ANNEX 9
SMOKELESS AND BRIOQUETTED FUEL PROCESS

1. Introduction

This paper is to introduce a process of manufaciuring smokeless baiquette from Lakhra Coal. 1t
is advisable to construct the briguelte plant near the site of Lakhra Power Plant. Since the
inherent moisture and sufphor contents of Lakhra coal are quite high, a serics of basic tesls
must be cassied oul to desiga the briquelte plant.

The following items would be the indispensable conditions of basic planning to construct the
plant.

(2) Thermal Drying

The thermal drying equipment adopls the fluid-bed systerm which is compartatively capable for

adjusting the retention time easily. This dryer reduces the total moisture of coal from 25 %% to
about 3 4.

The relative ignition tempenature of Lakhra coal is so low that the hot gas temperature allows
150°C at the inlet of thermal dryer.

(b) Carboniraiion

Considesing the continuous operation, charactenistics of tar, the uniformity of heating in
carbonizer as well as of product qualily, the fNuid-bed casbonizer is adopted. Outside of the

carbonizer, a combustion chamber is attached for producing hot gas which is blown into the
carbonizer.

In order to seduce the volatiks matler of the product to less than 107 it is designed that the
carbonizing temperature is 500°C and the retention lime is around § minutes.

(c) Carbonizing Gas Treatmeni

Since the calorific value of carbonizing gas is rather low and the elfective udilization of tar in
the gas is unknown, only the value of tar is evatvaled as a fuel. Accerdingly, gas scrubbing
devices are not provided and the tar is utitized 1o increase the heating capacity of 23s 3s a heat
source for diying and carbonizing raw materials.

When and after the nonnal operation of carbonizer has been secured and the compasition ol
carbonizing gas has become avaitable for the normal combustion, heavy oit which was being
used for the combustion chambers, is replaced by the carbonizing as as a main Tuel.

(d) Briquelling

The carbonized praterials kess than 2 sun size are pressed while they heep ligh temperalure and
plasticily, so thatl hard briquette can be made. After carbonizing, hydrated lime, the amount of
which is 10 to 15 < of raw materials, is added as desulphurizer and binder.
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The increased hydrated lime may be effective for desulphurizing, but it is not so lavourable
because it results in the immediate increase of ash content in briquette. [t means the ash
contenis of raw materials should be as low as possible,

Briquecte can be made in various shapes or sizes in accordance with purposes of users, but as a
standard, the size of 50 mm x 50 mm x 35 mm is recommendable for domestic use.

2. Main Process
The main process is shown in the attached flow diagram.
The outline of the diagram is as follows;

Fakhra c¢oa} with moisture around 25 % in total is received in 2 raw coal hopper, then
temporanly stosed in a raw coal bin through feeder and buckei elevalor.

The fixed amount of stored raw coal is fed into the Nuid-bed dryer from 1he raw coal bin by a
fecder and dried coal bin topether with dust from cyclone through flow convéyor.

Alter measuring the scheduled amount of diied coal by a weighing device, the dried coal is fed
from the bin through flow conveyor and sceew conveyor into fluid-bed carbonizesr where il is
carbonized by hot gas charged from the boitom of carbonizer al a given lemperature. At the
same lime, the carboniziag g3s from carbonizer, witheul scparating tar from if, is sent back
with fans to a hot blast <love and a hot gas producer for combustion use there.

Carbonized coal is blended with hydrated lime at a fixed ratio in a paddle mixer and then
formed info brigueite by a pressing machine.

Smokeless briquette thus produced is screencd and stored in product storages as briguelte for
domestic use.
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PART IV COAL-FIRED THERMAL POWER STATION

CHAPTER 1 CONCLUSIONS AND RECOMMENDATIONS

1-1 Conclusions

As far as the Lakhra Coal Mining and Coal-fired Thermal Power Stalion Pegject is concerned, it
is judged to be technically and economically feasible to construct a 300 MW coat-fired thenmal
power station with a single unit of 300 MW at Jamshoro which is scheduled to be
commissioned in March, 1987, based on the annual production of lignite as stated in the study
of mine development.

1-1-1 Electric Power Desnand Forecast and Electric Power Development Scheme

{1} Electric Power Demand Forecast

In making a long-range forecast for the future with the past record of electsic power demand as
the background, the JICA Survey Team adopted fwo approaches. One was a technique of
amalysis by calcgory whereby a forecast is made based on the past records of customers by
category and the estimalions of future population increase and electrification. The other is a
comprehensive statistical technique where a forecast is made using a performance statistics
modet of eleciric power demand and a gross national product model, with the puspose of
augmenling the result obtained by the former catepory-by-categosy analysis technique. In
making a prediction of the annwal maximum power demand from the annval energy
consumpiions cbfained by the above-mentioned techniques, the two hypotheses below were
set up.

1)  The overall transmission and distribution losses

Date June 1980 June 1984 June 1990
Loss 313 271% 25%

2)  The annual load Factor is estimated under the following equation.

All= 6296 — 0.558x
Alf:  Annual load factor

x:  Number of years on the assumption of zero at the end of June
1930

Accordingly, the annual maximum power demand and annual average growth rate for the
period from 1980 to 1990 which were forecast by the JICA Sunvey Team, based on the above
enerey consumplions, transmission and distriibution 1osses and anaual load factors in compari-
son with the studies made by WAPDA are as shown on the next page.
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Calendar Analytical

Year Method by JICA
Survey Team WAPDA (BY/ (A)
(A) (B)
M) (MW)
1980 2,443 2,421 0.991
1985 3,808 3,841 1.009
1990 5,842 5,775 0.989

Growth Rate

(°% per annum)
1980 1o 85 93 9.7
1985 to 90 89 8.5

As seen from the above, there is hardly difference in the figures of the maximum power
demand between the JICA Survey TFeam and WAPDA. Accordinzly, the figure of the
maximum power demand forecast by WAPDA is to be adopted in this Reporl.

It is planned for the KESC Systera to be meirged with the WAPDA System in July 1984, The
maximum power demand figures and the annual average growth rate for the KESC System are
forecast to be 789 MW — 1,353 MW (1984 — 1990) and 9.4%, respectively, and the maximum
power demand and annual average growth rate of the WAPDA System after absorption of the
KESC system will be 4,183 MW — 6,920 MW (1984 — 1990) and 8 8%, respectively.

(2) Electric Power Development Scheme

The existing installed capacity of the WAPDA System was 2,685 MW as of July 1980, of which
hydro power generating facilitics comprised 1,567 MW or approximately 60, while thermal
power generating facilities comprised 1,118 MW or approximately 407%. However, the total
effective inskalled capacity is reduced approximately 5% due to generating facilities which have
become anlicipated to be aboul 2,553 MW.

The eteciric power system of WAPDA is geographically divided into four power markels, with
a feature being that the hydro generating facililies making up approximately 607% of the supply
capabilily exist one-sidedly in the Northern power market in the north with the remaining
40% comprising thermal generating facilities existing in the three other power markets.
Further, the hydro supply capabilily is influenced not oaly by the seasonal variations in river
rmnoffs, but also Lo a greal extent by operation of irzization water facililies since water

resources afre wsed with priority fos isrization, so that there is also a feature of seasonal
vanations being severe,

The 4 power markels presently interconnected by 132-kV transmission lines and partially by
220kV transmission lines together with KESC-owned power systems are o be interconnected
by 220:kV and 30045V transmission lines in the future.

It will be possible lo interchange power cffectively between the North and South theough
strengthening these transmission line networks. The development programs prepared by
WAPDA indicate that the inceemental capacity of hydro power stations including Tarbela,
Mangla and Warsak will be 3,010 MW in total in the 1980's. In addition, if 300 MW of Lakhra
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Coalfired Thenmal Power Stalion is developed, the total installed capacily of WAPDA-owned
thermal power stations is scheduled to reach 2,475 Mw.

The demand and supply balance considered from the generaling capability of the WAPDA

Electric Power System, the maximum demand and the maximum unit capacily witl be as
described betow.

The capability margin will be 300% (o 607Z in the high-waler season (in September) and 7 to 9%
in the fow-waler season (in May) excepl for the years of 1987 and 1988. The supply capability
is below the maximum demand in the low-waler season during the period fsrom 1980 to 1985.

The power installed capacily of the system is relatively bigger, compared with the maximum
demand. In spite of this fact, there will be serious shorlage of power in the low-water season.
The ratio of the size of the largest unil in the system to the maximum demand within the
sphere of the system is 6 to 8%. The margin capability corresponding to more than 15% of the

maximum demand would be required in consideration of possible stopping of the capacily of
the two bizgest unils,

1-1-2 Eleciric Power System
{1) Methed of Power Transmission of Lakhra Coalfired Thermal Power Station

There will be {wo methods of transmission of power frem the Lakhra Coal-fired Thermal
Power Station through 132 kV and 220 kV transmission lines.

The economic comparisons of consiruction costs of transmission tines of the hwo voltages have
proved that the former would be more economical than the lalter. Accordinaly, it is con-
sidered advisable that power from the above-mentioned power slation be transmiited to
500 kV Jamshoro Substation adjacent to Lakhra Coal-fired Thenmal Power Station.

{2) System Analysis

With the peak load houss in the low waler season in 1987 when Lakhra Coal-fired Thermal

Power Station with a capacily of 300 MW is to be commissioned as the limes for studies, the
power flows and stability of ihe WAPDA System were examined.

1) Power Flow
Electric power on 500 KV transmission lines will flow from Multan and Guddu
Thermal Power Slations in the central past of Pakistan 1o the Neorth and South of
the country. Since the power flow will be relatively fight, there will be a tendency
for the 500 kV bus voltages of the various 500 kV substation to rise.

As power required in the Hydesabad area is fully sent from the hydro power slations
in the North during the high-water months, the transmission lines to sead power
from the 500 kV Jamshoro Substation to the Hyderabad area and necessary equip-

ment including 220/832 kV transformers should be planned to meet the full re-
quitements of the area.

2) Stability
As a result of teansient stabitity catculations, it has proved that the power system
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would be unstable and would hardly discharge its funclions should three-phase
ground faulting take place al the end closest to Jamshoro of the 500 XV (ransmis-
sion Yines between Dadu and Jamshoro.

However, in the event that the 500 kV transmission lines should be designed as
double circuit lines, the system will be quite stable even if faults occur on one cireuit
of the S0O KV transmission lines.

I-1-3 Location of Coal-fired Thennal Power Station

For sclection of the location of the Coal-fired Thermal Power Station, studies were made based
on conditions of Yocation of possible sites at Jamshoro, Khanot and Lakhra. [t is judged that
the Jamshoro site is the most promising as a result of overall comparison of the physical
conditions, availability of condenser cooling water, transportation of fuel and materials,
necessity for a transmission line, approximate construction cost, etc.

The outlines of the 3 sites of Jamshoro, Khanot, and Lakhra are as descibed below.

(1) Jamshoro Site

The greatest advantages of the Jamshoro sile are that condenser cooling waler can be taken
from the Indus River throughout the year, and further, that if the Coal-fired Thermal Power
Station is constoucted adjacent to the 500XV Jamshoro Substation, construction of a
fransmrission hine will not be necessary. Other than these, a pipeline for ratural gas to be used
as one of the supplementary fuels runs at a distance of 3.5 km from this site and this pipeline
can readily be exteaded, while for transpostation of materials and equipment for consfruction
and maintenance, a railroad and roads can be readily used. Fusther, the infrastructure for
maintaining daily livelihood such as educational facilities, haospitals, government agencies, elc.
13 mose or less complete. In comparisons of approximately construction ¢osts also, Jamshoro is
cheaper than the others.

The disadvantage of this site is thal it is approximately 30 km distant from Lakhra Coal Mine
and the c¢oal hauting distance would be the longest and the transportation fost the highest.
Also, there #s concern about the effect on residents nearby due to air poliviion from firing
lignite of high sulfur contenl.

{2) Khanot Site

The drawback of the Khanot site is that it will be difficult to select the intake site for condenses
cooling waler because of variations in the center line of the Indus River and it is impossible to
secufe a large quantily of cooling waler throughout the year. Consequently, cooling towers
will have to be adopted for the condenser cooling system, and this wilt resull in increase in
constiuction cost and reduction in plant thermal efficiency. Ft will be necessary for new
construction of a 220KV, 2-cet bine of distance of approximately 35 km from the Coal-fired
Fhermat Power Station to the 500kV Jamshore Substation. In the compasison of the
approximate construction costs also Khanot is cosilier than the Jamshoro site. Other than
these poinls, this site is a2pproximately 18 km distant from Jakhra Coal Mine and since
transpostation of coal would be by the railway to be aewly built the transportation costs
wold be high. Also, an infrastructuce is practically non-existent at this site and it would be
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necessary for a colony to be consiructed at an early date to buitd up the living envisonment,

The favorable conditions of this site are that for access and transporiation of materials and
cquipmeni, a railroad and a road from Karachi can be ufilized, and also since there are
practically no residents in the vicinity, considerations about air pollution will not be necessary.

{3) Lakhra Site

Disadvantageous conditions of the Lakhra site are the same as for the Khanol site with regard
to securing eondenser coeling water, in addition to which water pumpup for a kepgth of
approximately 15 km and height of approximaiely 140 m will be nceded to Lakhra. Regarding
new construction of a transmission line, similarly to Khanot, a length of approximately 48 km,
210kV, 2-cct will be needed to the 500kV Famshoro Substation. The approximate
construction cost will also be the highest. Other than the above, with respect to acoess and
fransporfation of materials and equipment, they will be the same as for the Khanot site up to
Khanol, while a road must be newly constructed from Khanot to Lakhra. The infrastructure is

nof complete as in the case of the Khanot site, and it will be necessary to build up a colony at
an early date.

The greatest advantage of this sife is that it is adfacent to Lakhea Coal Mine so that hauling of
fignite can be done directly by truck and the transporiation cost will thus be the cheapest.
Furihermore, this site is a barren plateau with practically no residenis, and it will not be
necessary for special considerations {o be given regarding air pollution.

I-1-% Power Station Scale and Unil Size

it is quite natural that the scale of Lakhea Coalfised Thermal Power Sfation should be
determined according to annual production of fignite from the possible mine site at Lakhra.
The study of mine development has proved that lignite production of one miltion tons per
annum would be possible on an air dry basis consecutively for thirly yeass. On the assumption
that the annual production of lignile is (o seach one million tons as stafed above, it is possible

to determine the scale of this power station as 300 MW in constderation of annual plant factor
and thesmal efficiency, etv.

There are two alternatives such as employment of single unit of 300 MW and of {wo units of

150 M\ each. 1t is advisable to employ 1he alternative of adopting 2 single unil of 300 MW
for the reasons Bisted below.

(1} [In case comparisoas are made on capilal costs of 1he alternative of 300 MW x 1 unit and
that of 150 x 2 unils, the former will be cheaper than the latier by around 1076, The
former is also more advaniageous in respect of operaling costs in view of decrease in
lignite consumption because of improvement of thermal elffiviency. In other words, the

alternative of employnient of a single unit of 300 MW will provide scale-menil and is
considered Lo be economically lavorable.

(2} According to WAPDA, Tarbela with a capacity of 406 MW x 5 units and Mid Country

with a capacity of 400 MW wifl have already been commissioned in WAPDA System prior
to the commissioning of 300 MW Lakhra Coal-fired Thermal Power Station.
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£-1-5 Outline of Facilities of Coal-fired Thesmal Powers Station

{1) Location

(2) Power Station Compound
Area

Colony Compound Area
Total

(3) Building Area
(4) Installed Capacity
{5} Equipment Outline

1) Boiler
Type

Evaporation
Steam Conditions

Fuel

2}  Turbine
Type

Rated Qutput

Steam Condition
Speed

Nuntber of Extractions
Vacuum

3) Generater

Type

Rated Capacity
Power Faclor
Voltage
Cussent

4) Main Transformer

Type

Rated Capacity
Primary Voliage
Secondary Voltage

Jamshoro, District Dadu, Hyderabad Division, Sind
Province

397,000 m? (inch. space for extension, excl. ash disposal
site)
378,000 m? (incl. space for extenasion)

775,000 m?
19,540 m?

360 MW (300 MW x | unil)

Single dram, natural circulation, outdoor type (Bumer,
coal bunker will be covered))

980 tfhr (at max. conlinuous rating)

173 kefcmalg x 541°C (at supesheater outlet)

36 kgfem? g x S41°C (at reheater outiet)

Lignite

Tandem compound, two-cylinder, double-flow reheat
turbine

300,000 kW

169 kegfem? g x 538°C (al main stop valve inlet)
3,000 rpm

7

700 mmtiz

Horizontal, rotating fi2ld, closed hydrogen-cooled,
explosion-proof (ype

353,000 KVA (al rated hydrogen pressuse 3.2 kelfem? 2)
0.835 (lageing)

1$kV

11,323 A

3-phase, forced-oil, forced-aircooled, outdoor type
313000 kKVA

13 kV

132KV 2 (0%
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(6} Countermeasures against Corrosion of Boiler due to Combustion of Lignite with High
Sulfur Contents

SO, contained in flue gas produces sulfuric acid at a femperature of dew point thereby

coiroding meials in which the said sulfuric acid is made. Accordingly, the following measures
should be taken.

1} Countesmeasures against Corrosion of Air Preheater
a) The temeperature of gas atl an exit of the air preheater should be kept at a
tempesature of 130°C so that the temperature of metals of air preheater can be
mainfained at a temperature of more than 85°C.
b} It should be arranged that the air temperature at an entrance of air preheater
can be risen up to 70°C by means of sfeam air preheater in winter and during
low load houss.

<) The malerials of low-temperatured elements should be of acid-proof ceramic.

2}  Flue Gss Duct

The matenials of flue gas duct is to be completely kept warm by wrapping the said
duct by means of insutators lest the temperatute of flue gas should falf.

3} Stack
Inner lining matenals are to be of acid-proof bricks.

4) Countermeasures against Closure of Air Prehieater Flements
a) Closure of air preheater elements is to be prevented beforehand by rise in the
temperature and diying of elements, providing bypass lines of cold ait in the air
pichealer.
b) Closure of elements is to’ be prevenied beforehand by means of removing ash,
using steam lype soots blower to be fusnished with air prehealer, in case ash
should adhere to elements.

¢) la case elements are closed, closure is to be removed by washing such elements
with pressurized flush warm water.

(7} Possibility of Operation of Turbine-Generator as Synehronous Condenser

it is considezed fechnically possible for a turbine-generator to be operated as synchronous
condenser within the limits of the geaerating capabitily cuive.

When a turbine-generalor is operated as syachsonous condenser, it must be separated from a
steam-furbine. Several ways of “start-up™ are conceivable. The stari-up system by means of a
synchronous induction motor would be realistic among s3id ways since it is most economical
and has been used for a turbine-generator of small capacity.

In the evenl thal a turbine-generator should be manufactured so that operation of a
syachronous condeaser can be made within the limits of the generaling capabifity curve,
tncremental costs ‘of auxiliary equipment and sfart-up apparatus could be estimated at around
73 million Rupees. While installation of a synchronous condenser with the same capacily as
that of reactive power of gensralor and installation of static condenser and shunt reactor will
cost approximately 130 million Rupees and 135 million Rupees, respectively. Accordingly,
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operation of a lurbine-generator as synchronous condenser would be more economical,

As described above, there exist actual records of having used turbine-gencrators of smal}
capacity as synchronous condenser in the past.

However, the proposed turbine-generatos will have a capacily of 300 MW for the Project.
Unfortunately, no actval records of having used such a big scaled turbine-genesator as
synchronous condenser have been obsened. Therefore, it will be essential that WAPDA
conduct carefut and stricl examinations prior to their finalization of employment of the
turbine generator as synchronous condenser.

i-1-6 Construction Schedule of Coal-fired Thermal Power Station

It was estimated various scheduks prior {o the start of construclion such as imvestigation work
necessary for definite design, preparation of bid documents, bidding, award of contract, elc.
would require approximately 24 months, The subsequent construction schedule including
desiga and manufacture of equipment to be done by the contractor, transpottation, <ivil and
building construction, installation and erection of equipment and facilities, acceptance tesls,
etc. was set taking into account the annual coal production psojected for Lakhra Coal Mine. As
a resull, it was considered that construction of the 300 MW coal-fired thermal power sfation
would require approximately 47 months. Accordingly, the total period of time for
implementing construction of the coalfired thermal power stalton will be 71 months
comprising 24 months and 47 months.

In consideration of the above, the coal-fired thermal power siation will be commissioned in
March 1987,

1-1-7 Estimated Construction Costs

The construction costs of the coal-fired thermal power station have been calculaled in the
foreign and domestic cumrency portions, based on prices prevailing as of June 3980,

The Contingency given in llem G of the following table was calculated to be 5% of the
Sub-lotal shown in ltem ¥ comprising [tems A thsough E. Impost Duty (Item 1) quoied in the
domestic currency portion has been estimated at 407% of C&¥F prices of materials, equipment
and supplics included in Hems A through D of the table. The Engineering Fee shown in Item J
has been estimated at 5% of the Total Direct Cost of Item H. The Administration Cost (Item
K) corresponding to be 4% of the Total Dircct Cost ¢Item H} in both currency porlions has
been assumed to be incursed in the domestic cuszency portion.

Ehe amount of Interest during Construction given in N has been calculated at a rate of 8.75%
per annum for the foreign cumrency portion and at a rate of 12.5% for the domestic cuirepcy
poilion, respectively.

Thus, the construction costs have been caleulated to be 6,225 million Rupees in total. Of this
amount, 2,673 miltion Rupees correspond to the amount of costs to be incurred in the foreign
currency porlion while 3,552 niillion Rupees are estimated to be incurred in the domestic
currency poilion. However, escalation in prices due to inflation is not considezed.
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Estimated Construction Costs of Coal-fircd Thenmnal Power Station

_ (Rsin miltion)

\ Category Construction Cost

Forei <
ltem Conenty | Comeny Total
A. Equipment 1,727 — 1,727
B. Civil Work 295 300 595
C. Building Work 144 266 410
D. F.G.D. Plant 109 84 193
E. InstaHation 130 415 545
F. Sub-{otal 2,405 1,065 3470
G. Contingency 121 53 174
H. Tolal Direct Cost 2,526 1,148 3,644
. Imposi Duty — 9905 905
J. Engineering Fee 147 35 182
K. Admiristration Cosl -- 146 146
i.. TotalIndirect Cost i47 1086 1,233
M. Total 2,613 2,204 4,877
N. Interest during Constiuction 1,348

Foreign Cursency Portion 620

Domestic Curtency Portion 128
0. Total Construction Cost 26173 3,552 6,225

1-1-8 Economic Analysis

{1) Development of Lakhra Coal Mine was planned with the purpose of supplying lignite as
feel for Lakhsa Coal-fired Thermal Power Station. It would be possible to save 380
million m? to 530 miltion m> of natural gas annually, which can be utilized as a raw
material for fertilizer and other gas-chemical industries,

(2) In order for the heavy oilfired thenmnal powes station lo be able to compete with the
Lakhra Coalfired Thermal Power Station Project, the escalation rate of crude oit price in
case of a plant factor in a range of 50 to 70r% annually must be held to a tevel of 4.7% to
5.6% at a discount rate of 10¢¢ and also the escalalion rate of crude oil price willbe in a
ranige of 3.2% to 6.6% at a discount rafe of 13%.

(3} Even il the escalation rate of crude oil prices were to be held to about 8% annually, that

is at the same level as commodity prices in genesal, the Lakhea Thermal Power Project
will show high benefit-cost ratios of 1.40 to 1.63 at a discount rate of {0Kt and 1.23 1o
1.44 at a discount rate of 13%, respectively.

Accordingly, although this Project will require funds 1.9 times more than a heavy oil-fired
thesmal power preject, it will be advantageous in consideration of the above-mentioned
economic superiorily.

1-1-9 Considesations regarding Emvironmental Problem

(1) Air Pollution Countermeastires

Substances influeacing air pollution produced as a result of firing the lignite at the Coal-fired
Thermal Power Station will mainly be soot and dust, and sulfur oxides.
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1Y Soot and Dust Countermeasure
The ash content of the lignite is approximately 24% and relatively high, and
approximately 80% of ash produced in combustion of the lignite will be scattered in
the atmosphere as fine-parlicled fly ash to contribute fo air pollution. As the
measure to prevent this, high-efficiency electrostatic precipilators are to be instatled
to collect ihe fly ash. Furiher, since the apparent electric resistance of the ash is
high, dust collection is to be efficiently maintained by means of inc¢reasing in the
capacity of I'P (electric precipitatory and of selection of discharge terminals to
cbiain effective corona current and through strengthening of hammering capability.

2)  Smoke and Sool Countermeasure

In the Islamic Republic of Pakistan, environmental standards desirable to be
mainfained {o protect the health of people and secure the living eavironment have
not been established. However, since the suifur contenl of the ligaitle is of a
comparatively high value at approximately 7%, il is expected thal the concentration
of sulfuric oxides in fMue gas will be high. As a countermeasure, 3 conceniration of
sulfuric oxide is (o be maintained at fess than 0.14 ppm as set forth in US. Federal
by freating half of Mue gas at a desulfurizaticn plant {under the Limestone/Gypsum
Recovery Process Method) from the econemical standpoints.

{2} Drainage Counlermeasures

Oil sepasation, selthing and fillering and neutralization treatment will be provided drainage to
be discharged from the Coalfired Thenmal Power Station according to the properties of the
waste water so that the environment will not be affected.

1) Domestic Waste Water
Waste waler from privies are 1o be conducted o septic fanks for purification, while
drainage from hot water supply rooms is to be subjected to filtering and seliling
teeatment after which it is to be discharged.

2)  Waste Water from Apparatus

Waste water from water treatment apparalus and the chemical analysis laboratory is
to be conducted (o a waste waler neufralizing tank wherze it is to be neutralized and
then discharged. Washing water from electrostatic dust precipifators, eleciric
prehealess and chimneys, and waste water from chemical cleaning of boilers will'be
produced immegulatly and are to be subjected to newtralization Ireatment atf a
temporary pond and thea discharged into the ash disposal lot. Drainage from around
the coal yard is to be selttled and fiftered, and then discharged.

3) Waste Water with Oil Content
Waste water containing oil such as drainage from bulldozer garage and drains from
various equipment are to be subjected (o oil separation and then discharged.
1-2 Recommendations

(I} Preparation of Documents for Financial Arrangements

It is recommended that WAPDA make Financial arrangements in haste for maleriatization of
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the Project. In this context, it will be required that WAPDA make an approach through the
Government of Pakistan to appropriate overseas financial source(s) to secure the RECeSSary
funds in the foscign currency portion. It is also believed necessary for budgels to be complied
for appropriation of costs to be incurced in the domeslic cussency porfion. A serics of docu-
ments required for approaches to the authorities coneerned and financing agenci(es) al home

and abroad should be prepared withowt any delay in order that a loan agreement can be
concluded not fater than October, 1981.

(2) Materialization of Project

It is suggested thal WAPDA coordinate with PMDC and associated governmental agencies
smoothly and effeciively in the matedialization of this Project in order that WAPDA and
PMDC may fullill their gespeciive functions and fully utilize their valvable experience in
devclopmeat of power facilities and coal mines.

{3) Training of Pessonnel (o Be Assizned to the Project

Since WAPDA will go into the performance of definite studies, construction supervision,
mainienance and operation, elc. of such a farge-scaled project as the Lakhra Coal Mining and
Coal-fired Thermal Power Station Profecl, it is recommended that WAPDA as the implement-
ing agency of the said Project train pessonnel who will be engaged in the aforementioned work
and related assignments in advance to fully meet the requirenients of the Project.

{4) Geological Surveys and Preparation of Topographic Maps
It is recommended that in view of the urgency of the Project implementation, WAPDA under-
take geological sunveys on the proposed Project sites and prepase topographic maps thereof

which will be essential to the definite studies for the Project. Tt is advisable for WAPDA to
take prompt action for this purpose.
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CHAPTER 2 PRESENT STATE OF ELECTRIC POWER INDUSTRY
2-1 Historical Background

At the time of the independence of Pakistan in 1947, Mandi Hydroelectric Power Station (48
MW} which had been a principal source of electric power in Punjab Province was handed o

India making the electric power situation of the province severe, and it had to depend on India
for most of its power supply.

However, there were private electric power companies existing at Lahore, Rawalpindi, Maltan
and small townships which were supplying power to their respective districts as isolated
syslems.

In North West Frontier (N.W.F.) Province there was Jabban Hydroclectric Power Station (9.6
MW) on the Upper Swat River. In this province, there were also privale power companies

passessing small diesel power stations for supplying isolated places such as Dera Ismail Khan
and Bannu.

[n Bahawalpur State there were diese] power sfations (318 kW) owned by the sfate.

The Pakistani Government immediately after independence tackled plans for new generating
sfalions in view of the power shorfage in Northern Pakisfan.

In Punfab Province, construction work of Rasul Hydroelectric Power Station (22 MW) was
speeded up to be completed in 1952, Montzsomesy Thesmal Power Station (6 MW) was
compleled in 1955, while a thermal power station (8 MW) was also constnscted at Lyallpur.

In N.W.F. Province, an addition (10 MW) was made to Jabban Hydroelectric Power Station,
and Daragai Hydroelectric Power Station {20 MW) was constnucted.

In Bahawalpus State, small diesel power sfations al Ahmedpur, Rahimyarkhan, Khanpur,
Chistian Mandi and Bahawalnagar were expanded from 200 kW to 650 kW.

About this time in Pakistan it was possible {o operate Jabban Hydroelectric Power Station and
Darpai Hydroelectsic Power Station in N.W.F. Province in parallel, but this could not be done
with other power stations which were capable only of cartying out isolated power supply in
specific areas,

Merzing was done of provinces in Pakistan in 1953, There was stitl a shortage of electric power
a3 a whole al this time, bui formerly isolated power systems could now be operaled in paralle,
and it was recognized that the shostage in electric power could be greatly alleviated if
interconnections were (o be made with a power fransmission network like Jabban-Dargai and
with the surplus power of Montzomery.

As 1956 came about, the Jabban-Dargai Sysiem and the Rasul System were put info parallel
operation to resull in expansion of the power transmission nelwork. In succession, other

power stations were also pul into parallel with the newly structured power transmission
nelwork,
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It was about this time that the Government of Pakistan, keenly feeling the necessity of
forming and building up power systems belween provinces on a nation-wide scale, integrated
the electricity departments of provinces and states by federal ordinance to form the single
organization of WAPDA, the activities of which were hencelorth started.

Warsak Hydroclectric Power Station (40 MW x 2} and Multan Thermal Power Station (65 MW
x 2} were compleled in 3960, and about the same time a ¥32-kV, 2-cct transmission tine with a
length of 461 miles was constructed between Warsak and Lyallpus, and power was supplied to
large-scate gridstations atl Peshawar, Wah, Rawalpindi, Gujranwala, K. S. Kaku, Kot Lakhat,
Lyallpur, Ludewala and Daudkhel. This new £32-kV (ransmission line was also connected at
Multan Thermal Power Station with the 220kV (ransmission line belween Multan and
Lyallpur.

By 1967, Mangla Hydroclecinc Power Station (200 MW, ultimate output 600 MW), an
addition {65 MW x 2) to Multan Thennal Power Station, and Faisalabad Thermat Power
Station {66 MW x 2) were construcled, and 220KV, 2<ccl transmission line were construcled
between Mangla and Kot Lakhpat, and between K. S. Xaku and Lyallpur,

With the development of industry, azsiculfure and commerce, and as a resull of socio-
economic improvement, the eleciric power svsiem of Pakistan was expanded from the North
to Upper Sind, Lower Sind and Quetla until a conneclion was made by 132-kV transmission
line with the (ransmission nefwork of Karachi Electric Supply Corporation (KESC). Up to this
time, large-scale favilities such as Tarbela Hydroelectric Power Station {lotal output 700 MW),
Guddu Thermal Power Station (fotal output 700 MW), Guddu Thesnal Power Station {110
MW x 2), Faisalabad Gas Turbine Power Slation {tofal owtput 200 MW), and Koid Gas
Turbine Power Station (tofal output 80 MW) were constructed, and the power generating
facilities of Pakistan grew to 3,552 MW by 1979.

The growth of the power generating facilities of Pakistan between 1959 and 1979 ts shown in
Table 2-2, the power generating Tacilities of WAPDA as of 1979 in Table 2-3, and the power
generating facilities of XESC in Tablke 2-6.
2-2 Steucture of Electric Utitity Industry

The osganizalions comprising the eleciric utility industry of Pakistan at present are the
following:

Water and Power Authority WAPDA
Karachi Electric Supply Corporation KESC
Pakistan Atomic Energy Commission PAEC
Rawalpindi Electric Power Company REPCO
Multan Electric Supply Company MESCO

Of these, WAPDA owns 75.6% of the electric power facilities of electric utitities industry in
Pakistan, and KESC 17.1%. The supenvisory goverament agency over these electric ulitity
organizations is the Ministry of Water and Power in lslamabad.

1IV-14



2-3 Functions and Organizations of Electric Utifity Institutions

2-3-1 WAPDA

WAPDA was established by federa) ordinance in February 1958 and went into full operation in

September of the same year. The existing electricity departments of provinces and states were
absorbed into WAPDA in March 1959.

(1) Activities

L))
2)

3)
4)
5)
6)

Irrigation, waters supply and dsainage, and rectreational use of water resources
Generation, transmission and distribution of power, and contribution, maintenance
and operation of powerhiouses and grids

I-lood control

Prevention of waterlogging and reclamation of walerlogged and salted Jands

Entand navigation

Any ilt-effecis on public health fesulting from the operalion of WAPDA

In addition to the above activities, the Government of Pakistan has given WAPDA as a federal
government agency the responsibility of implementing the giant Indus Basia Projecis.

(2) OQOiganizalion

Undes a chairman, there are 4 managing directors who are responsible for the wings of Finance
& Administration, Power, Water, and Project Planning & Review Osganization.

1)

2)

1)

4)

Power Wing
The Power Wing is supervised by a managing director under whom there are assignad
5 peneral managess responsible for the divisions of power generalion, powes

transmission and grid station, power distribution, planning, design & protection, and
coordination.

Water Wing

The Water Wing is supenvised by a managing director under whom there are 7 gengral
managess in charge of danis, irrigation projects, planning, the Basin Project
{Chashma Right Bank Canal), Tarbela, North, and Souihr. As in the case of the
Power Wing, several chief engineers are assigned to each general manager.

Project Planning & Review Organization
A managing dircctor is responsible for peoject planning and reviews.

Finance & Administration Wing

This wing provides services in common to the various wings and depatiments, and is
responsible for finance and administration of entire WAPDA. The wing is supenvised
by a managing director under whom are assigned 2 general managers in charge of
administration and a computer center. Chief enginecs, a legal adviwr, and directors
of medical services and public relations are assigned to the general managers.

The number of employees of WAPDA as of 1980 was approximately 40,000,600
persoas of whom were professional staff.

Details are indicaled in the organization chart of WAPDA in Table 2-1.
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2-3-2 KESC

KESC was established in 1913 as a piivate electric power company. The idenlily as ;
privalely-owned electric power corporation continued until 1951, when the Pakistan
Government acquired 73 of outstanding stock, and with esiablishment of a 100%-ownec
holding company, it was changed into an enterprise having the nuance of a public corporation.

This holding company is called Pakistan Electric Agencics and has a board of directors
consisting of three persons, namiely, a chairman, a representative of the Ministry of Petroleum
& Natural Resources, and a sepiesenfative of the Minishiy of Finance, Planning &
Pevelopmenl.

These three members of the holding company also are numbers of the Board of Directors of
KESC, the highest organ of KESC, and the chairman concutrently serves as the chairman of
the KESC board.

The board of directors of KESC is composed of 9 other persons from business and financial
circles who represent shareholderss.

KESC is the second fargest electric power company of Pakistan and is responsible for power
supply to the city of Karachi, its surroundings, and a part of Baluchistan Province.

The activities of KESC consist of investigations, planning, designing, consfruction, mainte-
nance and operation of generation, iransmisston, grid and distrbuation facilities, sales of
electsic power, and collection of electricity charges. The power generating facilities of KESC as
of the end of June 1979 amountad to 608 MW, alt of which consisted of thermal gencrating
facilities.

There is inferconnection with WAPDA by a 132.kV transmission line and power of KESC is
vended from WAPDA with a maximum limit of approximately 80 MW. The number of
employces of KESC as of the end of January 1978 was approximately 8,000 persons of whom
422 weee professional staff

2-3-3 PAEC

PALEC is an organ for nuclear Fower generztion which owns a CANDU fype heavy waler
nuclear power station (137 MW). This power station was constructed with aid from Canada
and weal into commercial operation in 1971, but in October 1977, with the reason given as
shortage of fuel, the aid of the Canadian Government to the nuclear power program of
Pakistan was disconlinued, forcing the power slation fo go out of operation. Although
subsequently, the remaining fuel was utitized and power geneiation was conlinued operating at
low load, il is not clear when a refum (o normal operation will become possible,

2-3-4 REPCO
REPCO started out as a privately-owned electric power company with a license oblained in

May 1920, but in 1972 it was taken over by the federal government and is now wnder the
supervision of managing ditector appointed by the federal governntent.
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This managing director is sesponsible to the Beoard of Adminisiration for Taken-over
Company under the junsdiclion of the Ministry of Water and Power.

The power generating facilities of RFPCO as of the end of June 1979 amounted fo
approximaiely 9 MW,

2-3-5 MESCO

MESCO is supplying efectric power (0 a part of the cily of Multan in an area of approximately
130 km?. MESCO was also faken over in 1972 by the federal govemment. The power
generating facilities as of the end of June 1979 amounted to 23 MW.

2-3-6 Prvate Power Generating Enterprises

Enterprises owning private power generating facilities are scallered throughoul the couniry
with the total capacity as of June 1979 comprising 2.5% of the facilities of the enlite country.

2-4 Eleciric Power Facilities
2-4-1 Entire Power Generating Facilities of Pakistan
Hhis entire power geaerating facilitics of Pakistan as of June 1979 amounted to 3,552 Mw.

The ratios of power generating facilities of the various electric power enferprises making up the
whole are as indicated below.

) ' ) Generating —I_*‘acili(y o Compaosition
Name OIW) (%)
WAPDA 2.6385.00 75.58
KESC 608.00 1711
PAEC 13700 386
Privaie Owner 90.37 2.54
REPCO 208 0.26
MESCO 2300 0.65
Total 3,55245 100.00

The growth of the powes generating facilities of Pakistan is indicated in Table 2-2.
2-4-2 FEleciric Power Facilifies of WAPDA
{I) Power Generating Facilities

The power generating facilities of WAPDA as of June §979 consisted of the following:

Hydro facilities 1,567 MW
Thermal facilities LIS MW
Tolal 2,635 MW

Drelails of the facilities are indicated in Tablke 2-3, “Power Generaling Facilities of WAPDA.”
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{2) Power Transmission Facilitics

The power {ransmission facilities of WAPDA as of June 1979 consisted of the following in
terms of length:

SO0V transmission line 330 km
220KV transmission line 1,219 km
132.kV  transmission line 5,885 km
66-kV transmission hine 6,217 km
Total 13,651 km

The details of these lines by province are indicated in Table 2-4, “Power Transmission
Facitities of WAPDA.”

{3) Power Gnd Facilities

The power grid facilities of WAPDA as of June 1979 consisted of the following:

220XV grid stations, 4 sites 1,310 kVA
132XV grid stations, 166 sites 4,608 kVA
66-%V grid stations, 182 sites 1,951 kKVA
Total 7,869 kVA

Details of these by province are indicated in Table 2-5, “Power Grid Facilities of WAPDAY

(4} Expansion Plans for Power Transmission and Power Grid Facilities

Construction werk on a S00-kV transmission line from Faisalabad to Karachi via Guddu and
related grid stations is now going on. According Lo plans, these ase large-scale facilities

involving the following:

500-kV transmission line (length) 1,071 km
Grid station, 5 sites 3470 kVA

There are also the following expansion plans for power transmission and grid Facilities of
systems of other voltages.

220kY transmission line (length) 139km
132-kV transmission line (length) 4,242 km
66-kV transmission line {lengik) 1,570 km

2-4-3 Electric Power Facilities of KESC
(1) Power Generatling Facilitics

The power generaling facitities of KEESC as of June 1979 amounted Lo 608 MW, all thermal
facitities. The delails of thess facilities are indicated in Table 2-6, “Power Genesating Facilities
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of KESC.” However, according to information obtained in the present survey, the thermal
power generaling Facilities as of June 1980 amounted to 673 M.
608 MW -- West Wharf Station A (15 MW) + Karangi Gas Turbine Power Station (80 MY)

=673 MW
(2) Power Transmission and Grid Facilities
The power transmission facilities of KESC as of Junc 1979 consisted of the following:

$32-XV transmission line (length) 334.2km

66-kY transmission line (length)

983 kim

The power grid facilities of KESC as of June 1979 consisted of the foltowing:

132/66f11-kV grid station, 16 sites

2-5 Efectricity Tarills

1,E35 MVA

Flectsicity fariffs of WAPDA, eifective from July 1, 1979.

(1) Domestic and General
First 40 unils 31.0 Paisa/kWh
For the balance 35.0 Paisafk\Wh
Minimum chaige Rs 5.00 Point/menth
{2) Offtces and Commercial
Figst 100 units 85.0 PaisafkWh
For the balance 95.0 Paisa/KWh
Mirimum charge Rs 15.00 Pointfmonth
(3) [Industzial Supply
Single phase 230V and 3 phase 440V
Up to and including 70 kW 52 0 Paisa/kWh
Minimun charge
Up 1o and including 20 KW Rs 20.00/kW/month
Exceeding 20 KW to 70 kW Rs 25.00/kW{month
(4} Indusirial Supply
3 phase 400V
Above TOKW to 500 kW Rs $0.00/kW/month of declared load
+ 360 Paisa/kWh
{53) Industsial Supply

At 11kV,all load
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(6)

N

(8)

)

(10)

(11)

a2

Industrial Supply
AlL33kV 66 kVand 132kV
AllJoad in excess of 5,000 kW

Butk Supply

At 400V

Lieensees and non-ticensees
Othears

Railway, public facilities, elc.

In flate rate

Bulk Supply

FYRIE3Y

Licensees and non-licensees
Railway, public facitities, elc.

Bulk Supply

AtL3I3kV, 66kV and 132 kY
Licensees and non-livensees
Railway, public facilities, elc.

Rs 42.00/kW/month of dectared foad
+ 320 Paisafk\Wh

329 PaisafkWh
40.0 Paisa/kWh

Rs 45.00/kW/{month of deelared load
+ 35.0 PaisafkWh

28.0 PaisafkWh

35 Paisa/kWh

Rs 41.00/%xW/month of declared load
+ 34.0 Paisa/kWh

34.0 PaisafkWh

Rs 39.50/kW/month of declared load
+ 33 0PaizafkWh

Agricultfural Tube Wells and Lifl brrizgation Pumps

SCARP
Pumjab and Sind regions

N.W.F.P. and Quetta areas

Temporaty General Supply
Donicstic

Commervial

Minimum bill

but not less than Rs 55.00 for the
period of temporary supply

Temporary Industrial and Bulk Supply
Industrial supply
Licensees and non-licensees
At 400V
ALTT XY
Railway, public Facilities, elc.
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{13) Seasonable Industrial Supply

(14) Public Lighting

(15)

125% of the charge for regutar industcy

1) Supply charge 65.0 PaisafkWh
2) Fixed line chasge per month per miles
Enlire capilal cost is borne by WAPDA. Rs 109.50
Entire capital cost is borne by the local
body. Rs 9.75
Capital cosl in laying streef lighting
supply line over the existing distribulion
system is bome by WAPDA. Rs 68.50
Capital cost is borne by the local body. Rs 14.00
3) Fixed lamps and fixlures charge per
month per lamp of capacily
Ordinasy lamps, provided and iastalled
by WAPDA.
Up to 60W Rs2.25
From 60W to 100W Rs 2175
Above 100V to 200W Rs 6.00
Above 200V to 300V Rs 72.50
Abaove 300W on application

Fluorescent tubes, provided by local
body but installed by WAPDA.

For all wattage Rs 5.00
Special mercury vapor lamips, provided
by local body but installed by WAPDA

For all watlage Rs 7.50

Supply to residential colonies attached to the premises of industrial supply corsumers
having their own distribulion facilities at their colonies

1) Consumers who provided their own
transformers for receiving and controlling

the supply 52.0 Paisafk\Wh
2) Consumers who do not provide the above
at item (1) 53.0 PaisafkWh

{16) TanifT for Electric Traction

(ELahore-Xhanewal seclion) §7.5 PaisafkWh
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Table 2 - { WAPDA ORGANIZATION AS ON 1-1-1980
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Table 2-2 Growth of the Power Generaling Facilities in Pakistan

As of June 1979

WAPDA MW . )

var | 1 T sun Ki\:S(: P:\\I:C' Private REPCO [MESCO ] Total
Hydro | Thermal t-::ml MW MY MW M MW MW

1959 — 60 253 113 | 366 366
1960 — 61 261 197 | 464 . 464
1961 — 62 267 190 | 457 : 457
1962 — 63 267 202 | 469 469
1963 — 64 2671 332 @ 599 599
1964 — 65 267! 369 | 636 258 = 894
1965 — 66 267: 315 | 642 | 258 900
1966 -- 67 2671 441 708 | 258 966
1967 - 68 567° 573 |1,140 | 258 1,398
1968 -- 69 667 ¢ 567 |1,234 | 258 : : 1,492
1969 — 70 667 656 11,323 { 383 : 1,706
1570 — 71 667 ¢ 650 [1317 | 383 1,700
1971 — 72 667 650 {1317 | 383 i 137 1,837
1972 — 73 667 656 (1,323 | 383 : 137 : 1,843
1973 - 74 867 753 [1,620 | 383 137 2,140
1974 - 75 867: 873 |1,740 { 383 137 [ 90.22 2,350
1975 - 76 867 ; 1,068 11,935 | 383 137 ; 90.22 2,545
1976 — 77 1,567 1,068 12635 | 383 : 137 ; 90.22 3,245
1977 - 78§ 1,567 1 1068 {2635 ] 508 137 | 90.37 3,370
1978 — 791 1,567 | 1,118 12,685 | 608 137 | 90.37 | 908 23 {3,552
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Table 2-3 Power Geaerating Facilities of WAPDA

Asof June 1979

Name of Station Cop 2{;3");('\‘0' C;l;)(;t:illy
Hydro Power 1,567
Tarber 175 x4 700
Mangha 180 x6 600
Warsak 40 x4 160
Rasul il X2 22
Mahkand 3.2 x2 20
5 x2
Dargai 5 x4 20
Nandipur 46 x3 14
Chichoki 44 x3 13
Shadiwal 6.75x 2 13
Kursam Garhi 1 xd 4
Renala 022x5 1
Thermatl Power 1,118
Multan Steam 65 x4 260
Guddu Steam 110 x2 220
Faisalabad Gas Turbine 25 x8 200
Faisalabad Steam 66 x2 132
Shahdara  Gas Turbine 13.25x2 85
1475 x 4
Sukkur Steam 1225x 4 50
Queita Steam 1.5 x2 15
Quetta Gas Tusbine T xl i3
1225 x I)
25 x1
Hyderabad Sieam 15 x2 15
Hyderabad Gas Turbine 5 xi 28
8 x I)
15 x1
Kolri Gas Turbine IS x2 80
25 x2
Total 2,685
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Table 2-4 Power Transmission Facilities of WAPDA

Asof June 1919
In tesms of length: km

Province 500 kV 220 %V 132KV 66 kV Totat
Punjab 330 939 3352 | 4363 8,984
Sind - 120 1,705 971 2,796
NWFE. - 3 538 649 1,195
Baluchistan - 152 290 234 676
Total 330 1219 5,885 6,217 13,651

Table 2-5 Power Grid Facititics of WAPDA
Asof June 1979
220kV 132V 66 KV Total

| o | Gty | o | iy | o, | Comeety | T Camnit
Puniab | 4 [ 1310 | 111 | 338045 | 125 | 141643 | 240 6,106.88
Sind ~ - 35 64927 20| 1s600| ss| s1527
NWE. - - 16} 48950 27| 26000 43} 74950
Baluchistan | — — 4 8900} 1w | 10900) 14} 19800
Total 4 | 1310 | 166 | 460822 | 182 | 195143 | 352 | 7.869.65

Table 26 Power Generaling Facilities of KESC

Asof June 1979

Name of Power Station

Capacity (MW)

Thesmal Power
West Wharf Station A
West Whaif Station B
West Whasf Station BX

Dual Fuel Power Stalion

Korangi Creek Station 1, 2

Korangi Creck Station 3
Korangi Creek Station 4
Site Gas Turbina

Tofal

5
30
66
15
132
125
125
100

608
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CHAPTER 3 ELECTRIC POWER DEMAND FORECAST
AND DEVELOPMENY SCHEME

31 Etéctric Power Demand Forecast

3-1-1 Geaeral

The power demand forecast is very important and necessary for the development scheme to
ensure a confinued supply of electricity for genenting facilities to energy requirements.
However, the instaltation of new generation, {sansmission and distribution facitities will require
a long term and an enonnous sum of cost. Therefore, the power demand forecast should be the
most sound and probable estimation as much as possible. But it would be difficult to forecast
power demand and energy requirements for a long ferm.

Generally speaking, it is said that the tenn for forecasting is approprsiate for around ten years.

Two methods ase considered for estimating and analyzing the future electric power
requirements. One is an analylical method that is based on defailed information of power
demand available. The other is a macroscopic method piojecling the growth of energy

consumplion in relation to the development of the national economy, forecasting a fargel in
the national plan.

The JICA Survey Team was able to oblain the necessary data and information t6 canry oul the
Analytical Method for power demand forecast,

On the other hand, WAPDA’s reporé of “Studying Programme for Power Devetopment
1980—-90, March, 1980 including WAPDA System Power Demand Forecast is available. The

resulis of the studies made by the JICA Sunvey Team and WAPDA can be compared, as shown
in (1) of 3-1-5.

3-1-2 Dalta and Information

The data and information collected by the JICA Survey Team in August 1980 are summarized
in the foltowing tables.

—  Table 3-1 Historical Data of Power & Fnergy Demands from 1965
through 1980

—  Table 32 Power Demand Forecast by WAPDA

—  Table 33 Basic Dala on GNP, GNP/capila and Energy Consumption/
capita throughout Pakistan by WAPDA

—  Fig 31 Daily Load Cuve

A meeling was held belween the JICA Sunvey Team and the representatives of the Ministry of
Water and Power, WAPDA and PMDC in Tokyo on the 1lth of November and thep,
such fundamental information as overthrows the studies which had been petformed was
preseated: That is, the load shedding amotinling €0 around 300 MW should be added to the

figure of the actual maximum power demand. Accordingly, the total maximum power demand
should be increased.

The value of the shedding informed by WAPDA could ba convetted to 1,000 GWhin terms of

energy consumplion and requirements from the beginning of January (o the end of December,
1980.
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Table 3-§ Nistorical Data of Power & Fnergy Demands from 1985 1through §950

Name of Osganization: WAPDA

|
Descriptions Year 1968J66 | ¥566/67 | 1967168 | 1968765 | 1965570 | 197070 | 19n1pa2 { 1972423 | 1993114 | 1924105 | 1915116 | 1976821 | 1971018 § 1918139 | 1979/%0
{1} Installed (‘ap;ily - (LI\V)- 6422 T087) LM0T] 12347 13237 131770 13177) 13137 35337 18367 183671 263567] 263671 26867 72,636.7
(@) thd {(MW) 67 267 567 €67 651 661 667 657 867 857 867 1567 1,567 1567 1,567
(i) Thenmal W) 3152 44317 5131 5671.7 6561 6507 6507 6567 7662 9627 | 10693 10697 EDGITY 131971 11197
{2) AnnelGros . s
Geoeration (GWh) 2903 3016 3648 4313 5074 5,740 6nr 65316 1,019 041 8216 8136 10,074 10,603 | P AL
() Hydet {GWh) 1425 1530 2482 2,192 2915 3449 3679 43358 4,143 4,359 5436 5,183 7456 2357 8717
{8) Thermal {GCWh) 1,424 1436 1,166 15719 2159 2291 2350 2481 338 3481 2250 35353 2408 2,250 3407
{3) Asnnl Epergy Sold .
{Consumption) {CWh) 1059 20917 2,486 2539 3,600 3966 4,137 4599 4142 5,212 5315 5452 6490 981 8160
() Resilerainl {G¥h) 213 232 258 303 367 388 392 454 516 566 678 750 1,004 1240 1,564
{f) Comercisl (GWh) n 72 &9 93 124 146 142 159 175 184 222 246 305 35 po
(i5) Sl Industrics (GWh)
() Medien & Large 1042 1095 1,242 1,361 1646 1,156 2,109 2222 2,251 2244 2,261 2,395 2556 2170 3154
Iedsstries {Gwh)
(v Agrivuitunl {GWh) 150 339 501 752 956 1672 991 3,170 1,431 3,531 1386 1,400 L7 1 656 2056
(i) Peblic Lighting  {(GWh) 17 12 7 16 pat] 22 14 22 12 20 25 29 42 70 0
(3) BaX ard Okhers  (GWL) 6 291 339 409 457 582 418 572 650 667 42 702 826 £99 947
(1) Popatstionwithin )
Gl System Arza {10*) 49,1501 351010 5290 54930] 57010| 59.160) 61390] 63230} 651307 671050 69090 O] 3300 : BI00| 72,749
(5) PesCypraFragy
Coasmmpion (x%h) 43 41 47 54 63 67 67 3 73 78 9 7 5 92 195
(6) Numbterof Conmimmeryasof
the Eod of Ficcal Yesr £01,478| $50300] 994550 [1672450]1,174,625|4,284.22411 377,783 [1 477 307 | 1 581,154 11,205,587 |1 856,373 12049857 | 2 260,541 12 528215 12 12R767
{i} Resifectial 5953311 635582] 726599F 179904| s53933) 930.3s50] 998922 100,092 |8,032,678 1231613 :1,347,1 22 1,458474]1,670,213 |1 866550 12 031,153
(@) Cosvnerdial 142110} 160617 181,232 1929331 211501 238,147] 238318 | 275273) 300H9| 322250 347,168} 376284 421901 ¢ 462950 420081
(63} Sceall Industries
{iv) Madium & Large ] 1317 45504 50,728 558121 6133 634310 67056] 12458 7827 0,735 E4250) 91365 95636 1003161 101992
Erdustrics
{) Agicuftural n9i18] 22201 34889 421291 46453 8,212 52342 58472 63730] 69657 65087 81813 90341 956671 100,165
(3) Puldic Inhting 497 54 535 555 i 581 &63 654 718 740 801 926 1,118 115 1,505
) Brfcand Cihens 305 155 30 n 425 434 477 530 532 557 524 722 32 81 817
{7) FErergy Conmimplion
pet Conmimser
{D) Residentinf (kWh) 358 354 396 335 436 417 392 424 45% 459 503 sn &01 654 0
(o) Comumercizl (GWh) 530 448 41 432 585 613 550 518 583 371 639 654 721 126 791
() Smal IaJusiries y (kAh)
() Medium & Large BIN] N/0s! 244U 24385] 26R38F 1 221| 31451 30794 1882 21,7195 26837 253197 21316] 174 3050
Indastries QWh)
() Agialiasl (xWh) 21904 14,301 14,360 172599)  20380] 21,349] 1948] 20010 17,741 21970 13,116 12,112 19606 17415 20526
{9) Poblic Lkt (CWH) 34,205 22181 48649] 2B3813] MHH04] 37479 28658 | 32168)] 26452%F 27017 32459 M7 37,567 83123 323
G Blkard Ocers  (XWh) | 859.281] 336620, 921621611 0544881 | 114588213 341 01431 002096 [1 079,245 13 228 805 |1 197 487 i3 416031} 972399 992,788 15,132.213 {1 159,119
(8) Sysembosses
Statica Use (Gvh) 820 9i9 1162 140 1A 1,374 1592 2,237 2411 281 2967 3234 3554 1612 3861
() Systemloses (GWh) 664 730 9?6 1,275 1,295 1,555 iig 2054 19 2645 2,739 3026 3343 143 1695
Eess Factor (¥:3) 241 63 282 303 265 282 23 309 319 37 310 37 3o LY ] 312
(B) S2z130aUse {G%h) 156 169 185 157 LI 219 124 153 218 184 2 238 215 192 69
{T) System Loss
Frtos (%) 282 305 N9 328 »1 309 n4 212 340 352 iz 316 356 312 nr
{9) Total System Use
3)+(8) {GWh) 2509 3016 3648 431 3o 140 &6pr> 6336 ALK 8041 3,276 8136 10014 10,603 12,14
{10} Lead Factet ) 642 13 686 619 695 6913 612 6718 659 658 6535 616 618 431 &1
(11) Maxinua Demand Qo) 517 476 625 235 834 o438 (Tl 1,148 Y242 1,396 1437 1462 1835 1972 1076
(12) Groath Rateof .
Mavimums Demand () - - 3 16 138 137 89 1 82 124 29 121 33 14 53

Note: (1) The wotrds “Araual Gross Geateativa™ indicate the tetal amount of elecUic entrgy produced by a geesrating station or stztions per thvum, measurad al the geoeralon terminals,
€2) The nurnbes of coarames for (he categoris of “Agriculiural™ and “Public Lighting™ shall be Mentical with that of watthour retess, ssbject 10 WAPDA's practice.
(3) The words “Load Factor™ givea 1a (10) of the 1yble indicate Uee ratio of the average koad over & designated peiiod to the peakdoed ovvuning tn Qi geriod within Ox grid system area.
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Table 3-2 Demand FPosecast by WAPDA

Year WAPDA (MW)
1980 2421
1981 2,683
1982 2,941
1983 3,221
*1984 3,520
1985 3,841
1986 4,183
1987 4547
1988 4933
1989 5,342
1990 5,715
1991 6,225

¥ Intepration with KESC on EHV in 1984

V33

g ey
KESC (MW) Total (MW)
789 4,183
856 4,560
930 4,964
1,009 5,394
1,097 5,854 :
1,250 6,400
1,353 6,920 :
1,460 l 7,461



Table 3-3 Basic Data on GNP, GRP/Capita and Encrgy Consumption/Capita
throughout Pakistan by WAPDA

GNP/ P
apita al . nes;
Populs- | GNP | GNP/ CFgcltqr Cg:::;ﬁfp an511ﬁ¥p
Year tion (10% Capita Cost in tion tion per Remarks
(10%) Dollars) (USS) 1959-60 (GWh) (‘:fplla
year {KWh)
(USS)
(at 1959 -
60 lactor (WAPDA | (OWWAPDA
cost) & KESC) | & KESC)
1972 6493 1.321 51.44 5111 5425 83 Thie figures
1973 6693 3,572 53.36 53.37 6,097 91 from the year
1974 68.94 3847 5580 55.30 6,354 92 1930 to 1995
1975 71.00 4,095 317.67 57.68 6,828 206 have been
1976 73.14 4,183 5719 57.20 6929 95 forecasted.
1977 75.33 4,346 57.69 57.69 1,131 95
1978 771.58 4,718 61.58 61.59 8,347 108
1979 7992 5,081 63.57 63.58 8965 112
1980 82.33) 5,386 6543 6545 10,061 122
1981 84.78 5,709 67.33 67.34 11,301 133
1982 3733 6,052 6930 69.30 12,706 i45
1983 8995 6415 71.31 71.32 14,296 160
1984 9264 6,500 7340 7340 16,096 174
1985 9542 1,201 75.52 75.53 18,137 184
1986 98.29 7,640 7712 1113 20,451 208
1987 101 24 $.,098 7998 18.00 22976 221
1988 | 104.27 8,584 82.32 8232 26054 249
1989 1 107.40 9,099 8472 84.72 29433 274
1990 | 110.62 9,645 8119 87.19 33,269 300
1991 11394 10,224 89.73 §9.73 37,626 330
1992 117.26 10,837 9213 9234 42574 362
1993 | 12088 11,488 95.03 9504 48,196 398
1994 12451 12,171 97.79 97.11 54 585 438
1995 | 128.24 12907 { 100.64 100.65 6l 846 482
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3-1-3 Power Pemand Forccast by Analytical Method on WAPDA Syslem
The power demand forecast by the analylical method has been made in the following steps:

—  Firstly, energy srequirement of each categosy are to be forecast,
—  Secondly, system foss factor and annual load factor are to be predicled.
—  Finally, the maximum power demand forecast is to be made,

FThe data and information for this analysis are given in 3-1-2.
(1) ¥Yorecast on Enesgy Demand of Fach Category
The caltegory for energy demand forecast consists of the following items:

(3) Residential
On the assumiption of:
—  Population growth rate = 3%fyear
—  Incremental electrification ratio = 75%/year
-~ Number of customers = (2,031) (1.07 x 1.03)* x 10* and
—  Assumed periods for moderpization = 10 years
Y is shown in Table 3-3.

{b) Commercial

Yy = (363.2) (1.1 199* (GWh)
(by least square method)

{c) Indusirial

Yy = (2,995.1) (1.0569)" (GWh)
(by least square methoed)

(d) Agricultural

Y@y = (1,899.1) (1.0733)" (GWh)
(by least square method)

(e} Public Lighting, Bulk and Othess

Yy = (983.3) (1.0705)" (GWh)
{by least square method)

(f) ULateacy
The latenl encrgy of 1,000 GWh is composed of the energy demands of the
“Residential”, “Commercial”, “Industri2l”, ete. as shown in (a) through (2). The
above Tatenl energy is obtained from the following proportional expression.
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Yt Ym) t Yo + Yy + Yo
9,202

Y x 1,000 (GWh)

where

Y@ay: resideatial energy demand (GWh)

Y@®y: commercial energy demand (GWh)

Y(o: industrial energy demand {(G\Yh)

Ya): agricultural energy demand (GWh)

Yy: public tighting, bulk and others of energy demand (GYWh)
Y: latency energy demand (GWh)

X: aumber of years from end of June 1980

(2} Predicted System Loss Faclor
‘The system loss factos has come down from 37.6% in 1976—77 t0 32.7% in 1970-80.
This will be anticipated to decsease mainly because of the following reasons:

—  Extension of 11 XV distribution lines

—~  Selting up of gnd stalions

- Encrgization of 500 kY transmission lines

At the meeting held on the 11th of November 1980, JICA Suivey Team and WAPDA agreed fo
apply the lollowing faclors as system loss factor to the prediction.

Year Jun_ 1981 Jun. "84 Jun. 90
System Loss Factor 31% 27% 25%

Interpolation method was applied fo oblain the forecasts between the yeass of 1981-1984
and 1984-1990.

(3) Predicted Annual Load Faclor

Afthough available daily load cumve can be used for prediction of annual load factor, and it is
presented in Fizg. 3-1 for reference.

The actual load factors were plotied on the graph in Fig. 3-2 and the regression line was
derived by the Yeast squace method.

ALf=6296 — 0.588x

where

Alf:  Annual load factor
X: Years from the end of Jure 1980
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{(4) Forecast of Power Demand

The maximum power demand for each year is calcufated by the following equation:

= YatYotYotYutYetYo
{1 — Losses factor) (AL} (8,760)

Pl‘!‘lﬂ!

(GW)

where
Poay s Maximum power demand (GW)

(5) Resulils

The results of the demand forecast calculated by the above-mentioned equalion are as shown
in Table 3-5 and such maximum power demand is plotied in Fizg. 3-3.

As seen from Table 3-5, the maximum power demand in the forecast increases from 2,443 MW
in 1980 to 3,808 MW in 1985 and to 5,342 MW in 1990.

The annual growth rate in the forecast comes to 9.3% from 1980 to 1985 and 8.9% from 1935
to 1990.

ivV-38



86l

PUAL O PUT UL WOJ) S04

JOBA  JEPURIDD
066! $86! o8é! SL6I1 0Ll
JOio0d 3507 ]
o S
%Se
¢ ) A
——
Yol §

0861 dunp o |
T oUS A WO SJO0A X PaloIi PR g FL-ELEY
40190 POO] |BRNUY | A
[ X 8850 -9629 A
- UM voIssaiboy ]

i —
. . .
401004 POOT | ONUMY 8
. i 4
’ I-lf’n-’.l
| | | | | ! | } _ } I } ] 1 I ; llv.l..l
€0l 86 $B S4 $9 §¢ Sv S8 2 S §00

101004 POOY |DRULY PUD 401004 SSOT WaIISAg Paidipdid 2'¢ by

02

oL

ov

s

eQ

04

System Loss Foclors

ond
Lood Foctor

Annuol

V-39



Table 34 Enesgy Demiand Forecast for Residential Use

Unit Demand | Number of Customers 1 Energy Demand Y(a) | Growth Rate

| wwwy | x 10 B (GWh) (%)

1975/76 503 1,347 ’ 618 -
1976/17 521 1,498 780 15.0
1977/18 602 1,670 1,004 8.7
197879 664 1,866 1,240 235
1979/80 770 2,031 1,564 26.1
1980 825 2,132 1,759 26.5
1981 932 2,350 2,190 245
1982 1,024 2,590 ‘ 2,652 21.1
1983 1,094 2,854 3,122 17.7
1984 1,150 3,146 3,618 15.9
1985 1176 | 3,467 4,077 127
1986 1,187 | 3,820 4,534 11.2
1987 1,198 4211 5,045 11.2
1988 1,208 4,641 5,606 11.2
1989 1,219 S,115 6,235 1.2
1990 1,230 5,637 6,934 11.2
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3-1-4 Power Demand Forecast by Macroscopic Method

it is a well-known fact that the electric energy consumptlion of a country has a very good
coriclation with econcmic potentials of that country. The economic aclivily of a country is
most comprehensively expressed by the index called GNP. Since electric power is practically
used in every sector of national economic activily from production to consumption, it may be

considered to have an extremely good correlation with GNP when looked at over a long period
of time.

Macroscopic forecasting of power demand consists of estimating the power demand over a long
period of time based on the correlation between GNP per individual, that is, GNP/capita and
the electric energy consumption per individual, kWh{capita. Such a corretation is govemned by
the economic scale and the personal income kevel in each country, and consequently, there is
considerable dilference depending on the country. However, sccording o statistical investiga-
iions by counfries recogmzed by the Intemational Atomic Energy Agency(IAEA)Y and the
World Bank — Internalional Bank of Reconstruction and Development (IBRD), there are
ssveral rough trend curves which exist corresponding to the respective eleclrc energy
consumpfion scales. The parameterss necessary for this method of long-range forecasting are as
listed below.

—  Forecast value of average-type growth rate of GNPfcapita,

Scale of GNPfcapita at present,

Scale of kKWhfcapita al present,

—  Degree of vanation in kWhfcapita corresponding to variation in scale of GNP/capita.

The basic data used in obfaining the above parameters are as follows:

—  Basic data on GNP, GNP/capila and energy consumptionfcapila throughout Pakistan
—  New method of long-range or very-long-range dentand forecast of encigy including
clectricity viewed from worldwide standpoint

The average growlh rates of GNP/fcapita and XWh/fcapita of the Islamic Republic of Pakistan
obtained based on these data and the values of these items for 1980 (1968 worlh) are the
following:
- Average growth rate of GNPfeapita: 2.9 fyr
~  Average growth rate of KWh/capita: 4.9 /yr
~  GNP/{capita as of 1980: USS104/capita (1968 worth)
—  KkWh/capita as of 1980: 122 XWhfcapita
{1} Growth Rate for GNP/Capita

According o the dala previously mentioned, the population and GNP in 1980 will be as
indicated below.

—  populatiop as of 1980: 82.31 x 10°
—~ GNP asof 1980: US$8,581 x 10% (1968 worlh)

Assuming that the average growth rates of population and GNP from 1980 to 1990 are 3% /yr
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and 6% fyr, tespectively, the GNP/capita for 1990 will be the following:
— 1990 GNP/[capita: USS139/capita {1268 worth)
(2) Correlation between GNP{Capita and kWh/Capita

According to sfatistical investigations by country, Lhere is a sough correlation belween
GNP/capila and kWhfeapita. This correlation is nol the same for all countries of the worid, but
as shown in Fig. 34, if is possible to make ¢lassification into a number of groups having
approximately the same correlations. On plotting a trend curve of GNP/capita and kWh/capita
of the Islamic Republic of Pakistan for 1975 and 19890, if may be ascestained that if is higher
than the average curve for the world.

Fig. 3-4 shows that the GNP/capita and kWh/capita for 1980 and 1990 are as follows:

—  GNP/capita
§1980: USS104fcapita
19%0: USSI3%/capita
—  kWh{capita
1930: 122 kWh/capita
1990: 199 kWh/fcapita

From the above results, the average growth rate for XWh/capita fiom 1980 to 1990 is 5%/yr_
(3} Demand Forecast for WAPDA System

The anticipated annual incecase sate of 8.2% for enerpy requirement of the whole WAPDA
system has been oblained by muliplying an annual average population growth rate of 3%
by an annual averge increase rale of 5% of energy requirement (kKWhfcapita) in the WAPDA

system during the perod from 1980 to 1920.

103 x 1.05= 1082
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Fig. 3-4 CORRELETION BETWEEN PR CAPITA GNP AND
PER CAPITA ELECTRICITY PRODUCTION.
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3-1-5 Cenclusions for Power Deand Forecast
(1) WAPDA System

The results of power demand forecast made by WAPDA and the JICA Survey Team in connec-
tion with the present WAPDA System (not including KESC System to be amalgamated with
the present WAPDA System in 1984) for the period from 1980 to 1920 are shown in the fol-
towing table.

As seen from the fable, there are scarcely differences in the figures of the predicted power
demand between both studies.

A
. B
Calendar By Amalytical e B
Year Method By :‘\ﬁ':))n A A
(W) :
1980 2443 2421 0991
1981 2,685 2.683 0999
1982 2935 29141 1.002
1983 3,193 3,221 1.008
1984 3485 3520 1010
1985 3508 3.5841 1.009
Growth Rate 9.3% 9 e —
1985 3,808 3.34 1.0069
1986 4147 4,183 1.009
1987 4505 4.547 1.0609
1988 4911 4933 1.004
1959 5,358 5342 0597
1990 5.842 5,115 0989
Growth Rate 89% 8.5% —

{2) KESC System

It is planned for the KESC System (o be amalzamated with the WAPDA System in July 1984.
The maximum power demands of the KESC System from 1984 to 1990, according to the data
furnished by WAPDA, are as follows:

Caleadar Year .\lax.(-{)lc;{};and
1984 789
1985 856
986 9230
1987 1009
988 1097
1989 1.250
1990 1,35}
" Growth Rate 9.4
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(3) Demand of Amalgamated WAPDA System

The forecast resulls for the Systems of WAPDA and KESC are shown in Tabic 3-6 and FIG. 3-

3-5. The diversity factor is considered as being 103 .
The maximum power demand will be 2,421 MW in December 1980, The
will reach 4,183 MW in December 1984, the year when the KESC
with WAPDA System and 6,920 MV in Decembers of 1990.

The growth rate of annual average demand will be 8.8% in the pe

1990,

Year

1980
1981
1982
i983
#1984
1985
1986
1937
1988
1989
1990
1991

WAFPDA
QW)

KESC
(MWY)

789
8356
930

1,009

1,097

1,250

1,353

1,460

Table 3-6 Power Pemand Forecast by WAPDA

(MYY)

As stated before, the annual average
Pakistan during the period from 1980
culated at 8.2%. When comparisons are made on th
belween the figure (8.2

* Integration with KESC on FHV in 1984

V49

maximum demand

System is to be amalgamated

riod from 1984 through

Diversified
(MW)

growth rate of maximum power demand throughoul

to 1990 according to the macroscopic method is cal-
¢ growth rate of maximum power demand
Y obtained by the macroscopic method and the figure (8.8%) obtained
from Table 3-6, there are hardly diflerences between both results.

Accordingly, it is judged
that the forecast made by WAPDA of the

maximum power demand is acceptable and usable.
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3-2 Electiic Power Development Program

3-2-1 Encrgy Resources in Islamic Republic of Pakistan

In the Istamic Republic of Pakistan, water power and natural gas are presently the principal
indigenous enerpy resousces, and fhese two variefics make up a greater paet of electric power
energy. The production quantities of crude oil and coal are so sihall that these two energics are
scarcely utilized for geneiation of electric power.

(1) Natural gas was first discovered in 1952 at Sui, and since then, there has been 2 number

(2)

3

H

of gas fields discovered. According to the “Pakistan Year Book — 1979” it is estimated
that the extractable reserves of aatural gas amount to approximately 502 x 10% m? | white
the production up to the end of March 1979 was approximately 61 x 10° m? the
production per year having been 5 — 6 x 10° m?*. The largest consumers of gas are the
two large electric power companies of WAPDA and KESC, the consumption by the two
making up approximately one third of the gas consumption in Pakistan. The gas is being
used for producing electric energy al thermal power stalions. Of WAPDA-owned thermal
powes genedating lacilities amounting to LLEIS MY, with the exceplion of 7.5 MiV x 2
using Quelia coal, 1,103 MW, or as much as 98.7% consists of power generating facilities
using natural gas.

Recently, however, prevenlion of exhaustion of gas resources and ulilization in other
fields such as chemical products have beepn contemplated by the Pakistani Government,

and it is thought thal the proportion of natural gas used for eleciric power will dectine in
the fuiure.

Hydrsoelectric power potentials in the Istamie Republic of Pakistan are estimated to be
25,000 — 30,000 MW, corresponding to more than 10 times the present tolal installed
capacily of hydroclectric power generation. Hydroelectric power, as the cheapest of
pPower sources, presently, makes up a major part of the supply capability of WAPPA, and
development of hydroeleciric power will continue to be carried out in the future.

The first oil field in the Islamic Republic of Pakistan was discovered in 1915 in the
Potwar Region near Islamabad, and since then a number of oit fields have been discovered
in the same region. The petroleum production in §977-1978 was $05 x 10® tons
conlrasted to which imposts of cnrde 0l and refined ot amounted to 4,551 x 10® tons.
The preduction of domestic oi is only about 10r% of the total supply of 5,056 x 10 tons
(Pakistan Economic Suivey 1973-79). Al present, most of the thermal power stations
ownzd by WAPDA use natural gas as fuel, and although there is no thermal power station
exclusively oil-fired, WAPDA has vapacily where natural gas is partially used in
combination.

The resenves of coal in the Islamic Republic of Pakistan are estimated to be
approximately 440 x 10° tons, of which approximately 3G% is concentrated in the
155-km? area of Lakhsa Coal Mine (Pakistan Year Book — 1979). Acconding to the
suavey results of the JICA Survey Team of 1980 on a S4-km? part of Lakhra Coal Mine,
the extractable coal in this tegion is estimated (o be approximately 35 million tons. This
coal mine is located al a point approximately 30 miles north of Hyderabad, and these are
expectations for supply of fuel to be made a thermal power station which will be a
promising power source to satisly demand increases in Southern Pakistan starting with
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Sind Province.
3-2-2 Existing Supply Capability of WAPDA System

The capacity of the existing power generating facilities of the WAPDA System is 2,685 MW (as
of July 1938), of which 1,567 MW conesponding {o appsoximately 60% comprise hydro
power genesating facilities and the remaining 1,118 MW cosresponding to approximately 40%
comprise thermal power generating facilities. However, there are some obsolete facilities in
addition to facitities which do not fully produce the rated output because of unsatisfaciory
design, and the total effective installed capacily is decreased about 5% to 2,553 M.

Reparding the water resources which comprise the principal enesgy source, they are being used
with priorily for irrigation because of which the generaling capability of hydso is affected not
only by seasonal variations in stream flows, but also operation of irrigation facilities. In the
wintertime oz in the low-waler scason, reduction in siream flow and operation of irrigation
facilities coincide so thal reservoir water levels of large-capacity hydroelectric power stalions
such as Tarbela and Mangla are Jowered, and the supply capabdility of hydro is reduced as much
as 40 {o 50%. This condition becomes severest in May with the supply capabilily of Tarbela
declining to 30¢% of installed eapacity, and the folal capability of the WAPDA System at this
time becomes 1,988 M.

The insialled capacity of WAPDA as of July 1980 is given in Table 3-7, and the monihly
generating capabilities of the three fargest hydro power stations in Table 3-8.

The peak demand of the WAPDA System at preseat is about 2,000 MW (actually 1,972 MW in
1978--79, 2,076 MW in 1979-80), and in case there should be demand of this degree in the
low-water season, the situation would be one where load restrictions could not be avoided
because of a Jack of supply capability.
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Fig. 36 GENERATING CAPABILITY VS MAXIMUM CEMAND
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Table 3-7 Existing Generating Stations of WAPDA
(As of July 1930}

A. Hydro Power Stalions (in MW)
Name of Power Date of - No. & Capacily Installed
Station Commissioning of Units Capacity
May 1977 2x 175
Tarbela June 1977 1x 175 700
July 1977 1x175
Juty 1967 2x O
Masch 1268 § x 100
Mangla June 1969 1 x 100 600
December 1973 I x 100
March 1974 1x 100
May 1960 2x 40
Warsak June 19260 ix 40 160
haly 1960 I x 40
Dargai Aprii 1954 4x 3 20
1938 Ix 32 20
\
falakand 1951 2% S
Rasu? May 1951 2x 11 22
May 1959 l1x 44
Chichoki June 1959 1x 44 13
August 1959 I1x 44
Shadiwal June 1961 2x615 13
Nandipur March 1963 3x 4.6 14
Kusram Garhi February 1958 4x 1 4
Renala 1925 S5x022 1

Total Installed Hydro Capacity

IV-56

1,567 MW



B. Theimal Power Stations (in MW)

Name of Power Date of No. & Capacity Installed
Station Conunissioning of Units Capacity
June 1960 2x 65
Multan Steam December 1963 2x 65 260
Faisalabad June 1967 1x 66
Steam November 1967 I1x 66 132
March 1975 2x 25
Faisalabad G June 1975 2x 25
3";‘:_“‘ ad Las Seplember 1975 1x 25 200
Turbines October 1975 2x 25
November 1975 Ix 25
Shahdara Gas August 1966 2x13.25
Tusbines October 1969 4% 14.75 85
March 1974 I x 110
Guddu Steam October 1974 1x110 220
March 1965 2x125
Sukkur Steam Apr“ ]96‘] 7 x 1-2-5 50
May 1960 2x 15
Hydezrabad Steam 1x $.7 43
(Gas Turbine June 1965 1x 8
Auxiliary) 1x 15
. February 1970 1x 15
Kotri Gas Aprit 1970 bx IS 80
Turbines Decemiber 1978 2x 25
Seplember 1964 - 2x 7.5 (S) ]
May 1972 Ix 5.7 (G)
Quelta June 1973 1 x 12.25(G) 48
January 19735 1x25 (G)
_1 -
Total Instalied Thermal Capacily 1,118 MW
Nole: 8§=S8team G = Gas Turbine
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Table 3-8 Monthly Generating Capability of the Hydro Power Stations

Name of Power
Station Tarbela Mangla Warsak
(4 uvnits) {6 units) {4 units)
Month
Jul, 488 600 160
Aug. 700 600 160
Sep. 700 600 160
Oct. 700 600 120
Nov. 688 558 80
Dec. 648 492 80
Jan_ 592 444 50
Feb. 500 348 80
Mar, 372 300 160
Apr. 268 408 160
May 228 572 160
Jun. 228 600 160

Source: Power Market Survey and Forecast of System Loads up to 19822000 by WAPDA.

3-2-3 Structure and Power Station Locations of WAPDA Power Sysfem

The electric power system of WAPDA geographically consists of the 4 power markel areas of
Northern, Upper Sind, Lower Sind and Quctia.

{1) Northern Power Market

This power system covess the {wo provinces of Notth West Frontier and Punjab and comprises
the largest grid of the WAPDA System. The installed power generating capacily in this power
system was 2,244 MW (1,567 MW hydro, 677 MW thcrmal) as of August 1980.

The generating capabitities of the power slalions are as indicated in Table 3-9. The maximum
demand in 1980 according to the forecast of WAPDA will be 2,000 MW, so that in this system

at present supply capability is secured in the high-water season but these is a shortage in the
low-water season.
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Table 3-9 Instatled Capacity and Generating Capability

of Northern Power Maskel

(MW)
Generating Capability
Name of Power Station Installed Capacity e -
Sept. May
Hydro:
Tarbela 4x 175 = 700 800 228
Mangh 6x 100 = 600 690 522
Warsak 4x 40 = 160 160 160
Small Hydro 107 70 10
Sub-Total (A) 1,567 1,720 980
Thermal:
Mulian (Steam) 4x 65 = 2060 240 240
Faisalabad (Steam) 2x 66 = 132 120 §20
Faisalabad (Gas) 8x 25 =200 195 195
2x13.25
Shahdera (Gas) 4 1475 85 70 70
Sub-Total (8) 611 625 65 |
Total: (A) + (B) 2,244 2,315 1,605 i

Source: Working Paper for the Committee for Studying Program for Power Development

(1930 — 19%0)

(2) Uppet Sind (Sukkur) Power Market

This power system covers Sukkur Civit Division. The power generating facitilies of 1his system
are the Guddu and Sukkur thermal power stations using natural gas as fuel, and the instatled
capacily of the genesating facilities as of August 1980 amounted to 270 MW. Since the
forecast value of maximum demand for 1980 is approximately 160 MW, it may be said that

the balance of demand and supply of this system will be maintained if there is no shui-down of
a unit af Guddu Thermal Power Station.

Installed Capacity and Generating Capability of Upper Sind Power Market

(IW)

Nanme of Power Station

Instatled Capacity

Generating Capability

1

Guddu Steam
Sukkur Steam

Total

‘lel_O
4x12.5

270

200
40

240

Source: Working Paper for the Committee for Studying Program for Power Development

(1980 -- 1990)
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(3) Lower Sind (Hyderabad) Power Market

This power system is supplying electric power to Hyderabad Division. The installed power
generating capacity within this system is a fotal of 123 MW of the Hyderabad and Kotri
Thermal Power Stations. Since the forecast value of maximum demand in 1980 for this system

is approximately 200 MW, the situation is one of supply capabilily being insufficient in this
sysfem.

Installed Capacity and Generating Capability of Lower Sind Power Market

(M)
Name of Pow;‘r Station 1 Installed Capacily Generating Capability
Hyderabad Therr;;lﬂ 2x75, 1 x5.7 30
Ix8 ,1x15
Kotri Gas 2x15, 2x725 73
Total 123 103

Source: Worsking Paper far the Committee for Studying Program for Power Development
(1980 — 1990)

{4y Quetta Power Market

The Power System covers the Quetta Region in Baluchistan Province. The power generating
facilities in this system consist of a gas turbine al Sheibhmarda near Quellz and Queita
Thermal Power Station (48 MW) which uses Quetta coal. Since the forecast value of maximum

demand in 1980 for this system is approximately 80 MW, the situation is that the supply
capability is inadequate in this system.

As described in the foregoing, the WAPDA System has a feature that geographically, hydro
power slations making up roughly 607% of the supply capability of the system are all located in
the area of the Northem Power Market in the north with the other three power markels having
the remaining 40% consisting of only thermal power stations, white the hydro supply
capability consisting of the dami-lype hydros of Warsak, Tarbela and Mangla are greaily

affected by river mnofl and immigation water requirements (o be subject to extreme seasonal
variations in oufput.

These four power markels are presently interconnected into one grid system by 132%V
trznsmission lines, and partially, a 220-kV (ransmission lines, but in the fulure, the Quelta
Power Market and the Upper Sind Power Markel are to be interconnected by a 220.kV
transmission line (November 1980), and the Northem Power Market, the Upper Sind Power
Market and the Lower Sind Power Market by SO0-XV transmission lines (1983—1984).

Strengthening of the power transmission network to inlerconnect these regions has a close
relationship with the composition and distribution of electric power sources of Pakistan. Due
to the stiengthening of the netwosk, it will be possible in the high-waler season to transport
cheap and abundant hydroelectric power from the northe region to the south allowing the
thermal facilities in the sowthern regions to be shut down for repairs, and in the low-water
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season when there will be a shostage in the supply capability of hydro power stations for

power generalion at the thermal power stations in the south to be increased for transmission to
the norih.

3-2-4 Electric Power Development Program

(1) Development Propram of Hydro Power Stations

In the electric power development program WAPDA puts emphasis on the development of
domestic energy resources, among which hydrocleclric power is valued as the most inexpensive
of energy resources and its development takes priorify. At present, projects for capacity

increases at Tarbela, Mangla and Warsak are planned as indicated below.

Development Program of Hydro Power Stations (1980-85)

Name of Power Station fnstatled Capacity Date of Commissioning
. Warsak Units5 & 06 S0 MW Oci. 1980
2. ManglaUnits7& 8 200 MW Feb. 198t
3. Tarbela Unit 5 175 MW Oct. 1982
4. Tarbela Unit 6 Y75 MY Nov. 1982
S. Tarbela Unit 7 175 MY Dec. 1982
6. Tarbela Unit 8 175 MY Jan. 1983
7. Tarbela Unit 9 406 MW Jan. 1986
8. Tarbela Unit 10 406 MW Apr. 1936
9. Tarbela Unit 1 406 MW hd. 19386

10. Tarbela Unit 12 406 MW Oct. 1986

11. Tarbela Unit 13 406 MW Jan. 1987

Total 3,010 MW

WAPDA is presently exploring for sites to be developed after Tarbela Unit 13 commissioned
and the sites below have been listed as requising invesiigations.

a) Kalabagh
b) Kohala
<)} Abbasian
d) Neelam

e) Thakot

N}  Uppei Indus Goige
£2) Swat

k) Kunhar

i)  Mangla expansion
j}  Tarbelaexpansion

Investizgations of Kalabagh have made the most progress among the sites mentioned above,
while the other sites are at a prefeasibility study stage.
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It is looked forward to that development of installed capacity of 1,760 MW (880 MW x 2) will
be possible at Kalabagh. In view of utilization for imrigation it is planned for this site to be
developed in the §990s, and if necessary funds were to be made available, i is considered that
the power sfation should be completed during the first of the 1990s.

At the Kohata site, topographic surveys have been made and it is considered that in case of a
run-of-river {ype the generatling capabilily will be 3,760 — 306 MW. This project requires
fusther delaited investigations and il is considered that development shiould be in the 1990s.

(2) Development Program of Thermal Power Stations

Since hydro supply capabifity will decline greatly in the wiateilime, even if these hydro
capacities are inceeased, it will be necessary for thermal power stations to be simultancously
doveloped to secure adeguate supply rehability. WAPDA is considering the use of natural gas
for a supply capability next to hydro, and at present, Guddu Unit 3 (210 MW) is under
construction with commissioning tasgeted for November 1980.

Power development projects to follow this are as listed below, with all using natural gas as fuel.

Development Progiam of Thennal Power Stations (1981--85)

Nama of Power Station Installed Capacity Date of Commissioning
1. Kotii GasUnits S & 6 50 MW May 198t¢
2. Quetfa 25 MW May 1981
3. 300 MW Gas Turbines 300 MWV Dec. 1933
4. Guddu Unit 4 210 MW Jun. 1985
5. Mid Country Steam 430 MWV Dec. 1985
6. Pipsi D-2 Steam {(KESC) 200 MW Dac. 1984
Total 1,215 MW

According {o WAPDA, there are no other hydroelectric power generaling facilities scheduled
{0 be commissioned during the 1980s following the constauction of Tarbela Unit No. 13.
Consequeally, in order to satisly power demand up to 1999, it will be absolutely necessary for
thermal power generating facilities to be provided, and WAPDA is contemplating to matenalize
the following development projects:

BDevelopment Program of Thermal Power Stations (1956-90)

Name of Power Station Installed Capacity Date of Commissioning
Pipri D-3 Steam (KESC) 200 MW Dec. 1986
Lakhra Steam (Coal) 300 MWV Mar. 1987
Mid Country Steam Unit No. 2 430 MV Feb. 1988
West Wharf (KESC) 130 MW Dec. 1988
Pipri D4 Steam (KESC) 200 MW Dee. 1989

Total £,260 MW
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The development project for Lakhra Sicam (coal) in the table above is the original plan of
WAPDA altered as a result of the present feasibility study.

3-2-5 Demand and Supply Balance

The transitions in the installed power gencrating capacily of the WAPDA System based on the
beforementioned electric power development program is indicated in Table 3-10. Since il is
planned for WAPDA to absorb the KESC Power System in 1984, the installed capacity in 1984
and subsequent years includes the generating facihities of KESC.

The monthly generating capabitities of the WAPDA System for the next ten years have been
estimated, based on the resulis of the present feasibility study in addition to the data furnished
by WAPDA, including those on Lakhira Coal-fired Thermal Power Sfation.

The annual variations of the installed power gencrating capacily, generating capability and
praxsmum demand of the WAPDA Sysfem are as indicated in Fig. 3-6.

As seen from the above Figure, the generating capabilily varies with the seasonal Mluctuations
in output.

In the next five years the generating capability in the high-water season (August — Qctober)
hss enough capability margin for maximum demand, but thal in the Yow-water season

{February — May) is fairly less than maximum demand and se lead shedding could not be
avoided.

After increase in units al Tarbela is completed, the generating capability in the high-wafer
season will provide a considerable surplus in comparison with maximum demand, and that in
the low-water season will be surpass the maximum demand, with a capability margin ratio of
11 to 12 in 1987/88. However, generating capability will decrease to be less than the Bigure
of the maximum demand in the low-water month in 1990.

Acconding to Table 3-11, the capability margin ratio in the high-water season {as represented
by the month of Scptember) will be nearly 307¢ to 6077, but that in the low-waler season (3s
represented by the month of May) will be nine to minus seven percent except for 1987—88.

Meanwhile, the ratio of the maximum unit capacity in the sysiem to the maximum demand
witl be 6 1o 8%.

The capability margin ratio should be at least more than 15 to 167 of the maximum demand,

considering shut-down of the two largest units which will be needed for inspection andfor
repair of faults andfor accidents.

The installed capacity is faisly larger, compared with the nvaximum demand, but the power

system will not have adequate supply capability against scrious power shostages during the
fow-water months,

In order to secure a maintenance reseve and possess ample resenve capacily of the system, it

will be necessary for a development program to be fosmulated for the following dependable
capacity: .
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Dependable Capacily = Generaling Capability — Combined Capacity of Two Largest Units

and simultaneously the following should be considered to mzke a power system with high
reliabitity:

(1) Minimizing as much as praclicable the seasonal variations in oufputs of hydro power
stations

{2) Developing power sources such as thermal power stations to compensate for output
reduciion of hydro power stations in the low-water season

(3) Making unit capacities small 1o raise the activily rate of facilities
(4} Lowering of outage rafes of units through proper maintenance and control

{5) Increasing reliabilities of transmission hines
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Table 3-10 Power Development Plan and Total Installed Capacity

Total
Year gﬁggﬁi Power Development Plan
{(MYY)
1980 July 2,685 Existing tofal installed capacity of WAPDA System
Nov. 2,165 Warsak Units 5 & 6, 80 MW, Ocl. 1980
Dec. 2965 Guddu Unit 3, 210 MW, Nov. 1980
1981 Mar. 3,175 Mangla Units 7 & 8, 200 MY, Feb. 1981
Jun. 3,250 Quelta Gas Extension 25 MW, May 1981
Kotsi Gas Units S & 6, SO MV, May 1981
1982 Nov. 3425 Tarbela Unil 5, 175 MW, Ocl. 1982
Dec. 3,600 Tatbela Unit 6, 175 MW, Nov. 1982
1983 Jan. 3,775 Tarbela Unit 7, 175 MW, Dec. 1982
Feb. 3,950 Tarbela Unit 8, 175 MW, Jan. 1983
1984 Jan. 4250 300 MW Gas Turbine, Dec. 1983
5,340 Integration with XESC, 1,090 MW, 1934
1985 Jan. 5,540 Pipri D-2 (XESC) 200 MW, Dec. 1934
Jul. 5,150 Guddu Unit 4, 210 MW, Jun. 1985
1986 Jan. 6,180 Mid Country 430 MW, Dz 1985
Feb. 6,586 Tarbela Unit 9, 406 MW, }an. 1986
May 6,992 Tarbela Unit 10, 406 MW, Apr. 1986
Aug. 7,398 Tasbela Unit 11, 406 MW, Jul_ 1986
Nov. 7,804 Tarbela Unit 12, 406 MW, Oct. 1986
1987 Jan. 3,004 Pipri D3 (XESCO) 200 MW, Dec. 1986
Feb. 8,410 Tarbela Unit 13, 406 MW, Jan. 1937
Mar. 8710 Lakhra Unit |, 300 MW, Mar. 1987
1988 Mar, 9,140 Mid Country Extension 430 MW, Feb. 1988
1989 Jan. 9270 West Whasf (KESC) 130 MW, Dec. 1988
1990 Jan. 9470 Pipri D4 (KESC) 200 MY, Dec. 1939
Jun. 9140 Multan Steam A130 MW Retise, Jun. 1990
i991 Jan. 10,040 Kohala 700 MW, Dec. 1999
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CHAPTER 4 SELECTION OF MOST SUITASBLE SITE FOR
COAL-FIRED THERMAL POWER STATION

The JICA Suney Team conducted site surveys to select the most appropriate site for the
coal-fired thermal power station including water intake facilities from among the three possible
sites. The MCA Survey Team visited the Irrigation Department, Municipal Corporation, Indus
Gas Company, Sind Universily, Liaguat Medical Coltege and other governmental agencies to
collect and pather necessary information for this puspose. Also, the first-hand information was
collected through interviewing inhabitants living in these three sites. Alter their return home to
Tokyo, the JICA Suney Team devofed themsehves to analysis of data and information thus

collected and selected the most desirable site on the basis of the criteria of site szl

ection
desceibed in 4-1 attached herelo,

4-1 Criteria of Site Selection

In order to select the most suilable site from among the three possible sites, it is necessary to
study various conditions and requirements. As crifenia of site selection, the

following points
were mainly takea into accoual:

{1) “The site is to be located near load centers. Taking in and taking oul of transmission lines

are to be easily made, and transmission line routes should be favorable in respect of
constructing and operating them.

{2) Fuelis easily available.

(3) Ash disposal area can be found in suitable places near the proposed power plant site,
(4} A sulficient amount of cooling water for steam condensers is (o be available.
(5) Industeal waler is o be available.

(6) The site should have amplke space {pr coal storage.

(7) Land for the power siation can be obfainable in low price fos futuse espunsion.
(8) Land can be acquired easily.

(9) Laad development is easy.

(10} The site is hardly affected by typhoons, floods and downpours.

(11} The operation of the power station wili hardly influence on the eavironment.
(12) Access 1o the site is to be easily made and well prepared.

(13) The living conditions at and in the neighborhood of the site are well arranged.

(149) Ample good-qualitied manpower for vonstruction, opetation and mainlenance of the
power station is to be easily avaitable.
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4.2 Conditions of Possible Sites

4-2-1 Jamshoro

{1) Conditions of Site in Jamshoro

)

2)

3)

4)

Localion

The Jamshoro area is located on the right-hand bank of the Indus River. 1t is about
170 kilomelers to the east-northeast of Karachi City, the greatest cily in Pakistan.
The city nearest to the Jamshoro area is Hyderabad City located on the left-hand
bank of the Indus River and is at a distance of aboul 18 kilometers to the south of
the Jamshoro area,

The site of waler intake for the power plant condensers is located at Bada Village on
the Indus River and is aboui 3.7 kilomelers to the east of the power station sile.
Near the would-be sife of the power staiion, situatéd are the 132 kV Jamshoro Grid
Station, Sind University Railway Station, Sind University, Mehran Engineering and
Technological University and Liaguat Mediczal College.

Access

Access is made lo the power station site by passing the Super Highway, National
Highway and National Road (New Petaro Road).

There is an existing railway belween Karachi City and Dadu. Therefore, access to the
power station site is easily made by utilizing the Sind Universily Railway Station on
the National Highway near the site.

Ailine senvice is also available belween the Karachi Airport and the Hyderabad
Aimport 1o the southwest of Hyderabad ¢ ity.

Weather

Summer (from March to October) in the Hyderabad area is a rainy season. However,
the rainfall in that season is not so much and temperature is very high. In winler
(from November to February), it rarely rains snd temperature is mild.

According to the statistics for the nineteen years from 1961 to 1979, the average of
the yearly maximum of monthly rainfali was 90.3 mm and the highest temperalure
was 48°C (in May 1276). The average of monthly maximum temperature in summer
was 45°C. The average of yearly minimum of monthly rainfall in the same period
was as small as 4.3 mm. The lowesl temperature was minus 2.2°C Gin June 1967)
and the average of monthly minimum temperature was 10.8°C (in Jan.). The highest
value and lowest value of monthly average humidily wese 81.3% and 24.0%,
respeclively,

fn summer, wind blows from the southwest. Maximum wind velocily is 27.3 m/sec.
Sometimes, thete come severe sand storms. In winter, wind blows from the
northwest at an average wind velocity of 1.4 mjfsee.

Topography

The site in the Jamshoro area is a slope descending stowly to the easl or southeast,
Although there are some hills, the site has relatively gentle zelizf. The site is about
ten meters higher than the flood level of the Indus River so thal safely is assured
even when a Nood is caused by a heavy rainfalt in the rainy season. The site of the
waler intake facilities is a low plain which is inundated upon occurrence of floods.
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5)

6)

7

8}

9

10)

Geology

The site in the Jamshoro area is covered with the Laki limestone layer conlaining
various mails and shates. The earth surface of the site for the cooling water intake
facilities consists of the silt layer supposed to be forined by floods.

Land

It is estimated that the construction of the thermal power station will require an
area of about 2.5 Km?. The site in the Jamshoro area has a sufficient area for that
purpose.

Water

The sife for condenser cooling water intake facilities is located at Bada Village about
4.4 kilometers upstream from ihe Kotori Barrage. Cooling water will be taken from
the Indus River. According to the data in the past five years (1975 to 1979), the
minimum inflow into the Kotori Barrage is 20.5 m? fsec. Therefore, the amount of
water required for cooling of condensers can be secured. When the gates for the
Kofosi Bamrage are overhauled, the water depth of the Indus River decreases (o
about 3.3 meters. Fo meel this, some proper measures must be taken. Because
industsial water can not be obtained directly from external facilities, an indusinal
waler production equipment uttlizing water from the Indus River must be installed
within ihe premises of the power station. Water in the Indus River is very muddy_
According to the data gathesed so far, turbidity (5S) is 680 ppm minimum and

3,500 ppm maximum. Some means of purifying the river water muslt be adopled to
produce indusirial waler.

Fuel

As fuel, lignile to be produced al the Lakhra Coal Mine ltocated at a distance of
about 30 kilometess from the site for the power plant in the Jamshoro area will be
used.

The Pakistani Government has receatly decided thal the use of natural gas should
not be allowed to use natural gas for newly constructed powes plants. Nevertheless
only small amount of natural gas will be used in the power plant for ignition of coal
burness, and it will be essential that natural gas be procured by WAPDA onitsown

responsibilily. The gas pipeline spreads up lo 8 point of about 3.5 kilometers from
the power plant site.

Manpower

The manpower required for construction, opesation and maintenance of the thérmal
power plant will be available within the tlyderabad Division. Also, professional
manpower will be secured because there are Sind University and Mehran Engineering
and Technological Universily in the Jamshoro area.

Transperation

Coal will be carried from the coal mine to Khanot Railway Station by the railway
newly installed, therefrom to the vicinily of Pelaro on the existing railway. Then, il
will be transported through the sidelrack which will be newly laid and will be
unloaded at the Coal Storage Yard in the power station. Matesials, equipment and
facilities necessary for the conslruction, operation and muintenance of the power
station can be teansported through the following two routes:
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11)

12}

13)

a) The materials, equipment and facilities will be transported by railway from
Karachi to Sind University Railway Station. Trucks or (railers will canry them

from Sind Universily Railway Station to the sife along the National Highway
and National Road.

b) The materials, equipment and facilitics will be transporfcd by trucks and
trailers by atilizing the Super Highway, National Highway and National Road.

Power transmission fines

The site for the proposed power station is adiacent to Lhe site for the 500 kV
famshoro Substation whose construction is planned by WAPDA. If the proposed
power stalion is connected to the said Subslation, no transmission line will be
required, depending on the layoul.

Lwing conditions

The Jamshoro area has one of the largest general hospitals in the Hyderabad Division
and twenly clinics. There are primary schools, secondary schools, colleges and
universities. There are stores selling daily necessities, police station, post office and
other governmental organizations.

Influence on environment

One of the greatest influences of the thermal power plant on the environment is air
poliution. Hyderabad City is located to the southeast of the power plant site. The
university, colleges and schools are situated to the south. In winfer, wind generally
blows from the northwest although wind velocity is low. It will be necessary to take
some measure agamst air pollution.

4-2-2 Khanot

{1} Conditions of Site

)

2)

Location

The Khanol site is localed 1o the east-northeast of Karachi Cily and at a distance of
about 200 Kilometers from Karachi City. Lt is adjacent to the east and end of the
Khanot Railway Station. The site lies on the right-hand bank of the Indus River. The
city nearest to the Khanol area is Hyderabad Cily, which is situated to the south and
at a distance of about 43 kilometers.

The site for the condenser cooling water inlake facilities lies in the Sahara area at a
distance of about 2.5 kilometers northeast of the site for the power station. The
Sahara area lies on the nght-hand bank of the Indus River. There are Khanot
Railway Station and the existing 132 kV Lakhia Substation near the would-be sile
for the power station.

Access
The National Highway between Petaro and Mayhand runs in the west of the power
station site. The National Highway is tonnected to New Petaro Road going to

Hyderabad so that access can be easily made {0 the site by utilizing the National
Highway.
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3)

4)

5)

6)

n

8)

)

1)

The railway leading (0 Dadu suns in the west of the site so that access by railway is
also easy because the site is adjacent to Khanot Railway Station.

Weather
Almost same as the Hyderabad Area.

Topography

The site in Khanot is a plane higher than the flood level of the Indus River and it
slowly descends eastward to the Indus River.

Al the site for the condenser cooling waler intake facilitics, the Indus River
meanders and the center of water flow changes every time when a flood is caused.

Geology
Almost same as the site in the Jamshoro Area.

Land
As in the site in the Jamshoro Area, ample area is available.

Water

It wilt be difficult to detesmine the point of water intake and it will be impossible to
lake a large quantity of water because the center of water flow in the Sahara area, in
which the site for water intake facilities hies, changes whenever a flood is caused.
Therefore, only a small aniount of water will be taken from the river by the floaling
pontoon method, and the condensers will have to be cooled in the closed cycle. As

for industrial waler, some measures of cleaning muddy water wilt have to be adopted
as in the Jamshoro site.

Fuel

As fue], coal to be produced at the Lakhra coal mine about 18 kilometers westwasd
will be used.

The nafural gas pipeline is located aboul 30 kilometers apar from the Khanot site.
Because the consumplion of natural gas wilt be small, it is not economical to lay a

gas pipeline. As auxiliary furel, heavy oil and tight oil which will be transported from
Karachi will be used.

Manpowes
Almost same as the Jamshoro site.

Transportation
Coal will be carried by teucks fiom the coal mine to the sife.

Materials, equipment and facilities required for the construction, operation and

maintenance of the thermal power station will be transported through Lhe following
wo roules:

a)  The materials, equipment and Tacilities will be transported to Khanot Railway
station by Railway. Trailers andfor trucks will be used for transportation of
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1t)

12)

13)

such goods from Xhanol Railway Station to the site.

b) The materals, equipment and {acitities wil! be (ransported from Karachi to the
sife on the Super Highway, National Highway and New Petaro Road.

Power transmission lines
The substation nearest to the Khanot site is the 132 kV Lzakhra Substation.
However, the power transmission kines leading from this substation do not have

sulficient capacily, and the thermal power plant can not be connected Lo this
substation.

The thermal power plant will have to be connected to the 500 kV Jamshoro

Subsiation through 220 kV two-circuitl line having a total length of about 35
kilometers.

The power received by the 500 kV Jamshoro Substation from the thermal power
plant will be sent to Punjab Province as well as Sind Province including Ksrachi City.

Living conditions

The living conditions in the Khanot area are not adequately mel for the daily life,
The Khanot site is at a distance of about 40 kilometers from the Jamshoro area so
that the existing facilities will hardly be ulilized by power station personnel. 1t is

necessary to construct a colony in time to provide necessary living conditions for
power stalion personnel

Influence on eavironment

No special consideration is needed to be given to air pollution because the Khanot
area is hardly inhabited.

4-2-3 Lakhra

(1) Conditions of Site in Lakhra

1)

2)

Location

The site is situated about 160 kilometers northeast of Karachi City, which is the

grealest cily in Pakistan, and lies in the Lakhra area on the rght-hand bank of the
Indus River.

The «cily nearest to the site is lHyderabad at a distance of about 35 kilomelters
south-southeast. The west side of this site is adjacent (o the proposed coal mine at
Lakhia. The site for water intake facilities for the power plant is located in the
Sakara arca about 15 kilometers eastward. (The same sile as the Xhanot plan is
proposed.)

Access
Access can be made to Khanot by ulilizing roads and railways as descaibed in
4.2.2 2). Access will be made from Khanol to the site by utilizing rugged narrow

roads. The Lakhra plateau has not road but automobiles can run anywhere because
the carth is solid and even.
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3

4)

3)

6)

7

8)

7

10}

Weather

Rainfalland temperature are supposed (o be almost same as the Hydesabad area.
However, higher wind velocily and severer sand storm are expected because the
F.akhra area is a barren fand about 450 feel (137 m) higher than the Jamshoro area.

Topography
The Lakhra site is located on an even and plane plateau. The plateau is about 550

feet (168 m) high above the sea level and is about 450 feet (137 an) higher than the
Indus River.

Geology
Almost same as the other two would-be sites in Jamshoro and Khanot.

Land
Land having a sufficienl area is available as in Jamshoro and Khanol.

Water
Because the sife is about 4350 feet (137 m) higher than the Indus River, a closed
cycle system will be used for cooling of condensers. The required amount of waler

can be taken from the Indus River at a point near the Sahara Pumping Station in
Khanot.

As for industrial water, some means of cleaning the muddy water will have to be
taken.

Fuel

Coal to be proeduced at the Lakhra Coal Mine adjacent to the Lakhsa site will be
used as fuel.

As for natural gas and auxiliary fuel, the conditions are almest same as the Khanot
sife.

Mangower
Same as the Jamshoso site and Khanot site.

Transporiation

Coal will be transporled by trucks directly from the adjacent Lakhsa Coal Mine.
Malesials, equipment and supplies necessasy for the construction, operation and
naintenance of the power plant will be transported by the following two means:

a) The materials, equipment and facitities will be transported by railway from
Karachi to Khanol Railway Station near the site, They will be carried by
trailers and trucks fram Khanot Railway Station to the site by utilizing a road
which wiHl be newly consinected.

b) The malenals, equipmenl and facilitics wiil be transported by tszilers and

trucks from Karachi to the site along the Super Highway, National Highway,
National Road and a new road.
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11) Power transmission lines

The substation nearest to the Lakhra site is the $32 kV Lakhra Substation at a
distance of about 14 kilometers. However, the capacity of the power transmission
tines for this Subslation is insuflicieni so that a 220 kY iwo-circnit power
transmission line witl have to be constructed from the thermal power plant {o the
500 kV Jamshore Transformer Substation. If the transmission line should be
spanned along the road kading from the Lakhea site to Khanot which will be newly
conslmacted, the length of the [ransmission line will total about 43 kilomelers.

The 500 kV Jamshoro Substation will receive eleciric power to be generated by the

thermal power plant, and will be capable of sending it to Panjab Province as well as
Sind Province including Karachi.

12} Living conditions
Almost same as the Khanol site.

[3) Influence on environment

Because the Lakhra site is a hardly inhabifed vasi barren land, no special
consideration will be required to be given to air poltution.

4-3 Overall Evaluation of Sites

As the possible sites for the themmal power station; the Jamshoro, Khanot and Lakhra siles
weve selected. As a result of comparisons of physical conditions of each site, possibility of
vondenses cooling waler intake, transport of fuel, materials, equipment and facilities, necessity
of power transmission lines, and approximate construclion cost, it has been estimated that the
¥amshoro site is most suitable. Table 4-1 Comparison among Possible Sites for Thermal Power
Station shows the summary of such comparison.

4-3-1 Jamshoro Site

Weather, topography, geology, avaitability of fand and mobilization of manpower are almost
the same for each of these three possible sites. One of the disadvantageous conditions of the
Jamshoro site 1s thal the said sife is located al a distance of about 30 kilometers from the
Lakhra Coal Mine so that lignite will have to be carried for the fongest distance, resulting in
raised transportation cost. Another disadvantage is thatl a special measuee against air pollution
due to sulfur dioxide yiclded by combustion of coal with high sulfur content wilt have to be
adopted to eliminate contamination which will be experienced by inhabitants. However, access
to this site will be easily made from Karachi by ulifizing the milways, roads and airlines.
Materials, equipment and facilities necessasy for the construction, operation and maintenance
of the power station can be transported by means of raitways and roads. The Jamshoro area
has educational facilitics, hospitals, governmental offices and other facilitics necessary for
maintenance of daily life. Besides, these is a natural gas pipeline stretching up to a distance of
about 3.5 Kilometer from the site. Natusal pas necessary for ignition of coal burners will
be easily supplied by extending the pipeline. On the other hand, one of the greatest advantages
is thal cooling water for condensers can be pumped up from the Indus River all the year
around and that there will be no need of constructing new fransmission lines in the event the
thermal power plant is constructed directly adjacent to the 500 kV Jamshoro Substation. The
approximate cost for construction of the propesed power station at the Jamshoro site is
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estimated at 6,225 Rs. in miltion as calculated based on the prices prevaiting in Japan as of
June, 1980. The construction cost for the Jamshoro site has proved (o be the lowest.

4-3-2 Khanot Sife

Because the Khanol area is scarecely inhabited, there will be no need of giving any considera-
tion to air pollution. As for the access and transport of materials, equipment and facilities, the
railways and roads leading from Karachi can be utilized. The Khanot site is located at a
distance of about I8 kilometers from the Coal Mine so that lignite will have to be camried by
trucks on a road which will be newly constructed for this purpose. The Khanot area is hardly
equipped with facilities of fiving and it will be impossible to utitize the existing facilities in the
Jamshoro area. For this reason, a colony for the power station personnel will have to be
constructed in time to secure better living conditions. IFurther, it will be difficoll (o determine
the point of inlake of condenser cooling water because the cenler of water flow in the Indus
River changes from lime fo time so that a lage amount of wales required for cooling of
condensers will not be avaifable all the year round. As a resull, a closed cycle system will have
to be adopted for cooling, resutting in incteased construction costs and poor thermal
efficiency. Because the capacily of the existing powes transmission lines for the 132 kV
Lakhra Substation is insufficient, 2 220 XV two-<circuit power transmission line with a fotal
length of about 35 kitometesrs will have (o be extended to the Jamshoro Substation.

The approximate cost for construction of the power station and transmission lines has been
calculated as 6,270 Rs. in miltion.

4-3-3 Lakhra Site

One of the greatest advantages is that the cost of fuel transportation will be the fowest because
coal can be directly carried by trucks from the adjacent Lakhra Coal Mine. Because the Lakhra
Area s a scarecely inhabited barren plateau, there will be no need of giving considerations to
air pollution. This arca has poor living conditions so that a colony will have to be constructed
in time. For the acoess and (ransporiation of matenals and machines up to Khanot, the means
described in 4-3-2 can be ulilized. However, a new road will have to be constructed for
transport and acvess frem Khanot to the Lakhea site. One of the geeatest disadvantages fies in
that it will be difficult to secure a sufficient amount of cooling water for the same reasons as
the Khanot site, Besides, it will be necessary o pump up cooling waler for a distance of 15
kilometers and to a height of about 140 melers. As is the case with the Khanot site, a 220 KV
two-circuit powes [ragsmission line with a totat length of about 48 kitometers will have to be
extended from the Lakhsa site to the 500 kV Jamshoro Substation.

The approximate cost for consiniction of the power plant and relevant transmission fine has

been calowlated as 6,530 Rs.in million. The cost for the Lakhra sife has been proved to be the
highest.
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CHAPTER 5 THE OUTLINE OF EQUIPMENT FOR COAL-FIRED
THERMAL POWER STATION

5-1 Locational Conditions of the Proposed Site

5-1-1 Location

The proposed site of the coal-fired thermal power station is sitvated at the Jasmishoro area on
the right bank of the Indus River af a latitude of 25729 N. and a longitude of 68° 16" E.

The cily nearest {0 the proposed site is Hyderabad City, which spreads out on the feft bank of
the Indus. The distance between the proposed site and the center (zero point) of the city is
approximately 18 km. Karachi Cily, the fasgest c¢ily in the Islamic Republic of Pakistan is
located approximately 150 km west-south-west of Hyderabad City.

A raitlway running from Karachi City to Dadu City lies appreximately t km east of the
propesed site of the coalfired thesmal power station. From Karachi City, a superhighway
extends to a certain point closz to the Sind Universsity Railway Stalion and is connected with a
national highway which leads to Dadu City. A national road (New Pelaro Road) branches off
from this national highway and runs northward along the east side of the proposad site.

In the vicinily of the proposzd sile, there are the Jamshoro 132 XV Grid Station about 2.5 km
to the south, Liaquat Medical College about 5.5 km to the south, Sind University and Mehram
I'ngineering & Technology College about 7 km (o the south, Sind University Railway Station
about 6.5 km to the south, Kein Gas Turbine Power Station about 15 km to the south, and
Hyderabad Thermal Power Statlion about 20 km to the southeasi.

The proposcd waler-intake site, which is o be used as a source of condenser cooling wales for
the coal-fired thermal power station, is located al Bada Village on the right bank of the Indus,
aboul 3.7 km ecast of the power plant and about 4.4 km upstream of the Koiri Barrage.

5-1-2 Access
{1) Roads

It is possible to readily approach the proposed site by means of the super and nalional
highways connecting Karachi with the Jamshoro area and then New Petaro Road, which

branches ofT from the national highway at a point near Liaquat Medical Coltege in that area
and exlends toward Khanot.

It 35 also possible to readily approach the proposed site from Hyderabad City via the Kotn
Bamrage by taking the national highway and New Pelaro Road mention2d above.

(2) Railways

It is possible to readily approach the proposed site by taking the existing railway extending
from Karachi City toward Dadu City and by making use of Sind Univessity Railway Station,
which stands about 5.5 km south of the proposed sile and laces the national highway.

W-i9



(3) Airport

Hyderabad Airpost is situated about 7 km southwest of the center of Hyderabad Cily and
about 18 km distant from the proposed site when measured on the road there.

The road connecting Hyderabad City with Hyderabad Airport is nasrow and in need of repair
and further improvement,

Two fighls are currently operated between Hyderabad Airport and Karachi Airport per weck
{cvery Thursday and Friday).

5-1-3 Meteorolopy

According to the meteorological data fsom the weather station in Hyderabad (Table 5-1,
Meteorological Dataz, 1961 — 1979), summer in the Hyderabad area (March through October)
is the rainy season. During this season, however, the total rainfall is not necessarily heavy but

the aimospheric temperatures are extremely high. On the other hand, the climate in winler is
dey and mild.

In summer, the total rainfall is not necessarily heavy but it rains, heavily in June through
August. The average of the yearly maximum precipitation is 90.3 mm per month, the highest
atmospheric temperature is 48°C in May 1976, and the highest montihly average atmuospheric
temperature is 45°C.

In winter, the lowest monthly average precipiiation is about 4.3 mm per monlih, the lowest
atmospheric temperatuie is minus 2.2°C (June, 1967), and the minimum monthly average
atmospheric temperature is 10.8°C.

{n sumimes, the highest monlhly average humidity is 81.3 percent; in winter, the lowest
monthly average value humtdity is 24 percent.

In summer, the wind usually blows from the southwest. The maximum wind velocily recorded
so far is 27.3 meters per second. During this season, heavy sandstorms frequently oceus.

In wintcr, the wind usually is from (he northwest, with an average wind velocity of 1.4 meters
per second.

5-1-1 Topography

The proposed site of 1he coal-fired thenmal power slation is situated at the easl end of Lakhra,
geaerally sinking stoping gradually eastward bul sloping southeastward in some places. The soil
al the proposed site has graduvally been eroded during the rainy season.

There exist some hiltocks having heights of 10 (o 20 meters approximately § km to the west of

New Petaro Road. The land in the proposed site is Nlat on the whole, vast, barren and almost
uninhabited.
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This land is aboul 10 melers higher than the flood level of the Indus River which makes it safe
from any torrential flooding during the rainy scason.

The land to the east of the New Petaro Road falls away gently approximately | km to the east
{o the raitway, east of which is the Indus.

There is a sather flat lowland extending approximately 2.7 km eastward from the raitway lo

the proposed wates-intake site at Bada Villags, which will be used as a source for condenser
cooling water for the power station.

The railway bed has been conducted by building up the ground level by aboul fwo meters.
According to all accounis from the personnel of WAPDA and from local inhabitants, however,

the railway bed is covercd with sain water during flooding and the train seivice is dissupted for
from 10 to 14 days

5-1-5 Geology

Forming the cast side of the Lakhra anlicline, the Jamshoro asea is covered with a layer of the
Eocene Laki limestone, which contains quantities of marlstone and shala.

Stratizraphically, the area falls towards the east and is covered with alluvial soil acar the
Khanot railway station.

The Yayer of exposed limestone al the surface of the proposedsite is solid and hard, with a
chalky consisteacy. In this area, no faulting which could cause seismic problems in case of an

carthquake has been delected.
5-1-6 Land

(F) Size of Site Required

The size of the sife tequired for the constsuction of the coal-fired thermal power station (not
including the lot altocated to the construction of the intake, inflake channel, and discharge
channel for condenser cooling water) has beea estimated as follows, with a consideralion given

to the future construction of the 300 MW plant and an additional construction of another 300
MW plant.

13}  The size of the lot for the power station itself {including the coal yard): about 397 x
10° m?

2) The size of the area for ash disposal (the estimate has been made on the assumplion
that all the ash produced is dumped at this location): about 1,600 x 10 m?

3) The size of the area allocated to the construclion of a colony for WAPDA’s
personnel: about 378 x 10* m?

Total: about 2.38 x 10° m?
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(Z) Rough Sunvey of the Proposcd Site

The soughly-conducted survey of the proposed site has revealed that a ground area of 2.5 km
could be preparced although the site is dotted with small hills.

(3) Acquisition of the Site

The site required for the construction of the power plant could be acquired without any
particulas difficulty since:

1) ‘There will be no serious problems in connection with the acquisition of the sife by
WAPDA, because the proposed site is the properly of the Sind Government.

2) There will be no serious problems in conneclion with the acquisition of the sile by
WAPDA, because a majoritly of local inhabitants in the Famshoro area are Sindhi and
the people of other tribes are Himited in number, although the area at Bada Village,
set aside for the constmetion of the intake, intake channel, and discharge channel, is
owned parlly by the Sind Government and partly by private citizens.

5-1-7 Waters

Various types of water are required for the constmuction, operation and maintenance of the
coaliired thesmal power siation, including; river wates for cooling condensers, pure water for
use in boilers, waler for cooling bearings, ete. of machines and equipment, water for
firc-fighling purposes, water for washing machines and equipment, roughly treated water
(indusirial water” obtained by simply seitling and FRitering river waler) for vse in lavatorsies
and the fike, water for ablulions, and potable watey,

{1} Condenser Cooling Water
Water used for cooling condensers will be obtained from the main course of the Indus at Bada.
1} River conditions

a) A great deal of sediment consisting of sand, si¥t, and mud has been found along
the banks of the river.

b} The Indus River is approximately 1,300 meiers wide. According to WAPDA
personnel. domestic animals, including poultry, wild pigs, daily necessities such
as fumiture and clothes, and so forth have beea carried down by Lhe Nooded
river in the pasl. The scale of Mooding along the fiver can be readily imagined.

2)  The minimum quantity of fllowing water in the rver
The proposed water-intake site is located about 4.4 km upsteeam of the Kol
Barrage.

According to Table 5-2 furnished by WAPPA (Monthly Water Level and Runoff of
Indus Rives at Kofri Basrage}, the minimum guanlily of water flowing into the Kotd
Barrage per mionth over the peried of the past five years is 20.5 m®feee (Apsil,
1975).

1v-82



3) Water Jevel and depth of the river
The pates al the Kotri Bamrage are raised out of the siver every yeas Tor checking and

overhaul between December 15 and 31, Duoring this peried, the water level of the
Indus River at the Kolri Barrage draps (o the level of the dam crest.

According to Table 5-2 furnished by WAPDA (Monfhly Waier Leve! and Runoff of
Indus River at Koinl Bawrage) and a Iydraulic Survey Report Indus River (For
Lakhra Coal), an investigation on the lowest water fevel of the Indus River at the
Kolri Barrage when the gates wese mised out of the river and the lowest riverbed
tevel of the Indus at the proposed Bada water-intake site has revealed:

Minimum water depth of the Indus = the lowesi water level of the Indus at the
Kotri Barrage (4877 {1 recarded in December, 1975) — the towest riverbed
level of the Indus at the proposed Bada water-intake site (37.88 1) = 48,77 fi
(14.87m) — 38588 (3135 m)=989 R (3.32 m1)

TFor this Project, il will be necessary (o make special provision when a large quantily
of waler is pumped from the river at a mirimum water depth of 3.32 melers.

4}  Turbidity of the river

The water of the river usually is a lizht brown color and contains a Yarge quantity of
microscopic stit. An analysis of Indus water furnished by WAPDA (Data on Analysis
of Water from ihe Indus River) discloses that ifs tusbidity (ss) ranges from 680 ppm
{min) to 3,500 ppm (max).

The furbidity tends (o become lower from December through February and higher
from March through Oclober.

5) River water temperature

According to the measurement data of the temperatures of Indus Water (the periods
of June 1980 to Sepl. 1980) offered by WAPDA, the tempesature of Indus waler in
the vicinily of the proposed cooling waler-intake site, the lowest is 27°C and the
highest is 29°C.

{2) Water other than Condenser Cooling Water

It might be convenient for the power plant to procure a constant supply of water except

condenser cooling waler from an existing source (eg. city water) without installing special
water-making equipment.

The HCA Sunvey Team conducied invesfigations on the present status of the city water supply
system and related matters at Hyderabad City and in the Jamshoro area through discussions
with the representatives of the Hyderabad Development Authorily, Sind Univessily and others.
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According to their briefings on this matter, it is hardly anticipatzd that the power plant will
hardly obtain water requirements from the city wafer supply system for the following reasons:

D

2)

3)

The service area of the Hyderabad Development Authorily is eestricted to

ilyderabad City. In other words, the Jamshoro area is outside the jurisdiction of the
Authoritly.

Sind Universily has its own water trealment lacilitics to supply water to itself and to
Mehran Engincering & Technology College. The water supply capacily of the
facitities is 6,000 gallons (27.3 m?) per day, but it is not presently large enough to
satisfy the entise current needs of the population of 15,000.

The Public Health Engincering Department has formutated a plan for supplying the
Jamshoro arca with drinking water, bul the phlan itself is still at a premature sfage.
For the time being, therefore, it can not be expecied thal the power plant can
obtain water under this plan.

Conscquently, the coalfired thermal power station must have its own water-making facilities.

5-1-8 Fuel

It is necessary that this coal-fired thermat power plant be supplied nol only with coal, the main
fuck for the power plant but also with gas which will be used for igniting the coal burners in
the power plant or stabilizing the flames of the bumers when the Ioad is not heavy enough or
to be used 25 an emergency fuel.

{1} Coal

Only lignite preduced at the propesed coal mine al Lakhra approximately 30 km away from
the proposed site will b2 used as the main fuel for the power planl. No other coal will be used.

{2) WNatural Gas

b

In the Isdamic Republic of Pakistan, the Sui Gas Company has a gas supply system
that supplies natural gas from a gas field in Sui, to consumers through the Indus Gas
Company. Al present, two pipelings, one 16 inches znd the other 18 inches in
diameter, are hid between the Sui gas field and Karachi, and the ast point of the
exisling gas pipeline is existent at a place approximately 6 km away from the
propesed site of the power station.

Gas produced in the Sui gas field, called “Swi gas’ is currently supplied to the Kofri
gas turbine power stalion and other consumers. {n addition, Sui gas will be supplied
as fuel to the proposed Korangi gas-fired thermal power station (200 MW) under a
conlract secently concluded between KESC and Indus Gas Conipany. Consequiently,
the excess gas supply capacity of the company will reach ils limit from 1983 to
1984 when the Korangi power station is scheduled to be commissioned.

Judging from the above, it seems praclically impossible to expect supplies of gas
from the company to fill latent needs lor industrial gas
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2)  Ia order to cope with the above-mentioned situation, the Goverament and relevant
organizations are planning {o develop a new gas field at Pitkoh and connect it to a
Sui Gas Company pipeline. However, nothing definite is known to the JICA Survey
Team aboul when the plan will be stasted.

3) In the Pakisian Times for July 3, 1980, EC.C. (Economic Coordination Commiitee
of the Cabinet) expressed its views in a definite manner as follows:

“¥he Economic Co-ordination Comntitiea of the Cabinet which met here today
under the chairmranship of Mr. Ghutam [shaqg Khan, Minister for Finance,
Planping Commerce, and Co-ordipation carried out an exhaustive review of the
development of gas and other energy resources in the countey.

‘Taking into account enzigy requirements for next 10 years, the commitiee
decided that in order to bring the projecied gap between availability and
dzmand of energy, the country had no altemative but to opt for nuclear power
generating capacity by 1988, which may be in the order of 600 MW. 1t is
expecied that the project study which has already been undertzken would be
completed by the ead of this year and by eardy 1981 tenders would be issued.
The committee also decided that for conservation of gas, which is a precious
product its fufure use for generation of eleckricity would not be allowed in the
new projects. A review of alternatives available for convession of the existing
gas thermal power station of WAPDA would be casricd ouat in order (o ascertain
if economically and techmically i was feasible to convert them to furnace oil
which is available withia the country.

The commiflee also directed the Ministry of Petrofeum to immediately
undesfake development of gas fields at Pirkoh in Baluchistan. Not only more
wells would be dug but these should be linked with the Sui system. 1€ further
redecided thal availability of gas for manufactute of fertilizer in order to meel

the national requirements shoutd be ensured so that dependence on imports is
reduced.”’

Judging from the above, il seems extremely difficull to use Sui gas for this Project.
However, the use of gas for igniting the coal bumers in the coal-fired thermal power
plant is fairly economical and the quantily of gas used for this purpose is very small.
It will be possible to ammange for proper ailovation of such gas among respective
power stations owned by WAPDA.

5-1-9 Manpower

The tolal population of Sind Province in 1980 is estimated at 17,947,000, a figure catculated
by multiplying the 1973 population census figure by the population growth rate of 3 percenl.
The scement of the male population f3lls within the working age 1ange of 20 to 59 years old is
sz2id o be between 22 and 23 percent of the Lotal population or 3,948 to 4,128 in number. On
the other hand, the number of unemployed persond is estimated at 305,000.

As regards the manpower situation of Hyderabad Division, a part of Sind Provinee, according
o the November 1979 issue of the “Basic Statistics, Hyderabad Division™, the tetal population
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of this Division as of 1979 is 7,482,000. Consequently, the male population which falls in the
working age range of 20 to 59 years old can be estimated at 1,721,000 when caleulated using a
nation-wide average. In the same manner, the number of unemployed persons can be estimated
at 127,000 by mulliplying the total population by the unemployment rate of 1.7 percent.
Judging from the social conditions of the Istamic Republic of Pakistan, nearly alt these
uncmployed persons are males.

It is genesally said there that focal contraciors are capable of mobilizing labor on a nation-wide
scale when they advance the consiruction of a coal-fired thesmal power station or the like.
Sudging from this and the above-mentioned manpowsr situation, it is considered quite possible
that labor required for carrying out this Project can be drawn from in and around the
Hiyderabad area in suflicient numbers.

It may also be possible fo acquire and utilize professional manpower of high qualily from in
and around this area, since there are Sind University and Mehran Engineering & Technology
Coltege, which have a fairly long, proud history and maintain a high level of educalion
respectively, and are situated in the Jamshoso area adjacent to Hyderabad.

This Project will make important contributions o increase in opportunities for employmeat in
the Hyderabad area by drawing on the manpower these, according to the fypes of the
vonstruclion, operation, and maintfenance of the power plant.

5-1-10 Transporfation

{1) Coal

Coal will be carried from the coal mine to Khanol Railway Station by the railway newly
installed, therefrom (o the vicinify of Petaro on the existing railway. Then, it will be
transporled through the sidefrack which will b newly hid and will be untoaded at the coal
storage yard in the power station.

(2) Materials, Equipiment and Supplies for the Coalfired Thermal Power Station and
Constniction Tools, Equipment and Materials

1) The nailway belween Karachi City and Dadu Cily muns n2ar the proposed power
slation site. This railway was used for transporling heavy machines and equipment
during the period rom 1964 to 1979 when the Guddu Thermal Power Station, Lthe
Mangla Hydroelectric Power Station, and the Tarbela Hydroelectric Power Station
respectively were being constructed.

Al present, improvement of this railway is in progress on the “Five-year
Development Prozram™ conducted by the Pakistani Government, so that the raitway

can be fully utilized for transportation of materials, equipment and supplies for this
Project.

2) Sind Univessity Railway Station is located ncarby the proposed site of the power
plant, so that keavy loads can be carried from the station to the proposed power
plant side using trailers.
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3) As meationed in **5-1-2 Access”, the superhighway and the national highway, both
of which are wide enough for heavy-load transportation, run from Karachi and
Hyderabad to the pioposed power plant site, so that materials, equipment and
supplies can be transported along these routes.

5-1-11 Teansmission Lines

The proposed power station site is situated approximately 2.5 km north of the existing
132 kV Jamshoro Grid Station and adjacent to the 500 kV Jamshoro Substation located at the
south end of the 500 LV Guddu — Jamshoero line, which is now being planned by WAPDAL If
the power plant is connecicd with this $00 kV famshoro Substation, the construction of a new

transmission line will become unnecessary, depending on the layout of the power plant and the
Subslation.

The S00 kV Jamdioro substation is to be connected also with the KESC system through a 220
kV transmission line, so that the power {0 be generated al the power plant could be supplied
net only te Sind Province including Karachi City, but also to Punjab Proviace.

5-1-12 Living Eavironment

In the Jamshoro area with approximately 15,000 inhabitants, there are 20 ctinics and a general
hospital affiliated with Liagquat Medical College. This general hospital is the largest in the
Hyderabad Division with 30 doctors and 600 beds.

As regards educational Facilities, there are two primary schools, two secondary schools, Liagual
Medical College mentioned above, Mehran Engineering & Technology College, and Sind
Universily, all in (he vicinity of the proposed power plant site. At some distance from this site,
Cadet College is located in the neighbornood of the Petaro area.

Thus, there wilt be no problems in connection with education to children of the power plant
employees.

The employees will not have to go shopping as far as the downtowa of Hyderabad for their
daily necessities, such as meat, vegetables, fruits, ete. since the Jamshoro area will provide all
their ordinary needs.

The Jamshoro area is folly equipped not only with public service facilities, such as a police
station, posl office, telegraph office, bank, wateiworks office, tire offices of the gas company
and WAPDA, illing stations, and so on but also with mosques and secreation facilities, such as
a playgrouad, swimming pool, ete.

$-1-13 Influences on Emviremmend

One of the zather unfavorable effects of the coal-fired power plant on environment could be
air pollution.

In the vicinity of the proposed power plant, there are Liaquat Medicat College aboul 5.5 km to
the south, a small village about 2 km to the easl, and Hyderabad City about 18 km to the
southeasl. In wintes, the slight wind is in the northwest. So, it is believed essential that some
countermeasures be (aken against the possible air contamination.

v-87



8/ £ 27 (PIPIOORT) A0 A PUIA, UMUIXCH
2,807 "UI aBTIaAy
0,57 "X A3eiony

T A, 9T L 0T Lrose o't Lse 9'89 9oL 14 e 9'0T _ 00T 1 9B00'T | £LO0T TR
§1 M §'1 P e m 9 Lee §'To m §'€9 9'se 9e 'l _ §SICT | TRIOL | §9101 £
1 ﬁ 1 1 roe M £'9 o oo W Ley o 9'1e rel | 0L | TS0 | OpIQI AN
§'1 | &1 | 01 091 86 6'0¢ 9 9'69 §'¢w gLt TIT | €800 | OTIOD | 9600°T RO

Pt re _ e Lost g6l gLy Lyl £18 0'sy oL g5t _ TIOOT | G001 | SL00T | Cwg
9'¢ Lt ge 0801 0'59 L'Es §ril £08 ey 9'0¢ L% m L'966 666 9865 “Sny
I'e v $'¢ ! 9'901 9 ges el o8 0'pr vie | SLT | 0566 L'L66 T966 Amy
A o e ” gelt 9'p Lo §'69 $'8L Ly ooy §'9L W TLi66 0666 " §L66 ung
¢ 9'¢ §e ?iv A 98t 9'€9 ¥yl oey 91 197 | 0001 | S'E0C°T | TTOO AT
X L §'1 Lor 6% oot L8§ 799 0or g'Re FTT [ P00 | SLO0T | ST udy
91 T _ 1 el Lel 'yl 9'65 &e9 oy [ el | TG00 | £TI0T | T'EIQT e
vl o1 | Tt Lt 1’9 9Ll 819 §e 99L st 9'erl | §TIOL | §SIOT | €101 Qg
7'l 91 g1 | 6L 9'p I ' L £ee | e g1 | #SI0r | eIt o 0910t "ueg

STy b2 | Aepr | viwow ow 51y 52)
wed, ?a.oEv ?8.«& boow Surap ?a.o_bv ?E,EV QS.EV ASOUBNY ?muEv QSEV ?d.oev Aqﬁ.ﬁv o.ao.Ev

owwwouw< 00:iLl | 008 pﬁ.w”%.ﬂo ﬂbﬁmk 00iLT | QOi® 00¢ e | A WK | 00iLI 00'8 00:8 —

bsmwwnwﬁa ) :m.._«%wm bﬁssﬁm c%ﬁgom o.ﬁamw%nuﬁoh dinssaad M_ﬂo..ﬂm.wa.,.oﬁé

(6L ~ 1961 MIX) C10( [CMRO[OL0NIW 1-§ JQeL

V88



POIST | STEIS | TLTT6 | LTOOCC | LYTEYL | LUTHO'W | STSER | S0'p0P Ho.momm 9¥RIT | OI'VOS | 9TELS a3nsany
£'8C | PTIST | 650LS | OTT60! ?n.w?« SPOSS | S9E0T | $S'8LT | TLE9L | vINI | 96E9T | pE9L "IN
STYET | 6L0P9 | £2'998'1 ?q%& OULERS | 5L996% iYOT9 | 8L€99 ‘ 8681y | £0'El8 | 9T'Eos “XTW
| _ A A (3/w) gyoumy
ST | £LOT | £L0% L0t 8807 $L0T | 180T Tnon £L02 ; gror | Lot | ooz T AH N
WP | S8 lELoer | srot ELO0T L SLOT | SvsT | srer | Lot | IT LOT | ot T
() [oadY 2018,
L4611 nax
T8'86¢ _ 99'crs | 6RTLET | 96'Ly9'01 ‘ LESTRPT ﬂ RY'89S'C | 09'OTTT | SR'S6IT | 06's6E | 02001 | IEOTL | 65Tor oFtaoay
66°0L% | S1968 | 6LS6s | 1ST 0R'S0E'S | §9'85L Tzom PTOP | PETOI | 0Ty | 90y | TUlp ‘U
20'9L§ ; 00'SEL | SoP06'T _8_83; PROTYIT | PETIIEL | LOOYLY | EX'00LT | SUwve | ESELI | £9'TST | 66T8¢ "X
| _ ‘ : (5] W) s30umy
SLoT | oeroT Lo | ot D 1602 1605 | £L0% €LoT ! user * AL A R Ao A H HON
p0ST | L0t | ecor | ecos £L0% gI0T | S0 | EL0T L6 | TT6L | OT6l | 9Ts! T
{w) oAy Jo1Em,
9L61 mp
$§T8 STOSY | OTIEOT | S¥'SpLs | swesCL | reer's | 16888t [ sTesT | gror | L9l m PSIS | SYHOT oBesoay
PISE | SLTL [ ST9OT | pERTHE | SULOR'T | THFSILT | vl | 810§ WOT | #UST | osele | SO'ET U
LOTPPT | SPLOT | POETTE | SY6RE'ET | 0£'R06°01 | 6'LOC'L | Q0LTNT s 1L | 9688 | pLIE _ 6069 | S$6TE KT
| u (8/cut) ggouny
6661 _ SL0T | £L0T | £01T 001z lgoir | es0T | 70D wer | osset | ozest | oesoz T MH SON
PEET | SRQT | 1800 Tnon ¥9'07 A A A ) LT81 | P8 | ISRL . 9¥8I T
() 1oAY 2218,
§L61 1.3 8
R NETENES 'sn | sa | ocsa vsno | 'sa | csa | sa | osn sy
TBESOQ_ IIQUISAON k RO TBESnom 1wndny Ang sunp _ AT dy ‘ YOIt %_a.a:.ﬁom Awnunt | yuop
SFTaiCg LION 1C IDATY SNPUL IO JIOUNY PUE [JAFY INITM ATYIUOH 7S dqeL

V-89



/oW LIESTO0 m /oS T m 00NN |

W00 = A1 weaawdn e
T
_,, crert u, RE'EET T688 9L (O'EL99 | PTTITY | ISSPS'T | TOUIQO'T | LO'SYY'T | SI'SRST| QU917 QU 6T ofri0ny
_ $OCE 15Tt [L'65T PUCLS 61'090'C | Se'#SE'C | QUBSE PV 0906 | vLISY T LST $0'601 T
| SO0 ‘ 6LeLT 18'6L0'1 1%03@ LYLISS ITTTOCD | OF'SSO'T | SRPHIE | SOINR'Y | QUSIQE,  Iv6EE 7 16'00? R
| | m ‘ (8/w) gyoumy
! srol _ g €Lot gLoe 5800 §8°0C SO £L00 gL o Lo L0 | 180T “TAH 0N
90'sT _ oT'61 w 18'00 LO00 £Lot [ ; 6661 £L0% gL0v gL00 sT6! * 08t "TA
m (w) 1oAY 223um, |
| 5L61 x|
eeTIe | sEsiy SO'GET'T | TSORE'D | ISUTOVLY |TUIIL'S | ROGOV'E | £RLOOT | §8°10C vele _ ITP01 £180C aftaoAy
CGEIL | WU | LEREL | USSEL [LySIUT 09SLKT | SSLITT ) 66000 | 6O0ET | OT06 | pUER | ewel A
968ST | CTESTI [ SUSKOT [ ILSSSOT | SO0 [ TEROSET  pYLPSS | OLLRYT | OLTTITNL | PEOQUT | 99'Swl 6&'8LE 'NTH
! {8/ ) jyoumy
v 500 A €L08 S6' T Voo i 0Q'TC gL0s cror  |osvos 240t 6000 g0 “TAVH TION
L 00ST 1 pSTOT LA Lot S8°0C _mn.ou P A s 0c CI'o% 1§°61 161 L8Pl KT _
{wr) 1oad Joiem
_ 8L61 TSR,
oo 8N N 7 N N TN ''n N §h N N N RL M
I Y M IDGLUIAON | GO0 _ wqwadeg | sndny Amng sung ATH GAY yNNR | Adeniqeg | Asemwep YOI

1V-90



5-2 Basic Concept of Design
5-2-1 Power Station Scale and Unit Size

It is quite natural that the scale of Lakhra Coal-fired Thermal Power Station should be
determined according te annual production of coal from the possible mine site at Lakhra.
The study of mine development has proved that lignite production of one million tons per
annum will be possible on an air dry basis consecutively for thirly years. On the assumption
that the annual production of lignite is to reach one million tons as stated above, it is possible

fo defermine the scale of this power station as 300 MW in considesation of annual plant factor
and thermal efficiency, efc.

There are two allematives such as employment of a single unit of 300 MW and of iwo units of
150 MW each. It is advisable to employ the former for the reasons listed below.

(1) 1In case compasisons ate made on capilal costs of the alternalive of 300 MW x | unit and
that of 150 x 2 uvnits, the former will be cheaper than the latter by around 1074, The
formies is also more advantageous in fespect of operaling costs in view of deerease in
lignite consumplion because of inprovement of thermal efficiency. In other words, the
alternative of employment of a single unit of 300 MW will provide scale-merit and is

considered to be economically favourable,

(2) According to WAPDA, Tarbela with a capacity of 406 MW x 5 units snd Mid Country
with a capacity of 400 MW will have already beea commissioned in WAPDA System prior
to the commissioning of 300 MW Lakhra Thermal Power Station.

The crilesia and conditions for preliminary design are described below, provided that the

regional characleristics of the {slamic Republic of Pakistan are faken into consideration in

design, for example, design wind velocily, ambient temperature, seismic coelfivient, ete., are fo
be obtained from the results of field investigations.

5-2-2 Design Criteria

The materials and standards {o be used in design of equipment and strectures are the Japanese
domestic standards and criteria listed below,

(1) Japanese Industnal Standacds (J1S)

(-2) Standands of the Japanese Electrotechnical Committee (JEC)

(3} The Fapan Electric Machine Industsy Associstion Standards (FENM)

(1) Japanese Llectric Wie & Cable Makers® Association Standards (JCS)

(5) Japan Society of Civil Engineers (JSCE) Standard Specifications for Concrete

{6) Architectural Institute of Japan Standards (A1}S)
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{1) Inaddition to the above, standards of Individual equipment manufaciuress
5-2-3 Design Conditions for Fquipment and S{ructurcs

{1} Aftmosphernc Temperature
Average maximum (summer) 45°C
Average minimum (winter) 10.8°C

{2) Electrical Equipment Dasign
Temperature 45°C

{3) Scismic Coefficient 0.1G

{4) Maximum Wind Velocily
Mechanical and electrical design 45 mfsec
Building design 160 kegfm? (velocity pressure)

(3) River Waler Temperature
Design temperature 28°C
Maximum {emperatuse 35°C

Notfe: Design temperature of condenser cooling wales is 1o be planned for 28°C referring to
the Indus River waler temperature records (June 1980 — September 1980) furnished
by WAPDA.

(See Tab!e 5-3 River Indus Temperature near Lakhra for Coal-fired Power Station.)
(6) Humidity

Mean maximum value 81.3%
Mechanical and electrical design 80%
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Table 5-3 River Indus Water Temperature niear Lakhra for Coal-fired

Thermal Power Station

Ambient River Temp.
Date Temp, al Surface
CO) 0)
22.6.1980 39 37
28.6.1980 338 36
037.1980 41 39
09.7.1930 37 36
14.7.1980 34 32
16.7.1930 36 34
21.7.1980 37 34
23.7.1980 35 34
26.7.1980 40 38
29.7.§980 37 36
02.8.1980 3s 33
05.8.1950 33 32
09.8.1980 35 33
16.8.1930 36 32
20.8.1930 37 32
24.8.1980 38 33
28.8.1980 36 32
01.9.1980 36 1
04.9.1980 36 31
09.9.1980 36 28

River Temp.
Deep
(8" 1o 107)
cC)

29
29
29
28
28
29
28
28
29
29
28
28
28
23
28
29
28
28
28
27

5-2-4 Items to be Especially Consdered in Basic Desizgn

(1) The main fuel of this thesmal power station is to be coal to be produced at the
proposed Lakhra Coal Mine with supplemeatary fuel being natural gas which is fo be used
only for igniting busners, slart-up of the boikr and stabilization of burner flame in the

low load operation of tha boiler.

(2) Since this theimal power station is to be operated as a base 10ad thermal power station,
an aulomatic control system is to be adopled in consideration of reliability and safety

from the aspect of operation.

Boiler stcam temperature control is (o be such that operation can be done in a constant

manner with 1oad in a range of 60 to 1004%.

(3} In selection of steam conditions, planning was done as indicated below for maximum

economy constdering unil capacity, fuel cosl, constauction cost and other malters.
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300 MW 150 MW

{Alternative)
Steam pressure 169 kgfem? 127 kpfem?
{at main stop valve inket)
Steam temperature 5318°C 538°C

{at main sfop valve inlet)
{4y Unii Capabilily
Planning is to be done in accordanee with the following principles:

1) Power generation of 300 MW possible with condenser cooling water temperafure of
35°C

2) Overloading of 5% possible with condenser cooling water temperature of 28°C

(5) Adoption of Central Control System

This thermal power station is a coal-fired powes station burning liznite for power generation,
and compared with furmace oil and gas thermal stations, there is more auxiliary equipment and
controlling is more complex,

Conseguently, a ceatral control rooin is to be provided in the main building of the powes
station, where major monitoring instruments, operating switches, ete. are concentrated in one
place so that planl starting and stopping operations, monitosing and managing, and emergeacy
measures during faulting ¢can be carried owd there while aiming to achieve prevealion of
erroneous operation and improvement in plant reliability.

Far these objectives, automalic conirol according to fuaction and sequence controt are to be
adopted as much as possible with regand to control, and rational planning is {0 be done aiming
to save labor in opesation and in monitoning as a whole.
(6) Adepiion of Remote-controlled Operation System
Equipment, principal valves, gas bumers required to be operated in starling and stopping the
plants and when increasing and decreasing load are to be made ceatrally remotecontrolled as

much as possible aiming to preclude errors from on-site operation and to save manpower.

Laree-size vahves requiring phystcal exerlion (0 operate are (o e made electrcally driven.
Fusther, the design is to be such that manual opesation can be done at the site when necessary.

{7) Prevention of Boiler Corrasion Accompanying Combustion of High-Sulfer Lignite
According to the results of scrutiny of data on the coal scheduled to be used at Lakhia Coal-

fired Thesmal Power Station, the sulfut content of the coal is an average of 7.1%, which &5 an
extremely hizgh value.
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In general, when a comparison is made of the trends of corrosion of equipment due to sulfur
conleat in the cases of pulvesized coal firing and oil firing, it may be said for the rcasons
below, that the degree of cortosion of equipment due to suifur content at the time of firing of
coal is extremely low compared with that during firing of heavy oil.

That is, it is said to be because in the case of firing pulverized coal, since the SO; produced by
the combustion reacls with AlLQ,, MgO, Ca0, ¢ic. which are components of the ash
produced, the SO, in the exhaust gas is reduced.

A_case of corrosion having been greally alleviated by the mixed firing of pulverized coal of
about 5% at a oil-firing boiler taking advantage of this characteristic has been reporied.

However, not all of the SO; produced reacts with the components of ash, while since the
sulfur contenl of the coal used for this Project is of an an unusually high level as mentioncd

above, there is a risk of corrosion and clogging occurring in the equipment depending on the
temperature cenditions of use,

In effect, SO, exhaust gas produces sulfusic acid at the dewpoint temperature of the acid, and
the metal wheie this occurs is correded.

Further, ash is apl to adhere to the sulfuric acid produced, and in case this occuss in a confined

space, there is rsk of clogging being produced depending on the state of progress of the
adherence.

1) The kinds of equipment with which there are possibitities of metal temperatures
coming close to acid dewpoint during operation of the beiler, and the conditions of
damaze which can be anticipated in such cases are the followinz:

a) Regenerative Air Preheater

« Cosrosion of low-femperature elemenls
« Clogzing of low-temperature elements

b) Low-temperature Flue
» Comrosion of inner surface of flue
¢} LEtectrostatic Precipitator
» Ash adherence on discharge wire resulls in thickening of the discharge wire

to weaken corona discharge, produce sparking, and as a resuit dust collecting
efficiency is lowered and dust is scaliered about.

= Ash adheres to dust collecting electrodes to lower dust collecting elficiency.
» Various parts of the interior of the precipitator are corsoded.

d) Stack

« The lining at the linner swuface of the stack is corroded.
* In case ash adheres to sulfusic acid produced al the inner surface of the stack
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2)

and grows thick, it can be spalled off by temperature changes caused by
starting o7 stopping of the unit to fall in the form of relatively large stabs of
ash {acid smut) in the power slation grounds and the vicinity to produce
damage such as corrosion of metals.

Measuses for Preventing Low-temperalure Corrosion and Clogging of Equipment

In general, the dewpoint lemperature of acid is governed by the sulfur content of
coal and the ratio of excess air to the fuel. The critical temperatures at cold ends al
which there are possibilities for corrosion and clogging to occur due to the sulfur
contents in fuels and the air-fuel ratios in heavy oil firing and coal firing are
indicated in Fig 5-39.

In case lignite with a 7% sulfur content is fired at an air-fuel ratio of §.3, since the
sulfur content of 7% is not much different from the 6% indicated in Fig. 539,
the average temperature of the healing surface will be about 85°C. Generally speak-
ing, the temperature range in which corroston of metal by sulfuric acid is at a
maximum is 10°C to 20°C lower than the average tempesature of the hkeating
surface.

In view of the above characteristics, the measuses for prevention of low-temperature
corrgsion and clogzing of equipment will be the following:

a)  Measures for Preventing Corrosion and Clogging of Air Preheater Low-tempesa-
ture Elements

* The air preheater outlel gas temperature is designed lo be 120°C and the
infel air temperatare 45°C in order that the metal temperature at the cold
end of the air heater will be 85°C or higher. ’

In the winter time and dusing houss of low load, if is to be made possible for
inlet air temperature to be raised to 70°C, using a steam air heater.

Further, a ceramic which is an acid-zesisting material is to be used for the
low-temperature elements.

A air preheater bypass line for cold air is to be providsd as a measure {o
prevent clogging of the air heater elements so that cold air will not be passed
through the air heater, and by raising the temperatures of the elements and
drying them, clogzing is to be prevented.

In case ash or other malters should adhere to the air preheates elements, it is
to be removed periodically by steam soot blower Lo prevent clogzing.

in case the air preheater elements should unfortunately become clogeed,
they ase to be cleared employing the eleraent washing apparalus using warm
waler heated by auxiliary steam.

b} Low-empesature Flue
Measures for reducing corrosion such as using acid-resistant steel plates can be

provided for the low-temperature flue downsiream of the elecirostalic

peecipitator. Nevertheless, since they are so costly, the following methods are
to be adopted.
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* Insulation of the oufer surface is to be made complete to reduce diffusion of
heal thereby preventing mictat temperature from falling to the vicinity of
dewpoint.

¢ Steel with thickness considering corrosion is to be used.

* The interior of the flue is to be cleaned, inspected and répaired each time the
unit is shut down.

¢} Electrostatic Precipitator

* A poweiful hammering system is to be selected to prevent adherence of ash
to discharge wires and dust cotlecting electeades.

* The interior of the precipitator is to be washed with an alkaline water
solution each time the unit is shut down.

* After washing of the interior, inspection and repainng is to be done.

d)  Stack

- The hning material for the inner surface of the stack is fo be acid-resistant
brick.

* The inner surface of the stack is o be cleaned with water each time the unit
undergoes periodic repaiss.

3) Reduction of Excess Air

Fig. 3-39, Critical Tempesature at cold end, shows that there is a tendency for
dewpoint {emperature of acid to be higher in correspondence with the ratio of
excess air to leel (air-fuet ratio).

On the other hand, the more that the ratio of excess air for combustion is lowered,
the more will the temperalure at which low-temperalure corrosion occuss be”
lowered, and this will be of help to preventing low-femperature corrosion.

However, combustion of puherized coal requires more excess air compared with
combustion of heavy oil, and when excess air is reduced below the necessary level,
uncombusted carbon will be produced to be a factor in lowering of eficiency, and
therefore, it will be desirable for excess air to be reduced, depending upon the
condition of combustion,

5-3-1 Civit Works

BOOMWx 1) (150MW =« D)
(1) Site Prepa:ztion (exclude ash disposalarea and colony area)
Site Area: 378,000 m? 386,000 m?
Site Formation Level: EL.33.50m EL.3350m

(2) Circulating Water System
Intake Qpea Channel
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Type:
Dimension (Width) :
(Height) :
{(Length):
Intake
Type:
Dimension  (Width) :
(Height) :
(Length):
Walerway
Type:
Dimension (Width) :
{Height) -
{Length):
Pump Pit
Type:
Dimension (Width) :
(Height)
(Lenglh}:
Circulation Water Pipe
Type:
Dimension (Innei diameter):
(Length-mean):
Discharge Pit
Type:
Dimension {(Widih) :
{Height) :
{Lenzth):
Taitrace
Type:
Dintension  (Width) -
(Height) -
{Length):
QOutlet
Type:
Dimendon {Width} :
{Ileight) :
{Length):

(300 MW x 1)

Open Channel
99.20m

13.20m ~ 1460 m
2,592.00m

Reinforced conciele
structure

50.00 m

1590 m

2500 m

Reinforced concrete
structure

380m

390m

25000 m

Reinforced concrete
structfure
37.00m
§92.40m
41.00 m

Underground steel pipe

220 m
1,600 m x 2 lines

Reinforced concrele
structare

1480 m

640 m

2600 m

Reinforced conceele
struciure

470 m

4.20m

4,151 00m

Reinforced concrete
structlure

13.00m

10.00 m

17.00m

V99

(150 MW x 2)

Open Channel
99.20m

13.20m ~ 14.60m
259200 m

Reinforced concrete
structure
5000m
1590 m
2500 m

Reinforced concrete
strecture

3.80m

390m

250.00m

Reinforced concrete
struciure
3100 m
1840 m
41.00 m

Underground steed pipe

1.60m
1,600 m x 4 lines

Reinforced concicte
Stnaclure

14.80m

640 m

26.00 m

Reinforced concrete
struciure

4.0 m

480m

4,151.00m

Reinforced concrete
stacliure

1300

1000 m

17.00m



)

(4

)

(6)

{300 MW x 1)

Coal Storage Yard and Coal Draw-out Culvert

Coal Storage Yard
Dimension:
Area:

Coazl Draw-oul Culvert
Type:

Dimendon (Width) :
(1icight) :
(Length):

Ash Settling Pond
Type:

Dimeasion (Width) :
{Ieight) :
(Length):

Road in Site Area

Type:
Dimension (Width) :
{Length):
Ash Disposal Arca
Area:
Capacily:

5-3-2 Buildings

)

Powerhouse

1) Foundalion

220m x220m
48,400 m?

Reinforced conceete
struciure

1.80m

250m

23150 m x 2 lines

Reinforced concrete
sfructuse

200m

4.60m

6370 m x 2 lines

Asphalt pavement
1000 m, 600 m
4,000 m

1,640,000 ny?
4,120,000 m*?

(150 MW x 2)

220m x 220 m
48,400 m?

Reinforced concele
siructure

1.80m

250m

231.50 m x 2 lines

Reinforced concrele
structure

2.00m

4.60m

6370 m x 2 lines

Asphalt pavement
.00 m, 6.00m
4,000 m

1,640,000 m?
4,120,000 m*

Reinforced concrete mat foundation (incl. for boiler, bunker)

2}  Structure
Steel construciion

Roof, asphalt-waterproofed
Extesior wall, seinforced concrete for dado and steed (with insulation material
subsirate) for upper past Floor, reinforced concrete, partly steel grating
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3)

4)

Building Scale
Unit 300 MW x |
Building art;a 3,670 m?
Floor area 11,880 m?
Building volume 87,610 m?
Building height
Turbine house 284 m (3-slory)
Control houss 21 m (4-story)
E::;;f :?at area 2,700 m?*

_ 150MWx2
4410 m?
13,230 m?

100,800 m?

26 m (3-story)
15 m (3-story)

3,430 m?

Equipment & Facilities
Air-conditioning system
Lighting system

Water supply & drainage system
Sanilation syslem

Fire extinguishing system

Fire alarm system

Ventilating system

€2) Administrative Building

1))

2)

3)

4}

Foundalion
Reinforced concrete foundation

Stnicture
Reinforced conceefe construction, X-story

Scale
Building area, 1 410 m?

Floor area, 4,230 m?

Rooms Provided

IF  Entrance hall, fuel testing & water analysis Jaboratory, securily section office,
storeroom, locker room, clini, air-conditioning machine room, kitchen,

tavatory

2F  Maintenance seclion office, acvounting section office, drafting section office,
adminisiration section office, government labor supervisor office, training &
coordination officer room, locker room, kitchen, Yavatory

3F Telephone exchange room, data storage room, operation seclion office (2
rooms), confereace room (3 rooms), plant manager’s office, depuly manager's

office, locker room, kitchen, favatory
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5)  FEquipment & Facilities
Air-conditioning sysltem
Lighting system
YWater supply & drainage system
Fire alarm system
Fire extinguishing system
Sanitatlion system
Ventilation system

{3) Scales of Appurtenant Buildings

1)  Coa2l Fransport Control Building
Steel constnection, 2-stosy, 1,200 m?

2)  Repair Shop
Steel constriction, 1-story, 1,800 m?

})  Water Treatment Plant
Reinforced concrele construction, t-story, 300 m?

4) Hydrogen Generalion Apparatus House
Reinforced concrete construction, 1-sfory, 150 m?

53) Bulldozer Garage
Steal construction, 1-story, 300 m?

6) Garage
Steel construction, 1-story, 280 m?

7y Hazardous Materials Storehouse
Reinforced concrete construction, I-story, 2 buildings, 380 m?

8) Storchouse
Steel construction, 1-story, 4 buildings, 6,900 m?

9) Guasdhouse
Reinforced concrete construction, I-story, 150 m?

10) Gypsum Storage
Steel construction, I-story, 2 buildings, 3,000 m?
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(4) Deiick Type Steel Stack

Unit 300MW x 1 150 MW x 2
Supporting Steel . .
Structure ) Height l:’-l{) m Height 140m
lea 2ea
. Top diameter 4.9 m Top diameter 5.0m
Chinmey Shell Bottom diameter 54 m Botlom diameter 3.5m
Height 150 m Height I50m
Lining Porcelain brick Porcelain brick -
. Reinforced conceete Reinforced conceete
Foundation . -
foundation foundation
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5-3-3 Mechanical Equipment

Item

Unit

300 MW x
1 Unit

150 MY x
2 Untis

(I} Boiler Equipiment
i)} Boiler
a) Type
Natural circulation, single drum,
outdoor type (Burmer, coal
bunker will be covered.)
b) Number
¢} Evaporation
Maximum continuous rating (MCR)
d) Steam pressure
Superheater cutlet (MCR)
Reheater gullet (MCR)
€) Steam temperafure
Superheater outiet (MCR)
Reheater outlet (MCR)
) Feed water temperature (MCR)
g) Diaft system
Balanced draft system
k) Bumner arrangement
Front éype
t) Opeeation type of gas burner
Remote operation type
j) Fuel
Main fuel: Lignite
Supplementary luel: Natural gas
2) Economizer
a) Type
Horizonlal bare tube {ype
b) Number
3) Air Pre-heater
a) Type
Rotary tegenetative lype
b) Number
4) Steam Air Pre-heater
a) Type
CU-fined steel pipe type
b) Number
5) Soot Blower
a} Type
Steam blowing lype with eleclric
mofor drives
b) Number
Necessary quantities

st

sct

|

980

173
36

541
541
240

1x2

500

331
34

541
541
240

1x2

2x2

2x?2
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Item

Unit

00 MW x|
1 Unit

6) Automatic Boites Controls
a) Combustion conirol
Flement - Boiler master conirol
: Fuel flow centrol
: Combastion air flow
control
: Fumace pressure control
b) Feed water flow control
Flement : Sfeam flow control
- Feed water flow control
: Dram water level
conirol
¢) Steam tempesature control
Element : Superheater steam
temperature control
: Rehealer steam
temperature confrol
7) Monitor Television
a) Brum kevel
b} Furnace
c) Stack

{2} Daaft Equipment
1) Induced Draft Fans
a) Type
Double suction type
b) Number
2) Forced Draft Fans
a) Type
Double suction {ype
b) Number

{3) Fuel Firing, Handling and Storage
Equipment
1) Coal Bunker
a) Type
Steel plate iype
b) Capacily x number
2y Coal Feeder
a) Type
Belt type
b) Capacily x number
3) Coasl Pulvesizer
a} Type
Vertical, roller lype
b) Capacily x number

sei
set
set

sel

m? x sl

tjh x set

t/h

950 x5

55x$

55 x5

150 MW x
2 Units

1x2
1x2
Ix2

2x2

2x2

650x4x2

38x4x2

J8xd4x2
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ftem

4} Primary Fan
a) Type
Double suction {urbo fan
b) Number
5) Pulverizer Seal Fan
a) Type
Single suction turbo fan
b) Number
6) Coal Burner
a) Type
Intervane iype
b} Capacity x number
7y Gas Igaitor
a) Wumber
8) GasBurner
a) Capacityfset
by Number
9) Light Qil Tank
(for emergency diesel engine)
a) Capacily
b) Number
10) Truck Hopper
a) Capacity x Nos. x line
b} TFolal capaciiy
11) €Coat Yard Supply Conveyos
a) Capacily
b) Number
12} Coal Bunker Supply Conveyor
a) Capacity
b} Number
13) Magaet Separalor
a) Number
14) Crusher
a) Number
15) Bulldozer
a) Weight
b) Number

(1) Ash Handling Fquipment
1) Clinker Hopper
a) Capacity
b} Number
2) Clinker Crusher
a) Capacily
b) Number

Unit

sel

set

tih
set

ifh

set
sel

sel

sei

set

t/i
set

300MWx

SO MW x
t Unit 2 Units
5 4x2?
5 4x2
12 x20 Extox?2
20 16 x2
2.000 2,300
20 16 x2
5 5
1 |
6Ot x 15 sels x 2 lines
1,800 1,800
500 500
2 Ix2
350 350
2 1x2
2 I x2
2 Ix2
35 35
4 4
90 100
2 1x2
50 30
2 2x2
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300 MW x

150 MW x

fem Unit 1 Unit 2 Units
3) Jet Pulsion Pump
a) Capacily {/h 50 30
b) Number sel 2 2x2
4) Ash Slucing Pamp
a) Type
Yolute
b} Capacily m3/h 500 650
<) Number sel 3 3
5) Dewatesing Bin
a) Capacity m? 450 500
b) Number set 2 1x2
63 Coarse Ash Tank
a) Capacily m3 800 §00
b) Number set 2 |
7) Fly Ash Tank
a) Capacily m3 1,500 1,500
b)) Number set 2 i x2
(5) Dust Collecling Equipment
1) Eleclrostatic Precipitator
a) Collection Efficiency % 90 90
b) Numbser set 2 2x2
{6) Steam Turbine Fquipment
1) Tusbine
a) Type
Tandem compound, two-cylindes
doub!e flow reheat lurbine
b) Number set 1 Ix2
) Rated output (at generator My 300 150
tesminal)
d) Steam pressuie
At main stop valve inlet kglcm?’g 169 127
At reheat sfop vahe inlet kefem?yg 33 30
€} Steam temperature
Al main stop vahve inlel °C 538 538
At reheat stop valve infet °c 538 538
N Number of extractions stage 1 o
g} Exhaust pressure mmHg Vac. 700 00
h) Design gross thermal efficiency % a1 36
2) Governing Equipment
a) Type
Mechanical oil pressure type
b) Numbee set 1 I1x?2
3) Aulomatic Speed Control Device
a) Number sef i 1x2
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Unit

300 MW x
1 Unit

150 MW x
2 Unifs

4) Tuing Pevice
1) Number
5) Auxiliary Oil Pump
a) Type
Vertical centrifugal type
b) Number
6) Emergency Oil Punip
a) Number
73 Main Oil Tank
a) Number
8) OilCooler
a) Number
9) Vapour Extractor
a) Number
10) Oil Purifier
a) Number
11) Qil Storage Tank
‘a) Number
12) Gland Steam Séal Regulator
a) Number
13} Gland Steam Condenser
a) Numbes

(7) Condenser and Feed Water Equipment
1} Cendenser
a} Type
Double pass, divided water box
type, surface condenser
b) Number
¢} Circulating water inlel lemperature
(Design)
d) Circulating water quantily
e) Material of tube
Aluminum bsass
2) Circulating Water Pump
a) Type
Veitical diagonal flow type
b) Capacily
<) Numbes
3) Rewversing Value
a) TFype
Butterfly, motor drive
b) Number

sel

set

sel
s
set
set
sef
sef

sel

sel

°C
m?/h

m? [sec.
set

sel

28
35,600

56

1x2

}x2
1x2
1x2
2x2
Ix2

1x2

1x2

1x2

1 x2

28
18,900 x 2

30

2x2
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Unit

4) Main Air Ejecior
a} Type
Twin elements, two stages,
steam jet {ype
b) Wumber
5) Stadting Ejector
a) Type
Single stage steam jel type
b) Numbes
6) Condensate Pump
a) Type
Veitical type
b) Capacity
¢) Number
7} Bar Screen
a) Number
8) Rofary Screen
a) Number
9) Mesh Sceeen
a3) Number
10) Intake Crane
a) Type
Gantry
b) Capacity
) Number
1) Low Pressure Feed Watler Healer
{with heater by-pass)
a) Type
Horizontal U-tube type
b) Number
12) Deaserator
a) Type
Horizontal, tray lype
b) Number
13) High Pressure Feed Water Heater
{with heater by-pass)
a) Type
Horizontal U-tube type with
drain cooling zone and
desuperticaling zone
b) Number
i4) Deacrator Recirculating Pump
a} Type
Horizontal centrifugal type
b) Number

set

el

m3/h
sel

sel
set

sel

st

set

s

sel

300 MW x
1 Unit

340

25

25

150 MW x

I1x2

1 x2

190

15

15

3Ix2

1x?2

2x2

1 x2

v-109

2 Units




Item Unit

T

300 MW x
1 Unit

ISOMWx
2 Units

15) Boiler Feed Water Pump
a) Type

Motor driven, hosizontal, multi-

stage volule with booster pump

b) Capacity t/h

¢} Number set

{8) Miscellaneous Equipment
1) Raw Water Supply Pump
a) Capacily m?fh
b} Number sel
2) River Walter Clarifier
a) Type
Siphon type
b) Capacily m?fh
¢} Number sef
3) Filter
a) Capacily m? [k
b} Number set
4) Filtrate Tank
a) Type
Concrele
b) Capacity m3
<€) Numbei set
5) Raw Water Tank
a) Type
Steed, cone roofl
b) Capacity m?
<) Number set
6) Raw Waler Pump
a) Type
Volute
b) Capacity m3/h
€) Number sel
7) Fire Extinguishing Punip
a) Type
Normal operation: Motor driven
Electrical faiture: Diesel driven
b) Number sel
8) Demineralization Plant
a) Type
2 beds, 3 towess type
b) Capacily m?fh
<) Number set

L . —

540

70

50

50

200

1,500

70

270

50

50

200

1,500

70

tv-110




ftem

CISOMWx
2 Units

9 Demineratized Water Tank
a) Type
Cone roof (ype
b) Capacily
¢} Number
10) Neutralization Tank
a)y Type
Concrele
by Capacity
<} Nuomber
11) Make-up Water Tank
a)} Capacily
b) Number
12} Boiler Chemvical Injection
Fquipment
a) Kinds of chemicals, phosghate,
ammontia, hydrazine
b} Number
13) Sampling Equipmenl
a) Type
Rack type
b} Number
14) Powerhouse Crane
a) Type
Overhead travelling crane
b) Capacity x Number

15} Ash Seitling Pond Crane
a) Type
Ganlry
b) Capacily
<) Number
16) AirComgpressor
a) Instrument air compressor
Number
b) Miscellancous use air compressor
Number
) Dehumidifier
Number
§17) Raw Water Head Tank
a) Number
18) Cooling Water Pump
a) Type
Vertical twbine type
b} Number

m
sel

m?

set

sef

st

sl

e

200

300

70135t x 1

15

1,000

260

300
Ix2

ix2

Ix2

60t/30t x |
$0t/5t x 1

5

12

1 x2

3x2
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Item

Unit

300 MW x
1 Unil

150 MW x
2 Units

19) Cooling Water Cooler
a) Type
Horizontal straight tube
b) Number
20) Cooling Waler Booster Pump
a) Type
Horizontal, volute type
b) Number
21) Fire Extinguishing Facilily
a) Water extinguisher for ouldoor
Place
Cool yard and whole
oufdoor area '
Number
22) House Senvice Boiler
a) Type
Package tlype
b) Steam condition
¢) Capacily -
d) Fuel
Natural gas

sel

set

sef

kelem?g
t/h

10
10

2x2

2x2

10
10
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5.3.4 Electrical Equipmeént

Htem

Unit

300 MW x
1 Unit

(1) Generator
{with Automatic Yoltage Regulator,
Autlomatic Load Regulatos, Auvto-
matic Reaclive Power Regulator,
Automatic Synchronous Regulator,
Susge Absorber, Protection System,
Main Circuil Breaker, Grounding
Equipment, etc.)
1) Genesatoy
Type
Horizontal, rolation field, closed
hydrogen cooled, explosion proof
Rating
Qutput (af rated hydrogen
pressure 2.0 kgfem?)
Frequency
Powes Faclor
Voltage
Current

2) Exciter
Static Excitation Type
(Siticon controlled rectifier)

{2) Busduct
Type
Cylindrical aluminum made enclosed
Raling
Voltage
Cument

{3) Transformer
1) Main Transformer
Type
Ouidoor, 3 phase, Forced oil,
Forced-air-cooled
Rating
Capacity
Frequency
Primary Voltage
Secondary Vollage
Connection
Impedance Voltage
{(based on the rated kVA)

kVA

kV

kVA
Hz
kv
kV

R

353,000
50
0.85 (lag)
18
11,323

23
12,600

333,000
50
18
132kV£10%
oY

10

—
150 MW x
2 Uniis

177,000
50
0.85 (Jag)
15
6,313

23
8,000

165,000
50
15
132kV 2 10%
AY

10
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2)

3)

4)

(1)

Item

Unit

300 MW x

1 Unit
Number set 1
Starting Tsansformer (Common)
Type
Outdoor, 3 phase, Forced Air
Cooled On-load Tap Changer
Rating
Capacity kVA 45,000
Frequency Hz 50
Primary Voltage kV 132KV 2 10%
Secondary Veltage kv 69kV i SE
Connection Y-Y-A
Number of Taps taps 17
Impedance Voltage (based on the
rated kVA and rated Voliage) @ 1.5
Number set 1
House Transformer
Type
Outdoor, 3 phase, Forced-air-cooted
Rating
Capacily kVA 30,600
Frequency Hz 50
Primary Voltage kV 18
Sccondary 1 4% 6.9
Conneclion AY
Impedance Voltage
(based on the rafed kVA) % 75
Auxiliary Transformer
Type
indoor, 3 phase, Self-cooled
Rating
Capacity kVA 2,600 1,000
Frequency Hz 50
Primary Voliage v 6,900 450
Secondary Voltage v 4160 220
Number set 4 1
6.9 kV Switchgear Cubicle
Type
Indoor, Metatclad, Single Bus System,
3 Phase, 3 Wire, Draw-out
Rating
Current (Main bus) A 3,000

150 MW x
2 Units

22,000
50
132kV210%
6.9kV 1 5%
Y-Y-A
17

1.5
!

15,000
50
15
69

AY

1.5

1,000 1,000
50
6,900 460
460 220
61

2,000
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300 MW x

150 MW x

item Unit 1 Unit 2 Units
(5} Low Voliage Cubicle
Type
Indoor, Metalclad, Single Bus System,
3 Phase, 3 Wire, Draw-out
Raling Voltage v 460 460
(6) Emergency Diesel Power Unit
1) Enagine
Type
Vertical Type, 4 Cycle, with Turbo-
charges, Water Cooled
Rating (continuous) hP 600 600
Revolulion Specd .p.m, 500 S00
2) Genenator
Type
Horizontal Shaft, Self-cooled
Rating
Capacity kVA 500 500
Frequency Hz 50 50
Voltage L' 460 4160
Power Factor 08 08
Phase Phase 3 3
Number Unit | i
(7) DC Supply System
1} Buttery
Type
Lead Acid, Plastic Container,
Steel Rack
Voltage Vv 110 110
Capacily x Number of Unils AH 2000 x1 1,000 x 2
2} Bultery Chasger System
Type
Stticon Controlled Rectifier Type
Capacity x Number of Unifs A 500 x1 250x 2
Voltage A 460V AC 460V AC
160V BC 160V bC
(8) bBizital Computer
Capacity k Bit 2,000 2.000
(9) Discoanecting Switch
Type
Horizontal, Double Break
Rating
Voltage kv 168 168
Current kA 2,000 2,000
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Unit

300 MW x
1 Unit

150 MW x
2 Units

(10)

Tie Line between Lakhra Power Planl
and Jamshoro Substation

Type

Steel Structures with ACSR
Conductor

Rated Voltage

Number of Ciscuit

(11) Communication Equipment

1)

2)

3).

House Senvice

Type
Automatic-exchange elephone
Number of Channels
For Load Dispatching
Type

Tone Ringer

Number of Channels
Paging System
Number of Speakers
Number of Telephones

kV

ch

¢h

sel
sel

132

100

50
100

132

200

70
130
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5.3.5 Flue Gas Desutfurization Plant

- - 1 : g
Min Eaipren T s | LimestonefGyecm
{I) Gas Treatment
1) Flue Gas Boost-up Fan
Type Turbo Turbo
Number 1 1
{2} Prescrubbing
1)} Prescrubber
Type Spray Tower Spray Tower
Number 1 1
2} Prescrubber Recyele Pumps
Type Centrifuzal Cenirifugal
Number 3 3
3) Mist Eliminator
Type Horizontal [low Hostzontal Flow
Number 3 3
{3) Absorption
1) Absosber
Type Spray Tower Spray Tower
Number 3 3
2} Absorber Recycle Pump
Type Centrifugal Centrifugal
Number | 1
3) Feed Water Pump
Type Centrifugal Centrifugal
Number 2 2
(4) Absorbent Make up
1) Absorbent Silo
Type Vestical Vertical
Number ] |
2) Absorbent Feeder
Type Screw Screw
Number i i
3) Absosbeat Makeup Pump
Type Centrifupal Centsifugal
number 2 2
(5) Gypsum Product ‘FThis seclion is not
1) Oxidizer with Blower required for throw-
Type away proocess Vertical
Number 2
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~ — ,,
Main Equipment

Calcium Base
Throw-Away Process

Limestone/Gypsum
Recovery Peocess

2) PH Controller
Type
Number

3} Thickner
Type
Number

4} Dehydrator
Type
Number

5) Gyspsum Warehouse
Number

(6) Decheating
1) Reheating Furnace Type
Number

{7) Blow Down
1) Absosbing Blow Pit
Number
2) Presciubbing Blow Pit
Number

{8) Mother Liquid Treatmenl
Number
System

{9) Waste Waler Treatment
Number

Vertical gas-firing
1

1 sel
Softening Tieatment

This section is nol
required for throw-
AWAY Process

Verlical
i

Center Shalt Drive
1

Baskei Bottom Exhaust
9

Veitical gas-firing
i

1 set
Sameas lefi
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feeding pipes due to surface moisture of coal,
5-4-3 Civil Structures
(1) Circuelating Water System

The locations and sirmiclures of condenser cooling water facilities should be finalized upon
detailed studies at the stage of definite design taking into consideration the results of susveys
of the conditions of the Indus River during floods and of the geological conditions of the sife.

The locations and staectures of the intake and outlel taken up in this study were selected for
the reasons below.

A location for intake from the Indus River can be considered in the secltion 4,300 m to 4,600
m upstream from Kotri Barrage judged from the siver profile and cross section fumished by
WAPDA (See Fig 5-3) If within this section, it is consiglered possible to construct a circulating
water way at any localion in view of lhe topographical and geological conditions of this area,

Regarding the outiei, the effects of discharging thermal elfluent when the inflow to Kotri

Barrage is small has been considered, and the location was set approximately 1,000 m
downstream ltom the intake site.

Several methods are conceivable for the water-conducting system, but in consideration of the
topographic features of the site, ease of constnuciion, and economy, a comparison study was
made of the lwo cases below, (See Fig. 5-4)

Caswe 1 would consisl of locating the inlake at the bank of the Indus River with a sedimentation
basin and pump pit provided adjacent to the intake, and water would be conveyed feom the
pump pil to the power plant by steel pipelines.

Cawe H would consist of conducling waler [o a point approximately 2,600 m infand from the
Indus River by an open channel from where slezl pipelines would go to the power plant alter
the water passes through an infake, intake culvert and pumping station.

The study showed that Case I would be welatively costlier to construct than Case H since a
sedimentation basin would be required, while the pump pit wounld be at a long distance from
the power plant, and especially, thesre would be problems in maintepance of eguipment such as
screens and pumips. In Case H, the open channel can be expected to funclion as a
sedimentation basin, mainlenance will be easier because of nearness {o the power plant, and
the construction cost wilt be lower. Acvordingly, this was selected as the scheme teo be
adopled. However, since it is expected of the open channel to function as a sedimentation
basin in Case 11, it will be necessary for dredging to be done periodically every year.

QOutlines of the various lacilities are given below.

1Y ©Open Channel

The minimum water Ievel at the iatake site will e EL. 14.63 m during gate repaiss
al Kotsi Bamrage. {The depth of the Indus River al this time will be approximately 3
m.) (See Fig. 5-3)
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The period of this minimum water level will be short being from the siddle to the
end of December every year according to data for the 5-year period fiom 1975
through 1979, It will be necessary for a structural type enabling intake to be
accomplished even during this period.

On the other hand, the Nood season of the Indus River is in June through Oclober
which costesponds o the rainy season and the watee level will rise to a maximum of
Ei. 23.73 m. Considesing this water level varialion, it may be anticipaled that there
will be effects of sedimentation al the intake site during the food season. Conse-
quently, since it is desirable for intake facilities to be of such construction that
dredging of sediment can be performed with ease in order that inlake can be made
possible through the year, an opeR channel was adopted. The period during which
sediment in the opea channetl is to be dredged is (o be the low-wafer season other
than the minimum water level period (gate repair pericd) at Kotri Barrage. Diedging
can be accomplished by pump.

The cross seciion of the open channel need be only enough lo enable infake in the
low-water season of Q = 9.80 m?[sec, the water requirement for this Project
(300 MW x I umt). However, considering the relatively small quantity of exca-
vation to be donme additionally for the plant expansion and the effects of
sedimeni and muddy wates on the exisling open channel during excavation, it will
be more advantageous to excavate from the beginning [0 a <ross seclion which takes
into account water passage vpon plant expansion. Consequenily, the ceoss section of
the open channel is (o be that which considers plant expansion.

The height of the open channed evee crest and the stope gradient were selected to be
such that there will be safety even during Noods. The infel section of the open
channel facing the river is to have training walls of eeli-type consfruclion using steel
sheet piles to prevenl collapsing due to waves.

In camying out construetion, il will be desirable for delerminalions to be made of
the open channel confliguration, flow velocily, sedimeatation, etc. upon detailed
studies conducting hydraulic model experiments

Intake and Intake Culvert

The intake and intake culverl, as shown in Fig. 5-6, are (o comprise an integrated
struciuge of reinforced concrete construction having widths of 25.00 m to 34.00m
and heights of 15.9 m to 3.90m, with the foundations supported by concrete piles.
The intake orifice is to be of ample width to reduce flow velocily asa consideration
for preventing entrance of large picces of sediment.

A bar sceeen is to be provided at the intzke as a measurz to dispose of geash. Stop
logs are to be provided in the intake fo make it possible o dewaler the inside of the
intake during repairs of the bar screen.

The intake waterway was made a cuberl for the purpose of ciossing foads and

railways and to secure the cross-sectional area of the stream during Moods of the
Indus River.
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3) PumpPit

The purmip pit, as shown in Fig 5-6, is to be of reinforced concrete consfruction
having a width of 37.00 m, heights of 16.90 m ¢o 19.40 m and a dength of 35.00 m,
and if was surmised that the foundation would be bed-rock.

Regarding the location of the pump pil, although it is conceivable for it fo be
adjacent lo the inlake, it was sclected at the power plant side to shorten circulating
water pipes and to make maintenance during floods easy to perform,

A rotary screen and nel screen are to be installed at the pump pit to handle trash,

Stop logs are o be provided in order to make it possible to dewater the pump pit for
waterway inspection and screen repaiss,

4y Circulating Water Pipes

Circulating water pipes are to be steel pipes of inside diameter of 220 m to be
buried underground with fwo Jines provided for each unil.

The pipelines are to be directly burted, and since the foundations will bz bedrock,
bedding sand is fo be used for cushioning. Lining of steed pipe is fo be tarepoxy

paint on inferior susfaces and double layers of c¢oal far-enamelled glass cloth on
exterior surfaces

5) Tailsace and TFaitrace Oullet

The tailrace is to be a waterway starting from the discharge pit to go downstream to
the Kotsi Barrage regulating pond via the lailrace walerway and tailrace outlet, and
is to be a culverl of reinforced concrete construction.

A ground sill is to be provided at the tailsace outlet in order to prevent scousing by

flowing water when the water level of the Kofri Barrage regulating pond has
dropped.

(2} Site Preparation

Detailed topographic surveying and geological investigations are Lo be carried oul by WAPDA
and/or associated organization(s) of Pakistan on the sife and its vicinity with the purpose of
sile preparation for the power station, and decisions on the site should be made based on the
results of defailed studies following definite design taking info consideration the results of the
said investigations. The locations and structural types of the power plant, coal yard and other
facilitics have been proposed for Lhe reasons listed below.

As a result of studies of 1/50,000 topographical maps fumished by WAPDA and ficld sunveys,
the power plant site was selected at the focalion indicated in Fizg. 5-1 where the necessary area

for the power station could be secured and where it would be absolutely safe during floods of
the Indus River.
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The area required for the power station was made to include the arca necessary for fulere
extcision. The site is to be planned so that it will be flat, and with excavated rock to be
cflectively utitized for building levees of the infake waterway (open channel) and as malerials
for protection of slopes of fevees of the ash disposal area.

(3) Coal Storage Yand and Cozal Drawont Culverts

The coal storage yard is (o be of a size of 220 m x 220 m with 2 coat drawouf culvert lines
provaded at the center.

Water containment walls are (o be buit around the coal yard to prevent outflow of furbid
water during rain.

Evacuation shafls to be used at times of accident which will also senve for ventilation of the
coal drawout culverts are {o be provided at the ends of the culveris.

(4) Ash Disposal Area

It is desirable for the ash disposal area to be at a place as near as possible (o the powerhouse.
As a resull of the field suiveys conducted by the JICA Sunvey Team a relatively fat depressed
arca al the nosthwest side of the powerhouse was planned as the ash disposal area.

Levees are o be provided around the ash disposal area fo prevent oulftow of ash. The fopofa
parl where ash disposal has been completed is to be covered with soil 1o prevent ash from
being blown away and finished with a slope suitable for drainage.

Dry pitching is lo be provided at outer slopes of levees to prevent colapse due to wind and
s2in. Ditches are to be provided around levees in consideration of drainage from the surface of

LT =

the ash disposal acea and prevention of collapse of levees due to flowing water from oulside.

(5) Irrgation Walter Intake Facifities

An intake plan for irvigation water has not been decided on at present, bul intake lacilities for
irrigation water with the aim of elfective ulitization of water discharged from the powerhouse
were provided for midway along the tailrace. (See Fig. 5-7)

The quantity of intake cooling water for the condensor will reach 10.2 cubic mcters per
second while that of discharge water will be 9.9 cubic metess per second. The temperature of
said water will sise by about 9°C (the temperature of water at the inlel of the condensor plus
approximately 9°C) at the condensor discharge. No chemicals will be used for the condensos
cooling watet for prevenling cosrosion of the condensor tubes, and there will be no change in
the quality of water. Accordingly, cooling water to be dischaszed from the condensor can be
used for agricuftural irrigation purposes.

5-4-4 Water Supply for Power Station
Boiles feed water, bearing cooling water, drinking water, miscellancous-use waler, and
firc-extinguishing water are all to be river water which will be treated for use since <ily water is

not available at the site. Refer to Fig. 5-21 for delails,
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According to the water qualily analysis of Indus River water (Table 5-4), the furbidity is
extremely high.

Because of this, water supply of power sfation, siver water branched from the pipeline for
condenser cooling water is to be boosied up and supplied to a pulsator and lilter, cleared by
aggsegation, seltling and filtration, and upon completion of (reatment, stosed in 3 raw water

tank for the vasious uses indicated on the next page.

Table 54 Data on Analysis of Water from the Indus River

{1) Boiler Water

Measuring Item Unit Value Remarks
Temperature °C 20 to 35°C The resulls vary
pH 151078 from minimum to
Conduclivity Mice-Mhojfem 03x10°to maximum himits.

04 x 10° The water is clearer
Tolal Sotid ppm 320to 450 in December to
Turbidity ppm 680 to 3,500 February and
M-Alkalinity ppm as CaCO, 100 to 120 turbidity increases
Chloride ppm as Ci 40 to 80 from March to
Total Hardness ppm as CaCO; 26 to 120 October.
Calcium Hardness ppmas (aCQ, 8010 110
Magnesivm Hardness ppm as CaCQ, 25045
Sulfuric Acid lon ppm as SO, —
Total Ison lon pypm as Fe ——
Ammonia lon ppmas NH, The remaining
Silica Iron ppm as 510, resulls are not
Langelier Satulation Index 30°C available,

Raw water stored in the sraw waler tank is to be fed to the demineralization plant by the raw
wates pump where it is subjected to a sophisticated water (reatment process to be made info
demineralized water and stored in the demineralized water tank as boiter water.

(2) Bearing Cooling Water

Raw wafer in the cooling waler lank to be insfalled on the first iloor of the turbine room is to
be us2d as bearing cooling water. Refer (o Fig. 5-22 for details.

A closad circuit is to be adopted for the bearing cooling water system.

The bearing cooling water is to be coolkkd with nver water by means of the cooling water

cooler.

(3} Dnnking Water

A drinking waler {reafment apparatus is to be installed at the rooftop of the administrative
building, and with water supplicd from the raw water tank, simple filtering and steritizing is
done, upon which the water is to be used as drinking water.
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(4} Fire Extinguishing Water
Fire extinguishing water is to be supplied from the raw water [ank.

Fire extinguishing pumps are to be both electacally- and engine-driven.

(5) Miscellancoususe Water

Miscellaneous-use water such as for washing equipment and floors is to be supplied from the
pipeline of the raw water pump.

(6) Capacily of Raw Water Tank
The requirement for raw water per day will be the following:

1)  Quantity required for boiler make-up water
(300 MW x | unit cr 150 MW x 2 units)
{Boiler evaporation) 500 t/hr x 2 units x 2%
{Average make-up quantily) x 24 hrs.
= 1,000 x 0.02 x 24 = 480 t{day

2) Bearing cooling water make-up quantity
$0 ¢/hr x 24 = 240 1/day

3} Others
10 t/hr x 24 = 240 t/day
Totalof 1), 2)and 3) 960 t/day = 1,000 tfday

Faking into account washing of equipment for periodic inspection and use of water for works,
the maximum reguitement is to be:

Average consumption x 1.5 = 1300 (/day
The tank capacity, [aking inlo consideration repaiss of tank inferiors, is fo be 1,500 1 x 2 unils.
(7) Capacity of Demineralized Water Tank

In case of silica blowing of a boiler of 300 MW x 1 unit, 1,500 tfday of pure water will be
required. Meanwhile, the capacity of the demineralization plant in case of 10-hr operation of
two lines of 30 tfhe will be 600 t, Consequently,

Demineralized water requirement for Silica purging
— Capacity of purification plani = Pure water shortfall
= 1,500¢ - 600¢ = 2001

The capacily of a single tank is to be made 1,000 t considering dead space of the tank, and
taking into account frouble at the demineratization plant and inspections of tank infetiors, [wo
1,000t demineralized water tanks are to be provided.
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5-4-5 Fuel Facilitics

(1) Fuel

This Project will use coal to be produced ai Lakhra Coal Mine as main fuel, and natural

rroduced at Sui as supplementary fuels.

)
2

3)

“4)
(3)

(6)

)
{8)

2.
(13
(2)

Table 5-§ Specification of Fuel and Ash

Coal
Gross Calerific Value

4,613 Kcaljkg (Air Dried Base)

Proximate Analysis (Air Dried Base)

Moisture

Ash

Volatite Matter
Total Suifur
Fixed Carbon

Ultimate Analysis
C
H
0
N
S

Hardgsove Index

Refractoriness of Ash
lnitial Deformation Point
Melting Point
Fluid Point

Etectrical Resistivity of Ash
100°C
130°C
160°C

Specific Gravily of Ash

Composition of Ash

S0,

A%, Q,

Fe, 0,

Ca0

MzO

Na, 0

K,;0

50,

Natuial Gas
Calorific Value

Data of Analysis
Methane (Cil,)
Ethane (C, Hy)
Propane (C,H,)
Carbon Dioxide (CO,)
Nitrogen (N,)

9.5%
23.7%
34.7%

1.1%
250%

65.2%
52%
18.0%
1.1%

10.5%
72

1,310°C
1,380°C
1,410°C

29x 10V 02-cm
35 x10M82cm
25 x1032-¢m

1.54

32.1%

20.18%

30.23%
4.55%
2.28%
1.13%
0.62%
6.23%

878.7 Btufeu L (7,819 Kcalfcu.m)

4.42%
1.65%

0.02%

1v.j27 3-89%
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The natural gas is t0 be used for igniting the main burners, start-up of the boiler and stabiliza-
tion of bumner Mlame in the low load operation of the boiler.

The specifications and analysis results of the fuels are indicaled in Table 5-5.

(2) Fuel Consumpiion
With plant utilization factor as 707% and gross thermal efficiency at genesating end as 300 MY:
37% and 150 MW: 36%, the fuel consumptlion was calculated approximately by the equation
below.

W =Pg x 860/, x Hy

where
W : fuel consumiplion (kefhr, Nm3fhs)
Pe : genesating end output (M)
np : gross thermal efficiency at generating end
Hp : gross calorific value (air dried base) (Kcalfkg), gas (Kcal/Nm?)

1} Coal (Air Dried Base)

300 MW x 1 unit 150 MW x 2 unils
300 MW x 860 , 150 MW x 2 unit x 860
Ve = e13x037 ~ 1212 Vo= T agix0se A

2) Nalural gas
Natusal gas is to be used for igniling coal bumers, stabilizing flame of burness, and
maintaining the load of the power stations even if {he pulverizers are ont of ordes.

Taking into account the capacity of the natural gas, it is necessary that 35% of the
raling capaciiy of the power station could be provided, in case of 300 MW x 1 unit,
by the natural gas in oider to compensale for a trouble of 1 unit of pulverizer.

As to 150 MW x | wnil, 307% of the raling capacily should be provided by the
naturat gas.

The gas consumption per hour for all burners of 300 MW x 1 unit or 150 MW x 2
unifs wilk be respectively:

300 MW x 1 unit 150 MW x 2 units

w.. = 300 MW x 866 x 0.35 w.. = 159 MW x 2 units x 860 x 0.30
G 7819 x 037 G 7,819 x0.36
= 31,213 Nm?*/h 27,497 Nm?*fh

1}

{3) Fuel Storage Quantities

1) Coal
Coal stosage quantiliesas received basis, since lolal moisture is 25.0%, will be:
Coal 5% (air dried basis) _ 905 . ‘
Coal % (as received basis) © 100 = 75 * 100=120.7%
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300 MW x | unit 150 MW x 2 units

150.21/h x 1.207 = 1825 tfh 187.6 t/h x 24 h x 14 days = 63,034 ({2

2)

weeks

Considering storage of two-weeks® supply,

300 MW x | unil 150 MW x 2 units
1825t/hx24 h x 14 days 187.6t/h x 24 h x 14 days
=61,3204{2 weeks = 63034 t/2 weeks

Therefore, the coal storage capacity in the case of 300 MW x 1 unit or 150 MW x 2
unils is to be 63,000 1.

" With height of piling of ¢oal as 3 m and the specific gravity of coal as 0.9, the area

required will be:

63,0001
09x3

= 23,300 m?
Considering the efficiency in piling and repiling of coal,

Planned area = Arearequised x 2 = 23300 x 2 = 46,600 m’
Therefore, the dimensions of the coal yard isto be 220 m x 220 m.
Natural gas

It is assumed thal a stable supply of natusal gas can be obfained from the Indus Gas
Company and storage facilities witl not be provided in the premises.

{(4) Coal Handling

Coal to be produced at Lakhra Coal Mine will be delivered to the power slalion by a special
rail line. Refee to Fig. 5-19 for delatls.

)]

2)

3)

Capacity of recelving hopper
The coal consunmplion per day will be 187.6 t/hr x 24 = 4,502 t. With the quantity
received as $.000 t/day, it is assumed that coal will be received by trains each of

thirly of 30-ton cars, and to consider some altowance, the receiving hoppers are lo
be 200 x 2 unils.

Coal yard supply conveyor

Assuming that 5,000 t of coal per day is (o be supplied to the coal yard in § hours,
the capacity of comveyors would be 500 t/hr x 2 units.

Coal bunker supply conveyor

Consumption of coal will go on 24 hours of the day, while it is assumed supply to
the caal bunkers will be for 8.5 hours from 8:30 te 18:00 hrs for storage as of 18:00
hes the coal required from 18:00 hes 1o 08:30 hss of the following day, and the
capacity of one supply comveyor unit witl thus be:
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300 MW x 1 unit 150 MW x | unit

18254/ x 240 o 187.6 2 x 240 _ 65 ¢n

85h 85h
515 tfh x .2 = 620 t/h 265 1/h x 1.2=3201/h
350 tfh x 2 lines 350 tfh x 1 linefunit

4} Coal bunker capacily
a) 300 MW x ) unit
Since it wilt suffice o have storage for 14.5 hours:

14.5 his. x 1825 t/h = 2,646 1

With specific gravity of coal as 0.9 and the actual volume satio of the hopper as
038,

N L ;
Bunker capacity = 2,640 x ) b4 08 3,675 m

Assuming five bunker happer unils (including one reserve):

1 3
Volume per bunker = u._,6_:5_ngﬁ =919 m?

950 m?® x 5funit

b)Y ISOMW x 1 uni
Storage for 14.5 houss

14.5 hrs. x 187.6 1/hf2 =1 360t
i

Sy = i —_ -'_ = 3
Bunker capacity = 1,360 1 x 09 X 08 1,869 m

Assuming four bunker hopper units (including one FeseIve):

1,889 m?
3

Volume per bunker = — =630 m?

650 m? x 4dfunit

(5) Fue! Firing Equipment

1) Coal
a) Coal Feeder( for coal as received)
The capacily per coal feeder unit is the following:

300 MW unmit 150 MW unit
@_Sﬁ'ﬁ = 456 ._ﬁls-"(;..'j_h_l_; = 31.3 (1]‘
456t/hx12=55¢th 3MA3thx1.2=384h
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2)

Therefore,

55 tfh x5 (incl, | reseove)

ar¢ lo be provided.

b) Coal Pulverizer

300 MW unit

55 tfh x S (incl. I reserve)
are to be provided.

38 tfh x 4 {inck. | reserve)

150 MW unit
38 t/h x 4 {incl. 1 reserve)

c} Pulverized Coal Bumner {for coal as received)
hence:
300 MW unit 150 MW unit
Genesal use busaer 16 sels .~ 12 sels
Reserve 4 sels 4 sels
Capacity of each burner is
@iﬂl - 114t 187.6 t/hJ2 units _ 7.8 ¢/
16 12
Therefore,
12 tfh x 20 sets S8tfhx 16sets
are 1o be provided.
WNatural Gas
hence:
300 MW unit 150 MW unit
lenition burner 20 sets 16 sets
(incl. 4 reseqves) (incl. 4 resenves)
Gas busaes 20 sats 16 sets
(incl. 4 reserves) (incl, 4 reseives}
Capacity of each burner is
v .3 AT | LT
31,213 Nm3/h = 1951 Nm*h 27497 .\m_ [hf2 units
16 12
Therelfore,
2,000 Nm*fh x 20 sels 2,300 Ne*/h x 16 sels

are I& be provided,
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54-6 Ash Handling Equiprment

(1) Quanlity of Ash Generated

Since the content of ash in the coal is 23.7%, the quantily of ash genesated daily per uail wil
be:

300 MW x 1 unit- 150 MW x 2 units
151.21/h x 24 h x 0.237 = 860 t/day 1554 t/h x 24 h x 0.237 = 884 t/day

(2) Proportion of Ash Generated
Assuming the following:

Clinker 15% Specific gravily 1.0
Cinder 5% 0.3
Fly ash 80% 0.3

(3) Quaniity of Ash Dispossl
Assuming that all of the dinker and cinder and 50°% of the fly ash are to be disposed of-

1) Ash disposal per day

300 MW x 1 unit 150 MW x 2 units
860 ifday x 0.6 = 516 t/day 884 tfday x 0.6 = 530 t/day

2)  Planning the area of the ash disposal site to be sufficient for 30 years, the quantity
of ash to be disposed of in 30 years will be:

300 MW x | unit 150 MW x 2 units
516 t{day x 365 days x 0.7 x 30 years 530 t/day x 365 days x 0.7 x 20 years
=3955,t401 =4.062,4501

(4) Ash Disposal Site Area Required
Average specific gravity = Q.85
Assuming height of piling of ash o be 3 m:

300 MW x 1 unit 150 MW x 2 units
3955,1401 _ . 40624501 _ )
'“‘()—'é—s x3 = ],55',%0 m m = I,S93,(}00 m

The design area of the ash disposal lot is to be 1,600,000 m? for the case of 300 MW,
(5) Capacities of Ash Handling Equipsnent
t)  Capacity of Clinker Hopper

A capacily sufficient to store a volume of water 2.5 times the quaniity of ath is
required, and since ash removal is to be done every 10 hours.
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2)

3)

4)

360 MY x ¥ unit
151.2t/h x0.237 x0.15 =54 (/h

S541hxI0hx25=1351
1356 x1.3=176t (176 m?)
90 m3 x ? sets

are to be provided.

Capacity of Jet Pulsion Pump

150 MW x 1| unit

. . R
ISSAYD 0237 X015 _,
28tfhx W0hx25=70¢
708 x 1.3=91 (91 m?)
100 m* x 1 set

Assuming that ash in the clinker hopper is to be handled in 40 minutes,

300 MW x } unit

541fh x 10h x 60 min f40 min. = 81 (
Sttfhx1.3=105th

Therefore,
50t/h x 2 sets
are to be provided.

Capacity of Dewalering Bin (per unit)

150 MW x 1 unit

2.8 1/h x 10 h x 60 min./40 min. = 42 1
421fhx 1.3=55 ifh

301/h x 2 sets

A capacily to accommodate the waler inside the clinker hopper (solume of pres-
surized water for jel propulsion puinp + volume of hopper jetting water) will be

required,

300 MW x I unit

(90m? x2)+

(420 m*fh x 40 min_ {60 min) x 2 +
100 m?fh x 40 min.60 min.

=180 m* +560m® + T0 m3 = 810 m?

Therefore,
900 m?® x | st
are lo be provided.

Capacily of Ash Sluicing Pump

150 MW x 1 unit

100m? +

(250 m*/h x 40 min f60 min) x 2 +
$00 m3/h x 40 min {60 min.

=100m? + 230 m?® + 70 m? = 500 m?

500 m3 x | st

The capadily is used for the jet pulsion pump and for clinker jetting.

a)  Water Requirement for Clinker Handling (per unit)

300 MW x | unit

¥21 pulsion pump water requirement

(420 m3/h x 2 sets) + dinker
Jelling water (100 m3/h)

+ Allowance (20 m3fh)
=960 mh = 1,000 m*h
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Fet pulsion pump water requirement
(250 m*fh x 2 sets) + olinker
jelting water (100 m3/h)

* Allowance (10 m?/h)
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3)

6)

b) Capacity of an Ash Siuicing Pump

300 MW x | unit £SO MW x 2 units

S00m3fh x 3 sets (incl. 1 reserve) 650 m*/h x 3 sets (incl. I reseive)
Capacitics of Coarse Ash Tanksand Fly Ash Tanks
With specific gravity of ash 0.8 and volumetric efl ficiency 0.8, and with holding of a

3-day volume considered, in case of 300 MW x 3 or 150 MW x 2 unils.

884 1/day x 0.85 x 3 days _ - :
08 X038 3,523 m? = 4000 m

In case of 300 MW x | unit:

= Ut = 3 - 3
08 %08 3427 m? = 4000 m

Consdesing the ratio of coarse ash to fly ash to be approximately 1:2,
Coarse Ash Tank Capacity = 1,500 m?f2 = 750 m® = 800 m?

Therefore, the coarse ash tanks (o be provided will be the following:
300 MW x 1 unit IS0 MW x 2 units
1,600 m? x 1 set 800 m? x 2 sots

are {0 be provided.

Mcanwhile,
Fly Ash Tank Capacity = 2,500 m*/2 = 1,250 m® = 1,500 m3

Therefore, the fly ash tanks to be provided will be the following:

300 MW x 1 unit 150 MW x 2 units
3,000 m* x ] sel 1,500 m? x 2 sels

are (o be provided.

Ash Settling Pond
Water from the dewatering bin will flow inio the ash settling pond.

The capacity of the pond will be the following:
Capacily of 1 Dewatering Bin (500 m?) + Ash Stuicing Pamp Waler
Requirement (650 m?) = 1,150 m3 % 1,200 m?

The lines of the above-capacity ponds are to be provided.

5-4-7 Boiler Facilities

(1} Adoption of Natural Circulation Boiler
Boilers may be broadly divided into natural circulation, forced circulation and once-through
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types.
Natural circulation boilers are adopted for this Project for the reasons below.
1) Opcration and mainfenance are relafively casy.
2)  Boiler circulation is sure.
3) Damageis limited cven when water fubes are hanined.
4) Construction cost is refatively low.

(2) Steam Conditions
The steam conditiens used are to be standard type ones which are economical and reliable.

Superheater outlet 300 MW unit 150 MW unit
Steam pressure 173 kgfemi?g 131 kgfcm?g
Steam temperature 541°C 541°C

(3) Adoption of Qutdoor Type Boiler
1) There islitile dead space in construction and the cons{ruction cost can be reduced.
2)  The construction period can be shortenad.
3)  There is more safely in case of fuel teakape.
4) Lighting, wiring and piping are refatively easy to provide.
5) There is hittie rainfall in the Jamshoro Didrict.

(4) Adoption of Balanced Draft System
1) Sulficient draft can be obtained while mainlaining the interior of the furnace at
tower pressure than the atmosphese.
2) Thesystem is safe as there is no leakage of combustion gas to the outside.
3) Contrel of air quanlity is easy.

(5) Adoption of Rofating Regeneralive Air Prcheates
1) There ts litile clogging by ash.
2) The installafion area is small.
3} The heat transmitting efficiency is good.

(6) Adoption of Steam Air Preheater
Since the voal to be used in this Project will have a very high combustible sulfur content in

fuel of 7.1%, a steam air preheater is to be provided lo prevent corrosion of elements at tow-
temperalure parts of the rotating regencrative air preheater,

(1) Setectron of Dust Collector
Etectrostalic precipitator are to be adopted for the reasons given below.
1} The dust collection efiiciency exiremely high.
2) Collection of minule particles is possible.
3) The pressure loss inside the apparalus is extremely small.
4) Maintenance is easy and the maintenance cost is low.
5) Corrosive gas and dust can be treated.
6} Treating of high-temperatlure exhaust gas is possible.
7} The quantity of gas treated is big.

IV-135



{8) Countermeasures for High Electrical Resistivity of Lakhra Ligaite Combustion Dusl

1)

2)

Elecirical Resislivily of Dust and Dust Collecting Efficiency

As a result of measuring the elecirical resistivity of ash from samples of the coal
planned to be used for the Coa-fired Thermal Power Station, it was 3.5 x 103Q<cm
at 2 gas tempesature of 130°C and 2.5 x 10*Q-cm at 160°C.

In general, regarding the relation between elecirical resistivity of dust and dust
collecting efficiency as shown in Fiz. 540, it is said that 10* to 10*Q-cm is the
normally applicable range for a low-temperature electrostatic precipitator: -

200 ¥ 0o
]
PRECIPITATION $ [
PERFORMANCE \ i 90
2 /| ® O\l ® ]| ¢
€ | L 70 3
€ 60 @
S | : 50 %
g CORONA CURRENT ‘ g 2
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[~ © o
o ¥ | &
52 1- I 30 2
o = i 9
| -20
5
! Lo &
1

. . 2 L [ (1 [l [ ] [ ]
10* 0 10 ©v? 10® 10° 107 K" W2

Eleclrical resislivily [ohm—cm}

Fig-5-40 Relotionship belween Precipitolor
Performance ond Resistivily of Dust

In the area (Area D) where electrical resistivity exceeds 101202-cm asshown in Fig.
540 “Back corona’ will be generated in the enlire porlion of the dust layer of
collecting electrodes. Back corona phenomenon is a back discharge phenomenon
which occurs when the vollage generated (V = R x 1) by corona eurrent passing
through a dust layer exceeds the diclectric breakdown vollage of gas in the dust
layer, which results in unstable loading. Efficiency will be lowered as a result.
Further, when highresistivily dust is caught on a collector plate, the charge is not

immediately lost so that it will be forcedly pressed onto the collecting plate with a
farge etectrical force.

Relation between Suffur Contenl in Coal and Electrical Resistivity
The relation belween the sulfur content in coal and the value of electrical resistivity

is shown in Fig. 541.
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3)

4)

In genesal, the electrical resistivity value tends to be lower the higher the sulfur
content of coal. However, this tendency cannot be seen in the case of Lakhra lignite.

10'21
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Fig. 5-41 Resistivily of Fly Ash with Voriolions in Flus
Gos Temperature ond Cool Sulfur Confent

Relation between Chemical Composition and Electrical Resistivily of Fly Ash

As seen from the chemical composition of Ry ash, since Si0Q, and A2, 0Q; have
relatively high electrical resistivities, the electrical resistivity of the ash becomes hizgh
when these components increase in quantity.

C20, MgO and K, O are oxides of alkali metals and have the properiies of neutraliz-
ing the action of SO, , and when the content of these is high, the electrical resistivity
will be high.

Electrical resistivily is lower the higher the SO; content.

There is no factor for high electrical sesistivily to be seen in the chemical con-
position of the ash of Lakhra lignite.

Considerations and Countermeasures

The electrical resistivily of dust of Lakhra lignite is very hizgh as previously stated
and indicates a figwe in the range where back vorona phenomena would be pro-
duced, bul the sulfur content in the fuel is high, while the compasition of Iy ash
does not indicate any figure which would cause electrical resistivily to be high.

There are the methods below for handling dust of high electrical resistivily with a
dust collector.
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5)

a)

b)

The drop in performance due to high-resistivity dust is to be coped with by
increase in electrostatic precipitator capacily, improvement in discharge elec-
trodes and strengthening of rapping force.

Back corona and dust accumulation attributable to dust fake place in case of
collection of high sofectricalresistivity dust. In order (o prevend q.ﬂis from
happening, a discharge electrode with which efTective corona Jdischarge currenl
is oblained even at a low voltage such that back corona is not genenrated is
selected, a hammering system with which powerfu} rapping forces on the col-
lector plates can be abtained to counter dust aceumulation is adopted,and o
secure an efficiency of 907, capacity is enlarged approximately 207 over that
of a conventional electrosiatic precipiiator.

Provision of Dust Stabilizer

Thete age me3sures for stabilizing the resistivily of dust by injection of water or
chemicals. For example, a method of injecting SO, to the outlet flue of the
preheater could be cited. Howeer, sinee the content of SO, in dust is aboul
G% even in the present sfate, it is questionable whether there wilt be any effect
of such SO, injection. A lurther question is whether the injected SO; will be
evenly distributed over the ash particles to be useful in lowenng electrical
resisiivity of ash as a whole since the quantity of ash produced in combusiion
will be large. On the other hand, there is a risk of coscosion of the inner surface
of the flue and the lining matesial at the inner surface of the stack being ac-
celerated when there is trouble with the S0, injection apparatus, while there is
also the risk of sulfur oxide concentralion increasing to cause an environmantal
problem.

Use of Hightemperature Precipitator

The electrical resistivity of ash in general is unrelated to the degsee of sullur
content. The dust collection efficiency becomes stable at about 10°52cm al
a pas temperature of around 300°C. This characteristic is faken advantage of
and a high-femperature precipitator is installed before the air preheater for dust
collection in a hizh-temperatuse range. However, the construction cost of the
electrostatic precipilator will increase by approximately 307% since the precipi-
fator capacily must be increased (65%) with the increased volume of the gas due
to the higher temperature, use of heat-resistant materials, and increased thick-
ness of insulting maternials.

Conclusions

From technical and economic slandpoints, planning is to be done adopting the
method of increasing the capacity of the elecirostatic precipitator, improving
the discharging electrodes, and strengthening the rapping force. However, in canying

owt definite design, it will be necessary to reinvestizgate the matters below and select

a type of precipitator suited to the results.

It will be necessary to oblain 4 or 5 samples of lignite each fiom the West Open Pil,
East Open Pit and undenground at the proposed Mine al Lakhra and measure elec-
trical resistivities of aghes in the range of 100°C to 300”C and investigate in detail
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properties such as the pasticlesize distsibutions and chemic2l compaositions of the
ashes.

5-4-8 Turhina Facilities

(1) Adoption of T-type Arrangement
The layout of the turbine was made a T-type with respect to the boiler in view of the refations
with the arrangements of the condenser water cooling pipes and main transformers.

(2) Adoption of Reheating Cycle
(3) Adoption of Tandem Compound System

(4) Quantity of Condenser Cooling Water
The condenser cooling waler is to be drawa from the Indus River in the vicinity of the site.
The quaniily of cooling waler was calcutated approximately according to the following:

- Q
Gw ¥xCpo x AT

whese
Gy = condenser cooling water qunlity (n*/hr)
Cp = specific heal at constant pressure (Kealjke®C)
4 = specific gravity of cooling water (kefm?)
AT = difference belween cooling water outlet temperature and cooling water inlet

femperature
=37°C -- 28°C
= oC

Q = condenser exchanged heat (Kcalfhr)

300 MW x | unil
3.2 x 106® Kealfh

150 MW x 1 unit
1.7 x 10® Kaaljh

Exchanged Heat

Cooling Tube Material

Flow Velocity inside of Cooling Tube
Cooling Tube Cleaness Factor

3.2 x 103 Keatfhe
Aluminum brass
{with prolection
coaling}

2 mfsec max.
85%
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= 3 = 3
1000 ke x § Keal x 9°C 52600 ™ M 7000 ke x 1 Keal x9°C 15200 mh
(5) Condenser
1) The design conditions are lo be as indicated below.
300 MW unit 150 MW unit

Vacuum Level 700 mmHg 700 mmitz

Cooling Water Inlet Temperature 28°C 28°C

Cooling Water Quantily 35,600 m3fhr 18900 m*/h

1.7 x 10® Kcaljh
Aluminum brass
(with protection
coaling)

2 mfsec max.
85%



(6} Capacily and Number of Units of Circulating Water Pumps

‘The capacity of the circulating water pump is (o be the sum of the items below.

300 MW x 1 unit 150 MW x 2 units
a) Condenser Cooling Water 35,600 m*fh 18,900 m*h x 2 units
= 37,800 m3/h

b)  Cooling Water Cooler 1,100 m3/h 1,500 m3/h
¢} Demineralization Plant 60 m*/h 60 m*/h
d) Make-up Water for Bearing Cooling 10 m3jh 10 m*h

Water
€}  Make-up Water for Ash Handiing 10 m3fh 10 m3fh

System
Y Water for living use 40 m3/h 40 m3/h
g2) Other 50 m?fh S50 m3fh

River Water Quantity Required for 36,870 m*h 39470 m3/h

Power Station

The capacity of the circulaling wafer pump is to be catculated below.

300 MW unit 150 MW unit

3680w _ 39410 o

2 pumpsfl unit St m7fsecjt pump 4 pumpsf2 units 2T mifsee. x 1.1

SAm3fsec. x 1.1 = 5.6 m¥fscc. 2.7 m3¥fsec.m 1.1 =3 mfsec.
Therefore, in casc of

300 MY x 1 unit 150 MW x 2 unils

5.6 m¥fs x 3 sets {inck. | reserve) 3 m3fs x 5 sets (incl. | reseive for

COMMOon use)

are to be provided.

Acvording to the results of analysis of water quality of the Indus River, the turbidity value is a
maximum of 3,500 ppm, and a resesve unit was provided constdering wear of pump impellers.

{7) Capacily and Number of Units of Condensate Pumps
Condensate pumps are 1o be 507% capacity x 3 sets.

300 MW unit . 150 MW unit

340 m*/h x 3 s21s (incl. 1 resesve) 190 m? x 3 sets (incl. 1 reserve)
(8) Capacity and Number of Units of Boiler Feed Water Pumps

The capacily of a boiler feed water pump is to be 55% of the boiler evaporalion.
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300 MW x I unit F50 MW x | unit

980 1/h (boiler evaporalion) x 0.55 500 tfh x 0.55 = 270 t/h
=540 tfh

Consequently, the capacily and number per unit

540 t/h x 3 sets (incl. 1 resesve) 270 /b x 3 sets (incl. ¥ reserve)

are to be provided.
549 Control Apparatus and Control System

Boiless, turbines and generators are to be centrally controlled and supesvised providing boiter,
turbine and eleciric control panel and auxiliary pancls at the central contro! room.

OF the appurlenant facilitics, intake facilities, feed water treatment apparalus, coal and ash
handling facilities are to be provided with control roons at the individual sites, and operalion
and supervising are (o be done using the e2spective control panels.

Regarding supenvisory instruments for the main turbines, besides it being possible for super-
vising 1o be done from the cenlral control room, panels are to be installed Lo permit local
manitoring of temperatuess and pressures.

The principal items in the conteol system of this project are indicated below.

(1) Automatic Boiles Control

The automatic boiler controt is to be mainly electrical, and mainly air types are {0 be adopted
for the control apparatus for pressure, temperature, flow quanlity and level at the site.

1) Combustion Control
2} Feed Water Control
3) Steam Temperature Control

{2) Turbine, Genzrator Control

1) Governor Conlrol

2)  Automatic Turbine Speed Conlrol

3) Avtomatic Synchronous Pasallel-In System
4)  Automalic Voltage Regulation

$) Auvtomatic Load Control

(3) Other Automalic Control Apparalus

1) Soet Blower Control
2)  Automatic Burnes Conirol

Gas burner control with flame detecting systems
3) Digital Computes ’
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