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1.0 EXECUTIVE SUMMARY

1.1  Introduction

The work described 1n this report has been carried out by Burns and Roe Enterprises, Inc  within
the framework of the U.S Agency for International Development (USAID) Emergency Energy
Program for the Newly Independent States (NIS), Delivery Order No 6 Energy Efficiency and
Reliability - Ukrame, Technology Based Project, Energy Efficiency and Market Reform Project
(EEMRP), Task 2 - Power Plants Combustion Efficiency.

U S AID/Kiev has imtiated an energy savings program by providing instrumentation equipment
to combined heat and power plants (CHP) and power plant stations to improve combustion
efficiency of the boilers as a first step towards life extension of these plants The purpose of Task
2 1s to mplement this energy saving program at seven power and/or CHP plants The project
team visited Ukraine September 14-October 13, 1994, to select representative plants and to gather
prelimmary information at the selected plants The project teams performed combustion audits
during February and March 1995.

During these audits, the project teams trained plant personnel on the use of portable combustion
efficiency instrumentation A set of portable combustion efficiency mstrumentation was given to
plant in 1995. In 1997 the plant received and accepted oxygen analyzer, general range and high
range infrared thermometer, liquid flow meter, combustion analyzer consumables, laboratory
calorimeter and sulfur analyzer. Installation of oxygen analyzers was mmtiated mn July 1997

The Kourakhovska power plant 1s presently 51% government owned The plant consists of one
subcritical 200 MW unit and six subcritical 210 MW units with a total of 1460 MW 1nstalled
capacity. The plant was commissioned between 1972 and 1975 The coal supplied to the power
station has poor quality, with caloric values of 2200 to 4000 kcal/kg and 36 to 46% ash content
Typically, the plant fires coal alone and coal supplemented by mazut Plans are 1n place to
reconstruct this station However, the schedule for reconstruction 1s dependent upon development
of the new boiler design and availability of funds

1.2 Principal Findin

Several Energy Conservation Opportunities (ECO's) were 1dentified for the Kourakhovska power
plant for short term "no-cost low-cost" measures. The "no-cost low-cost" measures 1nclude
mnstrumentation for measuring excess air and fuel consumption which would result m short
payback periods.

Very lugh (by western standards) in-leakage rates in the furnace, the economizer and the air heater
(total m-leakage 65% and higher) are typical These make readings of any oxygen analyzer
dependent on 1ts location (distance from the furnace), distorts the measurement of combustion air
flow and makes automatic control of combustion very difficult High leakage rates inherent 1n

1
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the boiler technology used for the Kourakhovska power plant cannot be remedied at a reasonable
cost Most of the msulating material used at the plant 1s asbestos Considering the age of the
power plant, it 1s recommended that longer range plans should consider complete replacement or
major repowering and rehabilitation

1.3 Recommendations

Boiler efficiency can be improved, emissions reduced and the life expectancy of the Kourakhovska
power plant extended based on the recommendations listed m the following Table The Table
summarizes several energy conservation opportunities which will pay for themselves within short
periods of tume.

An investment of $134,500 in boiler efficiency improvements (EC0-04,05,06,07) will result
in an annual savings of $173,500, which corresponds to 6,900 tons of coal and 400 tons of
mazut. An additional investment of $25,000 in energy comservation programs (ECO-
01,02,03,) may result in an annual savings of up to $607,000 which corresponds to 24,000
tons of coal and 1,400 tons of mazut.

Many other opportunities exist within the power plant for energy savings which could be the
subject of further audits and actions by the plant staff The energy conservation opportunities also
have applications 1n other power plants.

mmary of Ener nservation niti
Annual Project Simple Payback
. Savings Cost in US$
ECO# Descrlptlon inU S$ ( 1995 Current
(1995 Prices) Prices) Energy
Prices
01 * | Energy Conservation $506,000 $25,000 <1 year
Management Program Note 1
02 * | Energy Conservation $101,200 Note 1 <1 year
Traming Program
03 * | Fuel Quality Improvement See ECO-03 Note 1 <1 year
Program
04 * | In-Situ Oxygen Analyzer $72,290 $29,000 4 8 Mo.
One Boiler - 2 Probes
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Annual Project Simple Payback
- Savings Cost in US$
ECO# Description in US$ (1995 Current
(1995 Prices) Prices) Energy
Prices

05 * | Portable Infrared Video Included with $4,200 Included with
Momitors (Bottom Ash) ECO-04 ECO-04
06 * | Sulfur Laboratory Analyzer $101,200 $45,000 5 34 Mo

and Testing Sieve Shaker

07 Coal Flow Meters - One Included with $46,500 Included with

Boiler ECO-04 ECO-04
* | Portable Liquid Flow Meter $9,800
Note 1 See Section 5 * Highly Recommended

1.4 Implementation

The plant 1s presently in a very difficult financial position since 1t pays world prices for fuel but
sell electrical power at the rate set by the government Both load factors and quality of coal have
declined since 1995. Typically only 2 units out of 7 are operating at 60 - 70% MCR At this
time the plant 1s overwhelmed by political and economic factors out of its control and it is a
testimony to the management’s efforts that the adjusted efficiency of the plant remained the same
or mmproved since 1994

ECO-02 (energy conservation tramning program), and ECO-03 (fuel quality improvement program)
were not implemented due to lack of funds Salaries were not paid for 6 to 8 months and the
management began layoffs Under these circumstances implementation of the above programs
would be very difficult even if the program funds were available.

Some of ECO-01 (energy management conservation program) goals were realized despite the lack
of funds for a formal energy management conservation program Since 1995 the plant utilized
the audit equipment that was left behund by the BREI audit team as part of the USAID boiler
efficiency improvement demonstration program There were improvements 1n efficiency due to
lower excess air combustion as well as savings in tons of environmental pollutants and avoided
environmental fines For more details see section 6 of this report
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2.0 BACKGROUND

Twelve Newly Independent States (NIS) emerged from the collapse of the former Soviet Union
in 1991 USAID is addressing and managing assistance to these countries through the newly
formed Bureau for Europe and the New Independent States (USAID/ENTI)

Funding activities in the energy sector support the cost of technical assistance, training, and
limited capital assistance in support of energy-related equipment and cooperation with local
institutions.

Ukraine, with a population of 52 million, is considered one of the most energy intensive states
Imtial assistance has shown that there are many opportunities to reduce energy consumption and
to reduce environmental degradation. The breakup of the Soviet Unmion has resulted 1n the cut-off
of supplies and spare parts required by the Ukrainian Energy Suppliers, which threatens the
reliability of major power plants This situation 1s compounded by a lack of funds to pay for
needed supplies and fuels.

Most of the thermal power plants are coal fired units that are co-fired with mazut and natural gas,
complimented by natural gas and mazut fired units 1n populated areas

These units often supply hot water for district heating and steam for industrial use Decreasing
coal supplies and declining quality of coal supplies is affecting the ability of the Ukraine to meet
1ts needs for electricity  Also, electricity and district heating supplies are threatened because The
Ukraine is unable to pay for imported coal, oil and gas at prices approaching world fuel prices.

2.1 Objectives of Energy Saving Program

USAID/Kiev has implemented an expanded energy program in the Ukraine to enhance the
rehability of power generation and reduce dependency on mmported o1l and gas and improve
energy productivity

The purpose of these efforts will be to provide services and, where appropriate, U.S and local
products, directed toward mmproving energy and operating efficiencies in power generation, and
1n the equipment and controls required to use energy efficiently and cost-effectively

The purpose of Task #2 was to improve boiler efficiency at seven power plants and/or combined
power and district heating plants which were selected by USAID/Kiev 1n consultation with the
Mmustry of Energy and Electrification These plants are fired with natural gas, fuel oil or coal
The objectives are to (1) foster improved management of boiler/plant operations by 1dentifying
and implementing immediately cost-effective "low cost - no cost" efficiency improvements, (2)
provide equipment support to implement low-cost operations, improve monitoring and energy
management, (3) provide operation traming
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2.2 Purpose of the Audit
The purpose of the audit was to

. Assess overall techmical and management capabilities, plant energy efficiency, and
capital investment decision-making processes for each plant, assess plant
procedures for identifying and executing energy saving investments requiring
management changes, and capital investment.

. Identify short-term no-cost/low-cost efficiency measures with savings potential and
pay backs
. Provide prelimimnary 1dentification of energy conservation opportunities (ECO's)

requiring larger capital mvestment

3.0 DESCRIPTION OF POWER PLANT

3.1 General Description

In 1969 work commenced on the construction of one unit of 200 MW and six units of 210 MW
capacity each The last unit was completed by 1975 The units were designed to fire by-products
and fines washings of Donetsk coal preparation and sludge (schlamm) The station has a total
installed capacity of 1460 MW. The boilers operate under subcritical conditions

ENERGO SYSTEM. DONBASSENERGO
LOCATION. 40 KM SOUTH-WEST OF DONETSK
INSTALLED CAPACITY 1460 MW
1 X200 MW + 6 X 210 MW
COMMISSIONED 1972-1975
FUEL LIGNITE (SCHLAMM) SUPPLEMENTED BY MAZUT

For a more detailed description of the fuel and of the following items, see the Preliminary Audit
Report, 1ssued m December 1994, Reference 1 in Appendix G

3.2 Boiler Plant

The boilers are Type TP-109 from the Taganrog Boiler Works The boiler supplies steam at a

5
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rate of 640 tons per hour at a pressure of 140 bar gauge and live steam temperature of 535°C

Steam from the high pressure turbine exhaust 1s directed back to the boiler for reheat and returned
to the intermediate pressure cylinder at a pressure of 39 bar gauge and reheat temperature of
535°C The boiler operates on a balanced draft principle with air bemg supplied by two 50%
forced draft fans and exhaust gas removed by two 50% induced draft fans The turbines were
supplied by the Kharkov Turbine Factory

The design caloric value of the coal was 4100 kcal/kg but actual average operation caloric value
is 3200 kcal/kg

3.3  Coal Handling

The coal is delivered to the station by 40 different suppliers during a typical week and 1s weighed
by railroad car scales 1n the coal handling yard The coal 1s blended by bulldozers n the yard.
The blended coal is supplied into two conveyor systems feeding all boilers and weighed on each
conveyor (1 & 2) for the entire station The coal is not weighed on a per unit basis The average
quality of the coal over 5 day period 1s determined by taking coal samples from the conveyors

The coal is analyzed for caloric value, water, ash, volatility and sulfur content This 1s a slow
process due to outdated laboratory equipment

Coal 1s supplied to the boiler umts and held n two raw coal bunkers prior to being fed to two
trains of 68 ton/hr drum ball mulls. The motive air for transfer of the pulverized fuel 1s directed
from the outlet of the air heater and 1s used to dry the pulverized fuel 1n addition to transporting
1t to pulverized fuel bunker The ball mull 1s also supplied with flue gas extracted from the
precipitators to imx with the motive air and limit the oxygen content to less than 18% This
mummizes the explosion risk m the coal dust system.

The mull outlet temperature is controlled to 70°C by adjustment of the rate of raw coal feed The
combined air and flue gas 1s separated from the pulverized fuel via centrifuge separators through
which all the pulverized fuel 1s passed prior to storage in the pulverized fuel storage bunker The
storage bunker for the pulverized fuel is used to supply fuel to the sixteen burners arranged n two
rows of burners 1n both walls of the furnace. Pulverized fuel flow to the burners is controlled via
rotary feeders fitted to each outlet of the pulverized fuel storage bunker The capacity of the dust
system 1s not sufficient for the poor quality of the coal that is actually fired in the station.

34 Mazut Supply

The power station units are supplemented with mazut Kourakhovska units never operate on
mazut alone due to its lhugh cost and high SO, emissions. The maxmmum mazut assistance 1s about
25%, but blending of coal is reducing this figure to about 10%
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3.5 Gas Supply

The power station presently 1s not designed for firing natural gas

3.6  Boiler Efficiency Calculations

On January 5, 1994 the station produced 15409 x 10° KWH of electricity, consumed 11,799
tons/day of coal with a caloric value of 2136 kcal/kg and 1227 tons/day of mazut On April 29,
1994 the station produced 19229 x 10° KWh of electricity, consumed 14,377 tons/day of coal with
a caloric value of 3759 kcal’kg and 90 tons/day of mazut. Only station efficiency can be
determuned The fuel consumption of each unit is not known

37 Pr ntrol tem

Boilers of the Kourakhovska power plant operate in a steady-state mode (turbine following the
boiler) Operator manually adjusts firing rate and air flow (fixed settings for each load) and
allows frequency to float There are two O, analyzers on each umt which are used to momtor O,
content of exhaust gas before the economizer at 500°C. These analyzers are used by operators
to remotely adjust the speed of coal feeders and the position of forced draft fan dampers The fuel
to air ratio is manually adjusted based on experience and O, analyzer indications. There are no
CO analyzers 1n the power station.

Hot water 1s supplied from each of the seven units for district heating and from two umnts for
greenhouses. In the station the pipelines run above ground and 1n the city underground.

The station has an IBM 386 computer-based system for the control of steam and feedwater of Unit
6 (U8) Thus 1s a pilot unit chosen by the Ministry of the Ukraine There are 100 control pomts
and 20 control loops. The system is not fully commussioned. The visual mspection revealed that
the system resembles American-made DCS systems of 1982-83 vintage

3.8 Environmental Issues

The Electrostatic Precipitators (ESP) are reported operating very unsatisfactory This may be
attributed to high specific electrical resistivity of the fly ash This affects the ESP ability to
collect particles from flue gas, thus reducing ESP efficiency The station uses low NO, burners
and staged combustion to effectively reduce NO, emissions Poor quality of fuel (both coal and
mazut) increases the SO, air pollution and causes severe problems of boiler slagging Combustion
of Polish coal results 1n especially high levels of SOz emissions

C \Ukraineskour_tpt iewAAugust 27 1997



Because the stack height far exceeds the "good engineering practice” criteria, the pollutants
emitted do not produce a local air quality problem, but are a concern for the atmospheric
pollution

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

3.9  Future Plans

Management of the Kourakhovska power plant 1s aware of the poor condition of 1ts boilers High
leakage rates are inherent in the boiler technology used for the Kourakhovska power plant and
cannot be remedied at a reasonable cost. Management also understand that asbestos 1s not an
appropriate insulating material and that considering the age of the power plant, complete
replacement or major repowering are the best options Management is attracted to a number of
advanced technologies, including an application of Atmospheric Circulating Fluidized Boiler
(ACFB) technology, but does not have funds to pursue these options

It 1s Burns and Roe's judgement that once the market rates are changed and enforced (1.e
consumers are disconnected for non-payment), consumption will drop significantly The future
of the Kourakhovska power plant 1s tied to the success of the Ukramnian economy as a whole
Before most of the population could afford electricity at market prices, the salaries of the general
population must increase significantly Until that happens it 1s best to contract for good quality
coal (the station already pays world market prices for coal) and mamtain the existing facilities

3.10 Inspection, Assessment miments

. The power station 1s well run by experienced personnel and 1s well managed The
staff 1s competent and fully cooperated i providing the requested information and
assigning the hands-on audit traiming personnel The station 1s quite clean for a
coal firing plant and normally dirty areas are kept clean by the plant personnel

. Considerable work of refurbishing and major component replacement on all boilers
and on Umt U9 (the seventh umit) HP turbine casing has been done during the past
6 years Plans are mn place for the next 6 years to continue the major component
replacement on all boilers and Unit U9 IP turbine rotor

. Most of the process control systems operate on "manual” mode from the control
board located 1n the Unit Control Room A chart 1s used to indicate the unit load
as a function of the amount of coal and mazut cofired The controls and
instrumentations are outdated, the readgs are unstable and require ongoing
maintenance to keep them operational
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The boilers have no burner management systems The original mechanical
governors are still mn operation All interlocks are of a very basic nature offering
limited protection Spares are hard to find

The coal 1s supplied by 40 suppliers The station presently has hittle input
regarding the quality of the coal specified or control over fuel acquisitions

The coal delivered to the plant does not match original boiler design requirements,
thus reducing boiler efficiency and increasing maintenance requirements. In
addition, the poor quality of coal increases the air pollution and causes reduction
in MW output of the boilers Mazut 1s cofired almost all the time n order to
deliver the MW output required by the system and maintamn stable operation of the
boilers

The station operates in cyclic mode with two umts shut down each night and the
balance of units operating at minimum load (140 MW) The daily cycling mode
of operation affects the equipment and results in considerable plant refurbishment
and replacement.

The efficiency can be determined per station only, not for each one of the units
because the fuel consumption per each unit 1s not measured (no meters per unit)
The power station will like to have coal flow meters to measure the input at each
mill, a total of two devices per each 210 MW boiler



4.0 DESCRIPTION OF AUDIT ACTIVITIES

The audit activities included the collection of mformation and data from various reference sources
and 1ndividuals working within the power plant The activities are of two types one for specific
combustion efficiency audit measurements and calculations, and the other for information of a
general natural regarding other energy conservation measures.

4.1  Specific Audit Activities
411 Scope and Methodology

Individual systems and/or equipment were 1dentified for data collection and analysis and were
selected based on several criteria

. Quantity of energy used within the system

. Potential for energy efficiency improvements

. Significance of system/component to the power plant.
. Potential for replication.

The selection of systems and equipment to audit were made after meeting with power plant
specialists to discuss energy conservation priorities and a walk through the power plant

In preparation for the audit activities at the power plant, energy momtoring equipment was
purchased m the United States, shipped to Kiev and delivered to the Kourakhovska power plant
The equipment was purchased to make measurements of various systems that were likely to be
encountered within the power plant The measurements enabled auditors to learn specific
information about the systems being investigated Based on the measurements, the auditors
calculated potential energy improvements that could be gained by installing energy efficiency
equipment.

Economic pay backs were calculated and the items prioritized according to the shortest payback
Based on estimated cost of equipment and money available, recommendations were made as to
whether to implement the items studied.

The main components of the audit equipment are

. ENERAC 2000 Portable Combustion Analyzer

. Portable Laptop TI computer and Okidata printer
. Fluke AC power analyzer

. Cyclop Infrared Temperature Detector (heat spy)

The audit equipment was left behind at Kourakhovska power plant as part of the USAID boiler

10
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efficiency improvement demonstration program Of this equipment, the most significant was
ENERAC Combustion Analyzer which demonstrated an opportunity for immediate fuel saving
by tuning the boilers to reduce excess combustion air.

The majority of the equipment was used extensively by the audit team personnel and as a traming
tool for the plant personnel assigned for hands-on audit traiming Typically, the audit team would
take measurements while training the assigned local personnel how to use the equipment

4 1.2 General

The Kourakhovska power plant was selected by USAID/KIEV 1n consultation with the Ministry
of Energy and Electrification The Mmistry also identified the management of the power plant
as receptive to this type of program and considered that the maximum benefit could be gained by
auditing the Kourakhovska power plant

Management of the Kourakhovska power plant are looking forward to forthcoming privatization
At the present time they are allowed to spend only 1% of the plant gross income on salaries As
a result, the Kourakhovska power plant 1s losing its technical and maintenance personnel
Technical personnel of the Ukrainian power plants are highly regarded in CIS and can increase
their income significantly by working i Russia.

4.1.3 Boiler Efficiency

The specific plant audit consisted primarily of on-line flue gas emission measurements using a
ENERAC 2000 portable combustion analyzer, laptop computer and printer Most of the
measurements were made on Boiler #6 at maxmmum (200 & 180 MW) and reduced (minimum)
loads of 155 and 140 MW, while firing coal and coal supplemented by mazut.

The ENERAC 2000 portable combustion analyzer 1s a portable instrument which has chemical
cells to measure oxygen, carbon monoxide, sulfur dioxide, oxides of mitrogen content and
combustible gases The unit also has a type K thermocouple incorporated 1n the probe to measure
the temperature of the gas at the extraction pomnt The fuel analysis of 15 various typical fuels are
contamned in the memory of the portable analyzer Also, custom fuel analysis can be programmed
using a laptop computer ENERAC 2000 portable combustion analyzer calculates, displays and
prints, boiler efficiency, excess air, CO, and emissions

The measurements were made at the furnace exit and at the boiler stack This was done with
fixed combustion settings and essentially at the same time (the same coal and ambient
temperature) The measured parameters mcluded gas temperature, O,, CO, combustible gases,
NO, and SO,
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Due to the high in-leakage rates in the furnace, the economizer and the air heater, an on-line
calculation of the combustion efficiency by ENERAC 2000 portable combustion analyzer proved
to be not feasible (see Appendix B ) Direct measurements of O,, CO, combustible gases, NO,
and SO, are considered to be accurate.

There were nineteen direct measurements made. A copy of the ENERAC 2000 portable analyzer
print-outs can be seen i Appendix B.

For a detailed description of the Audit activities see the trip report of Team #1 (Appendix G).

Any improvement 1n the efficiency of the Kourakhovska power plant must come primarily from
an improvement 1n boiler efficiency On the steam side the Kourakhovska power plant is efficient
due to a significant thermal load Due to software limitations of the ENERAC 2000 portable
combustion analyzer, boiler efficiency could not be calculated on-line because of high air n-
leakage. For the same reason an on-line measurement of the boiler efficiency improvement
achieved by reduction in the excess oxygen was not feasible

Burns and Roe estimated an incremental improvement 1n boiler efficiency achievable due to a
reduction 1 excess air fed to the boilers. At full load firing coal, the excess oxygen was
measured in the convection pass to be 5.6% for the normal operating condition. CO emissions
were negligible BRC converted this measured excess oxygen to the excess oxygen at the burners
using calculated in-leakage rates and arrived at 4.25% excess oxygen at the burners

The station reports that stable combustion with 0 3-0 5% O, at the burner level can be achieved
due to staged combustion and low NO, burner design The low NO, burners are completely
replaced every 4 years and are mnspected, repaired or replaced on “as needed” basis every two
years However, boiler operators typically add large safety margin and operate boilers at higher
excess furnace oxygen that 1s called for by the burner design  Since the burners at this plant are
replaced on a regular basis, BRC very conservatively assumes that only 3% excess O, at burner
level will be achieved using modern O, analyzers Excess oxygen levels higher than this provide
the opportunuty for a reduction 1n the operating levels

Based on the data collected during the visit to the plant 1t appears that 1t 1s possible to operate the
boilers at reduced excess oxygen levels It has been shown that the potential excess oxygen
reduction possible 1s approximately 1.25% while firing coal This would reduce the excess
oxygen from 4 25% to 3.0% and mprove efficiency by 0 5%.

In the future, the Kourakhovska power plant operators should be able to manually adjust the
combustion air supply to determune what magmtude of reduction 1n excess air could be achieved
within constrains imposed by CO emuissions, smoke, and flame stability Therefore Burns and
Roe recommends that permanent mstruments be installed to measure the O, content of the flue gas
and thus assist the operators in avoiding unsafe conditions while continually mimimizing excess
air

12
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4.1 4 Boiler Plant

Present burner settings produce little CO or NO, emissions on all fuels When firing coal, high
levels of SO, are sometimes emitted due to an mconsistent quality of the coal Sulfur dioxide
emussions could change from 4,000 mgm to 700 mgm 1n few hours, but tend to be 1n 2000-3000
mgm range when emissions are adjusted for 3% excess O,.

Combustion of Polish coal results 1n especially high levels of SOz emissions Personnel of the
plant stated that the sulfur content of the Polish coal seemed to be much higher then the
Specification. They estimate a 3.5% sulfur content. Last winter the plant had critical shortages
of fuel and the Polish coal deliveries saved the plant from severe blackouts. However,
combustion of Polish coal resulted in furnace “puffs” and very rapid corrosion of the back end.
Since all of the Kourakhovska power plant boilers are of tangent tube construction (tubes are
spaced 8 mm apart with asbestos blocks behind them), and of balanced draft (negative furnace
pressure), furnace “puffs” cause loss of the furnace mntegrity Personnel of the Kourakhovska
power plant reported 21 % m-leakage mn the furnace alone and about 100% overall in-leakage To
maintain the original design criteria of 30% overall in-leakage, they used to completely remove
and reinstall furnace msulation every five years. At the present time the Kourakhovska power
plant can no longer afford such overhauls

4.1 5 Boiler Controls

The combustion control 1s actually a manual operation Coal 1s usually fed to the boilers at
maximum coal feeder speed, with co-firing of mazut used to bring the boiler to the required load
The forced draft fan air damper positions are adjusted manually based upon a chart displayed on
the control room wall, which 1s a function of the amount of coal and mazut being fired and the
load Final air damper position adjustment 1s made based upon O, analyzer indications Thus the
control of fuel and combustion air ratio 1s essentially a manual operation based upon maintaining
a certain umit load, under constant boiler outlet steam pressure and temperature with an O,
indication between 4 to 6%.

None of the units have CO analyzers. The TP-109 boilers have two oxygen analyzers located on
the convection pass per boiler.

4 1.6 Boiler Back End Including Stack

The boilers have Ljungstrom type regenerative air heaters which are experiencing high in-leakage
The electrostatic precipitators installed on all boilers have low efficiency, possibly due to the fly
ash high specific electrical resistivity.

13
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4.2  General Audit Activities

Information was gathered from existing sources, plant historical operating data and discussions
with key personnel Actual audit activities consisted of taking operating data and test
measurements wherever possible and performing analysis based on this data and historical
information

4 2.1 Scope and Methodology

General audit activities included discussions about the entire power plant Individuals responsible
for various tasks within the power plant organization were mterviewed to obtain mformation and
data on energy consumption, prices and performance They were questioned what organizational
changes and controls have been implemented to manage energy conservation and efficiency In
addition, the Chief Engineer was requested to provide a description of what recent measures had
been taken for improvement of operational efficiency and effective fuel utilization

4.2.2 Power Plant Audits

The audit activities associated with the total power plant consisted primarily of a review of the
various available publications and brochures produced by the various agencies and by the Ministry
of Power and Electrification as well as from drawings and diagrams provided by the engneers at
the power plant Much mformation and mnsight was also gained through the interviews related to
the system specific audits at all levels Many of the personnel employed 1n the power plant have
had experience n areas other than the one 1n which they currently work, and this was useful as
background material.

The Cyclop infrared thermometer (heat spy) was used to find hot spots on generator buses, hot
contacts on switchgear and switchyard equipment, hot spots on duct nsulation, etc that all may
require maintenance. Temperature readings were taken within the boiler proper where no
thermocouple were mstalled.

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

etc

There were several audit measurements, the records can be seen 1n Appendix B.
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5.0 FINDINGS AND RECOMMENDATIONS

5.1 Low- No-Cost Short Term rtunities

ECO-01 ENERGY MANAGEMENT CONSERVATION PROGRAM

The chief engineer 1s responsible for energy conservation and efficiency improvements at the
Kourakhovska power plant in addition to his other duties Because of the shortage of hard
currency to pay for imported fuel the entire management of the plant 1s highly motivated to find
ways to mmprove operating efficiencies 1n order to achieve effective fuel utilization, and all
employees are aware of the need for conservation However, the existing program must be
expanded and enhanced with management restructuring and new procedures to prepare for the
coming privatization reforms These changes will help to prepare the plant to be commercially
oriented by mcorporating western management methods and procedures

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

Conserve energy

Reduce environmental pollution
Improve operational efficiency
Improve equipment reliability
Introduce new technologies

The stated purpose for an expanded energy management program should be to provide a basis for
attracting private financing and future investments for a viable enterprise having the potential for
success.

As a first step, a highly visible management staff position and/or department should be established
reporting to the director and having the responsibility and authority to develop, implement and
monitor energy conservation, traimng, reliability and rehabilitation programs The primary tasks
will be coordmation, communication, and information The energy manager should be
responsible for knowing about, reviewing and consolidating the findings and recommendations
of the numerous studies and reports prepared by consultants and Institutes for the USAID, World
Bank, EBRD, EC, Mimstries, etc , so as to mmimize duplication of work and maximmize exchange
of information and expertise

In addition, the energy manager should coordinate and monitor the progress and success of
conservation measures implemented by the power plant staff and employees

15
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In 1994 the Kourakhovska power plant consumed the following quantities of fuel'

Coal 4,017,027 tons $ 85,455,000
Mazut 240,352 tons $ 15,749,500

$101,204,500(*)
(*)Price calculation 1s using 1995 cost of fuel

If only a modest savings of about 0 5 percent of this fuel expenditure 1s saved 1n the first year,
$506,000 of expenditures can be justified for measures to improve fuel utilization and efficiency,
mprove reliability and reduce maintenance

Funds should be provided for consulting services to assist the Kourakhovska management with
training and materials to establish the programs under ECO-01, ECO-02, ECO-03.

ECO-02 ENERGY CONSERVATION TRAINING PROGRAM

Many sources of energy waste and loss may seem very obvious and simplistic, and the power
plant engmeers and specialists are well aware of the cumulative magnitude of these losses.
However, the staff needs, and should encourage, much more support from all employees 1n the
identification and elimmation of many sources of energy loss Many of the sources of waste may
not be known or understood by many of the employees, and this is where the results of a formal
traming program can have significant energy conservation paybacks The auditors were informed
that the employees already know all about energy conservation However, 1t 1s the auditors
observations and measurement results as well as the observations and measurements of other
studies which indicate that there are many low cost, no cost opportunities for energy savings, and
this 1s the pomt of recommending a low cost, no cost energy conservation traiming program for
all employees. The management should establish procedures, classes, more posters, incentives,
rewards, competition, etc. and utilize the expertise of the engineers and specialists to reinforce
the importance of energy savings If only one tenth of one percent of the annual fuel budget could
be saved, this could amount to approxmmately $101,200'

ECO-03 FUEL QUALITY IMPROVEMENT PROGRAM

The plant must survey aggressively the available coals and take imtiative 1n contracting directly
from suppliers The plant must locate the best fuel considering boiler operational needs, design
requirements, pollution control equipment performance and delivered costs The plant must
consider a blending strategy of individual coals to meet the above criteria. The number of coal
suppliers must be reduced to a mimnimum for a better control of blending process

This program must be coordinated with the requirements for burner modifications and the
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resultant slagging characteristics on boiler performance as a result of the coal reactivity and ash
characteristics

As a result of better coal quality and consistent ash moisture characteristics, significant savings
of fuel and maintenance costs will be realized

A consideration should to be given to switch the Kourakhovska power plant to burn natural gas
This will improve efficiency, reduce emissions and extend life expectancy of the Kourakhovska
power plant At the present time the cost of natural gas is competitive with other fuels

ECO-04 INSITU O, ANALYZER

The boiler efficiency improvements can be achieved by replacing the existing extractive oxygen
analyzers with in-place zirconium oxide sensor analyzers of the type used m the Umted States.
One problem with the existing mstruments stalled at the plant 1s that they are extractive rather
than m-place Therefore using extractive gas sampling instruments 1t is difficult to obtam a
representative sample and the instruments can become fouled with acid sludge formed from
moisture condensation and soot

In addition, the instruments have questionable accuracy The measurement time constant is on
the order of about 1-2 minutes therefore, they cannot be used for real time excess air control
United States practice typically places an oxygen sensing probe mto the flue gas duct rather than
extracting a sample to it Thus technology could be applied to the boilers at Kourakhovska power
plant

It 1s recommended to install the new instruments on 210 MW Boiler #6 (U8)

For detailed calculations see Appendix A-1

EC0-05 VIDEO MONITORS OF THE BOTTOM ASH

There 1s a concern about ash slagging of the furnace from the different coals recerved, and the
plant would like an mstrument to momtor the ash fusion temperature to determine slagging
process and thus have better control over boiler operation This mstrument will enable excess air
reductions calculated under ECO-04

It 1s recommended to provide one portable infrared video momtor to View
bottom/ash/slag/removal for the boiler

For detailed calculations see Appendix A-1.
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ECO-06 SUILFUR LABORATORY ANAILYZER AND TESTING SIEVE SHAKER

An accurate Sulfur laboratory analyzer should be provided to verify the Sulfur content of the
received coals versus the coal specified A testing sieve shaker should be provided to verify
fineness of the coal dust before combustion. These measurements will prevent deterioration of
the furnace, air heaters and the duct work and thus prevent a drop 1 the boiler efficiency

For detailed calculations see Appendix A-1

ECO-07 FUEL METERS

The audit team learned through interviews with plant personnel that one area which has hampered
the plant progress m energy improvements 1s the inability to accurately measure the decrease 1n
fuel consumption due to any changes in operation or equipment motivated by efficiency
improvements. Thus 1s because the plant does not have mstruments to measure the fuel flow for
either mazut and coal to each boiler If only modest gams in efficiency could be realized due to
the icentive provided by the ability to more accurately evaluate such improvements, such flow
monitoring equipment could pay to itself 1n a short period of time

The following instruments are recommended for metering the fuel input to the boiler
- one portable sonic type flow meter for mazut.

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

The above portable sonic flow meter can also be used for measuring the leakages in hot water
piping of the district heating lines.

For detailed calculations see Appendix A-1.

5.2 Medium and Long Term Qpportunities

There are several other long term measures for improving power plant reliability, boiler efficiency
and meeting environmental requirements, which require further study and large investments of
capital These are listed below for future reference

] Upgrading the boilers with combustion control systems including interlocks and
flame safety system Automatic control of fan dampers for combustion air and
control valves for steam and fuel to meet the load demand will provide more rapid
response than manual control, thus resulting 1n stable and efficient combustion
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Investigate lower cost SO,/NO, removal technologies For SO, removal investigate
blending of coal and coal washings and lower cost sorbent technologies for flue gas
conditioning For NO, removal nvestigate use of burner design technology for
low NO, emussions (low cost), SNCR (selective non-catalytic reduction), and SCR
(selective catalytic reduction)

Replace the entire existing controls, mstrumentation and 1nterlocks with state-of-
the-art technology for a fully automatic operation of the plant

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

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

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

Provide additional and updated analytical equipment to the chemical laboratory.

Replace the existing water treatment plant with one using state-of-the-art
technology.

Modify the existing return air system (add air nozzles) from the coal storage
bunkers to the furnace to ensure good mixing with the combustion air. The return
arr should arrive 1n the furnace as high velocity jet with the ratio of its horizontal
velocity to the vertical velocity 1n the furnace of 6 to 1 Presently the return air
rises along the furnace walls as "parasite air" and does not participate in
combustion

5.3 Replicating and Expanding the Program to Other Plants

An economic

benefit can be derived from expanding the demonstration program to other

Ukraman power plants. From Burns and Roe experience the Ukrainian power plants when firing
coal or coal and mazut, exhibit the following characteristics

C Wkranetkour_rpt newiAugust 27 1997

Ukraimmian power plants operate in a steady-state mode (base load),with a turbine
maintaining throttle pressure, "fixed" firing rate, floating frequency and manually
adjusted air flow (fixed settings for each load)

Very high in-leakage rates (70% and higher) are typical, which make readings of
any oxygen analyzer dependent on its location (distance from the furnace) They
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also make impossible on-line calculation of the combustion efficiency at the back
end of the boiler

Most of the oxygen analyzers are of the extractive/paramagnetic type, with
questionable accuracy and a measurement time constant on the order of about 1-2
minutes As a result, they cannot be used for real time excess air control

Low carbon monoxide levels (10 to 100 ppm) 1n the flue gas in combination with
4 to 5% oxygen m locations with 850-870 degree Centigrade temperature leads to
the conclusions that the boiler efficiency of the Ukrainian power plants can be
improved. The improvement can be estimated on the order of 0 15% to 1%

The conclusions are as follows-

€ \Ukrainckour_pt newAAugust 27 1997

Excess air should be reduced until at least 300-400 ppm of carbon monoxide 1s
generated which 1s an indication of economic combustion

There 1s room for an economic benefit because the starting point of the excess air
(4 to 5% excess oxygen) 1s high It should not be very difficult to reduce the
excess oxygen by 0.5% and achieve 0.15% mmprovement in the boiler efficiency
even with the existing manual control of the combustion process provided that
constant operator attention 1s achieved Such attention can be obtained via an
economic mducement based on the fuel savings. Another alternative would be to
invest 1n an expensive automatic control for the excess air system

The benefit cannot be achieved without carbon monoxide measurements of the
undiluted flue gas (850-970 degree Centigrade temperature) at different boiler loads
which can be done using the portable combustion analyzer.

Replicating and expanding the portable combustion analyzer demonstration
program to the balance of twelve power plants and several other combined power
and district heating plants within the Ukraimian Electrical System will provide
significant improvements in boiler efficiency with low cost investments.
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60 IMPLEMENTATION

The plant 1s presently in a very difficult financial position since 1t pays world prices for fuel but
sells electrical power at the rate set by the government Both load factors and quality of coal have
declined since 1995.

Typically only 2 units out of 7 are operating at 60 - 70% MCR. At the same tume there 1s a
shortage of power 1n the Ukrame and electrical power 1s being imported from Russia The answer
to this paradox 1s that poor quality coal requires mazut or gas to support combustion which can
be bought only for cash The station practically does not have cash (only 3 to 5% of its receipts
are 1n cash) but can get some coal by trading credits. At this time the plant 1s overwhelmed by
political and economic factors out of its control and it 1s a testimony to the management’s efforts
that the adjusted efficiency of the plant remamned the same or mmproved since 1994

ECO-02 (energy conservation training program), and ECO-03 (fuel quality improvement program)
were not implemented due to lack of funds. Salaries were not paid for 6 to 8 months and the
management began layoffs. Under these circumstances implementation of the above programs
would be very difficult even 1if the program funds were available

Some of ECO-01 (energy management conservation program) goals were realized despite the lack
of funds for a formal energy management conservation program. Since 1995 the plants utilized
the audit equipment that was left behind by the BREI audit team as part of the USAID boiler
efficiency improvement demonstration program

ENERAC 2000

An ENERAC 2000 portable combustion analyzer 1s regularly used by the plant to conserve energy
and reduce environmental pollution (see attached Protocol in Appendix H) An mmprovement in
heat rate energy consumption is indicated by the plant. Some of this improvement 1n efficiency
1s due to lower excess air combustion which was made possible by timely analysis via ENERAC
2000 Plant personnel claims $25,000 to $30,000 per year in benefits due to use of a modern
portable combustion analyzer (see the Protocol). So mmpressed was the management of
DONBASENERGO by ENERAC 2000 that by the order of the Chief Engineer of
DONBASENERGO this mstrument was transferred from Kourakhovska to the corporation
DonORGRES which tunes all power boilers n DONBASENERGO system. So now
Kourakhovska’ ENERAC 2000 1s helping 5 TES to conserve energy and reduce environmental
pollution So the overall benefit should be 5 times higher than indicated in the Protocol

The plant personnel were unwilling to quantify savings 1n tons of environmental pollutants or
avoided environmental fines, but had no doubts that such savings took place.

An improvement 1n operational efficiency also took place since two techmicians can perform the
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measurement 1 15 minutes whereas previously an inferior measurement required an effort of 4
technicians for 4 hours

CYCILOP 300AF INFRARED THERMOMETER

The plants have nothing but praise for the Cyclop 300AF infrared thermometer. It was in wide
use for about 2 years The instrument 1s used to troubleshoot the generator stator, disconnect
switches, and boiler tubes. The Protocol states $12-15,000 per year in benefits, which is
conservative.

FLUKE AC POWER ANALYZER

The plant also likes the Fluke AC power analyzer. It was in constant and wide use for about 2
years. An economic benefit of 12,000 per year 1s claimed 1n the Protocol.

ZIRTEK OXYGEN ANALYZERS

ZIRTEK oxygen analyzers are being nstalled at the plant The reason for the delay 1s not known
The plant have declined to estimate an economic benefit from this instrument until 1t gains some
hands-on experience with 1t

TRANSPORT PT 868 PORTABLE LIQUID FI.OW METER

This mstrument was available to the plant for about 2 months The plant 1s trymng to learn how
to use the meter and works hard to commussion 1t This will take some time. Future benefits are
estimated by the Kourakhovska plant at $10-11,000 per year

MICRON M90 HIGH RANGE INFRARED THERMOMETER

A MICRON M90 high range infrared thermometer was available to the plant for at most 2
months The plant is trymng to learn how to use the thermometer and works hard to commission
it This will take some time. Future benefits are estimated by the Kourakhovska plant at $10-
11,000 per year
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LABORATORY SULFUR ANALYZER

A laboratory sulfur analyzer was available to the plant for at most 1 month The plant 1s trying
to learn how to use the analyzer This will take some time However the plant has high hopes
for the instrument and works hard to commission it The sulfur analyzer was provided to verify
the sulfur content of the recerved coals versus the coal specified This would prevent deterioration
of the furnace, air heaters and the duct work and thus prevent a drop n the boiler efficiency.

There also will be savings m tons of SO, emissions and avoided environmental fines In 1995 we
estimated the economic benefit from a sulfur analyzer at $101,200 per year The plant have
declined to estimate an economic benefit from this mnstrument until 1t gamns some hands-on
experience with it. Since the plant load 1s down about 50%, we estumate that under the present
conditions the economic benefit will be about $50,000 per year

LABORATORY CAIL.ORIMETER

A laboratory sulfur analyzer was available to the plant for at most 1 month The plant is trying
to learn how to use the analyzer and works hard to commission it This will take some time The
plant have declined to estimate an economuc benefit from this instrument until 1t gamns some hands-
on experience with it
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Energy Conservation Opportunities (ECO's)
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ECO-04, 05, and 07 - CAL.CULATIONS

INSITU OXYGEN ANAIYZERS, COAI._AND PORTABLE MAZUT METERS AND
INFRARED BOTTOM ASH TEMPERATURE DETECTOR

10 INTRODUCTION

The air to fuel ratio of boiler #6 is controlled manually The existing extractive paramagnetic type
oxygen analyzers are mamtamed and calibrated However, the instruments are prone to being
fouled by mosture and acid sludge from the flue gas Also, there is a significant time lag between
sample point and readout, which is aggravated by swings in excess oxygen due to fluctuations of
coal feed to burners The biggest problem with the existing extractive analyzers 1s that the sample
1s taken after major air in-leakages have already occurred. Installation of mn-situ zircomum oxide
cells upstream of major m-leakages would improve reliability, response and accuracy of readings.
However, three other mstruments are necessary to actually realize a benefit from a lower excess
air, namely, coal flowmeters, a portable mazut meter and an infrared bottom ash temperature
detector.

2.0  ASSESSMENT OF POTENTIAL EXCESS OXYGEN REDUCTION

There 1s a potential to reduce the levels of excess oxygen at all Kourakhovska umits, however only
unit #6 1s assessed in detail. This potential 1s based on the current levels of excess oxygen that
are maintained at the burners. In order to assess this potential, it is necessary to evaluate the
measured excess oxygen levels and account for air in-leakage through the various sections of the
boiler.

The station reports that stable combustion with 0.3-0.5% O, at the burner level can be achieved
due to staged combustion and low NO, burner design. The low NO, burners are completely
replaced every 4 years and are inspected, repaired or replaced on “as needed” basis every two
years. However, the existing extractive paramagnetic type oxygen analyzers are too slow and
unreliable and therefore operators typically add a large safety margin and operate boilers at higher
excess furnace oxygen that is called for by the burner design

In the station’s judgement, the excess furnace oxygen at full load while firing coal can be reduced
to 0 5% at the burner level 1f reliable instantaneous excess oxygen measurement becomes available
to the operators Since the burners at this plant are replaced on a regular basis, BRC very
conservatively assumes that only 3% excess O, at burner level will be achieved using modern O,
analyzers. Excess oxygen levels higher than this provide the opportunity for a reduction 1n the
operating levels.

Al-2
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21  Evaluation of Excess Oxygen at the Burners

At full load firing coal, the excess oxygen was measured in the convection pass to be 5 6% for
the normal operating condition CO emissions were negligible BRC converted this measured
excess oxygen to the excess oxygen at the burners using calculated in-leakage rates and arrived
at 4.25% excess oxygen at the burners. Accounting for the existing burner design and routine
burner replacement, the minmmum excess oxygen at the burner level can be assumed (very

conservatively) to be 3% Thus, the potential reduction in excess oxygen at the burners would
be425-30=1.25%.

2.2 Effect of Excess Oxygen on Boiler Efficiency

Boiler efficiency is calculated based on the ASME Boiler Test Code, PTC-4 1 The losses in
boiler efficiency affected by the excess oxygen levels are the dry flue gas loss and the moisture
i air loss. The dry flue gas loss 1s the loss of heat determined by the flue gas flow and the
difference in temperature of the flue gas and the ambient air. The moisture in air loss is the same
loss calculated for the moisture that 1s contained in the air.

The reference excess oxygen was selected to be 3 5% Boiler efficiency was calculated for excess
oxygen levels up to 6 5%, to account for possible operating conditions above the optimum.

A curve of the efficiency loss due to high excess oxygen 1s shown below.

EFFICIENCY LOSS DUE TO
HIGH LEVELS OF EXCESS OXYGEN
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Efficiency Loss, %

3 35 4 45 5 55 6 65
Excess Oxygen Level %

23  Boiler Efficiency Improvement With Reduced Excess Oxygen Operation

Based on the data collected during the visit to the plant it appears that 1t 1s possible to operate the
boilers at reduced excess oxygen levels. It has been shown that the potential excess oxygen
reduction is approximately 1 25% while firing coal This would reduce the excess oxygen from
4.25% t0 3.0%
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Using the curve shown above, the boiler efficiency saving 1s extrapolated to be 0.5%. Reduction
in excess oxygen from 4 25% to 3.5% will yield 0 3% efficiency improvement, reduction in
excess oxygen from 3 50% to 3 0% will yield another 0 2% efficiency improvement for a total
of 0 5%

30 COST ANALYSIS

The cost savings of a 0 5% reduction 1n the boiler efficiency would be realized 1n a fuel saving
of approximately the same amount The total cost of fuel fired in 1994 for Unit #6 1s estimated
at $14,458,000 (see attached calculation)

BRC calculates total annual savings for Umt No 6 to be:
$14,458,000x 0.5% = $72,290

As we mention earlier, coal flowmeters, a portable mazut meter and an infrared bottom ash
temperature detector may be necessary to actually realize a benefit from a lower excess oxygen.
A portable mazut meter and an infrared bottom ash temperature detector will be shared among
seven boilers, therefore only 1/7 of their prices is included in per boiler payback calculations

Total equipment cost. $25,000 (high temperature oxygen analyzers) + $40,000 (two coal flow
meters) + $9000 — 7 = $1300 (portable mazut meter) + $4000 -~ 7 = $575 (portable infrared
bottom ash temperature detector) = $66,875. We will assume cost of installation and
commussioning to be $10,625, which 1s reasonable since installation and commuissioning will be
done by the plant using local labor. Therefore, total installed cost for ECO-04, 05, and 07 will
be $77,500 per boiler

L Payback at current fuel price for the entire package:

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

° Payback at current fuel price for the oxygen analyzer system alone.
($4000+$25,000)/$72,290 = 0 401 yr = 4.8 months

Note This 1s not recommended Unsafe operating conditions could develop 1f an infrared
bottom ash temperature detector 1s not provided.

Al-4
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. Payback at current price for an infrared bottom ash temperature detector and the
oxygen analyzer system.

($600+$29,000)/$72,290 =0 409 yr = 4 91 months

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

(81,400 +$46,500+$29,000)/$72,290 = 1 064 yr = 12.76 months

ECO-06 - CALCULATION

SULFUR LABORATORY ANALYZER AND TESTING SIEVE SHAKER

1.0 INTRODUCTION

A modern Sulfur Laboratory Analyzer will allow Kourakhovska Power Plant to reject shipments
of coal of poor quality and unacceptably high levels of sulfur Sulfur content of Ukrainian coal
even from the same mine can vary significantly. Kourakhovska Power Plant does not control back
end temperature and as result SO, m the flue gas (as high as 6g per cubic meter) reacts with water
and becomes sulfuric acid. A testing sieve shaker will allow the plant to verify fineness of the
coal dust before combustion If the plant would burn coal that complies with specification,
excessive corrosion and degradation of the furnace, air heaters and back end ducts can be avoided

2.0  ASSESSMENT OF POTENTIAL ECONOMIC BENEFIT

Burns and Roe assumes that prevention of excessive corrosion and degradation of the furnace, air
heaters and back end ducts will result 1n 0 1% avoided reduction 1n boiler efficiency for the entire
plant Given $101,204,500 as total annual cost of fuel for Kourakhovska Power Plant, the total
savings 1n fuel cost would be $101,204

Payback at current price

$45,000/$101,204 = 0.445 yr = 5 34 months

Al-5
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Utihties

High-temp O, measurement improves

boiler performance

Looking for ways to improve plant heat
rates, Northern Indiana Public Service Co
(Nipsco) has installed high-temperature O,
sensors 1n the furnace and convection pass-
es of several of its boilers, beginmng with
Units 7 and 8 at 1ts Bailly generating
station with good results

The problem. Units 7 and 8 are
Babcock & Wilcox Co (Barberton. Ohio)
coal-fired steam generators with Cyclone
burners. Unit 7 1s a 175-MW drum boiler,
Unit 8 a 340-MW once-through boiler As
with most utility untts, excess-air control
was achieved by determining O levels at
the economizer outlet Since both units are
normally run under negative furnace draft,
air can infiltrate through leaks in the boil-
ers. ductwork. or expansion joints This air
in-leakage can result 1n a bias in the
excess-Os control circunt, grving indication
of sufficient O, when. 1n fact, the opposite
condition may be true

Enough air infiltration can lead to
improper air-to-fuel ratios, poor combus-
uon. and corrosive damage 1f a reducing
atmosphere prevails Also, the O, probes
and analyzers on Umits 7 and 8 became
increasingly unreliable Repairs to main-
tain the economizer-outlet system had
become excessive and costly The resuit?
The O- control system often operated with
one or more probes out of service, making
1t more difficult for the operators to moni-
tor and maintain excess-O, levels, which
led to a lack of confidence n the system

To solve the problem of biased excess-

Power supply

| Signal
" | output
- B .

Oz monitor

Instrument air

fo) _ J
O probe

1 O, system consists of
high-temperature probe and
monitor to measure excess air

arr readings, Nipsco started expenmenting
with permanently wstalled high-tempera-
ture O, probes n the upper furnace of Unit
7 These critenia were established as a
basis for the purchase of a new system-

= Low maintenance requirements

m Continuous operation 1n the furnace
section of the boiier.

m Improved probe hfe, with a one-year
minimum desired.

A system that appeared to meet the cn-
tena was a zirconmum oxide cell mounted
in a sihicon carbide tube This type of
probe had seen service in the glass and
steel industnes, but not :n US utihities The
probe 1s said to offer several advantages

m High-temperature operation, from
1200F to 2900F.

m Fast response.

m No sensor calibration required.

u No heater calibration or failure

Probe operation. The hmgh-temperature
capability of the new O,

Probe testing. At Unit 7, two high-tem-
perature O probes were mmtially nstalled
1n the nspection ports on the front wall of
the furnace (Fig 2), wath a monitor for
each nstalled at an elevanon 88 ft below
the probes in the burner-control cabinet
room Although performance was satisfac-
tory at first, two months later one of the
probes failed, breaking off at a point
beyond the mside of the front-wall tubes It
was decided that excessive amounts of slag
collecting on the probe had caused the fail-
ure. rather than stress caused by constant
vibration expenenced at this location.

The next step was to mstall a probe with
a stanless steel protection tube (Fig 3),
instead of the standard silicon carbide
tube, to see 1f 1t could better withstand the
extreme conditions in the furnace After
only three days of operation, this probe
failed—an excessive amount of slag had
accumulated on 1ts tip. The other probe
farled after four months of continuous
operauon The cause agam appeared to be
from slag

Since probe performance otherwise was
satisfactory, an outer protection tube was
added to increase longevity The longest
achievable run wath this added protection
was only a probe life of three months The
outer tube also had an adverse effect on the
accuracy of the reading 1f extreme care
was not taken i 1ts nstaliation.

Improved location. Obvicusly, the

probes allows their perma-
nent installation n an area
of the furnace other than
the economizer outlet. The
high-temperature cell 1s

Sootblowers

Secondary
superheater

Reheater

exposed to a reference gas
(instrument air) on one
side of the cell, process
gas on the other (Fig 1)
Zirconia oxide cells be-
have as solid-state elec-
trolyte at high tempera-
tures n the presence of a
catalyst Under 1sothermal
conditions, and when O»
partial pressures differ on erther
side of the cell, an emf inverse-
ly proportional to O; content 1n
the process gas 1s developed.
Proper functioning of the
zircoma oxide cell 1s achieved
above a mmimum recommend-
ed temperature of 1100F.
Because the old probes (also
zircontum oxide cells) had to
operate at temperatures of 850F
or less at the economizer outlet,
a heater assembly and tempera- []
ture controller were required to
maintatn cell temperatures
greater than 1100F Since
heaters aren t required with the O
new high-temperature probes,
calibration requirements are
eliminated

7/

Oz probe
mtial
location

RN

02 probe
final location

Economuzer” ’f:
Econormizer S

Oz probe X

2. Probe location (above) in
Unit 7’s borler was switched
from front wall of fumace to

secondary pendant ubes

location of the probes had to
be changed. At the front wall
of the furnace, operation was
completely unpredictable and
uncontroliable, rendenng the
probes unsuitable for use in an
automatic controi system A
location 1n Unat 7 that could

Cyclone
burners




Reference

air fitting Quter

lead wire

Zircoma
substrate

3. Protection tube (nght) of stainiess steel
1s aimed at improving probe’s ability to with-
stand extreme furnace conditions

greatly improve the service life of the
high-temperature O, probes appeared to be
in the superheater area of the boiler con-
vection pass Rather than being exposed 10
harsh environmental conditions 1n the
open area of the furnace, the probes would

have maximum protection within the sec-
ondary pendant tubes (Fig 2).

Consequently, four Oy probes were
mstalled i the secondary superheater sec-
tion of the furnace—iwo n each sidewail.
A potential nsk mn putting them there was
they would be close to the sootblowers.
After the probes were n service, the soot-
blower nearest each probe was operated. It
was found that sootblower operation
would not damage the probes. The O sys-
tem could now be monitored to evaluate
the performance and longevity of the
probes

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

tion to utility boilers The knowledge
gamned from these trials was put to good
advantage when a high-temperature (0 )]
system for Unit 8 was nstalled. including
four probes in the pendant reheat area of
the convection pass After continuous
operation for over a year, none of Unit 8's
probes have failed.

Results to date have shown differences
of O, measurement taken at the economiz-
er of 0 4% to 2 5% when compared to the
high-temperature probe readings Probe
performance has been so successful that
the economizer O system will be phased
out at Nipsco Also, operator confidence 1n
0, measurement of flue gas has been
restored. Tom Elliott

HI-TEMP CARBON
AND OXYGEN SENSORS,
ELECTRONICS
AND ACCESSORIES.

Simple, Cost Effective Technology
Integral Thermocouples
1600°C (2900°F)

Industry-Specific Models Available
Matched Accessories

A

ALC/Zircea

31711 Solon Rd., Solon OH 44139 Tel:(216)349-7220
FAX:(216)248-8864
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Proauct Lata
106-300NC
January, 1993

WORLD CLASS 3000

OXYGEN ANALYZER WITH
CONTROL ROOM ELECTRONICS

FEATURES

* Totally Field Repairable Probe

* Patented Electronic Cell Protection

* Rugged 316 SS for all Wetted
Parts

* Flexible Electronics Configuration

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

Class 3000 Probes

* Easy Calibration

* No Potentiomneters to Adjust

* Quick Change Diffusion Element

* Field-Repairable Cell Design

* Field-Repairable Heater/
Thermocouple

* Flame Arrestor (Optional)
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WORLD CLASS TECHNOLOGY FROM
THE WORLD LEADER

Rosemount Is the feader In oxygen flue gas analyzer technology
Rosemount incorporated the Hagan analyzer and combustion
expertise The Hagan in situ, zircorium oxide oxygen analyzer has
long been established as the industry-standard. Rosemount has
combined this Hagan expertise with state-of-the-art features into
one package — the World Class 3000 Oxygen Analyzer The
World Class 3000 I1s established as the standard-of-the-industry

The Worid Class 3000 is totally field repasrabie as intemal
components are conveniently accessible for using m-house service
personnel For example, the heater/thermocouple probe assembly
can be replaced and put back into service by in-house personnel in
one-half hour or less This repair i1s made without reguinng the
probe tube to be removed from the process

The Hagan zirconium oxide sensor cell incorporates a patented
electronic cell-protection feature that automatcally protects the
sensor electrodes from reducing atmospheres often found in many
combustion processes

For those applications where more than one oxygen analyzer will
be installed on-site, the Worltd Class 3000 Oxygen Analyzer
together with the microprocessor-based CRE 3000 Controi Room
Electronics module 1s a cost-effective solution

. he CRE 3000 Control Room Electronics module allows interfacing
with up to exght World Class 3000 probes (16 with master/slave)
via the HPS 3000 Field Interface Module This flexible, easily
expanded, electronics arrangement allows the World Class 3000
probes to be finked to the Control Room Electronics module
withaut the added cost of requinng intelligent field electronics (IFT
3000)

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

The HPS 3000 Field Interface Module provides local power to the
oxygen probe. it s connected to the CRE 3000 at a distance of up
to 1200 feet with low cost signal cable. The HPS 3000 module i1s
housed in a standard NEMA 4X (IP65) enclosure for full weather
and corrosion-proof protection 1tis also available in an optionat
explosion-proof Class 1, Division 1 enclosure to allow low-cost
adaptabiity of the World Class 3000 electronics to hazardous

gas areas.

Users with multiprobe applications may also choose an optional
MPS 3000 Multiprobe Test Gas Sequencer. The MPS 3000
provides automatic test gas sequencing for up to four (4) World
Class 3000 probes to accommodate fully automatic micro-
processor-based calibration of the analyzer packages.

Supersedes Product Data 106-300NC,
Pages 1-8, dated March, 1992
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Filter Head Assembly Sensor Cell Assembly Heater Thermocoupile
Assembly
OXYGEN SENSOR
Features Benefits

Rapid, accurate and rehable measurement of excess
oxygen with a single, in situ probe

Significant fuel savings normally pay for analyzer in less than one year
Significant enhancement in safety

Electrodes are self protected by patented electronic
diffusion himited current mode of operation

Provides long life for sensing element even in the presence of sulphur and
reducing atmospheres

No sample system, no sample probes, no scrubbers

Low installation and low maintenance costs

and no pumps are necessary, test gas calibration
check without disturbing probe

High speed of response

Ideal for closed loop control

Solid zirconium oxide electrolyte

Provides high relability

Field-replaceable cell

Ease of maintenance {

Surtabte for use in temperatures up to 1300°F (700°C)

May be used with any fuel
Absolutely no condensation

Matenal of construction 316 LSS (all wetted parts)

High resistance to corrosion

Sensitivity of cell increases loganthmically when
oxygen decreases

Very useful for low oxygen levels
Ideal for low excess air burners

ADDITIONAL FEATURES

* Qutput voltage and sensitivity Increase as the oxygen concen-
tration decreases

* Use with any fuel including coal or residual fuel burners.
Diffusion element keeps cell clean while the V-deflector protects
the diffusion element

* Unique, patented electromic cell protection feature automatically
protects sensor cell when analyzer detects reducing atmospheres

DIGITAL ELECTRONICS FEATURES

* Control Room Electronics module (CRE 3000) can interface with
up to eight (8) World Class 3000 probes (16 with master/slave)
Provides all necessary inteligence for controlling the probe and
optional MPS 3000 Multiprobe Gas Sequencer

* CRE 3000 Electronics provides user friendly, menu-dnven
operator interface with context-sensitive, on-line help

* CRE 3000 Electronics averages the process data as defined by
user This reduces inaccuracies due to stratification
Remote contact imtiates calibration
HPS 3000 Field Interface Module allows interfacing of World
Class 3000 probe and CRE 3000 without requinng :ntelligent
field electronics or expensive cabling

¢ Qutput surtable for use with receivers such as indicators, recorders
controllers, data loggers or computers

* Optional flame arrestor

* Optional abrasive shield for extremely harsh environments, including
tugh velocity particulates in flue stream, instaliation within 10 ft (3m)
of soot blowers or heavy salt cake bulldup Specific applications
pulverized coal, recovery boilers and ime kilns

* Optional explosion-proof HPS 3000 enclosure allows low-cost
adaptabihity to World Class 3000 electronics in hazardous areas
» Optional MPS 3000 Multiprobe Test Gas Sequencer provides fully
automatic test gas calibration and reference air for up to four (4)
World Class 3000 probes MPS 3000 can be located up to 300
ft {91m) from World Class 3000 probe
* Optional stack temperature and combustion efficiency measure-
ment Stack thermocouple required
* Probe heater over temperature protection with software disable as
standard Hardware disable (Iine voltage relay) requires ocne o,
additional twisted pair HPS/CRE cable ‘\.,
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WORLD CLASS FAMILY OF ELECTRONICS
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HPS 3000 Field Interface HPS 3000 Field Interface
{(NEMA 4X Non-hazardous Enclosure) {Explosion-Proof Enclosure)
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Optional MPS 3000 Multiprobe Test Gas Sequencer




SPECIFICATIONS®

OXYGEN SENSING EQUIPMENT

‘robe lengths, nominal. 18 inches, 3 feet, 6 feet, 9 feet, 12 feet
depending upon duct dimension
Probe matenai of construction: 316 LSS (all wetted parts)
Temperature hmits for probe in
process measurement area: 50 to 1300°F (10 to 700°C)
Cell speed of response: 1 millisecond
Probe reference
air flow (optional) 2 SCFH clean, dry instrument quahty air
(20 95% O,) Reference air set supplied
as standard

Calibration gas mixtures: Rosemount Test Gas Kit Part No
6296A27G01 contains 0 4% O,N,
Nominal and 8% O,N, Nomtnal
Other suitable gas mixtures can be
user supphed
Calibration gas flow: 5 SCFH
Approximate shipping weights:
18 inch (457 mm) package: 55 pounds (24 97 kg)
3 foot (0.91 m) package: 60 pounds (27 24 kg)
6 foot (1.83 m) package: 66 pounds (29 94 kg)
9 foot (2.74 m) package: 72 pounds (32.66 kg)
12 foot (3.66 m) package: 78 pounds (35 38 kg)

CRE 3000 CONTROL ROOM ELECTRONICS

Ambient environment requirements: Clean, Dry
Ambient temperature range* 40 to 120°F {4 to 50°C)
Vibration: Slight* 30 degree drop test
Number of probes' 8 maximum, expandabie to 16 with slave
CRE 3000
Communications: 1 RS 232 for communication with slave CRE
3000 {max 50 feet (15m)
Analog outputs: 2-12 isolated outputs 0-20 mADC, 4-20 mADC
into 950 ohm max, 0-10 VDC into 2K ohm min
O, indication
(analog output): +0 1% O, or +3% of reading, whichever
Is greater
Power supply: 110/115/220V +10% Vac at 50/60 Hz
Bower requirements: 100 VA

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

Resolution sensitivity — Transmitted Signal* 0 01% O,

0, range: Field Selectable (0-1%, 0-5%, 0-10%, 0-25%, 0-100%)

Programmable

contact outputs: 8 available, Form-C, 48 V max,
100 mA max
Indicators- LED indicators for system failure (failure descnption
available on LED panel)
Calibration in progress for each of 8 probes, O, Hi/lLo
Alarm for each of 8 probes Probe failure for each of
8 probes
Programmable
displays: 2 line, 0 8 inch high, 8 digit, alphanumenc LED displays
for individual or averaged results.

Operator interface: 4 line by 20 character backlight LCD alpha-
numeric display, 8 key general purpose
keyboard.

Approximate shipping weight: 35 pounds (15 88 kg)

Averaging: 4 user-definable averages of 2 to 8 probes

HPS 3000 FIELD INTERFACE

Electrical classification: NEMA 4X (IP65) Optional - Class 1,
Diwvision 1, Group B

Humidity range: 95% Relative Hurmidity
Ambient temperature range: -20 to 140°F (-30 to 60°C)
Vibration: 5 m/sec?, 10 to 500 xyz plane
External eiectrical noise: Minimum Interference
Cabling distance between

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

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

MPS 3000 MULTIPROBE TEST
GAS SEQUENCER (OPTIONAL)

Electrical classification: NEMA 4X (IP65)
Humidity range: 95% Relative Humidity
Ambient temperature range: -20 to 140°F (-30 to 71°C)
Vibration: 5 m/sec?, 10 to 500 xyz plane
External electrical noise: Miumum Interference
Piping distance between
MPS 3000 and probe: Maximum 300 feet (91 m)
Cabling distance between MPS 3000
and CRE 3000: Maximum 1000 feet {303 m)
Approximate shipping weight: 35 pounds (15 88 kg)
Power supply: 100/115/220V +10% Vac at 50/60 Hz
Power requirements: 15 VA
Piping requirements: 1/4" o.d tubing, 1/4" NPT
bulkhead connectors (high gas in, fow gas
n, ref air in, 4 x test gas out, 4 x ref air out)

@ Al static performance characternistics are with operating vanables constant
Specifications subject to change without notice
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WORLD CLASS 3000 MULTIPROBE APPLICATION
WITH CONTROL ROOM ELECTRONICS

7 Conductor Cable

(150 Feet Max)
4 Twisted Par Plus 2 Twisted Pav
N Ps Line Vokage (LV} for Options (1200 Feet Max)
CEE— Il" T 35 )
World Class 3000
Probe \ /
HPS
l— 8 Conductor Wire
¢ I.l v (optional) (1000 Fest Max)
1
2 Pneumatic Lines Test Gas
by Customer Sequencer Line
(300 Feet Max) MPS 3000 Vokage
~,\
| .' HPS Maduiar Desgn Tost Gas
¢ n r 3000 v Up to 4 Probes by Customer
(E— l | : l e
u [If R— Lv

7 Conductor Cable
(150 Feet Max)

4 Twisted Par Plus 2 Twisted Pair
for Options (1200 Feet Max)
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Line Vot LV
k HPS 2ge (LY)
0 [ 1 3000
CRE 3000
World PCrLa:: 3000 Contral Room
Electronics
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Line Voltage
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n /' oetons) (1000 Feet Max) 220 to 240 Vot
’
2 Pneumatic Lines Test Gas
by Customer Sequencer
(300 Feet Max) I MPS 3000
o n ] | P Hoduia Desn
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7 Conductor Cable
(150 Feet Max)
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Heat Spy-

For crucial high temperature
applications tap into Wahl's
“hands-off experience"

Infrared thermometry 1s one of the very
best ways to measure surfaces at very high
temperatures. Special narrow speciral
ranges are required, however, depending
upon the application.

Wahi designed and built two Heat Spy
models from the bottom up for precise,
accurate measurement of ligh temperatures
under the toughest factory conditions.

' DHS-29X measures through glass ports
- 900 1o 3200°F, 482 to 1760°C
e Measure through glass, flames and products
: of combustion using the DHS-28X (2 1 - 2.5
microns). Its small target resolution and
long telescapic range make the DHS-28X
ideal for aiming through ports in fumace
walis at refractories, glass gobs, furnace
tubes, ceramics, billets, slag and annealing
matenals. A sapphire window protects the
silicon optics from heat and contamination.
3-Year Warranty
DHS-20X Standard Sight
DHS-28XT  Telescopic Sight

DHS-35XT measures furnace tubes
800 to 3200°F, 426 to 1760°C

in the narrow spectral range of 3.5- 4 1

microns, the DHS-35XT minimizes errorsg

caused by reflectance from walls and

flames. That makes it excallent for measuring

furnace tube temperatures thraugh open

ports. it is also your best chaice for tugh

temperature general purpose anplications

3-Year Warranty
DHS-35XT  Telescopic Sight

Use Laser for T ough Aumng Situations

How Laser Aiming Works to Your Advantage

The high-coherency laser aimung beam adds
a powerful dimension to precise temperature
measurements. The laser piaces a visible
red dot on the center of the target surface.

he WERTR THY RO TR

Avaliable on most of our popular
modeis: DHS-24L. -24XL., -26L.
-26XL. -28XL

o Add the laser aiming optian for:
- Prectse centering on target
- Night and low-light conditions
- Measuring In cramped and
awkward areas

You can heid the Heat Spy in any position
and at any ievel, it 1s especially useful in
cramped areas and in awkward conditions
* Meets U.5. Federal Safety Regulations: such as standing on fadders and platiorms.
-~ CRF 1040.10 Class Ii: Certified
less than 1.0mW power
- Optional CFR 1040,10 Class lll-A:
Certified less than 5 0mW max. power
- Separate laser switch and
indigating hight
- Laser 1s on only when reading

t
geST RGAILABLE coPY
~e Fdear s mmer o uE @A AND AANADA (RONM-2853 o FAX (210} 670-2840 _ 77@

The laser is very effective indoors under all
ighting conditons and dramatically useful
at mght cutdoors. in bright sunlight use Heat
Spy's enclosed optical sight. Avoid viewing
the laser sight directly or when reflected from
shuny surfaces. Laser energy from low reflec-
tive targets such as pawnted surfaces or oxi-
dized matals 1s considered sase for viewing




‘Rugged Metal Construction and 3-Yez§ Warranty

[ moce DHS-24X, XL | DHS2EX,-XT | DHS27X | DHS-28X DHS-29X DHS-10X DHS-8X
DHS-23L DHS-26L, -XL DHS-26XT, AL | DHS-29XT (sea bax below
Application General Use General Usa Chack High Temp tHgh Temp High Termp Econcemy Scrall Targets
Best Accuracy including Glass Temperature wcuding Glase | Measures Thru | Fumnaca Tubes Made! Eloctronic
Glass Surfaces | Surfaces of Fiames Sunaces Giass/Fames Annealing Gereral Uso Components
Work
Tempersiure O to 1000°F 0 lo 2000°F 6000 S000°F | 3210 2600°F 900 15 3200°F | 80O to 3200°F 010 550°F or 010 1000°F
Rango 2010 +550°C «20 t0 1000°C 31610 1649°C | 0w 1380°C 48210 1760°C | 42610 1760°C 2010 275°C -20 to 550°C
Spectral Ranga (1) 8-14 814 4320.4472 | 8-14 v 21-285 3§5-41 814 814
Accurary g1 77°F =5" | 20 3% FS 10 3% FS 05%FS 3% FS | $6.3%FS 20 5% FS 105% ES 0% FS
Fleeoiuton THC TFC 19FIC 1°FrC | TFPC T°EFC TEC TFC
Ambertt Operation 2510 125°F 2510 125°F 2510 125°F 210 125F 2510 125°F 2510 125°F 4010 110°F 2510 125°F
Temperature 410 52°C -410§2°C 410 52°C 410 52°C -4 10 62°C 410 52°C 510 47C 410 82C
Temp, Coemaent =01 veg/oeg +0.1 deg/deg =0 tdegideg | ~0.1 deg/deg 10 1 degrdeg 10,1 aegroegy 102 6eg/oeg =01 degydeg
Repeatanlity =1°F +2F F =F 13F *3F 12°F aF
Fesponse Time 10 186¢. 1sec. 1sec 18ec. 180¢. 1 sec. 256¢, 1sec
95% of Reading
Target Size at 1. dia. 1in da Jinda 1 da. 1. dia. 1in da 2in. da. 0.15in. dia
Foca! Pgint e2t et 2108 azn a0 @10k @21t @1 1n,
Distance 1o Target Size | 20 1 201 401 201 1001 1001 20:1 NA
Beyond Focal Point
gamelwwng 010 doft Oto40Hh. Ol 1001 Ols 4ot 010150 4t Oto 150 Oto40f Gto8in
stance
Sighting System Enciosed Sight | Enclosed, Laser, Enciosed Enciosed, Laser | Enclosed Sight | Enclosed Opbical Sight Light Beam on
or Laser o Telescopo Optical Stgnt o Teleacope or Telescope or Telestope Cerer Line
Adjustable Emssvty | 02-1.0 02:10 02-10 02-10 02-10 02-1.0 Pre-set 0.95 021010
Range
Cutput 1o Becorder 1 mVideg 1 mViceg, 1 mVideg 1mVideg. 1 mviceg, 1mvideg. None 1 mVideg
Continuous Operating | 40 Prs 49 s, a0 hrs 40 brs. 4O hrs, 40 s, 25hrg. 40 hes,
Time Par Battary Lagsershrs Laser Shs Laser Shrs
Weight Lbs 2.2 22, (M28 25 22,(nas 25 (M30 25 (N30 22 25
Prices include esrrying case, spare battery, owners manual, trigger 10cK, AC adapter (specity 1106 226 VAC).
3]
More Useful Accessories
T Part No. Description
FM Approved 114411  Spare AC Adapter, 110VAC
, 114412 Spam AC Adapter, 220VAC
L for Hazardous Environments 9852 Spare Trigger Lock
9990 Heat Case
Wahl offers Heat Spy models tested and 811 Bamsgytancgm "
approved by Factory Mutual laboratories CAM Cafibration/Repair Manual
Models are approved for use in Class | and Specify Model/Serial No.
Class Il Groups C, D, E, F and G hazardous EP-10  Emssivity Coating
locations. This assures safety when used in Black Spray Paint
petrochemical plants, underground mines and H7D Leather Holster (except for
other locations where combustible gases, models with telescopic sight)
grains and dust are present. MN1604 Standard 9V Alkaline Battery
FM Approved models are dedicated °F or °C NIST-HS NIST Traceable Test Data
and are furnished without a connection for AC RHS-15 Heat Spy Portable Stnp
adapter, extemal battery pack or recarder Close Focus DHS-8X Chart Recorder. 12 selectable
output 0 10 1000°F, -20 to 550°C chart speeds, 110VAC and
To order, specify °F or °C. For very small abjects, Stmadeclqric com- rechargeable imemal battery.
DHS-24X ‘F; orf\"é) FM LCD ponents, the close-focus instrement includes 112 Heavy Duty Tripod
DHS-24 (F or C) -FM LED a built-in light beam for precics ai'ning W2111  Spare Owners Manual, spacify
DHS-26X (ForC)-FM  LCD model and serial no.
BP12-110 Rechg. Battery Pack, 110V
DHS-26 (F or C) -FM LED
BP12-220 Rechg Battery Pack, 220V
DHS-28X (F or C) -FM LCD WS-14  Safety Wrist Strap
Far weigscopic sight on FM modets DHS-26X and Call Wah! for more great infrared products
OHS-28X, add suffix T ¢ g DHS-26XTF-FM and blackbody calibration sources or our full-
Price nciudes carrying case, spare battery, ownars line Handbook of Temperature Instruments,
manual and trigger lock
BEST A e -
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Berthold

Noncontact
Weighing System
LB 330-1C

for all kinds of bulk material
on continuous conveyors




The Compelling
Advantages

® Noncontact massflow determina-
tion with gamma attenuation for
kinds of bulk material on conti-
NuUOUS CONveyors

® No moving parts — no mechanical
wear

@ |Installation on existing belts, screw
conveyors ar chain conveyors
does not require any major mecha-
nical modifications
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and on a screw conveyor

BEST AvAiLAg Copy
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Noncontaci massflow meter

@ Little space required for frame —
no relaxation section required for
massfiow

® Massflow determination possible
dunng free fall

@ Low source activity due to the use
of highly sensitive scintillation
counters

]
1
i
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@ Extreme long-term stability due to
automatic drift and decay compen-
sation

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

@ Determination of the dry weight

possible with existing moisture
signal

¢

Weighing system LB 330 - 1C installed
on ansing conveyor belt




¢

Lesign

A rod-shaped gamma source whose
type, length and activity distribution 1s
matched to the conveyor system and
the matenal loading 1s instailed below
the massfiow in a fockable shielding
with a collimated radiation opening

A scintillation detector installed above
the massflow detects the radiation
attenuated by the matenai to be
measured and provides a countrate
dependent on area weight. From this
countrate and the conveyor speed,
the evaluatonunit LB330-1C
calculates the massflow

Assuracy

The very hugh stabiiity of the measu-
ring system is ensured by well-proven
Berthold system providing automatic
dnift stabiization The high voltage
control ensures constant amplification
of the radiation pulses regardiess of
temperature and ageing of electronic
components The accuracy obtained
In practice depends on the distnibution
of the matenial on the conveyor belt,
the averaging perniod, and the accu-
racy of the check weigher
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Scintillation counter

6 Measuring principie

With existing applications this has led to
accuractes between 0.5 and 1.5 % on
standard conveyor belts and upt0 2.5 %
on other conveyor systems, such as
chain, screw or bucket conveyors

Calizraiion

The evaluation unit 1s precalibrated by
the manufacturer and i1s iImmediately
ready for operation, Iif you are willing to
accept a shght decrease n accuracy.
Maximum accuracy 1s achieved only
by means of comparative weighing
using calibrated weighing systems,
e. g. weigh bridge

The evaluation unit automatically
analyzes the resulting parrs of values
(result of the radiometric system and
of the comparative system) using an
autocalibration program and perfor-
mes an automatic self-correction.
This calibration 1s stored as a set of
constants The computer is capable
of processing up to three externally
selectable sets of constants for
various products.

All evaluation unit functions affecting
the continuous measurement are
protected by a password.

on

Radiation Source and
Shielding

The type of gamma source used
depends on the material loading With
high belt loading 5°Co 1s used (half-life
5.3 years), with medium loading '*’Cs
{half-life 30 years) and with low
loading 2*'Am rod sources (half-life
433 years)

The gamma radiation does not conta-
minate the product to be measured
The noncontact massflow meter may
therefore also be used in the food
industry. The shielding is an integral
part of the measuring frame which
forms the outer hmitation of the useful
beam, and which, like the shielding, 1s
filledwith lead when ®*Co and " Cs1s
used.

This ensures that the radiation level
outside the measuring frame is so low
that it is well below the dose limits
stipulated in the Radiation Protection
Regulations.

Low doserates are guaranteed by
using a sensitive detector and there-
fore source activiies will be extremely
small.
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Width Weight
mm B H1 H2 L of
Measuring
—— frame
approx kg
500 | 1006 | 776 | 494 { 754 | 706 190
z T
650 | 1156 | 926 | 584 | 844 | 856 220
800 | 1306 { 1076 | 674 | 934 | 1006 250
S
1000 | 1506 | 1276 | 794 | 1054 | 1206 290
1200 | 1706 { 1476 | 914 | 1174 | 1406 330
1400 | 1906 | 1676 { 1034 | 1294 | 1606 370
r— 1600 | 2106 | 1876 | 1034 | 1294 | 1806 420
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LB 33¢~1 ¢ - An Evaiuation Unit offering Many Advantages

@ wear resistant foil keypad

@ easy operation via alphanumeric

freely selectable measuring range
of both outputs

@ tachometer input either as fre-

quency or current input, selec-
table via DIP-switches

displav @ digital inputs for conveyor stop and
external menu selection, or for @ nput for moisture compensation i
@ operation mode setting via external clearing of the integrator, standard; when using a separate
DIP-switches external activation of the tare moisture measurement, the eva-
measurement and also activation luation unit may therefore be used
@ automatic decay compensation of the printer for protocol pnntout of as dry-weight computer
for the calibration parameters as intermediate resuits
standard, allows calibration over ® printer interface for parameter
several days or even weeks @ digital outputs for malfunctions protocotl listing and accurate docu-
indicator, set alarms, external mentation of the measured values
@ two isolated current output signals integrator and signals when rea- Several evaluation units may be
1s standard, range selection ching a preselected batch weight connected to one printer
(0/4 — 20 mA) via DIP-switches
Prineizis U iziz 3roressing
Basisweight Loading Loading capacity Integrated mass
/™
/ \
// AN »{g/cm? —> kg/m | —>»{ t/h —>
/ \\
/ \
/ \
/ N Belt width Velocity Time
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Evaluation unit installed in protection housing

BEST AVAILARIF NPV
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Dimensional Drawings TS,  2s0

Dimensions in mm

Evaluation unit

Weight approx 6 kg

Evaluation unit in protection housing
Weight. approx 18 kg

600

Scintiflation detector with cahbration cover

Sz 5-M 1 40/35 or 50/50

Weight approx 18 kg

Tachometer with mounting bracket

530 —‘>|

Weight approx 5 kg

Your inquiries
should include
the following details:

alterations

Type, width and profile section
(e. g. through section) of conveyorbeft ~ fequired

Massflow velocity and possible

Measuring range and accuracy

of matenal with maximum loading
{sketch)

Material, bulk weight, grain size of

bulk matenal

Matenal loading or conveyor

throughput

Options required (e. g. printer)

Proposed location of measuring
system (drawing)

Approximate matenal profile section

BERTHOLD SYSTEMS INC., 101 CORPORATION DRIVE, ALIQUIPPA, PA 15001-4853, PHONE 412-378-1900 » FAX 412-378-1926

REST AVAILABLE COPY
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PREISER

MODEL 880 SULFUR ANALYZER

880 A 880 M

AUTOMATIC OR SEMI-AUTOMATIC OPERATION
SAMPLE SIZE IS 0.5gm FOR SAMPLES CONTAINING UP TO 4% SULFUR
SULFUR RANGE: 0.005 TO 99.99 %
TWO MINUTE ANALYSIS TIME

R 8LE Copy




MODEL 880 SULFUR ANALYZER

The Model 880 sulfur determinator uses oxidative combustion and non dispersive infrared detection to
perform sulfur analysis in coal, coke as well as in other solids and heavy iquids [t utiizes a micro-computer
and an integral electronic balance with other automatic systems to rapidly and accurately determine the
sulfur content Two models of the 880 are available: A semi- automatic model and a fully automatic model

In the automatic model, all analyzer operations are controlied by the operator through an interactive flat
panel touch display This graphically based operator interface 1s designed to allow easy, straight forward
operation of the analyzer with minimal operator training. No knowledge of a computer language ts required
Sample size utiized 1s 0 5 grams for coals containing up to 4% sulfur Coals having sulfur ranges of 0 005 to
99.99% can be analyzed. Accuracy i1s +1% of the sulfur content for most samples, within the iimits of ASTM
D4239-85.20 samples can be weighed out by the operator at one time and then measured by the analyzer in
unattended operation in approximately 40 minutes The analyzer calculates and displays the percent sulfur
by weight from the SO2 reading and the inttial weight of the sample. The result of the analysis 1s printed out
on a built-in printer

The semi-automatic model differs from the automatic version in two major respects 1) it runs one sample
at atime and 2) instead of the interactive touch screen, it has a 4 line LCD display and a separate, simple
keypad The result of an analysis Is displayed on a LCD display screen as % Sulfur and 1s printed out on a
built-in printer.

ORDERING INFORMATION:

CATALOG NO.: DESCRIPTION
92-1206-01 MODEL 880A AUTOMATIC SULFUR ANALYZER
92-1205-01 MODEL 880M SEMI-AUTOMATIC SULFUR ANALYZER

PREISER SCIENTIFIC, INC.

94 OLIVER STREET « ST. ALBANS, WV 25177 « USA
Tel: 304/727-2902 « WATS: 800/624-8285 » FAX: 304-727-2932

-_—




MODEL 880 SULFUR ANALYZER

Automatic or Semi-automatic operation
Sample s1ze 1s 0.5gr for samples containing up to 4% sulfur
Tivo nunute analysts time
Sulfur range 0.005 to 00 99%
User friendly

The Model 880 sulfur determinator uses
oxidative combustion and non dispersive
infrared detection to perform sulfur analysis
in coal, coke as well as 1n other solids and
heavy hiquids It utilizes a micro-computer
and an integral electronic balance with other
automatic systems to rapidly and accurately
determine the sulfur content Two models of
the 880 are available A semi-automatic model
and a fully automatic model

In the automatic model, all analvzer
operations are controlled by the operator

880A

through an interactive flat panel touch dis-
plav This graphically based operator interface
1s designed to allow easy, straight forward

operation of the analvzer with minimal
operator traimning No knowledge of a com-
puter language 1s required Sample size
utilized 1s 0 5 grams for coals containing up to
4% sulfur Coals having sulfur ranges of 0 005
to 99 99% can be analvzed Accuracy is +1%
of the sulfur content for mostsamples, within
the limits of ASTM D4239-85 20 samples can
be weighed out by the operator at one time
and then measured bv the analvzer 1n unat-
tended operation 1n approximately 40 min-
utes The analvzer calculates and displavs the
percent sulfur bv weight from the SO2 read-
ing and the imuial weight of the sample The
result of the analvsis 1s printed out on a bult-
1n printer

The semi-automatic model differs from the
automatic version in two major respects 1) It
runs one sample at a ime and 2) instead of
the interactive touch screen, 1t has a 4 line
LCD displav and a separate, simple kevpad

The result of an analvsis 1s displaved on a
LCD display screen as % Sulfur and 1s printed
out on a built-in printer

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

PREISER SCIENTIFIC, INC.

P.0. BOX 1330 ST. ALBANS, WV 25177
Tel: 304/727-2902 WATS: 800/624-8285




PREISER SCIENTIFIC, II\_IS,‘.
94 Ohver Street, 2.0 ?.%qx ‘MJ()
St. Albans, West Virginia 95177
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Effective Wet Sieve Tester

For Particle Size Measurement of Fine Granular Materlals that Resist Dry Sieving
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WV-3 ¢an be used with 12* or 8" sisvas,

Wet Sieving 15 used to overcome particle
agglomeration, pancsking, electrostatic at-
tracuon and other problems which inhibit
propersieving of many fine materiails on a dry
basis. Gilson's Wet-Vac is designed to pro-
vide advantages of wet sieve testing while
minimizing problems with liquid handling
angd fines recoveary as encounterad with sim-
pier manual methods. Features include eleg-
tromagnetic vibration, internal vscuum,
purnpad water recycle, rotating sleve spray,
and filter recovery of subsieve fines. Dry
sieving {with vibration only) may ba per-
formed for easy sepacations and 15 also em-
ployed prigr to introduchon of water ang
vacuum, Eight or moreg sieves may be used,
and Wet-Vac models are available for 8 in,
(203mm) and 12n. (305mm) diameter sieves
Essential paris are stalniess steel, ang the
antire systemis housedn acabinet onwheels.

Typical Wet-Va¢ uses include coal and min-
Ing and mineral process design or control,
investigations of soils or ocean and river sedi-
mants, control of siurnies or non-solubie
chemicals and powdars and R&D appiica-
tians  System offers control for wet-process
industrial operations because tests closely
approximate actual conditions. Samples may
ba introguced 1 dry, wet, or slurry farm,

The 3600 vpm vibration of sieves and filtar
has rheostat contral of amphtude and serves
to disparse material on sieves and to assist
passage of water by breaking water surface
tension. Constant vacuum of about 2° of
rmercury s praovided by a blower exhausting
tothe rear of the cabinet Rubher gasketrings

between sieves and other components sedl
the system. Bottom sigve nests in a sieve
holder litung ring which nests in a filter sac-
tion comprised of 500mm filtar paper held
between a spacial Filter Base and Filter Holder.
A See-Through Nesting Cylinder is provided
for visual monitoring of watar level. If filter
paper blinds and needs to be changed, sieves
can be raised and locked from the filter sec-
tion using the ilfting ring. Lifting ring and
sieve cover assembly with spray bar are sized
to fit 8" or 12* sieves, depanding on modal.

Pumped 0-35 psi recirculating water system
with 7-galion (26.5-liter) holding tank make
the Wet-Vac independent of tap and drain
connections. However, valves are included
10 permit such connections for once-through
oparation if desired. Warer is available to the
rotating spray bar above the top sieve, and
ais0 to 8 hose-mounted hand spray and to an
upward spray in the wall balow the filter
section. Hand spray Is used to flush sieve
cover, bottoms of sievas, and the upward
spray clears filter paper to promote passage
of water,

Stalnless steel components inglude the sieve
cover assembly, sieve holder lift ring, filter
holdat, instrument case, and water holding
tank. The 14-galion steal cabinet with two
hinged doors has baked painted finish and
housas the water tank, vacuum blower, mo-
tor, pump, and piping, An internal storage
shelf, locking wheels, and durable rubbaer mat
top work surface are included. Electrice! re-
quirement is 20 amps at 115V/60Hz. Controis
include gauge and adjustmant knob for wa-
ter, switchas for water, hand spray, vibration,
and vaguum, and & vacuum indicatar Jight,
Overall Wet-Vac dimansions are 36 x 28 x 654°
{914x7 11x1826mm} WxDxH.

SIEVE SIEK

L2 L] s 430

50 €100 4200 9328

» Tests wet, dry, or In dry-wet 2ecuence ~ Sample:
may be introduced 10 WET VAC in dry wht, or slur,

form Beginning te<' with try somple permis af
initlat pertad of dry scrennuy neforg atging water.

« Recovers separated size segments  Ability to per-,
form physical or ghemical 10516 on sephrsted sz -
segments of a sample 13 desirable. WET-VAC pro-

vides recovery of sampla fracnons perm.ting funherg

testing; other methoas may not

s Provides reproducible results—WET.VAC's prade-
tarrminad spray penpds for each sieve, and operator,
control of vibration intansity permit uriform testing
conditions for comparative and reproducible resulls.’

» Extends the renge of sleving analysis—We* Sieving
of fines ofers an extension of normal dry sieving
range. WET-VAC 1est resulls can be relared gireclly 1o
resuits of dry test-81ng in lArger size ranges

» Suites the neads of werprocoass ndustrles—WET.,
VAC offers an igeal control for wet process industrlal
opevatlons bacause wet tests mast closely approxi-
mate actusl wenprocessing conditions

i
WV.2 has 12" filter section See Theotigh
Nesting Cylinder iz above filter section.
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Typicat Coul Sample—Wet vs Dry Sieving
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PREISER SCIENTIFIC, INC. PREISER SCIENTIFIC, INC.
94 Oliver Street, P.O. Box 1330 94 Oliver Street, P.O. Box 1330 . ‘
St. Albans, West Virginia 25177 St. Albans, West Virginia 25177
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{Continued)

Wat-Vac may be controlled by use of a built-  * Threa modets availabla for 12° {305mm)
in circuit 3nd controf cable suppiled, Cabla is or 8" {203mm) diameter modals

plugged to port in back of unit to connact a
timer accessory. Gilson’s Modal TSA.189 - Internal vacuum system always in

Digital Timar described elsewhere g ideaily operation during wat siaving
suited. System tracks total "on® tima even
whan interruptions are necsssary. * Intarnal water recycie systam provides
¢losed circuit ragycle mode or optional

Salect Wat-Vas model dapanding on size of onca-through water from external tap

[ slaves to be empioyad, Mode! WV-3 includas
cover assemblles and lifting rings to parmit  « Rotating slave spray provides efficient

. use of aither 8" ar 12° sigvas, Recommanded water distribution, always accompanied

sioves of all stainless steel in No. 18(1.18mm) by vibration and vacuum

to No. 835 (20um) siza rangs should be or-
dered separately, Rubber gaskets and fliter . Subsieve matarial recovery i provided

papers ara 3180 orderad separately, All mod- by fliter at base of sieva stack

1§ a_ls requira at lsast 4 WVA-161 gaskats; add .
either of 8" or 12* siza depending on Wet-Vac  + Sisva capacity: up to aight sieves of WV-1 far 12° diameter sleves.
model orderad. An extra set of Filter Holder 2-1/8" (6.4¢m}) stacking haight

and Filter Base is heipful in casa filter paper

blinds. Modst WVA-188 Sieve Mesh Protece « Built-in control eircuit permits attaching

tor Is recommaeanded for mesh support of 12° timer accassory

sievas of #200 and finer when loading could

)  cause blinding. + Essentlal components of stainiess stasl « Coal gregaratian plant and/or

opearating control

» Mining/minersl procass control

* Attractiva partable cabinet » Pipeline slurry snalysis and contral

« EPA and othier soil contamination
invesugation

+ Ocaan 3ng nver sediments

« fine soils, gres, non-soluble
eharmicals and powders

¢ Procoss R8O tabx

Applications

Hand spray for flushing sleve Genrad motarized spray
bottoms and cover. bar in sieve covar.

GILSON WET-VAC®* WET SIEVE TESTER Fiiter saction ramovad
to show Spray Head
Shipping Data ! for clesning fitter.
Medae! b {kg) Cu.ft.
WET.VAC Slave Tostar : .
For 12* {305mm) Sleves, 115V/60Mz WV-1 440 (200) 38a
230V/50Hz WV-1F 485 (211} 280
Por 8* {203mm) Sieves, 115V/80Hz wv-2 440 (2000 380
230V/50H2 WV-2F 465 (211) 380
For 12* and 8" Sieves,  11BV/60HZ wv.3 460 (203) 380
230V/50Hz WV-3F 485 (2200  38.0
Required Accessorias
Rubber Gasket, 12" WVA-150 -_ et -
Rubber Gaskat, g WVA-181 - - -
Filter Paper, 500mm, Box of 100 WVA-161 2 0.3
Optional Accessories
Extra Fiiter Holdar® WVA-100 s (2 05 WVA-168 Sieve
Bxtra Flltar Base* WVA- 165 8§ {3 0.5 Mesh Protactor
Extra Sea-Through 12° Cyhindar* WVA-110 2 M 05 for 12" sieves with
Extra Saa-Through 8" Cyitnder* WVA-112 2 0.2 Py  fine-mesh cloth
Slave Mesh Protector, 12° WVA- 168 4 (2) 03 -
Oigltat Eiectrome Timer 115V TSA-169 5 @ 0.5 e

* Qne supplied with Wat Vac modais. ) S



- Tyler Laboratory Equipment

Ro-Tap Testing
Sieve Shaker

The Ro-Tap Testing Sieve Shaker was
the first mechanical sieve shaker intro-
duced to accurately reproduce the
circular and tapping motion given
testing sieves in hand-sieving, but with
a uniform, mechanical action assuring
dependable, comparable tests Since
then the Ro-Tap has become the un-
questioned standard of comparison in
all laboratories the world over

The Ro-Tap 1s built for handling
8" chameter testing sieves of different
openings With the regular height
sieves, one sample can be tested
on a series of six sieves of different
openings, while with haif-height sieves,
one sample can be analyzed on a
senes of thirteen sieves of different
openings, and all with one operation
of the machine

Vi | il | e, W, YV
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By using pans with extended rims,
three different samples can be tested at
one time with regular height sieves
and seven different samples with half-
height sieves

The Ro-Tap is operated byaverticaily
mounted, totally enclosed % hp motor
The standard Ro-Tap 1s furnished for
operation from 110 or (220) volts,
single phase current, with 1750 rpm
uruts for 60 cycle current and 1450
rpm units for 25 or 50 cycle The
Ro-Tap Is actuated through its built-in
timer

The dimensions of the Ro-Tap are
height 25", width 28", depth 21" The
net weight including the motor and
timer 1s 200 Ibs Approximate shipping
weight domestic, 225 Ibs, export
235 Ibs

For 6" x 3" diameter sieves,
adaptors are available for the standard
8" Ro-Tap For 12" diameter sieves
speciaily built units can be supplied

Ro-Tap with six fuli-height 8"
diameter sieves and pan

BEST AVAILABLE COPY

By simply
ady speed
the operatpr can producde rapid, posi-

RX-25 Hand-
Operated Portable
Sieve Shaker

RX-24 Motor-
Driven Portabie
Sieve Shaker
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ONTROLOTRON

Models 990DBN
and 990DBP

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

e b

Dual Path © ]

DESCRIPTION

Models 990DBN and 990DBP are precision Dual Path
Universal Clamp-On Transit-Time Ultrasonic Flowmeters
of NEMA 4X and Portable construction respectively They
are intended for application wherever high accuracy, for
erther custody transfer or regulatory requirements, is
demanded They maintain their high performance even
when located close to elbows or other upstream disturb-
ances Both offer field programmability for essentially any
pipe size, and operate with essentially any hquid. They
replace and outperform most conventional intrusive flow-
meters even in their best applications and provide all
Industry standard analog and digital data outputs, LCD
Digital or Graphics display, with integral Datalogger and
Stripchart printout

Series 990DB Uniflow measures flow by means of two
orthogonal ultrasonic beams, preferably operated in the
reflect mode This makes the system extremely resistant to
flow profile distortion, crossflow or flow swirl errors, normally
caused by upstream bends, gate valves or short straight run
conditions its Clamp-On construction makes it simpie to
Install in existing installations, or as a precision replacement
for high maintenance Turbine, Ventun and Wetted Trans-
ducer 4 Path Chordal ultrasonic flowmeters

The 990 Family includes both Dedicated and Portable
models Portable models can be used to quickly evaluate the
performance whichwill be provided by the Dedicated models
Dedicated NEMA 4X 990DB models are suitable for opera-
tion in almost any environment, indoors or outdoors, and at
pipe temperatures up to 500°F

FUNCTIONS

Series 990D offers the following

optional functions

e Industry Standard Analog and
Digrtal Data Outputs

e Digital Flow Rate and Total Display

e Graphics Display with Stripchart
and Datalogger

¢ RS-232 Senal I/0 Data/Command
Communication

e Field Programmable Status
Alarms Relay Outputs

e Memorized Flow, Site and
Diagnostic Data Printout

FEATURES

e Universal Applicability

¢ Outperforms Conventional
Intrusive Flowmeters

e Lower Cost/Higher Reliabiiity
than Intrusive Flowmeters

e User Friendly Menu Driven Field
Programmable Site Setup

* Non-Intrusive Universal Clamp-On
Transducers

¢ MultiPulse® Transmission

 No Cutting of Pipe Ever Required

» Batch and Sampiing Capability
Buiit in

e Calibratable to 1/4% of Flow Rate

» Bi-Directional Flow Measurement

BEST AVAILABLE Cory




WHAT IT DOES

Models 990DBN and 990DBP
measure the flow of most liquids
in most pipes between 6 and 360
inch diameter, and with flow rates
of £40 ft/sec, and temperatures up
to 500°F They are intended as
high performance replacements for
Turbine, Ventun and 4 Path Wetted
Chordal ultrasonic flowmeters

HOW IT WORKS

System 990DB Dual Path
transducers operate in Reflect
mode to prevent crossflow error
Orthogonal transducer path
orientation prevents error due
to distorted flow profile

"'! ]||||||““!fmll'l"4'"!
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WHERE TO USE

Series 990DB is intended for
high precision or custody transfer
applications of petroleum products,
chemicals or water Dual orthogonal
path Reflect Mode operation, equi-
valent to 4 paths, 1s highly resistant
to distorted flow profile, crossflow
and swirl conditions This makes
990DBN ideal for Nuclear Feed-
water, Interstate Ol Pipeline,
Hydro-Power Turbine and Irngation
Turnout flow measurement appiica-
tions The 990DBP s functionally
identical to the NEMA 4X 990DBN

Portabiiity facilitates use as a
fications

:71‘223.@@!19&-0_.-29' ing
which do not require continuous

flow measurement -
ettt

SPECIFICATIONS

APPLICABILITY
LIQUIDS: Any somally conductive homogeneous fluid
LIQUID (PIPE) TENPERATURE. —40°F to +250°F Standard
—80°F to +500°F Optional
PIPE SIZES: 6 to380 nches OD
PIPE MATERIAL: Any sonically conductive pipe material
Metal, Glass, Plastic, etc
PIPE WALL THICKMNESS: 0 05 to 3 00 inches
LINER MATERIAL: Any sonically conductive matenal, Glass,
Prastic, Cement, etc , intimately bonded to
the pipe intenor
LINER THICKNESS: Up to 1inch, dependent on matenal
FLOW VELOCITYRANGE: =40fps, min, dependenton pipe
OD and mounting track type

991 CLAMP-ON TRANSDUCERS

PIPE SIZE RATINGS

e Group 3. 6 10 24 inches, OD

¢ Group 4: 20 to 48 mches, OD

e Group 5: 36 to 360inches, OD

RATING: intnnsicafiy safe. Radiation Resistant and

Submersiie avallable.

CONSTRUCTION: Aluminum, stainless steel and special alloy
ox plastic.

CONNECTORS: C'mdulet for NEMA 4, BNC for Portable

992 MOUNTING TRACKS
e Available in Direct orReflective Mounting for all transducer sizes
In standard pipe diameter ranges.
o PinStop transducer spacing standard for all models

994 FLOW COMPUTER
e POWER: 20W, 910 36 VDC or intemal Battery,
100/1150r230VAC, 1¢p e
e TEMPERATURE: -5 to +115°F
{except for Graphics Models)
e SIZE: 10.5"W,9"D, 3'H
e WEIGHT: 12.8 pounds
e RATING: Intrninsically safe, NEMA 4X with cover closed
o MODULES: Plug-in, Interchangeable W/O special tools
o RANGES: Size 4: Transducer Sizes 3 and 4
Size 5: Tamsducer Sizes 3, 4 and 5

994 PERFORMANCE (Standard Conditions)*
e SENSITIVITY: 0.001 #ps at any flow rate including zero
e LINEARITY: 0.003 fps
o RESPONSE BANDWIDTH: 10 Hz (settable)
» SLEW RATE: 20 ft/sec/sec
o FLOW PROFILE COMPENSATION. Via iquid viscosity entry
o ZERO DRIFT STABAITY: 0.005 ips for transducer sizes 3to 6

995 HAND HELD CONTROL/DISPLAY TERMINAL
e 2 Row, 32 character Laquid Crystal Display
o 30 Keys, Numenc or Function identified.

* Subrmit Application Infasmasion Form for estimate of performance under
specific application congiens.

BEST avaiLaBLF copy




HOW TO ORDER & SPECIFY SERIES 990DB

Selecting the most appropriate Uniflow Systems are suppiied fully Function Modules
model and optional functions and loaded, with all available functions | e Series 995 Hand-Held Control
features, offered in System 930DB, | and features Display Unit

1S guite simple, especially if you fol -
low the procedure below However,
feel free to call on your local
Controlotron representative for
assistance if needed

The Uniflow part numbering
system s a guide to the process
of selecting your preferred model,
as well as producing the part
numbers of all the system com-
ponents The procedure below,
gives you an opportunity to con-
sider the many Uniflow system
options offered Check with your
local Controlotron representative
to assure selection of compatible
Dedicated model functions Note,
however, that standard Portable

System 990 Dedicated Models
use a “Building Block” System This
permits you to order only those
functions that you actually need
for your application, so as to keep
your costs as low as possible If, at
a later ime, a new function i1s re-
quired, most can be added merely
by plug-in of the desired Function
Module into a compatible 994 Flow
Computer.

Uniflow Systems inciude the
following Components

o Series 991 Transducers

¢ Series 992 Transducer
Accessories

» Series 994 Flow Computer and

¢ Series 996 Remote Accessories

Specifying and ordering System
990 Uniflow equipment involves the
following steps
1 Specify the Companents of

your selected system, choosing

the component options which

contain your desired features
2 Specify the desired optional
plug-in Function Modules and/or

Remote Accessories by part

number below
3 Obtain the price and deiivery of

your selected components, and
place your order with Controlotron
either through your local Repre-
sentative or Factory Direct

Listed below are the part numbers for all Uniflow systermn components To construct the companent part number which
has your desired options, replace the part number LETTERS with the appropniate CODE symbols listed below

991ABC-D A=MODEL B=TYPE =TEMPERATURE | D=SIZE
TRANSDUCER N=NEMA 4 M=Metal Body S$=250°F max. 3=6"10 24" pipe 0D
P="Plastic Body H=375°F max. 4=20"10 48" pipe 0D
V=Sonic Velocity | VH=500°F max.* | 5=36"to 360" pipe 0D
992MTABCD-E A=MODEL B=TYPE C=STYLE D=MATERIAL E=PIPE DD RANGE {min )*
MOUNTING TRACK N=NEMA 4 D=Direct Beam M=Metal XOCR | A=Aluminum 3=6"t024"pipe OD  5X=6"to 10’ pipe 0D
R=Refeict Beam | P=Plastic XOCR | S=Stes 4=20rto 48" pipe 0D 5Y=10"to 18’ pipe 0D
SH=For v XDRS 5=36"1084°pipe 0D 52=18"10 30" pipe OD
* See 990SLECT Manual
992CAB-C A=MODEL =ENVIRONMENT | C=LENGTH 992MTM-A A=PIPE 0D RANGE
TRANSDUCER CABLE N=NEMA 4 S=S5tandard Temp | C=_Lengthnft. MAGNETIC TRACK 4=20"to 48" pipe OD
W=Submersible Kt MOUNT KIT 5=48"10 216 pipe 0D
6=18' to 30’ pipe OD
993A8C A=MODEL B,C=CODES RESERVED
APPLICATION FUNCTION C=Control Only Module
AND CONTROL MODULE M=Memory and Control Module
994ABCD-EF =MODEL / B=PIPE 0D RANGE | C=DISPLAY D=POWER SOURCE | E=PROGRAM LOAD F=SPECIAL
FLOW COMPUTER DBN=NEMA 4 4=6"10 48" B=8ind w&* | $=100/115VAC 1=8asic Data € N(n)=CC Nuclear
DBP=Portable 5=6"1t0216" G=Graphics M=230 VAC 2=Add RS-232 & Datalog Grade
6=56"10360" D=Digitat B=910 36 VOC 3=Add Graphics S(n)=Intrinsically
GL=Lighted S§B=115 VAC + Battery + Stnpchart Sate
Graphics MB =230 VAC + Battery
994-7 ANALOG COMPUTER | Provides Programmable isolated 4 to 20 mA, 0 to 10 VDC and Pulse Rate Gutputs one required per channe! (e
994-10ABC =MODEL B=TYPE =RATING
ALARM RELAY MODULE N=NEMA 4 A=Normally Open | D=0ry Reed (10 VA max )
B=Normally Closed | M=Mercury Weted (50 VA max ) (Not available in Portable Untsorm  NC™* Type)
994-11ABC A=MODEL QL B=TYPE C==CODE RESERVED
LCD DISPLAY COMPUTER | D=Digitai Display | D=Dual Path
G=Graphics Display
894-12A8C A=MODEL B,C=CODES RESERVED
RS-232 170 MODULE T=995 Hand Held Terminal Driver Onty
S§=RS-232 and 995 Drivers
9957 8a6P 986P-5 996PSP-A A=XDCR SIZE 896DABC | A=TYPE B=MODEL C=POWER SOURCE
HAND-HELD PRINTER PRINTER PAPER, | PIPE SIMULATOR [ A=0, 1,2, 30r4 § REMOTE D=Dgtal { N=NEMA 4X S=110/115VAC
CDU TERMINAL § PACK REFILLS DISPLAY P="Panel Mount | M=230 VAC

* Transducers operated above 400°F will require pertodic refurbishment, with periodicity proportions! lo aparating temperaisre. For sxtreme lempecsiers speration, tactory consuitation s
recommended

BEST AVAILABLE COPY
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TYPICAL SPECIFICATIONS

The flowmeter furnished shall
be the Controlotron System 890DB
Unifiow Clamp-On Dual Path Transit-
Time Ultrasonic type, or approved
equivalent, and shall contain the
features listed below

A MultiPulse™ Flow Detection

[i# TransX™ Uitrasonic Trans-
mission Optimization

# Metallic Mode Conversion
Wide Beam Transducers

# Made in USA

2 PinStop Universal Mounting
Track (no ruler scales)

[i# 64 x 256 Pixel Graphics
Display

p# Programmable Stripchart
Option for Flow, Liquid Data

# Programmable 64K Memory
Datalogger Option

# All Modules Piug-in, including
Power Supply

2 Numeric Entry Only. Hand-
Held Programming

{4 Full Diagnostic Data Access

1# Plug-In Function Options
i AnalogData. 0to 10 VDC
& Isolated 4 to 20 mA
i Alarm Relfay Module
8 Programmable Relays
¥ Digital and Graphics
Display Computer/Driver
i RS-232 Senal Data 1/0,
Selectable Baud Rates
# Intninsically Safe Construction
i## Reflect or Direct Transmission
Mode
i Simultaneous individual Beam &
Summed Data Display

A WORD ABOUT CONTROLOTRON

Controlotron, completing its third decade of operation,
specializes inthe manufacture of proprietary instruments for the
measurement and control of iquids All Controlotron products are
derived from Company sponsored research and development
programs, the heart of our continued ability to provide new and
unque instruments of outstanding value and performance

characteristics, such as-

Portable System 990 UNIFLOW:
MultiPulse™ Transit-Time Flowmeter

Dedicated System 990:
MultiPulse™ Transit-Time Flowmeter

Portable System 190 Spectra:
Portable Founer Flowmeter

Dedicated Sxystem 190 Spectra
NEMA 4X Founier Flowmeter

Portable 990E
Thermal Energy Flowmeter

Dedicated 990E
Thermal Energy Flowmeter

Your Local Representative

‘ ONTROLOTRON

Phone (516)231-3600 » Fax (516) 231-3334 « Telex: 961-447

155 Plant Avenue, Hauppauge, New York 1 1@8
STAVAILARL F
Cory

RENTAL/
PURCHASE PLAN

Users whowish to famihiarize
themselves with Models 990DBN
and 990DBP pnor to purchase
may avail themseives of Rental
plans (where available)
Advance purchase of the
990DB Field Manual will provide
detailed information beyond this
brochure

CUSTOMER
SERVICE

Users of Controlotron instruments
enjoy the benefit of worldwide
customer service organizations,
available on short notice for
traiming, apphication, installation,
demonstration, and mamntenance
services Contact us or your
local representative for details
on these services.

2 YEAR WARRANTY

System 990 carries a limited
2 year warranty, from date of ship-
ment, against intninsic defects

AaNNRN-1
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AUDIT RECORDS SUMMARY
FLUE GAS MEASUREMENTS

ENERAC Ser. 11003253:
Oxy_ref=true:

Test 6

Test 8

Test 9

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

Flue Gas Measurement at the stack on coal at 180 MW bir #9

Flue Gas Measurement at the stack on coal at 180 MW blr #6 side A
Flue Gas Measurement at the stack on coal at 155 MW blr #6 side A
Flue Gas Measurement at the stack on coal at 150 MW blr #6 side A
Flue Gas Measurement at the stack on coal at 150 MW blr #6 side B
Flue Gas Measurement at the stack on coal at 140 MW bir #6 side B
Flue Gas Measurement at the stack on coal at 140 MW blr #6 side A
Flue Gas Measurement at the stack on coal at 140 MW blr #6 side B
Flue Gas Measurement at the furnace exit on coal at 140 MW bir #6
Flue Gas Measurement at the furnace exit on coal at 140 MW blr #6
Flue Gas Measurement at the furnace exit on coal at 140 MW blr #6
Flue Gas Measurement at the furnace exit on coal at 180 MW blir #6
Flue Gas Measurement at the furnace exit on coal at 180 MW bir #6
Flue Gas Measurement at the furnace exit on coal at 200 MW blr #6
Flue Gas Measurement at the furnace exit on coal at 200 MW blr #6
Flue Gas Measurement at the furnace exit on coal at 200 MW blr #6
Flue Gas Measurement at the stack on coal at 200 MW blr #6 side A
Flue Gas Measurement at the stack on coal at 200 MW bir #6 side A
Flue Gas Measurement at the stack on coal at 200 MW blr #6 side B

C\Ukame\Kour_apx b 2 49PM May 3 1995



TEST 6 q .

SERIAL o

ENERSC MODEL 20006
COMBUSTION TEST RECORD

MW
FOR: BURNS & ROE /80

TIME: 15:17:82
DATE: B2-23-95

FUEL DESIGNCL 7472

COMBUSTION EFFICIENCY: OVER %
AMBIENT TEMPERATURE: 28 °C
STACK TEMPERATURE: 166 °C
OXYGEN: 18.2 %
CARBON MONOXIDE: 14 PPM
CARBON DIOXIDE: 99.8 %
COMBUSTIBLE GASES: 8.29 %
STACK DRAFT (INCHES H20): + 7.1
EXCESS AlIR: 92 %
OXIDES of NITROGEN: 219 PPM
SULFUR DIOXIDE: 1151 PPM
CARBON MONOXIDE ALARM: gy PPM
MODE :PPM OxY_REF=TRUE%
}D"L A’

SERIAL # 11883253

=

BEST AVAILABLE COPY
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SERIAL = 1BI0IIC

T T
L R b#

[75~1p0 M

W& ROE

TIiM=Z: 13:27:33

o

DATE: B2.-24-55
FUEL PROMCOAL 7472

COMBUSTICN EFFICIENCY:
AMBIENT TEMPERATJURE:
STACK TEMPERATURE:
OXYGEN:

CARBON MONCXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:

STACK DRAFT (INCHES H20):

EXCESS AIR:

OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

MODE :MGM OXY_REF=TRUE%

5
r
ENERST MODEILL 2EEE
CLBuSTI0N TEST RECORD
R

QVER % )
18 °C
39. °C

18.5 %
53 MGM™

BT %

8.20 %

+ 16.8
97 %
234 MGM
2142 MGM
28@ PPM

ENERST MODE

COMBUSTION TEST REC

FOR: BURNS & RCE

TIME: 1a:39:17
DATE: B2-26.95

FUEL PRoMCDaL 7472

COMBUSTION ZFFICIENCY :
AMEIENT TEMPIZRATURE:
STACK TEMPZRATURE:
OXYGEN:

CRARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:

STACK DRAFT (INCAES H20Y:

EXCESE AlIR:

ORIDES of NITROGZEMW:
SULFLR DIOKIDE:
CAREON MONOHIDE &LARM:

MODE 1 MGM

B-2

[ {

+



TEST 1B B 6 PY__.__--_._______,
SERIAL # 1icwocao [SU HW
ENERST MODELL 2813
COMBLUSTION TE3ST RECORD

FOR: BURNS & RCE

TIME: 18:44:48
DATE: 82-20-95

FUEL PROMCOAL 7472

COMBUSTION EZFICIENCY: OQVER %
AMEIENT TEMPZRATURE: 28 °C
STACK TEMPERATURE: 175 °¢C
OXYGEN: 1.7 =%
CARBON MONGXIDE: 11 PPM
CARBON DIGXIDE:! B7.7 %
COMBUSTIBLE GASES: B.41 %
STACK DRAFT (INCHES H20): + 6.7
EXCESS AlIR: 121 %
OXIDES of NITROGEN: 191 PPM
SULFUR DIOXIDE: 2046 PPM -
CARBON MONOXIDE ALARM: 988 PPM

MODE :PPM OXY_REF=TRUEX

1 mo-zRr 6. [SU MW/
5 11683253

ENERAC MODEL 0BG
COMBUSTION TEST RECORD

FOR: BURNS & RCE

TIME: 1@:45:37
oATE: B2,26.-95

FUEL DPRrROMCOSL 7472

COMBUSTICON ETFICIENCY: OVER %
AMBIENT TEYPERATURE: 28 °C
STACK TEMPERATURE: 189 *°C
OXYGEN: 11.2 %
CARBON MONOXIDE: 8 PPM
CARBON DIOXIDE: e8.2 %
COMBUSTIELE GASES: ¥.4al %
STACK DRATT {(INCHES H20): + 13.7
EXCESS ALR: 189 %
OXIDES of NITROGEN: 186 PPM
SU_FUR DIOXIDE: 1972 PPM
CARBON MONOXIDE ALARM: @B PPM
MOLE 1 PPM -
BEST AVAILABLE COPY



Hizm- P 140 M+ maar

Rl 1
EMNERSC MOoODEILL 28813
COMBULSTION TEST RECORD

oy

FOR: BURNS & ROE

TiM=: 11:89:15
DATE: gZr26-95

FUEL PROMCOAL 7472

COMBUSTION EFFICIENCY: OVER %
AMBIENT TEMPERATURE: 28 °C
STACK TEMPERATURE: 152 °C
OxYGEN: 13.2 %
CARBON MONCXIDE: 18 MGM
CARBON DIOXIDE: 6.6 %
COMBUSTIBLE GASES: B.28 %
STACK DRAFT (INCHES H20): + B.2

EXCESS AIR: 161 %
OMIDES of NITROGEN: 235 MGM
SULFUR DIOXIDE: 3782 MGM
CARBON MONCXIDE ALARM: SBE PPM

MODE tMGM OxY_REF=TRUE%

TEST .5 BOILERt 647
SERIAL # 11083253
EMNERSC MODEL 2003
COMBUSTION TEST RECORD

FOR: BURNS & ROE

TIMZD 1::1B:d44d
DATE: BZ-2695

FUEL PROMCOAL 7472

COMBUSTICON EFFICIENCY: CVER %
AMBIENT TEMPERATURE: 28 *=C
STACK TEMPERATURE: 152 =C
OXKYGEM: 12.3 %
CAPZON MONCKIDE: 18 MGM
CAFR30ON DNIOXIDE: B87.3 %
COMSUSTIBLE GASES: 8.32 %
STACK DRAFT (INCHES H20): + 7.5
EXCESS AIR: 135 %
OXIJES of NITROGEN: 223 MGM
SULFUR DICXIDE: OVER MGM
CAEBON MONGHRIDE ALARM: 988 PPM
MODE MGM OXY_RE]
BEST AVAILABLE COPY

A-4
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EET -4 [NV ES o

TS B /TD Sree
SERTAL # 11633953

ENERSC MODEL Z20od
COMBUSTION TEST RECORD

FOR: ZURNS & ROE

TiM=: 11:16:59
DATE: B2-26,95

FUEL PROMCOAL 7472

COMBUSTION EFFICIENCY : OVER %
AMEIENT TEMPERATURE: 28 °C
STACK TEMPERATURE: 171 °C
OXYGEN: 12.6 %
CARBON MONOXIDE: 8 PPM
CARBON DIOXIDE: B7.8 %
COMBUSTIBLE GASES: 84.37 %
STACK DRAFT (INCHES H20): + 6.5

EXCESS AIR: 144 %
OXIDES of NITROGEN: 188 PPM
SULFUR DIOXIDE: 1471 PPM
CARBON MONOXIDE ALARM: 986 PPM

MODE :PPM OXY_REF=TRUE%

SERIAL # 11863253
T->7 15 BOILEER 6
SZRIAL # 116803253
EMNERASC MODEIL 2003
COMEUSTION T=ST RECORD

FOR: BURNS & RCE

MED 11:59:17
DATE:D BZrz6,95

FUEL PROMCOAL 7a72

COMBUSTION EFFICIENCY: 66.7 %
AMSIENT TEMPERATURE: 24 °C
STACK TEMPERATURE: 766 °C
OXYGEN - 86.2 %
CARBON MONIXIDE: 338 PPM
CARBON D10~IDE: 12.3 %
COMBUST{BLE GASES: B.66 %
STACK DRHFT {INCRES H20): + .8
EXCESS AIR: 41 %
OXIDES of NITROGEM: 289 PPM
SULFUR DIOXIDE: 1742 PPM
CARBP: N AIRINAY TOT L-:T QIPM M Q-ZB PPM
MODE
BEST AVAILABLE copy



S~ S 6.

(A0 M

SEXRIAL & . .vwoeno

ErMERSC MODEL

g e g

COMBUSTION TEST RECORD

FGR: BURNS & ROE

TIME: 12:8Bb:29
DATE: 82-26-95

FLEL PROMCOAL 7472

COMBUSTION EFFICIENCY:
AMBIENT TEMPERATURE:
STACK TEMPERATURE:
OXYGEN:

CARBON MONCXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:

63.7 %

24 °C
774 °C
85.1 %
142 PPM
13.3 %
8.5 %

STACK DRAFT (INCHES H20): + 8.9

EXCESS AIR:

OXIDES of NITROGEN:
SULFUR DIOXIDE:
CARBON MONOXIDE ALARM:

MODE :PPM OXY_REF=TRUE%

31 %

292 PPM
1724 PP 50
986 PPM

TEST 17 BOILER# © /40 MUL‘

SERIAL # 118853253

ENERSC MODEIL. 23003
COMBUSTION TEST RECORD

TOR: BURNS & RCE

TIME: 12:dl:44
DATE: BZ2-26-95

FLEL PROMCOAL 7472

COMBUSTION EFFICIENCY:
AMBIENT TEMPERATURE:
STACK TEMPERATURE:
OXYGEN!

CARBON MONOXIDE:
CARBON DIOXIDE:
COMBUSTIBLE GASES:

STACK DRAFT {(INCHES H20):

EXCESS AIR:

OXIDES of NITROGENM:
SULFUR DIQOXIDE.-

CARBON MONOXIDE ALARM:

MODE :PPM OXY_REF=TRUE¥%

LR _ A

2.3 %
24 °C
7T¥ °C
B5.6 %
115 PPM
12.9 %
.59 %
+ 1.2
35 %
289 PPM
1786 PPM
986 PPM
BEST AVAILABLE COFY



LERIAL # 11BB325G

TEST 18 BOILERE 6 (80 frir
SERIAL # 11883253
ENERAC MCDEL =
COMBUSTION TEST RECORD
FOR: ELRNS & ROE

TuME. 12.42:25
DATE: BZ2,26,95

FUEL PROMCOAL 7472

COMBUST 0N EFFICIENCY: 2.2 %
AMEZENT TEMPERATURE: 28 °C
STACK TEYPERATURE: 821 °C
OXYGE™" 5.8 %
CARBON MGNOXIDE: 147 DPPM
CARBON DIOXIDE: 12.4 %
COMBUSTIBLE GASES: B.58 %
STACK DRAFT (INCHES H20): +~ 11.2

EXCESS AlIR: 38 %
OXIDES of NITROGEN: 297 PPM
SULFUR DIOCKIDE: 17585 PPM
CARBON MONOXIDE ALARM: S6E PPM

MODE :PPM OXY_REF=TRUE%

TEST 19 BOILER# B

180 M
SERIAL ® 11883253

ENERSC MODEILL 28008
COMBUSTION TEST RECORD

FOR: BURNS & RCE

TIME: 12:43:07
DATE: B2-26-95

FUEL PROMCOAL 7472

COMBUSTION EFFICIENCY: 6l.1 %
AMBIENT TEMPERATURE: 29 °C
STACK TEMPERATURE: 819 °cC
OXYGEN: B5.2 X%
CARBON MONOXIDE: 164 MGM
CARBON DIOXIDE: 13.2 %
COMBUSTIBLE GASES: B.56 %
STACK DRAFT (INCHES H20): + 11.8B

EXCESS AIR: 3z %
OXIDES of NITROGEN: 385 MGM
SULFIJR DIOXIDE: OVER MGM
CARBON MONOXIDE ALARM: 98@ PPM

MODE :MGM OXY DRE-Tmiires

(7



SERIAL # 11083253 PP
T=ST 28 B0lLER: 6 JQU M

SERIAL # 11883253
ErRERST” MODEILL 20308
COMBUSTION TEST RECGRD
FOR: BURNS & ROE

TIME: 13:84:808
DATE: B82,26,95

FUEL PROMCOAL ~472

COMBUSTION ErFICIENCY: B9.4 %
AMBIENT TEMPERATURE: 31 °C
STACK TEMPERATURE: 824 °C
OXYGEN: B5.6 %
CARBON MONOXIDE: 148 MGM
CARBON DIOXIDE: 12.3 %
COMBUSTIBLE GASES: B.61 %
STACK DRAFT (INCHES H20): + 11.7

EXCESS AIR: 35 %
OXIDES of NITROGEN: 485 MGM
SULFUR DIOXIDE: 3656 MGM
CARBON MONGXIDE ALARM: S8 PPM

MODE :MGM OXY_REF=TRUE%

e 00
TEST 21 BOILER# 6__¢L

-~

SERIAL # 11883253
ENERAC MODEL 200808
COMBUSTION TEST RECORD
FOR: BURNS & ROE

TIME: 13:85:25
DATE: B2-26,95

FUEL PROMCOAL 7472

BESTAVAMABLECOPY

COMBUSTION EFFICIENCY: 61.6 %
AMBIENT TEMPERATURE: 32 °C
STACK TEMPERATURE: 824 °C
OXYGEN: BS5.8 %
CARBON MONOXIDE: 135 PPM
CARBON DIOXIDE: 13.4 %
COMBUSTIBLE GASES: B.53 %
STACK DRAFT (INCHES H20): + 7.6
EXCESS AIR: 38 %
OXIDES of NITROGEN: 288 PPM
SULFUR DICKIDE: 1416 PPMm
CARBON MONOKIDE ALARM: 988 PPM
MODE :PPM O\
R_-2



TEST 22 m0 . o 200MUD

SERIAL # 11383253

EMNERSZ MODEILL 2800

COMBUSTION TEST RECORD
FOR: BURNS & ROE

TIME: 13:86:35
DATE: B2-26,95

FUEL PROMCOAL 7472

COMBUSTION EFFICIENCY: 68.8 %
AMBIENT TEMPZRATURE: 32 °C

STACK TEMPERATLURE: 839 °C
OXYGEN: Bd4.4 %

CARBON MONOXIDE: 148 PPM

CAREON DIOXIDE: 13.8 %
COMBUSTIBLE GASES: B.68 %

STACK DRAFT (INCHES H20): + 23.6

EXCESS AIR: 26 % '
OXIDES of NITROGEN: 285 PPM '
SULFUR DIOXIDE: 1479 PPM 4 23V
CARBON MONOXIDE ALARM: 9g@ PPM  /

MODE :PPM OXY_REF=TRUE%

SERIAL ® 11883253 ,
TEeT 23 T0iiERs 6 LBQ M

LZhFs

SERIAL # 11883253
ENERAC MODEIL 220909
COMBJS. ICv TEST RECORD
TOR! BURNS & ROE

TIiME: 13:36:54
DATE: BZ-26,95

FUEL PROMCOAL 7472

COMBUSTION EFFICIENCY: OVER %
AMB1ENT TEMPERATURE: 38 °C
STACK TEMPERATURE: 161 °C
OXYGEN: 11.8 %
CARBON MONOXIDE: 61 PPM
CARBON DIOXIDE: @8.4 %
COMBUSTIBLE GASES: B.35 %
STACK DRAFT (INCHES H20): + 18.8
EXCESS AIR: 185 %
OXIDES of NITROGEN: 178 PPM .
SULFUR DIOXIDE: 1823 PPM %‘?26
CARBOM MONOXIDE ALARM: 988 PPM
MODE:PPM OXY_F— — ™

BEST AVAILABLE COPY

e



et ¢ . b A o) fr s
SERIAL & 11885753
EMNERSC MODEL 280:
COMBUST ;0N TEST RECGRD

FOR: 3SURNS & ROE

TIME: 13:44:19
DATE: 82,2695

FUEL PROMCOAL 7472

COMBUSTION EFFICIENCY: OMER %
AMBIENT TEMPERATURE: 29 *°C
STACK TEMPERATURE: igg °cC
OXYGEN: 11.5 %
CARBON MONOXIDE: 13 PPM
CARBON DIOKIDE: #ge.8 %
COMBUSTIBLE GASES: B.28 %
STACK DRAFT (INCHES H20): + 9.4

EXCESS AIR: 115 %
OXIDES of NITROGEN: 181 PPM
SLULFUR DIOXIDE: 1123 PPM
CARBON MONOXIDE ALARM: SB8 PPM

MCDE :PPM OXY_REF=TRUE%

I 25 BOILER® 6.5 2620 77l
SERIAL # 11083253
ENERAC MCDEL 2008
COMBUSTION TEST REGORD

FOR: SURNS & ROC

TIM=E: 13:46:14
DATE: B2-26-95

FUEL PROMCOAL 7472

COMBUSTION EFFICIENCY: OVER %
AMBIENT TEMPERATURE: 28 °C
STACK TEAPERATURE: 179 °C
OXVGEN i1.5 %
CARBON MONOXIDE: 17 MG
CARBON DIOXIDE: 87.9 4
COMBUSTIBLE GASES: B.29 %
STACK DRAFT (INCHES h205: + 9.9
ExCESS AIR: 116 %
OXIJES of NITROGEN: 245 MCM
SULFUR DIGXIDE: 3881 MGM
CAREON MONOXIDE ALARN. SB@ PPM
MODE :MGM ¢
BEST AVAILABLE COPY
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Phase A

AUDIT RECORDS

FLUKE AC POWER ANALYZER

AMPS TEXT SCREENS

Arms
Apeak
Adc

% THD-R
CF

157
223
-3
1.4
1.43

VOLTS TEXT SCREENS

Vrms
Vpeak
Vdc

% THD-R

WATTS TEXT SCREENS

KwW
KVA
PF
DPF

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

234
333
0

0.4

32
37
0.88
0.88

GENERATOR WATER COOLING PUMP MOTOR

Arms
AHM

KF

% THD-F

Vrms
VHM

CF

% THD-F

KW
KVAR
°ALAG

157

10
1.4

234

1.42

0.4

32
18
29

o
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BOILER
0, ANALYZER
RECORDERS



BOILER FURNACE PRESSURE AND STEAM FLOW RECORDERS

BOILER AUTO/MANUAL CONTROL STATIONS

5906-01/02B/ 45/8/95
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APPENDIX C

Power Plant Data



CALCULATIONS OF TOTAL FUEL COSTS

FOR KOURAKHOVSKA STATION

The following calculations are done using available 1994 fuel consumption data and 1995
prices of fuels

1) January 5, 1994 consumption: 11,799 tons of coal @2135 kcal/kg and
1227 tons of mazut

April 29, 1994 consumption: 14,377 tons of coal @3759 kcal/kg
90 tons mazut @880 kcal/kg

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

(11,799 x 2136 x 14,377 x  3759)x 0.5 = 5,660 tons of
7000 7000 standard coal

2) Total annual coal consumption for the station:
5,660 x 365 = 2,075,900 tons of standard coal or

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

3) Total annual cost of coal using January 1, 1995 prices for 3600 Kcal/Kg coal
Cost per ton is: 3,191,000 c/ton @150,000 c/$ is $21.27
4,017,000 x 3,191,000/$150,000 = $85.455,000

4) Total annual consumption of mazut:

1227 + 90 x 365 = 240,352 tons of mazut
2

5) Total annual cost of mazut using January 1, 1995 prices of
9,829,000 coupons per ton at 150,000 coupons  ($65.5)

240,352 x  9,829,000= $15,749.500
150,000

5906-01/02B/CALC/5/10/95



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

$85.455.000 + $15,749.500 =  $101,204,500 = $14,458,000
7 7

Total annual estimated cost of fuel for the entire plant 1s $101,204,500

Total annual estimated cost of fuel for Unit #6 (U8) 1s $14.458.,000

5906-01/02B/CALC/5/10/95



CUSTOM FUEL CREATED FOR KOURAKHOUSKA POWER PLANT
FOR DESIGN COAL

5906-01/02B/UGLEG/5/9/95



LIST OF ENERAC STANDARD FUELS

FUEL

C(%)

Hy(%) N,(%) 0,(%) S(%) H,0(%) ASH (%) HHV SUM
#2 OIL 0.867 0 124 0.001 0 0.008 0 0 19360 1
#6 OIL 0 881 0.1 0 009 0.002 0.007 0 0 18300 0.999
NAT GAS 0714 0.236 0.05 0 0 0 0 21870 1
ANTHRACITE 0 8436 0.0158 0 0063 0.0191 0 0089 0 028 0.0783 13300 1
BITUMINOUS 0.666 0.0428 001 0.063 0.03 0.0788 0.11 11700 0.9996
LIGNITE 0.451 0.03 0.009 0.148 0012 0.293 0 057 7780 1
WOOD 50% H,0 0.247 0.03 0 003 0.218 0 0.5 0 4320 0 998
WOOD 0% H,0 0 495 0 06 0.006 0.435 0 0 0 8460 0.995
#4 OIL 0.875 011 0 004 0 0 008 0 0 18800 0 997
KEROSINE 0 851 0.143 0 003 0 0 002 0 0 19900 0.999
PROPANE 0818 0.182 0 0 0 0 0 21677 1
BUTANE 0 828 0.172 0 0 0 0 0 21132 1
COKE OVEN GAS 0.434 0.23 0.172 0.164 0 0 0 16230 1
BLAST FURNACE 0 155 0.0025 0.554 0.286 0 0 0 1061 0 9975
SEWER GAS 0.46 0 101 0 0.416 0 0.022 0 8032 0.999

5906-01/02A/TABLE 1/4/20/95
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llena Tormmsa no Kypaxomckoyt I[P

[lewa ronmusa sa I994 pox

Yroxb: 553663 kpé/Tar = 1200546 kpd/Ty?
MasyT: 2480233 kp6/mar = 1831528 kp6/TyT

fiasaps I995 ro za

Yrons: 3190716 kp6/mur = 6094680 kp6/TyT
Masy 9829078 kp6/mar = 7301377 xpd/1yT

Ha I mapra I995 r.

KpuuenTpare  (ER;.AT)

Qg = 6500 kxan/xr =~ 7,5 mm.rcpd[rm
Qg = 5000 kxan/kr - 5,5 MAH.KPG/THT
T'asoswe yrmw: (ICH; LD

Qg“ 4200 xxkax/kr - 3,5 MaH.KpS/mT

og= 4600 kxan/xr - 3639000 rp6/mur
pi= 3600 + 3800 kxan/kr - 2683000 xpd/myr

I, I'P
Qg = 3800 kxan/kr - 2,8 Mau.kp6/THT
ng = 3,683 43,592 gxan/xr - 2,I50 max.xp6./THT

MpomnpozykT (0TXOIM yrasm mocie oGOTOmERMA)
Og = 3600 xxan/kr - I, 4 man.xpd./mT

4270
3728

= 2833 - I,469 unk.xp6./ T
5320 BEST AVAILABLE COFY
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og = 2800 + 3100 xxan/xr - 0,76 Man.xp6./ vT

3559 -
Qg = gggg - 0,76 mnu.xp6./THT

MasyT

- 12 mau.xpd./Tar

PuHouunit xype I# = I50000 kpd.
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WO: 05906-001

RECORD OF TELEPHONE CONVERSATION

DATE: April 28, 1995 Distribution: SNCorban
TIME:  8:30 a.m. and 11:00 a.m.

FROM: G. Keller P.E.
COMPANY/DEPT: BRC

TO: V.M.Tarasenko, Deputy Technical Director of Operations
COMPANY/DEPT.: Kurakhovskaya Central Power Plant
Tel. 011-380~(6212) 53-61 and 3-36-50

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

DISCUSSION:

BRC requested station’s judgement on the minimum excess oxygen at the burner level that
must be maintained once the new oxygen analyzers are installed at Kurakhovskaya Unit #6
(U8)

Mr.Tarasenko asked for an hour to research the subject. When BRC called the second time,
Mr Tarasenko stated that stable combustion with 0.3-0.5% O, at the burner level can be
achieved due to staged combustion and low NO, burner design. The low NO, burners are
completely replaced every 4 years and are inspected, repaired or replaced on “as needed”
basis every two years He gave his regards to Nina (Mrs.Corban) and asked when we will be
back.

© \Ukraine\Kour_tel con\May 5 1995



OXYGEN ANALYZFR DATA FOR KOURAKHOVSKA BIR #6

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

210 MW Boiler, coal and mazut fired.

Install Probes at Elevation*

Process Temperature:

Ambient Temperature:

Length of the cable run to the control room:

C Wkrune\hr_prob 02'10 22AM\May 10 1995

38m.

700 degrees Centigrade minimum
900 degrees Centigrade normal
1050 degrees Centigrade maxmum

55 to 60 degrees Centigrade

front* 100 m
rear: 100 m
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APPENDIX D

List of Contacts Made During Plant Audits

5906-01/02A/APPENDIX/4/18/95
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LIST OF CONTACTS MADE DURING PLANT AUDITS

* Sergey A. Ivanov, Engineering Technical Director

o Vemamin N. Tarasenko, Deputy Engineering Technical Director

o Vladimir V. Burlaka, Deputy Technical Director

. Chenchikov M. Ivanovich, Chief of the Boiler and Turbine Rooms

o Egukpov G. Anatolievich, Deputy Chief of Thermal Automation Room
o Birjukov A. Anatolievich, Chief of Computer Department

. Degtjarenko V. Ivanovich, Chief Electrotechnical Laboratory

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

. Pilugin Y. Ivanovich, Chief of the Ecological Laboratory

5906-01/02B/UGLEG/5/8/95
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APPENDIX E

Abbreviations and Unit Conversions



AC
amps
atm
bar
BTU
cfm
cm
cm?
co

DC

°C

°F

°R
ECO
eff

ex air
ft2

ft3

Geal

GJ

gph
gpm
GWh
H,

H,0
H,SO,
hectare
hectoliter
Hg

hr

Hz

J

kVA
kVAr
kW
kWh

5906-01/02A7/ABBRE/4/26/95

ABBREVIATIONS AND CONVERSIONS

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 CelsiusT[°C] = (5/9)*(T[°F] -32)
degree Fahrenheit

degrees RankineT[°R] = T[°F] + 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

7,000 kcal = 27,776 BTU

Kilojoules = 1 thousand joules = 0.947813 BTU
kilometer = 0.621 miles

kilonewton = 1 thousand newtons

kopec = 1/100 ruble
kilo pascals = 1 thousand pascals = 0.14504 pounds per square inch

kilovolts = 1 thousand volts

kilovoit-amperes

kilovars = 1 thousand volt-amperes (reactive)
kilowatt = | thousand watts

kilowatt hour = 1 thousand watt hours

B

S T,



ABBREVIATIONS AND UNIT CONVERSIONS (Cont’d)

Ibs = pounds e —

liter = 0.2642 U.S. gallons = 0.03531 cubic feet

m = meter = 39.37 inches

m? =  square meter = 10.76 square feet

m’ = cubic meter = 35.31 cubic feet

mA = milliampere = 0.001 amperes

MCal = megacalorie = 1 million calories

metric ton = 1 thousand kilograms = 1.1023 U.S. tons

mg = milligrams

min = minute

MJ = megajoules

mm = millimeter = 0.03937 inches

MPa = 1 million pascals = 145.04 pounds per square inch

MVA = megavolt-amperes

MW = megawatt = 1 million watts

MWh = megawatt hours = 1 million watt hours

NG = natural gas

nm = nanometer

Nm? = cubic meters at standard conditions of temperature and pressure (20°C
and 1 atmosphere)

NO, = nitrogen oxide

0, = oxygen

P = pressure

PC = personal computer

ppm = parts per million

psi = pounds per square inch

psig = pounds per square inch (gauge)

R = ruble

S = second

SO, = sulfur dioxide

sq ft = square feet

Tcal = tetracalorie = 1 trillion calories = 3.968 billion BTU

T = temperature

TPS = Thermal Power Station

A"/ = volts

VA = volt amps

VARSs = volt-amps reactive  , 7

yr = year

5906-01/02A/ABBRE/4/25/95 2 Q ;
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APPENDIX F

Letters of Receipt for Equipment
Energy Audit Items Lists
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342502, r. Kypaxoso [oneuxoir o6n. P/c 221001 8 MapbuHckom orvaenenun Arponpombanka,
MDO 334196, r. Mapemunka Howneuxon obn. I1. U, 342500, tenetaiin 329192 «Mxap»; 115078 «Cratops.
Kop npepnpustus 9537, Kop w. . cr. Pos 481001

.

N _____ February 21, 1975 499 .

LETTER QF RECEIVING

Here 1s to certify that the representatives of the American
Company "Burns & Roe" of New Jersey, Mrs Selisett Corbasn, FE  and
Mr Gecrge HKeller,PE handed over to the Kowrakhovska Therasl Fower
Station the cguipment listed 1n accordance with the Attached List.
The sguipme~t ha.z “ee~ purchased, shipped, and handad over Y2 the
Hourakhovska Thermal Power Station under the auvepices of the

U. 5. Agency for Intermnatiornal Development FProgram "Foe More
Efficient Operation of Ukraine Thermal Fower Staticns”.

The eguipment have beer harnded over to the Kourakhoveka Thermal
Power Station as a gi1ft of the U.5. Govermmernt within the scope of
the two—part Agreement about the U.B8. techriaical and ecornomacal
assistance to Ukraine.

[ s AVl ] - [P - (= LI . e -1t - h]
GOERID UIT Mizeiom Corzotoe af She Noweal

Thermal Fowe

D o de -
[ RV Ty

M Pedos V.A.

Mote: This documert has been executed 1n Ruswizanm and Zagllisn
v Irsions. Each version 1s equally acourste.

b
whd
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LIST OF EQUIPMENT
DESCRIPTION

2 KBV ENERAC 2000 COMBUSTION
ANALYZER

SP 48-48" STACK PROBE

SH 10-10FT HOSE FOR PROBE
ONE CONDENSATION TRAP WITH
DESECANT

AC POWER CORD

SMOKE CHART & 30 SMOKE PAPERS
DISPOSABLE FILTER

ENERAC 2000 DISKET & MANUAL
INSTRUCTION MANUAL ENERCOMP
WINDOWS & DISKET

CYCLOPS 300AF INFRARED
THERMOMETERS

MAXELL CHARGER KB8E

FOREIGN PLUG ADAPTOR

220V AC POWER SUPPLY
RECHARGEABLE AA BATTERIES
CYCLOPS 300AF SOFT CASE

AA SIZE BATTERIES

LENS CAP

EYE PIECE CAP

2x03.5mm MINIATURE PLUGS
INSTRUCTION MANUAL

CYCLOPS NECK STRAP

FLUKE #41 METER

FLUKE #C41 - S CASE

TL-24 TEST LEADS

TP-20 TEST PROBES

AC-20 TEST CLIPS

RE-232 CABLE

PLUG ADAPTOR

S PIN TO 25 PIN ADAPTOR
COMMUNICATION SOFTWARE

USER MANUAL

GETTING STARTED WINDOUS
QUICK REF. CARD
RECHARGEABLE TYPE "C"
BATTERIES

WARRANTY REG. CARD

80i1~5005 AC CURRENT PROBE
801-10005 AC CURRENT PROBE
TYPE "C" BATTERIES

MANAGING THE HARMONINGS
Ti4000M COMPUTER

OKIDATA ML3380 PRINTER

KEY BOARDS (RUSSIAN) &
ADAPTER

QUICK REF. CARD FLUKE
80i-1000S PROBE

801-1000S PROBE USER'S MANUAL
& WARRANTY CARD

WORD PERFECT 6.0 WINDOWS 6.0
LANGUAGE MODULE (RUSSIAN)
WORD PERFECT V 6.1 FOR
WINDQWS

LOTUS 1-2-3 FOR WINDOWS
APEY DATA DATA/FAX MODEM
WINDOWS FOR WORKGROUPS
USERS GUIDE

PROCOMM PLUS FDR WINDOWS 2.0
NULL MODEM ADAPTER

DBZ5 CABLE 10 FT

February 23,

QTY

AP R pA A A A R e e AR A A RS A S pa s R b e RPN R R R e P e e ek P A e A A b e ek A b e b e e

1985

SERIAL #
11003253

n/a
n/a

n/a
n/a
n/a
n/a
n/a

n/a

20002073
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

n’a
n’a
n’/a
n/a
n/a

n’/a
5010405253
40740005645

n/a

n/a

n/a
n/a
n/a
n/a
n/a
n/a
n/a

n/a
n/’a

A
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MRMZMO-NEFESATOYHbI AKT

HaocTorLvn NoJTBEPHZAETCA, HTO NPESCTARBMTENW AMERMRAHCHKOW <oeiiéHn
"Burns & Roe" us Hew—-8xepcown, r—-wxa CenueceT Kopdad u r—H  Sxopax
Hennep nepeganu Hypaxoeckow MP3C cnegywuee JHopyAOBaHLKE CornacdAs
npHRarasmony NepeYHic.

Apubopu BeiNKW 32HyNNEHL, QoCTaBREHL W nepegaHsl Kypaxoepcxkow MRZ0 8
partax lMporpamme AreHocTBa No MexgyHapoaHory passwtuw CllA "MNo
NOoOBLUMEHWID 2HhEKTUBHOCTM padoTe T3U YepawHw'.

NMpudzps nepessdbl KypaxoBorow NRP3C 8 KaveoTse He2BISMESSNoM NoMLW
Yrpawmue oo CoTopoHe npaBudTenscerea CHA B parkax gsycTopoHHEY
ROFDEQDEHHDCTM [w] TEAHMKO—GKOHIOMHYeC K DM CoZerHMCTENK YHpaM-E oo
c—opodsl CUA,

AV

3rToT AMT cocTaEneH HAa PYCCKOM M AHMTWMOKOM A8bBIKAX W WMMHEST pPasHy ¢ 211y
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U3RTD/ e AupexkTop KyFaiop@Xon 2 SV, N
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45.
46.
47.
49.
50.
52.

CMUCOK OBOPYOOBAHUSA

ONMUCAHWE

Z KEV ENERAC 2000 ananusatop
YXUrFaHWUA TONUBa

SP 48-48 " TpYEHEIA 30HA

SH 10-10FT HOSE FOR PROBE

ONE CONDENSATION TRAP WITH
DESECANT

lrvp nuTaHuA

fuiMOBEIE FPasUKK U EYMara
CMeHHLIR +UNBTP

ENERAC 2000 ZuckeTta u prk-B0
VHCTRpYKUMA NPOrpaMMu

WINDUWS & DI KE?

CYCLOPS 30QAP uHepakpacHuift
Teﬁuonerp

MAXELL 3apraHoe ycTpOACTEO
ARanTep eBpONefCKON PO3ETKHU
220V MCTOYHMK NMTaHKUA
Hegeaapﬂxaenue aneMeHTH AA
CYCLOP 300AF wmarkum ¢rTaAAp
SnemMeHTH TUna AA

Kpumxa oebekTnBa

Kpuiwka Bu3upa

2x03.5 mm MuamatopHeie pPa3beMbl
PrxosoacTBO

CYCLOPS NECK STRAP

FLUKE #41 wu3mepurtens

FLUKE #C41-5 errnnap

TL-24 TECT npoBgAa

TP-20 TEST 3oHAW

AC-20 TEST knuncu

RS-232 nHTepseACcHHA Kaeensb
BuaouyHuN amRanTtep

S Ha 25 Hoxek aaanrep
[iporpaMma cBA3M

PrkosoacTsoO

Hauano pasorw ¢ WINDOWS

KapTa SLICTPOA CCHIAKH
AKKYMYNATOpPH Tuna "C"

Kapra gerucrpaunn nporpamMmsl
801-500S 30HA nepeMeHHOro TOKa
801-1000S 3oua ne
batapefixn tmna "C
Prk-so nauegeﬂus FapMOHKUK
Ti4Q00M COMPUTER M58M
OKIDATA ML3380 MPUHTEP
ARanTep PYCCKOR KA3BUTYPH
Ka?ra SECTPOA CCHIAKK
801-10005 PROBE

801-10005 PROBE PrxomoacTteo
N pErncTpPaUMoHHAA KapTa

EEHEHHOVO TOK3a

Kon-8o
1

- s e R bar A S R e R A A NI DI A e A A N - P A I e s e A AR A s A

MIPOTPAMMHEE MAKETH C PYKOBOACTBAMW

(HA3BAHWA OAHH BE3 MEPEBOAA)

WORD PERFECT 6.0 WINDOWS 6.0
LANGUAGE MODULE (RUSSIAN)
WORD PERFECT V 6.1 FOR
WINDOWS

LOTUS 1-2-3 FOR WINDOWS
APEX DATA DATA/FAX MODEM
WINDOWS FOR WORKGROUPS

USERS GUIDE

PROCOMM PLUS FOR WINDOWS 2.0
NULL MODEM ADAPTER

DB25 CABLE 10 FT

[y et o Y R Y Y S

23 eespans 1995r.

3as. HoMep
11003283

OoTC
oTC
oTC

oTC
oTC
oTC
oTC

oTC

20002073
oTC
otc
oTC
oTe
oTc
oTc
oTC
oTc
oTc
oTe
oTe
oTc
otc
oTte
oTe
oTC
oTC
oTc
orc
oTC
oTc
otc
oTC
oTc
otTe
otc
oTc
oTec

oTC
5010405253
407A0005645
oTC

oTcC

aTce

oTC

oTC
oTC
oTC

oTC
oTC
oTc
0TC



CHECKLIST
IMPROVING COMBUSTION EFFICIENCY
UKRAINIAN POWER PLANTS

The following work will be performed at each plant, as a2 minimum
* Introduction and information exchange with plant management
o Discussion and presentation of the scope of work

¢ Identify the persons to be assigned for hands-on audit training

e Provide training and assistance to the team selected on the use of the demonstration
portable instrumentation

» Perform audit tests

e Leave behind the demonstration portable instruments

e Determine physical locations for installing the stationary instruments
e Determine locations for installing the remote monitoring modules

Determine physical characteristics related to the locations for the stationary
instruments



HOEPEYEHH MEPOIIPUATUI
I10 IMOBBINIEHUIO YO OEKTUBHOCTHU
IIPOIIECCOB 'OPEHUA TOILNIMBA HA
YKPAUHCKHUX 2JEKTPOCTAHIIUIX.

B kayecTBe mporpaMMbl MUHEMyMa Ha KaXXZOH CTaHIuM Oymer
IPOM3BENEH CJaeAyIolmii o6peM paboT:

- IIpencraBnenne u oOmeH uHMOpPMaNUeH ¢ aIMUHUCTpaLKel]
CTaHIIUY;

- O6cy:xaeHne W npeacTaBieHne o6beMa paborT;
- HasnaueHue nepcoHana AJisi NIpOBENEHUST ayIuTa;

- Oby4eHue 1 IOMOINb B 0Oy4eHY BBIOPAHHOTO II€PCOHANA
IO BOIIpOCaM IPUMEHEHHs OPTaTUBHOTO 060pyAOBaHNUS,

- Hepenaqa AJEMOHCTPATHBHOTO IIOPTATUBHOIO OéOp}’ZIOBaHHH;

- Onpenenenrie MecTa A YCTAHOBKY CTAIlMOHADHOIO
000pYIOBaHN,;

- Ompenenenye MecTa A/ YCTAHOBKY AMCTaHIIMOHHBIX
M3MEPUTEIBHBIX MOTYJIEH;

- Onpexenenve GpU3NUECKNX XapPaKTEPUCTHUK 000pYIOBaHUS
T3C 15 ycTaHOBKM CTAHOHAPHBIX IIPUOOPOB;
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EXEC

PRELIMINARY AUDIT REPORT
IMPROVING COMBUSTION EFFICIENCY

KOURAKHOVSKA POWER PLANT
(Sept. 25 Thru Sept. 28, 1994)

UMMARY

The preliminary audit activities consist of a reconnaissance visit made to the plant to meet
with key plant personnel, to establish local contacts, to collect information regarding boilers,
combustion process and controls, fuel management and general plant operations.

Based on the preliminary survey of this plant the following are Low-Cost, No-Cost Short
Term and Medium and Long Term recommendations:

Low-Cost, No-Cost Short Term Recommendations

1)

2)

3)

Fuel Quality Improvement Plans

The plant must survey aggressively the available coals and take initiative in
contracting directly from suppliers. The plant must locate the best fuel considering
boiler operational needs, design requirements, pollution control equipment
performance and delivered costs. The plant must consider a blending strategy of
individual coals and coal wastes to meet the above criteria. The number of coal
suppliers must be reduced to a minimum for a better control of blending process.

Boiler Startup and Shutdown Plans

The plant must develop plans and procedures for boiler startup and shutdown to
carefully monitor the furnace operation during cycling mode to limit the increase of
the emissions of dust, CO, NO, and improve boiler combustion efficiency.

Energy Saving Program

The energy saving program consists of providing instrumentation equipment to
improve combustion efficiency of the boilers, as a first step towards the life extension
of the plant. The implementation of this program is in two phases. During the first
phase, in order to demonstrate the improvement of boiler’s combustion efficiency, the
following instruments are recommended to be instailed on gne boiler except as noted.
Based on operation results the program may be expanded to the balance of the boilers

5906-02/PAR/12/9/94 1
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in the plant. Implementation of the second phase is addressed under the Medium to
Long-term Recommendations.

a)

b)

d)

e

5906-02/PAR/12/9/94

Portable combustion Analyzers

This analyzer is a very useful device to the power plant. It facilitates boiler
operational adjustments to improve combustion efficiency and enable the boiler
to be fine-tuned from emission point of view (CO, O,, NO, and SO,).

It is recommended: one portable combustion analyzer and associated probe
per station.

In Situ O, Analyzers

The combustion efficiency can be improved by replacing on one boiler the
existing extractive oxygen analyzers with two in-place zirconium oxide sensor
analyzers as used in USA.

It is recommended: two devices per boiler

Coal Meters

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

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

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

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

It is recommended: one device per station.

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

It is recommended: one device per station.
Portable infrared temperature monitor (heat spy).

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

2
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measured.
It is recommended: one heat spy per station.
g) Portable multimeter ac power analyzer
The multimeter, microprocessor based-operation is monitoring one and three
phase service recording electrical values such as volts, amps, kW, PF, Kvar,

KVA, Kwh, KVarh frequency and percentage of THD.

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

h) Laptop personal computer

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

It is recommended: one Laptop personal computer with software per station.

ium to Long-Term Recommendation

1) Implementation of energy saving program phase two.

2) Implementation of the balance of the instrumentation per the attached station "would-
like-to-have" instrument list, as a first step before replacing the entire existing
instrumentation of this station.

3) Investigate lower cost SO,/NO, removal technologies.

For SO, removal for example use of coal and washings blending or lower cost
sorbent technologies for flue gas conditioning. For NO, removal use of a burner
design technology for low NO, emissions (low costs) or SNCR (selective non-catalytic
reduction) or SCR (selective catalytic reduction) both expensive solutions.

4) Replace the entire existing controls, instrumentations and interlocks with state-of-the-
art technology for a fully automatic operation of the station.

5) New water treatment plant.

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

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

5906-02/PAR/12/9/94 3



control system malfunction prevention.
8) Instail continuous opacity monitors one per stack to monitor the visible emissions.
9) Provide proper analytical equipment to the chemical laboratory.

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

The above recommendations are preliminary and subject to further review and refinement

based upon completion of final audit and associated tests and measurements.

5906-02/PAR/12/9/94 4
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The preliminary survey of this plant has revealed the following observations and assessments:

Observations and Assessments

5906-02/PAR/12/2/94

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

The station is well run by experienced personnel.
Considerable work of refurbishing and major component replacement on all
boilers and on Unit U9 (the seventh unit) HP turbine casing has been done

during the past 6 years.

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

The boilers have no burner management systems.

The station has no NO, pollution control system.

The original mechanical governors are still in operation.

All interlocks are of a very basic nature offering limited protection.

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

The design of equipment is obsolete and because of the advanced age is also
significantly womn out.

The controls and instrumentations are outdated, the readings are unstable and

require ongoing maintenance to keep them operational. Spares are hard to be
obtained.

Unit U8 (the sixth umit) has a microprocessor system installed to control
feedwater and steam temperature, but is not commissioned. Field instruments
(pimary elements) ar still not available. The visual inspection revealed that it
1s far from up to the-state-of-the-art technology used in USA.

The station has no automatic synchronizing and it 1s not planned to nstall one.

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

W



- Because the stack hights far exceed the "good engineering practice” criteria,
the pollutants emitted do not produce a local air quality problem, but 1t 1s a
concern for the atmospheric pollution.

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

- The coal delivered to the plant does not match original boiler design
requirements, thus reducing boiler efficiency and increasing maintenance. In
addition, the poor quality of fuel (coal) increases the air pollution and causes
severe problems of boiler slagging. Mazut is cofired almost all times 1n order
to deliver the MW output required by the central dispatch center.

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

- Chemical department staff is above average and competent. It 1s a stringent
need of proper analytical equipment to perform to higher standards and 1n a
shorter time except for fuel caloric value measurement which is adequate.

- The daily cycling mode of station operation affects the equipment and results
in considerable plant refurbishment and replacement.

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

5906-02/PAR/12/2/94 6
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INTRODUCTION

ENERGO SYSTEM: DONBASSENERGO
LOCATION: 40 KM SOUTH-WEST OF DONETSK
INSTALLED CAPACITY: 1460 MW ‘

1 X200 MW + 6 X 210 MW
COMMISSIONED: 1972-1975
FUEL: LIGNITE (SCHLAMM) SUPPLEMENTED BY

MAZUT

POWER PIANT DESCRIPTION

1.

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

The main fuel for the station was designed to be a by-product and fines washings of
Donetsk coal preparation and sludge. The poor quality of the fuel actually supplied
results in the burning of fuel oil (mazut) to stabilize the boiler and supply the
additional heat required for the load demand. The maximum fuel oil assistance being

in the order of 25% but blending of coal is reducing this figure to approximately
10%.

The boilers are Type TP-109 from the Taganrog Boiler Works. The boiler supplies
steam at a rate of 640 tons per hour at a pressure of 140 bar gauge and live steam
temperature of 535°C. Steam from the high pressure turbine exhaust is directed back
to the boiler for reheat and returned to the intermediate pressure cylinder at a pressure
of 39 bar gauge and reheat temperature of 535°C. The boiler operates on a balanced
draft principle with air being supplied by two 50% forced draft fans and exhaust gas
removed by two 50% induced draft fans.

Coal is supplied to the boiler units and held in two raw coal bunkers prior to being
fed to two trains of 68 ton/hr tube ball mills as shown on Attachment 1 and Reference
1 (Drawing K-205769) The motive air for transfer of the pulverized fuel 1s directed
from the outlet of the air heater and is used to dry the pulverized fuel in addition to
transporting it to pulverized fuel bunker. The ball mill 1s also supplied with flue gas
extracted from the precipitators to mix with the motive air and hmit the oxygen
content to less than 18%. This minimizes the explosion risk 1n the coal dust system.
The O, concentration is measured by paramagnetic oxygen meters. The mull outlet
temperature is controlled to 70°C by adjustment of the rate of raw coal feed. The

5906-02/PAR/12/2/94 7



10.

11.

12.

13.

combined air and flue gas is separated from the pulverized fuel via centrifuge
separators through which all the pulverized fuel is passed prior to storage in the
pulverized fuel storage bunker. The storage bunker for the pulverized fuel is used to
supply fuel to the sixteen burners arranged in two rows of burners in both walls of the
furnace. Pulverized fuel flow to the burners is controlled via rotary feeders fitted to
each outlet of the pulverized fuel storage bunker.

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

Hot water is supplied from each of the seven units for district heating and from two
units for greenhouses. In the station the pipelines run above ground and 1n the city
underground.

The units have no gas emissions monitoring.

The units have manual control of forced draft fan damper positions and fan speed
(two speed fan) to control combustion air flow from the Control Board located in Umt

Control Room. Indications from O, analyzers are used to control the fuel to air ratio
for the combustion.

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

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

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

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

The station has two O, analyzers per unit to monitor O, content of exhaust gas before
the economizer at 500°C. The components of each O, analyzer is as shown in
Attachment 2. These analyzers require much maintenance and readings are not
stable. The station would like to upgrade the analyzers. The station tries to maintain
O, readings at less than 4% by manually adjusting fan dampers. The station would
like to have devices to automaticaily control fan dampers and subsequently to control
O, content of exhaust gas.

$906-02/PAR/12/2/94 8



14.

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

15.  The station is now developing a computer program with an IBM 386 computer for the
control of steam and water cycle of Umt 6. This 1s a pilot unit chosen by the
Ministry of Ukraine. There are 100 control points and 20 control loops.
Implementation is scheduled for the end of this year. The station would like to have
the instruments supplied as listed on Attachment 3 (primary elements).

BOILER PLANT

16.  Boiler Coal Firing System Flow Diagram:

a. The boiler coal firing system flow diagram has been previously discussed 1n
items 4 and 5.

b. The station would like to have a device on coal feeder to measure raw coal
consumption to the mill. Two devices per unit or 14 devices per station. As a
preferred alternate the station would like a device on the recirculation line
between mill and separator, to indicate both dust weight (t/hr) and air flow
(m3/hr). Two devices per umt or 14 devices per station.

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

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

17.  Boiler Design Performance:

The original TP-109 boiler design performance is shown on Attachment 4. As stated

in 1tem 11, the design coal caloric value was 4,100 kcal/kg. The as-fired coal caloric

value is 3,200 kcal/kg.

18. As-Fired Fuel Analysis:

a. Coal:

1. Coal is supplied by 40 different supphers during a typical week.

5906-02/PAR/12/2/94 9



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

iii. 25% of the coal in stock is schlamm, a sludge coal.
iv.  Supplier certificates have different values than Attachment 5.

V. Coal is separated in the coal storage area into piles of "schlamm,"
"very good coal" and "low caloric value coal". The coal 1s
proportionally mixed in the coal storage area before entering the two
conveyor systems feeding the boilers.

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

Mazut:

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

19.  Mode of Fuel Firing:

a.

b.

Mazut is never fired alone.

Mazut is cofired with coal if coal caloric value is equal to or less than 3,000
kecal/kg which 1s virtually every day. Main steam temperature 1s steady.
When amount of main steam decreases mazut 1s cofired with coal to increase
main steam flow. Switchover to mazut 1s manual. The furnaces are equipped
with infrared flame watch.

20. Section/Plan View of Boiler:

References 2, 3 and 4 (drawings 9223, K-440378-15, and K-205762-16) are section
views of the type TP-109 boiler.

5906-02/PAR/12/2/94
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PLANT OPERATION MODE

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

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

COMBUSTION CONTROLS

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

CALCUILATION OF BOILER EFFICIENCY

24,  On January 5, 1994 the station produced 15409 x 10° kWh of electricity, consumed

11,799 tons/day of coal with a caloric value of 2136 kcal/kg and 1227 tons/day of
mazut.

25.  On April 29, 1994 the station produced 19229 x 10° kWh of electricity, consumed

14,377 tons/day of coal with a caloric value of 3759 kcal/kg and 90 tons/day of
mazut.

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

FUTURE PL.ANS

27.  There is a program for developing a fluidized bed boiler project at this plant but at

this ime is postponed. Preliminary work for construction of the auxihary facilities
has been stopped.

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

5906-02/PAR/12/2/94 11



STATION "WOULD-LIKE-TO-HAVE" INSTRUMENT LIST

The following is a summary of the instruments that the station "would-like-to-have" provided
under the energy savings program:

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

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

3. Two new in-situ O, analyzers per boiler - 14 total devices per station.

4. Automatic control system of forced draft fan damper positions to control O, content
of exhaust gases - 7 total systems per station.

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

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

7. Optical burner management system - 7 total systems per station.

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

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

10.  Portable combustion analyzer - one total device per station.

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

5906-02/PAR/12/2/94 12
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1

ATTACHMENT 6
KOURAKHOVSKA POWER PLANT

QUALITY OF COAL FOR 5 DAYS

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

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

1/4/94 to 1/8/94 23.41 40.8 45.37 1.36 2136 Low
1/9/94 to 1/13/94 22.13 40.66 42,78 0.8 2435 Low
1/14/94 to 1/18/94 17.63 42.3 36.88 1.52 2758 Avg
1/19/94 to 1/23/94 12.44 46.12 46.36 1.12 2779 Avg
1/24/94 to 1/28/94 13.00 45.31 40.59 0.8 2857 Avg
4/29/94 to 5/3/94 8.48 36.89 35.43 0.87 3759 High
5/4/94 to 5/8/94 8.96 41.70 30.63 0.72 3827

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

5906-02/Attach/11/14/94



ATTACHMENT ~ 7
KOURAKHOVSKA POWER PLANT

QUALITY OF MAZUT

PARAMETER

Ignition Temperature in Open Crucible 163°C
Moisture Content 0.32%
Density 0.991 g/cm?
Suifur 3.96%
Caloric Value 941 kcal/kg

5906-02/Attach/11/14/94



ATTACHMENT 8
KOURAKHOVSKA POWER PLANT

QUALITY OF MAZUT FOR 5 DAYS

Date % Water % Sulfur Lower Caloric
Yalue (keal/kg)
4/29/94 to 5/3/94 14.55 1.78 8174
5/4/94 to 5/8/94 15.64 2.20 8082
5/9/94 to 5/13/94 11.5 2.29 8499
5/14/94 to 5/18/94 10.12 2.38 8742
5/19/94 5/23/95 5.37 2.34 8824
5/24/94 5/28/94 7.34 2.24 8766
7/29/94 8/3/94 7.37 2.56 8752
8/4/94 to 8/8/94 6.07 3.29 8846
8/9/94 to 8/13/94 5.94 2.53 9147

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

5906-02/Attach/11/14/94
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Burns and Roe Company

To: S.B. Gerges Copies to:
R.Edelman
From: S.N. Corban R.S.Gagliardo
M.Giniger
Date: 10/26/24 C.Crosman
J.Hallberg

Subject: Trip Report
USAID Program of Improving Combustion
Efficiency of Ukrainian Power Plants

9/14 to 10/9/1994

This trip report is a brief summary of activities taking place during the trip to Ukraine
that started on Sept. 14, 1994 thru October 9, 1994.

The activities have been related to the subject task and included as follows: selection
process of the typical power plants to implement the combustion efficiency
improvement program and to conduct the initial audits of those plants.

The initial audits consisted of establishing plant contacts, collecting information
regarding boilers, combustion controls, fuel management and general plant operations.

Specific audit test measurements and associated calculations will be performed during
the next follow-up audits of the same selected power plants.

The detailed descriptions of the findings, analyses of measurements and calculations,
including recommendations will be fully covered in the audit reports that will be

prepared for each selected plant.

Background:

USAID/KIEV has initiated an energy saving program by providing instrumentaticn
equipment to combined heat and power (CHP) plants and power plant stations to
improve combustion efficiency of the boilers as a first step towards life extension of

these plants.

Such earlier pilot program in 1992 at Kiev No. 5 CHP station, demonstrated
substantial savings in oil and gas at a low cost of installed instrumentation equipment.

Therefore, the purpose of this work has been to implement the above energy saving
program at five other power plants or/and CHP plants as selected by USAID/KIEV in

consultation with Mimistry of Energy and Electrifications.



Power Plant _Seiections

Departure from New York USA was on Sept. 14, 1994 and arrival in Kiev on Sept.
15, 1994.

Upon arrival in Kiev-Ukraine a meeting was heid at the office of USAID/Ukraine
Mission on Sept. 16, 1994 with Dr. Osborn of USAID/KIEV and Darian Diachock of

IDEA/KIEV.

Dr. Osborn suggested selection of seven power stations located in different regions
of Ukraine, that should be considered for energy saving program. This is a change
from original five power stations. In addition after considerable discussions and
assessment of the actual political climate of Ukraine, it was decided that during this
trip all selected power stations would be visited for an initial audit. The detailed
audits including the measurements and tests would have to take place later during the
second trip. The selection criteria of the power stations was established as follows:

- Combination of power stations and district heating plants
-  Geographical locations to encompass all Energo regions
Power station ratings to be representative for Ukraine power sector

- Cover all types of fuels: gas, mazut, coal (lignite, high and low
bituminous, anthracite)

- Types and ratings of the boilers to be representative

-  Political considerations.
Caynénd
A meeting with Tom Kenney of World Bank in Kiev was held to discuss the available
reports, studies, and info related to power sector in Ukraine.

Performance data on powver stations and CHP plants was also obtained during a
meeting with Oleg Gerasimenko a local consuiting engineer recommended by IDEA,

Inc.

Based on the above general criteria and performance data available on Ukraine power
sector, from a list of seventeen large thermal power stations and lists of other district
thermal stations (CHP), an initial list of seven power stations and CHP plants had been
prepared. With minor modifications the selected power plants are as shown on the
Attachment 1. The concurrence to this selection was obtained from Dr. Osborn and

Darian Diachock.
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During a meeting with Alexey Sheberstov, First Deputy Minister of Ministry of Energy
& Electrification of Uksaine, on Sept. 20, 1994, the energy saving program was
explained, and the proposed selection of the power plants for this program received

his concurrence and approval.

However, the final selection was reduced to six power plants due to the deletion of
Simferopol CHP station located in Crimea. The travel to Crimea was restricted

because of a cholera outbreak.

On Sept. 22, 1994 KIEV #5 CHP plant was visited. The purpose was to get
information from the plant personnel related to the program already in place:

combustion analyzer and in-situ O, analyzer.

Planning of Initial Audit Visits

A plant visit schedule was prepared with "Two Teams” planned to visit the selected
six plants. Each team had assigned two persons.

Team #1:
Selisett N. Corban
Marc Giniger
Team #2:
John Hallberg

Cliff Crosman

Team #1 was scheduled to visit four plants all located east, south-east and southwest
of the country.

Team #2 was scheduled to visit two plants, one located south the second located
west of the country. This team included in its schedule the travel to visit a plant in
the Republic of Moldova which s a different task activity.

An agenda entitled "Check List” of the work to be performed at each plant during this
audit, was developed (see Attachment #3) and also translated in Russian. Two days
were allocated for initial audit of each plant. The piant visits had to be scheduled to
coincide with Dr. Osbom’s visits in the areas. On Sept. 28, 1994 he was scheduled
to be in Donetsk - Kourakhovska region followed up by Sept. 29-30, 1994 visit to the

city of Odessa.

The plant visit schedule (see Attachment #2) together with the "Check List" were
discussed and handed to Igor Lapimin, Head of Department of International Activities

Memo 1/
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of Ministry of Energy and Electrification of Ukraine. He took care to send the
documents to all six plants and associated Energo organizations for advance planning

of each team’s arrivals.

Arrangements for translation and car transportation services for both teams were
made with a local Dutch firm called "Tebodin".

Initial Audit of the Plants

Introduction

The purpose of this initial audit work is as outlined on the attached "Check list". The
information regarding power plant’s operations was gathered from existing sources
and discussions with key personnel. A "Punch List" (see Attachment 4) was

developed and used to obtain the data at each power station.

The following trip report covers the audit activities performed by Team #1.
The Team #2 trip report is presented under a separate document.

General

The following four power stations in Ukraine were subject of initial audit activities:

1. Kourakhovska: 1x200 + 6x210 MW
2. Uglegorsk: 4x300 + 3x800 MW
3. Zmiev: 6x200 + 4x300 MW
4. Krivoi Rog: 10x300 MW

In general three types of nominal unit sizes are thru all four plants: 200 MW, 300
MW, 800 MW.

The plants are well run by experienced staff that spent almost their entire professional
life at these plants.

These plants are operated like very large industrial complexes employ between 2000-
3000 persons and have dedicated nearby towns for power plant personnel.

As a general comment the plants are designed for multiple fuel capabilities. Coal
delivered to the plants does not match onginal boiler design requirements, thus

reducing boiler efficiency and increasing maintenance.
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For some power plants, every five years a boiler’s performance is reviewed and
adjusted based on the actual as-fired fuel properties. This derating is reflected in MW
net output of the plant and calculations of boilers and plant’s efficiencies.

In general, combustion regulation is based on maintaining constant the temperature
and pressure of the main steam at the boiler outlet.

The fuel to air ratio for the combustion process is manually adjusted from the control
board located in the Unit Control Room.

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

The fuel metering, where installed is for the entire plant, (except natural gas) thus the
efficiency calculations for each boiler are extrapolated based on procedures outlined

in theoretical books.

The actual instrumentation equipment of the plants is old and outdated; the operating
personnel do not fully trust their indications or operations. The plants are in need of

entire upgrading of the process control system.

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

ENERGO SYSTEM: DONBASSENERGO

LOCATION: 40 KM South-west of Donetsk
INSTALLED CAPACITY: 1460 MW

COMMISSIONED: 1972-75

BOILER TYPE: Subcritical, Type TP-109

FUEL TYPE: Lignite (Schiamm) supplemented by

mazut when lignite calornc value s
<3000 Kcal/Kg

COAL METERS: Total per plant; extrapolated for each
unit

MAZUT METERS: None

O, ANALYZERS: Old, need frequent regulations and

maintenance, indications are not stable.
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SERVICE DUTY: Cyclic operating mode (two units
shutdown each night and the balance

of the units reduced to minimum load

of 140 MW)
UNIT OPERATION: Sliding pressure mode (Boiler pressure
setpoint 1s changed to change the load)
BURNER MANAGEMENT: None
POLLUTION MONITORING: No NO, Control

The meetings were held with the following key personnel:
- Sergey A. lvonov, General Engineer Technical Director
- Veniamin M. Tarasenko, Deputy Technical Director of Operations

- Victor F. Larinov, Chief Engineer of Donbassenergo from Gorlovka

- Support Plant Staff

Overall assessment of technical and managerial capabilities of the plant staff is
average. The staff is competent, and fully cooperated in providing the available

information.

On Sept. 28, 1894, Dr. Osborn visited the plant and he was briefed on initial audit

resuits.

B. UGLEGORSK POWER PLANT (Sept. 28 thru Oct. 1)

ENERGO SYSTEM: DONBASSENERGO

LOCATION: 50 KM North-east of Donetsk

INSTALLED CAPACITY: 3600 Mw

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

BOILER TYPE: Supercritical

Type TPP-312A - First Phase
Type TGMP-204 - Second Phase
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FUEL TYPE:

COAL METERS:

MAZUT AND GAS METERS:

0, ANALYZERS:

SERVICE DUTY:

UNIT OPERATION:

BURNER MANAGEMENT:

POLLUTION MONITORING:

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

3x800 MW; gas, mazut or gas and mazut

Total per plant; extrapolated for each
unit

Measured at each unit

"In situ” electrochemical cells on each
boiler, accurate indications if either gas
or mazut 1s burnt, but not both.

Continuously at loads required by
central dispatch center.

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

None

No NO, Control
No SO, Control

The 800 MW boilers have operated as a pressurized furnace with FD fans in operation
only; ID fans are not provided, gases are directly exhausted into the chimney. There

are high gas leakages, and vanadium corrosion.

The meetings were held with following key personnei:

- Georgy Kuryshko, Technical Director

- Fedor Tzirulnik, Deputy Chief Engineer

- Victor F. Lannov, Chief Engineer of Donbassenergo from Gorlovka

- Support plant staff

The power station is clean and appeared to be well run and managed. The staff is
competent and cooperated in providing the information.
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A concern was expressed in reference to available spare parts for the equipment to
be installed under energy saving program. A suggestion was made for including into

the program spare parts for & (five) years.

C. ZMIEV POWER PLANT (Oct. 3 Thru Oct. 5}

ENERGO SYSTEM:
LOCATION:
INSTALLED CAPACITY:
COMMISSIONED:

BOILER TYPE:

FUEL TYPE:

COAL METERS:

MAZUT AND GAS METERS:

0, ANALYZERS:

SERVICE DUTY:

UNIT OPERATION:

BURNER MANAGEMENT:

POLLUTION MONITORING:

KHARKIVENERGO
30 KM South of Kharkiv
2400 KW

1960-1969

Subcritical TP-100 for 6x200 MW Units
Supercritical TPP-210 and TPP-210 for
4x300 MW Units

Coal low-bituminous, anthracite and
gas or mazut

Total per plant; extrapolated for each
unit

No meters for mazut, meters for gas
Old, need frequent regulations and
maintenance, indications are not
reliable.

Continuously, base load.

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

outlet.

None

No NO, Control

The meetings were held with the following key personnei:

- Oleg K. Gritsaniuck; Director
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- Alexander G. Chupyra; Chief Engineer
- Valentin Kolomiets; Automation

Due to the geographic location of this power piant, the buses of this plant switchyard
are used to exchange power between the Russian and Ukrainian electrical systems.
The plant operates in parallel with Russian system, not with the Ukrainian grid.

Plant is old, and the control is an obsolete design of 1950’s. There are several plans
for improving or changing this plant. A joint venture between B&W (USA) and several
Ukrainian companies works on a pilot design for a boiler to burn the local low caloric

value coal, to replace in future the existing boilers.

An overall assessment of technical and managerial capabilities of the piant staff was
not possible to be made fully at this time due to limited number of personnel that were
assigned to work with us (one person). The cooperation was minimal. Some of the

requested information was not provided.

D. KRIVO! ROG POWER PLANT (QOct. 5 Thru Oct. 8)

ENERGO SYSTEM: DNIPROENERGO

LOCATION: 100 KM South-west of Dnipropetrovsk
INSTALLED CAPACITY: 3000 MW

COMMISSIONED: 1965-1973

BOILER TYPE: Supercritical

Type P50 - Units 1, 2, 3, 4
Type TP-210A - Units 5, 6, 7, 8, 9, 10

FUEL TYPE: Coal low-bituminous anthracite
supplemented by mazut and gas
COAL METERS: Total per pilant; extrapolated for each
unit
MAZUT METERS: None per plant
GAS METERS: Total per plant and each boiler
O, ANALYZERS: Old, indications not reliable.
9
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SERVICE DUTY: Base load.

UNIT OPERATION: Maintain constant the temperature and
pressure of the steam at the boiler
outlet.

BURNER MANAGEMENT: None

POLLUTION MONITORING: No NO, Control

The meetings were held with the following key personnel:
- Valeri M. Cebotari; Director
- Vladimir A. Lucinikov; Chief Engineer
- Victor Kabanenko; Automation -
- Support plant staff

There is a program of reconstruction of this plant but because of several problems in
the last years, the implementation of the program has been postponed.

The power station is well managed. The staff is competent and fully cooperated in
providing the requested information.

A concern was expressed related to the availability of spare parts for the
instrumentation equipment to be installed under the energy saving program.

On October 8, 1994 the Team #1 traveled from Krivoi Rog to Kiev and back to USA
on Qctober 9, 1994,

10
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SELECTION CRITERIA
Improving Combustion Efficiency
Ukrainian Power Plants
September 19, 1994
vE N SIZE IN MWe ROILE PE FUEL TYPE ENERGO . YEAR(s) PLANT TYPE
R PLANT MWe ] RORERTY  FUEL YRR, ., W COMMISSIONED :
— = — ;m-—.—'—__-
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SORSK 4 X 300 SUPERCRITICAL GAs DONBASSENERGO 1972-1973 ELECTRIC ONLY
3 X800
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/ 6 X 200 SUBCRITICAL LOW-BITUM. ANTHRACITE -
4X 300 SUPERCRITICAL KHARKIVENERGO 1960-69 ELECTRIC ONLY
SA 2X20 .
2%20 SUBCRITICAL LOw-BITUM. ANTHRACITE ODESSAENERGO 1953-57 CHP (TETs)
1X16
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ATTACKHMEMNT #2

PLANT VISIT SCHEDULE
ey 7/23/94
Team #1 (S.N. Corban) | Team #2 (J. Hallberg)

25 Sun Travel to Kourakhovska
26 Mon Kourakhovska (Plant
27 Tu Kourakhovska (Plant)
28 Wed Travel to Ug_ie_ggrsk
29 Thur Uglegorsk (Plant) Travel to Odessa
30 Fri Uglegorsk (Plant) Odessa (PLanT)
0-1 Sat Travel to Kharkiv Odessa
2 Sun Kharkiv Odessa
3 Mon Zmiev (Plant) Odessa (PlanT)
4 Tues Zmiev (Plant) Travel to Moldova
5 Wed Travel to Krovoi Rog Moldova /2/a517 )
6 Thur Krivoi Rog (Plant) Moldova /2/5,7)
7 Fn Krivoi Rog (Plant Travel to Burshtyn
8 Sat Travel to Kiev Burshtyn
9 Sun TRAVEL TO USA Burshtyn
10 Mon Burshtyn /2/an?)
11 Tues Burshtyn /g/ 1)
12 Wed Travel to Kiev
13 Thur RETURN TO USA
14 Fn
15 Sat
16 Sun




ATACHMHENT T 3

CHECK LIST
IMPROVING COMBUSTION EFFICIENCY
UKRAINIAN POWER PLANTS

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

Introduction and information exchange with plant management
Discussion and presentation of the scope of work

Assess both technical and managerial capabilities

Establish points of contacts
Identify any local support, if available

Identify and coordinate the work schedule

Discussion with key personnel regarding operation of the plant
Determine the availability of the existing sources of information and data

Determine the plant historical operating data

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

Combustion analysers

Fuel flow meters, gas, oil or coal

Oxygen analyzers
Review of existing P&ID’s to determine locations of monitoring points
Determine physical locations for installing the selected primery element
Determine locations for installing the remote monitoring moduies

Identify the persons to be assigned for on-the-job audit training
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ATTACHMENT 4

IMPROVING COMBUSTION EFFICIENCY

UKRANIAN POWER PLANTS

PUNCH LIST

Boiler design basis fuel analysis (coal, mazut and natural gas), design
boiler performance for each fuel, parameters derated from original

design, and original design fue! analysis.

Mode of fuel firing - only natural gas, only mazut, only coal, and
combination of fuels.

As fired natural gas and mazut analysis, as fired best, average, worst
coal analysis, where measured and frequency.

Boiler as fired fuel natural gas, mazut and coal performance.

Boiler firing system line diagram - air supply, exhaust gas, fuel feed etc.

Section/plan views of boiler.

Flow diagrams for natural gas, mazut, and coal feed and measurement
of fuel feed.

Mode of unit operation - loading of units.

Copy of drawings showing combustion control scheme (functional
analysis) for fuel feed and combustion arr.

CO and O, monitoring.

Calculation of bailer efficiency for natural gas, mazut and coal firing

based upon A. and C. above. Method of efficiency calculations.

11
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TRIP REPORT

PLANT AUDIT VISITS

KOURAKHOVSKA, UGLEGORSK. AND ZMIEV TES

TEAM #1
KRAINE
Prepared by: V/W%? 339y
G,Keller, P.E./date —
JuE 575 /)
S.Corban, P.E./date
March, 1995

Burns and Roe Enterprises, Inc
Oradell, New Jersey 07649



TRIP REPORT

1.1 Introduction

USAID/ENI retained Burns & Roe Enterprises, Inc. (BREI) to perform plant audit visits
to seven Ukrainian Thermal Power Plants (TES)..

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

Ukrainian Power Plants.

Burns & Roe performed the plant audit visits during a Feb 6--Mar 7 trip to the Ukraine
in accordance with the Delivery Order objectives. The following report describes the
activities of Team #1 (Selisett Corban, P.E. and George Keller, P.E.), which visited
Kourakhovska, Uglegorsk and Zmiev TES. A separate report describes the activities
of Team #2 (John Hallberg P.E. and Prem Gupta) which visited Odessa, Simferopol,

Krivoy Rog and Burshtyn.

1.2 Work Plan

The following work was planned for each plant audit visit:

. Perform introduction and information exchange with the plant management.
. Discuss and present scope of the work.
. Identify personnel to be assigned for hands-on audit training.

Provide training and assistance to the team selected for the use of the
demonstration portable instrumentation.

. Perform audit tests.
Turn over the demonstration portable instrumentation to the plant management

and sign the papers.
. Determine best location for installing stationary instruments.
. Determine best location for installing recelver instruments.
Define process and environmental conditions as well as length of the cable runs.



1.3 TripR and Findin

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

Feb 8 through Mar 15, 1995 - In Kiev.

The following activities took place during this time:

. Meetings and introductions at the office of USAID/Ukraine Mission with Dr.
Osborn and Andrei Parinov of USAID/KIEV.

. Meetings and introductions at the office of IDEA/KIEV with Danan Diachok and
his staff.

. Arrangements for expediting delivery of USAID equipment from USA to Kiev.

. Arrangements for custom clearance.

. Arrangements for delivery of USAID equipment to the office of IDEA/KIEV.

. Arrangements for safekeeping of USAID equipment.

. Inspection and check-out of the arrived USAID equipment

. Powering up and installation of the software programs for seven TI computers.

. Dry run with nine portable analyzers.

. Local procurement of the missing accessories.

. Arrangements for reliable vehicles, translators and safe travel in the Ukraine.

Thurs, Feb.16, 1995 -Travel to Uglegorsk TES.

Feb 17 through Feb 21, 1995 - In Uglegorsk.

The following activities took place during this time:

. Selisett Corban, P.E. and George Keller, P.E. met with Georgy Kuryshk,
Technical Director, Fedor Tzirulnik, Deputy Chief Engineer and support staff of
the Plant. After an introduction and information exchange with the plant
management, Team 1 presented the scope of work and outlined the schedule

and the required assistance to maintain this schedule.

A discussion followed. Our hosts made 1t clear that they are pleased to see us
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return to provide equipment and services. Apparently, scores of foreign
companies visited the plant and promised some assistance which never

materialized.

The plant management identified those personnel to be assigned for hands-on
audit training. George Keller concentrated on providing training and assistance
to the team selected for the demonstration and continuous use of the portable
combustion analyzer. Selisett Corban provided training to the team assigned to
the infrared “Heat Spy” and Fluke power analyzer.

Team #1 proceeded to prepare for audit tests. George Keller worked with the
local computer specialists in resolving Texas Instruments (Tl) PC software
problems. Local computer specialists were competent and familiar with the
latest PC software. We were surprised at the large number of PC’s in use.

Use of Tl PC for an interface with a EES portable combustion analyzer
(ENERAC) was successfully demonstrated. We obtained an absolute analysis
of the local coal and successfully created a custom fuel for the portable

combustion analyzer’s library of fuels.

Team #1 proceeded to perform audit tests. On the first day of the audit tests
most of the measurements were performed by the BREI Team while training the
assigned local personnel. On the second day the assigned team performed most
of the measurements with very little assistance. Measurements were performed
on different boilers, at various MW loads, at different locations on the boilers,
and on two fuels (coal and natural gas). Occasionally a new access hole in the
furnace or a duct was required for the analyzer probe insertion. This was
accomplished by the plant personnel very expeditiously.

Power analyses were performed by utilizing the Fluke harmonic analyzer.
The assigned team was also trained in the use of the infrared “Heat Spy”.

We also worked on finding the best location for stationary instruments, such as
oxygen analyzer and coal flowmeters. Because of the high leakage rates (up to
100% and higher), which make readings of any oxygen analyzer dependant on
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its distance from the fumace, we recommended the use of high temperature
oxygen analyzers for stationary purposes. After a discussion both parties
agreed to use high temperature oxygen analyzer for stationary purposes. We
also defined the best locations for receiver instruments, process and
environmental conditions, and the length of the cable runs. Using the infrared
“Heat Spy” we were able to measure ambient temperature around the future
high temperature oxygen analyzer. Metal temperature at the mounting location

(railling) was 57-60 Degree Centigrade.

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

analysis.

The Team spearheaded all necessary paper work required to turn over to the
plant the portable instrumentation used for the audit test demonstration.

ed, Feb.22, 1995 -Travel to Kourakhovska TES.




Feb 23 through Feb 27, 1995 - In Kourakhovska.

The following activities took place during this time:

. Selisett Corban, P.E. and George Keller, P.E. met with Sergey A. lvanov,
Technical Director of Operations, Benjamin M. Tarasenko, Deputy Technical
Director of Operations, Viadimir V. Burlaka, Deputy Technical Director, and
support staff of the Plant. After an introduction and information exchange with
the plant management, Team 1 presented the scope of work and outlined the
schedule and the required assistance to maintain this schedule.

A discussion followed, very similar to the one at the previous plant. Our hosts
made it clear that they are pleased to see us return to provide equipment and
services. Scores of companies visited the plant and promised some assistance

which never materialized.

. The plant management identified those personnel to be assigned for hands-on
audit training. George Keller concentrated on providing training and assistance
to the team selected for the demonstration and continuous use of the portable
combustion analyzer. Selisett Corban provided training to the team assigned to
the infrared “Heat Spy” and Fluke power analyzer.

. Team #1 proceeded to prepare for audit tests. George Keller worked with the
local computer specialists in resolving Texas Instruments (Tl) PCSsoftware
problems. Local computer specialists were competent and familiar with the
latest PC software. We were surprised at the large number of PC’s in use.

Use of Tl PC for an interface with a EES portable combustion analyzer
(ENERAC) was successfully demonstrated. We obtained an absolute analysis
of the local coal and successfully created a custom fuel for the portable

combustion analyzer’s library of fuels.

Team #1 proceeded to perform audit tests. On the first day of the audit tests
most of the measurements were performed by the BREl Team while training the
assigned local personnel. On the second day the assigned team performed most

of the measurements with very little assistance.
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Measurements were made on different boilers, at various MW loads, at different
locations on the boilers, and on two fuels (coal and coal/mazut). Occasionally
a new access hole in the furnace or a duct was required for the analyzer probe
insertion. This was accomplished by the plant personnel very expeditiously.

Power analyses were performed by utilizing the Fluke harmonic analyzer.
The assigned team was trained in the use of the infrared “Heat Spy”.

We also worked on finding the best location for stationary instruments, such as
oxygen analyzer and coal and mazut flowmeters. Because of the high leakage
rates (up to 100% and higher), which make readings of any oxygen analyzer
dependant on its distance from the furnace, we recommended the use of high
temperature oxygen analyzer for stationary purposes. After discussion both
parties agreed to use stationary high temperature oxygen analyzer and a
portable mazut flowmeter. Portable mazut flowmeter can also be used to

troubleshoot condensate leaks.

We also defined the best locations for receiver instruments, process and
environmental conditions, and the length of the cable runs. Using the infrared
“Heat Spy” we were able to measure ambient temperature around the future
high temperature oxygen analyzer. Metal temperature at the mounting location
(raihng) was about 55 Degree Centigrade.

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

analysis.

The Team spearheaded all necessary paper work required to turn over to the
plant the portable instrumentation used for the audit test demonstration.

Tues, Feb.28, 1995 -Travel to Zmiev TES

While traveling to Zmiev TES ,we stopped to visit the corporation DonORGRES in the
city of Gorlovka, which we had identified as a promising I&C Contractor for
commissioning stationary instruments. We met with Dr.Ostrovesky, Chief Engineer
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of DonORGRES, who incidentally is a member of the American Academy of Sciences
(tel.(06242)4-22-23). Dr.Ostrovesky 1s technically very competent and a tough
negotiator. After a considerable downsizing he still has 440 people reporting to him.

DonORGRES commissioned all fossil Units at Thilisi and Erevan TES as well as
hundreds of units in Ukraine, CIS and abroad. They are prepared to do light electrical
and |&C installation work but will not undertake mechanical or heavy electrical
installations. All start-up men from DonORGRES are graduate engineers but will run

instrument cable or will hire and supervise local labor.

We proposed that DonORGRES should become a representative for American
companies that supply equipment under the USAID contract. This would simplify
spare parts supply and maintenance for all Ukrainian power plants. Dr.Ostrovesky
agreed to that suggestion and we since then made the necessary contacts.

We also discussed the commissioning of the stationary equipment under the USAID
contract. DonORGRES implied that without their participation the equipment will not
be properly commissioned. In our opinion, the power plants are capable to do the
work themselves. However, if DonORGRES is reasonable in pricing the commissioning
of the stationary equipment, it could be a good insurance policy.

N
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Feb 23 through Mar 5, 1995 - In Zmiev
The following activities took place during this time:

. Selisett Corban, P.E. and George Keller, P.E. met with Alexander G. Chupyra;
Chief Engineer, Valentin Kolomiets; Manager of Automation, Alexander V
Ermolenko, Deputy Chief Engineer of Operations, and support staff of the Plant.
After an introduction and information exchange with the plant management,
Team 1 presented the scope of work and outlined the schedule and the required

assistance to maintain this schedule.

. A discussion followed, very similar to the one at the previous plant. Our hosts
made 1t clear that they are pleased to see us return to provide equipment and
services. Scores of companies visited the plant and promised some assistance

which never materialized.

. The plant management identified those personnel to be assigned for hands-on
audit training. George Keller concentrated on providing training and assistance
to the team selected for the demonstration and continuous use of the portable
combustion analyzer. Selisett Corban provided training to the team assigned to
the infrared “Heat Spy” and Fluke power analyzer.

. Team #1 proceeded to prepare for the audit tests. George Keller worked with
the local computer specialists in resolving a hardware problem with the Texas
Instruments (Tl) PC. Local computer specialists were familiar with the latest
software. We were unable to boot-up the Tl PC. As result, we had to use a
local PC for an interface with the EES portable combustion analyzer (ENERAC).

The interface was successfully demonstrated. We have obtained an absolute
analysis of the local coal and successfully created a custom fuel for the portable

combustion analyzer’s library of fuels.

. Team #1 proceeded to perform audit tests. On the first day of the audit tests
most of the measurements were performed by the BRElI Team while training the
assigned local personnel. On the second day the assigned team performed most
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of the measurements with very little assistance.

Measurements were performed on different boilers, at various MW loads, at
different locations on the boilers, and on two fuels (coal and natural gas).
Occasionally a new access hole in the furnace or a duct was required for the
analyzer probe insertion. This was accomplished by the plant personnel very

expeditiously.

. Power analyses were performed by utilizing the Fluke harmonic analyzer.
. The assigned team was trained in the use of the infrared “Heat Spy”.
. We also worked on finding best location for stationary instruments, such as

oxygen analyzer and coal flowmeters. Because of the high leakage rates (up to
100% and higher), which make readings of any oxygen analyzer dependant on
Its distance from the furnace, we recommended the use of high temperature
oxygen analyzer for stationary purposes. After a discussion both parties agreed
to use high temperature oxygen analyzer for stationary purposes. We also
defined the best locations for receiver instruments, process and environmental
conditions, and the length of the cable runs. Using the infrared “Heat Spy” we
were able to measure ambient temperature around the future high temperature
oxygen analyzer. Metal temperature at the mounting location (railing) was 48-

55 Degr. Centigrade.

. We also worked with the laboratory staff to define cntical needs for fuel
analysis
. The Team spearheaded all necessary paper work required to turn over to the

plant the portable instrumentation used for the audit test demonstration.

Suns, Mar 5. 1995 -Travel to Kiev.

Mon. Mar 6, 1995 -Kiev Debrief.




Participated in informal meetings with Andrei Parinov at the office of
USAID/Ukraine Mission.

Participated in informal meetings at the office of IDEA/KIEV with Darnan Diachok
and his staff.

Made arrangements and moved the BRC audit sets #1&2 from the office of
USAID/Ukraine Mission to a secure location in close proximity to the office of

IDEA/KIEV.

Tues, Mar 7, 1995 -Travel to USA.

5.1

2.

4.

Preliminary Findings.

Ukrainian power plants operate in a steady-state mode (base loaded), with a
turbine maintaining throttle pressure, “fixed” firing rate, floating frequency and
manually adjusted air flow (fixed settings for each load).

Present combustion settings produce little CO or NOx emissions on all fuels.
However, when firing coal, high levels of SOz are emitted due to the poor
quality of the coal. Combustion of Polish coal results in especially high levels
of SOz emissions. SO2 content of the Polish coal seems to be much higher then

the Specification.

Very high leakage rates (100% and higher) are typical, which makes readings
of any oxygen analyzer dependant on its location (distance from the furnace).
They also make impossible on-line calculation of the combustion efficiency at
the back end of the boiler.

Most of the oxygen analyzers we have seen are of the extractive/paramagnetic
type, with questionable accuracy and a measurement time constant on the order
of about 1-2 minutes. As a result, they cannot be used for real time excess air

control.

Low carbon monoxide levels (10 to 100 ppm) in the flue gas in combination

10
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5.2

with 4 to 5% oxygen in locations with 850-870 Degree Centigrade temperature
lead us to believe that combustion efficiency of the Ukrainian Power Plants can
be improved. In our estimation, the improvement will be no less then 0.5% and

no more then 1%.

Ukrainian Power Plants seem to operate very well on natural gas. Emissions are
low, boilers run better and will longer life expectancy. It also seems to be more

economical to burn the gas at present mix of fuel prices.

Existing return air system from the coal storage bunkers to the furnace reduces
combustion efficiency due to poor mixing with combustion air.

Preliminary Recommendations

Excess air should be reduced until at least 300-400 ppm of carbon monoxide
Is generated which is indicative of economic combustion.

There is room for a considerable economic benefit because the starting point of
the excess air (4 to 5% excess oxygen) Is high. It should not be very difficult
to reduce the excess oxygen by 1-1.25% and achieve 0.5% improvement in
combustion efficiency even with existing manual control of the combustion
process provided that constant operator attention is achieved. We believe that
such attention can be obtained via a small economic inducement based on the
fuel savings. Another alternative would be to invest in an expensive automatic

control for the excess air system.

This benefit cannot be achieved without carbon monoxide measurements of the
undiluted flue gas (850-870 Degree Centigrade temperature) at different boiler
loads. Thus by extending the existing portable analyzer program to all
Ukrainian power plants an improvement in combustion efficiency can be

achieved at low cost.

An accurate SOz laboratory anailyzer should be provided for each plant to control
the SO2 content of the received coals versus the coal Specification.

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

11
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bunkers to the furnace to insure good mixing with the combustion air (add air
nozzles). The return air must arrive in the furnace as high velocity jet with the
ratio of its honzontal velocity to the vertical velocity in the furnace of 6 to 1.
Presently the return air does not participate in combustion, but rises along the
furnace walls as “parasite air”.

The best thing that can be done for improving combustion efficiency, reducing
emissions and extending life expectancy of Ukrainian Power Plants is to switch
them entirely to burn natural gas, which 1s presently cost competitive with other

fuels.

12
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TRIP REPORT

1.0 Introduction

The work described 1n this report has been carried out by Burns and Roe Enterprises, Inc within the
framework of the U S Agency for International Development (USAID) Emergency Energy Program
for the Newly Independent States (NIS), Delivery Order No 6 Energy Efficiency and Reliability -
Ukraine, Technology Based Project, Energy Efficiency and Market Reform Project (EEMRP), Task
2 - Power Plants Combustion Efficiency.

U S AID/Kiev has 1nitiated an energy savings program by providing instrumentation equipment to
combined heat and power plants (CHP) and power plant stations to improve combustion efficiency
of the boilers as a first step towards life extension of these plants The purpose of Task 2 1s to
implement this energy saving program at seven power and/or CHP plants The project team visited
Ukraine September 14-October 13, 1994, to select representative plants and to gather preliminary
mformation at the selected plants The project teams also performed combustion audits during
February and March 1995.

During these audits, the project teams trained plant personnel on the use of portable combustion
efficiency instrumentation. A set of portable efficiency instrumentation (ENERAC 2000 combustion
analyzer, Fluke AC power analyzer, and Cyclop Infrared Temperature Detector (heat spy) was given
to the Kourakhovska, Uglegorsk, and Zmiev plants m 1995 In 1997 the plants received and
accepted an oxygen analyzer, high range infrared thermometer, liquud flow meter, combustion
analyzer consumables, and sulfur analyzer Installation of oxygen analyzers was imtiated in May -
June 1997

In August 1997 Burns and Roe Enterprises, Inc representative George Keller made a follow-up visit
to the Zmiev, Uglegorsk, and Kourakhovska plants The purpose of this visit was to collect data
necessary for 1ssuance of the final reports and to assist plants in commissioning of equipment
received 1 1997
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2.0 Trip Report and Findings

Mon & Tue, Aug 4-5, 1997 -Travel to Kiev

Wed., Aug 6, 1997 -Travel to Zmiev TES

Aug 6 through Aug 7. 1997 -In Zmiev

George Keller, P.E met with the management and support staff of the plant and explained the
purpose of his visit In the ensuing discussion plant techmcal and financial situation, impact of AID
supplied instruments on fuel efficiency and environmental improvements at the plant, and required
technical assistance with commussioning of the equipment recerved in 1997 were brought up.

A Protocol was prepared which describes the impact of AID supplied instruments on fuel efficiency
and environmental improvements at the plant A list of questions regarding commissioning of the
Sulfur Analyzer was prepared by the chemical lab and given to George Keller He will follow up on
thus list upon his return to USA

Er1 Aug 8. 1997 -Travel to Uglegorsk TES

Aug 8 through Aug 11, 1997 -In Uglegorsk TES

George Keller, P E met with the management and support staff of the plant and explained the
purpose of his visit. In the ensuing discussion the following 1ssues were brought up plant technical
and financial situation, impact of AID supplied imstruments on fuel efficiency and environmental
improvements at the plant, and required technical assistance with commissioning of the equipment
recerved in 1997

A Protocol was prepared which describes the impact of AID supplied instruments on fuel efficiency
and environmental improvements at the plant A list of questions regarding commissioning of the
Laboratory Calorimeter and Sulfur Analyzer will be prepared by the chemical lab and forwarded to
George Keller He will follow up on this list upon his return to USA

Aug 11, 1997 -Travel to Kourakhovska TES.
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Aug 11 through Aug 12, 1997 -In Kourakhovska.

George Keller, P.E met with the management and support staff of the plant and explained the
purpose of his visit In the ensuing discussion the following 1ssues were brought up plant technical
and financial situation, impact of AID supplied instruments on fuel efficiency and environmental
improvements at the plant, and required technical assistance with commissioning of the equipment
received in 1997.

A Protocol was prepared which describes the impact of AID supplied instruments on fuel efficiency
and environmental improvements at the plant A list of questions regarding commuissioning of the
Laboratory Calorimeter and Sulfur Analyzer will be prepared by the chemical lab and forwarded
to George Keller. He will follow up on this hist upon his return to USA.

Tue, Aug 12, 1997 -Travel to Kiev

Tue, Aug 12, 1997 -In Kiev.

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

Thu, Aug 14, 1997 -AID Kiev Debrief and Travel to USA

3.0 Preliminary Findings

All three plants are presently 1n a very difficult financial position since they pay world prices for fuel
but sell electrical power at the rate set by the government Both load factors and quality of coal have
declined since 1995. .

Typically, on a given TES only 2 units out of 8 are operating at 60 - 70% MCR At the same time
there is a shortage of power in the Ukraine and electrical power is being imported from Russia The
answer to this paradox 1s that poor quality coal requires mazut or gas to support combustion which
can be bought only for cash. The stations do not have cash but can get some coal by trading credits.
At this time all three plants are overwhelmed by political and economic factors out of their control
and 1t is a testimony to the management’s efforts that the adjusted efficiency of the plants remamned
the same or improved since 1994.

August27 1997



ECO-02 (energy conservation training program), and ECO-03 (fuel quality improvement program)
were not implemented due to lack of funds Also the plants are presently in a very difficult financial
position Salaries were not paid for 6 to 8 months and the management began layoffs Under this
circumstances implementation of the above programs would be very difficult even 1f funds were
available.

Some of ECO-01 (energy management conservation program) goals were realized despite the lack
of funds for a formal energy management conservation program Since 1995 the plants utilized the
audit equipment that was left behind by the BREI audit team as part of the USAID boiler efficiency
improvement demonstration program

ENERAC 2000

ENERAC 2000 portable combustion analyzer 1s regularly used by plants to conserve energy and
reduce environmental pollution (see attached Protocols) An improvement in heat rate energy
consumption of 2 14% (1997 vs 1995, grams of nominal fuel per KWHR) 1s indicated by the Zmiev
plant. Some of this improvement in efficiency 1s due to lower excess air combustion which was
made possible by timely analysis via ENERAC 2000 Plant personnel considers that up to 0.4%
improvement was due to the use of a modern portable combustion analyzer.

The plant personnel were unwilling to quantify savings in tons of environmental pollutants or
avoided environmental fines, but had no doubts that such savings took place (see attached Protocols)

Off the record I was told by the management of Uglegorsk TES that savings in environmental fines
alone were about $20,000

An improvement 1n operational efficiency also took place since two technicians can perform the
measurement 1n 15 minutes whereas previously an inferior measurement required an effort of 4
technicians for 4 hours

So impressed was the management of DONBASENERGO by ENERAC 2000 that by the order of
the Chief Engineer of DONBASENERGO this instrument was transferred from Kourakhovska to
the corporation DonORGRES which tunes all power boilers m DONBASENERGO system So now
Kourakhovska’ ENERAC 2000 1s helping 5 TES to conserve energy and reduce environmental
pollution This development does not follow to the letter the terms of the AID contract with
Kourakhovska but rather to its spirit and who can argue with the leverage that was thus achieved.
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INFRARED THERMOMETER CYCLOP 300AF

The plants have nothing but praise for the Infrared Thermometer Cyclop 300AF It was in wide use
for about 2 years

FLUKE AC POWER ANALYZER

The plants also like the Fluke AC Power Analyzer It was in wide use for about 2 years.
OXYGEN ANALYZER ZIRTEK

Oxygen Analyzer ZIRTEK was available to the plants at most about 2 months So far they worked
reliably n the Zmiev and Uglegorsk TES. The plants have high hopes for these instruments but so
far not enough data to confirm their effectiveness

PORTABLE LIQUID F1.OW METER TRANSPORT PT 868

This instrument was available to the plants at most about 2 months. So far attempts to use this
instrument for circulating water flow measurement were not successful, seemingly due to the
deposits in the circulating water lines ABB Company, acting on Zmiev request, tried to measure
circulating water flow in the same pipe using their version of a portable ultrasonic meter This
attempt was also without success Management of the Zmiev Plant felt that this confirms that the
measurement problem 1s due to the deposits and therefore asked me to investigate possibility of
replacing clamp-on sensors with stationary sensors, which can be cleaned without shutting down the
plant If this is not done, the instrument will not find a wide application at the three plants

It 1s worth mentioning that originally (in 1995) this instrument was primarily specified to measure
flow of mazut Since this application does not produce pipe deposits, the measurement should be
successful. However by now the plants do not have much mazut to measure.

HIGH RANGE INFRARED THERMOMETER MICRON M90

High Range Infrared Thermometer MICRON M90 was available to the plants at most about 2

5
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months. So far attempts to use this instrument for temperature measurements were either not made
or not successful Management of the Zmiev Plant dislikes this instrument and would like to trade
it for something more useful to them Other TES were less emphatic about 1t Generally 1t 1s too
early to tell, it just may take some time for the plants to get used to a new instrument

LABORATORY CALORIMETER AND SULFUR ANALYZER

Laboratory Calorimeter and Sulfur Analyzer were available to the plants at most about 2 months
All plants are trying to learn how to use them This will take some time The plants have high
expectations for these instruments.

COMPARISON TABLE

The table below compares economic impact of the USAID supplied instrumentation at the three
power plants that were visited (all numbers are from the Protocols, see Appendix H of the Final
Report).

Kourakhovska Uglegorsk Zmiev
Combustion Analyzer ENERAC $25 000 to $30,000 per year $45 000 to $50,000 per year $5,000 to 6,000/yr
2000
Infrared Thermometer Cyclop $12,000 to $15,000 per year $69 000 per year $8,000/yr
300AF
Fluke AC Power Analyzer $12,000 to $15,000 per year $12,500 per year $800 to 1,000 per year
Oxygen Analyzer ZIRTEK In commussioning Preliminary results  $30,000 per Expected future benefit 1s estimated
year 1f used with manual controls, at $12,000
$60,000 per year 1f used with
automatic controls,
Laboratory Calorimeter In commissioning In commussioning N/A

Sulfur Analyzer In commissioning In commussioning In commuissioning

High Range Infrared Thermometer
MICRON M90

In commissioning  Expected future
benefit 1s estimated at $10-11 000

In commissioning

Not in use

Portable Liquid Flow Meter
TRANSPORT PT 868

In commussioning  Expected future
benefit 1s estimated at $10-11,000

In commussioning

Cannot be used with clamp-on
censors If in-situ censors are
provided, future benefit 1s estimated
at $50,000
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A K. Xapaxarm

1997r.

r Kypaxoso Kypaxopckaa TOC

AKT

3aM rnasHOro MHXeHepa - HavamsauK [TTO B.B Bypiaka, Hauansauk
ITHuH - E I'.3acopun , kasamsanxk [[TAull B.® [o0BameHKo, Ha9ambHIK
snekropouexa - B C.Edpemos, nagansaux KTI] - MU Uenankos,
npeacrasurens ¢pupmer Burns and Roe Enterprises, Inc Jlxopmx Kemnep
COCTaBWIIM HACTOAIMH aKT 00 3 (HEKTHBHOCTH HCIIOIB30BAHMA KOHTPOIBHO-
H3MEPUTENHHOTO 000pYAOBaHM, OCTaBIeHHOro Ha Kypaxosckyo TOC B
pamkax mpoexra “TloBbimenye 3¢(HeKTHBHOCTH H HANEHKHOCTH SHED-
TeTUYECKHUX ¥ IPOMBINIIEHHBIX IPEANIPUATHH YKpPauHbI”.

3a nepwon ¢ 1995r. mo Mait 1997roxa Ha Kypaxosekyio TOC nocrymano
cnepyromee o60pyI0OBaHHE:
aHanuzarop npouecca ropeaus ENERAC 2000
uHppaxpacHsiii Tepmomerp CYCLOPS 300AF/300
uH(}paxpacHsit Tepmomerp MIKRON M90 B
uH(ppakpacHsiii Tepmomerp MIKRON M90 H
ABYXKaHAJIbHBIH TOPTAaTHBHBIH YJIFTPa3BYKOBOH PacxoqoMep
xuakocu Trans Port PT868
aHAITN3aTOP EKTPHYECKUX TapMOHMK
CTaluOHapHLIH Kucaopogomep ZIRTEK
1a60opaTOpHEIi KaIOpUMETp
1ab0paTOpHEIi aHAIM3aTOP COAEP/KAHUSA CEPhl B TOILIUBE
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1 T'azoanamusatop ENERAC 2000 6511 momyuen Kypaxosckoit TOC u
HCTIONB30BANICA B IEXC HANAAKM IJIA ONpENEeHUS BPEAHBIX BRIOPOCOB C
ABIMOBBIMH Ta3aMH, M IPOBEPKHU INTATHEIX KHCIOPOAOMEPOB, AJIS NEPHO-
AMYECKOr0 KOHTPOJIA M HANAKH PexxuMa TOPEHHA Ha KOTJIAX.

Pemennem rnasHoro umkenepa TASK “Jlorbaccanepro” ENERAC 2000

NEpeaan B CHeNHATN3HPOBAHHYIO opranu3airo “JloHbaccrHepronanaaka”
s 06ECTIEYEHH HHCTPYMEHTANIBHEIX 3aMEPOB Ha BCEX ILATH
SJIEKTPOCTAHIMAX, BXOAIIMX B SHEprokoMmnauuo ~Jloadacconepro”

OxoHoMmyeckuit 3¢ dexT or ucmonp30BaHMIA AHAIM3ATOPa MOXKET GHITh
oneHeH B cyMMy 25-30 Teicsa mosutapos CIIIA B rox.

2 Mndpakpacnsiii Tepmometp Cyclops 300 AF/300 maxomurcs B
SKCILTyaTallMy B LEXE HANAAKK AJIs KOHTPOJI TEMIEpaTypsl TpyO moBepx-
HOCTeH Harpesa KOTJIOB, PA3IMYHEIX TEIJI00OMEHHBIX aNliapaTos u Tpy6o-
1poBoOB. [IIMPOKO HCTIONME3YeTCA AT KOHTPOIA JIOKATBHEIX HATPEBOB B
KOHTAKTHBIX COCTHHEHHUAX CHIIOBOIO 3MEKTPOTEXHUIECKOT0 000pYAOBaHHA
CTaHIHH

Ipocr, ynobeH 1 HazeXeH B SKCIUTYaTALHH.

OxoHOMUYECKH# 3¢ deKT 0T Henoms30BaHKs Npu6opa Ha Kypaxosckoii
T3C moxkuo oneruTs B 12 - 15 THICSY M0/wTapos CIIIA.

3. Mu¢paxpacusre Tepmomerpsr MIKRON M90B M 90H, a Taroke yib-
TPa3sBYKOBOHM pacxoJoMep >KMAKOCTH IepeaaH s SKCIUTyaTaluy B X
HaJanky. B HacTosmee BpeMs npu6opsl 0CBaUBAIOTCS HEPCOHAIOM

OxunaeMbrii s3kOHOMEUECKHUI 3QDEKT OT HX BHEAPEHHA cOCTABHT 20-22THI-
csa4 pomnapos CIIIA B roa.

4. Craumonapnsiit kucnopopomep ZIRTEK HaxouTcs B CTAIUM
MOHTaka Ha Kotie 6yok N 6.

JlabopaTopHEIil KaTOPUMETp W aHATH3aTOp COAEPIKAHUSA CEPHI B
TOIUTMBE II€PEAaH B TOIUIMBHYIO JJaOOPaTOPHIO H OCBAMBAETCA
IIEPCOHAJIOM

Ilocre ocBOEHUS BHIIENIEPEYHCIIEHHOTO 060PYI0BaHHA GyaeT

onpenenena 3pdpeKTHBHOCTE U AH(pOpMaITHs NIPEAOCTABJIEHA B ar€HCTBO
USAID B r. Kues.
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5. AHamm3aTop 3JEKTPUYECKUX rapMOHHUK.

[Tpu60op MOCTOAHHO UCIONB3YETC B ANMEKTPOTEXHHYECKOH
nabopaTopuu UL JUAaTHOCTHKA KOMMYTAallHOHHOTO CHJIOBOI'O
00opyHOBaHUA CTAHIMH.

DxoHOMITIECKHH 3dexT MoxkeT ObITh orleHeH Ha yposHe 12000 non-
napos CIIA

Ioamucu: -
3aM.TIIaBHOTO UHKEHEpa- HaqmmW B.B.bypnaka

Hauanpauk [HTAHU ’ B.®. I'onosaresko
Hauameauk [{H u H / E.I 3acopun

Havanpauk snexrpouexa % B.C. Edpemos

Havansnux KTI] M.H YeHnuukos
V/a

IIpencraBuTens GUPMEL
Burns and Roe Enterprises.Ins / Txopmx Kemnep
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Approved

by Chief Engineer of Kurakhovo Heat Power Plant
A K Kharakhash

August 12, 1997

Town of Kurakhovo Kurakhovo Heat Power Plant
PROTOCOL

Mr. V'V Burlaka - Chuef Engineer Deputy, Head of the Production and Technical Department, Mr Ye G.
Zasorin - Head of the Adjustment and Measurements Workshop, Mr V F Golovashchenko - Head of the
Heat Automation and Measurements Workshop, Mr V' S Yefremov - Head of the Electric Workshop, Mr

M Chenchikov - Head of the Boiler and Heat Workshop, and Mr George Keller - the representative of
Burns & Roe Enterprises Inc have drawn this statement on the efficiency of using the control and
measurement equipment and 1nstruments provided to Kurakhovo HPP within the frames of the project
"Improvement of Efficiency and Reliability of the Energy and Industrial Enterprises 1n Ukrame"

Between February 1995 and May 1997 the following instruments were recerved at Kurakhovo HPP:
» an ENERAC 2000 combustion analyzer

» a Cyclops 300AF/300 infrared thermometer

» a MICRON M90 B infrared thermometer

o a MICRON M90 H infrared thermometer

» a TransPort PT868 two-channel portable ultrasonic liqd flow rate meter
» an electric power meter in A C circuits with the voltage up to 600 V

* an analyzer of the electric harmonics

» a ZIRTEC stationary oxygen meter

* alaboratory calorimeter

* alaboratory analyzer of the sulfur content 1n the fuel

1 ENERAC 2000 gas analyzer was received by Kurakhovo HPP and it was operated in the adjustment

workshop to determine the unfavourable emissions with the stack gases, to verify the regular oxygen
meters, to check periodically and adjust the combustion regime 1n the boilers.
According to the decision of the Chief Engineer of "Donbassenergo” State Association of the Energy
Companies the ENERAC 2000 was transferred to the specializing organization "Donbassenergonaladka”
to provide instrumental measurements at all the five power plants included 1nto the energy company
"Donbassenergo”

The economic effect of using ENERAC 2000 can be assessed as equal to $25,000 to $30,000 per year

1 Cyclops 300 AF/300 infrared thermometer 1s operated in the adjustment workshop and it 1s used
to check temperatures of the boiler warmed surfaces, of the surfaces of different heat exchanging devices
and pipelines The instrument 1s widely used to check the local warming of the contact connections of
the high power electric equipment at the power plant
The instrument is suitable and simple as well as reliable 1n operation
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The economic effect of using Cyclops 300AF/300 at Kurakhovo HPP can be assessed 1n $12,000

to $15,000.

3

MICRON M90 B and M90 H nfrared thermometers as well as the ultrasonic liquid flow rate meter were
transferred to be operated in the adjustment workshop At the present time the instruments are being
mastered by the personnel The expected economic effect of their ntroduction will be $20,000 to $22,000
per year.

4 ZIRTEK stationary oxygen meter is being prepared for mounting it in the boiler of Unit 6.

The laboratory calorimeter and the sulfur content analyzer in the fuel were transferred to the fuel
laboratory and they are being mastered by the personnel.

After mastering the above mentioned equipment by the personnel, the information concerning its
efficiency will be determined and sent to Kyrv USAID Mission

5 The analyser of the electric harmonics

The instrument 1s permanently used in the electric laboratory for diagnostics of the commutation high-
voltage equipment at the power plant
The economic effect can be estimated on the level of $12,000

Signatures*
Chief Engineer Deputy, Head of the Production
and Technical Department V.V. Burlaka
Head of the Heat Automation and Measurements
Workshop V F. Golovashchenko
Head of the Adjustment and Measurements Ye G. Zasorin
Workshop
Head of the Electric Workshop V 8. Yefremov
Head of the Boiler and Heat Department M I.Chenchikov

Representative of Burns & Roe Enterprises Inc George Keller



