6.13 Alr Service Equipment
6.13.1 Control Air Source

The instrument control air source for the air control of thermal power plant should be installed
separately from the station service air sources as déécribed below. However, the instrument
air sources to be used exclusively for local equipment (for example, primary water treatment
cquipment, fuel sto:rage facilitics, waste water disposal equipment and other common
equipment of power plant} shoutd be installed 'ind.ividu‘ally according to these specifications.

| (1) Instrument Control Air Piping System

Regarding the contro!l air piping system, refer to Figures 6-13-1-1.

(a} Equipment configuration

The equipment configuration of the control air source piping system should be as listed -
below:

« Instrument control air compressors

+ Instrument control air receivers

+ Instrement controt air dehumidifiers

* Air filters with mnist separators

+ Supply headers

¢ Auxiliary air receivers _ :

* Local instrument boards (L.B} and junction boxes (JB)
* Pressure reducing valves

.+ Piping and valves

(b) Backup system

a.  Station service air connector pipe

® The backup piping from the station service air piping should be provided at the

instrument control air receiver inlet.

@ A separator (for oil, drain and dust separation) should be installed downstream of each
air take-out point. ' '
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@ In preparation for automatic backup when the control air pressure has dropped, an

automatic shut-off value, a pressure regulator valve and a pneumatic type pressure
controller should be installed.

_ Moreovef, a bypass valve should be attached to the pressure regulator valve,

Control air connector pipe with other unit (This pipe is nat required in case it is

installed as a common pipe for two units)

The pipes from the two power units should be connecled to each other at the control air
dehumidifier {dryer) outlet piping. ' '

A limit switch should be installed to make it possible to monitor the opening/closing

conditions of this connector valve in the central coniro} room, and such conditions be

_input to the unit digital control system (DCS),

Division of supply air sources

At the supply header, the control air sources should be divided into the following lines and

taken out from the supply master pipe according to individual purposes. -

0
@

Boiler ait piping
Turbine and generator air piping
Common equipment air piping of vnit

For supply of air to boilers and tutbines, a supply master pipe should be arranged in a
loop form on each floor. The piping should be divided in the respective floors as
appropriate according to the amount of air consumed and piping route. (Refer to
Figure 3-10-9) '

Headers and auxiliary receivers

a.

@

@

The r%_:speclive headers should be installed at the fdllow_ing positions. (Refer to Figure
3-10-10) ' -

Supply source header:  Tobe instalted at the air filter 6ull_e_:i piping.
Supply air header:  To be installed at the local instrumient boards, local junction boxes,

elc.
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® Conirol terminal header:  To be installed on actuator of drive or valve units and so

forth (in case the control piping has (wo or more cores)

b.  Auxiliary receivers

In case the air pressure is estimated to drop because of excessive length of the supply
master pipe from the supply header as well as due to rapid increase of air consumption
in a parlicular area, an auxiliary receiver should be installed in the middle of such an air

source system.

(e) Bypass valves

Bypass valves should be provided for the following equipment:

@ Air dehumidifiers (dryers)
@ Air filters o _
@ Pressure regulator valves for back-up of station service air, and drain separators

{H  Air pressure reducers

Instead of installing air pressure reducers by gathering supply headers into a group and
gathering supply master pipes into another, elc., an air pressure reducer (with filter) should
be installed on a per-controller basis and per-control terminal basis.

Should it bé inevitable to install air pressure reducers by forming groups of headers and
master pipes as mentioned above, such groups should not extend across more than one
conirol system. [Specific example: Install one common pressure reducer (with filter) for
the controller and transmitter of the steam pressure conrol system, and another common
pressure reducer (with filler) for the diaphragm valves in the soot blower pressure control

system, etc.}.
(2) Piping Materials
(a) Instrument control air compressor - Air dehumidifier inlet:

Gas pipe (b]ac_k), SGP (B)

(b Air dehumidifier infet - Air fikte inlet:
Gas pipe (white), SGP (W)

The air dehumidifier intet/outiet should be tenminated with a flange.
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(d)

(e)

()]

(2

(h)

Air filter inlet valve - Local instrument board and junction box inlet (supply master pipe):

Seamless non-phosphorus deoxidised copper pipe
{thickness: 2 mm)

Control air connector pipe with other unit:

Gas pipe (white), SGP (W)

Air filter bypass pipe:

Seamless non-phosphorus deoxidised copper pipe
(thickness: 2 mm)

Piping retated to controllers downstream of local instrument boards amd junction boxes

a.  Centrol copper pipe {(single, 2-, 3- and 4-cores), without commumcatwn cablc
b. Raw pipe:  Seamless non- phosphoms dcoxldlsed copper plpe

Header and so forth

Same material as that for supply master pipe

Other

Although the standard piping materials are as listed in the present liem (23, the materials to
be applied at the time of extension or modification work shall be selected taking into
account co-or_dinalion with exi.sliug equipment, a_hnbient conditions in the case of outdoor
installation including the design standards of NEK. i

(3) Dimensions of Piping

@

®)

In principle, the dimensions of piping should be determined according to the amount of
control air consumed.  In the case of the supply air master pipes, supply air pipes and control
air piping downstream of the air dehumidificr outlet, however, the dimensions should be
deterinined according to the following criteria:

Air dehumidifier outlet - Master pipe on each floor (Ref‘er to Flgure 3-10 9)
2B {or over)

Master pipe outlet on each floor - Local instrument boards and Juncuon boxes:
3/4B, 1B, +-172B ' '
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(c) Local instrument panel and junction box - Piping for controllers:
« 60%x1.01
+ 10.0%x 1.0t
+ 120°x 1.0t

(d) Supply header. 3B

{¢) Control air connector pipe with other vnit: -
2-12B

6.13.2 Station Service Air Source Equipment

The station service air source equipment should be installed independently from the
instrument contro} air source equipment to supply compressed air for multiple applications
inside the power plant including constiuction and installation works and maintenance
cleaning operations. Piping will be distributed in the power plant (o make this air available

in several points.

(@ Equipment configuration of station service air piping system

@ « Station service air compressors

Station service air after-filicrs

Station service air receivers

+ Supply headers, branch valves
+ Piping and valves

(b) Backup system

a. DBackup system connector pipe for use in case of drpp in the instrument control air

pressure (including automatic valves)

b. Stalion service air system connector pipes to other power unils.
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8.14 Slorage and Transportation Facilities of Fuel and Limestone
6.14.1 Coal Facility

(1) Coal Storage Facility

(a) Study parameters
% 1) The former No. 1 ash ‘di'spc')sal vard (atready leveled) shall be used for storage coal

instead of the existing coal storage yard.
2) Coal shall be received via freight cars.

3) Currently coal is received as follows:

a. Thereare3 systenis in the reception facility, one of which is scheduled 1o be removed.

b. The capacity of a freight car is 55 tons (coﬁl). 1 freight unitis 7 to 10 cars.

c. Coal is received 8 to 10 times a day (each takes 1 hour). We have a number of
personnel enough to receive coal 12 hours a day.
One receiving opcraiion takes 15 minutes with 10 cars.

d. The size of coal shall be 46 cm square or less, which is the size of the hopper screen.

4) Clay (so-called black clay) is included in coal received necessarily due to coal seam
structure, which mnay in fare case interfere with transportation and burning of coal under

specific weather condition, the following operations will be required:

a. Remove black clay lumps from coal as far as possible by visual inspection when coal

freight is received. . o
b. Sort oul sizes of coal afler crushed and separate uncrushable Jumps before storage.

c. Coal shall be stored in slructure protected from rain or snow.

~'5) Responsibilities of the power plant and the coal company shall change at the time coal is

received.

6) Minimum coal storage: 23 days
The minimum amount of storage shall be the least amount required for days as specified

by the Bulgarian standad.

7) Coal c(_)nsumplion qf recons_lruc_ted plant; 840 t/h (420 thx 2 units) .
' 20,200 Uh (3= 840 th x 24 h)
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(b} Study result

1) Design specifications based on the above are as follows:

a,

The existing railroad track to be branched out and a coal receiving area shal} be set up -

close to the new coal storage facility.

-The capacity of the coal receiving area will be limited to one fleet of 10 freight cars due

to time required for weighing in ¢ach load of coal.  Each reception systemn shall be 2
systems of 2 trains based on coal consumption per day and the number of personnel
available.

The 2 trains of car loads shall be 1,100 tons (10 cars x 55 Vear X 2 trains) which will
take 40 minutes (including receiving and discharging at a storage piace).

« Number of receptions per day: 19 times (about 20,200 /d + 1,100 titrain)

. T_otalcoal. reception hoﬁrs per day; 13‘hou_r =19 times) x (40 minutes) + (60

minutes))

The capacily of coal receplion system shall be enough to transport 2 system carloads in
30 minutes. ' '

+ Capacily: 2,200t/h [ %= (10 cars) x (55 t/car) x (2 tzains) + {0.5 hour)]
« Bach capacily will be 1,100 t/h with 2 receiving reclaimers.

The capacily and system of the coal storage yard are as follows:

+ Amount of coal stored: 465,000 tons [23 days: (20,200 Vd) x 23d)]
+ Storage system: Natural piling
» Pilingrate: 0.85  Coalmassratio: 0.95

+ Geometry of cross section
9.2m

16m

41° 41°

46m
S A=4416m?

* Total length of pile _ 7 : .
 L=(20,200 /d) x (23d) + (441.61n%) = (0.95) + (0.85) = 1,303m
Thetefore, the pile configuration is 4-row (4 x 330m/pile) due to the shape of the land. -
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e. The following facilitics are provided for clay:

» Screens and crushers (400 to 150 mm in diameter) in recciving system.

+ Aroof is placed on the storage area (no side walls).

2) Outline of major facilities based on the above design specifications are as foltows:

The flowchart is shown in Figure 6-14-1-1.

a. Receiving facility

+ Coal car station: Coal is dropped from 10 cars (S5t/car) x 2 trains.

+ Receiving reclaimer:

+ Receiving conveyor:

Transfer conveyor:

"'b. Coal storage facility

+ Buitding:
+ Tripper;.
+ Tripper conveyor:

¢. Other auxiliary facilities

v Screén:
+ Crusher:

« Magnetic separator:
+ Sampling device:

(Type)

(Capacity)
(Wheel diamgter) -
(Type)

(Capacily)

(Belt width)
(Type)

(Capacity)

(Beit width)

Bucket wheel type
1,100 t/h x 2 scts
6,0600mm

Belt conveyor (BC-1A,1B)
1,100 ¥h x 2 syslems
1,200 mm

Belt conveyor {(BC-2,3,4,5)
2.200vh

- 1,600mm

Half-roofed (roof only)

{Capacily)
{Type)
{Capacity)
(Belt width)

- (Type)

{Capacity)
(Type)
{Capacity)
(Type)
(Type)
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Belt conveyor (BC-6A, 6B, 6C, 6D)
2,200Vh x 4 systems -

1,600mm

Grid-shaft type

2,2006h x | sel

Hammer type

400 th x | set

Suspended type (1,600mm)

| ~Spoan sampler



(¢} Hems to be considered for carry out the plan

)

2)

Since coat (465,000 tons} and heavy facilities such as receiving and reclaining facilities
will be set up in the former coal ash disposal area, possible subsiding of the land must be
considered.  The investigation of the land structure and Jand reforming may be required
depending on geological and land features.

Under the present plan (4 piles, 23 days) there will be ne problems for the storage area.
But we will have problems in the operation of car transportation such as number of cars in
2 trains (20 cars), number of receiving (19 times/day), hours retjuired for transportation
(13 hours or tonger) and receiving coal burned in the existing plant.

Therefore, the coal company, limestone suppliers and power plant must make a detailed
plan for car operation and to establish a coordination and communication system between
the three.

(2) Coal Transporiing Facilities

(a) Study parameters

)]
2)

3)

4)
)

A System between the new coal storage yard and reconsiructed coal bunker.

Providing a crusher in the system that is used to crush coal into 40m/m in diameter or
smaller lumps that are to be thrown into the coal bunker, ' _

Coal transfer (ime shall be 24 hours the same as the present rate and the capacity of the
bunker shall be the amount of coal burat in 6 hours. i

Belt conveyors shall be used for transporting coal.

Coal consumption of reconstructed plant: 840 t/h (420t/h x 2 units).

{b) Study result

1

a.

2

Design speciﬁcaiions based on the above are as follows:

The capacitly of the discharge reclaimer shall be one unit (420 vh) per car

420 t/h x 4 sets -

Coal are discharged 24 hours continuously; 2 wnitsf2 systems (I sj'slcm teserved).
420 th x 2 systems

The outline of major facililies based on the above design specifications shall be as

follows: )
The flowcharl is shown in Figure 6-14-1-1..
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Reclaining facilities

« Reclaimer
Type
Capacity

+ Recclaining conveyor
Type
Capacily '
Belt width

Transport facilities

« Transpori conveyor
- Type)
Capacity
Belt width

« Bunker conveyor
Type
Capacitly
Belt width

¢ Scrapefr -
Type

Size

Other auxiliary facilities

« Screen

Type
Capacity

’ Prilﬁérycrushéf
- Type
. Capacity

+ Secondary crusher

‘Type
Capacity

Portable scraper
420th % 4 sets

Belt conveyor (BC-7A, 7B, 7C, 7[))
420 th x 4 systems
200nmin

Belt conveyor (BC-8A, 8B, 9A, 9B)
840 Uh = 2 systemns

© 1,000mm

- Belt conveyor (BC-10A, 108)

840 t/h x 2 systems
1,200mm

Belt lifting
1,200mm

Grid-shall type
840 th x 1 sct

Hamimner lype'_
400 Vhx 1 set

Hammer
200 h = 1 set
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» Magnetic separator
Type : Suspended (t,000mm)

+ Sampling device

Type . Culter sampler

+ Recycle conveyor
Type ' . Chain conveyor
Capacity © 20thx 2 sefs

6.14.2 Limestone Facilities

(1}  Study Parameters

(a) The existing coal receiving system that were scheduled to be removed shall be used for
receiving limestone via freight cars.
The car-load capacity shall be one 10-car unit {55 tons/car).

(by  The diameter of limestone 1o be received shall be 50 m/in or smaller.

{¢) Minimum limestone storage: 23 days (same as coal)

(d) Time required fo transport limestone to the bunker shall be 24 hours same as in the case of
coal. '

(e} Belt conveyors are used for transfer
{(f) Limestone cdnsumption of reconstructed plant: 180 th (90t/h x 2 units)
4400uvd (= 180thx 24 h)

{2) Study Result

(a)  Design specifications based on the above as follows:

1) The existing coal receiving track will be used and the storage area set up adjacent to the
new coal storage yard. '

2) One unit of carload shall be 550 tons (10 cars x SStonféar) based on limestone
consumption per day with time required for handling one carload shall be 40 minutes
(includes incoming and outgoing limestone). - ‘

* Number of receptions per day: LS_times [ (4,400 v/d) : (10 cars) + (55¢/car)
+ Total limestone reception hours per déiy: 6 hours [* (8 limes) x (40 mindtes) + (60

minuies)}
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3} The capacity of receiving limestone shall be the amount transferable in 8 hours per day.
» Capacity: 540 vh [= (180 Vh) x (24h) + (8h)}

4) Storage yard
+ Amount to be stored: 100,000 tons {(23 days = (180 U’h) x (24h) x (23d))
+ Storage method: Natural piling
Limestones shall be stored indoors.

Mass ratio of limestone: 1.6 Piling rate:  0.85

-

Length of pile:
L= (180 /) x {24h) x (23d) = (212m’) + (1.6) = (0.85) = 345m
» Shape of cross section

12.9m

\ 38° L |
3w
SA=212m

5} ‘The capacity of limestone reclaining system shall be the amount dischargeable in 24 hours
continuousty with 2 units/2 systems {one system reserved).

: 180 th x 2 systems

(b) Outline of major facilities based on the above design specifications are as follows:

The ﬂo\s'cﬁart is shown in Figure 6-14-2-1.

1} Receiving facility

Limestone car station: Existing coal receiving arca that were scheduled to be removed

shall be used for receiving limestone.

* Rotary plow

Type : Plow-rotating
Capacity ~: 540thx1set
Diameterof plow :  2.500mm

* Receiving conveyor '
Type 1 Bell conveyor (1LBC-1)
Capacity © 540 th
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Belt width

¢ Transfer conveyor
Type
Capacify
Belt width

« Magnetic separator
Type

2} Storage facility

+ Building

s Tripper
Capacity

+ Tripper conveyor
Type
Capacity .
Belt width

3} Reclaining facility

+ Reclaimer
Type
Capacity

* Reclaining eonveyor
Type
Capacity
Belt width

4) Transport facility

« Transport conveyor
Type
Capacity
Belt width

650mm

Belt conveyor (LBC-2,3)

- 540th

650mm

Suspended (650mm)

Indoor stee! framed buitding
540thx |

Belt conveyor (LBC-4)
540 vh ‘
650mm

Portable scraper
180 thx 1 set

Belt conveyor (LBC-5A, 5B)
180 thx 2 systems

¢ 500mm

Belt conveyor (LBC-6A, 6B)
180 t/h x 2 systeins
500mm
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s Bunker conveyor
Type
~ Capacity
Belt width

+ Scraper
Type
Size

+ Magnetic separator

Type

Belt conveyor (LBC-7A, 713)
180 vh x 2 systems

D 650mm

Belt ifling
650mm

Suspended (500mm) -

(3) ltems to be considered for carry out the plan

{a) Since_ﬁeavy facilities such as receiving and reclaining for handling limestone {100,000
tons ) will be set up in the former coal ash disposal area, possible subsiding of the land must
be considered.  ‘The investigation of the land structure and land reforming may be required

depending on the geological and land features.

(b) Under the present plan (1 pile, 23 days) there will be no problems for the storage area.  Bul
we must consider the following points since car operation is expected to become

- complicated as in the case of coal reception.

1) Careful plan for car opcration
2) Coal company, limestone suppliers and power plant must discuss and establish a

- coordinating and communication s:,'steni between the three. -

3) Increase safely personnel for complicated car operalions.

6.14.3 Heavy Oil and LPG Equipment =

(1) Study Parameters

(@) Thesituation of equipment currently provided is as follows.

1) Although there are heavy oil cquipment (reception, storage, supply) and diesel oil
equipmaent (receplion, storage, supply), there is no LPG equipment.
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2) A supplicr for this plant is Burgas/chemical complex (Nefthin: imported from Arab).  Qil
is received through railway transportation. The receplion system is as follows.

« Heavy oil: 5-car freight unit (SOUcar)T—) existing pump —> tank (1,000m’+250m* x 4)
-> new pump —> tank (2,000m® x 2)
+ Dicsel oil: S-car freight unit (50Vcar) > pump > tank {250m’ x4)

3) The operation of existing heavy oil combustion system is as follows.

+ The heavy oil system is always warmed up by continuous running of the pump,
+ The pipe capacity was conventionally enough for supply to #1 - #10 boilers.
« Existing burner specification: 4t/hfunit x 4 units/1 boiler
30 - 32 ton is consumed for 3.5 - 4.0 hours at starlup

4) New heavy oil equipment comprises tank (2,000m’°x2), feceiving/supply pumps, heater
and strainer, efc. and new supply pipe is connected to existing burner pipe (90t/h).

« New pump specification -» Receiving pump:  1i9Vh, 55kW x 2

Supply pump:- 58t/h, 35bar, S8kW x 2
+ Figure 6-14-3-1 shows an outline system of new heavy oil reception/discharge.
+ Table 6-14-3-1 shows properties of heavy oil.

(b) Expected use amounts of heavy oil and L.PG (for igniting heavy oil) te be used for start and
stop of a fluidized bed combustion boiler are calculated under the following condition.
+ A single unit fs shut down per year for periodic inspection.
+ A single unit is shut down twice a year for other reason than scheduled shutdown, such as
accidents. ' ' '
« Two units are not slarted at the same time.

+ The use amount for cold start and shutdown serves as a basis for this calculation. -

(2) Study Result
(a) Design specifications are assumed as follmvs"according to the above mentioned study
parameters. o o g
1) The expected yearly consumption amount is as follows. ‘ o
[Heavy oil] Cold start and stop (1 time) Consumption amount (1 unit)
Startup = air-heating furnace burner: 75t = 10h x 7.5h

furnace burner: 25t = 20v/h x 1.25h
Shuldown = furnace bumer: 10t =20¢h x 0.5h
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-~ Expected yearly consumption amount (2 units) = 660Uy [6 80m>y]
(75 + 25 + 10) Uh x (1+2) time/Y = 330 t/y/1 unit
330 /Y + 0.986 > 340 m”¥/1 unit

{LPG) Ignition burner capacily is assumed 10 be 4% heavy oil burner capacity.

330U x 0.04 = 13.2VY (Heavy oil basis) o .
3 13.2 ¥ x 9.525 kealt + 11.8d kealt = 31 VY (LPG basis)
11¢YY +0.8 = 14 m¥Y (LPG basis) o
. However, because the ignition timings of the ignition bumner and heavy oil bumner ate
not the same, the use amount is assumed to be the same ratio of the ignition liming.
Heavy oil: 7.5 + 1.25 = 8.75 hr (525 min), LPG: 3min/burner
.".Expected yearly consumption amount (2 units) = 1.0 m'/Y
14m¥y x 3minfburner X 6 burner + 525 min = 0.5m%y/1 unil

2) For the reason of yearly heavy oil consumption amount (680m°/y), new installed heavy
equipment will be used and new LPG equipment will be constructed near each beiler

building.

A legally assembly botlles is specified so that nonflammable walls are provided, they are

contained in nonflammable cabinet and the total capacity is less than 1.0k¢.

3) LPG is received by means of boitle (804).  The expected yearly consumplion amount is

14 bottles (2 units).
[0.5 k¢ = S0&botile == 7 boitles/t unit —> 14 bottles/2 units]

The purchase cost is ycarly 20,600leva/2 unils.
[80£/botlle x 14 boltles x 0.8 x 23leva/kg = 20,600leva/2 units]

(b) The outline of major equipments based on the above mentioned design specification is as

follows.
1) Heavy oil

a. Receiving equipment
Substitution by new equipment [5-car freight unit {50t/car) — receiving pump (119Vh x
2 units) - tank]

g

b. Storage equipment
Substitution by new equipment [2,000m3 x 2 units}
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c. Supply equipment
Substitution by new equipment [supply pump (580h x 2} ~> heater x 2 -> each boiler)

2) LPG

a. Receiving equipment
Bottles (80¢) are carried in by trucks.

b. * Storage equipment
Botiles (7) are stored in a nonflammable cabinet near nonflammable wall of each boiler

building.

c. Supply equipment _
Following equipment is installed within a nonflammable cabinet of each unit.
Pressure adjusting valves, safety valves, pressure gauge, etc.
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Table 6-14-3-1 Hesavy Qil Properties

ltem

Bulgarian Standard

Accéptable Properties

Calerific value (HHV)

Kenematics viscosily

Density

Ash content
Sulfur.conteﬂl
Moisture
Inpurities
Flash point

Pour point

MJ/ks
(Kcal/kg)
mnt/s
g/cn’
eight X
Weight ¥
Voluoe ¥
Weight X
C .

C

39.8
(9,506)
115
LOtL5
0.15

3.5

1.0

0.5

110 of more

2.5 or less

30.88
(9,525)
0.968
0.068
299

1290 or more

7 or less
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6.16 Electrical & Controf Equipment

6.15.1 Electrical Equipment

6.15.1.1 Power transformers

(1) Condition for study

(a)

(b)

©

(@

In addition to the main transformer and station service transformer installed for each unit,
one set of starting transformer (auxiliary transformier) is required as a transformer common
to the power units.  The slarting transformer will be installed at the time of constructing
unit R-1, and its appropriate capacity is considered to be roughly 40 MVA,

The rated capacity of the main transformer should be equal to that of the generators. In
case the station service transformes is faulty, the station service power should be supplied
from the starting fransformer to enable the generator output to be transmitted. .

The tated capacity of the station service transformer should be determined accdrding to the

required station service load capacity, power factor, station service ratio and utilisation

factor,

A starting transformer will be shared by power units R-1 and R-2 to step down the voilage
from the switchyard bus and supply power to the station service circuitry during the start-up
and shutdown of the units. ‘ ' '

During normal operation of the units, the starting transformer should supply po\-.?er to the
common loads in the power plant and be in standby for backup in case of trouble in the
station setvice transformers. ' '

Therefore, the maximum rated capacity of the starting transformer should be sufficient to
supply power to the common loads in the power plant and station service load of a single
power unit.

Since the actual load is much smaller than the maximum rated capacity of the starting
ransforrner, however, the rated capacity should be duplicated and the oil-filled self-cooling

type be adopted for it.

The rated capacity of the stasting transformer should be enough for time-differential stafl-up
of two power units. ‘
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- (¢) - Protective relay'

In order that a trouble in transformer due to malfunction or operation faiture of the

protective relay does not progress to any serious trouble, it is recommended to duplicate the

ratio (percentage) differential relays and its cursent transformers (CT) in the case of 220 kV

or higher voltage transformers.

-{2) Design of disaster preventive countenmeasures of transformers

The basnc requirements for design of counlermeasu es for profecting the oit-filled lransformcra

of power plani (e.g main, starting, station service, local and other transforiners) against

disaster arc as described below:

(a) Basic pohcy of deagn

 Any oil leak should be limited to as small a range as possnble and by no means such leak oil

be flown out 1o any river or other areas outside the compound of power plant. Should any

fire accident occur, the damage shall be limited to the relevant transformer, and spread of

fire to any other adjacent transformer or building be avoided.

(h) Oil [eak countmneasures

@

To prevent dispersion of ail durmg operation of the pressure reliel device of a
transformer, an oil drain pipe shall be acranged up to roughly 30 ¢ above the surface
gravel levet and not above the transformer foundation.

.Around any transformer, gravel shall be laid with a depth of roughly 30 cm to absorb

leak oil.

In the case of transformer containing a large amount of oil such as the main

transformer, oil dike shall be provided around the transformer to prevent flow-out of
0il to the surrounding area. At the same time, an underground tank for collecting
leak oil shall be instaled to collect oil inside the oil dike.

The height of oil dike shall be 0.5 m or over. However, a part of the dike, for

example the front part shall be made a litlie Tower so as {o limit the position of
oveillow. '

The oi} dike shall be installed as apait as possible from the transformer body, and its
capacity be not smaller than 50% of the amount of transformcr oil.
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® One underground oil drain tank shall be used commenty for two or more transformers.
In principle, the tank capacity shall be not smaller than 100% of the oil capacity of the
largest-capacity transformer. A water discharge pump of manually operated type
shall be provided for the underground tank. |

@ The water from the water discharge pump shall be led to an oil separator tank.

{©) I‘ire-pro!ection wall

In case more than one lransformer is arrangcd ad )acem to each other, a concrete wall for fire

proteclion shall be provided between the transformers.

The position and height of the fire-protection wall shall be determined as per the desngn
criteria of ENG so as to prevent spread of fire to any adj accnt lransfonner

(d) Fire extinguishing equipmenl

O  Around any 220 kVor hlgher vo1tage lransformer a waler spray ﬁre e\ctmgulsher and
an auxiliary hydrant shall be prowded

The water spray fire extinguisher shall cover the upper surface of transformer
including its cooler, and the water spraying flow be not smatler than 8 - 10 litres per
square metres per minute. ' '

The extinguisher shall be capable of both remote direct operatioﬂ and lecal manual
operation. ' ' ‘ ‘

@ Around any 110 kV or lower voltage transformer, a hydrant and a porlable doy
chermcal fire exlmgmsher shall be provided. - '

(¢) Manhole within oil dike
Any manhole and so forth shall not be arranged within any oil dike.
Should it be incvitable to arrange a manhole, a countermeasure shall be taken to prevent
entry of any leak oil into the manhole.

{3) Results of study

(&)  Main transformer specifications -

Type : Outdoor sesvice, 3-phase, forced oil air cooling type
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Capacity

Primary voltage
Secondary voltage
Conneclion system

275 MVA
14.7kV
220 kV

: - Delta-slar

(b) Station service transformer specifications

Type

“Capacity

-Primary voltage
Secondary voltage
Conneclion system

Outdoor service, 3-phase, oil-filled air cooling type
35 MVA | | |
147kV

6.9kV

Delta-Delta

{¢) Starting transformer specifications

Type

‘Capacity
Primary voltage

_ Secondary voltage
Conneclion system

Outdoor service, 3-phase, oii-ﬁlled air cooling or self-
cooling lype

40 MVA

220kV

69kV

Delia-Della

' (d) Excitation power transforiner specifications

Type
- Capacity
- ‘Primary vollage

. Secondary voltage

Conneclion system

Outdoor service, 3-phase, oil-filled self-cooling type
Approx. .8 MVA

14.7kV

0V

Delta-Delta, with
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6.16.1.2 Plant power circuit configurations

(1) Station service circuitry

(@

(b)

©

@

The station service circuitsy adopts a unit system configuration which has been proven to be
high in reliability.

At the time of the unit start-up, this circuitry receives power from the starting transformer
connected to the switchyard bus, and afer the generator has been synchronised to power
system, it supplies station service p.ower from the station service transformer connected to
the generator circuit.

The values of the station service circuit voltage of the ME-1 Power Plant shall be as follows:

High voltage circuit :  6kV
Low voltage circuit : 400V, 220V, 110V, and 110V and 220 V DC

The shott-circuit capacity of the station service circuitry will be determined after detailed
design based on the impedance of the starting and station service transformers, taking into
account voltage drop and contribution of generator. ‘ ' '

The load distribution of the station service circuitry will be detenmined at the time of
detailed design based on the load capacity. o '

The station service power equipment includes the high-voltage metallic clad switching gear,
which is the switching equipment for the high-voltage circuilry (6 kV, 4 kV and 3 kV)
composed of two groups; the common' group supplying the common power for the power
plant buildings and power for the common auxiliaries for all of the power generating
equipment, and the station service group supplying power for the required auxiliaies for
operating the power generating cquipment. '

The loads are as listed in the following.

a)  High-voltage motors with capacity of 200 kW or more.
b)  Power transformer for low-voltage motors with capacity below 200 kW,

Power from the high-vollage metallic clad switching gear is supplied through the pm{rer

transformer to the low-vollage swilch cquipment. The low-voliage switch equipment is
classified into the 440 V power centre which handles power for auxiliaries in the capacity
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class of 75 KW to 1200 kW and te 440 V control centee which handles lower-capacity power
than the above.

(e) A low-voliage (200 V or 100 V class) power distributor board will be installed to supply
power to other equipment than auxiliaries, such as the lighting equipment, control
equipment and werking cquipment.  This power distributor board incorporates non-fuse

circuit breakers.

() To run the existing units 3 and 4, the 6 kV slation service power bus should be provided

with a power line which is connected (o the starting transformer circuitty through a circuit-

'breaker.

(2) Selection of motor

The specifications of motors should in principle be as listed below, and further detailed

specifications be determined dim'ng detailed design by referring to the desiga criteria of ENG.

@ Generat use AC motor

Capacity class Voltage Insulation level Localibn Type Space heater
(kW) v | o |
2200 6,600 Grade F or Cufdoor  |Totally enclosedf Required
Grade B Indoor Protecled
75- 400 Grade For Outdoor Totally enclosed]  Required
<200 Grade B Indoor Protected
1-<75 400 Grade F or Qutdoor Totally enclosed| Mot reguired
o Grade B Indoor Protected
<1 220 Grade B - Totally enclosed| Not required
@  AC motor for motor-operated valve
Capacity class Voltage Insulation level Location Type . Space heater
kW) ™)
>33 400 GradeForB Required
o -- Totall losed
33 220 Grade E otally enciosed 1. ro be mounted
on gear box]
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@ DC motor

Capacity class Voltage Insulation fevel Location - Type R 'Sp'ace heater-
(kW) M '
z023 110 0r
- 220 : .
General use GradeForB — Totally enctosed| Not required
<023 110 or ' ‘ :
Control use 220

@ 'Stamngcharactensucs

In principle, the starling current of the mducuon molor should be wxlhm 650%of the
rated current.  For 3,000 kw or larger capacity induction motor, however, it may have {o
be reduced to roughly 100 - 500% of the rated current to restrict voltage drop at the
time of start-up, and should be determined afier careful review. '

The starting current of DC motor should be within 150-200% of the rated current by

using a starter.

®  Accessories

It is recommended to install a terminal box separalely for the power circuit and space f

heater.
Solderless terminals for connection of external cables should be provided for any moter.

The carthing terminal should be of a clamping type, and the size be determined as per
the design criteria of ENG. '

The space heater should have an enough capac:ly to keep the internal temperature of

motor not higher than its dew point while not in service and so demgned as {o ensure

easy inspection and replacement.
The terminal voltage of space heater shouid be 220 V(AC).

Bearing temperature
A bearing thermometer and a computer monitoring element (RTD-Pt100 ohms) should

be provided for any motor (high voltage and panfculaﬂy important low voltage motors)

having slide bearings [journal (sleeve) bearing, thrust bearing, elc.].
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In principle, there is no need to monitor the bearing temperature in case of motors using
toller bearings (bali bearing and roller bearing).

(3) Emergency power source equipment

.(a) Conditions for study

@

When the power supply to the station service system has totally been interrupted as a
result of tripping of power unit due to a fault in the external linc of transmission
system or trouble in any unit, it is essential to ensure power supply to the auxiliaries
required for safe shutdown of the relevant plant. Moreover, it is also essential to
ensure power supply to the emergency lighting equipment, fite protection and safety
guard equipment, battery charger and other important loads. Furthennore, power
supply to the auxiliaries required to proceed to restarting operation immediately after
restoration of the transmission systein and/or power unit operation from trouble
should also be ensurcd. For these purpose, one set of diesel power generator
equipment and battery system (including charger) should be installed.  ‘The capacily
of the generator equipment and ballery systems will be detenmined from the rated
capacity of the station service equipment to be designed later as well as from the

transient capacity when such equipment is switched on.

In view of the frequency of operation, equipment cosi, space and other conditions, it
would be more a'dvantageous to install one set of diesel power generator equipment
with a capacity equivalent to that of onc unit as equipment common to two units

instead of installing ane set of equipment for every unit.

The emergency power source equipment should be connected to the emergency
control centre so that the power for the nonmal operation of the plant is supplied from
the station service power source and that the emergency po{ver source can be supplied
automatically from the emergency power source equipment at the time of total outage
of the station service power source.

(b) Resultsof s!udy

ay DC po“er supply cqu1pmcnl (storage batterics)

Type : Vent, clad instillation
Capacily ;2,500 AW/10 hrs.
Numberofcells : [4.7kV

Voltage i 69kv

Quantity ;| set2 units
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b) Battery chargers

Type . Automatic voltage regutating, thrystor 3-phase, fullwave
rectification

Voltage . 220VDC

Current : 300A

Quantity p 1set2 unit

¢) Emergency diesel power generator equipment

Drive motors :  Diesel engines, directly coupled to each generator
Type o decycle, b-cylinder ' '
- Output : 7ps
Rotation speed : -~ 1,000 spm
- Fuel ©: Heavyoil
“Quantity 1 1 set/2 units
Generalors
Type : Qutdoor, 3-phase, automaltic sync
Capacity . 600kVA '
Voltage : 480V &
Rotationspeed : 1,000 rpm '
Power factor - :  0.85

Frequency i 50Hz

(4)  Applicable rules, standards and criteria

IECPTE : Europcan (EC) standards for electric products (E'C) _

PTE : Power plant maintenance and power transmission system rules (Bulgarian
Energy Dept., 1980) ‘ 7 .
PUEV  :  Power facilities structure standards (Bulgarian Energy Dept., 1980)
PCTN : Fire extinguishing equipment construction engincering mle No. 2
(Bulgarian Internal and Construction Depts., 1994}
IP-44,54 :  Fire extinguishing equipment construction engineering rule " gj
Other
IEC publications
DIN standards
18O standards
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Reference should be made to the above rules and standards.
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6.16.2-

(1)
@

Control Equipment

The use of a distributed control system (IDCS) is effective for solving the tasks as described in
the following.

Necessily of DCS

Reﬂecimg a world-wide trend to rcduce the dependence of thermal power plant upon oit,

 most of the newly installed thermal power units have been designed for coal or LNG

)

(©

@

(e)

D

(g}

(Liqueficd Natural Gas) b_ummg.

To make effective utilisation of limited fuel resources, it has been demanded increasingly to
realise high efficiency operation of thermal power plant, particularly in countries where the
fuel costs are high.

As thermal power plants are the most important power source for the electric power industry
of" Bulgaria, il is esséntieﬂ for the industry 1o make utmost efforts not only for assuring the
reliability of eleclric power supply but also for promoting rational arrangement of operation
staff measures for presewauon of environment, rationalisation of power plant operation and

5o forth

One of the most important tasks in managing the service life of thermal power plant for a
stable operation over a long period of time is to reduce the themnal stress in boilers and
turbines. Therefore, monitoring of stress is one of the important items.

Since the delay in the response of the fuel system including the coal feeders and crushers is
one of mlportant prob!ems of coal fuclled thenmal power plams the boilers and turbines are
required to follow up quu:kiy and stably the load demands with less thermal stress and less

consumplion of service life.

High reliability required for the plant can be achieved hy improving the reliability of conirol

_ -equipment the case of plant maintenance, the reliabilily inherent to the digital technology
and the rehablhly of the conteol system by means of redundancy as well as by i nmprovmg the
plant operablhty by dlagn051s of performance monitoring.

Easy monitoring and operation of plant can been made possible as a result of expansion in
the auloinated control range, realisation -of sophisticated contrel, improvement of
man/machine interface, high speed processing of a Jarge volume of data and graphlc display
of operating conditions.
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(h) When such situations surrounding thermal power plants are taken into consideration, the
technical tasks required for plant control system are diversificd and highly sophisticated. '

(2) . Funclions of DCS

The trend of sophistication and diversification of digital technology is presented in Figure 6-
15-2-1. Backed up by the rapid progress of computer-related technology, the functions for
tabulation of daily repbit, supervision on CRT and automated, direct computer conirol, which @
correspond to the conventional functions for reco‘rding, monilofing and cbntfd!, have been
expanded in tresponse (o the needs for further sophistication of plant opérati&ns’. Particularly,
the following three items are mew functions which have nol been available with the
- conventional power-unit-bésed DCS systems: ' o '

(D  Operation control through CRT (CRT operalion)
@)  Operations support through application of intetligent engincering technology
@  Long ter storage, retrieval and effective ulilisation of plant operation data

DCS shall be provided with higher technical pe’rformanée;penaining to response speed,
control accuracy, availability (not less thaﬁ 99.9%) and MTBF (mean time between failure)
(not less than 30,000 hours), and able to function properly under the adverse and harsh

conditions.

" The capacily of processor’s CPU {Central Processing Unit) shall be decided so that its load
rate may be not more than 40%. ' '

Frequency of mfomlatmn given 1o modu!ahng processors and sequenhal proceseors shall be
upgraded al lcast up to four (4) times per second and ten {10} times per second respectively.

Maximum allowable duty cycle of processor modute shall not exceed 250 milli-second {ms) at
maximum loading to perform all assigned functions. '

Modulating and sequence conlrol loops demandmg fast proccssmg shall be capable of
execuling during the loop time of not more lhan 125 ms and 50 s, respectwely @

(3) Configuration of plant conlrol system

Atong with the progress of digital control technology, the relnblhly of p!ant and that of
contro! system have been improved substantially at the same time. - The digital technology
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B

has made it possible to reatise a DCS (Distributed Control System) which controls the entire
systemn by integratirig the control functions distsibuted on a per-subsystem basis. The

“distributed control subsystems are connected through a network communication circuit and

conirolled as a single system. The system network {(data highway) is duplicated, and the

modules which are composed of microprocessors are also provided as duplicated systems.

(a}  System configuralion

Th;: concept of the DCS system configuration is shown in Figure 6-15-2.

The distributed contro functions for the respective units are as listed below. These are

connecled through a unil nelwork:

°

-0 a0 o op

Plant control (DPC: Dispatch Power Control, ALR Automatic Load chula:o:)

Boiler control (ABC Automatic Boiler Con’ o)
Turbine control (El IC: Electro-] Iydraulic Control)
BFP control

Boiler and turbine sequencer control

Remote PIQ (P1O: Process Input/Ou.put)

The pm\er unit-based DCS system undertakes integrated control of these funclions,
monltors the operatmg condilions and co\lecls data for managing {he performance of

the unil.

Through the man/machine interface, it is possible for operator to intervene with any
patt of the control system. The engineering work stations connected to the network

- can be used for modification of the DCS.

The central control room is equipped with the operator console, printer and backup

console. By operaling the consoles, the operator carries out operation of the power

_ plant while keeping communication with the DCS.

“The olperaling‘. conditions of the plant are displayed:on a monitor screen so that all of

the operétors can recognise the plant status.  The information displayed on the screen

“includes the heat balance chari, flow chast conlaining the operation status data and

other graphics stored in the system. Moreover, the screen of industrial monitor
television can also be superimposed.
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The backup console is provided for the case of trouble in the unit DCS and/or
man/machine interface.  The unit DCS of each power unit is connected to the power
plant network. Moreover, the common cquipment control systems which are
installed independently in remote places to treat coal, limestone, ash and water and
the plant management monitor system arc also integrated into the plant network.

The cabinet housing the DCS system, programmable conlro!ler (sequencer),
inpuloutput converter and other devices should be mstalled in a dedicated, air-
conditioned room. Al the same time, an envnronmenlal protective measure should be
taken to prevent penetration of dust and other foreign malter in this room.

Fail-safe, continuous operation of the power plant should be assured evén in the case
where the DCS control system has got in trouble. In addition, backup switches

~ should be provided on the bench bdard to enable Start-tlzp'and shutdown operations of

the respective auxiliaries, dampers and control valves independently from the DCS
system condition. ' '

The central control room is designed based on the same concept as the ME-2 and ME-
3 Thermal Power Plants. It should be equipped with the control bench board with the
centralised contral, operation and monitoring capabilities of two power unils and an

upright control panel, and the monitoring, staﬁ-up and shutdown ésvitchcs, recorders,

indicators and alarm display for boilers, turbines, generatd; and their auxiliaries
should also be arranged on these board and panel. The shift chief engineer’s desk
should also be located in the central control room so as to improve the efficiency of
the integrated management of the overall plant. '

In addition, the auxiliary panelé of instruments related to soot blower, disaster
prevention, fire extinction and cnvironmental protection should also be arranged in

the control room.

Furthermore, centralised plant monitoring functions should be established by

~ displaying operation data alamnng and other required information from the DC3s

and hnkage controllers on the CRT through programmable controllers and nelwork of
the coal and limestone transfer control rooms and ash dtsposai contml rooms which
are the common facilities, '
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For man/machine interface with plant operators, 3 CRT displays, 2 printers and 2
monitor TV sets (for drum water level and furnace fire viewing), etc. per power unit
should be mounted on the control desk panel as peripheral equipment.

(b) Closed loop control (Refer to Figure 6-15-4-5.)

0

To achieve rapid and high-fidetity response to the output instructions of power plant,
a plant contro! system {co-erdinated boiler/turbine control system) should be applied
to execute parallel control of boiler and turbine.  This system controls the boiler and
turbine in parallel according lo the load requests from the load dispatching centre
(DPC: Dispatch Power Controf).

Information exchange between the load dispatching centre (LDC) and thermal power
plant (TPP) is not only based on conventional telephone circuit but analog and digital
signals will .be transmitled by means of carrier waves to improve the follow-up

between the load dispatching instructions and power generating systems.

The co-ordinated boiler/turbine control should be capable of changing over the boiler
and turbine follow-up modes as required.  In addition, it should alse be capable of
performing operations based on load demands in the power plant independently from
the DPC (ALR: Automatic Load Regulation). '

The generator output should able to be limited depending on the thermal supply
operating and stop conditions by varying the Load Hi-Limiter of the unit master
control system to the specified values.

‘The target load control range of the unit master control system should be set as

follows so that it can contribute significantly to the power transmission system under

e DPC control:

Load control range df DPC 40 - 100% MW
~ Load changerate of DPC . ©  2-3%MW/min,

However, the DPC signal should be held during éha_ngcove_r o_pé_;alions for starting or

_ shutting down the auxiliaries such as the BFP and mills following change in the load.

‘As for the turbine control, the turbine speed, turbing valves and turbine start-up

should be controlled with the digital EHC system of a low-pressure control oil system.
Morcover, it should alse be made poésible 1o easily interface with the DCS. The
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overspeed limiting, vacuum limiting and other turbine protection inteslock sequence
safety devices should be included in the turbine control system.

Boiler control

The fue} conirol systems (fuel oil and coal systems), feedwater conirol system, air
contro! system, super heat and reheat steam temperature and other control systems
should be distributed and conlrolléd. |

{c)} Sequence cbnlrol

@

The boiter purge interlock, boiler and turbine auxiliary start-up and shutdown, and
burner start-up and shutdown should be separated from the DCS system and manually
controlled by the operators from the respective logic sequencers and relay circuits.
In this case, their states should be displayed on lﬁe operator console screens so that

the opetation conditions of equipment can be recognised visually and by alarming.

The kick signal starting the operation of sequence control should be made manually
by operator from the bench ¢ontrol board in the central control room,  Similarly, it
should be made possible te perform the  burner extractionfrelraction and
ignition/extinction operation locally or from the [REMOTE/MANUAL] operation
station on the bench control board.

(d) * Protection circuit

@

‘Shoutld any trouble occur in equipment or control system, the plant conditions should

be kept within the operation control values.

* The main objective of its functions is to ensure safe start-up, operation and shutdown

of the boiter equipment including crushers. coal feeders, burners and fan dam pers and
turbine gencrator pumps, as well as the feedwater heater drain, generator sealed oil,
hydrogen gas equipnient and other related equipment.

In regard to the system configuration, the protective circuits including the logic should

be made independent as far as possible so that any defect in ong circuit would not

affect another circuit.  The system redundancy should be applicd to important items

inctuding the backup logic, etc. . The normal protection logic circuits, for example a
boiler tripping circuit to deal with total burner loss and drum water level drop should

: naturally be provided. The turbine gcneratdf proteclive devices should be comprised

of automatic monitoring and tripping systems.
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{e) Operation display/alarm and pcrformance calculaliohs

®

Among the atarm ahd trip indication data, a small amount of data which are specially
important for the plant operation are setected to facilitate visual identification and
simplify the display windows, and these data are displayed on the BTG panel.

The operation data required for safe and efficient operation of plant are displayed on

~ the operator console and printed out by the printer.  Such information is collected by

a data acquisition system (DAS) which is onc of the functions of DCS.

The conceivable display methods include a variety of forms, for example, by means of

a colour bar chart or a mimic Mow diagram covering process dafa and operaling

~ conditions of equipment.  The actual selection will be made at the time of the detail

- design.

The DAS (Data Acquisition System) performs about 40 items/unit of plant
performance calculations (refer to Table 6-15-2-1). It can print out the operation
record every hour and store all of the above data for the past one year in the auxiliary
storage. - '

% (f)  Network

@

For the purpose of sharing the use of plant ihformalion, providing real time data and
tetrieving historical data in graphical forms by making use of data highway, CRT
monitors are installed on the desks of the management stalf of the thermal power

plant as a parl of the DCS system as shown in Figure 6-15-2.

Meanwhile, the water trealment cquipmém, coalflimestone 'réceiving and transfer
facilities and ash disposal equipment operated and controlled from the local control
rooms can possibly be linked to and placed under integrated supervision of the DCS
network in l_he central control room.  For this purpose, it will be possible to connect

" the inpuﬂbuipuﬂ (_lfO) unils through digital communications using optical cables.

% - {®) [n_ter_l‘a_cé bem'ee;i_thq LDC (I,bad Dispatchihg Centre) and TPP (Thcrmal Power Plant)

)

Signals from LDC (Refer to Figure 6-15-2-5.)

The DPC signals from the LDC are medulated in a convenient form for
comnﬁunicalion before being transmitted to the TPP. The received signals are
demodulated by the demodulator in each line terminal and transferced to the DCS.
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- Signal regulator
The demodulated DPC signals are decomposed for each unit by the signal repulator,
and cach signal is connected to the APC (Automatic Power Control) as a demanded
load signal in the form of unit DPC signal. '

Operation mode switch .

. The following operation modes should be switchable between each other.
a. DPC

b. ALR

ALR (Automatic Load Regulator) _

The target load of the ALR is set w:lh the manual seiting dcvrce at the input of the
APC. The output change rate of the target load of the DPC or ALR should be
switchable to 3 or more steps automatically according to the load. The ALR should be
programmed so that it does not use the AFC signals which are input  independently.

~ Comrection of ontput instruction s1gnals _
The following corrections (Jimitations) should be apphed to the mslmchons output
from the LDC.

a. Limitations of output change rate of DPC or ALR signal

+ Manual selting, plus automatic switching of change rate according to the
output zone ' :

b.  Compensation for frequency variation (govemor-f ree corfcélipn) |
'+ The dead zone should be able to be set
. Thg correction gai.n should bel ideﬁtigal .to the Iurbiﬁe inclinaiion variation.
+ An identical changc rate limitation to that of the automatic follo“-up
regulator {AFR) of the 10ad limiter should be provided for the upward oulput

instruction which is issued when the frequency drops.-

Change in the DPC instiuction should be indicated by a buzzer beep and lamp
lighting. - “
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The buzzer should stop and light go out when the arrival confirmation push-button is

pressed.

@ Measures in case of abnormality

- Should the frequency transducer fall faulty, the frequency change compensalion

circuit and the power plant frequency control (FFC) signal should be blocked
and an alarm be issued.

Should the genérator output transducer fall faulty, all of the circuits which use

its output signal should be blocked, and the necessary intertocking to prevent the
systemn from being operated based on etroncous signals should also be provided.
Also, an alarm should be issued and the faully contact signal should be
transmitted to the LDC,

Should the DPC incoming signal deviates out of the signal range between the
previously-specified maximum and minimum signal levels, the following actions
should be taken. '

» DPC signal abnonmnality alarm should be issued.
Alarm should be displayed on the control boards
The signal should be returned to the LDC as the DPC abnormality signal.

« Attempts should be made to continue the current output and stable operation.

The operation mode should be changed.

DPC — ALR

Signals from LDC to TPP

a.

b.

DPC signal 0-5V¥(4-20mA), 0-300 MW
Contact LDC abnonnal,
DTM abnormal,

System isolated, etc.

+ (Reception in a digilal form is also accepted if the APC uses a digital

system.)
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@  Signals from TPP to LDC
a.  Generatoroutput 0-5V*{4-20 mA), 0 - 300 MW
b.  Contact DPC running, ALR running,
APC abnormal, '

Generator output transducer abnormal

(h) System diagram

The standard interface between the DPC and APC (Automatic Power Control) is shown in
Figure 6-15-6. ' a '
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Table

Basic Specifications of DPC (Dispatch Power Control) System

‘Major function

Basic program for analog and digital logic
operations and advanced operations

MNumber of addressable blocks

2,000 - 10,000

Typical period (msec.) 100 - 500
Analog inpuls Ralting 1-5 VDC, 4-20 mA
Diteclly Quantity 4-8
- coupled | Analogoutputs Rating . . 1-5VDC,4-20mA
module Quantity . 2.4 _
process R Digital inputs Rating 24 V125 VDC
IO o Quantity 34
Digital outputs Raling Isolated open collector
Quantity 2-4
Other I/O unils . Module bus,
Expander bus,
Printer/terminal,
RS-422 {DCS and DIS)
MPU Bits 16 0132 _
Clock rate SMHz
Memery capacity, type ROM 32K-265K
* (in bytes) RAM 24K-516K
o : NVM  20K-80K

{Note)

NVM: Non-vapoured memory

ROM: Read-only memory

RAM: Random access memory

MPU:  Microprocessor unit

(4) Sensor and transmitler

{a) '~ Requirements for transmitlers

- @  Exccllient precision:

0.5% or less

@  Sufticiently large range ability: 1:10 or aver

@

Less drift error due 1o cnwronmental change

Amblenl temperature changc (AY/S0°C: 0.2%or less (to span)

~ Static pressure change:

0.2% or less (to span)
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@  Compatibility with replacement having specifications complying with the ISO

Standa_rds - .
Power source: | _ 18 -42VDC
Load resistance: - 250-600 )
Qutput signal: 4 - 20 mA DC, two-wire system

(b) Thermo elements

@  The specifications should be in compliance with the ISO Standards In principle,
double elemenls should be used '

RTD: - PL100 ohm at 0°C, three-wite system

Thermocouples: - Type K (C, A)
Type E(CR, C)
TypeJ (1, C)
Type T (C, C)
Tolerance: Class 0.75 or above

{c) Redundancy design of sensors and transmitters

The sensors and transmitters used fof important plant control and interlock should use smart g
transmitters and be dupllcated or consist of “2-out-of-3-circuils” as required to realise an
instrumentation sy:,tem exccllent in reliability and stability. The above should be applied

to, but not limited to, the following systems:

»  Master pressure

»  Main feedwater flow

+  MIW transducer

+  Drum level

+ Turbine 0il temperature

¢ Main steam temperature

»  Turbine speed

» Fumace pressure and temperalure ‘

» Unitinterlock circuits (for trip and run-back) elc. “§

(5) Uninterrupted power soutce {UPS) unit for distributed control system (DCS)

While adoplmg a highly reliable and stable DCS system with h:gh level mu!llfunclionahly as
the plant mstrumenlauon system, a dedtcated umntcrrupled po“er source (UPS) for the DCS
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system should be instatied taking into account the importance of this system and the eflects of

possible power supply failure thereto.

{a) Oulline of the UPS

Consisting of rectifiers, an inverler, a thyristor switch and other components, the UPS is
designed to supply stably an uninterrupted AC power to the load at constant voliage and
frequency in combination with a battery which is provided separately from the UPS.

Note: This unit is normally synchronised with the commercial mains frequency, and the

frequency becomes constant only when it is isolated and crystal-synchronised.

(b) Basic circuits

The basic circuit system is as shown in Figure 6-15-7.
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® Types of power sources to the UPS and operation of the UPS

a.  The power input terminals on the CVCF block include two ferminals for the
“normal AC power source” and “backup DC power source.”

b.  The power sources to the respective inpul terminals are as described below:

l) © Normal AC bcwer source (uhit power): Unit MC system {440 V AC)

2)  Backup DC power source: Station service battery system {110 V DBC)

3) Backup AC powef sourcé: Emergcncy diesel system or coinmon power
source system (440 V AC) '

Note (U In principle, the feeders to the normal and backup AC power Sources
should be separate.” : S

Note @ The number of phases of the AC sources should be single in case of small
capacity and three in case of large capacity.

¢.  Application of power source

The “normal AC power source” should be used nommally. The “backup DC
power source” should be used as the back-up of the normal AC power source.

@  Bypass circuit for maintenance

-a. A bypass circuit should be provided to make it possible to supply power source
to the toad side even during inspection of the CVCF block.

b. In principle, the MCCB for changing over to and from the inverter and
maintenance bypass circuits should have a mechanical interlock system.

@  Waming, display and protection functions ' %
a. A UPS fault alarming display should be provided in the central control room.

b. A function for prolecting against overcurrent on the load side should be
provided.
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(c) Basic specifications

@ - Input current

a.

Normal and backup AC power sources

Hems

Specifications

AC No. of phase

Single- or 3-phase

input | Rated vollage 440V

Voltage regulation -15t0 +10%

Rated frequency 50 Hz

Frequency range 50 Hz +5%

Backup DC power source
Items Specifications

DC Rated voltage 10Vorl25V
input | Voltage regutation 20 to +30%

(However, 150 V should not be exceeded).

Output power source

[tems

Specifications

AC Rated voliage

cutput | No. of phase

Voltage regulation

Rated frequency
Frequency regutation
Wave form distortion rate

Rated load factor
Vollage adjustable range
Transienl characteristics

Regulation at rapid load
change _

Repulation at rapid AC
input change

At power outage/restoration
time

Vollage sciling time

105 Vor210 VAC
Single- or 3-phase
Within +2%

S50 Hz

Within £0.5 1z

5% or less (at lagging power
factor of 0.9)

09-0.7
15.0% (at rated input)

Within £10%
Within £10%
Within 16%

Within 8 cycles
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(6) Local control system and anti-freezing countermeasures

(@

(b)

(©)

The boiler and turbine local contrel shall use a pneumatic local minor control system. The
sensors, transmitters and conirollers should be concentrated on a stationer or local cubicle to
ensure casy maintenance and save the installation cost.

As the countermeasure against ficezing of fuel piping lines and instrument detector pipes, a
hot water trace system should be atlached to each of them.

The outdoor instrument detector pipes and fuel pipes should use hot water trace pipes
wrapped with thermo-cement insulation, and a drawing stop valve should be provided for
each trace pipe (10 to 12 mm dia.). The designed hot water temperature should be 65°C and

the warmed fluid should be kept at no less than 45°C even in the winter.
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Table 6-15-2-1 PLANT PERFORMANCE CALCULATION (Exapple)

HEAT INPUT TO BOILER FROM FUEL

HEAT OUTPUT FROM BODILER

ENTHALPIES AT TERMINAL POINTS
EXPECTED BOILER ERRICIENCY

DRY FLUE FLOW FOR FUEL _
THEORETICAL DRY FLUE FLOW FOR FUBL
EXCESS AIR RATIO

_ ABSOLUTE HUMIDITY

CORRECTED BOILER EFFICIENCY
CORRECTION BY DRY GAS LOSS

~ CORRECTION BY ATOMSPHERIC HUMIDITY
- CORRECTION BY WATER & KYDROGEN CONTENT

CORRECTION BY ATOMIZING STEAM LOSS
TEMPERATURE EFRICIENCY OF AIR HEATERR

TURBINR GENERATOR HEAT RATE

BOGIE GROSS TURBINE GENERATOR HBAT RATE
CORRECTED TURBINE GENERATOR ERRICIBNCY
BOGIE BEFICINCY OF TURBINE GBNERATOR

HP TURBINE BRFICIENCY -

1P TURBINE BFRICIENCY

. LP TURBINE EFFICIBNCY

CIRCULATING WATER TEMP. AT CONDBNSER INLET
CLEANLINESS FACTOR OF CONDENSER

ACTUAL HEBAT TRANFCR COERFICIENT OF CONDENSER
DESIGN HEAT TRANRFER COBFFICIENT OF CONDENSER
BXCHANGING HEAT IN CONDENSER

DEFLECTION OF CONERSER VACUUM

BXPECTED CONDENSER VACUUM

NO. 6 HP HEATER PERFORMANCE
NO. § LP HEATER PERFORMANCE

" NO.3 LP HEATER PERFORMANCE

NO. 2 LP HEATER PERFORMANCE
NO. 1 LP HEATER PERFORMANCE

GENERATOR POWER FACTOR -
HOUSE CONSUMPTION RATIG
GROSS PLANT EFFICIENCY
NBT PLANT EFFICIENCY
NET PLANT HEAT RATE
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-Table 6-15-2-2 ALR-DPC SPECIFICATION

CLASSIFICATION

ARTICIES MOUNTED ON RANGE etc.
Push Button ALR-DPC Mode Selection Svp ALR-CPC
Switch
Load Change Rate Mode Selection Svp ATO-MAN
ALR Demand Set (INC, DEC) Svp 0-300MH
Max Load Set  (INC, DEC) SV | 0-300K
Setter — -
Min Load Set  (INC, DEC) SvP 0-200MH
Load Change Rate Sat (INC, DEC) SVp | o-i5N/Hin
Load Setter 0-300MH
W¥ Demand 0-300MK
Genarator Qutput Q-300M%
Max Load Set Value CRT 0-300M¢
jndicator -
Min Load Set Yalue 0-300M%
Load Change Rate (Auto) 0-15MA/Min
| Load Change Rate (Man) 0-15MA/Min
45-55Hz

Generatar Frequency

6-170




ification fa g

. in
 conet®! $0ftrare " M,
! _

&
Diversification of plaat
cperation and|} nanagenent

Reduced size of ¥echanization/
noniter panel, Automation of

<1:::§g§ed op

in emergency
operation

operation
management

A Elinination J;

operation
nov-hoy

Campact in[lpperalion

JPeration ind concoh

45ed on CRy ,
CNT: Cathode Aay Tube

Figure 6-15-2-1  SOPHISTICATION OF THE ROLES AND EXPANSION IN APPLLCATION
(OF COMPUTER FOR THERMAL PONER PLANT

6-17



£ -
mill i | Wil WL uumacmmm

SHGLNERN (MG
Wit!.l

L

=

DT STSTEN
tastart

SO X
T KLt

%@

CRICE €
O peine

CINERML BANAG

Ly#
SWEIL
lilﬂ.

FVEL
tl?ﬂl:l.
NETRXNE

s m- o mm ﬁ:‘n_l
lmt Em mml Y
CetY

FLED STER gy

T)S S156n - SENCH BORD 1KY PREL
» BATA LXCETHG ~ PLARD STATYS DIDICATE, PLANT SURERYLSE -
~ [B7 DiSMAY

- TREND RECORDISG

* FERFORAANCE

» TURBINE STAR-BE/SIUT-DEXY

i TR

» ANZUNCEAT| DN

LALCYLAI IO ~ADC INTERFALE [0RNICRTION

» CRERATION FOR FLINT SCART L IND SHUIDOSS

ﬁf FMR

TN SThI] REwERY SIEAN
FEXP COFT]  [TE W CoRtauL

o g
I STATION
— =3 Tt

AR ITERACIURTED

AULILIAY PR

< FIRE FISHTidG CGNTADL
» BOLER AND EURBINE DRAJN YALVE
«+ EXVIBRONUEMTAL NONITOR
« TURGTHE SUPERYISRT IRSTRUMENT MORFT

AT : :
- DVENT RECL e e et e meaaas !
= FhI¥ SEQENCE : ]
- TN 1o
oad ]
]
: N Pl
: ] o
' 1
: ' 5
' SUANEE ERSYEN, STSTEN NITOATIC BOTLER ELECTED BIDFAIC stoant vounse | | senaot suigeen § | woon cetia
: < BBELER SAFENT PURGE CONIROL SYSEEN 48O COaEROL SPSTEND- (10 RECHLAIOR Nrs  BIILER LOCAL [gLIdR ]
: INEERLOCE CRLANT XASSER Conmaa. | e TUKDSNE SPiED 'UCIHB*I FCLOLAER CORTRL » TATER TREATWENT
! . « trasnrn peEsekopen] | RECILATIOR :f:;:“: - COAOCHSER DERERKTN § |- ASH RRMLRIG
1 « BURKER FLAME DETERIOL . ¥ < TURMEE SPEED-LE 2 <TLANE LrigR .
! FEED SATER (TR e sikp pbbotion EOHTI0L L Lt
! - » STEAX TEWTERKTORE STACHRD + LLAD bP . - EO0LING FRTER
! * EACR BARER CONTRN Bl Rkl | By hertuial R T
l REMCRINEANAL » BRI COFTE0L « DYERSPEED MDIECHION SROCE CAY + < £8P COATRDL
: « JEATY Bit CONTEOL ML AR LEBRICATE ©IL TEkP < TUREINE LO0AL
] TRIBLE $i0RiNG * THURE L0011 NI (Y
: |
]
: N
Pt
t [}
i Rl ko RN/ N WAL - '
' s - TARD AND COSNI AUE
! FELLLIND EQizica HRILLAS £2aE81 BLECIHEAL BT LOCRE TAID 14D EXa METILIAKD
1 ————
1
1
[]
L
' L

PLANT IXTERLDCE STS3EN

Figure 6-15-2-2

LOCAL ChxrBoL sTsien

DCS SYSTEM CONFIGURATION (A)

» LN SICRAL
-p ISFOLKATION S10MAL

The !llllﬂilll [T

VYarfbes Lent Ha ¥ lw!n!u Thr Fusts Flany
[£3

Isprivdnant al Ixe hrllrill:i ol Tha Salis

scatc ming

itk TEAM DATE:
rnmrﬂ’ﬁ”"ﬁ EXiEet

'I REu R

AARTRE WY

LI R N L]

6-172



n .I_u._.__a, ﬂuu.vn
= A |:°Erm NOJLVHNO1SNOD W3LSAS S0 £-7-G1-9 aungid

LIRS VA I 2 TR # T \_
NOILYENOIINOD WALSAS #

ey _-.clla..w-qu )

TN ML I8 FIREIe) ] )8 erEraerew

‘ — | 1 ¢ ) . H ,._
bt Rt At ! .I- _, . nsm Ut _ w_
_. e ] = w m |

..............

1 . @_@m@

g hlnlgmw UNAD  LIMAK SMRAC e Ao | = 1 e vy vyt v gy =]
. e Srwy .

FOSNOOSUCIMEIO. oL i tem L TIOSNOO SHOLVYIMO ST M v o
LI S0 "
P HMHWHMMEManﬁ

. i i i rewsen | smnat

t23 = voLnOmiwd | vowsomuo Fiideravn | rm.;m mw
EILNGWOD 553 UOxa WIINEND AIND | WIPW Treaeis: ..o?..u;autrm For) LI 9t xmkﬁ.zou SSI0ud :....u.» .-:.u... /
A : : ~ 3N, ..u...ﬂ
: - ZYLNn ] . P S 1 LYLLINA |

6-173




PARCEY
I b (V]
. i

UMY WASHR
LONTROLLIR

—nm s w—— — J— —_— — —

—

RUN-UP

- LOADING
PROCRAN PROCARM

r.. ,._
|

bl
I
l

or? )
seico |
I COVERMOR

RUK-BACKS

Tusging
SYREYS
cowPurir [

WE =il v
CrARALH R

I l Auz L
LEINT-I ma——

Figure 6-15-2-4

ALV
COORDNATOM ¢ . |
HOYACY

WouvaLVE
CHM.!C LR

T~

0EHC

]L BASE conmu_ltnj

TURBINE : -
SIRESS R 4@
COMPUTER S I )
WIERFACL €
M| He—FD) "
| co-cronaa e e h ——
CONIADL rron Rl WWABIHC ] |
1 . WIH BYPASS GLY
_____ I ?::P(m.wst P OWRBNE
['E-_“‘_* LR LR . I

!
K
I

hé

Frpury

FUNCTIONAL STRUCTURE

The r.umuu Ty

Surdng €nsd ol h.llt]q Fha Pesuz l‘lul
for
Fageardein] cl Eha Patfatnungy of !n L CURT]
[1Y I
the €artranarated Pratacilos

BERE Fune1Tadst Sivctucs (0 funkbad RS #os

HCA 1EAR OATE:

[ RTINS

1 Cnls Ut EXllRa us

FEETVED BT

i

Aagtwg 6

6-174




A0Td TOIINOD YAISVWLING-I4(

G~g-S1-9 9.nB14

v (9d¥) | |
o oEE 0T _ Y07 EELSVL LI | oom v K02 WA 968
| . |
_ |
;
SYFILO A
S # —\&/} 821135 |Tvanvy
N |
TOBINCO Mlvw QELI¥TTION —— ;
1
_ o ) _ M TVILLDY
: = ¥1V
LN 3 Y ~— . ‘ iy zoivio aven __ _ cbs_ o
JMM%% o g BEliyiimewal  odaq .
cars 1P F§EANCD F—] ?fsz_..i
TOULNGD THALVITONELL WVELS ¥TOT — s i * s HEE i
dp o OWIBOLYESTA TYRLNID
i _ | A0¥s YIS QYR
TYNDIS - )
TOLLNOD A0 1S M LOVLINDGD =i T —
_ YILINIT ONVE l\|.. —
943 SOMZA0S | + | m
ROULNCD
QLS INTRAOAL DITAVECAHDTHIDOTTE  —-— ,KO-\ @ f - UTe/an “ .
YILLES LINIT ¥ALLTS LINIT | wumn a ! Hv opts”
16 QvoT A0T QYOT  ¥3LIIS _ 39NVI) QY01 ! Bl
3004 ﬁ P
HONZAQD opt AU" :
ddi i
A | v @

Lid Lo

WOLVHINTD  ONAnbEHd

H 231195 Quvg
_LJ TTLL ZONIIACY
AW
A5 A=

W00 $ILLS ANANSE
Q¥YINYLIS

6-175



~——— CONTACT SIGNAL
— =~ ANALOGUE SIGNAL

: SOFTA
- DC24Y-3A | B
' [
: DC24Y-3A |
 ore OPEQAFUD—#-W—-—«»—- e
- . _ 1 ‘.
T
24¥-
{ ar OPEEA—T@—“-M-W : S—
- |
prC ACKNOILE@—‘«'DC?“_M ,— BIC 4 i
C___ h _ !
- B I
PPC STGNAL i
ABNORVAL i
DPC !
SICYAL < - !
DISABLE |

.

|
: 0~~300HR/4~20mA - :
-«—m»—-———-]L"—-—--————tM—- 4——%}———14———-—~L~4—“~@C “H¥” DEMAND
' |
| -

@

I ) S
ACLIBY 1LIYA | DPC EQUIPHENT
- [ i ABNORWAL
' C : ' 0~300MW/4~100A |
'f . — — e — ——t»—-h-‘-—-—--—-o —————
! S

) 1
~50—~0~4300XYAR/4~200A
——

VART — e = R Bt b o]

C**‘“*“) ' 0~220KV/4~ 2084
¥T e ﬂ(r-—-j i ket BT R e
¥ SENSOR
__ABNORYAL _
/" VART SENSOR L _JDC2env-5¥A} )
ABNCRVAL _ .
VT SENSOR '
ABNORNAL o

— —— A — ————— e — ———

=1 ©NE-U/TPP -4 ,
: ' b SOFTA LDC

Figuro 6-15-2-6 DPC INTERFACE SOFIA AND ME-1/TPP

6-176



LIMoY¥ID J1svg SN - 1-2-G1-9 ainSig

- u
= 43104 dn Xove

AZ3LlYS

104KT 20 ..
B , |
L X |
| - in A 1N[\@\ k =)
e I _ i L
dagme PR wnaom | onosee nan O

—— e

{QY0D) 16din0 oy

[@t\ 08 202 - g o 10N 2¥
R . ) - o

L3004 o XYE |
J

zl 3 . ‘ : :
2ONYED LielnC & S YIREQJSNYLL 3SYdAE

6-177



6.16 Switchyard and Substation

)

(a)

®

©

(@

(e}

{f)

(®

(h)

Maritsa East No. 1 Thermal Power Plant, Switchyard

New equipment for the outdoor swilchyard will be instalted at the former outdoor cquipment
site of the Nos. 5 and 6 unils.

The single line diagram plan is shown in Figure 6-16-1. The Iayouljplan is shown in Figures
6-16-2 and 6-16-3. '

Regarding the circuit, consideri ng the importance of this plan on the power system, a double
bus circuit with high supply reliability will be used.

The main transformer and starter fransformer wilt be connected with a circuit breaker by
connecting overhead lines.

The bus will be of aluminum wire,

As a result of discussion with NEK, gas circuit breaker will be used. There will be 3
breaker sels for the generator side, 2 sels for the line side and 1 set for the bus tie.

The ratings will be based on IEC standards. - The rated voltage will be 245 kV, the rated
current 1,250 A and the rated interrupting curcent 20 kA,

Disconnecling switch will have carthing switch according to Bulgarian standard. The
required amount is 6 sets for the generator side, 6 sets for the line side and 2 sets for the bus

tie.

The ratings will be based on IEC standards. The raled voltage will be 245 kV and the
rated current 1,250 A. :

In the case of the instrument transformers, 1:2 current transformers and 4 potential
transformers will be used for measuring and to protect lines, buses and fransformers.  The
specitications will be decided after the protection and control methods are studied.

To protect the switchyard equipment, arresters will be installed in two places, at the line and

the transformer.

A pilot wire protection method will be used to protect the transmission line, with pilot wire -
newly installed between the power plant and substation.
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(2) Maritsa East No. 1 Substation {Galabovo)

The existing 'omdoqr equipment will be removed and outdoor equipment for R1 and R2 units
will be newly installed at the site. Equipment between the line inlet and the 220 kV bus
outlet will be removed.

The single line diagram plan is shown in Figure 6-16-4. Figure 6-16-5 shows the layout
plan,

Principal speciﬁcat‘ions will be the same as Maritsa Fast No. 1 Thermal Power Plant,
Swilchyard '

The tequired amount is 3 sets of circuit breakers, 11 sets of disconriecling swilches, 6 current

{ransformers, 2 potential transformers and 2 arfesters on the line side.

(3) Transmission Line Facilities

(@) Outlines of Facilities

Figure 6-16-6 shows the power system diagram covering ME-1 TPP and ils vicinities.

Transmission lines route is indicated as Figure 6-16-7.

Untit the shut-down of former Unit-5 and 6, transmission lines comprised four routes with
6-circuit.  Alt transmission lines arc connected fo the Galabovo Substation, situated

approximately 5 ki away from the power plant.

OF the four routes, three routes (transmission lines for former Unit-1 - 5 ) run directly from
the power plant over Rozovkladentz Lake to (he substation. The remaining route
(transmission line for former Unit-6 ) passes along the right-hand side of the lake, as viewed

from the power plant , to the substation.

‘The voltage of the transmission lines connecting Unit- t to 4 respectively is 110 kV, and the
voltage of the transmission lines connecting to former Unil-5 and 6 respectively is 220 kV.

After the shut-down of fornter Unit-5 and 6 , a change was made at the outlet of the power

plant and at the inlet of the Galabove Substation to provide the current connections of the

{ransmission lines as shown below:
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(b}

*  Unit-1 transmission line
*  Unit-2 transmission line
*  Upit-3 transmission lne

*  Unit-4 transmission line

*  pit-2 and Unit-4 {ransmission lings —

. Unit-1 transmission line is used.

Unit-3 transmission line is used.
Former Unit-5 transmission line is used.
Former Unit-6 t_raﬁsmission line is'used.
Operation temporarily halted. |

Operation of Transmission Lines after Improvement

Transmission lines for fosmer Unit-S and Unit-6 will be reused.  However, being about 35

years old and not at all well maintained, the opetating conditions of transmission line

facilities are unsatisfactory.

_ Concr_etely, there are some dirly insulators and ground wires are partially cut. Particularly,

the foundations of several towers of the transmission lines for former Unit- 6 are very bad

condition,

For this réason, detail survey of the foundations of towers and repair work as exchange of

insulators and replacing of lines should be need.
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. 6.147

6.171

(D

@

Butldings and Stack

Buildings

Conditions 1o be studied

The following conditions were studied in order to study the volume, shape and structure of the

buitdings,

Equipment arrangement plan

Equipment transportation plan

Access route for operation and maintenance
Arrangement of the pipes and cables

Load conditions

Interfacing with the existing building

Soit conditions

Bulgarian design codes

Construction schedule

Results of study

The scale and structure of all buildings are shown in Table 6-17-1. Details of cach building

are shown in Tables 6-17-2 through 6-17-12.

The drawings for the turbine hall and boiler house are shown in Figures 6-17-1 through 6-
17-4. '

The substructure of heavy load buildings is planned to be directly supported on the hard silt -

layer tocated 10m deep below the ground level, while the substructure of light load
buildings on the upper sand layer of which the N value is about 15.

Load: The design loads are as follows, and the combination of these loads should be
studied, referring to the relevant domestic codes, for delail.

- Weight (Dead load) _

- Effective load (Weight of people and equipment : Live load)
- Wind load : 38 kg/im?

- Snow load : 40 kg/m’

- Assembling load

«  Crane load



- = Pipe and cable load
- Seismic load

+ Calculation method of seismic load: The scismic load is calculated by the following

formula, .
% Q=AxIxSxW .
Where; Q : Horizontal scismic load
A Areacoefficient (maximum value for this project:  0.27)
[ : Importance coefficient (1.5 for thermal power station)
S : Response cocflicient (Steel structure : 0210025,
Reinforced concrete : 021003,
Stack . 0.35)

W Weight of building

As a result of calculation by the above formula, the seismic load is within the below range.
Q=(0.0811t00.142)x W

* Bulgarian standards for installation of lightning arcester and for the covered area is

available, The lightning atrester covers the arca of about a 45 degree angle.

(3) Others
* There is a “Fire Protection Code No. 27, which specifies the installation standards of fire
_extinguishing equipment and fire alarn system. This code should be complied with in
this project.

+ The area is within a zone nominated for industry.

* The space between buildings should be 4m or more. If not, a fire-proof structure should be

provided.

% » Nonflammable or non-likely-flainable niaterial should be used for exterior walls of the

turbine hall.

+ 1t is not necessary for the steel structure to be provided with fire-proof protection.

+ Fire-proof area dividing is not restricted.

+ Noise and vibration controt during construction is not restricted in this area.
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+ No specific application for confirmation of building construction is required, but a
confirmation meeting with the fire protection authority is required during the design of the
building. '

» Members from the Ministries of Construction, Fire Protection, Environment and Labor will
check the construction conditions two times or so during construction.

6.17.2 Stack

m

2)

Conditions to be studied

The foilowihg conditions wete checked in order to determine the stack shape.

-*

Flue gas volume

Flue gas temperature
Height of stack
* Flue gas speed

Results of study

.« Aflueis separalely provided for each of units R1 and R2.' ‘

« Twa inner tues are provided within the stack, and the outer shell of reinforced concrete
bears outer force.

« The inner flue size was determined based upon the conditions of item (1), and then the

outer shell size was detenmined.

» The structure of the outer shell was made of reinforced concrete because of economical
advantage compared with steel. Also, the shape was cylindrical also for economical reason.

+ The foundation shape was detenmined in consideration of safety against the load of
supersiructure.

+ The substructure is directly supported on the hard silt tocated t0m deep below the ground
level, as a resulls of soil in'ves{igalion.

+ Results of calculation are shown in Table 6-17-13.
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3)

Details of the shape are shown in Table 6-17-14.

Typical drawings of the stack are shown in Figure 6-17-5.

Recommendations and items 1o be studied

The weight of the stack is abou_l'20 t/m?.  In the event of attack of an earthquake the heavy |
load is imposed on the ground due to the overlurning moment.  The safety of the ground
should be studied. | '

Detailed soil conditions should be confirmed by.investigalion of soil immediately under the-

stack.

Detailed structural analysis sh;ould be carricd out for cqn'ﬁrmation of soil safety.

Necessitﬁ of ﬁile foundations shéuld be révicwed through the above studies.

It is necessary to obtain permission from the aircralt authority in case the height of the
structore is 180m or more. Aircrafl obstruction sign and aircraft obstruction light will be

provided for daytime and nighttime recognition, respectively.

It is necessaty to maintain a 4,5m height or more under the flue for the convenience of fire.

trucks passing.

Pre-cast concrete piles and 'sleel'pipe piles are not available but reinforced concrete piles

are produced in the factories in Bulgaria.
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Table 6-17-1 List of Buildings (including the list of foundations)

Names No.| St.# | Width | Length|Height Remarks
1. List of Buildings #):Steucture
1 |Turbine hail i S | 502 | 154.2] 26.8 |Includitig deacrator
2 Boilcf house 2 s | 66.0 | 57.0 | 70.0 |Including bunker and heater
3 |Central control building 1] S | 245 | 439 ] 17.5 |Two storics
4 |Coal storage house 1| s |2c0.0]3s50( 380 |
5 tLimestone storage house 1 S | 53.0 | 3550¢ 32.0
6 |Tripper house 1| S | 50 |280.0] 130
7 |Ash treatment control house 1 | RC | 210 | 26.0 | 12.0 {Two storics
—8 Coal and ash handting controthouse | 1 | RC | 20.0 | 20.0 12.0. Two stories -
9 |Waier treatment house 1 S ] 290 | 390 | 13.0 [Twostorics
10 |Waste watcrt&élmcnt housc t | RC | 200 | 30.0 | 13.0 [¥wo storics
11 |Hydrogen generation house . 1 | RC| 40 | 60 | 5.0 iRoofisof steel structure
M. List of Foundations
b [EP foundation 2 140 | 230 | =12
2 {Transformer found.(R1) 1 10.0 | 30.0 | t=2.0 |Main, auxiliary and starting
Transbomer found ]R2) | a | 100 | 200 |20 [Mainand ausitiry |
3 Exhauslgasductfoﬁud. 18 5.0 1.6 | t=1.0| L=%0m @5m
4 |FDF foundation 4 55 | 100 =15
5 jIDF foundation 4 55 | 100 | t=L5
6 |Ash Storage Silo foundation 1 190 | 370 35‘3. RC frame (2 storics)
7 lAsh Transit Tank foundation 1 190 { 378 | 293 |RC f'famc {2 storics)
-H; Ash Loading Silo foundation 1 19.0 | 370 ¢ 323 |RC frame (2 s{ofics)
9 |{Conveyer found. (Coal) 125 48 | 18 [1=1.0]|L=1250m@lom
Comeyer found.  Limeson) | | | | T |L=300m @10m 0mis
, 30 8 15 =10 ttl:l?] ::gli)sling uqderground
10 {Pipc Rack foundation (Ash) 120 4.8 L8 [ t=1.0{L=1200m @I0m
11 |Water treatment found. I LS
12 | Waste watcer treatiment found. 1 LS
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~ Table 6-17-2 Turbine Hall

Heny Specifications Remarks
{. Building arca (m?) 7.430.7
Exiension 6,305.1
Existing 1,123.6
2. Height GL427.0m
. Extension GL+27.0m
Existing GLA27.0m
3. Number of storics 3
" Extension 3
Existing 2| Modification .
4. Total floor area (m®) 16,192.8
" Extension 13,941.6
Existing 2,251.2
5. Volume of the building (m*) 200,629.4
Extension 170,238.2
Existing 30,391.2
Superstructure Stec) Structure
Substructure Mat Foundation . Direct support
. Exterior finish
Roof Concrele block with asphalt Slope : 1/100
walerproof  layer
Wall Above 2nd floor Vinyl coating metal sheet
Below 2nd floor - Precast concrele panel
9. luterior finish
Floor Viny! ile (Operating floor)
Partilion wall Hollow concrete block
10, Others

Building Facilities

Ventilalion system
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Tabte 6-17-3 Boiler House

7 Item Specifications Remarks
L. Building arca (m?) 7.686.0
For en¢ unit - 3,843.0] -
Number of unit 2
2. Height GL470.0m
Number of stories 10
4. Tota! floor area (m’) 46,062.0
For one unit 23.031.0
Number of unit 2
. Volume of the building (n) 538,020.0
' For one unit 269,010.0
Number of unit 2
6. Superstructure _ ~ Steel structure
7. Substructurs Mat foundation Direct support

8. Exterior finish

© Roof] Concrete block with asphalt
waterproof
Wali Glass fibered reinforced
concrete panel
9. Interior finish |
Floor Concrete steel trowel finish,

10, Othecrs

checkered plate and grating

Lighlning system
Elcvator
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Table 6-17-4 Central Control Room

, [tean Specifications Remaiks
i Building arca (md) 1,075.6
2. Height GL+17.5m
3. Number of storics 3
4. Fotal floor arca (m’) 2,466.1
. Volume of the building (m’) 15,3997
6. Superstnueture - Steel structure
7. Substruclure Mat foundation Dircct support
8. Exterior finish _
Roof] Concrete block with asphalt Slope : /100
‘ ~waterproof
Wall Precast concrete panci
9. Intcrior finish
Floor Vinyl tile (Control room)
~ Partition wall Hollow concrete block
{0. Others
Building facilitics Air conditioning system
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Table 6-17-5 Coal Storage House

Ttem Specifications Remarks
{. Building arca (m’) 92,300.0
2. Height GL+38.0m
3. Number of storics i
4. Total floor arca {m’) 92,300.0
5. Volume of the building (n’) 2,399,800.0
6. Swperslnucturg Stee! structure .
7. Subs.tmcturc - Footing and fic beam Dicect support
8. Exterior finish
Roof] Vinyl coafing metal
Wall Vinyl coating metal
9. Interior finish
- Floor No floor
10. Others
Building facilitics Ventilation systcm
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Table 6-17-6 Limestone Storage House

[tem ! Specifications | Remarks
1. Building arca (m?) 18,815.0
2. Height GL+32.0m
3. Numbecr of stories l
4. Total floor arca {m’) 18,815.0
5. Volume of the building (m’) 413,930.0
6. Superstruclure - Steel strueture
7. Substruciure Footing and tic bcam Direct supporl
8. Exterior finish
Roof] - Vinyl coating metal
Wall Vinyl coating metal
9. Interior finish
Floor No floor
10. Others
Building facilities - Ventilation systemi
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Table 6-17-7 Tripper House -

Exterior finish

ftem I Specifications . Remarks
. Building arca (m?) 1,400.0
2. Height GL+13.0m
3. Number of storics |
4. Total floor area (m’) 1,400.0
5. Volume of the building (m’) 18,2000
6. Superstructure Steel struciure
7. Substructure - - Footing and ti¢ beam Dirgct support
8.

Roof| Vinyl coating metal
Wall Viny) coating metal
9. Interior finish
" Floor No floor
10. Others
Building facilities Ventilation system
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Table 8-17-8 Ash Treatment Control House

ltem | Specifications | Remarks
1. Building arca {m’) 546.0
2. Height GL.+12.0m
3. Number of storics 2
@ 4. Total floor area (m?) 1,092.0
5. Volume of the building (m”) 6,552.0
6. Superstructure Reinforced concrete
7. Substructure ~ Footing and tic beam Direct support
8.

Exterior finish

Ashphalt waterproof

Building facihities

Roof]
Wall Reinforced concrete
9. Intcrior finish
"~ Floor Vinyl tilc
10. Others :

"~ Air conditioning system
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Table 6-17-9 Coal and Ash Handling Control House |

. Item Specifications - | Reinarks’
1. Building area (m%) 400.0
2. Height | GL+12.0m
3. Number of storics ' 2
4. Total floor arca () ' ' 200.06]
5. Volume of the building (m”) ' 4,800.0 ' %
6. Superstnucture Reinforeed concrele
7. Substructure _Fooling and tic beam | Direct suppoit
8. Exterior finish
Roof| . Ashipbalt waterproof
Wall _Reinforced concrele
9. lutetior finish
Floor _* Vinyltile
10. Others
Building facilitics ‘ . Air conditioning system
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Table 6-17-10 Water Treatment House

ltem | Specifications Remarks
I. Building arca (m’) 1,214.0
2. Height GL+13.0m
3. Number of stories 2 e
4. Total floor area (m%) 2,135.0
5. Volume of the building (m') 16,225.0
6. Supcrstruclure Steel structure _
7. Substructurc Footing and tic beam Direct support
8. Exterior finish
Roof] Vinyl coating metal
Wall Vinyl coating metal
9. Interior finish
Floor Vinyl tile
10. Others |
Building facilitics Air conditioning system
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Table 6-17-11 Hydrogen Generation House

ltem Specifications l Remarks
1. Building arca (m’) 24.0
12, Height GLA5.0m
3. Number of storigs l
4. Total floor arca (M%) 24.0
5. Volume of the building {m’) 1200
6. Supcrstoucture Reinforced concrete
7. Substniclure Footing and tic beam Direct support
8. Exterior finish
Roof] - Vinyl coated metal
Wall} Reinforced concrete
9. Interior finish
Floor No floor
10. Others
Building facilities ‘Natural ventilation
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Table 6-17-12 Outdoor Equipment Foundations

Name No. | Width | Length | Thickness Remarks
(n2) (m) or Height {m)

| EmndaﬁmlofEP 2 | 340 | 230 t=1.2

2 Ifotuﬂdalion of Transformer(R 1) 1 10.0 .30.0 (=20
fomiionot oot | 1 | 100 | 200 | w20 | |

3 FoundaﬁmlofExﬁasutGas 18 5.0 1.6 t=1.0 =90m @5m

4 medmbnofFDF 4 55 | 10.0 1=1.5

5 |Foundation of IDF 4 55 | 100 t=1.5

6 F§1111dati011 of Ash Storagc Silo 1 190 | 370 353 RC Structure (2 Layers)

7 Fonnnmdalioxl of Ash-Transit Tank | 190 | 370 203 RC Structure (2 Layers)

8 [:’oundation of Ash Loading Silo 2 | 190 37.0 323 RC Structure {2 Layers)

9 Foundation of Convéycr (Coalj 1251 48 .8 t=1.0 L;1250111 @{0m
__________________________________________________________________ 4
Foundation of Conveyer L=300m @ 10w
(Limestone) 30 4.8 1.8 =10 {L=240m is the c.\'.i.stin.g)

10 E;oundatio_n of Pipc Rack (Ash) 120 | 48 1.8 =10 ~1200m @10m

I§ f01l11dati011 of Water Treatment
Iédllipl]lellt 1 - . - LS

12 F;oundation of Discharge Water
1;canﬁcnquuqnucnt 1 - - . LS
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Table 6-17-13 Calcltation of Stack Shape

fItem Unit Ash Max Remarks
Turbine Ouiput MW 230
Tempcrature °C <170
Gas Volume 10°n’NAh [ 1,2970
m'Nisee | 360.3
Qg=| m’fsec 584.6 al gas temperalure
‘ Specific gravity - kg/m’N 1.175
1g=| kg’ 0.724 at gas temperature
Required Arca m? 17.35 Top nozzle
Diameter | m 4,700 Top nozzle
Decided Diameter m 4,70 Top nozzle
Decided Area m? _17.35 Top nozzle |
kawuyﬁfgas mfsce 33.7 Top nozzle
Diameter of flue E m 5.00
Area of flue m’ 196
Velocity of gas | m/sce 298 - in fluc
lhmdwdbﬁmmg m 270 Jnix9m
Velocily of gas m/fsec 217 in breached opening
Specific gravity of air kg/'m3 £.185 at 25 °C of ambient temperature
Natural d.raf't force (Z) rﬁmAq 74.4
Pressure loss (1) lﬁmAq 81.69 Emission foss at top nozzle
Pressure loss (2) nmAg 2240 Friclion loss in flue
Pressure loss (3) mmAg 18.19 Connection loss at breached opening’
Total pressure loss mmAg | 122.28 |
Required forced draﬁ ‘mmAq 47.92 {< S0 mmAyg) -
Resulis IOl{
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Table 6-17-14 Stack

ltem Specifications Reinarks
Height (m) 180.0
. Windshicld GL+177.0m
{1) Inside diameter (ny)
Top 12.5
Bottom 17.0
(2) Wall thickness (cm)
Top 250
Bottom 60.0
Inner flue
(1) Number of inner flue 2
(2) Inside diameter i)
Top nozzle 4.7
General part 5.0
Number of stage 50
Superstructure Reinforced concrete
Substructure Mat foundation Dircet support
. Shape chagonal
Length {m) 40.0
Depth () 15

Lining material

Castable cement lining

Others

_ Lightning system
Laddcr
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7.1.1

74.2

O

CHAPTER7 PLANNING OF PROJECT IMPLEMENTATION

Contract Foermation
Principle Concepi of Contract Fdrmation

As considered essential regardiess of the scale of a project, particularly on a large scale project
such as power generation project, it is of vilal importance to cstablish its contract formation

and project i:hplementation ofganizalion in advance clearly.

Clear policy of a project formation and understanding of it at the stage of project planning -

~ cnables subsequent planning to proceed smoothly.

In project implementation, there will be lwo parties; one is a owner, the other is a contracter
who supplys equipment, devices, malerials or systems to satisfy functions or performance
tequired by the owner, within the required time period and then receives payment for then.

A contract will be seltled between the above two parties, in other words they are in a posilion

1o confront wilh each other through (a) contract document(s).

Accordingly, it is riot allowed for a party whoisina position of a contractor to play arole of a

owner or to be replaced to a owner’s position, even though partly.

However, in casé a owner is lacking in sufficient number of persannel within his organization
or does not have sufficient experiences in the fields of the associated technology or firancing

etc., he can employ a consultant from outside to make up for these deficiencies.

~ As the case may be, employment of a consultant from outside is required as one of financing

conditions by (a) project cost financing bank(s) of other organization(s). In this case a
consultant shall be subject to their approval. o '

" In most of cases, when NEK implements a large scale project, a PIU (Project Implementation
* Unit), a kind of task force, is established within NEK and exccutes a function of praject

management on behalf of NEK.  In thiscase,aPlUisina posilioh of a ewner.

Contract Dlviding

There are many kinds of contract dividing practically, but twe typical ones ; one is to assign a
complele power plant contract to a single organization (a single eaterprise or joint venture) as



@

(3)

@)

@
(®)
(c)
(d)

a whole, which is called a full tura key contract and the other is to divide a complete power
plant into plural contracts, which is called a separate contract. '

In the former contract, since all responsibilities consist in a single organization, it is only one
contractor that a owner has to control and expedite. This formation is, therefore, very
convenient to the owner. ' '

A thermal power generation facility comprises many kinds of equipment fequiring highly
sophisticated technalogy in the diversified ficlds and there is ne single organization in the
world who can make every necessary equipment which is of the first class and cheap.

Accordingly, it is not nccessarily expected to obtain excellent and cheap equipment or to
introduce newly developed technology. Eventually, price is marked up.

Further, every risk hedge cost and ov'erhead'charge will be included in a offer price and
eventually a contract price will be marked up.

In the laiter contract, there are involved many organizalions .which have to assume
responsibilities, therefore, a owner has to control every contractor efticiently and to spend a lot

of energy for technical interfacing and job coordination among contraclors cpncemed.

Naturally, a owner have to hold managerial and technical capability required for these tasks.
On the other hand, as every divided contract is settled through a process of international or
domestic competition tenders, a owner can select and purchase excellent equipment with
cheaper price from around the world.

In this connection, contract dividing should be decided taking organically and integrally into
consideration the nature of a project, required conditions, situation of the country, a owner' s

capability and experience, project budgel, eonstruction period and so forth.

As a result of careful review of the above matiers, it is recommended that a total project job to
be divided into the following four (4) islands.

Roiler island

Turbine island

Coal/limestone handling island
Civil/architecture/ercclion island -

7-2



Islands (a) through (c) covers supply of the relevant equipment and dispatch of crection
commissioning supervisor(s), and island (d) includes for all civil, architectural and crection

works required for islands (a) through (c).

As for scope of consultancy services, it may vary with the number of owner’ s personncl,
owner’ s expericnce and preference, elc. but in principle covers engineering services and
managerial/commercial services (assistance} in finance arrangement, tendering, evaluation,

contract negotiation, project implementation and so forth.

The above contract fonnation can be shown illustratively as follows.

NEK

PIU ' Foreign Concultant
Boiler Turbine Coal/limestone Civil/Architecture/
Island Istand Handling Island Erection Island
Contraclor |_Contraclor Contractor Contractor -

Further, the tolal contract cost will be divided illustratively as follows.

Civil/Architecture/ Boiler Istand -

ErcctionIsland (Design, Supply, $/V)

(Civil, Erection, Design, } Turbine Island

Supply) (Desi gn, Supply, S/V)
' Coat/Limestonc Handling Island

Consultancy Services

(Design, Supply, S/V)

Notes: | S/V dehotes supervisor.
2. Delivery condilion: Free at site, excluding unloading
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An OQutiine of Duty and Scope of Supply of Each Island

An outline of duty and scope of supply of each island is as follows. For delaii, refer to
“Chapter 8 Construction Cost, 8.2.1 Scope of Supply of Each Island”.
Boiler istand

Boiler and the associated auxiliaty, instrumentation and conirol equipment, boiler steel

structure, ash handling equipment up to ash disposal yard, and technical interfacing/job

~ coordination with other istands regarding instrumentation and conftrol.

Turbine istand

Turbine/generator and the associated auxiliary, instrumentation and control equipment, district
heating facility, electrical equipment, emergency diese! generator, water {reatment equipment,
waste water {reatment equipment, substations, transmission line (fimited) -

Coalllimestone handling island

Railway siding, coal wagon unloading facility, stacker/reclaimer, crusher, belt conveyor, and
other handling facility

Civil/architecture/erection island

All civil, architectural and crection works related to the above three istands and other civil,
architectural and erection works, and not directly related to the above three istands but directly
refated to the replacing project within the premises of the power station, if any. Unloading of
equipment and materials (delivered to site) from the transportation vehicles. _

Demolishing works of the existing 'facility' and subéequent land levelling works to be

excluded.

Consullancy services

Engincering services and managerial/commercial services (assistance) in financing

management, tendering, evaluation, contract negotiation, project implementation and so forth.
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Project Schedule

The following malters are taken into consideration as critical points in planning the
construction schedule.

Procurement of funds

Selection of a consultant

Basic/definite design and preparation of tender documents

Time period required from tendesing to contract award

Civil design based upon loading data from mechanical design

Check and approval procedure of drawings submitted by Contractors
Construction and safely management

Time period required for unit trial operation, and adjustment of system/equipment

The above mentioned items (1) and (2) are largely dependent upon NEK's effective promotion.
To implement items (3){8), a competent and well-experienced consultant should be

cimployed.

The construction schedule is prepared as shown in Figure 7-2-1, referring to the construction
experiences gained on coal-fired power ptant prejects of a similar scale constructed in foreign
countries. (See Figures 7-2-2 and 7-2-3.)

Completion of F/S End of August, 1996
Fixing up of financial source (about 6 months -  year) tind of June, 1997
Selection of consultant Beginning of January, 1997

Completion of basic/definite design and tender-documents End of August, 1997

Completion of tender evaluation and contract award

- CivilfArchilecture/Erection Island Beginning of April, 1998
- Boiler, Turbire and C/H Islands Beginning of June, 1998
Commencement of civil work Beginning of April, 1998
Boiler steel erection _ Beginning of August, 1999
Boiler hydro-static test Beginning of September,

' 2000
Power receiving and commencement of trial opesation Beginning of December, 2000
nitial firing ~ Beginning of April, 2001
Synchronizing Beginning of July, 2601
Commencement of commercial operation (unit R1) Beginning of October, 2001

A scﬁedu]c for unit R2 will follow unit that for R{, 6 months behfnd.
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The following points are taken into consideration in preparation of (he above Figure 7-2-1.

In view of the balance of electricity demand/supply in Bulgaria, commercial operation shall be

scheduled to commence as carly as possible, say, in the beginning of 2000s.

From the technical and economical point of view, unit R-2 will be scheduled to operate 6

months after unit R-1.  This will enable the highest work loads and number of workers {o be
minimized. '

Boiler hydrostatic test shall not be conducted during very cold winter season faking
embrittlement of boiler pressure parts into consideration.

Load restraint and shut-down period of the existing units of ME-1 to be caused by replacing
wortks of circulating water pumps and common intake water channels shall be minimized as
much as possible. '

The construction work in winter is expected to be carried out at the same rate as in sunmer.
If there is seen a difficulty in construction work during very ceuld period, time period and
manner of construction work shall be reviewed.
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8.1

8.1.1

B

CHAPTER 8 CONSTRUCTION COST

Principle Concept of Cost Estimation
Premises for Estimation of Project Cost

A job related to projéci implementation is generally divided into two ;one is what is required
on a owner’ s side (those that a owner himself has to carry out and that a consultant has to do
for assisiing the owner) and the other is what (a) contractor(s) has (have) io do for supply,
ereclion and commissioning of équipment. '

As recommended in "Chapter 7 [’Ianmng of Project Implementation, 7.1 Contract Formation”,

 the latter job is divided into the foliowmg four (4) 1slands

(a)
b
©)
@

Botler istand
Turbine island
Coal/limestone island

Civil/architecture/e_reclion istand

A island (d) covers for civil, architectural and erection works for istands (a) through (c) and

those refated to a replacmg project.

In turn, islands (a) through (c) have to supply to a island (d} inl'o_rmalion, data and (as the case
may be) design which a island (d) requires ang further to dispatch competent supervisors for

erection and commissioning wotks.

@

(3

Contractors for islands (a) through (c) shall be decided through a process of international
compelition tender, and a contractor for a island (d) through a process of domestic competition

tender among Bulgarian companies.

In order to minimize project cost, and to stimulate/activate industry in Bulgaria, preferably a

local procurement is maximized.

It is, however, extremely difficult to tell items to be locally procured and to obtain their

. _reasonable estimation at this stage. .



“@

&)

©®

)

®

8.1.2

)

Accordingly, costs of islands (a) through (¢) are estimated in principle on a import basis and
taking into consideration rather conservatively (negatively) a cost reduction to be aftributed to
local procurement. '

In an actual contract, a local procurement will be thought much of and should rather be done.

A contract price of each island will, therefore, trend to be smaller than the estimated one.

As ameans to give positive incentive 1o local procurement, it is recommended to stipulate a

“local preferential clause” in the tender specification.

Equipment and materials to be supplied in istands (a) through (d) shall be delivered to the sile
on a free-on truck basis with the relevant insurance lodged, and their unloading from
transportation vehicles shall be undertaken by a island (d).

The existing facilities not to be re-used in replacing project shali be demolished completely by
the owner before ¢contractors have access to the sile.

In other words, the relevant demolishing cost is not included in the project cost.

All taxation épplicab!e in Bulgaria e.g. customs duly to be levied on imported goods, income
tax on daily allowancé to be paid to supervisors and engineers shall be totally exempted.

Ta.xaiion cost is not included in project cost.

Such utility as electric power and water to be required for each contractor to execute its plant
construction works at the site should be prepared and supplied to him by the owner free of
charge. '

The project costs estimated are firm as of January lét; 1996, not subj'ect to adjustment and
further expected to be valid for one (1) year thenceforth.

Project Cost Estimation Base

A total project cost was estimated lump sum-wise_,: based upon data mentioned in a technical
book published in U.S.A. as for lignite fired power plant, and based upon cost levels currently
prevailing in Japan and overseas as for cost adjustment of key components.
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Finally, compared with the market cost trends seen during the past fifteen (15) years, it was
reviewed whether each cost is reasonable or nol.

In the process of cost estimation, the following itens were taken into consideration.

Inflation ratio in the economically stable industrialized countries.
Present site conditions.

Re-use of the existing facilily.

Cost distribution pertaining to plant key components.

Cost impast of kind of fuel (change from bituminous coal to lignite). -
Assigniment of civit/architecture/erection island to local company.
Labor force cost in Bulgaria as for civil works and erection works.
Items {o be brought from cutside Bulgaria.

Exchange rate of JY100/US$

A consultant fee will vary with a range of services to be covered, their contents, service

duration and so on, and it is difticult to define them at this stage.

In view that in general a consultant fee is budgeted for with around 3 to 5 % of a project .cosl,
a lump sum of 20 MM US$ was allocated for it in this feasibility study.

Contingency was estimated to a lump sum of 20 MM USS.

In principle, a cost to be required on a PIU side should be estimated and borne by PIU himself,

and its estimation was not eliminated in this clause.

Projebt Cosl
Scope of Supply of Each Island

In this feasibility, application of a circulating type fluidized bed boiler is recommended. The
scope of supply of each island in this type thermal power plant is listed as follows.

Boiler island

Boiler proper and auxitiaries

Boiler steel struciure and bunker

Regenerative gas air heater and steam air heater
Crusher,' and coal firing equipment
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(m)
(n)

Fuel oil firing cquipment

Draught system

Electrostatic precipitator

Piping and valves

Ash handling equipment (up to ash disposal yard)

Instrumentation and control (inctuding coordination of interfacing with other islands)
Electrical equipment

Reftactory, insulation, lagging and painting

Spares

Dispatch of ereclion and commissioning supervisor

(2) Turbine istand

(a)
(b)
()
(d)
()
6y}
()
)

()
&)
(l)
(m)
(n}
(0}
()
()]
®
(s)
®
(u)
\7,
(W)
(x)

Turbine proper and appurtenant

Condenser and tube cleaning facility

Circulating water pump and screen

Feedwater heater and deaerator

Boiler feed pump

Bearing cooling system and hydrogen generating facility
Turbine bypass valve -

District heating facility

Piping and valve

Generator and appunenaht

Exciter .

Main transformer, station transformer and start-up transformier
Compressed air system -

Emesgency diesel generator

Battery system

Instrumentation and control equipment

Electrical equipment

Insulation, tagging and painting _
Water treatment equipment and waste water treatment equipment
Switch gear

Switch yard

Transmisston line and substation

Spares

Dispatch of erection and commissioning supervisor
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(3) Coalftimestone handling istand

(a)
b
{c
@)
©
0
(g)
(h)
@)
(),
x)
)

Coal receiving facility

Coal storage facility including stacker and reclaimer
Coeal transportation facility o
Coal crusher

Limestone receiving facility

Limeslone storage facility

Limestone transportation facitity

Limestone crusher

Instrumentation and ¢ontrol equipment
Electrical equipment

Spares

Dispatch of erection and commissioning supervisor

(4) Civilarchitectural/erection island

{1 Civil
(@) Screen pump pit
(b) Water intake/discharge twnnel
(¢) Cooling water piping
(d) Railway siding
(e)  Civil works for boilerisland
(O  Civil works for turbine istand
(g) Civil works for coalllimeslone handling istand
(4)-2 Archilecture
{a) Turbine house
(b) Boiler house
(c) Central control room house
(d)  Ash tripper house
() Ash handling equipment control room house
() Coal storage house
- {(g) Coalllimestone handling equipment centrol room house
(k) Limeslone storage house s
(i) EHydrogen generating facility
(j) - Water treaiment cquipment house
(k)

Waste waler treatment equipment house
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() Stack

(m) Foundation works for boiler island

(n) Foundation works for turbine island

(0) Foundation works for coal/limestone handling island

{4)-3 Ereclion

(@) Erection works for boiler island : _ , ' %
{b) Erection works for tutbine island
(c) Erection works for coal/limestone handling island

(d) Unloading and storage of equipment and materials delivered to the site

(6) Consultancy services

{a) Basic planning and design of power generation plant

(b) Additional survey to be required for arrangement of technical spec_:iﬁcation
e.g. geological survey, fuelfimestone analysis '

(¢) Detail design

(@ TOR (Terns of Reference), evaluation format for PQ (Prequaﬁﬁcalion) and execulion of
evaluation ' %
@ Document for tendering ‘
+ Technical specification (Plant Specification, General Technical Requlrement)
» Commercial specification (General Terms and Condmons Specnl Condmons)
® Assistance for execution of tendenng
@ Evaluation of proposal
(® Assistance for conlract negotiation
® Assistance for project execution
e.g. time schedule control, reporting, inspection/quality control
@ Assistance for cotnmissioning and eperation

Assistance for supervision and evaluation of performance test

{d)  Assistance for financing arrangement and control

(D Prediction of disbursement
@ Coordination and negotiation with financing source

§-6



8.2.2 Project Cost

A currency breakdown of project cost for a C-FBC type ceplacing plant is as showa below.

(Unit : MM USS$)

Foreign Currency | - Local Currency Total

1. Boiler Island 192.1 339 226.0

2. Turbine Island 90.} 15.9 106.0

3. Coalflimestone Istand 75. 134 89.1

4. Civil/Architectural/ 62.0 822 144.2
Erection Island

_ Subtotal 4199 1454 565.3

5. Consultancy Fce 20.0 -~ 200

6. Contingency 15.0 5.0 20,0

Total 4549 150.4 605.3

8.7
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Dishursement Schedule

The disbursement schedule is shown in Table 8-3-1.  The interest of during construction is

allocated based on the disbursement schedule for 8% per year as foreign portion and for 16%

)
(a)

(b}

)

per year as local portion.

The required fund for each year is estimated éccbrd_ing to the normal payment terms for
overseas thermal power plants as follows.
Mechanical and Electrical Equipmenl:

Boiler and Turbine Island

0% in the st year, 40% in the 2nd year
50% in the 31d year, 10% in the Jast year

Coal/Limestone {sland

0% in the st year, 25% in the 2nd year
55% in the 3rd year, 20% in the last year

Civil and Architecture Works

90% at a picce rate, 10% at the time of completion.

The interest during construciion (1.D.C.) is estimated as 91.9MS$, which is around 15% :of the
project cost.

3-8
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8.4

8.4.1

0y

(2)

3

@

8.4.2

Generation Cost
Estimation of Operation and Maintenance Cost

Estimated annual operation and maintenance cost for the replacing units (C-FBC, 230MW x
2u}is shown in Table 8-4-1.  Condilions adopted for this cost estimation are as follow.

Utility conéumption of coal and limestone, etc. is based on the plant design conditions.

Utility unit price is estimated on the data of NEK.
Labor cost and number of personnel are as per the planning data of NEK.
3% of the construction costs is allocated for the maintenance cost.

Annual fuel cost is estimated 30,312 x 10°$, which is cquivalent 10 1.1 cent per XWh. The
sum of cosls for wtilities (such as limestone), labor and maintenance is estimated 25,052 x
10’8, which is equivalent 1o 1.0 cent per kWh.

Estimation of Generation Cost

An estimated generation cost is shown in Table 8-4-2. The capital cost is 2.8 cent/kWh and
the operation and maintenance cost including fuel cost is 2.1 cent/kWh, A generation cost
(at sending end) is estimated 4.9 cent/kWh.



Table 8-4-1  Operation and Maintenance Cost (2 units)

Item Quantity (year) | - Uait Price Cost Note
($) $)
b Fuel cost _ .
Coal , 2x2,526x10%o0n 6 30,312x10° {+ Unit price includes 18 as
development/transportation fee.
2. Utility cost _ , .
1) Limestone 2x521x10° ton 7 7,294x10° - |+ Unit price includes 18 as
_ ' development/transportation fee.
2) Heavy oil 660 ton 97 64xl(_)’ * Unit price is based on NEK data B
3) LPG _ 80fxtd | 1307 [+20,600 Levafyear |
A) Water 2x448x10% ton 0.0003 269 * Unit price is based on NEK data
3. Labor cost 300 persons ' 2,450 735x10° |+ Unit price and personnel are based on
' : . : NEK data. : .
A » 164x10’Leva/person=2,450 $/person
4. Maintenance cost 565.3x3% _ 16,959x10° |+ Construstion cost: 5653
Total of 2-4 ' ' 25.052x10° [O/M Cost
Grand Total 55.364x10°

Note) - Annual electricily generation (at sending end): 2 x 230,000kW x 24 %365 x (1-0.07) x 0.7
=2,623 x 10° kWh
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Table 8-4-2

Trial Calculation of Generation Cost

item Unit Cost Note
1. Total Construction Cost M$ 697.2 Project cost  605.3M$
ID.C. 91.9M$
2. Life Time Yearts 30
3. Discount Rate % 10
4. Capital Recovery Faclor % 10.6
5. Annual Capital Cost M$ 74
6. Annual Generation kWh kWh 2,623 % 10° Sending End
7. Capital Cost per kWh C/kWh 2.8
8. O/M Cost per kWh C/kWh 1.0 25,052 x 10° $/year
9. Coal Price $/ton 6.0
10. Coal Calorie kéalfkg 1,686 (wet, HH.V.)
11. Themal Efficiency % 285 (wet, HH.V.)
12. Heat Rate kcal/kWh 3,018
13. Coal Consumption for kWh kg/kWh 1,79
14.  Fuet Cost per kWh C/kWh 1.1
15. Generation Cost C/kWh 4.9 Sending End
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