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EXECUTIVE SUMMARY

The purpose ofthis investigation and report is to develop technical definition and cost estimates
for the rehabilitation ofthree power plant boiler/turbine generator units at Lugansk GRES. It is
understood that this information will be utilized by others to perform financial analyses on the
various alternatives. The results are for the World Bank which is considering a loan to the
government ofthe Ukraine for the rehabilitation ofLugansk GRES.

The scope ofwork is to develop technical details, and estimates ofperformance and capital cost
for the following units at Lugansk GRES:

I. Rehabilitation of200 MW Units Nos. 10 and 13, considering alternative fuels of
either the existing high-ash coal or a beneficiated coal.

For each ofthese units and fuel alternatives, the following options were to be
addressed:

Option 1 - Minimal refurbishment, with only eniission of particulates controlled to
prescribed limits.

Option 2 - Minimal refurbishment, with emissions ofparticulates, S02 and NOx

controlled to prescribed limits (improved emission control).

Option 3 - Boiler furnace converted to double arch firing configuration, with
improved emission control.

Option 4 - Extensive refurbishment, with improved emission control.

II. Replacement oftwo boilers, a 100 MW turbine generator and auxiliary equipment, all
previously decommissioned, with a new 125 MW unit consisting ofa turbine
generator, two half -size circulating fluidized bed boilers and auxiliary equipment.

m. Rehabilitation ofcommon plant equipment and systems affecting performance and cost
of the above units (the need for a new make-up water treatment system has been
identified).

The objectives to be accomplished with this scope are:

• Extended life: 15 years for rehabilitated units, 30 years for the replacement unit.

• Increased power generation - To achieve rated capacity where possible for Options 1
3, and additional capacity for Option 4.

•
• Improved efficiency

S991-01AlES.DOCfl0f30f9S E8-1



•

•

•

• Reduced use of supplementary fuel

• Reduced flue gas emissions

RESULTS: REHABILITATION OF UNITS NOS. 10 AND 13

Option 1 - Minimal RefurbishrnentJM:inimal Emission Control

Due to age and worn condition ofboth units, numerous plant components must be repaired or
replaced. A detailed listing is included in Tables 2.2-IA and IB, and 2.2-2A and 2B of Section 2.
The main items included in this listing are the following:

Boiler

- Refractory, insulation, lagging and casing
- Tubing in furnace walls, superheater, reheater and economizer
- Attemperators
- Air preheater seals and ducts
- Firing system, including mill liners, classifiers and burners
- Emission Control - New electrostatic precipitators

Turbine

- High pressure and intermediate pressure sections (Unit 10 only)
- Last stage blading in low pressure turbine
- Governor components and critical valves

Balance ofPlant

- High temperature steam piping systems
- Boiler feed and condensate pumps
- Feedwater heaters

Electrical

- All power control and instrument wiring, conduit and cable tray
- 220 KV switchyard equipment
- Switchgear transformers and motor control centers

Controls

- New distributed control system
- Controls and control valves

5991-01A1ES.DocI10130/95 ES-2
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Option 2 - Minimal Refurbishment/Improved Emission Control

The refurbishments for this option are the same as in Option 1 except that low NOx producing
burners and a selective non-catalytic reduction system are added for NOx emission control, and a
semi dry flue gas desulfurization system is added to control sulfur dioxide emissions.

Option 3 - Furnace Conversion to Double Arch Configuration/Improved Emission Control

The refurbishments for this option are the same as in Option 2 except that the entire furnace
enclosure is replaced with welded membrane tubing, in a double arch firing configuration, and the
furnace wet bottom ash system is replaced with a dry bottom type. Also new higher capacity ball
mills are required to achieve full capacity with the existing coal.

The recommended NOx emission control system will not meet the NOx limit prescribed for this
option. The limit is extremely stringent and is inconsistent with European standards. It is
recommended that the limit be questioned. The recommended equipment will meet the same NOx

limit as in the other options.

Option 4 - Extensive RefurbishmentlImproved Emission Control

The refurbishments for this option are the same as in Option 2, except for the following additions.

Boiler- Entire furnace enclosure replaced with welded membrane tubing; higher capacity ball mills
for the existing coal.

Turbine - New 225 MW turbine generator, including all auxiliary equipment.

Balance ofPlant - Larger capacity equipment and piping.

RESULTS: REPLACEMENT OF BOILERS NOS. 13 AND 14, AND TURBINE NO.6

The new unit consists ofa 125 MW steam turbine generator, with balance of plant equipment and
two half-sized circulating fluidized bed (CFB) combustion boilers. The new unit replaces
decommissioned 100 MW Turbine No.6 and Boilers Nos. 13 and 14.

Each boiler is a single drum, natural circulation unit, of two stage solid collection design with a
forced draft fan and an induced draft fan. The coal feed system includes a hammermill crusher
with volumetric feeder and screw feeder. Limestone is dried in a rotary dryer, crushed in a
vertical spindle roller screen mill and conveyed pneumatically to the furnace. A fabric filter
controls particulate emissions.

The 125 MW turbine generator is suitable for installation on the pedestal of the original 100 MW
machine. The turbine has a high pressure section and a double flow low pressure section. The
balance ofplant equipment includes a condenser, six feed water heaters necessary pumps, piping
and controls.

• 599 l"{)1AlES.DocIl0130/95 ES-3
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• Performance and cost data are as follows:

Turbine gross output, MW 125

Turbine gross heat rate, Kcal/kWh 2042

Unit net output, MW 114.4

Unit net heat rate, Kcal/kWh 2595

Total cost estimate (U.S. dollars) $105,376,386

Cost/net KW (U.S. dollars) $921

RESULTS: NEW MAKE-UP WATER TREATMENT SYSTEM

A new make-up water treatment system is required to provide water of improved quality and
avoid the use of the existing troublesome evaporators. The system consists ofcartridge filters,
reverse osmosis vessels and mixed bed demineralizers. It receives softened water from the
existing pretreatment system and delivers demineralized water to each ofthree refurbished units.

•

•

The total cost (in U.S. dollars) is $2,690,360.

5991-QIAlES.Doc/4/1O/96 ES-4
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REHABILITATION OF LUGANSK GRES

1.0 INTRODUCTION

1.1 BACKGROUND

The Ukraine, as one of the Newly Independent States (NIS) of the former Soviet Union is still
going through transition from its highly centralized communist government to privatization and
a free market economy. Coincident with this has been a marked slowing of the economy and
in particular a significant reduction in requirements for electric power generation.

Within the power generation sector, however, there have been several factors which have
exacerbated the ability to generate needed power levels even in a reduced demand period:

• As a result of the accident at Chernobyl nuclear plant Western nations have put
pressure on Ukraine to shut down the two operating Chernobyl units. However,
Ukraine is unwilling to comply without sufficient replacement power.

• The current economic recession has put significant pressure on the Ukraine power
industry to generate electricity from domestic fuel sources.

• Domestic coals for the most part are not of prime quality. Much of the higher
quality coal is exported for hard currency, leaving lower quality coal for power
generation boilers.

• The low quality coal not only cause higher boiler maintenance, but requires that a
significant number of units co-fire natural gas and/or oil in order to maintain
generation capability. The Ukraine has very limited resources of gas and oil and
must import them from Russia, causing a severe cash drain on the economy.

Burns and Roe Services Company, as a Technical Support Contractor to Department of
Energy's Pittsburgh Energy Technology Center (DOE/PETC), was assigned the task of
performing an engineering analysis for rehabilitating three turbine generator units and their
boilers at Lugansk GRES in order to improve plant generation and efficiency, and reduce
environmental impact. The analysis was conducted by Bums and Roe Enterprises, Inc. an
affiliate of Bums and Roe and Roe Services Company. This activity is part of a USAID Clean
Coal Power Plant Program managed by DOE/PETC. Concurrent with this analysis,
DOE/PETC is separately developing details of a coal preparation plant suitable for supply of
beneficiated coal fuel to two of the units. This report presents the results of the analysis,
considering both fuels, together with recommended modifications, performance improvements
and estimated costs.• 5991-01NReporLDocIl0130/95 1-1



• Under a separate contract from DOE, Gilbert/Commonwealth, Inc. will conduct various
financial analyses based on the results of this engineering analysis. The results of the financial
analyses will be submitted to the World Bank as part of a Bankable Package. The World Bank
is considering a loan to the government of Ukraine for the rehabilitation of Lugansk GRES.

1.2 GENERAL DESCRIPTION OF PRESENT PLANT

The Lugansk GRES power station, when completed in 1969, had a generating capacity of 2300
MWe. The station name was Voroshilovgrad GRES and it was changed upon the breakup of
the Soviet Union. The station was constructed in three phases. Phase 1, consisting of fourteen
boilers and seven 100 MWe turbine generators, went operational between 1956 and 1958.
Four 200 MWe units each with a boiler and turbine generator were installed as Phase 2
between 1961 and 1963 and four more as Phase 3 between 1967 and 1969.

•

All of the units were originally fueled by Ukraine anthracite coal containing about 15-18% ash
and 4% volatile matter with a heating value of approximately 6010 kca1/kg (LHV basis). Over
the past 15-20 years the quality of fuel delivered to the plant has worsened to the present 34
36% ash, 4% volatiles and a heating value of 5200 kcal/kg (9379 Btullb). The increased ash
content, decreased heating value, and age have caused deterioration throughout the power
plant.

Except for the two boilers in Phase 1 building that provide district heating for the nearby
community of Shastye, the remaining boilers and some of the steam turbine generators with
related equipment have been dismantled.

The 200 MWe generating units have been derated to about 145 MWe-175 MWe due to various
states of boiler deterioration. It is necessary to cofire with natural gas or mazut (heavy fuel
oil) to deliver sufficient energy to boilers to maintain flame stability and to meet derated steam
requirements when sufficient coal is not available. The gas and mazut are imported from
Russia and must be purchased with scarce hard currency, worsening the national debt.
Atmospheric emissions are either uncontrolled (S02 , NOJ or inadequately controlled
(particulates) .

1.3 SCOPE OF WORK

The scope of work for this investigation is to develop conceptual designs, and estimates of
performance, capital costs and operating costs for the following:

• Rehabilitation of 200 MWe Unit No. 10 (in the Phase 2 Section) and Unit No. 13 (in
the Phase 3 Section) to improve performance and extend service life. Alternative fuels

• S991-olAIReport.DocIl0130/9S 1-2

I.~



•

•

to be considered are a beneficiated coal with 18 percent ash and the coal presently used
with 36 percent ash.

• Replacement of two 50 MWe boilers, Nos. 13 and 14, and 100 MWe turbine generator
No.6, and related balance of plant equipment (all in the Phase 1 Section) with two
62.5 MWe circulating fluidized bed boilers, a '125 MWe turbine generator and the
required balance of plant equipment.

The following options for the refurbishment of the 200 MWe Units 10 and 13 are to be
developed and evaluated, both with the beneficiated coal and the coal presently fIred:

1. Minimal package of upgrades to increase power generation above its present derated
level and reduce its unit cost, with only particulate emissions controlled to prescribed
limits for reconstructed boilers.

2. Minimal package of upgrades as in Item 1 except S02' NOx and particulate emissions
controlled to prescribed limits for reconstructed boilers.

3. Boiler furnace converted to arch firing, with S02, NOx and particulate emissions
controlled to prescribed limits for reconstructed boilers.

4. Extensive package of upgrades to increase power generation above the original 200
MWe level and reduce its unit cost, with S02' NOx and particulate emissions controlled
to prescribed limits for reconstructed boilers.

The objectives for rehabilitating/repowering the units are as follows:

1. Extended Life

The service life of the rehabilitated boiler/turbine units will be extended at least 15
years.

The service life of the repowered CFB boilers and turbine unit will be at least 30 years.

2. Increased Power Generation

Generation from the derated condition of the 200 MWe units will be increased and, if
possible, the rated capacity, or higher, will be achieved.

As the CFB boiler/turbine unit is expected to be complete replacement, it will be
designed to achieve the rated capacity.
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• 3. Improved Efficiency

Heat rate, the cost in heat energy input to a unit for each unit of electrical generation,
will be improved with each element of equipment modified or replaced, which are not
sole for life extension.

•

4. Reduced Use of Supplementary Fuel

The rehabilitated boilers will require no more than the originally designed quantity of
supplementary oil or natural gas fuel, when firing the beneficiated coal, unless required
for control of Nox emissions.

5. Reduced Flue Gas Emissions

Emissions in flue gas, consisting of particulate matter, sulfur dioxide and nitrogen oxides,
will be controlled to within the following limits:

Emission Limit mgfm3*

Particulate S02 NOx

Matter
1. Rehabilitation ofUnits 10 and 13

a. Minimal Upgrade
Particulate only 150 N/A N/A
Particulate, S02, NOx 150 800 480

b. Arch Firing
Particulate, S02, NOx 150 800 240

c. Extensive Upgrade
Particulate, S02, NOx 150 800 480

2. Replacement ofBoilers 13 and 14
Particulate, S02, NOx 150 600 470

*Based on 40% excess air in flue gas for Units 10 and 13 and 6% oxygen in flue gas for
Boilers 13 and 14

1.4 APPROACH TO THE STUDY

Mobilization of the project commenced with the review of existing reports and documents
pertaining to the Ukraine power system in general and Lugansk GRES in particular. An
earlier report, "Ukraine Thermal Power Plant Rehabilitation Study," prepared by KEMA
Nederland B.V. and Comprimo Consulting Services B.V., was also reviewed, as background
information.
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• A Ukrainian engineering firm with detailed knowledge of Lugansk GRES was retained to
obtain data needed for the investigation. A questionnaire listing required details was prepared
and transmitted to this firm. The information was gathered and transmitted back to the
project. Subsequently, several additional listings of data were obtained in the same way.

A team of power plant experts from the project inspected the Lugansk GRES power plant
units, accompanied by representatives from the Ukrainian engineering firm. Comprehensive
discussions were conducted with plant personnel. Answers to the previously submitted
questionnaire were discussed in depth. Engineering drawings were inspected and numerous
documents reviewed.

The data collected were analyzed and various alternatives for refurbishment or replacement
were considered and evaluated. Pricing for the selected alternatives was developed including
prices for replacement equipment. Availability of some items of replacement equipment
sourced from Ukraine or from other CIS countries was established by the Ukrainian
engineering firm and budget costs obtained. Budget pricing for western-supplied equipment
and services was obtained from vendors in the United States, and from data from Bums and
Roe files for similar installations.

•
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2. SUMMARY: OPTIONS FOR REHABILITATION OF UNITS NOS. 10 AND 13

2.1 GENERAL

This section summarizes the results of the investigation for the rehabilitation ofUnits Nos.
10 and 13, considering the alternatives of firing the existing (uncleaned) coal and the coal
to be cleaned by the benefication process being developed separately. The options
considered for both Unit No. 10 and Unit No. 13 are following:

Option 1:

Minimal rehabilitation to extend service life to 15 years, to increase power
generation above its present derated level, and to improve its efficiency. Only
particulate emissions in boiler flue gas effluent are to be controlled to within
prescribed limits.

Option 2:

Minimal rehabilitation, the same as in Option 1, except emission of S02, NOx and
particulates are to be controlled to within prescribed limits.

Option 3:

Boiler furnace converted to double arch firing, otherwise same as Option 2.

Option 4:

Extensive rehabilitation to increase generation above the original (200 MW) rating
and improve its efficiency, with S02, NOx and particulates controlled to within
prescribe limits.

This summary is presented by main categories of plant equipment. The investigation
results are very similar for the two units. Rehabilitation differences between the units are
explained, as well as differences due to burning the two fuels.

The recommended rehabilitation items are presented in a task matrix table at the end of
this section. Also, tables of Perfonnance Summary and Cost Estimate Summary are
presented.
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• 2.2 RECOMMENDED REFURBISHMENT

(For Summary, refer to Tables 2.2-1A and 1B for Unit 10 and Tables 2.2-2A and 2B for
Unit 13).

2.2.1 Boiler and Boiler Auxiliaries

2.2.1.1 Minimal Refurbishment

A major problem with these boilers is the excessive ambient air ingress through refractory
insulation, lagging and casing. These must be repaired as the air leakage lowers
combustion efficiency and increased the need for continuous supplementary fuel.

The boilers also have major tubing problems, requiring repair or replacement: furnace
wall, superheater and reheater pendants, low temperature reheater and economizer.

Boiler attemperator system are worn and need replacement.

Seals in the regenerative air preheaters are worn, resulting in excessive air ingress which
has overloaded the ability of the induced draft fans and is cooling flue gas in the ducts,
causing corrosion. The ducts and their expansion joints will be repaired or replaced.

• Also, sootblowers will be added to the air preheaters, to permit on-line cleaning.

The firing system of each boiler has abrasion and erosion damage. The liner of each ball
mill must be replaced, along with ducting and conduits where this damage has occurred.
The existing static classifiers must be replaced with modern dynamic classifiers which will
increase pulverized coal fineness and product a more stable flame with less supplementary
natural gas fuel required and higher combustion efficiency.

The fuel injector type burners of Unit 10 and the swirl type burners of Unit 13 are worn
and distorted, and will be refurbished or replaced for Option 1, Minimal Emission
Controls. However, for Option 2, Improved Emission Controls, these will be replaced
with low NOx producing burners.

Other items requiring refurbishment or replacement included control and isolating
dampers, furnace slag tap refractory lining, and sootblowers.

A burner management system will be added to each boiler to improve plant safety. Also a
continuous emission monitoring system for NOx, S02, CO and particulates will be added.

•
2.2.1.2 Conversion to Double Arch Firing

With this option, the entire furnace enclosure is replaced with welded membrane furnace
and roof tube panels, and a double arch firing configuration with tube openings for slot
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•

type, low NOx producing, pulverized coal burners. Also, the furnace bottom ash
collection configuration is changed to a dry bottom type. Full load is achieved when firing
cleaned coal; however, new higher capacity ball mills are required when firing the existing
coal. Otherwise, the same refurbishments noted in Section 2.2.1.1 apply.

2.2.1.3 Extensive Refurbishment

This option includes the same refurbishments as noted in Section 2.2.1.1, except that the
entire furnace enclosure is replaced with welded membrane furnace and roof tube panels.
The original furnace configuration will remain. Also, new higher capacity ball mills are
required for firing the existing coal.

2.2.2 Emission Controls

2.2.2.1 Minimal Emission Controls

Minimal Emission Controls (upgrading of only particulate emission control equipment)
applies only to Option 1 for Minimal Refurbishment.

Achieving the prescribed limit of 150 mglNm3 requires collection efficiencies of 99.6%
and 99.1% for the uncleaned coal and cleaned coal, respectively. Two methods of
achieving this were investigated:

Electrostatic Precipitator (ESP)
Fabric Filter

The existing particulate control equipment (Unit lOis wet ash scrubbing system and Unit
Dis ESP) were worn and very inefficient, and replacement was required.

New ESP's were selected, based on lowest cost.

2.2.2.2 Improved Emission Controls

Under this option, particulate, NOx and S02 emissions are all controlled to within
prescribed limits.

Particulates

For particulate control, new ESPls will be utilized, as in Section 2.2.2.1.

NO~

NOx emissions will be reduced to about 1000 mg/Nm3 with the low NOx producing
burners noted in Section 2.2.1 .
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Additional NOx reduction efficiency required to meet the prescribed 480 mg! Nm3 limit for
the present furnace configuration with a wet bottom ash system are 52% and 40% for the
uncleaned coal and cleaned coal, respectively. A selective non-catalytic reduction
(SNCR) system for reducing post-combustion NOx has been selected for accomplishing
this.

For the double arch furnace configuration with a dry bottom, the prescribed 240 mg! Nm3

limit is very costly to attain. The following methods were investigated.

Selective Catalytic Reduction
Hybrid Selective Catalytic Reduction

Selective Catalytic Reduction (SCR) utilizes a catalyst in the flue gas stream outside the
furnace. The catalyst uses ammonia as the reducing agent. The catalyst is costly and the
frequency ofrequired replacement adds to the overall cost ($13 million/unit).

Hybrid Selective Catalytic Reduction is a new approach being explored by the industry. It
involves a combination of Selective Non-catalytic Reduction with a small SCR catalyst.
There have been demonstrations of this technology, but not wide spread use. This system
is also very costly ($5.6 million/unit) and the effectiveness of this technology has not yet
been proven.

Because of the excessive costs of SCR and Hybrid SCR, neither system has been included
in the report results for the double arch furnace option. The equipment selected (low NOx

burners plus SNCR) will meet only the 480 mg! Nm3 limit as in the other options. The
validity of the 240 mg/Nm3 must be questioned, as European Union Directive limits NOx

at 1300 mg/Nm3 for coals with less than 10 percent volatiles.

Sulfur Dioxide

To achieve the prescribed limit of 800 mg/Nm3 of S02 emissions, the following flue gas
desulfurization technologies were investigated:

Dry Processes (Furnace and Duct Injection)
Wet Processes
Semi Dry Processes

The details of these processes are discussed in Section 4.3.2.3.

The Semi Dry flue gasdesulfurization technology was selected, based on low cost. The
Dry Processes could not accomplish the required desulfurization. The selected spray dryer
desulfurization equipment will be installed upstream ofthe ESP.
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2.2.3 Turbine Generator

2.2.3.1 Minimal Refurbishment

The turbine in Unit 10 has had a history of cracks occurring in the high pressure (HP) and
intermediate pressure (IF) cylinders. These have been repaired, but with the age and
cycling service being experienced, cracking is expected to continue. Also the IP steam
flow path of Turbine lOis distorted. Both the HP and IF turbine sections ofUnit 10 will
be replaced.

All critical valves have also experienced cracks and will be replaced: HP stop, reheat stop
and intercept valves.

Turbine governor parts have experienced significant wear and will be replaced.

The low pressure (LP) turbine seems to be satisfactory, but recurring wearout of the last
stage blades has been a problem on both turbines. These will be replaced.

The turbine control system will be replaced with a modern electro-hydraulic system.

The turbine lubricating oil coolers are leaking and will be replaced.

Makeup water evaporators in the cycle of each turbine will be removed, as the new
makeup water treatment system will provide the makeup requirements. This will allow an
increase in generation and improved efficiency.

2.2.3.2 Extensive Refurbishment

With this option, a complete replacement of the 200 MW turbine system with a new 225
MW modern unit with all its auxiliaries is selected. Generation will be increased, and
reliability and efficiency improved.

The new turbine is manufactured specifically for replacing the 200 MW design and fits on
the same pedestal.

2.2.4 Turbine Balance of Plant

2.2.4.1 Minimal Refurbishment

Much of the existing equipment in the turbine balance of plant of Units 10 and 13 is very
worn and must be replaced in order to achieve extended life and improved efficiency. This
equipment includes the boiler feedwater pumps, the condensate pumps and the high
pressure and low pressure feedwater heaters.
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The high temperature steam piping systems, carrying main steam and hot reheat steam,
must be replaced due to degradation in metal structure.

The existing condenser tube cleaning system must be replaced with a modern, more
effective system.

2.2.4.2 Extensive Refurbishment

All equipment and piping in the turbine balance ofplant, with capacities directly associated
with the present 200 MW design capacity, must be replaced with larger sizes suitable for
the new 225 MW unit rating.

2.2.5 Electrical Systems and Equipment

2.2.5.1 Minimal Refurbishment

Much of the electrical equipment in both units are of obsolete designs and are in a
deteriorated condition. Insulation on all wiring and cabling is also in very poor condition.
To achieve extended unit life, most of the equipment and all wiring and cabling must be
replaced.

Essentially the entire distribution system at the 6.3 kV level and lower must be replaced.
This equipment includes switchgear, motor control centers, circuit breakers, disconnect
switches, potential transformers, surge arresters, protective relay system, turbine control
system and the DC system. All raceways, and medium and low voltage power, control
and instrument cables must be replaced.

2.2.5.2 Extensive Refurbishment

In addition to the above refurbishment items, a new generator must be provided for the
new 225 MW turbine, as the existing generator cannot be modified to suit. Also a new
generator excitation transformer must be provided.

2.2.6 Instrumentation and Control Systems and Equipment

As the existing instrumentation and controls are obsolete and inefficient, they will be
upgraded to the same degree for both the IIminimal II and "extensive'l refurbishment
options.

The unit control system will be replaced with a modem sophisticated distributed control
system to allow efficient operation from the main control room.

The existing mechanical hydraulic turbine control system will be replaced with a modem
electrohydraulic system as noted in Section 2.2.3.
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A new burner management system of the programmable solid state type will be provided,
as noted in Section 2.2.1.

Controls for boiler steam temperaturel condensate flow and feedwater flow will be
replaced. Also replaced will be locally mounted transmitters thermocouples, and pressure,
temperature and level switches.
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• 2.3 PERFORMANCE SUMMARY

Summary of performance for all Unit 10 options - refer to Table 2.2-1C.

Summary of performance for all Unit 13 options - refer to Table 2.2-2C

2.4 COST ESTIMATE SUMMARY

2.4.1 Summary by Unit

Summary of costs for all Unit 10 options - refer to Table 2.2-1D

Summary of costs for all Unit 13 options - refer to Table 2.2-2D

2.4.2 Summary by Option

Option 1. Minimal Refurbishment - Minimal Emission Control

The total project cost expressed in 1995 U.S. Dollars for Option 1 (minimal refurbishment
minimal emission control) on either the existing coal or the cleaned coal is $97,334,649.
This cost is to rehabilitate both Unit No. 10 and Unit No. 13 and is broken down as
follows:

•
Civil/Structural/Demolition Work
Boiler & Fuel Feed Equipment Repair/

Refurbishment
Turbine and Balance ofPlant Equipment

UpgradeslRepair
Instruments and Controls
Environmental Control Equipment Upgrades
Electrical Equipment RepairlReplacement
Site Indirects
Engineering and Construction Management

Total

Unit No. 10

$ 2,621,856

13,117,037

12,778,742
2,160,245
3,323,320
7,373,828
4,609,669
5,659,689

$51,644,386

Unit No. 13

$ 2,662,128

13,239,072

7,090,862
2,217,745
3,323,320
7,373,828
4,410,693
5,372,615

$45,690,263

•

Ukrainian labor, equipment and manufacturers and material suppliers represent
$50,649,213 or 52% ofthe total project costs shown above.
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•
Option 2. Minimal Refurbishment - Improved Emission Control

Uncleaned Coal

The total project cost expressed in 1995 U.S. Dollars for Option 2 (minimal boiler
upgrades/improved emission control) firing uncleaned coal is $118,038,188. This cost is
to rehabilitate both Unit No. 10 and Unit No. 13 and is broken down as follows:

Civil/Structural/Demolition Work
Boiler & Fuel Feed Equipment Repair/

Refurbishment
Turbine and Balance ofPlant Equipment

Upgrades/Repair
Instruments and Controls
Environmental Control Equipment Upgrades
Electrical Equipment Repair/Replacement
Site Construction Services
Engineering and Construction Management

Total

Unit No. 10

$ 2,621,856

13,977,824

12,778,742
2,160,245

11,703,120
7,373,828
4,934,869
6,144,820

$61,695,304

Unit No. 13

$ 2,622,128

14,652,736

7,090,862
2,217,745

11,703,120
7,373,828
4,755,693
5,886,772

$56,342,884

•
Ukrainian labor, equipment and manufacturers and material suppliers represent
$49,853,116 or 42% ofthe total project costs shown above.

Cleaned Coal
The total project cost expressed in 1995 U.S. Dollars for Option 2 (minimal refurbishment
improved emission control) firing cleaned coal is $122,309,598. This cost is to
rehabilitate both Unit No. 10 and Unit No. 13 and is broken down as follows:

CivillStructurallDemolition Work
Boiler & Fuel Feed Equipment Repair/

Refurbishment
Turbine and Balance ofPlant Equipment

Upgrades/Repair
Instruments and Controls
Environmental Control Equipment Upgrades
Electrical Equipment Repair/Replacement
Site Construction Services
Engineering and Construction Management

Total

Unit No. 10
$ 2,621,856

13,977,824

12,778,742
2,160,245

13,674,320
7,373,828
5,004,869
6,248,308

$63,839,992

Unit No. 13
$ 2,662,128

14,652,736

7,090,862
2,217,745

13,657,820
7,373,828
4,825,093
5,989,394

$58,469,606

•
Ukrainian labor, equipment and manufacturers and material suppliers represent
$49,927,116 or 41% ofthe total project costs shown above.
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•
Option 3. Arch Fired Boiler - Improved Emission Control

Uncleaned Coal

The total project cost expressed in 1995 U.S. Dollars for Option 3 (arch fired boiler!
improved emission control) firing uncleaned coal is $150,815,704. This cost is to
rehabilitate both Unit No. 10 and Unit No. 13 and is broken down as follows:

Civi1lStructurallDemolition Work
Boiler & Fuel Feed Equipment Repair!

Refurbishment
Turbine and Balance ofPlant Equipment

UpgradeslRepair
Instruments and Controls
Environmental Control Equipment Upgrades
Electrical Equipment RepairlReplacement
Site Construction Services
Engineering and Construction Management

Total

Unit No. 10

$ 3,192,000

26,435,584

12,778,742
2,217,745

12,308,120
7,373,828
6,235,699
7,971,076

$78,512,986

Unit No. 13

$ 3,192,000

26,435,584

7,090,862
2,217,745

12,291,620
7,373,828
6,029,493
7,671,586

$72,302,718

•
Ukrainian labor, equipment and manufacturers and material suppliers represent
$74,389,066 or 49% ofthe total project costs shown above.

Cleaned Coal
The total project cost expressed in 1995 U.S. Dollars for Option 3 (arch fired boiler!
improved emission control) firing cleaned coal is $149,725,446. This cost is to
rehabilitate both Unit No. 10 and Unit No. 13 and is broken down as follows:

CiviVStructurallDemolition Work
Boiler & Fuel Feed Equipment Repair!

Refurbishment
Turbine and Balance ofPlant Equipment

UpgradeslRepair
Instruments and Controls
Environmental Control Equipment Upgrades
Electrical Equipment RepairlReplacement
Site Construction Services
Engineering and Construction Management

Total

Unit No. 10

$ 3,192,000

25,769,856

12,778,742
2,217,745

12,508,100
7,373,828
6,219,093
7,946,614

$78,005,978

Unit No. 13

$ 3,192,000

25,785,984

6,988,562
2,217,745

12,508,100
7,373,828
6,009,773
7,643.476

$71,719,468

•
Ukrainian labor, equipment and manufacturers and material suppliers represent
$73,106,956 or 49% ofthe total project costs shown above.
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•
Option 4. Extensive Refurbishment - Improved Emission Control

Uncleaned Coal

The total project cost expressed in 1995 U.S. Dollars for Option 4 (extensive boiler and
turbine upgrades/improved emission control) firing uncleaned coal is $168,613,458. This
cost is to rehabilitate both Unit No. 10 and Unit No. 13 and is broken down as follows:

Civil/Structural/Demolition Work
Boiler & Fuel Feed Equipment Repair/

Refurbishment
Turbine and Balance ofPlant Equipment

UpgradeslRepair
Instruments and Controls
Environmental Control Equipment Upgrades
Electrical Equipment RepairlReplacement
Site Construction Services
Engineering and Construction Management

Total

Unit No. 10

$ 3,238,272

22,606,304

21,038,880
2,217,745

12,744,820
7,373,828
6,414,025
8,229,042

$83,862,916

Unit No. 13

$ 3,238,272

23,444,512

21,044,930
2,217,745

12,717,100
7,373,828
6,442,245
8,271,910

$84,750,542

•
Ukrainian labor. equipment and manufacturers and material suppliers represent
$92.198.418 or 55% ofthe total project costs shown above.

Cleaned Coal
The total project cost expressed in 1995 U.S. Dollars for Option 4 (extensive boiler and
turbine upgrades/improved emission control) firing cleaned coal is $167,738,845. This
cost is to rehabilitate both Unit No. 10 and Unit No. 13 and is broken down as follows:

CiviIlStructurallDemolition Work
Boiler & Fuel Feed Equipment Repair/

Refurbishment
Turbine and Balance ofPlant Equipment

UpgradeslRepair
Instruments and Controls
Environmental Control Equipment Upgrades
Electrical Equipment RepairlReplacement
Site Construction Services
Engineering and Construction Management

Unit No. 10

$ 3.238,272

22,001,056

21,038,880
2,217.745

12,992,320
7.373,828
6,399,831
8,210.270

$83,472,394

Unit No. 13

$ 3,238,272

22,750,560

21,044,930
2,217,745

12,964,600
7,373,828
6,428,045
8,248.472

$84,266,451

•
Ukrainian labor. equipment and manufacturers and mateiral suppliers represent
$90,899,218 or 54% ofthe total project costs shown above.
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TASK MATRIX

TABLE 2.2·1A RECOMMENDED REHABILITATION OF UNIT 10
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RECOMMENDED REFURBISHMENTS

TURB~_

INSTALL NEW22S M'JV_!lJR_BINE&AUX_IL1.!\FlI~ _

REPLACE HP!- LPTU8!lI"iE <::''i'L1NDE8§!-.CROSSQ'!.ER LINES X

REPLACE L.P. TURBINE.L~§T_ST"'GE BLAD1!'J(3_____________ X
REPLACE TURBINE G()V:EFl_NO,R & INTERC:EP.J.\iALVE.L X

UPGRADE (lLANO SEAL EXHAI}.sTER SYS.:r:eJ.1_ X

UPGRADEDf<ft,INAGE!.E1LOVVDgWN EQUlI'.MEl'I.T. _L_
REPLACE G9VERNI!'JGl'YSTEM X

REPLACE FRONT STANDARD JI!'JD FLANGE HI:Jl,IING SY§!_EM_ X

REPLACE OIL COOLER

INSTALL L.Pc HEATER NO~!.El'l'cpASS

IM1'.80VE H2 SEALING 1,l,YSIE;M _ __X _
'CREEP MONITORING EQUII'-MI:r-lT_

04/04/96

____~9.1!~___ _ _
RI:I'-AIRJRE;FI}R_BISH BO,LER REF8A(;IQR'!:,.!!!§.uLATION. LAG~lNG& CASING X

'REOFURBISH E!0ILE8lfiTC) Q.0_lJBLEARCHj::ONFI(lUB.""l9l'1 _
,REFURBISH BOILER W!THMEMBRANE WALLS . .

REPAIR BACK-PASS Ci\SING.INSULATION"_E.TC, L __
REPAIR/REPLAC!" FUR!"l-"C;Ut,JBll'JG,ROOICPENE_TR~TlQi'lS, ETC. X _

REPAIR/REPLACE SH,RI:I_&..!'C!Q!'!Q TUBE_BANKS, @() ERQ§ION SHIELDS _..1>_
REPAIR/REPLACE ATIEMPERj\TOR PIPING. VALVING,_EIC - __ )( _

REFURBISHAIR PRE;H_I;ATER§
REI'AIR INDUCED DR.!II'T_I'.-"N,§ _

REWAIR/REPLACE FLUI:..G_Jl,~_DlJf:]WOB.K_Ar-lQ_EXPANSION JOIN,...T"'S'-- _

REPAIR GRINDING CIRCUITS
REPLACE EXISTING/,lILLCtA§SiFiEiii~- 

INSTALL NEW BALL M~LS

REJ'AIR/REFURBISHEXISTIl'JG_I3!\Lh_MlL1.~ _
INSTALL MILL COALLEV_EL.~BALh.Mlhh c;t:l",RGE CONTROL§-'(STE_M_- X

IN§TALL LOW NOx BlJRNEORS

RgFURBISH EXISTlfiCl.!:t,!!"LJ!'!,!I:c;;TQR~__

IN§J~LNEWB01TO_M_ASH 8!;~Y!,_LSYSTEM

'REFURBISH SLAG T~!3:E~AC;TQI'lY _
REFURBISH EX.!SJ:I!'J(lE.(;QCC;LEANINGSYSTEMS__L _

INSTALL"NIOW..QYCIEl.lJ!3!'!!;8£.OR BALL_M1L,L INLE.J.____ X
REFURBISH BOILERSUPPQ8TS, PLATFQRM.S_~S_TAI85.. L

BALANCE OF PLANT

REPLACE FEEDWATER PUMPS

REPLACE CONDENSATE PUMPS

INSTALL NEW CONDENSER

IADD CONDENSER CLEANING SYSTEM

REPLACE FEEDWATER CONTROL VALVES

REPLACE H,P FEEDWATER HEATERS

REPLACE L.P. FEEDWATER HEATERS

INSTALL NEW HEJ\TE8..DRAIN PUMPS

INSTALL NEWSIEAM_SAMPLING SYSIEM__________ X

RE,f'ACKiREPLACE L~'9NG CON[)ENSEFl_'!.A'VE.S Il. EXPANSION JOINT X

R.EI'AII<IREPLACE PIPING & yALVES _ X_
REPLACE MAIN & REHEAT STEAM RELIEF VALVES X

~:,
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,., TABLE 2.2-1B RECOMMENDED REHABILITATION OF UNIT 10

TASK MATRIX

UNIT 10

TABLE 2.2·1B
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-)(-- )(

~.~---- -~--

-"--- --"---_.
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RECOMMENDED REFURBISHMENTS

IN~TRlJMENTS& c:QNTR9LS _

NEWD.C.S.SYSTEM ._ . . _

INSTALL NEW INSTRUMEWS & CONX~O.hVALVES

BURNER MANAGEMENT SYSTEM UPGRI\[)E

_._El'IVIRQ.tcIM!'l'IJp,L ------ ._----
REPLACE EXISTING CYC_L()N~§ VVITH_1"!E;1IV_ELECTR()SI!"l}C;:l'RECIPITATOR§. _

'l'ISTALL S02 CONTROLEg~IP1IAENT _ __... _
IN_~I.ALL SNCR EQt,JIPMEN.T __. .___ _ _ _

NEW CONTINUOUS EMISSIONSI>.!0N.ITOBI1"!G_~y~EM . X

_~L.E_~T~ICAL iO.Qt,J)I'MENT
220KV SWITCHYARQ EQUIPMENT _

6KVSWITCHGEAR~BUS . __._.

1400YOLT SWITCHGEAR & TR!'NSF.9RMEIL_
IN~!ALLNEW225 MW GENE_R!\TQB. . __
INSTALL NEW GENERATOR EXCITATION SYSTEM
";-QrOB.CONTROL CENTERS- -.... :.:-..:--=: __
BA.!J~RIES & CH,ARGER§. . _
PROTECTIVE RELAYS, MAIN & AUXILIARY PANELS

ItiEiSYSTEM . --_=~
P9'iVER/CON_TROUINSTRUMENT VV!i3lN(3__

B\!1bOING 1IGH.!.ING/~NELS1RECE?T _

CONDUIT & CABLE TRAY

Icif:oUNDINci
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TABLE 2.2-1C PERFORMANCE SUMMARY - UNIT 10

~
~

TABLE 2.2-1C

UNCLEANED CLEANED UNCLEANED CLEANED UNCLEANED CLEANED UNCLEANED CLEANED
COAL COAL COAL COAL COAL COAL COAL COAL

DESCRIPTION I CURRENT OPTION 1A OPTION 18 OPTION 2A OPTION 28 OPTION 3A OPTION 38 OPTION4A OPTION 48
CONDITION UNIT 10 UNIT 10 UNIT 10 UNIT 10 UNIT 10 UNIT 10 UNIT 10 UNIT 10

TURBINE GROSS OUTPUT, MW 144.5 144.5 2000 144.5 2000 200.0 200.0 225.0 225.0- -- --------
TURBINE GROSS HEAT RATE, kcallkWh 2042 2012 1960 2012 1960 1960 1960 1889 1889

UNIT NET OUTPUT, MW ---------- 126.5 1315 186.2 1307 185.1 182.8 184.7 206.8 .. __ 208.9 .__

NET UNIT HEAT RATE, kcal/kWh - -
2805 2797 2567 2814 2583 2382 2358 2283 2261

SUPPLEMENTARYFUELUSAGE,% ----- . -------
35 30 15 30 15 5 0 15 5-_.-.----,.

S02 EMISSIONS @ 40% EXCESS AIR, mg/Nm3(D) 6600 6600 5206 1200 1200 1200 1200 1200 1200-----
NOx EMISSIONS @ 40% EXCESS AIR, mg/Nm3(D) 1600 1600 1300 800 800 800 800 800 800
PARTICULATE EMISSIONS Cal 40% EXCESS AIR mQ/Nm3(Dl .-,-- -

. - -_._------
2000 150 150 150 150 150 150 150 150

TABLE 2.2-10 COST ESTIMATE SUMMARY - UNIT 10 TABLE 2.2-10

UNCLEANED CLEANED UNCLEANED CLEANED UNCLEANED CLEANED UNCLEANED CLEANED
COAL COAL COAL COAL COAL COAL COAL COAL

DESCRIPTION OPTION 1A OPTION 18 OPTION 2A OPTION 28 OPTION 3A OPTION 38 OPTION4A OPTION 48
UNIT 10 UNIT 10 UNIT 10 UNIT 10 UNIT 10 UNIT 10 UNIT 10 UNIT 10

CIVIl/STRUCTURAl/DEMOLITION WORK ----______ 0 - - - .--
$2,621,856 $2,621,856 $2,621,856 $2,621,856 $3,192,000 $3,192,000 $3,238,272 _$}-,-2}1l~72

BOILER & FUEL FEED EQUIPMENT REPAIR/REFURBISI-i_MENT ____ , ~13,117,037 $13,117,037 $13,977,824 $13,977,824 $26,435,776 $25,769,856 $22,606,304 ~22,QQ!,006

TURBINE AND BALANCE OF PLANT EQUIPMENT UPGRADES/Fl.,EPAIR $12,778,742 $12,778,742 $12,778,742 $12,778,742 $12,778,742 $12,778,742 $21,038,880 ~2..1llA9,g..2

INSTRUMENTS AND CONTROLS
_.~--

$2,160,245 $2,160,245 $2,160,245 $2,160,245 $2,217,745 $2,217,745 $2,217,745 1b2J7,7§...
ENVIRONMENTAL EQUIPMENT UPGRADES $3,323,320 $3,323,320 $11,703,120 $13,674,320 $12,308,120 $12,508,100 $12,744,820 i12,~92,320_

ELECTRICAL EQUIPMENT REPAIR/REPLACEMENT ----- - $7,373,828 $7,373,828 $7,373,828 $7,373,828 $7,373,828 $7,373,828 $7,373,828 j7,3~,82~

SITE INDIRECTS $4,609,669 $4,609,669 $4,934,869 $5,004,869 $6,235,699 $6,219,093 $6,414,025 ~6,~99,831

ENGINEERING & CONSTRUCTION MANAGEMENT $5659689 $5659689 $6144820 $6248.308 $7971,076 $7,946,614 $8,229,042 $8,210,270

$ VALUE OF UKRAINIAN LABOR, EQUIPMENT & MATERIAL

PERCENTAGE OF TOTAL PROJECT ESTIMATE

$51,644,386 $51,644,386 $61,695,304 $63,839,992 $78,.5'12,986 $78,005,978 $83,862,916 $83,472,394
$393 $277 $472 $345 $430 $422 $406 $400

$28,087,483 $28,087,483 $27,809,834 $27,851,834 $40,038,473 $39,389,545 $46,086,608 $45,,5...!Z,8.29_
54% 54% 45% 44% 51% 50% 55% 55%
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3. SUMMARY: REPLACEMENT OF BOn..ERS NOS. 13 AND 14, AND TURBINE NO.6

3.1 GENERAL

This section summarizes the results of the development ofa new 125 MW unit including two 62.5
MW circulating fluidized bed (CFB) boilers with auxiliary equipment, a 125 MW steam turbine
generator and necessary balance of plant equipment.

This new unit replaces decommissioned 50 MW Boilers Nos. 13 and 14 and 100 MW Turbine
No. 6 in the Phase I area of the plant. This equipment had originally been on a headered
arrangement with the Phase I boilers supplying steam to the header which supplied the turbines.

3.2 RECOMMENDED EQUIPMENT

3.2.1 CFB BoHen

Two half-capacity CFB boilers will be utilized. Each boiler is a single drum, natural circulation
unit of the two stage solid collection design, with one forced draft fan and one induced draft fan.
The two stage collection system includes an impact-type separator consisting of an array of
suspended U-beams located at the inlet and outlet of the furnace gas exit. The second stage is a
multicyclone dust collector located after the convection pass.

Coal transferred from the coal pile is conveyed to new hammer mill crushers, and then conveyed
again to feed bunkers. It is then fed through volumetric feeders to screw feeders for discharging
into the furnace.

Limestone is conveyed through a rotary dryer to an inplant storage bin. From the bin the
limestone is fed into vertical spindle roller screen mills where it is crushed to its final feed size, and
then supplied pneumatically to the furnace.

A fabric filter system will control particulate emissions consisting of ash, sulfated limestone,
excess lime and a limited amount ofunburned carbon.

3.2.2 Turbine

A new 125 MW turbine generator will be provided, suitable for installation on the pedestal of the
original 100 MW turbine generator. The new turbine consists ofa high pressure (lIP) section and
a double flow low pressure (LP) section. There are four extraction points on the lIP section and
two on the LP section. All auxiliary equipment for the turbine is provided.

S991"()lAlLug-3.Doc/l0/30/9S 3-1



• 3.2.3 Turbine Balance ofPlant

A complete new set of turbine balance of plant equipment and piping suitable for the 125 MW
turbine will be provided.

New circulating water system equipment and piping will supply cooling water to the new
condenser from a section ofthe existing Phase I pumphouse, which will be refurbished.

3.2.4 Electrical Systems and Equipment

The entire unit electrical system, including all equipment and cabling, will be replaced with
modem equipment suitable for the higher unit capacity. The only equipment not being replaced
are the reselVe transformers and reselVe buses, the cable tunnels and the steel structures for cable
leads from generator to transformers.

3.2.5 Instrumentation and Controls Systems and Equipment

All instrumentation and controls systems and equipment will be replaced. The new equipment will
include a state-of-the-art distributed type control system.

•

•

3.3 SUMMARY OF PERFORMANCE

Turbine gross output, MW

Turbine gross heat rate, KcallkWh

Unit net output, MW

Unit net heat rate, KcaUkWh

Particulate emissions, mglNm3

802 emissions, mg! Nm3

NOx emissions, mg! Nm3

Total coal fired, KgIhr

Total limestone consumption, Kg/hr

*At 6% oxygen in flue gas

125

2042

114.4

2595

50*

600*

200*

85.8

11.6
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The total project cost expressed in 1995 U.S. Dollars for the Replacement of Boiler No. 13 and
No. 14 with new CFB Technology and Replacement of Turbine No.6 with a new 125 MW
Turbine is $105,376,386 and is broken down as follows:

Ukrainian labor, equipment manufacturers and material suppliers represent $60,470,127 or 57%
of the total project costs shown above.

•

•

3.4 SUMMARY OF CAPITAL COST

CiviVStructurallDemolition Work

Boiler Replacement Cost

Turbine and Balance ofPlant Equipment Upgrades

Instruments and Controls

Environmental Systems

Electrical Equipment Repair/Replacement

Site Construction Services

Engineering and Construction Management

$105,376,386

6,946,680

37,520,230

17,498,262

1,442,410

4,539,920

10,619,154

11,509,980

15,299,749
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• 4. REHABILITATION DETAILS . UNITS NOS. 10 & 13

4.1 PRESENT CONDITION

4.1.1 Boiler and Boiler Auxiliaries

4.1.1.1 Equipment Description:

The type TP-100 boilers of Unit Nos.tO & 13 were manufactured by Taganrog Boiler
Manufacturing Plant and are nearly identical. Each boiler is of the natural circulation,drum type
with a radiant,balanced draft,wet bottom furnace. The boilers are top supported,suspended from
the steel structure, allowing for cubic thermal expansion. The boiler configuration is of the "T"
type with symmetrical,double convective passes and a furnace division wall which is arranged at a
right angle to the longitudinal steam/.water drum centerline.

The boilers were designed for base load operation, in an electric power plant, with a 15% to 85%
bottom to flyash split fired with pulverized anthracite from the Donbas region of the Ukraine.Each
of the boilers is capable of 100 % full load while firing natural gas fuel. Mazut is used as an
auxiliary fuel for start-up and combustion stabilization,having 30% of full load heat input capacity.

• A cross-section of the boiler is shown in Fig. 4.1.1-1. The furnace is rectangular,8128 mm deep
and 18,560 mm wide and consists of fully water cooled carbon steel tubing, 60 mm OD by 6 mm
thick,on 64 mm spacing,refractory backed. The furnace and horizontal convective passes
rooftubes are steam cooled,38 mm ODx4 mm thick carbon steel tubes on 40 & 80 mm centers.
The vertical furnace tubewalls as well as the horizontal furnace/symmetrical backpasses rooftubes
have coldside refractory backing, insulation layer and wiremesh/cement liner casing. The lower
furnace tubewalls have fireside refractory coverage sprayed onto studded tubing.

The boiler circulation system consists of small bore downcomers,supply tubes and risers back to
the steam/water drum. The symmetrical, horizontal convective passes and top portion of the
vertical backpasses are refractory brick lined. The lower portion of the vertical convective
passes[four per boiler] are metal cased.

The furnace of Boiler No. 13 is horizontal wall fired,producing multi-flame envelops. The circular
swirl burners of the indirect [pulverized anthracite storage]type firing system are positioned in the
furnace front and rear walls. Each of the two walls has eight pulverized anthracite/natural gas
burners with mazut guns positioned in the center of each burner. The original swirl burners of
Boiler NoJO have been removed and replaced by a total of eight fuel/combustion air injectors
designed by Professor Shatil of Leningrad Technical Institute. There are four in the front wall and
four in the rear wall. The redesigned fIring system produces multi-flame envelops.

•
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The superheated steam progression starts with saturated steam piping to the pendant platens
positioned above the furnace arches,then to the furnace and convective pass rooftubes, and then
to the pendant convective superheaters in the horizontal gas passes. From there the original
steam progression was to radiant wall type tubepanels situated in the upper furnace and supported
on all four tubewalls. These tubepanels have been dismantled, however. The steam progression
is now direct to the pendant tubebanks of the finishing superheater,situated in the horizontal
convective passes. The reheated steam progression starts with the cold reheat piping to the
horizontal low steam temperature tubebanks in the vertical convective passes and from there to
the pendant tubebanks situated in the horizontal convective gas passes.

Superheated steam final temperature control is by spray attemperation. Drum saturated steam is
condensed by feedwater in coil type condensers and then injected into spray nozzles of the
attemperator stages. Boiler No. 10 has a total of eight main steam attemperators. Boiler No. 13
has a total of twelve main steam attemperators. Both boilers have a total of four each, emergency
reheat attemperators. Reheated stearn final temperature control is by cold reheat stearn injection
into the second stage reheater inlet header by means of a bypass of the primary reheater. (Refer
to Figure 4.1.1-2).

The four economizer tube banks, are situated in the vertical convective gas passes and are of fully
drainable horizontal, bare, in-line tubes, with water upflow, fluegas downflow.

There are four second stage tubular airheaters. They are also situated in the vertical convective
fluegas passes, with fluegas in tubes in downflow, combustion air in upflow across the tubes. The
secondary airheaters have staggered tube arrangement. There are four primary airheaters of the
rotary, regenerative, bisector type, with vertical shaft arrangement. Cold end corrosion protection
of the regenerative airheaters is by hot air recirculation into the FD fan suction. (Refer to Figure
4.1.1-3)

Heating surfaces cleaning equipment consists of steam operated furnace wall blowers [no longer
operational], also retractable sootlances together with a pulse/vibratory sootclean system for the
pendant heating surfaces in the horizontal convective passes. Shot-cleaning equipment was
installed for the heating surfaces situated in the vertical convective passes. The shotclean
equipment is also non-operational. The rotary regenerative airheaters have no sootblowers
installed. Water wash with the boiler shut down is the only means of cleaning the heating surfaces
of both the tubular and the regenerative airheaters.

The bottom molten ash handling system consists of refractory plugs situated in the furnace tube
hoppers, together with lined molten slag receivers supported on the basement floor. Sealing ,to
prevent unmeasured air ingress into the bottom of the furnace is provided by a chute supported on
the furnace tubes, that dips into the molten slag bed.
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• The draft plant consists of two [2] forced draft and two [2] induced draft fans per boiler, with
electric motor drives and radial inlet vane control. All draft plant fans are radial flow, centrifugal
type.

Each boiler is supplied with raw coal from two [2] silos through two [2] volumetric feeders. The
coal milling plant for each boiler consists of two tumbling ball mills. Type SBM 370/850,
manufactured by the Syzran Machinery Works. The mills operate with negative pressure and
closed circuit grinding. The two stationary centrifugal classifiers. per boiler are installed on the
discharge side of the ball mills. Each ball mill nominal coal throughput capacity is 50 te/h,
requiring 1600 kWe electric motor power input. The flash-drying and conveying hot primary air
circuit for each boiler consists of two circulating air fans. two separating cyclones which discharge
the separated pulverized anthracite into a single storage hopper,primary air/pulverized anthracite
conduits, supports, control and isolating dampers, ventlines into the lower furnace.

The pulverized anthracite/primary air (PA) mixture is conveyed from the single storage bunker to
the burners of each boiler by two centrifugal hot PA fans. One of the ball mills of each boiler has
a mazut fired duct burner installed at the raw coal inlet into the ball mill, for the temperature boost
of PA, in case of increased moisture content in the anthracite being fired. It is understood that
plant personnel are presently experimenting with high density pulverized anthracite conveying to
the burners, so as to improve the ignitability and combustion of the low reactivity Donbas
anthracite. Results of these experiments are inconclusive at this time. (Refer to Figure 4.1.1-4)

• 4.1.1.2 Performance: Design vs Current

Parameter Design Current

#10 Boiler #13 Boiler

Main steam flow @BMCR te/h 640

Superheated steam pressure bar g. 139

Superheated steam temperature deg.C [derated
to 545]

Feedwater Temp. To Economizer deg. C 235

Combustion air temp. To airhtr. Deg.C 35

Combustion air temp. Lvg. airhtr. DegC 398

Fluegas temperature Ivg. airhtr. Deg.C 125

XS air in fluegas @ furnace exit % 20

5991-01AILug-4.DocIIOI30195 4-3•

389 404

139 139

509 521

201 202

31 33

340 340

160 155

30 23



XS air in fluegas @ airhtr. exit % 77 66

• XS air in fluegas @ ID fan exit % 205 200

Boiler efficiency LHV basis % 90.8 79.96 78.21

Number of operating hours as of 224,267 189,287
Jan. 1, 1995

4.1.1.3 Condition Assessment

Thick-walled pressure parts such as the steam/water drums,high operating metal temperature
superheater and reheater headers, economizer inlet headers,superheat and reheat
attemperators,boiler integral piping and circulating system piping components and headers are
regularly inspected by the plant metallurgy lab personnel. Low cycle fatigue and or creep
damaged thick walled pressure parts will be repaired/replaced as required.

Other [thin-walled] pressure parts:

•
Furnace waterwall tubing replacement is required and recommended, partly due to hydrogen
embrittlement,partly due to high temperature corrosion thinning, partly due to steam blanketing
oxidation metal loss. Superheater and reheater high operating metal temperature tubing
replacement is required due to combined low cycle fatigue and creep damage. Flyash erosion of
low operating metal temperature (steam or water cooled) heating surfaces tubebanks in the
vertical convective pass is a serious maintenance problem.

Recuperative tubular and regenerative rotary airheaters:

Increased fluegas velocities and increased flyash quantities, due to deteriorating quality of the
anthracite being fired, are resulting in accelerated erosion damage. Heating surface cleaning
equipment of the tubular airheaters is inoperational, and it was not installed for the rotary
airheaters. Water washing,with the boiler shut-down is the only means of cleaning these heating
surfaces at this time. The rotary airheater vertical shafts are damaged due to metal embrittlement
and the top support shaft bearings are a frequent maintenance item. The deteriorated condition of
the radial and circumferential seals of the rotary airheaters is a very serious operating problem.
This results in substantial amounts of combustion air leakage into the fluegas stream, increased
draft plant auxiliary power consumption and decreased boiler efficiency.

Boiler/furnace casing.tube penetration seals,refractOl)' brick lining of horizontal convective
pass,metal casing of vertical convective pass:

The tubewalls refractory backing, insulation,wiremesh reinforced cement casing is in a seriously
deteriorated condition,resulting in large amounts of false air ingress into the furnace. This type of

•
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casing is suitable for a base load operating mode boiler. The boilers in Lugansk ORES experience
cyclic operation and also are frequently shut down and started up.

The false air ingress into the furance results in the following adverse effects:

• Lower combustion zone temperature

• Lower combustion efficiency and lower flame stability

• Less slag tap operating flexibility

• Increased quantities of continuous auxiliary natural gas fuel support firing

• Poorer thermal performance of air heaters, lower boiler efficiency

• Less operating safety of slag tap furnace

• Increased flue gas velocity through convective heating surfaces resulting in accelerated
erosive metal loss

Another source of false air ingress into the furnacelboiler is the deteriorated condition of the
furnace roof tubes and convective backpass metal casing tube penetration seals.

The refractory brick lining of the horizontal convective passes, the metal casing of the vertical
convective passes are in need of repair/replacement on both boilers. The main reason for the
damage is the highly erosive nature of the flyash as well as the substantially increased fluegas
velocities.

Firing system:

The fuel/combustion air injectors of boiler No. 10 as well as the swirl burners of boiler No. 13 are
suffering fireside oxidation type corrosion attack,distortion due to high metal temperatures,
serious metal loss due to erosive wear. The refractory setting of the fuel injectors, the refractory
quarls of the swirl burners are erosion damaged.

The most serious operating problem of the milling plant is erosive wear of all pulverized
anthracitelPA conduits, classifiers, separating cyclones, control and isolating dampers, ball mill
liners, ball mill trunnion seals circulating air fans housing and impellers. A result of this erosive
metal loss of mill circuit components is substantial false air ingress into the pulverized anthracite
flash-drying and grinding system, which badly affects their performance. The accelerated wear of
the ball mill liners and ballcharge is partly due to the substantially increased raw coal mineral
matter content and highly abrasive nature of the mineral matter, but also partly due to the low
material quality of these components. The ball mills instrumentation and control devices are
insufficient, e.g. neither mill coal level nor ball charge weight loading are controlled automatically.

•
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• The substantially higher raw coal mineral matter content results in a decreased anthracite calorific
value thus increased coal throughput requirement on the ball mills. Both mills of a boiler must be
operated continuously, the two mills cannot fill the pulverized anthracite bunker during the night
shift Even with continuous ball mill operation, the boiler steam output has to be derated..The
reduced ball mill coal throughput capacity is also due to a very low coal grindability
index[HGI=29].

Draft plant and air & flue&as duct systems:

The highly erosive fluegas flyash content has affected the integrity of the housing and impeller of
both ID fans, the substantial metal loss due to erosion results in false air ingress into the fans,with
increased auxiliary power consumption. The fluegas ducting metal loss due to erosive wear also
gives increased amounts of unmeasured air ingress. Metallic expansion joints in both the air and
fluegas duct systems are failing due to low cycle fatigue. Cracked expansion joints in the fluegas
duct system are another source of unmeasured air ingress.

Heating surfaces cleanin& equipment:

The furnace tubewall steam blowers are inoperative. The shot-cleaning system for the heating
surfaces in the vertical convective passes is also inoperative. The rotary, regenerative airheaters
have no steam sootblowers installed.

Bottom ash and molten sla& removal equipment:

• The refractory plugs [tap holes]of the furnace tube hopper are in a badly spalled condition,mainly
due to high temperature oxidation attack. The tap holes are frequently blocked up, which results
in large amounts of molten ash accumulation. Wet bottom, slag tap operation of the furnaces is
only possible over a narrow high load range, the tap holes freeze up at loads below 80% of full
load and then the boiler can only be operated for relatively short periods as a dry bottom furnace
boiler. At low loads [below approx.40 % of full load] the boilers can only be operated with full
NG firing.

Boiler suspension steel structure.&alleries,stairs,pressure part han&ers:

A visual, walkdown type inspection did not reveal any major maintenance problems. To be noted
is, that the galleries[walkways] are much narrower, the stairs are much steeper than in US or
European power plants, these constituting operational safety hazards.

•
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TP-100 BOILER SIDE ELEVATION AND. SECTIONAL SIDE ELEVATION
FIGURE 4.1.1-1
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4.1.2 Emission Controls

4.1.2.1 Unit 10

Particulate Emissions

Unit 10 is equipped with a wet ash collection (scrubbing) system. Flue gas from the boiler is
ducted to a manifold feeding five (5), 4,600 mm diameter scrubbers. Flue gas enters the scrubber
tangentially where it is contacted with a spray of water. Coagulated ash particles accumulate at
the scrubber vessel wall and are carried out by a continuous film of water.

Design flue gas pressure drop for the scrubber is about 125 mm water and design efficiency has
been stated to have been only about 95% which would result in an estimated particulate emission

of 1,500 to 2,000 mglNm3 (at 40% excess air) when firing the uncleaned coal.

NOx Emissions

Unit 10 is not equipped with any NOx reduction equipment. NOx emissions have been estimated
at 1600 mglNm3 when fIring the uncleaned coal.

Sulfur Dioxide Emissions

Unit 10 is not equipped with any S02 reduction equipment. S02 emissions have been estimated
at 6,660 mglNm3 when fIring the uncleaned coal.

4.1.2.2 Unit 13

Particulate Emissions

Unit 13 is equipped with a Model 4G-4-50 electrostatic precipitator (ESP), installed after the air
heater, designed to capture fly ash from the flue gas prior to release to the stack. The ESP
consists of three (3) parallel sections. Each section consists of four (4) fields with each field
consisting of 2 half fields.

Overall dimensions of each ESP are 19.25 meters long, 9.5 meters wide and 15.45 meters high.
Specific characteristics of the ESP are as follows:

Model 4-50

•

Number of ESP's

Plate Height, m

Plate Length, m

ESPWidth,m

5991-01AILug-4.Doc/10130195 4-7
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• Active Section Area (each), m2 76.23

Active Section Area (total), m2 228.70

Estimated Gas PassageslESP 27

Estimated Plate Spacing, mm 340.0

Estimated Plate AreaJESP, m
2 4673

Plate Area (Total), m2 14018

Aspect Ratio (h/l) 0.73

•

Design efficiency of the ESP has been stated to have been 96%-98%. Efficiency is determined in
part by the ratio of plate area to flue gas volume and the volume of flue gas has been estimated for
operating conditions which reflect firing uncleaned coal in the boilers. (Note that firing of some
natural gas is required to sustain combustion).

Based on the estimated flue gas flow of 933,000 Am3/hr generated by the boiler when producing

400 tonnes/hr of steam, the calculated SCA for the ESP is 275 ft2/1000 ACFM. The anticipated
particulate collection efficiency for this design is about 96%-97% when firing the uncleaned coal
at the reduced boiler steam production rate. Estimated particulate emissions would be expected
to be about 1300 mg/Nm3 (at 40% excess air) from the existing ESP.

NOx Emissions

Unit 13 is not equipped with any NOx reduction equipment. NOx emissions have been estimated
at 1600 mg/Nm3 when firing the uncleaned coal.

Sulfur Dioxide Emissions

Unit 13 is not equipped with any S02 reduction equipment. S02 emissions have been estimated

at 6,660 mg/Nm3 when firing the uncleaned coal.

•
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4.1.3 Turbine-Generator

4.1.3.1 Technical Description of Steam Turbine

The existing steam turbine is a type K-200-130 reheat unit manufactured by the Leningrad Metal
Works. It is a nominal 200 MW capacity unit with seven stages of feedwater heating steam
extractions. The turbine is a single shaft machine and has separate High Pressure (HP),
Intermediate Pressure (IP) and a two-flow Low Pressure (LP) sections. The direction of the
steam flows in the HP and IP section is countercurrent. The single thrust bearing is located
between the HP and IP turbines. The cross sectional drawing of the turbine is shown in Figure
4.1.3-1.

The HP section of the turbine is of single casing design made of alloy steel (l5XIHIFL) and is
made with a horizontal casing joint. The steam path consists of 12 pressure stages including the
control stage. The HP rotor is made of steel R2. The rotor discs are forged together with the
rotor. The critical speed of the HP rotor is 1750 rpm. The diaphragms of the HP section are
located in blade carriers in a 3-5-3 configuration.

The IP cylinder is also of the single shell design, and it consists of two parts: the front part is cast
alloy steel (type 15XIHlFL) and the exhaust part which is welded from carbon steel. The steam
path consists of 11 pressure stages, 7 in the front part and 4 in the exhaust part. The IP rotor is
made of steel R2. The first 7 discs are forged together with the rotor, the last 4 discs are fitted on
the shaft. The HP and IP rotors are connected with a rigid coupling and have a joint support
thrust bearing.

The two flow LP cylinder consists of three parts: one cast intermediate (center) part, and two
exhaust parts which are fabricated and welded carbon steel. The LP rotor consists of a shaft and
8 fitted discs, and the LP section utilizes the Baumann exhaust arrangement. The stages in the LP
section are counted along the steam path - toward the generator (24-27) and toward the IP
section (28-31). The Baumann stages are used as two stages before the last ones (26 and 30).
These stages have two-tier blades.

Main steam to the steam turbine is provided from the steam generator through two stop valves
and four control valves. Hot reheat steam from the steam generator to the IP turbine is routed
through reheat stop and intercept valves. The 4 control valves and 4 intercept valves are located
directly on the HP and IP cylinders, respectively.

The turbine is equipped with devices to control axial expansion and relative displacement of
rotors of all cylinders. In addition, the turbine is also equipped with a turning gear to help prevent
turbine shaft bending during cooldown.

The turbine control system is mechanical hydraulic. The set of turbine oil pumps consists of a
main oil pump of the centrifugal type which is driven by the turbine shaft, a high pressure startup
pump, and a reserve oil pump with two electric (AC and DC) motors. The oil to the control
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system is supplied at a pressure of 21 atmosphere, the oil to the bearing lubrication system is
supplied at 1 atmosphere pressure.

The oil purification system consists of a pressure ftlter, and a cotton ftlter and an adsorber for
mechanical cleaning of the turbine oil. In addition a centrifugal oil purification machine is
provided to remove water from the turbine lube oil.

The electric generator is a type TOV-200 operating with a stator current of 8630A and a rotor
current of 1750A. The generator is cooled by hydrogen with pressure of 4 kglcm2

• The working
exciter is of the thyristor type with a nominal current of 2000A.

The original design technical parameters of the turbine are shown in Table 4.1.3-1.
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• Table 4.1.3-1

ORIGINAL DESIGN TECHNICAL PARAMETERS
~

OF THE K-200-130 TURBINE

•

Nominal Capacity (Gross Output)

RPM

Fresh steam pressure before stop valves

Fresh steam temperature before stop valves

Steam flow to turbine

Steam pressure at exit of HP section

Steam temperature at the exit of HP section

Steam pressure before IF section

Steam temperature before IF section

Steam pressure at the regulating stage

Steam pressure in the condenser at design cooling water
temperature of +10°C and design cooling water flow of
25000 m3/h

Steam flow to the condenser

Number of extractions

Final feedwater temperature

4.1.3.2 Performance: Design vs Current

200MW

3000 rpm

130 ata

560 tIh

23.2 ata

21.3 ata

96 ata

0.035 ata

392 tfh

7

The technical parameters shown in Table 4.1.3-1 above indicate that the K-200-130 steam turbine
was originally designed to operate with main and reheat steam temperatures of 565°C. Mter
operating these types of units for a number of years with these parameters, the then Soviet
regulatory organization decided to officially lower the steam parameters for both the steam
generators and steam turbines because of failures in high temperature components in the steam

•
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generators. This resulted in the new design temperatures of 545°C for the steam generators
lowered from 570°C, and 540°C for the main and reheat steam inlet conditions for the K-200-130
steam turbines. The design heat balance diagram indicating the new design main steam
parameters is shown in Figure 4.1.3-2.

The reduced steam temperatures resulted in a slightly modified steam flow, output and final
feedwater temperature. The new design performance of the steam turbine for various load points
between 100% and 30% is shown in Table 4.1.3.2.
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• Table 4.1.3-2

DESIGN PERFORMANCE OF K-200-130 TURBINE

With 540°C Steam Temperature

Electrical Load (-%) 100 75 50 30

Main steam flow, t/h 566 420 283 188

Main steam pressure, ata 130 130 130 130

Main steam temperature, °C 540 540 540 540

Reheat steam pressure, ata 22.3 16.7 11.3 7.6

Reheat steam temperature, °C 540 540 540 540

Condenser pressure, ata 0.035 0.035 0.035 0.035

Final feedwater temperature, °C 231.3 215.5 195.6 177.3

• Turbine gross output, MW 197.06 148.8 95.7 61.1

Turbine gross heat rate, kcallkWh 1989 2020 2185 2335

It should be noted, however, that the above performance cannot be obtained from either the Unit
10 or the Unit 13 turbines at the present time. In fact, all the 200 MW units are currently derated
to 175 MW gross output due to the degradation of boiler fuel which, with excessive air inleakage
into the boilers, severely reduces actual steam generating capacity. Steam generator operating
capacity and efficiency data obtained during plant inspection indicated the following actual
operating parameters:

•
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•
Steam Generator Operating Capacity, tlh

Superheated Steam Temperature, DC

Final Feedwater Temperature, DC

Boiler Gross Efficiency, %

Unit #10

389

508.8

201.2

79.96

Unit #13

404

521.3

201.5

78.21

•

As can be seen, the main steam flow, and correspondingly the reheat flow, available from the
steam generators are only about 71 % of the design turbine steam flows. In addition, the units are
usually operated with one or two evaporators in the extraction steam system to produce make-up
water for the steam generators. Depending whether the upper or lower or both extractions
(Extraction No.5 or No.6) are utilized, steam turbine output is reduced between about 4.2 and
2.8 MW. Of course this reduction of output can be eliminated by increasing the turbine steam
flow if the steam generators allowed the production of additional flow which, in tum, also
requires an additional fuel input

Discussions with plant personnel and reviewing the operating data indicated that Unit 10 can
generate between about 140-145 MW and Unit 13 between about 145-153 MW with most other
units generating about 143 MW. Considering the above reduction of turbine output associated
with the use of the evaporators, the resulting average outputs fit very well with the steam flows
available from the steam generators shown above. Based on the design auxiliary power
consumption of 7.8% given for the units at 200 MW, an auxiliary power consumption curve for
partial loads was generated. The use of this curve in connection with the turbine outputs and
steam generator data (steam flow, temperature, efficiency and feedwater temperature) allowed the
determination of the current actual gross and net heat rates and electric outputs for the two units.
These figures can be used as the "base line" performance from which the various efficiency
improvements associated with proposed modifications can be measured. The base line (present)
performance of Unit 10 and Unit 13 are shown below

•
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• CURRENT UNIT PERFORMANCE

Unit #10 Unit #13

Main Steam Flow, tIh 389 404

Gross Turbine Output, MW 139 145.5

Gross Turbine Heat Rate, kcallkWh 2042 2032

Net Unit Output, MW 126.5 132.6

Net Unit Heat Rate, kcallkWh 2805 2852

Overall Unit Efficiency, % 30.6 30.1

4.1.3.3 Condition Assessment

General Assessment and Plant Operation

The project team visited and inspected the plant, held discussions with cognizant operating and
management personnel and reviewed the maintenance procedures and records as well as the

• findings of the plant metal control laboratory.

It was confirmed that the turbine governor parts have experienced significant wear, the turbine
casings have developed cracks which have been repaired, and that continuous operation of the
turbines in the non-stationary load regimes led, in some cases, to unacceptable deformation and
erosion wear in the turbine steam path. The list of items most frequently requiring maintenance in
the turbine plant includes:

the turbine governing valve rods

intercept valve guide piston

HP and IP cylinder diaphragms

Last stage blading in the LP cylinder

In addition, it is difficult to maintain vacuum in the condenser at the normal level. The causes of
this are discussed in Section 4.1.4.

Both units have accumulated significant number of operating hours, exceeding their original
design life by about a factor of 2. While the main steam/reheat steam temperatures have been

•
5991-01AILug-4.DocII0I30195 4-15



•

•

lowered to 540°C as mentioned above in an effort to extend the life of the stearn generator
superheaters, the individual units at the plant no longer operate in the baseload mode. In fact, the
units currently operate on a 2-shift regime.

The operable units at Lugansk GRES are loaded to their present capability during the hours of
about 7:00 AM to 11:00 PM and held at a constant load. Between the hours of 11:00 PM and
7:00 AM the load is reduced either to the technical minimum or to 0 gross turbine load (such as
can happen during weekends). The typical shape of the plant loading observed for June 27,1995,
is shown in Figure 4.1.3-3.

Gross turbine loads of various units observed during the daytime on some of the days of the plant
inspection visit are shown in Table 4.1.3-3.

•
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TABLE 4.1.3-3

GROSS TURBINE LOADS OBSERVED

[MW]

Unit!

Date #8 #9 #10 #11 #12 #13 #14 #15 TOTAL

6/22/95 0 137 0 0 0 90 130 125 482

6/26/95 0 121 144 0 0 0 135 153 553

6/27/95 0 141 142 0 0 0 140 150 573

6/28/95 0 149 142 0 0 0 140 129 560

6/29/95 0 142 150 0 0 0 146 158 596

During most of the time the plant operates at constant output; however, the individual units
experience the effects of cycling. While the somewhat reduced main steam parameters tend to
lessen the severity of the operating conditions for the turbine components, the frequent transients
associated with the start-up and shutdowns or load changes of the various units will contribute to
accelerated life consumption of critical parts. Some of the transients as well as the simple
wearout of the parts operating for an extended amount of time have caused forced shutdowns of
the various units. The number of planned and forced shutdowns for Units 10 and Unit 13 during
the previous three years are shown in Table 4.1.3-4.

•
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• Table 4.1.3-4

PLANNED AND FORCED SHUTDOWNS OF UNITS 10 AND 13

BLOCK UNIT 10 UNIT 13

YEAR PLANNED FORCED TOTAL PLANNED FORCED TOTAL

1992 15 4 19 12 16 28

1993 34 14 48 12 3 15

1994 24 12 36 17 11 28

The allowable number of turbine starts originally specified for the 200 MW turbines are as
follows:

However, the actual number of cold starts for both units are about 4-5 times greater than the
allowable. The warm and hot starts are within the allowable range. This is shown in Table
4.1.3-5, where other relevant information is also shown for the two selected units.

•

•

Cold Start

Warm Start

Hot Start

5991-01AJLug-4.DocI10/30195
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• Table X-4.1.3-5

TURBINE OPERATIONAL DATA

Unit No.. UNIT #10 UNIT #13

Commissioning date 12/30/62 8/29/68

Design electric generating capacity, MW 200 200

Cumulative hours of operation, hrs 224,442 191,841

Derating, -AMW 25 25

Official derated capacity, MW 175 175

Cause of Derating Steam Generator Steam Generator

Design!Actual Condo Air inleakage, kglh 20/35 20170

Turbine maintenance schedules

• ~reventive (minor) 1 per year 1 per year

Intermediate repairs 1 per 2 years 1 per 2 years

Overhaul 1 per 4 years 1 per 4 years

Last major overhaul completion date 12/31/91 8/2/93

Actual number of

Planned shutdowns 440 329

Unplanned shutdowns 277 255

Actual number of starts

Cold 550 460

Warm 102 81

Hot 65 43
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The advanced age of these units especially that of the 1962 vintage coupled with the operating
mode adapted at the plant requires the performance of extensive maintenance. There are three
types of scheduled maintenance performed for the turbines:

• Preventive maintenance covering minor repairs, performed once a year. This
maintenance takes about 13 days per year.

• Intermediate repairs which is performed once in 2 years. This maintenance
takes about 25 calendar days.

• Major overhaul which is performed every 4 years and is scheduled to take about
100-120 calendar days.

Plant personnel are performing well in keeping the plant in operation. However, spare parts are
not always available and plant personnel must sometimes machine spare parts or use parts from
other non-operating units to complete repairs. Thus actual maintenance periods often extends
beyond the above figures. For instance the last major overhaul for Unit 13 took more than 5
months to complete.

Unit 10 Assessment

The Unit 10 stearn turbine is one of the oldest units commissioned during the second phase
expansion of the Lugansk ORES between 1961 and 1963. By the first half of 1995 this turbine
has accumulated a total of 224442 operating hours since its commissioning in 1962.

Only a few modifications were done to this machine such as the replacement of the turbine stages
Nos. 24 to 31 with more modem blading profile in 1982, and the installation of an alternative seal
arrangement at the casing and top of the regulating stage of the HP section in 1987. Both of
these modifications were done in an effort to improve efficiency.

The past history of the forced shutdowns on this turbine includes the destruction of the trigger
mechanism of the automatic safety device because of metal fatigue in 1988. The part failed
because of metal fatigue and because there was not sufficient curvature in the transition radii of
the upper and lower reinforcing flanges. Cracks have also been found in the HP cylinder. One of
these was the result of the modification to carry the Curtiss wheel radial seals where the cracks
occurred in the groove comers. Other cracks were found in 1982 in both the upper and lower
parts of the HP cylinder on the inside walls in the nozzle block area. These cracks were repaired
by further opening them up by drilling to a depth of 25 mm in accordance with LMZ technology.

In 1987 cracks were found on all surfaces of the stop valves (both left and right) so these valves
had to be replaced with new ones. During the same year, cracks of 2 mm depths were found in
the seat areas of the intercept valves. These defects were corrected by installing new valves. In

•
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1991, at an accumulated total operating hours of 203830, two cracks of 300 mm length were
discovered at the inside of the nozzle box of the HP cylinder. Since the geometry of the area at
this location is complex, repair by grinding is not possible; therefore the defects were repaired by
drilling, and the crack depths were opened up to 20 mm.

The most serious looking cracks were found in 1991 on the IP cylinder. Two cracks were
discovered on the inside of the lower part of the casing in close proximity to each other: one is a
crack with dimensions of 300 mm by 20 mm by 50 mm, while the other has a length of 800 rom
with width and depth dimensions of 10 mm. Prior to this, another crack with dimensions of 250
mm by 120 mm by 45 mm was also found in this area (in 1973). All these defects have been
repaired by a welding method according to LMZ technology.

In addition to the cracks, one of the major problems with the IP section is the distortion of the
flow path, especially in the area of the 14th stage diaphragm, which has a very slight elliptical
shape but enough to influence clearances along the rotating components. Similar problems apply
to the fourth stage of the HP cylinder. This condition was found during the last overhaul when
the turbine casing was opened. So far the normal maintenance procedures are sufficient to
temporarily correct for this defect.

The rotors of this unit have operated satisfactorily so far, except that various blade replacements
had to be performed during 1987 and 1991. In addition, the plant has reported increased
vibration levels at the turbogenerator supports. The plant is also not totally satisfied with the
existing turbine supports and alignment in regard to the uniform thermal expansion of the unit

The vibration levels at low loads are mostly due to the relatively frequent wearout of the last stage
blades in the LP cylinder. According to plant records the Unit 10 had forced outages in 1993 and
1994 due to destruction of blades in the last two stages of the LP rotor because of erosion. The
last event, destruction of one blade on stage 31 caused an increased vibration level of up to 92
microns.

The main steam and reheat stop valves and the control valves and intercept valves had
experienced cracking and valve spindle hang-up. Turbines at the Lugansk plant often have
breakage of a rod at the upper part of the HP regulating valves, and sticking of intercept valves at
the IP cylinder because of the formation and buildup of black carbon in the guide piston column.
As it was noted the main stop valves and the intercept valves on Unit 10 were already replaced
once in 1987.

Some distortion of the gland steam seal components have been reported and may be attributed to
the problems with vibration and the effort to achieve correct alignment. The seals are replaced as
necessary during scheduled maintenance. The gland steam leakage increases between the
maintenance periods and the high gland leakage could be responsible for the emulsified condition
of the turbine generator lubricating oil. The plant indicated no problems with the oil cleaning
system and the centrifuge is said to get rid of any water in the lube oil. However, the existing lube

•
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oil cooler was reported to have leaks and caused some concern with small traces of oil leaking
into the cooling lakes. This can happen because the ORES at Lugansk does not have a dedicated
secondary service water system.

No major problems have been reported for the turbine turning gear. It is maintained as necessary
and operation is satisfactory.

The condition of bearings are generally acceptable, except for the thrust bearing pads some of
which are operating at an elevated temperature at stable operating conditions. These pads are
usually changed at each overhaul. Procurement of the Babbitt metal is sometimes difficult
because it is obtained from Russia.

One of the most annoying problems is that the turbine regulating system is unreliable due to the
wearout of the components and sometimes the lack of spare parts. Because of this the turbine
operation and control is unstable. The coupling of the main oil pump which is driven by the main
turbine shaft wears out every year. There is also a valve sticking problem on the intercept valves
on the IF cylinder due to creep of cast iron components of the guide piston box, despite the
replacement of the valve internals in 1987. In addition the plant is not satisfied with the
monitoring and transmitting instruments used to measure vibration of bearing supports of the
turbogenerator shaft. Because of the wearout of the components of the mechanical-hydraulic
control system the turbine control system is in need of upgrading.

The condition of the electric generator is assessed in section 4.1.4 of this report in more detail.

Unit 13 Assessment

The Unit 13 turbine is currently one of the younger units which were commissioned during the
last (the 3rd) phase of plant expansion at Lugansk during the period 1967-1969. By early 1995
Unit 13 has accumulated 191841 operating hours during its 27 years of operation since its startup
on 8/29/1968. In addition to the capability of providing steam for using the evaporators, the
extraction steam piping of this turbine also has the capability to provide extraction steam for local
hot water generation for plant heating needs.

The modifications done to this unit were the modernization of the 24 to 31 stages to change the
blade profiles for better efficiency in 1979 and in 1984, and some reconstruction of internal seals
in the HP and IP cylinders in an effort to decrease leakages between the turbine stages, in 1989.

The list of forced shutdowns of this turbine includes problems with the control and regulating
components, such as fatigue damage of cotter pin for the governor spring, fatigue damage of
regulating stage support, and the destruction of the support of governor spring due to the
exhaustion of the material. All the above occurred in 1988. In 1990 the end part of two turbine
blades broke off which increased the shaft vibration to 68 microns. In 1991 a forced shutdown
occurred because of damage to blades at the 27th and 31st stages in the LP section due to
excessive erosion.

•
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• The number of cracks found on this turbine are less than those on Unit 10, probably due to the
relatively lower operating hours accumulated on Unit 13. During the last 10 years only 2 cracks
were found (in 1993). These cracks with lengths of 105 and 110 mm and depths between 5 and 7
mm were discovered during the last overhaul when the turbine casings were opened. The cracks
occurred on the lower part of the IF cylinder in the area of the nozzle boxes on the left and right
sides. The turbine had accumulated 179071 operating hours when these cracks were discovered.
Both cracks were repaired by grinding them out to dimensions with 120 x 50 x 60 mm and 130 x
70 x 30 mm and subsequent welding according to LMZ technology.

There have been no other cracks reported on the turbine shells, however, the stop valves started
to show fatigue damage lately and they are in need of replacement. These valves have already
been replaced on Unit 10. In addition, the governor parts and control components on the turbine
also have significant wear, similar types to those listed for Unit 10, and spare parts on these
components are not readily available. Because of this the turbine control is unstable and the
turbine control system needs upgrading.

Generally, the steam pass including the stationary and rotating parts (diaphragms, nozzles, blading
etc.) is approaching twice the original design life of this unit and the shells and valves and other
high temperature components requires careful monitoring for cracks and creep damage as a
minimum. Except for various blade replacements the turbine rotors have operated satisfactorily
so far. With the type of plant operation described, accelerated exhaustion of the turbine materials
and components can be expected.

• 4.1.3.4 Assessment of Plant's Metal Control Laboratory

The metal control laboratory personnel has been interviewed to assess the procedures and
equipment the plant has to control metal conditions. In general the plant has quite a large array of
non-destructive examination (NDE) equipment for the testing and inspection of the turbine, steam
generator, and main steam piping components. These equipment include the following:

UD-2-12 Echo-impulse inspection instrument

UT-93P Ultrasonic thickness gage

GAMMARID-1921120 Gamma-ray flaw detector

MIRA-2D X-ray impulse instrument

ARINA-02 X-ray impulse instrument

PMD-70 Magnetic particle defectoscopy instrument

•
RVP-456 Boroscope
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SLP-I Transportable steeloscope

VPI-3k Hardness meter

TEMP-I Electronic, compact, transportable hardness meter

lTV-02 Eddy current crack indicator

In addition the plant is also equipped with testing devices that can be used with destructive
control methods. These devices include:

UMM-4 Universal unit for static testing of metals. Maximum load 5 tons

UMM-50 Universal unit for static testing of metals. Maximum load 50 tons

MK-30A Pendulum impact testing machine

TK-2 Table instrument for Rockwell hardness measurement

TSCHA-2 Hardness measuring instrument

In addition to these, the laboratory also has a metallographic microscope and a gas analyzer.

As far as the steam turbines are concerned the plant personnel indicated that visual and magnetic
particle testing are carried out on the main castings and steam pipes and valves. This usually
occurs every 4 years during the turbine overhaul periods. These tests are done on the turbine
shells to detect and/or observe cracks and cavities. In addition, ultrasonic testing of the turbine
blades are carried out. The turbine nozzle boxes are examined visually. Sometimes boroscopic
and visual inspections of these areas are also performed during intermediate repairs.

Stud bolt measurements of elongations are performed during capital repairs only. There is only
ultrasonic testing done between capital repairs.

There is currently no replication type creep testing capability at this plant. As the plant is getting
older such testing capability would be highly desirable to monitor potential creep cavitation of
critical components and to be able to better predict potential failures or to perform predictive
maintenance operations. This is particularly applicable to a plant in which turbines are operated
with frequent cycling.

•
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4.1.4 Mechanical Systems and Equipment

This section contains a brief description of the major mechanical fluid systems which support the
existing 200 MWe turbine generator units. Unless noted otherwise, the description applies to both
Units No. 10 and No. 13. Drawing No. SM200, "Site Plan, Main Power Plant Buildings," is
included as a reference in Appendix D.

Main and Reheat Steam System

The two 325 mm main steam pipelines were designed to convey 620 tlh of 130 atm steam to the
K-200 turbine unit but are presently carrying only 566 tlh due to the current derated mode of
operation. Isolation from the boiler is provided by 250 mm main steam stop valves. The stop
valves are provided with 100 mm bypass valves for use during turbine start-up. At the High
Pressure (H.P.) turbine casing inlet, steam is admitted through 200 mm turbine stop valves which
are crossconnected in case either one becomes inoperative. The valves have developed fatigue
cracks in their body material. The turbine stop valves on Unit 10 have already been replaced.
Downstream of the turbine stop valves steam enters the turbine through four governor valves by
way of four 225 mm crossover lines. Exhaust steam from the H.P. turbine is directed, via 426 mm
cold reheat piping, to the boiler reheat section. Reheated steam is directed to the Intermediate
Pressure (LP.) turbine casing via 426 mm hot reheat lines and admitted through two 420 mm
reheat stop valves. From the reheat stop valves steam is admitted to the LP. casing through four
governor valves. Pressure relief valves are located on each of the main (quantity of two) and
reheat ( quantity of four) steam lines. These relief valves have exceeded their useful life and have
required excessive maintenance.

All main and reheat steam piping is made of stainless steel, grade 12XIMF. Bolts and nuts are
stainless steel, grades EI-723 and 20XMFL, respectively. Valve bodies are stainless steel, grades
15XIMI and 20XMFL. Current conditions of steam piping, as determined during capital repair
maintenance outage, indicates an average creep of 1% and a degradation of metal structure.

Extraction Steam

As currently designed, the extraction steam system is supplied from two H.P., four J.P., and one
Low Pressure (L.P.) extraction points and provides steam to feedwater heaters, make-up water
evaporators, and district heating heat exchangers. H.P. extractions No.1 and 2 supply feedwater
heaters No.7 and 6, respectively. J.P. extraction No.3 supplies feedwater heater No.5. and J.P.
extractions No.4, 5, and 6 supply steam to feedwater heaters No.4, 5, and 6, respectively. IP
extractions No.4 and 5 also supply stearn to evaporators No.1 & 2 and the district heating heat
exchangers. Discussions with plant personnel indicated that there have been no problems with the
extraction piping.

•
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• Current extraction steam conditions are as follows:

Extraction Turbine
Stage
Before

Extraction

Heater
Name and
Number

Extraction Extraction
Pressure Temp.

(aoo) (0 C)

Steam
Flow to
Heater

(t/h)

Condensate
Temp.
After

He;;;(°C)

1 9 (HP cyl) HPheater 37.3 397 26 235
No.7

2 12 (HP cyl) HP heater 23.2 340 35 215
No.6+
Deaera~r 158

v

3 15 (IP cyl) HP heater 11.5 478 16.3 180.6

• No.5+
Deaerator 158

4 18 (IP cyl) LP heater 6.06 391 18.0 153
No.4

5 21 (IP cyl) LP heater 2.64 290 19.0 125.5
No.3

6 23 (IP cyl) LP heater 1.23 207 24.0 99.7
No.2

7 25,27 (LP LP heater 0.25 77 210 59
cyl) Bauman No.1

stage
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• Condensate System - Condensate is pumped from each of the two main condenser hotwells via
two operating and one spare condensate pumps. Design conditions are as follows:

Unit #10 Unit #13

•

Quantity, Operating/Standby 2/1 2/1

Model No. 12KCB 9x4 12KCB 9x4
~ 1 IIii! v,:: OG

m3/hr Ikg/m2
" ,

2i~Design Flow & Head, 300 116 300 116 c..- j

ORe~~g Flow & Head, m3/hr I 320 110 390 111
,I(Cj!"" 't-

~2,.'
'------, ' --

DesignBhp 210 210

Motor Size, volts 6000 6000

Condensate passes through the main air ejector condenser, the gland seal steam condensers, and
L.P. feedwater heaters No.1, 2, 3, and 4 and is admitted to the two 6 atm deaerators. L.P.
feedwater heater No.1 is mounted inside the condenser shell. Condensate drains from heaters No.
4 & 3 cascade to heater No.2 and are then pumped to the main condensate effluent line leaving
heater No.2. The casing of heater No.4, of Unit No. 10, has become deformed and cracks and
erosion wear have developed.

Design data for the L.P. feedwater heaters is as follows:

Unit #10 & #13

•

LP#4 PN-300-16-7-1

LP #3 PN-300-16-7-2

5991-01AILug-4.DocII0/30195

Pressure
Water/Steam.

(atm)

15/5.6

15/2.5

4-30

Flow
Water/Steam (tIh)

520/25.5

520/18.0



• LP#2 PN-300-16-7-2 15/1.15 520/30.0

LP#1 Horizontal, 15/0.25 520121.0
Internal

(2x145 m2
)

Cycle make-up water is provided by a double-effect evaporator system associated with each
turbine unit. Water is received from the plant-wide raw water supply, originating in the Water
Treatment Building, and enters a 1.2 atm deaerator. From this deaerator water is pumped to each
of two evaporators ( ISV-350 ) where it is boiled and condensed in the evaporator condensers
(pN-250-3N )which are cooled by the main condensate flow. Distillate pumps ( 2 x 50% capacity,
Model 4MS-10 ) transfer the distilled water to the main deaerators as cycle make-up. The plant
staff have described the evaporator systems as an unreliable source of proper quality make-up
water.

•

The main condensers of each unit ( Model 200 KCS-2 ) consist of two sections each with a total
design circulating water flow of 25,000 m3/h per unit and a condensing pressure of 0.035 atm.
Tube material is alloy MNZH 5-1. Vacuum is maintained on Unit No. 10 by two main air ejectors
(Model EP-3-600-4/M1) and on Unit No. 13 by three main ejectors and a start-up ejector.
Difficulties have been experienced in maintaining condenser vacuum due to excessive air
inleakage. Differences of approximately 0.6 % from normal vacuum have occurred as a result of
air inleakage rates of 35.4 kg/h and 70 kg/h in Units No. 10 and 13, respectively. The main leaks
have occurred through valve packing seals of valving on the condensers along with perforations
and cracks in turbine exhaust expansion joints. Leakage has resulted in the need to have all three
main ejectors in operation simultaneously.

In addition to air inleakage problems, the condensers have experienced metal corrosion of the
separating wall between the steam and cooling water.

•
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• Feedwater System - Feedwater is pumped from the two 6 atm. deaerators (400 t/h design
capacity each) by electric motor driven feedwater pumps. Unit No. 10 has one main 100%
capacity and two standby 67% capacity pumps. Unit No. 13 has one main and one standby pump,
100% capacity pumps. The following is a summary of design data for the Units No. 10 & 13
feedwater pumps:

Unit #10 Unit #13

Operating Standby Oper. / Stby.

Quantity 1 2 1/1

Model No. PE-640-180 PE-430-200 PE-720-185

Flow, m3/hr 640 430 720

Head, kg/m2 193 188 185

Pump Eff., % 72 -77 70 - 71 82

Pumpbhp 5691 3831 5389

• Motor Eff., % 96.5 96.5 96.5

Running Load, kW 4397 2960 4164

Motor Size 5000 3800 5000

The models of feedwater pumps currently in use are no longer manufactured. Spare parts have
been difficult to obtain necessitating the use of parts from the pumps on Unit No. 11.
Additionally, due to the age of the pumps, their efficiencies are low compared to new versions of
the same pump line.

•
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• The feedwater pumps discharge through H.P. feedwater heaters No. 5,6, & 7 with provision for
bypassing the heaters as a group. Design data for the H.P. heaters is as follows:

Unit #10 Unit #13

•

Heater Pressure (atm) Flow (t!h) ~ Pressure Flow (t!h)

(atm)
No. Water/Steam Water/Steam Water/Steam Water/Steam

HP#7 PV-4801230 230/37 640126.0 PV-500- 230143 640/26
230-44

HP#6 PV-4801230 230/25 640/35 PV-5OQ- 230/29 640/35
230-30

HP#5 PV-480/230 230/11 640/16.3 PV-50o- 230113 640/16.3
230-14

The H.P. feedwater heater shells are in good condition. The heaters have been operated
continuously with only partial replacement of the heating surfaces having been performed on
certain heaters. Frequent shutdown of the heaters has caused damage to the coils and resulted in
unsatisfactory operation of the heater drain level control valves and loss of sealing pressure at
valve packing contributing to air inleakage into the system.

Excessive maintenance has been required on feedwater and attemperator control valves due to the
high differential pressure under which they operate due the high feedwater pump discharge
pressures resulting from operation at reduced loads.

Circulating Water System - The circulating water system for the Phase 2 and 3 plant areas is
supplied from Pumphouses No.2 and 3 located at the Donets Riverfront. Units No. 8 to 11 are
served by Pumphouse No. 2 via headers #3 & #4 and Units No. 12 to 15 are served by
Pumphouse No.3 via headers #5 & #6. These headers are cross-connected, along with headers #1
and #2 from Pumphouse No.1, via electric operated isolation valves. These cross-connections
provide maximum flexibility in supplying all units when any pumping system is out of service.

•
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Pumphouse No.2 contains six pumps and Pumphouse No.3 contains four pumps. Unlike the
pumps at Pumphouse No.1, these pumps do not have capacity control. The pump design data for
these pumps is as follows:

Pumphouse No.2 Pumphouse No.3

Quantity 6 4

Model OP-2-145 OP-1O-145

Flow, m3/hr 28,000 36,000

Head, m (w/c) 18.5 17.5

Power, kW 1600 2150

Circulating water is returned to the river, via concrete conduits and Cooling Ponds # 2 and #3.
Only Pond #3 is in operation during summer months.

Although very few condenser tubes have been plugged, there is a constant problem of condenser
tube fouling due to sludge deposits. The existing tube cleaning system uses hard rubber balls
which are smaller in diameter than the tubes and are designed to contact the tube walls
intermittently rather than to continually "wipe" the tube surfaces. Additionally, replacement balls
have been unavailable thus preventing use of the system at all. In the absence of the ball cleaning
system, the current method of condenser tube cleaning has been to blow air through the tubes to
cause deposits to dry out and flake off the tube walls.

Boiler Water Blowdown System - The Blowdown System consists of Continuous and Intermittent
Systems. The Continuous system controls a small quantity of boiler drum water through two
lines (32 mm) to a blowdown flash tank . In the flash tank the liquid Stage is directed either to a
bubbler or to a condensate collection tank. The flashed vapor is vented to the main (6 atm)
deaerators.

Intermittent blowdown is collected from the lower headers of all 30 boiler waterwall panels and is
directed into a common collection header and to the bubbler. It is possible to blowdown sections
separately or by groups.

Plant staff have reported no problems with the Boiler Blowdown Systems.

•
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4.1.5 Electrical Systems and Equipment

The following is an assessment of the physical condition of major electrical equipment and
systems as determined during the plant inspection and through discussion with senior plant
management and operating and maintenance personnel:

220 kV Circuit Breakers

The existing 220 kV circuit breakers located in the switchyard are of the obsolete air-blast type
design. They are in a deteriorated condition. The utility high voltage distribution system has
undergone many changes during the last 20 years of power plant operation. New power sources
have been added to the system. These additional power sources, connected through 220 kV
transmission lines to the 220 kV switchyard, have increased the short circuit current on the 220
kV buses. The existing interrupting capacity of 220 kV circuit breakers are rated 25 kA or 31 kA.
The breakers may not be able to open the circuit under the short circuit fault condition. This
would cause a severe damage to the switchyard equipment

220 kV Disconnect Switches

Existing 220 kV disconnect switches located in the switchyard are in deteriorated condition.
They are installed to disconnect the high voltage circuit breaker during repair and maintenance
and for the grounding of the disconnected high voltage equipment. Because these types of
disconnect switches do not have any provision for the remote control ( the remote control is
required by present Russian Safety Code) it is dangerous for the power plant personnel to operate
these switches.

220 kV Potential Transformers and Lightning Arrestors

The existing potential transformers and lightning arrestors located in the switchyard are of older
design. These high voltage devices have old insulation and are subject to failures. They should
have been replaced many years ago. The potential transformers would not have adequate capacity
and accuracy for the proposed new synchronizing, metering, protection and control systems.

6.3 kV Switchgear

The existing 6.3 kV switchgear are equipped with oil-filled circuit breakers. These 6.3 kV
circuit breakers are solenoid operated. The overvoltage, undervoltage, overcurrent and ground
fault protection is provided by the obsolete electromechanical rel~ys which do not operate
properly to protect the switchgear equipment. The switchgear design is also based on the
obsolete control concept. The installation of new DeS System would require a significant
modification of the switchgear equipment and wiring, and installation of additional current
transformers and transducers. The switchgear have a very high rate of ground and phase to phase

•
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faults. During the ground fault on one phase, the voltage of the other phases is raised to a very
high value. This increased voltage causes the damage to 6 kV motors and other equipment
connected to the 6 kV distribution system.. The switchgear is also susceptible to fire hazard
becuase of oil used in the circuit breakers.

400 V Switch&ear

The existing 400V switchgear are equipped with oil circuit breakers and have high contact wear.
The overvoltage, undervoltage, overcurrent and ground fault protection is provided by the
obsolete electromechanical relays and circuit breakers which do not operate properly to protect
the switchgear equipment. The 400V switchgear design is based on the obsolete control concept.
The installation of new DCS System would require a significant modification of the switchgear
equipment and wiring, and installation of additional current transformers and transducers. The
switchgear buses are not rated to accept the additional load that would be added due to
refurbishment of other systems. The switchgear is also susceptible to fire hazards because of oil
used in the 400V circuit breakers.

400 V Switch&ear Transformers

The existing 400V switchgear transformers are old and do not have spare capacity to supply
additional loads that would be added due to refurbishment of other systems.

Motor Control Centers

The existing motor control centers are obsolete and are located locally throughout the plant areas.
MCC's are generally installed near load centers. The motor control center design is based on the
obsolete control concept. The installation of new DCS System would require a significant
modification of the motor control center equipment and wiring. The short circuit interrupting
rating of the motor control center buses and equipment will not be adequate to match the system
short circuit current of the refurbished plant..

6.3 kV Non-Se&re&ated Phase Bus

The existing 6.3 kV non-segregated buses between unit auxiliary transformers and 6.3 kV
switchgear are old. Due to the old design and the construction features, it would be very difficult
to coimect the buses to the new 6.3V switchgears.

220V DC Battery Char&ers and Batteries

The existing battery chargers and batteries are of obsolete open type design and generate a large
quantity of hydrogen during operation. The battery cell consists of an open type glass jar, plates
and electrolyte. The glass jar are not explosion proof. The plate system was replaced a few years

•
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• back. A built-up of sludge was observed at the bottom of the existing cells. The cell plates are
not available for replacement anymore. Instead of insulated cables, the bare copper flat bars are
used for the interrow connection of the batteries. The batteries require significant maintenance.
The existing 220 V DC batteries and chargers have inadequate capacity to supply additional DC
loads that would be added as a result of plant upgrade.

220V DC Switchboard

The existing 220V DC switchboards are of obsolete design. Flat copper leads from the battery
cells are currently mounted on the wall in open air. The 220 V DC buses do not have sufficient
ampacity to accommodate the required additional loads. Additional feeder circuits will be required
to feed new loads. The replacement of the batteries and battery chargers will provide required
ampere rating for the 220 V DC distribution system.

Electric Motors for Auxiliary Equipment

Electrical motors associated with driven equipment are generally designed for a service life of
about 20 - 25 years. The motors are approaching their service life. The windings and terminal
insulation of the electric motors might not be able to sustain stresses due to short circuit faults in
the future.

Power, Control and Instrument Cables

• All power, control and instrumentation cable are very old and are in degraded condition. Many of
the cables are paper insulated and are susceptible to fire hazards. The cables are subject to the
frequent short circuit faults due to the poor cable insulation. The modification of AC and DC
power distribution systems would increase the value of the fault current and, therefore, the
damage from the fault to the power cables would be more severe. The existing control system is
rated 220 V AC and 220 V DC. The control and instrumentation cables of this system are
unsuitable for the new DCS system, which requires shielded and twisted pairs cables for
operation.

Cable Trays and Conduits

Currently the plant utilizes cable racks located in the cable tunnels for routing cables. The cables
are run in a haphazard fashion. This method of cable support is not considered suitable for the
large number of cables used in the plant. Exposed conduits are rusted at a number of locations.
The existing cable trays and conduits do not have spare capacity to accommodate additional
cables that would be added due to boiler refurbishment

•
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• Protective Relay Board

The existing protective relay boards, both for the plant and the switchyard, contain
electromechanical protective relays of obsolete design. The spare parts or replacement relays may
be difficult to find. It might be impossible to coordinate many of these obsolete type protective
relays with the new solid state protective relays. The existing protective relays require extensive
maintenance. Because the relays have many moving parts, they require periodical cleaning ,
adjustment and setting verification. The existing relays should be replaced.

Electrical Control Board

The control devices on the existing electrical control board are of obsolete design. The Russian
control and alarm systems concept is not compatible with DCS system. A number of control
switches, meters and other devices may not be required with the new DCS system recommended
for the plant.

Electrically Operated Valves

A number of electrically operated valves have not been working properly. Their actuators are
relatively slow and are not compatible with DCS system. Repair of these electrically operated
valves on piece meal basis affects plant operation.

• Lighting System

The lighting system is inadequate. Certain areas of plant remain complete dark even during the
day time. The lighting ftxtures are of obsolete design. They have low efficiency and require
frequent cleaning.

Emergency Lighting System

The existing emergency lighting system is inadequate and does not meet minimum requirements
for safe egress.

Fire Detection System

The existing fIre detection system is inadequate. The fIre detection system is of obsolete design.
It creates many false alarms and is not reliable. Fire detectors are of obsolete type. They require
frequent cleaning and maintenance to keep them operable. Fire detectors are not installed in a
number of plant areas.

•
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Main Generators

Excessive leakage of hydrogen gas from the main generator casing was reported by the operation
staff of the power plant. The hydrogen gas is used as the cooling medium inside the generator
casing. The hydrogen gas leakage is through the generator seal oil system. Figure 4.1.5-1 shows
a typical seal ring in a hydrogen cooled machine. The hydrogen gas leakage is a safety concern in
addition to increased operation and maintenance cost.

4.1.6 Instrumentation and Controls Systems and Equipment

Instrumentation and control systems utilized at Lugansk for process monitoring and controls are
considered outdated by international standards. The control systems are obsolete; supervisory
and protection systems are minimal; event recording and operator information systems are
unreliable. The instrumentation does not lend itself to remote monitoring of plant status and
performance.

Since the commissioning of the plant in the 1960's there has been no general upgrade of plant
instrumentation and controls. The existing systems are not maintained and are deteriorating.
Visual examination of the control room instruments indicates that many indicating and recording
instruments are performing poorly. This is due to unavailability of replacement parts. The field
transmitters for process variables such as pressure, temperature, flow and level are not accurate.

The combustion control is actually a manual operation. Coal is usually fed to the boilers at
maximum coal feeder speed, with co-firing of mazut or natural gas used to 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 is a function of the amount of coal and mazut or
natural gas being fired and the load. Final air damper position adjustment is made based upon O2

analyzer indications. Thus the control of fuel and combustion air ratio is essentially a manual
operation based upon maintaining a certain unit load, under constant boiler outlet steam pressure
and temperature.

The existing O2 analyzers of Russian design and manufacturer require frequent maintenance and
calibration. The steam boilers flue gas samples are drawn from the backpass after the superheater
and before the first stage reheater. Although these analyzers are functional, they are subject to
drift and significant lag time as well as inaccurate readings due to air in-leakage. This results in
less than optimum control of excess air for efficient combustion which results in waste of fuel.

Currently coal flow to the coal mills is measured and controlled volumetrically, that is by
controlling coal feeder speed. This method does not allow for voids in the coal flow, or for
erratic operation of the feeders.

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 or gas is

• 5991-01AILug-4.DocII0I30/95 4-39



•

•

•
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SEAL OIL RINGS IN A HYDROGEN
COOLED GENERATOR

FIGURE 4.1.5-1
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cofrred almost all the time in order to deliver the MW output required by the system and maintain
stable operation of the boilers.

Coal is currently analyzed in the laboratory by taking samples from the conveyors periodically.
This method takes several days to do a complete analysis.

The boilers have no burner management system and all interlocks are of a very basic design
offering limited protection.

The units do not have low Nox pollution control system.

The units are operating with the original Mechanical Hydraulic Turbine Control (MHC) system.
The system does not respond properly to load changes and is deteriorating due to lack of spare
parts.

4.1.7 Structural Systems

The primary structures of the Power Plant include the Main Building, the Water Treatment Plant,
Coal Handling Structures, Circulating Water Structures and the Switchyard Structures.

The Main Building is a steel formed structure with a combined coal bunker/deaerator bay located
between the Turbine Hall and Boiler Room. The walls of this building are constructed of precast
reinforced concrete panels. The roof of the building is constructed of concrete roof planking
supported by metal trusses.

The lower level of the Boiler Area Houses the Ball Mills, Ash Removal Equipment and Boiler
Foundations. Access to the various levels of the Boiler (i.e. sootblowers steam drums etc.) is
provided through a series of structural steel stairways and platforms. The lower level of the
Turbine Hall is a poured concrete slab and houses the Boiler Feedwater/Condensate Systems and
Equipment. Below grade are the circulating water supply and return piping systems for the
condenser. A concrete pedestal supports the Turbine Generator at the mezzanine level, which
through a series of elevated walkways, provides access to the Control Room and Boiler Area.

The Water Treatment Plant is located in a separate building adjacent to the main building and is a
masonry block and brick structure.

The Circulating Water Structures are constructed of masonry block and are located approximately
one mile from the Power Plant on the river.

During inspections of the Facility it was observed that overall, the structural integrity of the plant
appeared to be in satisfactory condition considering the age of the structures (30 plus years).

The Boiler Foundations were inspected and had some minor spalling but appeared to be in
acceptable condition. The structural supports for the Boilers will require some rehabilitation

•
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work. Specifically, access platforms and stairways to the various boiler levels will require
significant replacement as the existing structures are missing stairs, handrails and are generally in
an unsafe condition.

The coal conveyor, coal sizing and coal storage bunker areas of the main building were inspected
and are in good condition. Modifications will be required to winterize the area and to
accommodate new dynamic classifiers.

The Turbine Hall and the operating floor areas surrounding the turbines of Units 10 and 13
appeared to be in good condition and will require no rehabilitation work. The Overhead Crane is
operable and looked to be in excellent condition.

The Switehyard is in acceptable condition except for the areas surrounding the Unit Transformers
which will require some rehabilitation work to assure the containment of any future oil leaks.

The Circulating Water Buildings for Phase 2 and 3 of the Facility are structurally in satisfactory
condition.

The Circulating Water Discharge Canal is in excellent condition and will require no rehabilitation
work.

The foundations supporting the particulate control devices will require complete replacement to
accommodate the new technology employed in each of the previously discussed options.

The stack and foundation appeared in good condition and will not require replacement based on
our discussions with the plant operating and engineering personnel.

4.1.8 Demolition Requirements

The demolition required for this portion of the project will involve different levels of effort
depending on the option selected. In some areas, demolition activities will require the handling of
asbestos containing material and waste oils. Handling of these types of materials is discussed in
Section 7.

Major demolition is required in the area of the existing cyclones and precipitators. In this area,
the existing equipment foundations, and ductwork to the stack will require complete demolition
and replacement

In some options only selected portions of the boiler will be dismantled and replaced while in other
options the entire boiler is removed (except for the drum and pressure parts) and replaced. Also,
a majority of the coal mill circuit is dismantled and replaced in all options.

In all options, the existing wiring for Units Nos. 10 and 13 will require complete replacement

•
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The control system will be completely replaced and will require the removal of the existing
system.

The existing Turbine Generator is completely replaced only in extensive refurbishment Options 7
and 8 and will not require a new pedestal so only minor demolition work is required in this area.

•
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• 4.2 BOILER AND BOILER AUXILIARIES· REHABILITATION DETAILS

4.2.1 Minimal Refurbishment· Minimal Emission Control

4.2.1.1 Systems and Equipment Considered for Refurbishment

Minimal Emission Control - as it was shown in Section 4.1.1.2, the effect of deteriorated fuel
quality on the load carrying capability of boiler Nos. 10 and 13 is restricting turbine/generator
output capability. However due to the age of the subject boilers, reliable long telID operation can
be ensured only if significant boiler refurbishment is done. This refurbishment will be addressed
with clean coal or uncleaned coal. In addition, the boiler capacity can be restored to the original
main steam flow rating of 640 tonnes per hour with the use of clean coal, as agreed in the
Lugansk meetings, between the power plant personnel and the BRC team.

•

As indicated in the condition assessment Section 4.1.1.3, these boilers have major ambient air
ingress in the refractory, insulation, lagging and casing [RILC] covering the furnace tubes. The
convective back pass refractory and metal casing are deteriorated. Bums and Roe estimated the
amount of area for RILC and furnace water wall and other tubes to be replaced for each boiler.
This was based on conversations with ORES plant personnel and our engineering judgment

Furnace wall tubes are experiencing high temperature corrosion attack and wall thinning due to
steam blanketing. These tubes will be replaced or repaired as necessary.

Superheater and reheater pendant tube banks including inlet and outlet headers have low cycle
fatigue and/or creep damage. The low steam temperature horizontal reheater and economizer
tubes are experiencing erosion damage which will be replaced or repaired as necessary. The
furnace roof tube penetration seals are deteriorated which will be replaced.

The superheater and reheater steam attemperator piping, thelIDal sleeves, spray water nozzles,
flow control and isolating valves for both boiler Nos. 10 and 13 need to be inspected.

The superheater and reheater spray attemperators operate by adding high purity water through
spray nozzles into the superheated steam integral pipeline. The spray water then vaporizes and
mixes with the superheated steam, thus cooling it and controlling the superheated steam
temperature. Due to the large temperature difference between the spray water and superheated
steam (up to 250°C), the spray nozzle heads and pipeline thermal liners receive a large thelIDal
shock each time the attemperator is used. Over the course of extended operating periods, the
effect of the accumulated thermal shocks are substantial, causing attemperator failures due to
thermal fatigue. Each year, spray water attemperator failures are one of the three (3) main causes
of major extended forced outages in the US electric utility industry. Such forced outages can be
dramatically reduced by employing a regularly scheduled inspection/replacement program for
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spray attemperators. Metallurgy lab personnel need to carry out regular checks of the
attemperators.

The superheater and reheater steam attemperators piping, thermal sleeves, spraywater nozzles,
flow control and isolating valves will be inspected by qualified metallurgy lab personnel and items
be repaired or replaced as necessary. No. 10 boiler has a total of eight (8) attemperators and No.
13 boiler has a total of twelve (12) attemperators.

The rotary regenerative air preheaters have higher than design cold air to flue gas side leakage and
the baskets are experiencing fouling. The cold air to flue gas leakage for each regenerative air
preheater will be reduced to original design value by complete replacement of axial and
circumferential seals. Also a soot blower will be added to each regenerative air preheater. It is
current practice in the United States and abroad to have a sootblower for each regenerative air
preheater. This is to enable on-line cleaning of the rotating heating surfaces. The flue gas ducting
from rotary air preheater to particulate emission control equipment and from particulate emission
control equipment to stack has corrosion damage which will be refurbished, the expansion joints
for the cold end of rotary air preheater are deteriorated. This deteriorated condition of the
expansion joints is caused partly by the formation of sulfuric acid in flue gas due to the sulfur
content in the fuel and the presence of moisture in the flue gas. Additional moisture can be added
to the flue gas stream due to economizer tube leaks, incomplete water washing and unprotected
FD fan inlets. The presence of sulfuric acid and presence of moisture in the flue gas cause
dewpoint corrosion, particularly of the cold end metallic expansion joints for the rotary air
preheater. Acid resistant non-metallic (fabric) expansion joints will be used for this replacement
These fabric expansion joint will have a longer service life.

The induced draft fans are experiencing erosion damage of housing and fan impeller. The ID fan
housings will be repaired as necessary and lined with a ceramic material. The ill fan impellers will
be replaced or repaired as necessary. Each impeller will be balanced in the field.

Firing system for each boiler has abrasion and erosion damage in the circulating air centrifugal
separating cyclones, primary air/pulverized coal (PAlPC) ducting, raw coal conduits, vent
conduits, ball mill liners and PAlPC coal conduits. In conjunction with the upgrade of the ball
mills, the existing static classifier will be replaced by a dynamic classifier. This dynamic classifier
for each ball mill will increase the pulverized coal fineness. This will result in a more stable flame
with reduced amounts of natural gas auxiliary fuel support required and reduced unbumt carbon
in flyash efficiency loss.

A Dynamic Classifier provides effective particle separation through the application of the
following theoretical principles:

Coal particles of varying size are transported pneumatically by the PA flow into the classifier
where they impinge against the rotating separator vanes. At this point the coal particles are under
the influence of a centripetal force ® due to the radial air flow, as well as centrifugal force (Fe)
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resulting from the rotating vanes. When the centrifugal force acting on a particle is greater than
the centripetal force, the particle is ejected out of the separator. The centripetal force magnitude
is related to the particle size as well as air flow velocity, while the centrifugal force is related to
particle size and the separator radius and RPM as described below. Thus, at a fixed PA flow the
separator RPM can be adjusted to eject particles of a given size or larger while permitting the
smaller particles to pass through. Once an operating curve is created, the separator RPM can be
automatically adjusted according to PA flow for optimum performance (See Figure 4.2-1).

The hot PA circuit control and isolating dampers are operating poorly which will be refurbished.
The fuel injectors of boiler #10 and swirl burners of boiler #13 are experiencing metal loss due to
oxidation, distortion, due to high metal temperatures. These parts will be replaced or refurbished
as necessary.

The wet bottom furnace slag tap refractory lining is worn, exposing water wall tubing. Excessive
tube repair is being experienced in this area. This lining will be replaced.

The sootlances for pendant superheater and reheater and pulse/vibratory sootcleaning system is
not operating properly. This is resulting in higher flue gas side pressure loss and increased heating
surface fouling. These soot cleaning systems will be repaired as necessary.

A burner management system including flame scanners will be added for pulverized coal, natural
gas and mazut fires. This will greatly improve plant safety.

There is no continuous emission monitoring system (CEM) for NOx, SOx, CO and particulates for
both boiler Nos. 10 and 13. A CEM will be added for each boiler.

The load capability of the boiler is limited during wet coal conditions because only one (1) mill per
boiler has a mazut duct burner for primary air temperature boosting. A new mazut duct burner
will be added for each boiler and the existing mazut fired duct burner will be refurbished.

In general, the modifications are considered as minimal and their purpose is to increase boiler
availability and reliability and reduce maintenance costs. If uncleaned coal is used with these
minimal modifications the derated steam flow of 400 tonnes per hour will remain at the present
level with an estimated 30% natural gas boiler auxiliary fuel support firing. But if cleaned coal is
used with these minimal modifications, the boiler steam flow will be restored to the original level
of 640 tonnes per hour with the use of natural gas auxiliary fuel support firing estimated of 15%.

The plant personnel at Lugansk GRES stated that the original boiler with the design coal (similar
in characteristics to clean coal) did not require auxiliary natural gas fuel support firing. However
Bums and Roe considers it necessary to take into account other operating variables and predicts
15% of natural gas support firing with clean coal.

•
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The list of minimal upgrades for the TP-lOO type boilers of the 200 MW units includes the
following:

• Replace localized areas at RILC covering furnace tubes

• Partial replacement of furnace wall tubes

• Partial replacement of superheater and reheater pendant tube banks including headers

• Repair of furnace roof tube penetration seals

• Complete replacement of air preheater seals

• Add sootblower cleaning system to each air preheater

• Inspect superheater and reheater attemperators

• Replace flue gas ducting

• Repair ill fan casing and coat with ceramic lining

• Replace or repair ill fan impellers as required. Balanced each impeller in the field.

• Replace air preheater expansion joints

• Repair/refurbish ball mills including dedicated seal air fans, mill coal level and
powersonic or similar ball charge automatic control/monitoring system

• Repair/refurbish fuel injectors no. 10 boiler and swirl type burners no. 13 boiler.

• Refurbish wet bottom furnace slag tap refractory lining as required

• Repair sootlances and pulse/vibratory sootcleaning systems

• Add burner management system to monitor pulverized coal, natural gas and mazut
firing

• Add continuous emission monitoring system CEM for boiler No. 10 and 13

• Add a mazut fired duct burner for ball mill PA temperature boost on each boiler. Also
refurbish each existing mazut fired duct burner on each boiler.

In summary, the minimal modifications and upgrades for boiler Nos. 10 and 13 together with their
benefits are shown in Table 4.2.1.
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Table 4.2.1

Minimal Modifications and Upgrades

For Boiler Nos. 10 and 13

ITEM ITEM DESCRIPTION BENEFIT IMPROVEMENT
NO.

1 Replace RILC in furnace area R,M A

2 Repair convective backpass refractory and casing R,M A

3 Replace furnace wall tubing R,M A

4 Replacelrepair superheater and reheater pendant tube bands with inlet and R,M
outlet headers (This item will be done by Lugansk GRES).

5 Repairlreplace low temperature reheater tubes R,M

6 Repairlreplace economizer tubes R,M

7 Inspect superheater and reheater attemperator components 'R,M

8 Install erosion shield for superheater, reheater and economizer tubes R,M

9 Replace furnace roof tube penetration seals R,M A

10 Replace air preheater radial and circumferential seals. Add swinging arm R,M A
sootblower for each air preheater

11 Repair ID fan casing and install ceramic liner. Repair/replace ID fan R,M A
impellers as necessary

12 Refurbish flue gas dutting from rotary air preheater to particulate R,M A
emission control equipment and from emission control equipment to
stack. Replace metallic expansion joints at the cold end of rotary air
preheater with new upgraded fabric type expansion joinL

13 RepairJrefurbish grinding circuits, two per boiler, including circulating air R,M
centrifugal fans, separating cyclones, PAIPC dutting, raw coal conduits,
vent conduits. Retro-fit abrasion resistant ceramic tiling in areas of high
erosion damage.

14 Replace existing static, centrifugal type with rotary [dynamic] type. R,M A

15 Repairlrefurbish trunnion seals, seal air system including dedicated seal R,M B
air fans, mechanical components, as required for each baH mill. Retro-fit
mill coal level and ball charge weight automatic controllmonitoring
system [powersonic or similar]

16 Refurbishlrepair fuel injectors [eight per boiler for #10] swirl burners R,M
[sixteen per boiler for #13].

17 Refurbish wet bottom furnace slag tap refractory lining as required R,M

18 Refurbish sootlances, retractable of the pendant superheater and reheater R,M
tube banks, also the pulse/vibratory sooteleaning system of each boiler,
refurbish as required
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19 Add burner management system for each boiler, including individual R,M
burner flame scanners, for pulverized coal, natural gas, mazut firing

20 Add continuous emission monitoring ICBM] system for monitoring No., M -
Sox, CO, particulates, unburnts, install for each boiler

21 Add duct burner for ball mill inlet PA temperature boost , mazut fired: R,M C
repairlrefurbish existing one per boiler, install one per boiler new duct
burner system complete

Legend R- Increase Reliability

M- Reduce Maintenance

A- Reduce Auxiliary Power

B- LOI reduction and output

C- Increased steam output

4.2.1.2 Performance Improvement

It should be pointed out that use of clean coal with the minimal refurbishment will restore the
boiler steam output to the design output of 640 tonnes per hour and 15% auxiliary natural gas
firing required. The use of unclean coal with minimal refurbishment result in the maximum
(derated) boiler steam output of 400 tonnes per hour with 30% auxiliary natural gas firing
required. The reduction of ingress of ambient air due to repair of casing, roof tube penetration
seals, expansion joints, ducts will reduce the ID fan auxiliary power requirements and will result in
more stable combustion condition. The replacement of air preheater seals will reduce both FD
and ID fan auxiliary power requirements.

4.2.2 Minimal Refurbishment· Improved Emission Control

4.2.2.1 System and Equipment Considered for Refurbishment

This option is the same scope of work as stated in Section 4.2.1.1 but includes replacement low
NOx burners.

When the new source performance standards were enacted in the United States, this prompted
boiler manufacturers to offer low NOx producing burners.

The typical new, double register low NOx burner retains the proven feature of tangential
admission of coal and primary air into the burner body and is fitted with two air registers in series
for complete control of the axial and radial velocities of the secondary air. Each burner is also
equipped with its own -perforated air hood and movable sleeve to allow the independent
measurement and control of air flow to individual burners. (See Fig. 4.2-2).
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The design evolved results in a more gradual mixing of the primary air-coal stream with the
secondary air, since both streams now enter the furnace on parallel paths with controlled mixing.
The movable sleeves are adjusted during commissioning to accurately balance the air to each
burner to keep carbon monoxide emissions as low as possible. No further movement of the sleeve
is anticipated after initial balancing. Normal on/off control of secondary air for light-off or for
shutdown of individual, or groups of, burners is accomplished by remote, manual or automatic
operation of the larger outer burner register only.

To further reduce NOx level or to increase design margin, individual manufacturers will offer
priority over fire air ports, burner staging and/or boundary air slots. For welded wall furnace
construction only, boundary air ports can be added (See Figure 4.2-3). These ports inject
combustion air along the sidewalls, producing a high excess oxygen concentration that will not
vary significantly as all mills are taken in and out of services over the boiler's control range. A
boundary air system can maximize the overall flexibility to control oxygen distribution during
combustion.

4.2.2.2 Petformance Improvement

The petformance improvement for these options are the same as stated in Section 4.2 but will
have an improvement in emission levels as shown in Table 4.2.2.2.

4.2.3 Conversion to Double Arch Firing - Improved Emission Control

4.2.3.1 System and Equipment Considered for Refurbishment.

This option is the same scope of work as stated in Section 4.2.1 but includes removing the entire
furnace enclosure and replacing with welded membrane furnace tube walls and furnace roof. Also
included is furnace double arches with tube openings for slot type pulverized coal burners. Also
the furnace framing system, lower furnace fireside refractory lining, insulation and lagging will be
replaced.

Welded wall construction was developed by several American boiler manufacturers in the 1950's
to improve boiler reliability and reduce maintenance costs. Today, welded wall construction for
utility type boilers is standard for both American and foreign manufactured boilers (See Figure
4.2-4).

These welded wall panels form a gas tight enclosure, thereby eliminating gas leakage and false air
ingress and subsequent casing corrosion or burnout. Such construction also reduces material and
maintenance costs, simplifies design and improves structural rigidity.

It also permits the use of simple outer casing insulation which is easily removed, exposing all
pressure parts. From the standpoint of maintenance, this easy access feature represents a real
time-saving advantage.

In conjunction with adding fully welded furnace walls and roof tubes, the furnace walls will be
rearranged in a double arch with new downward pulverized coal fired burners and suitably
positioned fireside refractory cover. (See Figures 4.2-5,4.2-6).
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• The typical new anthracite burners which will be added, receive a decreased air-coal ratio of the
mixture leaving the burner nozzle to a value which will assure quick and stable ignition of low
volatile fuels. In most cases, the continuous use of natural gas firing to stabilize the pulverized
coal flame is not required. The down fired burner arrangement permits a longer flame path which
results in lower NOx and lower loss on ignition (LOI) in bottom ash (See Fig. 4.2-7).

The rearranged configuration furnace will have a dry bottom i.e. dry bottom ash. Disposal will be
with submerged scraper conveyors (two per boiler). The furnace tube hopper slopes will be
increased accordingly, from 15 to 50 degrees from the horizontal (two tube hoppers per boiler).
For the uncleaned coal firing alternative of the double arch down-fIred furnace boiler, it will be
necessary to replace the existing ball mills with two (2) per boiler ball mills with an increased coal
throughput of 60 telh each.

In summary, the minimal modification and upgrades including double arch firing in a dry bottom
furnace and new low Nox burners for boiler Nos. 10 and 13 together with their benefIts are
shown in Table 4.2.3.1.

4,2.3.2 Performance Improvement

The performance improvement for these options are the same as stated in Section 4.2.1 but will
result in improvement of emission levels as stated in Section 4.2.2 and will reduce the amount of
natural gas required to support coal fIring (See Table 4.2.2.2). Also the main steam output will be
restored to the original design value of 640 ton/hour for both the clean coal and uncleaned coal

• fIring, as agreed in the Lugansk meetings between power plant personnel and BRC team.

•
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Table 4.2.3.1

Conversion to Arch Firing-Improved Emission Control

For Boilers No. 10 and 13

TIEM IlEM DESCRIPTION BENEFIT IMPROVEMENT
NO.

t Replace RILe in furnace area R,M A

2 Repair convective back pass refractory and casing R,M A

3 Replace furnace wall tubing with membrane wall including furnace roof R,M A
with double arch configuration and fIreside refractory coverage

4 Replacelrepair superheater and reheater pendant tube bands with inlet and R,M
outlet headers (This item will be done by Lugansk GRES).

5 Repairlreplace low temperature reheater tubes R,M

6 Repairlreplace economizer tubes R,M

7 Inspect superheater and reheater attemperator components R,M

8 Install erosion shield for superheater, reheater and economizer tubes R,M

9 Replace furnace roof tube penetration seals R,M A

10 Replace air preheater radial and circumferential seals. Add swinging arm R,M A
soothlower for each air preheater .

11 Repair ID fan casing and install ceramic liner. Repairlreplace ID fan R,M A
impellers as necessary

12 Refurbish flue gas ducting from rotary air preheater to particulate R,M A
emission control equipment and from emission control equipment to
stack. Replace metallic expansion joints at the cold end of rotary air
preheater with new upgraded fabric type expansion joint.

13 Repairlrefurbish grinding circuits, two per boiler, including circulating air R,M
centrifugal fans, separating cyclones, PA/PC ducting, raw coal conduits,
vent conduits. Retro-fit abrasion resistant ceramic tiling in areas of high
erosion damage.

14 Replace existing static, centrifugal type with rotary [dynamic) type. R,M B

15 Repairlrefurbish trunnion seals, seal air system including dedicated seal R,M C for unclean coal only
air fans, mechanical components, as required for each ball mill. Retro-fit
mill coal level and ball charge weight automatic contro1lrn0nitoring
system [powersonic or similar]. For uncleaned coal, install two (2) 60 ton
per hour ball mills per boiler.

16 Install new slot burners for each boiler R,M B

17 Furnace tube hopper modifications for dry bottom ash removal R,M

18 Refurbish sootlances, retractable of the pendant superheater and reheater R,M
tube banks, also the pulse/vibratory sootcleaning system of each boiler,
refurbish as required

5991-01A1Lug-4.DocII0130/95 4-51



•

•

•

19 Add burner management system for each boiler, including individual R,M
burner flame scanners, for pulverized coal, natural gas, mazut firing

20 Add continuous emission monitoring [CEM) system for monitoring NO.. M -
SOx, CO, particulates, unburnts, install for each boiler

21 Add duct burner for ball mill inlet PA temperature boost , mazut fired: R,M C for wet coal conditions
repair/refurbish existing one per boiler, install one per boiler new duct
burner system complete

Legend R- Increase Reliability

M- Reduce Maintenance

A- Reduce Auxiliary Power

B- LOI reduction

c- Increased steam output

4.2.4 Extensive Refurbishment· Improved Emission Control

4.2.4.1 Systems and Equipment considered for Refurbishment

This option is the same scope of work as stated in Section 4.2.1 but includes welded membrane
furnace and roof tube panels but in the original furnace configuration. Included are new horizonal
fired low NOx burners. With the firing of unclean coal, two (2) new 60 ton per hour ball mills
are required for each boiler.

In summary, extensive refurbishment with the existing configuration of boiler does not appear to
be an economical alternative, because the relatively small capital cost of adding double arch firing
and slot burners will be less than the considerable savings in auxiliary natural gas firing over the
remaining life of the boiler, of the double arch fired furnace design. This option is only for cost
comparison to the option presented in Section 4.2.3. This option together with the benefits are
shown in Table 4.2.4.2.

4.2.4.2 Performance Improvement

The use of clean coal with the extensive refurbishment will restore the boiler steam output to the
design output of 640 tonnes per hour and 5% auxiliary natural gas firing required. The use of
unclean coal with extensive refurbishment will result in the maximum boiler steam output of 640
tonnes per hour with 15% auxiliary natural gas firing required. The reduction of ingress of
ambient air due to the retrofit fully welded furnace tubewall, roof tube penetration seals,
expansion joints, ducts will reduce the ID fan auxiliary power requirements and will result in more
stable combustion condition. The replacement of air preheater seals will reduce both FD and ID
fan auxiliary power requirements.
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Table 4.2.4.2

Extensive Refurbishment - Improved Emission Control

For Boilers No. 10 and 13

I1EM I1EM DESCRIPTION BENEFIT IMPROVEMENT
NO.

1 Replace RILC in furnace area R,M A

2 Repair convective back pass refractory and casing R,M A

3 Replace furnace wall tubing with welded membrane wall including R,M A
furnace roof, with the existing configuration

4 Replacelrepair superheater and reheater pendant tube bands with inlet and R,M
outlet headers (This item will be done by Lugansk GRES).

5 Repairlreplace low temperature reheater tubes R,M

6 Repairlreplace economizer tubes R,M

7 Inspect superheater and reheater attemperator components R,M

8 Install erosion shield for superheater, reheater and economizer tubes R,M

9 Replace furnace roof tube penetration seals R,M A

10 Replace air preheater radial and circumferential seals. Add swinging arm R,M A
sootblower for each air preheater

11 Repair ID fan casing and install ceramic liner. Repairlreplace ID fan R,M A
impellers as necessary

12 Refurbish flue gas dueling from rotary air preheater to particulate R,M A
emission control equipment and from emission control equipment to
stack. Replace metallic expansion joints at the cold end of rotary air
preheater with new upgraded fabric type expansion joint

14 Repairlrefurbish grinding circuits, two per boiler, including circulating air R,M
centrifugal fans, separating cyclones, PAIPC dueling, raw coal conduits,
vent conduits. Retra-fit abrasion resistant ceramic tiling in areas of high
erosion damage.

15 Replace existing static, centrifugal type with rotary (dynamic] type. R,M B

16 Repairlrefurbish trunnion seals, seal air system including dedicated seal R,M B
air fans, mechanical components, as required for each ball mill. Retra-fit
mill coal level and ball charge weight automatic controllmonitoring
system (powersonic or similar]. For uncleaned coal, install two (2) 60 ton
per hour ball mills per boiler.

17 New swirl burners (sixteen per boiler ] low NOx design. R,M B

18 Refurbish wet bottom furnace slag tap refractory lining as required R,M

19 Refurbish sootlances, retractable of the pendant superheater and reheater R,M
tube banks, also the pulse/vibratory sooteleaning system of each boiler,
refurbish as required
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20 Add burner management system for each boiler. including individual RoM
burner flame scanners, for pulverized coal. natural gas, mazut firing

21 Add continuous emission monitoring ICBM] system for monitoring NO.. M -
SOx. CO. particulates. unburnts. install for each boiler

22 Add duct burner for ball mill inlet PA temperature boost • mazut fired: RoM C with wet coal
repairlrefurbish existing one per boiler, install one per boiler new duct
burner system complete

Legend R- Increase Reliability

M- Reduce Maintenance

A- Reduce Auxiliary Power

B- LOI reduction and output

c- Increased steam output
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• 4.3 EMISSION CONTROLS· REHABILITATION DETAILS

Details of the rehabilitation requirements and recommendations for each of the potential
rehabilitation options are described in this section of the report. Since boiler and turbine
rehabilitation options for Unit 10 and Unit 13 are almost identical, the recommendations and
associated investment and operating costs are addressed only once and are applicable to both unit
rehabilitation programs.

4.3.1 Minimal Refurbishment· Minimal Emission Controls

4.3.1.1 Particulate Emissions

Upgrading of the particulate emission control equipment is provided by this option. Particulate

emission limits for the unit are 150 mg/Nm3 which requires a collection efficiency of 99.6% for
the uncleaned coal and 99.1 % for the cleaned coal. To achieve this emission limit the existing
particulate collection equipment will be replaced with high efficiency particulate collection
equipment. Alternatives are described below.

Electrostatic Precipitator (ESP) Replacement

Assuming boiler steam and flue gas production rates remain substantially unchanged, the design
requirements for a replacement ESP which can accomplish the required collection efficiency are
estimated as follows:

Fuel Fired Uncleaned Coal Cleaned Coal• Steam Production, tfhr 400 564

Flue Gas Volume, Am3/hr 933,000 1,265,500

ESP Design Efficiency, % 99.6 99.1

SCA Required, ft2/1000ACFM 550 425

ESP Plate Area Required, m2 30,870 32,350
(Including Design Margin)

An ESP design to achieve the 150 mg/Nm3 limit, based on western technology, would have the
following characteristics:

•

Field Height, mi.

Design Velocity, m/s

ESP Width, m.

Plate Spacing, mm.

Gas Passages

Plate Length, m.
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Uncleaned Coal

14.63

1.21

14.6

304.8

48

22.5

Cleaned Coal

14.63

1.21

19.8

304.8

65

17.3



• Estimated Overall Dimensions, m.

Length (Excluding Inlet/Outlet)

Width

Height (Including Hoppers)

25

16

23

20

21

23

•

•

The proposed ESP, 21meters wide x 20 meters in length, occupies almost the same plot area as
the existing ESPs while providing some 2.3 times the plate area. This is accomplished by utilizing
collecting plates of a greater height (14.6 meters vs.8.1 meters), closer plate spacing (305 mm vs.
340 mm) and fewer accessways within the ESP. This design is considered "standard" for Western
technology ESP.

The budgetary price for engineering and material supply, FOB East Coast USA, for either ESP is
$2.2 million.

Fabric Filter Particulate Collection Equipment

As an alternate to the application of ESP to fly ash collection, fabric filter systems may be installed.
Both Reverse Air and Pulse Jet Baghouses have been utilized to collect ash and dust from flue gas.
While the reverse-air designs accounted for the majority of utility installations in the past, pulse jet type
fabric filters are growing in popularity and are now the primary choice for many applications.

In the pulse jet design, flue gas containing particulate material (dust) enters the hopper below the bags
and is collected on the bag's outside surface. The bags are connected to the tube sheet at the top. To
prevent collapse of the bags during filtering, each bag is fitted with an internal wire cage. Bags are
cleaned by short "pulses" of air delivered at the top of the bags in the reverse direction of the gas flow.
These pulses cause bag movement that, combined with the back-flushing action, dislodge the dustcake
collected on the outside of the bag. The dust falls into the hopper below. The cleaned flue gas leaves
the fabric filter and is exhausted to the atmosphere through the stack.

The advantage offabric filters over ESPs is the very high dust collection efficiency of the fabric filters,
especially when considering fine particulate matter. Where high collection efficiency is required, for
high resistivity ash, pulse jet fabric filters may be more cost effective than ESPs.

Two (2) fabric filter systems, each containing four compartments, would be provided to clean the flue
gas generated in this option. The two fabric filters would occupy a plot area similar to the proposed
ESP. The budgetary price for engineering and material supply, FOB East Coast USA, for such a
fabric f:tlter system is about $3.5 million for the uncleaned coal and $4.7 million when cleaned coal
is fired. The increase in cost for the cleaned coal operation is the result of the greater steam
output and flue gas volume generated when firing cleaned coal and the fact that fabric f:tlter sizing
and cost is sensitive to gas volume rather than to particulate collection efficiency.

Application of fabric filter technology to particulate collection would increase the auxiliary power
requirements for the unit and possibly require replacement of the boiler ID fan to achieve the
greater fan head required to operate with fabric filters installed in the gas path. Pressure loss
through the fabric filter is estimated at 170 mm H20.
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• Based on this analysis, electrostatic precipitator technology has been selected for
particulate control for this option.

4.3.1.2 NOx Emissions

NOx reduction equipment is not provided with this option. NOx emissions remain as 1600
mglNm3 when firing the uncleaned coal and are estimated at 1300 mglNm3 when firing the
cleaned coal.

4.3.1.3 Sulfur Dioxide Emissions

S02 reduction equipment is not provided with this option. S02 emissions remain as 6,660
mglNm3 when firing the uncleaned coal and are estimated at 5,206 mglNm3 when firing the
cleaned coal.

4.3.2 Minimal Refurbishment· Improved Emission Controls

Upgrading of the particulate emission controls and application of sulfur dioxide and nitrogen
oxide emission control is provided by this option. Flue gas flow rates and uncontrolled emissions
are as previously reported in Section 4.3.1. Emission limit targets and required emission
reduction efficiencies are as follows:

Particulate S02

Emission Target, mglNm3 150 800

Emission Reduction Required, %

• Uncleaned Coal 99.6 88.0

Cleaned Coal 99.1 84.6

NOx

480

70

63

•

4.3.2.1 Particulate Emissions

Options for reduction in particulate emISSIons are described in Section 4.3.1.1 Particulate
emission reduction will be achieved by replacing the existing particulate collection equipment with
high efficiency electrostatic precipitators which are significantly lower in capital cost than fabric
fIlters.

4.3.2.2 NOx Emissions

NOx reduction equipment is provided with this option. The required reductions in NOx are
achieved by applying a combination of NOx control technologies namely, 10w-NOx burners
followed by selective noncatalytic reduction of the remaining NOx.

NOx emissions from the rehabilitated boilers equipped with 10w-NOx burners have been estimated
as 1000 mglNm3 when firing the uncleaned coal and 800 mglNm3 when firing the cleaned coal.
Additional NOx reduction efficiency required meet the emission targets are 52% when firing the
uncleaned coal and 40% when firing the cleaned coal.

Non-catalytic reduction of NO by reaction with ammonia (or urea) occurs at high operating
temperatures (l600-2100<p) without a catalyst. The optimum temperature window for the NOx
reduction is 18000P to 2000OP. At higher temperatures additional NOx is created while at lower
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•

temperatures the reaction slows and requires increasing residence time. Enhancer chemicals have been
developed, which when added to urea extend its effectiveness to lower temperature by accelerating the
chemical reaction.

The urea process may reduce the NOx concentration in the flue gas by 50% and more. Because the
process consumes a chemical reagent, the cost of NOx reduction is a function of both the percent
reduction and the initial concentration of NOx. For that reason the technology is frequently applied to
NOx reduction after the maximum reduction in NOx has first been achieved by combustion
modifications. This reduces the concentration of NOx in the flue gas leaving the furnace, thereby
reducing chemical consumption and operating costs.

The key parameters in the performance of the urea process are the residence time of the flue gas within
the "temperature window" and the quantity of reagent injected into the flue gas. Although increasing
the quantity of urea reagent increases the % NOx reduction, excess urea decomposes to form
unreacted ammonia which exits the system into the atmosphere. This release of unreacted ammonia is
known as "slip". Another problem can be the formation of excessive CO and NzO levels in the flue
gas.

Ammonia slip, whether the result of ammonia or urea injection, may be responsible for a number of

operating problems. In addition to emitting a new pollutant, the ammonia may react with S03 and CI
in the flue gas producing ammonia salts which can foul and corrode the lower temperature air heater,
can cause plugging of the air heater or can form a visible plume. Ammonia may also be absorbed on
the ash collected, limiting its usefulness as a saleable byproduct.

Estimated capital cost for an SNCR NOx reduction system for a 200 MWe boiler is $975,000.

4.3.2.3 Sulfur Dioxide Emissions

Several options have been considered to achieve the required reduction in sulfur dioxide
emissions. These include

• Dry Processes (Furnace and Duct Injection)

• Wet Processes

599l-01AILug-4 .Doe/l 0130/95

• Semi-dry Processes

Furnace and Duct Sorbent Injection

In the Furnace Sorbent Injection (FSI) process, calcium-based sorbent, such as limestone or
lime hydrate, is introduced directly into the boiler cavity. When exposed to furnace temperatures,

the sorbent decomposes to form lime particles which capture S02 in suspension to form calcium
sulfate. The reaction solid product is removed with ash in the particulate control device.
Humidification of the flue gas before it is treated in the particulate control equipment enhances
S02 removal. If the particulate matter is collected in an electrostatic precipitator (ESP),
humidification of the flue gas is beneficial in maintaining the ESP performance.

S02 emissions can be reduced by 30-60% depending on the type of sorbent used, CaiS ratio and
• level of humidification. With fine particle size limestone and CafS ratio of 2 to 3, the maximum
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S02 removal is in the 35-40% range. Humidification of the flue gas will enhance the removal
efficiency by 10% but adds to the capital investment requirements for the process.

Under similar conditions, the injection of lime hydrate will yield an S02 removal in the 50-60%

range. The S02 removal performance can be also improved by recycling portions of the collected
solids.

The Duct Sorbent Injection· (DSI) Process involves injection of a sorbent into the flue gas
downstream of the air heater. S02 capture occurs in suspension within the duct and within the
downstream particulate control device. High relative humidity in the flue gas is a prerequisite for

S02 removal.

The major advantages for the sorbent injection technologies is the low capital investment and the
small plot area required for installation.

The major disadvantage of this technology is the low S02 removal efficiency which can be

achieved and since regulations require some 85% to 90% S02 removal efficiency, this technology

has been found to be unacceptable. An additional shortcoming is the sensitivity of S02 removal
to the level of humidification and the efficiency of desulfurization. At low flue gas temperatures
that favor S02 removal, there is a tendency to form wet cake deposits on duct and ESP walls that
can eventually cause severe operational problems

Wet Flue Oas Desulfurizaton Processes

The wet flue gas desulfurization (WFOD) system utilizes lime or limestone slurry as the scrubbing
reagent. The process is capable of producing a gypsum byproduct suitable for wallboard
manufacturing and/or cement production. In the event commercial byproducts are not required,
the system may produce a product which can be disposed of as landfill. The system is typically
designed for sulfur dioxide removal efficiencies of 90% or higher and HCI removal efficiencies up
to 95%.

The WFOD is normally installed downstream of the particulate collection equipment. Flue gas is
drawn by the boiler ID fans, or booster fans, which provide the energy necessary to overcome the
gas side resistance of the FOD system equipment. The flue gas stream flows into the sulfur
dioxide absorber where it is immediately saturated (adiabatically) by exposure to the absorber
slurry.

Contact between the flue gas and the slurry containing reagent may occur in a variety of
contacting devices. Following contact with the slurry, the scrubbed flue gas passes through mist
eliminators which remove entrained slurry droplets from the gas stream. The flue gas handling
system frequently includes bypass ductwork which permits the flue gas exiting the fan to flow,
untreated, directly to the chimney. In addition, a flue gas reheat system may be provided to reheat
the saturated flue gas exiting the absorber before it is discharged to the stack.

The reagent preparation system may be designed to receive pre-ground limestone or to grind
crushed limestone on-site. The product (gypsum) dewatering system is designed to concentrate
the gypsum crystals to an ultimate solids content of 85-90%+ and recirculate process water to the
absorption and reagent preparation systems.
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The major advantage for application of the wet limestone scrubbing technology is that the system
may be designed to achieve an S02 removal efficiency of 90% or greater and is applicable to all

levels of sulfur in fuel. In addition, limestone is the least costly of all alkali reagents and the
product gypsum is often usable in building materials either as cement or wallboard.

The major disadvantage of the technology is the very high investment costs associated with its
application. A cost of $13 to $15 million has been estimated for US supplied material alone, for
this application.

Semi-dry Desulfurization Processes

This process is classified as semi-dry, not wet, because the flue gas is not fully humidified as it is

in wet systems. Typically the flue gas is humidified only to within 1O-30oC of its adiabatic
saturation temperature. Contact between flue gas and reagent occurs in a spray drying vessel
located upstream of the particulate collection device. The system is typically designed for sulfur
dioxide removal efficiencies of up to 90% when firing low to intermediate sulfur coal. Lime is the
most popular reagent, although other reagents have also been shown to be effective absorbents
for spray drying.

The flue gas exiting the combustion air preheater comes in contact with an alkaline solution or
slurry in a spray dryer. The flue gas passes through a contact chamber, and the solution or slurry
is sprayed into the chamber with a rotary or nozzle atomizer. The heat of the flue gas dries the
atomized droplets while the droplets absorb sulfur dioxide from the flue gas. The sulfur dioxide
reacts with the alkaline reagents to form solid phase sulfite and sulfate salts.

Most of the solids (and any fly ash present) are carried out of the dryer in the exiting flue gas.
The rest fall to a hopper at the bottom of the dryer. The flue gas then flows to the solids
collection device where the dry solids (reaction products, unreacted absorbent, and flyash) are
collected. A fabric filter (baghouse) or ESPs may be used. When a baghouse is used, significant
absorption of sulfur dioxide may occur during solids collection as absorbent in the solids collected
on the surface of the bags reacts with sulfur dioxide remaining in the flue gas.

The cleaned flue gas leaves the collection device and is exhausted to the atmosphere (stack) by
the boiler ID fans. As in the case of the other processes, the fans are located downstream of the
particulate collection device. In contrast to the wet processes, however, the absorber (spray
dryer) is located upstream of the collection device.

The discharge flue gas is maintained above the dew point by control of the spray dryer discharge
temperature and by the heat of compression added by the boiler ID fans. Reheating of the treated
flue gases is not normally required.

This technology utilizes lime, not limestone, as the reagent. In lime systems, pebble lime (CaO) is
slaked to produce a reactive lime slurry. Utilization of the reagent can often be improved by
recycle of the waste solids particularly in lime systems where the unreacted absorbent remaining in
the waste solids can be used.

Waste solids from spray dryer processes have handling properties similar to dry fly ash and are
usually conveyed pneumatically to storage bins and then trucked to landfill sites for disposal.
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The major advantages to the application of semi-dry technology when compared with wet
scrubbing processes are the lower investment cost, reduced plot area requirements, lower gas side
pressure drop and reduced complexity of operation.

The major disadvantage of this technology is the requirement for the use of more costly lime,
instead of limestone, as the reagent for S02 removal. In addition, the reaction product is dry
powder containing fly ash and must disposed of with same considerations as fly ash. No useful
saleable product is available.

A cost of $6.3 to $8.1 million has been estimated for US supplied material alone, for this
application.

Based on its investment cost advantage, the semi-dry flue gas desulfurization technology
has been selected to achieve the 802 removal required to meet emission standards. The
spray dryer desulfurizaton equipment would be installed upstream of an electrostatic
precipitator which will collect fly ash and desulfurization waste product

The cost for US supplied material for the combined spray dryer/electrostatic precipitator emission
control system has been estimated at about $8.4 million for the uncleaned coal and $10.3 million
for the cleaned coal with the higher cost case reflecting the greater steam production and MWe
output. The cost including the required NOx reduction system ranges from $9.4 million
($65lkW) for the uncleaned coal to $11.3 million ($56lkW) for the cleaned coal case. Application
of the selected technologies will reduce emissions to the stated emission targets.

4.3.3 Conversion to Arch Firing - Improved Emission Controls

Modification of the boiler firing system, upgrading of the particulate emission controls and
application of sulfur dioxide and nitrogen oxide emission control is provided by this option. As
pointed out previously, application of arch firing technology essentially eliminates the requirement
for natural gas cofiring and permits generation of 200 MWe even with the uncleaned coal. This
results in greater coal firing rates and a flue gas containing somewhat higher quantities of ash and
SOz, requiring slightly higher removal efficiencies to achieve the target emissions.

Flue gas flow rates and uncontrolled emissions for the rehabilitated arch fired boilers are:

•

Fuel Fired

Steam Production, t/hr

Flue Gas Volume, Am3/hr

Uncontrolled Emissions, mg/Nm3

Particulates
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Uncleaned Coal

564

1,037,1000

47,315

8,451

750

Cleaned Coal

564

1,070,250

18,313

5,865

680



Emission limit targets and required emission reduction efficiencies are as follows:

•
Emission Target, mglNm3

Emission Reduction Required, %

Uncleaned Coal

Cleaned Coal

Particulate

150

99.7

99.1

S02

800

90.5

84.4

NOx

240

85.0

81.5

•

4.3.3.1 Particulate Emissions

Options for reduction in particulate emissions are described in Section 4.3.1.1 Particulate
emission reduction will be achieved by the installation of electrostatic precipitators which are
significantly lower in capital cost than fabric mters.

4.3.3.2 NOx Emissions

NOx reduction equipment is provided with this option. The emission targets in the case of the
arch fired (dry bottom) boiler are only half the concentration permitted for the wet bottom boiler
design however (240 mg/Nm3 vs. 480 mglNm3

). Reductions to 480 mglNm3 are achieved by
applying a combination of NOx control technologies namely, 10w-NOx burners (combustion
modifications) followed by selective noncatalytic reduction of the remaining NOx (post
combustion controls).

NOx emissions from the arch fired boiler equipped with 10w-NOx burners have been estimated as
750 mg/Nm3 when firing the uncleaned coal and 680 mglNm3 when firing the cleaned coal.
Additional NOx reduction efficiency required meet the emission targets are as follows:

Emission Target, mgINm3

Estimated Emissions, mg/Nm3

Uncleaned Coal

Cleaned Coal

Emission Reduction Required, %

Uncleaned Coal

Cleaned Coal

480

750

680

36

30

240

750

680

68

65

•
The table indicates that while a reduction in NOx emissions of only 30% to 36% would be
required to achieve an emission target of 480 mg/Nm3

, the post combustion NOx emission
reduction reqUirements are increased to 65% to 68% to achieve the lower emission target of 240

mg/Nm
3

. While the 480 mg/Nm
3

is easily achieved by implementation of the SNCR technology
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described in the previous section, this technology has limited emission reduction capability and
can not achieve the lower emission target. Achieving reduction in NOx emissions of greater than
50%, utilizing post combustion technology requires the application of a catalytic reduction system
usually referred to as selective catalytic reduction (SCR).

Selective Catalytic Reduction

Selective Catalytic Reduction (SCR) is a post combustion NOx control technology utilizing ammonia
(NH3) as the reducing agent. The operating temperature (6OO-900'F) permits the reaction to take
place outside the furnace with the catalyst typically installed between the economizer outlet and the air
preheater inlet.

Selective catalytic reduction is an effective method for reduction of NOx generated from combustion.
Reductions of greater than 80% can be achieved through the use of this technology, independent of the
inlet NOx concentration. Since ammonia reagent is consumed in the process however, SCR is
frequently applied to a system after combustion modification has been implemented.

The key to the effectiveness of the technology is the performance and life of the catalyst and a great
deal of research has been devoted to both of these topics. The catalysts are typically manufactured as
modules which may be installed in a reactor through which the flue gas flows. Catalysts may be
manufactured of metal (titanium, vanadium, etc.) oxides or coated ceramic molecular sieve (Zeolite).
The size and number of catalyst modules are determined by the flue gas flowrate, the level of NOx

reduction required and the design life of the catalyst.

Catalyst deactivation, or loss of reactivity over time requires the catalyst to be replaced and contributes
significantly to the cost of the SCR NOx reduction technology. The deactivation occurs by both
physical means (high temperatures, plugging with particulates, etc.) and chemical poisoning caused by
contaminants in the gas stream. This is especially true for applications where very high ash coals are
fired in the boiler resulting in high fly ash loading in the flue gas.

SCR application to existing units results in increased draft loss and may require upgrading or
replacement of the I.D. fanes).

Costs associated with the application of SCR are quite high. Typical costs have been estimated at
about $65 per kW of capacity which would equate to $13 million for this 200 MWe coal fIred
boiler.

Hybrid Selective Catalytic Reduction

Recognizing the very high cost associated with the installation of an SCR system, and the fact that
for many applications reductions in NOx concentration of 80% to 90% are not required, industry
has been exploring the application of hybrid NOx reduction systems which utilize a small SCR
catalyst in combination with a boiler reagent injection system (SNCR).

In this design, costs for the SCR catalyst are reduced because signifIcant reduction is achieved by
the SNCR technology. Reducing NOx emissions by 68%, for example, could be achieved by a
hybrid installation where the SNCR process operates at 45% NOx reduction efficiency requiring
only an additional 42% reduction in NOx emissions to be provided by the catalyst system.

Hybrid SCR systems have been installed and demonstrated on utility boilers. The systems have
been applied in various configurations with SNCR combined with in-duct and air heater SCR
perhaps the most applicable to this investigation. This application utilizes the unreacted ammonia
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• (slip) from the SNCR system as part or all of the ammonia required for the catalytic reduction by
the SCR system installed downstream, either in the ductwork between the economizer and the air
heater or as catalyst containing baskets In the air heater, or both. The hybrid system requires
substantially reduced unit modifications, with lower costs, as well as reduced system pressure
drop.

Investment cost for a hybrid SNCRISCR system is highly site specific. Based on published
information the cost for a combined SNCRlin-duct SCR/air heater SCR is in the range of $25 to
$30/kW or about one third the cost of a full size SCR. This is still some four to five times the
cost of an SNCR system alone which, as pointed out above, would have sufficient NOx reduction

efficiency to achieve an emission concentration of 480 mglNm
3

.

4.3.3.3 Sulfur Dioxide Emissions

The semi-dry flue gas desulfurization technology described in Section 4.3.2.3 has been selected to

achieve the S02 removal required to meet emission standards. The spray dryer desulfurizaton
equipment would be installed upstream of an electrostatic precipitator which will collect fly ash
and desulfurization waste product.

The cost for US supplied material for the combined spray dryer/electrostatic precipitator emission
control system has been estimated along with the required NOx reduction system.

4.3.3.4 Cost Summary

Investment costs for each of the possible alternative technologies are summarized below:

• Fuel Fired Uncleaned Coal Cleaned Coal

Emission Control Equipment Cost $ xlO-6 $/kW $ xlO-6 $/kW

S02 and Particulate Controls 9.5 48 9.0 45

NOx Reduction Alternatives

Reduction to 480 mg/Nm3 (SNCR) 1.0 5 1.0 5

Reduction to 240 mg/Nm3 (SNCRISCR) 5.6 28 5.6 28

Reduction to 240 mgINm3 (SCR) 13 65 13 65

•

4.3.4 Extensive Refurbishment - Improved Emission Controls

Extensive refurbishment of the system will result in increased steam production requirements to
serve the rehabilitated steam turbine. This, in tum will require increased fuel input.

Upgrading of the particulate emission controls and application of sulfur dioxide and nitrogen
oxide emission control is provided by this option.
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• Flue gas flow rates and uncontrolled emissions for the rehabilitated arch fired boilers are:

Fuel Fired

Steam Production, t/hr

Flue Gas Volume, Am3/hr

Uncontrolled Emissions, mg/Nm3

Particulates

S02

NOx

Uncleaned Coal

626

1,106,750

43,206

7,760

1,000

Cleaned Coal

626

1,149,250

17,538

5,648

800

Emission limit targets and required emission reduction efficiencies are as follows:

Particulate S02 NOx

Emission Target, mg/Nm3 150 800 480

Emission Reduction Required, %

Uncleaned Coal 99.6 89.7 70

• Cleaned Coal 99.1 85.8 63

•

These emission reduction requirements are almost identical to those described in Section 4.3.2,
and the recommended technologies to be applied are the same.

4.3.4.1 Particulate Emissions

Options for reduction in particulate ermSSlons are described in Section 4.3.1.1 Particulate
emission reduction will be achieved by the installation of electrostatic precipitators which are
significantly lower in capital cost than fabric filters.

4.3.4.2 NOx Emissions

The NOx reductions are achieved by applying a combination ofNOx control technologies namely,
10w-NOx burners followed by selective noncatalytic reduction of the remaining NOx. These
technologies are described in Section 4.3.2.2.

4.3.4.3 Sulfur Dioxide Emissions

The semi-dry flue gas desulfurization technology as described in Section 4.3.2.3 has been selected
to achieve the S02 removal required to meet emission standards. The spray dryer desulfurizaton
equipment would be installed upstream of an electrostatic precipitator which will collect fly ash
and desulfurization waste product.

S991-QIAlLug-4.Doc/4/10i96 4-65
\\



•

•

•

The cost for US supplied material for the combined spray dryer/electrostatic precipitator emission
control system has been estimated along with the required NOx reduction system. Costs are as
follows:

Fuel Fired Uncleaned Coal Cleaned Coal

Emission Control Equipment Cost $ xlO-6 $/kW $ xlO-6 $/kW

S02 and Particulate Controls 9.9 44 9.5 42

NOx Reduction to 480 mg/Nm3 1.0 4 1.0 4
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4.4 TURBINE GENERATOR· REHABILITATION DETAILS

4.4.1 Systems and Equipment Considered for Rehabilitation

4.4.1.1 General Considerations

As it was shown in Section 4.1.3 the turbine generator output capability is presently severely
reduced. Unit 10 currently generates about 139 MW (gross), and the gross output of Unit 13 is
145.5 MW. The reduction in output is mostly due to the operation of the steam generators on
unsatisfactory fuel. However, due to the advanced age of the subject units reliable long term
operation cannot be ensured without significant refurbishment of the turbo-generators even if the
steam generating capability of the boilers is restored. In addition, various turbine rehabilitation
measures can be made which will increase turbine output and reduce heat rate.

As indicated in the condition assessment section the steam turbines have accumulated excessive
number of operating hours and show signs of metal fatigue and wear. Both units have developed
cracks in the turbine casings and valves, and had a series of problems with turbine components
and require significant maintenance to keep them running. The lack of spare parts also
contributes to the reduction of availability of the turbines. There are serious problems with the
turbine control system due to excessive wear which causes the operation to be unstable. Unit 10
turbine has exceeded its original design life by a factor of more than 2 and also exceeded its
officially extended life of 220,000 hours. Unit 13 has lower operating hours than Unit 10 but will
approach the above extended hours in the next 5-6 years.

The current operation of the units includes the production of make-up water by using evaporators
in the steam/feedwater cycle. However, as part of this study the refurbishment of the water
treatment system is also recommended (see Section 6.1). Mter refurbishment and installation of
the new CFB boilers and the 125 MW unit in the old Phase I section of the plant, all units will
operate with steam cycles of 140 ata pressure. A modem water treatment system is not only
necessary to provide high quality make-up to the plant, but by eliminating the evaporators from
the steam cycle, power output from each turbine can be increased. Increasing the power output
from the units is one of the objectives of the present study.

As noted earlier the plant is currently operated in a 2-shift cycling mode. This requires the
individual units to have frequent startups or load changes. This may place additional thermal
stresses on the units. From the data collected it can be seen that while the actual hot and warm
starts are well within the numbers allowed for the turbines, the number of actual cold starts, which
are the most severe type of startups, exceed the originally allowed figures. Even though the low
number of hot and warm starts tend to mitigate the effects of the high number of cold starts
somewhat, it is very important to frequently monitor the condition of the various turbine
components to prevent potential catastrophic failures and to minimize forced shutdowns. In this
respect modem, replication type non-destructive testing equipment is needed to monitor creep
cavitation of turbine high temperature components. This becomes more and more important as
the units get older. In addition, given the current operating mode of the plant, it is important to
implement upgrades which enhance turbine startups. Such upgrades will help to increase the
speed of warm-up and also reduce heat rate.
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In general, two levels of refurbishment are considered for the turbines in this report: Minimal
Refurbishment and Extensive Refurbishment.

Minimal refurbishment items are aimed to restore capacity and improve reliability and efficiency of
the turbines. The list of minimal refurbishments considered for the 200 MW units includes the
following:

• Replacement of HP stop valves

• Replacement of reheat stop valves

• Replace governor valves

• Replace intercept valves

• Replace crossover pipes at turbine inlet

• Replace HP turbine section

• Replace IP turbine section

• Replace front standard

• Add EH Control system with supervisory and vibration monitoring capability

• Remove evaporators from service and isolate the corresponding extraction steam pipes

• Replace last stage bladings in the LP section (30th and 31st stage and bandage)

• Install automatic bypass system around lowest pressure heaters

• Reduce level of vibration at turbogenerator supports

• Replace lube oil cooler

• Improve Steam Packing Exhauster (SPE) system

• Upgrade turbine flange connection heating system

• Enhancement of warm-up drainage - blowdown system of turbine

• Improve electric generator Hz side sealing system
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• Purchase replication type creep monitoring system and monitor frequently

• Reduce air inleakage into condenser

Extensive Modifications and Upgrades are those which are aimed at increasing the capacity of the
units over and above the original 200 MW, in addition to improve reliability and heat rate. The
following upgrades and modifications were considered for the extensive refurbishment of the
units:

• Replacing the existing LP section of the turbine with a new more efficient section

• Replacement of the entire turbine and auxiliaries with a modem 225 MW machine

4.4.1.2 Recommended Refurbishment for Unit 10

Minimal

Based on the data collected and our assessment of the condition of this unit described in Section
4.1.3 various items from the preceding list have been selected for implementation for the minimal
refurbishment of Unit 10. Some of the selected items also include the recommended
refurbishments and reconstruction modifications developed by Minenergo of the former USSR for
the high-temperature components of those K-200-130 LMZ turbogenerators which have
overcome their entire life. The development of these reconstruction upgrades are based on the
requirement that the efficiency and reliability of the new assemblies and parts shall not be lower
than the corresponding parameters for modem equipment. Therefore, the new parts and
assemblies shall be manufactured using not the original design but rather they shall take into
account the more recent advancements of science and technology in the area of turbogenerator
manufacturing.

The affected components and parts recommended for refurbishment include stop valves,
regulating valves, connecting steam pipes at turbine inlet, complete HP and IP cylinder sections
with modem turbine blading, and front standard with new regulating parts which enable the
modernization of the turbine control system. In practical terms, those assemblies have been used
in manufacturing a new 200 MW category LMZ steam turbine, the LMZ K-215-130 machine.
This machine was certified for the current highest quality category and it can be installed on the
existing 200 MW turbine pedestal. The increase in quality is the result of new methods of casting
and welding, balancing of the rotors at operating speeds, and the use of improved metals for some
components. All the above significantly increase the reliability and operability of the
turbogenerator and provide for long term operation of a unit. The incorporation of some of the
above components can improve turbine heat rate. The complete replacement of the HP and IP
cylinders which have the newest blading results in a heat rate improvement of 12.8 kcalJkWh.

Power output improvement can be achieved on the unit by removing the evaporators from service
and isolating the corresponding extraction pipes. This is further described in Section 4.5,
however the elimination of these evaporators was calculated to result in an increase of output
from the turbine of about 3.5 MW at maximum load.
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Because of the potential for water induction and the experience with forced shutdown due to the
breakage of 11 tubes in the lowest pressure feedwater heaters it is recommended that bypass
piping arrangement be incorporated in the condensate system with valves which effectively
remove the heaters from service upon high-high level in the heater shells. The last 2 rows of
turbine blades should also be replaced for the minimal modification together with the bandage.
These blades usually experience erosion. (The forced outage was associated with the breakage of
these blades before due to the excess moisture resulting from the tube breaks.)

Due to the instability of the operation and to interface with the new distributed plant control
system it is recommended that the turbines be retrofitted with electro-hydraulic control (EHC)
system. This system will interface with the new control parts which are located in the new front
standard which will be incorporated in the minimal modifications. The EHC system is further
described in Section 4.7. The new EHC system will be of the fault-tolerant design, and will be
furnished with vibration monitoring instruments, which have the capability of providing hold
points during startups or in case the vibration levels exceed allowable limits. The system will
provide reliable signals to warn operators or provide for safe shutdown.

In connection with more efficient startups and in view of the current operating mode of the units
at Lugansk, it is recommended to incorporate a number of measures which ease startup
operations as well as improve unit heat rate. Such measures were developed by the Kharkov
Central Design Office, and include modernization of the steam packing exhauster (SPE) system,
modernization of the HP and IP flange heating system and increasing the capacity of the turbine
heating and drain system. The implementation of these measures results in an improvement of
heat rate by about 15.6 kcallkWh.

The problems with the rotor vibration at the turbine supports will be reduced significantly due to
the installation of new rotors as part of the replacement of the HP and IP sections. These rotors
are undergoing a high quality balancing procedure at the manufacturing plant In addition the new
steam path in the HP and IP sections together with the new thrust bearing pads of equal thickness
will permit the normal operation of the thrust bearing without overheating.

The lube oil coolers for the unit must be replaced to eliminate oil leaks into the cooling lakes. The
installation of a dedicated closed cooling system doesn't appear to be a cost effective solution.

The recommendation to improve the Hz side seal oil system of the generator shaft is described in
Section 4.6. It is also recommended that the plant institute modifications to minimize air
inleakage into the condenser of the unit. These modifications are further described in Section 4.5.

In summary the minimal modifications and upgrades recommended for the Unit 10 turbine
together with their benefits are shown in Table 4.4-1.

Extensive

As indicated in Section 4.4.1.1 the extensive upgrades and modifications considered replacement
of the LP section utilizing the Baumann exhaust with a new more modem section, and the
complete replacement of the 200 MW unit with a new 225 MW modem unit. The purpose of
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such modifications are to increase power output above the original 200 MW turbine output in
addition to reliability and heat rate improvements.

From the information collected and as further discussed in the electrical section of this report, the
electric generator is already working with the maximum 4 kg/cm2 hydrogen pressure. As this is
the design pressure for the electrical generator to operate at 200 MW, the first alternative was
eliminated from further consideration.

The second alternative was considered since the LP section of this 200 MW unit has been
constructed with the Baumann exhaust configuration. The LP turbine design consists of four
stages of reaction blading including the Baumann stage. The Baumann exhaust, a 1950's
technology, was introduced to increase the exhaust annulus area in order to reduce the leaving
kinetic energy, and it was used to establish blade material technology for that period. However,
the Baumann exhaust configuration has flow regimes with high flow losses. In addition, the
annulus area achieved by the Baumann exhausts did not optimize turbine performance for most
installed site conditions.

During the past 40 years the turbine steam flow path design has undergone significant
development and today state-of-the-art new designs can be applied to replacement turbine
sections. Turbine manufacturers have developed alternatives to the LP sections operating with
Baumann exhaust Westinghouse, for instance, has been working on such turbine modifications in
Poland. Their experience with 200 MW units indicates that the Russian-design turbines frequently
operate with LP section efficiencies below 70%. However, modem LP turbines can achieve
efficiencies of between 86 and 88 percent.

In furnishing a modernized state-of-the-art LP turbine section the design usually tries to retain the
existing fits of the turbine outer cylinder, but the number of stages, the type of blade design, the
type of attachment of blades to the shaft, and the shaft design change. The turbine blading change
allows the re-optimization of the condenser and the location of any low pressure heater
(extraction point) in the low pressure end of the steam/condensate cycle. The new optimized
design results in a heat rate and output improvement In some cases this improvement can be up
to 6 to 7 percent, depending on the original blade design and the actual operating and physical
condition of the LP blading.

The application of such modification to the Lugansk Unit 10 will result in the requirement for the
replacement of the existing electrical generator, and the associated total capital costs for all the
above mentioned equipment (new LP turbine, condenser, feedwater heater, extraction and steam
piping modifications, new generator) is estimated to be in the order of 12 million dollars. When
this modification cost is added to the cost of the minimal modifications and upgrades discussed
above, which would also be incorporated in the extensive upgrade, the resulting total cost is about
the same magnitude as that required for the complete replacement of the unit with a new 225 MW
modem Kharkov designed turbine and auxiliary equipment. This is partly attributed to the fact
that the new HP and IP casings, front standard, valves, etc. are supplied by LMZ from Russia, and
the new LP section and the EHC equipment are either Russian and/or Western equipment. On the
other hand, the new 225 MW steam turbine can entirely be supplied from within the Ukraine at an
apparently lower cost. The new turbine can be mounted on the existing foundation and it comes
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with electric hydraulic control system. The gain in additional output is about 25 MW which is
• 12.5% increase above the original 200 MW turbine capacity.

In order to see what would be the improvement in output and heat rate due to the incorporation
of a new LP section to the existing 200 MW unit, the original heat balance data was examined
which gives a stage-by-stage account of the steam expansion in the turbine so that the turbine
internal efficiency can be determined. This was also necessary because the data collected at the
plant indicates - and as Section 4.1.3.3 also shows - the proftles of the blading in the LP sections
where changed in 1982 in an effort to achieve better efficiency. Therefore, the magnitude of the
improvement that can be expected from a new LP section may be limited.

The heat balance data indicated that the efficiency of the LP section is 76.07%. Assuming an
average efficiency for a state-of-the-art new LP section of 87%, the resulting efficiency
improvement is 10.93% for the LP section. Therefore an increase in output of 6.8 MW can be
calculated. This, in tum, then results in an output and heat rate improvement of about 3.5% for
the original 200 MW unit

•

•

The improved output is significantly less than that which can be obtained from a new turbine. In
addition, since the total heat rate improvement is also less than what can be obtained from the
new unit and since the cost of the new unit is about the same as that of the retrofitted unit, the
new turbine replacement option was selected as the recommended option for the extensive
upgrade of the turbine. This new turbine will be furnished with all the features and improvements
which will be able to provide reliable long term operation under the more severe operating regime
associated with cycling which may be expected to continue at Lugansk.

The recommended modification for the extensive upgrade of the Unit 10 turbine is also shown in
Table 4.4-1. The improvement in output and heat rate compared to the original 200 MW design
is also indicated.
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• 4.4.1.3 Recommended Refurbishment for Unit 13.

Minimal

For the minimal refurbishment of the Unit 13 steam turbine, the control system will be modernized
in order to achieve a stable operating mode. The modifications will include the replacement of the
stop and control valves at the HP and IP sections. The front standard will also be replaced which
enables the installation of the same type of EHC control and vibration monitoring system
discussed under the Unit 10 modifications. The HP and IP casing will not be replaced for this
modification as the cylinders have so far appeared to develop relatively fewer cracks than Unit 10.
However, it is absolutely essential that the thick metal parts and components operating under high
temperature be frequently monitored for creep degradation as the unit has accumulated about
eighty-seven percent of its officially extended life. Therefore, it is recommended that replication
type NDE equipment be procured by the plant to be able to monitor the molecular structure of the
affected components. This is even more important for this unit because of the frequency of
startups associated with cycling operation.

The various improvements recommended to be included with the minimal upgrade of Unit 10 to
ease startup operations, and to improve heat rate are also recommended to be included for Unit
13.

The replacement of sets of blades for the 30 and 31st stage of the LP sections is recommended
together with a modification of the condensate piping around the lowest pressure feedwater

• heaters in order to avoid the type of water induction problems that seemed to occur at Unit 10.

The evaporators at this unit are also recommended to be removed from service and the
corresponding extraction lines isolated. The removal of the evaporators from service expected to
result in an output increase of about 3.5 MW at full load conditions.

The other recommendations regarding the replacement of the lube oil coolers, the improvement of
the H2 side generator shaft seal system mentioned under the minimal modifications and upgrades
for Unit 10 are also applicable to the minimal modifications to the Unit 13 turbine.

The recommended minimal upgrades and modifications for the Unit 13 turbogenerator are
summarized in Table 4.4-2 together with their benefits.

•
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Extensive

The extensive refurbishment for Unit 13 considered the same alternatives as Unit to. For an
extensive refurbishment, however, the replacement of the HP and IP sections of Unit 13 would
also be recommended primarily because of the age and the type of operation (frequent cycling)
expected for this unit. This plus the minimal modifications, coupled with the replacement of the
existing LP section with a new state-of-the-art modern LP section would result in costs in the
same order of magnitude than the cost of a new 225 MW Ukraine turbine. Since the new turbine
will provide higher output and better heat rate than the retrofitted turbine, the replacement of the
complete turbine is recommended for the extensive refurbishment of Unit 13. This recommended
alternative together with the heat rate and output gains obtainable with this refurbishment is also
shown in Table - 4.4-2.
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Table 4.4-1

RECOMMENDED REFURBISHMENT FOR UNIT #10 TURBINE

Item No Item Description Benefit Improvement in Performance

Minimum Refurbishment

1 Replace H.P. Stop Valves R -

2 Replace Governor Valves R -

3 Replace Intercept Valves R
,
-

4 Replace crossover steam lines at turbine inlets R -

5 Replace HP Turbine (casing, rotor, diaphragm, etc.) H,R 6.4 KcallkWh

6 Replace IP Turbine (Casing, rotor, diaphragm, etc.) H,R 6.4 KcallkWh

7 Replace Front Standard R -

8 Add EHC System w/supervisory & vibration monitoring R -

9 Replace L.P. Turbine Last Stage Blading R -

10 Install Bypass around LP HTR #1 R -

11 Remove Evaporators from Service O,R -3.5 MW

12 Reduce Vibration at T-G Supports R

13 Replace Lube Oil Cooler R -

14 Improve SPE System H 12.5 KcallkWh

15 Upgrade Turbine Flange Connection Heating System H 2.5 KcallkWh

16 Enhance DrainageIBlowdown Equip. H 0.6 KcallkWh

17 Improve Generator H2 Sealing System R -

Extensive Refurbishment

Total Replacement of 200 Mwe Turbine + Auxiliaries with O,H,R 25MWe
225 MWe Equipment 100 KcallkWh

Benefits Code:

R = Reliability Improvement

H = Heat Rate Improvement

o = Output Improvement
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Table 4.4-2

RECOMMENDED REFURBISHMENT FOR UNIT #13 TURBINE

Item No Item Description Benefit Improvement in Perfonnance

Minimal Refurbishment

1 Replace H.P. Stop Valves R -

2 Replace R. H. Stop Valves R -

3 Replace Governor Valves R -

4 Replace Intercept Valves R -

5 Replace Front Standard R -

6 Add ERC System w/supervisory & vibration monitoring R -

7 Replace L.P. Turbine Last Stage Blading R -

8 Install Bypass around LP HTR #1 R -

9 Remove Evaporators from Service O,R -3.5MW

10 Replace Lube Oil Cooler R -

11 Improve SPE System H 12.5 KcallkWb

12 Upgrade Turbine Flange Connection Heating System H 2.5 KcallkWh

13 Enbance DrainageIBlowdown Equip. H 0.6 KcallkWb

14 Improve Generator H2 Sealing System R -

15 Purcbase Creep Monitoring Equip. & Monitor Frequently R -

Extensive Refurbishment

Total Replacement of 200 MWe Turbine + Auxiliaries with O,H,R 25MWe
225 MWe equipment 100 KcallkWb

Benefits Code:

R =Reliability Improvement

H =Heat Rate Improvement

o =Output Improvement
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4.4.2 Performance Improvement

4.4.2.1 Gross Turbine Performance

As indicated in Table 4.4-1 the improvements and modifications proposed for the Minimal
Refurbishment resulted in a total heat rate improvement for Unit 10 of about 28.4 kcalfkWh and
3.5 MW of additional power output. Table 4.4-2 indicates that minimal refurbishments
recommended for Unit 13 result in a heat rate improvement of about 15.6 kcalfkWh and an
additional output capability of 3.5 MW. The percent improvement that can be calculated depends
on the reference point from which the improvements are calculated. The reference point may be
the full load capability of the original units or the actual performance of the units as they operate
today. The original 200 MW turbine performance is shown in Figure 4.4-1. The gross heat rate
of this unit at full load is about 1989 kcalfkWh. Therefore, the efficiency or heat rate
improvement of the Unit 10 and Unit 13 Minimum Refurbishment over the original designs
would be about 1.42% and 0.78%, respectively.

For Extensive Refurbishment the utilization of the new turbine is indicated to result in a heat rate
improvement of about 100 kcalfkWh and a new output of 225 MW.. The turbine performance
(heat rate and output) as a function of main steam flow is plotted on Figure 4.4-2. From this
figure it can be seen that at the maximum output the gross heat rate is about 1889 kcalfkWh.
Therefore if the original 200 Mw unit performance is considered the reference point, the heat rate
improvement for both Units 10 and 13 is 5.03%. Figure 4.4-3 shows both the original and the
new turbine performance curves to illustrate relative gross performance and to indicate generator
limits.

The above curves can be utilized in determining the actual performance improvements for various
options that are of interest to this project. These options were described in Section 2.1 and
consider various fuel uses (uncleaned and cleaned coals), various boiler refurbishments (minimal,
arch fired, and extensive) as well as various emission control measures. It is in this context that
the various performance improvements must be assessed, as the turbine performance figures are
influenced by the steam outputs from the steam generators and the electric generator limits
influence the steam flow that can be accepted by the turbines. The result of calculations of gross
output and heat rates for Units 10 and 13 are shown in the following subsections for the various
options.

It should be noted that the extensive turbine refurbishments discussed in this section are only
applicable to the extensive boiler refurbishments options. All other boiler refurbishments options
are applicable together with the minimal turbine refurbishments.

Furthermore, the basis of comparison for all refurbishments are the degraded performances which
can be achieved for Unit 10 and Unit 13 with the present uncleaned coal. These were shown in
Section 4.1.3.2.
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• 4.4.2.2 Gross Performance Improvements for Unit 10 Options

The Option I cases are Minimal Refurbishment with uncleaned (Option la) and cleaned (Option
Ib) coal. In Option la, the boiler steam flow output is limited to 400 t1h. This will limit the
turbine output even though the turbine modifications would allow the turbine generator to operate
at its original full load, and with better heat rate. The turbine will operate at the Option la
condition somewhat better than currently achievable because of the removal of the evaporator
from service (providing more output) and because of the heat rate improvement possible with the
modifications proposed. Based on the above maximum steam flow the calculated gross output is
now 144.5 MW and the new heat rate is 2012 kcallkWh. Since the currently achievable gross
performance of Unit 10 is 139 MW and 2042 kcallkWh, the actual gross performance
improvements for Option la are:

ANG =5.5MW

AGHR = 30 kcallkWh

(3.96%)

(1.47%)

•

For Option Ib the utilization of cleaned coal and the minimal modifications in the steam generator
allows the boiler to operate with maximum original design flow. This steam flow would be more
than the steam flow required to operate the steam turbine at 200 MW. It was determined that the
steam flow required for the turbine at this load without the evaporators in service is 564 t/h. The
new heat rate at the 200 MW maximum load with the various heat rate improvement incorporated
with the minimal turbine upgrades was calculated as 1960 kca/lkWh' Therefore the gross
performance improvements for Unit 10 for Option Ib are:

~NG=61 MW

~GHR= 82 kcallkWh

(43.9%)

(4.01 %)

Similar calculations were performed for Options 2 through 4. For Option 4, the extensive
upgrade of both the steam generator and the steam turbine-generator, the improvements in gross
performance are:

~NG =225-139 =86 MW

~GHR=2042-1889 =153 kcallkWh

(61.9%)

(7.5%)

•

The various gross outputs, heat rates, main steam flows and heat inputs to the steam cycle for the
various options are shown together with performance improvements in Table 4.4-3.
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Table 4.4-3• OROSS PERFORMANCE IMPROVEMENTS FOR UNIT 10

Option No. Base Ia Ib I1a nb IlIa nIb Na IVb

Fuel Fired UncI. UncI. Clean UncI. Clean UncI. Clean Unel. Clean

Upgrade-BIr Min Min Min Min Arch Arch Exten. Exten

Upgrade-TO Min Min Min Min Min Min Exten Exten

MainStm 389 400 564 400 564 564 564 626 626
Flow, tJh

Output, MW 139 144.5 200 144.5 200 200 200 225 225

ilOutput, 5.5 61 5.5 61 61 61 86 86
MW

Heat Rate, 2042 2012 1960 2012 1960 1960 1960 1889 1889
kca1JkWh

ilHeat Rate, 30 82 30 82 82 82 153 153

• kca1JkWh

Steam Cycle 2.83 2.91 3.92 2.91 3.92 3.92 3.92 4.25 4.25
Heat Input
(l08 kcalfhr)

4.4.2.3 Gross Performance Improvements for Unit 13 Options

The gross perfonnance and the improvements achievable for the various boiler upgrade options
coupled with the applicable turbogenerator upgrades have also been detennined for Unit 13. The
results are shown in Table 4.4-4.

•
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Table 4.4-4

• OROSS PERFORMANCE IMPROVEMENTS FOR UNIT 13

Option No. Base Ia Ib I1a IIb IlIa IIIb IVa !Vb

Fuel Fired Uncl. Uncl. Clean UncI. Clean UncI. Clean Uncl. Clean

Upgrade-Blr Min Min Min Min Arch Arch Exten. Exten

Upgrade-TO Min Min Min Min Min Min Exten Exten

MainStm 404 400 564 400 564 564 564 626 626
Flow, t/h

Output, MW 145.5 148 200 148 200 200 200 225 225

~Output, 2.5 54.5 2.5 54.5 54.5 54.5 79.6 79.5
MW

Heat Rate, 2032 2018 1972 ·2018 1972 1972 1972 1889 1889
kcal/kWh

~HeatRate, 14 60 14 60 60 60 143 143

• kcal/kWh

Stearn Cycle 2.96 2.99 3.94 2.99 3.94 3.94 3.94 4.25 4.25
Heat Input
(l08 kcallhr)

4.4.2.4 Net Performance for Unit 10 Options

Net unit output and net unit heat rate figures were also generated for the various upgrade options
for Unit 10. This required the development of the various auxiliary power consumption figures
associated with the minimal and extensive stearn generator upgrades as well as of other auxiliaries
associated with plant improvements such as those for water treatment improvements. However,
in general, the auxiliary load components were categorized into turbine cycle related, boiler
related, emission related, and other plant related items.

•
Instead of calculating the hundreds of individual auxiliary load components for all plant
equipment, the method of determining the auxiliary loads followed the calculation of the
differential auxiliary power requirements for the various upgrade systems and then adding or
subtracting these from the auxiliary loads of the original Unit 10 design auxiliary power
requirements. The auxiliary power load for the original 200 MW units was 7.8%. This
corresponds to 15,600 kW at a turbine gross output of 200 MW.
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• The turbine cycle related auxiliary power components remained essentially the same as for the
original 200 MW unit. Of course, these were smaller in absolute value for the minimum
refurbishment options, where the maximum output is based on a steam generator output of only
400 t/h. The ratio of the percentage of auxiliary loads at this load and those at the original 200
MW output was 1.143. This ratio was determined based on the shape of the auxiliary power
consumption curves for power plants previously evaluated by Bums and Roe.

The boiler related auxiliary power components were adjusted similarly for the above options,
which are based on the use of uncleaned coal. For all other options which are based on the use of
clean coal, the boiler related auxiliary power components were further reduced by the ratio of the
heating values of the uncleaned versus cleaned coal. In addition, estimated values of auxiliary
power were also added to account for the additional equipment associated with the double arch
fired boilers.

Emission control-related auxiliary power components were also determined. They were assumed
to vary proportionately with load. The water treatment related incremental auxiliary load was
determined separately.

The total auxiliary power consumption was determined from the algebraic sum of the above
auxiliary power components and subtracted from the gross turbine output in order to determine
the unit net output.

The net unit heat rate was determined utilizing this net output with steam cycle heat input and
• boiler efficiency.

The results of the net petformance calculations for Unit 10 at the 100% load levels are shown in
Table 4.4-5.

4.4.2.5 Net Performance for Unit 13 Options

Auxiliary power calculations, similar to those described for Unit 10 were also petformed for Unit
13. Net output and net unit heat rate were similarly determined for the Unit 13 options.

The results of these calculations for Unit 13 at the 100% load levels are shown in Table 4.4-6.

•
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Table 4.4-5

• NET PERFORMANCE OF UNIT 10 OPTIONS AT 100% LOAD

Options Ia Ib lIa lIb IlIa 11Th Na Nb

Turbine 144.5 200 144.5 200 200 200 225 225
Gross Output,
MW

Turbine 2012 1960 2012 1960 1960 1960 1889 1889
Gross Heat
Rate,
kcallkWh

Auxiliary 12955 13828 13750 14928 17200 15328 18175 16150
Load,kW

Boiler 79.0 82.0 79.0 82.0 90.0 90.0 90.0 90.0
Efficiency, %

Net Output, 131.5 186.2 130.8 185.1 182.8 184.7 206.8 208.9
MW

Net Unit Heat 2797 2567 2814 2583 2382 2358 2283 2261
Rate,
kcalJkWh

•

•
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Table 4.4-6• NET PERFORMANCE OF UNIT 13 OPTIONS AT 100% LOAD

Options Ia Ib IIa lIb IlIa 11Th Na Nb

Turbine 148.0 200 148 200 200 200 225 225
Gross OUlput,
MW

Turbine 2018 1972 2018 1972 1970 1970 1889 1889
Gross Heat
Rate,
kcal!kWh

Auxiliary 13164 13828 13978 14928 17200 15328 18175 16150
Load,kW

Boiler 79.0 82.0 79.0 82.0 90.0 90.0 90.0 90.0
Efficiency, %

NetOulput, 134.8 186.2 134.0 185.1 182.8 184.7 206.8 208.9
MW

Net Unit Heat 2804 2584 2821 2599 2395 2370 2283 2261
Rate,

• kcallkWh

•
5991-01AILug-4.DocI10130195 4-83



•

•

•

4.4.3 Conceptual Design. Replacement Turbine

Conceptual design was developed for the extensive upgrade associated with the replacement of
the turbogenerator for Units 10 and 13. The replacement involves the turbogenerator and
associated auxiliaries and the balance of the equipment in the turbine plant. Balance of plant
equipment required for the extensive upgrade are described in Sections 4.5, 4.6 and 4.7. This
section describes the new turbine-generator.

The conceptual outline drawing of the turbine together with overall dimensions is shown in Figure
4.4-4. The turbine is a 225 MW reheat unit manufacturer by Kharkov Turbine Works. The
technical characteristics of the turbogenerator unit are as shown in Table 4.4-7.
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Table 4.4-7

TECHNICAL CHARACTERISTICS OF THE 225 MW TURBOGENERATOR

Manufacturer Kharkov Turbine Works

Model K-225-12.8 NPO "turboatom"

Nominal Output 225MW

Nominal Main Steam Flow 625.7 t1h

Maximum Steam Flow Capability 670 t1h

Steam Inlet Pressure 130 ata

Steam Inlet Temperature 540°C

Reheat Steam Temperature 540°C

Turbine Heat Rate 1888.8 kcallkWh

• Number of Regenerative Extractions 7

Configuration of Turbine Tandem-compound

Cylinders HP, IP, Double Flow LP

Condenser Type K-13750

Electric Generator Type TGB-220M

Power Factor 0.8

The turbine was specifically designed to be used for the replacement of the existing 200 MW
reheat steam turbines which have expended their lives. Therefore, the turbine was designed to be
able to be mounted on the existing foundation of the 200 MW unit's pedestal. The turbine has the
same maximum steam flow capability as the original 200 MW unit, however, the replacement unit
takes advantage of the latest technological development in steam path design. Therefore this new

•
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turbine is much more efficient than the original 200 MW turbine. In comparison to the original
200 MW turbine the new replacement turbine will provide the following full load performance
benefits:

Output increase

Heat rate improvement

25MW

100 kcal/kWh

•

•

The main heat cycle diagram for the 225 MW turbine is shown in Figure 4.4-5. The
corresponding extraction conditions (flow, pressure, temperature and enthalpy) for various load
points are indicated in Table 4.4-8.

Some equipment are furnished with the steam turbine as a package including the condenser. The
turbine is complete with main steam and reheat stop valves, control and intercept valves,
extraction check and isolation valves, oil system, air ejector system, gland seal condenser, vacuum
breaker and turning gear with electric motor.

Various other turbine hall mechanical equipment are described in Section 4.5. In addition, a
general arrangement for the extensive modification has been developed by Bums and Roe
showing the overall configuration of the upgraded units. The general arrangement is shown in
Dwg Nos. SM201A, 201B and 202 in Appendix D.
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Table 4.4-8

EXTRACTION PARAMETERS FOR THE 225 MW TURBINE

Load Feedwater Extraction Extraction Steam Parameters
Heater Steam Flow tJb

Extraction Temperature °c Enthalpy kcal/kg
Press., ata

HRHTR 7 44.12 41.11 375 753.46
HPHTR6 55.88 23.76 305 722.89
Deaerator 17.21 10.53 432 795.61
LPHTR4 27.36 4.665 320 741.84

Max LPHTR3 18.11 1.797 209 690.25
LPHTR2 25.96 0.926 145 660.86
LPHTR 1 18.17 0.169 56 599.73

HPHTR 7 39.7 38.51 371 752.19
HPHTR6 49.24 22.36 302 721.98
Deaerator 18.08 9.884 431 795.64
LPHTR4 25.06 4.384 320 741.93

100% LPHTR3 17.92 1.69 209 690.35
LPHTR2 24.31 0.871 145 660.95
LPHTR 1 16.62 0.159 55 599.85

HPHTR7 25.62 29.11 349 744.27
HPHTR6 27.41 17.29 285 716.03
Deaerator 19.96 7.557 430 795.64
LPHTR4 17.3 3.367 319 742.18

75% LPHTR3 12.33 1.301 209 690.65
LPHTR2 18.33 0.671 145 661.24
LPHTR 1 10.47 0.123 50 600.44

HPHTR 7 14.92 19.2 328 738.48
HPHTR6 8.17 11.247 265 710.05
Deaerator 22.37 11.247 265 710.05
LPHTR4 10.01 2.297 325 745.7

50% LPHTR3 7.5 0.891 214 693.72
LPHTR2 11.87 0.461 150 664.02
LPHTR 1 4.23 0.086 43 603.19

HPHTR 7 1.61 9.366 313 735.97
HPHTR6 - - - -
Deaerator 14.4 9.0 484 823.2
LPHTR4 4.03 1.217 326 746.8

25% LPHTR3 3.4 0.475 216 694.94
LPHTR2 5.56 0.248 152 665.46
LPHTR 1 1.16 0.052 33 608.11
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4.4.4 Cost of Modifications and Upgrades

Capital costs estimates for the various turbine upgrades have been developed. Some of the costs
were obtained from Russian or Ukrainian sources, and some were developed either from U.S.
vendor information or from Bums and Roe in-house data. The component costs of minimal and
extensive upgrades for turbines of Unit 10 and 13 are summarized in Tables 4.4-9 and 4.4-10,
respectively. The costs represent 1995 capital cost expressed in U.S. dollars.
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Table 4.4-9

CAPITAL COSTS FOR UNIT 10 TURBINE UPGRADES

Item Item Description Qty. Price Per Unit- Total Price (US) Pricing Source

No. (US)

Minimal Upgrade B&R Ukr.

1 Replace R.H. Stop Valves 2 $90,000 $180,000 X

2 Replace Governor Valves 4 $67,500 $270,000 X

3 Replace Intercept Valves 4 $67,500 $270,000 X

4 Replace crossover steam lines at 8 - included (5&6) X
turbine inlet

5 Replace HP Turbine (casing, rotor, 1 $2,575,000 $2,575,000 X
diaphragm, etc.)

6 Replace IP Turbine (Casing, rotor, 1 $2,575,000 $2,575,000 X
diaphragm, etc.)

7 Replace Front Standard 1 $550,000 $550,000 X

8 Add EHC System w/supervisory & 1 $500,000 $500,000 X
vibration monitoring

9 Replace L.P. Turbine Last Blading 4 $250,000 $1,000,000 X
Stages

10 Bypass Around LP HTR #1 1 $5,000 $5,000 X

11 Isolate Evaporators from Service 2 - Included X

12 Replace Lube Oil Cooler 2 $4,000 $8,000 X

13 Improve SPE System 1 $200,000 $200,000 X

14 Upgrade Turbine Flange 1 $130,000 $130,000 X
Connection Heating System

15 Enhance Drainage/Blowdown 1 $70,000 $70,000 X
Equip.

16 Improve Generator H2 Sealing 1 $20,000 $20,000 X
System
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Extensive Upgrade

Replacement 225 MWe Turbine + 1 $9,003,400 $9,003,400 X
Auxiliaries

Electrical Generator 1 $3,500,000 $3,500,000 X

Excitation System 1 500,000 500,000 X
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.Table 4.4-10

CAPITAL COSTS FOR UNIT 13 TURBINE UPGRADES

Item Item Description Qty. Price Per Unit- Total Price (US) Pricing Source
No. (US)

Minimal Upgrade B&R Ukr.

1 Replace H.H. Stop Valves 2 $90,000 $180,000 X

2 Replace R.H. Stop Vavles $90,000 $180,000 X

3 Replace Governor Valves 4 $67,500 $270,000 X

4 Replace Intercept Valves 4 $67,500 $270,000 X

5 Replace Front Standard 1 $550,000 $550,000 X

6 Add EHC System w/supervisory & 1 $500,000 $500,000 X
vibration monitoring

7 Replace L.P. Turbine Last Blading 4 $250,000 $1,000,000 X
Stages

8 Bypass Around LP HTR #1 1 $5,000 $5,000 X

9 Isolate Evaporators from Service 2 - Included X

10 Replace Lube Oil Cooler 2 $4,000 $8,000 X

11 Improve SPE System 1 $200,000 $200,000 X

12 Upgrade Turbine Flange 1 $130,000 $130,000 X
Connection Heating System

13 Enhance Drainage/Blowdown 1 $70,000 $70,000 X
Equip.

14 Improve Generator H2 Sealing 1 $20,000 $20,000
System

15 Replication Type Creep 1 $10,000 $10,000 X
Monitoring Equipt.

Extensive Upgrade

Replacement 225 MWe Turbine + 1 $9,003,400 $9,003,400 X
Auxiliaries

Electrical Generator I $3,500,000 $3,500,000 X

Excitation System I 500,000 500,000 X
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4.5 MECHANICAL SYSTEMS AND EQillPMENT· REHABll.ITATION DETAILS

4.5.1 Systems and Equipment Considered for Rehabilitation

As with the turbine generator rehabilitation discussed above, the balance of plant mechanical
equipment and systems considered for rehabilitation on Units No. 10 & 13 may be grouped by
rehabilitation level. The two groupings are "Minimal Refurbishment" and ''Extensive
Refurbishment". Minimal refurbishments, in this context, are defined as plant rehabilitation items
considered for the purpose of improving plant efficiency ( Heat Rate ), improving reliability, or
reducing maintenance costs. Extensive refurbishment are those items which are associated with
rehabilitation efforts to increase plant output above the 200mwe design level. Rehabilitation items
which were considered for these two levels of rehabilitation are summarized in Table 4.5-1.
Unless otherwise noted, the items listed are applicable to both Units 10 & 13.

4.5.2 Conceptual Description and Cost Impact of Recommended Rehabilitation Items

This section contains a description of the Mechanical balance of plant items identified in Table
4.5.1 and recommended for rehabilitation. The costs associated with these items are listed in the
table.

Equipment layout information is shown on drawings Nos. SM201 and SM202, "General
Arrangement, Units 10 and 13 Upgrade," included in Appendix D.

4.5.2.1 Minimal Refurbishment Items

Item 1 - Replace Existing Feedwater Pumps - Due to the fact that the current pump models are
no longer manufactured, spare parts are unavailable to maintain the pumps in good running order.
In order to improve unit reliability, new pumps of the same line will be purchased to replace the
existing two pumps on each unit. The efficiencies of the original feedwater pumps ranged from
71% and 72-77% on the Unit 10 pumps (PE-430-200 & PE-640-180 respectively) to 82% on the
Unit 13 pumps (PE-720-185). Replacement of the pumps on both units with a current version of
the PE-720-185 will result in an overall improvement in efficiencies over what is currently being
experienced with the pumps in a deteriorated mode. Efficiencies in the 85% range can be expected
for any new pumps.

Item 2 - Replace Condensate Pumps - Although no significant problems have been reported with
the Condensate Pumps, these pumps will be replaced due to their age and to achieve greater unit
reliability for the extended plant life under consideration.

Item 3 - Replace H.P. Feedwater Heaters - Even though the high pressure feedwater heater shells
have been reported as being in good condition, the heating coils are suspect. In order to improve
the reliability of the rehabilitated unit, during the extended life cycle, the heaters ( No.5, 6, & 7 )
will be replaced at this time. Also included with the heater replacements will be replacement of the
heater drain level-control valves which have experienced unsatisfactory operation due to frequent
cycling and shutdown of the heaters.
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TABLE 4.5-1

Mechanical B.O.P. Items Considered for Rehabilitation

Units No. 10 & 13

Minimal Refurbishment

1 R,O
2 $300,000 $700,000

2 R 3 $53,300 $160,900
3 R,M 3 $200,000 $600,000
4 R,M 4 $70,000 $280,000
5 R,M,H 1 $220,000 $220,000
6 H 1 $10,000 $10,000
7 R,M 1 $14,500 $14,500
8 R,M 1 $35,000 $35,000
9 R 1 $5,000 $ 5,000
10 R,M 1 $25,000 $25,000
11 R 1 $650,000 $650,000

• Extensive Refurbishment
1 New Condenser H 1 $2,660,000 $2,660,000
2 Condenser Cleanin S stem (fiTechnos", one twin line s stem) H 1 $225,000 $225,000
3 New Feedwater Pum s for 225 MWe c cle (2 x 100% ca acit ) H 2 $350,000 $700,000
4 New H.P. FW Heaters for 225 MWe c de (No.6 & 7) H 2 $200,000 $400,000
5 New L.P. FW Heaters for 225 MWe c de (No. 1,2,3, & 4 ) H 4 $70,000 $280,000
6 New Condensate Porn s for 225 MWe c de (2x100% ca aci ) H 2 $90,000 $180,000
7 Add Condensate Booster Pumps for 225 MWe cycle (3x60%) H 3 $53,300 $159,900

ca acit )
8 New Heater Drain Porn s (2x 100% ca acit ) H 2 $25,000 $50,000
9 Modif Turbine C de Pi in S stems for New C de H 1 $800,000 $800,000

Benefits Code:

R =Reliability Improvement o =Output Improvement

H =Heat Rate Improvement M =Reduction of Maintenance
Costs
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Item 4 - Replace L.P. Feedwater Heaters - Due to the incidents of shell deformation, cracks, and
erosion wear, the low pressure heaters will be replaced in order to achieve improved reliability for
the rehabilitated unit. Heater replacement will include heater drain level-control valves.

Item 5 - Replace Condenser Cleaning System - Since condenser tube fouling due to sludge
deposits is a continual problem, a dependable tube cleaning system is necessary. A new system
will be provided for the condenser on each unit. This system would be of the continuous on-line
type wherein tube surface cleaning is accomplished by constant circulation of sponge rubber balls.
The circulating balls have a diameter slightly larger than the tube diameter and a density, when
wet, similar to that of the circulating water. These balls are injected into the circulating water
inlet. The force of the flowing water carries them into the water boxes, through the tubes, and
into a ball collection strainer in the water outlet line. From there the balls are drawn off and
pumped through a ball collector and return to the water inlet. Each ball takes approximately 30
seconds to complete one roundtrip of the flow path.

Condenser cleaning systems of this type must be custom designed in relation to the specific
circulating water characteristics, the actual fouling mechanism, and the physical constraints of the
circulating water piping arrangement. Therefore, the services of one of the suppliers who
specialize in tube cleaning systems will be enlisted to develop a specific system design. However;
given the one-nozzle arrangement of the condenser shells, one twin-line system, of the type
supplied by "Technos" ( a subsidiary of GEC Alsthom ), could be used for each unit.

Installation of a properly designed condenser tube cleaning system will have the effect of
maximizing heat transfer accross tube walls and improving condenser vacuum with a resultant
increase in unit efficiency and heat rate improvement. Additionally, the high cost associated with
the current air blowing or mechanical cleaning, would be reduced.

Item 6 - Reduce Condenser Air Inleakage - The plant should initiate a program of investigation of
the possible locations where air is leaking into the condenser and causing the excessive inleakage
rates described in Section 4.1.4. Such a program would involve the repacking of valve stems on
the control valves in lines entering the condenser or replacing them if this appears to be more
appropriate. Many of these valves will be replaced as part of the replacement of feedwater heaters
discussed above. Specialized methods are available for detecting and measuring valve stem
leakage. The plant should persue these methods and obtain any specialized instruments available.

The expansion joints which separate the two sections of the surface condenser will have any
cracks or perforations repaired, if repairs are feasible, or replaced if the damage is serious and not
repairable.

Items 7 & 8 - Replace Feedwater and Attemperator Water Control Valves - In order to reduce
excessive maintenance and improve unit reliability, the main feedwater control valves to boilers
No. 10 & 13 will be replaced. Additionally, the main steam attemperator control valves, from the
feedwater system, require replacement. This situation developed as a result of excessive valve
pressure drops due to the high feedwater header pressure resulting from unit operation at the
derated condition.
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Item 9 - Add Turbine Water Induction Protection At L.P. Feedwater Heater No.1 - A protection
system will be added to prevent the induction of water into, and damage to, the turbine low
pressure casing. It is believed that the destruction of L.P. casing blades was due to high levels in
the heater shell resulting form damage to the heater tubes. The system will operate in such a way
that, during heater high water level conditions, condensate flow to the heater tubeside will be
bypassed to eliminate the source of water. Shellside drainage will be controlled by use of level
control off a heater drains reservoir and by the addition of a secondary drain path to the condenser
(see Figure 4.5-1 ).

Item 10 - Replace Main and Reheat Steam Relief Valves - The age of the main and reheat steam
relief valves has resulted in excessive maintenance. In order to reduce maintenance and increase
the reliability of the overpressure protection systems, all the main and reheat steam relief valves
will be replaced.

Item 11 - Replace Main and Hot Reheat Steam Piping - Based upon the excessive creep rate in
the main and hot reheat steam piping systems and the indications of the degradation of metal
structure, consideration has been given to replacing these piping systems. Reference has been
made to a technique of restoring the metal structure in these lines by heating the metal to a
temperature of 1050 °c and then cooling it. It is questionable whether such a procedure can
restore the structure of these stainless steel lines, therefore, they will be replaced. Replacement
will include the following lines:

• Two 325 mm main steam lines from boiler outlet to H.P. turbine inlet along with
portions of cross-over piping to the condenser.

• Four 427 mm reheat steam lines from the boiler outlet to the J.P. turbine inlet along with
portions of cross-over piping to the condenser.

4.5.2.2 Extensive Refurbishment Items

The extensive refurbishment items associated with the Balance of Plant mechanical systems and
equipment consist of the replacement of cycle equipment and piping systems required to support
the installation of the new 225 Mwe turbine generator described in section 4.3. These items are
listed in Table 4.5-1 and described below.

Items 1& 2 - New Condenser and Tube Cleaning System

A new steam surface condenser with tube cleaning system as described in section 4.5.2.1 above is
required to handle the new duty associated with the 225 Mwe turbine.

Item 3 - New Feedwater Pumps

Each unit requires two new 100% capacity feedwater pumps to supply the increased capacity of
809 m3/hr and head of 2300 meters (w.c.).
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Items 4 & 5 - New H.P. and Lp. Feedwater Heaters

The new cycle for the 225 Mwe turbine includes two high pressure heaters, H.P.-6 & 7, and four
stages of low pressure heaters, L.P.-l,2,3,&4. These six heaters will be supplied with heater drain
control valves.

Items 6 & 7 - New Condensate Pumps

The new main condensate pumps will be 2 x 100% capacity pumps with a flow of 500 m3/hr and
a head of 85 meters (w.c.). Unlike the current plant cycle, the new cycle requires condensate
booster pumps. These pumps will be 3 x 60% capacity pumps with a flow of 320 m3/hr and a head
of 160 meters (w.c.).

Item 8 - New Heater Drains Pumps

New heater drains pumps will be required to pump condensate from the new heater L.P.-2. These
pumps will be 2 x 100% capacity pumps with a flow of 80 m3/hr and a head of 155 meters (w.c.).

Item 9 - New Cycle Piping Systems

In order to install the 225 Mwe turbine and related cycle equipment it will be necessary to
extensively modify the Extraction, Condensate and Feedwater Piping Systems, and to a lesser
extent the Circulating Water Piping Systems. It has been assumed that the existing piping in these
systems can not be reused.
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4.6 ELECTRICAL SYSTEMS AND EQUIPMENT REHABILITATION DETAILS

4.6.1 Systems And Equipment Considered For Rehabilitation

Essentially, the entire distribution system at the 6.3kV level and lower must be replaced. This
equipment includes all 6.3kV and 400V switchgear, 400V Motor Control Centers and all
associated raceways, medium and low voltage power and control and instrumentation cables. ill
addition, 220kV circuit breakers, disconnect switches, potential transfonners, surge arresters,
protective relay system, turbine control system, and DC system must also be replaced. The
existing cable tunnel can be utilized to route the new cables on a new tray system. The
replacement of these equipment is required under all options.

Minimum Refurbishment

Table 4.6-1lists electrical systems and equipment for Units 10 & 13 that should be replaced. This
replacement is required irrespective of the extent of refurbishment of mechanical equipment in the
boiler, turbine generator or other mechanical auxiliary systems and equipment.

Item Equipment Considered For Replacement
No.

1 220 kV Circuit Breaker, 31 kA

2 220 kV Disconnect Switches

3 220 kV Potential Transfonners & Lightning
Arrestors

4 6.3 kV Switchgear

5 400V Switchgear

6 400 V Switchgear Transfonners

7 6.3 kV Non-Segregated Phase Bus Duct

8 220 V DC Battery Chargers and Batteries

9 220 V DC Switchboard

10 6 kV / 380 V Motors (e.g. Mill Ventilator fan
motor

11 All Power, Control and illstrument Cables

12 All Cable Trays and Conduits

13 Protective Relay Boards

•
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Item Equipment Considered For Replacement
No.

14 Electrical Control Board

15 All Electrically Operated Valves

16 Lighting System

17 Fire Detection System

Extensive Refurbishment

Table 4.6-2 lists electrical equipment for Units 10 & 13 to be replaced under Options for
Extensive Refurbisment:

Table 4.6-2

Item Equipment Considered For Replacement
No.

1 200MWe, 15.75kV, 0.85 PF, H2 Cooled Turbine-
Generator

2 1542kVA Excitation TransfOlmer

The present 200MWe generator(s) cannot be modified to increase the unit output to 225MWe. A
new generator rated 225MWe, 0.85 power factors will be required. Preliminary discussions with
Ukrainian engineers indicate that a 220MWe, 0.80 power factor generator is available from the
manufacturer. The physical parameters of the new generator are identical to the 200MWe
generator and it can be modified to generate 225MWe at 0.85 power factor. The existing turbine
generator pedestal can be used with the new 225MWe generator.

The existing ratings of generator step-up transformer unit auxiliary transformer and isolated phase
bus are adequate to match the 225MWe rating of the generator. However, the excitation
transformer(s) will have to be replaced
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4.6.2 Performance Improvement

Power plant performance can be greatly improved if the obsolete and degraded electrical
equipment are replaced with new equipment. Section 4.6.3 describes the conceptual design
criteria and brief descriptions of new electrical equipment.

Upgrading the electrical equipment to equipment of newer design will provide performance
improvements over existing operations. For example, much of the new equipment will, in general,
have a smaller probability of failure allowing the plant to achieve a higher capacity factor. The
increase in capacity factor will not only be due to a reduction in plant outages but also a reduction
in part load operation due to the failure of parts of the system. New 6.3 kV and 400 V
switchgear breakers will be properly coordinated to reduce the effect of an isolated fault causing
a complete trip of the unit.

Operating and maintenance will be reduced for the new electrical equipment especially for the
existing motors which are prone to faults on the windings and existing electromechanical
protective relays which require a great deal of maintenance.

Most importantly, much of the existing electrical equipment is considered unsafe and may be
prone to frequent failures.

4.6.3 Conceptual Design

4.6.3.1 General

Reference Drawings (in Appendix D)

SEOOl Conceptual Main One-Line, Units 6, 10 and 13 Upgrade

SE002 6.3 kV and 416V System One-Line, Unit 13 Upgrade

SE0004 General Ararngement, 6.3 kV Switchgear and 416V Unit Substation, Unit 13

The above Single Line Diagrams and General Arrangement drawing indicate the extent of
refurbishment. Drawings SEOO1 and SE002 are conceptual single line diagrams which indicate
major electrical equipment recommended for upgrade or replacement. Drawing SE004 shows
preliminary locations and space requirements for the equipment.

The portions of the electrical system that will be upgraded or replaced are described herein under
the headings: Switchyard, Turbine Island, Boiler Island and Miscellaneous Systems. All Unit No.
13 equipment recommendations are also applicable to Unit No. 10, unless otherwise noted.

Sources of supply for major equipment were discussed with the plant chief engineer to determine
the recommended source for the equipment. The chief engineer suggested that when feasible. the
equipment of the required ratings and quality locally available in Ukraine should be used. The
equipment should be purchased from a foreign supplier (e.g. United States, Europe, Russia, etc.)
only when not available in the Ukraine.• 5991-01A1Lug-4.Docll0130/95 4-104
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Major equipment that can be supplied from the Ukraine include 400V switchgear transformers, all
medium and low voltage power, control and instrumentation cables and cable raceways. The new
equipment that will be supplied from foreign sources include 220kV circuit breakers, potential
transformers and surge arresters 6.3kV switchgear, 400V switchgear, motor control centers, DC
system, UPS system and plant protective relays.

4.6.3.2 Switchyard

Electrical equipment in the switchyard recommended for replacement includes 220 kV circuit
breakers, lightning arrestors, potential transformers and disconnect switches.

220 kV Circuit Breakers

The existing circuit breakers in the switchyard are of the air-blast type and have a short circuit
rating of 31kA. Since the system short circuit level has increased during last 20 years, these
breakers will be replaced with SF6 type breakers with short circuit rating of 40kA. The SF6
breakers will be of the dead tank design.

Potential Transformers and Surge Arresters

Potential transformers and the surge arrestors in the switchyard will be replaced with new
equipment manufactured with improved insulating materials.

Disconnect Switches

Disconnect switches in the switchyard will be replaced with motor operated switches.

Generator Excitation Transformer(s)

The generator excitation transformer will require replacement under Extensive Refurbishment
option to match the rating of 225MWe turbine generator.

4.6.3.3 Turbine Plant

The electrical equipment located in the turbine island that will be replaced include: 6.3 kV non
segregated phase bus, 6.3kV switchgear, 400V dry type transformers and switchgear; 220V DC
batteries, chargers and switchboard; protective relay boards, motor control centers and electrical
motors. A new 220V AC uninterruptible power supply (UPS) will be installed to supply power to
plant automatic control system (DCS System).

6.3kV Non-Segregated Phase Bus

New 6.3kV non-segregated phase buses are recommended to supply power from the existing unit
auxiliary transformer 13TCH (25 MVA, 15.75 / 6.3 - 6.3 kV) to the new 6.3 kV switchgear
sections 13A and 13B. The existing 6.3 kV non-segregated phase reserve buses appear to be in
good condition and, therefore, need not be replaced. However connections to the new 6.3 kV
switchgear shall be required.• 5991-01AILug-4.Doc/10130/95 4-105
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The bus duct will be of a non-ventilated (self-cooled), non-segregated design for operation in the plant
environmental conditions.

6.3V and 400V Switchgear

The 6.3kV and 400V switchgear will be provided consisting of vertical sections mounted side by
side and connected mechanically and electrically together. Auxiliary compartment(s) will be
provided to mount potential transformers, surge arrestors, control power transformers, etc.

6.3kV circuit breakers will be mounted two (2) per vertical stack and will consist of electrically
operated removable vacuum circuit breaker elements.

The circuit breakers for 400V switchgear will be three-pole, single throw, air break, electrically
operated, drawout type rated 600 volts.

The breakers will be operated by motor-charged, spring-type stored energy mechanism.

Unit Substation Transformers

The new unit substation dry-type transformers associated with 400V switchgear will be rated
lOOOkVA (existing 750kVA) to supply additional loads due to plant refurbishment.

Motor Control Centers

Motors from 1/2kW to lOOkW will be fed from motor control centers (MCC's). The 400V
motor control centers will feed all turbine-related low voltage loads. MCC's will consist of one
or more vertical sections and will be of the non-ventilating type.

220V DC Power System

The DC system will consist of two battery chargers, batteries and DC power distribution
switchboard. The DC system will be sized to supply power to all DC loads including emergency
oil pumps, uninterruptible power supply, and switchgear controls.

DC power distribution switchboard will contain molded case circuit breakers; all breakers will be
2-pole. Batteries will consist of 98 cells and be rated 220V at the required ampere-hours.

The battery cells will be of a sealed, nongassing, explosion proof design with a 20 year life expectancy
using an immobilized electrolyte, requiring no water and no venting under normal conditions.

All necessary inter-step jumpers and connectors between cells, between groups of cells, and between
rows of cells will be furnished complete with hardware. The cell terminal posts and all inter-step
jumpers and connectors will have adequate capacities to prevent excessive losses and to prevent
overheating on short-time high-current loads.
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The DC switchboard circuit breakers will be furnished with auxiliary contacts to monitor breaker
position. This auxiliary contact will be used to indicate to the operator if the circuit breaker is open or
tripped.

220V AC Uninterruptible Power Supply

The UPS will provide regulated, transient-free sine wave 220V AC power to plant distributed
control system (DCS) and other selected loads during both normal and abnormal conditions. It
will consist of a rectifier, inverter, static transfer switch, manual bypass switch, bypass transformer
and accessories. DC power will be provided by the station 220V DC lead calcium batteries. The
inverter unit will be a solid state device.

The AC distribution panel circuit breakers will be furnished with auxiliary contacts to monitor breaker
position. This auxiliary contact will be used to indicate to the operator if the circuit breaker is open or
tripped.

Protective Relay Boards

The protective relay boards will contain all solid state protective relays for the turbine generator,
step-up transformer and auxiliary transformer protection and 220kV lines.

Protection relaying schemes will include primary and backup protective relaying. Backup protective
relaying schemes will be designed such that no single point of failure of a primary protection system
function would result in significant damage to the protected equipment or result in a fault not being
cleared. Primary and backup protective relaying will have separate control power sources and operate
separate tripping devices. The dc power supply for all devices will originate from the 220 V dc battery
system.

4.6.3.4 Boiler Plant

The main electrical equipment associated with the boiler island that will be replaced include 400
volt unit substations and 400 volt motor control centers and power distribution panels.

New 400V unit substations and motor control centers will be provided to feed all boiler-related
low voltage loads. These equipment will be similar to those as stated in Section 4.6.3.3.

The 400/230V AC power distribution panels will be located at the load centers.

4.6.3.5 Miscellaneous Systems

Electrical equipment included in the miscellaneous systems are medium and low voltage power,
control and instrument cables, cable trays and conduits, lighting system, grounding system,
cathodic protection system, communication system, fIre detection system, new motors for
circulating water pumps, control room air conditioning, and electrically operated valves.
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• Power. Control and Instrumentation Cable

All medium and low voltage power control and instrumentation cables will be replaced. Cables
will be asbestos free.

The power cable, including the individually insulated or insulated and jacketed conductors, will be
resistant to heat, moisture, and flame. Their thermal properties will be such as to maintain its critical
electrical and physical qualities, when the continuous conductor temperature for normal operation will
be 90 degrees C.

Cables for control, metering, indicating and alarm circuits will be jacketed multiple conductor. Single
conductor control cable will not be used.

Cable Trays and Conduit

New cable trays will be provided for 6.3kV power cables, 400V single conductor and
multiconductor power cables, 220V AC and 220V DC power cables, control cables (220V AC
and 220V DC) and instrumentation cables. Cable trays for power and control cables will be
ladder type. Instrumentation trays will be solid bottom (steel) with solid covers. Cable tray will
be installed in the existing cable tunnel and other plant areas where required.

Cable trays, except trays for instrumentation cable, will be either aluminum or steel Steel cable trays
will be hot-dipped galvanized after fabrication.

• All conduits will be rigid steel, hot-dipped galvanized inside and out.

Metal conduits will be grounded. For isolated conduits or conduit systems, grounding bushings will be
used for ground connections.

Conduit connections to vibrating equipment such as motors, to equipment which may move due to
expansion or adjustment such as motor-operated valves or belt-driven equipment, or to equipment
which must be capable of ready removal for maintenance will be made with flexible conduit. Flexible
conduit will be jacketed galvanized steel

Lighting System

The existing lighting system will be reevaluated and supplied with new fIxtures to meet required
illumination levels for plant operation. Emergency lighting will be provided to provide emergency
light levels in the event of loss of normal power.

Grounding System

The existing grounding will reevaluated to insure safety to personnel and equipment in case of
electrical equipment failures. All equipment enclosures and or equipment ground busses will be
grounded through the plant's ground loop.
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Cathodic Protection System

The existing cathodic protection system will be evaluated. It will provide corrosion protection for
all buried metallic systems and structures.

Communications System

The existing communication system will be refurbished to provide multi-channel communications
system with paging capability.

Generator Hydrogen Cooling

Turbine generator rated output of 200MW is based on hydrogen pressure of 3 atmosphere. The
generator output cannot be increased by simply increasing the hydrogen pressure. The limiting
factors in increasing the generator output include: mechanical design limitations in generator
casing parameters, hydrogen cooler heat absorption capacity and exciter output. Therefore, the
output of the generator cannot be increased beyond rated capacity of 200MW under the Minimum
Refurbishment Options.

Excessive leakage of hydrogen gas from the turbine-generaor casing, described in Section 4.1.5,
will be addressed during the refurbishment The generator seal oil rings and the seal oil system
equipment will be examined and the required parts will be replaced.

A new turbine generator rated 225MWe 0.85 power factor will be installed under the Extensive
Refurbishment Option.

4.6.3.6 Equipment not Requiring ReplacementIRefurbishment

Under Minimum Refurbishment Options, equipment which does not require replacement or
refurbishment includes the generator, generator excitation system, bearing oil system and
associated AC and DC motors, self-cooled isolated phase bus duct, step-up, auxiliary and reserve
transformers. The technical particulars of this equipment are as shown in the following Table
4.6-3:

Table 4.6-3

Unit 10 Unit 13

Generator

Designation GIO G13

Nominal Power 200/235 200/235
(MW 1MVA)

Cooling System / Pressure Hydrogen / 3 Atmospheres Hydrogen / 3 Atmospheres

Sator (Amps / kV) 8630/15.75 8630/15.75
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• Unit 10 Unit 13

Rotor (Amps 1Volts) 1750/380 1750/380

Neutral Grounding Ungrounded Ungrounded

Excitation Transfonner

Designation lOTB 13TB

kVARating 1542 1542

Excitation Current (Amps) 2100 2100

Step-Up Transfonner

Designation lOT 13T

MVARating 250 240

Voltage 242/15.75 242/15.75

Connection WYE/DELTA WYE/DELTA

Auxiliary Transfonner

Designation lOTCH 13TCH

MVARating 31.5 25

Voltage 15.75/6.3 - 6.3 15.75/6.3 - 6.3

Connection DELTA/DELTA-DELTA DELTA 1DELTA - DELTA

Reserve Transfonner

Designation OBTOI (Common to all units) OBT02 (Common to all units)

MVARating 25 31.5

Voltage 115/6.3 - 6.3 110/6.3 - 6.3

Connection WYE 1DELTA WYE 1DELTA
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• 4.7 INSTRUMENTATION AND CONTROLS SYSTEMS· REHABILITATION
DETAILS

4.7.1 Systems and Equipment Considered for Rehabilitation

The following systems and equipment will be upgraded/furnished for all refurbishment options
considered:

1.

2.

3.

4.

5.

6.

7.

• 8.

Unit control system

Process systems control

Digital electro-hydraulic turbine control system (EHC)

Burner Management System (BMS)

Pollution control system

Continuous Emission Monitoring System (CEM)

Duct burner

Field instrumentation

Transmitters (pressure, Level, Flow) - 100

ThennocoupleslRTD's -70

Process Switches (Pressure, Level, Temp. Etc.) -45

Details of the new systems are provided in Section 4.7.3.

4.7.2 Performance Improvement

During either nonnal or abnonnal operation, the greater the sophistication of the controls, the
greater the efficiency potential of the boiler system. Distributed control system (DeS) as defined
in Section 4.7.3, acts as a tool to achieve the most efficient combustion and coordinated

Upgrade of unit control system, process systems control, and process equipment, identified in
Section 4.7.1, will result in improved unit reliability, availability, and downtime reduction due to
easy maintenance. In addition, unit efficiency will improve considerably. Unit efficiency will
come primarily from improved boiler efficiency which is due to most efficient combustion. The
combustion, feedwater control and steam temperature control systems determine how a boiler
actually operates and whether it achieves its efficiency potential. The controls should be designed
to regulate the full, air and water to a boiler and maintain a desired steam pressure while
simultaneously optimizing the boiler efficiency.
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regulation of feedwater flow, fuel feed, air flow and the electrohydraulic turbine governor in all
modes of operation.

4.7.3 Conceptual Design

4.7.3.1 Unit Control System Modification

Reference Drawing (in Appendix D)

SIOOI Control System Block Diagram, Units 10 and 13

The existing unit control system will be demolished and replaced with new sophisticated
distributed type control system (DCS)

The system will be designed to allow plant start up, operation and shutdown under normal and
upset conditions from the main control room. Local control with control room alarming may be
utilized where conditions permit sufficient reaction time without undue jeopardy to equipment or
the ability to maintain unit output.

Most plant control will be accomplished through the DCS in conjunction with direct hardwired
controls of emergency and critical functions. Contrc' of packaged equipment will be incorporated
into this system to the greatest reasonable ,'xtent ;;sible without jeopardizing system safety,
performance, and economics.

Operation of the unit will be from the operator's console. This console will include as a minimum,
multiple CRTs, keyboards and printers.

A vertical board will be provided for additional components, such as recorders, miscellaneous
alarms and specialized inserts (including T/G and electrical controls and boiler trip pushbuttons).

Additional equipment such as input/output cabinets and electronics cabinets associated with the
DCS will be installed in the DCS section of the control room.

Vertical control board will incorporate selected hardwired interfaces to give the operator direct
control of emergency and critical functions, independently of the DCS equipment.

Hardwired devices will include:

Burner Management emergency trip

Turbine emergency trip

Miscellaneous electrical devices

The existing control console and vertical board related to unit process control and monitoring,
will be demolished and removed.
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4.7.3.2 Process Systems Control Modifications

Turbine Control System

Existing Mechanical Hydraulic Control (MHC) System will be replaced by a complete digital
electronic-hydraulic turbine governing system including throttle steam pressure control, speed
monitoring, load limiting and independent overspeed protection. A free-standing local turbine
generator gauge panel will be provided. All interconnections to the turbine will be to prewired
junction boxes on the turbine skid. Also to be provided will be a control room insert panel and a
digital control and monitoring cabinet in the DCS section of the control room for remote control
of the turbine.

Interconnection to the insert panel will be by prefab plug-in cable. The insert will be located on a
vertical control panel. Provisions will also be made for controlling the turbine generator from the
main plant control system (DCS).

Provisions will be made for monitoring of the functions listed below. New vibration monitoring
system will also be furnished. Remote temperature signals will be connected directly to the plant
distributed control system (DCS) for monitoring.

• Remote bearing temperature monitoring

• Remote vibration monitoring

• Remote metal temperature monitoring

• Local oil flow indication

• Local bearing drain temperatures

All analog output signals which are necessary as guiding intelligence or as diagnostic data to aid
the safe and efficient operation of the unit will be wired to the DCS. Analog outputs will be 4-20
mAdc.

Alarm contacts for annunciation of abnormal conditions will be wired to the DCS.

Steam Generator and Auxiliaries

a. Burner Management System (BMS)

Existing burner control will be replaced with a new BMS. The BMS will be of the
programmable solid state type with provisions for remote-manual operation of
lightoff and for hardwired master fuel trip push buttons located on the auxiliary
control panel in the control room. The system will include timed purging and a
complete fuel safety arrangement incorporating a system of interlocks and
permissives for fail-safe operation. Operator interface with the system will be
implemented through a communication interface with the unit DCS which will• 5991-01AILug-4.Doc/10130/95 4-113
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b.

provide the operator all required control capability and status and alann
infonnation via the DCS console. Since the power supply feed is subject to
voltage dip, frequency shift and power interruption, the burner system will be
designed to react with a predictable and safe response in those instances.
Requirements of NFPA 85C will be observed.

Steam Temperature Control

The Steam Temperature Control System will be provided in the unit control
system (DCS) in complete compliance with the Steam Generator manufacturers'
requirements. The control valves and shut-off valves to the attemperators will be
arranged to trip closed upon a boiler or turbine trip as per ASME water induction
prevention recommendations.

•

c. Coordinated Control

The main plant control system will provide the coordinated regulation of feedwater
flow, fuel feed, air flow, and the electro-hydraulic turbine governor in all modes of
operation. The control system will maintain desired unit generation, proper
throttle steam pressure, and proper excess air, as well as desired drum and
deaerator levels.

This self-balancing control system will operate the turbine-generator and the boiler
as an integrated unit. It will apply control actions in a coordinated manner so as to
minimize interactions between the controlled variables of unit generation, throttle
steam pressure, and flue gas oxygen by appropriate operation of the manipulated
variables of fuel, air, and governor.

The combustion control system, an integral part of the coordinated control system,
will control all feeders, pulverizers, and damper drives to supply the proper
amount of coal and air to all burners in service. Master manual/auto stations, and
manual/auto stations for all burners, coal feeders, pulverizers, and associated
damper drives will be provided in the DCS to pennit biasing units as required.

d. Draft Measures

The following categories of draft measurements (by new 2-wire, 4-20 mAdc
transmitters) will be transmitted to the unit control system (DCS):

• Air pressure at air heaters.

• Furnace and wind box pressures.

• Gas pressures at air heaters, reheaters, superheaters, economizers, baghouse
and FOD system.

• • Fan pressures.
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• Pressures associated with coal feeders, primary, secondary and overfire air, etc.

Steam generator Drum Level Measurements

The following drum level instrumentation will be provided:

• Two new drum level transmitters for feedwater flow control and high and low
alarms.

• One new drum pressure transmitter for pressure compensation of drum level
transmitter signals.

• Two new direct reading remote level indications. These indications will be
visible in the control room.

• A highly reliable drum level measurement system to be used for primary high
and low drum level sensing. Backup high and low level alarms will be
developed by alternate devices such as the transmitters or other devices.

f. Air Heater Controls

• g.

The regenerative air heater will be primarily controlled from the unit control
system (DCS). Local control panels shall be furnished for heater support systems
such as leakage control and infrared detectors.

Soot Blower Controls

Existing sootblower system will be replaced by new sootblower system. The
blowers will be controlled from an automatic sequential sootblower panel,
mounted on the auxiliary boiler panel in the control room. The sootblower panel
will be hardwired.

h. Furnace Draft Control

The furnace draft control system will ensure that pressure inside the furnace
remains at the desired setpoint. This will be accomplished by regulation of the LD.
fan flow control devices.

Feedwater System

The feedwater system will be a conventional, combination, 3-element/single-element system using
feedwater flow, steam flow, and steam generator drum level to control feedwater flow. The
feedwater flow signal will have temperature compensation. The main steam flow signal will be
the same as used for combustion control. Feed pumps will trip on low deaerator level and low
flow.

• 5991-01AJLug-4.Doc/l0I30/95 4-115



•

•

Condensate System

Condenser hotwelllevel will be measured and used to position make-up and dump valves between
the condensate system and the condensate storage tank. In addition, total condensate pump
discharge flow after the gland steam condenser will be measured and used to control the
condensate recirculating valve, thus establishing a minimum flow condition based upon the
condensate pump and/or gland steam condenser requirements.

A combination 3-element/single-element control system using feedwater flow, condensate flow
and the deaerating heater storage tank level, will function to maintain the deaerator storage tank
level within limits by means of a condensate flow control valve. The condensate flow signal will
have temperature compensation. A turbine trip will cause the shutting of the deaerator level
control valve for an adjustable time period with auto return to previous state.

Pollution Control System

The existing electrostatic precipitator (ESP) will be replaced with new high efficiency electrostatic
precipitators.

The system will be self-contained. The ESP and fly ash transfer will be controlled locally from
stand-alone control panels, containing PLC's, a graphic mimic, complete status indicators, control
switches, alarm annunciators and other devices to allow the operator to monitor and manipulate
the system as necessary. These systems will have the capability to communicate with the DeS.
Primary elements, local indication, and final control elements, drives and linkages are to be
provided as part of the fly-ash system. All interfacing wiring will be brought to the Boiler Area
DCS I/O Cabinets.

Flue Gas Analysis

A continuous emissions monitoring system (CEM) will be provided to analyze, record, alarm,
process data, and generate reports for the concentrations of S02, O2 and/or CO2 and particulate
of stack effluents in accordance with criteria set by the Environmental Protection Agency and
other cognizant regulatory bodies. Isolated outputs for alarms and monitored variables will be
provided to the unit control system (DCS). A control room insert and report generation
equipment will be provided for operator interface to the analyzers which will be installed in an
analyzer house located near the base of the stack.

An oxygen analyzer system separate from the CEM will be provided as a trim for the Combustion
Control System. Oxygen trim shall ensure that proper excess air level is maintained.

Duct Burner System

Duct Burner System for Primary Air temperature boost will have stand-alone control system.
Duct burners will be monitored/controlled by its own fuel safety system. The control room
oper lor, the DCS will be able to activate the duct burner if the proper permissives are
satis: .ed.• 5991-OlA/Lug-4.DocII0I30/95 4-116
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Uninterruptible Power Supplies (UPS)

An uninterruptible power supply will be provided. Details of the system are provided in section
4.6-3.

The loads served by the UPS are as follows:

a) Burner Management System

b) Control system for main turbine-generator

c) Distributed Control System

d) CEM Data Acquisition System.

Field Instrumentation

a. Transmitters

Transmitters will be used for control, indication, recording, data acquisition and to
avoid the exposure of the Control room to high pressure or temperature fluids and
fuel oiL

Measuring elements for measured variables such as flow, level, pressure, and
differential pressure transmitters will be of the electronic force-balance or
capacitance type.

Each transmitter will be furnished with a NEMA Type 4 enclosure in accordance
with ICS-6.

All transmitters will have zero elevation and suppression capability.

All transmitters will have an accuracy of± 0.5% of calibrated span, minimum.

b.. Thermocouples/RTD

Temperature measurements for control and computer inputs will be made with
chromel-constantan thermocouples and/or resistance temperature detectors
(RID); except that chromel-alumel thermocouples will be used for the furnace
temperature probes and tube temperature sensors.

Thermocouples and RID's will be of the dual element type. Thermocouples will
have ungrounded tips unless high speed response is required for control. Local
thermocouple cold junctions will not be used. Cold junctions will be located at the
receiving end with automatic reference junction compensation provided (i.e., at the
monitor input cabinets). All thermocouple and low level dc wiring will be
shielded.
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• c. Pressure and Temperature Switches

Pressure and temperature switches will be of the snap action type; and will include
at least DPDT contacts or equivalent, unless the application requires SPDT
because of dead-band requirement. In such a case, contacts will be multiplied by
relays.

•

d. Level Switches

A11level switches will be of the packless type. This includes the feedwater heater
high level switches used to trip the turbine extraction line valves. Contact
requirements will be the same as for pressure and temperature applications.
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4.8 STRUCTURAL SYSTEMS

4.8.1 Systems Requiring Refurbishment

The structural support and access platforms for both Unit No. 10 and No. 13 will require
rehabilitation. In the option where the Boiler Design is modified to an Arch Fired Configuration,
the complete structural supports and platforms will require replacement. The new mill classifiers
in all options will require a modification in the support structures from that which now exist.

4.8.2 Conceptual Design

Refurbishment of the existing supports and access platforms will be to the original design.
Equipment that is replaced will be designed to utilize the existing structural support to the
greatest extent possible.
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• 5. REPLACEMENT DETAILS - BOILERS NOS. 13 AND 14, AND TURBINE NO.6

5.1 PRESENT CONDmON

5.1.1 Plant Equipment

Boilers Nos. 13 and 14, and Turbine No.6 are located in the Phase 1 section ofLugansk GRES.
The construction of this phase started in 1952 with the first unit commissioned in 1956. Phase 1
consisted of seven 100 MW turbine generator units supplied with steam from fourteen boilers in a
headered arrangement.

At the present time all Phase 1 equipment has been decommissioned and most equipment is in
various stages of disassembly and removal. Portions of only twelve boilers still remain, including
Boiler No. 13, but Boiler No. 14 has been removed. Parts of three turbine generator units remain,
including Turbine NO.6.

•
The scope of this investigation includes replacement of the original 100 MW Turbine NO.6 with a
new 125 MW turbine, and replacement of Boilers Nos. 13 and 14 with two new circulating
fluidized bed (CFB) type boilers to supply the necessary steam to Turbine NO.6.

With the increased capacity of the new boilers and turbine, and the general poor condition of the
Phase 1 equipment, it has been established that the existing balance of plant systems are
inadequately sized, beyond repair and must be replaced, except for common systems, such as ash
handling and circulating water which will be refurbished. This involves the removal of all
previously installed equipment from their foundations and from within the confines of the existing
turbine and boiler building structures. Existing flue gas handling equipment and breeching will be
either removed or abandoned to accommodate a new breeching system, baghouse, ID. Fan and
stack liner.

The following listed equipment and systems will be removed as a minimum:

Boiler and Boiler Accessories

Turbine Generator

Mechanical Systems and Equipment

Electrical System and Equipment

•
I&C Systems and Equipment

S99 1-0INLug-S.DocII0I30/9S 5-1



•

•

Foundations and structures will be reused and modified as necessary to support all new
equipment.

The existing fuel handling equipment (conveyors, discharge trippers and hoppers) will be
refurbished in place and reused to service the new CFB boilers. Also an existing subterranean ash
sluice system will be refurbished to be suitable for the removal ofall CFB ash.

Circulating water for cooling the Phase 1 turbine unit condensers is provided via a closed system
from one of the three pumphouses (No.1) which comprise the Lugansk Gres facility. Water is
taken from the Donets river and returned to individual cooling ponds via concrete water channels.
As originally designed, Pumphouse No. 1 consists of eight capacity-controlled circulating water
pumps (12,000 to 19,000, t/h capacity) with intake pipe and screens. Water was discharged
through two steel pipelines (2500 mm dia.) to the Phase 1 area. Two leads (1200 mm dia.) from
each discharge header supply each turbine condenser (i.e. - two leads to each of the two
condenser sections for a total of four) with four leads discharging to the return channels. The
circulating water discharge headers from Pumphouse No. 1 are tied into those from Pump
Stations No.2 and 3 via electric actuated valves. This concept provided greater flexibility in
ensuring cooling water supply to all units when anyone pumphouse is not operational.

The eight circulating pumps are very old and obsolete and the capacity control devices no longer
function properly. The steel supply lines are in poor condition due to corrosion damage related to
their long years of service. The rotating screens no longer provide adequate removal of wood
chips, leaves and other mechanical debris from the pump intakes contributing to excessive
deposits in the circulating water system.

5.1.2 Structural Systems

The Boiler Foundations of Units No. 13 and No. 14 were inspected and appeared to be in
acceptable condition, however modifications may be necessary depending on the CFB technology
selected for the project. The roof of the boiler house will require complete replacement in the
area of the new CFB boilers. The area previously constructed for Boiler 14A will be used as a
laydown area during construction of the new CFB boilers and to house ancillary equipment.

The coal conveyor and coal storage bunker areas of the structure were inspected and are in good
structural condition. Modifications will be required in these areas to accommodate the new
equipment of the CFB technology.

The Turbine Hall and the operating floor areas surrounding Turbine No.6 appeared to be in good
condition except for the floor near the condenser circulating water inlet and outlet piping. The
floor will require repair due to what appears to be underground water leaks in the piping. The
overhead crane is operable and looked to be in good condition.

The Switchgear Room, Battery Room and Control Room are in good condition and will require
no structural modification.
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The Switchyard is in acceptable condition except for the areas surrounding the Unit Transformers
which will require some rehabilitation work to assure the containment of any future oil leaks.

The Circulating Water Building for Phase 1 of the facility is not in good condition and will require
refurbishment.

The foundations supporting the particulate control devices will require complete replacement to
accommodate the new emission control technology.

The flue gas ductwork will be removed and replaced and the induced draft fan supports will be
relocated.

The stack and foundation appeared in good condition and will not require replacement based on
our discussions with the plant operating and engineering personnel. The stack will require a liner
to handle the exhaust flow ofthe two new CFB boilers.

5.1.3 Demolition Requirements

The demolition required for this portion of the project will involve a significant amount of tasks to
be completed. In some areas, demolition activities will require the handling of asbestos containing
material and contaminated oils. Demolition of these types of materials is discussed in Section 7.
Demolition will include the complete removal of the existing boilers No. 13 and No. 14, the
removal of the roof of the boiler house in the area of Units No. 13 and 14. The removal of the
boiler foundations for Unit No. 14A, the removal of all equipment and piping in the Turbine Hall
in the areas of Turbine NO.6 and No.7, the refurbishment of the coal bunkers, and removal of
mill circuits in this area.

Major demolition will also be required in the area of the existing cyclones, forced and induced
draft fans. In these areas, the existing equipment, foundations, and ductwork to the stack will
require complete demolition and replacement.

All the existing wiring and motors will be removed and will require complete replacement.

The control system will be completely replaced and will require the removal of the existing
system.
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• 5.2 REPLACEMENT OF 50 MWe BOILERS NOS. 13 AND 14

5.2.1 CFB Technologies Evaluated

The CFB Technologies evaluated are those proposed by ABB-Combustion Engineering, Babcock
and Wilcox, Foster Wheeler and Tampella Power. All proposed systems are capable of meeting
the performance criteria (both environmental and steam production) as set forth for this project
and as stipulated in later sections of this report.

With regard to specific process design approach ABB-Combustion Engineering, Foster Wheeler
and Tampella Power utilize similar concepts. These systems all incorporate cyclone and loop seal
systems for ash recirculation. The Foster Wheeler system is unique among the cyclone/loop seal
CFB process as' the cyclone vessel is steam cooled, thereby eliminating the need for thick
refractory linings. The B&W offering is a two stage system which utilizes suspended U-beams
and a multicyclone collector as the primary elements in the ash recirculation process.

The balance of plant systems (i.e., external solids handling, air and gas handling, steam
generation) are all, with minor variations, basically similar. It should be noted that at this stage of
conceptual design further refinement to actual systems configuration is likely and could result in
changes to the currently offered arrangements without significant impact on the comparative
proposed costs or overall system performances.

• .5.2.2 Selected CFB Technology

From the aforementioned CFB technologies the two stage system was selected. This selection
was based on the following criteria:

• Acceptable Cost

• Vendor familiarity with low quality Ukrainian anthracite fuels

• Vendor familiarity with the Ukrainian Power Industry thereby enhancing potential to
maximize local content in supply of components.

• Acceptable experience as demonstrated by a domestic waste fuel cogeneration facility
of similar size

• Acceptable design

With regard to the above listed factors, design is a criteria which gives the two stage system a
unique advantage as described below.

• General - This process utilizes a two-stage solids separation system. This includes an
impact type primary solids separator (U-beams) integral with the boiler enclosure
installed at the furnace exit and a multi-cyclone secondary separator located in the• 5991-01NLug·5.DocII0I30/95 5-4
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lower temperature region downstream of boiler convection surfaces. This CFB
technology has evolved from field experience leading to the development of the two
stage internal recirculation design offered for this project.

Compactness - The boiler volume is considerably reduced (20-30% versus the
cyclone-type CFBs) because the U-beams are compact and located within the boiler
enclosure. This advantage is particularly important for the power plant repowering
applications, like Lugansk GRES, where the two stage CFB fits in the building plan
area occupied by the existing PC boilers. The other technologies would require a
larger building.

Simplicity - The two stage design reduces the complexity (and cost) of the CFB
system. This design avoids the use of cyclone separators and external recycle devices
such as loop seals and L-valves.

•

•

• High Reliability and Low Maintenance

- Thick refractory elements are not required. The two stage system boiler has
about one-fifth of the total refractory mass of an uncooled cyclone-type CFB.
This is particularly important for developing countries lacking quality
refractory and refractory maintenance services.

- Uniformity of flow and low gas velocity (26 ft/s) in the U-beam separator
result in low levels of erosion at the upper furnace or the U-beams. This
compares favorably with the cyclone-type CFB's which frequently experience
erosion at the cyclone entrance (gas velocity of 65-85 ft/s), vortex finder and
upper furnace.

- The U-beam solid separators have exhibited superior durability and longevity in
comparison to cyclone vortex finders.

- This design avoids high temperature expansion joints which are a maintenance
element of the cyclone-type CFBs.

• High Solids Collection Efficiency - The two-stage solids separator system provides
higher overall efficiency (99.5 - 99.7%) as compared with the cyclone-type CFB due
to the high efficiency of the secondary multi-cyclone separator typically comprised of
lO-inch ID elements as compared with large hot cyclones with diameters of 20-30 ft.
The high collection efficiency provides better retainment of fine circulating particles
enhancing carbon burnout, sorbent utilization and furnace heater transfer.

• Enhanced Operability - This includes a turndown ratio of (5: 1), responsive load
control and short startup time achieved due to:

- Furnace inventory control through the transfer of solids between the furnace
and the particle storage under the secondary collector achieved· by means of
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controllable secondary recycle rate.

- Higher CFB furnace gas velocity and solids circulation rate.

- Low refractory mass.

- Proper selection of the lower furnace geometry, overfire air system and
primary air distributor nozzles.

• Low Convection Pass Fouling - The scouring effect of coarse particles (up to 300
microns) escaping through U-beams prevents fouling of the convection tube banks
without the use of sootblowers, while tube erosion is prevented by a proper selection
of the flue gas velocity. The coarse particles are collected by the multi-cyclone and
recirculated to the furnace.

The boiler design proposed for this project will be suitable for burning Ukrainian anthracite culm
(schtib) with limestone injected as a sorbent. The anticipated qualities of fuel and sorbent are
listed below:

Characteristics of Schtib and Limestone

Schtib Ultimate Analysis, Wt%

C 49.57

H2 0.89

S 1.72

02 0.77

N2 0.52

Ash 36.53

H2O 10.00

Schtib HHV, Btu/lb 7270

Limestone Analysis, Wt%

• 5991-0 lA1Lug.5.Doc/10130/95
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5.2.3 CFB Systems Descriptions

Each boiler is a single-drum natural circulation unit. The boiler furnace enclosure is top
supported and constructed of gas-tight membrane walls~ The cross-section area of the lower
furnace is reduced to enhance materials mixing and solids entrainment. The lower furnace tube
walls are covered with wear-resistant refractory.

Fuel is fed from a coal feed bunker with two volumetric feeders to two bi-directional screw
feeders and discharged to the furnace through the furnace front wall using four gravity feed
chutes. Limestone is supplied pneumatically through the front and rear walls. The pneumatic
system includes two blowers and eight injecting points (four points at each wall).

Combustion air is supplied from one FD fan. Primary air is introduced into the bed through the
furnace floor via a bubble cap air distributor. Secondary air enters the lower portion of the
furnace through different size nozzles on the front and rear walls. The boiler is equipped with one
ill fan.

For start-up the boiler is provided with in-duct and overbed burners.

The primary solids collector is an impact-type separator consisting of a staggered array of V
shaped elements (U-beams) hung from the roof of the boiler. The V-beams form a labyrinth of
passages for gas and solids. Two rows ofV-beams are installed inside the furnace across the gas
exit plane. A second set of V-beams is installed immediately downstream of the furnace exit.
Solids collected by the in-furnace V-beams discharge directly into the furnace along the rear wall.
Solids collected by the second set ofV-beams (external V-beams) are discharged by gravity from
the particle transfer hopper to the upper furnace through ports on the rear wall. All solids
collected by the V-beams fall freely to the bottom of the furnace along the rear wall resulting in
all-internal recycle of primary-collected solids.

Solids passing through the primary collector are cooled through the convection pass and enter a
multicyclone dust collector. Solids collected by the multicyclone are stored in the hopper located
under the multicyclone and recycled to the lower furnace at a controllable rate determined by the
requirements of the furnace inventory/temperature control. The solids are recycled via an air
assisted gravity recycle system and discharged into the bed through eight return points at the rear
wall.

Final solids collection from the gases leaving the unit is to be carried out by a baghouse.

Bed ash is purged from the furnace to control bed solids inventory and remove oversized material
that enters with the fuel. Three water-cooled screws are used to cool the material and control the
rate of the bed drain. A fluidized bed bottom ash cooler/classifier may be considered as an option
depending on the anthracite test burn results. After cooling, the bed ash is mechanically conveyed
to the existing ash sluice system.
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The convection heating surfaces, located downstream of the U-beams, include superheater banks,
economizer banks and a recuperative air heater. Upper convection pass enclosure walls are
steam-cooled.
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• 5.2.4 CFB Boiler Performance

Predicted boiler performance data for full load are as follows:

CFB Boiler Predicted Performance Data (each boiler)

Steam Flow, tIhr 249

Steam Temperature, °C 560

Steam Pressure, ata 137

Feedwater Temperature, °C 230

Coal Flow, tIhr 42.9

Ca/S Molar Ratio 2.2

Limestone Flow, tIhr 5.8

Total Solids Flow from Boiler, tIhr 21.4

Fly AshIBottom Ash Split 0.05/0.5

• Dry Theoretical Air Flow, KglKg fuel 6.06

Excess Air, % 25

Primary/Secondary Air Split 0.65/0.35

Air Inlet Temperature, °C 27

Air Temperature leaving Air Heater, °C 291

Average Bed Temperature, °C 899

Boiler Exit Gas Temperature, °C 149

Sulfur Retention, % 90

Boiler Output, Kcalfhr 147xl06

Boiler Efficiency, % 86.0
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5.2.5 CFB Operations and Maintenance

CFB boilers have unique considerations regarding operations and maintenance (O&M). The
distinctive features of the two stage CFB system O&M are described below. The section on
maintenance gives an update on procedures which reflect latest operating experience.

A. Boiler Operation

Start-Up

The sequence of a cold start-up operation is as follows:

1. Start the multicyclone dust collector recycle system.

2. Start ill fan followed by the start ofFD fan and establish the initial air flow.

3. Introduce bed material (preferably spent bed solids) to the furnace and build a
minimum required inventory.

4. Start in-duct start-up burners and heat-up the bed to 700-800°F while gradually
adding the bed material.

5. Start over-bed burners and heat-up the bed to about 1450°F (for anthracite fuel)
continuing to add the bed material.

6. Start the coal feed when the bed temperature reaches 1450°F and gradually increase
fuel flow, air flow and boiler load bringing the bed temperature to 1600°F.

7. Start limestone feed after a stable bed temperature increase is observed after the
beginning ofcoal feed, maintaining the target S02 value in the stack gas.

8. During the boiler start-up, maintain the steam pressure, flue gas temperature and steam
temperature according to the operating requirements.

9. Transfer solids from the multicyclone storage hopper to the furnace to maintain the
target furnace pressure differential according to operating requirements.

10. Stop start-up burners after the bed temperature of about 1550°F is reached.

11. Gradually increase boiler load by increasing fuel flow, adjusting air flow (primary and
secondary) and controlling the bed pressure differential according to the operating
requirements.

The duration of the cold start-up is 6-8 hours. The hot start-up (when the initial bed temperature
is above the coal ignition point) can be done in about 1 hour.
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Load Carrying

A. Steady State Operation

1. Fuel flow is adjusted to maintain the boiler steam output to meet the load demand.

2. Total air flow is adjusted proportional to the boiler heat input and corrected to
maintain the target O2 concentration in the flue gas.

3. Primary-to-secondary air split is maintained as a function of the boiler load.

4. The furnace temperature is controlled by adjusting the upper furnace (shaft) pressure
differential and the primary air ratio and excess air (at partial loads only). The shaft
pressure differential is controlled primarily by the variable solids recirculation rate
from the multicyclone particle storage hopper and additionally by changing the primary
air ratio.

5. The solids inventory in the lower furnace (primary zone) is controlled by the bed drain
rate. In the case of excessive loss of the circulating bed material together with the
coarse particles removed by the bed drain, bed drain classification and recirculation of
the fine particles to the furnace are to be adjusted in order to maintain a proper
combustor pressure differential profile.

6. The solids inventory in the particle storage hopper is controlled by the purge (when
the upper level limit is reached) or by the solids recirculation rate (when the lower
level limit is reached).

7. The solids transfer hopper is operated with free solids flow through discharge
openings and without solids accumulation.

8. If the solids inventory in the furnace and distribution required for the furnace
temperature control cannot be achieved within the established operational constrains,
the size distribution of fuel and/or limestone is adjusted to meet the performance
requirements. In certain cases, addition of an inert bed material (usually sand) is
needed.

9. The limestone feed is adjusted proportional to the fuel input with a feed-back
correction from the measurement of the S02 concentration in flue gases.

B. Load Change

2. The excess air and primary-to-secondary air ratio are changed as a function of boiler
load.

1. Fuel flow and total air flow are adjusted as required by the load demand with the
cross-limiting preventing from fuel-rich conditions.
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3. The solids recirculation rate from the multicyclone storage hopper is adjusted to
control the furnace temperature. On the load decrease, the recirculation rate is
reduced to reduce the shaft pressure differential. On the load increase, the
recirculation rate is increased resulting in a transfer of the circulating bed material from
the hopper to the furnace as required for the proper furnace heat absorption and
temperature control. This method of control enhances responsiveness of the load
control.

4. The primary air ratio and excess air are trimmed as required for the furnace
temperature control.

5. The limestone feed rate follows the fuel feed rate with an adjustment based on the 802

concentration measurement.

The expected maximum rate of load change is 5-8% min in the load range of 70-100% and 4-5%
min in the load range of40-70%.

ShutDown

1. During normal shut-down the boiler load is decreased by the rate established by the
turbine requirements to the minimum turbine load point. This is done by reducing fuel
and air flows, with air following fuel.

2. After the turbine trip the fuel feed and limestone are stopped.

3. The air flow is maintained at the predetermined level to provide burnout of carbon
particles in the primary zone. Start-up burner can be fired-up to maintain the bed
temperature during the carbon burnout to prevent formation of excessive CO
emissions.

4. The FD fan and the ill fan are shut-down when the bed is cooled below 5000 P and
solids inventory in the furnace is adjusted to the level required for the shutdown.

5. Depending on the purpose of the boiler shut-down, the bed material may be removed
or left in the boiler. The bed material removal through the bed drain requires bed
fluidization by the primary air flow.

6. When the boiler is shut-down for a subsequent quick restart the fuel feed is stopped
followed by the shutdown of the FD and ill fans to prevent the bed temperature
decrease below the coal ignition point.
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B. Boiler Maintenance

The maintenance requirements are evaluated based on: a) the 4.5 years operating experience of a
50 MWc two stage CFB boiler utilizing high ash (40-45%) medium sulfur coal waste producing
erosive bed material, and b) improvements made in the currently offered two stage CFB boiler
design.

The boiler is operated with two 10-day planned outages a year, with the average forced outage
rate of2.5%.

Maintenance-Free Areas

Primary Separator - Due to the low gas velocities and uniform flow distribution no U-beam
erosion is experienced and no maintenance/repair was required.

Refractory - No maintenance was needed for refractory in the furnace and L-valves (solids return
legs from the U-beams).

Furnace Heating Surfaces - No tube wear was observed on the furnace heating surfaces including
tube walls, division walls and wing walls, except of the tube wall-refractory interface in the lower
furnace (see below).

The uniform gas velocity distribution in the furnace due to the full-width low gas velocity exit to
the U-beams prevents local erosion.

Superheater- No maintenance was needed for unshielded pendant superheater tubes.

Maintenance Areas

These are areas requiring regular maintenance during scheduled outages. The maintenance
addresses wear caused by the erosive nature of the bed material and fuel ash.

Fuel Feed

Due to the abrasive nature of fuel ash problems were experienced with plugging and wear of the
fuel injection screws. The plugging problem was solved by shortening the screws, and the wear
was solved by finding a suitable weld overlay material.

In new designs, with gravity air-assisted fuel feed chutes, plugging is not expected. Minimum
maintenance during planned outages may be required for wear areas in the chutes that shall be
locally protected by the wear-resistant weld overlay.
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Bed Drain Coolers

The severe wear or the screw-cooler troughs and flights was prevented by the hard weld overlay
and installation of replaceable trough inlet sections. With these modifications only minor touch up
repairs during planned shutdowns are needed. Further design refinement may preclude the need
for screw coolers by utilizing fluid bed ash coolers.

Tube-Refractory Interface in Furnace

The only area in the furnace experiencing tube wear is the refractory interface at the top of the
tapered lower furnace section. This area is protected by a metalizing spray coating. Periodical
respraying is needed during planned outages once a year.

Multicyclone Dust Collector

The wear of the multicyclone dust collector elements is minimized to the acceptable rate by using
wear-resistant materials. The most wear is experienced on the outlet tubes. The tubes made of a
cast material with 500 Brinell hardness have a wear rate corresponding to at least 4 years life
time. Other parts, such as spin vanes and inlet tubes have a lower wear rate. The dust collector is
designed for easy access for inspection and replacements.

Dust Collector Recirculation

The pneumatic dust collector recirculation system requires routine maintenance to prevent leaking
at pipe couplings. In the new design, a gravity air-assisted recirculation system reduces
considerably the maintenance requirements.

Horizontal Convection Surfaces

The convection heating surfaces with horizontal in-line tube arrangement (superheater and
economizer) require careful tube alignment and installation of tube shields and erosion barrelers
preventing gas laning and local erosion. Proper selection of gas velocities and tube bank: depth
provides for minimal tube erosion. The tube alignment and conditions of the protective shields
and barriers are inspected during the outages and corrected as needed.

Air Heater

Wear has been experienced at the inlet parts of the air heater tubes having flue gas flow inside the
tubes. In the new design, the air heater has air inside and gas outside the tubes. With this design,
the air heater conditions are similar to other horizontal convection surfaces.

5.2.6 CFB System Equipment

The fuel and limestone preparation systems, and the fabric:filter are the main support systems
required by a CFB boiler facility. Each system i::l configured as discussed in the following
description.
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Fuel and Limestone Preparation Systems

Fuel for the plant is stored in a large long rectangular outside storage pile which runs parallel to
the main boiler building. Coal is removed from the pile by bucket cranes which deposit the coal
into a receiving hopper which in turn delivers the coal into one of the two coal pile conveyor belts
which run parallel to the main pile. Before reaching the end of the pile the belts are inclined and
enter the top of a transfer tower. The coal is then transferred to one of the two redundant gallery
feed conveyors which run perpendicular to the previous conveyors and convey the coal to the
gallery conveyors which bring the coal to the surge bunkers of the Phase II and III boilers.

For this project, it is planned to utilize one of the two coal pile conveyors to feed two (2)
redundant reversible hammer mill crushers located adjacent to the transfer tower. The mills are
each full capacity and redundant in order to accommodate frequent routine hammer replacement
and adjustment. Under the bottom discharge of each mill are hoppers which transfer the coal to
individual redundant conveyors which run parallel to the existing gallery feed conveyors. These
conveyors will bring the coal to the gallery conveyors which service the Phase 1 boiler house.

The hammer mills selected have been used on other CFB projects and are capable of reducing the
fuel from the 2" x 0 as received size to a size acceptable for direct feed into the CFB furnace.
This arrangement eliminates the complexity of two stage crushing and eliminates the need for
performing any crushing within the boiler building.

The limestone preparation system anticipates the receipt of 1-112" x 0 top size limestone. The
limestone is deposited by a truck into an undergrade enclosed hopper adjacent to the Phase 1
boiler building end wall closest to the Phase IT and III boiler building underground through the
end wall underground. The deposited limestone is conveyed underground by a vibrating feeder to
a bucket elevating conveyor which in turn feeds a rotary dryer. After drying the limestone is
conveyed to another bucket which deposits it into a 24 hour storage bin configured with two
bottom outlet hoppers. Each hopper outlet is connected to a vibrating feeder which in turn passes
the limestone into vertical spindle roller screen mills. These mills which have also been
successfully used for crush limestone for other CFB projects reduce the material to its final feed
size. The crushed limestone is then pneumatically pressure conveyed to the main limestone
storage silo.

Fabric Filter

A fabric filter system will be installed to control particulate emissions. The particulates will
consist primarily of ash, sulfated limestone, excess lime and a limited amount ofunburned carbon.

Incoming flue gas enters the fabric filter through a single point manifold connection where it is
then distributed to the individual modules of the fabric filter. At each module, the gas will pass
through an inlet isolation valve and will enter the hopper of that module. Flue gas will pass
through the bag fabric from the outside of the tubular bag to the inside. Collected particulate is
retained on the outer surface of the bag and cle&.ned !Iue 8,as exits the inside of the bag at the top
through the tubesheet and proceeds to the induced draft fans and stack.• S991..()lAlLug-S.Doc/lO/30I9S I:; .15



• Particulates are removed by isolating each module and back pulsing compressed air from the
inside of the bags. This causes the built-up particulates to dislodge from the bags and fall into the
collector hoppers below.

The total fly ash flow rate is expected to be 15.9 t/hr.

5.2.7 Emissions

The proposed two stage CFB boilers represent a dramatic improvement over the performance of
the boilers they replace. The main elements of environmental performance being evaluated are
S02, NOx and particulate discharge. The base case design calls for a 90.5% S02 removal
efficiency. Cases for 85% and 95% percent have also been analyzed and the predicted
performances are listed below:

Predicted Parameter

Sulfur Removal % 85 90.5 95

Cals Ratio 1.8 2.2 2.9

*S02 (mg/NM3) 950 600 316

*NOx (mg/NM3) 200 200 470

• *Particulate (mg/NM3) 50 50 50

Sorbent Feed Rate (t/hr) 4.7 5.8 7.7

Fuel Feed Rate (t/hr) 42.8 42.9 43.1

Boiler Efficiency 86.3 86.0 85.6

*Based on 6% oxygen in flue gas

From reviewing the above data it is apparent that the 90.5% removal efficiency represents an
optimum case. At 95% the NOx emissions dramatically increase. Furthermore, the required
increase in limestone feed rate would require increased capital expenditure for additional
limestone preparation equipment. The 90.5% case also exhibits minor advantages with regard to
boiler efficiency and fuel consumption.
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• 5.3 REPLACEMENT OF TURBINE GENERATOR NO.6

5.3.1 Systems and Equipment Requiring Replacement

Replacement of Turbine No. 6 is necessitated by its very poor physical condition. A turbine of
greater capacity (125 MW) has been selected.

The existing turbine auxiliaries are also very old and complete replacement is necessary. All other
related turbine hall equipment was also considered for replacement because oftheir age, as well as
because the new modern steam turbine which takes into account the latest advancements made in
steam path design will have extraction points different from those of the original turbine. The
new steam turbine which, like the existing, would be of the non-reheat design, would use more
modern steam parameters - in line with the parameters closely matching those of the Phase 2 and
3 section ofthe plant.

The existing turbine pedestal will be retained, since the new replacement units have been designed
to fit on it. (This concept was also utilized for the 200 MW replacement units discussed in
Section 4). The turbine pedestal appeared to be in good condition.

•

•

The existing main steam piping will have to be removed in order to accommodate the new CFB
boiler connections as well as due to the elevated main steam conditions contemplated for the new
replacement turbine unit.

5.3.2 Turbine Performance

5.3.2.1 Gross Performance

The 125 MW turbine proposed for the Unit 6 replacement was designed and will be manufactured
by Kharkov Turbine Works as a KT-125/115-12.8 NPO "Turboatom" machine, specifically for
replacement ofthe lower capacity 100 MW turbines without necessitating modifications to turbine
pedestals. Its nominal output is 125 MW as indicated by its designation. The steam cycle
parameters are higher than those of the original unit which it replaces. The technical
characteristics of the new replacement turbine are shown in Table 5.3-1. The turbine is also
adaptable to generating hot water for local heating of the plant and its domestic water needs.
However, all the performance data calculated here are based on pure condensing mode of
operation.

The turbine performance as a function of main steam flow is shown in Figure 5.3-1. This figure
shows that the turbine main steam flow at the 125 MW turbine output is 435 t/h. At this nominal
load the turbine gross heat rate is 2042 kca1lkWh.

The above figures indicate that the improvements in gross turbine output and heat rate are 25% in
output and about 15% in heat rate compared to the original 100 MW turbine design conditions.

S991-01AlLug-S.Doc/lO/30/9S 5-17



•

•

5.3.2.2 Net Unit Performance

Net power output from the Unit 6 repowering and net unit heat rates were also determined.
Calculations were done for various loads between 100% and 40%. Based on the previous
experience with fluidized bed units an auxiliary load of 8.5% was utilized for the full load
condition. Boiler efficiency figures were also provided by CFB vendors, and an efficiency of 86%
was used for the 100% load point.

Based on the above figures, the full load net unit output is 114.4 MW, and the resulting net unit
heat rate is 2595 kcaVkWh. This corresponds to a net unit efficiency of33.1%.

5.3.3 Conceptual Design

A conceptual design has been developed for the replacement of the No.6 unit, utilizing the
existing turbine pedestal and the area originally occupied by the No. 13 and 14 boilers. The
conceptual design essentially involves the complete replacement of the original components. The
replacement of the balance of plant equipment is described in Sections 5.4 and 5.5. This section
describes the new 125 MW turbine-generator.

The technical characteristics of the steam turbine were shown in Table 5.3-1. The turbine was
specifically designed for mounting it on the existing foundation. The outline drawing for this
turbine is shown in Figure 5.3-2. As can be seen the unit consists of an HP section and a double
flow LP section. There are four extraction points on the HP section. The first three provides
extraction steam for the high pressure regenerative feedwater heaters and the deaerator, and the
fourth is taken from the exhaust end of the HP cylinder for the low pressure heater number 3.
Extraction steam for the remaining two LP heaters is provided from the LP section. The overall
dimension for the turbine is 14075 mm.
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• Table 5.3-1

TECHNICAL CHARACTERISTICS OF THE 125 MW TURBOGENERATOR

Manufacturer Kharkov Turbine Works

Model KT-125/115-12.8 "Turboatom"

Nominal Output 125MW

Maximum Turbine Output Capability 143MW

Nominal Main Steam Flow 435 tIh

Maximum Steam Flow Capability 500 t/h

Steam Inlet Pressure 130 ata

Steam Inlet Temperature 555°C

Reheat Steam Temperature

• Turbine Heat Rate 2042 kcal/kWh

Number ofRegenerative Extractions 6

Configuration of turbine Tandem-compound

Cylinders lIP and Double Flow LP

Condenser Type K3900

Electric Generator Type TA-120-2U3

Generator Capacity 150 kVA

Power Factor 0.8

Generator Cooling Air Cooled
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The main heat cycle diagram for the 125 MW steam turbine is shown in Figure 5.3-3. The
corresponding extraction conditions (flow, pressure, temperature and enthalpy) for various loads
are shown in Table 5.3-2

The turbine will be furnished as a package including the condenser, main steam stop valves,
control valves, controls. lube oil tanks and coolers, extraction check valves, safety devices,
ejectors and turbine turning gear with electric motor.

Various other turbine hall mechanical equipment are described in Section 5.4. A flow diagram,
125 MW Turbine Cycle, and general arrangement drawings Nos. M203 and M204 for the new
125 MW units are included in Appendix D.
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• Table 5.3-2

EXTRACTION PARAMETERS FOR THE 125 MW STEAM TURBINE

Percent of Feedwater Extraction Extraction Steam Parameters
Maximum Heater Steam Flow
Capability tIh

Extraction Temperature Enthalpy
Pressure, ata °C kcal/kg

HPHTR6 48.89 38.35 385 760.11
HPHTR5 21.76 14.29 227 708.11
Deaerator 32.63 7.234 193 675.84
LPHTR3 18.99 2.183 122 630.4

100% LPHTR2 27.06 1.058 101 606.12
LPHTR 1 10.71 0.189 58 555.52

HPHTR6 32.58 28.72 363 752.12
HPHTR5 14.69 10.76 249 701.69
Deaerator 23.07 5.447 179 670.47
LPHTR3 13.44 1.664 114 626.31

75% LPHTR2 20.16 0.809 93 602.56

• LPHTR 1 6.09 0.147 30 553.26

HPHTR6 18.62 19.05 337 742.95
HPHTR5 8.71 7.152 228 694.07
Deaerator 13.77 3.665 161 664.16
LPHTR3 8.21 1.123 102 621.69

50% LPHTR2 13.01 0.548 83 598.63
LPHTR 1 1.41 0.104 46 551.4

HPHTR6 5.15 9.107 331 745.31
HPHTR5
Deaerator 8.0 9.0 500 832.6
LPHTR3 3.48 0.584 85 626.57

25% LPHTR2 3.8 0.3 33 604.28
LPHTR 1
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• 5.3.4 Capital Cost

Capital cost estimates have been developed for the new Unit 6 installation. Some of the cost for
equipment were obtained from Ukrainian or Russian sources, and some of them were developed
from either U.S. vendor information or from Bums and Roe in-house data. The total estimated
capital cost for the Unit 6 turbine generator is $10,457,800. This figure includes the steam
turbine, the electric generator, the excitation system, gland steam condenser, steam jet air ejectors
lube oil storage tank, lube oil conditioner and oil coolers, lube oil pumps, stop and regulating
valves, non-return valves for extraction lines, turbine programmatic control system, and various
automatic safety features as well as the turbine turning gear.

•
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• 5.4 MECHANICAL SYSTEMS AND EQUIPMENT

5.4.1 Systems And Equipment Requiring Replacement

Based upon the condition of the Phase 1 plant equipment associated with Boilers Nos. 13 & 14
and Turbine No.6, addition of the CFB units will require installation of all new Balance of Plant
(BOP) equipment required to support the steam cycle associated with the new K-1251115 turbine
unit. Existing cycle equipment and piping systems will require removal and disposal.

5.4.2 Conceptual Design and Cost Impact

The following is a description of the conceptual design of the major mechanical fluid systems and
equipment required for the new 125 MWe unit. These items, along with their associated costs, are
summarized in Table 5.4.1. Refer to drawing No. SM100, "Flow Diagram, 125 MW Turbine
Cycle" for an overview of the cycle concept. For layout of the equipment, refer to drawings Nos.
SM203 and SM024, "General Arrangement, Unit 6 Upgrade". These drawings are in Appendix
D.

Main and Extraction Steam

•

•

The Main Steam System will convey high pressure, high temperature steam from the two CFB
boilers to the Turbine main stop valve. The system will also include a main steam dump line to the
condenser. Main Steam piping will be designed with adequate drainage to prevent water from
entering the turbine. A drain will be installed at each low point in the Main Steam piping and
branch lines, from the boiler outlet to the turbine generator stop valves. Each branch line to the
turbine stop valves will also be provided with a drain just before the stop valve. The power
operated drain valves will open automatically on turbine trip and will also be remotely operated
from the control room. During normal operation the Main Steam System will operate at varying
loads dictated by the turbine generator demand. The steam flow will be controlled by maintaining
a constant steam chest pressure when in the constant throttle pressure mode. A change in the
turbine generator demand will result in a change in the position of the turbine generator control
valves. The resulting change in flow will alter the steam chest pressure which is compensated for
by a change in the boiler steam generation rate.

The Extraction Steam System will supply steam to three stages of low pressure feedwater heating,
one deaerating feedwater heater, and two stages of high pressure feedwater heating. The steam
used for feedwater heating is extracted from progressively lower pressure stages of the main
turbine casings.

The Extraction Steam System will operate over a range of turbine generator loads, from the
lowest acceptable to the turbine generator system, to the maximum loading conditions at turbine
valves wide open (VWO) plus 5% overpressure. All heaters must be in service to obtain the unit's
capability at designed efficiency. The Extraction Steam System is designed to permit operation
with selected heaters out of service.
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TABLE 5.4.1

Mechanical B.O.P. Equipment for Stage I Rehabilitation - CFB Boiler Plant

1 Surface Condenser Package I $1,600,000 $1,600,000

2 Condenser Cleaning System ( "Technos", two twin line 1 $300,000 $300,000
system)

3 LP Feedwater Heater NO.1+ Drain Con!'l Valves 1 $70,000 $70,000

4 LP Feedwater Heater No.2 + Drain Cont'l Valves 1 $70,000 $70,000

5 LP Feedwater Heater No.3 + Drain Cont'l Valves 1 $70,000 $70,000

6 lIP Feedwater Heater No.5 + Drain Cont'l Valves 1 $150,000 $150,000

7 lIP Feedwater Heater No.6 + Drain Cont'l Valves 1 $150,000 $150,000

8 Boiler Feed Pump (2 x 100%) 2 $300,000 $600,000

9 Condensate Pump (3 x 50%) 3 $50,000 $150,000

10 Condensate Booster Pump (2 x 100%) 2 $90,000 $180,000

11 Heater Drains Pump (2 x 100%) 2 $15,000 $30,000

12 Deaerator 1 $100,000 $100,000

13 Intermittent Blowdown Tank 1 $8,000 $8,000

14 Continuous Blowdown Tank 1 $5,000 $5,000

15 Air Compressor 2 $70,000 $140,000

16 Air Receiver 1 $8,000 $8,000

17 Boiler Chemical Feed Package 1 $60,000 $60,000

-----, .._...-
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TABLE 5.4-1 (Cont'd)

18 Circ. Water Pumphouse #1 Modifications - Pumps - 2 x 1 $650,000 $650,000
50% capacity), (1600 mm piping), (Screens)

19 Turbine Main L.a. Pumps 2 $2,400 $4,800

20 Turbine Emergency L.o. Pump 1 $4,000 $4,000

21 Turbine Regulator Oil Syst. Stu Pump 1 $5,000 $5,000

22 Turbine Regulator Oil Syst. Pressurizing Pump 1 $4,000 $4,000

23 Misc. Mechanical Equipment (not stated above) 1 $800,000 $800,000

24 Turbine Hall Piping Package 1 $500,000 $500,000

(Valves, fittings, insul, for Steam, Air, Cond, Water)

25 Remaining Piping (Instmt. Air, etc. ) 1 $231,882 $231,882
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Since the Extraction Steam System is a major path of potential turbine water induction, the
system will include equipment for prevention of water damage to the steam turbine. Typical
causes for excess water accumulation are (a) Leaking feed water heater tube(s) (b) Failure or
inadequacy of heater condensate level controls (c) Water accumulation in extraction lines. A
motor-operated isolation valve followed by one or more reverse current valves will be installed in
each extraction line. These valves will be installed as close to the turbine as possible, and they will
close when high-high water level is experienced in the heater. The valve closing speed will depend
on the excess water flow to the heater and the volume between high-high level and the shut off
valve.

Extraction line drains will be used during system warm-up to prevent thermal shock and minimize
stress. The drain lines will be equipped with air-operated valves and will be situated at the low
points between the turbine and the extraction motor-operated isolation valve and at low points
between the reverse current valve and the heater. The air-operated drain valves will open
automatically upon closure of the motor-operated extraction steam line isolation valve upon
heater high-high level. All extraction line drains will be routed separately to the condenser.

Feedwater System

The Feedwater System will provide feedwater in the quantity, quality, pressure, and temperature
required by the boilers at various operating loads. The system will draw deaerated condensate
from the Deaerator Storage Tank and deliver it to the boilers. During this process the feedwater
will be heated in a string of two (2) High Pressure Feedwater Heaters (HP-5, HP-6) to improve
cycle efficiency.

The Feedwater Pumps will be 2 x 100% capacity, electric motor driven, multistage barrel type
units, with variable speed control. Pump capacity will be 580 m3/hr at 195 kglcm2 head. Flow
variation will be controlled by the feedwater flow control system automatically regulating the
pump speed to respond to the steam-feedwater flow demand. Feedwater pump minimum flow
protection is provided by flow controlled recirculation back to the deaerator based upon pump
suction flow metering.

The High Pressure Feedwater Heaters will be vertical shell-and-tube heat exchangers. Feedwater
flows through the tubes and is heated by high-pressure turbine extraction steam which condenses
in the shell side of the feedwater heaters. The heaters will be provided with individual by-passes
with manual operated gate valves. The heaters will have, depending on the specific heat duty
characteristics, integral drain cooler and desuperheating sections, as applicable. The water
temperature leaving the heaters will be as follows:

The Feedwater System will include all piping, valves and specialties between the Deaerator
Storage Tank and the CFB boiler economizer inlets. The material for the feedwater system piping

• HP-5 heater: 190.3 °c (374.5 F)

• HP-6 heater: 242.4 °c (468.3 F)
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will be carbon steel equivalent to the ASTM specifications A 106 Gr. B and A 335 P22.

Condensate System

The Condensate System will provide condensate in quantity, quality, pressure, and temperature
required to supply the Feedwater System and other miscellaneous systems at various unit
operating loads. The system will draw condensate from the condenser hotwell and delivers it to
the feedwater system. During this process the condensate will be heated, deaerated, chemically
treated, and if required, cleansed of impurities. Condensate heating will improve the plant cycle
efficiency. The condensate is heated by turbine extraction steam in a string of three Low Pressure
Feedwater Heaters and a Deaerating Feedwater Heater. Deaeration of the condensate will
remove oxygen and other noncondensible gases to minimize corrosion and gas accumulation in
equipment. Condensate deaeration occurs in both the condenser and the deaerator. The
condensate system will also be the source of water for other miscellaneous systems requiring high
purity water. Condensate losses will be replenished with make-up water from the Demineralized
Water System in the Water Treatment Plant.

The Condenser will be a two section, shell-and-tube heat exchanger designed to condense the
turbine exhaust steam. The steam will condense inside the condenser shell as it is cooled by
circulating river water flowing through the tubes. The condensate collects in a hotwell at the
bottom of the condenser, from which it will be withdrawn by the main condensate pumps. The
condenser operates under a vacuum which is a function of the circulating water temperature. To
maintain vacuum, noncondensible gases and air leakage into the condenser are withdrawn by the
Condenser Air Evacuation System. The Condenser will be located below the new KT-125/115
turbine at the turbine pedestal formerly occupied by the 100 MWe turbine, NO.6.

Condensate pumping will be accomplished by use of main and booster condensate pumps. The
Main Condensate Pumps will be 3 x 50% capacity, single stage, vertical centrifugal pumps with
constant speed electric motor drives. Their capacity will be 200 m3/hr at a head of 99 meters
(w.c.).The pumps will discharge through the Gland Steam and Steam Jet Air Ejector Condensers
from which the Booster Condensate Pump takes suction. The Gland Steam System condenser
condenses steam exhausted from turbine shaft seals and stop valve stem packing. The condenser
shell will be maintained at a slight vacuum by a blower which exhausts air and non-condensables
to the atmosphere.

The Condensate Booster Pumps will be 2 x 100% capacity, vertical, centrifugal pumps with
constant speed electric motor drives. Their capacity will be 500 m3/hr at a head of 150 meters
(w.c.). The booster pumps will discharge through the three stages of Low Pressure Heaters. The
heaters will be provided with individual, manually operated by-passes.

The Low Pressure Feedwater Heaters will be specified to handle extraction steam flows consistent
with the by-pass arrangement and the turbine generator capability to operate with the heaters out
of service. The heaters will have, depending on the specific heat duty characteristics, integral drain
cooler and desuperheating sections, as applicable. Motor-operated valves, which are automatically
actuated by high water level switches in the drain reservoirs, will be provided to assure that a
means is available to prevent water from being induced into the turbine in the event of tube• 5991..Q lAlLug-5.Doc/l0/30/95 5-30
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failure. The water temperature leaving the feedwater heaters, at 100% load, will be as follows:

• Heater LP- 1 : 54.3 0C (129.7 Op)

• Heater LP- 2: 94.9 °c (202.8 Op)

• Heater LP- 3: 119.4 °c (247 Op)

After leaving heater LP-l, the condensate flow will pass to the Deaerator. The Deaerator unit will
consist of a deaerating heater section mounted on top of a deaerator storage tank. The deaerating
heater will be an open type, direct contact, heat exchanger in which condensate is mixed with
turbine extraction steam causing the steam to condense as it loses heat to the condensate. The
condensate will be heated to the saturation temperature corresponding to the steam pressure. In
the process of heating the condensate oxygen and other noncondensible gases will be released
from the condensate and vented to atmosphere. The resulting feedwater temperature leaving the
Deaerator will be 162.1 °c (324 Op).

The Condensate System will include all piping, valves and specialties between the condenser
hotwell outlet and the Deaerator. The material for the Condensate System piping will be carbon
steel, equivalent to the ASTM A 106 Gr. B or seamless A 53 Gr. B specification.

Circulating Water System

The Circulating Water System will provide a continuous supply of cooling water, on a once
through basis, to the new main condenser providing the heat sink for the turbine over its full range
of its operating loads. The current primary source of Circulating Water to the Phase 1 area of the
Lugansk plant originates at Pumphouse No.1. However~ crossconnections exist from the
circulating water systems supplied from Pumphouses No's. 2 & 3. The amount of circulating
water required by the new condenser for the 125 MWe turbine cycle is 11,000 m3/hr. Several
alternatives were considered for supplying circulating water to the repowered Stage I units. These
alternatives are as follows:

Alternative 1- If it is assumed that the current design basis for the rehabilitation of Stage I is
based upon only the one 125 MWe unit defined in the Scope of Work (S.O.W.), the required
circulating water may be supplied via the cross-connections from the Pumphouse 2 & 3
circulating water systems. In this case modifications to the system would be minimal, consisting
only of replacement of the four 1200 mm inlet/outlet leads to the condenser with two 1400 mm
inlet/outlet leads to accommodate the new condenser.

Alternative 2 - If it is assumed that Rehabilitating ofPhase 1 units will eventually go beyond the
one unit defined in the S.O.W., it will be necessary to rehabilitate the Pumphouse No. 1
circulation water system. Due to the age and current condition of the components of this system
significant rehabilitation would be required. The extent of rehabilitation depends upon how many
Phase 1 units would be rehabilitated. If it is assumed that a total of three new 125 MWe turbines
will eventually be installed ( the current one plus two more) Pumphouse No.1 will have to be
modified to replace three of the existing eight pumps with new pumps (Model 96VD4.5/23)• 5991-0 INLug-5.Doc/I 0/30/95 5-31
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having a capacity of 16200 m3/hr each. Additionally, the intake screens will have to be upgraded
and the two 2500 mm diameter steel supply lines to the Phase 1 area will have to be replaced.
The replacement pipelines would be 1600 mm diameter and the two leads to the new condensers
would be 1400 mm.

Alternative 3 - If it is assumed that all seven Phase 1 units will be rehabilitated eventually, it
would be necessary to remove and replace all eight existing pumps with six new pumps (Model
96VD4.5/23) and all intake screens would have to be replaced. The replacement pipelines would
be 2100 mm diameter and the condenser leads would be 2000 mm.

Option 1, although feasible, was felt to present a potential operationaVmaintenance constraint for
the facility. Use of only the circulating supply lines from Pumphouses 2 & 3 results in a reduction
in the operational flexibility provided by the original design since the system separation valves
allowed all units to remain in operation ( during most seasonal variations) if maintenance is
required on anyone of the six water supply lines.

The design basis selected for inclusion in the Unit 6 rehabilitation work of this report is a variation
of Options 2 and 3. In this regard it includes installation of two new 8100 m3/hr circulating water
pumps (74% of the design flow to one 125 MW turbine condenser or half the flow of one Model
96VD4.5/23), intake screen modifications to accommodate these pumps and replacement of the
existing 2500 mm/1200 mm supply lines/condenser leads with the 1600 mm/1400 rom,
respectively, lines and leads described in Option 2.

It was felt that additional pumping capacity can be added in the future if additional units are added
therefore only the pumping capacity required to accommodate the current 125 MW addition will
be provided. Since excavation is required for the pipeline replacements, it is felt that installation of
a larger pipe size, which allows for future capacity, is a prudent expense at this time to avoid the
cost of reexcavating in the future.

Heater Drains And Vents System

The Heater Drains and Vents System (HDVS) will consist of all equipment, piping, valves,
instruments, and control components required to perform the following major functions:

• Drain and recover condensed extraction steam from feedwater heaters and miscellaneous
heat exchangers.

• Vent noncondensible gases from the same.

• Recover drain heat content by cascading drains from higher pressure to lower pressure
heaters.

• Provide protection against water induction into the turbine through the heater extraction
steam lines in case of inadequate heater drainage or heater tube rupture.
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The HDVS will service all feedwater heaters and miscellaneous steam condensing heaters. To
recover heat, the drains from high pressure heaters will be cascaded to lower pressure heaters.
Each heater will be provided with two drains. A normal (cascading) drain and an alternate drain
to the condenser. Control valves will be provided in these drains lines to maintain level in the
heaters. The deaerator is the terminal receiver of drains cascading from the high pressure heaters,
and the condenser is the terminal receiver of drains cascading from the low pressure heaters. A
low pressure heater drain pump will be installed for pumping forward the drains from the L.P.
Heater No.2.

The HDVS system will operate through all ranges of turbine generator load, including plant
transients, and when one or more heaters are out of service. During normal operation heaters will
drain through their primary drains. Under abnormal conditions,. when the capacity of the primary
drains is exceeded, the excess flow will be drained to the condenser through the alternate drains
which will be actuated by high water level in the heater shells. When a heater is out of service, the
heater drains which normally cascade to this heater will drain through its alternate drain to the
condenser. The alternate drain will also used whenever the normal drain is not available for
sefVlce.

As applicable, closed feedwater heaters will be provided with an internal drain subcooling zone. In
this zone the extraction steam condensate will be subcooled close to the saturation temperature of
the heater into which it is draining. Subcooling will prevent flashing in the drain piping upstream
of the control valve, reduce flashing downstream of the control valve, and improve cycle thermal
efficiency.

Since gases trapped in heat exchangers will degrade heat transfer, cause corrosion, eventually
block the steam flow to the heater, each feedwater heater will be provided with two types ofvents
for removal of noncondensible gases, start-up vents and continuous vents. Start-up vents will be
used during start-up to vent the heater fast and during maintenance to purge the heater.
Continuous vents will continuously remove noncondensible gases during normal operation.
Continuous vents from the high pressure heaters discharge to the Deaerator. Continuous vents
from the low pressure heaters will discharge to the condenser. Start-up vents from the high
pressure heaters will discharge to the atmosphere. Start-up vents from the low pressure heaters
will discharge to the condenser. Each continuous vent is equipped with an isolation valve and a
restriction orifice. Deaerator continuous and start-up vents will discharge to atmosphere through
a common header.

The heater drains pump from L.P. Heater No.2 will be 2 x 100% capacity centrifugal, constant
speed, electric motor driven, pumps. Each pump will be provided with a temporary suction
strainer to be used during initial pump operation to prevent construction debris from damaging the
pump. The strainer element may be removed after initial system flush or retained for added
protection.
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Instrument and Plant Air Systems

An Instrument Air System will be added to the unit to provide high purity, oil-free, dry
compressed air in sufficient quantity and adequate pressure for the new instrumentation and
pneumatic control devices being added to the unit. The Plant Air system will be provided to
supply compressed air in sufficient quantity, quality, and pressure for various equipment,
pneumatic tools and systems in the plant. .

The air receiver will be equipped with a safety valve to protect it from overpressurization. The
inlet and discharge piping to the receiver will be at opposite ends to assure flow through the
receiver volume. Moisture drops carried-over from the moisture-separator will be collected at the
bottom of the receiver and trapped to a drain. The drain piping will be piped to an open floor
drain.

The Instrument and Plant Air systems will contain the following major equipment:

• Two rotary compressors with inlet filter/silencer.

• Compressor aftercooler/moisture separator.

• Two air receivers.

• Air Dryer with pre-filter and after-filter.
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• 5.5 ELECTRICAL SYSTEMS AND EQUIPMENT

5.5.1 Systems and Equipment Requiring Replacement

Essentially, the entire electrical system requires demolition/replacement. Equipment includes all
3.3kV and 400V switchgear, 400V Motor Control Centers and all associated raceways, medium
and low voltage power and control and instrumentation cables, 220kV circuit breakers,
disconnect switches, potential transformers, surge arresters, protective relay system, turbine
control system, and DC system. The existing cable tunnel can be utilized to route the new cables
on a new tray system.

Table 5.5.1 lists electrical systems and equipment for Units 6 that will be replaced.

Table 5.5.1

•

•

Item Equipment Considered For Replacement
No.

1) 220 kV Circuit Breaker

2) 220 kV Disconnect Switches

3) 220 kV Potential Transformers & Lightning Arrestors

4) 3.3 kV Switchgear

5) 400V Switchgear

6) 400 V Switchgear Transformers

7) 3.3 kV Cable Bus

8) 220 V DC Battery Chargers and Batteries

9) 220 V DC Switchboard

10) All Power, Control and Instrument Cables

11) All Cable Trays and Conduits

12) Protective Relay Boards

13) Electrical Control Board

14) Lighting System

15) Fire Detection System
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5.5.2 Performance

Power plant performance can be greatly improved if the obsolete and degraded electrical
equipment are replaced with new equipment. Section 5.5.3 describes the conceptual design
criteria and briefdescriptions ofnew electrical equipment.

The new equipment will be of modern design. It will have smaller probability of failure, thus
allowing the plant to achieve a higher capacity factor. It will require reduced operation and
maintenance cost. It will be designed to modern design criteria providing safety to plant
personnel.

Operating and maintenance will be reduced for the new electrical equipment; especially for the
motors which are prone to faults on the windings and existing electromechanical protective relays
which require a great deal ofmaintenance.

5.5.3 Conceptual Design

5.5.3.1 General

Reference Drawings (in Appendix D)

SEOOI Conceptual Main One-Line, Units 6, 10 and 13

SE003 6.3 kV and 416V System One-Line, Unit 6 Upgrade

SE005 General Arrangement, 6.3 kV Switchgear and 416V Unit Substation, Unit 6

Drawings SE001 and SE003 are single line diagrams indicating major equipment recommended
for upgrade or replacement. Drawing SE005 shows preliminary locations and space requirements
for equipment within the existing rooms.

Major equipment that can be supplied from the Ukraine include 400V switchgear transformers, all
medium and low voltage power, control and instrumentation cables and cable raceways. The new
equipment that will be supplied from foreign sources include 220kV circuit breakers, potential
transformers, and surge arresters, 6.3kV switchgear, 400V switchgear, motor control centers, DC
system, UPS system and plant protective relays.

Major new electrical equipment required for Unit 6 will include the following:

• Turbine Generator with Static Exciter; 125MW,10.5kV, 0.85 Power Factor, Air Cooled.

• 10.5 kV Generator Circuit Breaker

• Generator Step-Up Transformer (Unit XFMR): 160MVA, 242/l0.5kV

• Auxiliary Transformer: 25MVA 10.5 /6.3 - 6.3 kV, 3 phase, 3 wire

• Generator Leads to Unit Transformer (Non-Segregated Phase Bus)• 5991'{)lNLug-5.DocIIO/30/9S 5-36



• • Leads to Auxiliary Transformer

• Excitation Transformer

• Leads to Excitation Transformer

• 220 kV Circuit Breaker, 40 kA

• 220 kV Potential Transformers

• 220 kV Disconnect Switches

• 220 kV Surge Arrestors

• 6.3 kV Switchgear

• 400V Unit Substation

• Motor Control Centers

• 220 V DC Batteries, Chargers and Switchboard

• 220 V AC Uninterruptible Power Supply

• All Power, Control and Instrument Cables

• All Cable Trays and Conduit

• Lighting System

• • Grounding System

• Cathodic Protection System

• Communication System

• Fire Protection and Detection System

• Protective Relays Panel with Solid State Relays

• Circulating Water Pump Motors (Quantity - 3)

• Electrically Operated Valves

• New Cables for Circulating Water Pump Motors

• Air Conditioning for Control Room

S991.QIAlLug-S.Doc/10130/9S ' i•

The new 125MW, 1O.5kV generator will be connected through non-segregated phase bus duct to
a 1O,OOOA, SF6 generator circuit breaker. The generator circuit breaker will be connected to the
220/1O.5kV, 160MVA step-up transformer via non-segregated phase bus duct up to the building
wall and by cable bus from the building wall to the step-up transformer. The step-up transformer
will be connected to the switchyard 220kV busses through a 220kV SF6 circuit breaker.

Auxiliary power will be supplied from a lO.5/6.3-6.3kV, 25MVA unit auxiliary transformer. The
auxiliary power system will consist of two 6.3kV switchgear buses designated 6A and 6B. Power
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to the switchgear will be supplied either through the auxiliary transformer under normal
conditions or through the reserve buses. The 6.3kV switchgear will feed the 400V unit
substations. Unit substations will feed the motor control centers.

Existing cable tunnels will be reused along with reserve transformers and non-segregated phase
reserve power busses. The existing cables and racks will be removed from the tunnels and new
cable trays and cables will be installed. A new fire detection system will be installed in the cable
tunnels.

New electrical system and equipment that will be used for the 125MWe Unit NO.6 are briefly
described herein under the headings switchyard, turbine island, boiler island and miscellaneous
systems. The selection criteria and description for some of these equipment and systems are
similar to that which is described in Section 4.6.3.

5.5.3.2 Switchyard

New electrical equipment in the switchyard includes 220 kV circuit breakers, potential
transformers, disconnect switches and surge arrestors, generator step-up transformer, auxiliary
transformer, leads to the auxiliary transformer, step-up transformer and to the excitation
transformer.

The existing circuit breakers in the switchyard are of the air-blast type. These breakers will be
replaced with SF6 type breakers with short circuit rating of 40kA. The SF6 circuit breakers will
be ofthe dead tank design.

The abandoned potential transformers surge arrestors and disconnected switches in the switchyard
will be replaced with new equipment.
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Transformers

The generator step up transformer will be rated 160MVA, 242/1O.5kV. The unit auxiliary
transformer will be rated 25MVA 10.5/6.3-6.3 kV Power transformers will be of a low loss,
core form, oil-filled design. The transformers will have a high voltage tap changer suitable for
operation from ground level when transformers are deenergized with full load taps of 2 - 2 1/2%
above and 2 - 2 1/2% below nominal kV rating.

Excitation Transfonner

A new excitation transformer will be installed required for the 125MW generator with a rating of
1000kVA.

6.3kV Cable Bus

The leads to the generator step-up transformer, auxiliary transformer and to the excitation
transformer will be cable bus installed on existing structures. Leads to the auxiliary transformer
will be sized for maximum plant auxiliary load. Leads to the excitation transformer will be sized
for maximum excitation load.

5.5.3.3 Turbine Plant

New electrical equipment associated with the turbine island include the turbine generator, neutral
grounding transformer, PTs and surge suppressor, generator leads up to turbine building wall,
leads to 6.3kV switchgear, generator circuit breaker, 6.3kV switchgear, 400V unit substation,
220V DC batteries, chargers and switchboard, 220V AC uninterruptible power supply, protective
relays, motor control centers and power distribution panels.

Generator

The generator will be nominally rated at 10.5 kV, 125 MW 0.85 power factor, 3 phase, 50 Hz, air
cooled.

Generator Circuit Breaker

The generator circuit breaker will be of the SF6 type and rated to withstand maximum fault
current. The generator circuit breaker will be rated 10,000A continuous and 41kA interrupting
capacity.
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Non-Segregated Phase Bus Duct

The leads from the generator to the generator circuit breaker and from the generator circuit
breaker to the building wall will be non-segregated bus duct. Leads from the generator to the
step-up transformer will be sized to carry the maximum generator output.

Cable Bus

The leads from the building wall to the step-up transformer will be cable bus. Cable bus will be
sized to carry the maximum generator output.

6kV Cable Bus

The leads from the secondary of the auxiliary transformer to the 6.3kV switchgear will be cable
bus. Cable bus will be sized to carry the maximum plant auxiliary load and will be routed in the
existing cable tunnels.

6.3kV and 400V Switchgear

The 6.3kV and 400V switchgear will consist of vertical sections mounted side by side and
connected mechanically and electrically together. Auxiliary compartment(s) will be provided to
mount potential transformers, surge arrestors, control power transformers, etc.

6.3kV circuit breakers will be vacuum type mounted two(2) per vertical stack and will consist of
electrically operated removable vacuum circuit breaker elements.

The unit substation dry-type transformers for 400V switchgear will be rated 1000kVA.

The circuit breakers for 400V switchgear will be three-pole, single throw, air break, electrically
operated, drawout type rated 600 volts. Breakers will be operated by motor-charged, spring-type
stored energy mechanism.

400V Motor Control Centers

Motors from 1I2kW to IOOkW will be fed from motor control centers (MCC's). The 400V
motor control centers will be provided to feed all turbine-related low voltage loads. MCC's will
consist of one or more vertical sections and will be of the non-ventilating type.
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• 220V DC Power System

The DC system will consist of two battery chargers, batteries and DC power distribution
switchboard. The DC system will supply power to all DC loads including emergency oil pumps,
uninterruptible power supply, and switchgear control.

DC power distribution switchboard will contain molded case circuit breakers. All breakers will be
2-pole. Batteries will consist of98 cells and will be rated 220V at the required ampere-hours.

220V AC Uninterruptible Power Supply

The UPS will provide regulated, transient-free sine wave 220V AC power to plant distributed
control system (DCS) and other selected loads operating during both normal and abnormal
conditions. It will consist of a rectifier, inverter, static transfer switch, manual bypass switch,
bypass transformer and accessories. DC power will be provided by the 220V DC station
batteries.

Protective Relays and Metering

Protective relaying will be provided for the turbine generator, step-up transformer, unit auxiliary
transformer, reserve transformers, and 220kV lines. Protective relays will be of solid state design.

5.5.3.4 Boiler Plant

• Electrical equipment associated with the boiler island includes the 400V unit-substations, motor
control centers and power distribution panels.

400V unit-substations and motor control centers will be provided to feed all turbine-related low
voltage loads. This equipment will be similar to those as specified in Section 5.5.3.3.

5.5.3.5 Miscellaneous Systems

Electrical equipment included in the miscellaneous systems are power, control and instrument
cables, cable trays and conduits, lighting system, grounding system, cathodic protection system,
communication system, fire detection system, and new motors for circulating water pumps.

Power, Control and Instrument Cable

All medium and low voltage power control and instrumentation cables will be replaced. Cables
will be asbestos free.

Cable Trays

Separate cable trays will be provided for each of the following classifications of circuits: 6kV
power cables, 400V single conductor and multiconductor power cables (220V DC), power
cables, control cables (220V AC and 220V DC), and instrumentation cables. Cable trays for

• power and control cables will be ladder type. Instrumentation trays will be solid bottom (steel)
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with solid covers. Cable tray will be installed in the existing cable tunnel and other plant areas
where required.

Lighting System

Lighting system will consist of normal plant lighting, lighting panels and transformers, and an
emergency lighting system. Lighting will be designed to minimize glare and meet required
illumination levels for plant operation.

Grounding System

Grounding will be provided to insure safety to personnel and equipment in case of electrical
equipment failures. A complete grounding system will be provided. All equipment enclosure and
or equipment ground busses will be grounded through the plant's ground loop. All major
electrical equipment, including medium voltage motors and all other motors 30 kw and above will
be directly connected to the ground grid.

Cathodic Protection System

The cathodic protection system will provide corrosion protection for all buried metallic systems
and structures.

Communications System

A multi-channel communications system with paging capability will be installed as part of plant
refurbishment. The basic plant communications system will be a combined public address
(paging) and party line telephone system.

Fire Protection System

A new fire protection system will be provided.

Motors and Cables to Circulating Water Pump House

Motors associated with circulating water pumps that will supply circulating water to new Unit
No.6, will be replaced along with power and control cables between the plant and the motors.

5.5.3.6 Equipment not Requiring Replacement

Equipment which will not require replacement include the reserve transformers and reserve buses,
steel structures for cable leads from generator to transformers and the cable tunnels.
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• 5.6 INSTRUMENTATION AND CONTROLS SYSTEMS AND EQUIPMENT

5.6.1 Systems and Equipment Requiring Replacement

Replacement ofthe existing control systems with a state-of-the-art distributed type control system
will be employed to achieve the most efficient combustion and co-ordinated control of feedwater
flow, fuel feed, air flow and the electro-hydraulic turbine governor in all modes ofoperation.

5.6.2 Performance

Utilization of modem digital Distributed Control System (DCS) will result in improved unit
performance, realized through improved reliability, availability and downtime reduction due to
easy maintenance. Unit efficiency will come primarily from boiler efficiency which is due to most
efficient combustion. Efficient combustion will be attained with the help of sophisticated controls.

5.6.3 Conceptual Design

•

•

5.6.3.1 Unit Control System

Reference Drawing (in Appendix D)

SIO02 - Control System Block Diagram - Boilers 13 and 14, and Turbine 6

Control systems aids the operator in achieving safe, reliable and economical power from fuel,
while relieving the operator ofcontinually regulating the process.

Instrumentation and control systems include safety systems which will automatically alarm and
execute preprogrammed actions in cases where unsafe or fault situations are likely to imminent, or
as the result of an occurrence. Systems interlocks will prevent initiation of system operations in
an unsafe sequence.

Operation of the boiler, turbine-generator and plant auxiliaries will be accomplished from a
centralized control area located in the main control room. All signals routed to the main control
room and electrical equipment room cabinets will be electrical, either directly wired or
multiplexed.

Local control systems may be electrical or pneumatic, depending on the specific applications.

Redundant design will be utilized in critical control loops (e.g. furnace pressure, drum level).

The main unit control system will provide the coordinated regulation offeedwater flow, fuel feed,
air flow, and the electro-hydraulic turbine governor in all modes of operation. The control system
will maintain desired unit generation, proper throttle steam pressure, and proper excess air, as
well as desired drum and deaerator levels.
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This self-balancing control system will operate the turbine-generator and the boiler as an
integrated unit. It will apply control actions in a coordinated manner so as to minimize
interactions between the controlled variables ofunit generation, throttle steam pressure, and flue
gas oxygen by appropriate operation ofthe manipulated variables offuel, air, and governor.

The combustion control system, an integral part of the coordinated control system, will control all
feeders, and damper drives to supply the proper amount offuel and air. Master manuaVauto
stations, and manuaVauto stations will be provided in the DCS to permit biasing units as required.

All low level instrumentation wiring (e.g. thermocouples, RID's, 4-20 maDC, etc.) will be
shielded twisted pairs or equivalent with single point grounding. Where instrumentation is
grouped together on rack, multipair cables will be utilized wherever possible. Where multipair
cables are used for low level signals, each twisted pair or equivalent shall be individually shielded.

Analog signal transmission levels will, in general, be 4-20 mAdc or 3-15 psig.

Soft manual-automatic control stations will be provided for final control elements of all major
systems. Transfer from auto mode of operation to manual and vice-versa will be bumpless.

5.6.3.2 Process System Control

Turbine-Generator and Auxiliaries

The Turbine Control System will be non-redundant microprocessor based. The prim3l)' operator
interface shall be provided by the unit distributed control system (DCS) communicating over a
data link to the turbine control system. A separate operator interface will be provided for start
up, engineering and maintenance purposes. The turbine will be fully controllable from either
location.

All inputs required for control will be input directly to the Turbine Control System.
Miscellaneous monitoring points will be available for input to the unit Distributed Control System.
All interconnections to the turbine will be to prewired junction boxes on the turbine skid.
Interconnections will utilize prefab plug-in cable where possible. A free standing local turbine
gauge panel will be provided.

The turbine supplier will also make provisions for the monitoring functions listed below. All
required field devices and the vibration monitoring system will be furnished by the turbine
supplier. Remote temperature signals will be connected directly to the unit DCS for:

• remote bearing temperature monitoring

• remote vibration monitoring

• remote metal temperature monitoring

• local oil flow indication

• local bearing drain temperatures
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• Steam Generator and Auxiliaries

The steam generator supplier will provide the burner management controls and, as a separate
package, the soot blower controls. The supplier will also furnish the required primary measuring
elements and final drives for steam temperature and combustion control.

The burner safety and interlock system will be of the programmable solid state type with
provisions for remote-manual operation of lightoff and for hardwired master fuel trip push buttons
located in the control room. The system will include timed purging and a complete fuel safety
arrangement incorporating a system of interlocks and permissives for fail-safe operation. The
burner management system will be furnished in complete compliance with the steam generator
manufacturers' requirements. Operator interface with the system will be implemented through a
communication interface with the plant DCS which will provide the operator all required control
capability and status and alarm information via the DCS console. Since the power supply feed is
subject to voltage dip, frequency shift and power interruption, the burner management system
shall be designed to react with a predictable and safe response in those instances. Requirements
ofNFPA 8SC and 8SH will be observed.

The Steam Temperature Control System will be provided in the unit DCS in complete compliance
with the Steam Generator manufacturers' requirements.

F.D. and lD. fan and damper interlock logic and control will be in accordance with NFPA 8Se.

• The following categories ofdraft measurements will be transmitted to the unit DCS.

• Air pressures at air heaters.

• Gas pressures at air heaters, superheaters, economizers, baghouse and system.

• Furnace and wind box pressures.

• Fan pressures.

• Pressures associated with feeders, primary and secondary air, etc.

The devices provided for drum level monitoring will as a minimum be furnished and installed in
accordance with the applicable requirements of Section I of the AS:ME Boiler and Pressure Vessel
Code. The following drum level instrumentation will be provided:

• One illuminated water gauge glass at each end ofthe boiler.

• Two drum level transmitters for feedwater flow control and high and low alarms.

•
• One drum pressure transmitter for pressure compensation ofdrum level transmitter

signals.
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• Two direct reading remote level indications. These indications will be visible in the
control room.

• A highly reliable drum level measurement system to be used for primary high and low
drum level sensing. Backup high and low level alarms will be developed by alternate
devices such as the transmitters or other devices.

Local control panels will be furnished for air heater support systems.

A soot blower insert panel will be provided, mounted on an auxiliary panel in the main control
room.

The furnace draft control system will ensure that pressure inside the furnace shall remain at the
desired setpoint. This will be accomplished by regulation ofthe lD. fan flow control devices.

Feedwater System

The feedwater system will be a conventional, combination, 3-element/single-element system using
feedwater flow, steam flow, and steam generator drum level to control feedwater flow. The
feedwater flow signal will have temperature compensation. The main steam flow signal will be
the same as used for combustion control.

Condensate System

A combination 3-element/single-element control system using feedwater flow, condensate flow
and the deaerating heater storage tank level, will function to maintain the deaerator storage tank
level within limits by means ofa condensate flow control valve. The condensate flow signal will
have temperature compensation.

Water Treatment

Instrumentation and controls including local panels and racks will be provided as part ofwater
treatment system. Panels will contain electrical devices such as control switches, annunciators,
PLCs, indicators and recorders.

Pollution Control System

The baghouse and flyash transfer will be controlled locally from stand-alone control panels,
containing PLCls, a graphic mimic, complete status indicators, control switches, alarm
annunciators and other devices to allow the operator to monitor and manipulate the system as
necessary. These systems will have the capability to communicate with the DeS. Primary
elements, local indication, and final control elements, drives and linkages are to be provided as
part of the fly-ash system. All interfacing wiring will be brought to the Boiler Area DCS I/O
Cabinets.
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Flue Gas Analysis

A continuous emissions monitoring system (CEM) will be provided to analyze, record, alarm,
process data, and generate reports for the concentrations ofS02, Nox, O2 and/or CO2 and
particulate ofstack effluents in accordance with criteria set by the Environmental Protection
Agency and other cognizant regulatory bodies. Isolated outputs for alarms and monitored
variables will be provided to the main plant control system (DCS). A control room insert and
report generation equipment will be provided for operator interface to the analyzers which will be
installed in an analyzer house located near the base ofthe stack.

An oxygen analyzer system separate from the CEM will be provided as a trim for the Combustion
Control System. Oxygen trim will ensure that proper excess air level is maintained.

Uninterruptible Power Supplies (UPS)

An uninterruptible power supply will be provided for the following systems. Details of the system
are provided in section 5.5.3.

a) Burner Management System

b) Control System for Main Turbine-Generator

c) Distributed Control System

d) CEM Data Acquisition System

5.6.3.3 Area Arrangements

The instrument panels will be located in different areas ofthe plant according to the following:

a) The main operator interface controls shall be located in the Central Control Room.

b) An Electronics Room will be provided in addition to the Central Control room.
Electronic equipment cabinets, not requiring direct operator interface, will be located
here. This may include turbine control equipment cabinets, DCS electronics, DCS I/O
cabinets, relay cabinets (ifapplicable) and other electronic or electrical cabinets. This
room will be air conditioned and maintained at a slight positive pressure.

c) All local control panels will be located in accessible areas containing necessary utilities
and will be physically close to the equipment they control and monitor.

5.6.3.4 Instrumentation System

The control system will allow unit start up, operation and shutdown under normal and upset
conditions from the main control room. Local control with control room alarming will be utilized
where conditions permit sufficient reaction time without undue jeopardy to equipment or the

• ability to maintain unit output.
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Most plant control will be accomplished through the implementation of a distributed type control
system (DCS) in conjunction with direct hardwired controls ofemergency and critical functions.
Control ofpackaged equipment will be incorporated into this system to the greatest reasonable
extent possible without jeopardizing system safety, performance, and economics.

Operating Concept

The DCS will perform all major control, indication and alarming functions for the unit.
Hardwired interfaces will be used for critical and emergency duties and selected subvendor
control that cannot be incorporated into the system.

The DCS equipment will interface with the operator in the main control room via:

Multiple CRTs capable of displaying status, alarm and trend and archive information
and computed performance results and with the ability for auto/manual open and
closed loop control

Printers

Additionally, the DCS will process and archive the sequence of events (SOE) records, even if
these are generated by a separate device.

All normal electric motor and actuator control will be via the CRT and associated keyboard.

Control Room Instrumentation

The main control room layout and environment will be in accordance with the best human factors
engineering practice.

Operation ofthe unit will be from the operator's console. This console will include as a minimum,
multiple CRTs and keyboards.

A vertical board will also be provided for mounting of additional components such as recorders,
miscellaneous alarms and specialized inserts (including T/G and electrical controls and boiler trip
pushbuttons) will be located here.

Vertical control board will incorporate selected hardwired interfaces to give the operator direct
control of emergency and critical functions, independently ofthe DCS equipment.

Hardwired devices shall include:

Burner Management emergency trip

Miscellaneous electrical devices

Turbine emergency trip
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Distributed Control System

With the exception of selected vital and emergency functions as previously detailed, the DCS will
form the major interface with unit sensors, actuators, switchgear and other input/output devices,
as well as forming the major operator interface via CRTs in the main control room. The DCS
equipment will incorporate:

For each cabinet, power supply auctioneering from at least two incoming sources, one
ofwhich will be from a UPS system

Redundant data highways

Redundant highway controllers

The DCS will have the capability to acquire unit analog and digital information, perform limit
checking (including configurable deadband and out-of-range), prioritize and initiate alarms,
perform logic operations/interlocking; drive bistable outputs and perform open and closed loop
control. Comprehensive operator interfacing, including loop auto/manual control, trending,
sequence of events, archiving and logging will be included.

Interactive CRT's and keyboards located in the control room will be utilized for plant operation.
Multiple printers will provide hard copies of alarms, logs and other selected information. All
operator interface components including printers will be backed up such that a failure ofone
component will not limit operation or result in the loss of information.

Additional equipment such as input/output and electronics cabinets associated with the DCS
system will be isnta11ed in the Electronics Room.

5.6.3.5 Field Instrumentation

a) Transmitters

Transmitters will be used for control, indication, recording, data acquisition and to avoid the
exposure ofthe Control room to high pressure or temperature fluids and fuel oil

Measuring elements for measured variables such as flow, level, pressure, and differential
pressure transmitters will be of the electronic force-balance or capacitance type.

b) Thermocouples/RTD

Temperature measurements for control and computer inputs will be with chromel-constantan
thermocouples and/or resistance temperature detectors (RID); except that chromel-alumel
thermocouples will be used for the furnace temperature probes and tube temperature sensors.
Thermocouples and RTD's will be of the dual element type.
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c) Pressure and Temperature Switches

Pressure and temperature switches will be ofthe snap action type; and will include at least
DPDT contacts or equivalent, unless the application requires types furnished only as SPDT
because of dead-band requirement. In such a case, contacts will be multiplied by relays.

d) Level Switches

All level switches will be of the packless type. This includes the feedwater heater high level
switches used to trip the turbine extraction line valves. Contact requirements will be the
same as for pressure and temperature applications.
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• 5.7 STRUCTURAL SYSTEMS

5.7.1 Systems Requiring Refurbishment

The structure housing the existing boilers and coal bunkers will require redesign to accommodate
the new CFB technology. The structural systems in the area which housed Boiler No. 14A will
require complete rehabilitation to accommodate the new ancillary equipment for the CFB
technology.

The structural systems within the Turbine Hall will require only minor modification.

The existing Circulating Water System requires major rehabilitation work that includes rebuilding
portions of the pumphouse and replacing portions of the pipeline.

Structural support of the existing Induced Draft Fans, Forced Draft Fans, Emission Control
Technology and exhaust ductwork will require complete redesign.

•
5.7.2 Conceptual Design

Conceptually, the basis of design is to locate the new CFB boiler supports on the existing
foundations ofUnits No. 13 and 14. The CFB technology selected for this upgrade allows for the
existing foundations to be utilized with only minor modification. The limestone storage and
preparation equipment will be located in the area that originally housed Boiler No. 14A.

The new 125 MW Turbine Generator will be located on the existing Turbine Pedestal. Only
minor modification to the pedestal will be required because the new 125 MW Turbine has the
same configuration and dimensions as the existing 100 MW Turbine. The new condenser will also
fit within the space of the existing condenser.

The new Emission Control Equipment, Induced Draft Fans and Flue Gas Ductwork will require
complete new structural and foundation supports. This equipment will be lcaoted within the area
of the existing equipment.

The Circulating Water Pump House Structure will be redesigned to accommodate new traveling
screens, new pumps and new valving. In addition, the piping will be replaced as necessary.
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6. REHABILITATION OF COMMON PLAN SYSTEMS

6.1 MAKEUP WATER TREATMENT AND WATER/STEAM ANALYSIS

6.1.1 Present Water Treatment

Water supply to the Lugansk GRES is from the Donets River, and is fairly brackish with a
significant amount of hardness and alkalinity. It is first treated in four clarifiers with a total
capacity of 500 tIh (three 100 tIh and one 200tlh) where lime is added to precipitate hardness and
alkalinity from solution and remove silica. Either iron or aluminum sulfate is added to coagulate
suspended solids and promote setting of these in the clarifiers. The plant also has equipment for
adding soda ash and magnesium chloride. Effiuent from the clarifiers overflows by gravity to two
100 cubic meter storage tanks.

From the above storage tanks, clarified water is pumped through eleven 2600 rom diameter
pressure filters with 2-5 rom anthracite media and a capacity of 50 tIh each. Continuing under
pressure, water then passes through thirteen first stage ion exchange softener vessels. Ten of
these are 2000 rom and three are 3000 rom in diameter. As much as 150 tIh of the effiuent from
the first stage ion exchange softener vessels may be used for district heating without any further
treatment. The remainder is treated in seven 2000 rom diameter second stage ion exchange
softener vessels and forced draft degasifiers.

After the forced draft gasifiers, water is pumped to evaporators in each of the eight operating 200
megawatt units. Each of these evaporators has a capacity of 20-25 tIh and evaporator distillate is
pumped into a deaerator operating at a pressure of 6 atmospheres in each generating unit. The
evaporators have evidently been able to supply enough water to the units to compensate for a
boiler blowdown rate of approximately 7.3% even though the plant was originally designed for a
3% blowdown rate.

6.1.2 Design Basis for New Water Treatment Equipment

Problems with the present water treatment equipment as described by plant personnel are listed
below:

clarifiers, filters, and ion exchange softeners are too small

transfer pumps are old

on-line and analytical instruments are lacking

boiler blowdown rate is high

consumption of chemicals for regenerating the ion exchange soft(':ners is high

too much maintenance is required for the evaporators
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loss of ion exchange material is high

mixing tanks and chemical dosing equipment is in poor condition.

A high boiler blowdown rate could be caused by either cooling water leakage in the condensers or
poor quality makeup water form the evaporators or both. This creates too much demand for
makeup water so that the clarifiers, filters and softeners would seem too small; consumption of
chemicals would seem high, and additional maintenance of the evaporators would be needed.
Since the ion exchange materials used in this plant are inefficient, a high demand for makeup
water means that a large quantity of clarified and filtered water is consumed in regenerating the
ion exchange softener units. This would also make the clarifiers and filters seem too small.

The design basis for the new water treatment system is to supply the requirements for one new
125 megawatt unit and two existing 200 megawatt units.

6.1.3 Recommended New Water Treatment Arrangement

6.1.3.1 Use ofExisting Equipment

As the system is now operated, a raw water hardness of approximately 12 milligram equivalents
per liter (600 ppm as CaC03) is reduced to about 6 milligram equivalents per liter (325 ppm as
CaC03) by lime softening in the clarifiers. If soda ash is used together with lime, clarifier effluent
hardness can be reduced to about 2.3 milligram equivalents per liter (115 ppm as CaC03) as
shown on Table 6.1-1.

This would reduce the demand for clarified and filtered water because the ion exchange softeners
would require fewer regenerations. Not only would the hardness concentration going into the ion
exchange softeners be reduced by about 65%, but influent to the new water treatment equipment
would not need any ion exchange softening, and so the flowrate through the ion exchange
softeners would also be reduced. For these reasons, replacement of the soda ash feed equipment
is recommended.

Repair of the condenser tubes in each of the existing eight 300 megawatt units to minimize
cooling water leakage into the condensate is also recommended. Since cooling water leakage
increases the boiler blowdown rate and thereby increases the demand for makeup water repair of
these tubes will reduce the need for additional water treatment equipment.

6.1.3.2 Recommended New Equipment

Figure 6.1-1 shows the arrangement of new equipment with existing equipment at the plant and
the flowrates which would be required for each. New equipment to supply makeup water to two
200 megawatt units and one 125 megawatt unit would be rated for 66 t/h based on the following:

(25 t/h per 200 MW unit XZ) + (25 t/h x 1251200) = 66 t/h

As shown on Figure 6.1-1, influent to the new system would be 80 t/h to produce an effluent of
66 t/h.

5991'()1AlLug-6.Doc/l0/30/95 6-2



•

•

•

Based on the recommendations in section 6.1.3.1 above, the existing clarifiers, mechanical filters,
and ion exchange softeners would be sufficient to meet all power plant and district heating
requirements as shown on Figure 6.1.1. No additional equipment of these types is recommended.

To treat clarified, lime and soda ash softened, and filtered water for boiler makeup to two 200
megawatt existing units and one new 125 megawatt unit, the system shown on Figure 6.1.2 is
recommended.

This system includes two (2) 100% cartridge filters so that one can be in service while the filter
elements are being charged in the other. Sulfuric acid and sodium hexametaphosphate would be
added to prevent scaling on membrane surfaces. Two (2) 50% reverse osmosis trains are
provided because the 66 tIh system rating is based on a boiler blowdown rate of about 3%. Since
boiler blowdown will generally be about 1%, one train will generally provide more than enough
makeup water.

Reverse osmosis product water will go to the permeate tank and be pumped through mixed bed
demineralizers into an 800 cubic meter demineralized water storage tank. Three 50% mixed bed
demineralizers are included so that two can be in operation while one is being regenerated. One
of two 100% transfer pumps would supply demineralized water through a new pipeline to two
200 megawatt existing units and one new 125 megawatt unit.

The recommended new water treatment system would provide boiler makeup with zero hardness,
zero iron, and 0.01 ppm of silica as Si02. By comparison, makeup from the existing evaporators
contains 1.0 microgram equivalent per kilogram (50 ppb) of hardness, 25 micrograms per
kilogram (25 ppb) of iron, and 27 microgram equivalents per kilogram (1.35 ppm) of silica. The
difference in silica concentration could significantly reduce the boiler blowdown rate of the units
served.

The recommended new water treatment system will consume a significant amount of electrical
power because of the high pressure reverse osmosis feed pumps. However, discontinuing
operation of the evaporators in two existing 200 megawatt units will increase the electrical output
of those units, and a comparison provided elsewhere in this report shows that there would be a
significant net increase in available electrical power.

Although some reverse osmosis systems require a high degree of maintenance due to membrane
fouling, the type of pretreatment already in existence at the Lugansk GRES will prevent this. The·
lime softening process removes colloidal suspended solids better than many other pretreatment
processes and is a very effective biocide; and thereby prevents two of the primary· causes of
membrane fouling. Maintenance is expected to be far less than required for the presently used
evaporators. With less maintenance of the boiler makup water treatment system, availability of
the generating units will be increased.
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• TABLE 6.1-1

Raw Water Lime Lime/Soda Ist Stage Ion 2nd Stage Ion
Softened Ash Exchange Exchange

Softened Softened Softened

Ca (ppm as 530 325 35 25 1
CaC03)

Mg(ppm as
CaC03) 80

Na (ppm as 427 427 637 727 751
CaC03)

Total Cations 957 752 752 752 752

Alkalinity 240 35 35 35 35
(ppm as

• CaC03)

CI (ppm as 412 412 412 412 412
CaC03)

S04 (ppm as 305 305 305 305 305
CaC0 3)

Total Anions 957 752 752 752 752

Silica (ppm as
Si02)

13.1 8 6 6 6

•

6.1.4 Present WaterlSt~amAnalysis

At present, water and ~t6.'~m sampling and analysis is performed by taking grab samples to a
laboratory at the plant. 'fhe laboratory lacks analytical instruments needed to adequately monitor
water lmd steam Ch(::IJ~~'IY tl·roughout the boiler-turbine cycles, and grab samples can only
indicate water and stt;~'Jl1 d,emistry at certain specific times.
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• 6.1.5 Recommended Water/Steam Analysis Equipment

A sampling and analysis panel including continuous analyzers for the following is recommended
for each generating unit:

•

•

boiler water

saturated steam

superheated steam

condensate

feedwater.

silica, pH, specific conductivity and phosphate

cation conductivity and silica

cation conductivity and silica

cation conductivity and specific conductivity

oxygen, pH
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6.2 FUEL SYSTEMS

6.2.1 Coal Handling System

The Coal Handling System has an outdoor coal storage capacity of 520,000 tons. The system
consists of three car dumpers, crushers, a system of conveyors located in underground galleries
and on trestles, transfer stations and a coal thawing facility for 26 railroad cars. The plant coal
preparation systems are fed by two coal supply channels: one for the Phase 1 area and the other
for the Phase 2 and 3 areas. The coal storage area is serviced by two crane-reloaders with a 76.2
meter span and a 400 t/hr output.

The coal handling equipment is operational and can adequately serve the rehabilitated units.

6.2.2 Coal Preparation System

The Coal Preparation System of each 200 Mwe unit is equipped with a two-train pulverizer
system which is positioned in the new feed hopper-deaerator area between building column lines
"B" and "V" of the main building. The systems, as originally designed, were of an open design
with an intermittent hopper for pulverized coal. Coal is transported from the coal storage area to
elevation 33 m of the main building by a system of belt conveyors. From this point it is fed
through a horizontal belt conveyor to the raw coal hoppers of each boiler. From these hoppers,
the coal is delivered by a belt conveyor to the inlet of a ball mill where it is crushed.

In the original design, drying and transportation of the air-pulverized coal mixture was performed
by supplying hot air from a boiler tubular air heater to the mill inlet. In this design, the coal-air
mix is drawn into the mill by a mill fan and then to a classifier where coarse particles are removed
and returned to the mill and a cyclone where air and dust are separated with a 95% efficiency. The
pulverized coal is dumped into a common pulverized coal hopper and the slightly dust-laden air is
vented by a mill fan to the boiler furnace. From the pulverized coal hopper the coal is transported
by a coal feeder to pulverized coal ducts and then by the primary air fans to a primary air duct
and through the 16 coal feeding ducts to the burners.

A pulverized coal screw conveyor, between pulverizing systems of adjoining units, permits the
feeding of pulverized coal from an operational system of one unit to the coal hopper of the
adjoiniI)g unit.

During the life of the plant the systematic increase of coal moisture content led to a reduction of
coal mill drying capacity. As a result, the original "open" design was converted to a "half-open"
design by the addition of a heating system consisting of heaters with mazut fired burners. This
system increases mill drying capacity by increasing the temperature of the drying agent and the
retention time of coal in the drying zone. Recirculation of part of the coal-air mixture reduces the
r,old air venting to the boiler furnace.

Arldititn?l1y, the conveyor belts 'Ner~ replacf'd with wider belts with DC motors to allow mill
capacity control by varying b~lt ~r: e:ed with fixed. coal layer instead of by varying the coal layer
thickness.
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6.2.3 Fuel Oil System

The plant Fuel Oil System consists offour major components:

• Oil Storage Area containing an 8000 m3 storage capacity and an oil unloading trestle.

• Two step oil pumping station.

• Station fuel oil supply headers.

• Fuel oil piping at boiler burner fronts.

The oil pumping station contains a holding capacity of 4000 tons of oil comprised of4 x 1000 ton
tanks connected in groups of two tanks. The oil is withdrawn from these tanks with immersion
pumps and pumped through fine filters and heaters after which it is subsequently pumped via
booster pumps (40 kg/cm2 pressure) to the boiler building.

Station oil supply headers are sectionalized into two parts, one to feed boilers No. 8 - 11 and one
to feed boilers No. 12 - 15, with a section valve between boilers 11 and 12. Fuel oil operating
conditions are 100° C and 30 kg/cm2

. The boilers are equipped with 1 to 3 t/h capacity mechanical
oil atomizers.

In addition to the high pressure fuel system, the station is equipped with a low pressure header to
supply the Phase I area of the facility at a pressure below 10 kg/cm2

. This system was originally
the primary system prior to fuel oil becoming a primary fuel at the station.

No problems have been reported in the operation of the station Fuel Oil System components and
no rehabilitation is anticipated.

6.2.4 Fuel Gas System

The station receives natural gas from a main supply line through a gas-distribution station located
behind the plant fence near the fuel oil storage area. Gas at 6 kg/cm2 supply pressure is regulated
to, and controlled at, a pressure of 1.2 kg/cm2 by a regulating station on the plant property.

Gas from the regulating station is directed through three main lines to a common header. The
three lines contain shut-oft' and regulating valves ( 2 per line ). The station is equipped with two
bypass lines, relief valves, and gas vents. From the common header gas is directed through two
main lines to the boiler areas. One line supplies the Phase I area and boilers No. 8 - 11 of the
Phase II area. The second lin::; supplies boiler No.12 -15. The capacity of the gas regulating
station is 500,000 m3/hr ofnaturai gas.

Gas supply to indivicfual J:ioilers is divid1':d into two halves per boiler. Boiler gas supply capacity is
up to 60,000 m3/hr at a prf!i;.SUr~ of 1 kg/cm2

.

No problems have been ~·ep'lt .."lh tl~e ('I (~r::'.tilm of the station Fuel Gas System components and
no rehabilitation isarti('.if'~"I'.,
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6.3 Ash Handling

6.3.1 Phase 1

The ash/slag handling equipment for the units of the Phase 1 plant areas is no longer operational.
However the sluice system in this area is still functional and will be used for the new boilers. Bed
ash purged from the new CFB boilers will be cooled and controlled by water-cooled screws.
After cooling, the bed ash is mechanically conveyed to the existing ash sluice system.

Flyash will be pneumatically vacuum conveyed to a flyash collection bin which will be equipped
with a top mounted ash receiver. The collected ash will pass through the Flyash Collection Bin
hopper and be sluiced to the ash storage pond along with the boiler bed ash.

6.3.2 Phases 2 & 3

As currently designed, the Ash/Slag Handling System serving the Phase 2 & 3 units is of a closed
circuit design and will be used for the refurbished units. Ash and slag pulp is pumped out of the
boilers and fly ash removal systems using dredger (slag) and slurry (ash) pumps at three dredger
pump stations as follows:

Pump Station No.1 (Units 8 thru 11)

• 3 Dredger Pumps, pumping slag pulp from under the boilers.

• 3 Slurry Pumps, pumping ash pulp from below the scrubbers.

Pump Station No.2 (Units 12 tbm 15)

• 3 Dredger Pumps, pumping slag pulp from under the boilers.

Electrostatic Precipitator (ESP) Pump Station (Units 12 thru 15)

• 2 Slurry Pumps, pumping ash pulp from under the ESPs.

Ash/Slag from these stations is pumped to receiving tanks in a remotely located, second phase,
pumping station consisting of 6 dredger pumps and 3 slurry pumps. Ash and slurry are pumped
separately from this station to the ash and slag sections ofAsh Pond No.2.

Water for the ash/slag removal system is clarified water from the clarified water pump station at
Pond No.2. The water is pumped to the inlet of the sluice and ash/slag removal system pumps
where it is supplied to the sluice and high pressure water distribution headers which are the source
of supply for each boiler. There are two sluice and ash/slag removal system pump stations in the
boiler budding as follows:
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Station I

• 2 pumps for ash/slag removal

• 2 sluice pumps - Units 8 thru 11

Station IT

• 2 pumps for ash/slag removal

• 2 sluice pumps - Units 12 thru 15

This arrangement permits the exchange of ash/slag pumps and sluice pumps. There is a separate
water supply for units 8 thru 11 and units 12 thru 15. Water supply pressure for the ash/slag
removal system is 7 to 8 kg/cm2

. Make-up water to the ash ponds and ash/slag removal system is
supplied from the circulating water system by 2 pumps located at Unit 8 and 3 pumps at Unit 12.
These pumps discharge water to the sluice and high pressure water distribution headers.
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• 7. ENVIRONMENTAL IMPACf

•

This section addresses environmental impacts associated with the rehabilitation and replacement
projects described in the earlier sections of this report. Environmental improvements and negative
impacts, as well as the mitigation measures planned in this report, are discussed below.

7.1 ENVIRONMENTAL IMPROVEMENTS

The Lugansk plant rehabilitation project (Unit Nos. 10 & 13, 200 MWe each, in the Phase 2 and Phase
3 respective sections of the plant) will improve air emissions. Similarly, there will be a significant
improvement in the quality ofair emissions with the replacement project (50MWe Boiler Units Nos. 13
and 14, along with 100 MWe Turbine No.6, in the Phase 1 section of the plant, replaced by two 62.5
MWe eFB boilers and a 125 MWe turbine generator). The quality ofair emissions from these projects
is discussed in Section 4.3 ofthis report.

7.2 NEGATIVE IMPACTS

Negative impacts associated with the rehabilitation and replacement projects are identified as follows:

NEGATIVE IMPACT BOILER TURBINE MECHAN· ELECTR!· STRUCTURAL COMMON
ICAL CAL (CONSTRUC- PLANT
SYSTEMS SYSTEMS TIONIDEMo- SYSTEMS

LmON)

ASBESTOS INSULATION X X X X X

DUST (COAL AND ASH) X

TOXIC GASES X

WASTE LUBE OIL X X

WASTE OIL (TRANSFORMER X X
AND SWITCHGEAR)

NOISE X

WATER TREATMENT X
WASTES

Negative impacts include asbestos insulation, dust from coal and ash, toxic gases, waste lube oil, waste
oil from transformers and switchgear, noise, and water treatment wastes. Project work areas, as
broken-down in this report, include the boiler and boiler auxiliaries, the turbine generator, mechanical
systems and equipment, electrical systems and equipment, structural systems (construction and
demolition), and common plant systems. There is no negative environmental impact associated with
the proposed instrumentation and controls systems and equipment.

During rehabilitation and replacement construction there is a potential for human health effects
associated with airborn asbestos resulting from insulation removal and disposal operations associated
with the boiler, turbine, mechanical, electrical, and demolition work. Also, during this period there is a• 5991-01A/Lug-8.Doc/10/30/95 7-1



• potential for toxic effects associated with disposal ofwaste lube oil, and waste oil from transformers
and switchgear. These oils are generated in the boiler, turbine, electrical, and demolition work areas.

During operation ofthe rehabilitation and replacement projects workers are potentially exposed to dust
from ash and coal, as well as toxic gases, in the boiler work. Similarly, during this period workers are
potentially exposed to excessive noise in the turbine area.

Also, disposal of regeneration wastes and general flush wastes is a negative impact associated with
operation of the water treatment facilities common to the plant. Concentrated brine from the new
reverse osmosis unit is not listed as a negative impact since it is similar to the existing evaporator
waste, and does not require treatment prior to discharge to the river.

Each of the negative impacts described above is avoided or mitigated by measures already planned as
part ofthe rehabilitation and replacement projects.

7.3 MITIGATION MEASURES

Plans included in this report for avoiding and mitigating negative impacts associated with the
rehabilitation and replacement projects are as follows:

•

•

Impact

Asbestos Insulation

Dust (Coal and Ash)

Impact

Toxic Gases

5991-01A/Lug-8.Doc/10/30/95 7-2

Mitigation

Use suppression techniques such as wetting,
plastic wraping, and bagging, to keep asbestos
from becoming airborn.

Monitor airborn asbestos concentrations during
insulation removal and disposal operations, and
as necessary, issue and require workers to wear
protective clothing.
Issue and require workers to use breathing
protection devices as necessary.

Provide dust collector equipment. Maintain
dust levels below 10 mglm3

. Provide and
require that workers use dust masks when level
is exceeded.

Mitigation

Protect workers from exposure to boiler gases
by maintaining the boilers properly, and



•

•

•

Waste Lube Oil, Waste Oil (Transformer and
Switchgear)

Noise

Water Treatment Wastes

5991-01A/Lug-8.Doc/10/30/95 7-3

monitoring concentrations with levels not to
exceed 5 ppm S02, 50 ppm CO, and 5 ppm
N~.

Dispose of waste oil will be by recycling if
possible. Disposal to the environment will be
properly controlled to avoid soil and
groundwater contamination.

Clean-up and properly dispose any spills.

Maintain noise levels below 90 dBA,. or
provide ear protection.

Wastes from regeneration of the mixed-bed
demineralizer will be batch-treated by
neutralization, and discharged to the river.
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8. SCHEDULING, PROCUREMENT AND CONSTRUCTION

8.1 PROJECT SCHEDULING

Schedules for the engineering and construction activities for each of the Unit 10 and 13 options
and for the replacement Boiler 13 and 14/Turbine 6 unit are shown in the following figures:

Figure 8.1-1 Units 10 and 13 - Option lA and IB (Nfinimum RefurbishmentlMinimum
Emission Control) .

Figure 8.1-2 Units 10 and 13 - Option 2A and 2B (Minimum RefurbishmentlImproved
Emission Control)

Figure 8.1-3 Units 10 and 13 - Option 3A and 3B (Conversion to Arch Firing/Improved
Emission Control

Figure 8.1-4 Units 10 and 13 - Option 4A and 4B (Extensive RefurbishmentlImproved
Emission Control)

Figure 8.1-5 Boilers 13 and 14, and Turbine No.6

These schedules are based on an EPC type contract, with preparation of tender documents started
in the second quarter of 1995. Work on all units is assumed to be concurrent.

8.2 BASIS OF ESTIMATE

The project cost estimate was developed based on Bums and Roe providing conventional
ArchitectlEngineer and Construction Management Service. In that regard, the project was broken
down into three phases.

Phase I of the project will involve the detailed engineering work necessary to produce demolition
concepts and workplans, equipment and material procurement specifications and construction bid
packages.

Phase II of the project inclur'~str·,..~ procurement of the major equipment and materials, and the
evaluation/selection oftlic rrt.a:Jor ~,lhcontractors for the project. (I.e. Demolition/Civil/Structural,
Mechanic'il, Ekctric<\I).
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• Phase ill of the Project will include the management of the actual construction on-site,
operational training for the new equipment and start-up of the new equipment.

Equipment and Material Costs have been developed from a number of sources. The Capital Cost
Estimates identify the pricing source for each item ofwork. Below is a table which identifies each
of the pricing sources.

UKR-

US-

B&R-

This designation identifies the material and/or equipment cost component
as provided by the Ukrainian engineering company, Kharkov Central
Design Office, UNPO Energoprogress.

This designation identifies the material and/or equipment cost components
as provided by quotes from U.S. manufacturers.

This designation identifies the material and/or equipment cost component
as developed from Burns and Roe's in-house data from projects similar in
nature or size to that referenced in the estimate.

•

•

8.2.1 Domestic Procurement (Ukraine)

Particular emphasis was placed on obtaining current pricing for equipment and material from
suppliers within the Ukraine. In that regard Burns and Roe met with staff members of Kharkov
Central Design Office UNPO Energoprogress during the June, 1995 visit to Lugansk GRES
Power Plant to determine which Ukrainian material and equipment suppliers had the technical
capability to provide new equipment to the project. Based on those discussions and subsequent
phone conferences a comprehensive list of equipment and material pricing was obtained from
Ukrainian manufacturers and suppliers by Kharkov Central Design Office. This cost information
was provided to Burns and Roe for use in developing the cost estimates for various options
contained in Appendix A, Band C.

8.2.2 Foreign Procurement (Non Ukrainian)

Equipment and materials which were not available from Ukrainian manufacturers were priced
from U.S. or European manufacturers where possible. Those portions of the estimate are
identified with a "US" designation on the estimates contained in Appendix A, B, and C.

8.2.3 Construction Labor

Labor costs were generated by using U. S. Gulf Coast manhour estimates for the work to be
performed and applying a productivity factor. The productivity factor was developed based on
Burns and Roe's observations at the site, its previous studies performed in NIS countries and
information provided by Kharkov Central Design Office. Average hourly rates were derived from
wage rates provided during the site visit in June of 1995 and the wage rates of specialists required
for certain portions of the project. Based on our site visit, we expect the skilled labor required to
complete the project to be available locally to the project and within the Ukraine.
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8.2.4 Project Indirect Costs

Incorporated in the cost of construction Support Facilities are office trailer space and staffing for
Construction Engineering and Inspection, Project Management, material and equipment storage,
and subcontractor temporary facilities (i.e. change trucks etc.).

It is assumed that construction utility water and power are available at the site at no cost to the
project.

Construction Equipment of the type, quantity and size required for the project appears to be
available within the Ukraine from discussions with Kharkov Central Design Office and the Plant
Management Personnel.

Ocean freight costs and insurance have been included for those items not manufactured or
supplied by Ukraine. Also included is a small amount of freight costs for those items
manufactured within the Ukraine.

Contingency is added to the estimate to provide for risks and uncertainties associated with the
scope ofwork at the conceptual stage in design.

Contingency, at various percentages were applied to the direct labor and material costs in addition
to the indirect portions of the project costs.
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 1A - UNIT 10

MINIMAL BOILER UPGRADE I MIMIMAL EMISSION CONTROLS UPGRADE

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

CIVIUSTRUCTURAl
DEMOLITION COSTS B&R 587,840 15,000 120,568 723,408

EXCAVATION & BACKFILL B&R 34,800 15,000 9,960 59,760

CONCRETE & STRUCTURAL STEEL B&R 113,600 65,000 35,720 214,320

BUILDINGS REHABILITATION B&R 49,640 20,000 13,928 83,568

ROADWAYS / PARKING 1FENCING B&R 20,000 14,000 6,800 40,800

ASBESTOS & TRANSFORMER OIL REMOVAL SPECIAL LABOR COSTS B&R 0 1,250,000 250,000 1,500,000

TOTAL CIVIUSTRUCTURAL 805,880 0 129,000 0 1,250,000 436,976 2,621,856

BOILER REPAIR WORK
REPAIR/REFURBISH BOILER REFRACTORY, INSULATION, LAGGING & CASING B& R 78,000 623,400 84,168 785,568

REPAIR BACK-PASS CASING, INSULATION, ETC. B&R 24,400 212,000 28,368 264,768

REPAIR/REPLACE FURNACE TUBING, ROOF PENETRATIONS, ETC. B&R 186,000 2,450,000 316,320 2,952,320

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B&R 85,600 1,775,000 223,272 2,083,872

REPAIR/REPLACE ATTEMPERATOR PIPING, VALVING, ETC. B&R 6,000 35,000 4,920 45,920

REFURBISH AIR PREHEATERS B&R 59,200 1,150,000 145,104 1,354,304

REPAIR INDUCED DRAFT FANS B&R 12,000 410,000 50,640 472,640

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B&R 14,400 157,000 20,568 191,968

REPAIR GRINDING CIRCUITS B&R 34,000 1,120,000 138,480 1,292,480

REPLACE EXISTING MILL CLASSIFIERS B&R 41,600 1,400,000 172,992 1,614,592
REPAIR/REFURBISH EXISTING BALL MILLS B&R 18,000 545,000 67,560 630,560

INSTALL MILL COAL LEVEL & BALL CHARGE CONTROL SYSTEM B&R 12,000 145,000 18,840 175,840
REFURBISH EXISTING FUEL INJECTORS B&R 10,240 450,000 55,229 515,469

REFURBISH SLAG TAP REFRACTORY B&R 4,800 47,000 6,216 58,016

REFURBISH EXISTING SOOTCLEANING SYSTEMS B&R 12,800 135,000 17,736 165,536

INSTALL NEW DUCT BURNER FOR BALL MILL INLET B& R 4,800 180,000 22,176 206,976
REFURBISH BOILER SUPPORTS, PLATFORMS & STAIRS B&R 23,400 250,000 32,808 306,208

TOTAL BOILER WORK 627,240 0 9,539,400 1,545,000 0 1,405,397 13,117,037

04/05/96

~
1 OF 4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 1A - UNIT 10

MINIMAL BOILER UPGRADE / MIMIMAL EMISSION CONTROLS UPGRADE

•
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ S S

BOP MECHANICAL WORK

REPLACE H.P. & J.P. TURBINE CYLINDERS & CROSSOVER LINES UKR 31,200 5,150,000 518,120 5,699,320

REPLACE L.P. TURBINE LAST STAGE BLADING UKR 15,200 1,000,000 101,520 1,116,720

REPLACE TURBINE GOVERNING & INTERCEPT VALVES UKR 3,600 900,000 90,360 993,960

UPGRADE GLAND SEAL EXHAUSTER SYSTEM UKR 6,000 200,000 20,600 226,600

UPGRADE DRAINAGEI BLOWDOWN EQUIPMENT UKR 4,000 70,000 7,400 81,400

REPLACE GOVERNING SYSTEM US 2,000 500,000 50,200 552,200

REPLACE FRONT STANDARD AND FLANGE HEATING SYSTEM UKR 7,400 680,000 68,740 756,140

REPLACE OIL COOLER UKR 2,720 8,000 1,072 11,792

INSTALL L.P. HEATER NO.1 BY-PASS UKR 2,000 5,000 700 7,700

IMPROVE H2 SEALING SYSTEM UKR 1,200 20,000 2,120 23,320

REPLACE FEEDWATER PUMPS UKR 10,000 700,000 71,000 781,000

REPLACE CONDENSATE PUMPS UKR 8,800 160,000 16,880 185,680

ADD CONDENSER CLEANING SYSTEM UKR 9,600 220,000 22,960 252,560

IFtl:.PLACE FEEDWATER CONTROL VALVES UKR 7,200 14,500 2,170 23,870

REPLACE H.P. FEEDWATER HEATERS UKR 12,400 600,000 61,240 673,640

REPLACE L.P. FEEDWATER HEATERS UKR 14,000 280,000 29,400 323,400

J.1'.STALL NEW STEAM SAMPLING SYSTEM US 8,400 125,000 13,340 146,740
-,--
R.::PACKJREPLACE LEAKING CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

REPLACE MAIN & REHEAT STEAM RELEIF VALVES UKR 6,000 25,000 3,100 34,100

REPAIR/REPLACE PIPING & VALVES UKR 78,400 650,000 145,680 874,080

TOTAL BOP MECHANICAL WORK 233,320 0 9,612,500 1,705,000 0 1,227,922 12,778,742

CONTROLS & INSTRUMENTS
NEW D.C. S. SYSTEM US 104,000 720,000 82,400 906,400

NEW INSTRUMENTS & CONTROL VALVES B&R 19,200 745,000 114,630 878,830
BURNER MANAGEMENT SYSTEM UPGRADE B&R 26,100 300,000 48,915 375,015

TOTAL CONTROLS & INSTRUMENTS 149,300 0 0 1,765,000 0 245,945 2,160,245

ENVIRONMENTAL SYSTEMS

REPLACE EXISTING CYCLONES WITH NEW ELECTROSTATIC PRECIPITATORS US 144,000 2,600,000 274,400 3,018,400
NEW CONTINUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920

TOTAL ENVIRONMENTAL SYSTEMS 171,200 0 0 2,850,000 0 302,120 3,323,320

;:) 04105196.. 20F 4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 1A - UNIT 10

MINIMAL BOILER UPGRADE I MIMIMAL EMISSiON CONTROLS UPGRADE

ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER S S S

ELECTRICAL WORK
220KV SWITCHYARD EQUIPMENT US 19,140 831,020 85,016 935,176

6 KV SWITCHGEAR & BUS' US 3,200 320,000 32,320 355,520

400 VOLT SWITCHGEAR & TRANSFORMER us 7,000 612,500 61,950 681,450

MOTOR CONTROL CENTERS US 9,000 315,000 32,400 356,400

aATTERIES & CHARGERS US 3,840 98,000 10,184 112,024

PROTECTIVE RELAYS US 2,400 390,000 39,240 431,640

UPS SYSTEM US 880 80,300 8,118 89,298

TOTAL ELECTRICAL WORK 45,460 0 0 2,646,820 0 269,228 2,961,508

MISC ELECTRICAL
POWER/CONTROUINSTRUMENT WIRING B&R 628,000 1,687,500 347,325 2,662,825

BUILDING L1GHTING/PANELS/RECEPT B&R 16,000 366,500 57,375 439,875

'"-;ONDUIT & CABLE TRAY B&R 178,000 630,000 121,200 929,200

:GROUNDING SYSTEM B&R 4,800 67,500 10,845 83,145

,i ',,:'~!-.OO;C PROTECTION B&R 10,000 112,500 18,375 140,875
,,:--
~r,.,~TCO~;MUNICATIONS/FIREPROTECTION B&R 11,000 125,000 20,400 156,400

:;....,.;,l. ,y,ise ELECTRICAL 847,800 0 2,989,000 0 0 575,520 4,412,320

TOTAL DIRECT COSTS 2,880,200 0 22,269,900 10,511,820 1,250,000 4,463108 41,375,028

~ 04/05/96

V-.l

30F4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 1A - UNIT 10

MINIMAL BOILER UPGRADE I MIMIMAL EMISSION CONTROLS UPGRADE

•
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ S $

SITE INDIRECTS
CONSTRUCTION EQUIP/TOOLS/CONSUMABLES B&R 1,245,000 149,400 1,394,400

'StiPPORT LABOR & FIELD OFFICE COSTS B&R 1,275,000 153,000 1,428,000

IcO:--lSTRUCTION FACILITIES & OTHER INDIRECTS B&R 225,000 27,000 252,000

'~:EIGHT B&R 1,311,269

C" ~E?S/TRAINING/MANUALS B&R 200,000 24,000 224,000

',' -,;" S''l"i:: iN JiRECTS 0 0 0 0 2,945,000 353,400 4,609,669
"

~--- --

:'ONSTRUCTION MGMT & ENGINEERING SERVICES
I;;:.;: DESIGN SERVICES B&R 2,500,000 125,000 2,625,000._.

>.STRUCTION MANAGEMENT B&R 2,068,751 103,438 2,172,189

\;:;-:'".i.?? TESTING & TRAINING B&R 750,000 112,500 862,500

. '.''',L. ~;)\:STRUCTION MGMT & ENGINEERING 0 0 0 0 5,318,751 340,938 5,659,689
l~~ ',.

;,-:. - TOTAL ESTIMATED PROJECT COSTS 51,644,386_.
l~ •

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON-UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN-HOUSE SOURCES

.. or .. Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 1B - UNIT 10

MINIMAL BOILER UPGRADE I MINIMAL EMISSION CONTROLS UPGRADE

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ S $

CIVIUSTRUCTURAL
;:'::':,;·:OLITlON COSTS B&R 587,840 15,000 120,568 723,408

.:;~~:AVAIION & 9ACKFILL B&R 34,800 15,000 9,960 59,760

",I:CRE"""E & STRUCTURAL STEEL B& R 113,600 65,000 35,720 214,320

.;:;''',:CS REHABILITATION B&R 49,640 20,000 13,928 83,568

, ;;}J.>,J,"AYS I pARKING / FENCING B&R 20,000 14,000 6,800 40,800

>1,~BESTOS & TRANSFORMER OIL REMOVAL SPECIAL LABOR COSTS B& R 0 1,250,000 250,000 1,500,000

i.TiTAL C'VIUSTRUCTURAL 805,880 0 129,000 0 1,250,000 436,976 2,621,856
I

--
.' BOILER REPAIR WORK
~_,:~l\:R/REFUrtBISHBOILER REFRACTORY, INSULATION, LAGGING & CASING B& R 78,000 623,400 84,168 785,568

.~;jl5:l BACK-PASS CASING, INSULATION, ETC. B&R 24,400 212,000 28,368 264,768

:, l',iR/REPLACE FURNACE TUBING, ROOF PENETRATIONS, ETC. B&R 186,000 2,450,000 316,320 2,952,320
!;;C,PA;k/rtEPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B& R 85,600 1,775,000 223,272 2,083,872
~REPf\;;;'/REPLACEATTEMPERATOR PIPING, VALVING, ETC. B& R 6,000 35,000 4,920 45,920

KEFURBISH AIR PREHEATERS B&R 59,200 1,150,000 145,104 1,354,304

REPAIR INDUCED DRAFT FANS B&R 12,000 410,000 50,640 472,640

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B&R 14,400 157,000 20,568 191,968

REPAIR GRINDING CIRCUITS B& R 34,000 1,120,000 138,480 1,292,480

REPLACE EXISTING MILL CLASSIFIERS B&R 41,600 1,400,000 172,992 1,614,592

REPAIR/REFURBISH EXISTING BALL MILLS B&R 18,000 545,000 67,560 630,560

INSTALL MILL COAL LEVEL & BALL CHARGE CONTROL SYSTEM B& R 12,000 145,000 18,840 175,840
REFURBISH EXISTING FUEL INJECTORS B&R 10,240 450,000 55,229 515,469

,REFURBISH SLAG TAP REFRACTORY B& R 4,800 47,000 6,216 58,016
REFURBISH EXISTING SOOTCLEANING SYSTEMS B&R 12,800 135,000 17,736 165,536

INSTALL NEW DUCT BURNER FOR BALL MILL INLET B&R 4,800 180,000 22,176 206,976
REFURBISH BOILER SUPPORTS, PLATFORMS & STAIRS B& R 23,400 250,000 32,808 306,208

TOTAL BOILER WORK 627,240 0 9,539,400 1,545,000 0 1,405,397 13,117,037

~ 04/05/96

'tr',
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• •
ESTIMATE SUMMARY

LUGANSK GRES
OPTION 1B· UNIT 10

MINIMAL BOILER UPGRADE / MINIMAL EMISSION CONTROLS UPGRADE

ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ S $

BOP MECHANICAL WORK

REPLACE H.P. & I.P. TURBINE CYLINDERS & CROSSOVER LINES UKR 31,200 5,150,000 518,120 5,699,320

REPLACE L.P. TURBINE LAST STAGE BLADING UKR 15,200 1,000,000 101,520 1,116,720

REPLACE TURBINE GOVERNOR & INTERCEPT VALVES UKR 3,600 900,000 90,360 993,960

UPGRADE GLAND SEAL EXHAUSTER SYSTEM UKR 6,000 200,000 20,600 226,600.

UPGRADE DRAINAGE/SLOWDOWN EQUIPMENT UKR 4,000 70,000 7,400 81,400

REPLACE GOVERNING SYSTEM US 2,000 500,000 50,200 552,200

REPLACE FRONT STANDARD AND FLANGE HEATING SYSTEM UKR 7,400 680,000 68,740 756,140

REPLACE OIL COOLER UKR 2,720 8,000 1,072 11,792

INSTALL L.P. HEATER NO.1 BY-PASS UKR 2,000 5,000 700 7,700

IMPROVE H2 SEALING SYSTEM UKR 1,200 20,000 2,120 23,320

REPLACE FEEDWATER PUMPS UKR 10,000 700,000 71,000 781,000

REPLACE CONDENSATE PUMPS UKR 8,800 160,000 16,880 185,680

ADD CONDENSER CLEANING SYSTEM UKR 9,600 220,000 22,960 252,560

REPLACE FEEDWATER CONTROL VALVES UKR 7,200 14,500 2,170 23,870

REPLACE H.P. FEEDWATER HEATERS UKR 12,400 600,000 61,240 673,640

REPLACE L.P. FEEDWATER HEATERS UKR 14,000 280,000 29,400 323,400

INSTALL NEW STEAM SAMPLING SYSTEM US 8,400 125,000 13,340 146,740

REPACK/REPLACE LEAKING CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

REPAIR/REPLACE PIPING & VALVES UKR 78,400 650,000 145,680 874,080

REPLACE MAIN & REHEAT STEAM RELEIF VALVES UKR 6,000 25,000 3,100 34,100

TOTAL BOP MECHANiCAL WORK 233,320 0 9,612,500 1,705,000 0 1,227,922 12,778,742

INSTRUMENTS & CONTROLS
NEW D.C. S. SYSTEM US 104,000 720,000 82,400 906,400

NEW INSTRUMENTS & CONTROL VALVES B&R 19,200 745,000 114,630 878,830

BURNER MANAGEMENT SYSTEM UPGRADE B&R 26,100 300,000 48,915 375,015

TOTAL INSTRUMENTS & CONTROLS 149,300 0 0 1,765,000 0 245,945 2,160,245

ENVIRONMENTAL SYSTEMS

REPLACE EXISTING CYCLONES WITH NEW ELECTROSTATIC PRECIPITATORS US 144,000 2,600,000 274,400 3,018,400

NEW CONTINUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920

TOTAL ENVIRONMENTAL SYSTEMS 171,200 0 0 2,850,000 0 302,120 3,323,320

04/05/96 20F4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 1B - UNIT 10

MINIMAL BOILER UPGRADE I MINIMAL EMISSiON CONTROLS UPGRADE

••
ITEM PRICING LABOR MATERIAL !sUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER S $ S

ELECTRICAL WORK
220KV SWITCHYARD EQUIPMENT US 19,140 831,020 85,016 935,176

6 KV SWITCHGEAR & BUS US 3,200 320,000 32,320 355,520

400 VOLT SWITCHGEAR & TRANSFORMER US 7,000 612,500 61,950 681,450

MOTOR CONTROL CENTERS US 9,000 315,000 32,400 356,400

BATTERIES & CHARGERS US 3,840 . 98,000 10,184 112,024

PROTECTIVE RELAYS US 2,400 390,000 39,240 431,640

UPS SYSTEM US 880 80,300 8,118 89,298

TOTAL ELECTRICAL WORK 45,460 0 0 2,646,820 0 269,228 2,961,508

MISC ELECTRICAL
POWER/CONTROUINSTRUMENT WIRING B&R 628,000 1,687,500 347,325 2,662,825

BUILDING L1GHTING/PANELS/RECEPT B&R 16,000 366,500 57,375 439,875

CONDUIT & CABLE TRAY B&R 178,000 630,000 121,200 929,200

GROUNDING SYSTEM B&R 4,800 67,500 10,845 83,145

CATHODIC PROTECTION B&R 10,000 112,500 18,375 140,875

PLANT COMMUNICATIONS/FIRE PROTECTION B&R 11,000 125,000 20,400 156,400

TOTAL MISC ELECTRICAL 847,800 0 2,989,000 0 0 575,520 4,412,320

TOTAL DIRECT COSTS 2,880,200 0 22,269,900 10,511,820 1,250,000 4,463,108 41,375,028

-.:> 04/05/96

k",--"

30F4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 1B· UNIT 10

MINIMAL BOILER UPGRADE I MINIMAL EMISSiON CONTROLS UPGRADE

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ S

SITE INDIRECTS
CONSTRUCTION EQUIP/TOOLS/CONSUMABLES B&R 1,245,000 149,400 1,394,400

SUPPORT LABOR & FIELD OFFICE COSTS B&R 1,275,000 153,000 1,428,000

CONSTRUCTION FACILITIES & OTHER INDIRECTS B&R 225,000 27,000 252,000

FREIGHT B&R 1,311,269

VENDOR REPS/TRAINING/MANUALS B&R 200,000 24,000 224,000

TOTAL SITE INDIRECTS 0 0 0 0 2,945,000 353,400 4,609,669

CONSTRUCTiON MGMT & ENGINEERING SERVICES
AlE DESIGN SERVICES B&R 2,500,000 125,000 2,625,000
CONSTRUCTION MANAGEMENT B&R 2,068,751 103,438 2,172,189

START-UP, TESTING & TRAINING B&R 750,000 112,500 862,500
TOTAL CONSTRUCTION MGMT & ENGINEERING 0 0 0 0 5,318,751 340,938 5,659,689

TOTAL ESTIMATED PROJECT COSTS 51,644,386

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON·UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN·HOUSE SOURCES

40F4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 2A - UNIT 10

MINIMAL BOILER UPGRADE 'IMPROVED EMISSION CONTROLS UPGRADE

.-
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER S S $

CIVIUSTRUCTURAL
DEMOLITION COSTS B&R 587,840 15,000 120,568 723,408

EXCAVATION & BACKFILL B&R 34,800 15,000 9,960 59,760

CONCRETE & STRUCTURAL STEEL B&R 113,600 65,000 35,720 214,320

BUILDINGS REHABILITATION B&R 49,640 20,000 13,928 83,568

ROADWAYS' PARKING' FENCING B&R 20,000 14,000 6,800 40,800

ASBESTOS & TRANSFORMER OIL REMOVAL SPECIAL LABOR COSTS B&R 0 1,250,000 250,000 1,500,000

TOTAL CIVIUSTRUCTURAL 805,880 0 129,000 0 1,250,000 436,976 2,621,856

BOILER REPAIR WORK
REPAIR/REFURBISH BOILER REFRACTORY, INSULATION, LAGGING & CASING B& R 78,000 623,400 84,168 785,568

REPAIR BACK·PASS CASING, INSULATION, ETC. B&R 24,400 212,000 28,368 264,768

REPAIR/REPLACE FURNACE TUBING, ROOF PENETRATIONS, ETC. B&R 186,000 2,450,000 316,320 2,952,320

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B&R 85,600 1,775,000 223,272 2,083,872

REPAIR/REPLACE ATTEMPERATOR PIPING, VAlVING, ETC. B&R 6,000 35,000 4,920 45,920

REFURBISH AIR PREHEATERS B&R 59,200 1,150,000 145,104 1,354,304

REPAIR INDUCED DRAFT FANS B& R 12,000 410,000 50,640 472,640

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B&R 14,400 157,000 20,568 191,968
REPAIR GRINDING CIRCUITS B& R 34,000 1,120,000 138,480 1,292,480

REPLACE EXISTING MILL CLASSIFIERS B&R 41,600 1,400,000 172,992 1,614,592

REPAIR/REFURBISH EXISTING BALL MilLS B&R 18,000 545,000 67,560 630,560

INSTALL MILL COAL LEVEL & BALL CHARGE CONTROL SYSTEM B&R 12,000 145,000 18,840 175,840

NEW LOW NOx BURNERS B&R 28,800 1,200,000 147,456 1,376,256

REFURBISH SLAG TAP REFRACTORY B&R 4,800 47,000 6,216 58,016

REFURBISH EXISTING SOOTCLEANING SYSTEMS B&R 12,800 135,000 17,736 165,536

INSTALL NEW DUCT BURNER FOR BALL MILL INLET B&R 4,800 180,000 22,176 206,976
REFURBISH BOILER SUPPORTS, PLATFORMS & STAIRS B&R 23,400 250,000 32,808 306,208

TOTAL BOILER WORK 645,800 0 9,089,400 2,745,000 0 1,497,624 13,977,824

~. Ot,/05/96

,/"'(;J:!!
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• •
ESTIMATE SUMMARY

LUGANSK GRES
OPTION 2A· UNIT 10

MINIMAL BOiLER UPGRADE I IMPROVED EMISSION CONTROLS UPGRADE

•
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ S

BOP MECHANICAL WORK
REPLACE H.P. & I.P. TURBINE CYLINDERS & CROSSOVER LINES UKR 31,200 5,150,000 518,120 5,699,320

REPLACE L.P. TURBINE LAST STAGE BLADING UKR 15,200 1,000,000 101,520 1,116,720

REPLACE TURBINE GOVERNOR & INTERCEPT VALVES UKR 3,600 900,000 90,360 993,960

UPGRADE GLAND SEAL EXHAUSTER SYSTEM UKR 6,000 200,000 20,600 226,600

UPGRADE DRAINAGE! BLOWDOWN EQUIPMENT UKR 4,000 70,000 7,400 81,400

REPLACE GOVERNING SYSTEM US 2,000 500,000 50,200 552,200

REPLACE FRONT STANDARD AND FLANGE HEATING SYSTEM UKR 7,400 680,000 68,740 756,140

REPLACE OIL COOLER UKR 2,720 8,000 1,072 11,792

INSTALL L.P. HEATER NO.1 BY-PASS UKR 2,000 5,000 700 7,700

IMPROVE H2 SEALING SYSTEM UKR 1,200 20,000 2,120 23,320

REPLACE FEEDWATER PUMPS UKR 10,000 700,000 71,000 781,000

REPLACE CONDENSATE PUMPS UKR 8,800 160,000 16,880 185,680

ADD CONDENSER CLEANING SYSTEM UKR 9,600 220,000 22,960 252,560

REPLACE FEEDWATER CONTROL VALVES UKR 7,200 14,500 2,170 23,870

REPLACE H.P. FEEDWATER HEATERS UKR 12,400 600,000 61,240 673,640

REPLACE L.P. FEEDWATER HEATERS UKR 14,000 280,000 29,400 323,400

INSTALL NEW STEAM SAMPLING SYSTEM UKR 8,400 125,000 13,340 146,740

REPACK/REPLACE LEAKING CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

REPAIR/REPLACE PIPING & VALVES UKR 78,400 650,000 145,680 874,080

REPLACE MAIN & REHEAT STEAM RELEIF VALVES UKR 6,000 25,000 3,100 34,100

TOTAL BOP MECHANICAL WORK 233,320 0 9,612,500 1,705,000 0 1,227,922 12,778,742

INSTRUMENTS & CONTROLS
NEW D.C. S. SYSTEM US 104,000 720,000 82,400 906,400

NEW INSTRUMENTS &CONTROL VALVES B&R 19,200 745,000 114,630 878,830

BURNER MANAGEMENT SYSTEM UPGRADE B&R 26,100 300,000 48,915 375,015

I.QI~L INSTRUMENTS & CONTROLS 149,300 0 0 1,765,000 0 245,945 2,160,245

ENVIRONMENTAL SYSTEMS
I ;:i.::"'LACE EXISTING CYCLONES WITH NEW ELECTROSTATIC PRECIPITATORS US 144,000 2,600,000 274,400 3,018,400

.S,ALt 802 CONTROL EQUIPMENT US 210,000 6,400,000 661,000 7,271,000
,':.~AL'_ SNCR EQUIPMENT US 28,000 980,000 100,800 1,108,800-

'::'W CONTINUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920

fT0TAL ENVIRONMENTAL SYSTEMS 409,200 0 0 10,230,000 0 1,063,920 11,703,120

o
20F4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 2A - UNIT 10

MINIMAL BOILER UPGRADE /IMPROVED EMiSSiON CONTROLS UPGRADE

.'
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

ELECTRICAL WORK
220KV SWITCHYARD EQUIPMENT US 19,140 831,020 85,016 935,176

6 KV SWITCHGEAR & BUS US 3,200 320,000 32,320 355,520

400 VOLT SWITCHGEAR & TRANSFORMER US 7,000 612,500 61,950 681,450

MOTOR CONTROL CENTERS US 9,000 315,000 32,400 356,400

BATIERIES & CHARGERS US 3,840 98,000 10,184 112,024

PROTECTIVE RELAYS US 2,400 390,000 39,240 431,640

UPS SYSTEM US 880 80,300 8,118 89,298

TOTAL ELf;CTRICAL WORK 45,460 0 0 2,646,820 0 269,228 2,961,508

MISC ELECTRICAL
POWER/CONTROUINSTRUMENT WIRING 628,000 1,687,500 347,325 2,662,825

BUILDING LIGHTING/PANELS/RECEPT 16,000 366,500 57,375 439,875

CONDUIT & CABLE TRAY 178,000 630,000 121,200 929,200

GROUNDING SYSTEM 4,800 67,500 10,845 83,145

CATHODIC PROTECTION 10,000 112,500 18,375 140,875

PLANT COMMUNICATIONS/FIRE PROTECTION 11,000 125,000 20,400 156,400

TOTAL Mise ELECTRICAL 847,800 0 2,989,000 0 0 575,520 4,412,320

TOTAL DIRECT COSTS 3,136,760 0 21,819,900 19,091,820 1,250,000 5,317,135 50,615,615

C4103196 30F4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 2A· UNIT 10

MINIMAL BOILER UPGRADE I IMPROVED EMISSION CONTROLS UPGRADE

.'
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER S S S

SITE INDIRECTS
CONSTRUCTION EQUIP/TOOLS/CONSUMABLES 1,245,000 149,400 1,394,400

SUPPORT LABOR & FIELD OFFICE COSTS 1,275,000 153,000 1,428,000

CONSTRUCTION FACILITIES & OTHER INDIRECTS 225,000 27,000 252,000

FREIGHT 1,636,469

VENDOR REPS/TRAINING/MANUALS 200,000 24,000 224,000

TOTAL SITE INDiRECTS 0 0 0 0 2,945,000 353,400 4,934,869

CONSTRUCTION MGMT & ENGINEERING SERVICES
AlE DESIGN SERVICES 2,500,000 125,000 2,625,000

CONSTRUCTION MANAGEMENT 2,530,781 126,539 2,657,320

START-UP, TESTING & TRAINING 750,000 112,500 862,500

TOTAL CONSTRUCTION MGMT & ENGINEERING 0 0 0 0 5,780,781 364,039 6,144,820

TOTAL ESTIMATED PROJECT COSTS 61,695,304

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON-UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN-HOUSE SOURCES

40F4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 2B· UNIT 10

MINIMAL BOILER UPGRADE f IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ S S

CIVIUSTRUCTURAL
DEMOLITION COSTS B& R 587,840 15,000 120,568 723,408

EXCAVATION & BACKFill B&R 34,800 15,000 9,960 59,760

CONCRETE & STRUCTURAL STEEL B&R 113,600 65,000 35,720 214,320

BUILDINGS REHABILITATION B&R 49,640 20,000 13,928 83,568

ROADWAYS f PARKING f FENCING B&R 20,000 14,000 6,800 40,800

ASBESTOS & TRANSFORMER OIL REMOVAL SPECIAL LABOR COSTS B&R 0 1,250,000 250,000 1,500,000

TOTAL CIVIUSTRUCTURAL 805,880 ° 129,000 ° 1,250,000 436,976 2,621,856

BOILER REPAIR WORK
REPAIRfREFURBISH BOiLER REFRACTORY, INSULATION, LAGGING & CASING B&R 78,000 623,400 84,168 785,568

REPAIR BACK·PASS CASING, INSULATION, ETC. 8&R 24,400 212,000 28,368 264,768

REPAIR/REPLACE FURNACE TUBING, ROOF PENETRATIONS, ETC. B&R 186,000 2,450,000 316,320 2,952,320

REPAIRfREPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B& R 85,600 1,775,000 223,272 2,083,872

REPAIR/REPLACE ATIEMPERATOR PIPING, VALVING, ETC. B&R 6,000 35,000 4,920 45,920

REFURBISH AIR PREHEATERS B&R 59,200 1,150,000 145,104 1,354,304

REPAIR INDUCED DRAFT FANS B&R 12,000 410,000 50,640 472,640

REPAIRfREPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B&R 14,400 157,000 20,568 191,968

REPAIR GRINDING CIRCUITS B&R 34,000 1,120,000 138,480 1,292,480

REPLACE EXISTING MILL CLASSIFIERS 8&R 41,600 1,400,000 172,992 1,614,592

REPAIR/REFURBISH EXISTING BALL MILLS B&R 18,000 545,000 67,560 630,560

INSTALL MILL COAL LEVEL & BALL CHARGE CONTROL SYSTEM B&R 12,000 145,000 18,840 175,840

NEW LOW NOx BURNERS 8&R 28,800 1,200,000 147,456 1,376,256

REFURBISH SLAG TAP REFRACTORY B&R 4,800 47,000 6,216 58,016

REFURBISH EXISTING SOOTCLEANING SYSTEMS B&R 12,800 135,000 17,736 165,536

INSTALL NEW DUCT BURNER FOR BALL MILL INLET B&R 4,800 180,000 22,176 206,976

REFURBISH BOILER SUPPORTS, PLATFORMS & STAIRS B&R 23,400 250,000 32,808 306,208

TOTAL BOILER WORK 645,800 0 9,089,400 2,745,000 0 1,497,624 13,977,824

oJ
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• • ESTIMATE SUMMARY
I.UGANSK GRES

OPTION 2B· UNIT 10

MINIMAl. BOII.ER UPGRADE /IMPROVED EMISSION CONTROI.S

•
ITEM PRICING LABOR MATERIAl. SUBCONTRACT CONTINGENCY TOTAl.

SOURCE UKR OTHER UKR OTHER $ S S

BOP MECHANICAL WORK
REPLACE H.P. & I.P. TURBINE CYLINDERS & CROSSOVER LINES UKR 31,200 5,150,000 518,120 5,699,320

REPLACE L.P. TURBINE LAST STAGE BLADING UKR 15,200 1,000,000 101,520 1,116,720

REPLACE TURBINE GOVERNOR & INTERCEPT VALVES UKR 3,600 900,000 90,360 993,960

, U?GRADE GLAND SEAL EXHAUSTER SYSTEM UKR 6,000 200,000 20,600 226,600

UPGRADE DRAINAGE/ BLOWDOWN EQUIPMENT UKR 4,000 70,000 7,400 81,400

h3EPLACE GOVERNING SYSTEM US 2,000 500,000 50,200 552,200

J '..-"LACE FRONT STANDARD AND FLANGE HEATING SYSTEM UKR 7,400 680,000 68,740 756,140
'r·~'f=~ACi: OIL COOLER UKR 2,720 8,000 1,072 11,792

;fl~'STALL L.P. HEATER NO.1 BY·PASS UKR 2,000 5,000 700 7,700

'IMPROVE H2 SEALING SYSTEM UKR 1,200 20,000 2,120 23,320

REPLACE FEEDWATER PUMPS UKR 10,000 700,000 71,000 781,000

REPLACE CONDENSATE PUMPS UKR 8,800 160,000 16,880 185,680

ADD CONDENSER CLEANING SYSTEM UKR 9,600 220,000 22,960 252,560

REPLACE FEEDWATER CONTROL VALVES UKR 7,200 14,500 2,170 23,870
REPLACE H.P. FEEDWATER HEATERS UKR 12,400 600,000 61,240 673,640

REPLACE L.P. FEEDWATER HEATERS UKR 14,000 280,000 29,400 323,400
INSTALL NEW STEAM SAMPLING SYSTEM US 8,400 125,000 13,340 146,740

REPACK/REPLACE LEAKING CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

REPAIR/REPLACE PIPING & VALVES UKR 78,400 650,000 145,680 874,080

REPLACE MAIN & REHEAT STEAM RELEIF VALVES UKR 6,000 25,000 3,100 34,100
TOTAL BOP MECHANICAL WORK 233,320 0 9,612,500 1,705,000 0 1,227,922 12,778,742

INSTRUMENTS & CONTROLS
NEW D.C. S. SYSTEM US 104,000 720,000 82,400 906,400
NEW INSTRUMENTS & CONTROL VALVES B&R 19,200 745,000 114,630 878,830

BURNER MANAGEMENT SYSTEM UPGRADE B&R 26,100 300,000 48,915 375,015
TOTAL INSTRUMENTS & CONTROLS 149,300 0 0 1,765,000 0 245,945 2,160,245

ENVIRONMENTAL SYSTEMS
REPLACE EXISTING CYCLONES WITH NEW ELECTROSTATIC PRECIPITATORS US 144,000 2,600,000 274,400 3,018,400
INSTALL S02 CONTROL EQUIPMENT US 252,000 8.150,000 840,200 9,242,200
INSTALL SNCR EQUIPMENT US 28,000 980,000 100,800 1,108,800
NEW CONTINUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920
l-0TAL ENVIRONMENTAL SYSTEMS 451,200 0 0 11,980,000 0 1,243,120 13,674,320
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•
ITEM

! ELECTRICAL WORK
1?:2DKV SWITCHYARD EQUIPMENT

! :; KV SWITCHGEAR & BUS

.~: :' VOLT SWITCHGEAR & TRANSFORMER

~."~:taR CONTROL CENTERS
'Fe. . .

: ,"",'-':,' ~ERIES & CHARGERS

1~i!>ROT!'::CTIVERELAYS

UPS SYSTEM

,"!'''.HAL ELECTRICAL WORK
,<;;

i

~-, MISC ELECTRICAL
?t':>W::R/CONTROUINSTRUMENT WIRING

diJlLDING L1GHTING/PANELS/RECEPT

;:;c;·mUIT & CABLE TRAY

GROUNDING SYSTEM

CATHODIC PROTECTION

PLANT COMMUNICATIONS/FIRE PROTECTION

TOTAL Mise ELECTRiCAL

TOTAL DIRECT COSTS

• .-
ESTIMATE SUMMARY

LUGANSK GRES
OPTION 2B· UNIT 10

MINIMAL BOILER UPGRADE I IMPROVED EMISSiON CONTROLS

PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER S S S

US 19,140 831,020 85,016 935,176

US 3,200 320,000 32,320 355,520

US 7,000 612,500 61,950 681,450

US 9,000 315,000 32,400 356,400

US 3,840 98,000 10,184 112,024

US 2,400 390,000 39,240 431,640

US 880 80,300 8,118 89,298

45,460 0 0 2,646,820 0 269,228 2,961,508

628,000 1,687,500 347,325 2,662,825

16,000 366,500 57,375 439,875

178,000 630,000 121,200 929,200

4,800 67,500 10,845 83,145

10,000 112,500 18,375 140,875

11,000 125,000 20,400 156,400

847,800 0 2,989,000 0 0 575,520 4,412,320

3,178,760 0 21,819,900 20,841,820 1,250,000 5,496,335 52,586,815

~ 04/05/96
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 2B - UNIT 10

MINIMAL BOILER UPGRADE I IMPROVED EMISSION CONTROLS

.'
; ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL
I

• SOURCE UKR OTHER UKR OTHER $ S s
!
I-

SITE INDIRECTS
~ 'jNSYRlJCTlON EQUIPITOOLS/CONSUMABLES 1,245,000 149,400 1.394,400
"".;,';'flOiH LABOR & FIELD OFFICE COSTS 1,275,000 153,000 1,428,000

-'::':~STRUCTfON FACILITIES & OTHER IND/RECTS 225,000 27,000 252,000
~ : .. ~':~G~;i'" 1,706.469
-"~--

_-,j;: REPS/TRAINING/MANUALS.-';:- 200,000 24,000 224,000
,. '. -";'L SirEINOIRECTS 0 0 0 0 2,945,000 353,400 5,004,869
~--

CONSTRUCTiON MGMT & ENGINEERING SERVICES
NE DESIGN SERVICES 2,500,000 125,000 2,625.000
CONSTRUCTION MANAGEMENT 2,629,341 131,467 2,760,808
START-UP, TESTING & TRAINING 750,000 112,500 862,500
TOTAL CONSTRUCTION MGMT & ENGINEERING 0 0 0 0 5,879,341 368,967 6,248,308

TOTAL ESTIMATED PROJECT COSTS 63,839,992

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURces
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON-UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDiCATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN-HOUSe SOURCES

40F4 Revision 1



• •
ESTIMATE SUMMARY

LUGANSK GRES
OPTION 3A· UNIT 10

ARCH FIRED BOILER I IMPROVED EMISSION CONTROLS

I ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER S S S

---
CIVIUSTRUCTURAL

:-,-~'!:OU710N COSTS B&R 875,840 35,000 182,168 1,093,008

. "-;\CAVATION & BACKFILL B&R 51,600 23,000 14,920 89,520

~NCRETE & STRUCTURAL STEEL B&R 138,400 88,000 45,280 271,680

8ulLDINGS REHABILITATION B&R 106,160 58,000 32,832 196,992

·ROADWAYS / PARKING / FENCING B&R 20,000 14,000 6,800 40,800

ASBESTOS & TRANSFORMER OIL REMOVAL SPECIAL LABOR COSTS B&R 0 1,250,000 250,000 1,500,000

TOTAL CIVIUSTRUCTURAL 1,192,000 0 218,000 0 1,250,000 532,000 3,192,000

BOILER REPAIR WORK
REFURBISH BOILER INTO DBLARCH CONFIGURATION B& R 872,000 9,650,000 1,262,640 11,784,640

REPAIR BACK·PASS CASING, INSULATION, ETC. B&R 24,400 212,000 28,368 264,768

'REPLACE FURNACE ROOF SUPERHEATER, ROOF PENETRATIONS, ETC. B&R 256,400 2,699,000 354,648 3,310,048

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSiON SHEILDS B&R 85,600 1,775,000 223,272 2,083,872

REPAIR/REPLACE ATTEMPERATOR PIPING, VALVING, ETC. B&R 6,000 35,000 4,920 45,920

REFURBISH AIR PREHEATERS B&R 59,200 1,150,000 145,104 1,354,304

REPAIR INDUCED DRAFT FANS B&R 12,000 410,000 50,640 472,640

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B&R 14,400 157,000 20,568 191,968

REPAIR GRINDING CIRCUITS B&R 34,000 1.120,000 138,480 1,292,480

REPLACE EXISTING MILL CLASSIFIERS B&R 41,600 1,400,000 172,992 1,614,592

INSTALL NEW BALL MILLS B&R 32,400 1,125,000 138,888 1,296,288

INSTALL MILL COAL LEVEL & BALL CHARGE CONTROL SYSTEM B&R 12,000 145,000 18,840 175,840

INSTALL NEW BURNERS B&R 32,400 1,400,000 171,888 1,604,288

INSTALL NEW BOTTOM ASH SYSTEM B& R 25,200 485,000 61,224 571,424

REFURBISH EXISTING SOOTCLEANING SYSTEMS B&R 12,800 135,000 17,736 165,536

INSTALL NEW DUCT BURNER FOR BALL MilL INLET B&R 4,800 180,000 22,176 206,976

TOTAL BOILER WORK 1,525,200 0 18,648,000 3,430,000 0 2,832,384 26,435,584
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 3A· UNIT 10

ARCH FIRED BOILER I IMPROVED EMISSION CONTROLS

.-
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ S

BOP MECHANICAL WORK
REPLACE H.P. & I.P. TURBINE CYLINDERS & CROSSOVER LINES UKR 31,200 5,150,000 518,120 5,699,320

REPLACE L.P. TURBINE LAST STAGE BLADING UKR 15,200 1,000,000 101,520 1,116,720

REPLACE TURBINE GOVERNOR & INTERCEPT VALVES UKR 3,600 900,000 90,360 993,960

UPGRADE GLAND SEAL EXHAUSTER SYSTEM UKR 6,000 200,000 20,600 226,600

UPGRADE DRAINAGE/ BLOWDOWN EQUIPMENT UKR 4,000 70,000 7,400 81,400

REPLACE GOVERNING SYSTEM UKR 2,000 500,000 50,200 552,200

REPLACE FRONT STANDARD, CASING SUPPORTS AND EXPANSION JOINT UKR 7,400 680,000 68,740 756,140

REPLACE OIL COOLER UKR 2,720 8,000 1,072 11,792

INSTALL L.P. HEATER NO.1 BY-PASS UKR 2,000 5,000 700 7,700

IMPROVE H2 SEALING SYSTEM UKR 1,200 20,000 2,120 23,320

REPLACE FEEDWATER PUMPS UKR 10,000 700,000 71,000 781,000

REPLACE CONDENSATE PUMPS UKR 8,800 160,000 16,880 185,680

ADD CONDENSER CLEANING SYSTEM UKR 9,600 220,000 22,960 252,560

REPLACE FEEDWATER CONTROL VALVES UKR 7,200 14,500 2,170 23,870

REPLACE H.P. FEEDWATER HEATERS UKR 12,400 600,000 61,240 673,640

REPLACE L.P. FEEDWATER HEATERS UKR 14,000 280,000 29,400 323,400

INSTALL NEW STEAM SAMPLING SYSTEM US 8,400 125,000 13,340 146,740

REPACK/REPLACE LEAKING CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

REPAIR/REPLACE PIPING & VALVES UKR 78,400 650,000 145,680 874,080

REPLACE MAIN & REHEAT STEAM RELEIF VALVES UKR 6,000 25,000 3,100 34,100

TOTAL BOP MECHANICAL WORK 233,320 0 9,612,500 1,705,000 0 1,227,922 12,778,742

INSTRUMENTS & CONTROLS
NEW D.C. S. SYSTEM US 104,000 720,000 82,400 906,400
INSTALL NEW INSTRUMENTS & CONTROL VALVES B&R 19,200 745,000 114,630 878,830

BURNER MANAGEMENT SYSTEM UPGRADE B&R 26,100 350,000 56,415 432,515
TOTAL INSTRUMENTS & CONTROLS 149,300 0 0 1,815,000 0 253,445 2,217,745

ENVIRONMENTAL SYSTEMS
REPLACE EXISTING CYCLONES WITH NEW ELECTROSTATIC PRECIPITATORS US 144,000 2,600,000 274,400 3,018,400
802 CONTROL EQUIPMENT US 210,000 6,950,000 716,000 7,876,000

INSTALL SNCR EQUIPMENT US 28,000 980,000 100,800 1,108,800
NEW CONTINUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920
TOTAL ENVIRONMENTAL SYSTEMS 409,200 0 0 10,780,000 0 1,118,920 12,308,120

~_.--~--- -_.."_.
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 3A - UNIT 10

ARCH FIRED BOILER I IMPROVED EMISSiON CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER S S S
ELECTRICAL WORK

220KV SWITCHYARD EQUIPMENT US 19,140 831,020 85,016 935,176

6 KV SWiTCHGEAR & BUS US 3,200 320,000 32,320 355,520

400 VOLT SWITCHGEAR & TRANSFORMER US 7,000 612,500 61,950 681,450

MOTOR CONTROL CENTERS US 9,000 315,000 32,400 356,400

BATTERIES & CHARGERS US 3,840 98,000 10,184 112,024

PROTECTIVE RELAYS US 2,400 390,000 39,240 431,640

UPS SYSTEM US 880 80,300 8,118 89,298

TOTAL ELECTRICAL WORK 45,460 0 0 2,646,820 0 269,228 2,961,508

MISC ELECTRICAL
POWER/CONTROL/INSTRUMENT WIRING B&R 628,000 1,687,500 347,325 2,662,825

BUILDING L1GHTING/PANELS/RECEPT B&R 16,000 366,667 57,400 440,066

CONDUIT & CABLE TRAY B&R 178,000 630,000 121,200 929,200

GROUNDING SYSTEM B&R 4,800 67,500 10,845 83,145

CATHODIC PROTECTION B&R 10,000 112,500 18,375 140,875

PLANT COMMUNICATIONS/FIRE PROTECTION B&R 11,000 125,000 20,400 156,400

TOTAL MISC ELECTRICAL 847,800 0 2,989,167 0 0 676,645 4,412,511

TOTAL DIRECT COSTS 4,402,280 0 31,467,667 20,376,820 1,250,000 6,809,444 64,306,210

S:,,04/05/96
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 3A· UNIT 10

ARCH FIRED BOILER I IMPROVED EMISSION CONTROLS

•
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

SITE INDIRECTS
CONSTRUCTION EQUIP/TOOLS/CONSUMABLES B&R 1,685,000 202,200 1,867,200

SUPPORT LABOR & FIELD OFFICE B&R 1,456,000 174,720 1,630,720

CONSTRUCTION FACILITY & OTHER INDIRECTS B&R 325,000 39,000 364,000

FREIGHT B&R 2,073,779

VENDOR REPS/TRAINING/MANUALS B&R 250,000 30,000 280,000

TOTAL SITE INDIRECTS 0 0 0 0 3,716,000 445,920 6,235,699

CONSTRUCTiON MGMT & ENGINEERING SERVICES
AlE DESIGN SERVICES B&R 3,500,000 175,000 3,675,000

CONSTRUCTION MANAGEMENT B&R 3,215,311 160,766 3,376,076

START-UP, TESTING & TRAINING B&R 600,000 120,000 920,000

TOTAL CONSTRUCTION MGMT & ENGINEERING 0 0 0 0 7,515,311 455,766 7,971,076

TOTAL ESTIMATED PROJECT COST 78,512,986

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COL.UMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON·UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN-HOUSE SOURCES

t:
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 3B - UNIT 10

ARCH FIRED BOILER /IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

CIVIUSTRUCTURAL
DEMOLITION COSTS B&R 875,840 35,000 182,168 1,093,008

EXCAVATION & BACKFILL B&R 51,600 23,000 14,920 89,520

CONCRETE & STRUCTURAL STEEL B&R 138,400 88,000 45,280 271,680

BUILDINGS REHABILITATION B&R 106,160 58,000 32,832 196,992

ROADWAYS / PARKING/ FENCING B&R 20,000 14,000 6,800 40,800

ASBESTOS & TRANSFORMER OIL REMOVAL SPECIAL LABOR COSTS B&R 0 1,250,000 250,000 1,500,000

TOTAL CIVIUSTRUCTURAL 1,192,000 0 218,000 0 1,250,000 532,000 3,192,000

BOILER REPAIR WORK
REFURBISH BOILER INTO DBL ARCH CONFIGURATION B&R 872,000 9,650,000 1,262,640 11,784,640

REPAIR BACK-PASS CASING, INSULATION, ETC. B&R 24,400 212,000 28,368 264,768

REPLACE FURNACE ROOF SUPERHEATER, ROOF PENETRATIONS, ETC. B&R 256,400 2,699,000 354,648 3,310,048

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B&R 85,600 1,775,000 223,272 2,083,872

REPAIR/REPLACE ATTEMPERATOR PIPING, VALVING, ETC. B&R 6,000 35,000 4,920 45,920

REFURBISH AIR PREHEATERS B&R 59,200 1,150,000 145,104 1,354,304
REPAIR INDUCED DRAFT FANS B&R 12,000 410,000 50,640 472,640

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B&R 14,400 157,000 20,568 191,968
REPAIR GRINDING CIRCUITS B&R 34,000 1,120,000 138,480 1,292,480

REPLACE EXISTING MILL CLASSIFIERS B&R 41,600 1,400,000 172,992 1,614,592

REPAIR/REFURBISH EXISTING BALL MILLS B&R 18,000 545,000 67,560 630,560

INSTALL MILL COAL LEVEL & BALL CHARGE CONTROL SYSTEM B&R 12,000 145,000 18,840 175,840
INSTALL NEW BURNERS B&R 32,400 1,400,000 171,888 1,604,288

INSTALL NEW BOTTOM ASH SYSTEM B&R 25,200 485,000 61,224 571,424
REFURBISH EXISTING SOOTCLEANING SYSTEMS B&R 12,800 135,000 17,736 165,536

li'JSTALL NEW DUCT BURNER FOR BALL MILL INLET B&R 4,800 180,000 22,176 206,976
"!"OTAL BOILER WORK 1,510,800 0 18,068,000 3,430,000 0 2,761,056 25,769,856

,
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 3B - UNIT 10

ARCH FIRED BOILER /IMPROVED EMISSION CONTROLS

•
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

BOP MECHANICAL WORK

REPLACE H.P. & J.P. TURBINE CYLINDERS & CROSSOVER LINES UKR 31,200 5,150,000 518,120 5,699,320

REPLACE L.P. TURBINE LAST STAGE BLADING UKR 15,200 1,000,000 101,520 1,116,720

REPLACE TURBINE GOVERNOR & INTERCEPT VALVES UKR 3,600 900,000 90,360 993,960

UPGRADE GLAND SEAL EXHAUSTER SYSTEM UKR 6,000 200,000 20,600 226,600

UPGRADE DRAINAGE/ BLOWDOWN EQUIPMENT UKR 4,000 70,000 7,400 81,400

REPLACE GOVERNING SYSTEM UKR 2,000 500,000 50,200 552,200

REPLACE FRONT STANDARD, CASING SUPPORTS AND EXPANSION JOINT UKR 7,400 680,000 68,740 756,140

REPLACE OIL COOLER UKR 2,720 8,000 1,072 11,792

INSTALL L.P. HEATER NO.1 BY-PASS UKR 2,000 5,000 700 7,700

IMPROVE H2 SEALING SYSTEM UKR 1,200 20,000 2,120 23,320

REPLACE FEEDWATER PUMPS UKR 10,000 700,000 71,000 781,000

REPLACE CONDENSATE PUMPS UKR 8,800 160,000 16,880 185,680

ADD CONDENSER CLEANING SYSTEM UKR 9,600 220,000 22,960 252,560

REPLACE FEEDWATER CONTROL VALVES UKR 7,200 14,500 2,170 23,870

REPLACE H.P. FEEDWATER HEATERS UKR 12,400 600,000 61,240 673,640

REPLACE L.P. FEEDWATER HEATERS UKR 14,000 280,000 29,400 323,400

INSTALL NEW STEAM SAMPLING SYSTEM US 8,400 125,000 13,340 146,740

REPACK/REPLACE LEAKING CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

REPAIR/REPLACE PIPING & VALVES UKR 78,400 650,000 145,680 874,080

:-\EPLACE MAIN & REHEAT STEAM RELEIF VALVES UKR 6,000 25,000 3,100 34,100

,"·.oTA;" BOP MECHANICAL WORK 233,320 0 9,612,500 1,705,000 0 1,227,922 12,778,742
I
[--

MISC ITEMS
NEW D.C. S. SYSTEM US 104,000 720,000 82,400 906,400

INSTALL NEW INSTRUMENTS &CONTROL VALVES B&R 19,200 745,000 114,630 878,830

S:.JRNER MANAGEMENT SYSTEM UPGRADE B&R 26,100 350,000 56,415 432,515,
'1TAL MISC ITEMS 149,300 0 0 1,815,000 0 253,445 2,217,745

r
ENVIRONMENTAL SYSTEMS.__...-

~.:"".J!,CE EXISTING CYCLONES WITH NEW ELECTROSTATIC PRECIPITATORS US 144,000 2,600,000 274,400 3,018,400

',','":'.? CONTROL EQUIPMENT US 226,800 7,115,000 734,180 8,075,980

hJSTALL SNCR EQUIPMENT US 28,000 980,000 100,800 1,108,800

I.\jEW CONTINUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920

TOTALEN~RONMENTALSYSTEMS 426,000 0 0 10,945,000 0 1,137,100 12,508,100

~ 04/05/96
r
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 3B - UNIT 10

ARCH FIRED BOILER I IMPROVED EMISSION CONTROLS

• •

ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

ELECTRICAL WORK
220KV SWITCHYARD EQUIPMENT US 19,140 831,020 85,016 935,176
6 KV SWITCHGEAR & BUS US 3,200 320,000 32,320 355,520

400 VOLT SWITCHGEAR & TRANSFORMER US 7,000 612,500 61,950 681,450

MOTOR CONTROL CENTERS US 9,000 315,000 32,400 356,400

BATTERIES & CHARGERS US 3,840 98,000 10,184 112,024
PROTECTIVE RELAYS US 2,400 390,000 39,240 431,640
UPS SYSTEM US 880 80,300 8,118 89,298

TOTAL ELECTRICAL WORK 45,460 0 0 2,646,820 0 269,228 2,961,508

MISC ELECTRICAL
POWER/CONTROUINSTRUMENT WIRING B&R 628,000 1,687,500 347,325 2,662,825
BUILDING LIGHTING/PANELS/RECEPT B&R 16,000 366,500 57,375 439,875
CONDUIT & CABLE TRAY B&R 178,000 630,000 121,200 929,200
GROUNDING SYSTEM B&R 4,800 67,500 10,845 83,145

CATHODIC PROTECTION B&R 10,000 112,500 18,375 140,875
PLANT COMMUNICATIONS/FIRE PROTECTION B&R 11,000 125,000 20,400 156,400

TOTAL MISC ELECTRICAL 847,800 0 2,989,000 0 0 575,520 4,412,320

TOTAL DIRECT COSTS 4,404,680 0 30,887,500 20,541,820 1,250,000 6,756,271 63,840,271

\~.fl. 04/05/96 30F4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 3B· UNIT 10

ARCH FIRED BOILER I IMPROVED EMISSION CONTROLS

.-
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ S $

SITE INDIRECTS
CONSTRUCTION EQUIP/TOOLS/CONSUMABLES B&R 1,685,000 202,200 1,887,200

SUPPORT LABOR & FIELD OFFICE B&R 1,456.000 174,720 1,630,720

CONSTRUCTION FACILITY & OTHER INDIRECTS B&R 325,000 39,000 364,000

FREIGHT B&R 2,057,173

VENDOR REPS/TRAINING/MANUALS B&R 250,000 30,000 280,000

TOTAL SITE INDIRECTS 0 0 0 0 3,716,000 445,920 6,219,093

CONSTRUCTION MGMT & ENGINEERING SERVICES
AlE DESIGN SERVICES B&R 3,500,000 175,000 3,675,000

CONSTRUCTION MANAGEMENT B&R 3,192,014 159,601 3,351,614

START-UP, TESTING & TRAINING B&R 800,000 120,000 920,000

TOTAL CONSTRUCTION MGMT & ENGINEERING 0 0 0 0 7,492,014 454,601 7,946,614

TOTAL ESTIMATED PROJECT COST 78,005,978

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON·UKRAINIAN SOURCES
THE B& R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN-HOUSE SOURCES

04/05/96 40F4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 4A· UNIT 10

EXTENSIVE BOILER & TURBINE UPGRADE /IMPROVED EMISSION CONTROLS

.-
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ S

CIVIUSTRUCTURAL
DEMOLITION COSTS B&R 898,000 35,000 186,600 1,119,600

EXCAVATION & BACKFILL B&R 51,600 23,000 14,920 89,520

CONCRETE & STRUCTURAL STEEL B&R 148,800 94,000 48,560 291,360-

BUILDINGS REHABILITATION B&R 106,160 58,000 32,832 196,992

ROADWAYS / PARKING f FENCING B&R 20,000 14,000 6,800 40,800

ASBESTOS & TRANSFORMER OIL REMOVAL SPECIAL LABOR COSTS B&R 0 1,250,000 250,000 1,500,000

TOTAL CIVIUSTRUCTURAL 1,224,560 0 224,000 0 1,250,000 539,712 3,238,272

BOILER REPAIR WORK
REFURBISH BOILER INTO MEMBRANE WALL DESIGN B&R 671,600 6,820,000 898,992 8,390,592

REPAIR BACK-PASS CASING, INSULATION, ETC. B&R 24,400 212,000 28,368 264,768

REPLACE FURNACE ROOF SUPERHEATER, ROOF PENETRATIONS, ETC. B&R 256,400 2,699,000 354,648 3,310,048

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B&R 85,600 1,775,000 223,272 2,083,872

REPAIRfREPLACE ATTEMPERATOR PIPING, VALVING, ETC. B&R 6,000 35,000 4,920 45,920

REFURBISH AIR PREHEATERS B&R 59,200 1,150,000 145,104 1,354,304

REPAIR INDUCED DRAFT FANS B&R 12,000 410,000 50,640 472,640

REPAIRfREPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B&R 14,400 157,000 20,568 191,968

REPAIR GRINDING CIRCUITS B&R 34,000 1,120,000 138,480 1,292,480

REPLACE EXISTING MILL CLASSIFIERS B& R 41,600 1,400,000 172,992 1,614,592
INSTALL NEW BALL MilLS B&R 32,400 1,125,000 138,888 1,296,288

INSTAll Mill COAL LEVEL & BALL CHARGE CONTROL SYSTEM B&R 12,000 145,000 18,840 175,840

NEW lOW NOx BURNERS B&R 28,800 1,200,000 147,456 1,376,256

REFURBISH SLAG TAP REFRACTORY B&R 4,800 47,000 6,216 58,016
REFURBISH EXISTING SOOTClEANING SYSTEMS B&R 12,800 135,000 17,736 165,536

REFURBISH BOILER SUPPORTS, PLATFORMS & STAIRS B&R 23,400 250,000 32,808 306,208
INSTALL NEW DUCT BURNER FOR BALL MILL INLET B&R 4,800 180,000 22,176 206,976

TOTAL BOILER WORK 1,324,200 0 16,115,000 2,745,000 0 2,422,104 22,606,304

1 OF 4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 4A - UNIT 10

EXTENSIVE BOILER & TURBINE UPGRADE 1 IMPROVED EMISSION CONTROLS

••
-

ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

I SOURCE UKR OTHER UKR OTHER t S S

BOP MECHANICAL WORK

~fALL NEW 225 MW TURBINE & AUXILLIARIES UKR 182,400 13,003,400 1,318,580 14,504,380

,REPLACE FEEDWATER PUMPS UKR 10,000 700,000 71,000 781,000

1'~2?LACE CONDENSATE PUMPS UKR 10,600 180,000 19,060 209,660

INSTALL NEW CONDENSER UKR 51,400 2,660,000 271,140 2,982,540

IADD ~ONDENSERCLEANING SYSTEM UKR 12,000 225,000 23,700 260,700

'CONDENSATE BOOSTER PUMPS UKR 8,800 159,900 16,870 185,570

REPLACE FEEDWATER CONTROL VALVES UKR 7,200 14,500 2,170 23,870
REPLACE H.P. FEEDWATER HEATERS UKR 11,200 400,000 41,120 452,320

REPLACE L.P. FEEDWATER HEATERS UKR 14,000 280,000 29,400 323,400
NEW HEATER DRAIN PUMPS UKR 10,000 50,000 6,000 66,000

INSTALL NEW STEAM SAMPLING SYSTEM US 8,400 125,000 13,340 146,740
REPACK/REPLACE LEAKING CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

REPAIR/REPLACE PIPING & VALVES UKR 78,400 800,000 175,680 1,054,080
REPLACE MAIN & REHEAT STEAM RELEIF VALVES UKR 6,000 25,000 3,100 34,100
TOTAL BOP MECHANICAL WORK 413,600 0 17,582,800 1,050,000 0 1,992,480 21,038,880

INSTRUMENTS & CONTROLS
NEW D.C. S. SYSTEM US 104,000 720,000 82,400 906,400

INSTALL NEW INSTRUMENTS & CONTROL VALVES B&R 19,200 745,000 114,630 878,830
BURNER MANAGEMENT SYSTEM UPGRADE B&R 26,100 350,000 56,415 432,515
TOTAL INSTRUMENTS & CONTROLS 149,300 0 0 1,815,000 0 253,445 2,217,745

EN~RONMENTALSYSTEMS

REPLACE EXISTING CYCLONES WITH NEW ELECTROSTATIC PRECIPITATORS US 144,000 2,600,000 274,400 3,018,400
S02 CONTROL EQUIPMENT US 252,000 7,305,000 755,700 8,312,700
INSTALL SNCR EQUIPMENT US 28,000 980,000 100,800 1,108,800
NEW CONTINUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920
TOTAL ENVIRONMENTAL SYSTEMS 451,200 0 0 11,135,000 0 1,158,620 12,744,820

04/05/96 2 OF 4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 4A - UNIT 10

EXTENSIVE BOILER & TURBINE UPGRADE I IMPROVED EMISSION CONTROLS

.-
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

f--
ELECTRICAL WORK..

:"D,~'.:. 3WlTCHYARD EQUIPMENT US 19,140 831,020 85,016 935,176

LLKV SW:;::::-lGEAR & BUS US 3,200 320,000 32,320 355,520

~JO VOLT SWITCHGEAR & TRANSFORMER US 7,000 612,500 61,950 681,450

:;;,,0,wR CONTROL CENTERS US 9,000 315,000 32,400 356,400

SATTERIES & CHARGERS US 3,840 98,000 10,184 112,024

PROTECTIVE RELAYS US 2,400 390,000 39,240 431,640

UPS SYSTEM US 880 80,300 8,118 89,298

TOTAL ELECTRICAL WORK 45,460 0 0 2,646,820 0 269,228 2,961,508

MISC ELECTRICAL
POWER/CONTROUINSTRUMENT WIRING B& R 628,000 1,687,500 347,325 2,662,825

BUILDING L1GHTING/PANELS/RECEPT B&R 16,000 366,500 57,375 439,875

CONDUIT & CABLE TRAY B&R 178,000 630,000 121,200 929,200

GROUNDING SYSTEM B& R 4,800 67,500 10,845 83,145

CATHODIC PROTECTION B&R 10,000 112,500 18,375 140,875

PLANT COMMUNICATIONS/FIRE PROTECTION B&R 11,000 125,000 20,400 156,400

TOTAL MISC ELECTRICAL 847,800 0 2,989,000 0 0 575,520 4,412,320

TOTAL DIRECT COSTS 4,456,120 0 36,910,800 19,391,820 1,250,000 7,211,109 69,219,849

~
~

.."---..
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.. • • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 4A· UNIT 10

EXTENSIVE BOILER & TURBINE UPGRADE /IMPROVED EMISSION CONTROLS

.-
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

SITE INDIRECTS
CONSTRUCTION EQUJP/TOOLS/CONSUMABLES B&R 1,685,000 202,200 1,887,200

SUPPORT LABOR & FIELD OFFICE B&R 1,456,000 174,720 1,630,720

CONSTRUCTION FACILITY & OTHER INOIREeTS B&R 325,000 39,000 364,000

FREIGHT B&R 2,252,105

VENDOR REPS/TRAINING/MANUALS B&R 250,000 30,000 280,000

TOTAL SITE INDIRECTS 0 0 0 0 3,716,000 445,920 6,414,025

CONSTRUCTION MGMT & ENGINEERING SERVICES
AlE DESIGN SERVICES B&R 3,500,000 175,000 3,675,000

CONSTRUCTION MANAGEMENT B&R 3,460,992 173,050 3,634,042

START-UP, TESTING & TRAINING B&R 800,000 120,000 920,000

TOTAL CONSTRUCTION MGMT & ENGINEERING 0 0 0 0 7,760,992 468,050 8,229,042

TOTAL ESTIMATED PROJECT COST 83,862,916

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON·UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN-HOUSE SOURCES

~ 04/05/96
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 4B· UNIT 10

EXTENSIVE BOILER & TURBINE UPGRADE 1IMPROVED EMISSION CONTROLS

•
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER S S $

CIVIUSTRUCTURAL
DEMOLITION COSTS B& R 898,000 35,000 186,600 1,119,600

EXCAVATION & BACKFILL B&R 51,600 23,000 14,920 89,520

:CONCRETE & STRUCTURAL STEEL B&R 148,800 94,000 48,560 291,360

rsUiLDINGS REHABiLITATION B&R 106,160 58,000 32,832 196,992

ROADWAYS 1PARKING 1FENCING B&R 20,000 14,000 6,800 40,800

ASBESTOS & TRANSFORMER OIL REMOVAL SPECIAL LABOR COSTS B&R 0 1,250,000 250,000 1,500,000

TOTAL CIVIUSTRUCTURAL 1,224,560 0 224,000 0 1,250,000 539,712 3,238,272

BOILER REPAIR WORK
REFURBISH BOILER INTO MEMBRANE WALL DESIGN B&R 671,600 6,820,000 898,992 8,390,592

REPAIR BACK·PASS CASING, INSULATION, ETC. B&R 24,400 212,000 28,368 264,768

REPLACE FURNACE ROOF SUPERHEATER, ROOF PENETRATIONS, ETC. B&R 256,400 2,699,000 354,648 3,310,048

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B&R 85,600 1,775,000 223,272 2,083,872

REPAIR/REPLACE ATTEMPERATOR PIPING, VALVING, ETC. B&R 6,000 35,000 4,920 45,920

REFURBISH AIR PREHEATERS B&R 59,200 1,150,000 145,104 1,354,304
REPAIR INDUCED DRAFT FANS B&R 12,000 410,000 50,640 472,640

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B&R 14,400 157,000 20,568 191,968

REPAIR GRINDING CIRCUITS B&R 34,000 1,120,000 138,480 1,292,480

REPLACE EXISTING MILL CLASSIFIERS B&R 41,600 1,400,000 172,992 1,614,592
REPAIR/REFURBISH EXISTING BALL MILLS B&R 72,000 545,000 74,040 691,040

INSTALL MILL COAL LEVEL & BALL CHARGE CONTROL SYSTEM B&R 12,000 145,000 18,840 175,840
NEW LOW NOx BURNERS B&R 28,800 1,200,000 147,456 1,376,256

REFURBISH SLAG TAP REFRACTORY B&R 4,800 47,000 6,216 58,016
REFURBISH EXISTING SOOTCLEANING SYSTEMS B&R 12,800 135,000 17,736 165,536
REFURBISH BOILER SUPPORTS, PLATFORMS & STAIRS B&R 23,400 250,000 32,808 306,208
INSTALL NEW DUCT BURNER FOR BALL MILL INLET B&R 4,800 180,000 22,176 206,976
TOTAL BOILER WORK 1,363,800 0 15,535,000 2,745,000 0 2,357,256 22,001,056

~ 04/05/96

~
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 4B - UNIT 10

EXTENSIVE BOILER & TURBINE UPGRADE 1 IMPROVED EMISSION CONTROLS

•
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ S

BOP MECHANICAL WORK

INSTALL NEW 225 MW TURBINE & AUXILLIARIES UKR 182,400 13,003,400 1,318,580 14,504,380

REPLACE FEEDWATER PUMPS UKR 10,000 700,000 71,000 781,000

REPLACE CONDENSATE PUMPS UKR 10,600 180,000 19,060 209,660

INSTALL NEW CONDENSER UKR 51,400 2,660,000 271,140 2,982,540

ADD CONDENSER CLEANING SYSTEM UKR 12,000 225,000 23,700 260,700

CONDENSATE BOOSTER PUMPS UKR 8,800 159,900 16,870 185,570

REPLACE FEEDWATER CONTROL VALVES UKR 7,200 14,500 2,170 23,870

REPLACE H.P. FEEDWATER HEATERS UKR 11,200 400,000 41,120 452,320

REPLACE L.P. FEEDWATER HEATERS UKR 14,000 280,000 29,400 323,400

NEW HEATER DRAIN PUMPS UKR 10,000 50,000 6,000 66,000

INSTALL NEW STEAM SAMPLING SYSTEM US 8,400 125,000 13,340 146,740

REPACK/REPLACE LEAKING CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

REPAIRIREPLACE PIPING & VALVES UKR 78,400 800,000 175,680 1,054,080

REPLACE MAIN & REHEAT STEAM RELEIF VALVES UKR 6,000 25,000 3,100 34,100

TOTAL BOP MECHANICAL WORK 413,600 0 17,582,800 1,050,000 0 1,992,480 21,038,880

INSTRUMENTS & CONTROLS
NEW D.C. S. SYSTEM US 104,000 720,000 82,400 906,400

INSTALL NEW INSTRUMENTS & CONTROL VALVES B& R 19,200 745,000 114,630 878,830

BURNER MANAGEMENT SYSTEM UPGRADE B&R 26,100 350,000 56,415 432,515

TOTAL INSTRUMENTS & CONTROLS 149,300 0 0 1,815,000 0 253,445 2,217,745

EN~RONMENTALSYSTEMS

REPLACE EXISTING CYCLONES WITH NEW ELECTROSTATIC PRECIPITATORS US 144,000 2,600,000 274,400 3,018,400

S02 CONTROL EQUIPMENT US 252,000 7,530,000 778,200 8,560,200

INSTALL SNCR EQUIPMENT US 28,000 980,000 100,800 1,108,800

NEW CONTINUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920

TOTAL ENVIRONMENTAL SYSTEMS 451,200 0 0 11,360,000 0 1,181,120 12,992,320

04/05/96 20F4 Revision 1



• •
ESTIMATE SUMMARY

LUGANSK GRES
OPTION 4B - UNIT 10

EXTENSIVE BOILER & TURBINE UPGRADE I IMPROVED EMISSION CONTROLS

.-
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

ELECTRICAL WORK
220KV SWITCHYARD EQUIPMENT US 19,140 831,020 85,016 935,176

6 KV SWITCHGEAR & BUS US 3,200 320,000 32,320 355,520

400 VOLT SWITCHGEAR & TRANSFORMER US 7,000 612,500 61,950 681,450

MOTOR CONTROL CENTERS US 9,000 315,000 32,400 356,400

BATTERIES & CHARGERS US 3,840 98,000 10,184 112,024

PROTECTIVE RELAYS US 2,400 390,000 39,240 431,640

UPS SYSTEM US 880 80,300 8,118 89,298

TOTAL ELECTRICAL WORK 45,460 0 0 2,646,820 0 269,228 2,961,508

MISC ELECTRICAL
POWER/CONTROUfNSTRUMENT WIRING B&R 628,000 1,687,500 347,325 2,662,825

BUILDING L1GHTING/PANELS/RECEPT B&R 16,000 366,667 57,400 440,066

CONDUIT & CABLE TRAY B&R 178,000 630,000 121,200 929,200

GROUNDING SYSTEM B&R 4,800 67,500 10,845 83,145

CATHODIC PROTECTION B&R 10,000 112,500 18,375 140,875

PLANT COMMUNICATIONS/FIRE PROTECTION B&R 11,000 125,000 20,400 156,400

TOTAL MISC ELECTRICAL 847,800 0 2,989,167 0 0 575,545 4,412,511

TOTAL DIRECT COSTS 4,495,720 0 36,330,967 19,616,820 1,250,000 7,168,786 68,862,292

04/05/96 30F4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 4B· UNIT 10

EXTENSIVE BOILER & TURBINE UPGRADE /IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ S S

SITE INDIRECTS
CONSTRUCTION EQUIP/TOOLS/CONSUMABLES B&R 1,685,000 202,200 1,887,200

SUPPORT LABOR & FIELD OFFICE B& R 1,456,000 174,720 1,630,720

CONSTRUCTION FACILITY & OTHER INDIRECTS B&R 325,000 39,000 364,000

FREIGHT B&R 2,237,911

VENDOR REPS/TRAINING/MANUALS B&R 250,000 30,000 280,000

TOTAL SITE INDIRECTS 0 0 0 0 3,716,000 445,920 6,399,831

CONSTRUCTION MGMT & ENGINEERING SERVICES
AlE DESIGN SERVICES B&R 3,500,000 175,000 3,675,000

CONSTRUCTION MANAGEMENT B&R 3,443,115 172,156 3,615,270

START-UP, TESTING & TRAINING B&R 800,000 120,000 920,000

TOTAL CONSTRUCTION MGMT & ENGINEERING 0 0 0 0 7,743,115 467,156 8,210,270

TOTAL ESTIMATED PROJECT COST 83,472,394

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON-UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN-HOUSE SOURCES

04/05/96 4 or 4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 1A - UNIT 13

MINIMAL BOILER UPGRADE I MINIMAL EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

CIVIUSTRUCTURAL
DEMOLITION COSTS B&R 616,400 20,000 127,280 763,680

EXCAVATION & BACKFILL B&R 34,800 15,000 9,960 59,760

CONCRETE & STRUCTURAL STEEL B&R 113,600 65,000 35,720 214,320

BUILDINGS REHABILITATION B&R 49,640 20,000 13,928 83,568

ROADWAYS I PARKING I FENCING B&R 20,000 14,000 6,800 40,800

ASBESTOS & TRANSFORMER OIL REMOVAL COSTS B&R 0 1,250,000 250,000 1,500,000

TOTAL CIVIUSTRUCTURAL 834,440 0 134,000 0 1,250,000 443,688 2,662,128

BOILER REPAIR WORK
REPAIR/REFURBISH BOILER REFRACTORY, INSULATION, LAGGING & CASING B&R 65,000 519,000 70,080 654,080

REPAIR BACK-PASS CASING, INSULATiON, ETC. B&R 24,400 212,000 28,368 264,768

REPAIR/REPLACE FURNACE TUBING, ROOF PENETRATIONS, ETC. B&R 186,000 2,450,000 316,320 2,952,320

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B&R 85,600 1,775,000 223,272 2,083,872

REPAIR/REPLACE ATTEMPERATOR PIPING, VALVING, ETC. B&R 7,200 45,000 6,264 58,464

REFURBISH AIR PREHEATERS B&R 59,200 1,150,000 145,104 1,354,304

REPAIR INDUCED DRAFT FANS B&R 12,000 410,000 50,640 472,640

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSiON JOINTS B&R 14,400 157,000 20,568 191,968

REPAIR GRINDING CIRCUITS B&R 34,000 1,120,000 138,480 1,292,480

REPLACE EXISTING MILL CLASSIFIERS B&R 41,600 1,400,000 172,992 1,614,592

REPAIR/REFURBISH EXISTING BALL MILLS B&R 18,000 545,000 67,560 630,560

INSTALL MILL COAL LEVEL & BALL MILL CHARGE CONTROL SYSTEM B&R 12,000 145,000 18,840 175,840

REFURBISH EXISTING FUEL INJECTORS B&R 20,400 655,000 81,048 756,448

REFURBiSH SLAG TAP REFRACTORY B&R 4,800 47,000 6,216 58,016

REFURBISH EXISTING SOOTCLEANING SYSTEMS B&R 12,800 135,000 17,736 165,536

INSTALL NEW DUCT BURNER FOR BALL MILL INLET B&R 4,800 180,000 22,176 206,976

REFURBISH BOILER SUPPORTS, PLATFORMS & STAIRS B&R 23,400 250,000 32,808 306,208

TOTAL BOILER WORK 625,600 0 9,650,000 1,545,000 0 1,418,472 13,239072

~-? 04/05/96 , (IF" Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 1A· UNIT 13

MINIMAL BOILER UPGRADE I MINIMAL EMISSiON CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ S

BOP MECHANICAL WORK

REPLACE L.P. TURBINE LAST STAGE BLADING UKR 15,200 1,000,000 101,520 1,116,720

REPLACE TURBINE GOVERNOR & INTERCEPT VALVES UKR 3,600 900,000 90,360 993,960

UPGRADE GLAND SEAL EXHAUSTER SYSTEM UKR 6,000 200,000 20,600 226,600

UPGRADE DRAINAGEI SLOWDOWN EQUIPMENT UKR 4,000 70,000 7,400 81,400

REPLACE GOVERNING SYSTEM US 2,000 500,000 50,200 552,200

REPLACE FRONT STANDARD AND FLANGE HEATING SYSTEM UKR 7,400 680,000 68,740 756,140

REPLACE OIL COOLER UKR 2,720 8,000 1,072 11,792

INSTALL L.P. HEATER NO.1 BY-PASS UKR 2,000 5,000 700 7,700

IMPROVE H2 SEALING SYSTEM UKR 1,200 20,000 2,120 23,320

CREEP MONITORING EQUIPMENT UKR 400 10,000 1,040 11,440

REPLACE FEEDWATER PUMPS UKR 10,000 700,000 71,000 781,000

REPLACE CONDENSATE PUMPS UKR 8,800 160,000 16,880 185,680

ADD CONDENSER CLEANING SYSTEM UKR 9,600 220,000 22,960 252,560

REPLACE FEEDWATER CONTROL VALVES UKR 7,200 14,500 2,170 23,870

REPLACE H.P. FEEDWATER HEATERS UKR 12,400 600,000 61,240 673,640

REPLACE L.P. FEEDWATER HEATERS UKR 14,000 280,000 29,400 323,400

INSTALL NEW STEAM SAMPLING SYSTEM US 8,400 125,000 13,340 146,740

REPACK/REPLACE LEAKING CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

REPAIRIREPLACE PIPING & VALVES UKR 78,400 650,000 145,680 874,080

REPLACE MAIN & REHEAT STEAM RELEIF VALVES UKR 6,000 25,000 3,100 34,100

TOTAL BOP MECHANICAL WORK 202,520 0 4,462,500 1,715,000 0 710,842 7,090,862

INSTRUMENTS & CONTROLS
NEW D.C. S. SYSTEM US 104,000 720,000 82,400 906,400

INSTALL NEW INSTRUMENTS & CONTROL VALVES B&R 19,200 745,000 114,630 878,830

BURNER MANAGEMENT SYSTEM UPGRADE B&R 26,100 350,000 56,415 432,515

TOTAL INSTRUMENTS & CONTROLS 149,300 0 0 1,815,000 0 253,445 2,217,745

ENVIRONMENTAL SYSTEMS

REPLACE EXISTING PRECIPS WITH NEW ELECTROSTATIC PRECIPITATORS US 144,000 2,600,000 274,400 3,018,400
NEW CONTINUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920

TOTAL ENVIRONMENTAL SYSTEMS 171,200 0 0 2,850,000 0 302,120 3,323,320

~ 04/05/96
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 1A - UNIT 13

MINIMAL BOILER UPGRADE I MINIMAL EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

ELECTRICAL WORK
220KV SWITCHYARD EQUIPMENT US 19,140 831,020 85,016 935,176

6 KV SWITCHGEAR & BUS US 3,200 320,000 32,320 355,520

400 VOLT SWITCHGEAR & TRANSFORMER US 7,000 612,500 61,950 681,450

MOTOR CONTROL CENTERS US 9,000 315,000 32,400 356,400

BATTERIES & CHARGERS US 3,840 98,000 10,184 112,024

PROTECTIVE RELAYS, MAIN & AUXILIARY PANELS US 2,400 390,000 39,240 431,640

UPS SYSTEM US 880 80,300 8,118 89,298

TOTAL ELECTRICAL WORK 45,460 0 0 2,646,820 0 269,228 2,961,508

MISC ELECTRICAL
POWER/CONTROUINSTRUMENT WIRING B&R 628,000 1,687,500 347,325 2,662,825

BUILDING lIGHTING/PANELS/RECEPT B&R 16,000 366,500 57,375 439,875

CONDUIT & CABLE TRAY B&R 178,000 630,000 121,200 929,200

GROUNDING B&R 4,800 67,500 10,845 83,145

CATHODIC PROTECTION B&R 10,000 112,500 18,375 140,875

PLANT COMMUNICATIONS/FIRE PROTECTION B&R 11,000 125,000 20,400 156,400

TOTAL Mise ELECTRICAL 847,800 0 2,989,000 0 0 675,520 4,412,320

TOTAL DIRECT COSTS 2,876,320 0 17,235,500 10,571,820 1,250,000 3,973,315 35,906,955

~ 04/05/96
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 1A - UNIT 13

MINIMAL BOILER UPGRADE I MINIMAL EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER S $ $

SITE INDIRECTS
CONSTRUCTION EQUIP/TOOLS/CONSUMABLES B& R 1,245,000 149,400 1,394,400

SUPPORT LABOR & FIELD OFFICE COSTS B&R 1,275,000 153,000 1,428,000

CONSTRUCTION FACILITIES & OTHER INDIRECTS B&R 225,000 27,000 252,000

FREIGHT UKR 1,112,293

VENDOR REPS/TRAINING/MANUALS B&R 200,000 24,000 224,000

TOTAL SiTE INDIRECTS 0 0 0 0 2,945,000 353,400 4,410,693

CONSTRUCTION MGMT & ENGINEERING SERVICES
AiE DESIGN SERVICES B&R 2,500,000 125,000 2,625,000

CONSTRUCTION MANAGEMENT B& R 1,795,348 89,767 1,885,115

START-UP, TESTING & TRAINING B&R 750,000 112,500 862,500

TOTAL CONSTRUCTION MGMT & ENGINEERING 0 0 0 0 5,045,348 327,267 5,372,615

TOTAL ESTIMATED PROJECT COSTS 45,690,263

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON·UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN-HOUSE SOURCES

~~ 04/05/96
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 1B· UNIT 13

MINIMAL BOILER UPGRADE I MINIMAL EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER S $ $

CIVIUSTRUCTURAL
DEMOLITION COSTS B&R 616,400 20,000 127,280 763,680

eXCAVATION & BACKFILL B&R 34.800 15,000 9,960 59,760

CONCRETE & STRUCTURAL STEEL B&R 113,600 65,000 35,720 214,320

BUILDINGS REHABILITATION B&R 49,640 20,000 13,928 83,568

ROADWAYS / PARKING / FENCING B&R 20,000 14,000 6,800 40,800

ASBESTOS & TRANSFORMER OIL REMOVAL COSTS B&R 0 1,250,000 250,000 1,500,000

!TOTAL CIVIUSTRUCTURAL 834,440 0 134,000 0 1,250,000 443,688 2,662,128

BOILER REPAIR WORK
REPAIR/REFURBISH BOiLER REFRACTORY, INSULATION, LAGGING & CASING B&R 65,000 519,000 70,080 654,080

REPAIR BACK-PASS CASING, INSULATION, ETC. B&R 24,400 212,000 28,368 264,768

REPAIR/REPLACE FURNACE TUBING, ROOF PENETRATIONS, ETC. B&R 186,000 2,450,000 316,320 2,952,320

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B&R 85,600 1,775,000 223,272 2,083,872

Rt:PAIRlREPLACE ATTEMPERATOR PIPING, VALVING, ETC. B&R 7,200 45,000 6,264 58,464

REFURBIsH AIR PREHEATERS B&R 59,200 1,150,000 145,104 1,354,304

REPAIR INDUCED DRAFT FANS B&R 12,000 410,000 50,640 472,640

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B&R 14,400 157,000 20,568 191,968

REPAIR GRINDING CIRCUITS B&R 34,000 1,120,000 138,480 1,292,480

REPLACE EXISTING MILL CLASSIFIERS B&R 41,600 1,400,000 172,992 1,614,592

REPAIR/REFURBISH EXISTING BALL MILLS B&R 18,000 545,000 67,560 630,560

INSTALL MILL COAL LEVEL & BALL MILL CHARGE CONTROL SYSTEM B&R 12,000 145,000 18,840 175,840

REFURBISH EXISTING FUEL INJECTORS B&R 20,400 655,000 81,048 756,448

REFURBISH SLAG TAP REFRACTORY B&R 4,800 47,000 6,216 58,016

REFURBISH EXISTING SOOTCLEANING SYSTEMS B&R 12,800 135,000 17,736 165,536

INSTALL NEW DUCT BURNER FOR BALL MILL INLET B&R 4,800 180,000 22,176 206,976

REFURBISH BOILER SUPPORTS, PLATFORMS & STAIRS B&R 23,400 250,000 32,808 306,208

TOTAL BOILER WORK 625,600 0 9,650,000 1,545,000 0 1,418,472 13,239,072

~.;:::. 04/05/96
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 1B - UNIT 13

MINIMAL BOILER UPGRADE I MINIMAL EMISSION CONTROLS

.'
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER S S S

BOP MECHANICAL WORK

REPLACE L.P, TURBINE LAST STAGE BLADING UKR 15,200 1,000,000 101,520 1,116,720

HEPLACE TURBINE GOVERNOR & INTERCEPT VALVES UKR 3,600 900,000 90,360 993,960

UPGRADE GLAND SEAL EXHAUSTER SYSTEM UKR 6,000 200,000 20,600 226,600

,~PGRADE DRAINAGEI BLOWDOWN EQUIPMENT UKR 4,000 70,000 7,400 81,400

iREPLACE GOVERNING SYSTEM US 2,000 500,000 50,200 552,200

R~PLACE FRONT STANDARD AND FLANGE HEATING SYSTEM UKR 7,400 680,000 68,740 756,140

~~PLACE O!L COOLER UKR 2,720 8,000 1,072 11,792

INSTA:..L LoP. HEATER NOo1 BY·PASS UKR 2,000 5,000 700 7,700

iMPROVE H2 SEALING SYSTEM UKR 1,200 20,000 2,120 23,320

CREEP MONITORING EQUIPMENT UKR 400 10,000 1,040 11,440

REPLACE FEEDWATER PUMPS UKR 10,000 700,000 71,000 781,000

REPLACE CONDENSATE PUMPS UKR 8,800 160,000 16,880 185,680

ADD CONDENSER CLEANING SYSTEM UKR 9,600 220,000 22,960 252,560

REPLACE FEEDWATER CONTROL VALVES UKR 7,200 14,500 2,170 23,870

REPLACE HoP. FEEDWATER HEATERS UKR 12,400 600,000 61,240 673,640

REPLACE L.P. FEEDWATER HEATERS UKR 14,000 280,000 29,400 323,400

INSTALL NEW STEAM SAMPLING SYSTEM US 8,400 125,000 13,340 146,740

REPACK/REPLACE LEAKING CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

REPAIR/REPLACE PIPING & VALVES UKR 78,400 650,000 145,680 874,080

REPLACE MAIN & REHEAT STEAM RELEIF VALVES UKR 6,000 25,000 3,100 34,100

TOTAL BOP MECHANICAL WORK 202,620 0 4,462,600 1,716,000 0 710,842 7,090,862

INSTRUMENTS & CONTROLS
NEW D,C. S. SYSTEM US 104,000 720,000 82,400 906,400

INSTALL NEW INSTRUMENTS & CONTROL VALVES B&R 19,200 745,000 114,630 878,830

BURNER MANAGEMENT SYSTEM UPGRADE 8&R 26,100 350,000 56,415 432,515

TOTAL INSTRUMENTS & CONTROLS 149,300 0 0 1,815,000 0 253,445 2,217,745

ENVIRONMENTAL SYSTEMS

REPLACE EXISTING PRECIPS WITH NEW ELECTROSTATIC PRECIPITATORS US 144,000 2,600,000. 274,400 3,018,400
NEW CONTINUOUS EMiSSiONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920

TOTAL ENVIRONMENTAL SYSTEMS 171,200 0 0 2,850,000 0 302,120 3,323,320

~
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 1B - UNIT 13

MINIMAL BOILER UPGRADE I MINIMAL EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ S s

ELECTRICAL WORK
220KV SWITCHYARD EQUIPMENT US 19,140 831,020 85,016 935,176

6 KV SWITCHGEAR & BUS US 3,200 320,000 32,320 355,520

400 VOLT SWITCHGEAR & TRANSFORMER US 7,000 612,500 61,950 681,450

MOTOR CONTROL CENTERS US 9,000 315,000 32,400 356,400

Bt'\TTERIES & CHARGERS US 3,840 98,000 10,184 112,024

PROTECTIVE RELAYS, MAIN & AUXILIARY PANELS US 2,400 390,000 39,240 431,640

UPS SYSTEM US 880 80,300 8,118 89,298

TOTAL ELECTRICAL WORK 45,460 0 0 2,646,820 0 269,228 2,961,508

MISC ELECTRICAL
POWER/CONTROL/INSTRUMENT WIRING B&R 628,000 1,687,500 347,325 2,662,825

BUILDING L1GHTING/PANELS/RECEPT B&R 16,000 366,500 57,375 439,875

CONDUIT & CABLE TRAY B& R 178,000 630,000 121,200 929,200

GROUNDING B&R 4,800 67,500 10,845 83,145

,CATHODIC PROTECTION B&R 10,000 112,500 18,375 140,875

PLA:'oiT COMMUNICATIONS/FIRE PROTECTION B& R 11,000 125,000 20,400 156,400

TOTAL Mise ELECTRICAL 847,800 0 2,989,000 0 0 575,520 4,412,320

TOTAL DIRECT COSTS 2,876,320 0 17,235,500 10,571,820 1,250,000 3,973,315 35,906,955

04/05/96 30F4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 1B· UNIT 13

MINIMAL BOILER UPGRADE I MINIMAL EMISSION CONTROLS

•
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER S $ $

SITE INDIRECTS
CONSTRUCTION EQUIP/TOOLS/CONSUMABLES B& R 1,245,000 149,400 1,394,400

SUPPORT LABOR & FIELD OFFICE COSTS B&R 1,275,000 153,000 1,428,000

CONSTRUCTION FACILITIES & OTHER INDIRECTS B& R 225,000 27,000 252,000

FREIGHT UKR 1,112,293

VENDOR REPS/TRAINING/MANUALS B&R 200,000 24,000 224,000

TOTAL SITE INDIRECTS 0 0 0 0 2,945,000 353,400 4,410,693

CONSTRUCTION MGMT & ENGINEERING SERVICES
NE DESIGN SERVICES B&R 2,500,000 125,000 2,625,000

CONSTRUCTION MANAGEMENT B&R 1,795,348 89,767 1,885,115

START·UP, TESTING & TRAINING B&R 750,000 112,500 862,500

TOTAL CONSTRUCTION MGMT & ENGINEERING 0 0 0 0 5,045,348 327,267 5,372,615

TOTAL ESTIMATED PROJECT COSTS 45,690,263

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON·UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN·HOUSE SOURCES

~ 04/05/96
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 2A· UNIT 13

MINIMAL BOILER UPGRADE I IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ S S

CIVIUSTRUCTURAL
DEMOLITION COSTS B&R 616,400 20,000 127,280 763,680

EXCAVATION & BACKFILL B&R 34,800 15,000 9,960 59,760

CONCRETE & STRUCTURAL STEEL B&R 113,600 65,000 35,720 214,320

BUILDINGS REHABILITATION B&R 49,640 20,000 13,928 83,568

ROADWAYS / PARKING / FENCING B&R 20,000 14,000 6,800 40,800

ASBESTOS & TRANSFORMER OIL REMOVAL COSTS B&R 0 1,250,000 250,000 1,500,000

TOTAL CIVIUSTRUCTURAL 834,440 0 134,000 0 1,250,000 443,688 2,662,128

BOILER REPAIR WORK
~I;PAIR/REFURBISHBOILER REFRACTORY, INSULATION, LAGGING & CASING B&R 65,000 519,000 70,080 654,080

REPAIR BACK-PASS CASING, INSULATION, ETC. B&R 24,400 212,000 28,368 264,768

REPAIR/REPLACE FURNACE TUBING, ROOF PENETRATIONS, ETC. B&R 186,000 2,450,000 316,320 2,952,320

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B&R 85,600 1,775,000 223,272 2,083,872

REPAIR/REPLACE AITEMPERATOR PIPING, VALVING, ETC. B&R 7,200 45,000 6,264 58,464

REFURBISH AIR PREHEATERS B&R 59,200 1,150,000 145,104 1,354,304

REPAIR INDUCED DRAFT FANS B&R 12,000 410,000 50,640 472,640

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B&R 14,400 157,000 20,568 191,968

REPAIR GRINDING CIRCUITS B&R 34,000 1,120,000 138,480 1,292,480

REPLACE EXISTING MILL CLASSIFIERS B&R 41,600 1,400,000 172,992 1,614,592

REPAIR/REFURBISH EXISTING BALL MILLS B&R 18,000 545,000 67,560 630,560

INSTALL MILL COAL LEVEL & BALL MILL CHARGE CONTROL SYSTEM B&R 12,000 145,000 18,840 175,840

NEW LOW NOx BURNERS B&R 37,600 1,900,000 232,512 2,170,112

REFURBISH SLAG TAP REFRACTORY B&R 4,800 47,000 6,216 58,016

REFURBISH EXISTING SOOTCLEANING SYSTEMS B&R 12,800 135,000 17,736 165,536

INSTALL NEW DUCT BURNER FOR BALL MILL INLET B&R 4,800 180,000 22,176 206,976

REFURBISH BOILER SUPPORTS, PLATFORMS & STAIRS B&R 23,400 250,000 32,808 306,208

TOTAL BOILER WORK 642,800 0 8,995,000 3,445,000 0 1,569,936 14,652,736

04105196 1 OF 4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 2A - UNIT 13

MINIMAL BOILER UPGRADE I IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ S $

BOP MECHANICAL WORK
REPLACE L.P. TURBINE LAST STAGE BLADING UKR 15,200 1,000,000 101,520 1,116,720

REPLACE TURBINE GOVERNOR & INTERCEPT VALVES UKR 3,600 900,000 90,360 993,960

UPGRADE GLAND SEAL EXHAUSTER SYSTEM UKR 6,000 200,000 20,600 226,600

UPGRADE DRAINAGEI BLOWDOWN EQUIPMENT UKR 4,000 70,000 7,400 81,400

REPLACE GOVERNING SYSTEM US 2,000 500,000 50,200 552,200

REPLACE FRONT STANDARD AND FLANGE HEATING SYSTEM UKR 7,400 680,000 68,740 756,140

REPLACE OIL COOLER UKR 2,720 8,000 1,072 11,792

INSTALL L.P. HEATER NO.1 BY·PASS UKR 2,000 5,000 700 7,700

IMPROVE H2 SEALING EQUIPMENT UKR 1,200 20,000 2,120 23,320

CREEP MONITORING EQUIPMENT UKR 400 10,000 1,040 11,440

REPLACE FEEDWATER PUMPS UKR 10,000 700,000 71,000 781,000

REPLACE CONDENSATE PUMPS UKR 8,800 160,000 16,880 185,680

ADD CONDENSER CLEANING SYSTEM UKR 9,600 220,000 22,960 252,560

REPLACE FEEDWATER CONTROL VALVES UKR 7,200 14,500 2,170 23,870

REPLACE H.P. FEEDWATER HEATERS UKR 12,400 600,000 61,240 673,640

REPLACE L.P. FEEDWATER HEATERS UKR 14,000 280,000 29,400 323,400

INSTALL NEW STEAM SAMPLING SYSTEM US 8,400 125,000 13,340 146,740

REPACK/REPLACE LEAKING CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

REPAIR/REPLACE PIPING & VALVES UKR 78,400 650,000 145,680 874,080

REPLACE MAIN & REHEAT STEAM RELEIF VALVES UKR 6,000 25,000 3,100 34,100

TOTAL BOP MECHANICAL WORK 202,520 0 4,462,500 1,715,000 0 710,842 7,090,862

INSTRUMENTS & CONTROLS
NEW D.C. S. SYSTEM US 104,000 720,000 82,400 906,400

INSTALL NEW INSTRUMENTS & CONTROL VALVES B&R 19,200 745,000 114,630 878,830

BURNER MANAGEMENT SYSTEM UPGRADE B&R 26,100 350,000 56,415 432,515

TOTAL INSTRUMENTS & CONTROLS 149,300 0 0 1,815,000 0 253,445 2,217,745

ENVIRONMENTAL SYSTEMS
REPLACE EXISTING PRECIPS WITH NEW ELECTROSTATIC PRECIPITATORS US 144,000 2,600,000 274,400 3,018,400

INSTALL S02 CONTROL EQUIPMENT US 210,000 6,400,000 661,000 7,271,000

INSTALL SNCR EQUIPMENT US 28,000 980,000 100,800 1,108,800
NEW CONTINUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920

TOTAL ENVIRONMENTAL SYSTEMS 409,200 0 0 10,230,000 0 1,063,920 11,703,120

04/05/96 20F4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 2A· UNIT 13

MINIMAL BOILER UPGRADE 1 IMPROVED EMISSION CONTROLS

.-
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ S

ELECTRICAL WORK
220KV SWITCHYARD EQUIPMENT US 19,140 831,020 85,016 935,176

6 KV SWITCHGEAR & BUS US 3,200 320,000 32,320 355,520

400 VOLT SWITCHGEAR & TRANSFORMER US 7,000 612,500 61,950 681,450

MOTOR CONTROL CENTERS US 9,000 315,000 32,400 356,400

BATTERIES & CHARGERS US 3,840 98,000 10,184 112,024

PROTECTIVE RELAYS, MAIN & AUXILIARY PANELS US 2,400 390,000 39,240 431,640
UPS SYSTEM US 880 80,300 8,118 89,298

TOTAL ELECTRICAL WORK 45,460 0 0 2,646,820 0 269,228 2,961,508

MISC ELECTRICAL
POWER/CONTROL/INSTRUMENT WIRING B&R 628,000 1,687,500 347,325 2,662,825

BUILDING LIGHTING/PANELS/RECEPT B&R . 16,000 366,500 57,375 439,875
CONDUIT & CABLE TRAY B&R 178,000 630,000 121,200 929,200

GROUNDING B& R 4,800 67,500 10,845 83,145
CATHODIC PROTECTION B&R 10,000 112,500 18,375 140,875

PLANT COMMUNICATIONS/FIRE PROTECTION B& R 11,000 125,000 20,400 156,400
TOTAL Mise ELECTRiCAL 847,800 0 2,989,000 0 0 575,520 4,412,320

TOTAL DIRECT COSTS 3,131,520 0 16,580,500 19,851,820 1,250,000 4,886,579 45,700,419

" 04/05/96
~-A

'\;~

30F4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 2A - UNIT 13

MINIMAL BOILER UPGRADE' IMPROVED EMISSION CONTROLS

.-
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ S

SITE INDIRECTS
CONSTRUCTION EQUIP/TOOLS/CONSUMABLES B&R 1,245,000 149,400 1,394,400

SUPPORT LABOR & FIELD OFFICE COSTS B&R 1,275,000 153,000 1,428,000

CONSTRUCTION FACILITIES & OTHER INDIRECTS B&R 225,000 27,000 252,000

FREIGHT B&R 1,457,293

VENDOR REPS/TRAINING/MANUALS B&R 200,000 24,000 224,000

TOTAL SITE INDIRECTS 0 0 0 0 2,945,000 353,400 4,755,693

CONSTRUCTION MGMT & ENGINEERING SERVICES
AlE DESIGN SERVICES B&R 2,500,000 125,000 2,625,000

CONSTRUCTION MANAGEMENT B&R 2,285,021 114,251 2,399,272

START-UP, TESTING & TRAINING B&R 750,000 112,500 862,500

TOTAL CONSTRUCTION MGMT & ENGINEERING 0 0 0 0 5,535,021 351,751 5,886,772

TOTAL ESTIMATED PROJECT COSTS 56,342,884

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON-UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN-HOUSE SOURCES
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 2B - UNIT 13

MINIMAL BOILER UPGRADE /IMPROVED EMISSION CONTROLS

.'
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

CIVIUSTRUCTURAL
DEMOLITION COSTS B&R 616,400 20,000 127,280 763,680

EXCAVATION & BACKFILL B&R 34,800 15,000 9,960 59,760

CONCRETE & STRUCTURAL STEEL B&R 113,600 65,000 35,720 214,320

BUILDINGS REHABILITATION B&R 49,640 20,000 13,928 83,568

ROADWAYS / PARKING / FENCING B&R 20,000 14,000 6,800 40,800

ASBESTOS & TRANSFORMER OIL REMOVAL COSTS B&R 0 1,250,000 250,000 1,500,000

TOTAL CIVIUSTRUCTURAL 834,440 0 134,000 0 1,250,000 443,688 2,662,128

BOILER REPAIR WORK
REPAIR/REFURBISH BOILER REFRACTORY, INSULATION, LAGGING & CASING B&R 65,000 519,000 70,080 654,080

REPAIR BACK-PASS CASING, INSULATiON, ETC. B&R 24,400 212,000 28,368 264,768

REPAIR/REPLACE FURNACE TUBING, ROOF PENETRATiONS, ETC. B&R 186,000 2,450,000 316,320 2,952,320

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B&R 85,600 1,775,000 223,272 2,083,872

REPAIR/REPLACE ATTEMPERATOR PIPING, VALVING, ETC. B&R 7,200 45,000 6,264 58,464

REFURBISH AIR PREHEATERS B&R 59,200 1,150,000 145,104 1,354,304

REPAIR INDUCED DRAFT FANS B&R 12,000 410,000 50,640 472,640

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B&R 14,400 157,000 20,568 191,968

REPAIR GRINDING CIRCUITS B&R 34,000 1,120,000 138,480 1,292,480

REPLACE EXISTING MILL CLASSIFIERS B&R 41,600 1,400,000 172,992 1,614,592

REPAIR/REFURBISH EXISTING BALL MILLS B&R 18,000 545,000 67,560 630,560

INSTALL MILL COAL LEVEL & BALL MILL CHARGE CONTROL SYSTEM B& R 12,000 145,000 18,840 175,840

NEW LOW NOx BURNERS B&R 37,600 1,900,000 232,512 2,170,112

REFURBISH SLAG TAP REFRACTORY B&R 4,800 47,000 6,216 58,016

REFURBISH EXISTING SOOTCLEANING SYSTEMS B&R 12,800 135,000 17,736 165,536

INSTALL NEW DUCT BURNER FOR BALL MILL INLET B&R 4,800 180,000 22,176 206,976

REFURBISH BOILER SUPPORTS, PLATFORMS & STAIRS B&R 23,400 250,000 32,808 306,208

TOTAL. BOILER WORK 642,800 0 8,995,000 3,445,000 0 1,569,936 14,652,736

1 OF 4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 2B· UNIT 13

MINIMAL BOILER UPGRADE I IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER S $ S

BOP MECHANICAL WORK
REPLACE L.P. TURBINE LAST STAGE BLADING UKR 15,200 1,000,000 101,520 1,116,720

REPLACE TURBINE GOVERNOR & INTERCEPT VALVES UKR 3,600 900,000 90,360 993,960

UPGRADE GLAND SEAL EXHAUSTER SYSTEM UKR 6,000 200,000 20,600 226,600

UPGRADE DRAINAGEI BLOWDOWN EQUIPMENT UKR 4,000 70,000 7,400 81,400

REPLACE GOVERNING SYSTEM US 2,000 500,000 50,200 552,200

REPLACE FRONT STANDARD AND FLANGE HEATING SYSTEM UKR 7,400 680,000 68,740 756,140

REPLACE OIL COOLER UKR 2,720 8,000 1,072 11,792

INSTALL l.P. HEATER NO.1 BY-PASS UKR 2,000 5,000 700 7,700

IMPROVE H2 SEALING EQUIPMENT UKR 1,200 20,000 2,120 23,320

CREEP MONITORING EQUIPMENT UKR 400 10,000 1,040 11,440

REPLACE FEEDWATER PUMPS UKR 10,000 700,000 71,000 781,000

REPLACE CONDENSATE PUMPS UKR 8,800 160,000 16,880 185,680

ADD CONDENSER CLEANING SYSTEM UKR 9,600 220,000 22,960 252,560

REPLACE FEEDWATER CONTROL VALVES UKR 7,200 14,500 2,170 23,870

REPLACE H.P. FEEDWATER HEATERS UKR 12,400 600,000 61,240 673,640

REPLACE L.P. FEEDWATER HEATERS UKR 14,000 280,000 29,400 323,400

INSTALL NEW STEAM SAMPLING SYSTEM US 8,400 125,000 13,340 146,740

REPACK/REPLACE LEAKING CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

REPAIR/REPLACE PIPING & VALVES UKR 78,400 650,000 145,680 874,080

REPLACE MAIN & REHEAT STEAM RELEIFVALVES UKR 6,000 25,000 3,100 34,100

TOTAL BOP MECHANICAL WORK 202,520 0 4,462,500 1,715,000 0 710,842 7,090,862

INSTRUMENTS & CONTROLS
NEW D.C. S. SYSTEM US 104,000 720,000 82,400 906,400

INSTALL NEW INSTRUMENTS & CONTROL VALVES B& R 19,200 745,000 114,630 878,830

BURNER MANAGEMENT SYSTEM UPGRADE B&R 26,100 350,000 56,415 432,515

TOTAL INSTRUMENTS & CONTROLS 149,300 0 0 1,815,000 0 253,445 2,217,745

ENVIRONMENTAL SYSTEMS
REPLACE EXISTING PRECIPS WITH NEW ELECTROSTATIC PRECIPITATORS US 144,000 2.600,000 274,400 3,018,400
INSTALL 802 CONTROL EQUIPMENT US 252,000 8,135,000 838,700 9,225,700

INSTALL SNCR EQUIPMENT US 28,000 980,000 100,800 1,108,800

NEW CONTINUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920

TOTAL ENVIRONMENTAL SYSTEMS 451,200 0 0 11,965,000 0 1,241,620 13,657,820
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 2B· UNIT 13

MINIMAL BOILER UPGRADE I IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER S S $

ELECTRICAL WORK
220KV SWITCHYARD EQUIPMENT US 19,140 831,020 85,016 935,176

6 KV SWITCHGEAR & BUS US 3,200 320,000 32,320 355,520

400 VOLT SWITCHGEAR & TRANSFORMER US 7,000 612,500 61,950 681,450

MOTOR CONTROL CENTERS US 9,000 315,000 32,400 356,400

BATTERIES & CHARGERS US 3,840 98,000 10,184 112,024

PROTECTIVE RELAYS, MAIN & AUXILIARY PANELS US 2,400 390,000 39,240 431,640

UPS SYSTEM US 880 80,300 8,118 89,298

TOTALELECTmCAlWORK 45,460 0 0 2,646,820 0 269,228 2,961,508

MISC ELECTRICAL
POWER/CONTROUINSTRUMENT WIRING B&R 628,000 1,687,500 347,325 2,662,825

BUILDING LIGHTING/PANELS/RECEPT B&R 16,000 366,500 57,375 439,875

CONDUIT & CABLE TRAY B&R 178,000 630,000 121,200 929,200

GROUNDING B& R 4,800 67,500 10,845 83,145

CATHODIC PROTECTION B&R 10,000 112,500 18,375 140,875

PLANT COMMUNICATIONS/FIRE PROTECTION B&R 11,000 125,000 20,400 156,400

TOTAL Mise ELECTRICAL 847,800 0 2,989,000 0 0 676,520 4,412,320

TOTAL DIRECT COSTS 3,173,520 0 16,680,500 21,586,820 1,250,000 5,064,279 47,655,119

~r~
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 28 - UNIT 13

MINIMAL BOILER UPGRADE I IMPROVED EMISSION CONTROLS

• •

I ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

I SOURCE UKR OTHER UKR OTHER S S S

SITE INDIRECTS
CONSTRUCTION EQUIPITOOLSICONSUMABLES B&R 1,245,000 149,400 1,394,400

SUPPORT LABOR & FIELD OFFICE COSTS B&R 1,275,000 153,000 1,428,000

CONSTRUCTION FACILITIES & OTHER INDIRECTS B&R 225,000 27,000 252,000

FREIGHT B&R 1,526,693

VENDOR REPSITRAININGIMANUALS B&R 200,000 24,000 224,000

TOTAL SITE INDIRECTS 0 0 0 0 2,945,000 353,400 4,825,093

CONSTRUCTION MGMT & ENGINEERING SERVICES
AlE DESIGN SERVICES B&R 2,500,000 125,000 2,625,000

CONSTRUCTION MANAGEMENT B&R 2,382,756 119,138 2,501,894

START-UP, TESTING & TRAINING B&R 750,000 112,500 862,500

TOTAL CONSTRUCTION MGMT & ENGINEERING 0 0 0 0 5,632,756 356,638 5,989,394

TOTAL ESTIMATED PROJECT COSTS 58,469,606

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON-UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN-HOUSE SOURCES
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 3A· UNIT 13

ARCH FIRED BOILER I IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

CIVIUSTRUCTURAL
DEMOLITION COSTS B&R 875,840 35,000 182,168 1,093,008

EXCAVATION & BACKFILL B&R 51,600 23,000 14,920 89,520

'CONCRETE & STRUCTURAL STEEL B&R 138,400 88,000 45,280 271,680

BUILDINGS REHABILITATION B&R 106,160 58,000 32,832 196,992

ROADWAYS / PARKING / FENCING B&R 20,000 14,000 6,800 40,800

ASBESTOS & TRANSFORMER OIL REMOVAL SPECIAL LABOR COSTS B&R 0 1,250,000 250,000 1,500,000

TOTALCIVIUSTRUCTURAL 1,192,000 0 218,000 0 1,250,000 532,000 3,192,000

BOILER REPAIR WORK
REFURBISH BOILER INTO DBL ARCH CONFIGURATION B&R 872,000 9,650,000 1,262,640 11,784,640

REPAIR BACK-PASS CASING, INSULATION, ETC. B&R 24,400 212,000 28,368 264,768

REPLACE FURNACE ROOF SUPERHEATER, ROOF PENETRATIONS, ETC. B&R 256,400 2,699,000 354,648 3,310,048

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B&R 85,600 1,775,000 223,272 2,083,872

REPAIR/REPLACE ATTEMPERATOR PIPING, VALVING, ETC. B&R 6,000 35,000 4,920 45,920

REFURBISH AIR PREHEATERS B&R 59,200 1,150,000 145,104 1,354,304

REPAIR INDUCED DRAFT FANS B&R 12,000 410,000 50,640 472,640

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B&R 14,400 157,000 20,568 191,968

REPAIR GRINDING CIRCUITS B&R 34,000 1,120,000 138,480 1,292,480

REPLACE EXISTING MILL CLASSIFIERS B&R 41,600 1,400,000 172,992 1,614,592

INSTALL NEW BALL MILLS B&R 32,400 1,125,000 138,888 1,296,288

INSTALL MILL COAL LEVEL & BALL CHARGE CONTROL SYSTEM B&R 12,000 145,000 18,840 175,840

INSTALL NEW BURNERS B&R 32,400 1,400,000 171,888 1,604,288

INSTALL NEW BOTTOM ASH SYSTEM B&R 25,200 485,000 61,224 571,424

REFURBISH EXISTING SOOTCLEANING SYSTEMS B&R 12,800 135,000 17,736 165,536

INSTALL NEW DUCT BURNER FOR BALL MILL INLET B&R 4,800 180,000 22,176 206,976

TOTAL BOILER WORK 1,525,200 0 18,648,000 3,430,000 0 2,832,384 26,435,584

~<f..04/05/96
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 3A - UNIT 13

ARCH FIRED BOILER I IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

BOP MECHANICAL WORK
REPLACE LP. TURBINE LAST STAGE BLADING UKR 15,200 1,000,000 101,520 1,116,720

REPLACE TURBINE GOVERNOR & INTERCEPT VALVES UKR 3,600 900,000 90,360 993,960

UPGRADE GLAND SEAL EXHAUSTER SYSTEM UKR 6,000 200,000 20,600 226,600

UPGRADE DRAINAGEI BLOWDOWN EQUIPMENT UKR 4,000 70,000 7,400 81,400

REPLACE GOVERNING SYSTEM US 2,000 500,000 50,200 552,200

REPLACE FRONT STANDARD AND FLANGE HEATING SYSTEM UKR 7,400 680,000 68,740 756,140

REPLACE OIL COOLER UKR 2,720 8,000 1,072 11,792

INSTA.LL LP. HEATER NO.1 BY-PASS UKR 2,000 5,000 700 7,700

;MPROVE H2 SEALING SYSTEM UKR 1,200 20,000 2,120 23,320

CREEP MONITORING EQUIPMENT UKR 400 10,000 1,040 11,440

REPLACE FEEDWATER PUMPS UKR 10,000 700,000 71,000 781,000

REPLACE CONDENSATE PUMPS UKR 8,800 160,000 16,880 185,680

IADD CONDENSER CLEANING SYSTEM UKR 9,600 220,000 22,960 252,560

REPLACE FEEDWATER CONTROL VALVES UKR 7,200 14,500 2,170 23,870

REPLACE H.P. FEEDWATER HEATERS UKR 12,400 600,000 61,240 673,640

REPLACE LP. FEEDWATER HEATERS UKR 14,000 280,000 29,400 323,400

INSTALL NEW STEAM SAMPLING SYSTEM US 8,400 125,000 13,340 146,740

REPACK/REPLACE LEAKING CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

REPAIR/REPLACE PIPING & VALVES UKR 78,400 650,000 145,680 874,080

REPLACE MAIN & REHEAT STEAM RELEIF VALVES UKR 6,000 25,000 3,100 34,100

TOTAL BOP MECHANICAL WORK 202,520 0 4,462,500 1,715,000 0 710,842 7,090,862

INSTRUMENTS & CONTROLS
NEW D.C. S. SYSTEM US 104,000 720,000 82,400 906,400

INSTALL NEW INSTRUMENTS & CONTROL VALVES B&R 19,200 745,000 114,630 878,830

BURNER MANAGEMENT SYSTEM UPGRADE B&R 26,100 350,000 56,415 432,515

TOTAL INSTRUMENTS & CONTROLS 149,300 0 0 1,815,000 0 253,445 2,217,745

ENVIRONMENTAL SYSTEMS
REPLACE EXISTING PRECIPS WITH NEW ELECTROSTATIC PRECIPITATORS US 144,000 2,600,000 274,400 3,018,400

S02 CONTROL EQUIPMENT US 210,000 6,935,000 714,500 7,859,500

INSTAll SNCR EQUIPMENT US 28,000 980,000 100,800 1,108,800

NEW CONTINUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920

TOTAL ENVIRONMENTAL SYSTEMS 409,200 0 0 10,765,000 0 1,117,420 12,291,620

~ 04/05/96
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• •
ESTIMATE SUMMARY

LUGANSK GRES
OPTION 3A· UNIT 13

ARCH FIRED BOILER I IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ S $
ELECTRICAL WORK

220KV SWITCHYARD EQUIPMENT US 19,140 831,020 85,016 935,176

6 KV SWITCHGEAR & BUS US 3,200 320,000 32,320 355,520

400 VOLT SWITCHGEAR & TRANSFORMER US 7,000 612,500 61,950 681,450

MOTOR CONTROL CENTERS US 9,000 315,000 32,400 356,400

BATTERIES & CHARGERS US 3,840 98,000 10,184 112,024

PROTECTIVE RELAYS US 2,400 390,000 39,240 431,640

UPS SYSTEM US 880 80,300 8,118 89,298

TOTAL ELECTRICAL WORK 46,460 0 0 2,646,820 0 269,228 2,961,508

MISC ELECTRICAL
~WER/CONTROUINSTRUMENTWIRING B&R 628,000 1,687,500 347,325 2,662,825

BUILDING L1GHTING/PANELS/RECEPT B&R 16,000 366,500 57,375 439,875

CONDUIT & CABLE TRAY B&R 178,000 630,000 121,200 929,200

GROUNDING SYSTEM B&R 4,800 67,500 10,845 83,145

CATHODIC PROTECTiON B&R 10,000 112,500 18,375 140,875

PLANT COMMUNICATIONS/FIRE PROTECTION B&R 11,000 125,000 20,400 156,400

TOTAL MISC ELECTRiCAL 847,800 0 2,989,000 0 0 575,520 4,412,320

TOTAL DIRECT COSTS 4,371,480 0 26,317,500 20,371,820 1,250,000 6,290,839 58,601,639

30" « Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 3A· UNIT 13

ARCH FIRED BOILER I IMPROVED EMISSiON CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

SITE INDIRECTS
CONSTRUCTION EQUIP/TOOLS/CONSUMABLES B&R 1,685,000 202,200 1,887,200

SUPPORT LABOR & FIELD OFFICE B& R 1,456,000 174,720 1,630,720

CONSTRUCTION FACILITY & OTHER INDIRECTS B&R 325,000 39,000 364,000

FREIGHT B&R 1,867,573

VENDOR REPS/TRAINING/MANUALS B&R 250,000 30,000 280,000

TOTAL SITE INDIRECTS 0 0 0 0 3,716,000 445,920 6,029,493

CONSTRUCTION MGMT & ENGINEERING SERVICES
AlE DESIGN SERVICES B&R 3,500,000 175,000 3,675,000

CONSTRUCTION MANAGEMENT B&R 2,930,082 146,504 3,076,586

START-UP, TESTING & TRAINING B&R 800,000 120,000 920,000

TOTAL CONSTRUCTION MGMT & ENGINEERING 0 0 0 0 7,230,082 441,504 7,671,586

TOTAL ESTIMATED PROJECT COST . 72,302,718

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON·UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN·HOUSE SOURCES

40F4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 38· UNIT 13

ARCH FIRED BOILER /IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER S $ S

CIVIUSTRUCTURAL
DEMOLITION COSTS B&R 875,840 35,000 182,168 1,093,008

EXCAVATION & BACKFILL B& R 51,600 23,000 14,920 89,520

CONCRETE & STRUCTURAL STEEL B&R 138,400 88,000 45,280 271.680

BUILDINGS REHABILITATION B& R 106,160 58,000 32,832 196,992

ROADWAYS I PARKING / FENCING B&R 20.000 14.000 6,800 40,800

ASBESTOS & TRANSFORMER OIL REMOVAL SPECIAL LABOR COSTS B&R 0 1.250,000 250,000 1,500,000

TOTAL CIVIUSTRUCTURAL 1,192,000 0 218,000 0 1,260,000 532,000 3,192,000

BOILER REPAIR WORK
REFURBISH BOILER INTO DBL ARCH CONFIGURATION B&R 872,000 9,650,000 1,262,640 11,784,640

REPAIR BACK-PASS CASING, INSULATiON, ETC. B&R 24,400 212,000 28,368 264,768

REPLACE FURNACE ROOF SUPERHEATER, ROOF PENETRATIONS, ETC. B&R 256,400 2,699,000 354,648 3,310,048

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B& R 85,600 1,775,000 223,272 2,083.872

REPAIR/REPLACE ATTEMPERATOR PIPING, VALVING, ETC. B&R 6,000 35,000 4,920 45,920

REFURBISH AIR PREHEATERS B&R 59.200 1,150,000 145,104 1.354,304

REPAIR INDUCED DRAFT FANS B&R 12,000 410,000 50,640 472,640

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B& R 14,400 157,000 20,568 191,968

REPAIR GRINDING CIRCUITS B&R 34,000 1,120,000 138,480 1,292,480

REPLACE EXISTING MILL CLASSIFIERS B&R 41,600 1,400,000 172,992 1,614,592

REPAIR/REFURBISH EXISTING BALL MILLS B&R 32,400 545,000 69,288 646,688

INSTALL MILL COAL LEVEL & BALL CHARGE CONTROL SYSTEM B& R 12,000 145.000 18,840 175,840

INSTALL NEW BURNERS B& R 32,400 1,400,000 171,888 1,604,288

INSTALL NEW BOTTOM ASH SYSTEM B& R 25,200 485,000 61,224 571,424

REFURBISH EXISTING SOOTClEANING SYSTEMS B&R 12,800 135,000 17.736 165.536

INSTALL NEW DUCT BURNER FOR BALL MILL INLET B&R 4,800 180,000 22,176 206,976

TOTAL BOILER WORK 1,525,200 0 18,068,000 3,430,000 0 2,762,784 25,785,984

..J 04/05/96
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 3B· UNIT 13

ARCH FIRED BOILER I IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

BOP MECHANICAL WORK
REPLACE LP. TURBINE LAST STAGE BLADING UKR 15,200 1,000,000 101,520 1,116,720

,~EPLACE TURBINE GOVERNOR & INTERCEPT VALVES UKR 3,600 900,000 90,360 993,960

UPGRADE GLAND SEAL EXHAUSTER SYSTEM UKR 6,000 200,000 20,600 226,600

UPGRADE DRAINAGE/ BLOWDOWN EQUIPMENT UKR 4,000 70,000 7,400 81,400

REPLACE GOVERNING SYSTEM US 2,000 500,000 50,200 552,200

REPLACE FRONT STANDARD AND FLANGE HEATING SYSTEM UKR 7,400 680,000 68,740 756,140

REPLACE OIL COOLER UKR 2,720 8,000 1,072 11,792

dNSTALL LP. HEATER NO.1 BY-PASS UKR 2,000 5,000 700 7,700

:~.lPROVE H2 SEALING SYSTEM UKR 1,200 20,000 2,120 23,320

~;EEPMONITORING EQUIPMENT UKR 400 10,000 1,040 11,440

[RePLACE Fi:EDWATER PUMPS UKR 10,000 700,000 71,000 781,000

,REPLA.CE CONDENSATE PUMPS UKR 8,800 160,000 16,880 185,680

IADD CONDENSER CLEANING SYSTEM UKR 9,600 220,000 22,960 252,560

UKR 7,200 14,500 2,170 23,870~EPLACE FEEDWATER CONTROL VALVES

REPLACE H.P. FEEDWATER HEATERS UKR 12,400 600,000 61,240 673,640

REPLACE LP. FEEDWATER HEATERS UKR 14,000 280,000 29,400 323,400

INSTALL NEW STEAM SAMPLING SYSTEM UKR 8,400 32,000 4,040 44,440

REPACK/REPLACE LEAKING CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

REPAIR/REPLACE PIPING & VALVES UKR 78,400 650,000 145,680 874,080

REPLACE MAIN & REHEAT STEAM RELEIFVALVES UKR 6,000 25,000 3,100 34,100

TOTAL BOP MECHANICAL WORK 202,520 0 4,494,500 1,590,000 0 701,542 6,988,562

INSTRUMENTS & CONTROLS
NEW D.C. S. SYSTEM US 104,000 720,000 82,400 906,400

J::IJSTALL NEW INSTRUMENTS & CONTROL VALVES B& R 19,200 745,000 114,630 878,830

!r1URNER MANAGEMENT SYSTEM UPGRADE B&R 26,100 350,000 56,415 432,515

I"{QTAL INSTRUMENTS & CONTROLS 149,300 0 0 1,815,000 0 253,445 2,217,745
I

I EN~RONMENTALSYSTEMS
,REPLACE EXISTING PRECIPS WITH NEW ELECTROSTATIC PRECIPITATORS US 144,000 2,600,000 274,400 3,018,400

iS02 CONTROL EQUIPMENT US 226,800 7,115,000 734,180 8,075,980

ilNSTALL SNCR EQUIPMENT US 28,000 980,000 100,800 1,108,800

NEW CONTINUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920

TOTAL ENVIRONMENTAL SYSTEMS 426,000 0 0 10,945,000 0 1,137,100 12,508,100

04/05/96 20F4 Revision 1



• •
ESTIMATE SUMMARY

LUGANSK GRES
OPTION 3B - UNIT 13

ARCH FIRED BOILER I IMPROVED EMISSION CONTROLS

.-
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $
ELECTRICAL WORK

220KV SWITCHYARD EQUIPMENT US 19,140 831,020 85,016 935,176

_6 KV SWITCHGEAR & BUS US 3,200 320,000 32,320 355,520

400 VOLT SWITCHGEAR & TRANSFORMER US 7,000 612,500 61,950 681,450

MOTOR CONTROL CENTERS US 9,000 315,000 32,400 356,400

BATTERIES & CHARGERS US 3,840 98,000 10,184 112,024

PROTECTIVE RELAYS US 2,400 390,000 39,240 431,640

,UPS SYSTEM US 880 80,300 8,118 89,298

TOTAL E~ECTRICALWORK 45,460 0 0 2,646,820 0 269,228 2,961,508

MISC ELECTRICAL
POWER/CONTROUINSTRUMENT WIRING B&R 628,000 1,687,500 347,325 2,662,825

BUILDING LIGHTING/PANElS/RECEPT B&R 16,000 366,500 57,375 439,875

CONDUIT & CABLE TRAY B&R 178,000 630,000 121,200 929,200

GROUNDING SYSTEM B&R 4,800 67,500 10,845 83,145

CATHODIC PROTECTION B&R 10,000 112,500 18,375 140,875

PLANT COMMUNICAT10NSIFIRE PROTECTION B& R 11,000 125,000 20,400 156,400

TOTAL MISC ELECTRICAL 847,800 0 2,989,000 0 0 575,520 4,412,320

TOTAL DIRECT COSTS 4,388,280 0 25,769,500 20,426,820 1,250,000 6,231,619 58,066,219

....;
• F.,
,If""> 04105196
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• •ESTIMATE SUMMARY
LUGANSK GRES

OPTION 3B· UNIT 13

ARCH FIRED BOILER /IMPROVED EMISSION CONTROLS

ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

SITE INDIRECTS
CONSTRUCTION EQUIPITOOLSICONSUMABLES B&R 1,685,000 202,200 1,887,200

SUPPORT LABOR & FIELD OFFICE B&R 1,456,000 174,720 1,630,720

CONSTRUCTION FACILITY & OTHER INDIRECTS B&R 325,000 39,000 364,000

FREIGHT B&R 1,847,853

VENDOR REPS/TRAINING/MANUALS B&R 250,000 30,000 280,000

TOTAL SITE INDIRECTS 0 0 0 0 3,716,000 445,920 6,009,773

CONSTRUCTiON MGMT & ENGINEERING SERVICES
NE DESIGN SERVICES B&R 3,500,000 175,000 3,675,000

CONSTRUCTION MANAGEMENT B&R 2,903,311 145,166 3,048,476

START-UP, TESTING & TRAINING B&R 800,000 120,000 920,000

TOTAL CONSTRUCTION MGMT & ENGINEERING 0 0 0 0 7,203,311 440,166 7,643,476

TOTAL ESTIMATED PROJECT COST 71,719,468

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON-UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN-HOUSE SOURCES

~ 04/05/96
':.>'
~
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• •
ESTIMATE SUMMARY

LUGANSK GRES
OPTION 4A· UNIT 13

EXTENSIVE BOILER & TURBINE UPGRADE I IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ S $

CIVIUSTRUCTURAL
DEMOLITION COSTS B&R 898,000 35,000 186,600 1,119,600

EXCAVATION & BACKFILL B&R 51,600 23,000 14,920 89,520

CONCRETE & STRUCTURAL STEEL B&R 148,800 94,000 48,560 291,360

BUILDINGS REHABILITATION B&R 106,160 58,000 32,832 196,992

ROADWAYS / PARKING / FENCING B&R 20,000 14,000 6,800 40,800

ASBESTOS & TRANSFORMER OIL REMOVAL SPECIAL LABOR COSTS B&R 0 1,250,000 250,000 1,500,000

TOTAL CIVIUSTRUCTURAL 1,224,560 0 224,000 0 1,250,000 539,712 3,238,272

BOILER REPAIR WORK
R~FURBISH BOILER INTO MEMBRANE WALL DESIGN B&R 671,600 6,820,000 898,992 8,390,592

REPAIR BACK-PASS CASING, INSULATION, ETC. B&R 24,400 212,000 28,368 264,768

REPLACE FURNACE ROOF SUPERHEATER, ROOF PENETRATIONS, ETC. B&R 256,400 2,699,000 354,648 3,310,048

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B& R 85,600 1,775,000 223,272 2,083,872

REPAIR/REPLACE ATTEMPERATOR PIPING, VALVING, ETC. B&R 6,000 35,000 4,920 45,920

REFURBISH AIR PREHEATERS B&R 59,200 1,150,000 145,104 1,354,304

REPAIR INDUCED DRAFT FANS B&R 12,000 410,000 50,640 472,640

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B&R 14,400 157,000 20,568 191,968

REPAIR GRINDING CIRCUITS B&R 34,000 1,120,000 138,480 1,292,480

REPLACE EXISTING MILL CLASSIFIERS B&R 41,600 1,400,000 172,992 1,614,592

INSTALL NEW BALL MILLS B&R 72,000 1,125,000 143,640 1,340,640

INSTALL MILL COAL L1;.VEL & BALL CHARGE CONTROL SYSTEM B&R 12,000 145,000 18,840 175,840

NEW LOW NOx BURNERS B&R 37,600 1,900,000 232,512 2,170,112

REFURBISH SLAG TAP REFRACTORY B&R 4,800 47,000 6,216 58,016

REFURBISH EXISTING SOOTCLEANING SYSTEMS B&R 12,800 135,000 17,736 165,536

REFURBISH BOILER SUPPORTS, PLATFORMS & STAIRS B& R 23,400 250,000 32,808 306,208

INSTALL NEW DUCT BURNER FOR BALL MILL INLET B&R 4,800 180,000 22,176 206,976

TOTAL BOILER WORK 1,372,600 0 16,115,000 3,445,000 0 2,511,912 23,444,512

04/05/96 10F4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 4A· UNIT 13

EXTENSIVE BOILER & TURBINE UPGRADE I IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ S

BOP MECHANICAL WORK

iNSTAll NEW 225 MW TURBINE & AUXILLIARIES UKR 182,400 13,003,400 1,318,580 14,504,380

REPLACE FEEDWATER PUMPS UKR 10,000 700,000 71,000 781,000

REPLACE CONDENSATE PUMPS UKR 10,600 180,000 19,060 209,660

INSTAll NEW CONDENSER UKR 51,400 2,660,000 271,140 2,982,540

ADD CONDENSER CLEANING SYSTEM UKR 12,000 225,000 23,700 260,700

CONDENSATE BOOSTER PUMPS UKR 8,800 159,900 16,870 185,570

REPLACE FEEDWATER CONTROL VALVES UKR 7,200 20,000 2,720 29,920

REPLACE H.P. FEEDWATER HEATERS UKR 11,200 400,000 41,120 452,320

REPLACE L.P. FEEDWATER HEATERS UKR 14,000 280,000 29,400 323,400

NEW HEATER DRAIN PUMPS UKR 10,000 50,000 6,000 66,000

INSTALL NEW STEAM SAMPLING SYSTEM US 8,400 125,000 13,340 146,740

REPACK/REPLACE lEAKING CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

REPAIR/REPLACE PIPING & VALVES UKR 78,400 800,000 175,680 1,054,080

REPLACE MAIN & REHEAT STEAM RELEIF VALVES UKR 6,000 25,000 3,100 34,100

TOTAL BOP MECHANICAL WORK 413,600 0 17,588,300 1,050,000 0 1,993,030 21,044,930

INSTRUMENTS & CONTROLS
NEW D.C. S. SYSTEM US 104,000 720,000 82,400 906,400

INSTALL NEW INSTRUMENTS & CONTROL VALVES B&R 19,200 745,000 114,630 878,830

BURNER MANAGEMENT SYSTEM UPGRADE B&R 26,100 350,000 56,415 432,515

TOTAL INSTRUMENTS & CONTROLS 149,300 0 0 1,815,000 0 253,445 2,217,745

ENVIRONMENTAL SYSTEMS
REPLACE EXISTING PRECIPS WITH NEW ELECTROSTATIC PRECIPITATORS US 144,000 2,600,000 274,400 3,018,400

S02 CONTROL EQUIPMENT US 226,800 7,305,000 753,180 8,284,980

INSTALL SNCR EQUIPMENT US 28,000 980,000 100,800 1,108,800

NEW CONTINUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920

TOTAL ENVIRONMENTAL SYSTEMS 426,000 0 0 11,135,000 0 1,156,100 12,717,100

~ ,,4/05/36
-.~;;;,
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• •ESTIMATE SUMMARY
LUGANSK GRES

OPTION 4A· UNIT 13

EXTENSIVE BOILER & TURBINE UPGRADE I IMPROVED EMISSION CONTROLS

••
I ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

ELECTRiCAL WORK
220KV SWITCHYARD EQUIPMENT US 19,140 831,020 85,016 935,176

6 KV SWITCHGEAR & BUS US 3,200 320,000 32,320 355,520

400 VOLT SWITCHGEAR & TRANSFORMER US 7,000 612,500 61,950 681,450

MOTOR CONTROL CENTERS US 9,000 315,000 32,400 356,400

BATTERIES & CHARGERS US 3,840 98,000 10,184 112,024

PROTECTIVE RELAYS US 2,400 390,000 39,240 431,640

UPS SYSTEM US 880 80,300 8,118 89,298

TOTAL ELECTRICAL WORK 45,460 0 0 2,646,820 0 269,228 2,961,508

MISC ELECTRICAL
POWER/CONTROUINSTRUMENT WIRING B&R 628,000 1,687,500 347,325 2,662,825

BUILDING L1GHTING/PANELS/RECEPT B&R 16,000 366,500 57,375 439,875

CONDUIT & CABLE TRAY B&R 178,000 630,000 121,200 929,200

GROUNDING SYSTEM B&R 4,800 67,500 10,845 83,145

CATHODIC PROTECTION B&R 10,000 112,500 18,375 140,875

PLANT COMMUNICATIONS/FIRE PROTECTION B&R 11,000 125,000 20,400 156,400

TOTAL MISC ELECTRICAL 847,800 0 2,989,000 0 0 676,520 4,412,320

TOTAL DIRECT COSTS 4,479,320 0 36,916,300 20,091,820 1,250,000 7,298,947 70,036,387

30F4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 4A· UNIT 13

EXTENSIVE BOILER & TURBINE UPGRADE I IMPROVED EMISSION CONTROLS

••
! ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ S $

<

SITE INDIRECTS
CONSTRUCTION EQUIP/TOOLS/CONSUMABLES B&R 1,685,000 202,200 1,887,200

SUPPORT LABOR & FIELD OFFICE B&R 1,456,000 174,720 1,630,720

CONSTRUCTION FACILITY & OTHER INDIRECTS B& R 325,000 39,000 364,000

FREIGHT B&R 2,280,325

VENDOR REPS/TRAINING/MANUALS B&R 250,000 30,000 280,000

TOTAL SITE INDIRECTS 0 0 0 0 3,716,000 445,920 6,442,245

CONSTRUCTION MGMT & ENGINEERING SERVICES
AlE DESIGN SERVICES B&R 3,500,000 175,000 3,675,000

CONSTRUCTION MANAGEMENT B&R 3,501,819 175,091 3,676,910

START-UP, TESTING & TRAINING B&R 800,000 120,000 920,000

TOTAL CONSTRUCTION MGMT & ENGINEERING 0 0 0 0 7,801,819 470,091 8,271,910

TOTAL ESTIMATED PROJECT COST 84,750,542

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON-UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN·HOUSE SOURCES

04/05/96 40F4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 4B - UNIT 13

EXTENSIVE BOILER & TURBINE UPGRADE /IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ S

CIVIUSTRUCTURAL
DEMOLITION COSTS B&R 898,000 35,000 186,600 1,119,600

EXCAVATION & BACKFILL B&R 51,600 23,000 14,920 89,520

CONCRETE & STRUCTURAL STEEL B&R 148,800 94,000 48,560 291,360

BUILDINGS REHABILITATION B&R 106,160 58,000 32,832 196,992

ROADWAYS / PARKING / FENCING B&R 20,000 14,000 6,800 40,800

ASBESTOS & TRANSFORMER OIL REMOVAL SPECIAL LABOR COSTS B&R 0 1,250,000 250,000 1,500,000

TOTAL CIVIUSTRUCTURAL 1,224,560 0 224,000 0 1,250,000 539,712 3,238,272

BOILER REPAIR WORK
REFURBISH BOILER INTO MEMBRANE WALL DESIGN B&R 671,600 6,820,000 898,992 8,390,592

REPAIR BACK-PASS CASING, INSULATION, ETC. B&R 24,400 212,000 28,368 264,768

REPLACE FURNACE ROOF SUPERHEATER, ROOF PENETRATIONS, ETC. B&R 256,400 2,699,000 354,648 3,310,048

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B&R 85,600 1,775,000 223,272 2,083,872

REPAIR/REPLACE ATTEMPERATOR PIPING, VALVING, ETC. B&R 6,000 35,000 4,920 45,920

REFURBISH AIR PREHEATERS B&R 59,200 1,150,000 145,104 1,354,304

REPAIR INDUCED DRAFT FANS B&R 12,000 410,000 50,640 472,640

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B&R 14,400 157,000 20,568 191,968

REPAIR GRINDING CIRCUITS B&R 34,000 1,120,000 138,480 1,292,480

REPLACE EXISTING MILL CLASSIFIERS B&R 41,600 1,400,000 172,992 1,614,592

REPAIR/REPLACE EXISTING BALL MILLS B&R 32,400 545,000 69,288 646,688

INSTALL MILL COAL LEVEL & BALL CHARGE CONTROL SYSTEM B&R 12,000 145,000 18,840 175,840

NEW LOW NOx BURNERS B&R 37,600 1,900,000 232,512 2,170,112

REFURBISH SLAG TAP REFRACTORY B&R 4,800 47,000 6,216 58,016

REFURBISH EXISTING SOOTCLEANING SYSTEMS B&R 12,800 135,000 17,736 165,536

REFURBISH BOILER SUPPORTS, PLATFORMS & STAIRS B&R 23,400 250,000 32,808 306,208

INSTALL NEW DUCT BURNER FOR BALL MILL INLET B&R 4,800 180,000 22,176 206,976

TOTAL BOILER WORK 1,333,000 0 15,535,000 3,445,000 0 2,437,560 22,750,560

• 04/05/96
~.w
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 4B - UNIT 13

EXTENSIVE BOILER & TURBINE UPGRADE I IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

BOP MECHANICAL WORK

INSTALL NEW 225 MW TURBINE & AUXILLIARIES UKR 182,400 13,003,400 1,318,580 14,504,380

REPLACE FEEDWATER PUMPS UKR 10,000 700,000 71,000 781,000

REPLACE CONDENSATE PUMPS UKR 10,600 180,000 19,060 209,660

INSTALL NEW CONDENSER UKR 51,400 2,660,000 271,140 2,982,540

ADD CONDENSER CLEANING SYSTEM UKR 12,000 225,000 23,700 260,700

CONDENSATE BOOSTER PUMPS UKR 8,800 159,900 16,870 185,570

REPLACE FEEDWATER CONTROL VALVES UKR 7,200 20,000 2,720 29,920

REPLACE H.P. FEEDWATER HEATERS UKR 11,200 400,000 41,120 452,320

REPLACE L.P. FEEDWATER HEATERS UKR 14,000 280,000 29,400 323,400

NEW HEATER DRAIN PUMPS UKR 10,000 50,000 6,000 66,000

INSTALL NEW STEAM SAMPLING SYSTEM US 8,400 125,000 13,340 146,740

REPACK/REPLACE LEAKING CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

,REPA!R/REPLACE PIPING &VALVES UKR 78,400 800,000 175,680 1,054,080

IREPLACE MAIN & REHEAT STEAM RELEIF VALVES UKR 6,000 25,000 3,100 34,100

TOTAL BOP MECHANICAL WORK 413,600 0 17,588,300 1,050,000 0 1,993,030 21,044,930

INSTRUMENTS & CONTROLS
NEW D.C. S. SYSTEM US 104,000 720,000 82,400 906,400

INSTALL NEW INSTRUMENTS & CONTROL VALVES B&R 19,200 745,000 114,630 878,830
. BURNER MANAGEMENT SYSTEM UPGRADE B&R 26,100 350,000 56,415 432,515

TOTAL INSTRUMENTS & CONTROLS 149,300 0 0 1,815,000 0 253,445 2,217,745

EN~RONMENTALSYSTEMS

REPLACE EXISTING PRECIPS WITH NEW ELECTROSTATIC PRECIPITATORS US 144,000 2,600,000 274,400 3,018,400

S02 CONTROL EQUIPMENT US 226,800 7,530,000 775,680 8,532,480

INSTALL SNCR EQUIPMENT US 28,000 980,000 100,800 1,108,800

NEW CONTINUOUS EMiSSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920
TOTAL ENVIRONMENTAL SYSTEMS 426,000 0 0 11,360,000 0 1,178,600 12,964,600

04/05/96 20F4 Revision 1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 4B - UNIT 13

EXTENSIVE BOILER & TURBINE UPGRADE I IMPROVED EMISSION CONTROLS

.'
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ S $

ELECTRICAL WORK
220KV SWITCHYARD EQUIPMENT US 19,140 831,020 85,016 935,176

6 KV SWITCHGEAR & BUS US 3,200 320,000 32,320 355,520

400 VOLT SWITCHGEAR & TRANSFORMER US 7,000 612,500 61,950 681,450

MOTOR CONTROL CENTERS US 9,000 315,000 32,400 356,400

BATTERIES & CHARGERS US 3,840 98,000 10,184 112,024

PROTECTIVE RELAYS US 2,400 390,000 39,240 431,640

UPS SYSTEM US 880 80,300 8,118 89,298

TQ7AL ELECTRICAL WORK 45,460 0 0 2,646,820 0 269,228 2,961,508

MISC ELECTRICAL
''''QWER/CONTROUINSTRUMENT WIRING B&R 628,000 1,687,500 347,325 2,662,825

i3UILD1NG L1GHTING/PANELS/RECEPT B&R 16,000 366,500 57,375 439,875

CONDUIT & CABLE TRAY B&R 178,000 630,000 121,200 929,200

GROUNDING SYSTEM B&R 4,800 67,500 10,845 83,145

CATHODIC PROTECTION B&R 10,000 112,500 18,375 140,875

PLANT COMMUNICATIONS/FIRE PROTECTION B&R 11,000 125,000 20,400 156,400

TOTAL MISC ELECTRICAL 847,800 0 2,989,000 0 0 575,520 4,412,320

i..
, . .. TOTAL DIRECT COSTS 4,439,720 0 36,336,300 20,316,820 1,250,000 7,247,095 69,589,935

04/05/96 30F4 Revision 1



• •ESTIMATE SUMMARY
LUGANSK GRES

OPTION 4B· UNIT 13

EXTENSIVE BOILER & TURBINE UPGRADE 1IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

SITE INDIRECTS
CONSTRUCTION EQUIP/TOOLS/CONSUMABLES B&R 1,685,000 202,200 1,887,200

~UPPORT LABOR & FIELD OFFICE B&R 1,456,000 174,720 1,630,720

CONSTRUCTION FACILITY & OTHER INDIRECTS B&R 325,000 39,000 364,000

FREIGHT B&R 2,266,125

VENDOR REPS/TRAINING/MANUALS B&R 250,000 30,000 280,000

TOTAL SITE INDIRECTS 0 0 0 0 3,716,000 441),920 6,428,045

I..,

-- ~ONSTRU;':TION MGMT & ENGINEERING SERVICES
. _ '::~IGN SERVICES B&R 3,500,000 175,000 3,675,000

.~:' ."'. :'<~';~TIONMANAGEMENT B&R 3,479,497 173,975 3,653,472

. _ ",\:--:-'lP, TESTING & TRAINING B&R 800,000 120,000 920,000
, ,~.,....L CONSTRUCTION MGMT & ENGINEERING 0 0 0 0 7,779,497 468,975 8,248,472

i
I TOTAL ESTIMATED PROJECT COST 84,266,451

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON·UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN-HOUSE SOURCES

04/05/96
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• • ESTIMATE SUMMARY
LUGANSK GRES

REPOWERING BOILERS NO. 13 & 14 and TURBINE NO.6
2- CFB BOILERS WITH 125 MW TURBINE

•
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $
CIVIUSTRUCTURAl

DEMOLITION COSTS B&R 352,400 68,000 84,080 504,480

EXCAVATION & BACKFILL B&R 106,000 43,000 29,800 178,800

CONCRETE & STRUCTURAL STEEL B&R 490,000 1,495,000 397,000 2,382,000

BUILDINGS REHABILITATION B& R 172,000 450,000 124,400 746,400

ROADWAYS I PARKING I FENCING B& R 60,000 57,000 23,400 140,400

NEW STACK LINER & DUCTWORK US 272,000 421,000 138,600 831,600

ASBESTOS & TRANSFORMER OIL REMOVAL SPECIAL LABOR COSTS B&R 1,350,500 270,100 1,620,600

REPAIR CIRCULATING WATER PUMPHOUSE UKR 157,000 295,000 90,400 542,400

TOTAL CIVIUSTRUCTURAL 1,609,400 0 2,829,000 0 1,350,500 1,157,780 6,946,680

CFB BOILER & MECH EQUIP
CFB BOILER SYSTEM INCLUDING STRUCTURAL SUPPORTS UKR 914,800 27,500,000 2,841,480 31,256,280

INDUCED DRAFT FANS & F.D. BLOWERS UKR 26,000 1,160,000 118,600 1,304,600

ASH CONVEYOR AND SILO UKR 26,800 420,000 44,680 491,480

COAL FEEDING EQUIPMENT US 32,000 1,200,000 123,200 1,355,200

NEW COAL CONVEYORS B&R 20,800 549,000 56,980 626,780

NEW COAL CRUSHER SYSTEM US 18,800 214,300 23,310 256,410

NEW COAL BUNKERS B&R 30,000 305,000 33,500 368,500

LIME PREPERATION AND STORAGE SYSTEM US 41,800 1,650,000 169,180 1,860,980

BOILER FEED PUMPS UKR 8,000 600,000 60,800 668,800

125 MW TURBINE GENERATOR UKR 54,000 10,457,800 1,051,180 11,562,980

SURFACE CONDENSER UKR 31,600 1,600,000 163,160 1,794,760

CONDENSER CLEANING SYSTEM US 12,800 300,000 31,280 344,080

NEW CIRCULATING WATER PUMPS & PIPING UKR 90,220 545,000 63,522 698,742

NEW INSTRUMENT & SERVICE AIR COMPRESSORS B&R 9,600 140,000 14,960 164,560

L.P. FEEDWATER HEATERS UKR 21,200 210,000 23,120 254,320

H.P. FEEDWATER HEATERS UKR 22,000 300,000 32,200 354,200

CONDENSATE PUMPS UKR 8,800 150,000 15,880 174,680

CONDENSATE BOOSTER PUMPS UKR 6,000 180,000 18,600 204,600

PIPING & VALVES UKR 67,200 750,000 163,440 980,640

HEATER DRAIN PUMPS UKR 2,000 30,000 3,200 35,200

DEAERATOR & BLOWDOWN EQUIPMENT B&R 5,200 155,000 16,020 176,220

CHEMICAL FEED SYSTEM B& R 16,800 60,000 7,680 84,480

TOTAL CFB BOILER& MECH EQUIPMENT 1,466,420 0 45,407,800 3,068,300 0 5,075,972 55,018,492
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• •ESTIMATE SUMMARY
LUGANSK GRES

REPOWERING BOILERS NO. 13 & 14 and TURBINE NO.6
2- CFB BOILERS WITH 125 MW TURBINE

•••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ S

INSTRUMENTS & CONTROLS
DCSSYSTEM US 75,600 760,000 83,560 919,160

INSTUMENTS & CONTROLS B&R 37,000 418,000 68,250 523,250

-aTAL INSTRUMENTS & CONTROLS 112,600 0 0 1,178,000 0 151,810 1,442,410

I ENVIRONMENTAL SYSTEMS
G;,GHOUSE SYSTEM US 50,000 3,800,000 385,000 4,235,000

C;l;:'\IT.NUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920

70TAL ENVIRONMENTAL SYSTEMS 77,200 0 0 4,050,000 0 412,720 4,539,920

~
ELECTRiCAL WORK

L:~r, ~v SWITCI-'YARD EQUIPMENT US 43,200 831,020 87,422 961,642

f.::~ .~' .".LiXjL1A~,'(TRANSFORMERS & ASSOCIATED EQUIPMENT US 16,000 2,291,888 230,789 2,538,677

·::'W,:Ci1GEAR-& BUS US 4,000 1,452,000 145,600 1,601,600

-<EN<:RATOR CIRCUIT BREAKER US 4,800 540,000 54,480 599,280

GE.j~ERATOR TO TRANSFORMER NON-SEG. BUS US 2,000 599,000 60,100 661,100

",iOTOR CONTROL CENTERS US 10,000 275,000 28,500 313,500

BATTERIES & CHARGERS US 4,800 71,500 7,630 83,930

PROTECTIVE RELAYS US 3,000 165,000 16,800 184,800

UPS SYSTEM US 1,200 44,000 4,520 49,720

MAIN & AUXILIARY PANELS US 2,400 375,000 37,740 415,140

TOTAL ELECTRICAL WORK 91,400 0 0 6,644,408 0 673,581 7,409,389

MISC ELECTRICAL
DUCT BANK B&R 24,000 251,000 41,250 316,250

EQUIPMENT INSTALLATION B&R 64,000 0 9,600 73.600

POWER/CONTROL/INSTRUMENT WIRING B&R 122,000 762,000 132,600 1,016,600

BUILDING L1GHTING/PANELS/RECEPT B&R 40,000 356,000 59,400 455,400

CONDUIT & CABLE TRAY B&R 128,000 678,900 121,035 927,935

GROUNDING SYSTEM B&R 16,000 209,500 33,825 259,325

CATHODIC PROTECTION B&R 7,200 22,500 4,455 34,155

PLANT COMMUNICATIONS/FIRE PROTECTION B&R 14,400 95,600 16,500 126,500

TOTAL MISC ELECTRICAL 415,600 0 2,375,500 0 0 418,665 3,209,765

TOTAL DIRECT COSTS 3,772,620 0 50,612,300 14,940,708 1,350,500 7,890,528 78,566,656

SITE INDIRECTS
CONSTRUCTION EQUIP/TOOLS/CONSUMABLES B&R 2,845,000 341,400 3,186,400
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• •ESTIMATE SUMMARY
LUGANSK GRES

REPOWERING BOILERS NO. 13 & 14 and TURBINE NO.6
2· CFB BOILERS WITH 125 MW TURBINE

.-
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ S

SUPPORT LABOR & FIELD OFFiCE COSTS B& R 2,795,000 335,400 3,130,400

~9NSTRUCTIONFACILITIES & OTHER INDIRECTS B&R 500,000 60,000 560,000

':~,,'::IG(-lT ' B&R 3,933,180

k· i:SOOR REPS/TRAINING/MANUALS B&R 625,000 75,000 700,000

[-t,::,Tk L3iTE INDIRECTS 0 0 0 0 6,765,000 811,800 11,509,980

-
! ,- CONSTRUCTION MGMT & ENGINEERING SERVICES
'tfi ';J.:rs,'2;:-: 3E~VICES B&R 9,000,000 450,000 9,450,000

- ,', - ;,,,7'J,:C.'''ON MANAGEMENT B& R 3,928,333 196,417 4,124,749
.- >T!:~:rrl,>:G& TRAINING B&R 1,500,000 225,000 1,725,000-

,J0.'::'.- ;"~:-:',~S-,~UCTIONMGMT & ENGINEERING 0 0 0 0 14,428,333 871,417 15,299,749

L___--,-_,
i:- TOTAL ESTIMATED PROJECT COSTS 105,376386

I
NOTE: THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES

THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON·UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN-HOUSE SOURCES
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• UKRAINE AND WORLD BANK QUESTIONS FOR RESPONSE AND ADDITION TO REPORT I

RESPONSE IS DUE IN UKRAINE ON NOVEMBER 20, 1995, FOR QUESTIONS MARKED WI-tH AN " ....
ALL CLARI FICATIONS AND CHANGES ARE DUE PRIOR TO A MEETING IN KIEV ON DECEMBER 11·12,
1995. THE FORM IN WHICH THE REQUESTED MATERIAL IS PRESENTED, EITHER AS AN
ADDENDUM TO THE ORIGINAL DRAFT OR BY INCORPORATION INTO A REVISED FINAL REPORT, IS
TO BE DISCUSSED BY BRE AND PETC PERSONNEL. '

• SO):: 1200 mg/nM3

Note: In most of the questions that follow. the desire is for learning the basis upon which a statement
i$ made. The strongest substantiation for any statement in the drsft report would probllbly :be citation
of experience with B relevant commercial boller/turbine unit burning II similaf coal. The ability to do
this is limited. We expect male· often BRE will have to cite boiler/turbine sets and fuels [that Bre in
some way similaf to the boilsf/turbines that arB the subject of rehabilitationlrepowerirle and the
intended fuels. TMs is acceptable. The idea is to give an indIcation of the basis upor which a
professional judgment was formed. I

-1. Discuss whare ammonia or urea is introduced to the system and slip of these substanc..s, Provide

documentation'lI

112. What are the levels of unburned carbon that would be achieved with each option.

-3. Discuss use of support fuels and the expected levels required for each option. Provide upporting
details where judgments are made. For example, cite specific examples where prior knowleroe serves
as a basis for use of the specific natural giU/i levels given.

I
*4. Identify Lugansk GRES emissions at current operating conditions. This is interpreted to signify
the current uncontrolled emissions. Give references to material obtained from Luganskl and other
engineers. (It Is recognl%sd that emissions will vary with sulfur content of feed coal, extent !of support
fuel use, load, and possibly other variables. There is net a single answer to the question. Present any
data you have. together with suitable caveats concerning forming generalizations based on: the data.)

·5. Explain the basis for use of a baghouse instead of an ESP with the CFB units. 1
"6. The World Bank requested an explanation of why the Option 1 steaming rate incress .d by such
a large amount in going from uncleaned to cleaned coal (400 tph vs 640tph~. I

7. Modify water treatment system and costs to include 70% orga'1ics removal. (Th8

r
krainians

claimed to have experience that showed reverse osmosis was not effective in controlling rgllnics at
the level they are encountered in Lugansk.)

8. The World Bank has suggested new maximum atmospheric emission limits for Tp·l00 t:1oilers that
are rehabilitated in this project. Their acceptabilitY will probably depend upon the effect updn ambient

I

air quality, as determined by local environmental officials, making use ef Ukrainian plume idispersion
models. Mr. Yatskevich of Minenergo accepted this approach in principle, breaking a deadlhck on the
preper approach to environmental protection. The World Bank's Bill lane will be traveling to Ukraine
in two weeks to conduct necessary evaluations. The World Bank recommendations for emission limits
for rehabilitated boilers are:

•

• • NOx: 800 mg/nMlI

Particulate emissions limits are unchanged.

1-1-1
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9. Provide details reg;rdlng the European standard of 1300 mg/nM3 for NOx.

•

•

•

Please identify appropriate emissions control technologv, specify equipment and estimattt its cost to
reflect the above limits for use in the upgrade options for Tp·1QO boiler sets. j
QUESTIONS FOR RESPONSE BUT NOT NECESSARILY TO BE INCLUDeD IN THE REPOR !:

I

I
10. The World Bank inquired about why Refaco's CFB unit was not considered in the BRC ;work. The
response could be based upon the SOW as identified by DOE/PETC. i

I

I
1

I

\

I
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• 1. RESPONSE TO "UKRAINE AND WORLD BANK QUESTIONS
POR RESPONSE AND ADDITION TO REPORT"

1. Ammonia and urea - introduction to system and slip

With the Selective Non-Catalytic Reduction (SNCR) process for controlling NOx
emissions, ammonia or urea is injected into the combustion gases at locations
where temperatures are between l600-2100op (870-1 150°C). Other chemicals can
be added to expand this temperature window.

The emission of ammonia which results from incomplete reaction of the NOx
reducing agent is known as ammonia slip. Excessive amounts can cause plugging
of the air heater, contamination of fly ash, and odor in the vicinity of the plant.
Ammonia slip is controlled by proper design of the injection system to provide
appropriate reagent distribution into regions of the furnace where conditions
(temperature and residence time) for the SNCR reaction exist.

•

•

2.

Attached are the following documents providing more details on the SNCR
process and ammonia slip:

Predicted levels of unburned carbon

The quantity of unburned carbon in the existing furnace configuration is greatly
influenced by the amount of supplementary support fuel firing. This effect is less
strong for the double-arch, down-fired furnace configuration. The amount of
mineral matter and volatiles also affect the quantity of unburned carbon.

The predicted levels of unburned carbon are included in the following table, along
with the assumed amounts of mineral matter and volatiles:

Unburned Mineral Volatile
Option Coal Carbon, % Matter, % Matter, %

la Uncleaned 15 36 4.5
Ib Cleaned 15 18 4.5
2a Uncleaned 20 36 4.5
2b Cleaned 20 18 4.5
3a Uncleaned 6 36 4.5
3b Cleaned 6 18 4.5
4a Uncleaned 12 36 4.5
4b Cleaned 12 18 4.5

I-JR-!



3. Background to predicted supplementary fuel quantities• Current operation: 35 percent of full load heat input must be supplied by
supplementary fuel (natural gas) while burning the present (38%
ash) coal, resulting in 29-30 percent carbon in ash.

Option Ia - Minimal Refurbishment, Coal Presently Fired

Prediction: 30 percent heat input from supplementary fuel.

•

Basis of prediction: Visual observations of boiler operation, analysis of boiler
design and fuel, and extensive discussions with plant
personnel.

It is concluded that patching the furnace/boiler setting will
not radically address the air ingress problem. This repair
should improve the situation slightly; however, the high
mineral content of the fuel, together with the diluted
furnace gas temperature, will continue to cause both
ignition and combustion problems. A conservative
estimate of the resulting supplementary fuel requirement is
30 percent to achieve carbon in ash less than 30 percent by
weight.

•

Option 1 B - Minimal Refurbishment, Cleaned Coal

Prediction: 15 percent heat input from supplementary fuel

Basis of prediction: Station records indicate that during the 1963-1970
operating period, no supplementary fuel was required while
firing an anthracite shtib with an average LHV of
approximately 5500 kcal/kg. Information received
concerning operation of the Varna (Bulgaria) power plant
supports this evidence.

As this minimal refurbishment will not restore the furnace/boiler to its as-new
condition and considering the above expected mineral content of the cleaned shtib, a
conservative estimate of the supplementary fuel requirements is 15 percent, in order to
reduce carbon in ash to a figure nearer the design 16 percent by weight.

Option 2a & 2b - Minimal Refurbishment, Both Coals

Prediction: Same supplementary fuel as in Options 1a & 1b.

I-IR-2
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•

•

Basis of Prediction: The retrofit of new low NOx burners together with bulk
furnace air staging, i.e. overfire air use, will increase the
furnace zone adiabatic fluegas temperatures, due to the
near-stoichiometric combustion conditions in the burner
zone. This would, theoretically, help to stabilize
combustion, but could result in some furnace tubewall slag
accumulation. Therefore, there is no basis to alter the
conservative estimates of Options Ia and Ib if the carbon in
flyash percentages are to be kept below the present 30% by
weight and approach the design 16%.

Option 3a & 3b - Arch Firing, Both Coals

Burns and Roe believes that this option is the correct engineering solution for the
efficient/safe combustion of low reactivity anthracite:

Double arch/down-fired furnace
Monowall type furnace tubewall construction
Strategically placed refractory on fireside lower furnace tubes
Carefully metered, gradual injection of combustion air
Increased concentration of PC in PA/PC mixture

Coal Presently Fired

Prediction: 5 percent heat input from supplementary fuel

Basis of prediction: Recent discussions with Foster Wheeler technical
executives. (Foster Wheeler indicated a willingness to
guarantee 5 percent, with carbon in ash not more than 16
percent by weight.)

Burns and Roe past design experience with low reactivity
Korean and Spanish anthracite.

Cleaned Coal

Prediction: No supplementary fuel required

Basis of prediction: Foster Wheeler's expectation that even with the presently
fired shtib, no supplementary fuel would be required
(although its guarantee would be 5 percent). Therefore, an
estimate of zero supplementary fuel for the cleaned shtib is
reasonable.

I-IR-3



• Option 4 - Extensive Refurbishment, Both Coals

Predictions: 15 percent supplementary fuel with present shtib
5 percent supplementary fuel with cleaned shtib

Bases of predictions: Refurbishments will provide marked improvement, but
basic problems of original design remain: unsuitable
furnace configuration, too short flame path, too short
particle residence time.

Above predictions are required to limit carbon in flyash to
not more than 16 percent. They are conservative and could
be reduced if fireside refractory coverage is effective and if
a high density PA/PC mixture could be developed.

4. Background to identification of emissions at current operating conditions.

Information provided to Bums and Roe

•
• Nominal characteristics of uncleaned shtib were provided to Bums and

Roe by DOE. Fuel characteristics included moisture (8 wt%), fixed
carbon (50-53 wt%), ash (36 wt%), sulfur (2.9 wt%), volatiles (3-6 wt%),
and heating value (4400 kcal/kg).

• Steam production rate and quality were provided by Lugansk engineers
and were used to estimate heat input to boiler (kcal/hr). Estimated value
was 370 million kcal/hr.

• Present mix of fuels fired (coal/gas) was provided by Lugansk engineers.

• Estimated excess combustion air was provided by Lugansk engineers
(60% due to inleakage). Combustion calculations were performed by
Bums and Roe to estimate the volume of flue gas produced (m3/hr).
Estimated flue gas volume was 632,070 N m3/hr.

• NOx emission estimates were provided by Lugansk engineers. Estimated
value for current operation was 1,600 mg/N m3

.

Development of estimates of S02 and particulate emissions

•
• S02 emissions (kg/hr) were calculated from coal firing rate and fuel sulfur

content. Assumption was made that all sulfur in fuel is converted to S02'
Calculated emissions are 3,410 kg/hr S02 (6,660 mg/N m3 @ 40% excess
air).
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• • Particulate emissions (kg/hr) were calculated from coal firing rate and fuel
ash content. Assumption was made that 80% of ash in fuel is converted to
fly ash and that the fly ash contains 15% unburned carbon. Estimates of
present emissions were made based on the following equipment dust
collection efficiency information provided by Lugansk engineers:

i) Unit 10 - Design flue gas pressure drop for the scrubber is about
125 mm water and design efficiency has been stated to have been
only about 95% which would result in an estimated particulate
emission of 1,500 to 2,000 mg/Nm3

ii) Unit 13 - The expected ESP particulate collection efficiency for
this design is about 96%-97% when firing the uncleaned coal at the
reduced boiler steam production rate. Estimated particule
emissions are 1300 mg/Nm3 (at 40% excess air).

•
5. Use of fabric filter instead of ESP for each CFB boiler

The manufacturers solicited for CFB boiler information have almost exclusively
used fabric filter technology for particulate collection. Furthermore, considerable
experience has been gathered by these manufacturers with fabric filters used for the
combustion of waste fuels in Pennsylvania which are similar to those anticipated for
Lugansk. Although European experience has been with ESP's, many European users are
considering switching to fabric filter technology due to its inherent advantages listed
below:

• Fuel Flexibility - Changes in fuel quality have little impact on fabric filter
performance.

• Higher Collection Efficiency - Fabric filters typically can filter out greater
percentages of particulate matter

• Fines Collection - Fabric filters exhibit greater capability in collecting
particulates less than lO microns in size.

• Flexibility in Design - In the event other gas cleaning technologies are
employed, fabric filters are more readily adaptable to these changes.

• Pollution Reduction - In the event the collected particulate is alkaline by
nature, further pollution reduction (i.e., S02) can be realized when using
fabric filter technology.

•
6. Increase in Option I steaming rate: uncleaned to cleaned fuel

Lugansk GRES personnel produced documents showing that during the operating
period from 1963 to 1970, when firing an anthracite shtib with an average LHV of
5500 kcal/kg (mineral matter content of approx 20% by wt.), each new boiler was

1-1 R-5
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•

•

7.

able to generate the full design steaming rate of 640 tlh. Burns and Roe expects
that each of the refurbished boilers, firing the cleaned coal, will be able to produce
this design steaming rate, as had been requested by the Lugansk GRES personnel.
Please note, however, that only 564 tIh is required to generate the 200 MW rated
output and Burns and Roe is very confident that this will be achieved.

Regarding the basis for the prediction of 400 tIh maximum steaming rate with
uncleaned coal: Burns and Roe believes that the present derated steam output of
approximately 400 tlh will not be improved with the minimal modifications of
Option 1, considering the additional 15 year expected service life. Air ingress
remains the chief problem and will not be radically corrected by patching the
furnacelboiler setting, as stated in Item 3 of this letter, under Option 1a. There is
a limit to the volume of flue gas which can be passed through the backpass
sections of the boiler and the draft system. As this volume will be a combination
of air in-leakage and combustion gases, boiler load will tend to be restricted.
Also, the incentive to achieve a high load by passing the maximum volume must
be tempered, considering the erosive effect of high velocities of ash-laden flue
gas. Metal loss is very sensitive to velocity.

Modify water treatment system and costs to include 70% organics removal

We had been informed by the Ukrainians (through answer No. 21 in our
questionnaire) that circulating water oxidizability is 5.32 mg/kg. This indicates
that a low level of organics is present in the Donets River. Many U.S. electric
generating stations supplied by rivers with much higher levels of organics make
use of the same makeup water treatment system as proposed for the Lugansk
GRES.

Even if a significant amount of organics were present, the existing pretreatment
system at the Lugansk GRES (lime softening and coagulation in clarifiers,
followed by mechanical filters) has been found to be a very effective method for
reducing organics. A reverse osmosis membrane will reject all remaining
organics which are present as suspended solids. It will also reject almost all
dissolved organics with a molecular weight at 500 or higher and a significant
percentage of dissolved organics with molecular weights between 100 and 500.
The remaining low molecular weight organics which are introduced into the steam
generators are not expected to have any significant effect.

In summary, we believe that the proposed water treatment system, coupled with
the existing pretreatment system, will be adequate for treating Donets River water,
even at times when it contains a significant amount of organics.

I-IR-6



•
NOV- 6-95 MON 15:00

Comments on dra(l report
US/UKRAINE JOINT POWER PliANT VPGRADE PROJECT

RElfABU,.,ITATION OF LUG~SK GRitS
Submitted by

Burns and Roe Enteiprises, mc.
I

to I

U.S. Department qfEnergy
Pittsburgh Energy Tec~oJogy Center

Ootober I~S
;

Cormnents submitted by
Harold L. Falken~rry, P.E.

4 November 1995
I

I

1. Report represents a generally thorough review of~ossible approaches. One omission: no
lower cost, lower efficiency S02 alternatives discussefi.

,

P.02

•

•

I

2. When completed, report should provide avaluable source ofinfonnation for Lugansk
rehabilitation, and should provide the Bank withmuetJ. background information, including cost
estimates, that may be used on a $/kW basis for Kriv~l Rag rehab planning.

I

3. The Bums and Roe Entexprises (BREI) report proYides four basic equipment rehab options
with infonnation on impact ofcoal quality on performance ofeach option. The options, as
presented, are not directly comparable •• this is not a ~rit1cism in any 'Way ofeither DRnI or the
report - it is only to point out that the minimum reha6llitation option holds least finaneial risk of
f1stranded investment" if, in the futureJ a meaningful n?le for the rehabilitated plants does not
materialize; conversely, the extensive refurbTshment With emission controls option mEDdrnizes the
financIal rl~k of"stranded Investment". Thesttanded !nvestrnenl risk would appear to be leGs for
Krivoi Rag than for Lugansk, and it may be avery lo~ probability risk for either since the many
NJuaiuiu$ ul'U'i:ihclbiIita.tl!ld fJ1i\(,ltl w¢~ld b~U1~ "!fob lPJ.uw iIlV~lm~J1l:!l" :1ir~t.

4. In the comparison ofthe options immediately folJoWing, I have tried to use rounded numbers
to convey that these are approximations - A1ly attempt at rator sharp comparisons at this stage
could result in mis-information. Also, I believe the cO,st estimates in the BREI draft report do not
include the complete costs ofenviromnental proteotiop equipment. I did not include the added
costs ofabout $14 miUion that I believe will finally be, reported. I did guess at the cost ofa coal
cleaning plant since the contractor's estimate is. not yet qvailable. What imm.edlately follows is my
characterization ofthe choices: !

Option lA (without coal cleaning): For about $4810:$52 million, depending on the specific unit,
Donbasenergo gets about 130 MW (net) ofdependabte capacity ,good for about 15 years without
any further major expenditures. Unit cost is $360 to $409/kW (net). Supplemental fuel
consumption is estimated at 300A.. If the supplemental fuel is natural gas~ SOz emissions could be
reduced. This capacltyis equipped with high efficiencY elec:trofilters, but does not include any
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• equipment for reduction ofNOx or SO~ emissions. Selection ofa lower s~liUr ~oal, ifavailabJe,
could reduce SOJ emissions. Whether this level ofenVironmental protectIon wll1 he found

•
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to S450!kW (net). Supplemental fuel consumption is reduced to about S%. Upon expiration or
the 1Syear (approx) life extension, Donbasenergo would have the options to either retire the
plant or to expend additional funds, principally for the.turbine generator plant, for a further
significant extension ofplant life. Probably DO iUrthermajor expenditures would be required for
environmental protection.

Option 3B: (with coal cleaning) For ilpproximatety f1S littlt. R..4l $1 million, and probahly no more
than $S million for a coal cleaning pl3114 or a total of $77 to S8i millio~ (depending on the
specific unit), Donbasenergo gets about 18S MW (net) ofdependable generation with adequate
equipment for protection ofthe environment rot 15 y~s without any further major expenditures.
Unit costs will approximate $416 to $476/kW (net). ¥aintenancc ofcoal handling, gM path and
ash handling equipment will be lower, coal transportation and ash disposal costs will be reduced
and availability will be higher. Supplemental fuel consutnption, e~cept £Or hot standby and
startup, is projected to be near zero. Upon expiration ofthe 15 year (approx) life extension,
Donbasenergo would have the options to either retire the plant or to expend additional funds,
principally for the turbine generator plant, for a further significant extension ofplant 1if'e.
Probably no further major expenditures would be required for environmental protectioJ:l.

Option 4A: without coal cleaning) For approximately $88 mi1lio~ Donbasenergo gets about
180 M'W (net) ofdependable generation with adequate equipment for protection ofthe
environment for IS years without any further major expenditures. Supplemental fuel consumption
will be reduced to about 15 %. Unit costs approxbnaie S424/kW (net). Upon expiration ofthe
15 year (approK) life extensjo~ Donbascncrgo would 'have the options to either retire the plant or
to expend additional funds, principally for the turbine generator p1an~ for a further significant

. extension ofplant life. Probably no further major expenditures would be required £01'
environmental protection..

Option 4B: (with coal cleaning) For approximately 881itt1e as Slmillion, and probably no more
than $S million for a total of about 89 to $93 mjllio~ (depending on the specific unit),
Donbasetlergo gets aoo\lt ISO MW.(net) ofdependable generation with adequate equipment for
protection ofthe environment for at least 30 years without any further major expenditures. Unit
costs approximate $430 to S4S0!kW (net). Mainten*,oo ofcoal handling. gas path and ash
handling equipment will be lower, colli transportation and ash disposal costs will be reduced and
availability will be higher. Supplemental fuel con~on fuel consumption would be~ to
S%. Upon expiration of the approx.imate 30-yearl~ extension, Donbasenergo would have the
options to either retire the plant or to expend significant funds for a further sJinificant extension
ofplant life. Probably no further major ~enditQres would be rectuired for environmental
protection.

Please note: It appears that the costs for environmental protecdOD In the BREI report may
Dot be complete. Under Costs (below) I ~omment that the costl for SOs removal equipment
do not appear tQ be complete. J would likely deter to tbe flnal BREI Ilumbers; until they
c.omplete their estimates, I suggest assuming about 520 milUon rc.r the high removal
emclenc)' SO~ CApture equipllle~t, aDd about 55 ~mjontor the eledroftlter at "Lugan.1e..
We don't bave costs 011 coal cleaning equjplllent, ~Dd, until estimateJ from tbe contractor
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bttomc available, I used 1II11mbcn or $1 milliuD ruE' tthabiliu.tlng: AI' wsting eoal eleal1ing
plant to supply a single ZOO .M.WLug.ask unit, nn~ a maximum of $S mmion Cor a new coal
cleaning plant for the same service.

Time is running out, and I will not recalculate my Fstimated costs for the four
rehabilitation options, but I would have used $5 n¥Uion for the e1ectromter and $10 million
for SO" removal. It may be that the NOs: control nleasures In the BREI may also be
incomplete. BREI used $3 milli(Jll for the eleetrofilter, $8 millioD torS~ removal and
about $1 minion for the hybrid Oue gas NOx redu~oD system. I assume they will delete
any cost items for low NOs. burners except for the .rdl furnace case. So, pending some
response from BREI, possibly correcting my assumptionsJ I suggest that aD the options may
need to be increued about 51 million tor the eleettofilter; and that all the options .
incorporating SOl removAl may need to be increasW by $12 atillion. Wbether or not there
is a. need tor increasing the cost ofthe hybrid Oue ~as NOx reduction system is a less
important issue since, even if it is needed, it win b~ a considerably smaDer number.

Following are comments based on a relatively brler~ew ofthe subject draft report..
None oftbe four cases evaluated by Bums and Roe Ef1terprises, me. (BREI) quite match the
approach to rehabilitation being adopted by the World Bank,. but this draft report provides much
needed technical and cost infonnation and data. The four rehabilitation options approaches
described generally cover the range ofoptiOllB the BaUk is likely to consider. rndeed, from the
details provided on the four options, each ofwhich is ~ubdivjded into separate cleaned and non
creaned coal alternatives. it should be possible)d1or $e interested participants to construct our
own collage ofthe particular rehabilitation option that best meets the sometimes conflicting
generation~ environmental~ economic and financial go~s. The one area where we have limited
choices Is in lower cost and lower performance SO:lr~oval system~ but that information can be
readily estimated. '

The major problem areas are boiler rehabilitation, en0ronmcntal proteetio.n. and costs,. and my
comments are directed to these topics. :

GeneraJ

1. Options 1and 2, as defined by BREI, involve minimal rehabilitation. e.g., sufficient to
extend service life to about 15 years (without further tehabilitation/life extension work) and
increase power generation above its present derated level. to improve efficiency and to control
particulate emissions to prescribed limits. The parenthetical phrase immediately above is mine; I
added it a.s a reminder that the lifetime of the units prJposed for rehabilitation is not nC:CC:5sarily -
limited to only 15 years from completion ofthe specifically recommended rehabilitation. For
Option 1 without coal cleaning~ BREI does not propdseto restore full rated capacity. Tn all other
cases~ the BREI options restore fun rated boUer stean1ing capacity. The Bank has so far favored
restoration offull rated capacity even with curr~t 00*1 quality.

I
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2. Option 2 further includes equipment to control, SOl and NO;r emissions within q~te. strict
limits and involves higher investment and higher operating cost because t>fthe added enUSSlon
controls.. .

3. Option 4 involves extensive rehabilitation of the entire power station, including
t I.' .
, replacement ofthe turbine generator set and main con~ensenJ With a 12.5 percent l~crease 111

generating capacity (25 MW) and with a life extensio~ ofa minimum of30 years With the bulk of
{-; the capita! expenditures "up front". (I didntt find this ~ted, but with this level ofexpenditures,
;! clearly an added lifetime ofthis magnitude would be *peeled).

4. Option 3, conversion to a dry..bottom arch tIm! furnace with accompanying NOx.-reducing
burners and oonversion to merohrane furnace water~;r but without most ofthe major balance

. ofplant improvements that are included in Option 4. ~as so far appeared to the Bank as more
costly than would be preferred. Implicit in adopting tWs option would be the'expectation ofan
operating lifetime considerably in excess of 1S years, 6ut it permits deferring many major capital
expenditures other than the boiler for a decade or lo~er.

S. The World Bankls approach thus tar to rehabilttation ofthe anthracite fired power stations
in Ukraine could be likened to Option 1.S Plus; e.g., .~nbnaI rehabilitation with a high efficiency
electrofllter and with reduction of802 and possibly Npx ernissions~ but possibly not to the extent
ofthe BREI Option 2 emission controls. Pending co~sultation with Krivoi RoS and Lugansk
management The Bank may wish to include a component trom Option 4~ e.g., replacing the
boilers non..welded furnace water walls with so-called'membrane water walls. Membrane furnace
water walls consist ofclosely spaced parallel water tubes with 8 narrow steel strip welded

. between all parallel tubes to form a gas-tight water cooled fi.unace inner casing. Heat absorbed by
wafet walls ofeither type is beneficially utilized m~eratin8 steam.

I
I

6.. RehabJlltadoDlDte extension is a generaBr ~ntinuillg process, not a single event; It
Is pb1sicalJy possible to 1llldtrtake a bupe maniv~ rehabilitation project designed lor 8

lifetime of'decades J11cll as BREI Optlon 4. Id tbe Iabsence ofa eompeBing deed foJ'
performing all the work at one iime, it ....y he fOll~d to be more nuaodally prudent to plan
the work to eollldde with the physical need for ma)or rellabilltadon or replacement of a
component. An obvious exception to this staged approa.eIl eould be a situation in which the'
improved economiC! and probable iaereued generatiod .. founel to be the least COlt system
alternative, eeonomitl JustifJ" the action. For thii to be true, an expected project lifetime of
multiple decades Is likel)' impDc:lt.

7. For the Ukraine anthracite fueled power st,tions, at some time in tbe future there
may not be the needed assurance or a mul~-dccadl= reliable and economic coal supply; in '
which cue it could be pruden' for the Bauk and tbe generatiug eompanles to give some
eon,ideratioll to avoicling the fuel supply analog ot "stranded lu"e8tment"~·10 view of the
magnitude or the overall power sector restructnrtDB and rehabilitation etTort needed. the
possibUity oreffective generatloll competition rrom outside Ukralue~s borden that may
accompany Ukraine'. probable membenhip in an.:efTective ;Jltercoml,,~:ed system, and
furtber In view orrature uncertainties such as the fllel5upply quet'tio~~, ~r~}1! prUdent

I
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investment minimizing approach the Bank, Mtnenergo. the hydro and tbermal generating
companies and the individlUll power Itations have ~aken so far appears justified.

I

8. It is in tbe interest of all to look forward to tbe earliest possible restructuring and
rationalizing of the coal industry so tbat. boperuny'~ there wiD soon be a more solid basis for
strategic: decis[onl which are dependent for tbeir ~ctess on accurate long tenn resource
alld emDomic projectiolls. .

9. RehabDitatjooJlife extension efforts obvio~y rest on much !tronger support where
the available evidence suggats that the inrrasttuct,\lre and supply ofeconomicaDy available
resources tan support stadon operation over at I~st two or three decades And that a long
term need for power from the plant exists.

10. The Bank's approach has been to include measUres to improve protection ofthe
environment1 but not to incur costs. for environmental Protection at a. level that would adversely
aifect the overaU feasibility. Certainly in the U.S., and probably other Western countri~

regulations acknowledge the economic problems ofr~uiring large investments for emission
controls on older plants in good operating condition, t;lut a life extension undertaking can trigger a
new source standards requirement; this has slgnificantiy curtailed U.S. power station life extension
project initiatives. ;.,
11. The subject draft report includes arecommendation to install low NOx burners for the
m1.nimal rehabifhation case. For anthracite, I know of.no such burners with proven capabilities
ror stgnll1cant NUx reductioD except when used. in ~n arch ful1lac:tt with or without deaned
coal. rsuggest the Bank avoid claiming NOx reduetio:n for any wall burners without examining
the technical basis and proven commercial experience;supporting such a claim. As I understand
the situation from US DOE1 later drafts ofsubject rep'ort will not suggest that low NOx. burners.
with or without cleaned coal, can reduce NOx enUssioh e1tcept for firing in the arch furnace
configuration. ..

n. Costs
1. Aquick comparison ofthe costs and work pr~posed for both Krivoi Rag and the 200 MW
Starobeshevo units by KEMAlComprimo1 and by BREI for the 200 :MW Lugansk units suggests
that the estimated costs orboUer rehabilitation, when iutjusted for:MW capacity differences~ are
remarkably similar.

,

2. 1 didn"t include the electrotllter In the boiler rehab <:ost ccmparison since it was in a separate
category in the BREI report. '

3. For SO:z emission control equipment, the draft BRBI report appears to report only the costs of
certain equipment items that would have to be import~d. The cost in US and probably western
Europe for either the wet lime or limestone scrubber ~r the serni-dry·scrubber would approximate
$200Ikw, The Bank and its contractors have generally estimated the cost ofa component and its
installation if manufactured in Ukraine would be abou~ halfthe cost ofa similar project in the

,,
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West. 'Even with all-local procurement. this would plsFe the total cost of'an approximately 90 %
efficient S01 scnlbber at aboul $1 OOlkW. or about $29 million for a 200 MW Lugnask unit

I

4. The same "SO % coat factor" would place the co'st ~ra new high efficiency elcctrofilter at a
200 MW Lugansk unit at more like $5 mjlljon. The~ eleetrotilter we walked by at Krivoi Reg
was a (j·fleld eJectrofilter. designed, I believe. for 99% '+ dust removal efficiency. It would be
helpful ifwe could obtain Krlvoi Rog management's e~ate ofthe cost orthe~ompleted
installation. There is a fax machine at Krlvoi Ro& but ~ failed to get the number.

I

S. As you know, until the BREI study draft bec~ available.. we had not heard anything
about the design ofthe Lugansk, (and by inference onl~the possibility that the same design is
incorporated in the Krivoi Rog boiler fUrnace water w{ills. Based on the BREI report, ifa
compelJing need for membrane water wall upgrawng~Krivoi Rog should be demonstrated~ the
east, ratioed to reflect the larger capacity Krivoi Rag ?pilers., could appro}bnate $13 million
based on capacity. There are other factors that would.,ave to be t41ken into account such as ease
ofaccess and the fact that at Krivoi Rag there are the If/o ISO MW bollers per unit. This is an
item that the nex:t mission should discuss with Krlvoi &Ps and Lugansk .stat!. and perhaps with
others. Ifmembrane furnace water walts should be fouqd desirable and worth the investment, this
could a.dd about $13 milJion to the currently estimated $2.7 million (excluding new electrofllter),
for a total tor boiler rehab ofabout $35 million for Kriv.oi Rag.

I

6. Attached Is a fonn for a sUmmary table ofthe o~tions presented by BREI. It is
incomplete, but, 1 think it could) in a single page. save ~ tot ofsearching and page turning for
reviewers ofthe report. .

END
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• 2. RESPONSE TO "COMMENTS ON DRAFT REPORT",
H. L. FALKENBERRY. 11/4/95

1. "No lower cost, lower efficiency S02 alternatives discussed".
Response: Two lower cost alternatives were discussed: furnace sorbent injection
and duct sorbent injection. They were not pursued due to their low removal
efficiencies.

2. "Costs for environmental equipment (ESP and FGD) are not complete"
Response: The costs in the Draft Final Report, dated October, 1995 are complete.
The equipment costs represent U.S. supply. We suspect that Mr. Falkenberry's
estimate for the S02 removal equipment may be based on a full wet limestone
FGD system instead of the spray dryer absorber system (semi-dry FGD) selected
in the report.

3. "...the hybrid flue gas NOx reduction system"
Response: A selective non catalytic reduction system is used, together with low
NOx burners for NOx reduction. The hybrid system is discussed in the report but
is not used.

•

•

4. Capabilities of low NOx burners
Response: Several boilerlburner manufacturers offer double register low NOx
burners for pulverized bituminous coal, for horizontal, opposed wall firing
furnaces. These burners, when used in conjunction with bulk furnace air staging
(overfire air) can reduce NOx emissions by 55 to 60 percent. Admittedly, their
use with low volatile, high mineral matter content anthracite coal is not a well
established technology.

Deutsche Babcock has developed and is in the process of testing its low NOx
Type DS (swirl state) burner firing low volatile anthracite coal. Foster Wheeler
reports that it intends to initiate a similar testing program shortly.

We included low NOx burners together with SNCR for control of NOx emissions
in our report, as we believe that suitable burners will have been developed by the
time required for this project.
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Date: November U, 1995
To: Howard Feibus, US Department of Energy
Fax: (301) 903-0243
From.: Istvan DobG~ World Bank
Re: Lugansk:, Feasibility Study

Dear fiOward,

A.ttach~d a1'ie my comments on the above. I have left out on purpose those i5S11es where I
expect. my BaRk. colleagues to provide the feedback. I 'Would have liked to pull together
our commeilts ira one note, but this was Dot feasible (I will be out of town from Nov. 13
to 17; ba.ck in ome.e 11/20). I have asked them to send·their comments directly to you
by II/IS. .

Sincerely,

I -3-1
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Burns & Roe Study

1. Basis for the ~election of units !()"and'13 should be provided. Whyaren"t both units
from the most recent vintage (Phase 3)1

2. Life extension under alremative optionS: Stating that "at least 15 years!' is not
a4¢quate. This might be the reason why PmoDS adopted a 15..year unifonn service life
across all options. If options 1-2 can,achieve a 15"'YI'life extenSion, then options ~-4 should
do better. Option 3-4 are loaded With new equipment: why not assume a 25-30 yr life
extension? (This was suggested to me independently by Harold Falkenberry and another
engineer guru in the Bank; the service life has il significant bearina' on the economic/financial
analysis.)

3. Emission limits: hasis for the "prescribed limits" shoUld be discussed. 'Who
Ilprescribed" them? The diffiCulty of ascertaining applicable environmental requirements
should. be addressed. Design/cost consequences of the Bank's proposed middle-ground
approach (see Btll Lane's commentS, especWly the suggested initial "working numbers";
NOx: 800; S02: 1,200) should be identified.

4. Co-firing ratio: As I said at the Bank meeting, the Bank wouldn't accept' this to be
other than a second-order design criterion (a pre.-ordainecl nwnbcr, say 5%. would be seen as
an. e;QIeme fann of command and control; the utility should. be able to choose the costr

minimiz~ fuel miX iJ:1 response to changing relative fuel availability/prices).

• s. FBC boiler:

•

(i) B&R. should iJJclude a contpaIiltive analysis,with a modem ¢OnveIl'tional
boiler/turbine generator unit of the same output rating, with the external
environmental benefits (or damage avoided) factored into the analysis.
Otherwise, as ~aistrenko suggested, we are comparing apples and oranges.

(ii) It would be desirable to obtain a quote from the Polish firm "lafako, n which is
aggressively pea(Jllng its FBC boiler in Ukraine (alleged:!y, ,Rafliko is offering the
most competitive price among major vendors).

(iii) It looks that it will be difficult to jUstify FEe as pan of a least-cost upgrade
packa~~. As I told you, given the high priority GOU asc:ribl!S IO me FEe
~chnology. we may justify it as a demomtration project in the interest of technology
transfer, But. in this case, one 62.5 MW unit would be adequilIe; and since it would
be a boiler demo, DO newtnrbine generator woUld be necessary-one' of the existing
100 MW unit could be refurbished. B&R could examine the feasibility of this option.
Toml ,ost would pres~bly be in the range of S3O-35m.

, .
6. Cost estimates: The 20% import duty should be dropped from the cost estimates. All
equipment under the Bank~financed project will be exempt from taxes.
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Parsons AnalySis

1. General remark: The analytical :framework and the parameters need to beefed up
comiderably before. the report can be used for the screening of options. All assumptions
(mel. conversion factors) U8~ iDthe analysis should be reponed in a special table(s)t similar
to the KEMAlComprimo study (we called Parsons's attention to this early on.). ... .
2. Need far life-cyclc costing: Using aunifCIID. lS-yr scrvic:e-excension1ife for all
options (incl. FBt) is technically iDappropriate. Thirty years 'should be used for FBC, while
25-30 ys coUld~ cOI15idercd for options 3 aml4 (esp. for the clean coal alternatives).

. ".

3. For the economic analysis, they.should use "economie ll prices. For coal. this is the
--- . ~b.cmet'price of RussianJPoli$h coal. not the lI1ist'priccs~ n which suffer from .serious .

distortions (cleaned ·coal is over-prieed· relative to uncleaned). Economic' priceS are .
significantly lower than the financial prices ICported in the Parsons table (~Fuel
Infomwion"). I asked Heinz Hendriks (478-2887), out' ~oal specialist on Ukrame. to provide
you with the economic price of uncleaned and cleaned scbtib. 'Waste coal (sthlam): S7/t.
For uatural gas, th; 1996 price is $80/tcm, $85 in 2000, and $110 in %010. Fuel oil (mazur):
1996: $80/t. 2000:· 85. ZOIO: 90..

4. Capital COst by year: the first year should he 1997 (not ·199S-how can they assume
expendirure for 19951) and should be consistent with tbe suggested implementation schedule
in the B&R report" .

•

•

..
S. "Existing operating c;:osrs": it is DDt clear which units are covered by the reported
figures (one or two?; aren"t these plant-wide O&M numbers?-this should be clarified or
amended, as appropriate). Wha.t is "Added Repl Fund"?

6. Why is levelizcd cost higher under optio.n.4B (clean coal) than under option 4A.
despite lower capital cest and higher efficiency of 491 One would expect the opposite.

. .

7. Capital costs should not contain import duties.
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1.

2.

3.

4.

5.

3. RESPONSES TO COMMENTS ON BURNS AND ROE STUDY
FROM I. DOBOZI. WORLD BANK. 11/12/95

Basis for selection of Units 10 and 13
Response: Selection was made by others and given to BRC as part of scope.

Modifications to bases of life extension
Response: Bases are being changed to indicate a 15 year life for
refurbished/repaired items and 30 year life for replaced items

Revised S02 and NOx emission limits
Response: Capital costs are unaffected by the new S02 and NOx emission limits.
Operating data will be adjusted.

Co-Firing ratio
No response required from Burns and Roe.

FBC boiler
(1) Comparative analysis with conventional design

Response: Not within present scope
(II) Additional budget quote from Polish firm "Rafako"

Response: Not required in present scope
(III) Develop a 62.5 MW option with single boiler

Response: Not in present scope

•

6. Import duty in cost estimates
Response: Import duty costs will be removed from estimates and cash flow data
supplied to Parsons Power will be revised accordingly.
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NBS SAGE

Dear Mr. Peibus:

It was plea~ meeting you last week and diScussing the results of the study. Enclosed are
my comments on the study) most of whkh. were raised during the last week discussions•

. comple,menting co~entS from other memebeIS of the World Bank team.

Sincerely,

Vladislav Vucetic
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1.0 Bums and Roe Study

1.1 Rehabilitation of OBits 10 and 13

1. The increase in steam production from 400 tth when U&m8 wdeaned coal (options Ib and 2b)
to 564 :tlh (40% increase;,~ tables 4.4-3. 4.4-4~ pp" 4-79, .wO), or even to 640 tIh (60%
increase; p. 4-4,5), ca:asc:cljust by switching to the design ("clean") coal (aptions 1a and 2a),
seems as a possible overesthnadon. particularly given tbe significant reduction in use of .
supplemental fuel when using clean coal (from 30$ to 15%). It woul~ need EO be elaborated
and better proven. ThiS is very impOZbnt, since the inciease in steam production capacity
allows for a. siinificam1y higher power rating af the units ~d also affects the specifir:.hf;it rates,
whieh are driVing't'ehabiliwion benefits indicators. .

,
2. A major l'foblem with the existing units Is their poor !oad":following capabilities. The study.

however, docs not assess this capability in relation to the proposed rehabilitation options. It
would be very useful to quantify lold.following indicatoIS foI' each of the options proposed.

3. The proposed,use of low NOx burners in anthracite-firec;1 boilers is noe wel!o.established
technology and'may not bring the expected benefits. It wOuld benecessazy.to support die
claimed perl'OnnaD.et by data from a ret~c::e plant or zests pmoxmed. if any.

4. On p. 4a57 it is claimed that, with low NOx burners, NOx emissions would be reduced from
1000 m:1Nm3 [0 800 ~1Nm3 when switching from UIlcleaned to cleaned c:oaI. This lea.ves the
impression that coal cleamng may reduce NOx ·emission, 'khich is not correct. To wlult factor
is this reduction due? Redl:Iction in supplemlOItl fuelllSe? '

5. CQst of a new 22S-MWg~~r does not seem to be accoumed for in Options 4a and 4b
(tables in the AppendiCes A and B); please explain. .

6. Dispatch, control and monitoring at the plant level bat IWt been addressed. except for I passing
remark in Section 4~1.6. Is it necessary, e.I.• to upgrade both equipment and proCiCdurcs for
scheduling plant production amoDi the individual umts? '.'

7. It would be very much of niterest to examine a ease with arch-firing and a new 225-MW turbo-
generator sec, partU:ularly for wt 13 (combiDiDg ,options 3 and 4). .

8. To properly ~Yz= 'benefitS from any of the rehabilitation options, it 'is necessary to describe
performance of the units. over time, in case no rehabilitaticn is done (expeoted life·time.
availability. operating and maJntenance costs. fUel consumptioIllbeat rates. use of supplemental
fUel. erc.). Recent data on plant and unit perfonnance slumld be pr~ented. (heat rates, fuel mix
• ~uding teasons for the mix. totll generation, sta.:don use. etc.); it wouId be useful to cover
several years, including 1994 and 1995. , I

9_ It ma)' be i:hat adttWooal measur~ are need~ foi'rehabilitation. which could·not be prop"erly
assessed in the .course of the feasibUity study (e-g., metallurgical tests ofhigh-pressure parts).
An assessment of this uncertainty in the form of contingency allowances would be necessary.

. 10. An additional problem in determining the blsis for calculating n:cluetionsm emission levels
comes from the' fad: thai a reduction In suppJerncutal fuel fJ,se is foreseeJl. which would lead. to
an increa~ in emission level relative to the =~~t situation in which use of natUral las is
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higher man in any of the after-reahab cases. Has this fact been properly accounted fDr in
assesslt1g the emiSsion levels after r~i1iration?

'. .
11. It would be neeessuy to specifY characteristics of each type. of fuel assumed (uncleaned and
, ,cleaned CQal1~i'bt scbl:am)t inclUding sulphur content. Specitic:aIIy, what is the reduction in

sulp~ assumed for clcan;d coal/schab?

12. Speci.fil;ation of all parameters (fitel characteristics, environmental performance. thermal
etn;iellcies, supplemental fuel rares. ma:dmum capaCiit)', load following capability, etc.) should
be gi'VlMl with suffIclettt detail to allowpotemial 'suppliers to give performance BUuamees.

13. Soine ~sts for the proposed environmental measw:es seem to bl! roo lo\v, particularly for me
. BSPs, BIlel FGl) fad1ities. Are 'they b~cd on Ulcrafttiatl, CIS or Western eswnates? (E.g.,

KEMAts study estimared COSt for ESP for a200-MW boiler at US$10 mil1ion.)

14. There are potential problems with the proposed selective non-eatalytic reduction. some of which
are discussed in section 4.3.2.2 (pp. 4-S1,4--58). However, the ctiscussion does not lead to an
~licidy stated judgmeutlopionion on applicability of tbi! t!clmology in the Ukrainian and
Lugansk conditi,?ns. .,

15. Imponant parameters (like heat rates, supplemental fuel rate&. etC.) should be given for partial
loads also, DOt just for tho full load.

16. Characteristics of the waste and its usability for other purposes (e.g.• making i;onsttuetion
materials) should be described. Waste disposal constraints. whic:b. seem to be,severe for the
Luga.nsk plam. need to oe addressed.

, 1.2. AFBC Boiler
, '

11. A possibility ofbuilclingonty one 62.5 M.w boiler which would feed a s111J1Icr wbine (possibly
an existing on!, rdurbished if nl!e&d) .mould be investigated and presented. It,could make the
APBC Option more aIrramve on the cosEibenefit basis, and also reduce the cedmDlogy risk
involved.

18., Is it nccessary to endorse a particular technology ami a producer (p. 5-4)? 'The reasons listed
on p. 5-4 de not seem tOO I.':Onvincing for such an endorsement. particularly sim:e the coats of
~e four producers c;onsiderea appear quire close to each other (net of import duties). It would
be better to keep the discussion and the malYsis as much generic as possible, specityina
performance requirements, and based on "average~ costs. .

19, Particularly imponant is specificatiQIl of fuel for the AFBC option - it'$ c:ha.rweristics. .
availability and priCe; an elaboration of these issues would be needed to· assess viability of Ibis
option. , Comment 12 above applies for m.i$ option as well.

.: j! ':'
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Z.O PtmiODS Power Study

20. Please do not,use rCference to the' "AGEAS" (it should have 'been "EGEAS") software, since it
is a trademark; rather, use generic name "leasr-cosr model". Al$Q"the page titlm "Progress in
Luganske Project'" (the name should be LugaDsk. as in the,Bums mel Roe Study) suggestS more
involvanent by the World. Bank then is warra.meci (e.g., point 6 an the same pige implies tbat
there would be a "World Bank: report felturing the selet::ted options"). The World Bank could
assist by'making one or twO NOS of the least-toSt model with the selected options mel providing
the capacity factors forth. Lugansk plam as oUtput; theN will be no formal,~OIt.

21. Please do not use prices for the l'AFBe·, ·WASTE" and "Rehab" fuels'tram,the WorldBd
least..cosE model data base which we 'sent some time ago; those prices we~ only notlonaland
served the purpose,of sertSiti'Jity analysis fer a generiC AFBC option for a ,generic site. Prices
for fUel for the .AfBC bODer should be assumed on the basis of mfonnation from,Ukraine on

. ~ availability' and'characteristics of~ a fuel at 'the Lugansk loeation.
• 1

22. When serecning options, it ~y b~ useful to separate amlysis for units 10 ami 13, 'since least
cost option for one unit can be selected largely indeperidemly from another. ThO common plant
'c:.om.ponent can be excluded from the analysis for the purpose of screening· che options, and can
be added at rh~ end. after se1ectiDg best aption for each unie, when it would be possible to
perform economic analysis, for the. IC3St.(:os~ plan. including both units and the (;Ommon plant .
system. (Such analysis. at the end. woukl be ot interest to give COSt of elecuicitY for the optimal
selection across'the capacity factorrll%l8e.)

It seems that gptioDS dominate eaQh other across me entire range of capacity factors with very
few exceptions, and the least-cost option dominates aU others. TheIefore, the screening CUlVCS

.seem to lead to the selection of the least-eost option without need tor a sysrel11-wide analysis.
Thc'lclISt-cost system analysis would men be needed. oIily to provide ca~ity factors fOI the
financ:ial ,analysis.. ' . ,

• I

23. Analysis of the benefirs from using or selIIDg me waste matCrlal would be useful for
differentiating among options that prodUfWeS WBal: with different c:hara.cteristics and usability.

24. Rates of increase in real cOStS for O~ could be higher then Pl'Opose4 (2 %). given relatively
low starting O&M costs due to a !ess-than..needed maintenance program in recent years and low
wages. bes between 5% and 10% coul4 be more :reasonable. for the next 10 years.

3.0 GmeraJ

25. It would be very useful toin'Volve experts from Mincncrgo' and the Lugansk plant'at the
working level• .and solicit !heir comments, opinions and counter-proposals (in case of possib]~
disagreunems in proposing engineering meiSures and estimating costs and benefits). This
would allow for a sense of ownership of the smdy by the 'lIkrainians, give. rhem cl1anc:e to
debate the issues before plesenli~ reports, eI1hance underscanding of foreign consulUl'DU of
local problems. ultimately. lw1 10 better proposa1& and euier cliscussion in procecdiDg with
the project. .

I.



• 4. RESPONSES TO COMMENTS ON BURNS AND ROE STUDY, V. VUCETIC,
WORLD BANK. 11/15/95

•

1.

2.

3.

Increase in steam production from uncleaned to cleaned coal
Response: Refer to Item 6 in Response to Document No.1.

Load-following capabilities
Response: The existing boilers are very large for this steam rating compared with
current Western designs, with high thermal inertia, and therefore they have very
slow load-following characteristics. An assessment of their load-following
capability, as existing and in each rehabilitation option, is beyond the scope of this
study. Even if this assessment were made, there wouldn't be much that we could
do to improve it without very major modifications.

Capability of low NOx burners
Response: Several boiler/burner manufacturers offer double register low NOx
burners for pulverized bituminous coal, for horizontal, opposed wall firing
furnaces. These burners, when used in conjunction with bulk furnace air staging
(over fire air) can reduce NOx emissions by 55 to 60 percent. Admittedly, their
use with low volatile, high mineral matter content anthracite coal is not a well
established technology.

Deutsche Babcock has developed and is in the process of testing its low NOx
Type DS (swirl stage) burner firing low volatile anthracite coal. Foster Wheeler
reports that it intends to initiate a similar testing program shortly.

We included low NOx burners together with SNCR for control of NOx emissions
in our report, as we believe that suitable burners will have been developed by the
time required for this project.

4. Reduction in NOx emissions: uncleaned to cleaned coal
Response: Estimated uncontrolled NOx emissions of the existing configuration,
wet bottom furnaces with minimal modifications are 1600 mg/urn3 with uncleaned
shtib and 1300 mg/urn3 with cleaned shtib. The reason for the lower emission
estimate with cleaned shtib firing is improved furnace heat sink efficiency and
thus lower combustion zone gas temperatures with lower mineral matter content
shtib, less probability of furnace slagging. Less supplemental fuel firing with the
cleaned shtib tends to increase NOx emissions because, although formation of
thermal NOx is reduced, the addition coal firing increases fuel NOx.
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•
Estimates of controlled NOx emISSIOns, using in-furnace combustion
modifications (i.e., low NOx burners), from the existing configuration wet bottom
furnace boilers with minimal modifications are 1000 mg/nm3 and 800 mg/nm3 for
uncleaned and cleaned shtib firing, respectively. These estimates represent NOx
emission reductions of approximately 38% in each case. We believe that low
NOx burners should be able to provide these relatively modest NOx emission
reductions.

We recognize that the 800 mg/nm3 with cleaned shtib meets the new NOx
limitation; however, in view of the controversy over the effectiveness oflow NOx
burners, we propose to keep the SNCR system in the cost estimate as backup to
insure that the NOx limitation will not be exceeded.

5. Cost of new 225 MW generator
Response: This is included in the cost of the turbine

6. Dispatch, control and monitoring at the plant level
Response: New control equipment in the individual units will be suitable for
receiving a dispatch signal from external sources. There is no system provided for
the overall plant.

•
7. New option for arch-firing with new 225 MW turbine generator

Response:

Capital Cost Estimate, $

Unit 10
Uncleaned Cleaned

Coal Coal
96,024,10 95,280,24

4 6

Unit 13
Uncleaned Cleaned

Coal Coal
96,048,19 95,210,77

7 0

•

Performance data
Turbine gross output, MW 225 225 225 225
Turbine gross heat rate, 1889 1889 1889 1889

kcal/kwh
Unit net output, MW 206.6 208.6 206.6 208.6
Unit net heat rate, kcal/kwh 2286 2263 2286 2263

Detailed breakdowns of the capital cost estimates are included in the attached
estimate summary sheets. The increase in cost from Option 4 is due to a
reconfiguration of the boiler furnace with a much more steeply sloped bottom
section than that included with Option 3, to accommodate the additional steaming
capacity. This.necessitates a deep sub-level below the existing ground floor at the
furnace. Also the air preheaters must be moved slightly and the connecting
ductwork modified.

1-4R-2 (
';)
~,



•
8.

9.

10.

The furnace in Option 3 is also sloped, but to a lesser degree, which avoids
excavation. We considered this slope suitable for the lower steam flow.
However, the configuration would have been inadequate for the Option 5 steam
flow.

Develop details of Base Case consisting of "no project"
Response: Details of 1994 costs were obtained from Lugansk GRES and given to
Parsons Power for developing the Base Case.

Need for contingency allowances in cost estimates
Response: Contingencies have been included for all items in each cost estimate,
ranging from 5 percent on construction management and engineering to 20
percent on civil/structural items. These contingencies cover possible variations in
the actual cost of each item plus miscellaneous minor items not identified.

Effects of supplementary fuel on emission levels
Response: The increase in emission levels resulting from reduction in
supplemental fuel use has been taken into account in determining emission
reduction requirements.

Characteristics of cleaned and uncleaned coal
Response: The following characteristics were provided by PETC:

•
11.

Moisture, %
Volatile matter, %
Fixed carbon, %
Ash,%
Calorific value (LHV), kcal/kg
Sulfur, %

Cleaned

8
3-6
68-71
18
5720
2.6

Uncleaned

8
3-6
50-53
36
4400
2.9

•

12. Specification of all parameters to allow potential suppliers to give performance
guarantees
Response: These details should be prepared as part of the tender documents.

13. Cost of proposed ESP's and FGD's
Response: Cost estimates are US supply and Ukrainian installation. The supply
costs are based on in-house information including proposals for similar
equipment.

14. Potential problems with the proposed selective non-catalytic reduction system
Response: Refer to Item 1 in Response to Document No.1.
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• 15 . Important parameters should be given for partial loads
Response: Heat rate and generation data at partial loads have been provided to
Parsons Power for evaluation.

•

•

16. Characteristics of the waste and its usability for other purposes
Response: The problem of lack of disposal area for ash was not reported to us
until the November 8, 1995 meeting at PETe. All options in our report are based
on utilizing the existing wet ash disposal system which conveys the ash to the
existing ponds. In this condition it can be used only as a fill material.

17. Investigate the possibility of building one 62.5 MWe unit with CFB boiler
Response: Not in present scope

18. Necessary to endorse particular CFB technology and producer?
Response: Scope required budget cost estimates from two or more US
manufacturers and at least one Ukrainian manufacturer. Selection of one
technology was required to develop layouts in order to determine installation
costs.

19. Elaboration of CFB fuel details (Characteristics, availability, price)
Response: Characteristics of CFB fuel we provided by PETC (the uncleaned fuel
listed in Item 11). Investigation of other aspects - not in scope.

I-4R-4



M• •OOCTCpCTBO eneprC1JDm
T.R eJJCI(1'!'){q,ma....ii
VJt'paillH

• (MiII8H'e1~!'o '!,:,.K.1Ji:Ul1H.)
:15:1601, ~(lIt.IIIY'fAl
I(uhFl, llyn, Xpc1WJ.'rftR, 3D..
'fen.: (fH4) .291 78 ~m

Q)J1UC: (O~~) '-2£ 40 2:1
...- ....-.-... . .._-.-.....................-.... ......_.~._ .....

Ministry of Po,,'(~r

Industry al1d
lllc(:tJ'ific;nt:inn of
lJkraine
(rvliJltmt}rgo 01 tJ.kl'aine)
.'v, J!Ju ~eb.a.tt I~ ~tr. I

lOt.\' I Uk-nunc, 252CiO'I.
PhoDt:: (:~80 4.t') ~91 73 33
F~~: (3tiO ti~) 22~ 4,0 21

,......~....:...::.:.:.~ ':: ...- ~ .::::::=::-.,':::..::.:::.::::.:.;;.-- ...:;--_.-'-

•

TO: Howard F~J.bus,

Direeto.l'
Of1'ice oJ Cle«u ~;oAI °rr.r.hnnlngy
US DcpaltJn.ent oj Energy

bt.van DobozJ.
S<'U11or E(.:ono.lU1st~

T~chnictU VefJart.meni. ECA/MEMA
The Wo.dd Bank

JuhJ1 R\lether
Oil"cctor
Systems Anal~ Dlvlsiun
PErC

L>ear Mew~, Fcibns, Dobozi, Ruether:

FAX:8-101..301·903-240G

llAX: 8-'101-202· 4.77 ,,0686/1523

FAX: 8~101·412 ..892·4G04

.A ,~.J __..•

Oll t.hc basis of our Dloetings held within the peJiod of NovCJnbctr 8.. ,9, 1995 in the
PETe ~Jld 'l:JH1 World Ba.uk, we :sr.nd YOll a.Ust oJ Qup.~t.innlt ~ntJ I'I~m 1\,.1.011 I"hi"h we.
would like to ask yOll to take luto acconnt dU1'iug preparation of tech.nical IUld econumic
study recommended to th.e Lugn.n~ka.ya. ORES. As plellinimuy 4\greed, this study 1&
nect~'1SfU'Y t.o co.usidnr once .,gain during 1.h('1 me~tings plauncd in Kiev in t.h.e middle of
Dec(~JD.ber (1995). . .

1. Upon the rCCODS\;fllctlon in a.ccordance wIth 1B-case, W1it CA.p~wity. 1Jl OIl[' opinio.D,
should be :lCc~lpted t$ 1GO MW~ J:a.t:h.cr thtw 200 MVle; a.~ to 2B-c~sc ~ 180 MWc.

2. III accordance with. the dat.a of the World B."l.nk, Wof: St~g~t to as:;umc thc~ illGnnsioR
In pdce of na.ttU(il gas up to 200...210$ US [01' 1000 Nm by tJ1C yea.r of 2010, a.u.u 250$
US by 2020.

s. 1.0. Q.ccol·dcwcc with t.ha eaJC:tllatlom. conductad.in DHTE.C. alld described in. a.t'ticJr.
"OJ.:{CJU(A YCJIODQCl'a6UJ.mRoro .ropelDlll BbICOl(030JI&HOrO Am D cl>ttl.(eormJIblX

lmTJTOIU'IU'lTRTlI'!C r mt;ltY.)fM mJllmoY,l(~JIClm[c!-!" (*y jlH,WL DJ1t:lu'c'uum H 9JJm('.rpxep:nmuum
J\b1, 1.995). Itud taking into account the experimental remits ob1:ldncd in PETe, we
propose to ar.cept t.he following now raies of .nat.ural ga~ (on tlltl heat b:t.')is) for the
l'e(;Onstl"UciioD. of bollet' WJits a.t the Luga~ka.ya GRES:
1A.ca~~: 35%, tD-cAsn: 20 %. ~~....I"n_<:~: ~f'l (v.' ')l~ ••••_- H' tV .., ...

eESTAVA!tAfJl..Ccopy
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•

•

•

4. We thlt.tk. that it i$ n.ecftSSary for economic compar]son of different ,:ases of
rur.OD.''truct1on oI the Luga.nskaya GRUS to a.ccept the i.nstaH atio:n of one CFB boH~1'
with cApacity of 125 M'We rather thaIl two bol1em o! 50-62.5 l\tWe.

S. We ask to take into account wheJ\. lllJ\ki.ng calc'.111aUnD of r.col1omic t:fficlem:y tbat
U,pOJl th~ recunsta'Ul~t1on the TP"100 boiJer should work (lw'lng Jlext is years, whilc: CFli
boiler ' abollt 30 yeA1'9.

G. 'l'aJ.Ing 'n1;0 aeC6ltnt that CFB boiler is capa-bIt: tu u')e anthracltr. with mOle lower
calorifIC val.ue) slag and coal cleaning waste, we uk you to considf.r thf. coal wit.h
calorific valUft of 3700 keal/kg for thr. r.alclilatiOll of CFB t3Stli as io pulverised-coal
COmb1Jsti.O.D., the coal with c:alolifk ,ra1Uf! of 4800 kcal/kg And mor~ is rer.nmmendcct.

1. If Am~lr1ca.n.boller manufacturers ha.ve obJccti()u''i CDn(:emiLlg thn jt.e.m. 3, we would .
request for grounded asse.'i~ment. taking into ac('.oun1. that aljh contents In fuel could
strongly devial~ wIthin short pr.riod of time ("f ,approximatt:iy one h,our).

H. '1'hr. cOllte1Ji:t ot carbon in fly asl1 for the ctU.t~u.l.atlon o[ J:ccon$t.ruetion of Tp·,100
boilor Wlits is assumed as 12."16 % a.nd thl, n.'i51Ull:p'U,OJl has not been r.onflrmed by any
caJculatiDn. We think that in case ilu~ or.ig1n. anthracite culm Is mu~d at 100 %boiler
luad. the ca.rbon contf.nts in Ily ash will btl at 30% (lor lA· case Alld 2A·ca.se), 20 %
(SA-case), 25 % (4A- cft.lie). In ca.,e A ckancd anUJraclte (48· case) is used, thc' carbon
tnntent in fly ~h will 'be at 15, .. 18 %. WWle decrea.,lng t.hQ load of holler unii, t.he
ca.rbon (~ontents in fly ash will increa:II~. The last is of gl'ea1. irnportanc~(: if ta.1uug illt.O
AC(:<Jtmt that tJle boller uuits should operate wJthln the load raD8e of 50... 100 %.

9. It 1" ,oece~$ary to tak.e .int.o account in calculation the payment of endlSsions within thf
penaJtl<t"i which will be introduced o.n January 1, 1996, It i!; nrmnssary t() Zl.'»SWllt the
values of eff1ciel1l~Y .for NOx-SOx and dust. removal at the levnJ ugl'ecd with you du.rinl~

the meetings held in PETC OD November 8) 1995.

'10. We abo a.,.k you. tn takn tnto accollnt; the .results of t.asts conduct.r.d at tb.t~

Babcock&WiJ.r.ox and the ,PETC in October... November, 1995 whn)"(1 the Ukrainia,n
anilnacitc culm wa'J US(l(t whUe making technical and econoJlli~ compl.tl~on of cliffr.rcnt
reconstrnction vArlRnts of the L'"8anska.y./l ORES.

We hOJ)(~ that our cnmrn.cllts and Dntf'-S would a.'t.,j~t in economy t~alcttlatioD for
reco.nsLrud:'an. of boller uuit5 No. to aDd 1.3 at Lugansl,aya GRtiS, ~l)proachin.gUHl
me«,tings of 11... 13 December, 1995 in Kiev.

Dest. J.ugarcb, 0 _
St.a.nislav V. Yatskevich ~
Head oC the Board at Ukrainian Mimmergo

Alexander Yu. Maystrmlko I~J~
Deputy Head of DHTEC ~
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5. RESPONSE TO COMMENTS FROM MINISTRY OF POWER INDUSTRY
AND ELECTRIFICATION

1. Suggest rehabilitated capacities for options 1Band 2B different from report
Response: No comment.

2. Suggest supplementary fuel requirements different from those in report
Response: No comment

3. Suggest one 125 MWe CFB boiler instead of two 62.5 MWe
Response: Not in scope.

4. Coal specification
Response: Refer to Item 11 in Response to Document No.4.

5. Carbon in fly ash
Response: Refer to Item 2 in Response to Document No.1.
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• KDO~W

Date: November 16, 1995

From: Mort Blinn

To: Don Fitzgerald

cc: John Ruether
Jim Wilbur
S.N. Rao

subject: Stack Parameters for Lugansk GRES options

•

As we have discussed, the World Bank has suggested "norms". for SOx
and NOx emissions from rehabilitated Luqansk GRES boilers~ These
norms are suggested as replacements for Ukraine emission standards
for projects such as ours. The acceptability of these rlorms to
Donbas environmental officials will depend upon whether or hot they
cause ambiQn~ air quali~y liMits to be exceeded. Bill Lane of the
World Bank will visit Ukraine in a week or so to partic~pate in
dispersion calculations to evaluate the effect of the norms upon
air quality. !

I have undertaken to obtain the needed stack parameters [for the
ambient air quality calculations in Ukraine. victor Gorokhov is
obtaining Lugansk GRES information on stack dimensions, liners, and
other parameters including current emissions, i.e. the emissions
for boilers, including units 10 and 13, exhausting through the same
stacks as units 10 and 13. I

!
To evaluate the consequences of options 1 -4 studied by BR¢, would
you please provide me with flue gas and pollutant emissions, for the
cases having the greatest and least emissions, per the list below.
This information will be used to derive parameters used in the
Briggs plume rise equation.

• Flue gas emission rate, kg/sec

• Pollutant emission rate, q/sec
SOX
NOx
Particulates

• Exit temperature at base of stack (after the last
pOllution control device),OC

• Exit temperature a~ stack exit, °c

• • Density of emitted flue gas, kg/mJ
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• 6. RESPONSE TO REQUEST FOR STACK PARAMETER DATA

Greatest Least
Emissions Emissions

Flue gas emission rate, kg/sec 312 256

Pollutant emission rate, g/sec
S02 1,029 215
NOx 257 143
Particulates 30 27

Exit Temperature, °c
Base of stack 130 130
Exit of Stack * *• Density of flue gas, kg/m3

Base of stack 0.888 0.888

•

* Dependent upon mixture of flue gas entering stack.
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• Date:

From:

XBMOJUUmUX

November 28, 1995

Mort Blinn P;;

•

To: Don Fitzgerald
Peter Kemeny

cc: John Ruether
Jim Wilbur

Subject: TA B-ll, Subtask 51.08, USAID/Ukraine Support
Additional Question Concerning options 1 and 2

PETe/DOE is concerned about being able to answer q estions
concerning rehabilitated boiler performance that miqht rise at
their meeting' in Kiev on December 11-12. Additional q. estions
relate to factors concerninq the differences in output between
rehabilitated boilers operating on uncleaned and oleaned oa1:

1. As you discussed by telephone earlier today with H. Fe bus and
John Ruether, Dr. Feibus estimated that when a rehabilitated boiler
operates on uncleaned coal cofired with natural qas, the total heat
input is about the same as when it is operated on cleaned ccbal plus

•
cofirinq with less natural gas. He estimates the total a$h input
to the boiler is the same for each case. Therefore the luestion
has arisen regardin9 why the steam and electrical outputs differ.

2. An additional question phoned to me this afternoon ap roaches
the subject in a different manner. In this case DOE/PETe wishes to
have a listinq of the various factors that contribut~to the
degradation in performance of a boiler prior to rehabilitat on, and
the amount (in MWe) contributed by each factor 6 Examples of such
factors include: air ingress, production of BFW by ste usage,
turbine cylinder deqradation, leakage at air preheater sea s, etc.

~~A1so, DOE/PETe wishes to have a quantified list Jf post
rehabilitation factors that contribute to the still ~e9raded
performanoe of rehabilitated boilers operating on uncleaned ooa16

It is recognized that budgetary and time constraints Wi~l cause
di.fficuH:y in providing answers 'to these questions. tHCWever
acceptable answers might be to describe the process sed in
estimating the electrical outputs given in the Lugan k GRES
Rehabilitation report. Information regarding limitations limposed
by the coal mills seem to be critical to the exp1anation6

In view of the fact t.lotat BRC is now workinq on answers to an
earlier set of questions that have been promised for del~very to
PETe on Friday, December 1, it is recommended that answerll to the
earlier questions be completed before starting to develop answers
to the above new quastions.
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• 7. RESPONSE TO "ADDITIONAL QUESTION CONCERNING
OPTIONS 1 AND 2".
M. BLINN. 11/28/95

1. Dr. Feibus estimated that with "minimal" boiler rehabilitation, the following
provide the same heat input and ash input, and therefore questions why steam and
electrical outputs differ:

Uncleaned coal co-fired with natural gas
Cleaned coal co-fired with less natural gas

Response: Our estimates for supplementary natural gas fuel are based on amounts
needed for flame stability. Using these estimates, the following tabulation
indicates that the heat and ash inputs are not the same for the predicted
generations:

•
Supplemental fuel, %
Main steam flow, t/hr
Boiler efficiency, %
Total heat input to furnace, mkcal/h
Heat input from coal, mkcal/h
Coal mineral matter, % by wt
Coal LHV, kcal/kg
Coal mineral matter, kg/mkcal
Coal total mineral matter input, kg/hr
Ash split, bottom ash/fly ash, %
Fly ash flow rate, kg/hr

Uncleaned
Coal

30
400

79
370
259

36
4400
81.8

21,186
15/85
18,000

Cleaned
Coal

15
564

82
480
408

18
5720
31.5

12,852
15/85

10,924

Both of the above conditions should have about the same flue gas velocity
through the boiler convection pass and, therefore, the reduced particulate loading
with cleaned coal firing will result in much less pressure parts erosion.

If the percentage of supplementary fuel were increased while burning the
uncleaned coal, the heat input and generation would increase and the ash loading
would decrease.

2. List of various factors that contribute to degradation in performance prior to
rehabilitation and MWe contributed by each factor
Response: The list would include the following factors:

•
• Creep life is exhausted in boiler pressure parts operating at high metal

temperatures.
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• • Boiler/furnace setting deteriorated condition, resulting in large amounts of
unmeasured ambient air ingress, boiler efficiency decrease, resulting in
increased flue gas volume which is limited by capacity of draft system.

• Rotary regenerative air heaters radial and circumferential seal systems
deteriorated condition, resulting in increased flue gas volume which is
limited by capacity of draft system.

• Low heating value coal requires increased feed flow, which is limited by
capacity of coal milling plant.

• Coal milling plant throughput capacity decrease due to reduced grinding
index; i.e., grinding capacity decrease. Highly erosive coal mineral
matter, high wear rate of grinding/drying circuit components, false air
ingress into circuit, reduced ballmill drying capacities.

• Low quality materials for replacement boiler components, lack of hard
currency investment capital for thorough/regular equipment maintenance
and purchase of spare parts from OEMs.

• Steam flow to evaporator in each unit to produce its make-up water.

• • Leakage in the turbine steam condenser.

Of these factors the only one we are able to quantify is the steam flow to the
evaporators, which costs about 3.5 MW. We have no way of determining the loss
due to each of the other factors.

3. Quantified list of post rehabilitation factors which contribute to the still degraded
performance on uncleaned coal.

Response:

• ;Boiler/furnace setting false air ingress, this problem will not be corrected
radically by the patching up of the setting. The flue gas volume will still
be limited by the capacity of the draft system.

• Coal milling plant capacity limitation due to lower heating value coal.

• Coal milling plant grinding capacity decrease, due to reduced grindability
index.

•
• As in Item 2, we have no way of quantifying the loss due to each of these

factors.
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• II OPERATION AND MAINTENANCE DATA

CONTENTS

•

•

1. Baseline Data

2. Data for Options in Report

3. Data for Options in Report, Based on Revised World Bank Emission Limit
Criteria (for S02 and NOx of 1200 and 480 mg/Nm3

, respectively).



• 1. REHABILITATION OF LUGANSK GRES

BASELINE DATA

1. Present Unit Ratings (M)Y}

Unit 10
Unit 13

Maximum

175
175

Continuous

143
146

2. Minimum Downtime Rules

At present time there are no rules governing operation of the grid. Because of high

operating cost, Lugansk GRES is currently run as an intermediate load-following

unit.

3. Unit Power Operating Levels and Heat Rates

Unit 10

Load Level % 100 75 50* 25*

• Turbine Gross Output, MW 139 104.2

Turbine Gross Heat Rate, kcal/kWh 2042 2148

Unit Net Output, MW 126.5 93.5

Net Unit Heat Rate, kcal/kWh 2805 2975

Unit 13

Load Level % 100 75 50* 25*

Turbine Gross Output, MW 145.5 109. 1

Turbine Gross Heat Rate, kcal/kWh 2032 2126

Unit Net Output, MW 132.6 98.1

Net Unit Heat Rate, kcal/kWh 2852 3004

•
*Operation at these loads is not recommended because the boilers are wet bottom type

and slag is likely to solidify
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• 4. Maintenance Schedules

At present there are 3 types of planned maintenance shutdown periods:

1. (Minor) Preventive Maintenance: 13 days/year

2. Intermediate Repairs: 25 days/year

3. (Capital or) Major Overhaul: 100-120 days/once in 4 years

The last major overhaul dates were:

•

•

Unit 10:

Unit 13:

5. Unit Forced Outage Rates

Unit 10:

Unit 13:

8/15/91 - 12/31/91

2/13/93 - 8/02/93

3.7%

4.9%

II-I-2



•
VARIABLE 0 & M COSTS

•DATA FOR OPTIONS IN REPORT

OPTION 1A

.-
UNIT HOURS OF OPERATION COAL USAGE ITPYI OIL USAGE ITPYI GAS USAGE 11000 m31 LIME USE UREA USE ADD'LMNPWR WATER CHEM'L

NO. EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED tons/vr USqaUvr COSTSlYR COSTSlYR

UNIT 10 5,919 7446" 246,060 435,696 21,583 0 99,302 101,442 0 0 $52,560 see below

UNIT 13 7,014 7446" 461.555 447.748 27252 0 34,776 104,248 0 0 $52,560 see below

TOTALS 12,933 14,892 707,615

"= 85% AVAILABILITY

883,444 48,835

790,(, BOILER EFF.

o

OPTION 1B

134,079 205,690 o o $105,120 $60,880

UNIT HOURS OF OPERATION COAL USAGE ITPYI OIL USAGE ITPYI GAS USAGE 11000 m31 LIME USE UREA USE ADD'L'MNPWR WATER CHEM'L

NO. EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED tons/vr USqal/vr COSTSlYR COSTSlYR

UNIT 10 5,919 7446" 246,060 528,870 21,583 0 99,302 65,913 0 0 $52,560 see below

UNIT 13 7014 7446" 461555 532372 27252 0 34776 66350 0 0 $52560 see below

TOTALS 12,933 14,892 707,615

"= 85% AVAILABILITY

1,061,242 48,835

82% BOILER EFF.

o

OPTION 2A

134,079 132,263 o o $105,120 $85,841

-..
COAL USAGE ITPYI OIL USAGE ITPYI 1000 m31UNIT HOURS OF OPERATION GAS USAGE LIME USE UREA USE ADD'LMNPWR WATER CHEM'L

NO. EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED tons/vr USqallvr COSTSlYR COSTSlYR

"-----

UNIT 10 5,919 7446" 246,O_~ 435,678 21,583 0 99,302 101,437 35,376 2,010,420 $52,560 see below

UNIT 13 7,014 7446" 461555 447789 27,252 0 34776 104257 35376 2010420 $52560 see below

TOTALS 12,933 14,892 707,615

"= 85% AVAILABILITY

883,467 48,835

79% BOILER EFF.

o

OPTION 2B

134,079 205,694 70,752 4,020,840 $105,120 $60,880

UNIT HOURS OF OPERATION COAL USAGE ITPYI OIL USAGE ITPYI GAS USAGE 1000 m31 LIME USE UREA USE ADD'LMNPWR WATER CHEM'L

NO. EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED tons/vr USqallvr COSTSlYR COSTSlYR

UNIT 10 5,919 7446" 246,060 529,022 21,583 0 99,302 65,932 36,074 1,638.120 $52,560 see below

UNIT 13 7014 7446" 461555 532299 27252 0 34776 66341 36074 1 638120 $52560 see below

TOTALS 12,933

04/04/96

~

::i;

14,892 707,615

"= 85% AVAILABILITY

1,061,321 48,835

82% BOILER EFF.

o

11-2-1

134,079 132,273 72,148 3,276,240 $105,120 $85,841



•
VARIABLE 0 & M COSTS

•DATA FOR OPTIONS IN REPORT

OPTION 3A

•
UNIT HOURS OF OPERATION COAL USAGE ITPYI OIL USAGE ITPYI GAS USAGE 11000 m31 LIME USE UREA USE ADD'LMNPWR WATER CHEM'L

NO. EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED tons/vr USaal/vr COSTSIYR COSTSIYR

UNIT 10 5,919 8322" 246,060 782,373 21,583 0 99,302 22,370 69,562 2,080,500 $52,560 see below_...---- --------

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

UNIT 13 7_014 8322" 461555 786.643 27_252 0 34.776 22-492 69,562 2,080.500 $52.560 see below

TOTALS 12,933 16,644 707,615

" = 95% AVAILABILITY

1,569,016 48,835

90% BOILER EFF.

o

OPTION 3B

134,079 44,862 139,124 4,161,000 $105,120 $85,841

I UNIT HOURS OF OPERATION COAL USAGE ITPYI OIL USAGE ITPYI GAS USAGE 1000 m31 LIME USE UREA USE ADD'LMNPWR WATER CHEM'L

NO. EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED tons/vr USgal/vr COSTSIYR COSTSIYR

~
i UNIT 10 5,919 8322" 246,060 633,636 21,583 0 99,302 0 44,492 2,330,160 $52,560 see below

!
UNIT 13 7014 8322" 461555 636860 27252 0 34,776 0 44.492 2330160 $52560 see below.

TOTALS 12,933 14,892 707,615

"= 95% AVAILABILITY

1,270,496 48,835

90% BOILER EFF.

o

OPTION 4A

134,079 o 88,984 4,660,320 $105,120 $85,841

UNIT HOURS OF OPERATION COAL USAGE ITPYI OIL USAGE ITPYI GAS USAGE 11000 m31 LIME USE UREA USE ADD'LMNPWR WATER CHEM'L

NO. EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED tons/vr USaal/vr COSTSIYR COSTS/YR

- ~~--- ---r - . UNIT 10 5.919 7884" 246.060 719,062 21.583 0 99,302 68,936 62,486 3,074,760 $52.560 see belowr=-:: --=~=-=
- ---

t--~---1--- ------ -~~~-

- UNIT 13 7014 7884" 461,555 719,062 27252 0 34,776 68,936 62,486 3074760 $52.560 see below

TOTALS 12,933 15J68 707~15

"= 90% AVAILABILITY

1,438,124 48,835

90% BOILER EFF.

o

OPTION 48

134,079 137,872 124,972 6,149,520 $105,120 $94,425

UNIT HOURS OF OPERATION COAL USAGE ITPYI OIL USAGE lTPYI GAS USAGE 11000 m31 LIME USE UREA USE ADD'LMNPWR WATER CHEM'L

NO. EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED tons/vr USaal/vr COSTS/YR COSTS/YR

UNIT 10 5,919 7884" 246,060 618,458 21.583 0 99,302 22.988 43,010 1.813,320 $52,560 see below

UNIT 13 7,014 7884" 461555 618,458 27,252 0 34776 22988 43010 1813320 $52560 see below

TOTALS 12,933

04/04/96

14,892 707,615

"= 90% AVAILABILITY

1,236,916 48,835

90% BOILER EFF.

o

11-2-2

134,079 45,976 86,020 3,626,640 $105,120 $94,425



• •DATA FOR OPTIONS IN REPORT

CFBOPTION

.-
'j'llT I ',llJ!<) ')I: J-':'''' '-, ),J I ~ )·,L US o\GE (TP {) )IL ')3\::;= r TDi) GAS USA3E (1'),)0 m3l LIME USE UREA USE ADD'LMNPWRr--------.--,- -_.....

·JO. I E >(IST:'JG i UD 3·'o\;)ED I E.>(ISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED tons/vr USaal/vr COSTS/YR

---~._--- I~-o-ha;.-+CFB 0 531.930 0 0 0 0 91.454 0 $210.240

• =90% AVAILABILITY

-,H~ fiXED O&M COSTS WILL CHANGE AS FOLLOWS:

86% BOILER EFF,

04/04/96

1. EQUIPMENT REPLACEMENT FUND SHOULD INCREASE BY $185,000

2. ADDITIONAL MAINTENANCE COSTS WILL BE $205,000

11-2-3



•
VARIABLE a & M COSTS

•DATA FOR OPTIONS IN REPORT, BASED ON
REVISED WORLD BANK EMISSION LIMIT CRITERIA

OPTION 1A

.'
UNIT HOURS OF OPERATION COAL USAGE ITPYl OIL USAGE ITPYl GAS USAGE /1000 m3l LIME USE UREA USE ADD'LMNPWR WATER CHEM'L

NO. EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED tons/vr USaal/vr COSTSIYR COSTSIYR

UNIT 10 5,919 7446' 246,060 435,696 21,583 0 99,302 101,442 0 0 $52,560 see below

UNiT 13 7014 7446' 461555 447748 27252 0 34776 104248 0 0 $52560 see below

TOTALS 12,933 14,892 707,615

, =85% AVAILABILITY

883,444 48,835

79% BOILER EFF,

o

OPTION 1B

134,079 205,690 o o $105,120 $60,880

UI\:IT HOURS OF OPERATION COAL USAGE /TPYI OIL USAGE ITPYl GAS USAGE 11000 m31 LIME USE UREA USE ADD'LMNPWR WATER CHEM'L

_~'i9, EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED tons/vr USaal/vr COSTSIYR COSTSIYR

-
UNIT 10 5,919 7446' 246,060 528,870 21,583 0 99,302 65,913 0 0 $52,560 see below

~

UNIT 13 7014 7446' 461555 532372 27252 0 34776 66350 0 0 $52560 see below

TOTALS 12,933 14,892 707,615

'= 85% AVAILABILITY

1,061,242 48,835

82% BOILER EFF.

o

OPTION 2A

134,079 132,263 o o $105,120 $85,841

UNIT HOURS OF OPERATION COAL USAGE /TPYI OIL USAGE /TPYl GAS USAGE 11000 m31 LIME USE UREA USE ADD'LMNPWR WATER CHEM'L
NO, EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED tons/vr USaal/vr COSTSIYR COSTSIYR

UNIT 10 5,919 7446' 246,060 435,678 21,583 0 99,302 101,437 33,253 1,608,336 $52,560 see below

UNIT 13 7,014 7446' 461555 447789 27252 0 34776 104257 33253 1608336 $52560 see below

TOTALS 12,933 14,892 707,615

• = 85% AVAILABILITY

883,467 48,835

79% BOILER EFF.

o

OPTION 2B

134,079 205,694 66,506 3,216,672 $105,120 $60,880

UNIT HOURS OF OPERATION COAL USAGE ITPYI OIL USAGE /TPYI GAS USAGE /1000 m31 LIME USE UREA USE ADD'LMNPWR WATER CHEM'L

NO. EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED tonslvr USaal/vr COSTSIYR COSTSIYR

UNIT 10 5,919 7446' 246,060 529,022 21,583 0 99,302 65,932 33,693 1,228,590 $52,560 see below

UNIT 13 7014 7446' 461555 532299 27252 0 34776 66341 33693 1228590 $52560 see below
TOTALS

04/04/96

12,933 14,892 707,615

, = 85% AVAILABILITY

1,061,321 48,835

82% BOILER EFF.

o

11-3-1

134,079 132,273 67,386 2,457,180 $105,120 $85,841

Revision 1



•
VARIABLE 0 & M COSTS

•DATA FOR OPTIONS IN REPORT, BASED ON
REVISED WORLD BANK EMISSION LIMIT CRITERIA

OPTION3A

."
UNIT HOURS OF OPERATION COAL USAGE /TPYI OIL USAGE ITPYI GAS USAGE 11000 m31 LIME USE UREA USE ADD'LMNPWR WATER CHEM'L

NO. EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED tons/vr USaallvr COSTSIYR COSTSIYR

UNIT 10 5,919 8322" 246,060 782,373 21,583 0 99,302 22,370 66,292 1,664,400 $52,560 see below

UNIT 13 7014 8322" 461555 786643 27252 0 34776 22492 66292 1664400 $52560 see below

TOTALS 12,933 16,644 707,615

" =95% AVAILABILITY

1,569,016 48,835

90% BOILER EFF.

o

OPTION 3B

134,079 44,862 132,584 3,328,800 $105,120 $85,841

UNIT HOURS OF OPERATION COAL USAGE ITPYI OIL USAGE /TPYI GAS USAGE 11000 m31 LIME USE UREA USE ADD'LMNPWR WATER CHEM'L

NO. EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED tonslvr USaallvr COSTSIYR COSTSIYR

UNIT 10 5,919 8322" 246,060 633,636 21,583 0 99,302 0 41,442 1,747,620 $52,560 see below

UNIT 13 7014 8322- 461555 636860 27252 0 34776 0 41442 1 747620 $52560 see below

TOTALS 12,933 14,892 707,615

-=95% AVAILABILITY

1,270,496 48,835

90% BOILER EFF.

o

OPTION4A

134,079 o 82,884 3,495,240 $105,120 $85,841

UNIT HOURS OF OPERATION COAL USAGE ITPYI I OIL USAGE ITPYI GAS USAGE 11000 m31 LIME USE UREA USE ADD'LMNPWR WATER CHEM'L

NO. EXISTING UPGRADED EXISTING UPGRADED I EXISTING UPGRADED EXISTING UPGRADED tons/vr USaal/vr COSTSIYR COSTS/YR

1------- f---~

UNIT 10 5,919 7884- __ 246,060 eJ19'062_t 21,S§3 __ 0 99,302 68,936 59,236 2,367,565 $52,560 see below
-~~--- f--------- ------- 1--

-------~~- -~-"----- " _. __ ._.,','_._------
----------~ f---------- -- -- - --------1----- -----~ -_.- -- -- .._._-~_ .. - ------------ ---'--- I- ----------- ----

UNIT 13 7014 7884- 461,555 719,062 27,252 0 34,776 68,936 59,236 2,367,565 $52560 see below

TOTALS 12,933 15,768 707,615

-=90% AVAILABILITY

1,438,124 48,835

90% BOILER EFF.

o

OPTION4B

134,079 137,872 118,472 4,735,130 $105,120 $94,425

UNIT HOURS OF OPERATION COAL USAGE lTPYl OIL USAGE ITPYI GAS USAGE 11000 m31 LIME USE UREA USE ADD'LMNPWR WATER CHEM'L

NO. EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED tons/vr USaallvr COSTSIYR COSTSIYR

UNIT 10 5,919 7884- 246,060 618.458 21,583 0 99,302 22,988 39,992 1,269,324 $52,560 see below

UNIT 13 7014 7884- 461 555 618,458 27252 0 34776 22 988 39,992 1269324 $52560 see below

TOTALS

~04/04/96

0"
'~

12,933 14,892 707,615

- = 90% AVAILABILITY

1,236,916 48,835

90% BOILER EFF.

o

11-3-2

134,079 45,976 79,984 2,538,648 $105,120 $94,425

Revision 1



• •DATA FOR OPTIONS IN REPORT, BASED ON
REVISED WORLD BANK EMISSION LIMIT CRITERIA

CFBOPTION

.-
UNIT HOURS OF OPERATION COAL USAGE ITPYI OIL USAGE ITPYI GAS USAGE 11000 m31 LIME USE UREA USE ADD'LMNPWR

NO. EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADED tons/vr USaal/vr COSTSIYR

CFB 0 7884" 0 531930 0 0 0 0 87795 0 $210240

" = 90% AVAILABILITY

THE FIXED O&M COSTS WILL CHANGE AS FOLLOWS:

86% BOILER EFF.

04/04/96

1. EQUIPMENT REPLACEMENT FUND SHOULD INCREASE BY $185,000

2. ADDITIONAL MAINTENANCE COSTS WILL BE $205,000

11-3-3 Revision 1



• III. OPTION 5, UNITS 10 AND 13 - ARCH FIRED BOILER,
NEW TURBINE GENERATOR

Option 5A - With existing coal fuel

Option 5B - With beneficiated coal fuel

CONTENTS

1. Report Tables Revised to Include Option 5

A. Unit 10

Table 2.2-1A&IB Task Matrix
Table 2.2-1 C Performance Summary
Table 2.2-1D Cost Estimate Summary

B. Unit 13

• Table 2.2-2A&2B Task Matrix
Table 2.2-2C Performance Summary
Table 2.2-2D Cost Estimate Summary

2. Estimate Summary - Option 5

A. Unit 10

1. Option 5A
2. Option 5B

B. Unit 13

1. Option 5A
2. Option 5B

•
Note: Import duties and taxes have been excluded from above costs.



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 5A· UNIT 10

ARCH FIRED BOILER & TURBINE REPLACEMENT I IMPROVED EMISSION CONTROLS

.'
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

CIVIUSTRUCTURAL
DEMOLITION COSTS B&R 1,136,000 47,000 236,600 1,419,600

EXCAVATION & BACKFILL B&R 97,200 36,000 26,640 159,840

CONCRETE & STRUCTURAL STEEL B&R 248,800 117,000 73,160 438,960

BUILDINGS REHABILITATION B&R 106,160 58,000 32,832 196,992

ROADWAYS I PARKING / FENCING B&R 20,000 14,000 6,800 40,800

ASBESTOS & TRANSFORMER OIL REMOVAL SPECIAL LABOR COSTS B&R 0 1,250,000 250,000 1,500,000

TOTAL CIVIUSTRUCTURAL 1,608,160 0 272,000 0 1,250,000 626,032 3,756,192

BOILER REPAIR WORK
REFURBISH BOILER INTO DBL ARCH CONFIGURATION B&R 1,278,680 13,490,000 1,772,242 16,540,922

REPAIR BACK·PASS CASING, INSULATION, ETC. B&R 34,160 385,000 50,299 469,459

REPLACE FURNACE ROOF SUPERHEATER, ROOF PENETRATIONS, ETC. B&R 256,400 2,699,000 354,648 3,310,048

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B&R 85,600 1,775,000 223,272 2,083,872

REPAIR/REPLACE ATTEMPERATOR PIPING, VALVING, ETC. B&R 6,000 35,000 4,920 45,920-,.

REFURBISH AIR PREHEATERS B&R 75,200 1,492,000 188,064 1,755,264

REPAIR INDUCED DRAFT FANS B&R 12,000 410,000 50,640 472,640

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B&R 22,400 226,000 29,808 278,208

REPAIR GRINDING CIRCUITS B&R 34,000 1,120,000 138,480 1,292,480

REPLACE EXISTING MILL CLASSIFIERS B&R 41,600 1,400,000 172,992 1,614,592

INSTALL NEW BALL MILLS B&R 32,400 1,125,000 138,888 1,296,288
~.-----

INSTALL MILL COAL LEVEL & BALL CHARGE CONTROL SYSTEM B&R 12,000 145,000 18,840 175,840
NEW LOW NOx BURNERS B&R 28,800 1,400,000 171,456 1,600,256

NEW BOTTOM ASH SYSTEM B&R 25,140 485,000 61,217 571,357

REFURBISH EXISTING SOOTCLEANING SYSTEMS B&R 12,800 135,000 17,736 165,536

REFURBISH BOILER SUPPORTS, PLATFORMS & STAIRS B&R 39,400 478,000 62,088 579,488

INSTALL NEW DUCT BURNER FOR BALL MILL INLET B&R 4,800 180,000 22,176 206,976

TOTAL BOILER WORK 2,001,380 0 23,550,000 3,430,000 0 3,477,766 32,459,146

04/04/96 III-2A-l



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 5A - UNIT 10

ARCH FIRED BOILER & TURBINE REPLACEMENT I IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

BOP MECHANICAL WORK

INSTALL NEW 225 MW TURBINE & AUXILLIARIES UKR 182,400 13,003,400 1,318,580 14,504,380

REPLACE FEEDWATER PUMPS UKR 10,000 700,000 71,000 781,000

REPLACE CONDENSATE PUMPS UKR 10,600 180,000 19,060 209,660

INSTALL NEW CONDENSER UKR 51,400 2,660,000 271,140 2,982,540

ADD CONDENSER CLEANING SYSTEM UKR 12,000 225,000 23,700 260,700

CONDENSATE BOOSTER PUMPS UKR 8,800 159,900 16,870 185,570

REPLACE FEEDWATER CONTROL VALVES UKR 7,200 14,500 2,170 23,870

REPLACE H.P. FEEDWATER HEATERS UKR 11,200 400,000 41,120 452,320

REPLACE L.P. FEEDWATER HEATERS UKR 14,000 280,000 29,400 323,400

NEW HEATER DRAIN PUMPS UKR 10,000 50,000 6,000 66,000

INSTALL NEW STEAM SAMPLING SYSTEM US 8,400 125,000 13,340 146,740

REPACK/REPLACE LEAKING CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

REPAIR/REPLACE PIPING & VALVES UKR 78,400 800,000 175,680 1,054,080

REPLACE MAIN & REHEAT STEAM RELEIF VALVES UKR 6,000 25,000 3,100 34,100

TOTAL BOP MECHANICAL WORK 413,600 0 17,582,800 1,050,000 0 1,992,480 21,038,880
_._~

INSTRUMENTS & CONTROLS
NEW D.C. S. SYSTEM US 104,000 720,000 82,400 906,400

INSTALL NEW INSTRUMENTS & CONTROL VALVES B&R 19,200 745,000 114,630 878,830

BURNER MANAGEMENT SYSTEM UPGRADE B&R 26,100 350,000 56,415 432,515..

TOTAL INSTRUMENTS & CONTROLS 149,300 ..Jl.r- 0 1,815,000 0 253,445 2,217,745

ENVIRONMENTAL SYSTEMS
REPLACE EXISTING CYCLONES WITH NEW ELECTROSTATIC PRECIPITATORS US 144,000 2,900,000 304,400 3,348,400

S02 CONTROL EQUIPMENT US 252,000 7,520,000 777,200 8,549,200
----~---"--

..• --- f--.

INSTALL SNCR EQUIPMENT US 28,000
.-

980,000 100,800 1,108,800

NEW CONTINUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920...

TOTAL ENVIRONMENTAL SYSTEMS 451,200 0 0 11,650,000 0 1,210,120 13,311,320

04/04/96 111-2A-l



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 5A· UNIT 10

ARCH FIRED BOILER & TURBINE REPLACEMENT I IMPROVED EMISSION CONTROLS

.-
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

ELECTRICAL WORK
220KV SWITCHYARD EQUIPMENT US 19,140 831,020 85,016 935,176

6 KV SWITCHGEAR & BUS US 3,200 320,000 32,320 355,520

400 VOLT SWITCHGEAR & TRANSFORMER US 7,000 612,500 61,950 681,450

MOTOR CONTROL CENTERS US 9,000 315,000 32,400 356,400

BATTERIES & CHARGERS US 3,840 98,000 10,184 112,024

PROTECTIVE RELAYS US 2,400 390,000 39,240 431,640

UPS SYSTEM US 880 80,300 8,118 89,298

TOTAL ELECTRICAL WORK 45,460 0 0 2,646,820 0 269,228 2,961,508

MISC ELECTRICAL
POWER/CONTROUINSTRUMENT WIRING B&R 628,000 1,687,500 347,325 2,662,825

BUILDING L1GHTING/PANELS/RECEPT B&R 16,000 366,500 57,375 439,875

CONDUIT & CABLE TRAY B& R 178,000 630,000 121,200 929,200

GROUNDING SYSTEM B&R 4,800 67,500 10,845 83,145

CATHODIC PROTECTION B&R 10,000 112,500 18,375 140,875

PLANT COMMUNICATIONS/FIRE PROTECTION B&R 11,000 125,000 20,400 156,400

TOTAL MISC ELECTRICAL 847,800 0 2,989,000 0 0 575,520 4,412,320

TOTAL DIRECT COSTS 5,516,900 0 44,393,800 20,591,820 1,250,000 8,404,591 80,157,111

'-~

-...? 04/04/96

....rJ-~

111-2A-l



• •
ESTIMATE SUMMARY

LUGANSK GRES
OPTION 5A· UNIT 10

ARCH FIRED BOILER & TURBINE REPLACEMENT I IMPROVED EMISSION CONTROLS

.-
r--

ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTALI
SOURCE UKR OTHER UKR OTHER $ $ $

,-~

I SITE INDIRECTS
r-
CONSTRUCTION EQUIP/TOOLS/CONSUMABLES B&R 1,825,000 219,000 2,044,000

SUPPORT LABOR & FIELD OFFICE B&R 1,556,000 186,720 1,742,720

CONSTRUCTION FACILITY & OTHER INDIRECTS B&R 355,000 42,600 397,600

FREIGHT B&R 2,599,425

VENDOR REPS/TRAINING/MANUALS B&R 250,000 30,000 280,000

TOTAL SITE INDIRECTS 0 0 0 0 3,986,000 478,320 7,063,745

CONSTRUCTION MGMT & ENGINEERING SERVICES
AlE DI;:SIGN SERVICES B&R 3,500,000 175,000 3,675,000

CONSTRUCTION MANAGEMENT B&R 4,007,856 200,393 4,208,248

START-UP, TESTING & TRAINING B&R 800,000 120,000 920,000
TOTAL CONSTRUCTION MGMT & ENGINEERING 0 0 0 0 8,307,856 495,393 8,803,248

I
TOTAL ESTIMATED PROJECT COST 96,024,104

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON-UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN-HOUSE SOURCES

~ 04/04/96

~
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 5B - UNIT 10

ARCH FIRED BOILER & TURBINE REPLACEMENT I IMPROVED EMISSION CONTROLS

••
I ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

CIVIUSTRUCTURAL
DEMOLITION COSTS B&R 1,136,000 47,000 236,600 1,419,600

EXCAVATION & BACKFILL B&R 97,200 36,000 26,640 159,840

CONCRETE & STRUCTURAL STEEL B&R 248,800 117,000 73,160 438,960

BUILDINGS REHABILITATION B&R 106,160 58,000 32,832 196,992

ROADWAYS 1 PARKING 1FENCING B&R 20,000 14,000 6,800 40,800

ASBESTOS & TRANSFORMER OIL REMOVAL SPECIAL LABOR COSTS B&R 0 1,250,000 250,000 1,500,000

TOTAL CIVIUSTRUCTURAL 1,608,160 0 272,000 0 1,250,000 626,032 3,756,192

BOILER REPAIR WORK
REFURBISH BOILER INTO DBLARCH CONFIGURATION B&R 1,278,680 13,490,000 1,772,242 16,540,922

REPAIR BACK-PASS CASING, INSULATION, ETC. B&R 34,160 385,000 50,299 469,459

REPLACE FURNACE ROOF SUPERHEATER, ROOF PENETRATIONS, ETC. B&R 256,400 2,699,000 354,648 3,310,048

REPAIRIREPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B&R 85,600 1,775,000 223,272 2,083,872

REPAIR/REPLACE ATTEMPERATOR PIPING, VALVING, ETC. B&R 6,000 35,000 4,920 45,920

REFURBISH AIR PREHEATERS B&R 75,200 1,492,000 188,064 1,755,264

REPAIR INDUCED DRAFT FANS B&R 12,000 410,000 50,640 472,640

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B&R 22,400 226,000 29,808 278,208--_.
REPAIR GRINDING CIRCUITS B&R 34,000 1,120,000 138,480 1,292,480

REPLACE EXISTING MILL CLASSIFIERS B&R 41,600 1,400,000 172,992 1,614,592

REPAIR/REFURBISH EXISTING BALL MILLS B&R 72,000 545,000 74,040 691,040. ----------.-- -_.._---~-

INSTALL MILL COAL LEVEL & BALL CHARGE CONTROL SYSTEM B& R 12,00.Q c--------------- 145,000 18,840 175,840-- - _.
NEW LOW NOx BURNERS B&R 28,800 1,400,000 171,456 1,600,256-
NEW BOTTOM ASH SYSTEM B& R 25,140 485,000 61,217 571,357

REFURBISH EXISTING SOOTCLEANING SYSTEMS B& R 12,800 135,000 17,736 165,536
--~. __ .._----

REFURBISH BOILER SUPPORTS, PLATFORMS & STAIRS B& R 39,400 ____4~!l,gQ.0 62,088 579,488
f------- -- -_.~---_.~----- -

INSTALL NEW DUCT BURNER FOR BALL MILL INLET B&R 4,800 180,000 22,176 206,976---
TOTAL BOILER WORK 2,040,980 0 22,970,00p 3,430,000 0 3,412,918 31,853,898--

~ 04/04/96

~



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 5B· UNIT 10

ARCH FIRED BOILER & TURBINE REPLACEMENT / IMPROVED EMISSION CONTROLS

.'
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

BOP MECHANICAL WORK

INSTALL NEW 225 MW TURBINE &AUXILLIARIES UKR 182,400 13,003,400 1,318,580 14,504,380

REPLACE FEEDWATER PUMPS UKR 10,000 700,000 71,000 781,000

REPLACE CONDENSATE PUMPS UKR 10,600 180,000 19,060 209,660

INSTALL NEW CONDENSER UKR 51,400 2,660,000 271,140 2,982,540

ADD CONDENSER CLEANING SYSTEM UKR 12,000 225,000 23,700 260,700

CONDENSATE BOOSTER PUMPS UKR 8,800 159,900 16,870 185,570

REPLACE FEEDWATER CONTROL VALVES UKR 7,200 14,500 2,170 23,870

REPLACE H.P. FEEDWATER HEATERS UKR 11,200 400,000 41,120 452,320

REPLACE LP, FEEDWATER HEATERS UKR 14,000 280,000 29,400 323,400

NEW HEATER DRAIN PUMPS UKR 10,000 50,000 6,000 66,000

INSTALL NEW STEAM SAMPLING SYSTEM US 8,400 125,000 13,340 146,740

REPACK/REPLACE LEAKING CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

REPAIR/REPLACE PIPING &VALVES UKR 78,400 800,000 175,680 1,054,080

REPLACE MAIN & REHEAT STEAM RELEIF VALVES UKR 6,000 25,000 3,100 34,100

TOTAL BOP MECHANICAL WORK 413,600 0 17,582,800 1,050,000 0 1,992,480 21,038,880
----_.. .~ _.

INSTRUMENTS & CONTROLS
- --

NEW D.C. S. SYSTEM US 104,000 720,000 82,400 906,400

~LL NEW INSTRUMENTS & CONTROL VALVES B&R 19,200 745,000 114,630 878,830

BURNER MANAGEMENT SYSTEM UPGRADE _.B&_~ ~100 --- .._._-- ._...__ ._.-.-
-~_.-

350,000
- ___--_0."-

56,415 432,515-----
TOTAL INSTRUMENTS & CONTROLS 149,300 0 0 1,815,000 0 253,445 2,217,745

- -- -~-~---
ENVIRONMENTAL SYSTEMS

REPLACE EXISTING CYCLONES WITH NEW ELECTROSTATIC PRECIPITATORS US 144,000 2,600,000 274,400 3,018,400
~-- -~ --

S02 CONTROL EQUIPMENT US 252,000 7,750,000 800,200 8,802,200

INSTALL SNCR EQUIPMENT US 28,000 980,000 100,800 1,108,800
--

NEW CONTINUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920

TOTAL ENVIRONMENTAL SYSTEMS 451,200 0 0 11,580,000 0 1,203,120 13,234,320

~ 04/04/96

---
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 5B - UNIT 10

ARCH FIRED BOILER & TURBINE REPLACEMENT I IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

ELECTRICAL WORK
220KV SWITCHYARD EQUIPMENT US 19,140 831,020 85,016 935,176

6 KV SWITCHGEAR & BUS US 3,200 320,000 32,320 355,520

400 VOLT SWITCHGEAR & TRANSFORMER US 7,000 612,500 61,950 681,450

MOTOR CONTROL CENTERS US 9,000 315,000 32,400 356,400

BATTERIES & CHARGERS US 3,840 98,000 10,184 112,024

PROTECTIVE RELAYS US 2,400 390,000 39,240 431,640

UPS SYSTEM US 880 80,300 8,118 89,298

TOTAL ELECTRICAL WORK 45,460 0 0 2,646,820 0 269,228 2,961,508

MISC ELECTRICAL
POWER/CONTROUINSTRUMENT WIRING B&R 628,000 1,687,500 347,325 2,662,825

BUILDING L1GHTING/PANELS/RECEPT B&R 16,000 366,667 57,400 440,066

CONDUIT & CABLE TRAY B&R 178,000 630,000 121,200 929,200

GROUNDING SYSTEM B&R 4,800 67,500 10,845 83,145

CATHODIC PROTECTION B&R 10,000 112,500 18,375 140,875

PLANT COMMUNICATIONS/FIRE PROTECTION B&R 11,000 125,000 20,400 156,400

TOTAL MISC ELECTRICAL 847,800 0 2,989,167 0 0 575,545 4,412,511

TOTAL DIRECT COSTS 5,556,500 0 43,813,967 20,521,820 1,250,000 8,332,768 79,475,054

04/04/96 111-2A-2



• •ESTIMATE SUMMARY
LUGANSK GRES

OPTION 5B· UNIT 10

ARCH FIRED BOILER & TURBINE REPLACEMENT /IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

SITE INDIRECTS
CONSTRUCTION EQUIP/TOOLS/CONSUMABLES B&R 1,825,000 219,000 2,044,000

SUPPORT LABOR & FIELD OFFICE B&R 1,556,000 186,720 1,742,720
CONSTRUCTION FACILITY & OTHER INDIRECTS B&R 355,000 42,600 397,600

FREIGHT B&R 2,573,431
VENDOR REPS/TRAINING/MANUALS B&R 250,000 30,000 280,000

TOTAL SITE INDIRECTS 0 0 0 0 3,986,000 478,320 7,037,751

CONSTRUCTION MGMT & ENGINEERING SERVICES
NE DESIGN SERVICES B&R 3,500,000 175,000 3,675,000

CONSTRUCTION MANAGEMENT B&R 3,973,753 198,688 4,172,440

START·UP, TESTING & TRAINING B& R 800,000 120,000 920,000

TOTAL CONSTRUCTION MGMT & ENGINEERING 0 0 0 0 8,273,753 493,688 8,767,440

1----

TOTAL ESTIMATED PROJECT COST 95,280,246

'---

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON·UKRAINIAN SOURCES
THE 8 & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN·HOUSE SOURCES



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 5A - UNIT 13

ARCH FIRED BOILER & TURBINE REPLACEMENT I IMPROVED EMISSION CONTROLS

.'
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

CIVIUSTRUCTURAL
DEMOLITION COSTS B& R 1,136,000 47,000 236,600 1,419,600

EXCAVATION & BACKFILL B& R 97,200 36,000 26,640 159,840

CONCRETE & STRUCTURAL STEEL B&R 248,800 117,000 73,160 438,960

BUILDINGS REHABILITATION B&R 106,160 58,000 32,832 196,992

ROADWAYS / PARKING / FENCING B&R 20,000 14,000 6,800 40,800

ASBESTOS & TRANSFORMER OIL REMOVAL SPECIAL LABOR COSTS B& R 0 1,250,000 250,000 1,500,000

TOTAL CIVIUSTRUCTURAL 1,608,160 0 272,000 0 1,250,000 626,032 3,756,192

BOILER REPAIR WORK
REFURBISH BOILER INTO DBL ARCH CONFIGURATION B&R 1,278,680 13,490,000 1,772,242 16,540,922

REPAIR BACK-PASS CASING, INSULATION, ETC. B& R 34,160 385,000 50,299 469,459

REPLACE FURNACE ROOF SUPERHEATER, ROOF PENETRATIONS, ETC. B&R 256,400 2,699,000 354,648 3,310,048

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B&R 85,600 1,775,000 223,272 2,083,872

REPAIR/REPLACE ATTEMPERATOR PIPING, VALVING, ETC. B&R 6,000 35,000 4,920 45,920

REFURBISH AIR PREHEATERS B& R 75,200 1,492,000 188,064 1,755,264

REPAIR INDUCED DRAFT FANS B& R 12,000 410,000 50,640 472,640

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B& R 22,400 226,000 29,808 278,208

REPAIR GRINDING CIRCUITS B& R 34,000 1,120,000 138,480 1,292,480

REPLACE EXISTING MILL CLASSIFIERS B& R 41,600 1,400,000 172,992 1,614,592

!NSTALL NEW BALL MILLS B& R 72,000 1,125,000 143,640 1,340,640

~STALL MILL COAL LEVEL & BALL CHARGE CONTROL SYSTEM B& R 12,000 145,000 18,840 175,840

NEW LOW NOx BURNERS B&R 28,800 1,400,000 171,456 1,600,256

NEW BOTTOM ASH SYSTEM B&R 25,140 485,000 61,217 571,357

REFURBISH EXISTING SOOTCLEANING SYSTEMS B&R 12,800 135,000 17,736 165,536

REFURBISH BOILER SUPPORTS, PLATFORMS & STAIRS B& R 39,400 478,000 62,088 579,488

INSTALL NEW DUCT BURNER FOR BALL MILL INLET B& R 4,800 180,000 22,176 206,976

TOTAL BOILER WORK 2,040,980 0 23,550,000 3,430,000 0 3,482,518 32,503,498

-.sJ 04/04/96

""-E-.
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 5A - UNIT 13

ARCH FIRED BOILER & TURBINE REPLACEMENT /IMPROVED EMISSION CONTROLS

.-
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ S S

BOP MECHANICAL WORK

INSTALL NEW 225 MW TURBINE & AUXILLIARIES UKR 182,400 13,003,400 1,318,580 14,504,380

REPLACE FEEDWATER PUMPS UKR 10,000 700,000 71,000 781,000

REPLACE CONDENSATE PUMPS UKR 10,600 180,000 19,060 209,660

INSTALL NEW CONDENSER UKR 51,400 2,660,000 271,140 2,982,540

ADD CONDENSER CLEANING SYSTEM UKR 12,000 225,000 23,700 260,700

CONDENSATE BOOSTER PUMPS UKR 8,800 159,900 16,870 185,570

REPLACE FEEDWATER CONTROL VALVES UKR 7,200 20,000 2,720 29,920

REPLACE H.P. FEEDWATER HEATERS UKR 11,200 400,000 41,120 452,320

REPLACE L.P. FEEDWATER HEATERS UKR 14,000 280,000 29,400 323,400

NEW HEATER DRAIN PUMPS UKR 10,000 50,000 6,000 66,000

INSTALL NEW STEAM SAMPLING SYSTEM US 8,400 125,000 13,340 146,740

REPACK/REPLACE LEAKING CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

REPAIR/REPLACE PIPING & VALVES UKR 78,400 800,000 175,680 1,054,080

REPLACE MAIN & REHEAT STEAM RELEIF VALVES UKR 6,000 25,000 3,100 34,100

ITOTAL BOP MECHANICAL WORK 413,600 0 17,588,300 1,050,000 0 1,993,030 21,044,930

f- --,.-

INSTRUMENTS & CONTROLS
~W D.C. S. SYSTEM US 104,000 720,000 82,400 906,400

r--'---~-

~\jSTALL NEW INSTRUMENTS & CONTROL VALVES _ ..~-
B&R 19,200 745,000 114,630 878,830

BJRNER MANAGEMENT SYSTEM UPGRADE B&R 26,100
.-

350,000 56,415 432,515---------
YCTAL INSTRUMENTS & CONTROLS 149,300 0 0 1,815,000 0 253,445 2,217,745

f ENVIRONMENTAL SYSTEMS
~~----

-----~-

~EPLACE EXISTING CYCLONES WITH NEW ELECTROSTATIC PRECIPITATORS US 144,000 --I---- 2,900,000 304,400 3,348,400

S02 CONTROL EQUIPMENT US 226,800 7,520,000 774,680 8,521,480

INSTALL SNCR EQUIPMENT US 28,000 980,000 100,800 1,108,800..

NEW CONTINUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920

TOTAL ENVIRONMENTAL SYSTEMS 426,000 0 0 11,650,000 0 1,207,600 13,283,600

~ 04/04/96
V,,",
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 5A· UNIT 13

ARCH FIRED BOILER & TURBINE REPLACEMENT 1IMPROVED EMISSiON CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

ELECTRiCAL WORK
220KV SWITCHYARD EQUIPMENT US 19,140 831,020 85,016 935,176

6 KV SWITCHGEAR & BUS US 3,200 320,000 32,320 355,520

400 VOLT SWITCHGEAR & TRANSFORMER US 7,000 612,500 61,950 681,450

MOTOR CONTROL CENTERS US 9,000 315,000 32,400 356,400

BATTERIES & CHARGERS US 3,840 98,000 10,184 112,024

PROTECTIVE RELAYS US 2,400 390,000 39,240 431,640

UPS SYSTEM US 880 80,300 8,118 89,298

TOTAL ELECTRICAL WORK 45,460 0 0 2,646,820 0 269,228 2,961,508

MISC ELECTRICAL
POWER/CONTROUINSTRUMENT WIRING B&R 628,000 1,687,500 347,325 2,662,825

BUILDING L1GHTING/PANELS/RECEPT B&R 16,000 366,500 57,375 439,875

CONDUIT & CABLE TRAY B&R 178,000 630,000 121,200 929,200

GROUNDING SYSTEM B&R 4,800 67,500 10,845 83,145

CATHODIC PROTECTION B&R 10,000 112,500 18,375 140,875

PLANT COMMUNICATIONS/FIRE PROTECTION B&R 11,000 125,000 20,400 156,400

TOTAL MISC ELECTRiCAL 847,800 0 2,989,000 0 0 575,520 4,412,320

t= TOTAL DIRECT COSTS 5,531,300 0 44,399,300 20,591,820 1,250,000 8,407,373 80,179,793

04/04/96 11I-2B-1



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 5A· UNIT 13

ARCH FIRED BOILER & TURBINE REPLACEMENT I IMPROVED EMISSION CONTROLS

••
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

SITE INDIRECTS
CONSTRUCTION EQUIP/TOOLS/CONSUMABLES B&R 1,825,000 219,000 2,044,000

SUPPORT LABOR & FIELD OFFICE B&R 1,556,000 186,720 1,742,720

CONSTRUCTION FACILITY & OTHER INDIRECTS B&R 355,000 42,600 397,600

FREIGHT B&R 2,599,645

VENDOR REPS/TRAINING/MANUALS B& R 250,000 30,000 280,000

TOTAL SITE INDIRECTS 0 0 0 0 3,986,000 478,320 7,063,965

CONSTRUCTION MGMT & ENGINEERING SERVICES
NE DESIGN SERVICES B&R 3,500,000 175,000 3,675,000

CONSTRUCTION MANAGEMENT B&R 4,008,990 200,449 4,209,439

START-UP, TESTING & TRAINING B&R 800,000 120,000 920,000

TOTAL CONSTRUCTION MGMT & ENGINEERING 0 0 0 0 8,308,990 495,449 8,804,439

TOTAL ESTIMATED PROJECT COST 96,048,197

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON.UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN-HOUSE SOURCES

V 04/04/96

~
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 5B - UNIT 13

ARCH FIRED BOILER & TURBINE REPLACEMENT I IMPROVED EMISSION CONTROLS

.-
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

CIVIUSTRUCTURAL
DEMOLITION COSTS B&R 1,136,000 47,000 236,600 1,419,600

EXCAVATION & BACKFILL B&R 97,200 36,000 26,640 159,840

CONCRETE & STRUCTURAL STEEL B&R 248,800 117,000 73,160 438,960

BUILDINGS REHABILITATION B&R 106,160 58,000 32,832 196,992

ROADWAYS I PARKING / FENCING B&R 20,000 14,000 6,800 40,800

ASBESTOS & TRANSFORMER OIL REMOVAL SPECIAL LABOR COSTS B&R 0 1,250,000 250,000 1,500,000

TOTAL CIVIUSTRUCTURAL 1,608,160 0 272,000 0 1,250,000 626,032 3,756,192

BOILER REPAIR WORK
REFURBISH BOILER INTO MEMBRANE WALL DESIGN B&R 1,278,680 13,490,000 1,772,242 16,540,922

REPAIR BACK-PASS CASING, INSULATION, ETC. B&R 34,160 385,000 50,299 469,459

REPLACE FURNACE ROOF SUPERHEATER, ROOF PENETRATIONS, ETC. B&R 256,400 2,699,000 354,648 3,310,048

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B&R 85,600 1,775,000 223,272 2,083,872

REPAIR/REPLACE ATTEMPERATOR PIPING, VALVING, ETC. B& R 6,000 35,000 4,920 45,920

REFURBISH AIR PREHEATERS B&R 75,200 1,492,000 188,064 1,755,264

REPAIR INDUCED DRAFT FANS B&R 12,000 410,000 50,640 472,640

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B&R 22,400 226,000 29,808 278,208

REPAIR GRINDING CIRCUITS B&R 34,000 1,120,000 138,480 1,292,480

REPLACE EXISTING MILL CLASSIFIERS B&R 41,600 1,400,000 172,992 1,614,592

REPAIR/REPLACE EXISTING BALL MILLS B&R 32,400 545,000 69,288 646,688

INSTALL MILL COAL LEVEL & BALL CHARGE CONTROL SYSTEM B&R 12,000 145,000 18,840 175,840

NEW LOW NOx BURNERS B&R 28,800 1,400,000 171,456 1,600,256

REFURBISH SLAG TAP REFRACTORY B&R 25,140 485,000 61,217 571,357

REFURBISH EXISTING SOOTCLEANING SYSTEMS B&R 12,800 135,000 17,736 165,536

REFURBISH BOILER SUPPORTS, PLATFORMS & STAIRS B&R 39,400 478,000 62,088 579,488

INSTALL NEW DUCT BURNER FOR BALL MILL INLET B&R 4,800 180,000 22,176 206,976

TOTAL BOILER WORK 2,001,380 0 22,970,000 3,430,000 0 3,408,166 31,809,546

pj 04/04/96

~\
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• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 5B· UNIT 13

ARCH FIRED BOILER & TURBINE REPLACEMENT /IMPROVED EMISSION CONTROLS

• •

ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

BOP MECHANICAL WORK

INSTALL NEW 225 MW TURBINE & AUXILLIARIES UKR 182,400 13,003,400 1,318,580 14,504,380

REPLACE FEEDWATER PUMPS UKR 10,000 700,000 71,000 781,000

REPLACE CONDENSATE PUMPS UKR 10,600 180,000 19,060 209,660

INSTALL NEW CONDENSER UKR 51,400 2,660,000 271,140 2,982,540

ADD CONDENSER CLEANING SYSTEM UKR 12,000 225,000 23,700 260,700

CONDENSATE BOOSTER PUMPS UKR 8,800 159,900 16,870 185,570

REPLACE FEEDWATER CONTROL VALVES UKR 7,200 20,000 2,720 29,920

REPLACE H.P. FEEDWATER HEATERS UKR 11,200 400,000 41,120 452,320

REPLACE L.P. FEEDWATER HEATERS UKR 14,000 280,000 29,400 323,400

NEW HEATER DRAIN PUMPS UKR 10,000 50,000 6,000 66,000

INSTALL NEW STEAM SAMPLING SYSTEM US 8,400 125,000 13,340 146,740

REPACK/REPLACE LEAKING CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

REPAIR/REPL:ACE PIPING & VALVES UKR 78,400 800,000 175,680 1,054,080

REPLACE MAIN & REHEAT STEAM RELEIF VALVES UKR 6,000 25,000 3,100 34,100

TOTAL BOP MECHANICAL WORK 413,600 0 17,588,300 1,050,000 0 1,993,030 21,044,930
t-

INSTRUMENTS & CONTROLS
NEW D.C. S. SYSTEM US 104,000 720,000 82,400 906,400

INSTALL NEW INSTRUMENTS & CONTROL VALVES B&R 19,200 745,000 114,630 878,830
. ----

BURNER MANAGEMENT SYSTEM UPGRADE B&R 26,100 350,000 56,415 432,515

TOTAL INSTRUMENTS & CONTROLS 149,300 0 0 1,815,000 0 253,445 2,217,745
.- -.- --

ENVIRONMENTAL SYSTEMS
REPLACE EXISTING CYCLONES WITH NEW ELECTROSTATIC PRECIPITATORS US 144,000 2,600,000 274,400 3,018,400

S02 CONTROL EQUIPMENT US 226,800 7,750,000 797,680 8,774,480
- ..

INSTALL SNCR EQUIPMENT US 28,000 980,000 100,800 1,108,800--
NEW CONTINUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920

TOTAL ENVIRONMENTAL SYSTEMS 426,000 0 0 11,580,000 0 1,200,600 13,206,600

04/04/96 111-2B-2



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 5B - UNIT 13

ARCH FIRED BOILER & TURBINE REPLACEMENT I IMPROVED EMISSION CONTROLS

.-
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

ELECTRICAL WORK
220KV SWITCHYARD EQUIPMENT US 19,140 831,020 85,016 935,176

6 KV SWITCHGEAR & BUS US 3,200 320,000 32,320 355,520

400 VOLT SWITCHGEAR & TRANSFORMER US 7,000 612,500 61,950 681,450

MOTOR CONTROL CENTERS US 9,000 315,000 32,400 356,400

BATTERIES & CHARGERS US 3,840 98,000 10,184 112,024

PROTECTIVE RELAYS US 2,400 390,000 39,240 431,640

UPS SYSTEM US 880 80,300 8,118 89,298

TOTAL ELECTRICAL WORK 45,460 0 0 2,646,820 0 269,228 2,961,508

MISC ELECTRICAL
POWER/CONTROUINSTRUMENT WIRING B&R 628,000 1,687,500 347,325 2,662,825

BUILDING L1GHTING/PANELS/RECEPT B&R 16,000 366,500 57,375 439,875

CONDUIT & CABLE TRAY B&R 178,000 630,000 121,200 929,200

GROUNDING SYSTEM B&R 4,800 67,500 10,845 83,145

CATHODIC PROTECTION B&R 10,000 112.500 18,375 140,875

PLANT COMMUNICATIONS/FIRE PROTECTION B&R 11,000 125,000 20,400 156,400

TOTAL MISC ELECTRICAL 847,800 0 2,989,000 0 0 575,520 4,412,320

TOTAL DIRECT COSTS 5,491,700 0 43,819,300 20,521,820 1,250,000 8,326,021 79,408,841

04/04/96 111-2B-2



• • ESTIMATE SUMMARY
LUGANSK GRES

OPTION 5B· UNIT 13

ARCH FIRED BOILER & TURBINE REPLACEMENT I IMPROVED EMISSION CONTROLS

.-
ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $
-

SITE INDIRECTS
CONSTRUCTION EQUIP/TOOLS/CONSUMABLES B&R 1,825,000 219,000 2,044,000

SUPPORT LABOR & FIELD OFFICE B&R 1,556,000 186,720 1,742,720

CONSTRUCTION FACILITY & OTHER INDIRECTS B&R 355,000 42,600 397,600

FREIGHT B&R 2,573,645

VENDOR REPS/TRAINING/MANUALS B&R 250,000 30,000 280,000

TOTAL SITE INDIRECTS 0 0 0 0 3,986,000 478,320 7,037,965

CONSTRUCTION MGMT & ENGINEERING SERVICES
AlE DESIGN SERVICES B&R 3,500,000 175,000 3,675,000

CONSTRUCTION MANAGEMENT B&R 3,970,442 198,522 4,168,964

START-UP, TESTING & TRAINING B&R 800,000 120,000 920,000

TOTALCONSTRUCnONMGMT&EN~NEER~G 0 0 0 0 8,270,442 493,522 8,763,964

TOTAL ESTIMATED PROJECT COST 95,210,770

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON·UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN·HOUSE SOURCES

04/04/96 111-2B-2
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UNIT 13 ~
TABLE 2.2-2A

CLEANED
COAL

OPTION 5B

UNIT13

X X
X X X X.
X X X X
X X X X
X X X X
X X X ---~-
X X X X
X X X X
X X X X
X X X X
X X X X
X X

X X
X X X - ~
X X X X

.X
X X
X X X ~..
X X X X
X X

X X ~- X

~

~
(.)

l.i..I
~
'q;
::::!

X X X _X
§

X X X X ~
X X J< X ....
X X X_ l( IX J<.._ J< _J<
X X X _X
X X X X
X X X X
X X. X X

._J< J<____ _lC_ J< ___
...___lC ___ ___X~_ .___X____ __-..J<.. __

X X X X

Revision 1

TASK MATRIX

TABLE 2.2-2A RECOMMENDED REHABILITATION OF UNIT 13

X X
- ,,-- X X X

X X X X X X

X X .~. X X X

)( X _J< X X X

- X_. X X X X X

X X X X X X

X X X X X X

)( X X X X X

X X ~-. X X lC
X X X X X X

X X )( X X X

X X X X X X

X ~ X X X X

X ~lC ...J<. L )( X

X X X X X X

_X X X X X X

X X X X X X

)( X lC .~ X X

---><--~ --~- _.X____.J<..________ J<... ___ ....lC..
X X X X X X

BALANCE OF PLANT

REPLACE FEEDWATER PUMPS

REPLACE CONDENSATE PUMPS

INSTALL NEW CONDENSER

ADD CONDENSER CLEANING SYSTEM

REPLACE FEEDWATER CONTR.oLVi\_LVES

REPLACE H.P, FEEDWATER HEATERS

REPLACE L.P, FEEDWATERHEA~ERS

INSTALL NEW HEATER DRAIN PUMPS _. .

INSTALL NEW STEAM SAMPLING SYSTEM _ _. .

REPACK/REPLACE LEAKING CONDENSER VI\.,VES&.§)(PANSIOf>/ JOIN_T _

R"'PAIR/REF'LA..9".!'J!'I!'!.ce.&_\IALV~ _
REPLACE MAIN & REHEAT STEAM RELIEF VALVES

~()LLER

REPAIR/REFURBISH BOILER REFRACTORY, INSULATlo.N,1II.G~N"-& C~~G X. X X X

REFURBISH BOiLER INTO DOUBLE ARCH CONFIGURATlOf>/ X X

REFURBISH BOiLER WITH MEMBRANE WALLS ---_.--_ .._-- ---- X X
REPAIR BACK-PASS CASING,INSULATIONcEl.c",_.,_________. X X X X X X

REPAIR/REPLACE FURNACE TUBING, gOO£.PEN.E!I-li\TJQNS, ETGc ____". X X X X X X

REPAIR/REPLACE SH, RH & ECONQ Tl!B",~A~rsS,ADD EROSIQN ~I:iIELDS __ X X X X X X

REPAIR/REPLACE ATTEMPERATOR PIPING,VALVING,_§!C, X X X X X X

REFURBISH AIR PREHEATERS ------ lC X X X X X

REPAIR INDUCED DRAFT .FI\.N.S
-----~~-

__J< X X X X X

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSIO", JO[I'HE_____ X X X X X X

REPAIR GRINDING CIRCUITS X X X X X X

REPLACE.EXISTING MILL CLASSIFIERS X X X X X X

INSTALL NEW BALL MILLS X

REPAIR/REFURBISH.EXISTING BALL_MlhhL ____
---~-~-----

X X X X X

INSTALL MILL COAL LEVEL & BALL MILL CHARG" qONJ_R9L SYST§M X X X X X X

INSTALL LOW NOx BURNERS --_.-------- .. _--~, X X X X

REFURBISH EXISTING BURNERS
--_._--~

X

INSTALL NEW BOTTOM ASH REMOVAL SYSTEM
0_______.----",

X X

REFUR~I~H SLAG T.o.£!_~EFRACTORY
~----'- -,------ X ~ X X

REFURBISH EXISTING $09TClEANING SYSTEMS ----_._---- lC X X X X X

INSTALLNEW DUCT ~URNEREOR BALL MILL INLET X X lC_ X X X

REFURBISH BOiLER SUPPORTS, PLATFORMS & STAIRS. X X X X

RECOMMENDED REFURBISHMENTS

_ TURBINE .. " __

INSTALL NEW 225 MWTlJRI3INE& AUXILIARIES __ ,, ~_

REPLACE H.P, & I.P TURBINE CYLINDERS & CROSSO\ll::"-!-!~-"§'_,__

REPLACE LP.TURBINE LASTSTAGE BLi\DING .

REPLACE TURBINE GOVERNOR & INTERCEPT VALVES _ ." _

UPGRADE GLAND SEAL EXHAU~,.ER ~Y.~T~M __ ' _

UPGRAD!=_DRAINAGE/BLOVYO()WI\I E9.!J1~~~NT _

REPLACE GOVERNING SYSTEM .~~__ .

REPLACE.FRONT STJ\NDARD AND FLANGEHEATING SYSTEM_ _, _

REPLACE OIL COOLER _

INSTALL loP. HEATER NO.1 SY-PASS . _

IMPROVE n2 SEALING SYSr~~

CREEP MONITORING EQUIPMENT

04/04/96



UNIT 13
TABLE 2.2-2B RECOMMENDED REHABILITATION OF UNIT 13

TABLE 2.2-2B
TASK MATRIX

RECOMMENDED REFURBISHMENTS

UNCLEANED CLEANED UNCLEANED CLEANED UNCLEANED CLEANED UNCLEANED CLEANED UNCLEANED CLEANED
COAL COAL COAL COAL COAL COAL COAL COAL COAL COAL

OPTION 1A OPTION1B OPTION2A OPTION2B OPTION3A OPTlON3B OPTlON4A OPTION4B OPTION5A DPTIDN5B
UNIT 13 UNIT13 UNIT13 UNIT 13 UNIT 13 UNIT13 UNIT 13 UNIT 13 UNIT 13 UNIT 13

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

... ~~~ X_.. _ . .1\
_"'-______ X

._.:«. X

REPLACE EXISTING PRECIPITATORS Vj/.NEW !=LECTR91'1f\IlC PRECIPITATOR•._ ..1<_
Ii'lSTALLS02CONTR.O.L.EQUIPME~H . ~_

INSTALLSNCREQUIPMENT _. ~ ~ . __

N~ CONTINLJOUS EMjssioNS.!'19.NITQRING SYST~~. __~~__. ~._

~--_._---

J< x x X x _2'.
x -~ .!- x x _.x_._
x x x x x_ x

-----~-----

X X ~ X x .2<__
x x :« x 1\ ~
x x x x X _J<
x --x X x x _x~

x x X x X -- _J< -

X x X )( J< __ - ~x....
x x .___X )( 1<.. _._. ___x__

X X X -- _.__x___
)( x x -----"--x )( 1< x x___..__ -"-..__

x )( -~ x x ---
___.2< __.__

x ___l<.. .._ )( x X _x__
x x x x x __x__
x )( x x X "- ___
X X X X X _x___
1< x x x x :«_-
x x --~- 1< x )(
x ~ .1<. __ -- ~-- _1<.._ ....J<.
x x x x x x

J<. ...l'.
.._x !<

__ "- .._. __ x

x . ..J<_.._~_x
!<. x :«
x x x_

x .. _"- x
1< ..J<.. . x_
X _,,-___ _J<~

.x.. _1\ __ .J<_
X J< x
.J< x _1\
_x x L.
X x x ._
x X x
x x x

x !< :«
x .._:«

-- ---- --- _:« ----"--- - .--
_.x J<_ x.

....__~ 1\_
.__ 1<.

---"--
._.1\ __ .

1\ ..
X

X

X

. 2<. __
x

_:«
________~ .. 1 __

-~

22QKV SWITCHYARD EQUIPMENT

6t<VSWIT.CHGEAR_& BUS __. _

40ll...VOLT SWITCHGEAR & TR_ANSYoB~"R__

IN~TALLNEW225M..WGE~~TOR _

INSTALL NEW GENERATOR EXCITl\TIQi'I_~YSTEM

MOTOR CONTROL CENTERS

BATTERIES & CHARGERS

P_R.D.TECTIVE RELAYS~AiN & AUXILIARY PANELS
lJf'S SYSIEM . _

PQWERICONTROUINSI.R.UMENT W-""NG

BUI_LjJING L1GHTINGI~.~"ELS/REgo£,T

C<O}lDUIT & CABLE TRAY _

GROUNDING
CATHODIC PROTECTION

PLANT COMMUNICATIONS/FIRE PROTECTION

NEW D.C. S. SYSTEM

IN~TALL NEW INSTRlJME_NTS.§,C0.NTF<Ql,.vALVES

BURNER MANAGEMENT SYSTEM UPGilJ'lJ.E

04/04/96 Revision 1
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TABLE 2.2-2C PERFORMANCE SUMMARY - UNIT 13 TABLE 2.2-2C

UNCLEANED CLEANED UNCLEANED CLEANED UNCLEANED CLEANED UNCLEANED CLEANED
COAL COAL COAL COAL COAL COAL COAL COAL

DESCRIPTION I CURRENT OPTION 1A OPTION 18 OPTION2A OPTION 28 OPTION3A OPTION 38 OPTION4A OPTION 48
CONDITION UNIT 13 UNIT 13 UNIT 13 UNIT 13 UNIT 13 UNIT 13 UNIT 13 UNIT 13

TURBINE GROSS OUTPUT, MW 145.5 148.0 200.0 148.0 200.0 200.0 200.0 225.0 -._..~£~~ ~~ ----------

TURBINE GROSS HEAT RATE, kcallkWh 2032 2018 1972 2018 1972 1970 1970 1889 _---.18.!lL~~_. -- -- --_.

UNIT NET OUTPUT, MW 1.:3-?·6___ 134.8 186.2 134.0 185.1 182.8 184.7 206.8 208.9- --------- - -~--

NET UNIT HEAT RATE, kcallkWh 2852 --- 2804 2584 2821 2599 2395 2370 2283 2261
.~----

_.

SUPPLEMENTARY FUEL USAGE, % - :35 30 15 30 15 5 0 15 5
-_._--~~~~--- --- - . ----- .-

S02 EMISSIONS @ 40% EXCESS AIR'l11g/l'Jrn3(D) . 6660 6660 5206 1200 1200 1200 1200 1200 1200

NOx EMISSIONS @ 40% EXCESS AIR, mg/Nm3(D) . -_.- _l§QO - 1600 1300 800 800 800
-

800 800 800

PARTICULATE EMISSIONS l1il'40o/~ EXCESSAIR mo/Nm3(D\ 1300 150 150 150 150 150 150 150 150

TABLE 2.2-20 PERFORMANCE SUMMARY - UNIT 13 TABLE 2.2-20

UNCLEANED CLEANED UNCLEANED CLEANED UNCLEANED CLEANED UNCLEANED CLEANED
COAL COAL COAL COAL COAL COAL COAL COAL

DESCRIPTION OPTION 1A OPTION 1B OPTION2A OPTION 28 OPTION3A OPTION 38 OPTION4A OPTION 48

UNIT 13 UNIT 13 UNIT 13 UNIT 13 UNIT 13 UNIT 13 UNIT 13 UNIT 13

CIVIUSTRUCTURAUDEMOLrr.IONWOR.~.. -_.- ---- - --- .._- --- -- --. J2,662,128 $2,662,128 g662,128 $2,662,128 $3,192,0~qQ, __g!.92,00O l3,238,272_ ~$l-,-~~

BOILER & FUEL FEED EQUIPM.ENT_R.~PAII~/.REFU.RBISHMEIiI.~_. _.- --- . - - -- ----
$13,239,072 $13,239,072 $14,652,736 $14,652,736 _ $26,4~5,58~ _g5,78i5~84 $23,444,512 $22,750,559

TURBINE AND BALANCE OF PLANT EQ..LJ.IPMENT UPGRADE~/REPAI.R - - ~ . - $7,090,862 $7,090,862 _$7,090,862 $7,090,862 g090,~62 $6,988,562 $21,044,930 .$21..Q.44-,-9~

INSTRUMENTS AND CONTROl,~ .. -------- _. ~_g~17,745 $2,217,745 ~.2,217,745 $2,217,74,5 ,$2,217,7_45 __$.2,2_1174~ _. J.2,217,74~_ $2,217,745

ENVIRONMENTAL_Eg\JIPM~NTUPQ.R~ES -- --_. $3,323,320 $3,323,:320 $11,703,120 $13,674,320 $12,291,620 $12,508,100 $12,717,100 $J2,9_6j,600 __

ELECTRICAL EQUIPMENT REPAI~IREPLACEMj:t'lJ____ $7,373,828 $7,373,828 $7,373,828 $7,373,828 F.:m,8~8 E,:31::3,82i!. E,37:3,8~1l $7,373,828

SITE INDIRECTS --_.._--~---_. $4,410,693 $4,419,693 $4,755,693 $4,825,093 $6,029,493 $6,009,773 $6,442,245 .~,~~,045

ENGINEERING & CONSTRUCTION MANAGEMENT $5372615 $5372615 $5886772 $5989394 $7671586 $7643476 $8271910 $8248472

$ VALUE OFUKRAINIAN LAl3g&..Eql,llPJIJ1..Ef\lT~MATERIAL

PERCENTAGE OF TOTAL PROJECT ESTIMATE

. _$45,690,263 $45,690,263 . $5_6,342,884 $58,486,106 $72,..3.o~,718 $71,?19-,-~_ $84,75().542 $84,266,451

$339 $245 $420 $316 $396 $388 $410 $403

--- ---------- _$.22,561,..730 $22,561,730 . $22,043,282 __$22-,-075,282 $~4~'§Q.2~ . $~:3,717,<l!1..__ $46,111, ,13.1.9_ $45,381,398

49% 49% 39% 38% 48% 47% 54% 54%

04/08/96 Revision 1



•

•

•

IV. PROJECT CASH FLOW DATA

CONTENTS

1. Project Cash Flow - Options in Draft Report
(Including Import Duties and Taxes)

2. Project Cash Flow - Options in Report, Plus Option 5
(Import Duties and Taxes Deleted)



• .ANSK, UKRAINE .'REHABILI N / REPOWERING PROJECT
SUMM F PROJECT CASH FLOW

(Dollars in $1,0005)

Year I Year 1
1 2 3 4 5 6 7 8 9 10 11 12Mont~

Budget
Option 1A

Unit - 10 $53,747 $5,375 $1,075 $1,612 $1,612 $2,687 $3,762 $2,687 $5,375 $2,687 $2,687 $2,687 $2,687
Unit - 13 $48,402 $4,840 $968 $1,452 $1,452 $2,420 $3,388 $2,420 $4,840 $2,420 $2,420 $2,420 $2,420

Option 1B
Unit - 10 $53,747 $5,375 $1,075 $1,612 $1,612 $2,687 $3,762 $2,687 $5,375 $2,687 $2,687 $2,687 $2,687
Unit - 13 $48,402 $4,840 $968 $1,452 $1,452 $2,420 $3,388 $2,420 $4,840 $2,420 $2,420 $2,420 $2,420

Option 2A
Unit - 10 $65,514 $6,551 $1,310 $1,965 $1,965 $3,276 $4,586 $3,276 $6,551 $3,276 $3,276 $3,276 $3,276
Unit - 13 $60,911 $6,091 $1,218 $1,827 $1,827 $3,046 $4,264 $3,046 $6,091 $3,046 $3,046 $3,046 $3,046

Option 2B
Unit - 10 $68,008 $6,801 $1,360 $2,040 $2,040 $3,400 $4,761 $3,400 . $6,801 $3,400 $3,400 $3,400 $3,400
Unit - 13 $63,385 $6,339 $1,268 $1,902 $1,902 $3,169 $4,437 $3,169 $6,339 $3,169 $3,169 $3,169 $3,169

Option 3A
Unit - 10 $82,588 $8,259 $1,652 $2,478 $2,478 $4,129 $5,781 $4,129 $8,259 $4,129 $4,129 $4,129 $4,129
Unit - 13 $76,377 $7,638 $1,528 $2,291 $2,291 $3,819 $5,346 $3,819 $7,638 $3,819 $3,819 $3,819 $3,819

Option 3B
Unit - 10 $82,114 $8,211 $1,642 $2,463 $2,463 $4,106 $5,748 $4,106 $8,211 $4,106 $4,106 $4,106 $4,106
Unit - 13 $75,805 $7,581 $1,516 $2,274 $2,274 $3,790 $5,306 $3,790 $7,581 $3,790 $3,790 $3,790 $3,790

Option 4A
Unit - 10 $87,741 $8,774 $1,755 $2,632 $2,632 $4,387 $6,142 $4,387 $8,774 $4,387 $4,387 $4,387 $4,387
Unit - 13 $88,769 $8,877 $1,775 $2,663 $2,663 $4,438 $6,214 $4,438 $8,877 $4,438 $4,438 $4,438 $4,438

Option 4B
Unit - 10 $87,396 $8,740 $1,748 $2,622 $2,622 $4,370 $6,118 $4,370 $8,740 $4,370 $4,370 $4,370 $4,370
Unit - 13 $88,330 $8,833 $1,767 $2,650 $2,650 $4,417 $6,183 $4,417 $8,833 $4,417 $4,417 $4,417 $4,417

CFB $108,840 $10,884 $2,177 $3,265 $3,265 $5,442 $7,619 $5,442 $10,884 $5,442 $5,442 $5,442 $5,442

BASIS: OPTIONS IN REPORT

..,J
-->
'1)
CASHWK4 IV-1-1 04/04/96



• .NSK, UKRAINE ••REHABILIT 1REPOWERING PROJECT
SUMMA F PROJECT CASH FLOW

(Dollars in $1 ,000s)

Year Year 2
Month 13 14 15 16 17 18 19 20 21 22 23 24

BUdget
Option 1A

Unit -: 10 $53,747 $188 $188 $376 $376 $376 $752 $752 $941 $941 $941 $941 $941
Unit - 13 $48,402 $169 $169 $339 $339 $339 $678 $678 $847 $847 $847 $847 $847

Option 1B
Unit - 10 $53,747 $188 $188 $376 $376 $376 $752 $752 $941 $941 $941 $941 $941
Unit - 13 $48,402 $169 $169 $339 $339 $339 $678 $678 $847 $847 $847 $847 $847

Option 2A
Unit - 10 $65,514 $229 $229 $459 $459 $459 $917 $917 $1,146 $1,146 $1,146 $1,146 $1,146
Unit - 13 $60,911 $213 $213 $426 $426 $426 $853 $853 $1,066 $1,066 $1,066 $1,066 $1,066

Option 2B
Unit - 10 $68,008 $238 $238 $476 $476 $476 $952 $952 $1,190 $1,190 $1,190 $1,190 $1,190
Unit - 13 $63,385 $222 $222 $444 $444 $444 $887 $887 $1,109 $1,109 $1,109 $1,109 $1,109

Option 3A
Unit - 10 $82,588 $289 $289 $289 $578 $578 $578 $1,156 $1,156 $1,156 $1,445 $1,445 $1,445
Unit - 13 $76,377 $267 $267 $267 $535 $535 $535 $1,069 $1,069 $1,069 $1,337 $1,337 $1,337

Option 3B
Unit - 10 $82,114 $287 $287 $287 $575 $575 $575 $1,150 $1,150 $1,150 $1,437 $1,437 $1,437
Unit - 13 $75,805 $265 $265 $265 $531 $531 $531 $1,061 $1,061 $1,061 $1,327 $1,327 $1,327

Option 4A
Unit - 10 $87,741 $307 $307 $307 $307 $614 $1,228 $1,228 $1,228 $1,228 $1,535 $1,535 $1,535
Unit - 13 $88,769 $311 $311 $311 $311 $621 $1,243 $1,243 $1,243 $1,243 $1,553 $1,553 $1,553

Option 4B
Unit - 10 $87,396 $306 $3.06 $306 $306 $612 $1,224 $1,224 $1,224 $1,224 $1,529 $1,529 $1,529
Unit - 13 $88,330 $309 $309 $309 $309 $618 $1,237 $1,237 $1,237 $1,237 $1,546 $1,546 $1,546

CFB $108,840 $381 $381 $762 $762 $762 $1,524 $1,524 $1,905 $1,905 $1,905 $1,905 $1,905

~

~

~
CASHWK4 IV-1-2 04/04/96
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• LU~. UKRAINE .'REHABILITATIO POWERING PROJECT
SUMMARY a JECT CASH FLOW

(Dollars in $1,0005)

Year Year 4
Month 37 38 39 40 41 42 43 44 45 46 47 48

Budget Total
.' '.,' iA

Unit - 10 $53,747 $53,747
Unit-13 $48,402 $48,402

()ption 18
Unit - 10 $53,747 $53,747
Unit - 13 $48,402 $48,402

Option 2A
Unit - 10 $65,514 $65,514
Unit - 13 $60,911 $60,911

Option 28
Unit - 10 $68,008 $68,008
Unit - 13 $63,385 $63,385

Option 3A
Unit-10 $82,588 $578 $289 $289 $82,588
Unit- 13 $76,377 $535 $267 $267 $76,377

Option 3B
Unit - 10 $82,114 $575 $287 $287 $82,114
Unit - 13 $75,805 $531 $265 $265 $75,805

Option 4A
Unit - 10 $87,741 $307 $307 $307 $307 $307 $87,741
Unit - 13 $88,769 $311 $311 $311 $311 $311 $88,769

Option 4B
Unit - 10 $87,396 $306 $306 $306 $306 $306 $87,396
Unit - 13 $88,330 $309 $309 $309 $309 $309 $88,330

CFB $108,840 $108,840

.)
~
~

CASHWK4 IV-1-4 04/04/96





• .NSK, UKRAINE ••REHABILIT / REPOWERING PROJECT
SUMMARY OF PROJECT CASH FLOW

(Dollars in $1 ,000s)

Year Year 2
Month 13 14 15 16 17 18 19 20 21 22 23 24

Budget
Option 1A

Unit - 10 $51,644 $181 $181 $362 $362 $362 $723 $723 $904 $904 $904 $904 $904
Unit - 13 $45,690 $160 $160 $320 $320 $320 $640 $640 $800 $800 $800 $800 $800

Option 18
Unit - 10 $51,644 $181 $181 $362 $362 $362 $723 $723 $904 $904 $904 $904 $904
Unit - 13 $45,690 $160 $160 $320 $320 $320 $640 $640 $800 $800 $800 $800 $800

Option 2A
Unit - 10 $61,695 $216 $216 $432 $432 $432 $864 $864 $1,080 $1,080 $1,080 $1,080 $1,080
Unit - 13 $56,343 $197 $197 $394 $394 $394 $789 $789 $986 $986 $986 $986 $986

Option 28
Unit - 10 $63,840 $223 $223 $447 $447 $447 $894 $894 $1,117 $1,117 $1,117 $1,117 $1,117
Unit - 13 $58,470 $205 $205 $409 $409 $409 $819 $819 $1,023 $1,023 $1,023 $1,023 $1,023

Option 3A
Unit - 10 $78,513 $275 $275 $275 $550 $550 $550 $1,099 $1,099 $1,099 $1,374 $1,374 $1,374
Unit - 13 $72,303 $253 $253 $253 $506 $506 $506 $1,012 $1,012 $1,012 $1,265 $1,265 $1,265

Option 38
Unit - 10 $78,006 $273 $273 $273 $546 $546 $546 $1,092 $1,092 $1,092 $1,365 $1,365 $1,365
Unit - 13 $71,719 $251 $251 $251 $502 $502 $502 $1,004 $1,004 $1,004 $1,255 $1,255 $1,255

Option 4A
Unit - 10 $83,863 $294 $294 $294 $294 $587 $1,174 $1,174 $1,174 $1,174 $1,468 $1,468 $1,468
Unit - 13 $84,751 $297 $297 $297 $297 $593 $1,187 $1,187 $1,187 $1,187 $1,483 $1,483 $1,483

Option 48
Unit - 10 $83,472 $292 $292 $292 $292 $584 $1,169 $1,169 $1,169 $1,169 $1,461 $1,461 $1,461
Unit - 13 $84,266 $295 $295 $295 $295 $590 $1,180 $1,180 $1,180 $1,180 $1,475 $1,475 $1,475

Option 5A
Unit - 10 $96,024 $336 $336 $336 $336 $672 $1,344 $1,344 $1,344 $1,344 $1,680 $1,680 $1,680
Unit - 13 $96,048 $336 $336 $336 $336 $672 $1,345 $1,345 $1,345 $1,345 $1,681 $1,681 $1,681

Option 58
Unit - 10 $95,280 $333 $333 $333 $333 $667 $1,334 $1,334 $1,334 $1,334 $1,667 $1,667 $1,667
Unit - 13 $95,211 $333 $333 $333 $333 $666 $1,333 $1,333 $1,333 $1,333 $1,666 $1,666 $1,666

CF8 $105,376 $369 $369 $738 $738 $738 $1,475 $1,475 $1,844 $1,844 $1,844 $1,844 $1,844

...?
~..--
CCASH.WK4 IV-2-2 04/04/96



• .NSK, UKRAINE ••REHA81L1T / REPOWERING PROJECT
SUMMARY OF PROJECT CASH FLOW

(Dollars in $1,0005)

Year Year 3
Month 25 26 27 28 29 30 31 32 33 34 35 36

8udget
Option 1A

Unit - 10 $51,644 $1,446 $1,446 $1,808 $1,808 $1,446 $1,085 $723 $723 $181
Unit - 13 $45,690. $1,279 $1,279 $1,599 $1,599 $1,279 $959 $640 $640 $160

Option 18
Unit.,. 10 $51,644 $1,446 $1,446 $1,808 $1,808 $1,446 $1,085 $723 $723 $181
Unit - 13 $45,690 $1,279 $1,279 $1,599 $1,599 $1,279 $959 $640 $640 $160

Option 2A
Unit - 10 $61,695 $1,296 $1,296 $1,727 $2,159 $2,159 $1,296 $864 $864 $432 $216 $216 $216
Unit - 13 $56,343 $1,183 $1,183 $1,578 $1,972 $1,972 $1,183 $789 $789 $394 $197 $197 $197

Option 28
Unit - 10 $63,840 $1,341 $1,341 $1,788 $2,234 $2,234 $1,341 $894 $894 $447 $223 $223 $223
Unit - 13 $58,470 $1,228 $1,228 $1,637 $2,046 $2,046 $1,228 $819 $819 $409 $205 $205 $205

Option 3A
Unit - 10 $78,513 $1,649 $1,649 $2,198 $2,473 $2,473 $1,649 $1,099 $1,099 $550 $550 $550 $550
Unit - 13 $72,303 $1,518 $1,518 $2,024 $2,278 $2,278 $1,518 $1,012 $1,012 $506 $506 $506 $506

Option 38
Unit-10 $78,006 $1,638 $1,638 $2,184 $2,457 $2,457 $1,638 $1,092 $1,092 $546 $546 $546 $546
Unit - 13 $71,719 $1,506 $1,506 $2,008 $2,259 $2,259 $1,506 $1,004 $1,004 $502 $502 $502 $502

Option 4A
Unit - 10 $83,863 $1,761 $1,761 $2,348 $2,348 $2,348 $1,761 $1,174 $1,174 $587 $587 $587 $587
Unit - 13 $84,751 $1,780 $1,780 $2,373 $2,373 $2,373 $1,780 $1,187 $1,187 $593 $593 $593 $593

Option 48
Unit - 10 $83,472 $1,753 $1,753 $2,337 $2,337 $2,337 $1,753 $1,169 $1,169 $584 $584 $584 $584
Unit-13 $84,266 $1,770 $1,770 $2,359 $2,359 $2,359 $1,770 $1,180 $1,180 $590 $590 $590 $590

Option 5A
Unit - 10 $96,024 $2,017 $2,017 $2,689 $2,689 $2,689 $2,017 $1,344 $1,344 $672 $672 $672 $672
Unit - 13 $96,048 $2,017 $2,017 $2,689 $2,689 $2,689 $2,017 $1,345 $1,345 $672 $672 $672 $672

Option 58
Unit-10 $95,280 $2,001 $2,001 $2,668 $2,668 $2,668 $2,001 $1,334 $1,334 $667 $667 $667 $667
Unit-13 $95,211 $1,999 $1,999 $2,666 $2,666 $2,666 $1,999 $1,333 $1,333 $666 $666 $666 $666

CF8 $105,376 $2,951 $2,951 $3,688 $3,688 $2,951 $2,213 $1,475 $1,475 $369

~
~

CCASH.WK4 IV-2-3 04/04/96



• LUG., UKRAINE .-REHA81L1TATIO POWERING PROJECT
SUMMARY OF PROJECT CASH FLOW

(Dollars in $1,0005)

Year Year 4
Month 37 38 39 40 41 42 43 44 45 46 47 48

Budget Total
Option 1A

Unit - 10 $51,644 $51,644
Unit - 13 $45,690 $45,690

Option 18
Unit - 10 $51,644 $51,644
Unit - 13 $45,690 $45,690

Option 2A
Unit - 10 $61,695 $61,695
Unit-13 $56,343 $56,343

Option 28
Unit-10 $63,840 $63,840
Unit - 13 $58,470 $58,470

Option 3A
Unit - 10 $78,513 $550 $275 $275 $78,513
Unit-13 $72,303 $506 $253 $253 $72,303

Option 38
Unit-10 $78,006 $546 $273 $273 $78,006
Unit - 13 $71,719 $502 $251 $251 $71,719

Option 4A
Unit-10 $83,863 $294 $294 $294 $294 $294 $83,863
Unit - 13 $84,751 $297 $297 $297 $297 $297 $84,751

Option 48
Unit - 10 $83,472 $292 $292 $292 $292 $292 $83,472
Unit - 13 $84,266 $295 $295 $295 $295 $295 $84,266

Option 5A
Unit - 10 $96,024 $336 $336 $336 $336 $336 $96,024
Unit - 13 $96,048 $336 $336 $336 $336 $336 $96,048

Option 58
Unit - 10 $95,280 $333 $333 $333 $333 $333 $95,280
Unit - 13 $95,211 $333 $333 $333 $333 $333 $95,211

CF8 $105,376 $105,376

~

~CCASH.WK4
....l
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v. ESTIMATED COSTS FOR UNITS 10 AND 13 IN SECOND 15 YEAR PERIOD
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• ESTIMATED COST. UNITS 10 AND 13

OVER SECOND 15 YEAR PERIOD

.-
OPTION 1A (UNIT 10)

REPAIR/REFURBISH BOILER REFRACTORY,INSULATION, LAGGING & CASING

REPAIR BACK-PASS CASING, INSULATION, ETC.

REPAIR/REPLACE FURNACE TUBING, ROOF PENETRATIONS, ETC.

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSiON SHEILDS

REFURBISH AIR PREHEATERS

REPAIR INDUCED DRAFT FANS

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS

REPAIR GRINDING CIRCUITS

REPAIR/REFURBISH EXISTING BALL MILLS

REFURBISH EXISTING FUEL INJECTORS

REFURBISH SLAG TAP REFRACTORY

REFURBISH EXISTING SOOTCLEANING SYSTEMS

DIRECT COST OF WORK LISTED ABOVE 10,813,434

PROJECT INDIRECTS 2,670,033
-

NEW TURBINE GENERATOR 14,500,000

TOTAL 15 YEAR REPLACEMENT ITEMS 27,983,467

1--- ----- -_.__ ._._-
---_._----~.-- -- -,-.- .~ ------ --_ .._-

~ OPTION 18 (UNIT 10)

REPAIR/REFURBISH BOILER REFRACTORY,INSULATION, LAGGING & CASING
-~

REPAIR BACK-PASS CASING, INSULATION, ETC. -----
REPAIR/REPLACE FURNACE TUBING, ROOF PENETRATIONS, ETC.

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSiON SHEILDS

REFURBISH AIR PREHEATERS

REPAIR INDUCED DRAFT FANS_._------ --------------------
REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS

REPAIR GRINDING CIRCUITS-_._--_._-_....._.......- .._---_._-----------
REPAIR/REFURBISH EXISTING BALL MILLS

REFURBISH EXISTING FUEL INJECTORS
.'--'.--'--_._-----.----- _.. -

REFURBISH SLAG TAP REFRACTORY

REFURBISH EXISTING SOOTCLEANING SYSTEMS
.._--------,--

DIRECT COST OF WORK LISTED ABOVE 10,813,434

PROJECT INDIRECTS 2,670,033

NEW TURBINE GENERATOR 14,500,000

TOTAL 15 YEAR REPLACEMENT ITEMS 27,983,467

OPTION 1A (UNIT 13)

REPAIR/REFURBISH BOILER REFRACTORY, INSULATION, LAGGING &CASING

REPAIR BACK-PASS CASING, INSULATION, ETC.

REPAIR/REPLACE FURNACE TUBING, ROOF PENETRATIONS, ETC.

REPAIR/REPLACE SH, RH &ECONO TUBE BANKS, ADD EROSION SHEILDS

REFURBISH AIR PREHEATERS

REPAIR INDUCED DRAFT FANS

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS

REPAIR GRINDING CIRCUITS

REPAIR/REFURBISH EXISTING BALL MILLS

REFURBISH EXISTING FUEL INJECTORS

REFURBISH SLAG TAP REFRACTORY

REFURBISH EXISTING SOOTCLEANING SYSTEMS

DIRECT COST OF WORK LISTED ABOVE 10,935,456

PROJECT INDIRECTS 3,032,825

NEW TURBINE GENERATOR 14,500,000

--_.--- --_. TOTAL 15 YEAR REPLACEMENT ITEMS 28,468,281

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

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

n _____OPTION 18 (UNIT 13)

REPAIR/REFURBISH BOILER REFRACTORY,INSULATION, LAGGING & CASING

RE~A~.E3AC~:.I'.~~S CA§~f\l(3, I_N.§U~TI9f',l.,_ETC.

REPAIR/REPLACE FURNACE TUBING, ROOF PENETRATIONS, ETC.

REPAIR/REPLACE SH, RH & ECONO TUBE:..I3~f\l~~~DDEROSION SHEILDS

REFURBISH AIR PREHEATERS

REPAIR INDUCED DRAFT FANS

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS
-~-_.

REPAIR GRINDING CIRCUITS
-- .. ----_.--_._-~

REPAIR/REFURBISH EXISTING BALL MILLS
-~-_._----

REFURBISH EXISTING FUEL INJECTORS - -_._-------_.
~_BISHSLAG TAP REFRACTORY

REFURBISH EXISTING SOOTCLEANING SYSTEMS

----_.
DIRECT COST OF WORK LISTED ABOVE 10,935,456

------_. ------- PROJECT INDIRECTS 3,032,825

NEW TURBINE GENERATOR 14,500,000--
~_ ..~~-~ TOTAL 15 YEAR REPLACEMENT ITEMS 28,468,281

04/04/96 V-1-1



• •ESTIMATED COSTS FOR UNITS 10 AND 13

OVER SECOND 15 YEAR PERIOD

.-
OPTION 2A (UNIT 10)

REPAIR/REFURBISH BOILER REFRACTORY, INSULATION, LAGGING & CASING

REPAIR BACK·PASS CASING, INSULATION, ETC.

REPAIR/REPLACE FURNACE TUBING, ROOF PENETRATIONS, ETC.

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS

REFURBISH AIR PREHEATERS

REPAIR INOUCED DRAFT FANS

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS

REPAIR GRINDING CIRCUITS

REPAIR/REFURBISH EXISTING BALL MILLS

REFURBISH SLAG TAP REFRACTORY

REFURBISH EXISTING SOOTCLEANING SYSTEMS

DIRECT COST OF WORK LISTED ABOVE 10,297,952

PROJECT INDIRECTS 2,215,938

NEW TURBINE GENERATOR 14,500,000

TOTAL 15 YEAR REPLACEMENT ITEMS 27,013,890

OPTION 28 (UNIT 10)
---

REPAIR/REFURBISH BOILER REFRACTORY, INSULATION, LAGGING & CASING

REPAIR BACK·PASS CASING, INSyLATION, ETC.

~IR/REPLACE FURNACE TUBING, ROOF PENETRATIONS, ETC.

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILD~

REFURBISH AIR PREHEATERS--
REPAIR INDUCED DRAFT FANS

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS --
REPAIR GRINDING CIRCUITS

REPAIR/REFURBISH EXISTING BALL MILLS

REFURBISH SLAG TAP REFRACTORY

REFURBISH EXISTING SOOTCLEANING SYSTEMS

----
DIRECT COST OF WORK LISTED ABOVE 10,297,952

PROJECT INDIRECTS 2,138,104

NEW TURBINE GENERATOR 14,500,000

TOTAL 15 YEAR REPLACEMENT ITEMS 26,936,056

OPTION 2A (UNIT 13)

REPAIRIREFURBISH BOILER REFRACTORY,INSULATION, LAGGING & CASING

REPAIR BACK-PASS CASING, INSULATION, ETC.

REPAIR/REPLACE FURNACE TUBING, ROOF PENETRATIONS, ETC.

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS

REFURBISH AIR PREHEATERS

REPAIR INDUCED DRAFT FANS

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS

REPAIR GRINDING CIRCUITS

REPAIR/REFURBISH EXISTING BALL MILLS

REFURBISH SLAG TAP REFRACTORY

REFURBISH EXISTING SOOTCLEANING SYSTEMS

DIRECT COST OF WORK LISTED ABOVE 9,548,448

PROJECT INDIRECTS 2,234,918

NEW TURBINE GENERATOR 14,500,000

TOTAL 15 YEAR REPLACEMENT ITEMS 26,283,366

OPTION 28 (UNIT 13)

REPAIR/REFURBISH BOILER ~EFRACTORY, INSULATION, LAGGING & CASING

REPAIR BACK·PASS CASING,INSULATION, ETC.

REPAIR/REPLACE FURNACE TUBING, ROOF PENETRATIONS, ETC.

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS

REFURBISH AIR PREHEATERS

REPAIR INDUCED DRAFT FANS

REPAIRIREPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS

REPAIR GRINDING CIRCUITS -
REPAIR/REFURBISH EXISTING BALL MILLS

REFURBISH SLAG TAP REFRACTORY

REFURBISH EXISTING SOOTCLEANING SYSTEMS

DIRECT COST OF WORK LISTED ABOVE 9,548,448

PROJECT INDIRECTS 2,162,897

NEW TURBINE GENERATOR 14,500,000

TOTAL 15 YEAR REPLACEMENT ITEMS 26,211,345

04/04/96
V-1-2



• ESTIMATEDCOST~UNITS 10 AND 13

OVER SECOND 15 YEAR PERIOD

.-
OPTION 3A (UNIT 10)

REPAIR BACK-PASS CASING, INSULATION, ETC.

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS

REFURBISH AIR PREHEATERS

REPAIR INDUCED DRAFT FANS
--'--

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS

REPAIR GRINDING CIRCUITS

REFURBISH EXISTING SOOTCLEANING SYSTEMS

DIRECT COST OF WORK LISTED ABOVE 5,871,488
PROJECT INDIRECTS 1,278,610

NEW TURBINE GENERATOR 14,500,000

TOTAL 15 YEAR REPLACEMENT ITEMS 21,650,098

OPTION 38 (UNIT 10)

REPAIR BACK-PASS CASING, INSULATION, ETC.

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS

REFURBISH AIR PREHEATERS

REPAIR INDUCED DRAFT FANS ---
REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS

REPAIR GRINDING CIRCUITS
-~

REFURBISH EXISTING SOOTCLEANING SYSTEMS
~-

DIRECT COST OF WORK LISTED ABOVE 5,871,488

PROJECT INDIRECTS 1,274,914

NEW TURBINE GENERATOR 14,500,000

TOTAL 15 YEAR REPLACEMENT ITEMS 21,646,402

OPTION 3A (UNIT 13)

REPAIR BACK·PASS CASING,INSULATION, ETC.

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS

REFURBISH AIR PREHEATERS

REPAIR INDUCED DRAFT FANS

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS

REPAIR GRINDING CIRCUITS

REFURBISH EXISTING SOOTCLEANING SYSTEMS

DIRECT COST OF WORK LISTED ABOVE 5,871,488

PROJECT INDIRECTS 1,370,108

NEW TURBINE GENERATOR 14,500,000

TOTAL 15 YEAR REPLACEMENT ITEMS 21,741,596

OPTION 38 (UNIT 13)

REPAIR BACK-PASS CASING, INSULATION, ETC.

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS

~RBISH AIR PREHEATERS

REPAIR INDUCED DRAFT FANS

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS

REPAIR GRINDING CIRCUITS

REFURBISH EXISTING SOOTCLEANING SYSTEMS

-- DIRECT COST OF WORK LISTED ABOVE 5,8?~

PROJECT INDIRECTS 1,365,325

NEW TURBINE GENERATOR 14,500,000

TOTAL 15 YEAR REPLACEMENT ITEMS 21,736,813

04/04/96
V-1-3



• •ESTIMATED COSTS FOR UNITS 10 AND 13
OVER SECOND 15 YEAR PERIOD

••
OPTION 4A {UNIT 101

REPAIR BACK-PASS CASING, INSULATION, ETC.

REPAIR/REPLACE FURNACE TUBING, ROOF PENETRATIONS, ETC.

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS

REFURBISH AIR PREHEATERS

REPAIR INDUCED DRAFT FANS

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS

REPAIR GRINDING CIRCUITS

REFURBISH SLAG TAP REFRACTORY

REFURBISH EXISTING SOOTCLEANING SYSTEMS

DIRECT COST OF WORK LISTED ABOVE 5,929,504

PROJECT INDIRECTS 1,244,661

TOTAL 15 YEAR REPLACEMENT ITEMS 7,174,165

OPTION 48 {UNIT 101
-~

REPAIR BACK-PASS CASING, INSULATION, ETC.

~IR/REPLACEFURNACE TUBING, ROOF PENETRATIONS, ETC.

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS

REFURBISH AIR PREHEATERS
f--~- --
REPAIR INDUCED DRAFT FANS

.~---~---_._-_. __ . _._._---
REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS

REPAIR GRINDING CIRCUITS

REFURBISH SLAG TAP REFRACTORY

~RBISH EXISTING SOOTCLEANING SYSTEMS

DIRECT COST OF WORK LISTED ABOVE 5,929,504

PROJECT INDIRECTS 1,241,859
TOTAL 15 YEAR REPLACEMENT ITEMS 7,171,363

OPTION 4A {UNIT 131
REPAIR BACK·PASS CASING,INSULATION, ETC.

REPAIR/REPLACE FURNACE TUBING, ROOF PENETRATIONS, ETC.

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS

REFURBISH AIR PREHEATERS

REPAIR INDUCED DRAFT FANS

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS

REPAIR GRINDING CIRCUITS

REFURBISH SLAG TAP REFRACTORY

REFURBISH EXISTING SOOTCLEANING SYSTEMS

DIRECT COST OF WORK LISTED ABOVE 5,929,504

PROJECT INDIRECTS 1,250,703

TOTAL 15 YEAR REPLACEMENT ITEMS 7,180,207

OPTION 48 {UNIT 131
REPAIR BACK-PASS CASING, INSULATION, ETC.

REPAIR/REPLACE FURNACE TUBING, ROOF PENETRATIONS, ETC.

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS

REFURBISH AIR PREHEATERS

REPAIR INDUCED DRAFT FANS --
REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS

REPAIR GRINDING CIRCUITS

REFURBISH SLAG TAP REFRACTORY

REFURBISH EXISTING SOOTCLEANING SYSTEMS

DIRECT COST OF WORK LISTED ABOVE 5,929,504

PROJECT INDIRECTS 1,247,504

TOTAL 15 YEAR REPLACEMENT ITEMS 7,177,008

~ 04/04/96
~
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• •ESTIMATED COSTS FOR UNITS 10 AND 13
OVER SECOND 15 YEAR PERIOD •

OPTION 5A (UNIT 10)

REPAIR BACK-PASS CASING, INSULATION, ETC.

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS

REFURBISH AIR PREHEATERS

REPAIR INDUCED DRAFT FANS

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS

REPAIR GRINDING CIRCUITS

REFURBISH EXISTING SOOTCLEANING SYSTEMS

DIRECT COST OF WORK LISTED ABOVE 6,563,379

PROJECT INDIRECTS 1,269,363

TOTAL 15 YEAR REPLACEMENT ITEMS 7,832,742

----_._-._-
OPTION 58 (UNIT 10)

REPAIR BACK-PASS CASING, INSULATION, ETC.

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS

~BISHAIR PREHEATERS

REPAIR INDUCED DRAFT FANS

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS -------
rREPAIR GRINDING CIRCUITS ._-

1~E:FURB~tl~E:XISllliC?~90TCLEANINGSYSTEMS
-----_.~-----

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

04/04/96

OPTION 5A (UNIT 13)

REPAIR BACK-PASS CASING, INSULATION, ETC.

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS

REFURBISH AIR PREHEATERS

REPAIR INDUCED DRAFT FANS

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS

REPAIR GRINDING CIRCUITS

REFURBISH EXISTING SOOTCLEANING SYSTEMS

DIRECT COST OF WORK LISTED ABOVE 6,563,379

PROJECT INDIRECTS 1,269,472

TOTAL 15 YEAR REPLACEMENT ITEMS 7,832,851

OPTION 58 (UNIT 13)
REPAIR BACK-PASS CASING, INSULATION, ETC.

REPAIR/REPLACE SH, RH & ECONO TUBE BANKS, ADD EROSION SHEILDS

REFURBISH AIR PREHEATERS

REPAIR INDUCED DRAFT FANS

REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS

REPAIR GRINDING CIRCUITS _

,.B..E:.FURBISH EXISTING SOOTCLEANING SYSTEMS

I---~-_.-_.~------.----------------.-.-.-t_.----____,

DIRECT COST OF WORK LISTED ABOVE I 7,254.419
,·-~-·---··_·--=--=--:... ·.:':P-=R.:':OJ..::E:-.C--'T:-.I-:.ND...IR-=E".:C...T-=S=----=::...-.::........----------·'----1,-42-2-,174

l.n_n.__ ---_-__-T-_O-~T-A-L-.!.-5'c..:'(-..EA:.::R:.::R:..:E--'PL.=.A;;.C.:.::E:.::M'-'E.:':N-T-I-T-E-M-S----__.-_-_--_-..-jf----.8-'-',""67=6'-'-,5--'9---'-"3

V-1-5



• •LUGANSK, UKRAINE
REHABILITATION/REPOWERING PROJECT

VALUE OF SECOND 15 YEAR PERIOD UPGRADES
SUMMARY OF PROJECT CASH FLOW

(Dollars in $1,0005)

•
I MONTH

1 2 3 4 5 6 7 8 9
Value

Option 1A*
Unit- 10 $27,983 $2,798 $2,798 $5,597 $2,798 $2,798 $2,798 $2,798 $2,798 $2,798
Unit- 13 $28,468 $2,847 $2,847 $5,694 $2,847 $2,847 $2,847 $2,847 $2,847 $2,847

Option 1B*
Unit· 10 $27,983 $2,798 $2,798 $5,597 $2,798 $2,798 $2,798 $2,798 $2,798 $2,798
Unit- 13 $28,468 $2,847 $2,847 $5,694 $2,847 $2,847 $2,847 $2,847 $2,847 $2,847

Option 2A*
Unit- 10 $27,014 $2,701 $2,701 $5,403 $2,701 $2,701 $2,701 $2,701 $2,701 $2,701
Unit- 13 $26,283 $2,628 $2,628 $5,257 $2,628 $2,628 $2,628 $2,628 $2,628 $2,628

Option 2B*
Unit - 10 $26,936 $2,694 $2,694 $5,387 $2,694 $2,694 $2,694 $2,694 $2,694 $2,694
Unit- 13 $26,211 $2,621 $2,621 $5,242 $2,621 $2,621 $2,621 $2,621 $2,621 $2,621

Option 3A*
Unit - 10 $21,650 $2,165 $2,165 $4,330 $2,165 $2,165 $2,165 $2,165 $2,165 $2,165
Unit - 13 $21,742 $2,174 $2,174 $4,348 $2,174 $2,174 $2,174 $2,174 $2,174 $2,174

Option 38*
Unit· 10 $21,646 $2,165 $2,165 $4,329 $2,165 $2,165 $2,165 $2,165 $2,165 $2,165
Unit- 13 $21,747 $2,175 $2,175 $4,349 $2,175 $2,175 $2,175 $2,175 $2,175 $2,175

Option 4A
Unit· 10 $7,174 $717 $717 $1,435 $717 $717 $717 $717 $717 $717
Unit- 13 $7,180 $718 $718 $1,436 $718 $718 $718 $718 $718 $718

Option 48
Unit- 10 $7,171 $717 $717 $1,434 $717 $717 $717 $717 $717 $717
Unit- 13 $7,177 $718 $718 $1,435 $718 $718 $718 $718 $718 $718

Option 5A
Unit- 10 $7,833 $783 $783 $1,567 $783 $783 $783 $783 $783 $783
Unit- 13 $7,833 $783 $783 $1,567 $783 $783 $783 $783 $783 $783

Option 5B
Unit- 10 $8,677 $868 $868 $1,735 $868 $868 $868 $868 $868 $868
Unit- 13 $8,677 $868 $868 $1,735 $868 $868 $868 $868 $868 $868

* Denotes that the cost of a new turbine generator at $14,500,000 has been Included for both Units 10 & 13
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VI. REVISED ESTIMATE SUMMARIES, INCORPORATING
REVISED SCOPE ITEMS IN UKRAINE "PLAN FOR
RECONSTRUCTION OF LUGANSK GRES"
(1200 MG/NM3 S02 EMISSION LIMIT)

OPTION 2A, UNIT 13
CFB UNIT
COMMON FACILITIES



• OPTION 2A WITH REVISED SCOPE
ITEMS IN UKRAINE "PLAN"
(1200 MG/NM3 S02 LIMIT)

• ESTIMATE SUMMARY
LUGANSK GRES

REHABILITATION OF UNIT 13

~2/96

ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

CIVIUSTRUCTURAL

1 DEMOLITION COSTS B&R 616,400 20,000 127,280 763,680

2 EXCAVATION & BACKFILL B&R 34,800 15,000 9,960 59,760

3 CONCRETE & STRUCTURAL STEEL B&R 113,600 65,000 35,720 214,320

4 BUILDINGS REHABILITATION B&R 49,640 20,000 13,928 83,568

5 ROADWAYS / PARKING / FENCING B&R 20,000 14,000 6,800 40,800

6 ASBESTOS & TRANSFORMER OIL REMOVAL COSTS B&R 0 1,250,000 250,000 1,500,000

TOTAL CIVIUSTRUCTURAL 834,440 0 134,000 0 1,250,000 443,688 2,662,128

BOILER REPAIR WORK

1 RETROFIT INNER & OUTER CASING, REFRACTORY, INSULATION, & LAGGING B&R 97,500 743,000 100,860 941,360

2 REPAIR BACK-PASS CASING,INSULATION, ETC. B&R 24,400 212,000 28,368 264,768

3 REPLACE FURNACE TUBING, ROOF PENETRATIONS, ETC. B&R 186,000 2,450,000 316,320 2,952,320

4 REPLACE HORIZONTAL RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B&R 85,600 1,775,000 223,272 2,083,872

5 REPLACE SUPERHEATER & REHEATER PENDANT TUBE BANKS B&R 171,200 1,935.000 252,744 2,358,944

6 REPAIR/REPLACE ATIEMPERATOR PIPING & VALVING B&R 7,200 95,000 12,264 114,464

7 REPLACE STEAM, WATER GAS, OIL & AIR VALVES (except boiler drains) B&R 34,000 245,000 33,480 312,480

8 REPLACE AIR PREHEATERS B&R 143,200 1,895,000 244,584 2,282,784

9 R_EPAIR INDUCED DRAFT FANS, ADD ABRASION RESISTANT MATERIAL B&R 12,000 410,000 50,640 472,640-
10 REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B&R 14,400 157,000 20,568 191,968

11 IREPAIR GRINDING CIRCUITS WITH ABRASION RESISTANT MATERIALS B&R 34,000 420,000 54,480 508,480

12 REPLACE MILL CLASSIFIERS & RELINE CYCLONES B&R __41,6Oil 1,842,000 226,032 2,109,632
~~._-

~--~.._-_. - ---_._-~ ---- ~--_..~._- -- -~-------- --
13 REPLACE EXISTING BALL MILLS W/ NEW 60 TPH UNITS B&R __ 130,000 __~,~4?,O(l_O 465,000 4,340,000------ ~-- --------- --- --
14 INSTALL MILL COAL LEVEL & BALL MILL CHARGE CONTROL SYSTEM B&R 32,000 _~,OOO 33,240 310,240

r--1.~-J!§!ALL NEIiV LOW NOx BURNERS USING TRI-ANGULAR ARRANGEMENT ---- B&R 37,600 -- 1,900,000 232,512 2,170,112
t--- r--- _._---~---_.__ . __ . - -

16 REFURBISH SLAG TAP REFRACTORY B&R 4,800 47,000 6,216 58,Q16- .- ..__ .. -- t---- --_ ... ---_._--~.

17 REFURBISH EXISTING SOOTCLEANING SYSTEMS B&R 12,800 135,000 17,736 165,536--
18 INSTALL NEW DUCT BURNER FOR BALL MILL INLET B&R 4,800 180,000 22,176 206,976

1--- ._-----

t_l~.~
MODIFY COAL BUNKER OUTLET & PIPING TO SUIT NEW BURNER ARGMT B&R 71,200 985,000 126,744 1,182,944--_._-_._--
~_~r:.URBIS'iBOILER SUPPORlS--, PLATFORMS & STAIRS B&R 23,400 250,000 32,808 306,208
TOTAL BOILER WORK 1,167,700 0 15,679,000 3,987,000 0 2,500,044 23,333,744--- ._----" .. - ---_. -_ .._-------- --
----,-_._- --

BOP MECHANICAL WORK

U
REFURBISH HP & IP CYLINDERS, CROSSOVER PI"G &PRV/ ATTEMP STATIONS UKR 113,600 1,450,000 156,360 1,719,960
REPLACE L.P. ROTOR & MODIFY EXHAUST UKR 96,000 3,085,000 318,100 3,499,100
INSTALL NEW VIBRATION MONITORING EQUIPMENT US 3,800 50,000 5,380 59,180
REPLACE TURBINE STOP, GOVERNOR & INTERCEPT VALVES UKR 3,600 900,000 90,360 993,960

1--
5 UPGRADE GLAND SEAL EXHAUSTER SYSTEM UKR 6,000 200,000 20,600 226,600
6 UPGRADE DRAINAGE/ BLOWDOWN EQUIPMENT UKR 4,000 70,000 7,400 81,400---.-_._------- ---_.~_.-. -
7 REPLACE GOVERNING SYSTEM US 2,000 700,000 70,200 772,200

~- REPLACE FRONT STANDARD AND FLANGE HEATING SYSTEM UKR 7,400 680,000 68,740 756,140
~-
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• OPTION 2A WITH REVISED SCOPE
ITEMS IN UKRAINE "PLAN"
(1200 MG/NM3 S02 LIMIT)

• ESTIMATE SUMMARY
LUGANSK GRES

REHABILITATION OF UNIT 13
•4/2/96

CONTINGENCY TOTAL

$ $
1,072 11,792

700 7,700

6,000 66,000

2,120 23,320

1,040 11,440

71,000 781,000

16,880 185,680

143,360 1,576,960

41,920 461,120

10,170 111,870

61,240 673,640

29,400 323,400

13,340 146,740

1,320 14,520

111,520 1,226,720

165,680 994,080

3,100 34,100

1,417,002 14,758,622

123,600 1,359,600

227,880 1,74?~

56,415 432,515

407,895 3,539,195

-.

464,400 5,108,400

661,000 7,271,000

100,800 1,108,800

27,720 304,920

1,253,920 13,793,120

85,016 935,176

32,320 355,520

61,950 681,450

32,400 356,400

10,184 112,024

39,240 431,640

8,118 89,298

46,480 511,280

315,708 3,472,788

LABOR MATERIAL SUBCONTRACT

UKR OTHER UKR OTHER $
2,720 8,000

2,000 5,000

10,000 50,000

1,200 20,000

400 10,000

10,000 700,000

8,800 160,000

33,600 1,400,000

19,200 400,000

7,200 94,500

12,400 600,000

14,000 280,000

8,400 125,000

3,200
--~-

10,000

15,200
~~

1,100,000

78,400 750,000

6,000 25,000

469,120 0 8,227,500 4,645,000 0

US

US

US

UKR

UKR

UKR

UKR

UKR

UKR

UKR

UKR

UKR

UKR

UKR

UKR

UKR

UKR

PRICING 1--=.:=-r;':""--+---';;;;';';";;':';;;';;;:"'---1
SOURCE

~-..- - .. ~-- ~~I--~~--+~~~-+---~_+_-~~--+-~~~~t---~~-~----+~~-

ITEM

I--~~~~~-~~~~~~~~~~~~~~~-'-'~'

___.+- ~....:..:IN-'-=S...:..:TcR_'UMENTS & CONTROLS

9 REPLACE OIL COOLER

21 INSTALL NEW STEAM SAMPLING SYSTEM

22 REPLACE CONDENSER VALVES & EXPANSION JOINT

23 THERMAL HEAT TREATMENT FOR STEAM PIPES

20 NEW l.P. FEEDWATER HEATERS WITH STAINLESS STEEL TUBES

24 REPAIR/REPLACE PIPING & VALVES

25 REPLACE MAIN & REHEAT STEAM RELIEF VALVES

TOTAL BOP MECHANICAL WORK

19 REPLACE H.P. FEEDWATER HEATERS

17 ADD CONDENSER CLEANING SYSTEM

11 REPLACE HEATER DRAIN PUMPS

13 CREEP MONITORING EQUIPMENT

14 REPLACE FEEDWATER PUMPS

15 REPLACE CONDENSATE PUMPS

10 INSTALL L.P. HEATER NO.1 BY-PASS

12 IMPROVE H2 SEALING EQUIPMENT

18 REPLACE FEEDWATER CONTROL VALVES

16 ADD CONDENSATE POLISHING UNIT

-~-~-~~~~~~~~~~~~--~-~~~~.~---

---~--t-.-..-.~~~_+~--~-~-t_~~--

ELECTRICAL WORK
~._---- t-~ -.----. ----~-j__--~~+_.---.~-----~_+~~~~_+_~~~~~_+~~~~~~t_~~~__j

1 220KV SWITCHYARD EQUIPMENT US 19,140 831,020
~-.~~~~~~~~_.~ ~~--.--- ~+-____'_=..c..:..=...I--~ __ - ~ t-.----~_+-~-----=.=....:.!=..::+-~~~~--+~~~~::..=_'__=_1~~...::....:.."--'-'-'_=_I

. 2 6 KV SWITCHGEAR & BUS ..__!:'~ __ -j--~_"3:.!.:,2:..:0c:c0+_._.---~ _~~~ __+--~_3.=.:2::..:0:.!.:,0:..:0c:c0+_~~~_.--t~~~-----====-t__~-===_j

3 400 VOLT SWITCHGEAR & TRANSFORMER .__ _.l:!.~_ __~7,~00_0-+- . _.~~ .+_~-'6:..:1c.::2'-=,5c:c00=-t-~~~~~_j~~~---''-'.!:=+_~-=:..:.!.-'=_j

4 MOTOR CONTROLCENTERS~ __.__ ~ ~__.__ . _. ~._ 9,000_. 315,000

5 SATTERIES &CHARGERS.____ _~__ .~~_. t~~~~__+~_-_9::...:8'-".0:..:0-=-0+_--~~~-_+_~~~-'-':..c.:..:'_'_+~~..:..c..::=-='_'__I

~~~~T:~;~~~RELAYS, MAIN & AUXILIARY PANELS_~~ --.-.~~~~~- . ~~. -~ --f--~~~_~_+---~3:::..:~:..c:~::..:~:..::~+_~~~~-_+_~~~---':..c:....=t~~-=:'O'=':::..=..j
t~ REPLACE ALL EXISTING ELECTRIC MOTOR~. ~ ~ .__U.::..S=--__t.-~1..:4o..::,8c:c00=-t-~-.-+_---~t__~-4:..::5.::..0,o..::O.=.:00'+_~~~~~__t~~~____'~.::...::..j--~-=":'O"::=-j

TOTAL ELECTRICAL WORK . ~.~_~ ..__~~_______ 60,260 _~L. .~0-,---~3-,-,O_9--,6,~82_0--,--._~~~~_0-,-~~~----,,---,-~--,--~---,
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• OPTION 2A WITH REVISED SCOPE
ITEMS IN UKRAINE "PLAN"
(1200 MG/NM3 S02 LIMIT) • ESTIMATE SUMMARY

LUGANSK GRES
REHABILITATION OF UNIT 13

ITEM PRICING t-_.:::;LA::.;;;;BT0.:..;R:..-_--1 .;.;;M::.;A~TTER;.;I::.;A;;:L--__f SUBCONTRACT

SOURCE UKR OTHER UKR OTHER $

CONTINGENCY

$

TOTAL

$

MISC ELECTRICAL

1 POWERICONTROUINSTRUMENT WIRING

2 BUILDING LIGHTING/PANELS/RECEPT

3 CONDUIT & CABLE TRAY

4 GROUNDING

5 CATHODIC PROTECTION

6 PLANT COMMUNICATIONS/FIRE PROTECTION

TOTAL MISC ELECTRICAL

TOTAL DIRECT COSTS

B&R 628,000 1,687,500

B&R 16,000 366,500

B&R 178,000 630,000

B&R 4,800 67,500

B&R 10,000 112,500

B&R 11,000 125,000

847,800 0 2,989,000 0 0

4,169,820 0 27,029,500 26,608,820 1,250,000

347,325

57,375

121,200

10,845

18,375

20,400

575,520

6,913,777

2,662,825

439,875

929,200

83,145

140,875

156,400

4,412,320

65,971,917

SITE INDIRECTS

1 CONSTRUCTION EQUIPITOOLS/CONSUMABLES B & R 1,245,000 149,400 1,394,400

2 SUPPORT LABOR & FIELD OFFICE COSTS B & R 1,275,000 153,000 1,428,000

f-~~---::--:-:-~::-:::-:~=---,-,-=---:-:-=--=-~-,--,=-==~:-:---:-:-=-c-::-c-=-~~~-+~~~+-----~~~ - ~--~-~ ~---~- -----~--~-~--~~-f_-~~~---~~ - --~ -
CONSTRUCTION MGMT & ENGINEERING SERVICES

r~1~j-N-E-D-E-S-IG---":::N-=S:':'E:":R:":V:"=IC':':E=--S:::": --~~ B & R ~- --~- ~~---~----~-----+~~~2-,5-00-,-0-00-+-~~~-12-5-,O-0-0+--2-,6-25,000

r -2 - CONSTRUCTION MANAGEMENT ==~~=--=-=--=--==~---=----:-_= - B & R-= =~ f~~-==Ir=~-=- -~_-_~ ~+-_~_-_-_-_---__~ __ - 3,298,596 164.930 3~~
L_~3.-_~STA_~-UP,_T~ESTING&TRAINING -- - ~ ~- --~fB&R --- ~-1~ ---- -~-----~- 750,000 112,500 862,500

ITqTAL~:ST~:::~~:':~i::~~:-_-~~~~:_ t~Ol~~~~L ~ _-1--=1 ~_6_'_54__8_'5_9_6+-__~_4~_0_2_'~_3~~.r::::~

3 CONSTRUCTION FACILITIES & OTHER INDIRECTS B & R 225,000 27,000 252,000

f__4-,---+-F,-=R=EI:..=G-C.-H:..=T~~~__~~~__~~~~~~----~-_~~~__~~-+--,B=-=&-C.-R,--+--~~--+~~~-+-~~~~+-~~~~+--~~~~~-+~~~~~--+~-,2::..!,-C.-14-'..:5,-",5:..:3=-j3
'---5=___-+'V=E:..=N=-D=O:..=R-'-R=E"-P=S:..=IT-C.-R=--A=IN=IN-'-G=-/=M=--A:..:N=U'-=A=-LS=___~~~~~__~_~~.~~~~_+-_B=-=&-'-Rc--_+-~___-f----~-~ ~ ~~_~ 200,000 24,000 224,000

f-'T--=O=--:T=A=L=--S=-I:..:T-=E=--:I:..:N:..::D:..=IR:..=E=C==T=S~~~~~~~~~~~~~~~~~--+~~~+-~~-'O=+-~ 0 _____~_~ _----'0+_~-'2::..!,=-94-'..:5:!.,O::.:0:..:0+-~~--=3=-=5=3,L:4=00+~-=5,,-"44-"-"3~

I

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON·UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN·HOUSE SOURCES

VI-3



• 4ItIMATE SUMMARY
LUGANSK GRES

REPOWERING BOILERS NO.13 & 14 and TURBINE NO.6
2- CFB BOILERS WITH 125 MW TURBINE

••4/2/96

ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $
CIVIUSTRUCTURAL

1 DEMOLITION COSTS B&R 352,400 68,000 84.080 504,480

2 EXCAVATION & BACKFILL B&R 106,000 43,000 29,800 178,800

3 CONCRETE & STRUCTURAL STEEL B&R 490,000 1,495,000 397.000 2.382.000

4 BUILDINGS REHABILITATION B&R 172,000 450,000 124,400 746,400

5 ROADWAYS / PARKING / FENCING B&R 60.000 57,000 23,400 140,400

6 NEW STACK LINER & DUCTWORK US 272.000 421.000 138.600 831,600

7 ASBESTOS & TRANSFORMER OIL REMOVAL SPECIAL LABOR COSTS B&R 1,350.500 270,100 1.620.600

8 REPAIR CIRCULATING WATER PUMPHOUSE UKR 157,000 295,000 90,400 542.400

TOTAL CIVIUSTRUCTURAL 1,609,400 0 2,829,000 0 1,350,500 1,157,780 6,946,680

CFB BOILER & MECH EQUIP
1 CFB BOILER SYSTEM INCLUDING STRUCTURAL SUPPORTS UKR 914,800 27.500,000 2,841,480 31.256.280

2 INDUCED DRAFT FANS & FD. BLOWERS UKR 26,000 1,160,000 118.600 1,304,600

3 ASH CONVEYOR AND SILO UKR 26,800 420,000 44,680 491,480

4 COAL FEEDING EQUIPMENT US 32,000 1,200,000 123,200 1,355,200-- -

f--5 NEW COAl- CONVEYORS B&R 20,800 549,000 56,980 626,780

6 NEW COAL CRUSHER SYSTEM -- US 18,800 214,300 23.310 256,410

7 NEW COAL BUNKERS B&R 30,000 305,000 33,500 368,500

8 LIME PREPERATION AND STORAGE SYSTEM US 41,800 1,650,000 169,180 1,860,980e----- ---------~----~----------- --- ~-_.

9 BOILER FEED PUMPS
-_.~_._-- --------_._---~--~_._----,-_.-

UKR -~QQ. 600,000 60,800 668,800
------. _._------ ._----'-'---- -~ --

L.!2_ 015 MW TURBIf\l~_GEN~~:r.O~_______~ ____________________ UKR 54,000 10,457,800 1,051,180 11,562,980---

t_~ -~;~~i~~~~~-~~~E POLISHER-- ~~-__~~~--=-
UKR 31,600 -- __1,600,000 163,160 1,794,760------

----- --_.,_._._--- ~-- 25,200 ---------f----.-------- 1,000,000 ________~520 1,127,720-----
f~--~qt:J.o_E!'J~E:RCLEANING SYSTEM _______________________ US 12,800 300,000 31,280 344,080------ -- ---------~- --f---
~-I':!E-WCIRCULATING WATER PUMPS & PIPING ____ UKR 90,220 545,000 63,522 698,742

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

i 15 NEW INSTRUMENT & SERVICE AIR COMPRESSORS B&R 9,600 140,000 14,960 164,560L--:.__ ----f---
~__~6 L.p. FEEDWATER HEATERS UKR 21,200 210,000 23,120 254,320----

r:: H.P. FEEDWATER HEATERS UKR 22,000 300,000 32,200 354,200

CONDENSATE PUMPS UKR 8,800 150,000 15,880 174,680--
19 CONDENSATE BOOSTER PUMPS UKR 6,000 180,000 18,600 204,600

20 PIPING & VALVES UKR 67,200 750,000 163,440 980,640

21 HEATER DRAIN PUMPS UKR 2,000 30,000 3,200 35,200-
22 DEAE;RATOR & BLOWDOWN EQUIPMENT B&R 5,200 155,000 16,020 176,220

23 CHEMICAL FEED SYSTEM _. -._~_._---_._. B&R 16,800 60,000 7,680 84,480
TOTAL CFB BOILER & MECH EQUIPMENT -------_.. -

1,491.620 0 45,407,800 4,068,300 0 5,178,492 56,146,212
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• elMATE SUMMARY
LUGANSK GRES

REPOWERING BOILERS NO. 13 & 14 and TURBINE NO.6
2- CFB BOILERS WITH 125 MW TURBINE

ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $
INSTRUMENTS & CONTROLS

1 DCSSYSTEM US 75,600 760,000 83,560 919,160

2 INSTUMENTS & CONTROLS B&R 37,000 418,000 68,250 523,250

TOTAL INSTRUMENTS & CONTROLS 112,600 0 0 1,178,000 0 151,810 1,442,410

ENVIRONMENTAL SYSTEMS

1 BAGHOUSE SYSTEM US 50,000 3,800,000 385,000 4,235,000

2 CONTINUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920

TOTAL ENVIRONMENTAL SYSTEMS 77,200 0 0 4,050,000 0 412,720 4,539,920

ELECTRICAL WORK

1 220 KV SWITCHYARD EQUIPMENT US 43,200 831,020 87,422 961,642

2 MAIN & AUXILIARY TRANSFORMERS & ASSOCIATED EQUIPMENT US 16,000 2,291,888 230,789 2,538,677

3 SWITCHGEAR & BUS US 4,000 1,452,000 145,600 1,601,600

4 GENERATOR CIRCUIT BREAKER US 4,800 540,000 54,480 599,280

5 GENERATOR TO TRANSFORMER NON-SEG. BUS US 2,000 599,000 60,100 661,100

6 MOTOR CONTROL CENTERS US 10,000 275,000 28,500 313,500

7 BATTERIES & CHARGERS US 4,800 71,500 7,630 83,930
f-------
I 8 PROTECTIVE RELAYS US 3,000 165,000 16,800 184,800L --~--_. .~----------_._._----------~

, 9 UPS SYSTEM
----- ----------- f----- US 1,200 ._---~----_._- 44,000 4,520 49,720

--_.~._---_.~ ---. _._-~-_._-------- - ------ ---_._._.. _-
! 10 rMAIN & AUXILIARY PANELS US 2,400 375,000 37,740 415,140,

----

-lTO!t\~ELECTRICAL WORK ~_~
---------- ----_.__ . __ .~_._--- ---- ---------- -- ---

91,400 0 ____----..ll. 6,644,408 0 673,581 7,409,389.--------~---- --- -- ---- -.- --_.__.- --- ------

L---.. --------. ------ .~-_.-._---_.-- -------1-------- 1---
MISC ELECTRICAL I

r-"---'-- - --_. --------- _-. •.. _----

H DUCT BANK -- B&R _~4.,QQQ _2~1.,(lQQ. 41,250 316,250---- -------
EQUIPMENT INSTALLATION B&R 64,000 0

!---
9,600 73,600-- - - ..'-'-_._-_._--

~ POWER/CONTROUINSTRUMENT WIRING B&R 122,000 762,000 132,600 1,016,600
4 BUILDING L1GHTING/PANELS/RECEPT B&R 40,000 356,QQQ.

~--
59,400 455,400

5 CONDUIT & CABLE TRAY B&R 128,000 678,900 121,035 927,935
6 GROUNDING SYSTEM B&R 16,000 209,500 33,825 259,325
7 CATHODIC PROTECTION B&R 7,200 22,500 4,455 34,155
8 PLANT COMMUNICATIONS/FIRE PROTECTION B&R 14,400 95,600 16,500 126,500

TOTAL MISC ELECTRICAL 415,600 0 2,375,500 0 0 418,665 3,209,765

~-.--------- ---------------

---
TOTAL DIRECT COSTS 3,797,820 0 50,6!2,300 15,940,708 1,350,500 7,993,048 79,694,376

----~._-_._-
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• .IMATE SUMMARY
LUGANSK GRES

REPOWERING BOILERS NO. 13 & 14 and TURBINE NO.6
2- CFB BOILERS WITH 125 MW TURBINE

ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER S S S

SITE INDIRECTS

1 CONSTRUCTION EQUIPITOOLS/CONSUMABLES B&R 2,845,000 341,400 3,186,400

2 SUPPORT LABOR & FIELD OFFICE COSTS B&R 2,795,000 335,400 3,130,400

3 CONSTRUCTION FACILITIES & OTHER INDIRECTS B&R 500,000 60,000 560,000

4 FREIGHT B&R 3,993,180

5 VENDOR REPSITRAINING/MANUALS B&R 625,000 75,000 700,000

TOTAL SITE INDIRECTS 0 0 0 0 6,765,000 811,800 11,569,980

CONSTRUCTION MGMT & ENGINEERING SERVICES

1 AlE DESIGN SERVICES B&R 9,000,000 450,000 9,450,000

2 CONSTRUCTION MANAGEMENT B&R 3,984,719 199,236 4,183,955

3 START-UP, TESTING & TRAINING B&R 1,500,000 225,000 1,725,000

~TAL CONSTRUCTION MGMT & ENGINEERING 0 0 0 0 14,484,719 874,236 15,358,955

~_ TOTAL ESTIMATED PROJECT COSTS 106,623,311

l __

NOTE: THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON-UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN-HOUSE SOURCES
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• ESTIMAT.MARY
LUGANSK GRES

COMMON FACILITIES
WATER TREATMENT & FUEL HANDLING

••4/2/96

ITEM

WATER TREATMENT EQUIPMENT 250 T/Hr
CIVIUSITE WORK

ELECTRICAL WORK

PROCESS EQUIPMENT. PUMPS & STORAGE TANKS

TOTAL WATER TREATMENT SYSTEM

PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

B&R 352,400 68,000 84,080 504,480

B&R 24,000 251,000 41,250 316,250

US 213,000 7,500,000 385,650 8,098,650

589,400 ° 319,000 7,500,000 ° 510,980 8,919.380

FUEL FEED EQUIPMENT
675,600 5,179,600

° 675.600 5.179,600

° 1,186.580 14,098.980

1,409,898 169,188 1,579,086

1,409.898 169,188 1,579.086

350,000 17,500 367,500

704,949 35,247 740,196

_.._ .J..,.054~~ ---_.
52,747 1,107.696

..-
16,785,762._------

I

°

7,500,000

°

4,519,000

°

°

°

893,400

B&R

TOTAL DIRECT COSTS

SITE INDIRECTS

TOTAL SITE INDIRECTS
FREIGHT/UNLOADING/STORAGE

STACKER/RECLAIMER & CONVEYORS UKR 304,000 4,200,000

f-'T.O-"-'-T.:.cA=L..:..F...=U-=E=L-'-F-=E-=E=D .. _ _ _._ __~._ .. ~_+--.__----1f-----.::c30:..:4"-',0:..::0.=.0+- ...=0+-_4.:.!.=2O:..:O"-'.O:..::O.=.0t- --'0=--t- -=-t- -=..:...:==--=+_-=.:..:...==.::-=-j
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•
BURNS AND ROE COMMENTS ON "PLAN" ITEMS

OPTION2A

1.

2.

Instead of Estimate Items 1 and 3 under Boiler Repair Work which involve
replacement-in-kind of furnace tubing/casing/refractory/insulation/lagging, we
recommend replacement with membrane wall tubing design, as in Option 4A.
Although the replacement-in-kind would have resulted in significant performance
improvement initially, the cycling mode of operation would soon cause
deterioration and air in-leakage, returning the performance to its present state.
The membrane wall will maintain tightness.

We believe that replacement of the existing 50 TPH ball mills with 60 TPH mills
(Item 13) is not warranted. Refurbished 50 TPH mills will produce enough steam
to generate nearly 200 MW.

•

•

The above two changes would result in a net increase in cost to the estimate of $845,900,
including indirect costs.

If there is a need to reduce cost, we suggest investigating the background to the requested
replacement of the LP turbine rotor (Estimate Item 2 under BOP Mechanical Work).
Burns and Roe examined the maintenance and repair records during the June 1995
inspection visit. It was concluded that only the last stage blading on that rotor needed
replacement. (Refer to Paragraphs 4.1.3.4 and 4.4.1.3 of our report.) Replacing the
whole LP rotor is costing an additional $2,591,000 and may not be necessary to achieve
the life extension goal.

Another questionable item is recorded as Item 23 under BOP Mechanical Work:
"Thermal Heat Treatment for Pipes." We are not familiar with in-place heat treatment.
We understand that this technology was developed during the Soviet era, but we have
found no knowledge of its cost and effectiveness. Our engineers were told about it during
their visit to the plant, but were unable to acquire any details. The cost in the estimate for
this item is $1,290,000 which is based on the cost listed in the "Plan".
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VII. OPTION 2B, UNIT 13,
INCORPORATING REVISED SCOPE ITEMS
IN UKRAINE "PLAN FOR RECONSTRUCTION
OF LUGANSK GRES"
(2000 MG/NM3 S02 EMISSION LIMIT)



• OPTION 2B WITH REVISED SCOPE
ITEMS IN UKRAINE "PLAN"
(2000 MG/NM3 S02 LIMIT)

- ESTIMATE SUMMARY
LUGANSK GRES

REHABILITATION OF UNIT 13

-4/4/96

ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

CIVIUSTRUCTURAL
1 DEMOLITION COSTS B&R 616,400 20,000 127,280 763,680

2 EXCAVATION & BACKFILL B&R 34,800 15,000 9,960 59,760

3 CONCRETE & STRUCTURAL STEEL B&R 113,600 65,000 35,720 214,320

4 BUilDINGS REHABILITATION B&R 49,640 20,000 13,928 83,568

5 ROADWAYS I PARKING I FENCING B&R 20,000 14,000 6,800 40,800

6 ASBESTOS & TRANSFORMER OIL REMOVAL COSTS B&R 0 1,250,000 250,000 1,500,000

TOTAL CIVIUSTRUCTURAL 834,440 0 134,000 0 1,250,000 443,688 2,662,128

BOILER REPAIR WORK
1 RETROFIT INNER & OUTER CASING, REFRACTORY, INSULATION, & LAGGING B&R 97,500 743,000 100,860 941,360

2 REPAIR BACK-PASS CASING, INSULATION, ETC. B&R 24,400 212,000 28,368 264,768

3 REPLACE FURNACE TUBING, ROOF PENETRATIONS, ETC. B&R 186,000 2,450,000 316,320 2,952,320

4 REPLACE HORIZONTAL RH & ECONO TUBE BANKS, ADD EROSION SHEILDS B&R 85,600 1,775,000 223,272 2,083,872

5 REPLACE SUPERHEATER & REHEATER PENDANT TUBE BANKS B&R 171,200 1,935,000 252,744 2,358,944

6 REPAIRIREPLACE ATTEMPERATOR PIPING & VALVING B&R 7,200 95,000 12,264 114,464

7 REPLACE STEAM, WATER GAS, OIL & AIR VALVES (except boiler drains) B&R 34,000 245,000 33,480 312,480

8 REPLACE AIR PREHEATERS B&R 143,200 1,895,000 244,584 2,282,784

9 REPAIR INDUCED DRAFT FANS, ADD ABRASION RESISTANT MATERIAL B&R 12,000 410,000 50,640 472,640

10 REPAIR/REPLACE FLUE GAS DUCTWORK AND EXPANSION JOINTS B&R 14,400 157,000 20,568 191,968

11 REPAIR GRINDING CIRCUITS WITH ABRASION RESISTANT MATERIALS B&R 34,000 420,000 54,480 508,480

L'i2 REPLACE MILL CLASSIFIERS & RELINE CYCLONES B&R 41,600 1,842,000 226,032 2,109,632

~_1~_ REPLACE EXISTING BALL MILLS WI NEW 60 TPH UNITS B&R 130,000 3,:?:~~0.Q0 465,000 4,340,000

-.4 INSTAll MILL COAL LEVEL & BALL MILL CHARGE CONTROL SYSTEM B&R 32,000 245,000 33,240 310,240

L"
----

.- iNSTAll NEW LOW NOx BURNERS USING TRI-ANGULAR ARRANGEMENT B&R 37,600 1,900,000 232,512 2,170,112-- --f---~c- ---_._--

I :G- REFURBISH SLAG TAP REFRACTORY B&R 4,800 47,000 6,216 58,016
-_._--~ -----f------ f-----

I 17 REFURBISH EXISTING SOOTCLEANING SYSTEMS B&R 1--_~2,800 135,000 17,736 165,536
I

------
08 INSTAll NEW DUCT BURNER FOR BALL MILL INLET B&R 4,800 180,000 22,176 206,976

l 19 MODIFY COAL BUNKER OUTLET & PIPING TO SUIT NEW BURNER ARGMT B&R 71,200 985,000 126,744 1,182,944

20 REFURBISH BOILER SUPPORTS, PLATFORMS & STAIRS B&R 23,400 250,000 32,808 306,208
TOTAL BOILER WORK 1,167,700 0 15,679,000 3,987,000 0 2,500,044 23,333,744

-----
BOP MECHANICAL WORK

f=1

--_.
REFURBISH HP & IP CYLINDERS, CROSSOVER PPG &PRVI ATTEMP STATIONS UKR 113,600 1,450,000 156,360 1,719,960

2 REPLACE L.P. ROTOR & MODIFY EXHAUST UKR 96,000 3,085,000 318,100 3,499,100

3 INSTAll NEW VIBRATION MONITORING EQUIPMENT US 3,800 50,000 5,380 59,180

4 REPLACE TURBINE STOP, GOVERNOR & INTERCEPT VALVES UKR 3,600 900,000 90,360 993,960

5 UPGRADE GLAND SEAL EXHAUSTER SYSTEM UKR 6,000 200,000 20,600 226,600

6 UPGRADE DRAINAGEI BLOWDOWN EQUIPMENT UKR 4,000 70,000 7,400 81,400

7 REPLACE GOVERNING SYSTEM US 2,000 700,000 70,200 772,200
8 REPLACE FRONT STANDARD AND FLANGE HEATING SYSTEM UKR 7,400 680,000 68,740 756,140
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• OPTION 2B WITH REVISED SCOPE
ITEMS IN UKRAINE "PLAN"
(2000 MG1NM3 S02 LIMIT)

• ESTIMATE SUMMARY
LUGANSK GRES

REHABILITATION OF UNIT 13

••414196

ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER S S S
9 REPLACE OIL COOLER UKR 2,720 8,000 1.072 11,792

10 INSTALL L.P. HEATER NO.1 BY·PASS UKR 2,000 5,000 700 7.700

11 REPLACE HEATER DRAIN PUMPS UKR 10,000 50,000 6,000 66,000

12 IMPROVE H2 SEALING EQUIPMENT UKR 1,200 20,000 2,120 23,320

13 CREEP MONITORING EQUIPMENT UKR 400 10,000 1,040 11,440

14 REPLACE FEEDWATER PUMPS UKR 10,000 700,000 71,000 781,000

15 REPLACE CONDENSATE PUMPS UKR 8,800 160,000 16,880 185,680

16 ADD CONDENSATE POLISHING UNIT US 33,600 1,400,000 143,360 1,576,960

17 ADD CONDENSER CLEANING SYSTEM US 19,200 400,000 41,920 461,120

18 REPLACE FEEDWATER CONTROL VALVES UKR 7,200 94,500 10,170 111,870

19 REPLACE H.P. FEEDWATER HEATERS UKR 12,400 600,000 61,240 673,640

20 NEW L.P. FEEDWATER HEATERS WITH STAINLESS STEEL TUBES UKR 14,000 280,000 29,400 323,400

21 INSTALL NEW STEAM SAMPLING SYSTEM US 8,400 125,000 13,340 146,740

22 REPLACE CONDENSER VALVES & EXPANSION JOINT UKR 3,200 10,000 1,320 14,520

23 THERMAL HEAT TREATMENT FOR STEAM PIPES UKR 15,200 1,100,000 111,520 1,226,720

?4 REPAIR/REPLACE PIPING & VALVES UKR 78,400 750,000 165,680 994,080

I ~5 ,REPLACE MAIN & REHEAT STEAM RELIEF VALVES UKR 6,000 25,000 3,100 34,100

TOTAL BOP MECHANICAL WORK 469,120 0 8,227,500 4,645,000 0 1,417,002 14,758,622

INSTRUMENTS & CONTROLS

f+ NEW D.C. S. SYSTEM including add'i capacity for future I/O US 336,000 900,000 123,600 1,359,600

INSTALL NEW INSTRUMENTS & CONTROL VALVES B&R 19,200 1,500,000 227,880 1,747,080

~ BURNER MANAGEMENT SYSTEM UPGRADE B&R 26,100 350,000 56,415 432,515

TOTAL INSTRUMENTS & CONTROLS 381,300 0 0 2,750,000 0 407,895 3,539,195

ENVIRONMENTAL SYSTEMS

1 REPLACE EXISTING ELECTROSTATIC PRECIPITATORS US 144,000 4,500,000 464,400 5,108,400

2 INSTALL S02 CONTROL EQUIPMENT US 192,000 4,881,000 507,300 5,580,300

3 INSTALL SNCR EQUIPMENT US 28,000 980,000 100,800 1,108,800

4 NEW CONTINUOUS EMISSIONS MONITORING SYSTEM B&R 27,200 250,000 27,720 304,920

TOTAL ENVIRONMENTAL SYSTEMS 391,200 0 0 10,611,000 0 1,100,220 12,102,420

ELECTRICAL WORK

1 220KV SWITCHYARD EQUIPMENT US 19,140 831,020 85,016 935,176

2 6 KV SWITCHGEAR & BUS US 3,200 320,000 32,320 355,520

3 400 VOLT SWITCHGEAR & TRANSFORMER US 7,000 612,500 61,950 681,450

4 MOTOR CONTROL CENTERS US 9,000 315,000 32,400 356,400

5 BATTERIES & CHARGERS US 3,840 98,000 10,184 112,024

6 PROTECTIVE RELAYS, MAIN & AUXILIARY PANELS US 2,400 390,000 39,240 431,640

7 UPS SYSTEM US 880 80,300 8,118 89,298

8 REPLACE ALL EXISTING ELECTRIC MOTORS US 14,800 450,000 46,480 511,280
TOTAL ELECTRICAL WORK 60,260 0 0 3,096,820 0 315,708 3,472,788
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• OPTION 2B WITH REVISED SCOPE
ITEMS IN UKRAINE "PLAN"
(2000 MG/NM3 S02 LIMIT)

• ESTIMATE SUMMARY
LUGANSK GRES

REHABILITATION OF UNIT 13

.'4/4/96

ITEM PRICING LABOR MATERIAL SUBCONTRACT CONTINGENCY TOTAL

SOURCE UKR OTHER UKR OTHER $ $ $

MISC ELECTRICAL

1 POWERlCONTROUINSTRUMENT WIRING B&R 628,000 1,687,500 347,325 2,662,825

2 BUILDING L1GHTING/PANELS/RECEPT B&R 16,000 366,500 57,375 439,875

3 CONDUIT & CABLE TRAY B&R 178,000 630,000 121,200 929,200
f-----C-."

4 'GROU~JDI~lG B&R 4,800 67,500 10,845 83,145

-'S-ICAT-HOOle PROTECTION B&R 10,000 112,500 18,375 140,875
--

6 PLANT COMMUNICATIONS/FIRE PROTECTION B&R 11,000 125,000 20,400 156,400

TOTAL MISC ELECTRICAL 847,800 0 2,989,000 0 0 575,520 4,412,320

TOTAL DIRECT COSTS 4,151,820 0 27,029,500 25,089,820 1,250,000 6,760,077 64,281,217

SITE INDIRECTS

1 CONSTRUCTION EQUIPITOOLS/CONSUMABLES B&R 1,245,000 149,400 1,394,400

2 SUPPORT LABOR & FIELD OFFICE COSTS B&R 1,275,000 153,000 1,428,000

3 CONSTRUCTION FACILITIES & OTHER INDIRECTS B&R 225,000 27,000 252,000

4 FREIGHT B&R 2,084,773

5 VENDOR REPSITRAINING/MANUALS B&R 200,000 24,000 224,000

TOTAL SITE INDIRECTS 0 0 0 0 2,945,000 353,400 5,383,173

-,

--_.- _ CONSTRUCTION MGMT & ENGINEERING SERVICES

l .. _. NE DESIGN SERVICES B&R 2,500,000 125,000 2,625,000
.,

, 2 CONSTRUCTION MANAGEMENT B&R 3,214,061 160,703 3,374,764

L3 START-UP, TESTING & TRAINING B&R 750,000 112,500 862,500FTAL CONSTRUCTION MGMT & ENGINEERING 0 0 0 0 6,464,061 398,203 6,862,264

TOTAL ESTIMATED PROJECT COSTS 76,526,654
.-

---

NOTE:
THE UKR DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM UKRAINIAN SOURCES
THE US DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS OBTAINED FROM NON-UKRAINIAN SOURCES
THE B & R DESIGNATION IN THE PRICING SOURCE COLUMN INDICATES MATERIAL OR EQUIPMENT PRICING WAS DEVELOPED FROM BURNS & ROE'S IN·HOUSE SOURCES
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• •O&M COSTS FOR OPTION 28 WITH
2000 MG/NM3 S02 LIMIT

OPTION 28 UNIT 13

•
'---'

COAL USAGE (TPY) OIL USAGE (TPY) GAS USAGE (1000 m31UNIT HOURS OF OPERATION LIME USE UREA USE AOO'LMNPWR WATER CHEM'L

NO. EXISTING UPGRADED EXISTING UPGRADED EXISTING UPGRADEO EXISTING UPGRADED tons/vr USqal/vr COSTSIYR COSTSIYR

UNIT 13 7,014 7446 461,555 532,299 27,252 0 34,776 66,341 59137 1,638120 $52560 $42921
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• BURNS AND ROE COMMENTS ON "PLAN" ITEMS

OPTION2B

1.

2.

Instead of Estimate Items 1 and 3 under Boiler Repair Work which involve
replacement-in-kind of furnace tubing/casing/refractory/insulation/lagging, we
recommend replacement with membrane wall tubing design, as in Option 4B.
Although the replacement-in-kind would have resulted in significant performance
improvement initially, the cycling mode of operation would soon cause
deterioration and air in-leakage, returning the performance to its present state.
The membrane wall will maintain tightness.

We believe that replacement of the existing 50 TPH ball mills with 60 TPH mills
(Item 13) is not warranted. Refurbished 50 TPH mills will produce enough steam
to generate the 200 MW.

•

•

The above two changes would result in a net increase in cost to the estimate of $845,900,
including indirect costs.

If there is a need to reduce cost, we suggest investigating the background to the requested
replacement of the LP turbine rotor (Estimate Item 2 under BOP Mechanical Work).
Bums and Roe examined the maintenance and repair records during the June 1995
inspection visit. It was concluded that only the last stage blading on that rotor needed
replacement. (Refer to Paragraphs 4.1.3.4 and 4.4.1.3 of our report.) Replacing the
whole LP rotor is costing an additional $2,591,000 and may not be necessary to achieve
the life extension goal.

Another questionable item is recorded as Item 23 under BOP Mechanical Work:
"Thermal Heat Treatment for Pipes." We are not familiar with in-place heat treatment.
We understand that this technology was developed during the Soviet era, but we have
found no knowledge of its cost and effectiveness. Our engineers were told about it during
their visit to the plant, but were unable to acquire any details. The cost in the estimate for
this item is $1,290,000 which is based on the cost listed in the "Plan".
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