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Layout

Figure 6-3-1 and 6-3-2 show layout of the power plant.
Turbine buildings for units Rl and R2 of a replacing plant will be extended 153m in a
northern direction from a point 58m north of the turbine building for remaining unit nos. 1 ~ 4

in use.

A new self standing I-tower 2-flow type stack of 180m high will be installed at the center of |
units R1 and R2 of a replacing plant.

Ash treatment unit will be allocated between electrostatic precipitators for units R1 and R2 of
a replacing plant.  Ash is transferred to railway freights to transport to outside through a
storage tank.

A waste waler trealment equipment will be allocated north west of a new stack.

A station water treatment equipinent will be allocaled north of a reclaimed ash disposal site,

A coal storage yard will be allocated at the ash disposal site.

A limestone storage place will be allocated at the reclaimed ash disposal site.
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Material Balance and Schematic Diagram on Boller

Figure 6-4-1 shows materia! balance and schematic diagrant on the boiler side. The brief

process of each syslem is as described below.

Lignite supplying system
Fuel tignite is supplied to the boiler through the following process.

Lignite is crushed to less than 40mm by crusher located between the coal storage place and
the boiler building, and supplied to coal bunker in the boiler building.

The coal bunker is so designed that bunker walls have a 72° inclination, in order to prevem

: cloggmg Seven bunkers are provided per ynit,

There are seven coal storage bunkers and one of seven bunkers is for spare. Six storage
_bunkers hold a capacily of a 6-hour operation at MCR, and coal delivery is continuously

performed for 24 hours.

Lignite discharged from the coal storage bunker is crushed to lcss than l2mm by means of

coal crushers and suppllcd to seven coal i‘eed bunkers.

Lignite through coal feeders (two feeders per coal feed bunker) from the coal feed bunker

drops into the furnace bottom by gravily.

Limestone éupplyin £ systen .

Limestone, desulfurizing agént, is supplied to the boiler throu gh the following process. -

Limestone is crushed 1o less than 50mm by crushers located between the limestone storage
place and the boiler building and supplied to limestone bunkess in the boiler building.

Limestone d:iséharged from the limestone storage bunker is crushed to less than 3mm by
means of limestone ceushers and supplied to the limestone feed bunkers,

Limestone discharged from the limestone feed bunker by means of a rotary valve is su pplied
to lignite feeding tube by air and then supplied to the fumace boltorm together with lignite,



(3)  Airfeed system
(@) Combustion air from FDF is divided to ﬂuldlzmg air (pﬂmary air) and combuslion air

(secondary air) branched afler pressunzed by means of the FDF.

(b} Primary air is pressurized through PAF (primary air fan) and heated up through GAH (gas
air heater) and then supplied into the furnace from a wind box.

(c) Secondary air also is heated up through GAH and supplied to the upper furnace for
' combustion and NOx control.

{(4) Gassystem
(a) Combuslion gas from the fumace 1s infroduced 1o a cyclone, where bed matenal (unbuml

lignite, burnt ash, generated gypsum and unreacted limestone) is separaled

(b) Separated bed material is returned to the furnace bottom through a recirculating line, which
contributes to higher combustion efficiency and for furnace temperature control.

(¢) On the other hand, combustion gas separated through the cyclone is led to heat recovery
area and undérgoes heat exchange. Fluc gas leavihg a boiler is_in[rodliced to GAH to heat
vp air. After dust is removed by electrostatic precihilalor, the flue gas is dischafged from a
stack through the JDF.

(5)  Ash treatment system
(a) Bed material is pulled out of the furnace botlom, cooled by a bed material cooler and

transferred by vacuum to an ash transit tank.

{b) Combustion ash and generated gypsum discharged from economiser hoppers, GAH hoppers
and electrostatic precipitator hoppers are transferred by vacuum 1o an ash transit tank.

(¢) Combustion ash and generated gypsum cpllccted in the ash transit tank are lran_sifgrred to ash
disposal place through an ash storage silo.
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6.5

- 6.5.1

6.5.2

Turbine Cycle Heat Balance
In Case of 230MW Rated OQutput {Without the District Heating}

Figure 6-5-1 shows a heat balance diagram at 230MW (without district heating). A turbing
cycle heat rate at the rated output of 230MW is 1,906 keal/kWh (45.12%).

In Case of 200MW Rated Output (With the District Heating)

Figure 6-5-2 shows a heat batance diagram at 200MW (with district heating). A turbine cycle
heat rate at the rated oulput of 200MW is 1,841 kcal/k\Wh (46.7%).
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6.6  Boiler Equipment
6.6.1 Boiler Design Con@iitlons
(1) Unitoutput . 230MW (ECR)
(2) Boilertype . Circulating fluidized bed combustion boeiler {C-FBC)

(3) Steam conditions at MCR

(8 Main steam flow : 70 th

{b) Main steam pressure © 173 kg/em’z  (at boiler outlet)
(c) Main steam temperature : 541°C (at boiler outlet)
(d) Reheated steam temperature : 541°C (at boiler outlet)

(4) Economiser inlel water temperalure
(at MCR) 1 252°C

(5) Draught system . Balanced

{6) Restrictions of emission {stack exit, on the basis of 0,=6%)

{(ay 802 : More than 90% of desulfurization efficiency
(b) NKOx : Less than 600mg/m3N (292ppm) -
(c} Dust _ . Less than 100mg/m3N
(d) CO ' :  Less than 250mg/m]N (200ppm)
() Boilerside view . Shownin Figure 6-6-1

6.6.2 Boiler Equipment Specification

Specifications for 1 plant design are as follows.

(1) Boiler Equipment

{a} Boiler pressure parts

1} Furnace

Type . . Natural circulation, water cooled, welded membiane -

construclion



2) Drum

Type . Single drum provided with steam separators, welded
construction
3} Cyclone
Type : Centrifugal separation
Catching efliciency . More than 99.5%

4) Super heater

Type | | . Convection and if any radiant-

5} Reheater

Type : Conveetion

6) Fuel economizer

Type . Baretube

(b) Boiler casing

Type :  Covered with corrugated steel plate

{¢)  Air preheater (GAH)

1) Specification
Type . Regenerative, bi-sector
* Quantity : Tunit
2) Temperature conditions
GAH outlet gas temperature @ 165°C (MCR}
GAH inlet air temperature : 65°C{MCR)
(d)  Steamair preheater (SAH)
1} Specification

Type . Finned tube
Quanlity : lunit



2) Temperature conditions

SAH outlet gas teraperature 65°C (MCR)
SAH inlet air temperalure 40°C (MCR)
(e} Soot blower
Type :  Automatic or manual operated, steam injection lype

() Airductand flue

Type

Steel plate welded construction

(2)  Coal and limestone supplying equipment

(a) Coalsy pplyin'g equipment

1) Coal storage bunker

Type Steel plate lined with antifriction material
Quantity 7 units {one for spare)
Capacity 6 hour operation at MCR/6 bunkers
2) Coal crusher
Type Hémmér
Quantity 7 (one for spare)
Capacity 70 t/hW/crusher
3) Coal feed bunker
Type Steel plate lined with antifriclion material
Quantity 7 units (one for spare)
Capacity . 2 hour operation at MCR/6 bunkers
4) Coal feeder
Type Enclosed belt, gravimelric
Quantity 14 units
Capacity 50 vhifeeder
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5) Coal chute

Type
Quantity

(b) Limestone transportation equipment

1) Limestone storage bunker

Type
Capacity

2) Limestone crusher

Type
Capacity

3) Limestone feed bunker

Type

4) Limestone rotary valve
Type
Capacity
(3) Heavy oil burning equipment
{a) Heavy oil burner
Type
Capacity
(b) Start up burner
Type
Capacity
(4) Duafl fan
(a) Forced draft fan (FDF)

Type
Quantity

Chute provided with air spreaders

14

- Steel piate

6 hour operation at MCR

Hammer type
90 th

Steel plate

Rotary
90 th

Lance, steam atomized
30% MCR

Electric ignited, duct burer
15% MCR

Centrifugat

2 units
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(b) Primary air fan (PAF)
Type . : Centrifugal
Quantity 2 units

(¢) Induced drafi fan (1DF)

Type : Centrifugal
% Quantity - - ‘ © 2 units
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6.7
6.7.1
| N
(@

(b

©

(d)

Steam Turbine
Steam Tu rbing

Design Conditions

Turbine Rated Output (Design point)

“The rated oulput of steam turbine generator at the generator temninal is 200MW with the
district heating and is 230MW without district healing at the rated inlet steam conditions
and 50 mmlg abs. of exhaust pressure. ' o

- Condenser inlet cooling water teinperature is 21°C.

Capabitity Condition
Steam turbine is capablé of generaling the electric power of 200MW with the district
heating and of 230MW without district healing at the rated inlet sleam conditions and

90mmHg abs. of lurBinc cxhaust pressure without any make-up water.

Maximum condénser inlet cooling water temperature is 32°C.

Maximum Continuous Rating (MCR)

Steam turbine shall be ensured (o be able to gcnerafc the output not less than 200MW with
the district heating and 230MW without the district heating al the rated inlet steam
conditions and 50mmHg abs. of exhaust pressure,

The inlet steam flow al maximum continuous rating shall be offered by a turbine

manufacturer.

Steam Conditions

It is preferable for design of a turbine having higher efficiency to adopt the higher
temperature and higher pressure steam condition.

However, the following sub-critical steam condition is adopted for this plant considering the
unit capacity, operability and maintainability.

Main steam pressure at turbine inlet . 169 kg/em’g (=16.7MPa)
Main steam temperature af turbine inlet  ; 538°C '

Reheat steam temperature at turbine inlet : 538°C
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{¢) Design of turbine exhaust pressure

Tutbine rated exhaust pressure is SOmmtg (when lake water temperature is water 21°C).
integrally taking into consideration the annual average cooling water temperature, operating
conditions and allowable temperature rise of condenser cooling water (A T=7°C from

environmental protection point of view), fuel consumption and so forth.

(2) Study Results

(a) Speéiﬁcation of Steam Turbine

@ Type : Tandem compound, two cylinder, double flow-exhaust, reheat
turbine '
@ Number 1 Two(2)
(3 Ratedoutput  : 230 MWV without the district heating o
~ 200MW with the disirict heating -
@ Steam conditions : Main steam pressure ' 169 k'gfcm’g'(at turbine inlet)

Main steam _iefnperalure 538°C (at turbine inlet)

Reheat steam temperature 538°C (at turbine inlet) |
(® Exhaust pressure : 50 mmHg. abs. (at the rated condition)

90 mmHg. abs. (at the capability condi(ion).
@ Speed ;3,000 1pm - ' '
Governing system: High pressure type EHC system

(b) Steam Turbine Auxiliaries

Type and number of steam turbine auxiliaries for Maritsa East No.1 Power Plant Units R1
and R2 are selected hereunder.  The number is shown per Unit.

@ Main oil tank
One (1) main oil tank per unit is installed on the ground floer in the turbine building.

@ Auuiliary oil punp

One (1) auxiliary oil pump is instailed on the main oil tank in order to save the space.

@ Jacking oil pump

Generally, urbine manufacturer will determine whether or not jacking oit pump will be -
provided, as per its design criteria.
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In case jacking oil pump is provided, one pump is provided because this pump is only
operated only at the turbing. '

@ Gland steam condenser

One (1) gland steam condenser is provided.

® Turbine bypass system

HP/LP turbine bypass system is adopted due to the following. reasons.

1) To improve the characteristics of plant start up
2) To protect boiler at the emergency stop of the unit

® Condenser

1) Coﬂde:ns_e_r isof one (1) péss type and its water box shall be divided into two (2) boxes.

2) 90-10 Cupro-Nickel tube is adopted for the condehsér fube material taking into
consideration the water quality of Rozovkladnetz Lake.

3) Dissolved oxygen in the condenser is 0.03cc/l at this steam condition.

@ Circulating water pump

1) The number of circulating water pump is two {2) sets for each unit and one (1) set for
common, five (5) sets in total. _ | :

2) Capacily of pump is 50% at the rated cooling water flow.

3) Asfor pump materials, stainless stee! which is excellent for anti-corrosion is adopted for

pump main parts, taking account of cooling waler quali’ty and olhér_ reasons.

Condensate pump

1} Capacity of condensate pump is 100% per pump at rated condensate flow.

2) The number of pump is two (2) scis because reliabitity of pump itself is increased.
3} Type of pump is of vertical niulti-stage pit can with suction strainer.

4) Malerial of main paris is as follows.

+ Impeller: Stainless stecl

- Casing : Castiron or Steel casting
-_Shaﬂ . Stainless steel
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@ Feedwater heater

) Type of high pressure and low pressure feedwaler heaters are horizontal U tube type
taking into consideration its operability and maintainability.
2) Material of main parts is as follows.
a. Tube materials S
- High pressure feedwater heater :  Carbon stecl
» Low pressure feedwater heater :  Stainless steel: -
b, Shell and tube plate: JIS SF490, SBA50 or equivatent

@ Deacrator

1) Type of deaerator is of spray cum (ray type which has many experiences in this class.

2} Capacity of deacrator tank is about 80m’ to 100m* on 156MW to 600MW unit, and a
tank is sized as follows.
a. Dimension of tank:  Innet diamctcr 3,500mm, length about 14,000mm
b. Weightoftank: 59ton when empty, 240ton when filled with water

@ Boiler feed pump

1) Capacity of pump is 50% at rated feed water flow.
2) The number of pump is three (3) sels taking account of reliability and experiences.
3) Type of pump is of motor driven, variable pitch, horizontal, mu!li;slage barrel fype with
booster pump and water seal syslem, | -
4) Material for main parts is as follows.
« Impeller ; Stainless steel caslmg
- Casing : Stamless steel _
. Shat  : Stainless steel casting

@ Bearing cooling water pump

1) The number of pump is two (2) sels takmg account of rel:a'mhly and expenences
2) Capac;ly of pump is 50% at rated cooling water flow.
3) Type of pump is of horizontal volute.
4y Material for main parts is as follows.
+ linpeller : Bronze casting
+ Casing : Castiron
« Shaft : Carbon steel
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- @ Airextraction system

t) Steam jet air ¢jector which is advantageous in cost and maintainability is adopted for air
extraction system. '
2) The number of air extraction system is one (1) set per unit.

(3) Recommendation and matters 1o be considered

Turbine auxiliaries have basically no stand-by unit, considering reduction of equipment cost.
However, it is necessary to decide the number of turbine auxiliaries considering the
operator’ s technique in operanon and mamtenance and easiness of the spare parts

procurement, at the detall dmgn stage.

6.7.2 General Arran.gem'ent in the Turbine Building

(1} Design conditions

(@ Apatof the existing turbine 'building- shalt be reused. _Howeveﬂ it is necessary to extend
the turbine building to 85.25m or 95.25m because the newly installed stack and gas ducts
are interfered by the existing coal dryer factory. '

g! {b) The steam turbine and generator shall be alranged perpendlcular to the turbme bmldmg
(heremaﬂer called “Itype arran gement”)

{¢) The turbine building has two ﬂoors;‘the ground floor and operating floor. New operating
floor level should be same as the existing one because the existing overhead travelling crane

is reused.

(D) Unloadmg area for erection and mamtenance of main equlpmem shall be preparcd at
lransf‘omler side. ' '

(2) " Results of sludy

(a) General arrangement on the ground floor (GL+200 Figure 6-7-1)

S
;, @ Mam oil tanks, boiler feed pumps, bearing cooling water pumps, seal oil equipment, the
heat exchangér for the district heating and the unloading area, etc. are inslalled on the

ground floor.
@ Condensers and condensate pumps shall be mstalled on the undc;grou nd level (GL-4500).

@ Opening for the tube pulling space shall be installed on the ground floor,
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(b) = General arrangement on the operating floor (G1+8000, Figure 6-7-2)

(D As the dismanlling and inspection of the turbine generators IS planned to be carried out on
the operaling floor, the operating floor shall be fully covered with tile. However, the
opening should be provided with grating for the dismantling and inspection of main pump,
and for the put infout of the main equipment.

(@ Steam turbine, tutbine generator, e_xciter_, AVR, power center, etc. are installed on the

operaling floor.

(c) ' General arréhgemenl’ af éach floor in the deaerator bay (Figufe 6-7-1, 6-7-2)

@ The deacrator shall be installed on the level (GL120,000) which is same as the existing
deaerator level because a part of the existing deaerator bay is reused.

@ Each feedwater heater shall be installed on the same level of operating floor and ground
floor level. o i |

@ In case the veitical feedwater heaters are instalied, 22m height is necessary belween the
installed floor level and level of the overhead travelling crane hook because the length of
the feedwater heater is about 12m and the space for tube pulling is about lﬁm Hb‘{'ever
as the clearance between the ground foor level and the crane level IS about 18m, the
vertical feedwater heates can not be adopted

(@) Section of turbine building (Figure 6-7-3)

The operating floor level shall be same as the existing opefaling floor level (G1.+8,000) and
the ground floor level shall be standard level (G1.+200).

(3) Recommendation and matters to be studied

(a) Confirmation of operating floor level

The operalmg floor level (GL+8 000) of the reconstructed plant shall be same as lhe exsstmg
operating floor level because the existing overhead travelling crane is reused.

However, it is necessary to study whether or not the clearance between the operating floor
level and the overhead travelling crane hook level is big enough to dismanite and inspect a
turbine generator, ' *

(b)  General arrangement of steam turbine generator

I type arrangement is employed in this report.  However, in case of adopting the PCF bailer,
" it is possible to arrange the turbine genefator'parallel to the Iohg decection of the turbine

building (hereinafler called “T type arrangement™) because the fength of the turbine

building is long. '
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6.7.3 Condenser and Circulating Water System
(1) Design condition

(8 Condenser .

@ Type

@ Turbine exhaust pressure

@ Inlet cooling water temperature -
: 085
: 458 th (at 230MW)

@ Cleanliness factor
® Turbine exhaust steam flow

@ Tuibine exhausl steam enthalpy :

@ Condensertube

Number of tube pass (N)

@ Velocity of cooling water in

tubes (V) '

@ Condensate water temperature

(b) Circulating water system

: One (1) pass, horizontal surface type, divided water

box

: 50 mmHg abs.

21°C (Design point)

565.3 keal’kg

: » Tube material should be selected based on the water

quality of the Lake Rozovkladnetz,
s Size and thickness should be selected by the tube

- material,
1 One{l)
;2.0 m/fsec.

: 38.4°C (saturated temperature at S0 mmig abs)

The circﬁlating water system of the replacing plant is shown in the Figure 6-7-4.

(c)} Circulating water facilities

(D Intake and discharge water channels

A part of common intake water channels and discharge channels should be re-used as

described initern 5.4.1.

However, channels between common' intake/discharge water channels and condensers

shoutd be newly constructed.

@ Screen facility for intake water channel

Bar screcn shoutd be newly installed.
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@ Circulating water pumps

Circulating water pumps should be replaced to the new pumps. It is, however, necessary
to modify the existing pump house.

(2)  Study results

(a) Ceondenser ‘ ' | %
(@ Cendenser sutface area : 6,990 m’
@ Number of condenser tube : 7,060
@ Distance belween fube sheets 1 9,918mm
@ Tube material o 90-10 cupro-nikkte _
® Tube size : Outer diameter  31.75mm  Thickness  1.00mm

Effective length  9,918mm

(b} Calculation to decide specification of condenser

(D Heat duty (H) when 230 MW 242.25 & 10° (kcal/hr)

1) Tusbine exhaust steam : (565.3-384)x 458,168.4¥24l A1 x 10° (kcal/hr)
2) Feedwater heater drain, etc.  : 0.84 x 10° (keal/hr) |

(@) Heat transfer rate (K)

The heat transfer rate (K) is calculated based on the following formula derived from the
Standards for Steam Condenser of the Heat Exchange Inslitute.

K = CxJ\?xCGCmec
= 2550 kc_alr’m’h"C

where,

C : Coeflicient of basic heat transfer 1ate {=2,290) (judging from the outerdiameter)

V :  Velocily of cooling water in tubes (ﬂ2.0_ m/sec.) '

C, : Corrcction factor based on the cooling water temperature at 21°C (=099 %
Ca @ Correction factor based on the malterial and thickness of 'tubes'(ro'.9'275) ‘

C. : ‘Tube cleanliness factor (=0.85)
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@ Temperature rise of cooling water (At)

M= (-t)x{]- -J;)
e

It

6.87°C < 7°C
whete,

t, = 384°C, {,=21°C

- NxKxLxF:
3,600xVxC, -y

= {.5023

N : Number of fube pass (= 1)
K : Kvalueie. Overall heat transfer rate (2,550 kcal/m’h°C)
L. : Tubelength(=9.918m) s

F : Faclor based on tube diameter
_ nx(0.D)
1x(0.D-2xT) /4
=143
V : 20mfsec
Cpy:  Specific heat x specific gravity (= 1000 keal/m*°C) -
¢ = 16525

@ Required quantity of cooling water (Q)

H
Q T s
AM-Cp-y
= 35342 m*/hr-
= 9.817 m¥/sec.
where,

H = 24225 x 10%kcal/hr.
M = 7C
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® Condenser surface area (F)
H
K-m

6,985.3 m’

F =

fi

where,

H = 242.25x t0%keal/hr.
K = 2,550 keal/m*heC
‘1_’2

(G =1-1,0,=1-1)
In-L
2

= 13.6 °K

® Number of tubes (Ny)

Qo
7 x(0.D- 20"

7,061

Ny

it

where,

Q = 9817 msec
OD.=003175m"
t = 000lm

(@ Distance between tube sheets (L)

F
L = _
ax0.Dx Nr
= 9918m
where,

F = 69853m’
O.D=003175m
Nr = 7.061
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(©)

Condenser Tube Materials

A condenser tube material shall careflully be selected in consideration of various technical

and economical factors for actual application.

Cupro-nickel fube (90-10 Cu-Ni) is adopted for condenser tube for the following reasons.

Generally, alminium brass material has been adopted in many thermal power stations which
use sea water for cooling water system. In the meantime, it is necessary to select the

material which is anti-erosive against sand, etc. in the water because lake water (fresh water)

is used as cooling water of the Maritsa East No.1 Power Plant.

Figure 6-7-1 shows the corrosion and erosion characteristics of various materials,

Table 6-7-1  Corrosion and evosion characteristics of various materials

Subject Admirélty Aluminium| 90-10 | 70-30 | Staintess | Titanim

Brass Brass Cu-Ni | Cu-Ni | Steel
General Corrosion 2 3 4 4 5 6
Erosion-Corrosion 2 2 4 5 6 6
I’uiiling (Operation) 4 4 5 5 &(4)*! 6
Pitting (Shuldown) 2 2 5 4 S(1) 6
High Water Velocity 3 3 4 s 6 6
Inlet Attack 2 2 3 4 6 6
Steanvdrain Attack 2 2 3 4 6 | 6
Stress Corrosion 1 1 6 3 6 6
CI Attack 3 5 6 5 1 6
NH; Attack 3 2 4 5 6 6
Notes: 1. *} For sea water use

2. Number shoiws resistivity 6 (Max.) to 1 (Min.)
3. For stainless steel and titanium, seamless tube are applied.

From the above table, titanium tube shows excellent resistivity compared with the other

tube materials. Recently, titanium tube material has been adopted in many thermal
power plants not only in Japan but also in many other couniries in order to improve

reliabitity of condenser and to achieve more increased plant utilization factoss.

However, titanium material is much more expensive than other tube materials.
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Therefore, adopted for this replacing plant shall be 90-10 cupro-nickel tube material
which has better heat conduclivity and _is cheaper than other tube materiats.

(d) Circulating Water Facilities
(D Sumimary of Circulating Water System
1} Type : Vertical mixed-flow pump

2) Number : Five (5) sets per two (2) units (one set for common standby)
3) Capacily : 18,700m’hr/pump - '

a. Quantity of condenser cooling water : 35,342 m*/hr

Quantity of cooling water for bearing

* cooling water heat exchanger : 1,873 m'fhr
Quantity of water for other use : 100 m*hr ‘
d. Total S : 37,315 m'hr
e. Required capacilyof pump 1 18,700 m’/hr

4) Totalhead: 16.7 mAq
. a Statichead loss . hfy =0.3 mAq (according to Appendix 6-7-1)
b, Maximum water level difference :
" between pump station and
discharge channel : hf;=1.446 mAq
~ (according to Appendix 6-7-])
¢. Head loss thiough common '
discharge channel . hp; = 1.654 mAq
(according 1o Appendix 6-7-1))
~d. Piping head loss between common ‘ |
intake water channel and No.5
condenser 7 L hp=37 8 mAq
¢. Condenser head loss - he=3.92mAg
Piping head loss between No.R1

condenser and discharge water

channel @ hpy=5.54mAq
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g. Required head
Total of a. thru f. ='16.64 mAg

Therefore, in addition to total value, required head shall be 16.7 mAq with a margine.

S) Capacity of motor: 1,200 kW

a. Required shafl power

p 0.163xy xQxH
i
= 998 kW
where,
Y : Specific gravity (= 1.000)

Q Water quantity (= 311,67 m*/min.)
H : Head(=167m)
n Pump efficiency (= 0.85)

b. Motor power
The motor power shall be equivalent to or more than the following whichever
larger.
i) Shaft power at design pointx 1.2
it) Shaft power at shut off point
Therefore, the shafl power shall be 1,200 kW.

@ Calculation of Circulating Water Pump Head

a. Pump head (1) shall be the total value of the following head loss with a margine.
H=hf; + hf; + hp, + hp; + he + hp;
According to the calculation of intake and discharge tunnel head loss, pump head is
calculated based on the maximum head loss when unit Nos.3 thru R1 are operated.

1) Static head loss _ © 1 hfy (according to Appendix 6-7-1)
2) Maximum water level difference between

pump station and discharge channel : hfy (according to Appendix 6-7-1)
3) Head loss of common discharge channel 1 hp; (according to Appendix 6-7-1)
4) Piping head toss between conimeon intake -

water channel and No.R1 condenser ¢ hpy
5) Condenser head loss : : he
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6) Piping head loss between No.R1
condenser and discharge water channel : hp

Piping head loss between common intake water channel and No.R1 condenser:

1) Piping head loss (Darcy’s Formula)

L.
D 2g
= 0.070mmAq

h]}n = A-

where,
0.0005.

A : Losscoefficient=0.020+

=.0202
V @ Velocity=2724m/s
Piping diameter =22 m

- O

Piping length =20 m
2) Valve and fitting head loss

p?

2

h, +hy +h.+hy

0735+ 1.750+0.175+ 1.05
3.71 mAq

hp = -

i

it

i) 45°clbow: (1.5 mdia x2), V=153857 m/sec.
h, = 021x1.750x2
=" 0735

ii} Ypiece: (1.5mdia x2)
h = 05x1.750x2
= 1.750

- iify. Expansion joint: (2_.2 mdia. x 2), V=2.724 m/sec.

he = 0D5xE750x2
= 0,175
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iv) Butterfly valve: (1.5 mdia x2)
hy = 03x1750x2
= 1.05

3} Piping head loss between common intake water channet and No.R1 condenset

I

hpay + hpzi
0.070+371
3.78 mAg

hpz

I

c. Condenser head loss: hec
1) Specification of condenser

i)  Condenser tubes

« Outer diameter :  31.75mm
- Thickness . 1.000 mm
+ Length . 9918mm

fi) Numberofpasses : One(l)
iii}y Velocity 1 2.0 m/sec.

2) Head loss {according to the Standard for Steam Surface Condenser of the Heat

Exchanger Institute)

i) Head loss per one (1) meter of tube length : 0.15mAq
ii) Tube head loss at 21°C (cooling water temperature) : 1.488 mAq
| (= i) x tube length x number of pass) (=0.15x9918x 1)
iii) Water box head loss at 21°C 1 0.52mAq
o =024+ 021 +0.07)
_iv) Total head loss B | . 2008 mAq
(= ii) +iii)) " {=1488+0.52)

8. Piping head loss between No.R1 condenser and dischérgc water channel:  hpy

1) Piping head loss (Darcy’s Formula)

L v
hps| = A — ot ——
P D 2g

= {.070 mAq
where,

A L.oss cocflicient = 0,020 + 0-0305_
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=(.0202

\Y Velocity = 2.724 m/s
D Piping diameter=2.2 m
L

Piping length =20 m

2) Valve and fiiting head loss

v
T ha+hb+hc+hd
2g

371 mAq

]

hpjz

i) 45°clbow: (1.5mdia x2), V=75857 m/sec.
h, 021 x 1.750x2 ‘
0.735

I

1t

ii) Ypiece: (1.5mdia x2)
hs 0.5x1.750x 2
1.750

It

iti) Expansion joint: {2.2 mdia x2), V=2.724 m/sec.
he = 005x1.750x2
= 0175

iv) Bulterfyvalve: (1.5 mdia x2)
ly = 03x1.750x2 '
= 105

3) Head loss of strainer for ball cleaning system

hpy;s= 0.15mAq

4) Piping discharge head loss .
Vll - sz

T —mm—

2g
1.61 mAg

o

hpsa

where,
t : 1.0
Vi o 5857TmAq
V:: 1651mAq
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5) Piping head loss between No.R1 condenser and discharge watér channet

bp; = hpyy +hpya + hpys + hpsg
0070 +3.7140.15+£.6]
5.54 mAq

i

It

(N AirRemoval Equipment

Removal of air from a steam condenser may be accomplished either by a steam jet air
ejector or by a mechanical pump.  For the teplacing plant, steam jet air ejectors are planned
1o be applied.

Capacity and number of equipment are decided according ',lo the H.E.I. Standard. (Heat
Exchanger Institute, US.A} '

@ Main Ejector

1) Type : Twin element, two stage, steam jet air ejector with commion inter and after
: coolers :
2) Capacity : Extracting air and vapor mixture with 25.4 mmHg abs. suction pressure and
4.2°C under ¢ool
_ Dry air  25.5kghr
3) Number : One (1) set

@ Starting air ejector

1) Type : Single clement, single stage
2) Capacily : Air suction capacity 1,850 kg/hr (dry air)
3) Number : One(l)set '

(g) Condenser Protection System

(D Scteen system’

1) As the condenser cooling water is taken in from Lake Rozovkladaetz, there is a
possibility that foreign materials, such as picces of wood, polyviny} and other dumped
materials wilt be sucked into the inlets.

Therefore, a suifable screen system should be provided 1o preveat the condenser from
damage which may be caused by these floaling and suspended materials.
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(h)

2)

For the screen system in the circulating water pump pit, a bar screen with bucket rake
should be provided similarly to the ex;slmg one because the emstmg pump plt and
house will be reused. '

@ Continuous Cleaning System for Condenser Tubes

1)

2)

3)

As for the condenser tube cleaning system, a ball cleaning system will be adopted. At
present, lhls sysiem is \Vldely used as an effective cleanmg system in many power
plams ' '

Numercus sponge balls are charged in the condenser cooling water just ahead of the
inlet water box and pass through condense tubes, hence the inside of the tubes is
automatically cleaned with the aid of cooling water differential pressure. These balls
are then captured by a ball catcher, called a "strainer”, collected at a ball collector and
tecirculated by the recirculation pu mp. |

The balls, which have been injcclcd_inlo circulating water, should be collected and
recirculated in a way that no balls become trapped in any part of the system. Therefore,
the recovery rate of the balls is a highly important controlling factor.

Replacing Works and Operation of the Circulating Water Pump

The existing citculaling water pumps should be replaced due to deterioration.  And during

the replacing works of the existing pumps, the operation methods of the existing pumps and

units are investigated hereunder,

@ Outline of the circulating water syslem

The following figure shows the flow d:agram of the circulating water system of lhe

existing unit Nos.| thru 6.
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Condenser

C.w.p Unit 1 Unit2] - |Unit3 Unit 4 Unit 5| |Unit6
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“hannel A | ¢ : i : N P
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Coinmon Discharge Water Charmel B

Flow diagram of the circulating water system

@ Basic condition of replacing works of the circulaling water giump '
1) The two (2) common discharge water channels (2,200 ¢/channel) will be reused.

2) All of the existing circulating water pump ate replaced and its works shall meet the
construction schedule of unit Nos.R1 and R2.

' 3)‘ _The number of newly mﬂalled pump shall be two (2) sets per unit each rated at 50%
" and one slandby pump for commpn use. Accordmgly, five (5) pumps is total for unit
NosRiandR2. B

4) As shown in above- mentioned [" igure, one (1) common intake water channel shall be

used for each unit, @xclu swely

5) The existing pumps shall be replaced step by step in order not to reduce the clectric

power generation,



@ Replacing works and punip eperation

1) Schedule for replacing works of C.W. pump

a.  Main schedule

Stt WP US SN M
UnitNoR1 X2 v v v v
UnitNo.R2 - v A2 V. N ¥
(Notes: W/P:  Waler Passing, I/S: Initial Steam, SN: Syncronizing, |

CM: Commissioning)

b. Pump replacing work

Nos.1,2 pumps  Nos.3~5 pumps
F——t =

c. Pump operation
Existing New
2013 pumpsI Nos.3 ilo 5 | Nos. 1 3i 2 - New Nos.1 to 4 pumps
[ .

1 T

" Allpumps

d. Unit output
l #itod | #llo4i l#lt04} #ltof.l. ! #StoRl}
Ratedload 'Halfload \ ~Halftoad Raledload = Rated toad 1’
' #1 to 4Rated load #R1 & R2Rated 1dad

2} Pump management

During the replacing works of the exisling pumps, the pump opcration management,
unit output and flow of cooling water are described in the following items.

a. Atthe replacing the existing Nos.1 and 2 pumps
Two (2) pumps among Nos.3 thru 5 will be operated.
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b. After completion of installation of new Nos.I and 2 pumps
When unit Nos.1 thru 4 are operated at rated load, two (2) pump among Nos.1, 3
and 4 are operated. '

When unit R} is put inte trail operation, all pumps are operated.

N

Condenser

cwe. Juaitt | usiez| [usies| [unice] fositre| iunicr2

™ Y Y Y A T F W “. T - i:"i':
New [ | 1 r . s I H
s 1 [ [ | ’ [ : . .
1 N 1 . ] .
New Nt Tl \'il\ s R
) e v . v o e - e Pl
ommon v vl ' 1o P
Intake Wale: : : : : : : : : I HE
hamem 1 I | ' Lot AR
b Lo bk 3 et i i
" r r ror PO . :-' Pl
Coxmncn S 1 ¢ v HE H
Intake Water ' ? ' : : v I
Chasninel B . . P - ; .1 i P
.......-..Y.'.r..-.'.'.......'..L......s. _V..¥ :
Conunon Discharge Water Channel A ¢ : ;’ ; i3

*I-.-n---.-----’-il- - . om oo

Commeon Discharge Wafer Channel B

c. Atreplacing the Nos.3 thru 5 pumps
As the comimon intake waler channel A is used, unit Nos.1 thru 4 are operated at
“half load and new Nos.1 and 2 punips are operated.
-When unit R1 is pul into trial operalion, unit Nos.1 thru 4 are stopped because the

cooling waler is not available enough for unit Nos. | thru 4.
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"~ Condenser

C.WP Unit Unit2] [Unit3| [Unitd] [UnitRI UmtR2
A5 YT, 4 X : 2T ' e '
J : O A
New .l L v SN RERRRE
v o NS \l . ) \L . L A A
o ST VU [T} | W " - FI S A
New S A A P R
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X Intake Water] ' ¢ Ve Lo i HEEE A
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Conunon Discharge Water Channel B

d. After replacement of the existing Nos.3 thru S pumps (No.3 pump is stand-by)
When unit Nos.1 thru 4 are operated at rated load, Nos.1 and 4 pumps or Nos.2 and
5 pumps are operated.

When unit R1 is put into trial operation, all pumps are operated.

e

Condenser

unit3} | Unita| [unitRY] bnitra

¥y T & F AR L S

1 . | . [ I ] 11 . ' HE

1 [T ) [ (I R S

' oo

L LI . NI I DR B B

v r - Jeor P bl 35

» 1o v Vs ? i

Intake Wat ' ' ' P P

Channel A ) X e I I

Tow - .Y Wt DU T N LR R I

New ¢ r v r rr v r r g I

Comimon 1 s ! v 1o o P
New Intake Water * *. 2 o o . :
Channel B . e .t o2 gL g :
PR 25T AU AU SRS :
Common Discharge WateFChannel A ¥ ; : :

Common Discharge Water Channel B ' %

e Afterunit R1 is commissioned

The existing unit Nos.1 and 2 are stopped and new four (4) pumps are operated.
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. After unit R2 is commissioned

The existing unit Nos.3 and 4 are stopped and new four (4) pumps ace operated.

_ Condenser
Unit R} |Unit R]
F O LY Y Y
[] [ 2 3
] [] £
[ L ] ¥
. M ' s 1
' ' " ]
Common Intake Water Charmel A r o ‘g
[} ]
' . . !
1 s e !
LWL ' ]
r{ t
Conunon Intake Water Channel B ' ¢,
] [ 1
1 1 !
LI LI |
4,-_...--.---_--‘..--.-.--...--...--.......-—--.-’-v 1y
Common Discharge Water Channel A ' S

G s eauamemmEmEmAmMeRsamamsmeemumamREREN== "

Coinmon Discharge Water Channel B

674 Feedwater Hea(ingi System
" (1) Design conditions

{a) B Condeﬁsale and feedwater system flow is shown in Figure 6-7-5.

1) | Type of feedwater heaters should be selected from horizontal or verdical type.
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(¢} Optimum number of feedwater heaters should be selected among the following three (3)
cases which l_:avé experiences in the 200MW class power plants.

@ Thrce (3) low pressure feedwater heaters + Deaerator + Two (2) high pressure feedwater
healers (totat six (6) stages)

@ Four (4) low pressure feedwater heaters + Deaerator + Two (2) hlgh pressure feedwaler

heaters (tofal seven (7) s!ages)

@ Theee (3) low pressure feedwater heaters + Deaerator + Three 3) h: gh pressu re feedwater.
heaters (total seven (7) stages)

(&) A deaerator should be of a spray cum tray having many experiences.

(¢) Condensate pumps shall be of vertical multistage type. The number of pump is two (2)
each rated at 100% because of higher reliability of pump itself.

® Héaliﬁg steam is extracted from the six (6) extracﬁon stages of the main turbine and after
heating feedwater in each heater, is condensed for drainége and led to the next Jower
pr_essure heater, thereby making elfectiveness of its heat. 1t is finally pumped up into
cdndensa!e line or directly led to the condenser from the fowest pressure heater.

(2) 'Altematwe drain paths should be provided, however, to ensure trouble—free dramage in any
operauonal casc, including in an emergency operatlon

(2) Study Results

(a) Type of feedwater heaters

Low pressure feedwater heaters are proposed of a horizontal shell and U-tube type or
vertical shell and U-fube type. However, horizonial shell and U-tube type heat exchangers
are adopted for the replacing plant, as a result of comparison between both fypes, as shown

betow,
\ Horizontal shell and U-tube type |  Vertical shell and U-tube type g
ltems heat exchanger heat exchanger
Reliability Base _ Alittle bit worse -
Maintainability Base : A little bit worse
Space for installation Base _ | ‘A litile bit better
Cost . - Base : - Sameasleft .
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A vertical and U-tube type heat exchanger requires smaller area in plan bui higher clearance
in elevation, whilea h'or_z'.zonta! and U-tube type heat exchanger dose vice versa.

Each ﬁigh preséure feedwater h.ea!erl is of the same horizontal shell and U-tube type as the
low pressure heaters, and utilizes extraction sicam from the main turbine and cold reheat
steam as heating steam. The deacrator, high and low pressure feedwater heaters shafl be

mounted on the deacrator bay.

(b} Number of feedwater heaters

Six {6) heater system s_hall bc adobted for the Marilsé Eésl No.1 Power Plant Units R1 and
R2, as a result of the technical and economical studies described hereunder.
The_fdliowing three cases have been studied before concluded.

- Case b Six (6 = 3+142) heater system (steam for top heater : fi ro.m ¢old rcheater)
Case?2: Seven (7 =4+142) heater system (ditto)
Case 3;  Allernative seven (7 = 3+1+3) heater system (diflo)

Flow diagram of each case is shown as follows.
[Case 1] Six (6) heater system (low press. 3 stages, high press. 2 stages)

Deaecator

To 2-H.P. heatexrs -| i J-L.P. heaters From
boiler _ I _ : | : E condenser

8.F.P. . S c.p.

[Case 2} Seven (7) heater system (low press. 4 stages, high piess. 2 stages)

Deaerator

Fcom

To 2-H#.P. heaters ﬁfL-P' heatecs condansec

Py

{Case 3]: Alternative seven (7) heater system (Jow press. 3 stages, high press.3 stages)

peaerator -

To . J-H.2. heaters — }-L.P. heater Feom
bollex ) ' - = condenser
e i -9 PU-F-O™

8.F.P. C.P.
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@ Technical evaluation

If the cycle steam is utilized effectively by increasing the number of extraction steam, that
is, increasing of the number of feedwater healer, the turbme plant el‘ﬁc:ency will be much
improved theoretlcally

However, it will cause increase of the construction cost in turn.

1) Heatrate (230MW base)

- The turbine heat rate for each case is assumed s follows (]n this case, the steam
condmons are the same (169 kg/em’g, 538°C!538°C))

Case 1 Case 2 Case 3

‘Heat Rate(Index) 100 9953 | 99.16

2) Space for installation

Space for Case 1 is the smailest among three.

@ Economical evaluation

The economical comparison among lhree cases is made by calculalmg an annual expense
with fuel cost and construction cost.

1} The annual f uél costs

Fuel consumption is calculated by use of turbine cycle performance {heat rate). Then,
annual fuel cost and difference among each case are obtained. The following table
shows the sum (in index) of annual fuel cost and its difference.

~Casel - Case 2 . Case3
Annual Fuel Cost (Index) 100 99.53 99.16
2) Construction cost of feedwater:heater_ : ! : | /g

The construction cost (index) of the feedwater heaters for each case is shown in the
following table.

Case | Case 2 Case 3

Construction Cost {Index) | . 100 100.27 100.81
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3) Power Generation Cost

Power generation cost consists of the fixed cost and the variable cost.

In this case, the fixed cost is considered to be the capital cost. The maintenance cost
- (which includes salary, wages, and expenditure, ¢tc.) is usually assumed to be a kind of

the fixed cost by using the average rate for the construction cost in order to simplify the

- economical evaluation.

a. Fixed Cost
Prior to estimating the fixed cost, the parameters are usually assumed as foliows.
i) Annvalinterest s
i) Operation period n
_ iii) Salvage value of properly : [}
In this case, the capital recovery factor a, is obtained from the below formula.
ix(d+i) ..
a=—a£5;%~x0+ﬁ)HxB
iv) Avefage maintenance cost rate
Therefore, the annual capital cost factor is o+ average maintenance cost rate.
The annual capital cost is obtained from the following equations and is shown
as followé;

(annual capital cost)' = (conélruction cosl) x (annual capital cost factor)

 Case 1 Case 2 Case 3

Annual capital cost (Index) 100 10027 | . 10081

b. Annual Power Generation Cost
Annual power generation ¢ost can be shown as follows, based on the above

calculations,

Case | - _ Case Case 3

Annual power generation cost (Index) 100 100.05 100,32
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@ Conclusion

Resulting fiom the technical evaluation, case 3 is best because of the lowest fuel
consumption. ; :

On the other hand, resulting from the ¢conomicat evaluation, case | is the most
economical system. .

Therefore, the six (6) heater system shall be adopted for the Maritsa East No.l Power
Plant Units Rt and R2.

(€) Tube Materials

(D Tube materials to be adopted for the feedwater heaters should be carefully selected
considering material reliability (resistance against corcosion and erosion, etc), heat
transfer rate (heat conductivity of the mateﬁal) and their cost,

@ Tube material of feedwater heaters is highly susceptible to corrosion and erosion dug to
mechanical and chemical effects imposed on their outer and inner surfaces during
operation, if the proper materials are not selected.

® The following tube materials are proposed for the Maritsa East No.1 Power Plant Units
Rl and R2.

1) Low pressure feedwaler heater

Arsenical copper ASTM BI111-80, Cl4200
Admiralty ASTM  BI111-80, C44300
C44400
7 . : C44500
Carbon steel ASTM  AL79-80 - '
A210-80
AS56-80
Stainless steel ASTM  A213-80 TP304

2) High pressure feedwater heater

Monel metal ASTM BIi63

Carbon steel - | ASTM  A179-80
A210-80
A556-80°

Stainless steel ASTM A213-80 TP304




g‘-\d’

3)

4)

5)

Among those malerials, mixed use of copper alloys and ferrous alloys is not
recommendable, as the feedwater treatment suitable for copper alloys is not necessarily

adequate for fesrous alloys, and vice versa,

Boiler feed water and condensate should be strictly controlled to keep their quality
within the limits specified by the standards for feedwater quality control in order to
minimize the corrosion and erosion in the all feed water and condensate system.  For
boiler protection, the PH value of boiler feedwater for unils of this class should be
controtled between 8.5 and 9.5, though a higher PH vatue is preferable for ferrous and

" their atloys.

For the above-mentioned reason, carbon steel or stainless steel is adopted for feedwater

. heater tube material.

@ For the Maritsa East No.1 Power Plant Unit Rl and R2, the following materials are

rccommended.

1)
2)
3)
4

Low pressure feedwater heater:  stainless steel

High pressure feedwater heater:  carbon steel

The reason why stainless steel is recommendable for low pressure heater is that carbon
steel tube is easily susceptible to corrosion and erosion.

The carbon steel tube is protected by the protective fitm which is formed by the
controtled water quality suitable for the materials.

When the plant is shut dowa, the carbon steel tube should be protected by the hot blow,

N; blanketing or steam seal.

(3) Recommendation and matters to be studied

(a)

()

Number of feedwater heaters

Slx {6) heater syslem is more advanlagcous than seven (7) heaters system as a result of

companson between both system. However, seven (7) heater system, especially three (3)

low pressure slages plus three (3) high pressure stages gives rise to the best turbine cycle

heat rate among three (3) cases.

Therefore, in case plant efiiciency is thought much of w;lh most priority, number of
feedwater can be seven (7) of ¢ight (8) at the detail design slage. '

Reco»ery of healer drain’

.Heater drain is led to oondenser In order to inciease the turbine ¢ycle heat rate, heater

drain is recovered at the drain tank and returned to the low pressure feedwater heater.

1t is, therefore, necessary to sludy the recovery of heater drain at the detail des:gn stage.
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6.7.5 Boiler Feed Pump

(1) Design conditions

(@) Since a boiler feed pump is one of the most important auxiliaries in a steam power plant,
excellent performance, durability and reliability are reqmred for a pump throughout the
planl life.

{b) A pump must have characteristics so as to withstand high pressure and high temperature
even in a rapid load change. Moreover, easy operation and less maintenance constitute
major factors in selecting an oplimum type of the feed water pumps.

(¢) Type and number of the pump should be selected on the basis of the experiences in the same

class power plants.

(d) Emergency feedwater facilities should be equipped to proteci the boiler at the unit

emergency stop.

{2) Study Results’

(2}  Prime mover for boiler feed pump o | @

There are two possibilitics for the Mariisa East No.1 Power Plant Unit R1 and R2 to select
the prime mover.  One is of a motor driven type and another is of a tutbine driven type.

The turbine driven type boiler feed pump will usually be adopted for the unit capacity of
larger than 300 MW,

(D Motor driven feed pumps

For the motor driven feed pump, there are two combinations. One is the direct coupled
type having a booster pump and a speed increasing gear set between the pump and the

motor.

1} Pump + Speed increasing gear + Molor

&

2} Pump + Speed increasing gear + Motor + Booster pump

In general, the boiler feed pump of the combination 1) wnhout booster pump is not
suitable for higher operating pressure of boiler, because the pump size beconies large

In the case where the motor driven boiler feed pumps are adopted for Uml Ri and R2,
the above combmatlon 2) should be selected.



Lo

(b)

The booster pump in the combination 2) is prepared in order to decrease the required
NPSH. Thereby, it will be possible ta install the deacrator on the proposed level..

3) Advantage of the motor driven pump

There are the following advantages for the motor driven boiler feed pump

Easy to operate the pump

a

b. RLasy to start up the pump
¢. Basy _maintenance, _

d. Easy to install the pump

® Tusbine driven feed pump

In case of turbine driven feed pumps, steam source is taken from main turbine extraction
in nornal operation. At low load, stear source is faken from supecheater outlet and the
exhaust steam is led to condenser or feed water heaters depénding on the proposed plant

design.

1) Advantage of the turbine driven feed pump
a. It is possible to get high speed revolution easily without speed incréasing gear set
according 1o the requircment of the pump characteristics.
b. No lhrdilling loss )
Less throttling loss is expécled compared with the throttling feedwater by a feed
“water regulating valve. ' ' '
It is possible to manufacture the boiler feed pump with a large capacily.

d. Required electric power for auxitiary power supply can be reduced.

Selcction of prime mover for boiler feed pump

Motor shall be adopted for the prime mover of boiter feed pump in the Maritsa East No.1
Power Plant Units R1 and R2 from the viewpoint of the general tendency of the feed pump

selection.
Moreover, the fluid coupling (variable pit speed equipment} is adopted for the boiler feed

pump in order to control the quantity of feedwater by the pump tevolution speed for
reduction of electric power conswmption.
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(¢) Number of boiler feed pumps

In the case where the motor driven boiler feed pumps ate adopted, the following factors are
taken into account in selecting the number and capacity of the pumps:

(D Two(2) sets each 100% capacity (One set for standby)

@ Three (3) sets each 50% capacily (One sct for standby)

@ Four (4) sets each 1/3 capacity (One set for standby) -

Generally, three (3) sets of boiler feed pump each 50% capacnly are adopted for the pump

with capacity of more than 200 ton/hr.

For the Maritsa East No.l1 Power Plant Unit R1 and R2, three (3) sets of boiler feed
pumps having 50% capacity each will be adopted.

(d) Speciﬁcation of boiler feed water pﬁmps _

@ Type : Motor driven, horizontal multistage centrifugal barre} type with booster pump
| and water injection seal system

® Number : Three (3) sets (One (1) set for slaﬁdby)

(3 Capacity : 50% each (350 ton/hr. x 210 kg/cm’ g)

@ Smed 1 6,000 rpm (with step-up gear and speed increasing gear set)

:@

(e) Emergency feedwater facilitics
In case C-FBC is adopted for this project, the following.emelgent_;y feedwater facilities
should be equipped to protect the boiler when unit will be stopped emergency.
(D Emergency feedwatet pumb

1} Type . Diesel engine driven multi-stage centrifugal batrel pump
2y Capacity : 15% at the rated feedwater flow
3} Number : One(l)

@ Emergency feedwater tank ' | g

1) Type : Steel, horizontal cylindrical tank
' 2) Capacity : To be supplied 15% of the rated feedwater flow in 30 minute. .-
3) Number : One(l)
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(3) Recommendation and matters to be studicd

(a)

§ ®)

Capacity and number of boiler feed pump is 50% and three (3) based on the expeﬁenccs.

It is, however, necessary to study 100% per pump and two (2) pump in the detailed design
stage because the reliability of pump is increased.

Emergency feedwater pump, elc. are p!anned to be equipped for emergency feedwater
facilities. However, three (3) boiler feed pumps will be installed, it may be one of ideas to
adopt a diesel engine driven pump for stand by use among them. As for this poml it is
necessary to select the optimum facilities in the detailed design stage.

$.7.6 - Bearing Cooling Water System (Unit Auxiliaries Cooling Water System)

(1) Design condilions

@

®)

©

(2)
(a)

&

The existing bearing cooling water system is of once-through type and supplied from

condenser coolmg water system.

The new bearing cooling water systein should be selected, comparing, closed cireuit type

with open storage type.

Bearing cooling water syslem is based on Figure 6-7-6 Flow Diagram of Auxiliary Cooling
Water System.

Study results

Selection of bearing cooling water system

Bearing cooling water system consists of many kmds of eqmpmenl havmg respective
propesties, differently from main cooling water system

Two {2) kinds of bearing cooling water system, that is, closed circuit type and open storage ‘
type have been studied and their systems are evaluated economically and techiically. Asa
:r_e_sullls of the study, closed circuit type is adopted.
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(b} Comparison between clesed circuit type and open storage type

" Comparison table is attached hereunder.

Closed circuif type Open storage type
(a) Volume chamber Stand pipe Head tank and Underground
tank
(b) Type of BCWP Horizontal : Vertical
| {c) Total head of BCWP |System headloss System head loss plus slalic
’ ‘ : ' o head ‘
(d) Area to be exposed to [Small _ Large
atmosphere
(e) Emergency Case (all | No cooling water flow In emergency cooling water
A.C. failure) ) . | flow by gravity, depending
an §hlould be shut down in on storage capacity of the
priciple head tank in principle
(f} Space/loading on Small - : - |Large
structure R
(g) System (return) A little bit higher Lower
pressure : 3

Note. BCWP: Bearing Cooling Water Pump

From the above comparison, closed circuil type will be recommendahle, because of the
following merits,

(D Lower running cost

Closed circuit type gives lower running cost because of smaller capacity of BCW motor
and less inhibitor consumption due to ower total pump head requirement and smaller area
to be exposcd to almosphere.

@ Easy maintenance

Maintenance of horizontal pump is easier than that of vertical pump, and there is less
tendency of resonance between the critical speed of its struclure {especially motor
supporl} and its revolting speed.

And it is casy for water quality control since contact area with air is limiled only in small
area of upper walter sutface of stand pipe.
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- (@ Lower capital cost -

In open storage iype. considerably deep underground tank is necessary and BCWP should
have an appropsiate NPSH. Both head tank and underground tank shall have
considerably large capacily to give large storage water capacity for emergency cooling.
This arrangement causes higher tank cost and civilfarchitectural cost.

- @ PH controt

A pH chcckingf_qontrol onée a week is sufficient for closed cir¢uit type.

(c¢) Functions of control valves, etc.

@M PCV (pressure control valve)

A PCV is used 1o keep a flow rate of overall system, but it can not be used for fow
balancing of each line.

Accordingly, installation of the PCV is tiot so worthy in a system where it is not required
to keep the flow rate of overall system in all operating conditions.

1t will be more worthy to provide the PCV on main feed pipe line (o prevent excess flow

rate.

@ TCV (three way valve)

TCV is useful to prevent overcooling of non-controlled cquipment and to keep the design
temperature of all equipment in the system. Design of size and rangeability of each
temperature control valve (TCV), other than the TCV, is performed accordingly.

However, the TCV is rather worthless in case there is no possibility of overceoling of
equipment and primary cooling water of the BCWC is nearly constant all the time.

And it is necessary to adjust setting temperature of the TCV during the turbine generator

turning operation in some case.

@ Stand pipe

The stand pipe is necessary not only for contro! of the BCWP suction head bul also as
surge tank, to avoid water hammer phenomenon accumulating inertia source of water in
the system when the BCWP is started/stopped.

@ Water level control for stand pipe

Continuous level controller is applied in this system.
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However, on-off control (two position control) by level switches (not continuous control)
may be enough since the purposes of stand pipe are to play a role of surge tank and to
' keep the BCWP suction head within appropriate range. '

(3) Recommendation and Matters to be studied

(a) Presently, shell and tube type is planned to adopt for cooling water heat exchanger which
cool the bearing cooling water. [t is, however, nccessary to study adoption of the plate type
heat exchanger for the cooling water heat exchanger because its performance is more
improved and it has more merits in the sbacé and cost than the shell and tube type.
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6.8

Generator Equipment

6.8.1 Generators and Excitation Ecjulpment

q)) :Conditions for study

(a)

®)

(c)

@

()

)

The generators to be adopled should be coupled directly to the steam turbine and be a
horizontal, eylindrical, revolving-field type, three-phase AC synchronous generator of an
explosion-proof construction.  They should also be capable of 105% output operation.

‘The hydrogen gas cooling system should be applied for the stator and rotor of the generators
to increase the cooling effect, reduce the dimensions and weight of generator and ultimatety

save the equipment cost.

This ceoling system has been applied to many generators of the equivalent class. i
features good operability and easy maintenance, and is actually in use at the ME Power
Plants Nos. 2 and 3.

The hydrogen gas generator should be installed in the premises while the sealed oil
processor required for oil sealing of the hydrogen gas should be installed in the ist floor.
In addition to an AC-driven oil pump {220 V, 100% capacity x 1), a DC-drive oil pump
(220 V, 100% x 1) should also be installed as an emergency back-up.

The excitation equipment should be a staiic type thysistor excitation system, and the power
source should be supplied from an excitation transformer connected to the generator circuit.

Consisting of an automatic voltage regulator, ficld regulator circuits, detectors, amplifiers
and other components, the excitation equipment should be equipped with the reactive power
regulator, power system stabiliser and high and low (voltage) excitation limiters to improve

the static and dynamic slability'of the power system.

The generator main ciccuitry should be of a unit syslem configuration, connected to the main
transformer through an isolated phase‘bus (IPB), and branched to the station service
transformer,” excitation transformer, power transformer (PT) and surge absorber (SA).
Moreover, the generator synchronising circuit breakers should be connected to the 220 kV
cigcuit on the main transformer high voltage side. ' o
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(2) Results of study

(@)

(b)

(©

Generator specifications

(D Three-phase AC synchronous generators directly coupled to the steam turbine, with

horizontal-cylindrical layowt, revolving-field type and explo‘sién-pmof construction.

@ Quantity

@ Rated capacity
@ Power factor
® Voltage

® Frequency

(@ Rotalion speed
Cooling system

@ Hydrogen gas pressure
@ Connection system
@D Excitation system

Excitation equipment

@ Type

®@ Vollage
® Quantity

@ Drive system

2 sels _

271,000 kKVA

0.85 (delay)

14.7kV

S0 Hz

3,000 rpm .

Hydrogen gas cooling for both slator and rotor
3.2 kgficm?

Star o

Static excilation (excitation transformer) type

Excitation transformers, with quick-response
excilation using ihrystof

500 V DC

2 sets

Separately-installed, static type

Hydrogen and sealed oil equipment for generators

@ Vacuum pumps
 Type
Quantity
Vacuum
Motor

@ Main sealed oil pump
Type
Quantity

Discharge pressure

Motor

Rotary

2 seis

1 x 10:2 mmHg
LSkW

Gear pump
2sets
8.5 kgtiem’
15 kW
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@ Emergency (back-up) sealed oil pump

Type : Gear pump
Quanlity : 2sels
Discharge pressure » 7.4 kefem?
Motor (DC) L OIkW

@ Hydrogen gas dryer .
Type : . Silica gel filled, heater blower fype

Electric heater © ~ 0 kWX
Blower 02kWx1
Quantity . 2sets

® Hydrogen gas cooles

Type . surface cooling
Quantity : 4 sels
Gastemperature ~~ : Inlet 85°C
Qutlct 45°C
+ Cooling waler temperature :  Inlet 3s°C

Cutlet 45°C
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6.9  District Heating System
6.9.1 Design Condition

(1) Hot water heated in the heat exchanger by the extraclion steam from the main turbine is
supplied from the Maritsa East No.1 Power Plant to the Galabovo district. The existing
district heating facility will be reused.

(2) At present, the exiraction steam is supplied from the Nos.1 thru 4 steam turbines.  After the
commissioning of the Units Rt and R2, hot waler (12bar, 140°C) having a calorie of 25 Geal
shall be supplied from any of the units R} and R2.

6.9.2 Study Resuits

(1) District healing system

{a) Figure 6-9-1 shows the Flow Diagram of the District Heating System of the newly installed
Units R1 and R2.

{b} Heat source for the hot water is taken {rom intermediate pressure turbine outlet steam line,

(¢)  Water for the district heating is warmed by the steam in the heat exchanger instalied on the
ground floor in the turbine building, and hot water is supplied by the hot water transfer %
pump installed on the same floor. The steam drain from heat exchanger shall be led to the
condenser. '

(d) The hot water shall be circulated between the power plant and the Galabovq district by
using the existling pipings.

(2} Specification of District Healing Facilities

(a) Heat Exchanger

M Type : Venrical type
@ Number : One (1) set per unit
@ Capacity © 100% of the rated hot water quantity

{(b) Hot water transfer pump

@ Type . Horizontal pump
@ Number : Three (3) sets per unit
@ Capacity : 50% per pump of the rated hot water flow
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(c)  Hot water piping
The existing hot water pipings shall be reused.  However, the pipings shalt be extended
because the turbine building is extended.

6.9.3 Recommendation and Matters to be Studied

(1) At present hot waler is supplied when it is below 12°C during three consecutive days. It is
recommended to supply hot water through the year because steam extraclion contributes to

improvement of turbine efficiency and more income is brought in.

_Main Steam

. MotRebeatSteam /N,

. Steam Turbine -

n |

HP

Boilet
Cold Reheat Steam
/""“‘"‘\ Condenser
N :
FEERER
From Galabovo  Hot water {return) .| Heal :

L

To Galabovo Hot Water (supply) Exchanger | Drain
Hot Water Transfer Pu mp\r__, /

Figure 6-9-1 Flow Diagram of the District Heating System
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6.10 Environmental Protection Facilities
6.40.1 Dust Removal Facility
{1) Properties of FBC Boiler Ash

The following is a description of the properties of the ash discharged from the FBC boiler.

(a) .Shape of dust particle'
Ash becomes fine in the fluid bed boiler due to a cyclone installed in the flue gas treatment
system in addition to the dispersion of the degraded fluidized bed material.  With the FBC

boiler and pulverized coal firing boiler having different combustion mechanisms and
different flame temperatures, the shape of generated ash also becomes different.

White the shape of the fly ash from the pulverized coal firing boiler is‘globullar, the ash of
the FBC beiler is not spherical and porous. ; '

(b) Components and Electrical Resistivity of Dust

The major components of dust are 8iQ,, Al,04, CaS80,, Ca0, and CaCO,.  Si0, and ALO,
‘are components found in coal ash and CeS0,, Ca0, and CaCO, are derived from the

dispersion of pawdered fluidized bed material.

(2) Dust Removal Facility

Coal fired thermal power plants employ electrostatic precipitators, fabric filters and cyclones
as dust removal facilities.  Electrostatic precipitator and fabric filter are compared in this
study except cyclones because of low removal efficiency.

{a) Electrostatic Precipitator (ESP)

Theoretically, it is easy to collect dust by electrostatic precipitation. ESP use the following
forces to collect dust, electrical force, dispersion and altachment force, inertia force, and
gravity. Of these, the electrical force is the most ¢ssential,

Dust is negatively charged and collected by a positively charged collecting electrode when a
gas containing that dust is passed through electrodes charged with high-voltage electricity.

The ESP's collection cfficiency is basically representéd by the Deutsch-Anderson equation

as follows.

n=1-exp{-a*AfV})
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Where, q is the ESP'# collection efficicncy (-), A (m?) is the total collecting electrode
surface area.  V (m¥fsec) is the flue gas flowv rate.  © (m/sec) is the migration velocily of

~ the particles. In this equation, A means the size of the ESP as represented by the arca of -

dust collection. AfV shows the area of dust collection per a unit quantity of gas, which is
usually called a Specific Collecling Area (SCA) and used to compare the size of ESP per
unit quantity of gas. . {migration velocity) shows the degree of difficulty in dust
collection by ESP.  This is considered as the speed 1hat' the dust is drawn to the collecting
electrode and a 'lar_ger value is considered 1o mean that the ESP is more efticient, wherein

the larger this value is, the faster the specd for the dust to reach the collecting electrode.

1))

.2)

Electrical Resistivity of Dust and Collecting Efficiency

Figute 6-10-1-1 shows the general relationship between the electrical resistivity of fly ash

~and the collecting efficiency.

In the A zone of less than 10*Q-cm of electrical resistivity, the electrical resistivity is too
weak 1o hold the fly ash at the collecting electrode, and the collecting efficiency is
lowered by the jumping phenomenon where the dust is again removed by the gas stream.

The B zone, the range between 104Q-cm and 5x10''Q-cm, provides good dust collecting

- efficiency and is, therefore, best suited for an ESP.

In the C zone of more than 5x10'1Q-cm, the electrical potential of fly ash accumulated at

the collecting electrodé becomes high and partial electric destruction occurs. A teverse
- discharge phenomenon, back corona, occurs from the collecting electrode and the

collecting efficiency is lowered. = Here, a strong hammering force is reéquired to remove
the accumulated fly ash since it is pushed toward the collecting elecirode by the elecirical

force.

Effect bf the Properties of Ash and Flu_é Gas on Electrical Resistivity and Migration
Velocity

As Figure 6-10-1-2 shows, electrical resistivilty varies greatly in accordance wilh the

“ temperalure and humidity of the flue gas. As seen in Figure 6-10-1-3, the migation
“velocity also changes in accordance with the quantity of sulfur contained in the coal.

Sy

Because of its higher CaO content, the electrical tesistivily of {luidized bed combustion
ash is somewhat higher than that from the pulverized coal firing boiler. owever, it is
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casily charged electrically as the ash is variant in shape and its surface is porous and has a
wide surface area.  Further, an abatement effect can be expecled from the high moisture
and SO; content in the flue gas at certain gas temperature.

{b) Fabric Filters (Baghouses)

&)

TFabric filters physically collect particles into a filter cloth, This is known as a Surface
Filtration System which separates and collects fine particles using the layer of par_licles that
first attach to the surface of a filter cloth (known as the First Atlachment Layer ) as the
filtration layer. ; o

As Figure 6-10-1-4 shows, when dust with particles within a certain diam_cter'rahge is put
through the filter cloth, the coarse parlicles attach, (_iue to their inertial collision actions, and
the fine particles attach, due to their dispersion and screening actions, to the woven yarns to
form bridges between the yarns.  The first attachment tayer thus created is very porous and
itis these pores which collect the fine particles, |

When operating fabric filters, it is, therefore, necessary to maintain‘ the temperature of the
processing gas to higher than the sulfuric acid dew point at the surface of the filter cloth to
prevent it from blinding. In general, the quantity of collected dust per unit area of filter
cloth is called the Dust Load (g/cm?, kg/m?}, which becomes larger in accordance with the

operalion time.

In the case of a fabric filter, tapping for accumulated dust removal is conducted to maintain
the maximum value of pressure loss within 150 - 200 mmH,O as soon as it reaches this
level. Figure 6-10-1-5 shows the structure of a fabric fitter.

Comparison of ESP and Fabric Filter

ESPs are the mosl widely employed for large-scale dust removal as a Iarge-gas—i;uanlily, high-
efliciency dust rémoval facility since the pressure loss is low and the collecti'ng efficiency is
high even when the fluc gas flows at high speed (a few m/sec).

_ Fabric filters do brovidc highly efficient dust collection regardless of the sﬁape of the particles

as it collecis the dust physically, It does, however, only allow a gas speed of | to 2 mfsec
and periodical replacement of the filter bag is necessary. '

The comparison beiween dust collectors in Table 6-10.1-1 shows 1hét an ESP is considered
superior when the operational maintainability and reliability of the filter bag etc. is taken into
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consideration.  In this F/S; an ESP is to be considered because an ESP is also used in the

~existing plant and the staff is well versed in its operation.

ESP Facility

- The particle charging niethods are roughly divided into direct current charging (single pole,

uiidirectional), alternating current charging (single-pole, bi-directional), and pulse charging,
As it provides a simple steucture and is quite inexpensive, the direct-current (DC) charging
system is the most popular ESP charging equipment.

It is necessary to raise the voltage and curreni dénsity in order to increase the charging
efficiency. However, in the case of a conventional DC corona charging syslem, the charging
efficiency decreases as the corona current becomes inequalily when back corona ionization
oceurs. Pulse charging systems are now drawing altention as a system able to offset this
defect, especially for high-resistivity dust. Uniformed corona current can be obtained whole
through t_he'discharg_e elecirode, and a peak vollage higher than that of DC charging is
obtained and the collecting efficiency is itﬁproved by changing the crest vatue, amplitude, and
cycle of the pulse. However, pulse charging would serve to further increase the cost of
electric power facilitics. . On the other hand, intermiltent charging method is also available,
by which the oi:tpul of the continuous charging system is eliminated at regular intervals.
This méthiod is adopted here in order to save electricity, to control reverse elecirolysis, and to
attain a little higher efiiciency. |

Regarding the relationship between boiler operation and the ESP performance, that

_pcrf@hnancé progressively deteriorates when the ESP is operated with no hammering during

the process from boiler ignition, paralle! induction, through increment of boiler load, or when
boiler opérati_o_n_ is stopped. However, assured stable performance is as good as that oblained
during regular boiter operation of boilers by applying periodical hammering to the ESP.

_Bejow is an ESP'faciIity outline when an ass_timed quantity of 5% of processed gas and a 10%
- inlet dust quantity is included in the design parameters.

a) . Coal typé o . ¢ Bulgarian Lignite -

'b) Inlet gas flow rate 1,359,000 m® N/ (wet)

¢) Inletdustconcentration : SO g/m’N :
'd) Outlet dust concentration ;- 0.1 g/m*N

e) Outlef gas temperature @ 165°C

{) Temperature lowering . 5°C

g} Pressure loss L 20mm Ag

h) Hopper capacily '+ Sufticient for 12-hour operation
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Table 6-10-1-1

Dust Collector Comparison (1/2)

(Outlet Dust : 100 mg/m3 N)

Fabric Filter

1) Pressure ioss
(2) Installation size
(3) Performance

(4) Reliability

{5) Operational
Maintain-ability

Small (approx. 2025 mmAq)
Same as bag filter '

Dust cotlection performance
varies in accordance with the
inlet conditions such as the type
of coal used.

+ . Employed for more than 20
years in coal-fired thermal
power plants.

* Requires constant monitoring
and recording of charging
conditions.

+ Possible to determine
component anomalies by
monitoring and recording
charging voltage and current.

+  No major mainienance
problems.

Item Electrostatic Precipitator

I. Outline Its performance would be This would not be affected by the
affected by changes in the type of coal or boiler operation
conditions around inlet as the conditions as dust in the gas is
specifications are based on'these | physically collected by a filter
conditions : cloth. R
(gas quantity, gas temperature
and composition, content and
propetties of dust ete.)

2. Spec. 7 '

‘Large (approx. 150mmAqg)
Same as an ESP

QOnly little affected by conditions
such as coal and operational '
conditions.

* Heavily dependent on the
reliability of the filter bag.

* Filter bag service lifeis 2 -3
years.

» The method of dust
" concentration and isolation
require consideration as the
outiet dust content could exceed
the slandards if the filter bag is
broken. Sy

+ Moisture proofis not known
well,

+ Filter bag damage can be
determined by monitoring and

" recording the inletoutlet gas
pressure loss and outiet dust
concentration elc.. However,
methods to detect the damaged
paris and isolation methods
require examination.

* Filter bag must b,ezreblaced

6-76

regularly.



Table 6-10-1-1:

Dust Colloctor Comparison (2/2)

{Outlet Dust: 100 mg!m3 N)

Item

Electrostatic Precipitator

Fabric Filter

- 3. Economy
(1) Facility cost

(2) Annual running cost

(3) Annual expenses

High

Low

Low

Low

{dependent on the cost of filter
bag)

High
High

4. Evaluation

Performance is affected by the
inlet conditions. However, this
causes no serious problem unless
the electrical resistivity of the
particles change drastically.
Oplimum design is possible as
the facility costs and annual
running cosls change in
accordance with the oulet dust
concentralion.

Performance atmost stable
regardless of the inlet conditions.
However, since the facility costs
and annual running costs donot
change regardless of the designed
outlet dust concentration, this
system becomes advantageous
when the outlet dust concentration -
is strict. -
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\ Rasisitance of
4 Pr

Ao
Resistance of

primary layer |
and filter bag

Flue gas E=m

~ Cleaned gas

2250/m ~104m

Plimary layer
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" Figure 6-10-1- 4 Dust removal on bag filter
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Figure 6-10-1- 5 Bag filter(réverse cleaning type )

8

6-82



6.10.2 Waste Water Treatment System

(1} Design Condition

(& Scope of Design

A scope design is as follows.

o
@

System for whole waste water system discharged from the teplacing plant.

Design for the low salt concentrated waste water facilitics which consists of unit waste
water pit, equipment washing wasle water pit and facilities from common facililies to

final check pit.

Design of the high salt concentraled waste water facitities which consists of unit waste
water pit, equipment washing waste water pit and facilitics from common facilities to

firial check pit.
Design for the living waste water facilities including from seplic tank to final check pit.

However, specification of the living waste watec treatment facilities can not be studied
because there are available no dafa of the quantity of waste water discharged from the

existing facilities.

(b) Basic System, and Waste Water Treatment Method

®

‘®

Waste water system consists of "low salt concentrated wasle water system” and "high salt

concentrated waste water system”.

Low salt concentrated waste water treatment method should be waste water {reatment

facility composed of coagulation sedimentation, filteration and neutralization.

High salt concentrated waste water treatinent method should be waste water treatment
facility composed of coagulation sedimentation, filteration and neutralization. The
facility should be equipped with a countenneasuce of reducing COD.

Living waste water treatment method should be waste water treatment facility composed
of filtration, synthetic absorbent and disinfection facility

Countermeasure for removal of COD

High COD wasle water source such as équipmem blow waste water to be discharged at
start-up and during the periodical inspection containing high hydrazine is collected in a
special pond {for non regulac waste water). COD in individual waste waler is oxidized
and resolved by chemical injected.
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Boiler chemical cleaning waste water

High concentrated special waste water such as boiler chemical ¢leaning waste water
containing N, COD and P, etc. should be pre-treated by temporary facility as required.

Waste water system of condenser cooling water

Cooling blow waste water which is discharged at inspection of circulating water _pipings
and condensers should be discharged to the discharge channel through a system composed
separately from plant waste water systein, :

Sludge

Sludge which is discharged from coagulation sedimentation tank, etec. should be
dehydrated and transported to the ash disposal pond by trucks, elc. after temporary.
settiement,

(¢} Quality and quantity of low and high concentrated salt waste water

o

)

2)

Water quality before trealment |

Water quality, etc. which is discharged to the low concentrated waste water are shown in
Table 6-10-2-1 “Forecast of Source, Quantity and Quality of Low Concentrated Salt
Waste Water”. . '

Water quality, etc. which is discharged to the high concentrated waste water are shown in
Table 6-10-2-2 “Forecast of Source, Quantity and Quality of Low Concentrated Salt
Waste Water”. '

Trealed water quatity

Water quality should satisfy the following Bul garian standard \{a}ué.

pH 6t09 °  Cadmivm . - 002mgi¢
CoD 40mg/ ¢ Cyanides (total) - 1 mg/ ¢

SS 100 mg/ ¢ NHeN . Smgl
Oil.producls 0.1mg/e .Plios_phates_ _ 2 .
Phenoles | 0.5 ng/ t; _ | Lead ' 0.2 mg'/;‘:_,

Copper 0.5mg/¢ Chromiun: (hexavalent) 0.1 mg/:
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Iron {total) Smgfe Arsenic 0.1 mg/ ¢

NO»-N - 20mg/ ¢ Mercuty (total) should not be detected
P Img/e Alkyl mercury should ot be detected
PCB should not be detected

@ Waste water quantity should be forecasted as follows,
1) Low concentrated waste water (dail'y maximum) : 1,030 ni’!day

2) High concentrated waste water (daily maximum) 6.5 m’/day

Forecasted values of waste water quantity are shown in Figure 6-10-2-2 “Flow Balance of
Water and Waste Water™,

{(2) Study Resuils

(@) Specifications of waste water treatment cquipment

@ Low concentrated waste water treatment equipment

1) Coagulalion sc&imcntation equipmeht : 1,500 m%day x | set

2) Filter ¢ 1,500 m*/day x I set
3) Neutratization equipment © 01,500 mP/day x | set
4) Chemical oxidization equipment . Chemicals: Hydrogen peroxide solution Un-

_ steady waste water batch processing
5) Waste water pond - : Steady waste waler pond 400m’x 2
Un-steady waste water pond  500m’x 1

@ High concenlraicd waste water treainent equipment

1) Coagulation sedimentation equipment : 150 m*/day x 1 set

2) Filler | : 150 m’fday x 1 set
3 Neutré_!i.iatiﬁn cquipment . 150 m*/day x 1 sel

'4) Synthetic absorbent equipment ~ : 150 m*/day x | set )
5} Waste waler pond ' : Steady waste walter pond

1,500m’ x 1 (for AH)
Un-steady waste water pond
1,000m’ x I{for EP)

® Waste water pit for waler lfea_lmenlblanl

1} Low concentrated waste water - 20m’x 1
2) High concentrated waste water :  90m’x 1
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@ Waste water pit for pre-freatment plant

1) Low concentrated waste water : 200m’x 1

(® Unit waste water pit

1) Low concentrated waste water : 35m’x 1
2) High concentrated waste water :  3m’x |

@ Blowpit: 100m’x 1
P

Other pits and system equipment are shown in Appendix-6-10-2-1 "Calculation for
Capacity of Wastc Waler Treatment Facilities and Equipment”

(b) Equipment arrangement plan

(D Waste water treatment equipment is of outdoor type and located nearby the existing rail
way for coal unloading which is situated on the westside of coal drying factory.

@ Operating room, electrical room and control room of waste water trealinent system are

installed in the waste water treatment room of the above-mentioned area.

@ Blowers and compressors are installed in the waste water treatment room for prevention

from their noise and vibration.

@ Unit wasle water pit and blow pit is installed nearby the boilers.

{¢) Plan for monitoring and control

@ Low angd high concentrated waste water lreatment equipment should be operated fult-

automatically each waste water and sludge system, respectively.

@ Operation and trouble conditions should be indicated on the contro} board individually
and all main monitoring items should be indicated on the common monitoring panel in the

central conlrol room.

& Monitoring _inslrument and flow meter which can monitored pH, conductivity and COD
stated in the Bulgarian standard continuously should be installed at the outlet of wasite
water treatment equipment, and each data should be able to record by processing unit.

@ Input and record of operation management data should be able to be made at a co:ﬁpuler

controlling the water treatment system.
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® In case waste waler quality treated by the low and high concentrated waste water
treatment pl'anjt exceeds the _limited waste water quality, the system should be changed
over the circuiating‘opera'tidn as soon as possible. In this case, return line to storage
pond should be transferred to the steady and un-steady waste water storage ponds.

~® Valves which need to operate full-automatically should be of pneumatic or electrical type,
and should be systematized not to discharge waste water having abnormal water quality in
the event of loss of air and electric.

(3) Recommendation and maiters to be studied

(a) 1t is necessary 1o study the specification, etc. of waste water treatment system by measuring
the water quality and quantity of living wasle water (o be discharged from the offices, etc.

(b} Since there are no treatinent facilities for rain water, waste water of coal storage yard and
overflow water of ash disposal area in the ¢xisting :power plant, it is necessary to study the
thses treatment system. First of all, a rain drainage system in the pawer plant should be
established.
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Table 6~10-2;1 Forecast of Sourée, Quantity and Quality of
Low Concentrated Salt Waste Water

Kind of Waste Quantity Water Quality (mg/ ¢ )

© water of deminerali-

Water | (tonfday) S8 COD Oil T-N
Waste water for 20 | ' ' | 20
cauipment cooling L o ' %
Regencrated waste 155 150 - 1800 10-30 ™ | 1
water of pre-treatment
" Plant _
Regenerated waste 50 CTr 5-15 - 10

zed waler treatment

Plant - . _ .

Unit drain waste 490 5-10 1-3 10 - 20 5

watcr |

Others 315 1,000 1-10 1-2 5
Total 1,030 “___d_—-—ﬂ—-—"*“’“’“’ﬁ o
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Table 6-10-2-2 Forecast of Soilrce. Quantity and Water Quality of

High Concentrated Sait Waste Water

Kind of Waste Quantity Water Quality (mg/ ¢ ).

Water (ton/day) S8 CcoD 0il T-N F
Regenerated waste
water of water 50 Tr 5-15 - 10 -
treatment plant
Unit drain waste 15 5-10 1-3 106 -20 2 -
water
Tolal 65 AT |
Cleaning wasle 1,300 <35,000 <15 Tr 400 10
water of All '
Cleaning wasle 900 <5000 | <20 1-2 500 250
water of EP - |
Chemical cleaning 730 15,000 I5-30 Tr
waste water of '
boiler
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6.1

Ash Handling Facitities

(1}  Study Parameters
{a) Existing ash handling is outlined below in flowchart form,
Ash transport water is recycled as diagrammatically shown in Figure 6-11-1.-
+ Clinker Ash handling —— (Ash transport — > Ashdisposal ~——2 *Part of ash
- hoppers pumps pipes) site transport

» Blectrostatic—
precipitator

®

(©)

(d)

water is

) dumped into
¥ Briquetie underground
plant

_ : : water and
| : _ river
(Ash water: recycled for reuse) ¢~ Pumps - _

As for the chalacler'islics of the existing ash transport systemn, ash transport pipes are

installed to an ash dumping site from individual ash handling pumps (6 sets in all) on a one-

to-one basis. A manifolding discharge valve arrangement is installed on the piping in the '

vicinity of the ash disposal site so that valves may be opened/closed selectively to achieve

uniform discharge.

For use as ash transport pipes, Schemerz Basall pipes (measuring 630 mm in diameter, 40
mm in wall thickness, and 3 mmn in coafing thickness) are used. By virtue of their
measures to wear, these pipes have developed no particutar trouble for a period of 10 years.
They can also be procured easily from a manufacturef operating in the neighboerhood of the
power plant. (Unit price per 1m = 2,200 leva) ‘

The existing ash disposal site is as follows:

+ Area : 300 ha (3 km?)
+ No. 1 and No. 2 sections . already filled to capacity
{14 m in depth and 30 c¢m in cover-up soil
: thickness)
+ No. 3 section (A and B subsections): B in current use with a remaining capacity of
| 6,765,800 m* %= roughly equivalent to 12 years'
volume of ash (at 200 MW) '

The amount of ash the reconsiructed bailers is projected to discharge is as l_'o_llowsf

» Amount of dry ash (coal ash, by-product gypsum, limestone, impurities, etc.)
350 t/h (= 173 th x 2 unils) ' '
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@ st

8,400 vd (= 350 thx24 hr)
2,150,000ty (= 8,400vdx365dx0.7)
(Breakdown) 350 th: On bottom =220 th  Beneath ECO =20 th
Beneath AH=20 th Beneath ESP =90 th
+ Amount of ash discharged (Water content: 30%)
450 th % 173%hx 2 units x 1.3)
10,800 vd % 450 ¢hx24 hr)

udy Results

(a) Desngn spcc:ﬁcahons based on the above are as follows:

)

2)

If the existing ash dlsposal site wall be used exclusively by the power plani, the site
reaches full capacity in a little less than 3 years (on the condition that dry ash with an
estimated ash accumulation height specific weight of 1.0 is disposed of).

However, ash from fluidized bed combination beiler is extremely difficult to
handle/manage since it contains Ca components that produce heat and high pH readings
(above 13) when it comes inlo contact with watey.

For this reason, as an ultimate means of ash disposal, ash shall be transported on rail cars
(41 tonsfcar) originally intended for carying coal-mine topsoil, and be dumped at a
topsoil dumping ground (at Drianovo) located 7 km south east of the power plant.

The rough locations of the coal-ming topsoil dumping ground and the coal mine are
shown in Figure 4-1-3. '

For infonnation, if a new ash disposal site (Cap'iClty for 15 years, depth: 14 m) is to be
developed, it becomes necessary to procure a piece of land with an area of 3 km? {or 300
ha,, which is approximately as large as the existing site). '

« 32y = (6,765,800 m®) x (1.0) + (2,150,000 vy))

¢ 23k’ = {(ISy)x (2,1'50,000 t/y) = (1.0) = (14 m) = 109)]

If ash is 10 be transported by water, ash's Ca components dissolve into water in transit and
solve or p_recipilate in the form of sulfates. Furthermore, oxides within ash gradually
dissolve into water as hydroxidés which, in turn, drive up the pt of the ash transport
water. Whal's worse, in parallel with changes in pH, melal ions that have seeped out into
the ‘water carlier precipitate and deposit on the inner surfacés of pipelines in the form of
soft scales. Furthermore, these scales turn info harder scales by the action of dissolved
CO,, and grow into a cause of pipe clogging.

" For this reason, a prieumatic transport Syslem shatl be adopted for transpo'rling' ash from

" thé ash collection system to the ash'léading facitity. ~Afler the ash shall be moistened at
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3

4)

5)

6)

7

8)

9

the loading facitity, it shall be placed on a conveyor transport system for transportation
and loading onto rail cars, -

As ash recovered from the boltom of the furnace cannot be cooled directly by waler, an
ash cooler shall be separately installed.

The ash loading facility shall be constructed at the point of toading onto freights (which is
located behind the neighboring briquette plant} to cope with maistening-caused problems
such as solidification and heat generation.  Ash shali, therefore, bé moistened (20% to
30%) prior to loading--and conveyors and trippers shall be designed fo be heat-resistant.
Care should, however, be taken in the maintenance of loading equipment following the
addition of moisture because it tends to permit accretions of ash. '

On the assumption that a single loading scssion takes an hour, and ash transpoit trains
shall be operated 12 hours a day, it becomes necessary to operate 12 trams cach made up
of 22 cars as calculated below:

+ The number of freights per train:
22 [= (10,800 tons/day) + (12 trains) = (41 tons/freight))

The capacny of ash transit tanks shall be designed to be targe enough (to tast for 10 hours)

y

as determmed by the footpnnl of ash-collection equipment to be installed atop the tanks.

. Ash transit tanks: :
2,000 m* (= 173 vhrx 10 hrx 1L.Ox I ts (matgm)] x 2 units

The combined capacity of silos (for storage and loading pusposes) shall be large enough to
last 2 days (48 hours). The loading silo shall have one day‘s capacity (4,200 tons/day).
And, the remaining capacity required shall be met by the storage silos.

* Loadingsilos : 4,200 m* {2 173 t/hr x 24 hr x 1.0} x 2 unis -

* Storagesilos : 4,200 m’ [= (8,400-4,200)x 1.0)x 2 units '

The (storage and loading) silos shall have systems that permit the receipt of ash from both '
R1 and R2 units.

The storage silos shall be equipped with emergency facilities (to take ash out of storage on
trucks) which will be used in the event of trouble with loading facilities or the like.
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(b)  The specifications of major facilitics have been determined on the basis of the above design
specifications are as follows.

They are showa in flowchart form in Figure 6-11-2.

1) Ash collection system (BM: Ash on furnace bottoms, FA: ECO, AH, and ESP ash)

+ BM ash coo!ers:'

(Type) Rotary ash coolers

{Capacity) 40 tons/hour x 3 sels/unit x 2 units
« Airintake valves:

(Type) ~ Spring-loaded check vatves

(Quantity) For BM: 3 sets/unit x 2 units

- ForFA: 8setshmnitx2 whits
Ash transport pipes: |
(Pipe diameter)  10B
(Pipeliﬁe system) For BM: 3 lines/unit x 2 units
| ForFA: 2 lines/unit x 2 units
Automatic selector valves: o '

(Type) Rotary slide type
g: (Quantity) For BM: 3 sets/unit x 2 units '
a o For FA: 8 sets/unit X 2 units

Vacuum blowers;

(Type) Dry-type Roots blowers
{Capacity) For BM: 52 Nm*/min. (-5400 mmAq)
For FA: 57 Nm’/min. (-5400 mmAq)
{Quantity) For BM: 4 sets/unit (1 set for backup) x 2 units
For FA: 3 setsfunit (1 set for backup) x 2 units
+ Dust collectors:
(Type) Integral-type bag filters
{Quantity) © ForBM: 3 setsfunit x 2 unils

For FA: 2 sels/unit x 2 unils
it tanks:
g i’i Ash transit fanks -
' (Type) Cylindri-conical steel tanks
" (Capacity) 2,000 m® (15 m across x 11 m high) x 1 set/unit X 2 units

-*
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2

Ash transport facilities

*+ Discharge vessel:
(Type) Cylindri-conical steel pressure vessels
(Capacity) 50 tons/hour x 4 sets/unit X 2 units
*- Ash transporl pipes:
(Pipe diameter) 168 _
(Pipeline system) 1 line/unit x 2 units
* Pressurize blowers:

(Type) Dry-type Roos blowers

{Capacity) 210 Nm*/min. {13,000 mmAq) _

(Quantity) 2 setsunit (1 set for backup) x 2 units
+ Ash storape silos: , ‘ |

{Type) | Cy!indri-coniéé! steel silos

{Capacity) 4,200 m’* (16.5 m across x 20 m high) x 1 silo/unit x 2 units
* Dustless unloader:  (For use in emeigency) | ‘

(Type) Dual-shafl paddle-equi pijed type

(Capacity) 100 tons/hour (dry ash) x 1 set/unit x 2 units
+ Dustless untoader-feedwater pumps: |

(Type) _ Centrifugal pump's _ .

(Capacity) 190 m'fhour {5 kg/em®g) x 3 setsf2 uniis (1 sel for backup)
« Feedwaler pits: | : '

(Type) Rectangular concrete pits _

(Dimensions) 8 m wide x 8 m long x 4 m high x 1 piv/2 units
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3) Ashloading facilities

« Discharge vessel: _ 7
(Type) Cylihdri-con ical steel pres'su're vessels
(Capacity) 50 tons/hour x 4 selsfunit x 2 units

« Ash transport pipes: |

' (Pipe diameter) - 18B

?f o | (Pipeline system) 2 lines/unit x 2 units
' « Pressurize blowers: |
(Type) " Dry-type Roots blowers
(Capacity) 270 Nin*/min. (13,000 mmAq)
{Quantity) 3 setsfunit (1 set for backup) x 2 units
+ Ash loading silos: | |
{Type) " Cylindri-conical steel silos
{Capacity) 4,200 m’ (16.5 m across x 20 m high) x 1 silo/unit x 2 units
+ Dustless unloader: (For regutar use) ‘ o
{Type) Dual-shall paddle-equipped type -
{Capacily) 250 tons/hour (dry ash) x 3 selsfunit x 2 unils
s Conveyoss: ' : - '
g} (Type) Bucket conveyors (heat-resistant)
(Capacity) - 950 tons/hour (moistened ash) x | set/unit x 2 units
+ Trippers: o ' |
(Type) Belt lifting type (heat-resistant) =

(Capacity) 950 tons/hour (moistened ash) x 1 sct/unit x 2 units

| 3) Itemsto be considered for carry out the plan-

{a) The amount of water required for moislening ash in preparation for ifanspdﬂafion by rail
cars varies in accordance with the proportion of Ca components contained in the ash--A
large amount of water causes ash o solidify while a small amount of water causes ash to be
loose and crumbly. It is, therefore, important to deterniine the optimum moisture content
for in-transit ash in the test-run stage of in a scparate study relating to the handling of ash

gl derived from fluidized bed combustion (FBC) furnaces (as to humidification factor, heat
generation, and the like} using "Bulgarian” lignite.

(b) Since underground water is flowing beneath the coal-mine topsoil dispasal site (at Drianovo,

17 km®), it is nccessary to institute measures to prevent contamination with hazardous
subslances dissolved out of dumped FBC ash.
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(©)

(d)

As example measures, the following are conceivable: .

Geologically, the site consist seams of clay, sand, and gravel. ‘U_nder the circumsiances,
first of ali, the clay seam shall be studied to determine whether it can be uscd or not--
through the performance of water-permeabilily tests and the like on the clay to determine
its properties such as permeability. | '

Next, by capitalizing on FBC ash's propeity to solidify by the action of moisture, the
lowermost seam on the bottom of the planned dump site shall be turned into a solid seam.
Fusthermore, to study various kinds of measures, it is extremely important to analyze and
document chemical components that diss_olve'oul of FBC asﬁ with higher degrees of

accuracy.

Since the operation of coal-mine topsoil iransport cars and ash transport cars is expected to

be complicated, consideration should be given to the following:

Freight car operation should be elaborately scheduled.
Arrangements for liaison and coordination between the coal mining company and the
power plant should be devised. _

To deal with freight-car operation which will be complicated, the number of safety
operation personnel should be increased to betler implement safely management.

Since FBC ash shall be disposed of by using the railway and disposal site owned and

operated by the coal mining company, there is a necessily of making prior

adjustments/arrangements between the coal mining company and the power plant

concerning such matters as the power plant's reconstruction schedule, the shasing of

workload (including the employment of operating personnel), the sharing of costs of

purchasing tolling stock {freight cars), and other altendant matters that are requited to be

seltled such as ash-disposat contracts.
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6.12 Plant Water System
6.12.1 Design Condition

(1) Scope of Design

Scope of design for plant water system is to plan the whole facilities of pre-treatment system
and water treatment system which covers from Sazlijka River water intake facilities to water
treaiment plant.

(2) Basic System, and Pre-treatment and Waler Treatment Method

(@) Basic plant water system consists of “Plant waler system (demineralized water and fresh
water)” and “Living water system” in tenms of water. '

(Refer to Figute 6-12-1 “Flow Diagram of Water Trealment System™.)

(b)  As for plant water treatment method, the coagulation and sedimentation method is adopted
for pre-treatment plant, and the mix bed type with polisher is adopted for water treatment
plant, considering water qualily of Sazlijka River and the experiences of water treatment

plant,

Basic plant water system consisis of the following system.

(@ Plant water system

1) . Filtered water system for plant consists of intake from Sazlijka River, pre-treatment,
storage in the filtered wate'r tank and supplying the ftltered water to each using place
and for fire fighting.

.2} Fire fighting syslem is separated from the f ltered water system

3) Demincralized water system for plant consists of facilities receiving the filtered water,
producing the demineralized water in water treatment plant, sloring in the
demineralized water tank and supplying the demineralized waler to each unit directly.

@ Living water system -

- Living water is received frem Gomo Botsuo city and its system is out of a scope ol design.

(3) Basic Palicy of Equipment Design
(a) Bearmg cooling water syslem to be of closed circuit type

Closed circuil type system is adopled for bearing cooling water syslem in oider to reduce a
quanlily of bearing cooling waste waler.
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Loss of bearing cooling water should be saved by cquipping the mechanical seal with gtand
of B.E.P booster pump.

(b)  Adoption of circutating water pump with cutless bearing (bearing without tubricaling water)

In order to reduce the plant water, a circulating water pump should be provided with cutless
bearing which does not require water. '

(4) Receiving Water

{(a) Water source

(D Plant water : Saztijka River .
@ Living water : City water from Gorno Botsuo City

(b)  Water quality of plant water
' 7 | Analized data of Saztijka River water are shown in Table 6-12-1 “Raw Wal‘er.Analysis for
Design™. ' '
(5) Waler Quality of the Treated Water
Water quality of the treated water should satisfy the Bulgarian Standard shc{wn in Table 6-12-

2 “Water Quality of the Treated Waler”.

However, conductivity should meet the Japanese Standard, (0.5S/cm) in stead of the
Bulgarian Standard, {0.2pnS/cm) because the Bulgarian Standard is too severe and causes
instalation of large scale of water treatment plant for its capacity. '

(6) Capacity of Water Treatment and Pre-treatment Plant’

(a) Demineralized water tank and water trealment plant

(D Number of the demineralized water tank and water treatment plant is two (2) tanks and
two (2) trains, respectively. o

@ The maximum deimineralized water quantity to be required for three (3) days should be
catered by the one water treatment plant and one demineralized water tank.
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(b) Filtered water tank
@ The required capacity and number of tank should be decided on the conditions that two
(2) tanks to be installed.

@ The maximum filtered water should hold water quantity required for a day even in case a
filtered water tank is out of service because of inspection.
(c) Pre-treatment plant
(D Two (2) trains of pre-treatment plant should be installed.

@ Capacity of pre-treatment plant should cater for the maximum fillered water quantity and

. walert quantity for one water treatment plant in service.

6.12.2 Study Results
(1) Speciﬁca'lions' of thrchain Equipment and Facilities
(a) Pre-treatment plant

D Type : Coagulalion, Sedimentation and Filter Method
@ Capacity : 1,500 m*/day per train
3 Number : Two (2)sets

(b) Filtered water tank

. (@ type  : Steel made cylindrical tank (of dome roof type)
@ Capacity : 4,000 m® per one tank
@ Number : Two (2)sefs

(c) Water {realtment plant

@ Type  : Mix bed type with polisher
@ Capacity : 700 m¥day per teain
@ Number : Two (2)sets

{(d) Demineralized water tank

@D Type : Steel made cylindrical tank (of inner roof type)
@ Capacity : 1,500 m’ per one tank
Number : Two (2)sets
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(2) Calcutation of equipment capacity

Capacily of cach facility is caloulated hereunder. Detaited data of plant water quantily are

shown in the Appendix 6-12-1 “Forecast of the required demineralized water quantity”,

Appendix 6-12-2 “Forecast of the required filtered water quantity” and Figure 6-12-2 “Flow
Balance of Water and Waste Water™.

(a) Demineralized water tank and water treatment plant

(D Units R1 and R2 should not be started up simultancously..

@ In case Unit R1 is started up after periodical inspecli.on and Unit R2 is in service, the

requited demineralized water is maximuny.  The waler quantity required for three (3)

days (peak period) are shown as follows.

Firstday : UnitR1
Unit R2
Secondday ; UnitRI
Unit R2
Thirdday : UnitR1

UnitR2

Boiler hydrostatic test
Cbnlinuous oﬁeralibn
Boiler b!ow
Continuous operation
Boiler blow

Conlinuous operation

500 ton 7
- total - 1,150 ton :
650 ton -
360ton |

total 1,018 ton
650ton | -
360ton |

total 1,010 ton
650 ton | S
Grand total 3,170 ton

@ The following formula is established by applying the design policy considering the

optimum design of water trealment plant and demineralized water tank.

Q = (three (3) days x one train x X) + (0.8 x Y):

Where,

Q : Water quantity in peak three (3) days (ton)

(The maximum quantity is supplied by water treatment plant and

demincralized water tank.)

X : Capacily of water freatment plant (ton/day) |

Y : Capacity of demineralized water tank (ton)

In case capacily of water treatment plant is 700 ton/day, tank capacity is as follows.

Y = {3,170ton - (3 days x | train x 700 ton/day))/0.8
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L.

= 1,338 ton _
Therefore, the oplimum capacity is 1,500 m’.

By the above calculations, capacity of water treatinent plant is 700 ton/day {two (2) scts)

and capacity of demineralized water tank is 1,500m” (two (2) scts).

(b) Fillered water tank

Capacily of filtered water tank should be not less than the maximum filtered water quanﬁiy

to be required for a day.
The maximum required
quantity of filtered water
- Filtered water for producing the demineralized water 1,345 ton
*Miscellaneous water | 1,610 ton
"Fi_llered water for living 150ton
Total 3,105 ton

Therefore, when a tank capacity is calculated applying 80% of tank effective storage 1ate, it

is necessary lo install two {2) sets of 4,000m’ filtered water tank including one stand-by tank

which will supply the required water in case the other tank is out of service because of

inspection.

(6) Pre-treatment plant

Pee-treatment plant should be capable of supplying the waler quantity required to operale

one water Irealment plant can be operated and the maximum required filtered water

quantity.
- Water quantity required to operate one water treatment plant _
700 ton/day +.100 ton/day : 800 ton
+ Filtered water _
- 350 ton!day + 1,245 ton/day + 100 ton/day 1,710 ton
~ Total 2,510ton

Therefore, the following capacily should be necessaty in order to this quantity (2,510 ton)

to be supplied by two (2) pre-treatment plants.
2,600 ton/day < 2 trains = 1,300 ton/day
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Taking into account of the regeneration time of the filters, the foltowm g capacity is required.
1,300 ton/day x {24/22 hours) = 1,500 tonfday

Resulting the above calculations, capacity and number of pre-treatment should be 1,500
ton/day x two (2) sets.

(3)' Chemical Storage Equipment

Chemical storage equipment for the water treatment consists of chemical unloading
_ equipment, chemical storage lank and chemical transfer equipment.
The plant for the system will be established on the following basic conditions.

(a) Chemica! unloading equipment

Hydrochloric acid and caustic soda will be used for the water lrealment and waste water
treatment system. These chemicals will be delivered to the power plant by railway and
transferred from railway tank to storage tank by refevant chemical unloading pump.

(® Chemical storage tank -

The storage capacity will, in principle, be more than ;equiremént for 20 days for the .
fellowing reasons, : @
1) The standard capacily is nore than 15 days requirement.
2) The above chemicals will be commonly used for the waste water treatment system.
3) Maritsa East No.1 Power Plant is favorably located for obtaining the chemicals casily.
One set of hydrochlonc acid tank and causlic soda tank w1ll bc of the horizontal
cylindrical type. '

@ Chemical transfer equipment

The chemicals wilt be transferred from the storage tank to the water (reatiment system by a

chemical transfer pump. -

The chemical transfer pump for the waste water treatment system will be installed nearby

the chemical transfer pump for the water treatiment systém within the dike for chemical

storage tanks. ' ' E%
Specification and calculation results of other equipment are shown in Table 6-12-5.
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{4) Equipment Arrangement Plan

(3) Pre-treatment and water treatment equipment are installed nearby Sazlijka River.
(b) Pre-treatment eq'u'ipmen! is installed outdoors and water treatment equipment is instatled in
a house. _ '
{c) Operating room, electrical room and control room of each treatment system are installed in
_ the water treatment room. | _
% (d) Fillered water fank, demineralized watcr tank, filtered water {ransfer pump and

demineralized water transfer pump are installed near the water treatment room.
Outline of equipment arrangement is shown in Figure 6-3-1.

(5} Plan for Monitoring .and Control

- (@) Pre-trealment equipment

@ Pre-treatment equipment except powder chemicals receiving and dissolving equipment
shoutd be operated fult-automatically. '
@ Equipment could automatically be started and stopped by detecting the water level in the
filtered water tank and number of equipment should also be decided by the water level.
g @ Filters should be automatically cleaned by means of a back washing method bj' detecting

the pressure difference of filter, etc.
(b)  Water treatment equipment _

. (D Equipment should aut.mnatically be operated by sequencer and a part or all equipment
should be renﬁ‘ote-opera!ed l.nanua.lly froin water treatment control panel.
@ Regeneration of tower should automatically be put in operation by forecasting the
constant treated water quantity, constant treated watér qualily and resin load.
@ Equipment should be automatically started and stopped by indication of a water level in

the demineralized water tank, elc.
(¢) Operation and trouble conditions of pre-treatment and water freatment equipment should be

g’ : . indicated on ‘the conirol board individually and all main monitoring items should be
“indicaled on the common monitoring panel in the central control room.
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Table 6-12-1 Raw Water Analysis for Design

6-108

Items Unit  Water Analyzed Data |
 pliat20°C 7139
__Conductivity at 20°C ft Slem 1116 .

Total suspended matters mg/ ¢ 33.0
Dissolved solids mg/ ¢ 984
DCO 5 mpO./f ¢ 3.1
Oxydability with KMnQ, mg0y/ ¢ 12.6
Cr mgf ¢ 39.0
SO5 mgf ¢ 328.4
F mg/ ¢ 0.50
HCQO, mg/ ¢

NOy mg/ ¢ 119.7
NO; mg/ ¢ 6.43
PO, mg/ ¢ 2.39
TH °F 55.0_
TA °F 0.0
TAC °F 27.0
ca®' n&g/ { 160.0
Mg mg/ ¢ 36.45
K' mg/ ¢ 5.60
Na' g/ ¢ 116.0
NH,' mg/ ¢ 0.80
Fe {total) mg/ ¢ 1.00
Cu (total) mp/f ¢ 0.005 .
Zn {total) mg/ { 0073
Cr (total) mg/ ¢ <0.05
Ni (total) mg/ ¢ - <0.02 L
Sr mg/ ¢ 1.34
Ba' mg/ ¢ <0.05 -
Si0; mg/ ¢ 1523



Table 6-12-2 Water Quality of Treated Water

Unit Demi. Water ' Feed Water
Conduclivity 1 7 Sfem 0.5 ) 0.2
$i0, t pfkg 20 40
Cu'' 1 g/kg : 5 5
8 Na' : i p/kg 10 10
H | 1 gequikg —~ 1
pH - — ' 9.140.1
F¢'* ' K g/kg - 30
0, ig/kg | — ‘ 10
ol mg/kg - 5
NH, kg - 1000
NH, weke |- - 2010 60
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Table §-12-3 ~ Forecast of the Required Demineralizéd Water Quantity

(1)  Steady (Forecast of the required demincralized water quantily required to two units under

normal operation)
Wasle water quantity (ton/day)
Ilem Waste water | © Waste water be  Deisgn reasons
be possible to |  impossible to recover :
recovery :
Lowsalt | High salt
@ Boiler- turbine 500 500 |BMCR : 740 th
| Boiter make-up water
quantity :
740 th x 0.03
=222 th X2 unit X 24hr
= 1,065.7 th
— 1,000 vh
The half quantity should be
evaporated.
@ Boiler sootblower 160 0.33ton/day- MW is applied b
experience. :
@ Heating steam for 30 0.6 ton/hr- unit is applied by
EP hopper . _ experience.
@ Bearing cooling 10 It is assumed that is half
water quantity of 20 ton/day of bail
recirculating pump grand seal
water.
® Other auxiliary 30 _ It is assumed the half quantity
steam of 60 ton/day of the
experienced data.
© lavoratory 5 By the expericnce
@ Sampling 10 |Itisassumed the half quantity
of the experienced data.
Total 720 510 15
Plant water quantity 1,245
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(2) Un-steady

Item

Waste water quantity (ton/day)

Waste water Waste water be
be possible to | impossible to recover
- [eCovery

Design reasons

_ Lowsalt High salt

(D Boiler blow at 360 It is assumed by the
starfup experienced data.

@ Boiler hydroslatic 500 It is assumed by the
- _ cxpericneed data.

@ Boiter chemical 740 It is assumed by the
cleaning _ experienced data.

@ Condenser 350 It is assumed by the
hydrostatic experienced data.
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Table 6-12-4

(1) Steady (Forecast of the r_equiréd filtered wates quantity required for two units under normal

Forecast of the Required Filtered Waler Quantity

operation)
Waste water quantity (ton/day}
{ten Waste water Waste water be .Design reasons
be possible to | impossible to recover :
recovery -
_ Lowsalt | Highsalt , _

(D Turbine building 210 0.45ton/day- MW is applied by

niiscellaneous water | | experience. |
® Cooling water for 20 0.05ton/day* MW is applied by

ash handling experience.

equipment .
@ Waste water 1,245 Make-up water of dustless

lreatment system unloader : 51.48 th
@ Waste water sludge 10 [t is assumed the half quantity

dehydrator ' of 60 ton/day by the

experiences,
& Others It is assumned by the
: experienced data.

Total 1,730 315 0
Plant water quantity 2,045

{2) Un-steady

Waste water quantity (ton/day)

ftem Waste water Waste water be Design reasons
be possible to |  impossible to recover
recovery
Lowsalt | High salt
(D AH water washing 1,300 Hisassumed by the
experienced data.
@ EP water washing 900  |ltisassumed by the
experienced data.
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Table 6-12-5  Calcualtion of Capacity of Power Plant Water Facilities

Items Specification of Facilities Planning Reasons
Raw water transfer Capacity : 150 th Pump is capablé of supplying the
pump Number : (wo (2) sets required water of pre-treatment plant
Q =3,000ton/day -+ 22hr
=136 thx 1.1
=150 t/h
Raw water pipings Diameter: 250 A Piping diameter is désigned based on the
-~ design standard and flow velocity of
(Material : ATPG370Sch40) 2 Sirlsec.
2
d= 4 4x150x2
3600xrx2.5
_ _ =0.206 m
Pre-treatment plant Capacity : 1,500 ton/day From item 6.12.2, (c)
' Number : Two (2) trains
Filtered water under- Type :SmMmMagmwikaﬁmm&edﬂmmmgme
groud tank ' -conirete lank maximum received waler quantity for a
hquL
Q =(3,000tonfday + 22)x1
=136ton > 150m’
Filtered water transfer | Capacity : 150 th | Capacity af this pump is same as that of
punp ' | Number . Two (2) sets s raw water transfer pump.
Filtered water tank Type Sléel made doom | From item 6, 12‘2, {2}, (@)
: roof
Capacity : 4,000m’
Number : Two (2) sets
Flitered water transfer | Capacity : 40 th The pump is sized thal two water treat
pump Number : Two ('2) sets nient plant can be operated by two
' pumps,
(1,400 ton/day +20hr} x 1.1 +2
=38.5ton/h — 40 ton'h
Filtered water pipings | Diameter: 150 Ax 1 Piping diameter is designed based on
(Material : ATPG370Sch40) flow velocity of 2.5m/sce.
112
= 4x40x2
3600xax2.5
= 0,106 m (150A)
Water treatment plant [ Capacity : 700 ton/day From item 6.12.2, (2), (a)
Number : Two (2} trains

6-113




Hems

Specification of Facilities

Planning Reasons

Demineratized water Capacity : 50th The pump is capahle of supplying the
transfer pump ' . water quantily which is required for
Number : .12?:}323::; O 1 boiler hydrostatic test (500t/day).
(500 ton/day + 12hr) x 1.1
=458 tonsh — 50ton/h
Demineralized water Type : Steel madeinner |Fromitem6.12.2,(2), (a)
tank roof ‘
Capacity : 1,500m’
Number : Two {2} sels
Demineralized water . | Diameler: 150 Ax2 Piping diameter is designed based on
pipings (Material : SUS304TPSch20) flow velocity of 3 to 3.5m/sec.
2 pipe lines should be laid for reliabifity.
112
4= 4x50x2
3600x7x3.5)
_ . =0.101m (150A)
Fresh water pump Capacity : 30th The pump is capable of supplying the
Number : Twe (2) sets maximum reguired fcesh water.
(1,600 ton/day +24hr) -2
=335x1.1
. ‘ =40 ton/h
Fresh water pipings Diameter; 150 Ax?2 Piping diameter is designed based on
STPG37OSéh 40) flow velocity of 3 to 3.5m/sec.

(Material ;

o [ axa0x2 1"
" 3600x7x2.5

=0.130m (150A)
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