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and Stack for Coal Drying Facilities (LEFT)



Ash Disposal Area No.1
(A Site Proposed for Coal and Limestone Storage Yard)

Ash Disposal Area No.3 A {for Existing Plant 4 X50MW)
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Troyanovo Coal Mine (Lignite : Open-Cast)



Limestone Mine to be developed (Bratyakunchevi)

Existing Limestone Mine (Yurdere) for Cement Industry



Topsoil Disposal Area
{To be Used for Ash Disposal Area of Replacing Plant, too)
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Topsoil (Sand, Clay, Lignile, etc)






Contents

Pape
CONCLUSION AND RECOMMENDRATION
CHHAPTER1  INTRODUCTION ...cooooiiiiiiiini e 1-1
i.}  Background and Process of the Study ..o e -1
_] 2 Purpose, Quiline, Scope and Period of the SHUAY o s 1-5
1.3 Relevant Orgamizalion .........ccooiiinicninrii e isere s saesesesseresies eon s 1-9
_ 1.4 Acceptance of Trainees ..o e e 1-11
1.5 Provision of EQUIPIMEnt oot s s i-11
CHAPTER2  REPLACING PLANT SITE ..oooooceooeeoeeseesssesessesmesssssossessessosrens o 2-1
2.1 Outline of Maitsa Fast No.1 Thermal POWet PNt ...o.......cco.coerereeereesrerorssosenenn 2-1
2.2 SHE CONIEON L..iviviivieiciere i aeasrresaa et rieie st esae st seene s eenmiarabasersanas 2-3
CHAPTER3 ELECTRIC POWER DEVELOPMENT PLANSTUDY ... 341
3.1 Electric Power Faciliies ..o s e oo 3-1
3.2 PowerSupplyand Demand ... e s 3.2
3.3 Study and Analysis of POWEF SYStem ..o 3-7
CHMAPTER4 STUDY ON COAL AND LIMESTONE SUPPLY .ooooovoooooooooeoccc 4.1
4.1 C0Al e e R R e s e s 4-1
B2 LAMESIONE weoovnrroreoereoveeeseoneseresssessee e resseseses s snse s sesssss et sssss nsasns e cesres essseseson 4-7
CHAPTERS OPTIMUM DEVELOPMENT PLAN ..o 5-1
5.1 Matters for Consideration ............ e e R et 5-1
5.2 Selection 0f BOUEr TYPE oovvvioei et sy 5-5
5.3 Selection of Type of Steam Turbing and Generator ..........c.oovvorevenerirosrcrmnrennes o 5-19
5.4  Existing Equipment and Facilities which can be REUSEd ceorvereeeceeeereeeere v 5-19

cie



CHAPTER 6 CONCEPTUAL DESIGN ...t niessieissss e senssescomsesasasissssassnnes 6-1

6.1
6.2 Planned PerfOMANCE ... oicover vt iininin et i s o g e 6-5
6.3 LAYOUL oot ecee e sbi s et b e b R s 6-7
64  Material Balance and Schemalic Diagram on Boiler ..., 6-13
6.5 TuwbineCycleHeat Rale ..o TR . 616
6.6  Boiler Equipment ... oot - 6-19
6.7 Steam TUIDINE ..o e s s e et s 6-24
6.8  Generator Equipmeht .................................................................. vttt ies 6-34
6.9  District Heating System ... I R 6-36
6.10  Environmental Protection Facilities ... 6-38
6.11  Ash Handling Facilities .......cocouovveveiins e 6-45
6.12  Plant Water SYSIEM ..o.viieicc it s e e 6-52
6.13  Air Service EQUIPMENT ..ot e e 6:54
6.14  Storage and Transportation Facilities of Fuel and LiMeStone .....coooovivernimvninisieeinncas 6-60
6,15 Elecirical and Control Equipment ..........oiiivnniniininns, S SO 6-72
6.16  Switchyard and SUbSIBHON ..ot s 6-83
617  Buildings and S1ACK ..ot e 6-93
CHAPTER7 PLANNING OF PROJECT IMPLEMENTATION ... 7-1
T COMIACE FOTIAON o oovoovoevvoeecsoveesse s oeemssisscsesesnes o sesssseseses s sressssesens eesess e e 7-1
7.2 Project Schedule ...................... RS 7-4
CHAPTER 8 CONSTRUCTION ..ot e ess s anne s 8-1
8.1  Principte Concept of Cost ESIMAtON ..o e s 81
B2  Project COSl i e P 8.3
83 Disbursement SChedvle ....corvorrcrrerrescmin et e e 8-3
84  Generalion Cost oo, R SOV UV ROPRTRUTN 8-6
CHAPTER 9 ENVIRONMENTAL IMPACT ASSESSMENTl ........................................ 9-1
9.1 Environmental Regulation .......... - ceaserinseriens SRR ..... Cormrins 9-1
92  Present Sitvations of Environment .........evicinnns S e RO 9-2
93  DPrediction and Assessment ofbnv;ronmcn!al Impacls ...... .......................... 9.3
94  Study of the Lake Waler Temperatire ... 94

Design SPeCifiCAliONS ... ..o e e 6-1

-ji-




9.5
2.6
9.7

Environmental PreServation PIAN ..........ooooovvoveovsoove e eeeoreseeerees ot eesssasssesrmsserseenene 94
Environmental Monitoring Plan ... 9.5
OVETAll EVAIBALON ..ottt e s s s s tame e e st eaaesssasbe s sraa e satesansebasrasnas 9.5

CHAPTER 10 ECONOMIC EVALUATION AND FINANCIAL EVALUATION ... 10-]

10.1
10.2
10.3
10.4

EConomic BVAINALION ...ocvocicieiei st esr e sst s e rasnsesssaest s b saemseneste e e 10-1

FInancial BVAIUAHON ... veereee i s s ve s st sesmssrssssesssasvesaseasatebesbeses 10-2
Determination of New Electric Tariff SyStem .......c.ccvvviioninceircensercinnnns 10-3
Socio-Feonomic Influence EVAIUAHON c.oo.oovvvee i n e s 10-5

ais
=11-






ABBREVIATIONS

AD : Air Dried Basis

AFT : Ash Fusion Temperature

AH : Air Pre-heater
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BOD :  Biochemical Oxygen Demand
Cap. : Capacity

CB : Circuit Breaker
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CONCLUSION AND RECOMMENDATION

[CONCLUSION]}

This survey was conducted as a feasibility study of a replacing project to construct at the area where
old unit nos. 5 and 6 (each rated 150MW) in the Maritsa East No.l Thermal Power Plant new units
firing the lignite, main energy resource of the Republic of Bulgaria (hereinafler referred to as Bulgaria),
satisfying environmental requirements stipulated in the Bulgaria or EC slandard, and having an

optimum design from technological and economic point of view.

As a result of studies and evaluations made from technological economic, financial and environmental
aspects in the feasibilily study, it has been concluded that the proposed replacing project is feasible.

The contents of the conclusion are as follows.

I.  In Bulgaria, the demand for the electric power for industrial use has been smaller than that for
privale use since the political change in 1989, or so to speak a sosnt of reversal of demand
structure has been seen, but it has been increasing slowly since 1994, It is predictable that the
total demand for electric power will be increasing steadily if the demand for electric power for
industrial use increases accompanying the steady economic growth of Bulgaria from now on,
The demand for electric power in 2010 is estimated based on the GDP and the change in
population (1993 as base year), as follows.

(1) Low case {GDP growth rate: 3%)

2,100 USS per capita -» 4,100 kWh per capita > 37,000 GWh (Increase by 16% more than
in 1995)

(2) Middle case (GDP growth rate: 4%)

2,400 USS per capita > 4,200 kWh per capita — 38,000 GWh (Increase by 19% more than
in 1995)

(3) High case (GDP growth rate: 5%)

2,700 USS$ per capila —» 4,300 kWh per capita — 39,000 GWh (Increase by 22% more than
in 1995)

There are many problems relating to the future electric power supply. The import of
Ukzainian coal as the fuel for the thermal power plants has been unstable. Besides, the wear



of existing generaling facilities has progressed to a considerable extent; for instance, it is
anticipated that the superannuated No. 1 and No. 2 vnits (2 x 440MW) at (Kozloduy) nuclear
power blanl will be compelled 1o be dismantled from around 2000, NEK's electric power
source development schedule based on the estimate of the demand for electric power (to be
completed by around 2005) is as follows:

(1)  Scale of electric power source development: 95IMW (Increase by 9%) -» Generating

2)

facilities: 11,540MW -

(Thermalpower) To be increased by 1,275MW — (Thenmalpower) 6,130MW (53.1%)
(Hydropower)  To be increased by 476MW > (Hydropower) - 2,710MW (23.5%)
(Nuclear power)  To be decreased by 800MW  — (Nuclear power) 2,700MW (23.4%)

The electric power supply potentiality will be lowest froms 2000 through 2001 due to
decrease in the capacity of nuclear power plant. ‘ '

Thus, there is a possibility that the supply-demand relation of electric power in Bulgaria will
become considerably tight around 2000, and so there will be very pressing need for early

development of new electric power supply sources. Also, in formulating the electric power

“supply plan in Bulgaria, it is important to incorporate replacing as well as sepairing and

remodeling of the existing power plants as a means to increase power generation capacity.

The resuit of analysis of electric power supply system in 200} when the operation of the
replacing plant will be commenced is as follows:

(1)  Electric power current calculation:

No difficulties will be seen in the vellage of bus bar and current of transmission line of each
substation.

(2)  Shost-circuit capacity: 535MVA (3-phase short-circuit current: 1.4kA)

(3) Transient stability: Stable without difficulty

Curently, the coal is supplied to the power station by railway wagon fro_m the north mining
area of Marilsa Fasl coal mine (an open cast lignite mine) with the largest domestic deposit
(85% or more). The total deposit of the coal is about 520 million tons which is large enough

to meet annual consumption of about 5.2 million tons / year for 30 years or more. Besides, the

 existing mining facilities and railway system therefrom to the power plant can be utilized as it

is.
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However, the prior arrangement or conference with the coal mining companies concerned at
the foliowing points will be required:

In concluding coat purchasing agreement with the coal supplier, it is important to include a
conditions concerning sulfur content in addition to those concerning the contents of ash,

water and calorific value.

Since the existing coal storage yard is planned to be converted to No.1 ash disposal yard, the
additional railway for incoming coal needs to be laid.  Also, it is necessary to clarify the
scope and responsibility of the construction work to be executed for such railway between
the power plant and coal mining company. Furthermore, the construction work for new
railway should be coordinated with the work for the replacing ptant and operation schedule
of the currently opcrating power plant,

The clay content in the coal is the worst hindrance to the coal conveyance and coal crushing
processes in power plant, and so the purchasing department of power plant should require
the shipping depaﬂménl in the coal mining company to do their best for eliminating the clay
content from the coa! before loading the freight train with the coal.

The limestone to be used as desulfurizing agent is distributed in various locations {4 locations)
wilhi.n the 'range of 100km from the power plant. Of these limestone fields, two fields (in
Yurdere and Chala) are currently exploited as the raw material for the cement by cement
plants currently operating therc. Other two fields have not been developed yet for the

- aforementioned purposes, except one located in "Bratyakunchevi" which has been currently

exploitéd_as a gravel producing plant, The limestone field located in “Purachakunchebi” not
only has a Iarge deposit of about 20 million tons for annual consumption of about 1.1 million
tons but also has a railway leading to the power plant, and hence has a potentiality for being
developed as a dédicated field for desulfurizing agent.

Development of this limestone ficld, however, has to be promoted coordinating with the

. proposed construction plan of a flue-gas desulfurization system at Maritsa East No.2 thermal

power plant (No. 8 unit), and peological survey should be conducted again following one

conducted about 30 years ago.
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Principal specifications of the optimum development plan are as follows:
Electric output: 230MW x 2 units

" Hot water for local heating: 25 Geal/h

* ‘Hot waler will be supplied from one of two unils.

The electric output of a unit supplying hot water will be reduced by a output equivalent to
the calorific value thereof. ' ' ' ' '

Steain conditions: Main steam flow = 740 th (MCR)
' ~ Main steam pressure = 169kg/em’g (2,400 psi'g) (at turbine inlet)
Main steam temperature = 538°C (1,000°F)  {at turbine inlet)
Reheated steam temperature = $38°C (1,000°F) (at turbine inlet)

Properlics of lignite, ash

‘and limestone; Refer to Reciﬂifement for Development Survey;

(for design) TOR (Terms of Reference) of Januvary 12, 1995

Emissien standard: 80, = 650mg/m®N (227ppm}) or less (Bulgari'an Standard),
(02 = 6%, dry base) or 90% or more of desulfurizing efliciency

(EC Standard applicable when coal having a high
sulfur content :is used) : ' "
NOx = 600mg/m’N (292ppm) or fess (Bulgarian Standard)
Dust = 100mg/m’N or less (Bulgarian Standard)
CO = 250m g/m*N (200ppm) or less (Bulgarian Standard)'

Water quality standard:  To conform to Group A Class 1l of Bulgarian ‘St:anda:rds for * -
Index and standard applicable to evaluation of the duality of
surface running water”,

Annual use rate of plant:  70%

Minimum load: 40%

Oveiload: Boiler MCR = ECR x 103% or less

Turbine TMF = Rated output x 105% or less
Generator = Rated output x 105% o less
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(10) Deposits of lignite and

5.

limestone: Amount to be consumed to operate the plant for 23 days (as per
Bulgarian Standard)

The following models are selected as the main equipment in the oplimum development ptan

based on the aforementioned principal specifications.

M
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‘Boiler: C-FBC (Circulating Fluidized Bed Combustion)

(Reason of Selection) . _

The three different types, namely, two types of fluidized bed combustion boiler (circulation
type and bubbling type) and pulverized coal fired boiler plus flue gas desulfurization
equipment (wet type limestone-gypsum method} were compared from technological and
economic aspects on the condition that all these three typeé of boiler have aétually been
used commeréiéily, are capable of conforming to flue gas standard value and arc adaptable
to the nature and conditions of the lignite.

As a result, it was found that technologically the circulating type fluidized bed boiler and
pulverized coal-fired boiler plus flue-gas desulfurizing system (wet type limeslone-gypsum
method) are applicable, that economically the circulating fluidized bed boiler is
advantageous and that, comprehensively judging a circulating type fluidized bed boiler is

advantageous.

Dust collector: Electrostatic type

(Reason of Selection)

For comparison, electrostatic precipitator and bag filter were selected and compared

technologically and economically. As a result, a electrostalic precipilator was chosen as

having advantages as (o maintenance, operation, economy and aclual experience in the
- existing plants over a bag filter of which the performance is largely affected by reliabitity of

bag.

Turbine: TCDF {Tandem Compound Double Flow)

{Reason of Selection)

This type of turbine have been used widely and are characteristic of highly efficient
operation and control and easy maintenance. In addition, this {ype of turbine have been
“used in Maritsa East No.2 and No.3 thermal pawer plants.



(4)  Generator: Liquid-hydrogen-cooled, horizontal-shafl, cylindrical, revolving magnetic field,
explosion-proof, 3-phase AC, synchronous type '

{Reason of Setection)
The same as that for a turbine.

The old No.5 and No.6 gencrators of the existing thermal power plant are being dismantled
currently. As a resull of study of the existing equipnient and facilities as to whether |hey are
reusable or not in erder to reduce replacing cost, the following items are found to be reusable,
subject to some {reatment as the case may be. ' '

{1) Cooling water channel facilities

(8) Screcning pump room needs to be reformed with tespect to its guide walls for
installation of the screen and cancrete stabs of foundation incidental to replacement of
the pump. -

{b) Water intake channel;
1)  Existing circular concrete culvert: Good for reuse
2) Existing steel pipe section directly laid undérground: Required to be reinforced to cover
the markedly reduced wall thickness (from 8mm to 5.5 - 7.4mm)

* Where some structure or disturbance exists on the relevant ground, the existing steel
pipe should be reinforced by inserting new steel pipe into it, and the gap
therebetween should be filled with mortar. '

s Where no slruc@ure or disturbance exists en the relevant ground, the existing steel

pipe should be replaced with new steel pipe and covered with concrete.

3) New water line: New steel pipes shall be installed up to the turbine and covered with
concrete.

(¢} Water discharge channel:
1) . Existing box culvert: Good for reuse
2) New box culvert to be constructed: To be installed up to the turbine and reinstaltled.

3) New circulating water channel 10 be constructed: New steel pipe should be laid from
the box culvert up to the turbine and covered with concrete. '
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(2) Turbine room in main building

Concerning the existing tutbine room, concrete neulralization is found to have progressed to

a certain extent but not (o a extent affecting its durability. However, the area where the old

No.5 and No.6 turbines were located is not large enough for a layout of equipment to be
installed for the replacing plant. Thus, such a space should be obtained by extending part of

the existing building.

However, a combination of the existing building and new building will give rise to a

problem such as difference in service life of the buildings, and so careful consideration and

priof study are required for design of a new buitding e.g. adjusting the distribution of loads

to act on the buildings and giving some restrictions in determining layout of various

equipment.

(3) Stack

a)

b)

The existing stack (180m high) for old No.$ and No.6 beilers stands in the space
required for the machines and cquipment to be installed in a replacing plant, so that this

stack cannot be reused.

The existing stack (120m high) for the coal drier cannot be reused because a difficulty of
flue ‘gas difiusion will be seen due to the downdraft effect caused by the boiler building
and further because its outlet diameter is too small for the flue gas from replacing boilers

to pass through.

(4) Machines and equipment

(a)

)

(©)

Total capacity of existing river water supply pumps is not large enough, so that one of

{the existing pumps should be replaced with a new one.” A part of the existing water

supply piping can be reused, but the piping section to be reused should be branched for

connection to the replacing plant.:

Existing overhead crane itself in the building house can be reused, provided that the
additional rails are installed. But the load test shall be condueted prior (o reuse of the

cefane, .

Existing crane for maintenance work in circulating pump reom can be reused, provided

that its capacity is not fess than the weights of new pump and new motor.



{(d) Existing piping for district healing system can be reused, but new piping should be
installed, corresponding to extension of the building for turbines.

(e)' Existing fire-fighting facilities can be reused, but new piping should be installed on the
ground where the existing piping is interfaced with a replacing plant,

() The existing railway, building and tunnel for receiving old coal for nos. No.7 through 10
. can be used.

Based on the main equipment selected in the optimum development plan and the result of the
study for reusable exts!mg equipment, the conceplual designs have been made for the
followmg item and main equipment for a replacing pl'ml

* Layout * Boiler and auxitiaries -
* Turbine and auxiliaries * Generator and auxiliaries
* Heat supply facility ' "« Environmental equipment (ESP, waste
| : | water treatmeni) -
* Ash and limestone handling facility * Waler su pply equipment for thermal
power plant _
+ Compressed air supply facilily * Eleclric, contro! and instrumentation
' equipment |

* Tuel and limestone stotage and transportation * Building and stack
facilities {for coal, limestone, crude oil and
LPG)

¢+ Switchyard and power substation

“The processes of construction work of a réplacing plant have been determined, taking into
consideration the time by which the need of new power supply source is expected to arise,
experiences of local contractors in execuling the construction works of a scale similar to the
conslruction work of a replacing plant and the eﬂects of seasonal weather condmons on the
progress of lhe consiruction work cmmency

However, the schedule of the proposed plan is probably subject to modification, depending on
the time required for budgeting and progress of the work to be performed by NEK.




(UnitR1) (Unit R2)

(1} Completion of feasibility study End of Aug. 1996 Same as left

(2) - Completion of budgeting End of Jun. 1997 Same as left
('that for engineering expenses nceds to be
completed earlier than others.)

% (3) Completion of designation of consultanis Beginning of Jan. {997 Same as left

{4) Completidn of basic design, detail designand End of Aug. 1997 Same as lefl
preparation of specifications for tendering '

(5) Completion of evaluation of bidding and
placeinent of orders
+ Civil/architectural/erection works Beginning of Apr. 1998 Sanie as left
+ Boiler, turbine, coal/limestone handling Beginning of Jun, 1998 Same as left

(6) Commencement of civil engineering work Beginning of Apr. 1998 Same as lefl

N Commencement of equipment installation Beginning of Aug. 1999 6 months later

(8) Hydrostatic test on boiler Beginning of Sep. 2000 6 months fater
&) Receipt of power supply and cﬁmmenccmcnt Beginning of Dec. 2000 6 months later
-~ oftestrun
g‘ (10) Initial firing . Beginning of Apr, 20bi 6 months later
(11) Synchronization Beginning of Jul. 2001 & months later
(12) Commencement of commercial operation Beginning of Oct. 2001 6 months later
(UnitR-1) :

9. The replacing cost was estimated based on the design, work execution processes, maternials,
| ‘products and technological fevel expected to be available as in January, 1996, taking into
consideration the actual costs of international construction works of a scale similar to that of

the proposed replacing plant on the conditions that the machines and equipment are basically

to be imported through successful contractors to be decided through a process of international
competition tendering and works are to be underlaken by the local comraclofs through a

process of domestic competition tendering.



The construction coat is as follows.
' (unit: 10°USS)

(Forcign currency  (Local currency

[Direct Construction Cost} portion) portion)
+ Boiler istand 260 1921 33.9
*Turbine island 1060 0 901 159
» Coal and limestoné handling island 7 89.1 751 | } 13.4
+Civil architectureferection works istand 1442 62,0  ®2
(Subtotal) 565.3 419.9 145.4
[Technological Cost) 20.0 200 -
[Reserved Budget Cost] . 200 150 50
 (Grand Total) . 6053 . . 4549 150.4

The operation maintenance cost and electric power generating cost of the replaciﬁg plant are
as follows: | ' e

[Operation maintenance cost]

« Fuel cost; 30,312 x 103 US$/year = 1.1 cent’kWh
+ Utility cost such as costs of limestone,
labor and repair: 28,141 x 103 US$/year = 1.0 cent/’kWh

{Electric power generating cost] ,
+ Cost at power generating end: 4.6 cent’/kWh
+ Cost at power transmission end: 4.9 cent/kWh

10. The effects of the operation of a replacing thermal power plant on the neighboring
environment (effects through atmosphere, waste water, noise and heated waste wziter) were
_estimated and the following results were obtained. '

(1) Airpollution

The substances to be estimated are SOx, NOx and dust. The results of estimates of the
short-period diffusion (for only the time petiod immediately after replacement) and long-
period diffusion (during operation of No. 1 through No. 6 units, during operation of No. 1
through No. 4 units i.e. current conditions, and after replacement) are as follows:

Nole that the effects of the pollution-causing substances from Maritsa East No.2 and No.3
therma! power plants on their neighboring environments are consideted to be extremely
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large, but the effects of these power plants are not included in this estimate, since their
effects will be estimated separately. ' '

[Short-period diffusion estimate]

+ Maximum ground concentration: .

% Estimated values of all the substances satisfy the requirements of the naiional standards
of Bulgaria.

+ Distance from the source of pollution-causing substance where its maximum ground

concentrations is seen:
About 17.6km away from the stack

- [Long-period diffusion estimate]

. Dﬁring operation of No.1 through Noe.6 units: Ground concenfrations of SOx and
dust largely exceeded the national standards of Bulgaria.

“« During operétion of No.1 through No.4 unils: The same as the above.

« After replacement: The national standards of Bulgaria are supposed to be satisfied.
Funhermore, the emissions of sulfur oxides and dust alter the ieplacing work (for units R1
and R2) are estimated to decrease as follows compared with those during bperalion of No.l
through No.6 units and during operation of No.1 through No.4 units, respectively.

Sulfur oxides:  54.4 Vh - 5.3 th = 49.1 t/h (decrease by about 90%)
32.5 t'h - 5.3 th = 27.2 t/h (decrease by about 84%)
Soot and dust:  8.28 th - 0.2 t/h = 8.08 th (decrease by aboul 98%)

4.54 th - 0.2 t/h = 4.34 vh (decrease by about 96%)

(2) Pollution caused by waste watcr

The pollution of river caused by the drainage from the thermal power plant ¢an be expected
to be reduced if appropriate waste water treatment facility is provided within the premises of

* the power plant, but the real solution to this problem will not be possible unless a total
pollution control plan and measures covesing the whole locality including the controls of
other pollution sources are executed.
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In addition, it is expecied that the effluent control should be made at an early stage, based on
the revision of the existing laws and regulations.

Noise

The predicted noise level within the premises of the power plant, if low-noise machines and
equipment were adopted and installed in the buildings, would not be s0 high as to cause
problems, '

The existing noise control allaches greater importance to the environmental noise level to
which the workers in the power plant are exposed rather than the noise level along the
boundary of the plant.

On a long-term basis, however, if the neise control measures are taken after noise problem
actually occurs, it would require greater cost and works of greater scales. Therefore, it
would be wise te take appropriate noise conlrol measures for the machines and equlpmenl
which are considered to be the sources of noise, at the planning siage.

Hot waste water

Conceining the possibility of sise of the water temperature in Rdzovkulade_net i.ake caused

by discharge of the condenser cooling water, the hot waste water di{l‘usidn analysis was

conducted assuming that the difference in water temperature between intake channel and
discharge channel is 7°C. The result of analysis indicates that the water temperature tends
to be higher near the outlet of the cooling water discharge channel, but the area of higher
water temperature is limited in the vicinity of the outlet of discharge channel. T_hereforc, the
lake was found to be capable of functioning as the cooling water source. Alsb, there will be
little influence on the environment, as the warm discharged water can be used for the fish
firm.

It is revealed that the replacing project is belter in economic evatuation than the alternative
plan; construclion of the coal-fired thermal power plant using the imported coal, and that the
former proposed project has advantages over the Jatter in terms of all the indexes.

Also, the resﬁl! of sensitivity analysis (sensitivity to affect the construction cost, equivalent
discount rale and fuel cosl) mdncates that "the replacing project has advaniages over the
allcmalnve pro_lect

(1) Considering the two indexes, namely, net present vatue (benefit minus cost) and benefit/cost

ralio (benefit/cost), the construction cost, maintenance cost and fuel cost for the replacing -
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project has economic advantage over those of allernative coal-fired themmal power plant
using the imported coal,

The equivalent discount rate (economic internal rate of return or EIRR), in terms that the
investment in the teplacing project and the investment in the alternative project are equal in
the first year of the replacing project, is 23.3%, which is larger than the opportunity cost (set
to 10.0%) of the capital. Therefore, it is revealed that the proposed project is feasible.

For the purpose of financial evaluation, the tevenues from the sales of the electric power and
steam for district heating, to be compared with the investment cost (construction cost and
operation maintenance cost), are calculated on the conditions that the standard electric power
rate (4.5 cents’kWh) and steam rate (31.4 dollars/Geal) as in 2001 will remain unchanged, that
the interest rate of borrowing in foreign currency is 8.0% for 20 years, and that the interest rate
of borrowing in domestic currency is 10% for 15 years. As a result, the financial internal rate
of return (FIRR) is 8.8%, indicaling that there will be no problem for the repayment of the
borrowing in foreign currency, buf the repayment will be difficult if the discount rate of 10%

prevailing in the domestic financing market.

Thus, the feasibility of adopling new clectric power rale system is currently studied. If the
unit price of the electric power rate in 2001 is revised to 5.0 cents/lkWh based on the present
rate, the FIRR will exceeds 10% assuring better financial conditions.

The secioeconomic effects of the proposed replacing project are as follows;

Favorable effects of increase in investment on economy and opportunity of employment can

be expected.

The replacing project introduces for the first time a circulation type fluidized bed thermal
power plant to Bulgaria, contributing to the development of new electric power source

utilizing domestic lignite and spread of related technology.

Vitalization and growth of conslruction, mining, iron and steel, clectric machine,
transportation, communication and other industrics relating to electric power generating

indusiry can be expected.
A method for macroeconontically evaluating the socioeconomic effects of the execution of

environimental protection measures has not been well established yet, but the favorable

effects of such measures on the health, declining of discase, living environment, social
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environment and natural enviconment of the local inhabitants can be expected judging from
the favorable effects that the environmental protection measures actually proved in other

counlries.
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[Recommendations])

The proposed replacing project is not only technologically and economically feasible but also capable
of contributing greatly to the solution of the tocal environmental problems. And, this project should
be execuled as soon as possible judging from the prediction of the supply-demand relation of the
electric power around 2001,

For carlier materialization of the project, the following matters should be considered.

1. For the successful execution of the replacing project, the financing for the project will play a
vital role. ‘For this purpose, it is important that invelving the coal mining and limestone
industries, the replacing project to be promoted substantially as one of the national projects by
seeking the positive effort of the Bulgarian government in winning the cooperation of the

international financing institutions.

2. . Scheduling of repayment is equally important to the borrowing plan. It is preferred for the
- cosis relating to the invesiment construction cost, operation maintenance cost to be surely
recovered by the electric power rate. For this purpose, it is necessary to reconsider the
existing electric power tarifT system as soon as possible in order to establish the schedule for

the repayment of borrowing. -

3. In order to reduce the replacing cost as much as possible, it is necessary not only to use the
‘domestic materials, machines and equipment but also to employ local contractors for the
execution of the works (o the largest possible extent. For this purpose, it is also necessary to
conduct prior délailed investigation and evaluation of the capacities, experiences and
polentialities of major domestic manufacturers and contractors who are expected to participate

in the replacing pfojecl.

In view of the importance of this project, as well as in order to make the project feasible, the
apphcanon of the preferential tax rates is essential. Thus, it is necessary to have prior
conferences with the governmental organizations concerned with regard to the excmptions of
taxes on' the salaries and allowances to be paid to the instructors and trainers of foreign

nationals, and simplification of the related procedures.

4. Sincere technical consullanis who have adequate experiences and are familiar not only with
domestic regulations but also with various local situations in Bulgaria should be employed as
soon as possible. Various malters and problems should be discussed or solved in promoting

and implementinglhh pieject.
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Furthermore, some local consuliant has the custody of and controls all the drawings, data, elc.

relating to the designs and executions of works for the retrofit and dismantling of all the

exisling electric power generating facilities owned by NEK. Further he has undertaken all the

engineering works relating to the retrofit and dismantling of the existing facilities at the start

of this project. In order to reflect on the new designs the solutions to the problems which have

caused various troubles experienced in Maritsa East No. 1 thermal power plant and

neighboring No. 2 and No. 3 thermal power stations, as far as the principle formation of %
coniract is not jeopardized, close involvement of such a company would be contributory to

effective and successful project implementation.

- This study comprises the initial environmental evatuation (JEE) and environmental influence
assessment (EIA) on Maritsa East No.1 thermat power plant. However, it is necessary for an
environmental influence assessment report to be prepared in accordance with the forn
specified in the regulations of Bulgaria, consulting with the Environment Ministry prior to its
publication, further for monitoring of environmental condition to be execuled, if necessary,
and for approval of the Environment Ministry and local inhabitants to be obiained prior to the
publication of the report. '

Furlhermore, it is desirable to prepare for and maintain necessary system for the future need of
environmental influence assessment on Manisa East complex as the whote (including Maritsa

East No.2 and No.3 thermal power plants), since such nced seems to arise in the future.

Before commencing the execution of the proposed project, conference with coal mining
companics and limestone mining companies concemed should be made on the following
subjects.

(1) Subjects of conference with coal mining companies;

* Adjustment of the condilions concerning the properties of coal stiputated by the sales
© agreement. ' '

~» Agreement to severer quality control against the clay ingress to the coal.

+ Agreement to conditions for the use and operation schedule of freight wagdns to be used
for the transportation of coal. '
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+ Agreement to use of the surface soil disposal yard owned by the coal mine as ash yard of
~the power plant and the conditions for the use and opcration schedule of the freight
wagons for this purpose.

+ Agreement to sharing of the responsibility for the work execution processes relating to
the modification of existing railway or laying new railway incidental to the construction

of new coal yard of the power plant.
(2) Subjects of conference with limestone mining companies:

+ Since the limestone deposit expected for use for the power plant is still left undeveloped,
the limestone mining company concerned should draw up its development plan and take
necessary measures for financing the development plan in order to mcet the progress of
the replacing project.

The limestone mining company should also consider altermative measures against

possible delay of limestone mining development.

+ Agreement to conditions for the use and operation schedule of freight wagons to be used
for the transportation of the limestone.

The circular and box concrete culverts of the existing intake and discharge channels have been
used as common facility to all units in the thermal power plant. The soundness test of these
culveris have never been conducted, and the progresses of the deteriorations of individual

culverts are nol known.

Thus, in this feasibility study, those culverts are assumed to be in sound condition judging
from that the power plants has been operated without troubles. For this reason, it is necessary
to exanmine the soundness of these existing culveris prior to the start of the execution of this

project.
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CHAPTER1 INTRODUCTION

Background and Process of the Study
Outline of Power Demand in the Republic of Bulgaria

The power demand in Bulgaria increased and reached its peak in 1989,  Since the national
revolution toward democratization and introduction of a markel economy in 1989, however, a
reverse phenomenon occurred; power demands fell at an annual average of 8% in the
industrial field as a transient phenomenon and with this, the industrial demand fell below that
for public services. However, considering the movement toward a markel economy as
promoted by the Bulgarian Government, il is certain that power demands will increase in the

future.

Power Supply in the Republic of Bulgaria

" Regarding the power supply in the Republic of Bulgaria, the installed capacity is approx.

12,000MW,; 51.7% by thenmal power, 29.5% by nuclear power, and 18.8% by hydro power.
This proportion ratio has remained almost the same for the fast few years.

The majority of thermal power plant facilitics were manufactuced in the former USSR, or
other EFast European countries.  These facilities are now aged. In the case of nuclear power
plants, the initial two units (440MW each) of the Kozloduy Nuclear Power Plant will be

forced to shutdown in the near fulure.

Regarding the scasonal demand/supply balance, the supply capacily in winter is especially
severe although its reinforcement is expected in the future in line with an ongoing economic

recovery.

Outline of Energy Conditions in the Republic of Bulgaria

The major share of energy consumed in the country depends on imports.  Natural gas and
petroleum were previously acquited from the former U.S.8.R. and coal from the Ukraine, due
to the close relationship with the former U.S.S.R. In response lo the market economy,
however, a stable supply from other countries has become difficult, and such a situation has

already begun to affect the thermal power plants which use Ukeainian coal.

Dependency of Bulgaria on other countries for the primary energy source was 74% in 1993,
1t is predicted that this will reach 75.3% in 2000, 77.2% in 2010, and soar 1o 84% in 2020.
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Today's most important measure is, therefore, to protiote the effective use of domestic encrgy
resources, namely the effective use of lighite which reprcseﬁts almost 85% of Bulgaria's entire
domestic coal production. Domestic lignite is characterized with a low calorific valve, a
high moisture content and a high sulfur content. ' '

Present Environmental Problems in the Republic of Bulgaria

Lignite pmduced in the Maritsa Region is the main and relalwely suﬂic;cnlly acquired

- domestic energy resource in the Repubhc of Bulgarla Al this llme its reserve is beheved to

be approx 1.7 billion tons.

ilegarding the fuel used at NEK's thermal power plants with a tolal of 6,4i5MW installed

~ capacity, coal overwhelms all other fuels; 4,118MW or 64% by domestic coal, 1,847MW or
- 29% by imported coal, and 450MW or 7% by petrolenm.

The Bulgarian Government has promoted the construction of coal-fired power plants as well
as the development of nuclcar power plants. Due to a high sulfur and high ash content,
however, air pollution and other environmental problems have now become matters of serious

concern,

Currently, various data estimate the following air pollutive substance generation: 80,; 2.38
million ton/year, Noy; 0.42 million ton/year, and 'dusl; 0.65 million ton/year. Approx. 25% -
50% of this is belicved to be generated by thermal power plants.  In comparison to other east
European countries, air pollution in Bulgaria is, however, relatively low although Bulgaria's
SO, level is higher among all European countries. '

The Ministry of Environment issued an 'Urgent Environmental Improvement Prograim in the

Republic of Bulgaria' in April, 1990. The anti-air pollution project in this Program is

regarded as an important move toward water quality improvement and forest protection.

The Bulgarian Government has also indicated that they follow the guidelines of the EC toward
joining the EC. Following talks between the Bulgarian Government and the EC concerning
air pollution and the reduction of sulfur oxide, a reduction goal has been determined based on
the record of 1980.  Sulfur oxide will be reduced by 33% in 2000, 40% in 2005, and by 45%
in 2010.

In this Program, all anti-pollution measures for thermal pou er plants arg pracuced under the
responsibility of ‘the Commiiltee of Lnergy
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Environmental Restrictions for Thermal Power Plants

According to the Environment Protection Law of the Republic of Bulgaria, all new power
plants installed in and afler 1993 must meel the environmental standards of the Republic of
Bulgaria.

The existing power plants in.slalled prior to 1993 continue operation and pay a penalty for SO,

and dust emissions exceeding the standard values.

Maritsa East Power Plant Group

The Mantsa Reglon is located approx. 40km southeast of Stara Zagora, Bulgaria’s 6th targest
city and approx. 250km east of the capitat city, Sofia. The Toroyanovo Coal Mine which
produces lignite, is situated in this region. The Maritsa East Power Plant Group is located
nearby and is operéted with this fuel.

" The existing power plants are the Maritsa East 1, Maritsa East 2, and Maritsa East 3 with a
~total gencration eapacity of 2,280MW; 200MW, 1,235MW, and 840MW respectively.

Approx. 35% of the Republic of Bulgaria's thermal power generation facilities are
concentrated in this area.

Maritsa East No.1 Thermal Power Station

This power plant has operated for approx. 35 years sinceé 1960 and its aging is significant.
Bspeciatly, the service lives of its major components, the boiler/lurbine have almost expired
due to advancing metal fatigue. This situation is extremely critical in the continuance of the
plant’s operation. ‘

This power plant is also equipped with a tignite drying plant which reduces the moisture of
lignite from 55% to 40%. The eﬂ‘lciency of the dust collector is now only 60% due to its
being of cyclone type. AlSG with no desulfurizer, SO;, Noy, and dust emissions from this
planl exceed the environmental standards by more than 10 tlmcs

Two 150MW unils were shut down approx. 5 years ago and are currently in the final stage of

" removal. Four SOMW unils are presently in operation.  Shutdown of this planl is difficult

asitis obhged to supply 45Gt/h steam to a neighboring briquet plant as a public service.



This power plant was the first plant to use lignite from the Maritsa Region. - Because of this,
the plant has been well used to train a great number of high level engincers who are very
experienced in all aspects related to lignite.  The skills of these engineers are utilized in the
construction and maintenance of other lwo power plants,

"This power plant has approx. 1,200 cmployees including 110 experienced engineers, together

~ with many skilled workers such as mechanics, ¢lectricians and welders.

118

119

Request for this Project

Considering the condilions described herein, on Januvary 12, 1994, the Bulgarian Government
requested the Japanese Government to conduct a study concerning the development.

Preliminary Study

JICA dispatched a Preliminary Study Group in November, 1994, as the Request [rom the

- Republic of Bulgaria included many unspecified factors. = The preliminary study was

1.4.10

conducted for the framework regarding the scope of F/S prior to an S/W agreement with the
NEK which is the counterpart in the Republic of Bulgaria.

Preparatory Study

Based on the agreement after the PréIiminary Study in November; 1994, JNCA dispatched a

- Preparatory Study Group to the Republic of Bulgaria in January through February, 1995 to

11.11

discuss the on-site study, consignment, and other matters related to the S/\W agreement with
the NEK. Both parties reached a unanimous agreement and an S/W and M/M were signed
and exchanged on February 9, 1994. '

Feasibility Study (F/S)

/S was conducted over two fiscal years. 'The primary year F/S (fiscal 1995) started in June,
1995. Al studies at the Preliminary Study and Detailed Study stages, and the major part at
the Feasibility Design siagé were conducted.

In the secondary year (fiscal 1996), study is conducted for lhé cconomicfﬁhancial analysis in
the Féasibiiity Design stage. The result of this study is summarized in the Drafl Final Rcboﬂ.
The Final Repé:t shall be submitted within one month after explanation/discussion to/with the
counterpart in July, 1996. In the meantime, two technical transfer seminars were provided
for telated personnel of the Republic of Bulgaria.
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Purpose, Outline, Scope and Period of the Study
Purpose

The purpose of this Study is to re-develop the optimum power generation facilify at the area of
the former Units 5 and 6 (150MW x 2) in Maritsa East 1.

Outline, Scope and Petiod

The main subject arca of this Study is the Maritsa East 1 site in Galabovo approx. 40km
southeast of Stara Zagora located approx. 250km east of thé capital cily, Sofia, and
neighboring the coal mine(s).

The relevant facilities include the Toroyavo 1, 2 and 3 coal mines which lig to the northeast of
Maritsa East §, the Maritsa East Coal Mine Management Company, Maritsa East 2 and 3
where the lignite from these local mines is used, the Energoremont machinery plant, and

limestone mine, etc.

‘This Study is based on the Scope of Works (S/W) signed on February 9, 1995, and the
Minutes/Memorandum (M/M) regarding the S/W.

The main points of this study are to make examination and evaluation of technology for
replacement of oplimum power generation facilities based on the technical and economical
factors in response to the environmiental standards of Bulgaria or the EC and to execute

Feasibilily Design and F/S including the economic/financial analysis.

‘The Study was conducted in the following three stages,

Siage 1:

Preliminary Study stage; June - October, 1995

Stage 2:

Detailed Study stage; November - December, 1995

Stage 3:

Feasibility Design stage; January - June, 1996
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Job sections and Name of person of JICA teain

* Management (Team Leader)

* Co-management

(Assistant leader, Power generation development plant) :

* Thermal power generation facilities
(Boiler and Environment Protection Facilities)

* Thermal power generation facilities
(Boiler and Auxiliary Facilities)

* Environmental protection facilities
(Facilities/Chemical Engineering)

* Thenmal power generation facilities
{Turbine Generator and Auxiliary Facilitics)

* Thermal power generation facitities
(Etectricat Instrumentation and Control)

* Power generation architecture

* Power generation civil engineering
* Environment

* Transmission plan

* Economical/financial analysis

* Measurement/analysis |

* Project coordinator

On-site Study

The following study was conducted in response to the precisioh level in each stage.

Juro INQUE

Zenjiro TSUTSUI
Koichi KOBAYASHI
Masanori MORISHITA
Ryoichi SAKANISHI
Hideyuki OKANO
Shunichi KIYOSAWA
Yasushi ISHIKAWA
Naoto AKIKUNI
Masayoshi ONO
Takaya NOMURA
Hirohito ARAXI

Jun MITSUHASHI
Yusaku YOKOYAMA

study was conducted by a Study Group consisting of experis in each figld.

Preliminary Study Stage

Collection and analysis of necessary data and information

Coal/petroleumi/pas supply
Limestone supply

Power development projecls
Power plant operation standards
Initial enviconment (IEE)

Existing fluidized bed (FBC) boiler and lignite fired boiler

Existing facilities to be reused for a replacing plant

Possibility of local procurement of fabrication and installation

I-6
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Transmission lines and substations

1.ocal consignment |

Transportation procedures of lignite for combustion test
Existing power plants

Detaited Study Stage

Detailed site survey

Environmental impact assessment (EIA)

Equipmént and materials

Construction cost, etc.

Design refated restrictions

Restrictions in interfacing with the operating facilities
Lignite combustion test and analysis

Progress state of local consignment

Feasibility Design Stage

Economy/finance related supplementary study

Study In Japan

The following major items were studied from different aspeets based on the information and

data acquired from the on-site study and in Japan.

Power development plan

Fuel and limestone supply plan .
Lignite combustion test on bench scale fluidized bed
Optimum replacement plan

Concepiual design

Conélmélioh plan |

Replacing plant construction

Environmenial impact assessment

Economic/financial analysis

Study Flow Chart

The'sludy was conducted according to the flow chart in Figure 1-2-5,
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Relevant Organization

* The Nationala Elekiricheska Kompania (NEK) was established on November 7, 1991, in

accord with a Cabinet Act. Its operation started in January, 1992.

The NEK is a stock company owned by the Government. Tt conducts an integrated operation
ranging from power generation to transmission and distribution. Heal supply is also
included in the operation.

The NEK mainly owns and operates the theimal power plants, hydro-power plants (p_umped.
storage included) and the Kozloduy Nuclear Power Plant as well as all sub-stations,

transmission lines and distribution nelwork nationwide distribuled.

The NEK has 41 branches; 10 in the power gencration division, 28 local power supply

_companies in the distribution division and 3 branches in the construction division,

As of 1996, the NEK employees approx. 32,000 people. Slaffgd by approx. 80 employees,
the Command Center is located next to the NEK Head Oftice. The NEK Head Office is
staffed by approx. 120 employees, which is rather a small number.

The NEK is supervised by the Committee of Energy which conlrols the entire clectric utility

industry.  Electric charges are, however, controlled by the State Energy Regulatory

Commitlee, established in June, 1993,
The National Assets, Privatization, and Finance Depariment was established within the
Commitiee of Energy in June, 1993.  This section is dedicated to ihe reform stralegies of

1993.1997 and the privatization of encigy related industries.

The government organization to which the NEK belongs is currently managed by the Minisiry
of Industry.

The NEK system is inlroduced in Figure 1-3-1.

1-9



COUNCE. OF MINISTERS

COMMITTEE OF ENERGY

NEX BOARD OF DIRECTORS

STATEENERGY
REGUEATORY COMMITTEE
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.
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.
.
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.
.
.
.
.
M
.
*
.
.
.
.
-

Y Y T T T LI LI LTIy

EXECUNIVE EXECUILTVE
GENERAL EXECUTIVE DIRECTOR DRECTOR
. : DIRECTOR DIRECTOR RESPONSIBLE | |RESPONSELE
CHARMAN CHATRMAN POWER POWER FOR MFEMBER MEMEER MFEMRER
’ GENERATION DISTRIBUTION RESFARCH, ECONOMIC - . .
PAVISION DIVISION - DEVELOPMENT FORECAST
AND AND FINANCE
_ Jinfernational Thormal Power -—{Command Center F—{Rescarch Division — |Beonomic Fotecast
Depariment CGeneration Division and ntesnal
Hydro-power ’ Adjustment
Generetion Division
F—1Legal Departmont —{Neclear Power Division —fPower Supply Di\-ision t-~{lnvestment Division H— ;‘mml::s and
: . Maintcnance Division Power Export/Import
—— tPublic Relations F—- — —{Leans
Public Rela Labor Safety and Dirision
Fire-Fighting
[ e " "
—IPersonnel Department | _ JEquipmentMaterial L {Sales
Divisicn )
__|Operaton and Public | . {Labor/Pessonncl
Service Depadment Cost Division
| {Secretarial and Branch
Manager Council

Figure 1-3-1 - NEK System

* The Committee of Energy was reorganized into "the Minis{ry'of Energy and Encigy Resources” under the date

~of June 14th, 1_996.
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14  Acceptance of Trainees

As the counterpart, the NEK dispatched Mr. Dimitre Lubomirov Petrinski and Mr, Penio
Jekov Pencv to Japan as trainees. They were in Japan from March 23, 1996, to April 13,
1996,

15  Provision of Equipmant

Equipment for atmospheric measurement and flue gas measurement listed below required for
this Study were provided to the NEK by JICA. The equipment provided is listed in the

Supplement.

1. Stack gas measuring instrument
1-1 Portable NOx, 8O,, O; gas analyzer I set
1-2  Dust sampling equipment 1 set

2. Air pollution measuring instrument
2-1 SQO; monitor : ! set
22 NOx monitor 1 sel
2.3 Dust sampler and deposit gauge 4 sets

1-11
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CHAPTER 2 REPLACING PLANT SITE

Outline of Maritsa East No.1 Thermat Power Plant
Outline

Power Generating Facililics

This power plant has reached the limit of its service life so that it is in serious condition for
further continued operation, because it has passed aboul 36 years since it started operation in

1959 and its major components such as boiler and turbine are seriously aged.

Additionally, the importance of this plant also exists in the fact that it is responsible for
supplying drying vapor {(450t/h) te a private briquette factory and heating vapor (59-60vh) to
nearby area. Environmental protection measure for this plant is urgent because combustion
gas (containing SOx, NOx, Dust, etc.) produced and exhausted from combustion of domestic

lignite exceeds national environmental standard extremely.
Figure 2-1-1 shows a layout and unit configuration of this power plant.

Unit Nos. 1 through 4 unit (started in 1959 through 1962)

1) Boiler (210 t/h) x 6 —» Comunen steam header + furbine generator (SO0 MW) x 4
Turbine extraction steam -—» Steam supply equipment (for briquette: 450 vh, for arca
heating: 50 (o 60 Vh)

2) Main facilities: All of them were made in ex-Soviet and the electrostalics precipitators
were made in ex-East Germany.

(b) UnitNos. 5 and 6 (started afier 1964 and currenily being removed)

(c)

'l} Boiler x 4 + turbine generator (150 MW)x 2

2} Main facilities: All of them were made in ex-Soviet

Lignite drying facilities

These facililies are a preliminary stage for pulting in coal bunker and lower water contents
from about 55 % {(on arival basis) to about 40 %. However, drying equipnient for old boiler
Nos. 7 through 10 are currently being removed like the boilers.



(d) Stack (made of concrete)

For boilers in operation (unit Nos. 1 to 6)=x 1 (150 m high), for boilers under removal (unit
Nos.7 to 10) = x | (180 m high), for drying coal = x 2 (120 m high). However, the stacks
for the boilers currently being removed will be removed.. '

{e) Other special matters

The main equipment now in operation (unit Nos. 1 to 4) is near the end of its useful life due %
to metallic fatigue, but its operations continue by making repairs because steam supply is
needed for briquelte and area heating. ‘

(2) History and accumulated result of the operation

(@ UnitNos. t through 4 (In operation: from the beginning of opefalion to October 1994)

* Total operation time: 190,000 to 210,000 hours for boiler 240,000 to 250,000
hours for furbine/generator .

» Number of starts and stops: 600 to 950 times for boiler 360 to 450 times for
turbine/gencrator

(b) Unit Nos. 5 and 6 (Under removal: Stopped their operations in 1991.)

+ Toial operation time: 160,000 hours
+ Number of staris and stops: 500 to 550 times

{¢) Generated power amount and amount of supplied heat (1993/1994)

» Generated poweramcmnt(lO‘5 kWh): 1,118/980
+ Amount of supplied heat (10° Geal):  1,553/1,102

2.1.2 Organization System

The total personnel in the power plant is 1,234 and its organization and distribution of
personnel is shown in Table 2-1-1.

2-2
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Site Condition
Location

This plant is located at the town "Gatabovo" in the vicinity of lignite mine (open cut mine) at
the Maritsa area about 40km southeast of Stara Zagora (population about 300,000), which is
the sixth largest city of Bulgaria, about 250km east of its capital city Sofia.

Maritsa East No. 2 thermal power plant (1,450MW) and No. 3 thermal power plant (840MW)

‘exit around this mine and about 38% of the thermal power generating equipment in this

country (including private power generation) are concentrated on this area.

Access -

‘The accesses from the capital city Sofia to Maritsa Fast No. 1 thermal power plant are gained
by vehicles through a highway leading to Stara Zagora (about 250km) main road (17km)
running from south-east, ordinary road (20km) and return again to main road (3km). A main
road running before this plant is an important truck line for industry connecting Turkish with

Rumania.

A fail\i:ay siding in is instalied in the power plant and railway is used for transportation of coal
and construction material. This railway network is effectively used for this replacing plan.

Climate

The climate of Bulgaria is relatively mild and four seasons are clearly seen. In a region in
which this planl is located, the climate is of the Mediterrancan type having mild temperature
and hl gh humldlty but no violent storm.

The yearly average lemperaturc, rainl‘all days and relative humidity, ete. observed for 10 years
from 1983 to 1992 in a weather observation sfation located on the Lozoflanets lake 1km to the

southwest of this plant are as follows.

» Temperature: 12.5°C {Monthly Ave. Max 23.8°C(July), Min 1.8°C (January,
S ‘Decemben)] '
. Atmosphcric:pressuw: lOO3ShPa [Monlhly Ave. Max 10(}? 9hPa (December), Min
S | ~ 998.9hPa (June)]
e Rainfail d'ays': ' 42 days' [Momth Ave M;vc 8 days (Januar}' Nmember
_ December)]
+ Snowfall days: 14 days [Monthly Ave. Max 4 days (January, February}]
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+ Relative humidity: 73% [Monthly Ave. Max 84% (Dccember), Min 63%

{June)]

+ Wind direction, velocity. North east, 2.5m/s

2.24 Topography and geology

(1) Topography

(a)

b

{©)

@

The project site is located on the Thracia Plain 100 m above the sea level, surrounded by
moderately stoped hill area where lands are used as farmland (for wheat, potalo, orchard and
etc.) and, therefore, less forested.

The Sazlika River flows north of the Maritsa East No.1 Power Station. _
As a tributary of the Sazliika River, the Ovcharitza River runs out of the Sazliika River

adjacent to the Maritsa East No.2 Power Station.

From the direction of the Maritsa Fast No.3 Power Stalion, the Sokorilza River flows into

" the Sazliika River.

The Rozovkladeneis Lake located south of the Maritsa East No.l Power Station was

- constructed artificially by damming up the Sokorilza River to obtain cooling water for the

power station.

The underground water is used for ircigation of farmland and not for drinking water. The
drinking water in the Galabovo District is taken in from the Sazliika River.

Within the prbject site, there is no specified nature'preservation zone or other particular area
except one spot where the Thracia remains during the second through third century before
Christ are located, and have been enctosed by proteclive palisade and preserved carefully
after its explorative inspection was completed. -

(2) Geology

The geological section within the poﬁ.’cr plant site is composed of alluvial deposits of the
Sokelitza River. The surface layer beiglgr 4m deep consists of deposits of sand, clay, coal ete.
and a layer under it up to GL-6m ~ -11m constituted with sandy clay and sand is formed on
the hard clay layer of 30 ~ 40m in depth which has a N vatue of around 21 ~ 33 and plays a
tole of supporting tayer of foundations. '

2-4



The foundation of heavy structures in the existing power plant such a turbine house is of a
direct supporting type utilizing the hard clay layer.

The underground water level in the area of a turbine house is GL-6m (101.2m above the sca

-waler level) in average.

Undetthere, a hard clay layer with N value 21 - 33 exists throughout the thickness of 30 - 407m,
thercby acting as plantUs foundation supporting layer.

The foundation of the heavy construction of this power plant is directly based on this layer.

The average underground water of the main building of this ptant is GL -6m (101.2m at
altitude). - '
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Table 2-1-1 Organization and Personnel of ME-1 TPP

Division Description of Division Personnel Remarks
Manager of this plant Administration of the entire plant -1
i Recéption and supply of  |Receplion of coal, storage, 145
coal transportation and crushing
2. Dryingofcoal Drying of coal _ 105
3. Operation and maintenance |Operation, management and repair of 230 %
of boiler equipment boiler equipment, ash treatment,
operation, management and repair of
heavy oil equipment
4, Répafr of boiler related Disassembly, inspection, repait and daily | =~ 97
equipment light repair of coal drying furnace, boiler '
and auxiliary equipment
5. Welding correction Welding correction of the above 39
menticned equipment
6. Operation and maintenance {Operation, management and repair of 116
of turbine equipment turbine equipment
7. Operation and maintenance | Operation, management and repair of 97
of electric equipment electric equipment
8. Operation and maintenance | Operation, management and repair of 47
of instrumentation instrumentation equipment
equipment
9. Operation and maintenance |Operation, management and repair of 42
of water equipment water equipment
10. Repair of rotatory Repair of pump, valve and motor, etc. 57
machines and production of reserved parts
11. Operation and maintenance |Operation, management and repair of 31
of heat supply and drainage | heat supply equipment and construction
egquipment of related buildings

Management and repair of drainage
equipment (including sewage work)

12, Transporiation and Transportation of machine and 30

procurentent equipment in the plant and procurement
of consumplion malerials, reserved parts
and materials

13. Accounting, personnel Accounting, personnel affair and 197
affair and wellare management of other general matters
Operation and management of welfare

facilities g

(Total) 1234
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CHAPTER3 ELECTRIC POWER DEVELOPMENT PLAN STUDY

Electric Power Facilities
Power Generating Facitities

Cutline of electric power facilities in Bulgaria is indicated as Figure 3-1-1-1.

Table 1-1-1 shows the transition of installed generating capacity between 1985 - 1995,

In 1995, the total generating capacily was 12,751 MW, of which t1,112 MW is owned by
NEK, and the remaining 1,639 MW by industry.

The power source percentages are 6,589 MW (51.7%) by thermal, 3,760 MW (29.5%) by
nuclear, 2,402 MW (18.8%) by hydroelectric,

Regarding the thermal power plants, the fuel composition of thermal power plants owned by
NEBEK was lignite 64.09%, imported coal 20.69%, bituminous ceal 14.21%, natural gas 1.01%
as of 1993,

Of a tolal of 87 hydroeleciric power plants, 58 are of run-off-river type (total output 176 MW),
and the 29 are balance of poundage type (total output 2,226 MW).

In 1994, Chaira pumped-storage power plant Stage | with 2 units x 216 MW was
commissioned and Stage 2 with 2 units x 236 MW is under construction.

Bulgaria's sole nuclear power plant, the Kozloduy nuclear power plant has 6 Russian-made
nuclear reactors (VVERY); 3,760 MW (440 MW x 4, 1,000 MW x 2).

Repair work for the aged unit Nos. | to 4 started in 1991, This work was completed for No.
2 unit in 1992, for No.1 unit in 1993, and for unil Mos. 3 and 4 in 1994,

The Bu!gaﬁan government has decided to put the aged unit Nos. | and 2 (440 MW x 2 out of
service), but the date of outage is not fixed up yet.

Transmission Lines and Substation Facilities

Bulgaria's trunk transmission system is 400 kV and 220 kV.
The 750 kV transmission line is used only for interconnection with the Ukraine via Rumania.
Table 3-1-2-1 shows an outling of the transmission line.
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As of 1995, there was one substation in the 750 kV systein, 10 in the 400 XV system, 16 in the

220 kV system, and 269 in the 110 kV system.  The installed capacity was 31,527 MVA,

Power Supply and Demand
Power Demand Analysis

Power Demand Transition -

The energy consumplion dec!ined from 1989 onward and decreased significantly in 1991,
being 6nly 14.4% less, compared with the prévious year. Since then, however, the decline
has been small. In 1994, the energy consumplion increased .only 0.3% compared with the
previous year, but it indicated a major inceease under influence of intense cold in 1995,
amounting td 32, 015 GWh. |

On the other hand, however, in 1993, the annual energy consumption was 3,429 kWh/capita.

| ~ The peak power _deinand reached the highest level (8,332 MW) in 1989 and declined since

(2)

(3)

Q)

then to 7,520 MW in 1995,

Figure 3-2-1-1 shows the monthly encrgy consumption for 1994 and 1995, The maximum

energy deimand came out in December and January and the ninimum énergy demand in July
and August. '

Energy Generalion Transition

Energy generation decreased from 1989 but began to increase in 1993.  Energy generation

- for 1995 was 42,003 GWh, a major increase of 10.2% over the previous year.

Past Records of Power Interchange

When examining the net imbortc_d energy, which is derived from subtraction of the exported
energy from the imported energy, it is scen that Bulgaria was a power importing counley.
Recently, however, the percentages of imported and exported energy are almost equal.

Load Characteristics

Power demands for the industry, construclion, and agriculture séctors are decreasing
considerably. The constitution ratio for 1993 is 45.4% for the industey sector, 1.6% for the
construction secior, 2.7% for thi; agriculture seclor,‘_4.8%' for the lrans‘p'oriation and
commuﬁicalions, 11.0% for the publlic'Sector' and 34.6% for the hdusehd!d'seclor, re.s.pe":tively.

3.2
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The annua} load factor shifts around 50%.  The loss factor is practically stable. The average
loss for the 11 years 1985 to 1995 is 4,474 GWh for auxiliaries and 4,680 GWh for network.
On the other hand, auxiliary loss for 1995 was 4,353 GWh and the network loss, 5,415 GWh.
The ratio of auxiliary loss to the gross generation is 10.4%, and a ratio of transiission loss to
the sending end energy of 14.4%.  The total encrgy loss is 23.3% to the gross generation.

Figure 3-2-1-2 shows the maximum and minimum daily load curves for 1994.

Power Demand Forecast

Forecast Method

A macro forecast method which forecasts the demand for the entire nation was applied. A
long range energy demand for the entire nation is estimated by finding a fixed law or trend

line in the past encrgy demand records.

The following five methods are generally known as forecast methods.

A teend line is found in the togarithmic trend of past demands and this will be extrapolated.

Linear regression forecasting is used when a linear relalionship is recognized between the

GDP and the power demand.

Quadratic regression forecasting is used when a curved relationship is recoghized between
the GDP and (he power demand.

Multiple regression forecasting using selling cost and population (or number of cuslomers)
other than GDP as explanatory variable (independent variable).

Forecasting using the correlation between GDPlcapita and kWh/Capita found in

international statistics.

In method (a), the trend line derived from past records is simply extrapolated. This method
can be used only for forecasting for the near future.

On the other hand, past records show that energy consumption increased from 1985 to 1989,

then decreased from 1990 to 1993 and again increased from 1994, As seen, there are three
trend line patterns and it would, thereforg, be very difficult to use methods (b} - (d).

3-3



For the above reasons, method (¢} will be used to make the demand forecast. The relation
- between Bulgaria's GDP/capita and kWh/capita from 1985 to 1993 will be used.
(2) Forecast Conditions

(a) Explanatory variable

The energy consumption record, and transition of GDP and poputation (1985 - 1993) which

are the explanatory variables are shown in Table 3-2.2-1. The relation between the
GDP/Capita and kWh/capita is shown in Figure 3-2-2-1.
The power demand forecast term is limited to 14 years, from 1996 10 2010.

{b) Economic scenarie

The econoinic growih scenario is decided as follows.  Bulgaria's GDP increased steadily up
to 1989, From 1990, it started to decrease remarkably. However, this decrease stopped by
1991. The GDP started to increase again from 1991 and increased 2.5% in 1995,

compared with previous year.

Assuming that the GDP is flat in 1994, and then increase from 1995 onward, three cases are
studied; low case (3% GDP growth), middle case (4% GDP growth) and high case (S%
GDP growth). = @

The population was 8.472 million as of 1993 and is expected to be 8.897 million in 2000
~ and 8.902 million in 2010, respectively. ' '

(3) Power Demand Forecast Rcsuus
| Usmg the above condxuons based upon the data in 1933 the relalmn betw een the GDP and

population is anticipated as follows.

(a) Low case (3% GDP growth}

GDP © 10,842 x (140.03)16 = 18,000 (US$ million)
Poputation : 8.902million =~ o - %
GDP/capita :  18,000/8.902 = 2,100 (USSfCaplla) '

From Figure 3-2-2-3, kWh/capita is 4,100 (kWh/capita), and the energy consumptnon in
2010 will be 4,100 x 8,902 = 37,0600 (GWh)

3-4



(c)

(b) Middle case (4% GDP growth)

GDP : 10,812 x (1+40.04)16 = 21,000 (USS$ miltion)
Population : 8.902 miilion
GDP/capita :  21,000/8.902 = 2,400 (US$/capita)

From Fl gure 3-2-2-1, kthcapﬁa is 4,200 (kWh/capita) and the cnergy éonsumption in 2010
will be 4,200 x 8.902 = 38,000 (GWh)

High case (GDP growth 5%)

GDP © 10,812 x (140.05)16 = 24,000 (US$ million)
Population : 8.902 million
GDP/capita :  24,000/8,902 = 2,700 (US$/capita)

From Figure 3-2-2-1, the kWh/capita is 4,300(kWh/capita), and the energy consumption in
2010 will be 4,300 x 8.902 = 39,000 (GWh} '

3.2.3 Power Demand Forecast by NEK

NEK has made an energy supply forecast up to 2010, based on three scenarios, low, middle
and high. In the middle case it is predicted that the energy supply will recover to the 1989
level in the year 2005.

- NEK's power demand forecast is made for the energy supply and will, therefore, be converted

Ao energy consumption which is obtained by subtracting auxiliary loss and network loss from

energy supply. The average auxiliary loss and netwaork loss for the 11 years between 1985 to

1995 which are 4,474 GWh and 4,680 GWh respectively, is used. The amount of imported

and exported encrgy. has been balanced for several years and will, therefore, is ignored in
forecasting in these scenarios.

Figure 3-2-3-1 compares the demand forecasts of NEK and JICA Study Team. JICA's case
locates between NEK's low case and middle case.  An energy demand growth from §995 to
2000 in NEK's middle case and high case is predicted to be so big; as much as 20% and 30%.

In the JICA forecast, l'h_e energy demand growth in 2010, compared with 1995 is, 16% low

case, 19% middle case and 22% high case, reSpcctix-'cly. While in the NEK forecast it is, 9%
low case, 34% middle case, and 46% high case.

- 3-5
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In the low case of NEK, demand from 1995 to 2000 declines. 'This trend is opposite to
recent trend.  On the olhcr hand, the high case of NEK indicates the growth rate of demand
from 1995 to 2000 is very high. “This is not realistic. - From the above, the middle case of
NEK which indicates same trend as JICA study team's forecast is adopted.

Electric Power Development Plan, and the Balance of Supply and Demand

Table 3-2-4-1 shows the electric power development plan (1995 -2005) and power demand
forccast prepared by NEK in 1994, This power demand forecast is for the middle case.

The scale of electric power development from 1995 is 951 MW (a 9% increase), of which
thermal will be increased 1,275 MW, hydroelectric will be increased 476 MW and nuclear
decreased 800 MW, respectively. -

As a result, the installed capacity in 2005 will be 11,540 MW in total which is broken down fo.
The breakdown is 6,130 MW (53.134) thermal, 2,710 MW (23.5%) hydroelectric, and 2,700
MW (23.4%) nuclear, respectively.

When the supply reserve to peak power demand is examined, it is seen that it will be at the
lowest level between 2000 and 2001 when the installed capacity of the nuclear power plant is

- decreased.

In the future, Bulgaria's power demand is expected to certainly increase even if the lowest
economic growth were to be the case.  When the demand structure is examined, industry
power demand is currently decreasing greadly. Howeve:; as economie growth progresses and
industrial power demand increases, it is possible that power demand will grow rapidly.  Also,
the expected shuldown of unit Nos. 1 and 2 at the Kozloduy nuclear power plant from 2000
will make power supply tight. The necessity to develop a new power source will, therefore,
be high. ' '

Furthermore, in view of energy resources, the effective use of lignite, Bulgaria s main energy
resource, is essential, ' '

Also, in fonnulating the electric power supply plan in Bu!garia it is important to incorporate
replacing as well as repairing and remodelmg of the existing power planls as a means {0

increase power generation capacity.

For the above rn.asons the replacing plan of the Maritsa East No. 1 thermal power plant js
extremely important.

3.6
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Study and Analysis of Power System
Study Conditions

Study and analysis of power system (Power Flow Calculation, Shert Circuit Capacity,
Stability) in Bulgaria was studied under below conditions.

Year to be studied: 2001 when replacing pla.nls will start to operate.

As fof power system' composition and impedance, NEK's data were vsed. Figure 3-3-1-1
indicates Impedance Map.

Total demand in 200} is 8,470 MW.

Assuming that a 3-phase gtoulnding short circuit (3LG) failure takes place at the bus of
Maritsa East No.1 Substation (Galabove), transicnt stability of power system was studied.

Operation condition of power system is as follows.

_ Voltage regulation target:  within 95 to 105%

Load power factor;  95% (delay)

k Study Results

Power Flow Calcutation

* As the resulls of the power flow diagram from calculation, it is found that there is no problem
" in bus voltage in each substation and power flow in transmission line. '

Short Circuit Capacity

* The 3-phase short circuit current is 1.4 kA and short circuit capacily is 535 MVA.

Stability

As the results of simulation study. The syslem‘is found stable in this case.
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CHAPTERA4 STUDY ON COAIL AND LIMESTONE SUPPLY

Coal
Present Conditions and Plans In Bulgaria
Coal mine locations

In Bulgaria, there are 12 coal mines in the Bast and West sides largely divided. Figure 4-
1-1 shows the locations of the coal mines.

Reserve, coal type and mining method

Reserve of tignite is farge. The Maritsa East coal mine has more than 85% its reserve,

‘Table 4-1-1 shows the reserves of respective mines, coal types and mining methods.
Actual mining results of respective mines

Table 4-1-2 shows the actual mining results of the respective mines from January 1, 1992
to October 31, 1994,

Mining schedule of the respective mines .
Table 4-1-3 shows (he mining schedule of the respective mines from 1995 to 2020.

Mafitsa East Coal Mine

Location of the coal mine

~ This mine is the largest lignite open-cast mine in Bulgaria and divided to three areas
(Troyaﬁovo-North, Troyanovo-}, Troyanovo-3). Maritsa East No. 1 fo No. 3 thermal
‘power plants exit in the periphery of the mine.

Figure 4-1-2 shows approximate locations of the mine and power plants.

Present conditions and fealures

(a) Management corporation: Troyanovo Mining Company (Radneve) administers the

operation of this mine and comprises No. 1 to No. 3
" - branches, Lemantech (machinery repair) and an investment

company.



(b) Production amount

1) The actual production of 1993 was approximately 23 x 10° ton/year while production
for Maritsa Fast No. 1 to No. 3 power plants was 19 x 10° ton/ycar and that for
briguette was 4 x 10° ton/year. '

2) Due to financial difficulties, the coal-mining company has been finding it difficult to
devise periodic inspection and repair plans in recent years. There has been in

consequence a shortage of replacement parts, and machinery and equipment have not
been in good working order.  However, the company assesses that the individual sites
will be able to operate withoul trouble up until 2025.

{¢) Coal property

(sulfur content, ash content = air-dried base, moisture content = as-received base)

Bulgarian standard ;. Lower heating value (LHV)=more than 1,300cal’kg,
Ash conient = less than 36%
» Forpowerplamts : LHV = 1,300 ~ 1,350kcal/kg, Ash content = 34 ~ 35%,
: Moisture = 52 ~ 60% .
« For briquelie 1 LHV =17300 ~ i,750kcal/kg, Ash content = less than 22% %
Sulfur {S) content = 5-6% (air-dried base) ' '
C = 15%, H2 = 1.6%, 02 = 5.5%, N2 = 0.34% (as-received base)

-

(d) Supply destinations of the respective mining areas and iransportation methods

A 24-hour operating system can be maintained. The current situation and future
schedule for destination and transportation method are as follows. '

{Atpresénl] ——————>  [After 2,000 until approx. 2,005

Troyanovo North ME-2 TPP 1> ME-1TPP
(Freight train) " (Freight train)
—> Briquette factory -3 Briquette factory
Troyanovo-1 ——1—> ME-1 TPP —1—> ME-2TPP
(Freight train) : {Freight train) | .
—> Briquette factory —> Briguette factory
Troyanovo-3 ———-> ME-3TPP ~——> ME3TPP
(Belt conveyor) o _ _ (Belt conveyor)

4.2



(¢} Features of coal seam

1) Structurally, there are 3 seems of coal, with a scem of clay in-between, as

‘diagrammatically shown below:

{Scam thickness) (Surface)
50~60m  Top soil
07~09m  No.l Coalseam: Disuse - Ash confent 30%
0~4m Clay (so-called blue clay) - Ash content 60 ~70%
20m No.2 [ For power generation ] Ash content 20 ~30%
Coal |} For briquelte * Clay content (0.5~ 2m) is
Seam | For power gencration confained in the seam
(so-called black clay)
3m Clay (so-called blue clay) Ash content 60 ~ 70%
Im No. 3 Coal seam: Ash content 30 -~ 35%
For power generation

1~2m Clay (so-called blue clay) Ash content 60 ~ 70%

2) Alhough S content is currently 2.0 ~ 2.6% (air dried base), there is no difference

between the medium scam (No.2 seam) and bottom seam (No.3 seam), it changes

depending on digging direction.

North —»  Sowth: §=235 -— L7%

Hast —  West: S§5=455 — 6.0% . ‘
Additionally, ash content (32 ~ 33% on an air-dried basis) changes depending on
digging direction and depth. o

East — West: 1 ~ 2% increase

Medium seam (No. 2 seam) — Bottom seam (No. 3 seam). 2 ~ 3% increase

{f) Operation management

1) Operation management is conducled according to the Bulgarian standard. Because

2)

current power generating equipment sometimes undergoes trouble in transportation

and combustion of coal particularly when ash content is 34+12%, ash content 33-34%

is strictly kepl.

- As for the mining of No.2 coal seam, reclaimers are used to mine the coal scam along
with the upper and lower scams of clay, measuring 50 cm each in thickness, so as to
- prevent the breakage of coal. Since clay is contained in thal coal seam, coal to be

transported to the power plants contains clay without cxceplion_

4-3



{e)

3

Surface soit is disposed at special arcas near the mine by means of special trains and
belt conveyor. . .
Related transportation equipment and disposal equipment are possessed by the mining
company and the operation is managed by it. Figure 4-1-3 shows the disposal siles.

Contract condition with the power plant

Although ash content and moisture were conditions in the contract until Mareh 1995, a

“calorific value has been added to the conditions in the contract unit price has been fixed

up since 1995.

(h) Traﬁspoﬂal_i'on problems

(M)

1)

2)

When the atmospheric temperature drops betow -5°C, there are cases where coal
adheres to the inside walls of [teight cars by the binding action of ice. However,
adfrozen coal is thawed at the time of receipt.

For information, during the past (35) years, there was an instance where transportation
was suspended for three to four days due to frozen railroad points and the like.

In the case of installation of railway, a responsibility division point against the power
plant acts as a power plant boundary and rails up to the power plant is placed by the
mining company.

Outline of Troyanovo Norih area

)

2)

3)

4

There is a plan to increase production to 12 to 13x10° tons per annum by the year
2,000, ' |

Sampling is conducted as required in the Bulgarian standard and DIN standard
(3kg/iime).
S content is oblained according to correlation between moisture and ash content,

S(%) = 6.03 [} - 0,253 (A%/100)}(100 - W¥%) + 100

The capacities of mine excavators and belt conveyors are as follows.

« Excavator capacity : 1,000t/h, 3,000th (made in Germany, purchased 3 years)
« Belt conveyor: : 2,250mm wide (made in Holland of Czecho) -
1,600 ~ 1,800mn1 wide {inade by Bndgestone & Bando)



5) The number of employees including those of railroad and drilling machine is 12,400.

443 Coal Mining and Transpotrtation Plan

(1)~ Coal mining plan

(@) Study parameters .

1) Mining area . Troyanovo North mining area
2) Reserve : 512,855 x 10 ton (as of January 1994)
3) Excavator capacity : 1,000 th, 3,000 th - _
4) Operating system : A 2d-hour (2 shifls x 12 hours) operating system is possible
5} Coal consumption of a replacing plant ;840 Uh (420 t/h x 2 units)
=202000d(= 840 Vhx 24h)
5160 x 10° vy
, (2 units, annual utilization factor: 0.7)
6) A 10-hour op_eralioh pet day is assured in average for daylight hour and labor safety in
© winter season. |

(b)  Study result

The coal mining ca;iacity mentioned above in (a) 1) ~ 4) sufficiently allows coal
consumption in a replacing plant, the following mining plan will be executed taking
excavator inspection/repair liming into consideration.

Mining amount T .20,200_ ton per day
s - 1,0004/h excavator = 505 th
3,000t/h excavator = 1,515th Total = 2,020 vh
(approximation) - +20,2001/d = 10 hours x (Q,+ 3Qy)
. - +.Qy = 505 t/h - Total 2,020 th

(2) Transportation plan

() - Study parameters

1) 'Tralispb'rtal_ion method : Coal specialized freight of railways
2) Freight capacity .1 train {10 wagons: 55t{coal)/fecight)

3) Mining amount 120,200 1/d, 2,020 th

{b) Study result
1} No.oftrain: 37 every day. [37 = (20,200} + (55) + (10)}
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(b) Study result

4.1.4
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1) No.oftrain: 37 every day. [37 = (20,200} +(55) + (10)}

2) Assuming that coal loading time for a train (10 freights) is 40 minutes (inctuding
come-in and out), the operation time needs 25 hours per day.  Thus, basically 2 trains
(lo.freighls + 10 freights) are operated at the some lime and the operalion time per day
is determined to be about 13 hours. [25 = (37)x(40) + (69)]

Properties of coal to be used in the replacing plant

Table 4-1-4 shows the propetties of coal to be _uséd fora replacing plant.

Items to be studied for carry out the plan

Since the sulfur (8) content becomes an important factor among the properties of the fuel
for the replacing plant, it is necessary to add S-content specifications to the existing ash-
content, meisture-content, and calorific-value specifications, through prior censultation
with the coal mining company (for the devising of contract conditions, or the like).

It is desirable that S-content values be determined from actual measurement data oblained
at coal sampling time, rather than the currently used moisture-and-ash-content correlation
1able.

Since the power plant’s coal storage is planned to be constructed in the cuitent ash
dumping ground No. 1, it is necessary {o establish a clear-cut point of demarcation for
responsibilities to be shouldered between the power plant and the coal-mining company in
advance of the commencement of work on the construction of the additional railroad
section leading 1o the planned coal storage. Furthermore, the process of cons{rucliﬁg that
section necessitates coordination with the construction process of the re-designed plant as
well as the present operating condilions of the existing power plant.

Since coal's clay content represents the largest hindrance to the transportation and crushing
of coal at the power plant, it is desirable that operation conirol (quality control) be stepped
up on the part of the coal-mining company to remove clay from coal in advance of loading
onto cars as much as possible. '
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