4.2 = Limestone
4.2.1 Present Conditions In Buigarla _

(1) Distribution of limestone resources

The limestone resources are distributed within 100km off Sofia, capital city and
additionatly other resources are distributed around the Black Sea and in the south area of
this country.  Figure 4-2-1 shows the limestone resource disiribulion and cement factories.

{2) Cement industry

(@) Limestone is main material for cement production.

The production method (example: production of cement of 1 ton) is approximately as

follows.
(Material) _ ‘
Limestone (1250kg), { »{ Diying | -»| Crushing | > | Burning | —»| Crushing | -» | Cement
| Clay (300kg) : (1t).
T
Gypsum {40 g}
(Retarder)

' {b)  Current cement factories exist near limeslone resources and there are 6 factories in this
country. Meanwhile, most of clay can be procured near the factories.  As for fuel, all
the cement factories import natural gas from Russia te fill all requirement for the fuel.

{c) Cement production amount stayed around S million tons untit 1990, but it dropped to
~ less than half of it after 1991 when Bulgaria economy changed to markel economy
system. The prominent reason is that Bulgarian cconomy was sluggish and encountered
inflation due to compelition of its various industries with those of other countries and
conventional construction method using much cement has not been used so frequently.
Most of cement produced is consumed domestically and only a slight amount of it is
exported. ' o ‘

(d) Table 4-2-1 shows production capacity of each cement factory.

The quality of produced cement complies with the ISO standard. Because no separator
is installed on finishing with it is impossible to produce high quality cement except for

-only Vulkan factory. .
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At present, on the envirorimental-protection front, attention is being focused on soot and
dust alone.  With this being the situation, although the individual plants are equipped
with electrostatic precipitators in front of their siacks, they stand in need of satiél‘yin g the
EC standard {of 80 mg/m’N) fiom }995 onward. As for noise and vibration, they are
nol posing any particular problem because of the low numbers of dwellings in the
neighborhood of the concrete plants. ' '

Characteristics of Mines near Power Plants

Limestone mines located near Maritsa East No. | thermal power plant and their major
characteristics are as follows.
Figure 4-2-2 shows the location of each mirie.

Bratyakunchevi Mine (about 80km north of the power plant, about 25km east of Stara
Zagora)

This limestone mine is managed by Inermat Company whose headquarter is located in
Stara Zagora. :

The plan to construct a cement plant at this mine has been aborted in its tracks due to the
fact that the Dimitrovgrad mine (Vulkan Plam) was developed earlier.  Currently,
unfinished facililics are being operated to produce ballast/gravel (wilth a yearly
production of I miltion tons) to be used for roads as well as to be used for construction
materials. Railroad facilities are availablé all the way to the power plani.

The location of limestone deposits is about 7 km into the mountains from the stone-
crushing facilities. The estimated reserves of limestone are some 90 x 10° {ons.
Below the surface layer of clay measuring 2 to 3 meters in thickness, a 4-to-5-meter thick
seam of limestone lies. '

2 sites of dimitrovgrad mine (Yurdere, Chata)

(Both about 60 ~ 90km south west of the power plant, about 10km north of and about
20km south east of Haskovo)

This mine managed by Vulkan Cement Company (Dimitrovgrad).
The cement factory started production in 1947 and limestone to be used for cement

produclion is collected at 2 sites. The current consumption is 500 x 10* ton/year and
the production is estimated to be able to continue until 2050,
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(¢) . Thereserve of limestone is as follows.
+ Yurdere mine : 214x 10%ton
« Chalamine : 33x10%ton

(d) The method of transportation from the limestone mine to the cement factory is as follows.

Yurdere mine -———»  Crushing »  Cement factory
7 km ¢) . 2S5km -
Truck (150) . Ropeway

' # Crushed to less than 25m/m in diameler. _
" Crusher (capable of crushing to less than Im/m): 400 vhx 1, 250t/ x 1 (for spare)

(3) Kamenets mine (about 100km north east of the power plant, about 30km away from
Jambol) o '
(a) This mine is possessed by Jambol.

(b}  As no geological survey has been conducted, data about the reserve are unknown.

4.2.3 Quarry and Transportation Plan

(1} Quany plan
(3) Study paramelers

1) Quamy: 4 quarry mines (Bratyakunchevi, Yurdre, Chala, Kamenets)
2) Reserves; Bratyakunchevi =90 x ]_06 ton (not developed)

Yurdere © =214 x 10%ton (in use for cement)
Chala =33 x 10° ton (in use for cement)
Kamenets ~ =- {not suﬁ'e)'ed)

3) 500x 10° tonfyear of limestone produced in Yurdere and Chala mines was consumed
as raw material for cement and their mining operations will continue until 2050,
4) The quarry time is 10 hours per day on averagé because of daylight time, labor safety,
Coete
5) Amount of limestone necessary for a replacing plant:
180 t/h (90 Uh X 2 units)
4,300 /¢ (= 180 vhx 24 hr)
,100,00 Uy (2 units, aniual ulilization factor: 0.7)
6) Table 4-2-2 shows the propetties of limestones of each mine,
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7) The limestone grain size shall be less than S0 m/in ¢ bonsidering cenvenience at the

time of transportation and slorage.

(b) Study result

1) Yurdere mine is the mosi recommendable due to its reserve and prdperty of limestone,
but there are problems to be resolved in relation with cement industry. On the other
hand, because there is no important problem in limestone (dolomitc) collected at
Bratyakunchevi mine for combustion test of lign'ite, in terms of combustion and
desulfurization, this liniestone can be crushed to required diameter and transported by
1ailway and this mine can be developed as a mine specialized for desulfurizing agent.
Therefore, the required crushed stone éhould be collected from Bratyakunchevi mine,

2) According to the amount of limestone required per day, 430 ton will be collected every

hour.
[Q = (4,300 t/d) + (10 hr) = 430 th}

3) To crush limestone to required diameter, existing crushers will be used.
Limestone shall be transported from the collection site to erusher by means of ropeway
(1o be newly established over 7km).

{2) Transportation ptan

(a) Study parameters
1} Transporiation method ©: Railway (Bratyakunchevi mine to pbwér plant)
2) Distance up to the power plant  :  Approximately 80km
3) Amount of transported limestone: 4,300 ¥/d (430 th x 10 hr)

()  Study result
1) 8;trains are necessary perday. [8 %= (4,300) + (55) = {10))
2) Assuming that limestone loading time for a train (10 freights) is 40 minutes (including

lrain come-infout), the operation lime of the train is 6 hours per day.
[6 == (8) x (40) + (60)]

4.2.4 items to be studied for project implementation

(1) With limestone intended for usé_as the desulfurization agent (measuring 'appmximately 3
mm across or smaller), the transportation of finely crushed limestone, which has been
ground in-situ at the mine, is considered to give rise to pollution problems due to the




structure of freight cars. It may, therefore, be desired that limestone be pulverized to the

~‘ultimate grain size at the power plant.

()

As Bratyakunchevi mine has not been developed and ils geological survey was conducted
as before as 30 years ago, it is recommended to survey its geological feature again. -

Development of limestone ‘mine must be conducted in cooperation with flue gas
desulfurizer instatlation plan of Maritsa East No. 2 thermal power plant (No.8 unit).
Additionally, the developmeit of the mirie needs construction cost and operation cost (for.

every year) mentioned below.

[Construction cosf]

@

(b}

‘Drilling equipment: aset 4,000,000 US$

Cos!t necessary for pﬁrchase and installation of all equipment for drilling of stones by
dritling equipment, collection of the stones by bulldozers and transportation to a ropeway

station by tracks.

Transpostation equipmenl: a set 10,000,000 US$

Cost necessary for purchase and installation of transportation equipment from the stone
collection site to the loading place.  However, the cost may change drastically

depending on géographical condition, etc,

‘[Operation cosl] a sej $00,000 US$/year

€)

" Cost relating to utilities (fuel, lubricant, electricity, elc.), transportation by railway, etc.

To exploit the Yurdere mine, there is a necessity of having prior consultation with Vulkan
Cement Company and responsible Government agencics regarding such issues as
transportation methods and cement production. It is desired that a rencwed geologicat
survey be condu¢ted in order to oblain accurate geotogical information/data including
possible feserves. Considering the distance to the power plant, safety concerns, and the

' réquired transportation capabilily, there is a necessity of developing a railroad Foute and

building railroad l_racké.
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Table 4--1-—4 SPECIFICATION
of MARLTSA FAST LIGNITE BASIN / TROYANOVO 2 / AFTER 1998
for MARITSA EAST L TPP

AR s e A A L i R A kT Tk R T T ey A A e kR A i Sk e B g i e g o . e e b b S T

ait : Cuatgrllteed wbiqth . with ulfth
e e e ottt e e e e Amax . Wmax_.Q nax. -
1. Ash, air-dried base % 35,50 45,00 33.00 30.0
2., Moisture as received 4 55.0 4%.0 571.0 55.0
3. Ash as veceivad % 15,98 22.95 14.09 13.5
4, Carbon as received % 18.23 18,85 18,22 20.17
5. Hydrogen as received b4 L.54 1,42 1,54 1.70
6. Oxygen as received 4 5.46 5.05 5.47 6.02
7. Ritrogen as received 4 0.32 0.30 0.32 0.35
8, Combustible sulphur X 2.1 3.2 2,9 2.4
as receiyed i : .
§. Volatiles from mineral b4 1.51 . 2,19 . L.35. 1.28
substance as received : :
10. Calorific value (LHV) keal/kg 1,410 1,315 1,400 .~ 1,590
KIfkg 5,910 5,510 5,860 6,660
11. Volatiles : rd _
combustible base 60 - 64
12. Hygroscopic moisture % 11
13, Milling
efficiency as per
—K 0.83 — 1.22
—for guaraateed : k= 1.1
coal
14, Ash analysis
5i0; % 35 — 50
ALy % 16 - 32
Fealh )4 7 - 206
Mg0 1 1.5 = 3.5
Ca0 X 2.5 = 5.0
S0, % 2.5 - 15
15. Ash Fusion Temperature
A, In oxidizing environment
{by Leitz)
for Aﬁalyjsis 1,2,3
—deformation point  tC 1,250 1,220 — 1,300
—melting poiat t°C 1,280 1,260 - 1,300
—running point IS & 1,300 1,280 — 1,300
B. In semi-reduction
environment (by Bunte-Baum)
for Analysis 4 ' :
--deformation poiat, °C 1,050 — 1,150
—melting point, g 'C : 1,1s0 - 1,3C0
_ ~runni:ng point, t°C : 1,200 — 1,400
16, Density @ . gr/eub.cm ‘ 1.5 -— 1.9
17. Bulk weight kg/cub.m 760 — 1,100

" 27 o e o . b e o b (o ek L AR i e T A R A A o o o nd e L 8 et o o By kS fad i B ) ko e AT TR B 4 ¥ o - A A8
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Figure 4-1-1 Locations of Coal Minss in Bulgaria
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Zlatng Panega/ Cement Factory

Oevnja / Cement Factory

2

3

4 Pleven/ Cement Faclory

5 . Gronitoid /Cemenl}F‘octory
&

Vulkan / Cement Factory

Locations of Limestone Mine and Cement Foctory
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CHAPTER 6. OPTIMUM DEVELOPMENT PLAN
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CHAPTER'5 OPTIMUM DEVELOPMENT PLAN

Matters for Consideration

Basic policy of plant design in terms of technology was consuited with NEK in defail. The
basic items for design were determined as follows,

Rated output: electric output 230MW x 2 units

Hot water for local heating: 25Gceal/h.

Although hot waler supply equipment for local heating is provided for both units, either of
them is used for this purpose. At this time, electric output of a unit supplying hot water
decreases depending on calorific value to be supplied.

Steam condition

Generated steam amount: 740 t/h (MCR)

Main steam pressure, temperature and reheated steam temperalure are as shown below.
They are generally used for natural circulation type boiler for power generation.

Main steam pressure: 169 kg/cng {2,400 psigy  (atturbine inlet)
Main steam temperature. 533°C (1,000°F) (at turbing inlet)
Reheated steam temperature:  538°C (1,000°F) (at turbine inlet)

Design Iignile and ash properties

. They are the same as values described in “SPECIFICATION OF MARITSA EAST LIGNITE

(5}

BASIN/TROYANOVO2/AFTER1998 FOR MARITSA EAST-1 TPP” in Appendix 2
contained in Tenms of Reference (dated January 12, 1995). The properiics are shown in Table
5-1-1.

Design limestone property

It is the same as values mentioned in “LIMESTONE ANALYSES” in Appendix 3 contained
in Terms of Reference (dated January 12, 1995).



(6)

M
(8)
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(@
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(c)
@

(10
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@

Design heavy oil property

Existing heavy oil equipment . will be used as they are. Table 5-1-3 shows the heavy oil
propezty. |

Yearly plant availability. 70%

Minimum loéd: 40%

Emission gas standard

On the basis of O; = 6%, dry, the following restrictions shall be observed,

SOy Less than 650mgfm3N (227ppm) (Bulgarian standard value) of more than 90% of
desulfurizing efficiency (EC standard when high sulfuric coal is used.)
NOx:  Less than 600mg/m’N (292 ppm) (Bulgarian standard vatue) |
Dust:  Less than 100mg/m3N (Bulgarian standard value)
CO:  Lessthan 250mg{m3N (200ppm) (Bulgarian standard value)
Waste water standard

Class 3 of the Bulgarian standard “Index and standard to be applied to evaluation of the
quality of surface flow water” (State Gazelte Issue No.96, issued by Environmental Protection
Committee of the Ministry of Health Care anid Urban Project Committee) shall be followed.

Overload

The following overload capacities are allowed.

Boiler MCR:  Less than }03% ECR

(b) Turbine TMF: Less than 105% rated oulput

(c)

(12)

Generator: Less than 105% rated output -

Storage amounts of lignite and limestone

For 23 days according to the Bulgarian standard.
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Table §-1-1

Design Lignite Properties

Guaranteed

ltem - A Max W Max Q Max
Ash (air-dricd base) | % 35.50 45.00 33.00 30.00
Moisture (as received) % 55.00 49.00 57.00 55.00
Ash (as reccived) % 15.98 22.95 14.09 13.50
Carbon (as received) | %|  18.23 18.85 18.22 20.17
Hydrogen (as received) % 1.54 1.42 - 1.54 1.70
Oxygen (a8 received) % 546 5.05 5.47 6.02
Nitrogen (as received) % 0.32 .30 0.32 0.35
Combustible sulphur  (as reccived) % 2.70 3.20 2.90 2.40
Volatiles frpm mineral subslange % 1.5 219 {35 1.28
, (as received)
Calorific value kcal’kg 1,410 1,315 1,400 1,590
(LHV) klkg 5910 5,510 5,860 6,660
Volatiles %| 60 - 64
- Hygroscopic moisture % Y
Milling per K o 083 -1.22
efficiency per for guaranteed coal K=1.1
SiOn % 35-50
AhOs % 16 - 32
Fe203 % 7-20
Ash analysis -
_ MgO % 1.5-3.5
a0 % 25-5.0
SO3 % 25-15
Ash fusion temperature '
" A. In oxidizing environment
{by Lcits) for Analysis 1,2,3
Deformation point C 1,250 - 1,210 - 1,300
Melting point C 1,280 1,260 - §,300
Running point C £,300 1,280 - 1,300
8. In semi-reduction environment
(by Bunte-Baum) for Analysis 4
Deformation point T 1,050 - 1,150
Melting polnt C 1,150 - 1,300
Running point C 1,200 - 1,400
Density _ gricub. cm 1.5-1.9
Bulk weight kg/cub. cm 700 - 1,000
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Table 5-4.2

Design Limestone Propertics

5-4

_ Ca (%) 38.8
Oiginal limestone analysis Mg (%) 0.1
- air dried base)|___C (%) 1194
' S (%) 0.004
Fraction analysis Ca (%) »
between 0,125 - 0.250 mm Mg (%) 0.1
' : o C (%) 11.94
(air deied base) S _. 0.003
Grade ~ Reactive Index Adso_rption Capacity
RI (mol/mol) Ci (Limestone gs/kg)
L excellent <2.5 120 <
Linkestonc specification | _ g0od 25 -3.0 100 - 120
medivm 3.0-4.0 80- 100
low 40-5.0 60 - 80
bad 5.0< <60
‘Table 5-1-3 Heavy Oil Properties
Item - Butgarian Standard Acceptable Propeities
Catorific value (HIV) | *THE oaos ins
Kinematics viscosity - | mm?/s HS -
" Density gleny? 1.015 - 0.968
Ash content Weight % - 0.15 0.068
Sulfur content Weight % 35 2,99
Moisture Solume % 1.0 —
Impurilies Weight % 0.5 —
Flash point - ‘C 110 or more 120 or more
Pour point C 25 or less ~Torless



5.2  Selection of Boller Type
§.21 Boiler Types

A type of a boiler to be replaced is selected considering the following points.
(1) This plant has alrea&y expcrienced commercial power generation,
(2) The stanciard for emission gas can be observed.
(3) The replacing botler cah suit the property of lignite,

When selecting an oplimum boiler type salisfying these requirements, the following three
types should be compared.

' (@) Circulating fluidizéd bed combustion boiler (C-FBC) .
(b) Bubbling fluidized bed combustion beiler (B-FBC})
(c) Pulverized coal fire boiter (PCF) + Flue gas desullurizer (FGD)

% 5.22 <Conceptual Design of Boiler Types

Table 5-2-1 shows a result of comparison in terms of these three boiler fypes. Table §-2.2
~ shows a result of a case designed with ash max. coal. The features and differences among
_these boilers are as follows.

(.i) _ | Circulating fluidized bed combﬁstion boiler (C-FBC)

(a) According to actual results, most commeircial boilers are inedium or small capacity types.
Lignite burning units are found in a great number. The biggest capacity of currently
operating boilers firing lignite is 250MW. '

Because of low heat amount and high moisture in tignite, gas volume in this 230MW unit is
on the same level of 400MW firing bituminous coal. Dlesign of the ¢yclone is one of
% © . important points in this type boiler patticularly in a large capacity unit.

(b} ° As for obedience to emission gas slandard, desulfurization within a fumace is possible due
to contact between combustion gas and limestone to be accelerated. Ca/S is more than 2
and desulfurization efficiency is more than 90%. Additionally, because of small amount of
nilrogeh in fuel and lower temperature of combustion in the furnace, NOx emission
restriction of Bulgarian standard can be observed.
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(c)

As for construction cost and operation cost, this equipment requiring no desulfurizer and
having excellent boiler efficiency is the most economical.

- (2) Bubbling fluidized bed combustion boiler (B-FBC)

(a)

®

©

Although there are a large number of boiters practically used for commercial purpose, most
of them are of small capacity type. The maximum capacity unit currently operating is a
bituminous coal fired one for 350MW, but there is no farge capacily unit firing lignite. This
is a method for combusiion within a fixed fluidized bed, designing a coal supplying system
in which fuel and lignite are fed uniformly into a fayer is important.

Coal supplying method is classified to “bottom feeding method” in which fuel is uniformly
fed by air from the bottom of the furnace into a layer and “upper supplying method” in
which fuel is sprayed over the layer. ' '

However, high water content fuel such as lignite produced in Bulgaria easily produces
clogging by "bottom feeding method” and, in the case of the "upper feeding method®, the
large capacity machine cannot scatter fuel uniformly over the bottom of the furnace. Basic
development of stabilized coal feeding system is necessary, thus the "upper feeding method”
is considered to be technologically unapplicable. :

As for obedience to the emission gas standard, this is a method for combustion within a
fixed fluidized bed in the furnace, so that desulfurization within the furnace is possible due
to contact between combustion gas and limestone in the fumace. Although consumption of
limestone increases as desulfurizing material not to make dust recirculate as compared with
the C-FBC, a performance in which desulfurization efficiency is more than 90% can be
obfained with Ca/S of more than 2.5. :

Because of smalt amount of nitrogen in fuel and lower temperature of combustion in the
furnace, necessity of a desulfurizer does not exist. NOx emission restriction of Bulgarian

- standard can be abserved without DeNOx equipment.

Although thermal power by biluminous requites installation of a secondary fumnace to
improve combustion efliciency in order to prevent dust containing unburt component
accompanied by combustion gas flow from recirculating, it is possible to obtain an excellent

~ combustion efliciency without installation of carbon burn up cell (CBC) because its fuel

ratio is so low that it is easy to burn. Thus, the boiler construction can be simplified.
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)

As for construction cost and operation cost, although no desulfurizer is required, this
equipment having lower efficiency than the C-FBC is economical next to the C-FBC,

(3) Pulverized coal fire boiler (PCF) + Flue gas desulfurizer (FGD)

(@)

)

©)

5.2.3

OF

There are a large number of boilers practically used for commercial purpose and its
reliability has been established by the existing technology. The maximum lignite-fired unit
curcently operating is 600MW. As for desulfurizer, the wet limestone-gypsum method has
accurauiated a number of actual achievements as commercial machine as even a large
capacily machine.

Although there is no achievement with high sulfur content like tignite produced in Bulgaria,
its reliability has been established by existing technology, so thal it is considered to be
technologically applicable. However, sulfuric acid dew point increases because of high

~sulfuric content and watér content in fuel therefore it is necessary to mainfain gas

7 !emperalure from boiler exit to desui[‘unzmg intake high. Consequently, reducllon of boiler

efliciency is remarkable.

As for obedience to the emission gas standard value, because the boiler unil has no
desulfurizing function, installation of desulfurizer is necessary. However, a performance in
which desﬁlfurizing efficiency is more than 90% can be obtained by installing the wet
limestone-gypsum desulfurizer. Although water {0 be supplied to the wet type desulfurizer
is necessary, necessary amount of desulfurizing agent can be minimized.

As for construction cost and operating cost, the construction cost of the boiler is cheap,
however, the boiler efficiency is low. - Consequently, this equipment which requires a
desulfurizer is the worst in terms of economic efficiency.

Study Result of Power Plant Layout

Figure 5-2-1 to 3 show examples of power plant layout.

Basic plan of the layout

A study result of the entire project is shown below and it is applicable regardless of boiler type.



(@)

(b

©

@

©

Location of a replacing plant

The area for old unit nos. 5 and 6 is not big enough to install replacing tnits R1 and R2 and
the existing lignite dryess will be interfered. The area shall be extended by about 58m to the
north, ' | ' ' '

Application of the existing 180m high stack

The 180m high stack uséd in the old unit nos. 5 and 6 will interfere with an electrostatic
precipitator and disturb future extension of the facility.  Therefore, it is difficult to reuse the
stack. Thus, a new stack will be built on an optimum position.

Application of the existing 120m high stack

'The 120m high stack for old drﬁ;ers is not high enough from “down draft effect” prevention
poinl'of view. To avoid 'lhe effect, a boiler building will be forced to be limit to 70 m.
Furlher, because the diameter of the stack exit is small, the sl'ac'k_ is not suflicient for the gas
amount produced by this project. Thus, the cffective use of this stack cannot be expected.

Allocation of coal storage place and limestone storage place

A coat storage place currently used is not enough for sfcrage of coal and limestone for a 23-
day operation of this plant. Thus, a seclaimed place by ash disposal will be allocated.

Existing disposed ash transporiation pipe systein

Ash teansportation pipe lines currently used interfered will be with a newly built stack even
if any type of boiler is selected. Thus, it is necessary 1o move the pipe line system to other

- place. A new route of the pipe system should be decided at the implementation stage.

(2) Basic plan of Tayout for each boiler type

@

A result of consideration on the large difference due to boiler type is shown below.

Waste water treatment equipment

The capacily of waste water treatment for the FBC is smaller than that for the PCF, the
waste water lreatment equipment can be located between a newly built stack and a lignite
{ransporlation route. On the other hand, in the PCF + FGD, its wasfe water trealment
amount is larger, because waste water from a désulfurizer should be treated. Thus a waste

water trealment place needs (o be installed in the coal'slorage place of the old unit nos. §
and 6, '

-8



~ 56.24 Result of Consideration on Setection of Boller Type

- As a result of above menlioned studies, the C-FBC and PCF + FGD are technologically
applicable to a replacing plant, but, the C-FBC is eligible because of economical efticiency,
Thus, the C-FBC only will be further studied.
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Table 5-2-1 Con

parison of boiler (ypes

ltem

C-FBC

8-¢BC

PCF + FGD

(Comgarison of
technologies)
1. Structuse (Overall)

2. Peinciple

sufticient velocity to junp out and
returns Lo the fumace through the
cyclons placed upstream of heat-
recovery area.

Fuel is injected into Auidized bed
material to burn. Combustion
[temperature is kept Towes.

air Al

undec bubbling condition,

[Fuct is injected into bubbling bed
and burnt by contact wilh bed
matenial and combustion
temperntuce is kept lower.

3. Fuel
(1} Coal

(2) Diancier

(3) Surfzce moisture

Lignite, Subbituminous coal,
Bituminous coal, Anthracile
Oil cokes, Wood chips, RDF
0.1-12mm

Must be small not to cause difficulty

|Lignite, Subbituminens coal,
Bituminous coal, Oil coke, Wood
chips, ROF

3-20min

Bed matcrial is fuidized by air

Must be small nol fo cause difliculty

Solid fucl is dried with hot gas and
sitnultancously pulvesized through
water will, and then delivered to
furnace where fuel is burnt at high
temperature.

Lignite, Subbitumincus coal,
Biturninous coal, Anthracite

-1 0mun (Lignite)

75% ot more should pass hrough s
204 mesh.

{Bituminous-anthracite)

Must be small not to cause difficulty

sDesvlfurization

sDesulfurization ratio
oCafS

(5 Measures sgainst
NOx

+Denitration

(6} Load change rale
(1) Min. lead for single
fuel firing

(8) Other charactedistics

(4) Measure against SOx

In-furnace desulfunzation with
limesions

> 2%

10~30

NOx control through combustion
measures (fow tempesature
combustion and staged combustion)
3%/ minute

10% MCR

sLower gas temperature at GAE
outlel.

+Easy control of furnace
temperature

+Slower growth of scale on
evaporating tube.

+No slagging dus to no ash melting.

In-furmace desulfurization with
fimesione

> 90%

25~33

NOx control thiough combustion
measures (low temperature
coinbustion)

1%minute

16% MCR

1Lower gas lemperature al GAHR
outlet,

sRlower growth of scele on
evaporating fube.

»No stagging due to ash melting.
eTube in bed susceptible to wear.

content in fuel supply. in fuel supply. in fuel supply nat interfere fuel
1. Bedmateriat [Silica sand, Ceal ash, Linwestone _ iSilica sand, Coal ssh, Limeston e
5. In-fumace Uimestone  1-3mun Limesione 1-3inm —_
Jlesulurizing agenl 1 e
6. Performance
(1) Combustion . 170~ 850°C 770 ~ 860°C 1,300 ~ 1,500°C
temperature ’
(2) Air excess rate 1.20~1.25 §20~1.30 1.20~1.25
(1) Combustion ~59% ~ 9% -~ 95%
efficiency .

Wet type limestone-gypsum process
{externally instabled

>90% :

1Lo5~ 1.1

NOx control through combustion
measures (low NOx bumes and
staged combustion)

Y4/ minute

40% MCR

sHigher gas tempeeature st GAH
outlet,

»Scale may grow on FGD becsuse
of ultra-high 8 content coal.
+Somewhal good adaplability te
change in the properly of fuel
+Be cautious of slagging end
fouling,
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{2) Fuel supply system

() Prctreatment 5ys'!cm
for coal

(4) Olhe}s

Fuel is supplicd by air teansfece
dicectly or through the circulating
hinc into the furnace bottom,

Coal stotage yard —» grid + crusher
—» Raw coal burker

*Measures against clay ingress
«(uatity control at coal mine.
+Selling up 8 clay renoving system.
*Measutes sgainst bunker blocking
»Minimum stoting amount
+Bunker angle = 70°

sIncrease the number of ¢yclone.
*Suitable design for keeping
uniform gas flow {firrmace and
cyclone ertangement) .

sLarges! scale furnace but wilhin
_conventional scale-up range

8. History and
applications
(1) Year when systetas
were developed

(2) Number of systems
installed

(3} Large capacity .
experience (lignite
fired)

(4) Fulure (lignite ﬁfcd’

{0, Refisbiity

1980s

About 300 {medivm and smnall
capacily units)

Currently in operalion 250MW
(Provence/France}

[Under construction 235 MW/6%1
t/h (Poland)

Study has been conpleted on 400 10

600 MW class -

*No experience for lignite buiming
of 740 b, bul the design s within
applicable range.

. A )
vMedium and small capacity units
are in commercial use.
sFew experience of large capacity

Distribution over the upper bed only
on smaller units (lasge granule fuel
is used to prevent scattering), but air
transfer blow in the bed on larger
urits,

Coal storage yard ~» grid + crusher
-» Raw coal bunker

"Measures against clay ingress
*Quality control at coal mine.
oSeiting up a clay removing systeni.
"Measures against bunker blocking
aMinimum stoting amount
sBunker angle 2 70°

Jtem C-FoC B-FBC PCE+EGD
1. Difference in
components : :
J(1) Combustion furnace  |Waterwall or waterwall plus Waterwall Waterwall
' [Girebrick wall )
+Gas velocity 4.5~ IS nvs 1.2~ 24 m/s —
sResidence time 3~ Ssec 3~5sec

1~1.3sec

Dried fing coal pacticles from the
mill is supplied transfer to coal
burnes by drying gas.

Coal storage yard -» grid + crusher
-3 Raw coal bunker )
*Measures against clay ingress
sQuatity contecl ot coat mine.
sSelting up a clay emoving systen.
*Measures against buakes blocking
o Minimum storirg amount
+Bunker angle 2 70*

19703

Several thousands (mostly small
capacity units)

Currently in operation J50MW
[ Fapan) (Bitunsinous coal)

Study has been completed for 1300

t/h class. :

*No experieace of lignite fired 740
Vh unit.

-|1960s

[Many (mostly 200-600MW class} .

Curreatly in operation 600MW
(Germany)

Under construction 350MW
(SO0x=4753ppin/Spain)

*No experience of large FGD with
vltrs high concentration (S0 in
£as: 5000 to 600Gppm). (At ME-2,
FGD is scheduled to stad operation
after three years.)

A

sMedium and small capacity units
src in commercial use,

sFew experience of large cepacity
units, .

A
+PCF is cormmercially used.
«No experience of FGD with ultrs-
high 8 content coal.

A

« Confinnation of cyclones’
perfonnance, and measures 2gainst
esosion of cyclones, side well tubes
and h2at exchanger tube are
required. o

*No experience with Bulgarian
{ignite.” Technology developarent
is required.

A

s A celiable coal leeding systent is
required.

sMeasures against ecosion of side
wall tubes and heal exchanges
tubes in bed.

*No experience with Bulgarizn
lignite. Technology development
is required.

eMeasures egainst corrosion,
erasion end scaling of FGD are
required,

_J*No expetience of FGD with ulirs-

high S content coal. Technology
development is required.
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ftem

C-rgC

B-FOC

BCF + FGD'

11, Operating
characteristics

(1) Adaptability 1o load
change

(2) Operatability

(3) Tima required for
start-up '
(4) Stebility

- |Good

Good

Good whén combustion in the
fumace is stabilized after start up.
Longes than PCF

12, Maintenance -

sMeasures againsl erosion and
fepair are required,

i"i'.mﬂy—p‘rod.uc ts
(1) Type

(2) Disposal

. JSomewhal poor

Good

Good when combustion in the
fertiace i stabilized afler start up.
Longest

" {Good

[v]
Good
Good. But be cautious of scaling of

FGD
Shortest

. A
eMeasures against erosion and
repait are required.

A
eMeasures apainst FGD ecosion and
corosion repair are required.
+Scale must be reinoved from the
tower and pipe.

Mixed (limestone + gypsom + raw

{imestone}

Disposed to ash disposal area

sMeasures apainst increase of
tempecature and caking caused by
reaction with Ca and water are
required. Cautions must be taken
in handling.

»Could be used for separating
underground water wtilizing s low
pencteating propeity (To be
distributed in the bottom ol ash
disposal area).

Mixed {limestone + gypsum + 1aw
limestone) o '
Disposed to ash disposal area
sMeasures against hest and caking -
geneiated from Ca and water
mixture are required. Cautions
must be laken in handling.
oCould be used for separating
underground water ulilizing its tow
penetrating property {To be
disteibuted in the boltoin of ash
disposal aséa).

Separated (Coal ash, gypsum)

{Dispated to ash disposal area
sLasy to review effective use.
eMezsurement against caking
generated fiom gypsum and water
is required. Cautions must be
taken in handling.

(4. Unlity
(1) De-S0x soibent:

{70% of utilization raie]
Limestone (C2C04) 520 x 107 vy

[70% of uilization rate]
Limestone (CaCOy) 830 x 10’ ty

(2) Amount of fed water [450x10° vy 520x107 vy
(3) Auxiliary power 6~ 1% 7-8%
consumption

5. Wastc water

16, §tack liningor
hezting of fue gas

General wasle waler + waler

. jticatment drainage

“l70% of vtilization rate]

[Limestong (CsC0y) 290 x 16’ vy
Lioxiotey :
8 ~ 9%

General waste waler + water
trealiment deainage

General waste w

_{ireatmert drainage + FGD drainage

Lining: Requited
# Take account of acid dew point

17. Space for installation

consiruction

19, Environmental
considerations

i2. Time required for

0
«Smaller than PCFFGD
+May be instalied in space provided.
{1he area for Nos. 7 to 10 botlers.
North space. Existing ash disposal
arca. The acea for dries for Nos.7
to 10 boilers)

jLining: Required
*Toke account of acid dew point

Lining: Required
Heating: Required

¥

+Smatler than PCFFGD

+May be installed in space provided.

(the area for Nos. 7 to 10 boilers.
Noth space. Existing ash disposal
srea. The area for driec for Nos.7
to 10 boilers)

Ordinary lime schedule

Time for trial run may 1ake longer
because of absence ol experience
with lignite fising syslem on

O
WCompliance with emission
standards,
+Few waste water from boilers.
+No facilitics that may cause
problems for noise or vibration.

Ordinary time schedule

Time for tria? run may take loager
because of absence of experience
with lignite firing systeim on
cquivalent CApacity. o

+Compliance with einission
standards.

» Few waste water fiom boilers.

sNo facilitics that may cause -
probiems for noise or vibration,

P Take account of acid dew point

0]
sLarger than FBC
#May be installed ia space provided.
(The erea of Nos. 7 to 10 boilers.
North space. Existing ash disposal
srea. The area of drier of Nos.7 to
| 1ovoitersy
Crdinacy lime sche
Coordination is required with boiler
side during & tria) run because of
absence of experience inopeiating

FGD with wltra-high S content coa!,
: : O

sCompliance with emission
standards,

1A large scale waste water freatment
equipment i3 requited for FGD
wasler water and deainage.

s No facilitics that may csuse
problems for noisé of vibrati

Technicel evaluation

Adaptable ’
IEm'ironmcnta'l protection measuies
are adequate, but iechnological
Edcvc!opm_enl on operation and
matnlenance is requiced for tack of
loptulion expericnce wilh Bulgarian
Hignite. :

Difficult to adapt.

A coal feed system design for the
high moisture content coal such a3
Bulgarian lignite is not established
yel.

Adaptable )
Emvitonmental protection measured
ace adequate, but technological
development is required for lack of
experience with Jarge scale systems
of FGD with ultre-high § content
coal. :




2quivalent to PCFAFGD although
technological development is
requited.

Dest ia economy.

A coal feed system for stable B-FOC
operation is complex. So ¢oal feed
system design for the high moisture
content coal such as Dulgacian
tignite is not established.

lem C-FBC a-FiiC PCF + FGD
(Comparison of ¢conomy ‘
5.3 MS(90) 665.9 M§ Base (100)
. .9 fKwh(52) 5.3 ¢/Kwh Base (100)
e B S Sty Falrlygood o
Overalt evalustion (& A O

Equivalent to C-FBC but
technclogical development is
required fof FGD.

Cost is high.




Table 5-2-2 Piannced P'erformance :
(per fuhit)

1. Boiler (ype C-FBC B-IBC PCE+TGD
2. Coul AshMAX [ Ash MAX Ash MAX
3. Plant efficiency (wet low calotie base) % 36.5 o dM4s 328
Boiler efficiency ' % 87.6 82,6 804
Turbine efficiency % © 4540 450 45.0
Auxiliary power consumption _ % 7.0 9.0 20
Plant loss ' % 0.3 03 . 0.3
4, Planl efficiency (wel high caloria base) % 285 26.% ' 25.6
Botler efficicncy % ' 68.3 65.2 62.7
Turbine efficiency % 450 45.0 450
Awxiliary powei consumption % 70 8.0 2.0
Plant {oss % 0.3 03 0.3
5. Coal consumption (wet base) T 412 436 458
TiD 9,888 10,464 10,992
{annual plant utilization = 70%) X108y 2,526 2,674 2,808
6. Limestone consumption T 85 112 47
TD 2,040 2,688 1,128
{annual plant utilization = 709%) X10¥7Y 54 687 288
Surplus rate - 20 235 1.05
7. Make up water : T - 80 182
For plant using T/H 73 g0 45
For FGD using T - - 137
/D 1,752 1,920 4,268 @
{at plant annual utitization =70%) X107 448 491 1,116
8. Ash disposat quantity ™ 225 255 127
TiD 5,400 6,120 3,048
(annual plant wilization = 70%) XI103T/Y 1,380 1,564 719
9. By-product gypsum TAY — — 87
/D — - 2,088
(annual plant wilization = 70%) X10YT7Y — - 51
10. Boiter outlet flue gas :
\ikt base X10PmPNAI 1,294 1,473 1,484
Dry base X10*m3N/I 978 1,137 1,131
Gas temperatute ‘C 165 165 195
11, Flue gas properiies at stack outlat
Wet base X10hm3NM 1,297 1,477 1,666
Dry base X10Ym3N/H 981 1,140 1,191
Gas temperature 'C 170 170 90
502 mg/mIN 2,687 2,436 1,384
NOx mgfn’N <600 - <600 <600 _ g
Dust ' mg/m*N <160 <10 . <100 '
CO mg/m!N <250) <250 <250
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63  Selection of Type of Steam Turbine and Generator
5.3.1 Selection of Type of Steam Turbine

It is recommended that the following type of turbine is adopted for this replacing project.
+ Type of Steam Turbine:  Tandem compound, two casing, double flow (TCDF).

5.3.2 Selection of Type of Generator

It is recommended that the foﬂowing type of turbine is adopted for this replacing project.

» Type of Generator: "Hydrogen-cooled, horizontal-shaft cylindrical revolving
magnelic field, explosion-proof, 3 phase AC Generator.

54  Existing Equipment and Facilities which can be Reused
§4.1 Intake and Discharge Facilities

(1) Screen Purﬁp Room

The existing screen pump oo can be reused because there is seen no deterioration on its
sleucture.
However, the following two foundations should be modified.

{a)  Screen section

. To replace the aged screen with a new one, it will be necessary to modify all the guide walls
for the screen equipiment on the concrete side face.

(b} Pump section

To replace the aged pump with a new one, its will be necessary to modify atl the concrete
slabs for the pump installation section in accordance with its installation manual,

(2)  Intake Waterway

The proposed intake watenvay route inéluding the exisling section fo be reused and the
section to be constructed newly is presented in Figure 5-4-1-1,
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(a) Existing waterway

There are (wo existing waterways, and each consists of a circular concrete culvert with a
length of 175 m and a directly buried steel pipe with a length of 223 m. '

(b)  Study on possibility to reuse the existing circular concrete culvert section

Although the soundness of the culvert section has not been diagnosed for more than thirty-

five (35) years after insiéllalion, the possibility of reusing the existing conciete culvert %
section was studied from structural point of view on the assumption that the existing

concrete would be sound for the time being. | '

1) Resuits of study and evaluation thereof

Since the specifications are not clzar, this study has been carried out on the following two
cases; the amount of reinforcing bars used is ¢ 10 ¢te 150 or ¢ 10 ctc 300,

Cases - Casel Case2

Reinforcing bars used ' mm $ 10 cte 150 | ) 10 clc 300
Sectional dimension . B cinl 100

H cmn 25
Sectional force M 1fm ' ' 1,294

N tf 9,479

S Af . 2,068
Amount of reinforcing bars Covering  cm 15 1.5

d cm 235 235

As om’ 5.240 © 2620
Generated unit stress o, kefiem? 254 254

o, kgfiem? | - 3660 732.0
Allowable unit stress o kgflom? 710

d kgfiem? 1,400,0

T kgflem? 4.25

In either case, allowable unit stress exceeds unit stress to be predicted to generate.

Therefore, it is judged possible to reuse the existing circular concrete section, provided

that the concrete section is sound.

(¢)  Study on possibilily to reuse the directly buried section of the existing steel pipe

The wall thickness of steel pipe which was inilially 8 mm was revealed to be reduced to
5.5 mm ~ 7.4 mm as a result of investigation of the wall thickness of the pipe in May 1994.
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Thercfore, it is understood that the thickness was corroded by as much as 2.5 mm ~ 0.6 mm
for thirty-five (35) years,

Meanwhile, vehicles will pass on the road above the pipe during construction and operation
of the power plant. Where a vehicle is assumed to generate a load of 1 ton/m?, then the wail
thickness of ¢ 2,200 mm pipe should be 22 mm, taking into consideration a 2 mm of
allowance for corrosion during future (30) year. )

Therefore, the pipe strength is substantially insufficient under the present situations (Actual
stress: 4,230 kgfiem® Allowable stress: 1,300 kgliem®)

The wall thickness of the existing pipe is too small to reinforce the pipe on its internal
surface and it will also be'impossible to reinforce the pipe on ifs external surface, because of
miscellancous piping foundations located on the aboveground section.

Therefore, the pipe should be reinforced by means of a countermeasure as described below:

1) Range of aboveground section where miscellancous piping and foundations are located
(Red section in Figure 5-4-1-1)
A new ¢ 1,800 mm steel pipe with a thickness of 18 mim should be inserted inside the

existing ¢ 2,200 mm steel pipe and mortar be injected into the surrounding section.

Meanwhile, a new steel shoutd be of a construction to bear all the load while allowing the
existing steel pipe to be corroded in future.

2) Rangé of aboveground section where there is no structure (Yellow section in Figure 5-4-1-

1)

A new waterway will be constructed after dismantling the existing steel pipeline,
Meanwhile, the ¢ 2,200 mm steel pipe with a plate thickness of 8 mm available in
Bulgaria can be adopted, and be of a construction of lining the outside of the stee! pipe
with concrete. |

Moreover, the concrete lining (thickness) will be of such a construclion as to withstand a

load of 7 Um’, faking into consideration the load of equipment installation machinery and
equipment during construction of the power plant. ' ‘
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(d)

Study on section to be newly installed (Blue section in Figure 5-4-1-1)

The section to be newly installed will be of a construction of ¢ 2,200 mm x t 8 mm steel
pipe lined with concrete.

(3) Discharge Watenway

{a)

(b

©)

@

Present sitvations

The existing discharge waterway is of a concrete box culveit construction and consists of
two lines, each being about 400 m long. . :

Study on the existing concrete box culvert

It is concluded that the‘exi:sting concrete box culvert section can be used, on the assumption

‘that the existing box culvert concrete would be sound for the time being, although the

soundness of the section has not been dlagnosed for more than thlrty five (35) years afler
installation and the soundness of concrete is not clear,

Study of circulating water culvert (pipeling) to be newly installed (Green section in Figure
5-4-1-1) o

All the circulating water culvert/pipeline section from the main powerhouse through to the
concrete box culvert should be newly installed, and its construction be the same as the
intake pipe.

Box culvert to be newly installed (Orange color section in Figure 5:4-1-1)

One line of concrete box culvert with inside dimensions of 2.20 m x 2.85 m similar (o those
of the existing discharge waterway should be installed newly from the circulating water
terminal point section through to the existing box culvert.

(4) Matters to be studied for project implementation

The soundness of bolh citcutar concrete culvert in the existing intake waterway and box
conctele culvert in the discharge waterway have not been studied.

Assuming, h_o\i'ever, that concrete only would be sound, it is judged that they are sound, for
the time being. ' o

In actual implementation, il is suggested that their soundness shall be judged after study on
the soundness of concrete. '

5-22

&






INTAKE AND DISCHARGE TUNNEL PIAN S=1:1 000

- I EXISTING AREA NEW (ONSTRUGTION AREA
X 3 :
== 3 | [
N i |
7 |
(——] L WAIN BUILDING ' E
1
- INTAKE TUNNEL N
T ¢ EXISTING CONCRETE CIRCUEAR CULVERT 1 75m RECONSIRUGTION AREA 225¢ NEW CONSTRUCTION| AREA .
:] [ 1 130m / 95m ! !
VALVE P / P % _h !
STATION] 7 Bl s
o] : b
T,
AY

WEA ALY

AN

NEW CONSTRUCTION AREA

LY
3 .
l. S DISCHCARGE TUNNEL

e

GL  #106.2m

NEW STEEL PiPE
F1800 %18t

EXISTING SHEEL PIPE

22200 x 8t

SECTION _S=1:100

8-B - C-C 0-D £-F
6L +105.2m GL 4106.2m G +106.2m . GL +!06.2m
Faa s P o~ o Sl Farata™ Ca s

8 2 3100
S ~| 850, 2200 45 B 8

& STEEL PIPE =1 N | SIEEL PPE 3 3100 e

s Y IELY R ey T 4502200 45
slg __+1020m g8 +102.0m R I STEEL PiPE
m & A A& T B2V % Bt

2t Tl Re ol 818 |: 1 +100.7m 8

~ 1T 1 h ' Bl o od

7 RS

Figure5-4-1-1 INTAKE AND DISCHARGE TUNNEL, PLAN

171000

udof
el

FEASIBILAY STUDY
N

WARITSA EAST WO.1 R‘EPU;CING THERWAL POWER PLANT

R
MPROVEMENT OF THE PERFORMANCE OF THE UNITS
AD THE {RARONMENTAL PROTECTION

N
o REAURIC OF BRGARA

INTAKE AND DISCHARGE TUNNEL

JAPAN INTERNARIONAL COOPERATION AGENCY TEAM

[ REPROV B KO [OESEE W e &Y
2 4 W

B

I/Ilm.i/ioo
5-23 .












5.4.2 Turbine Hall

- The existing buildings, if possible even partly, are planned to be used for this replacing project.

Main equipment for the replacing projeci will be installed at the area for Units S and 6 within
the existing turbine hall. However, the space for this replacing project is judged to be
insuflicient due to difficulty in equipieat arrangement between the turbine hall and the stack.
As such, it is judged difficult to use the entire area of the Unils 5 and 6 exisling turbine hall.
Therefore, a part of the cxisting turbine hall will be used and a supplementary new turbine hall
will be built beside the existing structure, '

The plan f the turbine hall and the surrounding structures is complicated due (o equipment
layout in both the existing turbing hali and a new ane. Therefore, some points should be
considered at the time of planning and detailed design of the turbine hall. .

The results of diagnosis of durability of the existing turbing hall, shown in Table 5-4-1, should
be checked in detail. | ' ' |

As use of the existing turbine hall has economical merits, optimal building planning is

necessary in order to make full use of these merits.
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543 Stack (Chimney)

It is judged that the existing stack (H=180m) can not be reused due to difticully in equipment
arrangement for this replacing project. Therefore, a new stack should be planned to be buili,
and the existing stack removed.

544 Mechanical Facilities

Among the existing mechanical fa;:i!ilies, the following facilities vﬁll be reused.

(1)  River water transfer pumps and pipings ‘

(2) Overhead travelling cranes (in the turbine building)

(3) | Crane for nﬁintenanée (in the circulating water pump house)
(4) Hot water pipings for the district heating

(5) Fire proteclibn equipment |
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Table 5-4-1 Results of diagnosis of durability

Evalyation by item:
Check Items valuation by riems Remarks
Line A | Line B | LineB
Only cracks having a size of less than 0.3mm, but
Cracking 1 | 1}which do not extend through the entire column,
beam and floor, were observed,
No water leakage from the floors (ceiling) w
Water leakage 1 1 1 & oors (cciling) was
observed.
-|No separation, exposure of reinforcement, floating
Deterioration of surface | 1 I |and expansion due to corrosion of reinforcement
were gbserved,

N Neutralization was found near main bar of
Neutrahzatlon of concrete 0.55 043 0.7 column by sampling core test in line A and 5.
Corrosion of steels in _ Mill scale was still observed for reinforcement of

i 1 1 P . . X
concrele the column, which was chipped out for inspection,
Chemical attack on i 1 i No surface damage of concrete and sampling coré
conceete were found.

Compressive sirength of Vl i i The strength was more than the design strength
concrete by sampling core lesl.
Uncvenness of buitding No unevenness was found from measurement,

i 1 l ) _

surface and no damage was observed.
Deflection of slab, beam and upper stee! structure
Deflection I 1 1]was tess than the tolerance as observed from
measurement.
.. . This figure shows the ratio of deterioration
Deterioration coefficient 0.97 0.96 .98 against 1 {sound condition),
S‘ tandard remaiin This figure is calcutated from the service life as a
e Tife (v g 62 62 62[depreciable asset of 84 years; 34 years have
service life (year) elapsed.
This figure shows the ratio of the modified
e vee s standard remaining service life due to
Service h{_'e index 7 7 76 detecioration against the service life as a
depreciable asset.
- ‘The rank of evaluation is from A to D. Rank A is
Rm;k Of durability B sound. Rank D requires immediate
evaluation countermicasures.
Neutralization of concrete is advanced. However, other items show
Total evaluation sound conditions. This building is ranked B, and in the foture,
will probably proceed to rank C or D. Therefore, continuous checks
are necessary.
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CHAPTER 6 CONCEPTUAL DESIGN

Deslgn Specifications

Basic general specifications for plant design are as follows.

Rated output:

Hot water for local heating:

Electric oulput 230MW x 2 units

25Gcalh

This equipment is provided on both units, but one of them is used for actually supplying hot

water. At this time, the electric output of a machine supplying hot water decreases depending

on supplied calorific value.

Steam condition

Main steam flow
Main steam pressure:

Main steam temperature:

Recheated steam temperature:

Lignite and ash properties:
Limestone property:
Heavy oil property:

Yearly plant availability:

Minimwum load:

740 th/unit (MCR)

169 kg/em’g (2,400 psig/in’) (at turbine inlet)
538°C (1,000°F) (at turbine inlet)
538°C (1,000°F) (at turbine inlet)

Shown in Table 6-1-1

Shown in Table 6-1-2

Shewn in Table 6-1-3

70%

40%

Restriction standard for flue gas emission:

SOy
NOx:
Dust:
CO;

Waste water standard:

More than 90% of desulfurization efliciency
Less than 600mg/m’N (292ppm)

Less than lGOmg/mJN

Less than 250mg/m’N (200ppm)

Class 3 of the Bulgarian standard "Index and standard o be
applied to evaluation of qualily of surface flow water” shall
be obsesved.



{11} Overload:

(a) Boiler MCR: Less than 103% ECR
(b) Turbine TMF: Less than 105% rated output
(c) Generator: Less than 105% rated output

{12) Storage amounts of lignite and limestone:  For 23 days

(13) Temperalure: © 20°1040°C
(14) Wind speed: 38 kg/m’
(15) Seismic coeflicient. 008G




Table 6-1-1

Design Ligunite Propertics

Coal classification A Max
Ash _ - (air-dried base) % 4500
Moisture {as received) % 49.00
Ash (as received) 57 22.95
Carbon {as r;c—;:ived} %o 18.85
Hydrogen (as received) % 1.42
Oxygen (as received) - % 5.05
Nitrogen (as received) % 0.30
Combuslible sulphur (as received) % 3.20
Vblatiles from mineral subslance ~ (as received) % 2.19
Calorific value ' kealkg 1,315
{LHY) klikg 5,510
\blatiles % 60 - 64
Hygroscopic moisture % 11
- . : rK - ‘ 0.83-1.22°
Milling efficicncy [;zr for guarantecd coal | | K=1.1
Si0z % 35-50
AhO3 % 16-32
Ash analysis K20 % 7-20
MgO % 1.5-3.5
CaO % 25-5.0
503 % 25-15
Ash fusion temperature
A. In oxidizing environment (by Leits) for Amlysw 1,2,3
Deformation pomt ‘C {,210 - 1,300
Melting point ‘C 1,260 - 1,300
Ruaning point ‘C 1,280 - 1,300
B. In semi-reduction environment (by Bunte-Bawn) for Analysis 4 ' C
Deforimation point : ‘C 1,050 - 1,150
Melting point ‘C 1,150 - 1,300
Running point - ‘C 1,200 - 1,400
Density - |grfcub. em 1.5-1.9
Bulk weight kg/cub. cm 700 - 1,000



Table 6-1-2 Design Limestone 1’1‘0pcriics

Ca (%) 38.8
Quiginal limestonc analysis Mg (%) 0.1
(air dried base) C (%) 11.94
S (%) 0.004
Ca(%) 39
Fraction analysis between 0.125 - 0.250 mm Mg (%) 0.1
(air dricd base) C®) 194
| S (%) | 0003
Grade Reactive Index Absolrp(ion Qupacity'
R1 {mol/mol) CI (Limestone gs/kg)
excellent <2.5 120<
Limestone specification good 25-3.0 100 - 120
‘ medium 30-40 80-100
tow 4.0 -5.0 60 - 80
bad 5.0« <60
Table 6-1-3 Heavy Oil Properties
Item , Bulgarian Standard Acceptable Properties
Calorilc value (HHV) | i 9,506 5,525
Kinematics viscosity mm?/s (s Lo
Density glem’ 1.015 0.968"
"Ash content Weight % 0.15 0.68
Sulfur content Weight % 3.5 299
Moisture Volume % 1.0 L—
hmpurities Weight % 0.5 -
Flash point C 110 or more 120 or more
Pour point " C 25 or less 7 or less
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6.2 Planned Parformance

Equipment and performance planned according to the design specifications are shown below.

(1) Type of main equipment

(a) Boiler: “Indoor, circulating fluidized bed, single drum, radiant reheal type
% (b} Dust collector: Electrostatic iype
" () Turbine: Tandem, 2-wheel chamber, double-flow exhaust type -
(dy Generalor: Hydrogen cooling, lateral rotating field, explosion proof, three-phase AC
B ' synchronous type

(2) Plant performance

Table 6-2-1 shows plant efticiency, utilitics, gas properties, etc.

6-5



’l‘ablc_6-2-l Manned Performance

L 7 _ 7 (per lunit)
l. Boiler type _ . - C-FBC
2. Coal Ash MAX
3. Plant efficiency (wet fow calorie base) % ' 36.5

Boiler efficiency % 87.6
Turbine efficicncy - % 45.0
Auxiliary power consumption Yo 7.0
Plant loss Yo 0.3
4. Plant efficicncy (wet high calorie base) % - - 28.5
Boiler efficieacy . o : % 68.3
Turbine efficiency - % 45.0
Auxiliary power consumption Yo 7.0
Plant loss % 0.3
5. Coal consumption (wet base) TH 412
_ 7 9,888
(plant annual utilization = 709%) X103 Y ‘ 2,526
6. Limestone consumption T/H 85
D 2,040
(ptant annual utitization = 70%) X101y 521
Susplus rate — 2.0
7. Make up water T/H 13
Plant using T/H 73
FGD wvsing T/H —
) T 1,752
(ptant annual utilization = 70%) X103T/Y 448
8. Ash disposal quantily TH 225
T/D 5,400
(ptant annual utilization = 70%) ’ X10317Y 1,380
9. By-product gypsum ' TH : —
D -
(plant annual utilization = 70%) X103 TPy —
10. Boiler outlet flue gas '
Wet base X 103m’N/HL 1,294
iy base ' X 103mN/H _ 978
Gas temperatare C 165
. { ies at stack outl )
(B [‘\l;;i';ss Eroperues at stack outlet | x LM oM 1297
Dry base X103 m*N/I 981
Gas temperature ¢ 170
3502 mg/m3N 2,687
NOx mg/m’N <600
Dust mg/m3N <100
o mg/n3N <230
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Layout

Figure 6-3-1 - 2 show layout of the power plant.

Turbine buildings for units R1 and R2 of a replacing plant witl 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 selfstanding 1-tower 2-flow type stack of 180 m high will be installed at the center of
units R1 and R2 of a replacing plant.

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

A waste water treatment equipment will be allocated nosth west of a new stack.

A station water treatment equipment wili be allocated 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 reclainied ash disposal site.
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)

Material Balance and Schematic Diagram on Boller

Figure 6-4-1 shows material balance and schematic diagram on the Boiler site. The brief
process of each system is as described below. '

Lignite supplying system

Fuel lignite is crushed to less than 40mm and supplied to seven coal sldrage bunkers hold a
capacity of a 6- hour operation at MCR by six bunkers in the boiter building continuously for
24 hours. Then lignite is further crushed to less than 12mm by means of coal crushers and
discharged through seven coal feed bunkers to 14 coal feeders.

Then, the crushed lignite drops by gravity into the furmace bottoin .

Limestone supplying system

Limestone, desulfurizing agent, is crushed to less than S0min is supplicd to a limestone
bunker's in the boiler building. Then limestone is crushed to less than 3mm by limestone
crushers and discharged to lignite feeding pipe by air through the limestone feed bunkers, and
then finally supplied to the furnace boltom together with lignite.

Air feed system

Combustion air which is intaked from indoors of boiler building is branched afler its pressure
is raised by FDF. One of the pressurized air is further raised by PAF and warmed by GAH,
and then supplied to the inside of the furnace from a window box on the bottom of the furnace.
The other is warmed by GAH and supplied to the upper furnace for combustion and NOx

control.

Gas system

Combustion gas from the fumnace is introduced into the cyclone and separated from bed
material accompanied by combustion gas. Combustion gas is tod to heat recovery area to
undergo heat exchange and is introduced to GAH to heat up air.  After that, flue gas is
removed the dust by means of an eleclrostatic precipitator and is discharged from a stack
through the IDF. On the other hand, the separated bed material is returned to the furnace
bottom through a recirculating line, which contributes to higher combustion efficiency and for
fumace temperalure control.



(5) Ashtreatment system

Bed material is pulted out of furnace bottom is cooled by means of a bed material cooles and
transferred to an ash transit tank by vacuum. Combustion ash and generated gypsun .
discharged from economiser hoppers, GAH hoppers and electrostatic precipitator hoppers are
transferred to the ash transit tank by vacuum and then carried to an outside ash disposal site
through an ash storage sito together with bed matestal.

6- 14
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6.5

6.5.1

8.6.2

Turbino Cycle Heat Rate

In Case of 230MW Rated Output (Without the District Heating)

When the rated output is 230MW, turbine cycle heat rate is 1,906 kcal/kWh (45.12%).

Figue 6-5-1 shows "Turbine Cycle Heat Balance Diagram" at 230MW rated load.

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

When the sated output is 200MW, turbine cycle heal rate is 1,841 kcal/kWh (46.7%).
Figure 6-5-2 shows "Turbine Cycle Heat Balance Diagram® at 200MW rated load.
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6.6  Boiler Equipment
6.6.1 Boiler Design Condition

(1) Unit output 1 230MW (ECR)

(2) Boilertype :  Circulating fluidized bed combustion boiler (C-FBC)
% (3) Steam conditions at MCR
(3 Main steam flow © 740 Vh
(b) Main steam pressure . 173kglem’z  (at boiler exit outlet)
(¢) Main steam temperature : 541°C (al boiler exit outlet)
(d) Reheated steam tempera'iure' . 541°C (at boiler exit outlet)

(4) Economiser inlet water temperature
(at MCR) 1 252°C

(5) Draught system - Balanced

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

(@ SO, 1 More than 90% of desulfurization efficiency
§' (b) NOx 1 Less than 600mg/m’N (292ppm) '
(c) BDhust : Less than 100mgf1113N
d CO 1 Lessthan 250:=1g/1113N (200ppm)
N Boiter side view :  Shown irt Figure 6-6-1

6.6.2 Boiler Equipment Specification

Specifications for I plant design are as follows.

.(1) Boiler Equipment

(a) Boiler pressure parts

1} Fumace

Type : " Nateral cireulation, water cooled, welded membrane
" ¢onstruction



2} Drum

Type

3) Cyclone

Type

Catching efficicncy
4) Super healer -

Type

5) Reheater

Type

(b} Air preheater (G_AH)
1) Specification
Type
Quantity
2) Temperature conditions
GAH outlet gas temperature

GAH inlet air temperature

{c) Steam air preheater (SAH)

1) Specification
Type
Quantity
2} Temperatuee conditions

SAH outlel gas temperature
SAH inlet air lemperature

Single drum provided with steam separalors, welded
construclion

Centrifugal separation
More than 99.5%

Convection and if any radiant

- Convection

Regenerative, bi-sector
1 unit

165°C (MCR)
65°C (MCR)

Finned tube
1 unit

65°C (MCR)

;. 40°C (MCR)
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(d) Socot blower

Type : Automatic or manual operated, steam injection type

(2) Coal and limestone supplying equipment
(a) Coal supplying equipment

1) Coal storage bunker

Type Stec! plate lined with antifriction material
Quantity 7 units {one for spare)
Capacity For 6 hour operation at MCR/6 bunkers
2) Coal crusher
Type Hammer
Quantity 7 {one for spare)
Capacity 70 YWerusher
3} Coal feed bunker
Type Steel plate lined with antifrictiont material
Quantity 7 units (one for spare)
Capacity For 2 hour operation at MCR/6 bunkers
4) Coal feeder
Type Enclosed belt, gravimetric
Quantity 14 units
“Capacity 50 vhifeeder
5) Coal chute
Type Chute provided with air spreaders
Quanlity 14

(b) Limestone transportation equipment

1) Limestone storage bunker .

Type
Capacily

Steel piéte
6 hour operation at MCR

6-21



2) Limestone crusher

 Type ’ ' Hammer type
Capacity - 1 90th

3) Limestone feed bunker

Type . Steel plate

4) Limestone rolary valve

Type - ~ : Rotary type
Capacity : 90th
(3) Heavy oil buming equipment
(a) Heavy oil burner
Type :  Lance, steam atomized
Capacily 1 30% MCR
(o) Star up__bum_cr_ _
Type . Electric ignited duct burner
Capacity o 1 15%MCR
{4} Drafl fan
{a) Forced draft fan (FDF)
Type : Centrif‘ugal
Quantity T 2units
(b) Primary air fan (PAF)
Type - : Centrifugal

Quantity : 2unifs

(¢) Induced draft fan (IDF)

Type 1 Centrifugal fan
Quantity 1 2units '

6-22
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6.7

6.7.1
m
{a)

(b)
©

(d)

(e}

®
{e)

@

@
(b)
(c)
{d)
(e}
(D

Steam Turbine

Steam Turbine

Specification of Steam Turbine
Type

Numiber -
Rated outpul

Steam conditions

Exhaust pressure

Speed
Governing system

Steam Turbine Auxiliaries

Main oif tank
Auxitiary oil pump
Jacking oil pump
Gland steam condenser

HP/LP turbine bypass system :

Condensate pump

:  Tandem compound, two cylinder, double flow-exhaust,
reheat turbine
o “Two 2) '
: 230 MW without the district heali_ngi
 200MW with the district healing
¢ Main steam pressure 169 kg/cm (at lurbme mlet)

Main steam temperature  538°C (at turbine inlet)
Reheat steam temperature  538°C  © (at turbine inief)

50 mmHg. abs. {at the rated condition)

90 mmHg. abs. (at the capability condmon)
13 000 pm
. High pressure type EHC system

. One (1) set per unit
© One (1) set per unit
i One (l) set per unit (if necessary)
. One (1) set per unit

Each 30% x One (1) set for each unit

: 100% Jﬁ two (2) sets perunit

8.7.2 General Arrangement in the Yurbine Buildmg :

(I) The new turbine building should be of two (2) floors slmcture and the opcratmg floor shou"d
be same level as that of the existing turbine building becausc a part of the exnslmg turbme

2

building will be reused.

The turbine generator auxiliaries, etc. should be arranged on the ground floor and the turbine
generator proper, etc. should be arranged on the operating floor.

The turbine generator should be arranged pespendicular to the longitudinal direction of the

turbine building.
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8.7.3 Condenscr and Circulating Water System

(1}  Specification of Condenser

@@ Type . One (1) pass, horizontal surface type, divided water box
~ {b) Turbine exhaust pressure : 50 mmBg abs.
(¢} Inlet cooling water temperatute : 21°C (Design point)
% (d) Cleanness factor : 0.85
(¢) Tutbine exhaust steam flow 458 th (at 230MW)
(f) Turbine exhaust steam enthalpy : 565.3 keal’kg _
(g) Condenser tube : + Tube material  : 90-10 Cupro-nikkle
A ‘e Quter diameter: 31.75 mm
_ * Thickness 1.00 mm-
(h) Number of tube pass (N) 1 One(l)
(1) Velocity of cooling water in
tubes {V) L : 20 m/sec. _ _
{j) Condcnsate water temperature : 38.4°C (saturated temperature at 50 mmHg abs)

(2) Circulating Water Facilities

§ ()

®

©

@ Type
@ Number :
® Capacity :

Circulating Water Pump

Air Removal Equipment

Vertical mixed-flow pump
Five (5) sets per two (2) units {one set for common standby)
18,700 m’/hr/pump

Each b:ne'(l:)'sel of main ejector and starting air ejector should be adopted for each unit.

Condenser Protection System

Screen system and tube cleaning equipment are provided as condenser protection system.

As the existing screen facility is deteriorated, it should be replaced with new one. One (1)

set of condenser tube cooling equipment should be equipped for each unit.

6.7.4 Fecdwater Heating System

(1) A six (6) heater system as mentioned below shail be adopted for the replacirg plant, taking
into consideration the experiences in the 200MW class power ptants and economical study.
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(@) Three (3) low pressure feedwater heaters -+ Deaeralor + Two (2) high pressure feedwater
(total six (6} stages)
(2) Type of Feedwater Heater

Horizontal shell and U-tube type heat exchangers are adopted for the rep!acihg plant, as a
result of the comparison belween horizontal or vertical types in reliabitity, maintainability,
installation space and cost. ' o

{(3) Type of Deacrator

Spray cum tray type deaerator is adopted for the replacing plant taking its experiences into

consideration.

(4) Tube Matesials
(a) The following materials are recommended in view of their experiences.
@ Low préésurc fecdwater heater | -
Stainless stecl
@ High pressure feedwater heater
Carbon steel

6.7.5 Boiler Feed Pump

{1) Boiler Feed Pump

(a) Type - Mofor driven, horizontal multistage centrifiigal barrel fype with booster pumgp
and water injection seal system o R

(b) Number : Three (3)sets (One (1) set for standby)

(¢} Capacity : 50%each

(2) Emergency Feedwater Facilities

(a) Emergency feedwater pump @ 15% x One (i) set
(b) Emergency feedwatertank 1 15% of the rated feedwaler flow to be supplied for 30
minutes. |



6.7.6 Bearlng Cooling Water System (Unit Auxiliaries Cooling Water System)

(1) Bearing cooling water syslem

As a result of study on and comparison between closed circuit type system and epen storage
type one, closed circuit type systems should be adopted for the replacing plant. Figure 6-7-6
“ shows flow diagram of auxiliary cooling walet system.
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5.8

6.8.1

H
(@)

(b

(©

&)

(e)

Generator Equipment
Generators and appurtenant

Conditions for study

The generators to be adopted should be coupled directly to the steam turbine and be a
horizontal, cylindrical, 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 apj)lied for the slator and rotor of the genérators
to increase the cooling effect, reduce the dimensions and weight of gencrator and ultimately
save the equipment cost.

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

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 on the st floor, In
addition to an AC-driven oil pump (220 V, 100% capacity x 1), a DC-driven oil pump (220
V, 100% x 1) should also be installed as an emcrgeﬁcy back-up.

The excitation cquipment should be of a static type thyristor excitation system, and the
power source should be supplied from an excitation transformer connécted to the generator
circuit.

Consisting of an antomalic voltage regulator, field regulator circuils, detectors, aillpliﬁers
and other components, the excitation equ'ip.ment should be equi;iped with the reactive power
regulator, power system stabiliser and high and low (voltage) excitation limiters 1o improve
the static and dynamic slablllly of the pou ef system,
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(2)
()

®)

The generator main circuitry should be of a unit system configuration, connected to the main

transformer through an isolated phase bus (IPB), and branched (o the station service

transformer, excitation transformer, power transformer (PT) and susge absorber (SA).

Moreover, the generator synchronising circuit breakers should be connected to the 220 kV

circuit on the main transformer high voltage side.

Results of study

Generator specifications

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

horizontal-cylindrical layout, reveolving-field type and explosion-proof construction.

@ Quantity

® Rated capacity

@ Power factor

® Vollage

® Frequency

(@ Rotation speed
Cooling syslem

@ Hydrogen gas pressure
@ Connection system
4D Excitation system

Excitation equipment

@ Type

@ Voliage
@ Quantity
@ Drive system

1 2sels
: 271,000 kVA
. 0,85 (delay)

14.7kV

: 50Hz

;3,000 rpm

: Hydrogen gas cooling for both stator and rotor
: 3.2 kgflem?

: Star

: Static excitation (excitation transformer) type

Excitation . transformers, -with  quick-response

excitation

using thrystor

: 500vVDC
: 2sets
. Separately-installed, static type

{©) H-ydrogenganld sealed oil equipment for generétors

.. Vacuum pumps

CType
Qua_nﬁly _
* Vacuum
Motor

: Rotary
2 sets

1 x 10-2 mmHg
1.5 kW
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6.9

6.9.1

L)

@

&)

@ Main sealed oil pump

“Type . Gear pump
Quaniity ' Tt 2sets
Discharge pressure t 85kgflem2
Motor O ISkW

@ Emergency (back-up) sealed oil pump

Type : . Gear pump
Quantity 1 2sels
Discharge pressure © TAkgbem?
" Motor (DC) kW

@ Hydrogen gas dryer

Type | Sitica gel filled, heater blower lype
Electric heater : 0.1kWx1

Blower : 0..2'RW x1

Quantity D 2sets

® Hydrogen gas cooler

Type : Surface coeling
 Quantity : 4sets
Gas temperature : Inlet 85°C

Ouwllet  45°C
Cooling water temperature : Inlet.  35°C
Outlet  45°C

District Heating System
District Heating System

Heat source for the hot water is taken from the intermediate pressure turbine outlet.

Water for the district heating is warmed by the steam in the heat exchanger ms(alled on the
ground floor in the turbine building, and hot water is supplted by the hot water transfer pump
installed on the same floor. The steam dram from heal exchanger shall be recovered to the
condenser. S

The hot water shali be circulated between the power plant and the Galabovo district by using
the existing pipelines.
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6.9.2 Spocification of District Heating Facilities
{1) Heat Exchanger

(@ Type : Vertical type
(b) Number : One(l) set per unit
(¢) Capacity : 100% of the rated hot water quantity

(2)° Hot water Transfer Pump

| Q)] 'I‘ype . Horizontal pump |
(b) Number : Three(3)sets per unit
(c) Capacily : 50% of the rated hot water flow per flow

The_conéepl of Districl Heating System is shown in Figure 6-9-3.

Main Steam ,
e s

Y

3

Steam Turbine

Boiler
_From Galabovo Hot water (rélum) | Heat
To Galabovo Hot Water (supply}p\ Exchanger
< ' ' 4~}
o/

Hot Water Transfer Pump ﬁ.t_g, /

Figure 6-9-3 Flow Diagram of the District Heating System
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6.10

6.10.1

Q)

@

(b)

@

3)

Environmaental Protection Facilities
Dust Remova! Facility

Propetties of FBC Boiler Ash

The foltowing is a description of the properties of lhe ash discharged from the FBC boile{.:

Shape of dust padticle

Ash becomes fine in the fluid bed boiler due to a cycloné installed in the flue gas freatment
system in addition to the dispersion of the degraded fluidized bed matetial, With the FBC
boiler and pulverized coal firing boiler having different combustion mechamsms and
different flame temperatures, the shape of generated ash also becomes different.

While the shape of the fly ash from the pulverized coal firing boiler is globular, the ash of
the FBC boiler is not spherical and porous.

Components and Electrical Rcsisﬁvity of Dust

The major components of dust are Si0,, AlL,0;, CaSQ,, Ca0, and CaCO,. Si0, and AL,
are components found in coal ash and CaSO,, Ca0, and CaCO3 are denved from the
dispersion of powdered fluidized bed material, :

Com pan'sbn of Dust Collector

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 sludy
except cyclones because of low removal efficiency.

The comparison between dust oollectors in Table 6-10-1-1 shows that an ESP is considered
superior when the operationat mamlamablhiy and rehab:hty of the ﬁlter bag etc. IS taken into
consideration. In this F/S, an ESP is to be consrdered bccause an ESP is also used in the
existing plant and the staff is welt versed in its operallon.

Outline of ESP Facility

The patticle charging methods are roughly divided into direct current charging (single pole,
unidirectional), altemaling current charging (single-pole, bi-directional), and pulse charging.
As it provides a simple structure and is quite inexpensive, the direct-current (DC) charging
system is the most popular ESP charging eqmpmenl
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It is necessary to raise the vollage and curcent density in order to increase the charging
efficiency. However, in the case of a conventional DC corona charging system, the charging
cfficiency decreases as the corona current becomes inequality when back corona ionization
occurs. Pulse charging systems are now drawing atlention as a system able to offsel this
defect, especially for high-resistivity dust. Uniforimed corona current can be obtained whole

‘ thfough the discharge electrode, and a peak voltage higher than that of DC charging is
obtained and the collecting efficiency is improved by changing the crest value, amplitude, and
cycle of the pulse. Iowever, pulse charging would serve to further increase the cost of
electric power facilities. On the other hand, intemmittent charging method is also avaitable, by
which the oulput of the continuous charging system is eliminated at regular intervals. This
method is adopted here in order to save electricity, to control reverse electrolysis, and to aftain
a litite higher efficiency. '

Regarding the relationship between boiler operation and the ISP performance, that
pesformance progressively deteriorates when the ESP is operated with no hammering during
the process from boiler ignition, paratlel induction, through increment of boiler load, or when
boiler operation is stopped. However, assured stable performance is as good as that obtained
during regular boiler operation of boilers by applying periodical hammering to the ESP.

Below is an ESP facility outline when an assumed quantity of 5% of processed gas and a 10%
inlct dust quantity is included in the design parameters.

a)  Coal type: Bulgarian Lignité
b) Inlel gas flow rate: 1,359,000 m* N/h (wet)
¢) Inlet dust concentration: 50 g/m* N

d) Outlet dust concentration: 0.1 g/m’ N

¢) Outlet gas temperature: 165°C

)  Temperature lowering: 5°C

g) Pressure loss: ' 20 mm Aq _

h) - Hopper capacity: . Sufficient for 12-hour operation
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Tahlo 6-10-1-1 Dust Collector Comparison {(1/2)

{Outlet Dust: 100 mg/m3 N)

Itein

Electrostatic Precipitator Fabric Filter

1. 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
specificalions are based on those | physically collected by a filter
conditions - | cloth. - '
{eas quantity, gas temperature B
and composition, content and
propetties of dust ete.)

2. Spec.

(1) Pressure loss
(2) Installation size

(3) Performance -

(4) Reliability

(5) Operational
Maintain-ability

Small (approx. 20 - 25 mmAg)

Same as bag filter

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

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

« Requires constant monitoring
and recording of charging
conditions.

¢ Possible to determine
compenent anomalies by
monitoring and recording
-charging voltage and curcent.

+  No major maintenance
problems.

Large (approx. 150mmAq)
Same as an ESP

Only little affected by conditions
such as coal and operational
condifions. '

» Heavily dependent on the
reliability of the filter bag.

* Filter bag service lifeis2 -3
| years.

» The method of dust
concentration and isolation
require consideration as the
outlet dust content could exceed
the standards if the filter bag is -
broken.

+ Moisture proof is not known
well,

+ Filter bag damage can be
deteamined by monitoring and
recording the inlet/outlet gas

.pressure loss and outlet dust
concentration etc. However,
methods to detect the damaged
parts and isolation methods
require examination. '

+ Filter bag must be replaced
regutarly.
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Table 6-10-1-1: Dust Collector Comparison (2/2)
(Outlet Dust : 100 mg/m3 N})

Item . Electrostatic Precipitator Fabric Filter
3. FEconomy
(1) Facility cost High Low
' (dependent on the cost of filter
bag) '
(2) Annual running cost { Low High
(3) Annual expenses Low High

4. Evaluation

Performance is affected by the
inlet conditions. However, this
causes no serious problem unless
the electrical resistivity of the
parlicles change drastically.
Optimum design is possible as
the facility costs and annual
running costs change in
accordance with the outlet dust
concentiation.

Performance almost stable
regardless of the inlet conditions.
However, since the facility costs
and annual sunning costs do not
change regardless of the designed
outiet dust concentration, this
system becomes advantageous
when the outlet dust concentration
is strict.
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6.10.2 Waste Water Treatment System

(1) Waste Water Treatment Method and System

(@) Waste water treatment should have “Low salt concentrated waste water trealment method”

(b) Roth methods consists of coagulation sedimentation, filtration and neutralization, but high

and "High salt concentrated waste water treatment method".

salt one is equipped with countenmeasures of reducing COD.

(¢) Figure 6-10-2-1 shows flow diagram of waste water trealment system.

(2) ~ Specifications of Waste Water Treatment Equipment

(a) Low concentraled waste water treatment equipment

. @ Coagulation sedimentation equipment ;

"~ (@ Filter

(b)

(©

@I Neutratization equipment
@ Synthetic absorbent equipment

® Waste water pond

1,500 m¥day x 1 set
1,500 m*/day x 1 set

11,500 m¥/day x 1 set .

Chemnicals: Hydrogen peroxide solution
Un-steady waste water batch processing

. Steady wasle waterpond - 400m’x2

Un-steady waste water pond  S00m’ x 1

High concentrated waste water treatment equipment

(D Coagulation sedimentation equipment :
@ Filter

@ Neutralization equipment

@ Synthetic absorbent equipment
(B Waste water pond

Waste water pit for water freatment plant

@ Low concentrated waste water
@ Bigh concenlrated waste wates

6-42

150 m’/day x | set
150 m¥/day x | set
150 m¥/day x 1 set
150 m*/day x 1 set

: Steady waste water pond

1,500 m® x 1 (for AH)
Un-steady wasle water pend
1,000 m* x | (for BEP)

© 900m’x §
T 90mixl

©



(d)

©

®

Waste water pit for pre-treatment plant

@ Low concentrated waste water

Unit waste water pit

(@ Low concentsated waste water
@ High concentrated waste water

- Blow pit

6-43
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611 Ash Handllng Facilities

(1

Study Parameters
(2) Existing ash handling is outlined below in flowchart form.
- Ash transport water is recycled as diagrammatically shown in Figure 6-11-1.
% s Clinker > Aéh.handling —> (Ashtransport —> Ashdisposal —T1> *Partofash
hoppers pumps pipes) site transpoit
. : _ S wafer is
~ + Electrostalic— O dumped into
precipitator - Briquette underground
. plant .
. water and
| river
~—————  {Ashwater: recycled for revse) <~ Pumps —————
(b) As for the characteristics of the existing ash transport system, ash transport pipes are

(©

(d)

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 inslalled on the piping in the

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

The existing ash disposal site is as follows:

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

The amount of ash the reconstructed boilers is projected to discharge is as follows:

. Arﬁoum o_fdry ash (coal ash, by-product gypsum, timestone, iunpurilies; eic.)
350 Uh (= 173 Ub x 2 units), 8,400Ud, 2,150,000 vy
(Breakdown) 350Uh:  Onbottom=220th  Beneath ECO =20 th
) Beneath AH =20 th  Beneath ESP=%0th
"+ Amount of ash discharged (Water content: 30%)
450 vh (= 173 vhx2units x 1.3), 10,800 vd
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(2) Study Results’

(a) Design specifications bascd on the above are as follows:

n

Supposing that the ash height specific gravity is 1.0, the existing ash disposal yard can be
used for less than 3 years (dry ash base). However, since combustion ash of a fluidized
bed combustion boiler contains Ca component, reaction with water generates heat and
increases pH (13 or more) so that its control method is very difficult.

_ Therefore, as a fina! treatment method, 'ash should be disposed of in a surface soi'l disposal

2)

3)

)

5)

6)

: jfard (Drianovo: 17km?) 7km ahead southeast from the power plant by using a freight car

for transporting coal mine surface soil (41 tear).

The coal mine surface soil disposal yard and the rough position of the coal mine are
shown in Figure 4-1-3.

If ash is conveyed by stream, there is a problem such as pipe clogging caused by Ca
component in ash, : : S

Therefore, an air current transport system is adopted from the ash collecting equipment to
the ash loading equipment, and after the ash loading equipment is humidified, ash is
conveyed to the transport freight train by conveyer. -

As ash recovered from the bottom of the furnace cannot be cooled directly by water, an
ash cooler shall be separately installed. )

The ash loading facility shall be constructed at the point of loading ontoe freights (which is-
located behind the neighboring briquette plant) to cope with moistening-caused problems
such as solidification and heat generation. Ash shall, therefore, be moistened (20% to
30%) prior to loading--and conveyors and trippers shall be designed to be heat-resistant.

On the assumption that a single loading session takes an hour, and ash transport irains
shall be operated 12 hours a day, it becomes necessary 1o operate 12 trains, each made up
of 22 cars as calculated below: |

The capaciiy of ash transit tanks shall be designed 1o be large enough (10 hours:

2,000 m’), as determined by the footprini'o'f‘ash-collectian equipment to be installed atop
the tanks. ' o '
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7} The combined capacity of sitos {for storage and loading purposes) shall be large enough to
last 2 days {48 hours).  The loading silo shall have one day’s capacity (4,200 m*/day).
And, the remaining capacity required shall be met by the storage silos. (4,200 m’)

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

9) 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.

{(b) The specifications of major facilities have been determined on the basis of the above design
specifications are as follows.

They are shown 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 coolers: Rotary ash coolers
{40 t/h, 3 sets/unit]

« Ash transport pipes (10B): (For BM) 3 lines/unit x 2 unils
- (For FA) 2 lines/unil x 2 units

+ Vacuum blowers: Dry-type Roots blowers
[(For BM) 52 Nm¥/min., 4 sels/unit (1 set for backup)]
[(For FA) 57 Nm/min., 3 sets/unit (1 set for backup)]

« Dust collectors: Integral-type bag filters
[(For BM) 3 sets/unit]
 [(For FA) * 2 sets/unit]

L4

Ash transil tanks: Cylindri-conical steel tanks
[2,000 m® (15 m across x 11 m high) x 1 set/unit]

2) Ashtranspont facilities

* Discharge vessel: . Cylindri-conical steel pressure vessels
[50 tons/hour x 4 sels/unit}

+ Ash transport pipes (16B): 1 line/unit
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3)

-

Pressurize blowers: Dry-type Roofs blowers .
' [210 Nm¥/min., 2 sets/unit (1 set for backup)] -

Ash storage silos: Cylindri-conical steel silos
© |4,200 m* (16.5 m across x 20 m high) x 1 silofunil]

Dustless unloader: (For use in emergency)
Dual-shafl paddle-equipped type -
(100 tons/hour (dry ash) x 1 set/unit]

» Dustless unioader-feedwater pumps:
Centrifugal pumps
(190 m/hour (5 kegfem2g) x 3 sels/2 units (1 set for
backup))

». Feedwaler pits: Recténgular concrete pits
[8 m wide x 8 m long x 4 m high x 1 pit/2 units]
Ash loading facilities

+ Discharge vessel. Cylindri-conical stecl preséure vessels
{50 tonsihour x 4 setsfunit]

Ash transport pipes (18B): 2 lines/unit

Pressurize blowers. Dry-type Roots blowers
(276 Nm*/min., 3 setsfunit (1 set for backup)]

Ash loading sitos; _ leindri-coni_cal steel silos
{4,200 m* (16.5 m across x 20 m high} x 1 silo/unit]

Dustless unloader: (For regular use)
Dual-shaft paddle-equipped type
[250 tons/hour (dry ash) x 3 sets/unit)

+ Conveyors: " Bucket conveyors (heat-resistant)
[950 téns/hour (moistened ash) x 1 setfunit)
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3)
@

(b)

©

@

» Trippers: Belt lifting type (heat-resistant)
[950 tons/hour (moistened ash) x 1 set/unit]

ltems to be considered for carry out the plan

The amount of water required for moistening ash in preparation for transportation by rail
cars varies in accordance with the proportion of Ca components contained in the ash--A
targe amount of water causes ash to solidify while a small amount of water causes ash to be
loose and crumbly. It is, therefore, important to determine the oplimum moisture content
for in-transit ash in the test-run stage or in a separale study relating to the handling of ash
derived from fluidized bed combustion (FBC) fumaces (as to humidification factor, heat
generation, and the like) using "Bulgarian” lignite.

Since underground water is flowing beneath the coal-mine topsoit disposal site (at Drianovo,
17 km?), it is necessary to institute measures to prevent contamination with hazardous
substances dissolved out of dumped FBC ash,

As example measures, the following are conceivable:

+ Study whether a clay siratum of a disposal yard can be used or not.

+ Solidify the bottom layer of a selected dumping area by taking advantage of such
properties of FBC combustion ash that it is caked by water.

"« R is also very important to analyse and grasp eluted components of EBC combustion ash

more accurately in order to study various countermeasures.

Since the operation of coal-mine topsoil transport cars and ash transport cars is expected to
be complicated, consideration should be given to the following:
« Freight car operation should be ¢laborately scheduled.

. Arrangements for liaison and coordination belween 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
operalion personnel should be increased to better implement safety 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 necessity of making prior
adjustments/arrangements belween the coal mining company and the power plant
concerning such matters as the power plant's reconstruction schedule, the sharing of
workload (including the employment of operating personnel), the sharing of costs of
purchasing rolling stock (freight cars), and other atlendant matlers that are required to be
settled such as ash-disposal contracts. '
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6.12 Plant Water System
6.12.1 Pre-treatment and Water Treatment Method and System

(1} Inplant 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, taking
consideration of water quatity of Sazliika River and the experiences of water treatment plant.

(2) Figure 6-12-1 shows flow diagram of water treatment syster,

6.12.2 Specifications of the Main Equipment and Facilities

(1) Pre-treatinent Plant

(@ Type : Coagulation, Sedimentation and Filter Method
(b) ~ Capacity : 1,500 m*/day per train

(¢) Number : Two(2)sels

(2) Filtered Water Tank

(a) | Type 1 Steel made cylindrical tank (of dome roof type)
(b) Capacity : 4,000 m%day per onc tank
(¢} Number : Two(2)sets

(3) Water Treatment Plant

(a) Type : Mix bed type with polisher
(b) Capacity : 700 m*/day per train
{c) Number : Two(2)sels

(4) Demineralized Water Tank

(@ Type : SteeY made cylindrical tank (of inner roof type)
(b} Capacity : 1,500 m*day per one tank
{¢) Number : Two (2) sets
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