazut Kp 6,500,000/TON

Water Kp 5,000/m3

DIscharge Kp 400/m3 (500 m3/Hr)

Electncity Kp 511/KWH Kp 1300lKWH 2050/KWH

Electnc Power 1993

Consumed 567,747,000 KWH

Produced 138,488,000 KWH

Kp = Ukrame Coupons



PROPOSED
by Deputy MInister of Enerb'Y and ElectnficatlOn

o M Sheberstov

APPROVED
by Deputy MinIstry of Economics

V M Kalnik

25. 1994

TARIFFS
on ElectriCity Generated by Energy Enterpnses under the Ministry of Energy of Ukraine

Valtd from A
J

Energy Enterpnses Two -part tariffs One-part tanffs, karblkW h

Demand Charge for Industry or Food- Electnfied Electrified Non- State
charge 1 kW h of treated similarly processmg rad road local industrial establish-
per I kW consumed consumers of industry transpor- transpor- consumers ments

electnclty the current up tation tation
karb per to 750 kVA
month Karb Group 2 Group 4 Group 5 Group 6 Group 7

I VinitskEnergo 240,000 1500 2000 1300 1800 1800 1800 1200
2 DneprEnergo 125,000 1000 1300 1200 1800 1800 1800 1100
3 DonbassEnergo 125,000 900 1300 1200 1800 1800 1800 1100
4 KIevEnergo 150,000 1400 1800 1400 1800 1800 1800 1300
5 CnmeaEnergo 240,000 1900 2200 1400 1800 1800 1800 1300

6 LVlvEnergo 240,000 1400 1800 1400 1800 1800 1800 1300
7 OdessaEnergo 240,000 1400 1900 1300 1800 1800 1800 1200
8 KharkivEnergo 125,000* 1200* 1500* 1300* 1800* 1800* 1800* 1200

*The ecological supercharge of 5 % have to be added to these tanffs

Notes ]
2

3

The existmg rules on settltng of energy purchases are valtd
The tanffs for electriCity consumed by the district heatmg system, and domestic hot water system are
750 karblkW h -- dunng the time oflow night consumption
3490 karblkW h -- during any other hours
The hmlts for monthly e1ectnclty consumption by consumers are canceled

Director of the department of prices
on the production of enterpnses of energy. chemical,
metallurgIcal, and construction materials industry o I Gndasov

~f'.



PROPOSED by
Deputy MIruster of Energy
and ElectnficatlOn

o M Sheberstov

APPROVED by
Deputy Ministry of
Economics

V M Kalmk

TARIFFS
on Thermal Energy Generated by

Energy Enterprise ofMinistry ofEnergy ofUkrame

Valid from August 25, 1994
Karb Gc 1ovants per a

Energy Enterprises Industnal or ResIdential Enterprises, Greenhouses, hotbeds,
considenng Equal to small mdustnal and Agriculture
Industry Sectors (not commercial enterpnses
shown mto the other Group 2
Groups)

Group 1 Group 3
1 VimtskEnergo 639,800 95,000 397,500
2 DneprEnergo 1,433,200 95,000 556,500
3 DonbassEnergo 678,000 95,000 397,500
4 KIevEnergo 1,123,900 95,000 556,500
5 CnmeaEnergo 1,552,500 95,000 556,500
6 LVlVEnergo 510,200 95,000 420,000
7 OdessaEnergo 1,643,400 95,000 556,500
8 KharlavEnergo 1,274,100 95,000 397,500

Notes 1
2
3

The existing rules on settling of energy purchases are valId
Value added taxes are not included in these tariffs
The tanffs introduced from March 1, 1994 are canceled with the introductlOn of
new ones

DIrector of the department
of pnces on the productIon ofenterpnses
of energy, chemical, metallurgIcal, and
construction matenals mdustry o I Gridasov



WORLD BANK DATA FOR NATURAL GAS

$3.5 - $8 / 106 BTU by 2010
$110 - $250/ Thousand Cubic Meters (TCM)

OPEtJ rt'&ft '-~lJ <$E'1"rlt' CHdlJ(,.ti :r'ItN 4 1995'""

CRUDEOIL(HYME) )
1,000 bbl.; doOars per bbl.

Feb 11.70 11.82 11.41 17.44 - .32 86,446
Mar 17.68 17.79 17.40 11.41 - .30 56,027
Apr 11.72 17.77 17.44 17.45 - .28 22,884
May 11.76 17.76 11.48 11.49 - .26 13,421
Prevo vol. 48,471; Prevo day's open int.354,416 unch
HEATING OIL (NYME)

42,000 gallons; cents per gal. '
Feb 51.30 51.60 49.90 49.94 - 1.29 48,040
Mar 51.00 51.26 49.65 49.69 - 1.21 25,138
Apr 50.25 50.40 49.05 49.14 - 1.11 15,418
May 49.60 49.70 49.10 48.64 - 1.06 8,203
Prevo vol. 41,196; Prevo daY's open int.132,743
- 6,293
UNLEADED GASOLINE (HYME)

42,000 gaUons; cents per gal.
Feb 53.60 53.90 52.65 52.75 - 1.03 19,676
Mar 53.30 53.50 52.55 52.69 - .83 10,195
Apr 56.25 56.25 55.25 55.38 - .98 10,786
May 55.75 55.75 54.90 54.83 - .95 5,742
Prevo yol. 23,643; Prevo ,jay'sopen int.53,203 - 3,694
NATURAL GAS (HYME)

10,000 mm british thermal units
Feb 1.760 1.795 1.680 1.683 - .042 27,928
Mar 1.770 1.790 1.675 1.681 - .052 17,632
Apr 1.720 1.739 1.655 1.644 - .049 9,na
May 1.710 1.730 1.650 1.644 -.044 9,483
Prevo Yol. 11,425; Prevo daY's open int.133,834
+ 1,668



June 2 199"

ENERGY PRICE UPDATE
End-use energy prices for OECD Europe

Source OECD, third quater 1993, lEA Stallsltlcs Energy Prices and Taxes

year of year of
units pnce estimate units price estimate

Gasolme SUS/liter 0988 1992 -i> Heavy Fuel all $US!1000 liter 13743 1991<1-
SUSI!oe 12205 1992 for utlll1les SUS!toe 1432 t991

Diesel Fuel SUS/liter 0623 1992 Natural gas SUS!10"7 kcal 17054 1991
SUSI!oe 712 1992 for lndusl7y SUSltoe 1895 1991

light Fuel all SUS/1ooo liter 31246 1992 -\> Natural gas SUS!1 0"7 kcal 14548 1991<J-
lor 1'ldusl7y SUSI!oe 3632 1992 for utliltles SUS/toe t616 1991

LIght Fuel all SUS/1ooo liter 401 27 1992 Natural gas SUS/l 0"7 kcal 4907 1992
lew household' $USI!oe 4683 1992 for households SUSltoe 5452 1992

Heavy Fuel all SUS/1ooo liter 151 08 1992 Steam Coal SUS/tonne 10341 1991
lor 1'ldusl7y $USI!oe 156 5 1992 for Industry SUS/toe 1543 1991

-I> Steam Coal SUS/lonne 802 1991<4-
for Ulllnlea $USltoe 1373 1991

Electrtcrty SUS/kWh 0076 1991
for I'ldusl7y SUSI!oe 887 1991 "
Electrtcrty SUS/kWh 0138 1991
for households SUS/toe 16077 1991

Eg/A.;II,d~f

TOE = Tons all Eqlupaum1

MAZUT

$13743
~--x

1000 I

3785
gal

galx------=------x
834 lb x 1 015 speczjic gravIty

2204 lb

tonne

$13543

metrIc tonne

NATURAL GAS

$14548

Iff keal

252 161 cal

BTU

keal
x -- =

1000

$3668

106 BTU



WORLD ENERGY PRICES

OECD - EUROPE

Sector Fuel US$/toe US$/mmBtu US$ per notes
Transport

Gasoline 1,107 28 086 htre 1
Diesel 661 17 058 litre 1

Industnal
Light Fuel 011 290 7 383 tonne 2
Heavy Fuel 011 151 4 158 tonne 1
Electnclty 742 19 0064 Kwh 3
Natural Gas 151 4 141 km"3 4
Steam Coal 128 3 90 tonne 3
Coking Coal 92 2 58 tonne 3
Thermal 298 8 30 Geal 5

Household
Electnclty 1,282 32 0110 Kwh 3
Thermal 436 11 44 Geal 5

Source lEA, 1991, lEA Statistics, Energy Pnces and Taxes,
Second Quarter 1991, OCDE/OCED Pans, pp 283-298

no~es
1
2
3
4
5
6
7

comments
02 1991 OEeD Europe pnce
03 1991 Danish pnce, similar to OEeD Europe Pnce
1989 OEeD Europe pnce
1988 OEeD Europe pnce
per diScussion at RMA meeting
021991 pnce
1990 pnce



APPENDIX E
Organization Chart
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APPENDIX F

List of Contacts Made in Facility



CONTACTS MADE DURING AUDIT
November 7-17, 1994

Donetsk Metallur&ical Plant

Vladimir Tereshenko - Director

Boris Krikunov - Deputy Director

Gergi Morozov - Chief of Dept. International Affair

Michael Ovsanikov - Deputy Chief Engineer, Energy

Sergi Nikitin - Chief of Power Plant

Oleg Shebanov - Principal Thermal Engineer

Anatoly Gurev - Deputy Chief, Power Plant

Boris Pavlov - Chief of Electrical Laboratory

Gennady Abramovich - Chief Engineer, Water Supply

Vladimir Chebotarev - Chief Engineer, Power Plant

Vasili Ukrainski - Chief Electrical Engineer, Power Plant

Vladimir Donchenko - Chief of Electrical Department, Power Plant

Anatoly Levitsky - Chief of the Plant

Anna Strelnikova - Chief of Water and Gas Laboratory

Vladislav Tsukanov - Chief Technical Department
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APPENDIX G

Abbreviations and Units Conversions
Pipe Size Metric Conversion Table



AC
amps
atm
bar
BTU
cfm
em
em2

CO
CO2
DC
°C
Of'
oR
ECO
eff
ex air
ft2
ft3
Gcal
GJ
gph
gpm
GWh
H2
H20
H2S04
hectare
hectoliter
Hg
hr
Hz
J
kcal
kg
Kgr
Kgcc
kJ
kIn
kN
kp
kPa
kV
kVA
kVAr
kW
kWh
lbs

= alternating current
= amperes
= atmosphere = 14.696 pounds per square inch
= 100,000 pascals = 14.504 pounds per square inch
=British thermal unit
= cubic feet per minute
= centimeter = 0.3937 inches
= square centimeter = 0.155 square inches
= carbon monoxide
=carbon dioxide
=direct current ~

= degree CelsiusTrq =(5/~*(1fF1-32)
= degree Fahrenheit
= degrees RankineTrR] =1fF] + 460
= Energy Conservation Opportunity
= efficiency
= excess air
= square feet
= cubic feet
= gigacalorie = 1 billion calories = 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 calories = 3.968 BTU
=kilogram = 2.2046 pounds
= kilogram
= 7,000 kcal = 27,776 BTU
= kilojoules = 1 thousand joules = 0.947813 BTU
= kilometer = 0.621 miles
= kilonewton = 1 thousand newtons
= kopeck = 1/100 mble
= kilo pascals = 1 thousand pascals = 0.14504 pounds per square inch
= kilovolts = 1 thousand volts
= kilovolt-amperes
= kilovars = 1 thousand volt-amperes (reactive)
= kilowatt = 1 thousand watts
= kilowatt hour = 1 thousand watt hours
=pounds



liter
m
m2

m3

rnA
MCal
metric ton
mg
min
MJ
MM
mm
MPa
MVA
MW
MWh
NG
DID

Nm3

NOx
O2
P
PC
ppm
psi
psig
R
s
S02
sq it
Teal
T
TPS
V
VA
VArs
VSD
yr

= 0.2642 U.S. gallons =0.03531 cubic feet
= meter = 39.37 inches
= square meter = 10.76 square feet
= cubic meter = 3531 cubic feet
= milliampere = 0.001 amperes
= megacalorie = 1 million calories
= 1 thousand kilograms = 1.1023 U.S. tons
= milligrams
= minute
= megajoules
=million
= mi11irneter = 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 million
= pounds per square inch
= pounds per square inch (gauge)
= ruble
= second
= sulfur dioxide
= square feet
= teracalorie = 1 trillion calories = 3.968 billion BTU
= temperature
= Thermal Power Station
= volts
= volt-amps
= volt-amps (reactive)
= variable speed drive
= year



PIPE SIZE METRIC CONVERSION TABLE

Diameter

Nonllnal Sin Outside Diamet!r Nominal Slzt 0utsIdt 0iImttt'

Milhmetres Inches Milbmetm Inches Millimetres Inches Millinmres lnetlts

6 * 10.3 0.405 350 14 355.6 1••1m
a % 13.7 0.540 400 16 406.4 16••

10 ~ 17.1 0.675 -450 18 457.2 WWJ
15 * 21.3 0.840 500 20 508.0 20.(0)
20 % Z6.1 1.050 550 22 S58J 22.lQ)
2S 1 33.4 1..315 600 24 0.6 24.000

32 ttl 42.2 1.660 650 26 6tiO.4 26.a
40 1~ 48.3 1.900 700 28 7112 28.000
50 2 60.3 2.37S 7SO 30 762.0 JJ.tm
65 2* 73.0 2.875 800 32 812.8 32••
80 3 88.9 3.SI1I 850 34 863.6 M.D
90 3'h 101.6 4J1Xt 900 36 914.4 36.1X»

100 4 114.3 4.500 950 38 965.2 3I.1m
125 5 141.3 5.563 1000 40 1016.0 4O.(DJ
150 6 168.3 6.62S 1050 42 la66.8 WDJ
200 8 219.1 8.m 1100 44 1117.6 4U'O)
250 10 273.0 10.750
300 12 323.8 12.1SJ

Wan Thickness
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2.31 .091 5.54 .218 9.53 .375 23.01 .906
2.41 .D95 536 .219 lOJI •• 23.83 .931
2.77 .109 5.74 226 10.97 .432 24.61 .969

-2.79 .110 6.02 .237 11.01 .436 25.40 l.em
2.87 .113 6.35 .250 llJ3 .438 26.19 UJ31
2.90 .114 6.55 .258 11.91 .469 ».19 1.094
3.02 .119 7.01 .276 12.70 .500 28.S8 1.125
3.01 .121 7.04 :J.11 14.02 .552 29.36 1.156
120 .l26 7.09 m 14.27 .562 30.96 1.219
3.38 .133 7.11 ..280 15.09 .594- 32.54 1.211
3.56 .140 7.14 .211 15.88 .625 33.32 1.31%
3.68 .145 7.62 .300 16.66 .656 35.71 1.406
3.91 .154 1.80 J01 17.12 .67-4 38.10 1.500
3.96' .156 7.'11. .3l2 17.48 •• 44,45 1.750
4.55 .179 8.08 ,318 11.26 .n9 SlIJ ZJDJ
4.78 .188 8.18 .322 19.05 JSD
4.85 .191 8.38 .330 20.62 .8l2
5.08 .200 8.56 J37 2U4 .au

~ .
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1. Donetsk Metallurgical Plant

Donetsk metallurgIcal plant was founded m 1872 and now It is one of the oldest ferrous
metallurgy enterprises m Ukrame. At that remote year, the first blast furnace was started up
In 1917, there already were functlOmng 7 blast furnaces, 10 open-hearth furnaces and 20
puddlmg furnaces, 2 acid Bessemer converters, blooming mill 900/170, Lauth three-high mill,
jobbing mills 250, 350 and 400. For many years of its operatIOn, the plant experienced several
modermzations and upgradings. And now, despite its consIderable age, the plant rapidly
develops and speCIalizes in production of high-grade steel. For the time of its existence the plant
was leading in mtroduction of advanced metallurgical technologies and after familiarization
spread them throughout the branch enterprises. The followmg are several examples of it.

In 1951, for the first time m the country, the system of evaporative cooling was implemented
m the open-hearth furnaces workshop Now this system is successfully used not only in
metallurgy but also m other branches of industry where an effective cooling of equipment is
needed. For elaboration and introduction of this new cooling system, the group of the plant
metallurgists were awarded WIth State reward.

In 1960, for the first tIme m the country, the technology of natural gas use for cast iron smelting
was mtroduced in the plant. For thIS achievement some employees of the plant were given the
Lemn award.

Also m 1960, for the first time in the world, the productIOn facilities of contmuous steel castmg
was started up m the plant and these facilities are still in operation

In 1968, a umt for cast-iron desulfunzatlOn was started up whIch made it pOSSIble to produce
world-standard-qualIty cast Iron

In 1974, a new deSIgn of chargmg umt was introduced in the blast furnace workshop that made
It pOSSIble to mcrease reliability 4-5 fold. That deSIgn of chargmg unit was introduced to other
related enterpnses.

In 70's, the fundamental plant updating was initiated. In 1974, a new cogging mill started
workIng. In 1978, the largest m Ukraine high-powered electric steel furnace workshop came
mto operation. It resulted in a sharp increase of very efficient bearing steel productIOn.
Production of special purpose steel also mcreased.

In 1981, for the first time m the metallurgy, an equipment for coal dust mJectIon into blast
furnace came mto operatIon that resulted in sharp reductIon of coke consumption For the
introductIon of that technology, a group of the plant employees was awarded with State reward.

In 1982, an evacuatIOn umt was mstalled m the electnc steel furnace workshop and the
technology of vacuum steel treatment was Implemented. Use of thIs technology Improved the
qualIty of cntIcal grades of steel



In 1985, the largest in Ukrame workshop for exothenmc slag-fonning mixtures used during steel
castmg came mto operatIon.

At the present time the plant COnsIsts of blast furnace workshop (2 blast furnaces WIth working
capacIty 1033 m3

), open-hearth furnace workshop (6 open-hearth furnaces with capacity 150
tons), electnc arc steel furnace workshop (2 electnc arc furnaces with capacIty 100 tons each),
coggmg mIll workshop (contmuous billet mIll 950/900), sectIon rollIng workshop (lIght-section­
250 and medium-sectIOn-350 and 400 merchant mIlls) and sheet rolling mIll (2300 mIll)

Apart from the main productIOn workshops, there are power supply workshop, mamtenance
workshops, scrap metal reprocessmg workshop, raIlway and transportatIOn sites, synthetic slag­
fonnmg mixtures productIOn workshop, plant storehouses for raw and other matenals storage

The plant is specialized in productIOn of merchant shapes and sheet metal, billets of construction
and alloy grades of steel that distmguish thIS plant from any other metallurgical plants in Ukraine
(except "Dneprospetzstal") producmg conventIonal grades of rolling steel. The analysIs, carried
out by the UkrNllmet" research mstitute and related to rolled steel consumption in Ukraine and
CIS countries and the prognosIs for thIS consumption in future showed a stable demand for high­
quality rolled steel DMZ assortment, taking into account the growth m demand of machme­
constructing enterpnses.

According to specialIzatIOn, the merchant mills 250, 350 and 400 produce simple and shaped
sectIons: round, square, hexahedral wIth dimensIOns 12-65 mm , strIp and spring steel (5­
25 mm. thick and 22-160 mm wide), shaped sections for automobIle constructIon, ship-building,
coal mming, agnculture, road machme construction And the plant IS the only supplier of many
of abovementioned Items.

Sheet rollmg mIll produces sheets 5-20 mm thICk, 1250-1800 mm wIde and 7 m long Coggmg
mIll 950/900 produces merchant shapes 135 mm, skelps and round billets 120-220 mm

In 90's, a general overhaul was started m the plant WhICh was caused by a senes of reasons'

1. Poor ecological SItuatIOn m the region.
2. Low effIciency of fuel and energy consumptIon by eXIstmg metallurgIcal

technologies and equipment
3 NeceSSIty to increase the profItabilIty of production withm market economy

conditIOns

Dunng the elaboratIOn of overhaul, plant deSIgn experts together with "Lengipromez" InstItute
designers worked out the scheme of rehabIlItatIon in a way that new efficIent productIon faCIlitIes
would be the sources for the whole plant overhaul financmg and at the same tIme could meet
the consumptive market reqUIrements As the first step of the rehabilitatIOn, a modem
production of coIl springs for passenger cars was chosen They were going to be produced from
the plant rolled products. The need for these sprmgs IS both in Ukrame and abroad. An
mtentIOn was also to produce thin-walled pIpes, pipes for gas and water and on theIr baSIS



different grades of metal products To make the products competitIve on the world market,
some foreIgn compames known as leaders In the production organization were recruited for this
work.

In August 1994, a workshop for thin-walled, water and gas pipes was started up The workshop
was constructed with the partIcIpatIon of Canadian, AmerIcan and ItalIan companies In the near
future the production of coIl sprIngs for passenger cars WIll come Into operatIon Production
facilities are constructed under the deSIgn of German company "Hoiser".

Simultaneously WIth constructIOn of new workshops for productIOn of flmshed products, the
design for steel smelting workshops rehabilItation is beIng carried out. The consortIUm of
German companies "Korf Lurgi" and "Mannesmann Demag" has already prepared a preliminary
project for open-hearth furnaces workshop rehabIlitatIon. German company "Fuks" executes a
project engineenng for electnc steel furnaces workshop rehabilitation. Suggested works will
make it possible to reduce the consumptIon of power 2 times and natural gas almost 10 times
In fact, there will not be any detnmental wastes. At the same tIme, the pOSSIbilities for high­
qualIty grades of alloy steel will be extended

Even now, thanks to IntroductIon of new devices and technology, one can notIce a consIderable
extensIOn of the products range in the rollIng production. As for suggested measures for rolling
mIll workshops rehabilitatIon they will help to a great extent to meet UkraInian and other
consumers demands for hIgh-qualIty rolled products WIth low quantity of by-products

So. due to the rehabilitatIon In the near future, the plant will become a fully renovated. effectIve,
competItive and ecologically safe enterprIse specialIZed in production of high-quality rolled
products from alloyed steel grades and other products necessary for UkraInian economy

PLANT OUTPUT
(Thousand Tons)

Product Name 1992 1993

ConverSIOn cast iron 1191.9 1003.3
Steel 1297.3 1129.9
Merchant rolled products 1046.3 9229

There are 9400 employees at the plant (01-10-94)
24 hours workmg day, WIthout days off



2. Concept of the Donetsk Metallurgical Plant Development

Ferrous metallurgy IS one of the major, basIc branches of the Ukrainian national economy

Share of metallurgy m industry'

Commercial ProductIOn
Capital assets
Number of employees
Power Consumption
Fuel Consumption

- 13.4%
- 13.0%
- 65%
- 156%
- 142%

From 1988 to 1993, the production of mam kinds of metal products declmed by more than 30%
And m 1994, the declme m productiVity still goes on.

Due to the following reasons the general situation m the ferrous metallurgy sector may be
defined as crItical.

1. Contmuous ageing of capital assets.
2. Low efficiency of fuel and energy use
3. Poor ecological situation m large mdustnal centers

All these factors are also typical for our plant That IS why the baSIC technIcal re-equipment was
mitiated m 1990. It was caused by the followmg factors

1. Capital assets approaching end of useful hfe
2. Unfavorable ecological SituatIOn
3. Energy sources CrISIS
4 Need to mcrease productIOn profitability under market economy conditions

Present Situation

At the present tlffie, the Donetsk plant consists of blast furnace workshop (2 blast furnaces with
working capacity 1033 m3

), open-hearth furnace workshop (6 open-hearth furnaces with capacity
150 tons and slabbmg mIll UNPS), electnc steel furnace workshop (2 electnc steel furnaces WIth
capaCIty 100 tons each), coggmg mIll workshop (contmuous bIllet mIll 9501900), sectIon rollmg
workshop (hght-sectIon-250, medium-sectlon-350 and 400 mIlls) and sheet rolling mIll (2300
mIll)

Production and estimated CapaCItIes are given m Table 1.



TABLE 1

Workshop Estunated CapacIty Production Capacity
(th. ton) (th. ton)

Blast furnace workshop 1138.0 1273.0
furnace 1 569.0 639.0
furnace 2 5690 639.0

Open-hearth furnace workshop 9450 945.0
UNPS 310 0 310 0

Electric steel furnace workshop 460.0 460.0

Cogging mIll workshop 14250 1396.0
(commercial) 530.0 579.0

Sheet rollmg workshop 520.0 600.0

SectIon rollmg workshop 3650 480.5
400 mIll 120.0 163.5
350 mill 1200 157.0
250 mill 125.0 160.0

The plant IS specialized m productIOn of merchant shapes and sheet metal, billets of ordmary,
constructIOn and alloy steel grades

According to specialIzatIOn the merchant mIlls 250, 350 and 400 produce simple and shaped
sectIons: round, square, hexahedral with dunensions 12-65 mm, strip and spring steel (5-25 mm
thIck and 22-160 mm WIde), shaped sectIons for automobile construction, ship-bUIlding, coal
mmmg, agnculture, road machme constructIon And the plant is the only supplier of many of
abovementIOned items

Sheet rolling mill used for productIon of sheets 5-20 mm thick, 1250-1800 mm WIde Coggmg
mill 950/900 used for productIon of square billets 120-180 mm and round billets 120-220 mm.

The pecuhanty of the plant is the onentatIon towards high-qualIty production mcluding rolled
products of beanng, coIl sprmg, chrome and other alloyed and speCial steel grades m relatlvely
SImple assortment CIrcle, square, sheet, strip, sections for special purposes From the
UkrNllmet (research mstltute) pomt of VIew, such general orientatIOn of the steel smeltmg and
rolling Donetsk metallurgical plant (DMP) should contmue and develop to 2010 because the
demand for the plant rolled products has been steadIly growing for the last 10-15 years This
tendency IS expected to go on till 2010 and further.



TABLE 2
Table of capItal assets life (for 01-02-94)

Name of EqUIpment
CapItal Assets

LIfe, (%)

Blast furnaces
Furnace 1 100
Furnace 2 100

Open-hearth furnaces 1-6 100
UNPS 100

Electnc steel furnaces
No 1 100
No.2 100
MIll 950/900 75
MIll 2300 100
Mill 400 965
Mill 350 87.8
Mill 250 100

With the purpose to determme an optImal conceptIOn of the plant development, a contest for the
best project was announced m 1990 In thIS contest several engmeenng institutions took part,
such as: Glprostal, UkrgIpromez, LengIpromez At the meeting of ScientIfic and TechnIcal
Council, a preference was gIven to the LengIpromez project and Its conception of the plant
development was taken as the baSIS The mam Idea of thIS conception was to increase the
competItIveness of the plant and to reduce the negatIve impact on the enVIronment. The scheme
of rehabilttatIon proVIded that new effICIent production faCIlitIes be the sources for the whole
plant overhaul financing and at the same tIme could meet the consumptive market demands As
the first step of the rehabIlttatIon a modem production of COlI sprmgs for passenger cars as well
as productIon of thm-walled pIpes, pIpes for gas and water and on their basis dIfferent kmds of
metal products were chosen After puttmg these workshops mto operation the rehabIlItation of
steel-smeltmg workshops WIll be carned out and then the rehabIlItation of rolling productIon (see
Table 3)

Expected perspective of the plant main workshops development.

Blast furnace workshop

Measures for technIcal re-eqUIpment IS mamly auned at the ecology unprovement, reductIOn of
coke consumptIon, upkeep of workmg eqUIpment m good operatmg condItion and productIOn of
speCIal cast tron for machme constructIon.

Blast furnace workshop conSIsts of two blast furnaces producmg conversion cast iron m amounts
of 1200 thousand tons The need for the blast furnace workshop operatIOn is caused by the
followmg reasons



to provIde the EOF furnace m the open-hearth furnace workshop WIth molten cast
Iron m amounts of 480 th tons.

to provIde electnc steel furnace workshop with molten and pig cast iron

to provIde machme constructIOn industry of Ukrame wIth converSIOn cast Iron of
high qualIty due to clean raw matenals use.

to produce blast furnace gas (taking into account the shortage of natural gas) that
IS the basIs of heat production in the plant. ThIS gas IS also used m Donetsk
coke-chemical plant

an equipment for coal dust mJection into blast furnace helps to achieve the lowest
consumptIOn of coke among metallurgIcal plants in Ukraine

updated furnaces desIgn and hIgh level of technologies, mcluding:

1 HIgh temperature, oxygen forced blasting,
2. HIgh pressure of blast furnace gas,
3. Two cast Iron tapping holes at each furnace,
4. EvaporatIve cooling of furnace shafts by means of steel thick-walled pIpes

spread WIth thermally stable concrete.

Open-hearth furnace workshop

Durmg rehabilitation, SIX (6) now workmg furnaces wIll be stopped and Instead of them, one
EOF furnace, made by German compames "Korf Lurgi" and "Mannesmann Demag" wIll be
mstalled DeCISIve factors for the chOIce of corresponding metallurgical technology are the
followmg

low energy capaCIty of the process due to complete utilizatIon of the exhaust gas heat,

the available electnc power m the region IS not enough for high capaCIty furnaces
construction m the workshop,

the scrap reserve m Ukrame and in the plant IS rather scarce,

the scrap consumption III the plant IS mgh because of the electnc smelting furnace
operatIOn,

consumptIon of the large quantity of molten and hard cast iron is preferable because of
low content of harmful alloys and hIgh energy capacity of cast iron,



•

•

•

the expected total productIon volume of about 700,000 tons of cast billets per year wIll
not allow the use of metallurgy production on the basIs of blast furnaces - oxygen
convertor because of hIgh capital and productIOn costs,

ecologIcal safety of the process
Table 3 Index of hard currency requIrements for technical re-eqUIpment of the Donetsk

metallurgIcal plant m 1992 - 2000 (mn /DM)

1992 1993 1994 1995 1996 1997 1998 1999 Total

Spnngs 013 27.3 16.8 - - - - - 44.23
production 0.2 440 26.6 70.8
workshop

PIpes and metal - 14.8 Q.A - - - - - 21.2
products 23.7 102 33.9
production
workshop

Open-hearth 025 0.31 1A 21.6 5.0 73.1 - - 165.56
furnace 0.4 0.5 5.4 346 8.0 17.0 2649
workshop + +
overhaul with W 10.6
installation of 82.0 170
EOF furnace

Electric steel - - l..2 30.3 U - - - 53 1
smeltmg 3.0 48.5 85 85.0
workshop +
rehabIlitatIon 156
with mstallatIon 250
of two-shaft
furnace of the
"Fuks" company

Installation of - - - 10 - - - - 10.0
spiral stand for 17 170
the mill 950/900

Mill 300 - - - - - - 75.0 750 1500
~20 0 ~20.0 240.0

Total 038 4241 44 1 61.9 QLQ 837 750 750 44409
0.60 68.20 70.20 90 1 98.5 340 ~20 0 [20.0 716.6



Table 4 Comparative characterIstics of open-hearth furnaces and EOF furnace operation.

Open-Hearth EOF Furnace
Umts of Furnace (2-8) (DesIgned)

Measurement 1993

Annual steel production ton 798750 740388

SpecIfic consumption· metal charge,
total including: kg/ton 11670 1174.2

molten cast Iron kg/ton 570 683.6
scrap kg/ton 500 419.4

Fuel and energy:

mazut kg/ton 265 ----
natural gas m3/ton 58.6 5.6
oxygen m3/ton 43 65.3
electric power kW/hour/ton 265 23.4

RefractorIes kg/ton 23.5 0.8

Refractory Mass kg/ton ---- 40

SImultaneously wIth the EOF furnace start-up, a ladle-furnace and casting unit (MNLZ) is to be
put into operation. The special construction of this casting unit was provided for slabs and
merchant bars productIOn

Electnc steel furnace workshop

Dunng rehabIlItation, two eXlstmg electnc arc furnaces wIll be replaced by tandem furnace with
two shaft-type heatmg systems for scrap and one 63 MW transformer

Table 5. Comparative charactenstics of now used electrIC arc furnaces and a furnace of "Fuks"
company

EXIsting situation After rehabilItation

Annual productIon (deSIgned) thousand ton 460 990
Transformer capacity, MW 2 X50 63
Power consumptIon, kW/hour/ton 600 325
Electrode consumption, kg/hour 5.65 2.5



Produced steel WIll be processed at the ladle-furnace and cast for billets at castmg umt (MNLZ).
BIllets will be cast of bearmg steel - 400 th tons 500 th tons of steel WIll be casted 10

merchant bIllets for "350 mIll" and 50 th tons will be casted when MNLZ is under repair

Produced steel assortment

beanng
sprmg (sIlIcon steel)
carbon steel
manganese steel
alloyed steel

Cogging mill works

From the "UkrNllmet" pomt of VIew, general technical level (taking mto account technologies,
equipment and qualIty of products) IS 1.2, that IS the technical level of rolled products productlOn
corresponds to high level 10 this branch of mdustry achieved at the best cogging mills of the
same capacIty The state of eqUIpment IS evaluated as "satisfactory" That IS why the following
directions of cogging workshop technical reequlpment were chosen

1 Wldemng the range of round rolled products by lessemng dIameters of bIllets This
measure is necessary for fIlling the round billets productlOn gap wlthm the lumts from
70 to 130 nun The most fast growth 10 demands for these dIameters is expected 10 the
near future in machine constructIon industry of Ukrame It WIll need round rolled
products of constructIon and alloyed steel grades.

ThIS widemng of assortment WIll be achIeved by means of the third stand installation at
the mill 950/900

The vanant of three-roll reductlOn stand-200 ("Mannesmann Demag") mstallatIon seems
to be the most technologIcally effective ThIS equipment makes possible usmg round
bIllets of about 200 nun 10 dIameter to produce 10 one operation fimshed rolled products
WIth dIameters 65nun, 120nun and WIth mstallatIon of a four-roll stand after the three­
roll stand - to produce square billets WIth SIde dlmenslOns from 55 to 110 nun.

In companson WIth a duo-reversmg mill- 750 this vanant has a number of consIderable
advantages, the mam of WhICh are

no need for mstallatlon of long and WIde front auxIhary table,

no need for mstallatlOn of lInk-cham support-manipulators before and after the
stand,

no need for pUlpIt



2 Posslbllity to improve the flmshmg, checkmg and package of the rolled products with
mstallatIOn of correspondent equIpment

Sheet rollmg mlll workshop

The techmcal level of the sheet rollmg mIIl-2300 (the UkrNllmet analysIs) IS lower than that of
mIIl-950/900 The rate of modem reqUirements correspondence = 0.93. The eqUipment of this
stand IS outdated and there are no effiCIent means for sheet rolled products thermal treatment

Demands for sheets (6-20 mm) produced by the mill-2300 is dimmishing due to conversion of
mihtary srup bUIldmg plants to other productIOn Other Ukralman and CIS metallurgical plants
producmg this type of steel sheets provoke a strong competItion for sales markets

There could be (elaboratmg now) the following dIrections for rehabilitation of sheet rolling mill
workshop:

1. ProductIOn of steel sheets certIfied according to European or Amencan standards

2. Wldemng of the mill-2300 assortment with sheets 2-5mm thick

3 To use more types of thermal treatment of rolled products.

4. To produce stnps 100-500mm wide for cold-rolled steel stnps production

5 To produce curved shapes and using them other metal products

Spnng production workshop (merchant shapes rolling faCIlitIes)

Merchant mllis - 250, 350 and 400 are worn out and have outdated main and auxiliary
eqUipment They are charactenzed by manual work at many technologIcal operatIOns and
insuffICIent quahty of fimshed rolled products. Because of tills, the first stage IS auned at
moderruzatlon of the mlll-250, which WIll produce mitial matenals for spring productIOn
faclhties to be started up m 1994. Then, construction of multisectIOn mIll 350-300 on the new
sIte The workshop will be speCialized m production of finished items for machine constructIon
- spnngs and coli sprmgs Construction of workshop for theIr production is executed by the
"HOlser" company The capacity of thIS workshop (two shIfts) WIll be 2 5 million springs.

Mamtenance workshop

Mamtenance workshop is brought to correspondence to reqUIrements of the main production
workshops of the plant

Exception IS a foundery workshop that should orgamze commercial steel castmg to be sold for
contracted pnces and the workshop of synthetIC and slag-formmg mixtures All the avaIlable
eqUIpment of thIS workshop should be used for construction materials productIOn to be sold for
contracted pnces



Energy supply workshop

Dunng techmcal re-equipment of energy supply workshop, special attentIOn will be paid to
thermal power plant and oxygen supply faCIlIties. The capaCIty of these facIlitIes should be
brought to correspondence WIth the reqUIrements of the maIn production workshops of the plant.

Transport (raIlway)

Almost all railway freIght turnover both external and Internal is executed by the railway
transport. There IS a developed network of tracks In the plant as well as the plan for its further
development.

The length of railways for one mIllIon tons of steel productIOn (specIfIc length) is more than 2.0
- 2.5 tImes than at SImIlar plants

The plant has the hIghest rate of freIght turnover WIth reference to produced steel.

CapaCIty, tons freIght/ton of steel production

Communar plant
Makeevka plant
Petrovskogo plant
Enakievo plant
Donetsk plant

12.7
12.7
11.6
9.2
15 3

One locomotIve operatIng efficIency IS the lowest compared to simIlar plants:

CapaCIty, thousand tons/year

Communar plant
Makeevka plant
Petrovskogo plant
Enakievo plant
Donetsk plant

733
632
650
535
523

This data is for 1991, but certaInly dunng elaboratIon of detailed deSIgn it is necessary to pay
attention to reorgarnzatIon and operatIon of raIlway and other transport

Ecology

During a process of workshops rehabIlItatIon there WIll be a tendency of consIderable
Improvement of ecology (Table 6)

Due to the fact that the open-hearth furnace workshop produces 50% of the plant waste gases
and there IS no reqUIred sarntary belt around it, In 1992, two of the most ecologically dangerous
open-hearth furnaces (No 1 and 4) were taken out of operation.



In 1994-95, two more open-hearth furnaces will be stopped (No 2 and 3) and m their places a
new EOF furnace will be constructed After cornrnisslOmng of the EOF furnace, the rest of
open-hearth furnaces w111 be stopped and as the result of this, pollution from waste gases will
be reduced by about 3 times (Table 3)

TABLE 7

Waste Gases 1993 After Rehabilitation

Dust 1244 122
CO 568 407
S02 428 204
N02 1031 517

Total 3272 1250

The start-up of new productlOn facilities m 1994 such as thin-walled pIpes, furniture workshops
and sprmg workshop wIll not mcrease the quantIty of wastes because all of the equipment is to
be mounted m the former production buIldings of the most polluted workshops of skelps
production.

As a whole for the plant, due to rehabilitation, the volume of waste gases thrown out to the
atmosphere wIll be reduced 2 times As for the most harmful pollutants such as NO~ - 4 3
tllTIes, SO~ - 2.3 times Waste gases thrown out to atmosphere by the open-hearth furnace
workshop will be reduced 2.6 tllTIes, which will let us improve the ecologIcal situation in
Leninskly and Voroshilovskly districts of the town.



THE DYNAMICS
OF CHANGES OF AIR POLLUTION THAT RESULT FROM REHABILITATION OF THE PLANT

TABLE 6

Total Discharge 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
t/year

Total 10,643 174 10,643 174 9,001 174 9,001 174 9,001 186 7,359 184 7,359 184 7,359 184 5,325 186 5,325 186

mcludmg

Particulate 3,224540 3,224540 2,709540 2,709540 2,709540 2,194540 2,194540 2,194540 1,286540 1,286540

O2 1,089077 1,089077 883977 883977 883 977 677 077 677 077 677 077 469077 469077

CO 3,130723 3,130723 2,919723 2,919723 2,919723 2,708723 2,708723 2,708723 2,693723 2,693 723

N02 3,020 818 3,020818 2,310 818 2,310 818 2,310 818 1,600818 1,600 818 1,600818 697 818 697 818

H2S 178000 178000 178000 178 000 178000 178000 178000 178 000 178000 178000

HF 0016 0016 0016 0.016 0016 0016 0016 0.016 0016 0016

steams of HCI --- --- --- --- 0006 0006 0006 0006 0006 0006

steams of H2SO4 --- --- --- --- 0002 0002 0002 0002 0002 0002

steams of NaOH --- --- --- --- 0004 0.004 0004 0004 0004 0004

,.-
o

c\
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3. DONETSK BOILER MONITORING INSPECTORATE

nnnp.t~k \.Ity

THE ORDER

May 16, 1994

To the head of the central heating and power plant (CHPP) - PVS DMZ
:::> I NIKttln

Basing on the Regulation on GGTN of the Ukraine, I, a dlstnct Inspector of Donetsk regional
bOilers monltonng Inspectorate A. A. Sophlschenko, together with an engIneer of the energy
department of DMZ L V. DerevJanko and at the presence of the head of the boiler shop A
V I"anenlo.u o':llld Ihi:l h~rld or Ihe Illa(.hnifs Sh(lP A F KllIijlikuv, ill fht:= fltmud ht'twt:=tm
16/05/94 and 18/05/94 earned out an Inspection of the state and safety conditIOns of
boilers 18895, 19414,20082,33049, 45675,
contamers 32670, 33114, 50658, 50879, 50880. 50881, 50882, 52557, M·172,
plpelmes 19135, 20320, 33048, 19134. 20319, 27686, 33046, 33162, 8298, 12556, 33047,
33408, 47667, 47666, 47689, 47673, 47690, 47691, 47668, 47716, 47715, 47797, 47798,
47799,47642,47770,47771;
cranes 18688, 15205, 32047, 21838, 31942, 42844, 42073

Purpose of the Inspection
"The state of bearing ropes of cranes as well as deVices preventIng their failing down from
pulleys "

1 AvaIlable protection systems are not
Included In the scheme of boilers
stopping § 17 41, PTE, article 6 7 1 of
"The Rules "

2 The bOilers (except for No 18895) are
not equipped With technological
protectIon systems that should stop a
bOiler In case the flame In the furnace
goes out Clause 2.4 4 of "The
Instructions on PrOViding ExplOSion
Safety of Baller Rooms" No 08-4/23­
1194 of 16/10/89

3 The bOIlers are not equipped With
technological protection systems that
should stop a bOiler If the pressure of all
burned gases and mazut decreases
SImultaneously Clause 2.4 4 of "The
j nstructlons "

- 1 -

According to a deCISion of ETK of the
plant , It IS necessary that a speCialised
organization be engaged m fufilment of
a project that determmes what kind of
protection systems should be Installed
at the plant, taking Into conSideratIon
the technological scheme of the plant
Term 3rd and 4th quarters of 1994

The same

The same



•
4 At the bOilers (except 18895 and 19414), The same

• there IS no technlcsl block-system that
prohibits starting up of the finng burners
Without a 10 minute ventilation of the
furnace Clause 2 4 4 of "The
Instructions "

5 At the bOilers No 3, 4, 5, the automatic The automatic regulatIOn system shaH

• regulation of the relationship "fuel-air" be put Into operation In the 3rd quarter
does not work § 3 to 6 of "The GUiding of 1994
DIrectIons on the Automatic Regulatton
Equipment"

6 There IS no schedule of replaCing of A specialised organization shall be
physically worn out medium pressure engaged In carrying out of a project of
boilers No 1, 2, 3 that have been In rehabilitation of the central heating and
operation for more than 30 years Letter power plant - PVS, takmg mto
UDO 02/31 of 05/02/87 consideration finlshmg of operation of

worn out bOilers

7 An overhaul of boiler No 4 has not been Operation of the boiler IS not allowed
earned out according to deCISions of the until either an overhaul has been
ETK of the plant No 58 of 15/02/93 and earned out or a specialised orgamzatlon
No 186 of 03/06/93. The deCISions of the has confirmed that the bOiler can
ETK have not been confirmed by a operate under reduced parameters
conclusion of a specialized organtzatlon

8. There is no conclUSion of a specIalised A technical diagnOSIs of the bOiler shall
organisation about a POSSibility of further be developed With a specialised
Operabon of bOiler No. 3 reg No 20082 organisation engaged
that has already been in operation for the Term 3rd quarter of 1994
nonnative number of years

9 On boiler No 5 a flaw detectIon of A flaw detectIon shall be earned out
cracks In places of welding of In-drum before an overhaul of the boiler IS

umts has not been earned out (a letter of complete
GGTN of the USSR No 15-1/264 of
27/04/90), an Inspection of the metal,
according to clause 2 of ''The Instructions
on Control of the Metal of BOilers," has
not been earned out 1-34-70-013-84

10 Due to unsatisfactory performance of The deaerators shall be repaired
medium pressure deaerators, the content
of oxygen In the feed water IS constantry
exceeded up to 0 1 mgll that results In

premature faIlures of economizer and
steam-overheating pipes of bOIlers No 1 r

2, 3 Article 8 2.1

- 2 -



On Containers

l'f

11 The term for operation of evaporators
No 50879, 50880, 50881, 50882 and
bOI~er No 32670 has expired (more than
20 years) ArtIcle 6 3 6. of amendment
No 1 of "The Rules II

12 A rehabilitation of deaeratars BVD reg
No 33114 and 50658 (according to a
recommendation of emergency
commiSSion No T~4/69 and Q-02-82(T»
has not been earned out

13 Personnel that operates contamers and
pIpelines has not been trained In the
OTO of the plant Article 7 2 2

It IS reqUIred that a specialized
organization diagnose the containers In

order to make a conclUSIon concernmg
a posslblllty of their further operation
Term 3rd quarter of 1994

The reqUired repair works shall be
performed dUring the repair penod of
1994

The personnel shan be trained In the
3rd quarter of -1994

On PIpelines

14 Accordmg to the attached plan, indicators
of movements are not avaIlable at steam
hnes No. 47770 and 47799. Article 2 52

15 The regIster of measurements of heat
movements IS not kept at steam hnes No
47770 Clause 4 6 of "The
MethodologIcal Directions on Control of
Heat Movements at Steam Pipelines of
CHPP"
RD No 3439301-87

16 A regIster of measurements of heat
movements IS not available at steam hne
No. 47797 Clause 43
RD No 3439301-87

17 Measurements In the regIsters at steam
hnes No 47798 and 47799 do not
cOinCIde WIth the desIgn parameters
Clause 4 4 of "The DirectIons "

18 There IS no numbenng at the Indicators
correspondIng to the Clause 3 8 RD

19. ReqUired InSCnptlons, coloured signs,
rating plates are absent at the pipelines
Artlctes 7 1 and 5 3 3

20 A diagnOSIng of bendrngs of steam hne
No 33047 that goes from ROU 100/33
No 9 has not been earned alit according
to letter No 166-0/92 of 15/04/92

- 3 -

IndIcators shall be rnstalled dunng the
repaIr period of 1994

Measurements shall be made and the
register shall be filled after rnstallatlOn of
mdicators

A register shall be started In 10 days

This shall be corrected '" 10 days

The same

The same

The bendmgs shall be diagnosed In the
3rd quarter of 1994



,-IJ/ , .L ...... v \oJ U

21 The metal of feed pIpeline 19135 has not
been fully controlled "The InstructIOns on
Inspections of Feed Pipelines of Steam
BOIlers"

22 Pipeline 19135 was not shown to the
boiler momtonng Inspector for performing
of a technical validatIOn after a welding

repaIr Article 5 2 3 v).

23 The 2nd 8SD steam hne reg No 20319
(the main steam collector) has not been
replaced because of high graphitizatIon
of the metal (conClUSion of PTP)

24 The administratIOn of the enterpnse has
not performed techmcal validations of the
pipelines since 1990

The required works shall be performed
dunng the repair penod of 1994

OperatIon of pipeline 19135 IS

prohibited

The hne shall be replaced dunng the
repair period of 1994

Validations shall be performed at least
once a year

OnC::n8S

25 Registration of load-lifting mechamsms IS

not In goad order Numbers of Joad-Iiftlng
mechanisms are not mdlcated In the
register, some certificates are absent
Article 97.

26. Crane repair and Inspection registers
have not been kept since 1993
Article 289

27 There IS no schedule of crane repaIrs for
1994 Article 289

28 Crane operators do not have a fist of
moved loads with rnd~catlons of their
weight and pIctures of nght methods of
their shngIng

29 Safety deVices are damaged at crane
42844 Article 297

Thts shall be corrected In 1 month

The registers shall be constantly filled

A schedUle of repairs shall be drawn up
In 10 days

The lists and pictures shall be made
and handed to crane operators In 10
days

Operation of crane 42844 IS prohlbrted

Results of Inspection

1 Beanng ropes of all cranes are In

satIsfactory conditIOn

2 At autocrane No 42844, there are no
deVices preventing fall1ng down of 11ft
ropes from pulleys Article 124

- 4 -

ReqUIred dell/ces Shall be U"lsta!led tn 2
weeks



Individuals, responsible for elimination of the listed above failures

- head of the CHPS-PVS S I Nlkitln,
• heads of the machine and bOiler shops

A report on completing of the present order shall be sent to Donetsk BOiler Monltonng
Inspectorate on the following address DonetsK, ChelJusktntsev st, 123 0 180694

The order was gIven by

A copy of the order was presented to

Head of CHPP-PVS DMZ

- 5 -

(signature)

(signature)

A A SOphischenko

S I Nlkltln



DONETSK METALLURGICAL PLANT

Changing of the mode of operation of open-hearth furnaces (use blast furnace air from
electnc blower)

Previous sItuation

Compressors of AEG company (1935-1938) have been provIding blast furnaces 3, 4 and
open hearth furnaces (8 furnaces) wIth aIr 3 uruts are under operation

OperatIOnal characteristIcs of turbme P = 15/25 kgf/cm2 (2/15, 2/25 only one is under
operation), T = 300/400°C, N = 5 MW

OperatIOnal charactenstIcs of compressor: P = 1.5 kgf/cm2
; Q = 1800 m3/mm; n =

2200-2800

Present status

No 3 and 4 open-hearth furnaces are supplIed by one compressor unit. Air consumptIOn
IS 600 m3/mm mcluded great (up to 25%) leakages through leakiness in feedmg pipelInes
connecting statIOn and open-hearth mIll (the distance IS approx equal to 300-350 m).
Air pressure P = 0.5 kgf/cm2

•

Proposal

Shut down the statIon because of ItS wear and obsolescence, mstall at open hearth furnace
workshop one or two electrIc-drIven blowers WIth the following charactenstIcs:

P = 0 5 kgf/cm2; Q = 600 m3/mm
Steam savmg - 20 tons/hour (2 tons of standard fuel/hour)
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Kiev, USAID
Attn A Kononov

Fax (044) 220-4692
According to your enql,.my please find attached the Information concerning the questions
of energy efficiency
If you need additional information, please call by phone 61-2324

Deputy Chief Engineer V Knkunov

:::.-, JJ """,~~-:..It. ''7
(A'.'f? :/rE£L

Donetsk Metallurgical Plant Description
( according to the questionnaire of the Regional Executive Committee)

1 Being one of the oldest In Ukraine Donetsk Metallurgical Plant IS an Integrated one At
the present the plant Includes the following productIons blast furnace process Including two
blast furnaces with effective capacIty 1033 m3

, open-heart process including SIX furnaces with
capacity 150 teach, electro-arc casting process Including two 100 t furnaces, pressing
process as a part of a contmuous blank mill 950/900, roiling for the sorts process as a part of
small and medium sorting mills 350 & 400, sheet rolling as a part of mill 2300, thin-wailed
pipe process and metal products made of them

PrOject capacIties are In the table

Capacity Capacity I
Blast furnace 1138,0 Sheet roiling process 520,0 !
process ! I

I

blast furnace 1 569,0 , I Roiling for the sorts 365,0 I
I

I Iprocess I

blast furnace 2 569,0 I Mill 400 120,0

Open-hea~rocess 787,5 r; MIll 350 120,0

UNR$ ( open-hearth) 310,0 I Mill 250 125,0

ESPC 6..c. 'if'~ .Jllm:.- 460,0
Z-

PIpe & Metal
,1,:..{.- 1'/,:",'", (f.. ProdUCing Process

Pressing process 1425,0 thm-walled pipes 22,0
(Inpt)
commodity 530,0

I
metal works
(thousand of sets) 120,0

-



Besides the main producing processes, there are energy supplymg processes, repair processes,
scrap processing. railway and autotransport processes, synthetic slag making mixtures,
warehouses

The plant IS specialized In production of sheet and grade roiling, blanks made of constructional
and alloyed steels, that distinguIshes It from other metallurgical Ukrainian plants ( excluding
Dneprospecstal producing rolling from regular steels The analysIs of present changes In

consumption of roiling in Ukraine and CIS states held by Ukrainian Research Institute of
Metallurgy with a forecastforfuture showed constant demand for qualitative roiling of DMZ grade,
taking Into consideration demand growth of machine bUilding 'Complex enterprises

According to the specialization grade mills 250, 350 and 400 produce regular and shaped
profIled, square, hexahedron with a size on a cycle 12-65mm, striP and spring steels with the
thickness of S-25mm. wideness 22-160mm, shaped profiles for branches automobile bUIlding,
ship bUilding, coal, agncultural, transport machinery In thIs regard the plant IS the monopolist In
Ukraine

The sheet mill produces sheets 5-20 rnm In thIckness, 1250-1800 mm In Width and 7 m In length

The 950/900 blooming mill produces graded blanks of 135 mm, skelp and round blanks of 120­
220 mm

2 Management structure of the lndustrl

VV\ tw.~I(J. ~ I~~"\Y'"Z ~ \h.~':'n¢ - ~~" ..s.~o", .~ t e.~r~
??? VY\J.:t-u,Mjj - l)c.'t\~t~~ ')\'k.~.\c.el ~~

3 Products manufactured by the plant In comparison with those manufactured by UkrainIan
metallurgical plants

1 Round steel Knvorozhstal
12-65 Makeevka
140·220 named Dzerzhlnsky

Dneprospetstal

2 Square steel Kflvorozhstal
16-60 Makeevka
130-200 Dneprospetstal

Azovstal

3 ?7? steel Makeevka
0-20 x 20-100 Konstantrnovka

Enakl9vo

4 Hexahedral rolled steel Knvorozhstal

???77?????? Besides thiS, In contradiction to the usual carbonac grades
manufactured at the other plants, at Donetsk metallurgIcal plant the specrfled
grades are produced of structural alloy steel

5 Spring T-like and channeled steel ~C'"t pib.\duc..c,> l" il,.,. (/s: 7;. < ~,<
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6 Profiles for ?7? with continuous not produces In the Ukraine

thlckeOlng

7 Profiles for blades of digging not produces In the Ukraine

machines

8 Plate steel Alchevsk metallurgical plant

6·20 x 1250·1800

9 Conversion pig Iron All metallurgical plants with blast·
furnace manufacture

4 Data on output, 103 t

Product 1992 1993

Conversion pig Iron 1191 9 10033
Steel 12973 11299
Rolled steel for sale 10463 9229

- ..-

5 Exports

Product 1992 1993

Conversion pig Iron. 103 t 4555 3472
Percentage of total production of
Iron for sale 750 755

Rolled steel for sale, 103 t 2400 3660
Percentage of total production of
rolled steel 230 396

- -- - - - - ..--
8 Monthly consumption of energy (August 1994)

• electnc energy, 103 kWh
- natural gas, 103 m 3

- blast-furnace gas, 103 m 3

- coke gas. 103 m J

- masout, t

• 40,300
- 15,000
• 100,200
- 13,000
- 1,300

9 Preventive repaIrs and overhauls are carned out In accordance with the defined schedule

10 Energy expences as the percentage of total yearly output amounted 10 43% In 1992. 18 26
In 1993 The planned value for 1994 IS 38 1%
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11 9400 people are working at the plant

12 Operational mode ~ 24 hours a day, without days off

13 In the staff schedule of the plant IS a position of a chief energy engineer

14 The plant does not receive hot water from the regional heatmg system

Head of SNIT V I Tsukanov



DONETSK METALLURGICAL PLANT

BoIler's characterIstics

1,2, 3 MedIUm pressure boIlers, P = 35 kgf/cm2
, wIth natural circulation and II­

shaped confIguratIOn, steam temperature 435°C, output - 75 tons/hour.

Two flat-flame burners. Gas consumptIOn: blast-furnace gas - 40
thousand m3/hour, natural gas - 4000 m3/hour, coke oven gas - 2000 for
each burner.

4, 5 HIgh pressure bOilers. P = 100 kgf/cm2
, T = 520°C, II = 160-200

tons/hour

Burners.
4 = Two flat-flame burners. Gas consumption: blast-furnace gas - 60
thousand m3/hour (P = 400), natural gas - 7000 m3/hour (p = 3400 mm
water column).
5-8 (two layers) centrifugal burners with gas separate burning. Gas
consumption. blast-furnace gas - 25 thousand m3/hour (total. 25x4= 100);
natural gas - 4 tons/hour (total: 4x4=16 tons/hour)
Gas pressure blast-furnace gas - 400 mm water column, coke oven gas ­
400 mm water column, natural gas - 3500 mm water column.



APPENDIX I
Drawings and Diagrams

1. Schematic - Power Plant
2. Schematic - Cycle of Blast Furnace Scrubber Water
3. Flow Diagram - Power Plant
4. Flow Diagram - Boilers, Turbines/Generators and Air Compressors



~
I..l\

~~ ---'fIiJT-------

\-

~
~

~
~

~ :t
f-
\s\ :.l

'-ll
t-

v-.
VI.

~~

..u ..:)

v \.....
'" '"~

--l-.

~
--.....- ~

..l... -:2
t- R

" 1i
~. -..--

co

~[J

I- 'J1

~
<r

V" -:t

tr- -

"<" ~

-
.,J \[

~

\,Q

t- 0
~

<J

~

~
<t;' ~r- "-'

~
~
':.2.
~

<x:.. Ct

~j
""t::: 1

eu
~



Sc HEMA-TtC C. YGLtE" bF

CX£MA 06apOTHQfo
~C~v88r:t<.

CJ.:PYGEP

WAT~IL ~uffL't ~b.fB.NIJJfs-6-AS eLJt~T r()MA~ ()~ PLflfJT /,.; f)C!Jc=r;K J vj(~At,J£:,
Bo.400HA5>!lf.'/.IH1f 0411CTltH fA3A ,A,OMfHIIJIX n£l/EH ~ARo,4A 13 /I,OJl£lI,KE•.!JllPA nUll.
?Ife l/E:JJrUf!.' I/.
Tf':YSA BEHT~PI1 12.11.96f".

l
,
I
•
f

,- -;f.--.
'0< V

" C,c(8co Hr/A I

G~ 1tJR.tFleP

rAS Otfl1l4EHHbln

r Qr- !60ooC' UMJ'f.
p'C 0 f5 I<.r/cMt
-f:,CJ 0 50"tJ

, I. oJ
C2 c: l,. fAr1M Ottery w/f.,-,:.R..

C TOlfHllfi BOAR

¢GO(}

.1---
G-M POL/.V'rEt'
fA., fPff5Hbll1

p= {/l.~J(r/cM'
t,=- fSO••• /foo"'c
C,-300Mr/H3

'W!TE.e. ~l-.llteIF,e.O

BOAIi oeSETAfHHA91
Qs := /200•.. 1600 M3/1(
H 2: 13,ollr/c.M- A~ ~<b /_ VfoJlrs
~2= 200 •••300Mr/A <.iJ 1. P£Jf~~P ~'F 1/It:. Put"" PUMPS C-EN"T(l.IFIJ~ItL. l.D~II" hI/tS/",J RcS/s.,1HJ1

-. t 2=35'... 4,. Ut! 2 /!olJ1,PeollocI1I6 .!JA8.::J,4/I.' (j)-lItI~,,~ '1eHm/loPeJ/ClltitlYitqot1~~!/CPtJ'/'1(,C~i
.3

,. RPM 'I"'/tIlIJn& I< W $4I1dll.~ ':11<:£ 111"''1:1/1
_ (jJ= /200MJ/YJ H:"40A:!I/c~~ 11= :/4-80 l1F/llfll~ EM. dllc,t. tV#650 N.Cm a.ctalxl'()lIl1JltI~

~()7/103AMKIIJlI1ItIV, ~:GO(/(/ ",) fl #: IYBI)t)1l,ftV~ ~ ® -R.JtLR~ P'i'lU»NiJlU 11."#ofl"TlIHti CI1tlt.lI/It>i} ,4'y4u~ ~ I'"k r/b~:, - .7«,9'1""'41
~~ @J-3aJtU,frQCh111JJt/lI9 e ':U.llfU&?c1M A.Y40IJ, ,PyIC - 1.3egU'/IlII/. (3)-!!~t'~UJ!JfI' poc)tooo t'og" 01111 TP!l0t>, q6?,oll... 6tlO,



--=
=

--=
-.+

----



------------~----
_._--------------

--------

'/lp.-Hpoml<11J1
I'-&.I :tJJpo"nrtpJt/11.1ff1

YCJ1061f~le rtffp,ffOlieHUSl

,. C,'E.!J ,'/tAtzrU

_ n@!-nIlpDnpDGDD P./OD .It/",'

-nw- U¥npaGau p.Jg-ItI",J

-n@- UapanpD6Du P.25 m/",,'

_ n@_ UnpDnpoGDD p. /6 HIt/",'

-n®- U"!""'pat.D P·/hi/",'

_ n@- noponpDbDD P·'2 mlm'
____ (nJDnpD6Di nl'ftHHQlD IDJI1

--.-- rllJDnpD60d ItDxwO01' _
__ __ liD,npDGod npuplID,,., liPO

Bma.nlndbl
~ /ltHmUl.!i1dSlJJItJ(u

--e::::I- poy PII

+- ...L CoduHtHu, m,JIDonpo&xJoG-+-- OitdUHfH•• II1It9mt/11Mm

-,.t- n.,'r_-..... - .. t~

3xcn.nUKa~uS1 o1i'apyaa6aHUSI.

Ho._0&1•••
,("WDGn."
C1ft .'

~

@..

II!
nAl'

Kg 1lImrJIWli ug

/

~~ (!7-/ <.J 147M

~ T tTl r-=-a ,I-.r.. I

+ + .. \1<

)1/, "c "/IlJ3",'

,)U

t¥

,...
"'/.

~

..

~~
/~

I

.H¥-¥

0-
.;- "f V'/IJJ:J",'

5

IaPrJKm~pucmUKa 2D1V/PQIl6lX YCIJ1POilCfTlG
/l'OmnO~

Hou",.01I/N1~
D~DfI!1.GI1JfIAl

Ilcmu Itunn
1(N- IJg~

Yrmu mullO
6J(J lSO- 100':

J(D/IIU l11unt/
~KJ-15-.tp6

to
~
"'"'l
h
§
;::
):.

~
~
"'(

--

-~



APPENDIX J

References

1. Delivery Order No.6 - Ukraine Energy Efficiency and Reliability
2. Energy Audit Guidelines
3. Information Request List
4. Checklist - Improving Combustion Efficiency - English and Russian
5. Energy Audit Items



4.3 Task 3:

A. Introduction

Industrial Energy Efficiency

The Donbass region is the industrial center of Ukraine, and it is characterized by heavy
industry and coal mining. This region, in addition to Its energy intensity. is known for its air
pollution. The heavy industry of this region contribute a tremendous amount of pollutants
into the air. The health of the industrial Donbass region is critical to the Ukraine. Efforts to
improve the energy efficiency of the industrial sector in the Donbass region will have wide
spread impact. notably reducing Ukraine's dependence on imported oil and gas.

The downward economic spiral has resulted in the Ukraine being unable to pay for its
shipments of foreign fuel. This has resulted in reductions and/or curtailment of fuel
shipments. This past winter fuel shipments were spread throughout the Ukraine in order to
reduce the impact of inadequate fuel supplies. The result was shortages throughout the
country. District heating systems operated at much lower temperatures than normal.

The objectives of this work are as follows:

1. Demonstrate energy saving in some of the Donbass region energy intensive
industnes.

2. Introduce modem energy management pnnciples in these industnes (organizations).

11



B. Technical Approach

In order to accomplish these objectives, the following technical approach will be utilized:

1. The initial actiVity of developing energy resource flow analysis for the Donbass region
will be completed. This effort will capitalize on previously established energy contacts
within Ukraine and also in the Donbass region, and those individuals who will be
instrumental in assisting on this activity.

2. Discussions with Ministries and regional officials will be conducted to assess potential
energy conservation opportunities. The focus of this activity will be on low cost
opportunities for conserving or reclai:ning energy sources.

3. Criteria for plant selection will be discussed with these officials, including
representatives of the Ministry of Industry and the Ministry of Energy, so that a
tentative list of plants can be compiled. The Donbass region is concentrated with
steel plants (foundries and production of steel), cement plants, and chemical plants.
The Director for the new Energy Efficiency Center in Kiev, the Chief Engineer of
Donbassenergo and others, will be consulted to select a few installations of a list of
the one hundred most energy intensive plants in the Donbass region. This list will
assist in identifying the appropriate facilities to audit. Many of these plants have been
audited by a Ukrainian organization, the Academy for Energy Saving Problems. This
data will also be available to use as a tool in selecting these plants.

4. Each of the plants identified will be contacted, and a site visit arranged to work out
details of the audit. An audit schedule will be discussed with the plant management,
and a work plan will be developed. Energy audit reports, including energy
calculations and specifications for the equipment selected will be developed.

5. Equipment vendors will be contacted, and the equipment will be procured. Once the
equipment is available, it will be shipped to each of the five audited plants. The
equipment is to be installed by the recipient plants at no cost to the program or
USAID.

6. Site Inspection visits will be scheduled to ensure that the equipment has been
properly Installed. MOnitoring of energy consumption and energy savings will be
discussed with the plant management. Plant personnel will be asked to complete
mOnltonng data sheets, which will be forwarded to our engineers for analysis.

7. A seminar will be conducted describing the program and illustrating the installed
equipment. U.S. manufacturers and vendors will be invited to partiCipate in the
seminar to demonstrate energy efficiency equipment. Representatives of all major
industries In the Donbass region and elsewhere within Ukraine will be invited.
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C. Work plan

Sybtask 1; RegiQnal Energy ResQyrce FIQW Analysis

A team of specialists will viSit Donetsk to work with the regional and local officials to develop
an energy resource flow fQr the Donbass region. This team will identify the energy resources
and energy demands of the region. The team will also meet with officials responsible for
procuring and contrQlling energy use. Local specialists in Ukraine will be drawn upon so that
the resulting analysis can be used in a Ukrainian Institution as an ongoing and dynamic
database for continUing use and update. A draft energy resource flow report and energy
map will be developed.

Sybtask 2: IdentificatiQn Qf Low Cost/No Cost MeasYre

A team of engineers, and analysts will travel to the Donbass region to work with Ministry
of Energy and Ministry Qf Industry officials to identify potential low costlno cost energy
opportunities. An investment plan for the region will be developed and will be completed in
the U.s.

Sybtask 3: Selection of Industrial plants

The team identified in Subtask 2 above, will WQrk in Donetsk with local Qfficials to define the
most energy intensive industries. The team will discuss the selection of five plants to be
audited with local and regional authorities to determine a list of target plants. The selectiQn
will be based on many factQrs, Including energy intensity, total energy consumption, viability
Qf plant, type of fuel used, and number of similar plants. The selection process will be aimed
at selecting only one plant from each industrial sector.

Subtask 4: Gaining Access to Selected plants

The team frQm Subtask 2 and Subtask 3 abQve, will travel to the targeted sites to discuss thiS
project with the plant management. The team will verify that the targeted plant(s) will be a
good site for this project, and then the team members will work with the plant management
to coordinate a work schedule and develop a work plan.

Subtask 5: Energy Audits

Five separate teams Qf engineers Will travel tQ the DQnbass regiQn to audit the selected
plants. A set of guidelines and audit standard format will be provided for the teams. Each
team will be equipped With standard energy auditing eqUipment to conduct the audit. Each
team will review the energy flows within the plant being audited; measure energy flows of
selected equipment/processes; suggest improvements to plant management; and mutually
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determine recommendations for energy improvements with the plant management. Energy
calculations and specifications of recommended equipment will be prepared in the U.S.

Subtask 6: E'rQcurement and InstallatiQn

procurement:

A list of equIpment, designed to conserve energy, will be prepared along with technical
specifications and potential suppliers. Bums & Roe will procure the pre-approved list of
equipment under the Core Contract provisions.

Installation:

Once the equipment has been ordered and shipped, the recipient facilities are to install the
equipment. An installation oversight will be provided, as required, to ensure compatibility
and proper installation practices are applied.

Sybtask 7: MQnitQring and Eyaluation (~;;'Nf) TO R.t/JA)

Proper monitoring documentation will be provided for the plant operatQrs to fill out and
copies will be issued to Bums and Roe fQr review and information. Data received frQm each
plant will be reviewed to determine if the data is reasonable. Any questions regarding the
data will be reviewed with the plant Qperators/management The data will be analyzed tQ
illustrate the energy consumption resulting fQrm the installed equipment. This consumptiQn
Will be compared to measurements taken dUring the energy audit. An evaluation repQrt will
be prepared for each facility.

Subtask 8: Workshop/Seminar

A seminar will be conducted in Donetsk to present the energy efficiency activities in the five
facilities. Each team leader will make a presentatiQn Qn the WQrk perfQrmed in their facility.
Representatives of the Donbass regiQn, including Ministry Qfficials and audited plant
management, will also make presentations. U.S. manufacturers and vendQrs of energy
efficiency eqUipment will also be asked tQ participate. The team leaders will use part of this
time to make another inspection of the installed equipment and to review its performance.

5.0 Schedule

The overall duration of this Delivery Order is estimated to be 12 months from authorization
to proceed. Milestone schedules for each of the three tasks are provided on the following
pages.
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6.0 Deliverables

The following documents will be prepared:

Activity Implementation Plan - will cover all tasks

Task 1:

Task 2:

Task 3:

Specifications for general hardware and instrumentation

Draft and final project report documenting:
- evidence of improved plant performance
- evidence of reduced environmental impact
- likelihood of replication to other thermal power plants
- evidence of progress in achieving expected results

Specifications for energy audit equipment

Energy Audit reports for each plant

Specifications for low cost equipment

Workshop/Seminar

Draft and final project report documenting:
- evidence of improved combustion efficiency
- energy savings

Specifications for energy audit equipment

Energy Audit reports for each plant

Specifications for low cost equipment

Workshop/Seminar

Draft and final project report documenting:
- evidence that modern energy management principles are in use
- energy savings

15



Subtask 5: ENERGY AUDITS

Energy audits will take one week per plant

A report will be prepared outlining findings and recommendation
for each plant

The report should include:

-energy calculations (results in metric and english units)

-specific actions for improved energy efficiency
*management actions
*low cost/no cost actions
*recommended equipment to be procured

+ short term measures affordable by project
+ long term measures ,higher cost, large savings

-specifications for all recommended equipment

-illustrative costs for all recommended equipment

-estimated shipping costs

-simple payback analysis of each recommendation

-project interactions which may reduce savings

-submit completed audit report to Sam Gerges B&R, 4 weeks after
the teams last audit is finished

-photos for report, slides for later workshop / seminar

-executive summary to be translated into Russian (Ukranian ?)

Subtask 6: PROCUREMENT AND INSTALLATION

Procurement:
Provide technical assistance to Glenn Fick B&R for clarifications
and sorting out of:

manufacturers options
possible substitutes
test1ng of equipment if necessary
making necessary adJustments
translation of manuals into Russian as required

Selection of equipment with plant accessible servicing and spares

Installation:
In most cases, it is expected that plant technicians will install
equipment themselves with supervision by the consultant or the
equ1pment supplier or the local representative of the supplier.
If commissioning or installation assistance is required, these



costs must be included with equipment costs. One site visit
after installation is to be included.

Subtask 7: MONITORING AND EVALUATION

Coordinate the monitorlng of plant projects implemented. Provide
data sheets as required for daily data collection.

Prepare a report including the data collected and evaluate the
effectiveness of the energy efficiency gains. Include an
analysis of any divergence form expected performance. This is to
be used in the seminar/workshop in May of 1995.

Subtask 8: WORKSHOP / SEMINAR

Each audit team leader from B&R, Foster Wheeler, and RMA will
participate in the workshop / seminar to present findings, and
results from energy savings equipment implementation.



DONETSK
INFORMATION REOUEST

Ownership of plant - 100% Government

Management Orgaruzation Chart

Raw materials, tons 1992, 1993 (ORE, SINTER, SCRAP, etc.)

Total buIldmg area, m2 - Plant - 5,000,000 m2

Recent buIldmg additIons, m2

End users of products

Export sales, % of productIon

Market demand for products

Maximum annual plant capacIty

Present annual plant capacIty

Estimated productIOn mcreases or decreases

Impact of mcreasmg energy prIces on production

What are CrIterIa for investmg money for improvements

Fuel costs

Electncity costs - Power use m plant by process/product

Power mput from utilIty

German technology blast furnace

Get copy of answers m RUSSIan to firswt queStIOnnaIre

Brochures, descnptIon of plant

MaJOr process equipment lIst WIth deSIgn parameters (HP, KW, fuel consumptIon, cooling water, etc )

Improvement and rehabilItation plans for next few years.

Water analySIS and lIst of analytical and momtormg Instruments

BOller gas control lOgIC schematIC

List of fuels mput to boilers

LIst of valve packmg and sheet gasket sizes.



CHECKLIST
IMPROVING COMBUSTION EFFICIENCY

UKRAINIAN POWER PLANTS

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

• Introduction and information exchange with plant management

• Discussion and presentation of the scope ofwork

• Assess both technical and managerial capabilities

• Establish points ofcontacts

• Identify any local support. ifavailable

• Identify and coordinate the work schedule

• Discussion with key personnel regarding operation ofthe plant

• Determine the availability ofthe existing sources ofiniormation and data

• Determine the plant historical operating data

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

Combustion anaIysers
Fuel flow meters. gas, oil or coal
Oxygen analyzers

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

• Determine physical locations for installing the selected primary element

• Determine locations for installing the remote monitoring modules

• Identify the persons to be assigned for on-the-job audit training
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BOIlPOCHHK no YRytlIlIEHMIO KnzI croPAHH.sI HA YKPAI1HCKHX
3REKTPOCTAHllH.sIX

CnellYlOUlaJl pa60Ta 6yneT npoueneHa Ha KaJK,lloR H3 3JleKTpOCTaHUHR. KaK MHHHMyM:

'"
'"
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'"

'"

'"
'"

'"
".

".

".

'"

'"

npenCTaBJIeHHe H 06MeH HH¢opMaIUleR C pYKOBonCTBOM CTaHUHH

06cy)I(JIeHHe H npenCTaBJIeRHe 06heMa pa60T

QueHKa TeXHHlIeCKHX H OpraHH38llHOBHbIX B03MO}I(]JOCTeR

YCTaBOBJIeHHe B03MODblX BanpaBJICBHR carpYlIHHlICCTBa

no B03MODOCTH onpCneJIeHHe nOMOIllH Ha MeCTaX

OnpcneJIeBHC H KoopnlfHHpOBaBHe pa60llero rpaepmca

lIHCKyCCHH C nepCOBaJIOM, 0'I'BC1I8IOIIUIM 38 pa60Ty CTaHUHH

OnpcneJlCHHe BaJIHlIHJI cyIIleCTBYlOlIUIX HCTOl[8mcOB HH¢oPMaIlHH H naHBblX

OnpeneJICHHC naHHblX 0 pa60Te CTaHUHH Ha BCCM nparJDKCHHH ee CYUleCTBOBaHHJI

BH3HT Ba CTaBUHIO JlJlJI onpcneJICBHJI Tpe60BaHHR K Bbl6paHHoMy

H3MepHTeJlbBOMY o6opynOBaBHIO:

AHaJlH3aTOPbl crOpaBHJI

ClICTlIHKH nOTOKa TOnJIHBa (r83. HCqm. IIJIH yrOJIb)

KHCJlOpOllBble aHaJlH38TOPbl .

03HaKOMJlCHHe C cymeCTBYIOUlHMH qCpTe>KaMH no Tpy60npoBonaM H

H3MCPHTeJlbHOR TeXHHKC JlJlJI onpclleneHHJI MeCToHaxOQCHHJI nyRKToB

MORHTOpHBra

OnpenenCHHC epH3HlIeCKoro MCCTOnOJI03CeHHJI JlJlJI YCTaHOBKH nCpBHl[HOrO

3JIeMCUTa

Onpe.ae.neHHe MeCTOnOJlO)I(CHHJI JIJIJI YCTaHOBKH .QHCTaBUHOHHbIX Mo.ayJleR

MOHHTOpHHra

no.a60p nepCOHaJla .aJIJI 06yqeHHJI ua MeCTaX HaBbIKaM npOBe.aCUHIO ayllHTa

..:::: -.....



ENERGY AtIDII ITEMS

POWER PI.ANT ENERGY SAYINOS

Deaerator vents

Steam Traps

Boiler Blowdown

Mazut tanks vents 8r. leaks

Leaks - Steam & feedwater & compressed air and Nat. g85

Boiler leaks - fire box, flue gas duets

ID fan wear, eff., leakago

PD Fans wear, eft, leakage

Air heater leakage, ESP leakage, efficiency ifcoal

Insulation-builet, heaters, deacrator, p;l";ns, duct work

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

Condenserlvac - leakage, cooling water fouling

ASME Short form (heat rate) & PT6 abbreviated)

Boiler feed pumps - seals leakage

Valve Stem packing leaks

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

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

Blectrica110sses • transformers, large motors

District heating water losses (quantify)



TRIP REPORT
DELIVERY ORDER NO.6

TASK 3: Industrial Energy Efficiency
Donetsk Metallurgical Plant

November 7-17, 1994

The Burns and Roe audit team of John E. Hallberg and Yefm Donkin arrived in Kiev, Ukraine
on Sunday, 6 November and met in IDEA offices with Andriy Kononov and Tebodin to complete
arrangements for travel, housing and audit equipment. Audit equipment was picked up from
USAID Mission and travel to Donetsk on Tuesday took about ten hours.

On Wednesday, 9 November the audit team was unable to enter the plant due to a serious
emergency in the power plant wInch shut down the steel mill. Later we were informed that on
November 5 someone tried to cut a 6 kv cable with an axe, which started a fire in adjacent
control cable trays. On 7 November several cables that run on the opposite wall of the cable
channel mysteriously caught fire almost at the same time. This shut down the power plant which
supplies steam, power and compressed air for operation of the mill. The Ukraine Security
Agency and local police were investigating and plant security was very strict. There is a serious
problem in Donetsk With theft of copper. Therefore, Wednesday was spent checking out the test
equipment, making sure all batteries were charged, calibrations checked, printers operating, etc.
and reviewing the manuals.

Thursday, 10 November we met with the plant Director Mr. Vladimir Tereshenko and were
introduced to members of the management staff. We described the purpose and scope of the
energy audit and requested the assistance and suggesttons of the plant specialists. The Director
gave an overview of the plant processes and operations and where their concerns are regarding
energy matters. He made the point to emphasize that the power plant is the heart of the steel
mill and first pnority should focus on improving the efficiency and reliability of its operation.

Friday, 11 November we met with the Deputy Chief Engineer of Energy, Michael Ovsaynikov
in his office in the power plant area with other specialists. We were given diagrams of the power
plant boilers, turbine generators and steam turbine driven air compressors for blast furnaces. We
spent the day gathering information on the interrelationship of the power plant with the steel mill
for supplying power, steam, and compressed air to the plant. Bnefly, there are five boilers, three
turbme generators and three turbine drive air compressors. The boIlers burn primarily blast
furnace gas WIth 5-15 % natural gas, and coke gas from off-Site when it is available. Mazut can
be burned only as emergency fuel. The plant IS interconnected through the switchyard With two
110 kv transmission lines for import of utility power.

Several energy conservation opportumties were Identified during our discussions, which
stimulated interest and enthusiasm in the speCialists to come up with other energy saving ideas
in the next few days.
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On Saturday, 12 November, we met again at the power plant to recap and set the agenda for
activities over the next three days. We then toured the power plant. Initial impressions were that
the plant IS in dire need of general clean-up and repair of broken wmdows, lighting, insulation
and steam leaks. Out of ten zirconium probe type oxygen analyzers on boller flue gas, only two
are workmg With questionable accuracy. They were manufactured m Kharkov, Ukraine,
experimental, and they cannot get replacement elements (probes). The oxygen analyzers are
necessary for controlling excess air to boilers for efficient operation.

The existmg demand metering for Imported power is old and unreliable and needs to be replaced.
This equipment was made in Vilmus, Lithuania. The metering is important for measuring
reductions m imported power as a result of other efficiency Improvements throughout the plant.
They need copper wire to rewmd a power transformer supplying electric arc furnaces to improve
efficiency and reduce losses.

The existing natural gas control valves are operated manually to follow steam load based on
steam pressure. The valves are sized for full load, and operator response plus lag time results
in significant waste of natural gas due to slow closmg of the large valves. The engineers
estimate that natural gas consumption could be reduced by 1.5% if a smaller parallel bypass
control valve IS installed at each boiler.

The plant presently pays 5000 coupons ($0.04) per cu. meter of makeup water for cooling and
process. This water from the nver is not treated and is fed directly to the cooling tower.
Sulfuric acid and a combination zinc-phosphate dispersant/corrosion inhibitor are fed to the tower.
The water quality is so poor that only about 1.33 cycles is achieved in the tower. There is
significant scale In condensers and heat exchangers which results in large losses of energy and
waste of water which the plant must purchase. In addition, shutdowns required for removal of
scale and corrosion products (from acid) results in losses of production. The cooling towers have
old inefficient slat type asbestos fill which should be replaced. Dnft is at least 0.5%, which is
a very large loss of water. Also, spray nozzles keep gettmg plugged up with crud and corrosion
products (rust) which results in loss of thermal efficiency.

A sample of 76mm pipe for air to water heat exchanger had 25-28mm of cementitious calcium
carbonate/silica scale. It is estimated that about $90,000 per year could be saved in water costs
by softening the makeup water, increasing cooling tower cycles from 1.33 to 2.5, and about
$180,000 per year savings of 750 kw (3%) at $0.03jKwh due to reduction of condenser scale.

The heating value of the natural gas is about 8000 Kcalfkg +/- 200 Kcalfkg. The laboratory takes
samples to be tested in the laboratory bomb calorimeter, wInch is a difficult process and subject
to errors. There is a need for an onlme calonmeter to continuously measure the heating value
and speCific gravity of the natural gas.

There are five 650 kw scrubber water pumps for blast furnace gas scrubbers which are subject
to severe wear from abraSives. The pumps are cast iron and when new are 83 % effiCient but
rapidly detenorate to about 65% efficiency, which is a large loss of electrical energy for
pumping. There IS a need to replace this equipment. Approximately $65,000 per year m power
costs could be saved at $0.03 per kwh.
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On Sunday,13 November 1994 we brought the combustion analyzer, heat spy, and power
analyzer to power plant to do testing. The existing zirconium probe analyzers are inserted in
90mm pipe bypass from backpass to Induced Draft (LD.) fan suction, about 15 meters below the
backpass at operating floor on each side of the boilers. There is a 25mm sample point with a
pipe cap at each analyzer. The 90mm bypass lines are mostly uninsulated bare pipe which results
in cooling of flue gas from 300-450 C to less than 100 C, condensing water and forming a sludge
from the soot in the flue gas. This crud fouls the analyzer probes, causing corrosion and failure.
It could be that the bypass lines are partially or completely plugged, WIth little or no flue gas
passing the probes. Therefore, flue gas sampling was done at the backpass through an observation
port, in an access door, on each side of the boiler. A lot of pieces of asbestos insulation and dust
was everywhere around boiler platforms. Future auditor visits to old plants should bring nose
breathing filters to protect from inhaling asbestos dust from broken insulation. Two efficiency
runs were made on each side of divided backpass of each boiler for two fuel types - coal gas and
low energy gas because of the mix of blast furnace gas and natural gas being burned. Estimated
heating values of the fuels are as follows:

BTU/cu.ft. Kcal/kg Usage split

Natural gas

Coke gas

Low energy gas

Mixture

Blast furnace gas

1000

590

473

141-212

80

8000+/-

4000+/-

3907

1157 to
1739

700-880

5-15%

Reference

Reference

AS BURNED

95-85%

The test runs for "low energy gas" are the nearest fuel setting in analyzer. The oxygen (02) and
carbon monoxide (CO) readings mdicate that excess air to boilers is much greater than what is
required, which result in loss of combustion efficiency and waste of fuel.

The 120 Tons/Hr (T/H) bOller No.4 (1964) was shut down due to Forced Draft (FD) fan
problems. The 180 T/H boiler No.5 (1980) had a tube leak in the generator section and no one
was permItted to go near or on the boiler. This boiler cannot be shut down until boiler No. 4
is back on line because of need for power, steam and compressed air to the mill and blast
furnaces.

The electncal engineer did not show up, therefore measurements could not be made on any large
motors. However, we were promised data on Monday which has already been obtamed. In the
afternoon we met with the Deputy Chief Engineer of the power plant for further discussions. We
were given a copy of the electrical one line diagram for the plant.

We were given a bleak picture of the current situation in the power plant. For the past five years
the Ukraine government has not provided support or money for maintenance, spare parts and
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supplies for the Donetsk Metallurgical Plant because of a belief that Ukraine did not need the
steel production. The plant has deteriorated to such a point that it will require large investments
of capital and manpower to bring it up to current standards of western technology. Because of
the unending equipment failures, lack of spare parts and supplies, fuel shortages and low wages,
employee morale is extremely low and there is massive theft of just about anything that can be
removed and carried away. Today we arrived and were informed that commumcations in the
plant was knocked out because someone had stolen a section of telephone copper cable. It is
next to impOSSible to get anything fixed. Light bulbs, fIXtures and wire are missing everywhere.
They would like to obtain a few high intensity flood lights to install high up in the power plant
area for security and safety, which hopefully, would make it more difficult to steal.

On Monday, 14 November 1994, we returned to the power plant for additional meetings and
discussion With specialists. Many of the management people were still tied up in meetings
concerning the thefts of cable. Two men who tried to cut the 6 KV cable were found in a
hospital with severe electrical burns to their hands and chest.

Since about 50% of metal products are reportedly exported for hard currency, and since the plant
is 100% government owned, all fuel is supplied by the government. Therefore, the impact of
increasing fuel prices on production is apparently not a concern of the plant management. As
the price of fuels increase, the price of export steel products are increased accordingly. However,
we were told that there is a problem with "dumping" of steel products below world prices.

The plant has a detailed breakdown of energy usage for each process/product on a monthly basis.
We saw the book containing this data, however, were only given a summary for 1993 and six
months of 1994. They considered this detailed breakdown confidential and were concerned that
it could be misinterpreted or misused.

We were given a copy of a letter from the Ukraine government inspection agency officially
notifymg the Donetsk Metallurgical Plant that the bOIlers must be upgraded because of lack of
technical protection requirements reqUIred by current regulations. Basically it IS a requirement
for upgrading the boilers with combustion control systems, including interlocks and flame safety.

The management cannot and will not shut down the power plant, because to do so would be to
shut down the mill, put 9000 people out of work and lose hard currency revenues.

In response to our repeated request over the past four days to discuss energy issues regarding
steel mill processes, the engineers avoided this and kept focusing on the importance of the power
plant. We were supposed to make a tour of the steel mIll, but it was again put off to tomorrow.

We were given copies of bOiler fuel supply logic diagrams and much discussion of fIXes which
could be done to improve boiler operations. The conclusion kept coming back to the need for
a combustion control and flame safeguard system for the boilers.

In addition, there is a need for a portable flow meter, calibration equipment for checking
transmitters, a valve repair tool kit, packing and sheet gasket materials for eliminating the
numerous high pressure steam leaks everywhere. We were also given a list of instruments they
need.
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The engineers again questtoned how to get spare parts for the equipment supplied by USAID,
accuracy of equIpment, how to test and how to get certification, guarantees and service. These
are questions which the purchasing agent and USAID need to address during the procurement
phase. Also, future auditors need some guidance on how to respond to these questions during
their plant viSIts. These people are concerned that after a year or so, equipment will break down
or need replacement parts or consumables, and it will be no better than the old Russian
equipment it is replacing, trading one problem for another.

Tuesday, 15 November, 1994, we returned to the Deputy Chief Engineer's office to obtain more
technical information. We were given cost for electricity, fuel and water, analysis of makeup and
cooling tower water, description and parameters for some analytical instruments. Also, typical
efficiency of large motors is 82-83%. There are two 10,000 KW and one 3,600 KW motors
which drive the air compressors in the two oxygen plants. Also, we were given a written
description of two 60 years old German air compressors for the open hearth process.

About noon we made another set of combustion efficiency runs with the Bacharach combustion
analyzer because No. 2 boiler was burning only natural gas. Boiler No. 4 was shut down and
No. 5 too dangerous to go near because of the boiler tube leak.

In the afternoon we went to the main administration offices to try to obtain the additional
productIon data and cost, rehabilitation plans, organization chart, etc. on our information request
list. After a run-around and much resistance, Yefin Donkin was fortunate to fmd the right
person, and we were given all the above plus a copy of their 15 year strategy plan "Concept of
the Donetsk Metallurgical Plant Development" for rehabilitation and production growth
(Appendix H) which has been translated.

Our observation about the senior management attitudes toward us, and American interest in their
problems and desire to provide support, is an attitude of skepticism bordering on outright hostility
from some mdividuals.

The last person we met, who openly provided us with so much valuable information at the last
minute was Mr. Vladislav Tsukanov, summed up the attitude we sensed from most of the people
we met. "What are you doing here? Why do you need all this information?"

We were mformed that they are paying hard currency to a German company for design
development of new technology. Japanese were interested, Italians and Germans were interested.
"Why did not any American companies show interest? Many foreign companies are showing a
lot of actiVIty not only in Donetsk, but other steel mills."

"Is American technology behInd European, do they not have anything to offer?" Bids from 2
German, 1 Italian and 1 RUSSIan company have been received for new continuous steel making
process.

The followmg Summary Meetmg Agenda was discussed on the last day of the plant to go over
the preliminary recommendatIons for energy conservation equipment and subsequent schedule.
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LAST DAY
SUMMARY MEETING AGENDA

Tuesday, November 15, 1994

1. Present recommendations list based on our observations and discussions with
specialists, obtain agreement.

2. Specifications for recommended items (plant).

3. Procurement (BRC and USAID).

4. Installation trip after delivery (BRC).

5. Seminar - May, 1995 (Possibly in Kiev). USAID, Consultants, Western Vendors,
Plant Specialists.

6. Plant Specialists Audit Program (Plant).

7. Follow-up trip to obtain emciency data.

8. Receive requested information from plant.

9. Final report to USAID, Plant, Ministry, etc.

10. ClosurelDeparture



DONETSK METALLURGICAL PLANT

PRELIMJNARY
RECOMMENDATIONS FOR

ENERGY CONSERVATION EQUIPMENT

1. Portable combustion analyzer with spare cells (02, CO, CO2-NDIR, NOx, 802).

2. Laptop computer with spare battery and software and Russian fonts, portable printer,
spare cartridge, and 220V chargers.

3. Demand meters for import power.

4. Valve repair tool kit.

5. Valve packing 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 30 mm

6. Instrument calibration equipment.

7. Portable flow meter for water lines.

8. Oxygen sensors for boilers (10 required).

9. Boiler natural gas bypass control valves (1500 Nm3/H, 3000 mm H20), 5 required.

10. On-line gas calorimeter. (KcallNm3
, Sp. Gr., Wobbe index)

11. Analytical instruments for water and gas laboratory.

12. Copper wire for transformer rewind.

13.* Sodium softener for cooling water make-up.

14.* Combustion controllflame safeguard - 5 boilers.

15.* Corrosion resistant pumps and valves for blast furnace gas scrubbers.

*Note: These items are long term improvements requinng larger expenditures for large savings.



APPENDIX K
Vendor Information



DELIVERY ORDER NO.6 - TASK 3: INDUSTRIAL ENERGY EFFICIENCY

TYPICAL RECOMMENDATIONS FOR
ENERGY CONSERVATION EQUIPMENT

1. Portable combustIOn analyzer with spare cells (02' CO, COz-NDIR, NOJ wi 11" and
24" probes.

2. Laptop computer with spare battery and software, Russian fonts, portable prmter, spare
cartridge, and 220V chargers and carrying case.

3. Oxygen sensors for bOIlers.

4. Portable sonic flowmeter for water (pump) flow testing and cooling system balancing

5. Somc transit time flowmeters for mazut and water

6. Valve repair tool kit (metrIc).

7. Valve gland packing materIal

8. Instrument calibratIon eqUIpment· Portable field pressure standard
Dead weight tester

9 On-line gas calorimeter (Kcal/Kg, Sp Gr.)

10 Demand meters for Imported power

11. AnalytIcal mstruments for water, gas, oil and fuels.

12. Ash, moisture and weIght analyzer for coal (dual gamma CeSIUm and AmerIcium)

13 Field Instruments for momtonng (audIting) and controlling flow, temperature, level,
quality and consumptIon of water, condensate, feedwater and fuel.



Bacharach
625 Alpha Dnve
PIttsburgh, PA 15238

PORTABLE COMBUSTION ANALYZER
(02, CO, CO2 - NDIR, NOx, S00

412-963-2109 Tel
412-963-2640 Fax
Bill Sponn, P E.
Engmeenng Manager

Cosa Instrument Corporatlon
55 Oak Street
Norwood, NJ 07648

Enerac
Energy EfficIency Systems, Inc.
1300 Shames Dnve
Westbury, NY 11590

Nova Analytical Systems, Inc
1925 PIlle Avenue
Niagra Falls, NY 14301

IMR EnvIronmental EqUIpment, Inc
5401 Central Ave
St Petersburg, FL 33710

West Mark Sales, Inc (Rep)
2330 Westwood Blvd., SUIte 100
Los Angeles, CA 90064

201-767-6600 Tel
201-767-6804 Fax
SheIla Zilocchl

516-997-2100 Tel.
516-997-2129 Fax
Ray Gorman

716-285-0418 Tel
716-282-2937 Fax
Jim McPherson

813-328-2818 Tel
813-328-2826 Fax
Paul Sadwick

310-474-8211
310-470-1277
Lars G WIkblad



INSITU FLUE GAS OXYGEN MONITORS
(Zircomum OXIde)

Ametek
Thermox Instrument DIV.
150 Freeport Road
Pittsburgh, PA 15238

RC Hoffman Co., Inc. (Rep.)
2272 E. Walnut Street
P.O. Box 5766
Pasadena, CA 91117-0766

Rosemount Analytical, Inc.
1201 North Mam Street
P.O Box 901
OrrvIlle, OH 44667-0901

Cosa Instrument Corporation
55 Oak Street
Norwood, NJ 07648

Mensco, Inc. (Rep)
250 S. Paseo Sonnsa
POBox 694
Walnut, CA 91789

Panametncs, Inc.
221 Crescent Street
Waltham, MA 02154

Westmark Sales, Inc (Rep)
2330 Westwood Blvd.
Stilte 100
Los Angeles, CA 90060

Zircoa
31711 Solon Road
Solon, OH 44139

Industnal Automation Group
Walnut, CA

818-568-9211 Tel
818-568-9228 Fax
Chet Reynolds
714-643-0831 Tel.

216-682-9010 Tel
216-684-4458 Fax
Julie Wertz

201-767-6600 Tel.
201-767-6804 Fax
SheIla Zilocchl

909-598-1061

617-899-2719 Tel.
617-899-8582 Fax

310-474-8211 Tel.
310-470-1277 Fax
Lars Wikblad

216-349-7220 Tel.
216-248-8864 Fax
HeIdi Carson

909-399-5234
Ron Henson



FUEL GAS MONITORS
(On-line Calonmeters - Kcal/Nm3, Sp Gr., Wobbe Index)

Cosa Instrument CorporatIon
55 Oak Street
Norwood, NJ 07648

Mensco, Inc. (Rep.)
250 S. Paseo Sonrisa
P.O. Box 694
Walnut, CA 91789

FlUid Data Inc.
1201 N. Velasco
Angleton, TX 77515-3099

H.P. Liske Co. (Rep.)
P.O Box 80186
San Manno, CA 91118

Process Analyzers, Inc.
231 Lower Morrisville Rd.
Fallsmgton, PA 19054

201-767-6600 Tel.
201-767-6804 Fax
Sheila Zilocchi

909-598-1061

409-849-2344 Tel.
409-849-2166 Fax
Sharon Palmer

818-441-4190 Tel.
818-441-2723 Fax
Herb Liske

215-736-2596 Tel.
215-736-8194 Fax
Harold V Carter



COAL ANALYZERS
ASH, MOISTURE AND WEIGHT

NEUTRON ACTIVIATION (Californium 252) UltImate & MIneral

Gamma-Metncs
5788 PacIfic Center Blvd.
San DIego, CA 92121

DUEL GAMMA ASH GAUGES
RADIOACTIVE ATTENUATION - (Cesium & Amencium)
MIcrowave - MOIsture

619-450-9811 Tel
619-452-9250 Fax
Richard A. Kahn
Richard Woodward

1.

2.

3

Berthold Systems, Inc.
Hopewell BUSIness & Industrial Park
101 CorporatIon Drive
AliqUippa, PA 15001-4863
(Made In Germany)

Process Technology, Inc.
2769 East Fourth Avenue
Colombus, OH 43219

Energy TechnololgIes, Inc.
127 Penmeter Park DrIve
Knoxville, TN 37922
"Coal Scan" (Ref. SAlC Development)

412-378-1900 Tel
412-378-1926 Fax
DaVId Strelic, VP Sales

614-252-9583 Tel
614-253-9652 Fax
Mel Laurlia - Sales
Roben Brown - V.P.

615-690-1838
615-690-2119
David Swmdle



NON-INVASIVE FLOW METERS
SONIC TRANSIT TIME AND DOPPLER

Parametrics, Inc (Transit Time) 617-899-2719 Tel.
221 Crescent Street 617-894-8582 Fax
Waltham, MA 02254

West Mark Sales, Inc. (RepresentatIve) 310-474-8211 Tel.
2330 Westwood Blvd., Ste. 100 310-470-1277 Fax.
Los Angeles, CA 90064 Lars Wikblad

Polysomcs Inc. (Doppler) 713-530-0885 Tel.
10335 Landsbury, Ste. 300 713-498-7721
Houston, TX 77099

Patten Corporation (Representative) 714-821-6640 Tel.
10851 Bloomfield 213-594-0318 Fax.
Los Alamitos, CA 90720 Dave Davis, Doug Welsh

Badger Meter, Inc (Transit Tune) 918-836-8411 Tel.
Industrial Division 918-832-9962 Fax.
6116 E. 15th Street CraIg Stewart
Tulsa, OK 74112

Ponton Industries, Inc. 310-945-1621
Sante Fe Springs, CA Ross Doty

Dynasomcs, Inc. 407-286-9933 Tel.
3535 S W. Corporate Parkway 407-287-0011 Fax
Palm City, FL 34990 Brandon Keough

Controlotron Corp. 516-231-3600 Tel.
155 Plant Ave. 516-231-3334 Fax
Hauppauge, NY 11788 Laura Hines

Fountain Valley CA 714-827-8489
Al Miatello, RegIonal
Sales Manager

RPS Industnes 310-921-7200 Tel.
Santa Fe Sprmgs, CA

TN TechnologIes, Inc 512-388-9100 Tel.
P.O. Box 800 512-388-9200 Fax
Round Rock, TX 78680 Rick Golden, RegIonal

Sales Manager

RM Controls 310-946-0767 Tel.
Santa Fe Spnngs, CA 310-946-2776 Fax

Chuck Ratcliff /
\'1'>, '



FUEL LABORATORY INSTRUMENTS
(Calorimeters, Gravimetric, Elemental, Ir)

Leco CorporatIon
3000 LakevIew Avenue
St. Joseph, MI 49085-2396

Parr Instrument Company
211 FIfty Thrrd Street
Moline, IL 61265

Preiser SCIentific
94 Oliver Street
PO. Box 1330
St. Albans. WV 25177-1330

616-983-5531 Tel.
616-983-3850 Fax
Jerry L. Bergenhagen

309-762-7716 Tel.
309-762-9453 Fax
Thomas G. Tmgle, Jr.

304-727-2902 Tel.
304-727-2932 Fax
ChrIS Cline



8EST AVAILABLE COpy



ENERAC2000
The Enerac 2000 represents a new generation in Integrated
combustion management. Its unique modular design provides
the flexibility to select the optimum combustion analyzer to meet
every need For the first time, the capabilities of a comprehensive
combustion analyzer can be expanded with add-on communlca­
.tlon, environmental (NOX-S02), and data modules.

All the modules can be purchased with the Untt or qUickly field
Installed when needed Each IS pnced well within the budgetary
authontyof most combustion managers Enerac 2000, an Inte­
grated combustion management tool that will

• Improve Plant
Performance

• Increase Safety
e Save Fue!



',.

"

Interface Computers Direct or Via Telephone Modem

+Communication Module:
Meets the needs of a computerized world.

Computer Interface:
A umque feature of the Enerac 2000 IS the ability to com­
mUnicate with computers directly through an RS-232
port or remotely via an mternal modem The 2000 can be
monitored and operated from across the room or across
the country.
Remote operation gIves the combustion manager Instant
access to data, integrated program management and
Improved productivity When added to the 2000's
comprehensive testmg capabilities, the combustion
manager has access to a level of mformatlon never
before available.

Factory Testing:
Another key advantage of the Enerac 2000 IS remote fac­
tory testing' With a simple phone call, the Enerac 2000
can be factory tested to Insure it IS workmg properly The
results of the test will be pnnted by the umt In essence,
the factory has come to the shop floor
For the first time, auser can have the same reliability In a
portable analyzer that one expects from expenSive per­
manently Installed equIpment The combustion manager
can now be sure that routine testing programs Will be
carried out .accurately

+Data Modules
Meet every data management need

Printer:
An easy to read 4 Inch printer,

allows all current and stored
test data to be retrieved and

documented Instantly A
permanent record IS

always available

Senal #12345
ENERAC MODEL 2000
Combusllon Test Record

FOR YOUR COMPANY
TIME 124135
DATE 08/05/87
FUEL H6 OIL 18660 BTU/LB
AMBIENT TEMPERATURE
STACK TEMPERATURE
OXYGEN
CARBON MONOXIDE
CARBON DIOXIDE
COMBUSTIBLE GASES
COMBUSTION EFFICIENCY
STACK DRAFT (INCHES HPJ
EXCESS AIR
OXIDES of NITROGEN
SULFUR DIOXIDE
CARBON MONOXIDE ALARM
TEST PERFORMED BY

80'F
590'F
1000;,
20 PPM
86%

002"0
765'0
-012

86%
40 PPM

150 PPM
50 PPM

Senal #12345
ENERAC MODEL ;2000
Combustlon Test Record

DATE !0iQ8.'S1 OXYGEN TIME 1216 13

SCALE 3 TIME I SEC
0__15_31_46_62".

II
I

I'i

": I': I
'\3

''"'~



Micro-Computer:
An optional pocket computer which fits Into

the Unit's cover bnngs additional capabilities
to the field Data can be stored. logged,

analyzed and Integrated Custom software IS
available

. -

+ NOX and S02-/c~ y
--"~ :>{"

Environmental McXlu
.. r .... i1l;!. ...~~

~~~;;'..~-'f:r
"""- .....~., .... J,.

Meet the needs of a sensitive environment. < •

~ ... -' ,y~

Environmental concerns are fast becoming art importarit4
factor In combustion management. New reIDJlatlons are
being added dally Inexpensive and easy tO,install NOX:-:
and 802 Modules can provide the combustion manager
with reliable testing capability Base hne information of ~::~
a plant's performance can be developed so there are ~
no surprIses When the need arIses, help IS only a ~71l;;'
module away - ' ~ 7,1'J-.

_...: ':'-.~;;'";i~j¥~~~~;';:~~}:-~-~~t~~-:i;;f·-
;..,. 1 -J-..e - =--~.sl<.( .. _ '-f ...... ......1; .> - C"~'t~~

__ 0 >- _ J~~~>t--;'j~;:~:;:"': .: ..~:~;.?;tZ
The Enerac 2000 IS designed tabe as·adyancecJ in t~e'year 200.0-.~~~

as It IS today Let us show you how Itwill make a difference.....:~~.£".,_.
Contact us now for more Information, and to arrange a demonstration. Call today at:

- ::"-:,..-.- -:':' ~"::'.':~:~ -,:.;:--:-:.i&--,.,={;,;:- -:.
1·800-695·3637 -:.-:- -~ ::.: : ~'---::-;;'~"";-;-::7,,~£>... "".,

-. "~~~::' '~r' '~"'O~~:~~itr~~~I~
Data Storage"·· :: , . .,,~., .-..,;;.:::-' -

• _... - !::,..:o- ~ ,..,""'- "it--
ThiS option allows the combustIon manager to store the results of up to 99 ~ ~~ ';.
complete tests, one a week for an entire year, or every service call for a month.
A two digit boiler Identification number IS also provided All stored data can ;'-~
be printed or sent to a computer-even over the telephone. Now test results ~.'

can be eaSily saved and communicated. -

Plotter:
With the press of a Single
button the combustion man­
ager can capture a record of
any parameter vs time (three
scales & 59 time Intervals) An
unbelievably convenient tool
for problem solVing, making
adjustments, or recording
performance

•

•

•

•
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Comprehensive
Combustion Analyzer

+ PLUS

Oxygen, carbon monoxide, combusttbles, three factor efficiency calculation,
RS·232 port, backlit display, calculated excess air, calculated CO2 , stack and
ambient temperatures, pre-heat compensation, adjustable CO alarm, 15 fuels,
ttme & date, combustibles In ash, Inconel probe, up to 2000°F (1093°C) readings,
high capacity water trap, draft test, smoke test, auto-ealibratJon, anti-theft
software, etc

-8(SETI-
,1m

8CAU!
(SET) ..." IS!Tl ISET)
PImIT - A1AM ....

- Isn)
TID

0-. .:§]DA....

I!IEnergy
(SETI (SEn

Ellioen<l,l- ...- Systems Inc.

• - -- -------- Iiiiiiiiil --
Easy to Use

Simple three button operatIon

«DOn
~Fuel

~Text

Reliable
• Self dIagnostics
• Help messages
• Auto-calibration
• Auto-notice of routine mamtenance
• Auto-span gas & draft calibration

Expandable
• Add-on modules
• Programmable fuels
• Computer ready

1'\\:> I,



TIme In hours, mmutes, seconds. tate In month, day, year format
Smoke spot method, 0-9 smol«t numbers In unrt InCrements Automallc !rRung

10% of reading
In CH4gas ,""=~

5% of reading

Accuracy

10% of reading

5% of reading

(41oss) 1%
(above
condensation)
20/0 (below
condensation)

1 PPM ,',' -:'~:::;:;.~ 5% of reading
_ <r".~~~ _;:~J~_;_~:~~ ~ _:;!: ~ ~ -: ~

~ -... .. -:;'''' -'"='*

010/0

01%

1%

1%
0001%

0-2000 PPM

0-25%

+ , 0 0 to 0.,. water c:- 5% of reading

-40 o· water

0-2000 PPM

0-2000 PPM

1-100%

0-250%

0-1000%

0-2000 MGlM3
0-10ltIMBTU

COMPUTED PARAMETERS : ~' ~

Range Resolution

MODEL 2000 SPECIFICATIONS

PHYSICAL:
1 Case 18" x 13" x 6" Aluminum case with

lock Weight 151bs
2 Probe 13"L x 3/8"00 Inconel probe

with aluminum handle and 10' hose std
(Other sizes optIOnal)

ELECTRICAL:
1 Battery 6V rechargeable cell 4 hour

continuous operation on battenes QUick
4 hour recharge

2 AC 120V 60 Hz std (220V 50 Hz
optional) 1A

DISPLAY:
o 5" High by 24 Character single line LCD
with backlight Illumination and adjustable
viewing angle

PRINTER.
4" wide, 40 char per line thermal printer with
form feed and line feed buttons and end of
paper overnde Operates In any of three
modes

1 Text Mode 25 line pnntout of current
values of all measured parameters
(time req 20 sec)

2 Plot Mode Anyone parameter vs time
plotted, 3 ordinate scales full, half,
quarter Time scale Selectable, 1 sec/
dot-1 min/dot In 1 sec/dot Intervals

3 External Pnnt Mode Prints messages
sent via RS-232 port

STORAGE:
Internal 99 individually selectable
buffers hold one complete set of mea­
surements each, Including bOiler
Identification number, In non volatile
memory Buffer contents can be sent
to printer, RS-232 port or modem

MICRO-COMPUTER:
Accessory micro-computer can store up to
300 measurements In non volatile memory

COMMUNICATIONS:
1 RS-232 Port 1200 baud, 1 start bit,

S bitS, 1 stop bit, no panty
2 Modem Internal 1200 baUd auto-answer

modem connects to any modular phone
line for remote communicatIOn

(A 50 word command set sends Instructions

to the unit for remote control and trouble­
shooting)

MISCELLANEOUS:
1 Fuels 15 fuels, 3 In foreground, 12 In

background standard Custom fuels
avaIlable on request

2 CO Alarm Selectable 0-2000 PPM In
10 PPM steps

3 Combustibles In ash Presettable
0-100% In 5% steps

4 Messages One hundred diagnostic
and help messages

5 CalibratIOn Autozero on start up Soft
ware span calibration CO, NOX, 802
combustibles and draft

*Factory Testing-AvaIlable Spnng 198f

_ :nergy
~fficlency

Ib1i Systems, Inc.
1300 Shames Dnve
Westbury, New York 115

(516) 997-2100· Toll Free 1-800-695-363

FAX 516-997-2129

BEST AVAILABLE COpy
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Burns and Roe Company

800 Klnderkamack Road
Oradell, NJ 07649
Phone' (201 )265-2000

Reply Fax: (201 )986-4294

Date: 1112/94 W O. No. 5906-03

To
JOh""N E. HALLBERG

(714) 828-7007

Subject:

KWATT/KVARHOUR METERS
Number of Pages (including this page): /

From'

YEFIM DONKIN

Plea~(' find ..tttached th~ fa, from Byran Lahoratones The: offei"ed us ABB KWH K\ -\R metels

The tedmical dat..! or these meters ale follo\\::.

Bl-dlreltlOnaL three pha~c. four \\'Ile, 120 \ -\C ( Plant potentlal trnnsfomlers are ruted 6 K\ 120Y \ SA (
Plant current transformers rated 5';' on ~econJar) ) "iO Hi meters

The meter" h<t\ e an accurac) - 0 5 \0 5<> 0) •.mJ KYZ output The' KYl output \\ III aHo\\ to 'nterl3.:::e \\ lth
plant dIgital c.('fitrol system ( ,l s~ stem ltke "KADA)

\Ve Lan <l~~ume that at least 30~'o of the e\.lstmg plant meters don't vvorh btCaUSI; \..1 the shortJ.gc of spare
parts. and all other m~tcrs ha\e an aCCUlac~ - 1 (1 0/0)

BEST AVAILABLE COpy
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Do you perform high accufaci.·'f;ED.
pressure calibrations In fhe 'fie,"? j~~~;~~.:

. N;~YO~ ha~e ~-~~~id~::- ·~i?-;; :
) .... ,..: ~ -

You can buy 2 portable--- .-::
dead weight testers or, ~

a MENSOR Field Pressure'
Standard. You can move
up to advanced technology
or just stick with the old.

You do have a choice,
so choose wisely­
choose MENSORI

Dual Range Battery powered
Accuracy to 0.01 % FS Hand held terminal
Ranges to 6,000 psi Weather resistant case
Absolute & gauge Serial computer interface

:: ~ -800-984-4200 )(. /"3 [)Dr<.Y

MENSOR CORPORATION • 512-396-4200
SAN MARCOS, TEXAS FAX 512-396-1820

Circle 5 on I&CS Reader Service Card

4 I&CS NOVEMBER 1994



mensor
PRECISION INSTRUMENTS & SYSTEMS

ADVANCE PRODUCT RELEASE
JUNE 1,1994

SERIES 5000
FIELD PRESSURE STANDARD

'"'1«.\3 ·~"··l~·~ '.. ofu•• o
','. L-

- ... -~IJIII:J
P'.I."'5! aM j

),...

v 0 e 0
~ e -8[0 0e

~ ~ ~E (--)
MITERV .._~l!IICUlIlII!

- I---•=-- --- 0--
7 • • CE 1 -8• • I - •

•• 1 I I + ... LO (__I-e ~PONIi!A FUllECi! ItI- • . . , RANGE ••
0

@ e .._~
0 e 0

FEATURES

* Dual Range
* Ranges fro 10 inH20 to 6,000 psi
* Absolute, Gauge or Sealed Gauge
* Battery Powered
* 0.025% FS Accuracy (optional 0.01 % FS)
* Weather Resistant Case
* Hand-held Terminal
* Serial Computer Interface

The Mensor Series 5000 Field Pressure Standard (FPS) high accuracy pressure
measurement from the lab to the field. The FPS was specifically designed for field or
plant use in applications requiring two different pressure ranges for calibrating
transducers, transmitters and other pressure devices without removal from the field or
plant location. The rugged, weather resistant case, internal battery, and hand-held
display terminal make the FPS ideal for portable calibration applicatIons. The LCD
display, incorporating adjustable back lighting, can be viewed in all levels of ambient
light. A user friendly menu makes learning to use the FPS a simple process for the
operator.

For more information call 1-800-984-4200

MENSOR CORPORATION • 2230 IH-35 SOUTH • SAN MARCOS. TX 78666 • 512·396·4200 •
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PRECISION INSTRUMENTS & SYSTEMS

SERIES 5000 FIELD PRESSURE STANDARD

Domestic Price Ust
PL5000A

Effective June 1, 1994

Configuration Ranges Base Price
0.025% FS

Gauae / Gauae 15 psi to 1000 psi $ 4.975.00
Gauae / Absolute 15 psi to 1000 psi $ 4.975.00
Absolute / Absolute 15 psi to 1000 psi $ 4,975.00

To order special ranges and! or the optional 0.01% FS accuracy, include the
price adder from the chart below for each transducer. Specify the range and
accuracy of both transducers.

Example:
Base Price $4,975.00

with 5 psig transducer at 0.010% FS 575.00
with 3000 psia transducer at 0.025% FS 400.00

Total $5,950.00

Transducer Range Price Adder
0.025% FS 0.010% FS

Gauae 0.36 to < 1 psi $650.00 Note 1
Gauae 1 psi to < 15 psi $350.00 $575.00
Gauae 15 psi to 1000 psi N/A $325.00
Gauae >1000 psi to 1200 psi $100.00 $200.00
Absolute 15 psi to 1000 psi N/A $325.00
Abs. or Sealed Gauae 1500 2000 or 2500 osi $250.00 Note 1
Abs. or Sealed Gauae 3000 psi $400.00 Note 1
Abs. or Sealed Gauae 5000 psi $550.00 Note 1

Notes:
1. Consult factory for more information.
2. Specify absolute, gauge or sealed gauge on each transducer.

MENSOR CORPORATION • 2230 IH-35 SOUTH • SAN MARCOS. TX 78666 • 512-396-4200 • FAX 512-396-'82~--- ,> f



COSA Differential Pressure Generator
Model 9100

Ir
I

.JCC'-·'*- """';', C-,... l \ if_,,_I.

• Static pressure to 3000 psi

• Differential pressure to 300 psi

he model 9100 Is a pneumatic pressure generator capable of producing differential
ressure at static pressures to 3000 psi. The 9100 IS used to calibrate differential pressure

ensors at theIr actual working static pressure thus eliminating zero drift. The unit consists of
gas storage bottle, a pressure regulator and control values for generating static line

ressures. When the stafic line pressure is stable differential pressure can be generated
y means of a high pressure volume controller.

anitor gauges display storage bottle pressure. regulated pressure and high and low
e pressures.
"

ne model 9100 was designed to be used In conjunctIon with the 2090 DP differential
ressure Indicator

the 9100 con be used wIth the enclosed storage bottle or an erlernal source for large
yolurne applications.
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I
pperatlng Pressure;
I

I

I

~onltor Gauges:
I

I

I

I
Ipas Bottle;

f

I
I

~Igh Pressure Regulator:

,

~eedle valves:
I,

I

~UPPIY Hose:

I
test Hose.

I,
~Ouslng.

rimenSions:

Ire,ght.

Specifications:~ 9/0-0-_._------

Une pressure 0 - 3000 pSI

DIfferentIal pressure' 0 - 300 PSI

4 pes

Range: 0 • 3500 pSI avolloble

2 hter refillable

WorKIng pressure to 3000 psi

Rated to 4000 psi

Working pressure 0 - 3000 pSI

Model T1700 with adjustable soft seat

1/4· NPT 3 5 feet

2 pIeces 1/4· 3.5 feet

Aluminum carryIng case with removable lid

. 16° x 11 5° x 10"

35 Lbs

Represented by:

COSA
,.....,-..." It I'" 1t'''''1'''''l!: ... Arfll, IT ",""r~,r"'l11\," II""""I~ I

...... vvl""l II "v II<UIVIl::' .... ' "-VI<r"VI<.MllVI~
55 Oar. S1rest NOf'M)OO NJ 07648 (201) 1676tIJJ
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Differential Pressure Indicator.

-:COSA===== Model 2090 DP:==:..
-;;;::::~

•._.
OJ

•0.05% Full Scale Accuracy

• Static Pressure Ranges to 3500 psi

• Wet/Wet Differential Measurement in inH20, inHg or psi Increments

The model 2090 DP Differential Pressure
IndIcator IS a highly accurate measurrng
Instrument for sensing small pressure differ­
ences In elevated line pressures with gosoous
media or liquids

The microprocessor based ?090 DP IS

accurate to +1- 005% full scale which
Includes IIneanty. hysteresIs. repeatability
and tomperature effects.

The piezoresIs11ve differential pressure
transducer IS protected from overpressure
by a special pmssure limiting assembly
Various output sIgnals can be Installed such
as 0-5 volts, 4-20mA or RS232 Automatic
re-zeroing. peak hold. Unit selection, direct
readIng and contInuous averaging ore easIly
selected through the front mounted push
buttons.



Specifications: ;2090 17 P
,
I Accuracy. +/- 005% full scale wIthin a temperature ronge of 40"F to 150"F IncludIng linearity, hyster-
: esls, repeatabillty and temperature effec1

!Static Pressure Ranges
I • 0 to 1500 PSI

, • 0102500 psi
i • 0 to 3500 PSI
IDIfferential Pressure Ranges

• 0 to 100 InHp
• 0 to 250 InHJO

I • Oto400lnH]O O-'fo of'"f'C>f\lq,

'I • 0 to 850 InHJO
Five engineering units per Instrument

I
• InH,O
• mmHg
• psi
• mmH~O
• bor

IResolution .•..•005% FS Minimum

croprocessor
ResolutIon of calculation 18 bits
Internal memory 2 kb RAM + 4kb PROM
Clock hequency 4mHz

:Display Alpha-numenc
• 16 Cl1oroc1ers
• fluorescent,

I
ITest Connections 1/4' female NPl

!Power Supply
i • 110V +/- lOOk 50/60 Hz

• r~echargeable NICd Battery (optional)

rOutputs (optIonal)
• O· 5 Vdc
• 4·20 rnA
• RS232
• IEEE 488

IDimensions
, .
I

lWelgh'

(Including case)
CW x H x D)

105" x6 S" x 125"
191bs

,,: ",J\ \!(-, III IVcr'l '_ I _i ''-\_ "~A\ it'!
~ (" .... f (. J <f ..... ) .. I ... I'~ ." { ) It. .. ..r I

Represented by

mANSDUCER SYSTEMS COMPANY
916 LAKE STREET

HUNTINGTON BEACH, CA 92648
(71-1) 969 7()90
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Controlotron's SYSTEM 990 UNIFLOW
Performance -Function -Applicability - Economy

Superior to Conventional Intrusive Flowmeters!

STATUS
ALARMS

LIQUID
ANALYSIS

FLOW
TOTALIZER

WHAT IS SYSTEM 990 UNIFLOW?
Uniflow* fulfills the potential of Clamp-On Transit­

Time Flowmeter technology. It outperforms conventional
flowmeters, whether Magmeter or Onflce Plate, Ventun or
Turbine, Vortex or any other type of Ultrasonic flowmeter Its
reliability, economy and low Installation cost will make It your
preferred choice And ItS wide applicability lets you use
Umflow In place of the many different flowmeters you now
need for different applicatIons

Uniflow is Universal. It operates on Just about any size
and type of pipe, and most liquids It provides any flowmeter
function that you need Unlflow offers Portable and Dedicated
NEMA 4 models, In Single and Dual Channel verSions It
provides three functions In one affordable Instrument

Flowmeter ...Stripchart Recorder... DataJogger
Uniflow is easy to use. No need for complicated Instruc­

tion manuals Unlflows user-fnendly Hand-Held Terminal talks
to you In English (some models available In German, Spanish
or French) and lets you tell Umflow Just what you want It to
do Little or no training IS needed It even tells you how to
mount the transducers, and ItS Installation Menu never needs
words spelled out Just choose from ItS list of options to
obtain a host of functions not available In most conventional
flowmeters

\\1DE APPLICABILITY
Umflow combines Controlotron's MultlPulse7l~ System,

and patented, award wlnmng Trans)(TM TransmisSIon and
Wide Beam transducer technologies The result IS a damp­
on flowmeter of unprecedented ability to handle many
different applicatIOn conditions' Umflow operates accurately
with higher levels of liqUid aeration, cavitatIOn and liquid
non-homogeneity than any prevIous Ultrasonic flowmeter

Unlflow users can standardize on fIeld programmable
Unlflow In place of the many different f10wmeters often used
for different applications Users may stock baSIC NEMA 4X
or 7 Umflow models Then, plug-In only the standard Analog
or Digital Data Function Modules needed for each applica­
tion Unlflow IS easily Installed at new SItes, or moved from
obsolete sites to new and different applicatIOns Portable
Unrflow can be used to demonstrate the supenor perfor­
mance expected of Dedicated Umflow models over any
previously used conventional flowmeter

IS U~IFLOW ECONOMICAL?
Umflow cost compares favorably With all types of con­

ventional flowmeters of lesser function and performance
Dual Channel and Four Channel models offer even greater
savings Portable Unlflow makes even "one shot" flow
measurement affordable
*Unlllow IS a IrauerrarK 0' Comrolotron

WHAT DOES UNIFLOW DO?
FLOW It measures the flowrate of most liqUidS In
MEASUREMENT most pipes between 1/2 and 216 Inches

00 (114 to 360 Inches avaIlable) You
choose your preferred digital flow rate display units

FLOWDISP,\' Umflow offers a chOice of LCD Graphics
LnY DIsplay, for Digital, Stnpchart and Data­

OPTIONS logger data display, or large Digital format
LCD Display of Flowrate, Total and Alarm Status Lower cost
"Blind" models are also offered

Choose PoSItive, Negative, Net or Batchi
Sample Flow Total, With up to 7 digits of
display precIsion, and In any volume Units

that you choose atthe site Apulse output dnves remote totalizers

DATALOGGER Never a need to wnte down data Unlflow s
umque DataSaver Will record any data you

tell It to Instantly, or at any tIme Interval that you choose Later you
can review thiS date/time stamped data on the optional GraphiCS
Screen, or output to Unlflow's optional 996P Pnnter or a Personal
Computer via ItS RS-232 full modem compatible port

STRIPCHART Umflow s optional GraphiCS Display makes
a Stnpchart record of analog flow data

Choose either flow rate or liqUid sonic property data, chart speed
and data scaling Umflow adds report time stamps, and lets you
review past flow trends at your convemence

Unlflow keeps watch on all flow and appli­
cation conditions. such as Empty Pipe
HI/Lo Flow Alarm, Reverse Flow, Fault

and LiqUid Aeration Selected alarms operate relay outputs

DATA OUTPUTS Unlflow has programmable spanned and
absolute flowrate data outputs such as 4 to

20 mA, 0 to 10 volts, pulse rate and alarm relays In addition, It reports
either real-time or memonzed digital flowrate total and alarm
status data to your computer from Its Industry standard RS-232
Port at selectable rates up to 9600 Baud

DIAGNOSTICS Unlflow has a Diagnostic Menu whId"'
lets you see and control Unlflow operating

conditIOns Or If you like, run Umflow diagnostic tests With the
transducers either on your pipe, or on Umflow s umque 996PS Pipe
Simulator The Diagnostic Menu also shows application conditIOns

Umflow measures liqUid SOniC propagatlor
velOCity, closely related to liqUid physlca
propertIes Users can Identify the liqUid fo

Interface detection, and In many cases compute the liqUid densl!'
for mass flow measurement Unlflow can also detect liqUid aeratlOr
This ability allows Unlflow to publish an aeration number, Vaer whlcr
represents the degree of aeration present In the applIcatIOn

\(Pl
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PORTAQ~~tJmlELQm1~!j;j:t1
Use foi~eer~l_~J
In-Line~Flo-»'Jll~J~_tiQal.ibwi9ii·

Patented Universal 991
Ultra-Stable Metallic

.• _ Clamp-On Transducers
(shown in Direct Mode).

Uniflow cover holds Field

Manual for ready '.availability.

---=-,-:-;-=-;--

995T Hand-Held CDU
Terminal removable from
cover for convenient
hand- held operation.
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12. 28PM-------M10.1GPM

11.7GPM---H----
15.0GPM

40'hVf
F"E:lS
9.

19.79 89.81 las

#1
725

.. 2
725

4*1
725

#2
725

Stripchart

>03.14.SS 12.35 PUMP
936.SSGAL 1479Vs

>03.14.S8 12.36 PUMP
1224. 43GAL 14S0Vs
>03.14.S8 12.37 PUMP
1280. 05GAL 1479Vs
>03.14.8S 12.38 PUMP
1432.SSGAL 1479Vs

PUMP #1 2.38 IN. 00 3'1.0

F"LOU
~~~

Vo

HI/LO
11.4 "IN GA/M

NTOTAL SAL -38.8
1296.94 11.49 19.46 s/DIV

1. Digital Display with Stnpchart

~'cHIILQ_:~: -:""",:=e:::11.49 14.35 5s/DIV PUMP #1

VA #1 3e.0~ PI #6
Vo

GA/M
HIILO

-39.9
15.26 09.91 6s

PUMP #~AL/MIN 25~:~ICHILLE:AL/MIN 10~:B
11 .4 BAlM 8. 7 GA/M

AER TOT GAL -25.0 HI/LO TOT+GAL-19.0
2305.61 11.37 lee. 55 8.71

4. Dual Channel Digital and Analog Barchart

5. Dual Channel Stnpchart
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. ~~':'~ ~.~:~Makes System 990 truly ­
. . ~":".";-. portable by keeping

-cables, transducers,
mounting tracks,

996PSPPipe
Simulator and
all transducer
accessories in

one convenient
shoulder strap case.<••



•

•

•



Wide Applicability Lets You Standarc
Eliminates Need for Different Flowr

MODELS AVAIIABLE
Controlotron's System 990 offers any construction you need for your application whether Portable, NEMA 4X Intrinsically Safe, or

NEMA 7 Explosion Proof Choose the power source you need 100/120 or 220/240 VAC, or 9 to 36 VDC, or Internal, rechargeablE
Battery Choose from highly economical "Blind" Units, or have your chOice of LCD GraphiCS or Integral Digital Display In short, whatever
your preference It'S probably available as a Unlflow standard'

For help In selecting your Preferred Mode
request Bulletin 990SLECT and 990 Appllcatlo
Information Form

Dual/Four Channel Dedicated NEMA 4X
The Dual Channel Dedicated 990DN NEMA

4X and Four Channel 990MN NEMA 4X Unlflows
have all the features of the Single channel model
but support multiple Independent pipe sizes
Simultaneously, uSing time share mUltipleXing

When supplied "Blind', these models prOVide
the ultimate In economy, and Will generally resul1
In lower per channel cost than most conventlona,
flowmeters When supplied With either the Dual
Channel GraphiCS Display or Dual LCD Digital
Displays, each channel IS functionally eqUivalent
to separate Smgle Channel 990N models

Dual Beam System Models
When faced With the need for highest poSSible

accuracy, for custody transfer or pipeline leak
detectIOn applications. conSider the advantages
of Controlotrons 990DBN Dual Beam System
Here, crossed orthoglnal SOniC beams eliminate
any crossflow error produced by upstream elbows
or disturbances, and assure exceptional dala
stability 990DBN IS the preferred alternative to
IntrUSIve 4 Path Chordal flowmeters, offenng
better performance at much lower cost

Dedicated NEMA 7 ExplOSIOn Proof Models
Unlflow IS available In NEMA 7 construction

In both Single channel (990X) and dual channel
(990DX) models for those applications for which
Factory Mutual certified Intrinsically Safe con
structlon IS not suffiCient Industry standara
digital and analog data outputs are prOVided
plus an optIOnal remote digital data display
Also available In the Single Channel model IS an
Integral Digital Display Dual Channel models are
capable of supporting remote NEMA 7 Digital LCD
Displays for each channel

9940NSD-3 DUll
QIInnel NEMA 4

994N5D-3 Single
QIInnel NEMA 4

9!l4X58-3 990 ExIIlosIon
PnIDI Mlldel

-,
I

994HSG·3 51119'.
Cllanllll NEMA 4

994MN4G-3 Four
Cllannel NEAlA 4

'~ •. I I i f:

~-II
R I,
~ ....~
e-.:~~~..,., ~

994P5G Single Channel
PlIrtable UNIFlDW

-/rc
---,I ~_r_.._,:.. l

I I
'L-_..l.... __•__~

PORTABLE UNIFlOW MODELS

Smgle Channel Portable UNIFLOW
The Single Channel Portable 990P Unlflow

IS Ideal for applicatIOns that only need penodlc
flow measurement, to save the cost of a perma­
nent flowmeter InstallatIOn Use It to test your
pumps and valves as part of your plant s pre­
ventative maintenance program Check the
calibratIOn of your conventional flowmeters Or
use It to see how well a Dedicated NEMA 4X or 7
Unlflow will operate as a replacement for a
conventlonalmtruslve flowmeter

Of special convenience for users of Portable
UOifiows are the models With Integral Recharge­
able Battery These are of especial value for use
In areas remote from power or hazardous

Dual Channel Portable UNIFLOW DP
Dual Channel Portable 990DP Unlflow

(shown on page 3) has all the functions of the
Single Channel Portable but With the added
benefits of Simple flow balancing, flow tracmg
and leak detection 990DP operates both
channels Simultaneously so that Interactive
manifold effects can be observed

DEDICATED UNIFLOW MODELS
Smgle Channel Dedicated NEMA 4X

Available With either GraphiCS or Digital
Display, or as a Blind flow transmitter the
Single Channel 990N NEMA 4X model IS the
workhorse of the Unlflowfamlly 990N contains

all the flow functions of the Portable models
including optional Datalogger, 5tnpchart and
Industry standard RS-232 110 Data Port

Dedicated models are field programmable
Users can stock standard Unlflow models and
eaSily program them for different applications as
they anse Then Simply plug-In any needed
standard Unlflow Function Modules such as
Analog Data, Alarm Relay or RS-232 I/O Port, to
a compatible 994 Flow Computer

",

·~
;: I

II

i. :'
:<>

~

;:

UNIFLOWACCESSORIES

996P TRANSPORTABLE PRINTER
The 996P Transportable 80 column

battery operated Pnnter lets you make a hard
copy of memonzed Umflow datalogger
Information, output from Umflow's RS-232
Port, anytime you need It, even In the field

996PSP PIPE SIMULATOR
996PSP permits Simple Unlflow eqUiP­

ment test Simply place Umflow's transducers
on ItS 996PSP Then view Umflow s Diagnostic
Display to confirm that both Flow Computer
and Transducers are operating properly

996D REMOTE DIGITAL DISPLAY
Available In either panel mount or NEMA

4 construction the 996D prOVides users With
remote data display from either a Blind or diS­
play eqUipped NEMA 4X or 7 Flow Computer

6



·ze on Controlotron's UNIFLOW.
eLers on Different Applications.

UNIFLOW FEATURES

• •

F.4ST SL'v!PLE ISSTALLATIOS
Unlflow s universal applicability IS Invoked by 'telling' It the

few things It needs to know to measure flow accurately at any site
Just tell It the pipe Size, the kind of data you wish to measure and
your preferred data units. offered on a convenient "no spelling
required" Menu List How long does this take? Less than 5 mlnutes l

Then Install Unlflow clamp-on transducers They are Pin Stop
located for qUick and repeatable installation Just put the Pin at the
computed Spacing Indices on the mounting track and place the
transducer against the pin No need to measure spacing or read
obscure ruler scales to obtain the most precise Installation
pOSSible and Without any special training How long? Usually
under 5 minutes

Portable and some Dedicated Unlflow models can Save as
many as 16 different Site Setups for Instant Recall when revIsiting
a perIodically surveyed site ThiS avoids need for highly trained
personnel to conduct routine data collection

Portable Transducers are conveniently carned In their own
Carry Case, together With their Mounting Tracks, Cables, Pipe
Conditioner, Coupling Compound and Pipe Simulator, used to
check entire 990 System operation There IS also a Portable Flow
Computer Soft Case available to protect your portable computer
dunng tranSit

SL"!PLE OPER4TIOXSErep
Unlflow has no conventIOnal adjustments 'Its Menu asks you

how you want It to operate Simply tell Unlflow to set ItS Empty Pipe
Alarm Then tell It to set Zero Flow (even If flow can t be shut down)
Tell It how fast you want IttO respond to flow changes. and such like
Umflow Will behave Just as you tell It to

DL:4L CHA.\:YEL C\IFLOlI DP
The Portable Dual Channel Unlflow DP supports a vanety of

applications that would otherwise require two separate flowmeters
For example, use It for Flow BalanCing or Leak Tracing, or Pump
and Valve diagnostics

APPLICATIONS

HIGH T£''v!PER4TCRE OPER4TIOS
Umflow transducers use patented Controlotron Metall

construction to permit operation at far higher temperatures tha
any other UltraSOnic flowmeter up to 450°F They also prOVide fe
better data calibration stability than that obtainable With ordlnar
plastiC transducers

HIGH RELIABILITY
Unlflow s all digital design uses low power component

substantially redUCing Internal temperature nse which IS the ma
cause of early failure There are no adjustments to "dnft In tt'
primary flow detection CirCUits, as all system calibration IS controllE
digitally All CirCUits are protected against ESD. the main cause
"unexplained' CirCUit failure And Umflow has a substantial reductiC
of component count, greatly redUCing the potential for electron
failure

SIMPLE ."fAIXTAIXABILITY
Umflow uses all Plug-In Module construction Even ItS pow,

supply plugs In In the unlikely event of a component fallur
operation IS restored In minutes by Simple replacement from
small supply of guaranteed Interchangeable spare modules Ar
Unlflow's bUilt-in Diagnostic Display helps to Identify the probab
source of any problem qUickly, whether due to eqUipment '
application conditions

like all other Controlotron Ultrasonic flowmeters, Unlflow cc
be tested In the field. so that there IS never a need to return It to tr
factory for operation check

INsrRISSIC SAFErf
Unlflow IS deSigned to meet International intrinSIC safe

standards for hazardous areas NEMA 4X (IP65) and NEMA
(Flameproof) systems are available With US (FM) approval fc
use In Class I and II, DIVISion 1 and 2, Groups C, D, E, F, G area
European Standard (CENELEC) transducer certification f(
EEx mil T5 use With all 990 systems IS available, Canadian (CSI
certificatIOn and European Standard EEx la II T5 certificatIOns a'
pending Contact your representative to diSCUSS your needs

Umflow's Wide applicability, excellent performance, moderate cost and non-Intrusive deSign makes It SUitable
for use In essentially every application now servIced by conventional flowmeters such as Onflce Plates,
Magmeters, Turbines, Vortex, Ventun and Conohs deVices. Typical apphcatlons Include'

Petroleum ProductIOn & Plpelmes Molten Sulphur Pamt Apphcation Control
ChemIcal AIrcraft Fuels Solvents
Water and Waste Water Hydraulic FlUIds Product Custody Transfer
Nuclear Power Coolant Flow ChIlled and Hot Water RadIoactive Wastes
Condensate Deaerated Coal SlUrrIes LlquIfied Gasses (Ethylene, Propane, LPG)
Mdk and Related Food Products Paper and Pulp SlUrrIes Heatmg Oil
Beer and Wine Deaerated Dnlhng Mud

i
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How UNIFLOWWORKS

Unlflow IS a Clamp-On Flowmeter which detects liqUid flow
rate by Its effect on the TransIt-TIme of UltrasonIc Pulses.
alternatively Injected through the pipe wall In the upstream and
downstream directions by Controlotron s patented ultrastable
metafllc transducers Each transmiSSion IS not a single pulse. as In

prror types of ultraSOnic flowmeters. but rather as many as 100
pulses resulting In the extraordinary sensitivity and calibration
stability of Unlflow s MultiPulse™ System

Unlflow also benefits from ItS patented Trans)(TM Transmission
System ThiS IS a method by which Unlflow measures the soniC
properties of the application s pipe. and automatically optimizes ItS
ultrasonrc beam transmiSSion This gives Unlf/ow ItS Universality,
the ability to operate on most pipes and most liqUids, and ItS
extraordinary Immunity to such conditions as liqUid aeration and
non-homogeneity

How DOES UNIFLO\V PERFORM?

EXTRAORDINARY PERFOR~t~'\ICE

Unlflow s Digital MultiPulse™ System uses no analog ClrcUlt~

not even phase locked loops ThiS produces the greatest precIslor
senSitIVIty and stability ever achieved In an ultraSOnic f10wmete
Flow response IS extremely linear over Its full :!:40 fps rangr
(including zero flow), and IS Virtually dnft free

Unlflow s SMARTSLEWTM real time data analysIs results ,
extremely low data scatter, even at high slew rate settings Whe
set for Its fastest flow response rate, Unlflow IS Ideal for flow contre
or detection of flow tranSients which would be missed by SIOWE
f10wmeters Slower response can be selected. If deSired to avoI

reporting flow pulsations which are not of Interest

Unlflow IntnnSlc calibration accuracy IS usually Within 1% t
2% In most applications and Within 1 4% to 1% If flow calibrated
Intnnslc repeatability Will generally be Within 1(2% for most piP
sizes

991 ClAMP-ON TRANSDUCERS
PIPE SIZE RATINGS

• Group 0 0 25" to 2" (6 35mm to 50 8mm) pipe 00
• Group 1 0 5" to 4" (12 7mm to 101 6mm) pipe 00
• Group 2 125" to 8" (31 75mm to 203 2mm) pipe 00
• Group 3 6" to 24" (152 4mm to 609 6mm) pipe 00
• Group 4 20" to 48" (508 Omm to 1219 2mm) pipe 00
• Group 5 36" to 360" (914 4mm to 9144 Omm) pipe 00

RATING' Intnnslcally safe Radiation ReSistant and Submersible available
CONSTRUCTION: Aluminum, stainless steel and speCial alloy or plastic
CONNECTORS: Condulet lor NEMA 4, BNC for Portable

APPUCABIUlY
UQU/DS: Arr; somcally conductive homogeneous liqUid of low to moderate

aeration (up to 30% maximum)
UQUID (PIPE) TEMPERATURE: -40°Fto +250°F (-40°C to + 1200 C) Standard

- BO°F to + 450°F ( - 60"<: to + 230" C) Optional
PIPE SIZES. 0 25" to 8" 00 (6 35mm to 203 2mm) SpecIfY Group 2 Aow Computer

o5" to 24" 00 (12 7mm to 609 6mm) Specify Group 3 Aow Computer
o5" to 48" 00 (12 7mm to 1219 2mm) Specify Group 4 Aow Computer
o5" to 216" 00 (12 7mm to 5486 4mm) Specify Group 5Aow Computer
o5" to 360" 00 (12 7mm to 9144mm) Specify Group 6 Aow Computer

PIPE MATERIAL Arr; somcally conductive Pipe matenal Metal, Glass, Plastic, etc
P/PEWAU THICKNESS: 0 01" to 300" (0 25mm to 76 2mm)
UNER MATERIAL Arr; sOnlcafly conductIVe matenal. Glass, Plastic, Cement, etc,

Intimately bonded to the pipe Intenor
UNER THICKNESS Up to 1" (25 4mm). dependent on matenal
FLOW VELOCITY RANGE: :!: 40 fps ( :!: 122m/sec), minimum

SYSTEM 990 UNIFLOW SPECIFICATIONS
992 MOUNTING TRACKS

• Available In Direct and Reflect Mounting for all transducer sizes In
standard pipe diameter ranges

• PlnStop transducer spacing standard for all models

994 FlDW COMPUTER
• POWER 100(120 or 2201240 VAG, 1eb, 40 VA

9 to 36 VDC. 20W, portable systems available With Intemal battery
• TEMPERATURE: - 5"F to +115°F (- 20°C to +45°C)

(except for GraphiCS Models)
• SIZE. 10 5" W, 9" 0, 13" H(266 7mm W, 228 6mm 0, 330 2mm H)
• WEIGHT' 128 pounds (5 8 kilograms), (WIthout Battery)
• RATING. Intnnslcally safe NEMA 4X with cover closed
• MODULES. Plug-In. Interchangeable WID speCial tools
• RANGES Group 2 Transducer SIZes 0, 1 and 2

Group 3 Transducer SIZes 1, 2 and 3
Group 4 Transducer SIZes 1, 2. 3and 4
Groups 5 & 6 Transducer SizeS 1, 2, 3, 4 and 5

994 PERFORMAtl:E (Standard Conditions)"
• SENSmVITY 0 001 fps (0 3mm/sec) at any flow rate including zero
• UNEARITY: 0 003 fps (0 9mm/sec) under standard conditions
• DATA UPDATE RATE. 10 Hz
• SlEW RATE: 01 to 40 ftlsectsec (0 03 to 122m/sec/sec). (settable)
• FlOW PROFILE COMPENSATION' Reynold's Number 0to 1Q7
• ZERO DRIFT STAB/UTY 0 02 fps (6mm/sec) for transducer sIZes 0 to 2

o01 fps (3mmlsec) for transducer sIZes 3 to 5

995 HAND HELD CONTROUDISPLAY TtRMINAL
• 4 row, 80 character LCD
• 30 Keys. Numenc or Function Identified

• Submit Application Form for estimate of performance under speCifiC applicatIOn conditions For statement of accuracy, site survey IS reqUired

8



HOW TO SPECIFYAND ORDER SYSTEM 990 UNIFLOW
Selecting the most appropnate model and optional functions
and features, offered In System 990, IS qUite simple, especially
If you follow the procedure below However. feel free to calion
your local Controlotron representative for assistance If needed.

The Untflow part numbenng system IS aguide to the process of
selecting your preferred model, as well as producing the part
numbers of all the system components The procedure below,
gives you an opportunrty to consider the many Unrflow system
options offered Check with your local Controlotron repre-­
sentatlve to assure selection of compatible Dedicated model
functions Note, however, that standard Portable Untflow
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 latertime, anew functIon IS required, mostcan
be added merely by plug-In of the deSIred Function Module
Into a compatible 994 Flow Computer.

Umflow Systems Include the following Components.
• series 991 Transducers
• series 992 Transducer Accessories
• series 993 AFAC Module
• senes 994 Flow Computer and Function Modules
• series 995 Hand-Held Control Display Unit
• series 996 Remote Accessones

Specifying and .ordenng System 990 Umflow equipment
Involves the follOWing steps.

1. Determine which 990 System best fills your needs,
Portableor NEMA 4 Use the Application Information Form
to assure application guarantee.

2. Specify the Components of your selected system.
chOOSing the component optiOns which contain your
deSired features. and their corresponding part numbers

3. Specify the deSired optional plug-In FunctIon Modules
and/or Remote Accessones by part number below

4. Obtain the pnce and delIVeryof yourselectedcomponents,
and place your order with Controlotron either through
your local RepresentatIVe or Factory DIrect.

.,

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

991ABC·0 A= MOOEl I =TYPE C..lEMPERAlURE D-SIZE"
TRANSOUCER P,. Por1able M,.Metal Body S ,.25O"F (12O'C) max. os -0.25" to 05" (6 35mm to 12 7mm) PIpe OD

N,.NEMA4 P = Plastic Body H ,.375"F (19ll"C) max O,DA - 0.25" to 2" (6 35mm to 50 Bnvn) pipe OD
V = SoniC Velocrty VH..45O"F (23O'C) max. 1 -0 5" to 4" (12 7mm to 101 6mm) PIpe OD

2.2A -1 25" to 8" (31 75mm to 203.2mm) pipe OD
3.3A-6" to 24" (152 4mm to 609 6mm) ptpeOD
4.4A-2ll" to 48" (508 Onun to 1219 2mm) pipe 00
5,5Ac36" to 360" (914 4mm to 9144mm) plIllI OD
• Sle991XA lorglllclebs In I5lIIIdIng 'A' SnsTrnducn

j992MTABCD-E A=MDDEl II=TYPE C.. stY1.E D..MATERW. E-P1Pf OD RANGE (mill) (Sle 990SlECT Manual)
MOUN11NG TRACK P,. Portable D= Direct Beam MeMetal XOCR A -A1ummum OS-O 25"toO 5" (6 3Smmto 12.7mm) PIpe OD

N=NEMA4 R= Reflect Beam P =PlastJcXOCR S -Sblel o -0 25" to 2" (6 35mrn to 50 Bmm) Pipe OD

j H,. Hybnd Track SH - For VH XDCRS 1 -0 5" to 4" (12.7mm to 101 6mm) PIpe OD
2 -1 25" to 8" (31 75mm to 203 2mm) PIpe OD
3 -6"to 24" (152.4mmto 609 Bmm) pipe 00
4 -20" to 48" (508 Dmm 10 1219 2mm) Pipe OD
5 -36"to84" (914 4mm to 2133 6mm) Pipe 00
5)(-6' to 10' (1 83m to 305m) ptpe OD
5Y -10' to 18' (305m 10 5 49m) ptpe 00
52 = 18' to 3)' (5 49m to 9 14m) Pipe OD

!992CAB-C A=MODEl B= EJMRONMENT C..lEHGTH 9I2MTM-A A-P1Pf 00 RANGE
ITRANSDUCER CABLE P =Por1able S = Standard Temp C= Lengtllln ft MAllJImc TRACK 4-20" to 48" (508 Ommto 1219 2mm) Pipe OD

N =NEMA4 D = Plenum Rated MOIlHI' KIT 5-36" to 360" (914 4mm \ll9144 Omm) pipe 00
NP = NEMA Computer 10 Por1abJe XOCR W= SUbmersible Kit
PN ,. Por1able Computer to NEMA XOCR I

992TC·A IA=SIZEJIlI3A A-MOOa 8I4TC PORTABLE
TRANSDUCER OS = SIZe OS XOCR, 0= SIZe 0 XDCR. 1= SJze 1 XDCR. 2= Size 2XDCR, APPLICATION RlNCTION C-ConInJI Only Module ROW COMPUTER
CARRY CASE Krr 3,. SIZe 3 XDCR 4,. SJze 4 XDCR, 5= Size 5XDCR (For Portable XOCRS Only) AND CONTROL MODULE M- DataJoo Memory & Control ModUle 10FT CASE

994ABCD·Ef A=MODEL 1=P1PEOO C..DllPl.AY o-POWER SOURCE E..PROGRAM F=SPECIAL
FLOW P =Por1able MN = Four Channel 2,. 0 25" to S" (6 35mm to 203 2mm) B .. Blind S -1001120 VAC LOADIHG C(n) = case Option
COMPUTER N =NEMA4X DBM =Dual Beam NEMA 4X 3"05"1024" (12 7mm to 609 6mm) G ,.Glaphlcs M -22OI240VAC 1- Baslc Data N(n) - CC Nuclear

X =NEMA 7 DSP = Dual Beam 4,.05"1048" (12 7mmto 1219 2mm) GL - Ld GraphICS B -9to36VDC 2.. Add RS-232 Grade

I
DP = Dual Portable FTN = Row Tube NEMA 4X 5,.05"'0216" (12 7mmto 5486 4mm) o =DIQl13l 58 -11SVAC + Battery & Datalog SIn) = IntnnSlCalIy
ON = Dual NEMA 4X FTP =Row Tube Portable 6= 0 5"'0360" (12 7mm to 9144 4mm) MB - 230 VAC + Battery 3c Add GraphICS Safe
DX =Dual NEMA 7 PB = Portable Bhnd + StrIpchart

994-7A .1 A=MODEl I9WA A-NOOa
ANALOG COMPUTER I BlANK =Programmable Isolated 4 to 20 rnA, 0 to 10 VDC and Pulse Rats 0U1PUT CURRENT M- Dual Programmable 4 to 20 rnA OulllUts.
MODULE I Outputs one per channel (Single & Dual Channel Systems only) MOOULE two per system (Four Channel Systems only)

V = Prooramrnable, 010 10 VDC Output. one per system (Four Channel Systems only)

994-10ABC A=MODEl B-TYPE C...RATING IISTA A-MODa
ALARM RELAY P=Por1able A= Normally Open 0,.Dry Reed (10 VA max.) llAND-HaD BLANK m Slandanl995 Hand-Held TllIIIIInaI
MODULE N=NEMA4 B= NOrmally Closed M,. Mercury Wetted (SO VA max ) CDU 1 - 995 Hand-HeId Terminal wl&lemaJ COU Opbon & Casa

(Not available In Por1able UnItS or In 'NC" Type) TERMINAL

995VA IA=POWERSOURCEI996P 996P-5 1!I96PSP-A IA..XOCRSIZE IIIIIIIABC A-TYPE II.MODa IC..POWER SOURCE
UNINTERRUP11BLE S= 1101120 VAC PRINTER PRINTER PAPER. PIPE Am O,l,2.3or4 REMOTE O-DIllIlaI N-NEMA4X S=1001120 VAC

I POWER SOURCE I M= 2201240 VAC 5 PACK REfILLS SIMULATOR DISPlAY P- Panel Mount M-22OI240VAC

For help in selecting your Preferred Model, request Bulletin 990SLECT and 990 Application Information Form.

9



SYSTEM 990 UNIQUE FEATURES

B 16 Site Setup Memory Option for most Models
~ Full Diagnostic Data Access
B Plug-In Function Options

B Analog Data Module. 0 to 10 VDC and 4 to 20 mA
18 Extemal Data AID Convertor
B Alarm Relay Module, 4 Relays per Channel
IB Digital and GraphiCS Display Computer/Dnver
B RS-232 Senal Data I/O, Selectable Baud Rates

B Intnnslcally Safe Construction
B MadeinUSA

The flowmeter furnished shall be the Controlotron System 990 Umflow Transit-Time Clamp-On Ultrasonic type. or approved
equivalent. and shall contain the features listed below
~ MultlPulse™ Flow DetectIOn
~ Trans)(TM Ultrasonic Transmission Optimization
~ Metallic Mode Conversion Wide Beam Transducers
~ PInStop Universal Mounting Track (no ruler scales)
~ 64 x 256 Pixel GraphiCS Display
~ Programmable Stnpchart Option for Flow. LiqUid Data
2 Programmable 64K Memory Datalogger OptIOn
~ All Modules Plug-In, Including Power Supply
~ NumeriC Entry Only Hand-Held Programming
~ 2 Year Limited Warranty

AWORD ABOUT CONTROLOTRON RENTAL/PURCHASEPLAN

MISAPPLICATION POLICY

Your Local Representative

Users who Wish to familiarize themselves With UnJflow
pnor to purchase may avail themselves of Rental plans
(where available) Advance purchase, of the 990PFM-2 or
990NFM-2 Field Manual Will prOVide detailed information
beyond this brochure

2 YEAR WARRANTY

CUSTOMER SERVICE

For detailed information regarding our product mis­
applicatiOn policy, please contact Controlotron's Customer
Service Department

ThiS product IS warranted for two years from the date
of purchase Please contact Controlotron's Customer
Service Department for more detailed InformatIOn regard­
Ing thiS limIted product warranty

Users of Controlotron Instruments enJoy the benefit of
worldWide customer service organizations, available on short
notice for training, application, installation, demonstration,
and maintenance services Contact us or your local repre­
sentative for details on these services.

11 L M I ATt::"L.-Lo _
1A1t., 7;;.(l.IJ !l.t..(rt"AJltl.- ~kL-~ ~lffJo1"f"£62--

4z " '1/1+ '1ER.1Jc:.
CYfI£S5, CA- ~ fJ' '0
i; +_ ~2. 7- ~+~'i 'TE.L" FA;(

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 denved from Company sponsored research
and development programs. the heart of our continued
ability to prOVide other new and unique Instruments of out­
standmg value and performance characteristics. such as
Portable System 990E:

Thermal Energy Flowmeter
Dedicated System 990E:

Thermal Energy Flowmeter
System 990FT:

In-Line Translt·Tlme Ultrasonic Flowmeter
System 990FTO:

In-line TranSit-Time Mass Flowmeter
(Low Flow & Custody Transfer)

System 99008:
Dual Beam Flowmeter

System 990DV:
Mass Flow Flowmeter

System 990lD:
Leak Detection System

Portable System 190 Spectra:
Portable Founer Flowmeter

Dedicated System 190 Spectra:
NEMA 4X FOUrier Flowmeter

System 1010:
Miniature Aerospace Flowmeter

System 660:
Clamp-On Pressure Indicator or SWitch

990 Flow Management/Control Data Network Systems
990DN: Flow Data Network
990EDN:Thermal Energy Data Network
990LD: Pipeline Leak Detector Network
990DVN: Pipeline Custody Transfer Network
990 Portalab: Transportable Maintenance Flow Lab

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

PRINTED IN USA 99058-8\1\\ 1193·15M



WORLD CLASS 3000

OXYGEN ANALYZER PACKAGE

Product Data
106-300

January, 1993

FEATURES

• Totally Field Repairable
• Rugged 316 55 Construction
• Cell Protection
• Easy Calibration

No Potentiometers to Adjust
• Computer Compatible
• QUick Change Diffusion

Element
• Field-Proven Cell Design
• Flame Arrestor (Optional)
• Operates Without Instrument

Air as Reference
·FMApprovedPackage

(Optional)

WORLD CLASS TECHNOLOGY FROM
THE WORLD LEADER

The Rosemount til SItu. Z1rt:011lum oXIde oxygen analyzer has long
been establIShed as the mdustry slandard The Rosemount World
Class 3000 Oxygen Analyzer combines all state-of-the-art features
Into one package.

The World Class 3000 Is tDI8Ily field repan'1lt:lIe. as mtemaI
components are convemenlly accessible for semang In-house.
The heatell'lhermoeouple assembly can also be rgpIaced WIthout
removmg the probe from the l)RlCHS in ackIltIon. ZlR:OmUm OXIde
sensor cells Incorporate a patBnted seIf·protecbon feature that
automatICally protects the sensor electrodes from harmful
corrosive gases otten found ,n many combusbOn processes

The new digital analyzer eIectronlcs have been designed and
manUfaeturecllm:orporabng the very latest in mcroprocessor
teetll1ology. 11le controller IS aYailable In a S1III'ldard NEMA 4
(lP55) wall mounting enclosure. The encIosurv Is complete
WIth a S1X-etlaracter alphanumenc lIqUId crysta1 display (leO)
provtdlng conbnuous mformabon on fiue gas oxygen cClnoellitJa-

1lons AJtematlV9ly, by seleclJng another mode on the membrane
key pad. stack temperature or % efficiency can be displayed The
analyzer cal1bratron can easIly be perfonned by key selecllon
WIthout the need for speaal equapment or knowledge

Each bale analyzer pad(age mctudes Oxygen SensIng Probe,
shield. 20-foot cable, e1ectrD11lcs, adapter plate and aceessones,
refenlt IC8 lIlT set and caJibrabOn gas rotDmet9f

The cantroUer Is shipped from the factory pre-set for 4-20 rnA
output lepresellbl '9 0 to 1O'Yo oxygen Vanous other output SignalS
and oxygen ranges are field selec&able

TyplClIi applications Include conventtonaI power bOIlers. steel nIlU
blast furnace gas boilers. refinery process heaters. kilns (Itrne.
phc6phate and cement). recovery botlers. pulp and paper mdustry
balX boIlers. oxygen enrichment systems. wlndboxes, InclIlerators,
81r prg-heater leakage and manns boilers

Supersedes Produl::t Data 106-300.
Pages 1-6. dated June. 1992 ROSEMOUNI® Measure",en~

CoMro:
AnalYl'cal
Valves



DEC-07-1994 13:22 FROM IU '-' ... -. ...... _- --

WORLD CLASS 3000 OXYGEN SENSOR

Features Beneftts

R8pld, acanI8 and f8Ii8bIe fIl88lf8II1Ilr1 of &XQlSS SIgritIcant fullI savings normaIy pay tar 8n8IyUr In _than one year.
~ witI a single, In situ pn:lbe. SIgnifIcantanhancement In saf8ty.

EI8ctrodes..seIf.pi......... by paIliInt8d dIIIusIon ProvicIn long 1rf8 for sensing el8m8nt IMlft In the presence of sulphur
Iindad cumlnt mode or opecldiol.. andnICb*1g~

No~ systlIm, no....probe5, no sc:rubbors, Lew iwtalalllliIn lew lIall. 131 IC8 casts.
and no punlflIJ.. 1"1...1 L)'; 1IlltplC81ibraian check
WIthout distu1li1g pRlbe.

High speed of r88pOl1lI9 Ideal for cIo&ed loop CXX1lRll

Solid Zlrconun 0llId8 ~1LA)1It. PnMdn high leIiability.

~ceI. e.aof r"al1aalC8.

~ far UH In "'14*__ uP to MIry be US8d Wllh wry fuel.
13OO"F~~ pIlgII3. Ab&oIUIIIlIy no ccn:Iensation.

Material of conAudion 316 LSS (II MaiId t-1S). High h.iiltalC8 to CQlIClIlio,..

S8nsl1Mty or celli1C1_logaiillllliCilly lIh8n Very UI8fuI far low oxygen lewis.
oxygen dloc:r8asa. IdnI far icM' elCllllS$ 8i'bI.mers.

ADDITIONAL FEATURES

•

•

•

..............InEPA~ R8glAIrVobneoiO,
Nun-D.1M.

• 0UIput votiIIVe lRl I8CI5IliVJty IInCr8IIS8 as 1he ClXygriIn
COI ....lllallOll~

• p8lTl'1fts chan9'I5 In ..... ell' ambilInt8i' hUmidIty WIIhoUt

cIIw1gIrlg the-- CIIllYV8ft S8CpOmt.

2

• u.. .., 1ncIudingcaaI or r8IIduaI full~ DlIfU-
1iDn celI demwtile ga tIcM k8lJpacllftuslon
--..stc:l8m.

• ShIIIId Md eel hausIng Sfl8CI3IIY dIos8n for f8!IlStance 10
suIlur dioxide and other COlIOIIVa..

• OUtput suIIIIIlIe tor use wIlh r8C8IY8rS such as Indicators.
t9ClOIders. CUld1u11wra. da1a ID9gers or CC1rnpul1iHs.

• OUtput tIlIId 11IiIIcCabIe.



• HaghlLaw~ alarms· 'IOftage free contacts.
• AS 422 senallink for panel mounted pnnter, baud rate

selectable up to 4800, format width 20 charaet&rs; aJtema­
1MlIy AS 422 senaI fink with computer interface suitable for
an IBM PefScnal CClmputer or Wortd CIa8$ 3000 averager.

DIGITAL ELECTRONIC FEATURES

• Unique acbve cell prot8ctJon aetlon 1tlat IS automallcally
acbvated when the lU1lIlyar det&cts reducing atmospheres•

• SemHWlomatlc analyzer caIIbndJon (operator tnlbated) • test
gases r&qUJred.

• Easy opera1Or tnteriace pl'OVlded by a 6 character a!phanu­
menc UqulCf Crystal 0ispIay (LCD) and membrane keyboard.

• Displays: 0Jtygen Oz
Sl8ckT~

" 8IIIcIency
• Smpllfied SfJtlIng up procedure and access to all analyZer

parametlKs VIa keyl:Joardfd!sPaY.
• Alarm mdicaIion of fat.dl: CCllIdillOnS mcIuding HIgM.oW 0t
aJarms wt1en 0: is above or below seIpoInts.

• No adjustable compoci8l11S in IuncbonaI part of cIrcUit.
• Autorna1Ic heater shutdown if1hermocouple leads are

revensed, short cirtIat, oropen crrcut.
-linearized or loganthmIc output SIgnal WIth several keyboard
seIectaIlIe range oplIOns.

-1soI8ted vattage or current output sWJtl:h selectable.
• EasIly replaces 8XlSIing anaJog IIecb'OrnCS.
- Fully 8U1Omatic calibndIon (optianaI)

SPECIFICAnONsa>~

,

-

•

•

OXYGEN SENSING EQUIPMENT

Probe~ naminlll: 18lnc:t-.3 feet. 6 feet depending
upan dUct d1nitlnSll:ll'lS

M8t1trlal of construction: 316 LSS (aIJwetl8d parts)
Ambint mnpe. 8'IUnt IW1ge of

DIgital Electronics encIoIUrw; 32·1200F (o-5O"C)
Tlmpnture....-In procea
....u SO-13OO"F (10-7040(;)

0: analog output: 0.1% O. or sta1istlcaIly~ of 1'88ding, whICh-
8Y8l' IS gr8Ilt8f using RCJSI!l'I'lOWlt test gases

0. Range: Field selectable
cetl speed of response: 1 millisecond
System speed of
response (amplifier output): less than 3 seconds

ResoJution RllSiti¥ity - nnsmlaild signal: 0.01% O.

Temp. Contrail. hoUsIng: NEMA 4 (lP55)
Prebe I ..

(aptIonal):2 SCFH dean. dry, instrument quahty 8Il'

(20.95% OJ
c.IIbmIon gal mIx1uNs: Rosernourt Tilt Gas KIt Part No.

G286A27G01 conIliInI 0.4% O/,:
NomInal and 8% Olt,Nom1naI

QIIlbrdon DIS flow: 5 SCFH
Power Supply: 100f115122.OV:l:10%V~ at 5W6O Hz
Power i'8qUirement: 150 VA
Approximate -'tipping __gMa:
1. Inch pacIaige: 55 pounds
3 fGGt .,.e:kage. 60 pounds
"fGGt pacbge: 65 pounds

(

t1) All static pel lUi1ll8i1Ce chalaetetlS1lCS are WIth operaIIng vanabIes constant.
ClSpecdicabcns subject to change without 11Q1i1lcatlon. Our policy Is one of cantJnuous product Improvements, and we reserve the ngllt to

change spealicabonS.
-Tempera1Ur8s over 1000"F may affuctthe ease offield cell rupIace8bIbty.

3
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DIMENSIONAL DRAWINGS

Outline for 0xJgen Analyzer Units

VIEW '!1-8
lI'lotAm!d 9O'CCWl

I_all Wlt!1 Connecllons
At The llottom

oQ62 Tht. Gasket
"'~ 3liM11HQ1. CI2. 031
FvrnrIhed In Adapter and

-....... K" ,,.IN 3&36819 I

DIm 11-

~ ~: tlletnovol ErrteIDIle'i
......--------Dtm .A- j-570 ., I

..~~.----.-~-. .._..B~

,. I
r.1

I

e Em: Conn !
.__.._.._.._.._.._..!~

l4PlSI
tl6

Note: All cIImeMIons.. 1n Inchn wIIh mIIIIneWra In .........n.

•

•

InstIIatIon Dlmen810n 8c:heW1e

T-.e L MountIng,... T...........UDnIR8MOYIII

Dlmens.- DIIae..... DInL"A- DIm. '"B"
D1L1n. ANSI DIN .lIS In. ........ RemonI
(mm) (PIN 4512C17H01) lPIN .12C18tlJ1J (PIN 812C1_1) (1IlIW) Depth En.....

Flange 6.00 73 6.102 87OOD86GlO1. 04. 07 11.80 Z7.31
(153) (185) (155) 1aln. Probea (503) (694)

Hole Size 0.750 0.7'08 0.590 97OOD86G02" OS. 08 3780 45.31
(20) (18) (15) 3R.Pr0b8s (V6O) (1151)

4 HoIe& Eq. 4.75 5.708 5118 8700D86G03, 06, 08 73.80 81.31

Sp onBC. (121) (1otS) (130) SA. Probea (1875) (206S)

•
4 I

\.1\)
\ .,



Electronics Housing Dimensional Drawing
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ORDERING INFORMAnON

13000D World CIaA3OOO0XygInAnIIyarwfth UnMIrIIlI DigitalEIec:trocdc:ilPIICbge

I Sensing Probe· Tool KIt ·lnstruetJon Book I
Cede SensingProbeType

1 QUickChangeDiffusion EJementProbe (ANSI)
2 AameArrestorPrcbe (ANSI)

Code ProbeA.-nbfy

1 1S" Probe
2 18" Probe WIth 3 Ft. By Pass
3 1S" Probe WIth 6Fl By Pass
4 18" PrObe WJth 9 Ft. By Pass
5 3'Prabe
6 3' ProbeWJth Abrasw&Slueld
7 6'Probe
8 6' ProbeW1thAbraslve Shield

Code EJecIronIca<"-4, IP55)
01 115VoIt(US)
02 115 Volt WIth heater (US)

Code Pltnter8aftwllreAK8JJ*I DJapIay

1 S1andartIPrinterSoltware
2 IBM PIC SoftWare

3 MuItJDrobe3000Saltware

Codt Prtnt8rSoftw••ItKerP8dDiIpfq
5 USKeypad &Display

Code ReIIrtnceATntGaHardware
11 Cal. Gas Rotameter& ReI Gas set
22 MPS3000 (115 Vae) for &mg\e probe operatIOn

CadI PrabeCabte<W-U-P'oof)
11 20 feet (6 m)
12 40 feet (12 m)
13 6Ofeet(18m)
14 SO feet (24 m)
15 100fget(30m)
16 150 feet (45 m)

CadIt Maunting (To StKkor!xistingMounting Plate)

1 MountJngtoStm:k(Newlnstallatlon)
2 MountmgtoModel 218 Mounting Plate

(W1IhModeI218ShI8IdRemovedl
3 Mountmg to Model 218 Shreldorother Moun1Jng Plate

Code IIauntlng (ToStBkorExlstmgMounUng~)

1 Mountmgan ANSI Probe (Ordenng Probe Only)

2 Mountingan ANSI Bypass orAbrasIVe ShIeld

1300001 1 I 1 01 1 5 11 11 1 I 2 EXAMPlE I I

*--
Rosemount AnalYtical Inc
1201 "<or"" MaIn Slre"t
°C B:),t 901
o ,v",~ 0 ... d'::557-0901
Te

'
:21"', b62 901\:'

Fax (216,60<:·458

ROSEMOUNT Measurement
Conlrol
Analvtlcal
Vatves



AND TELEMETER AMPLIFIER

Designers, Manufacturers & Suppliers Of

Gas Measurement & Control Equipment
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The calonmeter consIsts of two sections

The SIGMA gas calonmeter IS recognised for Its reliability and
versatilIty Any combustible gas or gas mixture can be monitored
The analyser compnses two main Units a two-stage regulator for
sample flow, and an expanSion tube sensing deVice With a
recorder The SimplICity of Its construction prOVides for contmuous
operation wrthout superviSion, minimal maintenance. extreme
ease of field parts replacement when necessary, and many years of
service The unit IS shipped ready for mstallatlon, and setup can
eaSily be earned out by In-house personnel Connection of the
sample stream and the electncal supply hne are all that IS normally
necessary Full operating and mamtenance instructions are
contamed In the service manual supplIed With the equipment

1 A gas flow regulator
2 A sensmg mechanism With recorder or LCD display

As shown In the diagram below, the sample flow regulator controls the
flow of gas to the burner of the sensmg mechanism so that the actual
flow corresponds to a constant flow at 60°F and 30·Hg The gas
sample IS admitted to the first regulator at 5-36·wg, and reduced to
l·wg A pre-regulator IS used for higher sample Input pressures
The second stage regulator IS an od-sealed bell-type giving precise
regulation so that the sample emerges from the control onflce at
shghtly above atmosphenc pressure for conveyance to the sensing
mechanism
The sample. .'''__R

automatically Itf!~~~==;:~==~~
compensated
for de'1slty
and
temperature
changes. IS
burned at the
base of a
differential
expansion tube
Unit This
differential IS
magnified by a HT

mechanical
hnkage which
creates pen
movement or
updates the
LCD display Air
for combustion
IS compensated
tor barometnc
and
temperature
changes
The calonflc
value may be
continuously
recorded on a calibrated
chart
As an alternative to the chart
recorder. an LCD display may be Tltted, gIVIng direct digital readings of
the Index or an Indicating scale to give analogue readings

WOBBE INDEX
RECORDER

•

RECORDING
CALORIMETER

T
f,e SIGMA Gas Calorimeter and Wobbe Index Recorder are

two of today's most sensItIve. readily available watchdogs

for gas energy and Wobbe Index values Requiring only

9 square feet of wallar panel space each, these Instruments

continuously record the heating value (Btu/sci) or Wobbe value of

any combustible gas or

gas mixture They are

accurate to ±1 % under

SUitable operating

conditions The gas

calonmeter

automatically

compensates for

vanatlons In speCifiC

gravity, ambient

temperature and

barometric pressure

Telemetenng outputs

can be built Into the

units when required

The Instruments are

deSigned and bUilt to

prOVide maximum

reliability on a continuous baSIS They

have been proven In the long term In

many thousands of InstallatIOns

WOrldWide, Including the gas,

petro-chemical, water, glass. steel and

other Industries, which either produce

gas or are large gas

consumers
These Instruments _
are almost
maintenance-free. do
not reqUire

speCially skilled

superVIsion, and

In-house personnel With

no speCial training can

handle serviCing The

combination of low Initial

cost and low running and

maintenance Involvement

helps eyolaln their Wide

acceotarce
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where k IS a constant
The value Within the brackets IS known as the Wobbe Index

Electrical
nov 50Hz, 11 Ov SO/60Hz Single
phase supply To drive electriC chart
table and Telemeter Ampllfter
Model 90

Both regulators are fitted With
pnmary governor, complete With
supply failure cut off deVice
reqUiring manual reactivation

SERVICES

Full instructIOns on mounting, panel
cut-out dimenSions and posltlonrng
of Recorder relative to Regulator are
supplied With the Instrument

WHEN ORDERING PLEASE STATE

Gas
Regulator IS fitted With a fleXible
pipe terminating In ~"gas male
threaded connector

Note Mechanrcal drive for chart
table avarlable on request

ORDERING INFORMATION

AcceSSOries
• Telemeter Amplifier Model 90
• Data Logging Unit

Regulator Unit· Wobbe Index
Size 63smm (25") high x 223mm
(9") Wide x 279mm (11") deep
Three screw mounting Weight 7kg
(16Ibs)

RECORDING CALORIMETER
MODEL 101
Comprises Gas Flow Regulator,
Barometric Compensator, Recorder
& supply of charts

A) Type of gas
B) SpeCIfIC gravity
C) CalOrifiC value
D) Range of variation from nominal

(type of chart reqUIred)
E) Supply pressure

VISIBLE RECORD
200mm (8") through cabinet door

CHARTS
Chart Width 1OOmm (4")
Speed 12 7mm 0") or 25 4mm
(1 ")/hr

DIMENSIONS

TYPES OF GAS
TOWn/City, natural, coke oven, coke
oven/blast furnace, blast furnace.
reformed refinery fuel, butane/air.
propane/air. sewage/sludge. blogas,
landfill etc

RESPONSE
Dead time 40 seconds (typically)
Response (66% of change) 7
mmutes (typically)

Recording Calortmeter
80-3000 BTUs and eqUivalent units
(speCial eqUipment available for
zero based gases) For the
measuring capability of indiVidual
Instruments refer to recorder chart
sheets

The above are tYPical of the
capability of the Instrument but
will vary depending on the gas
under test The figures are
obtamed by timing from the
moment that a change of gas
compOSition reaches the filter

Wobbe Index Recorder
From below 100 to 2000 BTU
Wobbe and eqUivalent uMs

MEASUREMENT RANGES

Recorder Units - calOrimeter
and Wobbe Index Recorder
Size 63Smm (2S") high x 432mm
(17") Wide x 223mm (9") deep
Weight 32kg (70 Ibs) Wall or panel
mounting - dimenSions are
maximums over the flange and
chimney

Regulator Unit - CalorImeter
Size 1168mm (46") high x 229mm
(9") Wide x 280mm (11 n) deep
Three screw mounting
Weight 1Okg (22 Ibs)

[
calonflc value ]

" speCifIC gravItythermal output =k

If 1 and 2 are fixed values. the thermal output will be proportional
to the heating value and Inversely proportional to the square root of
the specifiC gravity, or

The SIGMA Wobbe Index Recorder funetJons In the same manner as
the Calonmeter but does not compensate for sample denSity
changes It measures a value which IS a funetJon of both heating
value and specific gravity This value IS known as the Wobbe Index
value When baSIC gas supplies have to be supplemented by gas
drawn from an alternative source. changes can take place In heating
value and specifiC gravity Maintenance of a constant heating value
cannot, In these Circumstances. always be an assurance of
constant heat Input, since It does not guarantee a constant rate of
heat supply Heat released by a gas bumer IS determined by

1 The size of onflce controlling discharge
2 The differential pressure across the onfice
3 The calonflC value of the gas
4 The speCific gravity of the gas

ContinUOUS determination of Wobbe Index has been
effectively used for years In the steel. glass. oil and
petrochemical Industnes and numerous others
The Wobbe recorder IS
functionally Similar to the
calonmeter except that the
flow regulator section does
not compensate for gas
denSity changes This IS

because these changes
must be reflected for the
Wobbe measurement In

addition to the heating
value changes
A gas sample ent!!rs the
regulator at 5-36"wg The
first regulator stage reduces
the sample to l"wg The
second stage IS a preCISion
ali-sealed bell-type regulator
which. In combination With
the control onflce. maintains a
constant flow to the burner
The expansion and recorder ~
function IS Identical to that on I" ~
the Calonmeter except that 'I
barometric compensation of )
ambient air IS not used for the ,.
Wobbe measurement \. u :::::'
As 2,1'1 alternative to the chart ~
recorder. an LCD display may be
tltted. giVing direct digital readings of the Index or an indicating
scale to give analogue readings
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telemeter amplifier
model 90

TECHNICAL SPECIFICATION

FUNCTION
Remote landline transmission of recorder information
over large distances Also provides output signals for
pneumatic controllers or transmitters used In automatIC
gas control applicatIons For use with SIGMA Recording
Calorimeter and SIGMA Wobbe Index Recorder.
Can provide continuous reproduction of Recorder trace to
remote station, which may house dIfferent types of
instrumentation also connected to the master recorder.

MOUNTING
Fits inSide Recorder case.

POWER SUPPLY
110V1220V, SO/60Hz

OPERATION
Operates In conjunction With small transducer mounted
on Recorder pen spindle Transducer follows pen
movement. Amphfler Unit processes transducer signals.

ACCURACY
Does not affect Recorder accuracy
Lmearlty better than 1%.
Stability better than 1% of full scale Within temperature
limits.

OUTPUTS
Voltage or current outputs from amplifier selectable from
a number of ranges.

Current mode
.0- 10 mA DC Into 2kO total load.
• 4 - 20 mA DC Into 1kO total load.
• 10 - 50 mA DC Into 4000 total load.

Voltage mode
.0- 100mV DC.
.0- SV DC.
.0- 10V DC.

Status
Voltage and current outputs earth free allows +ve or -ve
lines to be taken to earth.

Internal SWitch provIdes mains Input selection of either
110 or nov AC. Contmuous output sIgnal plus 4
adjustable SWitches to provide switched outputs at preset
warning and limIt positions. Adjustable
limits provide early warning and shut down
faCIlities to ensure plant and instrument safety

OPERATING TEMPERATURE
0.450 C.

MONITOR
4 independent stations adjustable to any
POint over the scale range.

Red LED Indicator for 'low' and 'high'
warning.

Each station fitted With setting control

Single pole changeover relay for each
station

Contact rating 240V Ac.. 3A

Override fitted for Initial start up

ORDER INFORMATION
Telemeter Amplifier Model 90
Part No. FG0003.

Comprises transducer mounted on a pen spindle With
bracket assembly and amplifier Units. Complete With
connecting wiring and LED Indicator lamps

..
COSA INSTRUMENT CORPORATION

55 OAK STREET/NORWOOD, NEW JERSEY 07648
TELEPHONE (201) 767-w:YJ/FAX (201) 767-6804

The mfOl matroll £ontal1led //I thIS hrochure IS subject to change wuhollt notice
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COSA INSTRUMENT CORPORATION

SIGMA MARK n
CALORIMETER SPECIFICATION

MEASUREMENT RANGE

RANGE:

0·4000 Btu/Sef or Wobbe Index Value (Metne Umts AvaIlable)

With span value up to 50% of lDItlal range value (dependmg on appheatlon)
Example: 800·1200 Btu/Sef = 50.0%

800-1600 Btu/Scf = 100%

ACCURACY:

REPEATABILIIT:

LINEARIIT:

*RESPONSE TIME:

±1.0% of Upper Range Value ­
±O 5% of Measured Value

±O.l % of Upper Range Value

±O.2% of Upper Range Value

Inmal response, 60 seconds

Wobbe Index Recorder
Calorimeter

OUTPUT SIGNAL:

AMBIENT LIMITS.

BUl11-1n contlnuous 4" stnp chart recorder

40°F • 100°F
-20°F • 120°F (*Conditloned enclosure)

GAS SAMPLE RATE 0.4 ~ 4.0 SeflHr., dependmg on Btu value

MOUNTING Wall, panel or opuonal lDdoor or outdoor free standmg enclosures

*AREA CLASSIFICATION General Purpose

POWER: 115 Volts ±IO%/60Hz

PRINCIPLE OF OPERATION' Gas sample IS burned conuDuously and barometncally compensated
dilUtlon alr IS added. Total combustlon temperature rIse IS processed
and lIneanzed on strIp chart recorder, or optional 4-20 mA output
signal, If speCIfied.

OPTIONAL ACCESSORIES. 4-20 rnA With dual HIILOW Alarms or 3-15 PSIG output. Sample
conduIomng eqUIpment for H2S removal. VarIOUS remote readout
deVices; sample COndItIOnS; *fully pIped and WIred enclosures,
other voltages.

* * * HAZARDOUS AREA OR CONTROL APPLICATION REQUIRING FAST RESPONSE? ASK US FOR
UNION FAST RESPONSE CALORIMETER DETAILS.

HEAD OFFICE. 55 Oak Street NOr\vood. NJ 07648 Tel (201) 767-6600 Fax (201) 767-6804
Uf"Il1C:T(""IN CH1CE :c: \\:'~. o2o r :::::- -J~~s-c~ )( ~-':1- -0201 (7 13') 9<17.o5Ci =cx (";"3) QL7.":~o

" (-L /
\ ',L



o erch
The recc"cs cham listed are ,"'e stanaard

char:s ces'g-;ec :or use with INSTECr- Recording
Calorr-;e,e-s a·c Wo,:;be Index Peccrde-s

Tre rreas~··,g ranges rave bee'1 selec:ed to
acccmmocate ,-e wlaest possible range of values
ana magnlf.ca"c'1s and ,0 take In,o account the
vanous meas_"'1g units used In the measurement
of calonfic va _e e g BTUs Calones
MegaJoules etc

Where t.'"'e--e IS no s-.anaaro crart to suit
your speC'':c reCJlrement. specially ceslgnec
chartS can be s_opliec Furmer ceta.ls are
available en --ec_est

23.5 188 20-2
25 20 :~

27 18 J6

51/1OM
16OI~

lXJ50

ICC/I)
s.::n9
16016

Ice/23
1600'3
ml

ICOr7
"XJi7.
S:.I3"1

IOCIJO
SCi I9
16Ol7

16C67.4
1CY'.J39
160119
30012

SCi"'-"'"

":lOll
16':;"23
S:'III
ICC:C

JCC/I
loc.8
;w3

601.

I::etlS
100C/35
1/oCIIS
100/~2

W7
.OCIII

100/3
16O{10

25/.

100/S0M
100/24
5ca2

l6Clt 7

::c.S
5:' IS""

Ic.:;1 5"1
25/3

'oon.7
SCIlCM

6015
locr..sM

510200
510123

51CI56

SIC23a
51C2:e
51CI29

510079
51017S
51013 04

5102,7
51OCS5

510131

51Cli"
5IC::7

51C237
5IC2.3<

510070
51C3,9

SI0113
51C259

SIC~:~

510,07
SIC:36

510CSI

51C236

5Ic-:a
51:4.:~

Sl~I03

5IC::0

SIC:l1
51::G5
3JC:78

SIC157

SI0078
510m
SICI32

SI~

5102~7

510127

510165
510266

SIClE6
57~31

51025J
51C321
510130

SIOI25
SIOI12
SI0258

51Cll7
SI0231
SI0232
SI~37

5100i5

SI02IS
510106

510211

51C320
SI017S 51:176
SIOIH

SICJ25
Sine<

SIOI99

510ce0
SI02<9
510235

SIOO9'
5ICl"7
5100-a

Part Part
rurber runber

Il2fnhour III'IJhour

2200 )3OC
1600 "lOC
2000· "OOC

1000 5000
ISOO· "6E:
2700·005:
2500·5000

2000 600C
3200 "soc
2200· SEX
3600 "SOC

SSO lOOC
ISOO looo
2000 3000
2ooo-32OC

3S00-5700
~.6OOO

2800·7300

3S00 9100
~SOC 900c
~ IO"OC
3000·12DOC
6000 9000

5000 IOCOC
"SOO 11700
i500 900c

3S00· iooo
3000-7800
3000-7800
3700-7000
~500 6i;:
3000 900c

3ooo·6OOC
)6OO-500c
3500 S600
3100·6200

iOOO I"OOC
6OOO·IS6OO
9000· 13500

7000 10SOC
6000 12DOC
8000 12DOC

~ eooc 510173
2000 IOCOC
SOOO· i50C SI0067

9000 18000 S10221
11000- 1&400 51CIC2
8000 2CSOC 510258

10000 20000 510237
12000 • 20\00C 51020i
I5000 • 22500
12000 31200 510281

15000 30000 ; 10203
22000 33000 510141
20000 ~ SI0206

SOOO 1600C S10185
10000 15DOC 51012"
7000- 1820C 5102SS

moo
27500.
30000

~soo.

~5OO

~S50.

~o.

13500.
13700
14'lOO.

600C
600C
625Q.

6300
67SQ.
7200
7SOO
7500

27S0
2900
3000.

S250.
53~

~

5550
5625
600C

S75Q.
9000

10000.

~7so.

sooo.
S040

3000.
3250
3375
3750

15OOQ.
18000
18750
216OQ.

12000
12500
12600

10Soo.
10800.
11250.

7500
_8100
~50

~
-line

:.~
2125
2250
2500
2600

200110
501~6

100116

160{26

2OOl3
50121

16OI5M
60{2

100/12

I"'~
~~

10016
50/6

17511
100/5
2Y7

20011
17512
100/33

6CY1
100121
25IS

mo
100/25

I00/3S
100I~

5OI1S
1600'2

2OOl2
50/15
16O{15
100126
50113
2512

100/3~

160{1 I
75/1

16Ot"/
50/70
10012

1'1/3
6611
20016
5OI2M
lYl

100/18
160{1
501~

SlY21
1000IS
50112

16O{12
lY~

60{~

50125

50IIH
1600'8
1000IM

5OI1~

100119
50116
~

16O{16
100/11
~16

50/10

510307
510093
510276
51C21~

5100S9
51~7

510lC5
510210

slam
510074

SICI17

510432
510la2
51C33 '
510083

SI0271

510168
SIOIOI
5102~6

510170
510057

510091
510198
510097

510196
5102~2

510263
SIOI~I

510164

SI0066
SI~S

SI015 I
SI0202
5100S3

S10230
510269
SI~29

510109
510190
5100S7

SI013S

510064
510261
SI0161

SI0037
SI0159

SI025~

510153
51018~

S10309
SIOIII

510038
SI~34

510171
510073

510280
510lSI
SI0330
SI0082

510270
SIOOSO
SIOISS
SI0116

510306
510092
510275
SI0213
51008S
5100%

SICI04
510209

SI023I
SI0167
SIOIOO
SI02~5

SIOI50
SI0201
SlOOS2

O· 700
120-600
250 SOO
320 ·ao

200 600
3.0 5<Q
250 -6::0
3;:0 600
3eo· SiC
<-0 m

160 ~20

200 400
100 500
250-375

300 ia:l
"90 610
"23 • 677
"SO· 6;;

SOO 800
"SO 900
600·750

000·800
000 -800
SOC·75O
3S0 .910

"""·600
350·700

700.1050 510063
500.1300 SI0260
000· 1200 S10160

"50 • 1350 S10305
500 1375 S10302
65C 1300 510227

O· 2000 S10036
750·1250
500- 1500 S10312
aoo. 1200 510065
920-1150 51~

000 1100 S10300
5.5C 1100 510169
i~ .925

000-1040 SI0262
600- 900 5101~

.500. 1000 510163

700 1400 510229
600 IS.o 510268
800. 1000 SI~39

700 1820 510253
1000 1600 510152
900.1800 510183

900· 13S0 S10lOS
500· 1600 510189

1000-1500 510086

1100-1650 510090
lOOO·20c0 510197
1200·IBOO 510096
500 • 2500 51032S

8S0 2210 SI0290
BOO· 2000

1000 2100 SIOIIO

1000-3000 510318
1600 2400 SIOI33
1000-2BOO 510191

1200-2000 51019S
1000 -16OC S10241
1500 • 2260 510069

750.
825
832.5

720.
750.
7so.

350
360.
37S
~

000
~SO

~so.

~so.

~75

~95

875
900.
900.

650.
675
675

soc
525

900
9375
975

290
300
300.
312.5

5040
550.
5so.
S62.5

1050
1060
1100

1000.
1000.
1000.
1000.
1035

1260.
1300.
13so.

1125
12OQ.
1250.

1530
16OQ.
1750.

1375
1500.
1500.
1500.

1800.
IBOO
1880

2000
2000
2100

I""
5015

16015

200/8

200/13
5OI1~

501106

5G'102
501100
100/36

5006
100/37

60{3

16O{14
501105
300/3

501109
200/~

1412

5011
100/32
1600'27

5OO~

100/29
l00/l~

5007
100/31

5008
16O{13
SO/II
20019

50117
100110
5013~

100/100
300/~

501103
16O{6S
100/17

1415

510-21

51C'33 100/~

510-2- 501101
200112

510<2- 501107
501110
lYlOI

510119
510233

51C19"

51CI ....

510279

51OCe.::. SOlE

100/~1

100/38
MJ /100/31

141100
501108

51OC62
51022.

510252

510115
5102:~

510la8

510121

S10273
5100&4
510317

Sl0099
510180

510321
5101~5

5101~3

510059
(II~ orv1v')
5102010
510440
51~36

51~

51~25

51011~

510219
510187

5101~9

5101~7

510232

S1027~

S101~6

510323
51~6

510310
510034

51~28

510321
51~28

51~30

510058

510061
510225
510292

510118
51~26

51015~

51~27

51032.
51~20

510295
510193
510039

510032
510071
510251

510llC
510223
510+40
51031~

510122
510272

510098
510179
510137

Part Part
IlllITlber number

Il2frrJ:o.r I rnJhour

3a-7.
23-92
lO -5

"0 100
50-100
O· ISO

~ 135
7S 150
eo 160

iO· ,CS
60·120
70 112

16 -8
U .9
27 -:l5

80 120
70 1"0
60 1'6

22 sa
)4.: I
18 72
"0 60
25 75
o· 1;:0

0·250
110·165
80 205

120 lao
100 200
100 200
80 2"0

1~-210

100-260
150 225
100·300

170·255
150 300
200·300

57
575
575
70.
75
75

875
90­
91

100
105
108.

112.5
112.5
120.

375 :.s 5:1
57 3c 7~

57 H 7,
6.5 o·}

10. e 12

32­
32.5
3375

16.65 111·U,2
17.5 I~· 21
18 9 27
20 16-2-
2083 166.;.s
22.5 2C:';

040.
~2.5

~5

50
50.
50

125
1375
1~2.5

150
150
Iso.
160.

175
180.
1875
200

212.5
225
25Q.

ST - 03 BEST AVAILABLE COpy
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COSA SIGMA

GAS CALORIMETERS
SIGMA GAS HEATING VALUE MONITOR:

For measuring Healing Values in a wide range of Fuel Gases
All SIGMA analyzers feature a recorderanda gasflow regulator. The wallmountedanalyzerIncludes local reac
outofmeasuredvalue on a continuous4'stnp chart. Dilution aIrenteringthe sensortube system IS barometncalf
compensated for flow rate to provide ± 0.5% measurement accuracy. The gas flow regulator is surtable fc
sample pressures up to 36' W C. anda low pressure cut-offvalve protects against inlet pressures below2' W. C
Supplied With 72 roll charts. accessory kit and users manual.

For further details - Please refer to the modelselection guide below and ordering information on page two

MODEL SELECTlON GUIDE

Calorimeter Calibrated to read higher values in BTU/scfatS.T.P.

Wobbe Index Calibrated to read Wobbe Index Values =Heating Value /..Jspecrfic gravity

Applications: Appliance and Boller Manufacfurer$. Chemical Processing. Co­
Generation.District Heating Companies.Gas and Power Utilities. Glass Manufac­
ture. Industrial Process. Land Fills. Peak Shaving Plants. PowerHouses. Refineries.
Sewage Treatment. Steeland Primary Metals. Synthetfc Fuels.

(All Gas monitoring applicationsrequiring continuous recording).

Model Number:

Sample Gases:

Model CLVor WLV

Blast Furnace Gas

Producer Gas

Cool GaSIfication

Chemical Processing

SynthetiC Fuels

Off Gases

MODEL CHVor WHV

Natural Gas

Refinery Tall Gas

Coke Oven Gas

Uquefied Petroleum Gas

Sewage and Land RII Gas

Coal GaSification

Features:
-

• Special Electric low BTU Burner - Fully Mechanical Operation

-Ignition Support Gas not required • Continuous InstrumentAirnot reqUlrec

- Fully mechanical operation -Local Read-out prOVided

-Continuous Instrument AIr not required -Chart Speed 7/2'/Hr O' optional)

- Local Read-out provided - Optional 4-20 mA output
- Chart Speed 7/2'/Hr (Monthly) With dual high/low alarms

O' Two Weekly optional) - Optional free-standing enclosure
-Optional 4-20 mA output - Other ranges can be measured

with dual high low alarms with simple parts exchange

•Optional free-standing enclosure • Highest Accuracy

• Low cost Simple Installation • Low cost simple Installation
(Applications and features apply to both Calof/meter and Wobbe lnde~Af)alyzers)

Equipment Guarantee: EqUIpment rated for continuousservice without attentiOn. Guaranteed for one year
againstdefective materialsandworkmanship when correctlyInstalledforapproved
applications and operated In accordance with Instructions contained in manual

\~1



SIGMA GAS HEATTNG VALUE MONITOR
(ORDERING INFORMATION - ALSO REFER TO BULLETlNS SIG 700 AND SELECTION GUIDE ON PAGE ONE)

CLV Calonmeter: for Heating Value Measurement between 50 -200 BTU/set. ..
WLV Wobbe Index: for Heat Release Measurement between 50 - 200 ..
CHV Calonmeter: for Heating Value Measurement above 200 BTIJ/scf ..
WHV Wobbe Index; for Heat Release Measurement above 200 .

RANGE OF MEASUREMENT
50/ Insert chart number from chart selection guide # ST 3 (example SO/2M)

T RANGE OF MEASUREMENTrto special order)
25/700/760/200/400/ chart number from selection guide

SPECIFIC GRAVrrY OF SAMPLE GAS
A Above 7.0 (Air = 7.0) example L P. Gas
B Below 7.0 (Air = 7.0) example Natural Gas

CHART SPEED
1/2 1/2"/Hr, Standard (electric drive) monthly chart duration
7 7"/Hr, Optional (electric drive) two-weekly chart duration

OureWSIGNAL
N None
A Amplifier TAM 90 - 4-20 rnA output, with 4 adjustable alarms .

ENCLOSURE - FREE STANDING
7 None
2 Indoor use - piped and wired - rated NEMA 72 .
3 Outdoor use - heated, piped and wired. NEMA 3 ..

RANGE OF MEASUREMENT
XX TO XXX - see chart selection guide for availability

r=
CHV 5O/2mB ]/2 A 2 8GO-12OO =Sarnple Order Code

Other Ootional eQuloment and Accessories:
Pair ofPurrfiers, for H;tS removal- Gron orZinC oxide Customersupplied) .
Filter Unit for removal of dust with spore element - specify with purifier .
Pressure RegUlator (Uffle Joe) - for inlet pressure from 1.0 to 150 psig ..
Corrosion ResIStant Valve SeatIngs - Specify for Steel Mill use .
Chart Dnve - Spnng Wound. mechanical operation ..
Lower 'U' Tube conversion set - for specltic gravities above 1.0 : .
AddItional Range Ontice - for other measunng ranges - to be specified................ .. ..
AddItional Roll Charts - specify chart number and range .
Remote Recorder, 4· strip chart - (4-20 mA output option also reqUired) ..
Remote DigItal Indicator - (4-20 rnA output option also reqUired> : : ..
Power Supply for other Yoltages -specify Yolts and Hz .
Users Manual additional copies ..
Installation Prints or Reproducible DrO'Nings ..
All pnces, orders and contracts are subject to confirmation and acceptance by COSA INSTRUMENT CORPORATION at Its home office, --­
Norwood, NJ and ere subject to change in accordance with supplier price vanallons up to the lime of wnffen order. Prices do not
Include on-Slle services. Unless othefWIse slaled, lIeTTl$ lisled are supplied as separate componenls for assembly or connection by
user on-slle. All pnces are F.O.S. shlppmg poml - Norwood N.J. Terms - Net 3D Days, sUbleel to approval.

COSA INSTRUMENT CORPORAnON, 55 OAK STREET, NORWOOD, NJ 07648 - (201) 7676600
/

Bullehn IISI Effeclive NOVEMBER 1988/
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