CHAPTER 9 CONSIDERATIONS REGARDING ENVIRONMENTAL MATTERS

9-1 Basic Conception of Environmental Matters

In construction of a thermal power station, the environmental matters to be considered are
those such as the environment of the construction site and ils surrounding area, living
conditions, reliabitity of technology of pellution control equipment, construction cost, elc,,
which are to be subjecied (o overall judgment, upon which the most effective and economical
pollution conirel measures should be implemented. In this Project, seen from the present state
of the construction site, it is thought an air pollution control measure and a wasle waler
counfermeasure will be needed in construction of this power sfation.

92 Air Pollution Control Measure

The factors for air pollution which must be given the utmost consideration in case of a
coal-fired thermal power station are dust and soot (SOy).

9-2-1 Dust Connlermeasurecs

Since the coal to be used af this thesmal power station is of relatively low calorific value, in
addition to which the content of ash in the coal is high so that there will be a large quantily of
ashes produced upon combustion of the coal, there is a necessity to prevent floating dust.

In general, of the ashes produced at a pulverized coal-firing boiler, about 15% is fused and
deposited at the clinker hopper, and about 5% is deposited al the economizer hopper and the
air prehealer hopper as cinder ash of large particle size, but the remaining 807% becomes fly ash
of small particle size and is hauled o the flue beyond the air preheater so that it s necessary
for this to be collected as much as piacticable to prevent diffusion in the atmosphere.

For collection of fly ash, electrostalic precipilators will be installed for the reasons given n
Chapter 5, and since the ach of the coal to be used at this thermal power station is of

extremely high electsical resistivily, the countermeasures stated in Chapler S4-7(8) should be
faken.

9-2-2 Soot Countermeasures

The coal to be used for this thennal power station has a sulfur content in fuel of 7.1 which is
an extremely high value, and it can be expected that the concentration of sulfur oxides in Nue
gas will be high. The conditions of the sile for construction of this coal-fired thermal power
station are that educational facilities such as Sind University are at approximately 5 — 7 km to
the south, while approximately 18 km o the southeast thete is the City of Hyderabad, and,
the wind in wintertime blows mainly from northwest. The diffusion of smoke emitted from
the stacks of the power station of 300 MW x 1 unit in the Jamshoro area was calculated, using
the Bosanquel and Sutlon’s Formula.

In the calculations, the effective height of a sfack is calenlated by the theoretical formula of
Bosanquel, and the maximum ground concentsation of sulfur oxides and the en e nce
distance were obtained using the difiusion formuta of Sutton. These calculations are widely
used throughout the world, '
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According to the calculation results, in case the wind velocity at the outlet of a stack of the
thermal power station is 3 mfsec, a point 29.6 km distant from the point of the discharge has
the maximum ground concentration of sulfur oxides, and this value is 0.08 ppm. In case of a
wind velocily of 6 mfsec, a point 13.9 km away will be the point indicating the maximum
ground concentration, and this value is 0.144 ppm.

The ground concentration of flue gas to be conlained in sulfuric oxides has been siudied with
regerence o the regulations set fosth in the U.S. Federal. The ground concentralion provided
for in the U.S. Federal is 0.03 ppm at a year value and 0.}4 ppm at a 24 houss value,
respectively.

However, the results of calculations have proved that a 24 hours value of the ground

concenlralion in the above-mentioned localities would be over the regalated value in the US.
Fedesal.

Accordingly, it will be essential that a fue gas desulfurization plant be provided in order to
reduce the ground concentration of sulfuric oxides to values fess than those sel forth in the
U.S. Federal,

Since the quantities of sulfuric oxides to be reduced are small, design has been made on the
Nue gas desulfurization plant so that the said plant may have a capacity of treating hall of flue
gas from economical standpoints.

In case the Nue gas desulfurization plant with half capacity should be provided, the maximum
ground conceniration of sulfuric oxides would be 0.042 ppm at a wind velocily of 3 melers
and 0.079 ppm at a wind velocily of 6 meters, respectively. Thus, if such a plant is fumished,
the ground concentration of sulfuric oxides will be below a 24 hour value of 0.14 ppm regu-
fated in the U.S. Fedegal

Results of Calculations of Effective
Stack Height and Concentration of SO,

(1) Planning Condition

1) Capacity 300 MW x t unit
2)  Coal Calorific Value (Grass Calorific Value) 4,613 Kealikg (Air Dry Base)
3) Inherent Moisture 2.5%
4) Ash 2314
5) Sulfur 11%
6) Hydsogen 3.5%
7} Gross Thermal Efficiency (Geaerator End) 3i%
8) Wind Velovity 3 mfs and 6m/fs (20°C)
9)  Excess Air, O, 1.31 (O, =5%)
16) Stack Height 150 m
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{2) Effective Stack Height using Bosanquet Theoretical Formula
1) Theoretical Air Quantity

Ao = 101- 8
¢ o000

+ 0.5 {(Nm*/kg)

where
Ag:  Theoretical air quanlity {(Nm?/kg)
H¢: Net Calorific value (Kcalfkg)
= Hh-- 600 (Sh + W)
= 4,367 Kcalfkg
1th: Gross calorific value {Kcalfkg)

h: Hydrogen content (%)
W Water content
4,367
= 1. t——-305
l\o 0‘ ],000

=491 (Nm?*/kg)

2) Theoretical Combusiion Gas Quanlity

JOBME s (Nm®fkg)
° “Tipeog = T WMmRE
where
Gy:  Theoretical combustion gas quantity (Nm?/kg)
G _ 0389 x 4,367 + 165
e 1,000 ’
=554

3}  Actual Combustion Gas Quantity
Gw =Gy +(m — A, (Nm¥/kg)
where

Gw:  Wel gas quantity (Nm*fkg)
n: Excess air ratio 1.3]

L Gw =554 +(1.32 - 1) x 491
= 7.06 {Nm>*/kg)

v
Gp “Gw-—-—(%h+W)
E
where
V: Vapor volume at standard condition

g: Motlecutar weight of water
Gp: Diy gas quantity {(Nm?/kg)
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22
" Gp =7.06— 9%;-‘1(9 x 3.549.5)

=6.55

4) Coal Consumgtion

Wor o 300 MW x 860
@ " 4,613x037
= 1512 tfh
where

Wep: Consumption of air dried coal

Coal % {Air Pricd Base)

Wew = W
W 7 V0B X001 % (AS Received Base)

20.5
= 1502 x = 182.5 t/h
75

3) Exhaust Gas Quantily

Qp =151.2x655 x 10?
=990.36 x 10? (Nm*/h)

where
Qo: Diy exhaust quantity (Nm>/h)

Qw = 1825 x7.06 x 10®
=1,288.5 x 10* (Nm?>/h)

where
Quw:  Wet exhaust quantity (Nm3fh)

6) Effective Stack Height

a)  Exhaust Gas Quantity at Ountside Air Tempesature of 20°C (m?/s)
1,288.5 x 10® x (273 + 20)

3600 x273
3841 m?/s

Qv =

whese
Qv - Exhaust gas quantity at oulside air temperalure of 20°C

Gas discharge velocity from stack Ve =30m/fs
Wind velocity U =3mf/sand 6m/s
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b) Height of Momentum Rise of Discharged Smoke

Hm = a.17 X Qu1Ve
0430 u
1+
Ve
wheie

Hm: Height of momentum ris¢ of discharged smoke (m)

Incaseof U=3 mfs

417 /3841 x 30
THm s X
| 043 x3 3
30
417
e % 358
1.043
= 163 Tm

Incascof U=6 mfs

417 v 384.§ x 30

03 x6 6
P el
30

. Hm =

4.1 179
= x 17
1.036

= 786 m

¢) Height of Buoyancy Rise of Discharged Smoke

Q\l AT 2
t = 637 Jr =
H T, (loge)? 5 -2)
U2 T
] =—— (043 /m } fo.zsﬁ-Tlnl
vavv, v e@0/dz) g AT

where
AT:  Difference belween exhaust gas tempetature and
outside air tempetature (T, = 20°C)
g: Acceleralion of gravitly 981 (mfs?)
A80}dZ: Temperature gradient of atmosphere 0.0033 ( “Cfm)

Incaseof U=3Imfs
3? 273+ 20 30273 +20)
- (043 - - 0.28—
) V3841 x—30(043 9.81 x 0.0033 0 9381 x |’20

__9mx 388
107.3

= 4.3

1vV-265



63_7_x98| x 3844 x 120

Ht 3} x 293

2
432 +—— -2
(H0g:4.37 + 2= -2)

_ 4,003,582
1911

= 506.1 m

2)

Incase of U=6 m/s

6? / 273120 . 30 x293
=--- 043 f——————— 028 —————)+1
/3841 x 30 TREETD 9281 x 006033 981 x §20 )

It
=
b=

e = 6.37 x 981 x 384.1 x 120 (log.14.07 2 2
6* x 293 T a0

_ 2830341 (5284014 --2)
63288 - T

1556 m

d) Effective Stack Height
He = Hg + 0.65 (Hm + 1)

where
He: Effective stack height (m)
Hy:  Aclual stack height  (m)

Incaseof U=3 mfs
He 150 + 0.65(163.7 +506.1)
5854

It

fncascof U=6m/s
lic 150 + 0.65178.6 t 155.6)
3022

1

(3) $0, GasConcentration Cq o at Maximum Ground Concentration and Emergence s
Distance X, Using Sutton Formwuta

2 C,
Cian ™ Q:.,(‘—‘)x 106}\
zeule
13_
He =-0
Xun= G x 1073
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where
Crnac  Maximum ground concentration (ppm)
Xmae Emergence distance (km)
Qs: BPischarge quantity of SO, at ambient temperature (m? /s)
Cz: Sulton’s diffusion parameters (Vertical) = 0.07
Cy: Sulton’s diffusion parameters (Horizontal) = 0.07
N: Metcorolegical parameter = 0.25
Kt: Dilution parameter = 0.15 (one hour value)

1) Without Flue Gas Desul{urization Plant

Qs = 1502 x7.1/100x22.4f32 x (273 + 20)J273 x 600 x 10*
= 2.24 m? [sec.
Incase of U=3 mfs
Coax = {2 x224/xe x 3 x (585.4)* | x 0:0; x 10° x 0.15
=008 ppm
X = (585.4!0.{]7)5:6% x 1073
=296 km

Incase of U=06 m/s

0.0?
Con = §2x2.24/2¢ x 6 x (302.2) } X507 X 10° X 0.15

= 0.144 pprn
2
X = (302.2/0.07)202% ¢ 103
=139km

2)  With the Half Scate of Flue Gas Desulfurization Plant Since the desalfurization
elliciency is 90%

(2.24 N 224 o
) (—2 Ix0.

Hl

Qs

1.23 m3/sec
Incaseof U= 3m/s
. 007
Cinxe =12 x 1.23/5e x 3 x (585.4)!} x 063 < 10° x0.15
=0.042 ppm

2
X = (585.4/0.07)2-0-23 x 102
=296 km
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In case of U= 06 m/fs

7
x 10% x 0.15

Cﬂ);‘ = ‘ 2 x 1.23)'!(.’ x 6 x (302.2)1 I x 0-0?

=0.079 ppm

2
xm!\ =(302_2I0_0?)2"025 x l0—3
=13.9km

9-3 Waste Water Couatermeasures

Power station drainage is subjected (o oil separation, fillration and neutralization treatments.

2-3-1 Classiflication of Drainage

Power station drainage are generally classified into four categories described below:

(1) Living Diainage
Waste water from toitet, kitchen and washroom

(2} Equipmeat Drainage
Boiler blow water, equipment washing water, diminesatizer regeneration water

{3) Oil<centaining Drainage
Waste water from oil storage house

{4) Rainwaler Diainage

9-3-2 Lay-out of Treaiment of Drainage

Lay-out of treatments of drainage described below:

(1) Living Dsainage

1} Toilet Drainage

a) Central control room
b} Power house: | Noor of the power house
c)  Administsative building
d) Work shop
¢) Coal and ash handling control room
N Guard house
g) elc. _
EToilet J»;_ Seplic Tank J
B T Discharge
2} Kiichen Drainage (}:3“

| Ki!-:h_en | Filtration H Seuling;r*%+L
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(2} Equipment Drainage
1) Boiler Blow Water

2)  Deaerator Blow Waler
Blow Water | — J ‘
Dlscharge

3) Demineralization Plant Drainage

o Guller
I [)emmerahzahon Ptant Drainage } g N Newtralization Pit J-)|_ I

4) Eleclrostatic Precipitator, Air Prehealer, Stack Washing Drainage, Boiler Chemical
(leaning Draipage

(Tem porary Pond)

Washing Drainage ! Neulralization S Ash Pond
Lo e
53) Coal Yard Drainage
Coal Yand DrainageJJ[ Settiing and Filtrating Pif > P;sémigf

(3) Oilcontaining Drainage
1) Gil Storehouse Drainage
2) Bulldozer Garrage Drainage

3) etc.

Oit-containing DlainageMI*E Oil Separator J»r Discharge to Guller

(4) Rain Waler Drainage

Rain Water Drainage }7 :{_ Discharge to Gutlie{
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ANNEX 1 INFORMATION OF FLUE GAS DESULFURIZATION

(I) History of Sulfur Oxides Emission Regulations

Air pollution is caused by the incussion of such pollulanis as oxides of sulfur and nitrogen,
particulates, noxious pases, heavy metaliic dusts and other materials produced and given off
into the atmosphere from factories and simitar commercial installations. In addition to these,
there are conlaminanis such as carbon monoxide, NOxy, hydrocarbons, and dust pasiicles given

off by automobiles as well as oxidants ereated secondatily by the above-mentioned pollutanis
and contaminants.

In Japan, atmospheric pollution was not restsicted because it was too laie to introduce any

anfi-pollution measures controlling the emission of these pollutants whereas rapid economic
growth effected heavy conceatration of indus{ries and population in urban areas.

The electric ulility of Japan has expanded proportionally to the econontic growih. In
pailicular, the oulpul of thermal power plants has displayed a remarkable increase since the
availability of siles for the establishment of hydroelectric plants is now scarce, and the
expansion of nuclear power planis has stageered. Consequently, the increase in thermal power
generation contributes to the emission of a vast amouat of particulates and sulfur oxides to the
already polluted atmosphere.

The past trend of controlling the emission of sulfug oxides from thermal power plants in Japan
and the measures for pollution control of sulfur oxides are described below.

1) Conieol of Oxides

The basic Anli-pollution Law enacted in 1969 provided for the environmental
standards that are desired to be maintained for the protection of human health and
the conservalion of life environmenls and thal are a common and practical goal for
the various administralive policies which aim at pollution control. The provided
slandards are shown in Table L. At the time of its enaciment, the Govermnment
also established a policy relating to the peried and method to attain these environ-
mental standards. The policy was to gradually achieve and maintain these standards
according (o the degree of air pollution and in compliance with the promulgation of

measures. The measutes and programs required for the achievement of the standards
are given in Table 2.

In 1923, the standards relating to sullur oxides were revised as seen in Table 1. There was
a gieat dilference belween the osiginal standards and the revised ones. The latter provided
slandard values on both a daily basis and an hourly basis while the former standards were”
based on the average value ina year.
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These revised standards are the most stringent in the world. For reference, the environmentat
standards for various almospheric conlaminants are compared with those of the United States.
Federal Standards as shown in Table 3.

Table ¥ Compasison of Qriginal and Revised Standards

1969 Standards 1973 Standards
1. Average hourly value in a year should b Average hourly value for 24 hours
not exceed G.05 ppm. should not exceed 0.04 ppm.
2. Number of days in which average 2. Houdly value should not exceed 0.1
hourly value in a day is less than Q.05 ppm.

ppm should be maintained at more
than 70% of ihe total daysof a year.

3. Number of hours during which hourly
value is fess than 0.1 ppm should be
maintained at more than 88% of the
total hours of a year.

4. Number of hours during which hously
value is fess than 6.2 ppm should be
maintained al more than 99% of the
total hours of a year.

Table 2 Efforts (o Achieve the 1967 Eavironmental Standards

1. Promotion of measures to reduce sulfur
a) Stimulation of exploration, exploitation and import of fow sulfur erude oil and
nalurzal gas
b) Development and commercial use of desulfurization techniques of heavy oil and
flue gas
¢} Encouragement of instzliation of heavy oil and flue pas desulfusization planis

2. Overall implementation of anti-pollution measures
a) Planning and implementation of anti-pollution programs
b) Subsidies to focal public entities
<) Proper use of land
d) Strengthening of emission control
e) Consphidation of monitoting system
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Table 3 Compoarison of Environmental Standards belween Japan and U S,

Contaminant Japan National U.S. Federal

Particutates Q.1 mg/m? (24 his) 0.075 mg/m? {a year)

0.2 mg/m® (1hr) 0.26 mgfm?3 (24 hrs)
Sulfur dioxide 004 ppm {24 hrs) 0.03 ppm {a year)

0.} ppm { 1he) ¢.14 ppm {24 hrs)
Carbon monoxide 10 ppm (24 hrs.) 9 ppm { 8 hs)

20 ppm { Shis) 35 ppm { V1 hr.)
Nitrogen dioxide 0.02 ppm {24 hrs) 0.05 ppm (a year)
Oxidanls 0.06 ppm ( 1hr.) 0.08 ppm ( 1he.)
Hydrocarbon * 0.24 ppm ( 3hrs)
* guide line: 0.20-0.31 ppm (3 hrs.)

(2) Emnission Control

1)

Outline of Emission Standards

Emission Standards are provided on the basis of the control of the amount of
pollution andfor concentration. In the early stage, the emission control was based on
the conception that the amounlt of sulfur oxides according to the height of a stack
should be regulated (K-value regulation) from the viewpoint of the dilution effect by
the diffusion of sulfur oxides. Later, the concept of regulating the total amount of
swifur oxides was inlroduced and incorporated into the emission standards together
with the K-value regulation.

These emission standards in Japan are applied to each factory or industrial instalia-
tion which generates flue gas. Introduction of the tofal anmount rezutation is de-
sizned to rationatly and systemalically achieve the eavironmental siandards in an
area where the Kwvalue regulation alone is ineffective to the maintenance of environ-
mental standards owing o the heavy concentration of industrial installations. In this
system, the peimissible total amount of emitred pollutants in the area can be com-
puted by using a pollution forecast simulation technigque which incorporates the

various characteristics of the locality such as meteorolegical condifions, conditions
of emission sourcoes, ele,

In Japan, regarding the conlrol of sulfur oxides, there are presently iwo kinds of
area which are classified, according to the degree of pollution, into one controlled

by K-value regutation and another controlled by a combination of both K-value and
tolat amount segulation.
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2)

K-valu¢ Regulalion

The emission standards for sulfur oxides are the values of K established in each area
according (o the degree of pollution by using the following dilfusion formuta:

q=K x 1073 He?

where  qis the amount of sulfur oxides in Nm?*fh

He is the eflective height of the stack in meter

Thus, the smailer the K-value, the more severe the regulation becomes. In order to
meet the requirement for K-values which are gradually smaller, construction of
higher stacks, wse of lower sullurcontent fuels, of introduction of flue gas
desullurization plant becomes necessary.

Moreover, the K-value regulation has provided the special emission standards which
are stricter for new or expanded fxcilitics only in an area where the existing facilitics
are concentrated and the pollution is already heavy. K-value of such arcas are
indicated by figures in parentheses in Table 4.

Table 4 Revisions made to the Emission Standards for Sulfur Oxides (K-value)

1968 | 1969 | 1911 1972 1 1973 | 1974 | 1975 | 1976

Othee

Overcrowded Area

Polfuted Areast—————f - o fo——f——— o}

204 11.1 11.7 1.01 642 3.5 30 30
(5.6) 1 (5.6) (1.17)

1 263 128 12.8 1.59 1.59 4.67 35 35
(1.75)

|u 262 | 140 | 140 | 9311 934 | 642 | 467 45-

Note: Overcrowded areas include Tokyo, Yokohama, Kawasaki, etc., and other polluted areas
Chiba, Ichihara, etc. for 1 and Mureran for 14,

3

Total Amount Regulation

In 1974, the totzl amount regulation was introduced (o reasonably and sysfematical-
Iy maintain the environmenlal standards, in an area where the conventional
regulation atone proved to be ineflective owing to the heavy conceniration of
industsial installations. In this system, the permissible fofal amount of emilled
potlutants in a specific area were calculated by using a pollution forecast simulation
technique which takes into account such tocal characteristics as weather, conditions
of emission sources, efc.
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The number of areas designated as the (otal amount regulation area has three times
increased so far. Al are included in the category of the severest and (he second
severest K-value regulation. The basic formula for computing the tofal amount
standard is:

Q= awb
where Q is the tofal amount standard in Nm? fh

\V is the fuel consumption in terms of heavy oil in k/h

The Government establishes the values of a and b for each area. Careful considera-
tion is given to factories, etc. to which this control is applied, regarding fucl con-
sumption per hour, for example, more than one k& per hous in Yokohama, mofe
than 0.3 k2 per hour in Kobe, elc.

For new expanded facilities, the foMowing formula is applicd:

Q =aWb + ra [(W + Wb — wb)
where Wi is the fuel consumplion at the facilily under construction

I is the value determined by the government for each area {1{3 in
Yokohama and 0.3 in Kobe)

{(3) Selection of Optimal Process

Fisstly, the two processes, namely Limestone/Gypsum Recovery Process and Caleiom
Base/Throw-Away Process were selecled for comparison in order to select the most
appropriate process for the Lakhra Coal-fired Thermal Power Station. Both processes have high
reliability in operation. There exist many aclual records of having employed the Limestone/
Gypsum Recovery Process in Japan while the Calcium Base/Throw-Away Process has been
commonly adopted in the U.S.A. The two processes are simple, and 1he operation and repair
are casy to be undertaken. Accordingly, il can be said that both processes are and witl be
suifable for thermal power sfations.

The results of economic comparisons of both processes are as shown below:

Process Limestone/Gypsum Catcium Base/
ltem \ Recowvery Process Throw-Away Process
Construciion Cosls 292 Million Rupees 205 Mitlion Rugecs
Cost of F.G.D. 7.0 Paisas 6.5 Paisas
Occupied in Power Cost

Although the constiuclion costs of the Limestone{Gypsum Recovery Process seem to be rather
costly, the amount of sales of Gypsum as a byproduct can be aaticipated. The cost of F.G.D.
occupied in power cost is slightly higher in the case of the Limestone/Gypsum Recovery
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Process. The above-mentioned comparisons prove that there are almost no difference between
both processes. It is recommended that Limestone/Gypsum Recovery Process be employed for
elfective utilization of limestone and gy psum as such indigenous resources will be properly pul

info use.

{4} Instailation of Desulfurization Equipment o Treat Half of Flue Gas

If reference is made (o an environmental code of the U.S.A. {U.S. Federal) related to sulfuric
oxide, installation of the following desulfurization equipment o treat one half of flue gas will
meel the requirements sel forth in the said code.

50, Gas Concentration
Category at Max. Ground Concentration Emergence Distance
Non FGD §.144 ppm 13.9km
Half Scate of FGD 0.679 ppm 139km

(5) Description of Processes

The ime-limestone fgypsum recovery process is to be explained below.

Lime-Limestone/Gypsum Recovery Process

D

Absorption Section

First, the flue gas from the boiles is put into the dust remover where dust is removed
by scrubbing the gas. Alter the dust remover, the flue gas is led into the absorber
wilh 6 banks of spray nozzles, where SO, is removed.

Within the absorber, 80, in the flue gas reacts with the absorbent to be converted
into cafcium sullite and, though in small quantities, calcium sulfate which is
pioduced in the absorber due to the oxidation reaclion of ealcium sulfite and to the
reaction belween absorbent and sulfur trioxide in the Mug gas. These réactions are:

CiCO, + S0, + 1/2},0 CaS0, 12H,0+CO, (D)
CaS0; 1/2i1,0 4 1720, + 3f2H,0 — = CaSQ, *2H, 0 )
CaCO, + SO, + 2H,0 ——— - 250,-21,0 +CO, 3)

Dioplets eatrained in the flue gas are eliminated by their collision against blades of
mist eliminator which are washed intermittently by both fresh water and liquor
separated in the thickener, which is called the mother liquid (hereinafter refesred to
as ML), in order o prevent it from clogging and scaling. After clean gas passed
through mist eliminator is tcheated up to a suifable temperature, it is exhausted
from a stack.
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2}  Gypsum Producing Sectlion

1)

The bleed slurry comtaining calcium sulfite, calcium suifate and calcium carbonate is
transfesred from the absorber to pll controller where pHl value of slurey is adjusted
with a small quantity of sulfusic acid to keep the best cendition for oxidation of
calcium sulfite. And then, it is introduced to the oxidizer, where forced-oxidation
by air-blowing is carried out to produce gypsum. The chemical reactions are:

CaSO0,-1/2H,0 + 1,80, + §211,0 -~ CaS80, - 21}, 0 + SO, {4)
CaCO, + 1,50, + H,0 - —— = (250, 2,0+ CO, %)
CaS0; 1J2H,0+ 80, + 12H, 0 — — - —— = Ca(H50,), (6)

Ca(l150,;), + 120, + H,0 —= CaS0,4+2H,0 + 50, ()
Gypsum is produced by dehydration of the cencentrated slurry by means of
centrifugal separatoss after the slummy from the oxidizer s concentrated to about
207% at the thickener, and stored in warchouse.,

Absosbenl Section

Absorbent such as CaCO, which is stored in the silo is mixed with the ML at the pit
to prepare about 15% slumy. The amount of absorbent almost equivalent to the
mol number of absorbed 50, in the Mue gas is automatically supplied to absorber
after SO, concentration, gas volume and éensily of abserbent sturmy are measured.

Waste Wates Treatment Section
In order to avoid accumukition of impuritics and material corroston caused by

chroline, a portion of ML is discharged from the system after the treatment for
environmental protection.
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Fig. — 1 FLUE. GAS DESULFURIZATION, LIME STONE-GYPSUM RECOVERY
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Throw — Away
Process

Table - 5

{2)

Classification of Wet ¥ G D Processes

Calkium base

Throw - Awvoy

Sodivim  base

i3}

Throw - Away

Absorbeént

CaCOs
Co(QH)2

A

No OH

Ilime,Lime stone

(4)

/ Gypsum

Co COs3
Ca (OH)2

Double otkali

Gypsum
Recovery
Process
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Flow Chart
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Gypsum Recovery Process
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Ftow Chart
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Table -7 Desulfurization Installations in The Elecfric Utilities of Japan
Power Coinpany |Oesulturization Process Moker Power plont Unit ({)t;.;\;‘;’ Fuel Stort ~ up Go&"\;o/l-:in;e Cog:;:uy Efl::;:;ncy Remarks
PMitsul Miike Machinery | Tokasago I | 250 1975 - 2 | 840.000 | 100 93.3 £ P OC: Electric power
Mitsui Miike Mochinery | Tokosogo 2 | _250 1976 - 3 840.000 i00 93.3 Deveopment Co.Ltd.
_ 1 HI 15090 I 265 1976 - 3 800.000 100 90 et 1
£ POC Wet, Limestone - Gypsum TR “Isog0 > 205 Coal 076 — 5 900, 600 o | o0 qIHID lshl_kg.;roijr::go
boock - Hitochi K.K | Toxehora I 250 1977 - 2 852. 000 100 | 922 Heovy Indusiries
IH1,Mitsui Mike Mochinery | Motsushimo ] 500 1980 - | __1.300.000 75 95 Co, Lid.
e e Wtk Maotsushimao 2 | 500 1980 - 7 i.300. 000 75 95 ’
. L , Babcock - Hitachi K.K | Dote 1 350 {H8C,; 1978 - 12 260.000 25 90
Hokkaido Wel, Limestone - Gypsum g i ccek- Hilachi KK | Tomokowoi Sigosii| 1 | 350 oot | 1986 - & 610.000 | 50 90
Wet, Limestone - Gypsum t‘\%[g{b?shi Heovy Indusiried Hachinohe a | 250 Heo 1974 - 2 380. 000 50 90 | _
’ itsubishi Haavy Industries] Higoshi-Niigola i 600 Y| 1976 - 6 420.000 25 90 tie up with Kureha chemicol
Téhoku Wet, Double Alkeli-Gypsum [Kexgsaki Heavy Industries| Shin -Sendai ? 600 |Oil 974 - 3 420.000 25 96 Industries
Wel, Sodium-Sulluric Acid [Mitsubishi- Kokoki Koisha Niigota q 600 1277 - 3 760.000 50 S0 Weilmon — Load
Wel, Double Alkali-Gypsum [Kowasoki HeavylIndustries| Akita iI877 - 9 ). 050.000
Tokyo Dry, Active Carbon Pabcock - Hitacht K.K | Kashima 3 600 [Heavy | 972 - 7 420.000 25 80
Wel, timestone-Gypsum ditsubishi Heavy Industries] Yokosuke i 265 | Oil 1979 - | 400. 000 50 90
Wel, Sodium-Sulturic Acid  Mitsubishi-Kokoki Kaisha | Nishi- Nogoyo | 220 {Heovy I9?3 -5 620. 000 100 80
Chubu wet, Lime - Gypsum :iiubﬁh' Heowy Induslries| Owose -Mita _ | 315 {on 1976 - 3 1.200.000 | 100 S0
Mitsubishi Heovy Industriés] Owose-Mita 2 375 I876 - 5 1.200.000 100 30
Hokuriku Wet, Sulturic Acid Dilution [Chiyoda chomicol Eng | Toydma-Shinkd | 1 500 Heawﬁ 1979 -0 750.000 | 50 L
- Gypsum & Conslruction Co,Ltd. | Fukui ! 350 KrudeOiil 1975 - 6 1. 050.000 100 96
Mitsubishi Heavy Industriés | Amagasaki-Higashi| 2 | 156 1972 - 3 100. 000 25 90
Wet, Lime - Gypsum Pirsubishi Heavy fndustries] Kainon | 4 600 1973 -12 400.000 25 20
Konsai pidsubishi Heawy Indusiries] Amoagosoki-Higoshi | 2 156 |[Heovy § 1975 - 1 375.000 75 90 Additional Indstatlation
beock- Hitachi K.K | Osako 3 156 |0Oil 1975 - 3 500.000 100 90
Wel, Lime stone-Gypsum gt cock- Hitachi K.K | Osaka 2 | 158 1975 - 12 500.000 100 20
Wet, Lime ~Gypsum Paitsudishi Heovy Industries| Amogosaki-Higashi| | 156 1976 - 10 475.000 100 90
Wel, Lime stone- Gypsum }Bobcock- Hitachi K.K | Osaka 4 156 1976 - 10 500.000 IGO0 20
Babcock- Hitachi K.K | Mizushima 2 156 pleawOilj 1979 - 4 310.000 | &8 80
— . . Babcock- Hitachi K.K | Tamoshima 3 500 [Heawy& |1 1975 - 7 1.460.000 100 96
Chogoku Yl Lime stone -Gypsum Bobcock- Hitacht K.K | Tomoshimo 2 | 350 GH 1976 - 3 1.000.000 100 | 96
isubishi Heavy Industries] Shimonoseki 2 400 Ol 1977 -4 1.200.000 100 90
] . Kowosaki Heavwy Industries] Anon 3 450 |Heovy | 1975 - 8 1.260.000 100 97 tie up with
Shikoku Wel, Doubte Alkali-Gypsum L owasaki mg[mm,é,s Sokoide 3| as0 | oil 1975 ~ 10 1| 260.000 100 ‘97 | Kureha chemical Industries
Mitsubishi Heavy Industries | Karito 2 375 1974 - 6 550.000 50 90
Mitsubishi Heavy Industries| Karatsu 2 | 375 1976 - 3 570.000 50 90
Wel, Lime stone - Gypsum  Mitsubishi HeavyIndustries| Ainouro i 375 |Heovy | 1976 - 4 730.000 75 90
Kyushu idsubishi Heovy Industries] Ainoure 2 500 | oil 1976 - 5 730.000 50 S0
[Mitsubishi HeavylIndusiries] Karatsu 3 500 1976 - 6 730.000 50 90
Wet, Double Alkoli-Gypsum [Fwosaki Hewylndus!m‘s Buzen 1 500 | 1977 -2 736.000 | 50 90 'Il;'rel:‘l; ‘:;g:nicol indicios
Wel, Lime - Gypsum [Mitsudishi Heavy Industries] Mizushima- Kyodo 5 i56 1976 - | 611.000 100 30
Mitsubishi Heavy Industries] Niigalo - Kyodo ! 350 976 - 1 530.000 | 50 20 _
Milsubishi HeavyIndustries| Niigalo - Kyodo 2 350 1977 - 3 530.000 50 __ 90
Others We1, Limestone - Gypsum Mitsubishi Heowy Indusiries Sokala - Kyodo | 350 He'ovv 1977 - 10 1.100. 000 100 90
Mitsubishi Heavy Industri¢s] Sokata - Kyodo 2 350 | oit 978 -10 1.100.000 | 100 90
TLHI Sufnitomo - Kyodo 3 156 1975 - 12 450.000 100 90
Jditsubishi Heovy Industries] Fukui - iyodo ! 250 1978 -8 750.000 100 95
[Mitsubishi Heavy Industries [oshima-Minami-Kyodd 2 — 1976 - 9 431.000 — 90
We?, Sultur ic Acid Dilution Gyp IChiyodq chemicol E8 € | Toyamo - Kyodo I 250 1975 ~ 9 750.000 100 92.5
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Table -8

Features of F G D Processes

F G D Process

Choractleristics of Process

Manufaclurers in Japan

1)
Calcivm base

Throw - Aviay

l.
2.
3.
4.
5.

Desulfurization efficiency of more than 90%

The simplest process

fasy operdtion

The cheopest consiruction cost {no by- product}

Location conditioned by lond gvailabilily becouse of the nescessity of
large ash pond to throw awoy calcium suifite.

Mitsui — Miike Machinery

{2
Sodivm base

Desulfurizotion efficiency of moré than 90%

. The simplest process

Easy operdtion
Cheap construction cost ( no by - product)
Expensive operation cost (forge consumplion of absorbent})

Very lorge quantity of woste weler to be treated {unsuitadle for lorge boiler)
Sviloble process for the papér and pulp factory which consumss Glouber's solt

Ishikawajima -Harima Heavy Industries

{3)
Lime — Limeslone

SEUNSINOTD NN -

Désulfurizotion elfficiency of more than 90%

Simple process

Eosy operolion

Necessily of controlling and removing scale in the absorplion liquid circulaling sysfem

Mitsubishi Heavy [Industries

Mitsui - Miike Machinery

Babcock - Hitachi K. K

Ishikawajima - Harima Heavy Induslries

{4)

Double Atlkoari

{Indirect lime —
lirnestone process)

RN -

Desulfurization efficiency of more than 90 %
Expensive conslruclion c¢ost

. Complicoted process

Difficult operation

Unsuiloble_ process in the cose of the high concentsrolion of oxgén in flue
gos (lorge consumplion of absorbent)

Kawasaki Heavy Industries (Tied up wilh
Kureho Chemicel Indusiries)

Shoaa Denko K.K {Tied up with Ebara
Manufacluring Co.}

Tsukishima Machinery

Gypsum Recovery - T
(5) Df:sulfunzalion efficiency of more thon 90% Chivod . . i
. Simple process iyoda Chemicoatl Engineering &
Sulfuric Acid - £osy operotion Construction Co. Lid,.
Oitution Expensive conslruction cost high grode of moterials)

{Indirect lime-
limestone process)

. Expensive operalion cos? (ensrgy cost)

Necessity of calolyst {Mg acls aos negalive catalyst})
Large quantity of woste water to be lreoted

{5}
Ammonia Colcium

Endirect lime —
limestone process})

NGO OPMNTINOOBNN -

Desuvifurizotion efficiéncy of more than 95 %

. Compiicoted process

Difficuvll operation
fxpensive operation <ost { obsorbent)

. Generation a plume of smoke owing t6 NHia  leokoge { pardicularly, in the cose

of the oil - fired power planl)

. Treatment of NHiy in the wosle waler

No actuol use for large FGO ploni

Nippon Kokan KK

Mognesium base

. Complicated process {in parliculor, necessily of hondling of powder)
. Difficuil operotion

. Expensive construétion <ost

Milsui Miike Machinery

L. Desvifurizoation efficiency of more then 95 %

2. Complicoled process

(7) 3. Difficuit operation

. 4. Expensive conslruction cost {high grode motériols) Milsubishi Kakoki Kaisho
Sodium base 5. Unsuiloble process in the <¢ase of the high concentration of oxgen in flue
gas (targe consumplion of absorbent) (Wellman Lload)
Sulluric Acid 6. Being more economical {for the higher  sulfur conlent of flue gos
Recovery 7. Being able to produce simple subfur if desired

I. Dasulfurizotion efficlency of more than 95 %

(8) 2
3
4
5
6

N

. Being economicol for the higher sulfur content of flue gos
. Being oble to produce simple sulfor if desired

No woasle woler Ireolmend in the c¢ose of the oil-—fired theirmal power ploat
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ANNEX 2 ON UTILIZATION OF FLY-ASH

A great deal of ash is produced during the course of coal combustion in a coal-fised thermal
power station, which is different fiom the situation of an oil-fired power station.

Since ulilization of a low-catoried fuel such as lignite necessitates larger quantities of fuel for
operation of the same scale of unit in compatison with an oil-fired thermal power station, it is
nalural that Yarger quantities of ash should be produced at a power station.

In case a powes plant with an installed capacily of one (1) unit of 300 MW is operaled al 2
plant factor of 70%, the quantities of ash to be produced at the power plant for a period of
thitfy(30) years are estimated at 6,600,000 tons.

fn the event such ash is disposed into lowered places (such as holes, tagoons, eic.) threz (3)
meters in depth, a required area of tand is roughly caleulated to be approximately 1,600,000
square meless. In addition, it is essential that adequale consideration be given to possible

countermeasures against scattering and oulflow of disposed arficles which are apt to occur
because of wind and rain.

Tentatively Conceived Nature of Coal frony the Proposed Lakhra Coal Ming

Calorific Value: 4,613 kcalfkp on a air-dry basis
Inherent Moisture: 92.5%
Ash Content: 23.71%

Ash produced at a coal-fired boiler can be divided into clinker. cinder ash and fly-ash. The
composilion ralios of said categories of ash are around 10 to 20, S to 10% and 70 to 85%,
respectively. Various studies have beea made on the effective uitlization of cinder ash and fly-
ash which account for approximalely 75 to 95% of the total composition. The use of these
arlicles established up Lo now is as stated below.

(1} Use of Fly-ash as Mixing Material of Cemenl

The quantity of cement can be saved by mixing geod-qualitied fly-ash with concrete in proper
manner. Besides, the following advanlages could be anticipated.

1) The workability of concrete will be improved, which will reduce the quantity of
water per cubic meter of concrele.

2) It will be possidle to minimize temperature rise of concrete caused by the heat of
hydration.

3) The intensity of concrete will be strengthened.

4) The shrinkage of conceete will become lesser.
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5} The permeabitity of concrete wil be improved, and persistence of concrefe against
chemical erosion will be stronger.

(?) Use of Fly-ash as Matedials for Cement

The majos components of cement are calcium, silicon, aluminum oxide and ferrous oxide. Clay
is used for oblaining silicon and aluminium.

As one of a series of measures for utilization of fy-ash having the same ingredients as clay, the
former instead of the latter is used for making cement.

In order to maintain the necessary intensity of concrele, the quantity of fly-ash is limited to
less than 5% the total guantilies of materials forming cement.

(3) Land Improvement
Since My-ash is of atukalinily, il is used fos bellenneat of acid soil. Roughly grained fiy-ash is

utilized as “green ash™ for improvement of land. Besides, fly-ash is also usable not only for

improvemient of acid soil in plowed ficlds but also for facilitating drainage of water from the
said places.

(4) Packing Malerials for Sealing of Mined-out Area
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ANNEX 3 UTILIZATION OF GYPSUM

(1) Introduction

Since the lignite 1o be used as fuel for Lakhra Theimal Power Station has a very high sulfur
confenl, it is planned to install flue gas desulfurization facilitics at the power stalion to prevent
atmosphesic poltulion by sulfur oxides.

The system of the flue gas desulfusization plant is planned to be that of absorbing exhaust gas,
using bimestone as the absosbent and recovering gypsum as a by-product, namely, the
limestone gypsum recovery method.

‘The installed capacity, based on U.S. Federal segulations, will be capable of trealing one
half of the capacily of flue gas from the power station so that approximately 120,000 tons of
gypsum can be produced annually at the flue gas desulfurization plant.

Regarding methods of using gypsum produced from the flue gas desulfusization plant, thete
are some meihods already in praclical use in various counltries of the world, while others are
underzoing studies, and it may be said thal practically almost all of the uses are in connection
with building materials.

(2) Classification of Gypsum

Gypsum obfained as a by-product from flue gas desulfurization plant is generally gypsum
dihydrate (CaS0,+2i,0), and this is calcined to make if a hemihydeate gypsum (aS0, -
1721, O} lor various uses.

From the standpoint of uses, gypsum may be classified according to the following:

1) Bela lype hemihydrate gypsum
2)  Alpha lype hemihydrate gypsum
3) Type Il anhydrous gypsum

Hemihydrate gypsum which results from calcining gypsum dihydrate al approximately 100°C
to 250°C is generally called calcined gypsum and is used for plaster and gympsum board.

Sirength is higher with the alpha type than with the beta type, but gypsum normally called
calcined gypsum is a mixture of the alpha and bela types.

When pypsum is heated to above approximately 300°C, it is dehydrated and becomes
anhydrous pypsum.

Anhydrous gypsum does not harden to much strength on addition of waler, but when calcined
upon mixing with a small amount of additives, it becomes Type Il anhydrous gypsum which is
extremely hard alter selling so that it is used no! only as wall material but also as floor
matesial in Europe and the Uniled States.
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(3) Uses for Gypsum
The uses for gypsum in Japan are the following;
1} Gypsum Board, Plaster
Used as interior finishing malerials.
2y Panel

Used in the form of thick gypsum boards for nonbearing walls of ordinary partitions
and fire parlittons.

3) Fire-resistant Covening

Bonded to struclural steel in frameworks of multistory buildings in the form of
panels, blocks or boards, or injecled around steel {o improve fire resisfance.

4}  Additive for Cemeal

Approximately 3% is added to cement for the purpose of adjusting the hardening
time of concrele.

V298



PART V SCHEDULE, COSTS AND ECONOMIC
AND FINANCIAL ANALYSES.

CHAPTER 1

CHAPTER 2

CHAPTER 3

CHAPTER 4

CHAPTER &

IMPLEMENTATION SCHEDULE OF THE LAKHRA MINE
DEVELOPMENT AND THE COAL-FIRED POWER STATION

ESTIMATED GAPITAL COSTS
ESTIMATED OPERATING COSTS
ECONOMIC ANALYSIS

FINANCIAL ANALYSIS






PART V SCHEDULE, COSTS AND ECONOMIC
AND FINANCIAL ANALYSES.

CHAPTER 1 IMPLEMENTATION SCHEDULE OF THE LAKHRA COAL MINE
DEVELOPMENT AND THE COAL FIRED POWER STATION

1-1 bmplementation Schedule

In onder fo develop the Lakhra coal mine with a capacily of 1,200,600 tonnes per annum and
{o set up the 300 MW coal fired power station at Jamshoro, an implementation schedule
shown in Fig. 3-1 starts with the approval expected to be made by WAPDA to the Government
of Pakistan for oblaining linance required for the project and ends with the final disbursement
of the loan provided by the financial institution and the schedule also includes preparatory
work to be underfaken by WAPDA, such as preparation and isswance of tender documents,
award of conlraels, opening of necessasy LJC, ete. as well as construction work, supenvisory
work by the consuliants, issuance by WAPDA of final accepiance certificates for the coal mine
and the power sialion.

Based on the request made by WAPDA delegates who visited Japan in November 1980, the
implelentation schedule was made on condition thal preparation work af site shall be com-
pleted within 24 months from the teceipt of the feasibility report by WAPDA. Since coal
production at the rate of 1.2 mil. tonnes per annum will take about 45 months from the time
of commencement, 47 months is estimated for the completion of the power station. Therefore
about 71 months will be required to start commerscial operations of the power station from
the receipt of the feasibilify report by WAPDA.

1-2 Schedule Before Construction Work

In preparing the implementation schedule, it was assumed that 24 months counted from the
receipt by WAPDA of the feasibilily report would be needed for WAPDA to finish any and
all required preparatory work {er the commencement of the construciion work at sife.

1) Consulling Work Rendered by the Consultants . _ ... 12 months

On seceipl of letters of credif by the consuitants, the consultants shall immediately undertake
sile sumvey, review of the feasibility reporl and compile “tender documents™ together with

detailed design and drawings which shall be forwarded to the financial institutions for theis
approval.

(2) Ofiess by Bidders

WAPDA shall draw up 1heir notices of tenderss for suply of machinery and equipment and for
civil and construction work for the project several times in half a month to the public through
daily new papers or magazines in the industsies concemed.

Bidders who are interested in the tender have lo oblain tender documents from WAPDA so
that they may submit their offers to WAPDA by the due data of tender closing vpon furnish-
ing bid bonds. The estimated time required by the bidders for making their offer shall be
limited to 2 months and a haif.



3) Conltracl Finalization

WAPDA and the consultants shall jointly undertake tender evaluation for making a short list
of prospeclive bidders showing order of priority with whom negotiations shall be started.

The short list is to be submitted to the financial institutions for their approval. WAPDA shall
enter into negotiation for the contracts with the prospective bidders according to the order
of the shorl tist.

Contracts shall only be made by WAPDA based on the results of negotiations with the prospec-
tive bidders which has o be reported to and approved by the financial institutions.

{4) Opening LfCs in Favour of Conlractors ... .. S months

WAPDA is requested to open irrevocable letlers of credit in favour of confractors within S
months fiom the date on which their contracts become effective.

1.2 Construction Schedule
1.3.1 Coal Mine Development and Railway Construction

Fhe development schedule shalt have 33 months of fead time for conslruction work to com-
mence coal production at the end of 1985, which includes design work for coal mine develop-
nme, procurement of the necessary machinery and equipment and other required work such
as initial consiruction work, construction of surface facilities, stripping work for open pils,
development work for underground mine, construction of coal preparation plant and consfruc-
tion of railway. By completing the above entire consteuction work within 33 months, WAPDA
will be able to starl coal production at the 1st longwall face in undeiground mine by December
1985 provided the letters of ceedil are opened by WAPDA in favour of the contractors within
24 months from the date of receiving the feasibility report by WAPDA. The schedule is esti-
mated con the basis of 300 days of work 2 year and 8 hrs of work a day, and 3 shifts for
workers in underground and open pit.

1) Preparatory Work by WAPDA before Aprif 1983

To meel the target for power station to start commercial operalion in 1978/88, the most
crilical work which has to be completed is the stripping work of oveiburden at open pit.
Detaited drillings, construction of acvess roads to the pit for transporting heavy mining equip-
ment and site survey for maintenance shop for equipment used in the pit are ako critical work
and such woik is o be completed by April 1983 before the strpping work of overburden of
open pit taken place.

In addition (o the above, preparatory stripping wosk fo proposed open pit and prepasation for
mining equipment to stait operalion should be compleled by the time stated in the above.

To complete 2ll the above woik in iime, ordess for the supply of main equipment such as
heavy mining equipment for stripping of overburden, main equipment of substations and
machinery/equipment for maintenance shop should be placed with contractoss and irrevo-
cable letters of credit shalt be opened by WAPDA in their favour by the end of March, 1983



without fail. Therefore the necessary proceduses for procurement of this main machinery and
equipment shall be decided 3 months before placing orders by WAPDA.

(2)  Surface Facilities

Construclion of surface facilities, construction wosk for access roads should commence in
April 1983 to keep pace with the progress of the preparatory work.

Construction for a maintenance shop for the heavy mining equipment should be completed
during June 1983 to May 1984. Equipment of water supply and drainage should be completed
in 1984, whereas a emergency power generaling plant, work shops for elecirical and under-
geound machinery are to be complefed within 6 months in the first half of the same year.
Erection of electrical facitities and construction of administration and mine offices are to be
completed by December 1985

3) Coal Preparation Plant

A coal preparation plant including as Irdal fest shall be completed within 27 months from
October 1983 (by Decemiber 1985) and this schedule is composed of disign work in 3 months
and fabrication, transporiation, construction of the plant in 21 months with teial test in 2
monlhs.

4) Underground Mining

Preparatory work for drifling underzeound eatries will have to continue for 3 months starting
“ from the beginning of October 1983 fotlowed by placing ordess for the required equipment/
meterials with the contractors in Aprit 1983

The following drifting works should be started in Januasy 1984 and the ful) production can be
achieved by December 1987 starled with initial production at Ist longwall face in 1986 and
al 2nd longwall face in 1987.

for inclined shall: 8§ months

for main entires: 8 monlhs

for gate entsics and preparation of longwalls: 8 months

Total- 24 months
5) Open Pit Mining
The necessary preparing work shall be completed by Apiil 1983 and siripping work of over-
burden shall also be started by introducing heavy mining machinery. About $ mi}. cubic melres
of overbusden in the west pit and east pil will be stripped in 1983, thereafter, about 7.78 mil.
cubic melres in 1984 and 8.9 mil. cubic metres each both in 1985 and in 1986 will be stripped.

Two heavy duty eleclric shovels are to be employed for the above stripping wosk.
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) Railway Construciion
Since April 1983, leveling and civil work for rail-frack will have to be started in entire sections
and fusther laying rails and construction of terminals for loading and unloading should be

completed in 1984 and by the middie of 1985 respectively.

Commeicial operation of the railway shall be started by the middle of 1986 alter a trial for a
reasonable period in 1986.

¥} Coal Production Dusing the Construction Pesiod

Coal production can be expected even before siart of commerical operations al the power
station. The amount of the coal refesred in the above weuld be 127,000 tonnes in 1984,
319,000 tonnes in 1985 and 733,600 tonnes in 1986, which makes 1,179,000 tonnes as in

tolal.

Mosi of the coal produced before commerical operations at the power station wifl be sold for
domestic consumption but the rest will be stocked in the desert.

(3) Summary
The following are the targets for the implementation schedule of the coal mine development.
Underground mine:

27 months is required for initial preduction and full produciion can be
expected within 39 months.

Qpen pit mine:

48 months for initial production and
&0 months fos Tull production will be required.

Surface facilities:

33 months is reguired.
Coal preparation plant:

27 months is required.

Railroad:
39 months is required for completion.

1.3.2 Construction of the Power Station
The construclion schedule shall be 47 months which covers design and supply of plant

machinery, ocean and inland transpostation for plant machinety, civil and construction work,
erection and trial testing.
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The construction has to be commenced on receipt of satisfactory leiters of credit by the con-
tractors in their favour provided the letters of credit are opened by WAPDA within 24 months
from the date of receiving (he feasibility report from JICA. The schedule is estimated on the
basis of 23 days work a month and 8 hours work a day.

The following are the divisions of the work with time required for completion.

1) Design and Manufacluring

Design 2nd manufactusing of the machinery for power station shall be started by the manufac-
turers on receipt of lelters of credit by the contracior. Manufaciuring of the machinery for the
power sfation shall take aboul 19 months including their trial tests and packings for frans-
portation. Rotor for turbine and geacrator is the item which will take the longest peried to
manufacture among the machinery for the power stalion.

) Transpoiiation

Should the machinety be fabsicated by the manufactusers, shipments will be made upon
receipl of the pecessary export and import linceases from Customns authoritics.

Two month is required for transportation from the port of outiel to Karachi, procedures for
Custom clearance at Karachi and for fowarding to the site.

3) Civil and Construction Work

Construction of provisional facifitics and buildints required for construction and leveling of
the land at site shall require ¢ months.

Civil work for circulating waler required for the powes station i.e. construction of canals for
infake and discharge of waler is required for 29 months, howeves, the above civil work should
be completed by the time eleclricily is supplied to the site and frial tests of auxiliary
machinesy are uvndertaken. Further 9 months for foundation of the main buildings and 27

menlhs for construction of the main buildings starting from the steel structuse fabrication are
¢nvisaged.

All of the ¢ivil and construction work including repais work, if any shall be completed by the
time of steam admission to the turbing.

@) Fabrication of Power Generalion Equipment, Erection and Teial Tests

Fabrication of the boiter staris with Lfting a boiler drum and ends with waler pressure tests for
the part of boiler wheae high pressure is induced.

Egreclion of auxiliary equipment and other work al the site shall be underiaken by the trial.
16 months in total is required to complete all the above work.

Although the work for earthing ¢lecltric machinery in the power station is carried out in paral-
lel with a part of civil and construclion work, erection of Lusbine, generator and instruments



are to be completed by the time of steam admission (o the boiler. In othes wosks time required
from the tifting drum fo the completion of the above work would be 20 ionths.

Before starting commercial operation, trials for the auxiliary equipment at site will be carried
out on¢ by one when clectricity is provided by WAPDA, however, 3 months is required o
complete both the ofi load test and the load test on the whole power station including adjust-
ment work.

Major divisions of the contruction werks defined for one unit of 300 MW power slation, time
expected to commence each of the divisional work and months required for conpleling each
of those work are stated as under:

Work Commencement  Monihs required
Prepasatory work Apr. 1983 -
Foundalion Oct. 1933 6 monihs
Steel structure fabsication Jul. 1934 15 months
Lifting boiler dsum Apr. 1985 24 months
Water pressure test for boiler Nov. 1985 31 months
Supply of electricity at sites Mar. 1986 35 months
Stari firing of boiles Auz. 1986 40 months
Steam admission to turbine Dec. 1986 44 monihs
Commercial eperation Mar. 1987 47 monihs

1.4 Final Disbursement

When 2nd fongwall of the coal mine comes into operation and all of the construction work
of the power station is completed, a take-over trial test is due (o be undestaken in the presence
of both WAPDA and the coniractors.

The final payment in the forms of eithes foreign exchange or local currency have to be setifed
between WAPDA and the contractors within one month from the date of appsoval given by
WAPDA for the result of the t1ake-over trial test.

Entire disbursement for the project shall be made by Becmeber 1987 in any case.

15 Executing Organization and Administeation

During the entire schedule of the project implementation, it is advisable for WAPDA to
emply consultants for obtaining suppost or execution and administration of the project.

Execution of the construction work shall be devided into four rrajor seciions stated below.

Coal mine development

BJT/G with desulfurating plant
Civil and constrarction works
Coal handling plant

Bt
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Among the above sections, priority is to be given to the development of the open pit mines of
the coal mine development when compared with others, therefore, the work shou!d be started
without loss of time.

An organization chart and selationship among WAPDA, the consultants and the contraclor is
shown as follows:

Consuliant | WAPDA | Contractos
Head office Head office Head ofiice

| lrﬁ ljm

Consuliant o WAPDA _ Contractor %
Project office ) Project office Project office i

{1 Work to be Undertaken by WAPDA
1) Application for the finance

Marking an application for the finance to the financial institution through the Government of
Pakistan along with the “implementation plan” explaining the outline and the financial plan
of the project.

2) Selection of the consuliants

Defiaing the “Terms and Reference” for the consultancy work, evaluating the proposals of-

fered from consuitans, making contracts with the consultants and opening lelters of eredit in
Favour of the consultanis.

3) Compiling a tendesr documents

Determination and finalization of the teader documents, together with specification and
drawings based on a draft submiited by the consuliants.

4) Iaviting tendes and awarding contractors
Announcing the tenders and evaluating the bids from tenders under the assistance readered
by the consultants, thereafter awarding eontractors with contracts and opening letiers of
credit in favour of the contraclors.

5) Prepasatory work before commencing consteuction

Acquisition of land for the project sifes, supply of electsicily and water at sifes and any other
preparatory work o starl consteuction.

6) Approval of documents and drawings
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Appraising and giving approval of the documents and the drawings submitted by the con-
tractors,

7) Policy for the project execution
Making decision on WAPDA’s personnel plan for the construction work, organization for
project execution, plan for the construction work, testing programme for divisional wosk and
procedures for take-over trial test.

8) Issuance of take-over certificate

Issuing a take-over certificate after the resuli of trial tests in accordance with the procedures
decided by WAPDA under the cooperation rendercd by the consultants.

9) Leadership coordination and control for execution of the whole project.
10) Payment to the contractors.
) Work to be Undertaken by the Consultants
The following is the major work for which the consultants are responsible.

1} Review of the feasibility reporl and undertaking detail design on receipt of letters of
credit in favour of the consultants from WAPDA.

2) Tender documents and specifications
Drafling tender documents and any other related documents with specifications for WAPDA
such as an invitation lelter, general and specific terms and condilions of the teades, technical
specifications, delals of engineering matters, a bid from, ete.

3) Tenderevaluation
Screening of bids submitted by tenderers according to evalvation standard 2nd manner agrecd
upon between WAPDA and the consultants and preparation of a report dealing with the results
of their evaluation and recommendation thereof to WAPDA.

4) Assisfance in finalizing contracts
Necessary assistance to WAPDA in Ninalizing contracts with contractors.

5) Assistance in approval of documents

Necessary assistance to WAPDA for appraisal and recommendation on the documents and
drawings submitted by the contractors to WAPDA.

6) Assistance in inspections at manufaclurer’s factories, which are underiaken outside
Pakistan.



7) Assistance in supervision for construction work

Technical assistanc'e rendered to the supervisory staff of WAPDA at project siles.

8) Assistance in (ests

Assistance in evaluation and resull of the tests beging carried oul by the contractors and in
making a recommendation on the result of tests to WAPDA. Necessary fechnical assistance
and recommendation to WAPDA for issuing the take-over cerlificate to the contractors.

9 Monthly repori

Making a monthly reporl compsising work undertaken by the consultants and recommenda-
tion for progiess of the construction work to WAPDA and also making a final report on the
completion of the work when the construction work is entirely compleled.
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CHAPTER 2 ESTIMATED CAPITAL COSTS

2-1 General Description
The estimated capital cosis in this study are composed of the following ones;

Direct costs inclusive of equipment cost, conslruction cost and centingency, and

indirecl costs inclusive of import duties, engineesing fee, administration cost and
interest durnng construction.

The above mentioned capital costs are calculated in the foreign currency and local cumrency
portions, sespeclively.

The costs in the foreign currency poriion include the each IFOB price of machinery and tools,
electrical equipment, materials and supplies as well as spare parls thereof for five years to
come, ocean freight and engineering fee for expatriate personnel.

The costs in the local currency porlion include salaries and wages of WAPDA & PMDC ofticials
and lapore;s, local materials such as cemeat and aggsegate domestically produced and pur-
chased for consiruction work, and inland transposiation and import duties of construction
machinery and tools imported from overseas countsies.

In particulas, it is worthwhile stating thal the masine cargo insurance premium is quoled in the
local curvency portion in accordance with the policy of Pakistan.

The capital cosls stated above have been estimated both in the foreizn and local currency
poriions, based on the following conditions.

{1 Requirements in Foseign and Pakistani Currencies and Estimated Under the Following
Conditions:

1} Requirement in a foreign currency:
Oblained based on the prices prevailing in Japan as of June 1980 (on a C&F basis).

2) Requirement in the Pakislani corrency:

Obtained, with prices prevailing in Pakistan as of June 1980 reckoned as a refercnce
standard.

2) Cusgency exchange rales adopted are as follows:

1 USS = I0Rs
1US § = 220%
1 Rs =22X%

3) Import Dulies

40°% of the C&F price is reckoned as impori duties.
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(C)) Contingencies

5% of the costs for civil engineering, construction work and electrical equipment is reckoned as
the contingencies which are lo be applied to an inevitable design modification and to an item
nol taken into account upon estimation of prices.

{5) Administration Cost

4% of direct costs is reckoned as the adminisiration cost covering those expenses necessary for
WAPDA & PMDC to undertake the Project, which will be incusied in head and field offices
and in connection therewiih.

(6) Engincerning Fee

5% of direcl cost is estimated as the engineering fee which includes personnel expenses,
enumeration, overheads, travelling expenses, various comniunication expenses, etc. which will
be incurred in employment of consultants. This fee, meanwhile, includes expenses necessary
for WAPDA & PMDC personnel to stay in a foreign country in conneclion with the perform-
ance of work related to the services of consultants which includes evaluation of bids.

(N Enterest during Construction

In consideration of the implementation program and conceivable tesms and conditions of loans
nomally applied to the projects of WAPDA & PMDC, interest during constiuction is cal-
culated at 8.75% for a toan in a foreign currency portion and al 12.5% for that in the Pakistani
curiency poition, respectively.

{8) Assumptions

The following expenses, however, have been excluded from the estimates in this repoik
Land procusement cost and compensation expenses of any nalure

House, guest house, mosque, recreation facility and the like.

Taxes imposed on engineering fee and income tax for foreign engineers.
o Escalation

e o @

Details of this estimated capital costs is shown in Tables 2-1 to 2-16.
These costs could be summarized by main item ard by cuirency as shown in the next page.
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CAPITAL COST

TOTAL OF MINE AND POWER STATION
(000,000's) RUPEES

Mine "~ PowuStation |  Tom

Desoriptios Foreign | Local Foreizn | Local Foreiza | Lol
cus- cus- Total cur- cur- Total cur- our- Total

XY ey 120Y IERCY fency ey

Purchase, Instaltation &

Esecticn of EQuipment 1,131 350 | 5481 2,505 1,065 3470 1 3,536 1,415 1,951
Conlingency 56 1B " ¥21 53 7 177 7 218
Direct Coss 1,187 386 | 1,555 | 2526 | 1,118 | 36414 3 n3 | 1486 | 519
Imgort Doty - 452 452 - 905 905 — 13,357 1 1357
Enginering Fee 58 19 77 147 35 182 205 51 259
Adminkstrzlion Cost - 62 62 - 145 146 i 208
Indisect Cost 58 513 591 157 1,686 | 1,233 s 1,619 1,824
Total 1,245 %01 2,146 2673 2,104 4811 2918 3,105 7,023

Intziest During FC. - 158 - 1.1} - 838
¥ 1,348 1124

Ceastruction 1LC. - 158 316 — 738 - 916
| Grand Tl 1,245 | 1297 | 2522 | 2673 § 3552 | 6135 | 3918 | 4809 | 8,747

Fiexgght, taxes anad duly inctuded.
The estimates reflect 1980 June price kaels
No escehtion

2-2 Mine Development

The estimated capital costs have been calculated as the period of construction will be from
1983 to 1985.

Based on the PMDC PC-1 report (Feb. 12, 1976), the estimated capital costs haye been cal-
culated as follows:

1)) Pioduction Facilities —

o  Site work, and construction cost of road, faclory buildings and preparation planl.

o Mechanical and electricat equipment purchased and instalfation costs applicable to
the mine operation.

o  Machines and materials for mine development and construction costs applicable
to the mine opesation.

o Mine development and construction costs have been included the costs of road
heading for underground mining, overburden stripping for open pil, maintenance
of equipment paris and power cost, elc.

o  Preliminary expenses during the initial 36 months of the project.

Preliminary expenses cover such costs as the cost of drilling and technical fee of
foreizn enginears.

(2} Ancillary Facilities —

o Construction costs of office buildings, furnitures, etc.
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3 Service & Welfare Facilities —

o Officess® salaries and workers® wages during the initial 36 months of the project.

1) Railway Facilities —

s Consiruction of frack and mechanical and electsical equipment purchased and

installation cost
o Loading and unloading facilities

The costs for detailed exploration and drilling in 1981 and 1982 have not been included.

Escalation has not been included.
Based on the abowve, the estimated capital costs have been calcutated.

Deatails of the estimates are shown in Table 2-1 to Table 2-12.
Summaries of the estimates are shown in following tables:
ESTIMATED CAPITAL COST

(000,000's) Rupees

[)est;ip!ionr 1 ﬁiFmeig,n currénc; Local currency Tolai—
Production Facilities 1,022 222 1,244
Ancillary Facilities 3 20 23
Service, Welfare Facilities : - 23 23
Sub-Total ! 1,025 265 1,290
Railway Facilities 106 85 191
Contingency 56 18 (s
Sub-Total i 162 103 265
Direct Cost Total 1,187 368 1,555
fmporl Dty — 452 452
Engincering Fez 58 i9 77
Administration Cost - 62 62
Indirect Cost Tofal 58 533 591
Tolal 1,245 201 2,146
Interest Daring FC. — 188 376
Construction LC. - IS8

| Grand Total - 1,245 1,277 2522

Freight, [axes and duly included.
The estimates rellect 1980 Jure price kevels.
No. escalation.
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ESTIMATED CAPITAL COST OF MINE

(000,000°s) Rupee’s
~ Description Foteign cureeacy Local curtency Total
Production Facilities 1622 630 1,652
Ancillary Facilities 3 20 23
Senvice & Welfare Facilitics — 24 24
Total 1,025 674 1,699

Freight, taxés and duty incloded.
Contingency in direct cost not included.
The estimates reflect 1980 June price levels.
Wo escalation.

ESTIMATED CAPITAL COST BY FACILITIES

(000,000°s) Rupee's
Description Forcign curtency Loxal curtency Total
Underground Mire 85 49 134
Open Pit £03 493 1,296
Susface Facilities H 80 151
Preparation Plant 66 52 ] 13
Sub-Total 1,025 614 1,659

Freight, 1axes and duly included.
Continzency in direct cost not included.
The estimates ecflect 1980 June price levels
No escatation.

2-3 Coal Fired Power Station

The costs necessary to construct the coalfired thermal power station are included in the
eskimated capital costs.

In accordance with the implementation schedule, moreower, costs are estimated al prices

prevailing as of June, 1980 on the assumption that 300 MW unit will be completed in March
i987.

The estimated cosls include the fotlowing ones:

o Construclion of camps (contractors’ offices, lodging, miess hall, canteen, ete))
necessary for the construction work, readways for work, etc.
¢ Fuels and chemicals necessary for acceplance lests.

The construction costs 1o be incussed on this Project roughly estimated as shown in Table
2-13.
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The fund requirement by yeéar is estimated based on the implementation schedule under the
foltowing conditions:

N Civil Engineering and Consiruction Works - - - - progress payment.

{2) Equipment cost (C&F)

o 10% of C&F value ---- upon signing the contract
o 80% of C&F value ---- upon shipment
° 10% of C&F value - --- vpon completion of acceptance test
3) Installation Woik - --- progress payment
(4} Contingencies - - - - proposiion to the amount of annual direct work costs

) Administration

Costs after the commencement of work are eslimated in proportion to the annual
payment of direct work cosls

Work costs by year estimated under the above-mentioned conditions are as shown in Table
2-14.
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TARLE 2-2

CAPITAL (D5
SHRT
(000*s) RUPEES )
19&3 1984 1585 1 Totlal
i tocal Local Local ) ) Local
Gescription foreisa Total | Fereign Total | Foreign Tetal | foreign Tota)
Direst Tax Total Direct Tax Total Direch Tax Total Direct Tax Total
(KINE) .
. PROCULTICN FACILIVIES
Land & Trproverent - 23 - 719 - - - - - - - - - - - o= 213 - 2 21
Puildirgs - 7.9U4 - 7,914 7,314 3,935 | 22,612 1,62 | 28,224 | 23,159 2,047 8,135 818 2,013 11,060 5,521 33.rl 2,4301 41,151 47,133
iMachirery & EQuipcent 213,216 | 16,363 f122,129 |193,492 Jesz,res | am, | 6,223 | 74,503 | mo.72s f2s2.e97 | 10| 8,382 | 53,727 | 62,103 |us3,n87) 751,035 3,968] 30,352 3,27 1,052,002
F;auml Equigoeat 25,945 er3 ) 10692 | .30 w558 s.078 ne| zam| 26| s.ess| s3] 13831 353 4,907 | 13.515] 40655 2.0 teesst 18,908 59,431
Feelinirary Eapense w13 1,022) - 1,022 | 14.420) 9. s | - 15| 9.5¢6]| 5,523 | - 166 | s5.695] 28,227 1,31 - L34 Z29.em
rc-xslrm:lim 3 Developrent 5,024 30315 18,856 ] 52,261 § 98,325 62,722 51,350 | 27,766 | 79.M6 1 145,833] 76,5757 63,637 | 31,335 ] 65,032 | 121,607 190.36) § W3, 32| 73,047 | 226,493 | 415,770
$52-10TAL 579,623 | 59,626 L 211,652 | 220,208 | eon,0m | 268,906 | e0,469 106,30 166,000 | ass.as| 223,802 | 8v.7409 | £9.478 | vv,227 | 395,095 0,022,400 | 220,844 | 497,508 [ 629,345 | 9,651,745
B. ENCILLART FACILLTLES 8i5] 643 kY 6,127 7,623 2,219 | 12,687 934 | 13,21 15,90 220 455 S0 545 65 3,345 19512 1.3 | 20,943 24,263
€. SIRVICE 8 VELFALE - s.263] - s;eesl s8] - ERTIN eaeal sass] - 9.452| - 9,452 | 9.8 - r R TLE I 72,93 22.9%
TOTAL 530,462 | 21,324 | 213,939 § 283,323 | 833,152 | 271,185 ] 101,340 J 107,305 | 203,645 473,831 724,032| 9155 83,558 | 190,254 | 435,345 [1,025,745 269,350 | 433,872 | 673,772 § 1,633,958
{RAILMAT)
Paad (Track) - 412 160 - 43,160 42.162] 17,400 33,630 1,134 | 42,234 57,614 - - - - - 32,4001 82,240 234 | 83,314 W6,
Bulldisg - - - - - - - - - - et} 1,091 3l oA | 2 o] Len MEf 143 2,275
Vachinery & Equipmnt . - - - - - - - - - r3f vee] 2| 335 faneie| 7s,%3| nam] 3wz 35551 LAY
Clectrical Equijeeat - - - - - - - - - - 9,31 wy | 3ez] a0is) 13,38)  em w3 362} 40950 13,38
WAL - 43,180 43,160} 42,160 172,400 33,080 7,131 F 42,214 | 57,614] 83,5 2,18} 38,232 33,055 | 122,550 105,94 ] 88,931 43.43% 1 123,420 l 234,358
685D TOTAL 530,657 | 120,458 | 210,933 | 332,483 | 552,952} 203,585 [ 134,420 | 110,432 | 243,859 | 537,049} 312,628 S4.434 | 125,565 220,300 § 532,926 1,131,650 | 349,333 | 452,304 | £01.642 § 1,933,322

Freight, taxes and daly fnclufed.
Tre gstirates veflect 1350 Muse peice tevels.

Ko escalatfon_
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TABLE2-9
CAPITAL COSY

SALARTES AND WAGES
(000’3} RUPEES

(Local Curremcy)

(13

Year
Section Description 1983 1384 1685 Total
Urderground Kine Qfficers 16 522 606 1,144
Yorkérs 12 | 1,141 1,568 2,721
Sub-Total 28 | 1,653 2,174 3.86%
Open Pit Officers 852 936 93 2,724
Yorkers 2,052 | 2,492 2,492 7,036
Sub-Total 2,908 | 3,428 3,428 9,760
Adainistration Officers 1,450 | 1,691 1,807 4,948
Yorkers 8856 | 1,358 1,782 4,006
Sub-Total 2,336 | 3,059 3,559 8,554
Preparation Plant | Officers - 126 126
Korkers - 184 144
Sub-Totad - - 270 210
Officers 2,318 ] 3,149 3.475 8,942
Total ¥orkers 2,950 | 5,000 5.556 13,907
Tolal 5,268 | 8.3 9,431 22,833

Thegstizates reflect 1980 June price levels.

o escalation.
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TABLE 2,10

CAPITAL (05T
T SATRRIES
{0D07SY TFLES
(Locat Currency) Sheet 1
Year
Section Description Salary % 1933 194 1535 Total

Undergrownd Rire {Mine Farager 3,620 n 43 53 s7
Deputy Bire Manager 3,655 - 13 73 145
Assistrat Xining Engireer 2,545 - 74 L 74 184
tonswall Face Forecen 1,155 - - - -
Fillar Splittieg Fereen 1,155 - - - -
foad Feading Forecen 1,155 3 83 167 53
Yentilatlion Forecen 1,15% - 14 4 23
Road Painterance Fgorenen 1,055 - 55 55 12
B2ulage Forenen 4155 - 42 42 &5
Electrical 8 Mechanica) Foreren 1,155 - 97 97 194
Safetyle=p Rooa Foreoen 3,15% - 4 14 28
GEfice Clecks €15 2 8 8 18
Total 6 5¢2 &06 1,154

kst o Fit Kine Fanager 3,670 43 43 43 | rad
Cepaly Kire Man3zér 3,655 73 13 73 213
Assistnal Kinirg frgiceer 2,545 92 a2 92 216
Strippirg forecen 1,155 42 &2 42 126
Banksdooling Foreoen 1,155 28 28 28 &%
Partirgs & Coz2l tozdieg Foreaen 1,355 - 23 ] 56
Faylage forecen },155 25 42 42 112
foas €radicg Foremen n15S 1® 1 " Y]
feclanation Foreoen 1,155 1] 14 14 a2
Electrical Foreoen 1,155 &2 42 42 126
Yizckanical Forooen 1,155 &2 a2 42 126
Cifice Clerks £L5 8 8 8 24
Sub-Total 426 453 538 1,362

East n Pit Rire Fanazer 3,620 43 43 43 123
Cepoty Rine Penazer 3,055 13 73 73 219
Assistnt Kining Ergireer 2,545 92 92 92 216
Stripping Forecen 1,155 42 42 42 216
garkshooting Foreoen 1,155 5 8 23" £4
Partings A Coal toading Forecen 1,35% - 23 28 5
¥aulage Foricen 755 w8 42 L 14 12
Rozd Gradirg Forenen 1155 1% 14 14 52
Reclazatfon Forecen 1,155 14 14 14 42
tlectrical Foreoen 1,155 [¥] 42 42 126
Kechaiical Foreoen 1,15% §2 42 L¥4 126
Office Clecks &5 8 8 8 24
Sub-Totad 4i6 48 3 | 1,%2
Total 552 a3 936 2,124

The estirates reflect 1930 Juee price Tevels. t Ssfroanfoonth
% escatalion.
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TR3LE 210

CAPLIAL (651
T SRURRTES T
{Continues) loco’s) eeees Stext 2
_ - I Tear ]
Section Cescription Salary 1533 1924 1355 Total
Feragerent Cereral Marager 5,659 (%3] &3 &8 bl ]
Ceputy Gereral Marager 5,092 122 122 172 o 32
ClerksfIypist E4S F£3 3 3 €3
S8 -Total 213 213 23 £33
Gereral Affaiss Marager 3,620 43 43 43 123
Deguly Maracer 2,715 33 33 33 92
Clerks/Typist 533 7 ? 1% 3
Depsty Maraser Securily 2,715 33 33 33 72
Security Inspeclors 1,13 41 43 43 123
Cleris 565 7 7 ? 21
Fesh Ir2es €45 8 a i5 n
S.5-Total 172 122 185 530
Fecounting Accoantant 3,055 ErJ kY 37 m
Assistanl Atcownlant 1,630 Frai] 20 20 (]
Aocont Assistants 1,355 14 " 4 42
Cashier 1,355 " 14 14 42
Clerks 56% ? ? 7 21
Deputy Farager Store 2,515 3n n E} 33
Store Feejers 3,155 L] 42 42 58
Sib-Total 137 165 165 £57
Labour B Socinl Fanager 3.620 33 43 43 183 |
“¥zlfare Ccpaty Karager Latour 2,715 33 33 33 $2
Superwisers, Eeploy 930 " 11 11 33
Superdisors, Control 930 - n M 3
Cepoty Parager, Fafrprice Shop 1,63%D - - Pt 20
Sales Supervisors £58 - - 10 10
Azcomt Assistand &0 - - 10 12
tlerk/Cashier 39 - - 7 7
Gffice Clerk £65 7 ¥ 1 21
Sb-Total 1) 1#8 s 397
Civil & Kater Yaracer 3,620 43 43 43 123
Sopply Rssistzat Civil Enjincer 2,715 33 33 313 93
Oversear, Civil 1,63 20 20 Fol &
Rssistant Sarveyor 1,155 4 1 " 42
Cepaty Marzger Water Supply 1,155 33 33 33 53
Water Sugply forecea 1,115 (L 14 14 42
Gffice Clerk 555 7 7 7 21
S-Total iz 164 1£4 432
Elecivical & Merager 3,620 43 43 43 125
¥echaalca Assistant Engireers 2,7¥5 €5 =3 [ 43 193
General Focenan, ¥ark $5op 2,715 kX 13 32 53
Etectrical & Mechenical foresea 1,155 23 55 55 13
¥ork Shop Foreaen 1,158 u 3 23 R
Office Clerk 585 7 ? ? 21
St-Totnd 19 2313 213 657
Tre estirates eeflect 1550 Jre goice levels. * Bofraafnoath

K> escalatica,
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TABLE 2-1D

CAPITAL sy
SALARTES
000"S PUPEES
{Continued) Stect 3
R Year
Section Dcseriplion Salarys 19a3 1938 1955 Total
Systlea Marager 3,680 - 43 13 &5
FralystfClerk 645 - 8 8 15
Sub-Total - s 51 102
¥cainicg Yanager 3,620 43 43 43 123
Trairer 3,155 3 F' 83 133
Gifice Clerk 55% ? 7 7 2
$4-Total 8 18 78 253
Panning ¥anager 1,620 43 43 43 23
Assistant Engircer Z2,715 &5 65 €5 §35
Mniar Engineer 1,155 4?2 42 42 126
Explosive foreran 1,155 12 14 4 42
Geologist 3,655 37 37 37 n
Assistanl 6:0logists 1,155 3 23 28 24
Ceilling forecen 1,155 8 28 28 2]
Sarvegsor 2,515 31 31 n 93
£ssistant Survejor 1,155 47 42 47 126
Gifice Clerk 565 7 ? 7 2
Sh-Total 337 337 KEr 1.011
Safety Meracer 3,620 43 43 43 123 |
Safely Crew 1,155 " 14 " 42
Gffice Clerk £55 2 ? 2 el
S8 -Total &4 (3] (£ 192
Hedical #Hedical Officer 3,645 - [ 1] £4 s
Rssistant Medical Officers 2,85 - M M [ 2
Lady Assistaal Fedicad Officers 3,645 - - - -
Office Clerk £45 - & 8 16
Sh-Tatal - &5 &5 172
Total 1,450 1,631 1,607 4,912
€oa) Preparation | Menager N - - 43 43
& Tsanspart Cereral Forgman, Plant 2,515 - - 3 31
Plant Foreexn 1,15% - - - -
Depoty Marager, Trassport Z,%45 - - 31 kil
Transport Foresen 1,155 - - 14 14
Gffice Clerk 565 - - 7 ?
Total . - 126 126
6rasd Total 2,}g 3,143 3,415 &,%92

The estirates reflect 1950 Mire price levels.

Ko escalation .
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H3LE 2-10
CAPITAL (DSY
WL
(GJ)ES! FUPLES
Steet
[ _ T Wage Year T
Section Bescription 1983 | west [ asss | rotm
Urderground Rice | Longaall Face Warlers * - - - -
Pillar Splitlirg Workers . - - - -
Rozd Heading Warkers * 12 274 547 a
Yeatilation ¥orkers * - 32 32 &
Fainterarce ¥Workers * - 58 212 210
Faalage Warkers * - 249 240 450
Electrical & Fechanical Forerea * - 1111 i 223
Machire Orerators - - 18> 142 prial
Safetylarp Roca Markers = - 70 70 115
Electrical & Mechanical Stere
oriers . - 53 53 105
Off ice Warkers » - 1590 169 320
Total 12 1.141 1,58 2,721
E— - —
¥est Gpen Pit Stripping ¥orkers : V13 173 1”73 519
Bankstooling Workers . s 145 145 435
Parlirg & Coal toading Warkers * - 128 178 236
Haulage Workers = 3 £17 47 1,038
foad Grading Warkers * 70 7% 10 210
Reclazatica ¥orkers * 73 73 3 213
Electrical ¥orkers * 42 42 §2 126
Fecranical Yorters - 52 82 L¥4 126
Gffice Workers * w7 27 Fil 621
Sk-Total 105 | 297 | v.297 3,650
East Open Pit Steipping ¥ariers . 173 173 173 519
Bzrishouling Warlers - 145 145 45 413
Pariing § €531 Leading Yorkers * - 15 s 73)
Haulage ¥Workers * 256 38 343 235
Rozd Grading Workers * (2] &5 2] 192
Feclaralion ¥orkers * 61 &7 62 N
Electrical Woriers s 42 42 42 113
¥zchanical ¥arkers bl L ¥4 42 42 126
Cffice Warkers * 07 207 207 e21
$ubh-Total 916 1,195 1,15% 3. 85
'_lolal J 2,052 2,432 2.432 7,036 __]

Fhe estirates reflect 1950 e price levels.

x> escalation .
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TAZLE 2-11

CAPITAL COST
WS
{09075 BIFEES
{Continucd)
Stegl 7
[ T - Year
" Wixe ® ———
Secticn Description 183 124 1835 | Total
Pndergrivnd Nire Locgwall Face Workers
Chicf ¥orkerss 2 €45 - - -
Kirers -2 530 - - - -
Frop Crewers +2 5% - - - -
Stadbleoen .2 59 - - - _
Porp Checkers *2 53 - - - -
Packers 2 530 - - - -
Pullbachrnen 2 %3 - - - -
Face Painleadnesan 53D - - - -
S*ol Firess 3 545 - - - -
5.h-Total - - - -
Pillar Splitting Worlers
Mirers *3 530 - - - -
Shot Firers 3 545 - - - -
SoE-Tetal - - - -
Razd B2ading ¥orkers
irees *3 53 8 192 4 584
leader *3 5% F 4 43 85 L)
ot Firers 3 545 2 33 Fi 112
Sut-Tetal 12 2M 547 €33
Yertilation Yorkers
Bratticeren 53 k7 32 [1)
Flyash Facker 530 - - - -
625 Patrod 530 - - - -
Sub-Tetad - k4 2 €4
Entcy Falnlenarce Woriers
Pa-el Maintenance 53 - 19 % 3
Track ¥zintenarce 539 - 32 €4 55
Gate ¥ainlerasce 5% - - L 169
{irclude rick duster)
Shot Firers 545 - ? 20 27
Sub-Ttea) - 58 212 210

Tre estirates reflect Y953 Jure price Tevels.

ko escalation .

Xate: *2: Twd Shifts
£3: Three Shifis

V40

* Rsfranfrcath




TARE 2-H

CAPITAL €D51
WS
(Contirued) {000 5Y FUPEES Steet 3
j - Vige* |- Year
Seclion Desceiption 1933 1924 1935 Total
Vederground Rire Faulage Workers
Surface ¥orkers
Qiesel Locomptive Driver 599 - 21 2% 4?2
Shunters 545 - « w0 £9
Tippler ¥ea 530 - 14 11} 23
Tigpler Felpers 530 - 33 E=] 76
Ualergrourd Warkers
Battery Locootive Drivers 530 - 42 42 E4
Stunters Eattery Locooolive 545 - I3 33 18
Shunters Pit Mouth 545 - 13 13 &5
Stunters Fit Bottos 545 - 13 33 €5
Shunters Munctica 8 Each Pared 58 - - - -
Sb-Total - 245 rd 3] £20
Elechrical B Fechanical Norkers
Elechricians E45 - 3 31 £2
fleclricians Apprentices 530 - 6 e 52
¥echaaics €45 - 3 kil 62
¥echanics Appreatices 53 - 5 F( 52
Sub-Total - 1148 1142 e2e
Fechine (perators
Sarface ¥orcers
Air Corgressnr Operatlors 530 - Fd 21 42
Aie €orpressor Kelpers 530 - 19 13 £
Kain Slope Boist (perators 559 - n 21 L kg
UreZe rgroemsd Warkens
€2ain Coaveyonr Ocerators 533 - 14 113 e
B.L. Batlery (harger 5% - 21 21 &2
B.L. Batlery (rarcer Assisiant 5% - z5 25 50
S&-Total - 14D 140 780
Safelylerp Roca Workers
Safetylarp Issuers 53%) - 13 |11 a8
Safelylarp ¥Warkers 53 - 13 19 £
6Gas Letector Supervisor 9% - n 1% 22
€as lelector Repair Pan 550 - 2t 2% 42
Sb-Toral - 0 Fii] 120
Electeical 8 Mechanical Store
¥oriess
Issvess 533 - 19 19 k ;4
Supervisors 93 - 2 k1 [ 2.3
Sb-Tolad - 53 53 Lr -3
Office Workers B
Mnicr Clerks 533 - 58 53 116
D€fice Atkentants/Dilercen 53 - €1 [£ 122
Oecleen 5 - B 3 15
S:h-Tolal - 162 {15 k¥
Total - 1,11 1,53 2,1

e gstirates reflect 1950 JMure price lesels.

%o escatation .

V4l
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TESLE 2-1)

CAPLTAL £0%Y
E-siots
(Eontinved) 00 5) ROPEES
Steet 4
- Year
3 iotio Mage®
Section Deseription 1933 1904 1955 Tota)
Yest Open Pit Stripping

Stovel Ogerator n.s e €45 13 13 45 133
Helpers 5% a3 33 33 1t¢
Oilers 590 43 43 43 129
Broundnen €45 45 46 45 133
Sab-Total 173 173 173 513
Barlshooting
Crillers 9.178" €45 3N 31 3 93
Falpers 530 51 51 51 153
Dozer Operators £45 1 n k) 93
Shooters 532 32 32 32 56
ub-Total 145 145 145 435
Parting Coat Loading .
Orillers ) /e E45 - [13 5 k]
relgers 53 - 1) e6 52
Bozer Ogerators €45 - 15 15 »
Scraper (ferators €45 - N K} &2
Hydraulic Exvater Dperators €45 - 15 1% 3
Shocters 55 - 2t 26 52
Lab-Tolad - 128 73 255
Faulage
Truck Crivers 120 1 EL5 156 23 23 €48
Trwck Erivers 45 1t €45 15 71 17 163
Breaseren 53 26 2 k74 %
Feehinist B ¥Wolders Helper 53) 26 26 i 78
Crossing Yatedren 5% k=) k3 33 {11
Yotor Fatsols 530 13 13 13 23
$A-Total ™ 417 417 1,113
Foad bradirg
Grader Op=rators €45 15 15 15 45
Dorer Oeerators €45 15 5 15 45
Sprinkler &35 8 8 8 2
Geresal Warkerss 53} 32 Iz 32 55
SA-Total 10 10 i 2o

The estieatles reflect 193 Jure price Yesels.

&> escalation -

V-42

* Refranfreath




TASEL 2-1%

CAPITAL (OST
. VEEES
{Continued) {000"SF BFEES Steet S
Wiged Year -
Section Descripticn 1983 1921 1985 | Total
Yest COpen Pit Raclaration
Orzer Operators €15 1% 15 15 45
Scrager (xerator 645 8 8 8 e ]
Cruwsher Ogerators (213 15 15 15 45
Front Erd Loadess &15 8 & 8 24
Trucks 15 ¢ £45 8 8 8 24
Gereral ¥orkers 533 19 19 13 57
Sob-Total 13 13 23 213
Elechrical ¥orkers
Eleckricians (23 23 23 23 63
Eelgtes 5% [ 1 19 19 L34
Sub-Total 42 42 42 16
Kechznical Workerss
Mechanics £45 23 23 23 €3
Felpirs 333 19 13 9 57
Sb-Total 82 &2 L¥4 1Z6
Office Clerk
Junicr Clerks 530 83 283 83 243
Alterdznls $30 % 26 26 78
Tire Keepers 5503 21 21 2% 63
Rprenliices 539 17 7?7 Izl 23
S-Total P 207 07 621
Total 3,056 1237 1,297 3,650
The estirates reflect 1950 Mure price levels. & Refranfronth

K escalation |
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TASLE Z2-11

CARNTAL OOST
TNALES
(0907S) RPEES
{Continzed)
Steet 6
Year
- Yage®
Section Cescription 1983 1928 1985 | Total
East fxen Fil Strigping

Savel Operators 11.5 n3 €45 45 25 45 133
freraters Felpers - 53 38 38 33 114
Qilers 570 43 43 43 V3
Crouedocn - €55 L3 45 46 133
S5-Total 13 173 123 519
Barkshoaling
Drillers g 7/8° €45 n n 3 93
Falgers - 532 51 E) 53 153
Dozer Ogerators £15 n 3 3 93
Shooters 530 32 k74 32 96
$u5-Total 45 145 145 435
Partirg (nal leadirg
GriYlinrg 58 =fm €45 - L L] 15 X
Felpers . 5% - 13 i3 26
Dozer Opecators E45 - 15 15 k)
Scraper Operdtors €4S - n 3 62
Hydraalic fxvator Ggerators &5 - 113 15 30
Shooters 530 - 26 F{3 52
5%5-Total - 115 1113 230
Fazlege
Treck Deiaers Lo Ky 645 3% 185 183 503
Truck Ceivers 16 ¢ €45 15 415 5 107
Grezsenchn 530 5 32 k74 3.
Fzchinist B Welder™s Feldgers 530 o3 6 26 i
Crossing Watckcen 5¥) 3 33 33 114
¥oter Fatrols 5% 13 3 13 k)
SA-Tatad 55 340 3o 935

Tte estirates reflect 1550 Jure price leuvels.

Ky escalation .
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TAStt 2-1)

CAPIIAL COSY
WLGES
(Continued) (00 Sy Popess _ Sheet 7
] o H;g-e‘ Year
Section Bescription 1983 1934 1955 | tetal

East Pit Foad Gradirg
Grafzr Cperaters £15 15 15 15 £5
Dozer Dperalors €15 15 15 15 45
Sorizklers 15 8 3 8 24
Ecreral Yorkers 3 26 26 26 78
$4-Totad £ €4 (2} 192
Feclazation
Dozer Opcrators £45 15 15 15 45
Scraper Ogerators £15 8 8 8 24
Crusker Qoerators €45 15 15 15 £5
front €04 Loaders £45 8 ) 8 24
Trucks 4% ¢ £55 8 2 8 24
Gezeral Yorkers 5} 13 Lk 13 3
h-Tolal &7 &r 67 201
Electrical Yarters
flectricians £45 23 23 23 63
Electriciass Felpers 53 19 i3 19 57
Suh-Total 4?2 42 42 26
¥echanfical ¥orkers
Mechanics E4S 3 23 23 63
Mechanies Felpers 530 19 13 19 51
Sah-Fotad 42 42 L} 126
Office Clerk
Sanfor Clerks 5% 83 83 83 247
Atiendants 53 26 Fe 6 1
Tire Feepers 570 2 27 21 63
Roprentices 530 7 1 27 3
SA-TotaY 01 207 Fa)) €21
Yolal g3 1,185 1,155 3,55

The estinates reflect 153D M price lesals.

K> escalalion,

V45
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JA2E 2-1

CAPNIAL (0S1
KESES
{Continues) (000735} RPLES Sheet B
Year 1
. . -

Section Descriplion ¥age 1583 1954 1985 Total
Keragerent Office Attesdasts 530 19 12 19 57
Gereral Affairs ¥ead Telephone Operator 545 - - - -

Telephore Operators 539 - - - -
Cocks 555 7 7 1 b4
¥ehicle Crivers [ 23] 54 154 1%4 162
Security Guards 51 12 19 19 57
Arged Hoards 53 19 19 19 57
Jnior Clerks 5%3 " 14 21 £3
Yatchren 535 0 53 8 57
Gifice Atlendants 532 19 k=] 53 103
Sots-Total 252 310 349 211
Accounting MSnior Clerks 530 Fe LF4 50 120
Gffice Atterdants 5%} 13 3 13 33
General Workers 530 13 13 19 45
Suh-Tolad 54 €8 82 Fat |
Labour & Social Mnfor Clerks 5%2 7 28 Fz: b3
¥2ifare Salesc<en 515 - - - -
Cocts 545 - - - -
Office Atlendants %3 13 | K3 13 K]
Gereral Warkters 53 - - - -
Lh-Total 20 1 41 10z
Civi) 3 Water Oraftrent Survey Assistants &80 ] 23 21 63
pply Civil ¥oriers 533 Fi 73 28 2~ )
Carpenter S*ap Yorkers 553 - - 21 o
Purp Station Wirkers 593 - - - -
Pluters 57 - - u 14
Sewage Stalion Workers 553 - - - -
Sunicr Clesks 5% 7 ? 14 Fe
Cffice Mierdants 530 19 13 5 6}
Gergral Workers 53 3 k= 102 [ § -1
Sub-Total 132 113 225 45
Elecirical B flecteical Worlers €45 8 15 n -1 ]
Feckanical ¥echanical Wsrkers €45 8 15 n 54
SAstation ¥arkers 553 - 2 42 63
Fower Kouse Kirters 530 3 42 42 105
York Shop Waters 590 - 142 22 354
Krior Cleck 51 6 6 13 5
Gifice Atterdants 53 19 5 32 76
SA-To1ad [ =4 25 423 m

The estinstes reflect 1950 dore price levels.

ko escatation .

* Rsfranfrcath
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TAZLE  2-3%

CAPITAL CO5T
) WESES "
(Continucd} (000°3) FPEES Sheat 9
B 4 o Year
i i *
Section Deseriplion Wage 1983 1924 1555 Total
Systea Fey Pusstirs 530 - 7 7 14
Lnfor Clerk 530 - 6 6 12
Bifice Atlendants 30 - 6 3 12
Sub-Tatal - 15 13 »
Trainirg Tralainy Assistanis 530 28 28 57 113
*afor Clecks 53 13 13 13 3
Gffice Attendants 5% 39 19 19 57
Sh-Total €0 &0 53 s ]
Planaing Explosive Carriers 530 - 58 53 116
Explosive Truck Crivers E15 - 21 23 £5
Crillers 5£5 27 27 27 gt
Craftmen 150 3 g | Fe | 87
dnior Clerks 53> 6 76 F<3 is
Ocitling Eelgers 533 17 77 77 231
Survey Felpers 530 17 1 27 2
Cffice Alterfanis 530 32 2 a2 G5
SA-Total &8 k2% 13 Sts
Safety Safely Assistants 53D 13 13 13 33
Snjor Clerts 533 6 & 14 8
Gffice Alter-32rts 53D 1% 1% 19 57
Sh-Tolal 3 33 x 114
Kedical Fezd Kirse (133 - 13 & 16
Nurses 530 - 13 25 a3
Fealth Yisitor &7 - - - -
Hidaines 533 - - - -
Fead Comgoander €35 - B8 8 15
Coagourders €45 - 8 & 1€
Staftary Inssecicors &5 - - - -
Jnior Clerks 53 - [ 6 12
First Rid Attersants €45 - 8 23 1
KbaYarce Oriver €45 - 8 8 1&
Swgepers 530 - 13 13 76
First Aid Felpers 45 - 1) 3 52
Cooks 545 - - - -
Sub-Total - 55 A3s 223
—_ i I
Tota} |2 1.%3 1,752 .06
€cat Fregaralion | Patrols 539 - - 13 13
Centrol (oatrol Pen E45 - - 15 15
Ciker Plant Matkers 599 - - - -
Trassport Wsrkars 59 - - 4| 21
cunior Cleris 5k - - 25 25
Gffice Attendants 5% - - 5 25
Facs Fickers 5% - - - -
General ¥Workers 53 - - - 45 35
Total - - 114 1%
&rand Total 2,550 5,008 5,555 13,927

The estirates
reflect 1530
Mra price level:

X escilitico,
® fsfraafrcath
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TABLE 2-13

CONSTRUCTION COST FOR LAKHRA COAL FIRED

THERMAL POWER -STAYION {300 MW x 1 UNIT)

(Unit: Rupees in million)

V-49

Foreign focal
Item Currency | Currency Total
1. Equipment V,727 - 1,727
2. Civil Horks 295 300 595
3. Architectural Horks 144 266 410
4. F.G.D. Plant
{Gypsum Recovery Process) 109 8 193
5. Installation 130 415 545
Sub-total 2,405 1,06% 3,470
6. Contingency —
(5% of Sub-total) 121 53 17
7. lmport Duty _
(40% of CSF Price) 305 305
8. fngineering fee 147 35 182
{5% of direct cost)
9. Administration

{47 of direct cost}) - 146 146
Indirect Cost 147 1,086 1,233
Total 2,673 2,204 4,877
10. Interest during Construction - 1,348 1,348
Grand Total Z2,613 3,552 6,225

Interest during construction F.€. 8.758 L.C. ¥2.5%
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FABLE 2-15

CONSTRUCTION COST FOR LAKHRA COAL-FIRED

THERMAL POWER STATION (150 MW x 2 UNITS)

V5i

{Unit: Rupees in million)
Foreign Local
Item Curvency | Currency Total
1. Equipment 1,860 - 1,860
2. Civil Yorks 320 320 640
3. Architectural Horks 150 290 449
4. F.G.D. Plant
(Gypsum Recovery Process) 120 92 212
5. Installation 140 500 h40
Sub-total 2,590 1,202 3,792
6. Contingency
(5% of Sub-total) 130 60 190
7. Impert Duty .
(40% of CEF Price) 980 380
8. Engineering Fes
{5% of direct cost) 159 40 199
9. Administration Fee

(4% of direct cost) - 159 153
Indirect Cost 159 1,179 1,338
Total 2,379 2,441 5,320
16. Iaterest during Construction - },477 1,477
Grand Total 2,879 3,918 6,797

Interest during construction F.C. 8.725% L.€. 12.5%
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CHAPTER 3 ESTIMATED OPERATING COSTS

3-1 Mine Development

The estimated operating costs cover such cosis as salaries and wages, power cost, replacement
cost, materials and supplies cost, maintenance cost, administration cost, depreciation and
amorfization cosl, interest and transportation cost.

The costs of escalation have nol been included in this study.

) Sataries and Wages

The salaries and wages have beea calculated by reference to the figure given in PC-1 Form
prepared by PMDC (dated on ebruary 12, 1976).

Since there is an elapse of about 4 years counled from the date of preparation of the docu-
ment of the present, the escalated wages and salarics have been calculated to the §.55 times as
costly as the onginal figure given in the said Formin yiew of 1.46 timcs increase based on a

10 percent increase by year in the wages and salaries and in considesation of amounts to be

increased due to payment of extra eharges for working on holidays, bonus and retitement
allowance.

The figure used in this feport is oblained by multiplying 2.263 (1.46 times 1.55) to the figure
sfated in PC-1 Form.

Thus the average amounts of wages and salaries al mine site are 9 Rsft and 3 Rsft, respectively.
(2) Power Cosis
Electrical power consumption has been calculated on a yearly basis.

Power costs per kilowat{-hour have been calcutated at Ps. 49 based on WAPDA’s present tanfi.
The average power costs at niine site have been calculated at 5 Rsft.

3) Replacement and Improvement Cosis

Replacement and improvement costs have been calculated based on each service life of equip-
mend.

The average cost of this estimales at mine site has been caleulated at 66 Rsft.
'C)] Matenals and Supplies Cosis
Materials and supplies costs include purchase costs of tires, mine timbers, explosives, oils,

fuel oils and cables, etc. The estimates have been prepared based on the consumplion of the
above matenals. The average cost at mine site has been calculated at 136 Rsft.
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(5)  Maintenance Cosls

Maintenance costs include the maintenance costs of electrical equipment and buildings, and
machines and paris thereof, etc. Pasts for machines fo be needed for one year have been cal-
culated. The average cost 2t mine site has been calculated at 42 Rsft.

{6) Administration Costs

Administsation costs include costs for oulside senvice, management lee of head office, travel-
fing expenses, elc.

The average adminisiration costs al mine site have been calculated at 3 Rsft.

) Depreciation and Amortization Cost

Based on the PMDC PC-1 Form, equipment costs have been depreciated and other costs have
been amortized. Equipment costs have been equally depreciated for 30 years considering 10 %
residual value. Other costs have been amortized by produclion method. Other costs have been
included road heading expenses for underground mining, overburden stripping costs for open
pit, engineering fee, administration costs and interest during construction, etc.

Average cost of deprecialion and amortization at mine site has been calculated ai 59 Rsft.

(8) Intezest

Repayment of loan has been caleutated as follows:

Foreign loan: 8.75% p.a. repayable in 10 yeais with a grace period of § years
Local loan: 12 5% p.a. repayable in § years withoul a grace period.

Average interest at mine site has beea calculated at 36 Rsft.
¢)) Credit coal

446,000 tonnes of coal gufputied in 1984 and 1985 have been considerated as credit coal
which will be sold in 19806.

The price of credit ¢oal has been calcutated at 359 Rsft, which is the average cost for 30 years
at mine site.

(10) Transpoitation cost

Transporiation cosis cover such costs as freight cests, depreciation cost, amostization cost and
interesl. The average of freight costs have been caleutated at 17 Rsft.

Depreciation cosl has been caleutated al 3 Rsft.

Amotlization coslt has been calculated at 2 Rs/t.
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Interest has been caleulated at 4 Rs/t.
Details of operating cost are shown in ‘Fables 3-1 to 3-20.

3-2 Coal Fired Power Station

The power generaling cost is estimated on a kWh basis at a power sending and in consideration
of the power to be generated in the Lakhra coalfired Thermal Power Station and of the
various expenses involved in the power stafion.

Annual plant factor T0% (50%, 607 and 70¢%)
Senvice life of plant 30 years

Station use ratio 9%

Depreciation 3.5%

Operation and Maintenance cost 8%

Fuel cost 381 Rs/ft

{As received basis)

Under the conditions above, the power penerating cost is estimated at 93.5 PsfkWh. A break-
down of this cost is given in Table 3-21.
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JABLE 3-1
SUMMARY GF OPERATING (OST

{000"s) RUPEES

Freight, taxes and duty included. )
The estinvales reflect 1980 June price levels.
Ko escalation.

Sheet 1}
[ Year o -
Bescription Currency 1935 1987 1988 | - 1989 1930 139 1992 1933 1994 1935 1935 1997 1998 1993 2000 2001

Mine fForeign | 139,654 | 156,831 | 154,916 | 154,484 | 156,210 | 154,010 | 153,907 | 152,807 153,004 | 155,815 | 156,953 | 150,531 | 144,194 | 145,867 | 121,918 | 11 Ny,
Local 156,120 | 179,747 | 182,154 | 182,140 | 183,010 | 182,063 | 183,052 | 182,708 | 182,290 | 183.397 | 134 ,058 | 172,300 | V21,431 | 121,759 | 163,933 | 163,742
Total 285,774 | 336,518 | 332,070 | 336,624 | 339,220 { 335,073 | 336,959 | 335,581 | 335,304 | 339.202 341,021 | 327,840 | 315,625 | 316,226 | 310,831 { 310,319
Deprecialion on Assets | local 33,010 { 38,010 | 38,000 38,000 33,010 300 33,000) 38,000 38.010 38,010 | 38,010 | 38,010} 3800} 38,010| 38,010| 33,010
Awortization Local 19,776 | 26,009 | 32,430 | 32,565 | 32,758 | 33,008 § 33,265 | 33.432 | 33108 32,83 | w839 | 808 | 2,835 | 33,000 33,028 | 33,314

Interest on Loan tocal 28,900 | 205,975 | 183,050 | 160,125 | 137,200 | 114,275 | 91,420 | 68,565 | 45,710 | 22,88 - - - - - -
Sub-Yotal foreign 133,654 | 156,831 | 154,916 | 154,484 | 156,210 | 154,010 | 153,907 | 152,807 | 153,004 | 155,83 156,853 | 150,531 | 144,194 | 144,467 | 141,248 | 144,577
Local 492,816 | 449,740 | 435,644 | 212,810 | 390,974 | 367,452 | 345,748 | 22,761 | 209,114 | 277097 254,957 | 248,127 | 242,276 | 252,820 | 239,967 | 240126
Total 582,460 | 606,572 | 590,560 | 567,324 | 547,184 | 521,462 | 499,655 | 475,568 | 552,128 | 432,912 | ans .92 | 398,658 | 386,470 | 387,287 | 331,915 | 381,703
Pailway Foreign 667 1,560 1,561 2,454 2,458 | 2,454 2,454 2,454 2,454 2,451 2,458 2,854 2,454 2,453 2,454 2.454
bocal 7015 | 10,275 § 18,034 | 18,446 | 13,481 | 18,546 | 18,576 | 18,616 | 18.546 | 18.496 | 187506 18,49 | 18,496 [ 18,535 18,531} 18,595
Total 7,682 | 11,835 [ 19,595 | 20,900 | 20,935 | 21,000 21,030 | 21,070} 21,000 | 20,9% 20,906 | 20,945 { 20,950 | 20,990 | 90,988 | 21,050
Depreciation on Assets | Local 3.99) 3,991 3,991 3,991 3.9 3,991 2,991 3,991 3,991 3,991 3,991 3,991 3,90 3,991 3,59] 3,991
Aortization Local 1,143 1,504 1.875 1,833 1,894 1,914 1,923 1,935 1,914 1,899 1,902 1,897 1,899 1,911 1,909 1,930

Interest on Loan Local 32,613 | 28,313 | 24,013} 1.3 | 15,413 | n.n3 8,890 6,668 4,445 2,223 - - - - - -
Sub-Tota)d Foreign £67 1,560 1,561 2,454 2,458 | 2,454 2,454 2,454 2,454 2,454 | 2,454 2,454 2,454 2,654 2,654 2,454
Local 44,762 | 44,083 | 47,913 ) 44,033 | 39,279 | 35,568 | 33,380 | 3,2 | 28,296 | 25.609 24,399 | 24,379 | 24,336 | 23,438 | 25.431 | 2487
Total 45,429 | 45,643 | 49,474 | 46,487 | 42,238 | 38,008 | 35,81 | 33665 | 31,30 | 29,063 26.853 1 26,833 | 26,840 | 26,892 | 26,885 | 26.9n
TOTAL Foreign | 140,321 | 158,391 | 156,477 | 156,938 | 158,654 | 156,464 [ 156,360 | 155,261 | 155,463 | 153,269 159,417 | 152,985 | 146,648 | 146,921 | 144,402 | 142.0m
Local 487,568 | 493,824 | 483,557 | 456,873 { 430,753 | 403,006 | 379,128 | 353,972 | 223.010 | 303.706 229,356 | 272,506 | 266,662 | 267,258 | 264,398 | 264.643
Total 627,833 | 652,215 | 640,034 | 613,811 | 589,437 | 559,480 | 535,489 | 509,233 | 483,478 | 461,975 438,713 | 425,431 | 413,310 | 414,379 | 408,800 | 408,624

Credit Coal Local (160,114) - - - - - - - - - - - - - - -
GRAND TOTAL Foreign | 140,321 | 156,391 | 156,477 | 156,933 | 158,664 | 156,464 | 156,360 | 155,261 | 155,468 | 158,269 159,437 | 152,935 | 146,648 | 146,921 | 144,402 | 144,001
Local 327,454 § 493,824 | 483,557 | 456,873 | 430,753 | 403,016 | 379,128 | 353,972 | 8,010 | 303.206 219,356 | 272,506 | 266,652 | 267,258 | 264,338 | 261.643
Total 461,775 | 632,215 | 640,034 | 613,811 | 539,417 | 559,480 | 535,459 | 509,233 | 483,478 | 461,971 | 433,723 425,491 | 413,310 | 414,379 | 408,800 | 408,674
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TABLE 3-1
SUHARY OF OPERATING €OST

{000*s) RUPEES

{Continued) . Sheet 2
. _ Year

Description Lureeney [ 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total fverage
Kine forelgn | 141,562 1 141,635 | 151,504 | 153,725 | 151,224 | 150,003 | 151,208 | 144,709 | 14,692 | 99.638 96,257 | 94,166 | 91,716 | 68,698 | 4,192,150 | 139,705
Loca) 168,760 | 168,814 | 181,000 | 181,058 | 181,661 | 120,453 | 130,741 | 122,862 | 177,561 | 156. 204 153,163 | 120,628 | 125,987 | 87,977 | 5,089,833 | 159.663
Total 310,24 | 310,450 | 332,884 | 332,833 | 331,885 | 33,466 | 331,985 | 302,571 | 22,203 255,952 | 243,420 | 225,294 | 217,703 | 156,61 | 9.280,048 | 09,33
Depreciation on Assets | Local 38,010} 38,010 | 38,010 38,010 33,010 | 33,000 | 33,000 | 38,000| 38010 | 13,010 33,010 | 38,010 | 38.010] 38,006 | 1,140,295 38,010
Arortfzation Local 33400 {33,314 | 33,6071 33,239 33,320 33,239 | 33,500 | 33.5%] 3:ass | w83 30,029 | 25,928 | 25,928 | 25,928 918,509 31,617
Interest on Loan Local - - - - - - - - - - - - - - 1,258,075 41,935
Sub-Total Foreign | 141,561 | 141,636 | 151,584 | 151,715 | 151,226 | 151,083 | 151,204 | 144,700 144,642 | 99,638 | 95,257 1 98,166 | 91,716 | 8,691 | 4.191,150 | 139,705
Local 240,171 | 240,398 { 252,627 | 252,307 | 251,991 | 251,702 | 252,341 | 249,462 | 248.756 | 227159 | 221 1202 | 194,565 { 189,925 | 151,901 | 8,436,778 | 281.226
Total 381,735 | 331,834 | 408,200 | 408,062 | 403,215 | a02,715 | 403,545 | 394071 | 393,308 326,807 | 317,459 | 288,732 | 283,641 | 220,605 | 12,627,928 | 420,933
Raitway foreign 2,454 2,854 2,454 2,454 2,458 | 2,454 2,454 2,454 2,454 657 667 667 667 657 61,1013 2,037
tocald 18,600 1 18,596 | 18,641 | 18,571 | 18,585 | 18,57 | 18.636 | 1si63s | sissr | 17,720 | 47,200 16,5440 | 16,440 | 16,450 527,826 17,594
Total 21,055 | 21,050 | 21,095 | 21,025 | 21,040 | " 20,025 | 23,090 | 2v.090) 20,005 | 18,387 | 17,867 yr.007 | 7,107 | 2,07 588,937 19,631
Pepréciation on Assets tocal 3,991 3,991 3,991 3,91 3,97 3,991 3,99 3,991 3.0 3,9 3,99 3,991 3,97 3,534 19,723 3.9
Arortization tocal 1,933 1,930 1,948 1,922 1,927 1,922 1,942 1,912 1,919 L83 | 1,73 1,499 1,493 1,499 54,844 1.828
Interest on Loan Locald - - - - - - - - - - - - - - 153,404 5,113
Sub-Tota) foreign 2.454 2,454 2,454 2,454 2,454 2,454 2,454 2,454 2,454 173 657 667 667 667 61,111 2,037
Local 24,523 [ 24,507 | 24,576 | 24,484 | 24,504 | 24,484 | 24,569 | 2a.s69 | zaian | 23610 | 22,927 | 2 930 | 21,930 ) 21,923 855,797 28,521
Total 26,977 | 26,91 | 27.030| 26,938 | 26,958 | 26,938 | 27,023 | 27,023 | 26,925 | 24,227 | 23.50% 22,597 | 22,597 | 22,590 916,908 30,564
T0TAL Foreign | 144,018 | 144,090 | 154,038 | 154,229 | 153,678 | 153.467 | 153.658 § 147,163 | 147,095 | 100,305 96,924 | 94,833 | 92,383 | 69.36) | 4.252,261 | 141,742
Local 264,638 | 264,15 | 217,203 | 276,791 § 276,495 | 276,186 | 276,910 | 274,031 | 273,227 | 250,279 | 246129 216,496 | 211,855 | 173,832 | 9,292,575 | 309.753
Total 108,712 | 408,805 | 431,241 § 431,020 | 430,173 | 429,653 | 430,568 | 421,194 | 420,23 | 351,084 | 321,053 | n 229 | 304,238 | 243,195 | 13,524,836 | 451,495

Credit Coal Local - - - - - - - - - - - - - - (160,112)| (5.338)
62AND TOTAL Foreigr | 144,012 | 144,090 | 154,033 | 154,229 | 153,678 | 153,467 | 153,658 | 147,163 | 187,096 | 100,305 96,924 | 94,833 1 92,383 | 69,361 | 4,252,260 | 141,742
Local 264,634 | 264,015 | 277,203 | 216,791 | 276,455 | 276,186 | 276,910 | 274038 | 2735227 { 250,73 | 244 229 216,496 | 211,855 | 123,838 | 9,132,461 {| 304.415
Total 403,712 | 408,805 | 431,241 | 431,000 | 430,073 | 429,653 | 430,568 | 421,108 420,323 | 351,034 | 343,053 | 300,329 | 304.238 | 243,195 | 13,384,722 | 445,157

Freight, taxes and duty included.
The estimates yefleck 1980 Juce price levels.
No escalation.
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TABLE 3-2

QPERATING COST
SUMMARY
(060" s) RUPEES

Sheet 1
]

i
Bescription Currency 1986 | 1987 | 1988 | 190 | 1990 | 19m o3z | 1993} 398 | wess | 1996 | 1892 b sesa | 19se | 2000 | zom
Underground Mine Foreign 13,233 | 16,243 | 13.493| 13,327| 15,233 vz.om| n,er2| n,027] 11,2541 13,995 r1a.880| 13,304 10,469 | 10.774] 10,450 100327
Local 26,750 | 30,033 28,895 | 28,992 | 29,929 28,803 28,719| 28,482| 28.103{ 22.241| es.700| 290211 27,285 | 27537} 2150 | 27.33
Total 33,988 | 46,280 42,388 | 42,319 45,162| 4b,774| 40.691| 39,509 39,357] 43,2361 as.5e0) 42,385] 37,738 .| m0n| 37,462
Open Pits Foreign | 123,447 | 137,621 | 138,454 | 133,188 | 138,008 | 133,070 | 138,966 | 133,811 ] 138,791 | 133,851 139,114 | 134,233 | 130,776 | 130,724 | 128,529 | 128,481
Local 117,031 1135,080 | 136,793 | 135,661 | 135,561 | 135,680 137,725 | 137,523 137.607 | 137,619 137.815 | 831,758 | 127609 | ¥27.648 | 124,774 | 124 78}
Total 240,478 § 212,701 | 275,248 | 274,849 | 274,569 | 274,750 | 276,691 | 276,384 | 276,398 | 276,4701 276,929 | 265,996 | 258,185 | 258,372 | 253,303 | 253,262
Surface facilities foreign 890 890 830 890 8%0 890 8%0| 830 830 830 830 830 890 890 ] 8%
Local 6,856 | 7,224 8,195| s,196] 8,156 8,1%| 8.196] 8,19| s.195] s3,195| 8,098] s,188] s8.09| 8,196 &.196| 8.1
Total 7,76 | 8,714| 9.0%8| o9,0861 9,056] 9.036| 9,08) 9o,0e5| 9,086 9,005 9.085| 9.086] 9.086| 9.0 .01 9,008
Preparation Plant Foreign 2,019| 2,019| 2,019 2,009 2,019| 2,078] 2,019| 2,078} z.079| 2,009| 2.079) 2,0r9) 2,09 20| 20| 2.0
Local 3,503 4,197| 5,028 5,033} 5,007 s,072] s.03a] s.001] s.072| s.ose| s.057) s.os1| s.058| s.0m0) 5.087] 5.091
Totat 5,582 | 6,276 7.03) 72.mz| 2,26 209 n163| 7080]| rasy| 7| 203 70| 2033 2| 2a6] 7.7
General Expense tocal Lioo{ 1,451 1,83} 1.80] 1,820f 1,810| 1,249 1862 1,840 s.826) 1.828| v.eed) vses) 1.8m| 1.8 1.8s5
Sub-Total foreign | 139,654 {156,831 | 154,916 | 154,424 | 156,210 | 154,010 153,907 | 152,807 } 153,014 | 155,815 | 156,963 | 150,531 | 144,194 [ 144,457 { 141,918 | 142,587
Locad 155,240 | 178,591 | 180,712 | 180,692 | 181,553 | 180,591 | 181,573 | 181,214 | 120,818 | 181.936 | 182,596 | 175.850 | 169,970 | 170,289 | 1677454 | 167 252
Totat 294,894 | 335,422 | 355,628 | 335,176 | 337,763 | 334,601 | 335,480 | 334,021 | 333,832 | 337,751 § 339,559 | 206,381 | 314,164 | 314,756 | 309,412 | 308,835
$tead Office Over Mead tocal eso | 1,156] 1,842 v,448] 1,457 1,422 1,419 1,400 varz| vaer|] r,462f 1459 461 ] 1.470] 1.ase)  1.4ss
MINE TOTAL foreign | 139,654 | 156,831 | 154,916 | 154,484 | 156,210 | 154,010 | 153,907 | 152,807 | 153,014 | 155,815 | 156,953 | 150,533 [ 144,194 { 144,467 | 141,048 | w41, 527
tocal 155,020 | 179,747 | 182,354 | 182,140 | 183,610 | 182,063 | 183,052 | 182,704 | 182,290 | 183,397 | 184,058 § 977,300 | 1212471 | 1715759 | 163,933 { 168 742
Total 295,774 | 336,578 | 337,070 | 336,624 | 339,220 | 336,073 | 336,959 | 335,511 | 335,304 | 339,202 | 301,021 | 27,840 | 315.625 | 316,226 | 310,881 | 310,310
Pailway Foreign 667 | 11,5600 1,561 | 2,458 2,454 2,458 2,454 2.459| 2,454 2,454 2454 2,458 2.454| 2,458 z.454] 2,454
Local 2,005 | 10,275} 18,033 | 18,446 | 13,481 | 18,546 | 18.576 | 18.616| 18,586 | 12,496 | 18.506| 18.491} 18,456 | 18535 | 18511 18596
Tota) 7,682 | 11,835 | 19,595 | 20,900| 20,935} 21,000| 20,030 | 21,070 21,000) 20,950| zo.950 20.985| 20,950 20.9%0 | 20,985 | 21,050
SRAND TOTAL foreign | 140,321 1 158,391 | 156,477 | 156,938 | 158,664 | 156,464 | 156,361 | 155,260 | 155,468 | 158,269 | 189,417 | 152,985 | 145,642 | 146,921 | 144,402 | 148,0m
Local 163,135 § 190,022 | 200,158 | 200,536 | 201,491 | 200,609 | 201,628 | 200,320 | 200,836 { 201,893 | 2027564 | 195,500 | 189,927 | 190,295 | 187 464 | 187,338
Total 303,456 | 348,413 § 356,665 | 357,524 | 360,155 | 357,073 ] 357,959 | 356,581 } 356,304 § 360,162 | 351,983 | 28,285 | 336.575 | 332,216 | 331,866 | 331,369

freight, taxes and duty included.
Tre estieales reflect 3980 June price levels.
Ko escalalion.
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TABLE 3-2
OPERATING COST

SUHMARY
{000°s) RUPEES
{Continued) Skeet 2
Year _
Description Currency 2002 2003 2004 2005 2006 2007 2008 2000 2010 2011 2012 2013 2014 2015 Total Average
Underground Mine foreign 10,128 | 10,130 | 10,130 | 10,128 | 10,129 9,987 | 10,127 3,653 3,650 3.408| 2,180 - - - 286,400 9,547
Local 27,354 | 27,35 | 27,322 | 21,260 | 21,267 | 27,326 | 27,300 | 24,431 24,323 | 22,7245 | 20,685 - - - 739,090 | 24,636
Total 37,482 | 37,485 | 37,452 | 37,388 | 37,396 | 37,108 | 37,427 | 28,088 | 27,973 | 25,653 | 22,865 - - - 11,025,490 | 34,183
Opea Pits Foreign 123,467 | 123,537 | 138,485 ]138,678 |133,448 | 133,324 |133,430 | 133,409 | 138,345 | 93,221} 93,780 93,269 | 91,419 | 68,642 | 3,828,683 |3127.623
Local 124,174 | 124,833 | 137,003 {137,194 | 136,912 | 136,860 | 136,912 | 136,902 | 135,780 | 187,740 | 17,697 | 117,768 [ 133,027 | 75,227 | 3.873.451 |129.115
Total 253,24 | 253,370 | 275,494 | 275,872 | 275,360 | 275,244 [275.342 | 225,318 | 275,125 | 211,461 | 210,477 | 211,637 | 204,546 143,869 | 7,702,138 | 256,738
Surface Facilities foreiga 830 830 830 850 890 30 830 890 890 752 97 297 297 52 23,945 198
Local 8,195 8,155 8,195 8,195 5,195 8,195 8,195 8,195 8,135 a,135| 7,896 6,785 6,735 6,575 239,455 1,982
Total 4,085 9,085 9,085 9,085 9,035 9,035 9,085 9,085 9,035 8,8871 8,193 1,082 7,082 6,727 263,400 8,750
Preparation Plzat Foreign 2,079 2,079 2,079 2,079 1,757 1,757 ¥,757 1,257 1,757 1,757 - - - - 52,122 1,737
Local 5,033 5,092 5,110 5,082 4,952 4,926 4,972 5,912 5,942 4,971 3,28 3,480 3,480 3.480 142,917 4,766
Total 7,173 7. 7,189 7,161 6,79 6.703 6,129 6,729 65,699 6,614 | 3,88 3,480 3,480 3,480 195,093 6,503
General Expense local 1,857 1,855 1,859 1,848 1,653 1,848 1,858 1,868 },845 1,826 | 1,669 1,442 1,442 1,442 52,740 1,758
Sub-Total Foreiga 141,564 | 141,636 | 151,584 | 150,775 |151,224 | 158,003 | 151,204 § 144,209 | 144,652 | 99,638 | 95,257 | 91,365 | 91,716 | 63,691 | 4.191.1% 139,705
tocal 167,274 | 167,330 | 179,505 | 179,513 | 179,173 | 178,976 | 179,247 |} 176,368 | 1767685 § 154,863 | 151,828 | 129,475 |124.831 | 86.824 | 5,047,713 | 168,257
Total 308,833 | 308,366 | 331,082 | 331,354 |330,403 | 329,938 |339,451 | 321,077 | 320,727 | 254,501 { 248,085 { 223,641 | 216,550 | 155,518 | 9,238,863 | 307,962
Head Office Over Nead Local 1,486 .484 1,495 1,479 1,482 1,478 1,491 1,494 1.47% 3,461 1,335 1,153 1,153 1,¥53 42,185 1,406
HIKE TOTAL Foreign 141,564 | 143,636 | 151,584 115,275 | 150,224 | 150,003 [ 151,204 | 144,709 | 144,642 | 99,638 | 96,257 S4,166 | 91,716 | 68,634 | 4,191,150 | 139,705
Local 165,760 | 163,814 181,000 | 183,058 |180,661 | 1£0,453 | 130,741 | 117,862 | 122,561 | 356,324 | 153,163 } 130,628 | 125,987 | 87.977 | 5.089.898 169,653
Total 310,324 | 310,450 }332,584 {332,833 {331,885 331,466 [331,945 | 322,571 | 322,203 | 255,952 | 249,420 | 224,798 | 217,703 | 156,671 | 9,281,048 303,368
Railway foreign 2.454 2,454 2,454 2,454 2,454 2,454 2,454 2,454 2,453 667 657 6567 657 657 63,111 2,037
Local 18,601 18,596 | 18,641 18,571 18,586 | 18,571 § 18,635 | 18,636 | 18,561 17,720 | 122,000 | 16,450 | 16,450 | 16,440 527,826 | 17,591
Total 21,055 | 23,050 | 21,095 | 21,025 { 21,050 | 23,025 | 20,090 | 21,090 { 21,005 | 18,387 | V7.857 12,107 § 17,107 | 12,107 $58,937 19,631
GRAND TOTAL foreign 144,018 | 144,090 | 154,638 | 154,229 §153,678 | 153,467 | 152 658 | 147,163 | 147,096 | 100,305 | s6,924 | 91,833 | 92,383 | 69,36 4,252,261 | 141,742
Local 187,361 | 187,410 |192,641 | 199,629 192,247 | 199,024 |199,377 | 196,498 | 196,122 | 174,044 } 120,363 | 147,058 } 142,427 | 194,017 { 5.617.724 |187.257
Tolal 331,379 | 331,500 | 353,672 | 353,858 | 352,925 | 352,491 | 353,035 | 343,661 | 343,218 | 274,329 | 267,287 | 240,900 {234,810 173,278 | 9.869,985 J 323,997

Freight, taxes and duly included.

The estirates veflect 1980 June price levels.
¥o escalation.
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TABLE 3-3

OPERATINS (OST
SLARY OF KINE
(000*s) RUPEES

Sheet 1
i - Year

Description Cucrency 19856 1987 1988 1989 1290 1591 1992 1993 1534 1935 1935 1997 1933 1933 2000 2001
Wages tocal 8,513 | 10.393 | 10,992} 10,902] 10,902 | 10,902 | 10,902 | 10,902 10,902 10,902} 10,902 10,902 10,630 10,630 10,630 10,630
Salaries tocal 3,119 4,033 4,077 4,007 | 4,077 4,017 4,077 4,077 4,077 2.077) 4,077 4,077 4,035 4,035 4,035 4,035
Power tocal 5,593 6,149 6,300 6,338 6,323 5,304 6,422 6,432 6,367 6,358} 6.4¢6 6,365 6,251 6,263 6,247 6,283
feplacenent & Irprovesent foreign | 54,945 | 54,995 | 54,945 S4,945| 54,945 54,945 | 54,945 | 54,945 54,945 54,985] 44,915 54,945 54,945 54,945 54,955 54,045
tocal 24,433 | 25,439 | 24,439 | 24439} 24,433 24,433 | 24,439 | 24,439 24,419 24.433] 24,539 24,433 24,439 24.439 74,433 74,439
Total 79,384 79,384 1 79,384 79,384 | 79,384 79,384 | 79,384 | 79,384 79,324 79,324 79,34 79,324 79,324 79,384 79,34 79,384
Faterial & Supplies Foreign | 51,481 | 63,030 | 60,518 | 60,157 61,937 59,625 | 59,126 | 58,18 58,39 61,371 2,218 57,624 52,569 52,857 51,196 50,834
Local 95,652 | 114,588 | 135,330 1 115,222 1 116,150 | 115,173 | 115,955 { 115,585 | 115,275 | 116,402] 116,935 | 110,661 105,473 | 105,767 103,136 | 102,872
Total 147,133 | 127,598 | 175,848 | 175,434 | 178,088 § 174,848 | 175,121 | 173,266 | 173,666 | 172,580} 179,150 | 168,285 | 153,042 | 158,614 152,332 | 153,708
Maintensnce Foreign | 33,728 | 38,856 | 39,453 | 39,382 | 39,328 39,390 | 39,746 | 39,68) 35,678 39,633| 39,803 37,962 35,680 36,655 35,807 35,798
tocal 16,010 } ¥r,406 | 2,0 72,658 ) 12,790 17,705 | 17,178 | 17,766 12,262 V2,174 17,798 17,431 17,176 17,21 17,001 16,999
Total §9,338 | 56,262 | 57,163 | 57,080 s7,0i8| 57,095 1 57,524 | 57,447 57,445 57,473| 57,600 55,393 53,856 53,826 52,803 52,747
Others tocal 2,088 2,758 3,396 3,409 3,478 3,463 3,479 3,503 3,453 3,438] 3.41 3,418 3,427 3,448 3,445 3,479
TOTAL Foreign | 139,654 § 156,831 | 154,916 | 154,484 | 156,210 | 354,010 | 153,907 } 152,867 | 153,004 | 155,815 156,963 § 150,531 144,194 | 144,467 | 341,948 | 141,527
Loca) 156,120 | 179,747 | 182,154 { 182,140 | 183,010 | 182,063 [183,052 | 182,704 | 182,290 | 183,397] 12,658 | 77,3092 | 1,400 121,759 | 163,933 | 168,742
Total 795,774 | 335,578 | 337,070 | 335,624 | 339,220 336,073 | 336,959 | 335,511 335,304 | 333,212 41,621 327,840 { 315,625 | 316,226 | 310,881 316,319

Freight, taxes aad duty included.

The estirates reflect

No escalation.

980 June price levels.
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TABLE 3-3

OPERATING COST
SWMARY OF MINE
{(000*s) RUPEES

{€ontinuwed) Sheet 2
. e __Year ]

fescription Curcency | 2002 2003 2004 2005 2006 2007 2002 2009 2010 20m | z002 2013 2014 2015 Total Average
Wages Local 10,630 10,630 10,630 10,630 10,630 10,630 | 10,630 10,630 10,636 10,630| 9,362 5,973 5,973 5,526 302,12 10,077
Salaries Loca) 4,035 | 4,035 | 4,035 | 4,035 | 4035 | 4,035 | 4,035 | 4,035 | 4,035 | 39010 3,95 3,056 3,896 2,995 118,067 3,936
Power Local 6,276 | 6,284 | 6,443 | 64,58 | 6,450 | 6,440 | 5,893 | 6,365 | 6,242 | 5,802 s,009 2,795 2,683 1,884 176,168 5,872
Replacement & leprovesent | Foreign | 54,915 | 54,945 | 54,945 | 54,945 | 54,623 | 64,623 | 54,623 { 50,398 | 50,388 | 50,348 50,318 | 50,348 | so.38 | s0,326 | 1.615,183 | 53,833
Local 24,438 | 24,438 | 24,438 | 24,438 | 24,301 | 24,300 | 24,300 | 220567 | 22.467 | z2.467| 22.467 | z22.467 | z2.467 | 22.430 ns.on | 23,964
Total 79,383 | 79,383 | 79,383 | 79,383 | 78,924 | 78,924 | 78,924 | 72,815 | 72.,8v5 | 72,815} 72,815 | 72,835 | "7e.ms | 22.815 | 2,334,000 | 77,803
Material & Supplies fForeign | 50,831 | 50,827 | 51,05 | 57,170 | 57,020 | s6,836 | 57,003 | 56,90 | 56,976 | 32,900] 33,559 | 36.860 | 34,784 | 14,516 | 1,585,818 | s2.893
tocal” {102,901 | 102,946 [114,187 {114,258 | 124,014 | 113,831 | 114,075 | 114,053 (113,926 | 94.582] 93553 | 85,317 | sr.zo | 47,367 | 2185.4%0 | ws.237
Total [ 153,732 {153,823 |1n,238 {1,428 | 1,035 | 170,667 [171,078 | 121,004 }170,902 |134.482[ 132,502 | 122,238 | 115.965 | 61,883 | 4.773,308 | 159,110
Kaintenance Foreign | 35,788 | 35,814 | 39,588 | 39,660 § 39,580 | 39,554 | 39,578 | 372,370 | 37.m18 | ¢.390| 6.950 6,957 6,604 3,852 989,149 { 32,973
Local 16,997 | 17,002 | 12,257 | .92 | 17,756 | 7,750 | 17,755 | 16.810 | 16.800 | 16.744] 15.618 8,325 1,372 5,220 483,258 | 16,307
Totat 52,785 | 52,816 | 57,345 | 57,432 | 57,336 | 57.304 | 57,333 | 54,180 | sa,m8 | 26,134 22,568 | 5,262 | 14,576 9,022 | 1,478,407 | 49,280
Others Local 3,483 | 3,479 | 3,508 | 3,462 | 3,475 | 3.466 | 3,502 | 3,502 | 3,460 { 3,376] 3,093 2,595 2,595 2,555 93,692 3,290
TOTAL foreign | 141,564 141,636 | 151,584 } 153,775 [ 151,224 | 151,003 151,200 | 144,709 | 44,642 § 99.638] 96,257 | 94,66 | 91,716 | 68.691 | 4,191,150 | 139,705
tocat | 168,760 168,814 |181,000 | 181,058 | 180.661 | 180,453 10,741 | 122.862 |4272.561 Jiss.324] 353,163 | 130.628 | 125,987 | 87.977 | 5.089.898 | 169.€63
Tota} | 310,324 | 310,450 }332,584 | 332,833 |331.885 | 331,466 |333,945 | 322,5n | 322,203 |255.962| 249.420 | 228,794 | 217,703 | 15s.6mm | 9,281,088 | 309,368

freighl, taxes and duly included. o

The estinates reflect 1980 June price levels.
No. escalation.
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TABLE 3-4

W BERGROUND MIKE

{000°s) RUPEES

Sheet 1

) P Cu — - : Year . ]

Bescription reency 1 oy9gg 1987 1988 1989 19%0 1991 1992 1993 1954 14995 | 1936 1937 1998 1933 w0 | 2001

¥ages tocal 2,986 | 4,055 | 4,055 | 4,055 ) 4,655 | 4,055 | 4,055 | 4,085 | 4,055 4,055] 4,055 | a,055 | 3,783 | 3,783 | 3,783 | 3,783
salaries tocal 689 773 773 773 773 773 713 773 713 173 773 773 m 731 731 731
Power tocal 3,044 | 3,264 | 3,328 3.8m | 3.408| 3.3 | 3,473} 3,490 | 3,443] 3,433 3515 | 3,519 | 3,493 | 3,534 | 3,534 | 3,580
Feplacerent & Feprovement Foreign 4,215 4,275 4,215 4,275 4,275 4,275 4,215 4,225 4,275 4,275 | 4,215 4,275 4,275 4.215 4,275 4,215
Local 1,83 | 1,831 | 1,834 ] 0,834 1,838 1,834 ) 3,838 1,832 | 1,83 | 1,834 1,834 | 1,834} 1,838 | 1,834 | 1,834 1,84

Totas) 6,109 | 6,109 | 6,103 ) 6,109 | 6009} 6,108 | 6,009 | 6,108 | 6,309) 6.109) 6,109 6,003 6,102 6,009 | 6,009 6,103

Materials & Supplies foreign 6,679 | 9,652 | 6,883 | 6,707 ] s,606 | 6,329 | 5,320 4,370 | 4,595 7,325] 8,095 | 4,630 3,747 | 4,072 | 3,748 | 3,425
Local 9.816 | 11,7722 {10,558 { 10,577 | 11,503 { 10,382 | 10,219 | 9,962 | 9,629 | 10,272 11,143 | 10,457 | 9,065 ] 9,280 | 9,333 | 9,032

Total 16,495 | 21,424 17,401 | 12,284 | 20,109 | 16,7218 | 15,539 | 14,332 | 14,224 | 18,097 | 19,338 | 17,087 | 12,816 | 13,352 | 13,082 { 12,457

Maintenarce foreign 2,204 | 2,314 | 2,335 | 2,345 | 2,352 | 2,367 | 2,377} 2,382 | 2,384 | 2,335 2,410 | 2,019 | 2,422 | 2,427} 2,427 | 2,427
tocal 8,122 | 8,190 § 8,195 | 820 | 8,205} 8,210 8,214 | 8,216 | 8,218 | 8,223 8,229 | 8,232 | 8,235 8,235] 8,235 | 8,235

Total 10,457 | 10,504 {10,531 | 10,546 | 10,557 | 10,527 | 10,551 | 10,598 | 10,6062 | 10,618 | 10,633 | 10,651 | 10,662 | 10,662 | 10,662 | 10,662

Ebsenteein Lecal 108 15} 151 151 151 151 151 151 15} 151 151 151 140 140 140 140
TOTAL foreign | 13,238 | 16,240 13,493 | 13,327 | 15,233 | 12,9m | 0,972 | 11,027 | 11,254 | 13,995 | 14,880 | 13,324 | 10,449 | 10,774 | 10,450 | 10,127
tocal 26.750 | 30,630 |28.895 | 28,992 | 29,929 | 28,803 | 28,719 | 28.482 | 23,103 | 29,281 | 29,200 | 29,028 | 27,285 | 27,537 | 27,590 | 27,335

Tola} 39,988 | 46,260 |42,388 | 42,319 { 45,162 | 41,774 | 40,691 | 39,509 | 39,357 | 43,236 | 44,550 | 42,345 | 37,734 | 38,311 1 38,041 | 37,462

Freight, taxes and duly included.

Ite estirates reflect 1980 June price fevels.

Bo escalation.

* Average (1) for 27 years
Average (2) for 30 years
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TABLE 3-4

OPERATING COST
UNDERGROUKD HINE

(Continued) {000"s) RUPEES Sheet 2

_ Year T
Descviption Curiency [a002 | 2003 | 2004 § 2005 | 2006 | 2000 | 2008 2003 | 2000 [ 2om | 2002 | 2013 zous | 2005]  tora Aveisge | Areriee
Wages tocal 3,783 | 3,783 | 3,783 | 3,783 | 3,083 | 3.783 | 3,783 | 3,783 | 3,283 | 2,515 | 2,515 - - - 100,800 3. 9n§ 3.393
Salaries tocal kY| 3 131 3 31 73) m 731 731 €47 ¢a7 - - - 19,959 740 666
Pewer Local 3,523 | 3.573 | 3,490 | 3.490 | 3,882 | 3,482 | 3,475 | 3,400 | 3,284 | 2,882 | 2,238 - - - 91,321| 3,382} 3,044
Replacezent & leproveseat Foreign 4,215 4,275 4,215 4,275 §,2715 4,275 4,275 - - - - - - 98,375 3,642 3,278
Local 1,834 | 1,838 | 1,834 | 1,83 | 1,83 | 1,834 | 1,834 - - - - - . azas2| 1562 1.406
Total 6,109 6,109 6,102 6,109 6,109 6,109 6,108 - - - - - - - 140,507 5,204 4,681
Katerials & Supplies Foreign 3,426 3.428 3,478 3,426 3,427 3,280 3,425 3,428 3,425 3,183 2,180 - - - 132,332 4,901 4,411
Local 9,058 | 9,059 | 9,109 | 9,047 } 9,062 | 8,921 | 9,102 | 9,085 | 9,094 | 8,82 | 3,00 - . - 261.81| 96w | 8722
Tota) 12,428 | ¥2,487 | 12,537 | 12,423 | 12,489 | 12,200 | 12,527 [12,513 {12,519 | 12,000 | 10,181 - - - 391,210] 14,600{ 13,190
Maintenance foreign 2,427 | 2,427 | 2,427 | 2,421 | 2,427 | 2,427 | 2,421 225 225 225 - - - - £5.7360 2,064 | 1,858
Lacal 8,235 8,235 8,235 8,235 8,235 8,235 8,235 7,291 7,29 7,291 7,185 - - - 218,160 8,020 7,212
Total 10,662 | 10,662 } 10,662 | 10,662 { 10,662 | 10,662 | 10,662 1,516 7,516 7,516 7.395 - - - 273,896 | 10,144 9,330
Absenteeism Local 140 140 140 140 149 140 140 140 140 83 89 - - - 3,767 140 126
TOTAL foreign | 10,328 { 10,130 | 10,130 | 10,123 | 10,123 | 9,982 10,1272 | 3,653 | 3,650 | 3,403 | 2,180 - - 266,800 | 10,607 | 9,547
tocal 27,354 | 22,355 | 27,322 | 27,260 | 22,267 | 22,V26 | 21,309 24,431 | 24,323 | 22,245 | 20,685 - - 233,030 1 22,314 ) 24,6%
Total 37,482 | 37,485 | 37,452 | 372,385 | 37,396 | 37,108 | 37,427 | 28,084 | 21,973 | 25,653 | 22,865 - - - [1,025,420 ) 37,981 | 34,183

freight, taxes and duty included.

the estirates reflect

Ko escalation.

980 June price levels.

3 Average (V) for 27 years
Average {2} for 30 years
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TABLE 3-5

) OPERATIKG COSE
OPEN PIIS
{000"s) RUPEES
Sheet 1
o , ] Year ~
Description Currency 1936 1937 1988 1989 1999 1991 1992 1993 1994 1995 1996 1997 1993 1999 2000 2001

Mages Local 2.492| 2.538| 2,538} 2,538) 2538 2,538 ) 2.538| 25| 2,53 2,58 2,538 2,538 2,538 2,533 2,518 2,533
Sataries Local 915 936 936 936 936 936 936 936 936 936 936 936 936 936 936 936
Fower Local 1.723 1,992} 1,971 1,934 1.902 | 1,90 3,934 1912l 92| 1,917 1,942 1.839 1,750 1,723 1.702 1,692
Feplacecent & Irproverent Foreign 50,286 50,286 50,286 50,286 50,286 50,286 50,286 50,286 50,286 50,2856 50,286 50,286 50,236 50,286 50,2856 50,286
Local 22,393 | 22,393 ) 22,393 | 22,393 | 22,393 | 2a.393 | 22,393 | 22,393 | 22,393 | 22393 | zeum03 | 22,393 | 22303 | 22,393 | 220393 | 22,393
Tofal 722619 | 72,619 12,673 | 72,679 | 72,699 ) 12,679 | 12,679 | 72,609 | 72670 | 72,679 | 22,619 72,679 72,679 12,619 | 72,679 72,679
Katerial and Supplies Foreign | 44,567 | 53,1431 53,400 | 53,205} 3,006 | s3,im | s3,661 | 53,576 | 53,580 | s3.6m | 53,785 | 50,759 | 48,587 48,560 | ar,z3 | 47,178
local 83.692 | 100,366 | 101,925 | 101,846 | 101,783 | 101,900 | 102,843 | 102,217 | 102762 | 102767 | 1w2.920 | o1.33% | 93.534 93,605 | 90.922 90,9141
Total 128,259 | 153,443 | 155,325 | 155,061 | 154,879 | 155,01 | ase,s00 | 156,293 | 156,323 | 156,378 | 56,705 | 148,095 | 221 | raz,16s § 138,135 | 138,118
Maintenance foreign | 28,598 | 35,192 | 34,763 | 34,687 | 34,626 | 33,673 | 35.008 | 34,989 | 3s.910| 3954 | 35,083 | 33093 21,903 V 31,878 | 31,00 31,021
Local = 5.796 | 6,915 | 7.031 7.0 | 7002 | Trovz | 7.081 7.067 7.066 | 7.068 7.086 6.716 6.458 6.453 6.283 6.28)
Total 30,350 | 41,007 ) 4,793 | 41,700 | 4,628 | 41,685 | 42,100 | 42,016 | 42,010 | 47,022 | sz,v29 | 39,900 38,361 38,331 37,313 31,302
TOTAL foreign | 123147 | 137,621 | 138,454 | 138,188 | 138,008 | 138,070 § 138,966 | 138,810 [ 138,791 | 138,850 | 39.ms | 138,238 | 130,776 | 130,728 | 128,529 | 123.4m
Local 117,03 | 135,080 | 135,798 | 135,66} | 136,561 } 136,630 1137725 | 137573 | 137,607 } 137,619 | 137.8v5 | 131,258 | 127.609 | 127.648 | V24274 | 12423}
Total 240,478 | 222,201 | 275,248 | 274,894 | 274,569 | 222,750 | 276,691 | 276,384 |} 276,398 | 276,470 | 276,929 | 265,936 | 258,385 | 258,372 | 253,303 | 253,262

Freight, taxes and duly included.

The estirates reﬂett 1950  June

No escalation.

price levels.
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TABLE 3-%
OPERATENG COST

CPIR PI1IS
(000" s) RUPEES
{Coatinuved) Sheet 2
. Year .
Oescription Currercy 2002 2003 2005 2005 2006 2007 2008 2009 2010 201 2012 2013 2014 2015 Total Average
Vages Local 2,538 2,538 2,538 2,533 2,538 2,538 2,538 2,538 2,538 2,538 2,538 2,538 2,538 2,091 75,647 2,522
Salaries Local 936 936 936 936 936 936 936 935 936 936 936 936 935 835 27,979 933
Power Local 1,686 1,964 1,938 1,953 3,952 3,943 1.917 1,943 1,954 1,952 1,964 1,976 1,864 1,025 55,543 1,85}
Replacerent & Irprovement | Foreign 50,286 | 20,286 50,286 | 50,286 50,286 | 50,286 | 50,286 | 50,286 | 50,286 | 50,286 | 50,286 50,286 50,265 59,224 1 1,503,568 { 50,785
Local 22,393 | 22,393 22,393 | 22,393 22,393 | 22,393 | 22,393 | 22,393 | 22,333 | 22,393 | 22,393 22,393 22,393 22,366 671,763 22,392
Tota} 12,679 12,679 72,619 | 12,673 12,679 | 12,6719 22,679 | 72,673 | 12,679 | 12,673 | 712,679 72,619 72,619 72,640 | 2,120,301 72,678
Material and Supplies Foreign 47,170 | 47,218 53,388 | 53,509 | 53,359 | 53,320 | 53,343 | 53,328 | 53,316 | 35,482 | 385,514 36,626 34,529 14,516 | 1,447,664 48,255
Local 90,942 | 90,938| 102,165 | 102,320 | 102,655 | 102,008 | 102,061 | 102,056 | 101,943 | 82,891 | 82.839 82,89 78,115 44,981 | 2,840,664 94,689
Totad 138,192 | 138,202 | 155,553 | 155,829 | 155,414 | ¥55,339 | 155,404 | 155,388 | 155,259 { 119,373 | 119,383 | 119,517 | 113,244 59,497 | 4,288,328 | 142,944
Maintenance Foreign n.00 | 31,037 34,80 | 34,8831 34,803 | 34,7277| 3a.8m | 34,795 | 34,743 6,953 | 6,950 6,957 6,604 3,852 872,451 29,082
tocal 6,219 6,284 7,033 7,054 7.038 7,032 7,032 7,036 7,026 7,030 | 7,027 7,034 6,681 3,929 201,855 6,728
Total 37,290 | 37,321 41,850 | 41,937 4,841 | 41,809 41,838 | 41,83 | 40,769 | 13,983 | 13,977 13,99} 13,285 7,78% | 1,074,306 35,810
TOTAL Foreign | 128,467 | 128,537 138,485 | 138,673 | 133,448 | 138,384 | 138,430 | 138,409 | 138,345 | 93,721 | 93,780 93,869 91,419 63,642 | 3,828,683 | 127,623
Locald 124,774 ) 124,833 | 132,009 | 137,194 | 136,942 | 136,860 136,912 | 135,902 | 136,780 | M17,740 | 112,697 | 117,768 | 113127 75,227 | 3,873,451 | 129,115
Tota} 253,241 | 253,310| 275,491 | 275,872 | 275.360 | 275,244 295,342 | 275,31 | 275,125 | 21),46% | 201,477 | 211,637 | 204,546 | 143,869 | 7,702,134 256,738

Freight, tares and duty included. .
The estirales reflet V980 June price leyels,
o escalation,
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TABLE 3-6

OPERATING COST

SURFACE FACILITIES

(000" s)RUPEES
Sheet 1
Year

escription Currency 1y9gs | 1987 | 1988 | 1989 | 1990 | 3991 | 1992 | w99z [ 199a [ 1995 [ 1996 | 1997 | 1998 | 1995 | 2000 | 2001
¥ages Local 2,558 § 3,240 3,569 | 3,569} 3,569 | 3,569 | 3,569 | 3,569 | 3,569 | 3,569 | 3,569 | 3,569 | 3,569 | 3,569 | 3,569 | 3,569
Salaries Local L8981} 2,129 2,172} 2,172 | 2,172 | 2,172 2072 {2092 | 2,012 | 2,v1z2 | 2072 f 2a72 | 22 | 2ar2 | 2a72 | 2,72
Power Local 40 456 456 456 456 456 456 456 456 456 | 456 456 456 456 456 456
Replacement & Improvement Foreign 62 62 62 62 62 62 62 62 62 62 62 62 62 62 62 62
Local 75 75 75 75 75 75 75 75 75 75 75 75 75 75 75 %
Totat 137 137 137 137 137 137 137 137 137 1371 137 137 137 137 137 137
Materials & Supplies Foreign 235 235 235 235 235 235 235 235 235 235 | 235 235 235 235 235 235
Local 1,044 | 1,044 1,044 | 1,044 1,084 | 1,052 | 1,044 | 1,044 | 1,044 | 1,044 | 1,044 | 1,048 | 1,044 | 1,044 | 1,044 | 1,044
Total 1.279 | 1,279 | 1,279} 1,279 1,279 | 1,279 | 1,279 | 1,279 | 1,279 1,279 | V,279 } 1,279 | v,279 | v,279 | 1,279 | 1,279
Maintenance Foreign 593 593 593 593 593 593 593 593 593 593 | 593 593 593 593 593 593
Loca) 820 880 880 | 880 880 | 880 820 880 830 880 | 880 880 880 880 880 880
Total 1,473 | 4,73 1,473 1 1,473 | 1,473 | 1,473 | 1,473 | 1,473 | 1,473} 1,473 | 1,473 | 1,473 | 1,473 | 1,473 { 1,473 | 1,473
T0TAL foreign 830 890 830 890 | 890 890 890 890 830 890 | 890 890 890 890 890 890
Local 6,856 | 7,824] 8,196{ 8,196| 8,196 | 8,196 { 8,196 | 8,196 | 8,196 | 8,196 | 8,196 | 8,196 | 8,196 | 8,196 | 8,196 | 8,196
Tota) 7,746 | 8,714 | 9,086 9,086} 9,086 | 9,086 | 9,086 | 9,086 | 9,086 | 9,086 9,086 | 9,086 | 9,086 | 9,086 | 9,086 | 9,086

freight, taxes and duty included.

The estimates reflect 1980 June price levels.
No escalation.
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TABLE 3-6

OPERATING COST

SURFACE FACILITIES

{000's) RUPEES

(Contiaued) Sheet 2
o Year
Description Currency la002 | 2003 | 2008 | 2005 | 2006 | 2007 | 2008 | 2009 | 2000 | 2om1 |2012 | 2013 | 2014 | 2015 | Total [ Average
Kages Local 3,569 | 3,569 | 3,569 | 3.,5691 3,569 | 3,569 | 3,569 | 3,569 | 3,569 | 3,569}3,569 | 2,6951 2,695 | 2,695} 103,108 | 3,437
Salaries Local 22| 212 2072 | 20002 2zl 22l 22 ez} 2,072 2,172 2,072 | 1,964 | 1,954 1 1,964 | 84,219 2,14)
Power Local 456 456 456 456 456 456 456 455 456 4561 412 383 383 383} 13,362 445
Replacerent & leproverent Foreign 62 62 62 62 62 62 74 62 62 62 62 62 62 52 1,850 62
Local 74 74 74 74 14 74 74 74 74 74 74 74 74 64 2,226 74
Total 136 136 136 136 136 136 136 136 136 136] 136 136 136 16 4,076 136
Haterial & Supplies Foreign 235 235 235 235 235 235 235 235 235 2351 235 235 235 | - 6,815 227
tocal ¥,044 1 1,044 | 1,084 1,044 | 1,044 | 1,044 | 1,024 { 1,044 | 1,044 | 1,044 1,044 | 1,044 | 1,044 944 | 31,220} 1,041
Total 1,279 ) 1,229 | 1,279 | 1,2729| 1,279 | v,279 | 1,279 | v,279 ] y,279 ) 1,279 1,279 | b,279) 1,279 944 { 38,035| 1,268
Haintenance foreign 593 593 593 593 593 593 593 593 593 455 - - - - | 5,280 509
tocal 880 880 830 880 830 830 830 830 880 820 625 625 625 625 | 25,320 844
Total 1,473 | 4,473} 1,473 | 1,473 | 1,473 ] 1,473 | 1,473 | 1,473 | 1,473 | 1,275 625 625 625 625§ 40,600 1,353
TOTAL Foreign 890 830 | 890 890 | 890 830 890 890 890 1521 297 297 297 52 | 23,945 798
Loca) 8,195 | 8,195 | 8,195 | 8,195} 8,195} 8,195 | 8,195 | 8,195 | 8,195 | 8,135| 7,896 | 6,785| 6,785 | 6,675 | 239,455 | 7,982
Total 9,085 | 9,085 | 9,085 | 9,085 92,085 | 9,085 { 9,085 | 9,085 | 8,085 | 6,837 8,193 | 7,082 7,082 | 6,727 | 263,400| 8,780

Freight, taxes and duty included.
The estimates reflect 1930  Jupe

Ko escalation.

price tevels.
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TABLE 3-7
OPERATING COST
PREPARATION PLANT
{000"s) RUPEES

Sheet 1
_ Year

Description Corvency 1 1936 | w987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1saa | 1995 | 1096 | 1997 | 1998 | 1999 | 2000 | 200

Wagsés Local 477 560 740 740 740 740 740 740 740 740 740 740 740 740 740 740
Salaries Local 196 196 196 196 196 196 196 196 196 196 196 196 196 196 196 196
Power Locat 332 437 545 547 550 556 559 563 556 552 553 551 552 556 555 560
Replacement & Ieprovetent| Foreign 322 322 322 322 322 322 322 322 322 322 322 322 322 322 322 322
Local 137 137 137 137 137 137 137 137 138 137 137 137 137 137 137 137

Total 453 459 457 457 457 457 457 457 457 457 457 457 457 457 457 457

Materials and Supplies Locald 1,100 { 1,446 1 1,803 | 1,80 | 1,82} | 1.840 | 1,842 | 1,862 | 1,840 | 1,826 { 1,828 | 1,824 | 1,826 | 1,838 | 1,836 1,855

Maintenance Foreign | 1,757 | 1,757 | 1,257 | 1,757 | 1,757 { 1,757 | 1,257 | 1,752 | 1,757 | 1,757 | 1,757 | 1,157 | 1,757 | 1,757 | 1,757 1,757
Ltocal 1,261 | 1,42% | 1,603 | 1,603 | 1,603 | 1,603 | 1,603 | 1,603 | 1,603 | 3,603 | 1,603 | 1,603 | 1,603 { 1,603 { 1,603 1,603

Total 3,008 | 3,178 | 3,360 | 3,360 | 3,360 | 3,360 | 3,360 | 3,360 | 3,360 | 3,360 | 3,360 { 3,360 | 3,360 | 3,360 | 3,360 3,360

TOTAL Foreign | 2,079 | 2,079 | 2,079 | 2,079 | 2,079 | 2,079 | 2,079 | 2,079 | 2,079 | 2,079 | 2,079 | 2,079 | 2,079 | 2,079 | 2,079 2,019
Local 3,503 | 4,197 | 5,024 | 5,033 | 5,047 | 5,072 | 5,084 | 5,101 | 5,072 | 5,054 | 5,507 | 5,051 | 5,054 | 5,070 | 5,067 5,09

Total 5,582 | 6,276 | 7,103 | 2,12 ) 7,026 | 7.151 J 7,163 | 7,180 | 7,150 | 7,133 | 7,136 | 7,130 § 7,133 { 7,143 | 7,146 7,170

Freight, taxés and duty included.
The estirates reflect 1980 June price levels.
No escalation.
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TABLE 3-7
OPERATING COST

PREPARATION PLANT

(000's) RUPEES

{Continued) Sheet 2
Year

Description Corrency o002 | 2003 | 2004 | 2005 | zoos | 2007 | 2008 | 2009| 2000 ] 20n| 2002 | 2003 | 2008 | 2015 | totar  |average

Wages Local 740 740 740 740 740 740 740 740 740 740 740 740 740 7490 | 21,757 725
Salaries Local 196 196 196 196 196 196 196 196 196 196 | 196 196 196 196 5,880 196
Power Local 561 561 565 559 560 559 565 565 558 552 | 505 436 436 436 | 15,942 531
Replacement & Improvezent| Foréign 322 322 322 322 - - - - - - - - - 6,440 214
Locat 137 137 137 137 - - - - - - - - - - 2,740 92

Total 457 457 457 457 - - - - 9,180 206

Materials and Supples Local 1,857 { 1,855 | 1,869 | ¥,847 | 1,853 | 1,848 | 1,868 | 1,868 | 1,845 | 1,826 | 1,669 | 1,442 | 1,442 | 1,242 | 52,235 | 1,756
Maintenance foreign | 1,757 | 1,757 | 1,757 | 1,757 | 1,757 | 1,757 | 1,757 | V,757 | 1,757 | 1,757 - - - -§ 45,682 | 1,523
Local 1,603 | 1,603 | 1,603 | 1,603 | 1,603 | 1,603 | 1,603 | 1,603 | 1,603 | 1,603 | 7n 666 666 666 | 43,923 | 1,464

Total 3,360 | 3,360 | 3,360 | 3,360 | 3,360 | 3,360 | 3,360 | 3,360 | 3,360 | 3,360 m 666 666 666 | 89,605 | 2,987

TOTAL foreign | 2,079 | 2,079 | 2,079 | 2,079 | 1,757 | 1,757 § V7357 | 1,757 | 1,257 | v, 252 | - - - - | sz,122 | 1,737
tocal 5,094 | 5,092 | 5,110 | 5,082 | 4,952 | 4,946 | 4,972 | 4,972 | 4,942 | 4,97 | 3,881 | 3,480 | 3.480 | 3,480 | 142,977 | 4,766

Total 70713 Y 7,1 | 7,189 | 7,061 | 6,709 | 6.703 | 6,729 | 6,729 | 6,699 | 6,674 | 3,881 | 3,480 | 3,480 | 3.480 | 195,099 | 6,503

Freight, taxes and duiy included.

The estimates reflect 1980 June price levels.
No. escalation.

V83




TABLE 3-8
OPERATIKG COST
RAILWAY

(000's) RUPEES

o Sheet 1
‘ . Year ]
escription Currency | yg06 1987 1988 1989 1999 199 1992 1993 1994 1995 | 1995 1997 1998 1939 2000 2001

Wages Local 64 127 182 182 382 382 382 382 387 382 382 182 382 382 382 382
Power Local 35 70 176 176 176 176 176 176 176 176 176 176 176 176 176 176
Replacesent & Ieproveséat | Foreigs 667 667 667 667 667 667 667 667 657 667 667 667 667 667 657 667
Local 285 285 285 285 285 285 285 285 285 285 285 285 285 285 285 235

Total 952 952 952 952 952 952 952 952 452 952 952 952 952 952 952 952

Yaterial & Supplies Locat 1,620 | 3,240 | 8,100 | 8,100 | 8,000 | 8,100 | 8,700 | 8,100 | 8,100 | 8,100 | 8,500 1 8,100 | 8,100 | 8,100 | 3,100 | 8,100
¥aintenance Foreign N 893 o0 | 1,787 | 1,287 | 1,787 | v.787 | v.287 | a,787 | v,287 | 1,087 | 1,787 | v,87 | 1,787 | v,787 | 1,787
Local 1,346 | 1,233 | 3.0 | 3.468 | 3.468 | 3,468 | 3,468 | 3,463 | 3,468 | 3,468 | 3,468 | 3,468 | 3,468 | 3,468 | 3,468 { 3,468

Total 1.3¢6 | 2,626 | 3,975 | 5,256 | 5.255 | 5,256 | 5,256 | 5,255 | 5,255 | 5,255 { 5,255 | 5,255 | 5,255 | 5,258 | 5,255 | 5,255

TOTAL Foreign 667 | 1,560 | 1,561 | 2,454 | 2,454 | 2,454 | 2,454 | 2,454 | 2,458 | 2,450 | 2,456 | 2,454 | 2,450 | 2,454 | 2,454 | 2,454
Local 3,350 | 5.455 |12.024 |12.411 Diz.an [12,410 {12,400 {12,411 [ 12,40 {12,410 |z2,400 | 12,000 | 12,410 {12,400 [12,40 | 12,40

Total 4,007 | 7.005 |13,585 |14,865 |14,865 {14,865 | 14,865 | 14,865 | 13,865 14,865 | 14,855 | 14,865 | 14,865 | 14,865 | 14,865 | 14,865

Existing Railway Local 3,665 | 4,820 { 6,010 | 6,035 | 6,070 | 6,135 | 6,065 | 6,205 | 6,135 | 6,085 | 6,095 | 6,080 { 6,085 | 6,925 | 6,020 | 6,185
GRAND TOTAL Foreign 667 | 1,560 | 1.561 | 2,456 | 2,958 | 2,458 | 2,454 | 2,454 | 2,454 | 2,450 | 2,458 | 2,454 | 2,454 | 2,454 | 2,454} 2,454
tocal.  |7.015 |10.275 |13.034 {18 446 | 18,481 |18.546 }18,576 |18.616 | 18,546 [18,496 | 18,506 | 18,491 | 18,495 | 18,536 | 18,531 | 18,596

Tota} 7.682 111,835 |19,595 |20,900 | 20,935 | 21,000 |2v,030 j21,070 | 21,000 | 20,850 | 20,960 | 20,985 {20,950 § 20,950 |20,985 | 21,050

Freight, taxés and duty included.

The estirales réflect 1980 June price levels.,

No escalation.

* Average (1) for 27 years
Average {2) for 30 years
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TABLE 3-&

OPERATING COST

RATLWAY
(Continued) (000°s} RUPLES Sheet 2
‘ Year
Description Correacy { 2002 | 2003 | 2004 | 2005 2006 | 2007 | 2008 | 2009 | 2010 | 20m | 2012 2013 2014 2015 Total | Average*
Wages tocal 3872 387 387 192 382 182 382 182 182 337 382 382 382 382 10,887 363
Poxer Local 176 176 176 176 176 176 176 176 176 176 176 176 176 176 5,033 168
Replaceent & lwprovesent | Foreign 667 667 667 667 667 667. 667 667 667 667 667 667 667 667 20,010 667
Local 285 285 285 285 285 285 285 285 285 285 285 285 285 285 8,550 285
Total 952 952 952 952 952 952 952 952 952 952 | 952 952 952 952 28,560 952
Haterials & Supplies local. 8,100 { 8,100 | 8,100 | 8,300 | 8,100 | 8,100 | 8,100 | 8,100 | 8,100 | 8,300 | 8,000 | 8,100 | 8,100 | 8,100 | 231,660 1,722
Faintenance Foreign | 1,787 | 1,287 | 1,787 | V,787 | 1,787 | 1,287 | 1,787 | 1,787 | 1,787 - - - - - 41,100 1,370
Local 3,468 | 3,468 | 3,468 | 3,468 | 3,468 | 3,468 | 3,468 | 3,468 | 3,468 | 2,692 | 2,692 | 2,692 ] 2,692 | 2,692 | 195,916 3,197
Total 5,255 | 5,255 | 5,255 | 5,255 | 5,255 | 5,255 | 5,256 | 5,255 | 5,255 | 2,692 | 2,692 | 2,692 | 2,692 | 2,692 | 137,07 4,567
TOTAL Foreign | 2,454 | 2,454 | 2,454 | 2,454 | 2,454 | 2,454 | 2,454 | 2,454 | 2,454 | 2,667 667 667 667 667 61,11) 2,037
Local 12,411 {12,400 12,40 [ 12,401 12,40 12,40 [ 12,410 [12.400 {12,400 [ 11,635 | 11,635 | 11,635 11,635 | 11,635 | 352,046 | 11,735
Total 14,865 | 14,865 | 14,865 | 14,865 |14,865 |14,865 | 14,865 | 14,865 | 14,865 | 12,302 | 12,302 | 12,302 | 12,302 ] 12,302 | 213,357 | 13,772
gxisting Railway Local 6,190 | 6,185 | 6,230 | 6,160 | 6,175 | 6,160 | 6,225 | 6,225 | 6,050 | 6,085 | 5,565 | 4,805 | 4,805 | 4,805 | 175,780 5,859
GRAND TOTAL Forefgn | 2,854 | 2,454 | 2,454 | 2,454 | 2,454 | 2,458 | 2,454 | 2,454 | 2,458 667 667 667 667 567 61,101 2,037
Loca) 18,601 | 18,596 | 18,641 | 18,571 | 18,586 | 18,570 | 18,636 | 18,636 | 18,56 | 12,720 | 17,200 | 16,440 | 16,440 | 16,440 | 527,826 | 17.59%
Total 21,055 | 21,050 {21,095 § 21,025 | 23,040 121,025 | 21,090 | 21,090 | 21,005 | 18,387 | 12,867 | 7,100 | 12,107 [ 12,007 | 588,937 | 19,631

Freight, taxes and duty included.

The estirmates veflect 1980 June price levels.

Ko escalation,
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FARLE 3-9

SIMPARY OF CPERATING (05)

PER CLEAN (OAL TOMNE

{ruPEE)

_ I YEAR T

Descrigtion Careency |ges {1937 [ 1923] 1980 [ 4930 1991 | 1932 [as93 [ 1954 [199s L3935 {1997 {1933 [ 1553 [ 2000 [ 2001 [ 2002 [ 2003 | 2004 § 2005 [ 2006 | 2007 | 2008 | 2009 2010 | 2091 20iz| 20337| 2024] 2015 { Average

Nire Foreige { 192 {163 | 329 | 128 f128] d26 | 125 123 1125 {18 [y [ pns s s [ns|ns | ns|w2efez |23z frzz {neIns| s2f s} 98] 95| n 119
Local 203 1186 | S| 15) | ASH | MAs | 148 F 147 |48 | 0s1 fJsSh |45 Jvay fuso Jazs | 135 135 Jaze | vas § 1e7 |14 | 1es fues j1a3 Jra Jree [z sl e 145
Total 403 | 399 | eap | 279 | 219 ) 274 | 273 (210 | 273 | 279 | 230 | 270 | 253 | 258 | 254 | asy | 250 | 25 | 267 { 270 | 269 | ee9 f 267 1299 J2e2 f 210 226 {235 | 226 f a6 | 2es

Depreciation on Assels | Local 1 ®I AN ¥ | n|an|ny{anjafgn|ninjaijanitninlanganlnlnin|ln] a{n| ] ol 0] 2 32
feortization Local alanjlaya|la|lan|lag|lalayan)la|la|lala|la|layalalalatalalalatal ot a2 a1 21 21 21
Interest on Loan Local iz |as sz n3] o3 Mfss| ] e - - - = - - - - - - - - - - i N B - ) - 35
Kire Sub-Total Foreign § 150 163 {2zt vega [ 128 vae s 125 1230025 128 |1 |vaafue s jus{ns [ ns ynsfrze |23 |1zafras jrze [ [ 8| a2 es| s8] oo n 13
Leca) 601 | 466 362 | 342 [ 322 ) 297§ 280 | 260 243 [ 228 | z09 | 204 f 153 res Juse Juns [ 194 Jiod {203 | 205 | 200 feoq feox |20 |02 |1es |13 | 203 | 1sa )l wse | 240

Tolal 791 | 629 | 49) | 470 | 450 | 475 | £05 |333 | 363 | 356 | 338 | 328 | 337 {316 § 3tz | 309 | 369 | 309 | 325 | 328 | 327 [ 327 |35 | 37 | 320 | 268 | 265 {301 f 293 | 230 | 359

rail foreign 1 1 1 2 ? 21 2 2 2 2] 2| 2 2 2 2zl 2| 2 2| 2} 2| 2| 21 2} 2| =2 i | 1 1 1 2
Locat st e sy 5] 5k 3 Fas) o] s {asy ] s aispas) s oisfos]osyos]os]s o] oas) o] ol ozl 15

Tolal Wity wviviug|l |l wvwvlupw]l vl vl vl w] vl ] 2] 6] 36l 188 18] 18 7

Cepreciation on Assels Locat 5 L} 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 4 4 4 3
Arortization tocal 2 2 2 2 2y 21 2 2 2| 2 2| 2 2 2| 2| 2| 2 2 ] 2| 2} ¢ 2 2 2 2| 2 2 ?
Interest on loan Local gl 3011 B 9 7 5 % z - - - - - - - - - : - - B - - B N i B - [
Bailway  Sub-Tatal farefgn 1 1 1 2 2 2 z| 2 2| 2 2 2 2 2 2 z] e 21 2 2 2 2| 2 2| 2 1 1 ) 1 ) 2
tocal 6] 46 | 4] 36] 3] | 21 fs] s 22| w)| 0] 0)z2|]20]|] 00| o] 220020l zw|lo|al 2]l 24

Tetad 6l | 423 Bl R Bljlats|lualrgla|la@ya|lw|lala|laja|l |zl a2)lalzelalalzzl al al 2 26
10TAL foreign | 391 | 164 |130 [ ¥30 |30 vea o2z [vas ez 3o jun Jes [vo fJrofns |z vz [ va fraa fes Jawes |ws e fns gro | 3| a1 9 o5 72 12
Locad €61 | 532 | 403 | 378 | 355 | 328 | 307 1285 |67 | 250 |z Yzaa Ja1g | 2w8 Jane | 2ta | 2v4 | a1 § 223 §2as | 2ad | 224 | 223 | 221 |2e2 |z |20 J2zs | o0 | ve2 | 264

Tota? 855 | 676 | 633 1503 § 435 | 455 | 434 |410 | 399 {320 | 360 1350 339 [ 338 | 334 | 230 {333 {330 § 347 [ 30|30 | 349 | 397 j333 {3z | 259 [ 307 § 35 | ;a7 ] 254 335

Credit Coal Locad 28] - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - -1 ¢ »
€RAND TOTAL Foreign § 190 J164 1130 1330 130 | w23 § 122 |025 J122 {130 |1 |k2e |rz0 a0 [rie fwwz [ 02 Jwwz [ vaa Jaas fvas |aes frza [ns |0 | 3| 1| 9 96| 72 121
Local 445 | 512 403 [ 378 | 355 § 328 | 307 |285 [ 267 {250 |22 |zaa | 219 | a8 | zte | 208 [ana | 204 | 223 | 2as | 224 | 224 | 223 |zev | 222 | 206 | 220 226 | 221 | &2 260
Total 637 1676 533 | 503 §4585 | 456 | 436 [410 § 394 ]330 360 | 350 § 339 | 3xs | 338 |33 |33 |3 | 347 | 350 Faas | 3e9 baar |30 |34z 232 | 300 L 3es | 3vr | 254 381

Freighl, Uaxes and duly included.
The estivates reflect 1520 Jure price levels.

K3 escalalion.
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TABLE 3-10
CPERATING CGST
SUMARY
RUFEES PIR CLEAN COML TOANE
[ . Tear
Pescription Curceney| 4926 | 1937 1523 | 1389 | 1990 | isn | 1552 | 1933 | 1993 1535 | 1936 | 1937 1 19338 { ¥¢%% | 2000 | 2001 02 | #7003 | 2004 J2005 | 2008 | 2007 | 2008 | 209 | 2010 § 2001 | Zo12 2003 | 20| 2015 § Average
Uedergroved Rice forefgn | 38 17 11 1 1n 10 1o 8 9 11 12 11 3 2 8 8 8 8 2 8 3 8 4 3 3 3 2 - - - 8
Local 3% ki 24 24 26 21 23 23 23 4 Fal F{ ] 23 22 23 22 22 22 Fo4 Frd ¢2 Fed & o w0 1.3 12 - - - F4
Toltal 54 43 35 35 37 34 33 k) 3z 35 37 3% n 31 3 ] 3 30 » 0 X E ] » 23 3 21 21 - - - Fy']
Ocen Pits foreign { 168 43 115 14 i 1313 12 2 n3 ns 14 110 107 105 165 104 104 14 mnl 112 12 12 m 11} 113 17 £4 93 85 1 08
tocal 162 142 14 jRs} 1z m 12 ni 1z 13 113 109 165 105 102 L] 100 101 101 142 m [11] 10 110 in 97 106 122 1174 18 1t
Tolsl 373 %33 F L5 ] Feeld 226 228 224 723 25 72t 227 219 [1rd 2n 207 owh 205 a5 221 Fd] 3 223 221 Fi4} e ] 3¢ ] 1% 720 212 149 29
Surfece Facilities Foreign 1 1 ] 1 1 1 1 1 1 1 3 1 ] 1 | ] 1 1 1 [ 1 ] 1 1 ] ] 1 - - - - ]
tocad 9 3 6 6 [ b [ 13 6 1 [ [ & & & 3 6 & ] 6 6 6 3 6 6 13 7 7 [ 3
Totat 10 3 7 ? 1 7 ? 7 7 8 7 ? 7 1 7 7 7 ? 1 7 ? 7 1 7 7 7 7 F) 1 7
Freparation Plant forelga 3 F 4 4 2 2 z F4 2 4 s 2 F4 4 2 2 F4 2 F4 2 ? F4 2 2 3 ¥ |} - - - - 2
Locad 5 4 [} 4 4 4 q L) 4 4 L] 4 4 4§ ] 4 4 4 £ L] 4 1 4 4 [ ] 4 3 4 4 4 4
Total 8 6 6 1 6 6 & 6 13 & 6 & 13 13 & & 6 6 [ 3 [ 6 ] 5 5 5 3 4 4 4 [
Gereral Expensces Local 2 2 2 2 2 F4 4 2 2 F g F4 2 F4 2 F4 2 2 2 ? F4 2 2 F4 4 2 2 2 F3 2 2 2
S2%-Tolal Forefgn | 133 163 129 128 3 1&6 12% 123 & 128 122 124 8 nse ns s s 1ns t2e 123 123 23 12z 16 118 87 &5 93 > n 119
Loca} Fikd 185 150 150 50 7 147 115 147 150 159 145 o e 137 135 135 135 144 186 145 145 144 142 143 127 | k4 135 » 9 144
Total 402 Ms 21 Fi ] 278 2713 2i2 263 . 2#’2w 218 23 63 258 257 253 50 250 50 245 Fes 268 268 P22 o8 Fi3} 203 723 233 25 162 263
Yead Cffice Overtead Locatl ] ] 1 ] 1 1 H | 1 1 3 ] 1 1 | 1 1 1 1 ] 1 1 1 ¥ ] 1 1 1 1 ] 1
MINE YOTAL Foreign | 190 163 172 128 123 126 125 123 25 L Fo ) 123 124 ns 8 116 11% 15 115 tee 123 123 123 122 116 118 B2 &5 53 %5 n 119
Lecad Fik} 155 151 153 151 LLE 143 147 143 113 15 16 141 140 133 135 136 13% s 147 145 s 145 143 144 123 B 135 m 92 145
an 3 i3 &) e 273 Fed ] 213 270 273 21 30 70 F33 ] 258 254 251 251 251 @7 20 F{3] 263 %7 %9 62 210 224 231 2% 163 <64
Rfailvay Forelgn 1 1 1 F4 2 F4 2 K 2 2 4 2 2 2 F4 2 2 2 2 F4 2 F4 2 F4 2 1 | ] 1 ] 1 2
Lecad 9 n 16 15 5 5 15 15 15 15 15 5 15 113 15 133 15 15 15 15 3% 15 113 15 15 15 15 17 7 17 15
Tolal 10 32 1”7 ¥z 17 1 1?7 12 17 17 1? ¥ 1?7 17 LE) 7 7 1 17 7 1" 1” 17 37 L 2 16 16 8 | 13 1] L)
654N TOTAL e |32 Gy 1 0 10l sl wes |z ] o) sz ool ns v | owr| v van § s oves | ves | ey s o | as | a2l | ss| 12 2
Local Fred 197 152 165 165 163 163 182 163 166 1£5 163 156 55 153 151 151 351 [ {34) 162 161 18 16 158 153 143 153 53 LE 3 103 60
Total M3 3531 37 &5 295 231 Fep) 8?7 2% 36 237 Fef 216 275 2N 68 768 2t8 Pl 227 285 el 2 276 13 ey 240 ¥4 F{1} £1.8] 231

Frelght, taxes and duty factuded.

Tt estirates reflect 1653 Xne price lewels.

KXo €scalation.
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FASLL 3-3%

CEEPATING (G5
SUMART OF MIsE
{FOTES FER CLEAY C22L T{MN)

Year —
Oescriptica Correcy lyzes |1ser J1sza [3ss3 [isso [asor fisoe 1533 153 1935 fugss sz mm ¥932 | 2000 feoot | 2002 | 2003 | 200t | 2005 | 20os | 2007 Fzoca [ 2000 [zo10 fzous [2mz | 2013 | 2oms 2015 | Arerage
. _ i I i

Wages Local ” n 10 9 9 9 9 9 9 9 g ] 9 9 ] s 9 9 3 9 $ g g 5 9 g e 3 § 6 9
Salarfes Local 3 1 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Power Locs) 8 3 5 5 5 5 5 H 3 5 5 s s 5 5 5 5 5 5 5 3 2 2 5
Rrplacezeat 8 Dmprovercet | Forelgn 75 57 4“5 13 45 45 45 T 45 45 5] s 45 %5 =] s 45 45 " 113 13 45 & 49 11 17 45 53 52 52 45
Leeal 33 3] 19 2 20 20 o0 20 20 20 o] 2 20 P2l 0 20 13 3 #0 2 20 »n 19 18 18 113 Fo 23 23 b 20

Total 108 £2 55 6 €5 65 65 1] 65 &5 €5 (33 33 &5 & &5 €4 €4 € €5 &5 65 63 58 59 59 5 7% b 7% €

Halerfals & Sepolies Foreign 70 € 50 3 51 @ 3 az L3 0 S 23 13 43 a2 N 41 &t 133 73 25 15 45 25 &5 33 *x 3 3 13 45
Lecal ol us 56 [ 23 56 5e o 93 st | ss 55 91 8? &6 £4 gzl m £3 91 93 w2 2 52 ] 93 77 g8} & &5 42 %3

Total ol ws s pus | g || oz s fur ] | v | s | v foraa] vz | e | |l s | 131 Jm | ve | ve ) o €1 3

Kinterarde Forelgn a5 9 33 13 32 R 32 xR ®” 33 13 k3] k') 3 2 Fel P4 a X 2 £ » R 0 n ] sl 7 ) 4 23
Local 22 18 35 15 s 1% 1 " i 15 5 11 u 14 i1 13 " " " 1% " u 1] 13 13 1 " L] 8 s 1

Total €7 5g 43 43 47 T3 15 (13 (13 43 43 25 i 7 43 2 43 43 T3 13 45 % 73 4 4 22 0 16 15 9 '

Chers Local 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
TO1AL Forelgn | 393 § 163 1 129 | w7 | 1ee | vze Jyas | v fvas |18 Jazw v [ g ] wmis | ws st wns | ns | oz | 123 ] 123 { w22 | vs | 115 a2 85 <3 % n 19
Locad 23§15 F 41 P past s s | o1er fazs | asy foasa f ms e wa f oo s e | s | s f oz | a6 | nis W5 | 143 | s [z {33 foass | 2 M5

Total Wi im ey s Janfm | ooz |29 ol | s ass st Jaen] s | v | esr | 2o | ozeo | 2o | 262 253 | 262 | 210 | 228 | 230 ) 226 | 183 |

Frefght, t2:e5 and Sty faciuled.

ite estirales reflecl §33) dre price Terals.

K> escalaticn.
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TASLE 3-12
CPERATING (ST

FUPEES PER CLEAN COAL VORAE
] Tear
Lescription 1555 |usar [ 19aa | 1569 1930 | 1993 fasz2 {3993 | 1534 {1595 [1535 11997 1928 1993 12600 | 2000 | 2002 | 2003 | 2004 | 2065 | 2006 | 2097 f2008 | 2003 {2010 | 2011 {2012 {2013 | 2014 | 2015 | Auerages
INDERGRUAD JINE
Yages 23|l 1] | wfw] wipwvfpis] ] wefpie] o] s s} e ] o] o] s ois| oewyst sl ol - - - s
salaries 5 3 k| 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 4 - - - 3
Fover 26l v o v w] v o3| w3l i3y oz 13| wf s ] i i3]zl izt s - - - "
Replacessat & Frprovecent 5| ] 26 | 3] wl sl 22t Al alals|n]a|la] af 23] 23| 3| aAa] 44| s5q{ 24 - . - - - - - 21
Yaterfals 8 Supplies 16 [ 2 16 M| 83| 221 4] s2] ss| 3] ey |s2|sr| o] e¢5f 45 45| 45| 50| 5o} s ] es) 43 ) 48] €3 | 62 - - - €0
¥ainlerarde s as] st sl Btz lu]|eijal ol 0] 0] 0| 1 2l{al 2l 2] 0] s - - - n
Mosentecisa ¥ 1 1 1 1 1 H 1 1 1 1 i 1 1 ] i 1 1 1 1 i ] ] 1 1 3 X - - - 1
1018 o5 Lisg (1ea {10 |usz e Joea | uas £ 353 | wr3 J023 §ard Jass |52 {06 § 10 %o | M0 | o] rag | 249 faso {145 § 110 o3 | 106 a2 - - - 156
X PIT
2505 4 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Salaries z i ] 1 ] 1 1 ] ] 3 1 ] 1 1 1 ] 1 1 1 1 1 1 1 3 1 1 ] 1 1 1 1
Power 3 3 2 2z z F 2 2 2 2 2 b4 F4 2 2 2 7 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Replacement 3 Ipprovesenl HER AN AR RARIAREEREIAREARAEARREEE I EEEEOEREIRANEARIEIREAEREE R AR AR AR A A AN § 3
Katerials & Supplics 2iz lzo fsa | s Jasa Bass Jass frez f iy | 162 |16z J1sy fues [uas | ue3 | waz2 ) 242 F a2 Jaso | a5 ) ass foasy |57 basy [1sa ez |wee [1zafvs ] &2 150
Mainlerance sT{s2) &3] ) a3 42| 42 3] 3] a3 | 3| 0|33 3| 8] Y 3| a3 42| 42| 4z) 2} 2] 3% ] 5| u 8 7
TOTAL 379 |33 | ep3 | 2a3 |2e@ J 297 Jora | ecs | ea5 P ecs ezns 215 |oes l2es |2s3 Jan 261 {261 |28z | 281 200 |29z |2y Y2 2 | 237 220 J 220 | 213 | 150 263
Frelght, taxes and duty laclsded.
The estizates reflect 1550 Jure price Tewels.
K> escalation.
*2F Years for UG
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TABLE 3-21

€0ST PER UNIT SOLD

Items

S

Installed Capacity
Plant factor (%)
Unit Generated {GYh)

Unit Consumed in Auxiliaries
(303}

Bnit Sent Qut (G¥h)

Cost of Coal (Killion Rs)
(381 Rs/ton as veceived

Interest
F.C (Hillion Rs)
{8.75 %)
L.C {Mitlion Rs)
(2.5 %)

Depreciation (Hillion fs)
(3.5 %)

Opevation and Maintenance Cost
(3 1)

Total Cost
(6 to 9)

(Rillion Rs)

Cost/Unit Sold (Paisas)

300 ¥d

V-113

70
1,839.6

165.6

1,674

426.4

328.5

405

211.9

186.8

1,564.6

93.5

60

1,576.8

141.9

1,434.9

365.5

328.5

405

217.9

186.8

1,503.7

104.8

-

Rerarks

50
1,314

118.3

1,195.7

304.6

328.5

405

217.9

186.8

1,442.8

120.7

Exclude escalation
Price of June, 1980







CHAPTER 4 ECONOMIC ANALYSIS

4-1 Summary

Development of Lakhra Coal Mine was planned with the purpose of supplying its entire coal
production as fuel for Lakhra Coal-fired Thermal Power Station. That is, the construciion
costs and the operation and maintenance costs of the coal mineg and the railway (ransportation
facitities are to be calculaied in fuel costs of Lakhra Coal-fired Thermal Power Station. The
analyses which follow were made keeping this point in mind, and on the assumption that the
plant factor of the power station is SO to 707%. At a discount rate of 107, the economic
viabilily of the project is summarized below.

(1) If a heavy oil-fired thermal power station is considered as the alteinative to Lakhra
Thermal Power Station, the fosmer will not be able to compete with the latter unless
the price rise of erude oil is held at a low level of an annual average of 4.5 o 5.5%.

(2) Even though the future price nise of crude oil is held down to a level equal to the
escalalion rale of wholesale prices of manufactured preducts in major industrial
countries (average of roughly 8% in each country), the “benefit-cost ralio” of the

Lakhra Coal-fired Thermal Power Station Project will be a high rate of 1.39 to
1.62%.

(3) By implementation of the Lakhra Coal Mining and Coal-Fired Thermal Power
Station Project, it will be possible to conserve approximately 380 to 530 million m?

of natural gas every year, and this gas can be diverted to chemical industries which
produce value intensive products.

4-2 Preconditions
4-2-1 Commodity Price Escalation Rate

The period from 1950 to 1958, that is, the period after the social and economic confusion
immgdiately following Wosld War H and before the world ealered a period of high economic
growth, the world economy had been the most stable, butl even at that time, pnces of
construction miatenials in the U.S.A. had been showing an escalation rate averaging 5%
annually.

Subsequently, the rapid increase in demand for petialeum, natusal gas and other finite energy
resources has caused a continual rise of contmodily prices in countries of the werld.

In making cconomic comparisons of individual projects having different weights of price
factors or items, an accurate conefusion cannot be drawn unless the future trend in prices of
the various items are laken into considesation. In the study of this chapter, future commadity
price increases are estimated to be as described below.

V-115



{1} Construction Cost

A report was published in 1975 by the World Bank segarding prediction of future construction
commodily prices. According to this reporl, the annual avesage escalation rate of equipment
prices was predicted (o be 8% for 1977 through 1979, and 7% for 1980 through 1987, while
that of civil wotks costs and engineering fees was predicied to be 12% for 1977 through 1979,
and 10% for 1980 through 1987.

In contrast to the above prediciions, power station construction in Japan from 1979 until the
present recorded an annual average price escalation rate of approximately 7% for turbines and
generators and 3 to 6% for transformers, circuit breakers, efc., while civil construction costs
showed a slightly higher escalation sate than these equipment prices. As for wholesale price
indices of industrial products in the U.S.A, West Germany, France, Japan, etc. during the
same period, they have indicated an annoal escalation rate of approximately 7% for these
countsies as a whole.

Using the price trend up fo now described above as the basis, and {aking into account the
recent trend in various countries to control commodily prces by fiscal policy, commodity
price escalation rates slightly lowers than that predicted by the World Bank are estimated as
follows:

Foreign curtency porlion construction

cost escalationeate L. .. 7% annually

Domestic currency portion construction
cost escalationrate L ... 97 annually

{2) Operation and Maintenance Cost

Statistically, the operation and maintenance costs of thermal power stations, coal mines and
railways are approximately 200% for wages and approximately 807 for materials.

In the case of Pakislan, it is thought that one half of the required materials can be procured
domestically. If it is assumed for the sake of $mplicily that the propoitions of the foreign and
domestic curreacy poslions in the operation and maintznance cosls are equal, the annual
average escalation rate for this cost item will be the median between 7% and 94, or 8%.

(3) FuelCost

The fuel cost of Lakhra Coal-fired Thernal Power Station, as described above, may be taken as
the construction cost and the operation and maintenance cost of Lakhra Ceoal Minc and the
railway transporiation facilities.

With regard to heavy oil a comparable source to coal of Lakhra, the ¢eaude 0il price per barrel
rose from USS11.65 to USS32 between the Tehsan Conference of OPEC at the beginning

of 1974 and the Alger Conference in June 1980. This corresponds to a price hike of 17%
annually, and even if the relative dececase in the purchasing power of the dellar is taken into
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consideration, it is a high price rise in excess of a real annual rate of 12%.

At the Bali Conference of OPEC held in December, 1980 the price per barrel of crude was
raised to US$36 (Gulf countries). There will be a time lag of sevesal months before this price

hike will reflect on the cost of electricity. Therefore, for the purpose of this study, a psice of
US$32 per baseel was used.

The prediction of future prices of crude oit is very difficult. Consequently, a number of
different price hike rates are assumed, and the “penelit-cost ratio” of Lakhra Coal-fired
Thermal Power Station is calculated fos the respective cases.

4-2-2 Alterpative Power Station

As indicated at the beginning, for (he purpose of economic analysis a heavy oil-fired thermal

power station wilt be used as the alteinative (o this Project. The reasons for this are explained
below.

(1) Domesiic natural gas, which is extremely cheap at approximately 1/6 of the price
per unit calorific value of heavy oil, is being used at thermal power stations in
Pakistan. The total installed capacity of thermal power stations of WAPDA about
the time immediately before start of op<ration of Lakhra Thermat Power Station is
planned to be approximately 2,160 M. if these thermal power stations were to be
operated at an average plant factor of 400% and an average fuzl consumplion fate of
0.34 m?/kWh, the annual gas consumplion will be as much as 2.6 billion m? . This is
atmost half of the preseal annual gas production in Pakistan. In regard to utitization
of natural gas, the Pakistani Government has the following longrange policy. As a
precious domestic energy resouree, conservation of natural gas is to be promoted to
maintain the supply of gas for as long a pesiod as possible, and instead of burning it
simply as primary enefgy, emphasis is (o switch the use of gas as raw material for
chemical industry to oblain value intensive products. Consaquently, it naturally can
be forecasted that a time will come in the aear future when domestic production of
natusal gas cannol complelely satisly the fuel demand for power generation. In such

case, the cost of fuel used at power stations witl be that of the alternative fuel,
namely, heavy oil.

(2) It is not appiopiiale fo consider a gas furbine or diescl power station as the
altesnalive power station. This is because the former can demonsirate advantages
only in supplying peak leads for shorl duration and the role to be played diffess
essentially from Lakhra Theramal Power Stalion which will be for supplying base
toad. As for the falter, since diesed oil which cost considezably mose than heavy oil
and coal, the fuel cost will be higher than thal of a steam power station. In addition
the senvice life of the equipment would be halfl of that of a steam power plant, so

the total capital cost including equipment replacement cost will be highes than that
of a steam power station.
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4-2-3 Method of Economic Compatison

(1) Conversion of Total Cost to Present Value

The method of economic analysis is to compare the “benefit-cost ratio” of the Lakhra Coal
Mining and Coal-Fired Themmal Power Station Project by converting to present value, as at the
beginning of the yvar construction is started (1981), the total cost (consttuction costs and
operation and mainterance costs of the power station, coal mine and railway facilities) of the
Lakhsa Coal Mining and Coal-Fired Thermal Power Station Project taking into account escala-
tion in commodily prices, and the total cost (construction cost, operation and mainienance
cost, and fue) cost) of the alternative power station. In such case, sine it is difficult to forecast
the rate of price rise of heavy oil, a range of 4% to 10°% is tenfatively assumed, and the coree-
sponding “benefit-cost ratios™ are respeclively caleulated, and based on the price hike range,
the rate of price rise of heavy o1l at which a heavy oil-fired thermal powes station can compeie
with Lakhra Coal-Fired Thermal Power Station is inversely calcutated.

(2) Discount Rate

In economic analysis of a project such as a power station which requires many years for capilal
recovery, il is appropriate to determine the discount rate based on Tong-tesm loan interest rates
of international financing institutions or the longterm loan interest rates of government
financing agencics of the country invelved. At preseal, the World Bank is charging interest
rates of 8.25 to 8.75%, while in Pakista, government financing agencics are charging an interest
rate of 12.507% for project financing.

In the case of the Lakhra Coal Mining and Coal-Fired Thermal Power Station Project, the satio
of foreign and domestic cusrency requirements in the construction cost will be 56% to 44%,
therefore the weighted average of the above-mentioned interest rates which is 107, is applicd
as the discount rate. Beside this, for the purpose of including sensitivily analysis, a distount
rate of $3% which is slightly higher than the long-term domestic interest rate of 12.504% is also
used for the sake of relerence.

(3) Cumutative Present Value Conversion Rate for Annual Cost considering Commodity Price
Escalation

Regarding operation and mainterance costs and fuel costs which continue to chimb year after
year, if the cost in the first year is A, the commodity price escatation rale ¢, and discount
rate ¥4, the cumulative amount converted Lo present value Se in n years can be ablained by the
formula below.

AQ+ef2) (I I —d 4]

Se = vy 1T qiprt-o

Explanation:

It is appropriate Lo consides items such as operation and maintenance cost and fuel cost
as atl the middle of the year. The cumulative amount converted to present value of A in
the n-th year witl be the following:
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A
(TP

i A were to escalate al a rale of e% every year, the value of A in the n-th year will be as
follows:

A +e/)(1 1e)»]
A i) +i)r?

Therefore, the cumulative present value Sg of A in the n-th year will be as follows:

A(l +ef2) . A(ltef)(1 te) . AQl +ef2) (1 ey
(1 +if2) (L2 +i) (+if2) () +iy?
N A +ef2) (1 tey?
A+ +in-?
_AG+H)y arpias pn-d t+e)]
a+iiy (e G-e)

S, =

(4) Plant Faclor

In the electsic power system of WAPDA whese the weight of hydroclectric power peacration is
targe; the utility factor of steam power sfalions at present is about 50°% In conisast, in
accordance with the aim of reducing consumption of natusal gas, it is expected that Lakhra
Coalfired Fhermal Power Station will be operated al a higher plant factor. The coal from
Lakhra Cosl Mine with reserves of 29,538,000 tons, annual average <oal production of
984,600 tons for 30 years, and calorific-value of 4,613 kcal/kg, even if completely wiilized for
power generation, witl not raise the piant factors of Lakhra Thermal Power Station (thermal
efficiency 37¢4) above an annual average of 74%.

In considesation of the above, plant factoss of S0%, 60% and 70% will be assumed for this
study.

4-3 Present Value of Tot! Cost

4-3-1 Lakhea Coal Mining and Coal-Firad Therma!l Powers Station Project
(1) Constiuction Cost

The construction cost {not inciuding interest during construclion) of this Project at 1930
values is estimated to be 7,023 million Rs. consisting of 4,877 million Rs. for the power
station, and 2,146 million Rs. for the coal mire and ralway facilities. But aftected by
commodily price increases, it is thought that the aciwal cost of the former will be 7,088
million Rs and the latter 2,870 Rs for a tofal of 9,958 million Rs. When this total amount is
conveited to present value as of the beginning of 1981, it wil be 6,441 miilion Rs.at a

V-119



discount rate of 1074 and 5,708 miltion Rs.at a discount rate of 13% as indicated in Table 4-1.
(2} Operation and Mainfenance Cost

Statistically, the operation and maintenance cost of a coal-fited thermal power stalion with
fue gas desulphurization is approximately 4.4% of the net consteuction cost, Therefore, it is
estimated to be 7,088 x 0.044 = 312 million Rs.at the time of start of operation.

In contrast, the operation and maintcnance cost of the coal mine and the ceal transporiation
component is estimated to be 8,452 million Rs at 1980 prices for the pfanned total coat pro-
duction of 29,538 000 tons through the entire period of operation. Consequently, the op-
eration and mainfenance cost at 1980 prices per ton of supply will be 8,452 millions Rs. =
29,538,000 tons = 286 Rs, and whea price escalation at an annual rate of 8% is taken into
account, the cost will be 499 Re.at the time of start of operalion of the powes station. There-
fore, the estimated annual operation and maintenance costs at that time for plani factors of
50%, 60'% and 707% will be 324 million Rs.,389 mittion Rs. and 454 million Rs.tespectively.

Based on the above 1987 values and estimating total cost for a period of 30 years with annual
price escalation of 8%, the operation and maintenance cost in 1987 when Lakhra Thesmal
Power Station will start operation converted into present value at the beginning of 1987 and
also at the beginning of 1981 at discount rates of 1072 and 13% will be as shown in Table4-2.

4-3-2 Alternative Heavy Oil-fized Thernial Power Station

{1) Consiruction Cost

With installed capacily of the same scale, the construction cost of a heavy oil-fited thermal
power slation is ordinarily approximately 75% of that of a coal-fired theemal power siation.
The rate of consumption for station service of encrpy generaled is about 6.7% in case of a
heavy oil-fired thermal power station and 9% in case of a coalfired thermal power sfalion.
Accordingly, the instatled capacily of a heavy oif-fired thermal power station which can supply
eleclsic energy equal to a coal-fired thermal power station of instalted capacily of 300 MW will
be 300 x () - 0.09) = (1 — 0.067) = 292.6 Mw. Therefore, the construction cost of the
alternative heavy oil-fired thermal power station will be about 75% x 292.6 < 3100 = 13% of
that of Lakhra Coalfired Thermat Power Station.

On the basis of the above price ratio, the estimated construction cost of the alternative thermal
power station taking into account commodily price escalation and the said amount converted
into present value use given in Table 4-3, the former will be 5,174 miltion Rs.while the latéer
witl be 3,248 million Rs.at a discount rate of 10%, and 2,854 million Rs.at a discount rate of
13%.

€2} Operation and Maintenance Cosi

The ratio of operation and maintenance cost o construction cost is 4.4% in case of a coalfired
thermal and about 2.5% in case of a heavy oil-fired thermal. Accordingly, the opetalion and
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maintenance cost of the heavy oil-fired theimat power station, based on the price at the time
of start of operalion, will be 5,174 x 0.025 = 129 miltion Rs. With this figure as the basis, the
total cost during a period of 30 yeass at a price escalation rate of 8% converted to present
value as of the beginning of 1981, as indicated in Table 44, will be 1,680 miltion Rs.at a
discount rate of 107 and 1,016 million Rs.at a discount rate of $3%.

(3) FuelCost

As previously stated, the basic crude oil price of USS$32 per barrel (= 159 liter = 136 kg) is
applied in this study. Therefore, al an average heat value of 10,000 kealfkg, the fuel cost per
kWh at a thermal power station of thermal elficiency of 37% will be US50.0546 or 0.54 Rs.

{For identical catonfic values, the price of burker C oil is roughly equal to the price of crude
oil.)

With the above psice as the basis, the eslimafed annual fuel costs of the alterpative heavy

oil-fired thermal power slation at price rise of 4% to 107 annuvally will be as indicated in Table
45,

4-4 Benefitcost Ratio

On the basis of the total costs of the Lakhra Coal Mining and Coal-Fired Thermal Power Sta-
tion Project and the aflernative heavy oil-fired thermal power station, the benefit-cost ratio of

the project are indicated in Table 4-6, Fig. 4-1 (a) and Fig. 4-1 (b), and the following conclu-
sions may be drawn.

4.5 Conclusions

The lignite of Lakhra Coal Mine is a coal which has no other use than as a fuel for power
generalion, but by developing this lignite and utifizing it as a fuel for power generation, 380 to
530 million m® of natural gas would be converted annuatly, and this gas can b2 utilized as raw
mafesial for fertilizer industry and other chemical industries. Besides the advantage of
conservation of resources, this coal-fired thermal power generation componeat will have the

following economic benefit compared with a heavy oil-fired thermal power station offering
equivalent seivice.

(1) 1Ia order for the heavy oil-fired thermal powes station (o be able to comypete with the
Lakhra Coalfired Thermal Power Generation component, the rate of crude oit price
rise must be held in the range of 4.5 to 5.5% at a discount rate of 107% and in the

range of 4.9 1o 6.1% at a discount rate of 13%. This low price hike of crude oil is
inconceivabla as a matter of reality.

(2) Even if the price hike of crude oil were to be held to aboul 8% annually, a level
equal lo escalation of comioedity prices in genesal, the Lakbra Thermal Power
Generation component will still show a high benefitcost ratio of 1.39 fo 1.62 ata
discount sate of 107% and 1.24 to 1.45 at a discount rate of 13%.

The Lakhra Coal Mining and Coal-Fired Thermal Power Stalion Project will require an invest-
mept which is 1.9 times more than a heavy oilfired thermal, but il the above-mentioned

economic benefits are considered, it will be desirable (o promote the implementation of the
Project as soon as possible.
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Table 4-1 Present Value of Conslruction Cost of Lakhra Project as of the beginning of 1981

(Million Rupec)

Item Total 1931 1982 1983 1984 i985 1986 1987 Remarks
At 1980 Values
Coal-fired Thermal Power Station
Foreign exchange component 2,673 30 44 210 515 1,164 392 258
Domestic currency component 2,204 13 25 227 512 866 351 210
Sub-tolal 4,871 43 69 497 1,027 2,030 43 468
Mine and Railway Facilities
Foreign exchange component 1,245 11 1 569 31s 339
Domeslic currency component 901 7 9 358 279 248
Sub-total 2,146 18 20 927 594 587
Total 7,023 6l 89 1,424 1,621 2,617 743 468
Value at Time of Investment
Coal-fired Thermal Power Station Price escalation rate:
Foreign exchange component 3,722 32 50 314 675 1,632 588 414 1%
Domestic currency component 3,366 14 30 294 723 1,332 589 384 oL
Sub-total 7,088 46 80 625 1,398 2,964 1,177 798
Mine and Railway Facilities Price escalation rate:
Fozeign exchiange component 1,611 12 13 697 413 476 7%
Domestic currency component 1,259 8 11 464 394 382 Y%
Sub-total 2,870 20 24 1,161 807 858
Total (A) 9,958 66 104 1,786 2,205 33822 }.177 798
Present Values as of the beginning
of 1981 Present values of invest-
At discount rate of 10% 6,441 60 36 1,342 1,506 2,373 664 410 meat {A) i
At discount rate of 13% 5,708 58 82 1,238 1,352 2,074 565 339 E{;’f]‘:;"(;‘;‘““s of invest-
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Table 4-2 Present Value of Operation and Maintenance Cost of Lakhra Project as of the beginning of 1981

(Million Rupees)

Price escalation: 8% per annum Price escalation: 8% per annum _T
Discount rate : 10% Discouni rate : 13%
Annual Cumulaiive Cumulative )
Piant cosl at preseal value Pr:;e{r:} :'l?:,“e present value szzeét‘! :;;ue
Item factor 1988 conversion fate (110.10)* beginning of conversion rate (140.13)® beginning of
values for 30 years 8'1198 l,g for 30 years 103 lg
(1937-2016) (1987-2016)
Coalfired 50 312 23.06 0.5647 4,063 1639 0.4303 2,456
al-fire
Thermal Power 60 312 23.96 0.5647 4,063 I6-3Q 0.4803 2,456
Station 70 312 23.06 0.5647 4,063 16.39 $.4803 2456
Note) .
) ) 50 324 23.06 0.5647 4,219 16.39 0.4803 2,550
tine and Raitway 60 389 23.06 0.5647 5,066 16.39 0.4803 3,062
70 454 23.06 0.5647 5,912 16.29 0.4303 35714
50 636 23106 0.56417 8,282 16.39 04803 5,006
Tolal 60 701 23.06 0.5647 9,129 16.39 0.4803 5,518
10 766 23.06 0.5647 9,975 16.39 04303 6,630
(Note) Op=eation and Mainlenance Cost Annval Opeeation and
Plant Facior Fuel Consumption per ton of lignite supplied Maintenance Cost
(%) (toa/year) (Cost at 1937 values: Rsfton) (Million Rs)

50 662,000 490 324

60 794,400 490 359

70 926,800 490 454
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Table 4-3 Present Yalue of Consiruction Cost of Alternalive Heavy Qit-fired Thermal Power Station

as of the beginning of 1981

{(Million Rupses)

Item Total 1981 1982 1933 \‘ 1984 1985 1986 1987 Remarks
At 1980 Values
Foreign exchange component 1,951 22 32 197 376 850 286 188
Domesiic cumenty component 1,609 10 18 166 314 632 256 153
Total 3,560 32 50 363 750 1,482 542 341
Value at the Time of Investinent Psice escalation rate:
Foreign exchange component 2,719 24 37 242 493 1,192 429 302 %
PDomestic currency component 2,458 il 22 24 521 912 429 230 9%
Total (A) 5,174 35 59 456 1,020 2,164 858 582
Present Yalues of the begianing
of 1981
At discount rate of 0% 3,248 32 49 343 697 1,344 484 299 Present value of
investment {A)
At discount rate of §13% 2,854 3t 46 3i6 626 1,175 412 248 Present value of

invesiment (A)
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Table 4-4 Present Yalue of Operation and Maintenance Cost of Alternative Thermal Power Station

as of the beginning of 1981

(Million Rupees)

Price escalation: 8% per annum

‘Discount rate : 10%

Price escalation: 8% per annum

Discountrate  13%

Annual Cumulative ] Cumutative tin

Plant cosl at present value P:esen; '\r]:ﬂue present value Presen‘! ";]u‘

factlor 1987 conversion rate (1+0.10)% beas' o1 the f conversion rate (I+0. 1% as of the f

(e) values for 30 years g‘?gtslig © for 30 years 'Rgl?‘?énlg ©
{1987--2016) {1987-2016)

50 129 23.06 0.5647 1,680 16.39 0.4303 1,016
60 129 23.06 0.5647 1,630 16.39 0.4303 1,016
10 129 2306 0.5647 1,680 16.39 0.4303 1,016
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Table 4-5 Present Value of Fuel Cost of the Alternative Heavy Qil-fired Thesmal Power Station
as of the beginning of 1981

{Million Rupees)

Discount sate: 10% _l;iscount rate: 13%
Price Fuel A : Alll_nulal Cumulative Cumulative
rice price nnua ue resent resent -
of af g::;:): generation ©ost pv.-alue va‘;{f;gm f pva[ue v :ﬁ{fei's] tm
fuel 1987 ) —292.6MW — al 19387 conveision (140.10)° the be _sn? conversion | (140.13)° the bepinnin
oit value (GWh) value rate for ¢ 158 ll ne rate for p lg98 i &
(%) (Ry/kWh) (Million Rs,} 30 years ° 30 years 0
(19872016} (1987-2016)
50 1,281.6 910 7,451 4821
4 0.71 60 1,5372.9 1,092 14.50 0.5647 8,911 11.03 04303 5,785
70 1,794.2 1,274 10,431 6,749
50 1,281.6 274 8,888 5,655
5 0.76 60 1,537.9 1,168 16.16 0.5647 10,666 12.09 0.4303 6,782
70 1,794.2 1,364 12,443 7,920
50 1,281.6 1,038 10,610 6,641
6 0.81 60 §,537.9 5,246 13.10 0.5647 12,732 1332 0.45803 7,971
70 1,794.2 1,453 14,854 9,296
50 1,281.6 1,115 12832 7915
1 087 60 1,537.9 1,338 20.38 0.5647 15,398 14.78 0.4803 9,498
T0 1,794.2 1,561 17,964 11,081
50 1,281.6 1,192 15,521 9,334
8 093 60 1,532.9 1,430 2306 0.5647 18,625 16.39 0.4303 11,257
70 1,794.2 1,669 21,729 13,139
50 1,281.6 1,768 13,800 11,157
9 099 60 1,537.9 1,523 26.24 05647 22,560 18.32 04803 13,401
T0 1,794.2 1,776 26,320 15,627
50 1,231.6 1,346 22,797 13,298
10 1.05 60 1,5372.9 1,615 30.0 0.5647 21,356 20.57 0.4803 15,956
70 1,794.2 13884 31,915 18,613
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Table 4-6 Benelit-cost Ratio

e of _
R:{ss(;)e Discounl rate: 10% o Discount safe: 13%
oil Plant factor Plant Factor
i}g‘;" 50% 60% 0% S0% 60% 0%
x
4 12,379/14,723 13,869/15,570 15,359/16,416 8,691/10,714 9.655f11.226 10,619/§1,738
= (.84 =0.89 =0.94 =081 = 0.86 =0.90
b 13,316/14,273 15,594/15,103 17,371/15,932 9,525/10,321 10,652£10,808 11,790/1%,2956
=094 = L0 =1.06 =089 =095 =099
6 15,538/14,213 17,660/15,103 19,782{15,932 10,581/10,321 11,841/10,308 13,166/11,296
1 =106 =§.13- = ].21 =098 =1.05 =1.12
7 | 12,760/14,2173 20,326£15,103 22,892f15932 11,785/10.321 13,3638/10,808 14951/11,296
! =1.21 =1.31 =1.39 =1.10 =1.19 = 1.27
8 20449/14,273 23,553/15,103 26,657/15,932 13,254/10,321 15,2/10,808 17,009/11,296
=1.39 =1.51 = 1.62 = 1.24 =135 =145
9 23,728/14,273 27,488/15,103 31,248/15,932 15,027/10,321 17,271/10,808 19.492/11,296
= 1,61 =1.77 = 1.90 = 1.40 = 1.54 = 1.66
10 ! 27,725114,273 32,284/15,103 36,843/15,932 17,16810,321 19,826/10,803 22483/41,295
= ]1.88 =207 =2.24 = 1.60 =177 =1.92
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Benefit=Cost ratio

Table 4-1(a) Corretation between Benefit - Cost rolio
ond Rise of crude oil price
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Benefit=Cost ratie

Toble 4 - 1{b} Correlation beiween Benefit -Cost ralio
and Rise of crude oil price
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CHAPTER 5 FINANCIAL ANALYSIS

51 Summary

The financial analysis, differing from the economic analysis based on a comparison with an
alternalive project, must be made in accordance with the actual flow of income and
expendilure of an enterprise so that the so-called concepl of conversion (o present worlh is not
involved. On the other hand, prediclions of price escatations must be incorporated in

conneclion with estimates of future expeases and setting of corresponding electricity chasge
rates.

In carrying out the Project, in this case, whereas lakhra Thermal Power Station will be
operaled by WAPDA, operation of the coal mine and railway facilities will be under PMDC, so
that the Project muslt be divided into two portions with a tangible supply price calculated fos
the lignite to be developed with regacd (o the coal mine and railway facilities plans, white for

the thermal power generation plan, the fuel cost must be calculated based on this unit supply
CcOst.

The resulis of analysis may be summarized as follows:

(1) For the components of voal mining and railway facilitics the unit cost of supplying
coal for 198788 is calculated as 983 Rs.fton (0.50 Rs.fkWh). With the subsequent
price cxcalalion rales forecasl 10 be an annual 4.7% for the first 20 years, 6.8% for
the following 5 years, and 7.7% for the final § years. #f the coal is (o be supplicd at
cost without taking into account profit of the enterprise, the comulative eash flow
will show a deficit from 2003J04, but if the unit supply prices up to that time are

to be increased by 1.7%, the cash flow will not result in a deficit. The internal rate
of retuca in Lhis case will be 11 9%

(2) With regard to the coalfired thermal power generation component, the supply costs
por XWh in 1987/88 are calcutated to be 1.44 Rs at the sending end and 1.90 Rs, at
the ultimale consumer’s end, while the subhsequeni cost escalation rate will suceoes-
sively increase every 3 years at annual raies of 1.6%, 2.06¢, 2.6%, 3.4%, 5.6% and
7.3%. Since the present electricity charge tevel is not high enough for future develop-
ment projects to be financed Mfrom the standpoint of the electric powei sector alone,
profit and loss calculations and cash Mow analyses were omitled.

52 Preconditions

The preconditions applied in the subsequent analyses are the following:

1) Commodity Price Escalation Rate

Foreign custency poriion

conslruclion cost % pes annum Same as conditions
Domiestic currency porlion applied in Economic
consituction cost 9% per annum Analysis

Operalion and maintenance
cost 8% por annum
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(2) Power Plant Factor
(3) Construclion Funds Procurement Conditions

Foreign currency portion ... .. Interest rate 8.75%,
25-year equat-installment principal and interest repayment

Domestic currency portion . .. .. Intesest rate 12.50%,
20-year equal-instatiment principal and inlerest repayment

{(4) Depreciation

30-year depreciation by straight line method for sesidual value of 10%

53 Construction Funds Required

The conslruction cost of the Lakhra Coal Mining and Coal-Fired Thermal Power Station Pro-
ject in terms of 1980 value is estimated to be 4,877 million Rs_ for the thesmal power station
and 2,146 million Rs for the coal mine and raifway Maclities, a {otal of 7,023 million Rs., while
the acluval fund requirement until completion of the Project will need to take into account
interest during the construclion period along with future price escalations. The aclual total
construction cosl, thus, including inferest during construction, is estimated fo be 12,008
million Rs as indicated in the table below.

(Million Rs.)

It Thermal Coal Afine, Total
em Power Station Railway Facilities
1980 Value
Foreign currency portion 2,673 1,245 3918
Domeslic currency postion 2,204 901 3,105
Total 4,877 2,146 7,024
Commissioning Year Value
Foreign curtency portion 3,722 1,611 $3313
Domestic currency portion 3,366 1.259 4,625
Tolal 7,088 2.870 9.958
Interest During Construction
Foreign currency poition {194) (237 {731)
Lecal currency portion
(F.C) 491 237 731
{(LC) 1,066 253 1,319
Total 1,560 490 2,050
Total Construction Cosl
Foreign currency porlion 3,722 1,611 $,333
{4,216) (1,848) {6,064)
Local cusrency porlion
(F.C) 4,926 1,749 6,675
{(LC) {4432) (1,512) (5,9449)
| ___Tolal o 5,648 3,360 12,008

{ ¥ : Theinterest during conslruction is included in the foreign currency portion.
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54 Components of Coat Mine and Railway Facilities

54-1 Loan Repayment Plan

The coal mine and the railway facilities components will go into operation from 1985, bul it
will be 1987 when the thermal power stalion will be commissioned. Consequently, there will
be a time Tag of 2 years, and regarding the income and expenditure of the coal mine and rail-
way facilitics components during this time, for the sake of simplification of calculations, the
system of successively transferring the incomes and expenditures to these in 1987 and sub-
sequent years was adoptled, while the loan repayment plan of Table 5-1 was made to match
fhat of the thermal power gencration componenl and 1987 taken to be the starting point.
(Likewise for Tables 5-2 and 5-3 also.)

The repayment amounts of principal plus interest in equ3l instailinents are as indicated betow.

Foieign Cusrency portion:
1,848 x 0.099755 = 184.3 million Rs. (25 Yr.)

Domestic cureeitcy postion:
1,512 x 0.138116 = 208.8 million Rs. (20 Yr.)

54-2 Operation Costs

(1) Operation and Maintenance Cost

The operation and mazintenance cost in the event the planned coal production of 29,538,000
tons from start of operation 1o closing of the mine is completely consumed is estimated to be
8,452 million Rs.in terms of 1930 value, so that with a price escalation rate of 8¢ annualiy,

the operation and maintenance cost per ton in 1987 wilt be (8,452,000,000 Rs.* 29,538,000
O x (1 +0.08)" =490 Rs.

(2) Depreciation Cost

When the assels amouniing to 3,360 million Bs_at the time of starl of operation are
depreciated by the straight line method in 30 years with the residual value as 107, the annual
depreciation amount witl be 06 million Rs.

(3,360 — 336) x 0.035 = 106 niillion Rs,

V-139



54-3 Financial Costs

The interest payments on borrowings indicated in Table 5-1 correspond to the financial costs.
54-4 Operating Income and Unit Supply Price of Coal

When it is assumed that profil of the enterprise is nol considered (net profit = 0), that is,
lignite is supptied at cost, the operating cosf, or the income from sales of lignite must be equal
to the sum of the operating cosls and financal costs.

(1) Coat Sales Quantity

The calorific value of Lakhia coal is 4,613 kcal/kg. Consequently, in case Lakhra Thermal
Power Station of thermal efficiency of 37% (2,324 kcal/kWh) is operated at a plant factor of
70%, the annual coat consumption will be 926,800 tons.

(300,000 kW x 8,760 hr x 0.7 x 2,324 keal) = 4,613 kecalfkg = 926,800 tons

(2) Unit Coal Supply Coast

The above required operating income divided by the annual consumplion of coal resulls in
the unit supply cost. As indicated in Fable 5-2, the supply cost per ton will be the following:

Year Unif Supply Cost Annual Average Cost W
(Rs.ft) Excalation Rate
1987488 983 49%
2006/07 2,331 6.8%
201 1/12 3,233 ?'7"
2016/17 4,675 e

545 Cash Flow and Internat Rate of Return

The zbove are the results of calculations from the standpoint of a cosl valuation basis, and in
such case, as indicated in Table 5-3, the cumutative deficit in cash flow lrom 2003/01 to

201112 wilt be 710 miltion Rs. In conlrast, the cumulalive income vp to 200 112 will be
41,241.5 mitlion Rs.

Consequeatly, in order not o produce a deficit in the cash balance, it will be necessary to
increase the sales income (accordingly, unit coal sales price) from stast of operation to 2011/

12 by al feast 1.7%.

7100~ 41,241.5 = 0.017
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In this case the internal rate of return will be 11.9%.

(5,423.5 + 710.0) - 51.510=0.119
55 Coal-Fired Thermal Power Generation Project Component
551 Loan Repayment Plan

Similarly fo the coal mine and railway facilities components, the annual repayment amounts of
loans may be calculaled as follows:

Foseign currency porlion:

4,216 x 0.099755 = 420.6 miltion Rs,
Domeslic currency portion:

4,432 x 0.138116 = 612.1 million Rs.

552 Operating Costs
(1) Opesation and Maintenance Cost

In case of a coal-fired thermal power station not possessing a desulfurization facility, the
operalion and maintenance cost siatistically corresponds to approximately 3% of the constiuc-
tion cost without interest during construction, bul in casa there is a desulfurization apparatus,
the operation and mainienance cost of the apparatus will be added to this cosi. The construc-
fion cost (withoul inlerest dunng construction) of Lakhra Thermal Power Station will be
4,877 million Rs. including 264 million Rs. for desulfurization apparatus in terms of 1980
values, and the operation and maintenance cost of the apparatus will be 75 miflion Rs. in t2rms
of 1980 valuz. Therefore, the aperation and mainlenance cost for the whole will correspond to
4.4% of the entire construction ¢cost without interest duning construction.

[(4,877 - 264) x 003+ 75] ~ 4,817 = 0.014

Wheén price escalation is faken into account, it is thought 7,038 million Rs.will be required as
the construction cost (without interest during construction) of Lakhra Theemal Power Station,
and the operation and maintenance cost in 1987 will be 7,038 x 0.044 =312 Rs.

(2) FuelCosts

The fuel cost of Lakhra Thermal Power Sfation is made up by the operating income from
coat sales (Fable 5-2) of the coal mine and raitway facilitics component.

{3) Depreciation Cost
When the asseis amounting to 8,648 million Rs, at the time of start of operation are
depreciated by the straight tine method in 30 years with the residual vatue as 1E, the annuat

depreciation amount will be 272 million Rs.

{8,648 -- 865) x 0.035 = 272 million Rs,
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6-53 Financial Cost
The interest payments on bosrowings indicated in Table 5-4 correspond to the financial costs.
554 Eléctric Energy Supplied and Unit Energy Supply Price

(1) FElectric Energy Supplied

¥ Lakhra Therma! Power Station is operaled al a plant factor of 70%, since the station service
ratio is 9%, the clectsic energy supplied at the transmiilling end will be 1,674 GWh.

300,000 kW x 8,760 hr x 0.7 x 091 = 1,674 G\Wh

The transmission and distribution loss rate will be lowered to 24% in 1987, and with improve-
menls subsequently made until in the year 2000, it will be lowered to aboul 20% following
which it is thought more or less constant conditions will continue.

Based on the above assumptions, the encigy supplied at the ultimate consumer’s end will be
the following:

(2) Unit Energy Supply Price

By comparing the tetal amount of operation and mainlenance cost, fuel
cost, and inlerest pa

Year Loss Rate (%) Energy Sales (GWh)
19857/88 240 1,272
1990/91 230 1,289
1995/96 214 1,316
2000 and after 2090 1,339

______ _—r 1

cost, depreciation
yment with the energy supplied, the supply cost per XWh of Lakhra

Thermal Powes Station is obtained as indicated in Table 5-5. The supply cost and cost

escalation rate evesy five years after stasl of operation are as shown below.

Supply Cost per kWh (Rs/kWh) Cost
Year Transmilling Distribuling Escalation Rate
End End %)
1987/88 144 1.90
1991792 1.56 2.02 1.6
1996/97 1.76 223 ;g
2001702 2.04 2.54 )
2006/07 2.40 300 :':
20011712 316 194 7-3
2016117 4.49 560 )
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Table 5-1 Repayment Schedule for Coal Mine and Railway Facilitics Plans

{Million Rupce)

I " Foreign Cusrency Portion Pomestic Currency Porlion
Funds B Funds o
(l?prlro:;f]d Redemption Outstanding (l?(‘nlro:;:ed Redemption Outstanding Remarks
No. Year ";"g I‘:1 te;:g Principal Interest Total Balance li}!::: l‘:] t;rf Principal Intercst Totat Batance
est dusing est during
Construction) Construction)
1931 13 i3 9 g 0 Repayment Terms:
32 15 28 13 22 Foreign Currency
33 730 758 495 517 Portion:
84 494 1,252 479 996 Interest rate 8.75%,
85 596 1,848 516 1,512 repayment period
86 25 yis., principat and
inferest in equal
installments
1| 198788 22.6 161.7 184.3 1,825.4 1983 189.0 2038 1,492.2 Domestic Cursency
2 88/39 24.6 159.7 184.3 1,800.8 223 186.5 208.8 1,469.9 Portion:
3 89/90 26.7 157.6 184.3 1,774.1 25.1 183.7 2088 1,444.8 Interest rate 12.5%,
4| 199¢,/91 h 291 1552 184.3 1,745.0 28.2 180.6 2088 1,416.6 repayment period 20
5 91f92 316 1527 184.3 1,113.4 31.7 177.1 208.8 1,384.9 yrs., principal and
6 92{93 344 149.9 1843 1,679.0 35.7 173.1 2088 1,349.2 intesest in equal
L 93/94 37.4 146.9 1843 1,641.6 40.1 168.7 2038 1,309.1 insfaliments
8 94]95 40,7 143.6 1843 1,600.9 452 163.6 208.38 1,263.9
9 95/96 44.2 140.1 184.3 1,556.7 508 158.0 208.8 1,213.1 0 Repaymeat assumed
11 96/91 48.1 136.2 1843 1,508.6 57.2 1516 208.8 1,1559 to be commenced
1§ 97/98 523 1320 1843 1,456.3 64.3 144.5 2088 1,091.6 half-year after stani
12 9899 56.9 127.4 184.3 1,399.4 23 136.5 20838 1,019.3 of operation of
13 99/2000 619 1224 184.3 1,332.5 814 127.4 2088 9379 Lakhra Thermal
14 { 2000/1 61.3 117.0 184.2 1,270.2 91.6 117.2 208.8 846.3 Power Station
15 112 73.2 1151 1843 1,197.0 103.0 1058 2038.8 1433
16 2/3 7196 104.7 184.3 1,117 4 1159 929 2088 6214
17 3/4 86.5 91.8 1343 1,030.9 1304 784 2088 497.0
18 45 941 90.2 1843 916.3 145.7 62.1 2088 3503
19 5/6 102.3 820 1843 834.5 165.0 4338 20338 185.3
20 6f1 1113 73.0 i184.3 723.2 1853 235 2088 0
21 8 121.0 63.3 £84.3 602.2
22 879 1316 52.7 184.3 470.6
23 9/10 143.1 41.2 184.3 3275
24 | 2010111 155.6 28.7 184.3 171.9
25 1/12 171.9 124 134.3 0
"olal 1,848 1,848.0 2,259.5 4,607.5 [ 1,512 1,5120 2,664.0 4,176.0
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Table 5-2 Statement of Income for Coal Mine and Railway Facitities Plans

{Mitlion Rupee)
Re\'em.le Openating Expenses Financ¢ial Expenses Total Net Qutstanding
No.| Ve %‘;ies_of it Total O&M |Depreci-| Sub- Interest Sub- | Expenses | Income § Batance of Remarks
gile Price Expenses | ation totat Fotcign | Domestic | total (E}(A) Assets in
(toa) | Rsfton)] (A)HD) P @) || Cunency | urency | (@ JO-B)C)} "¢y § Oeration
i] 198388 i 926,800 983 910.7 454 166 560 161.7 1890 350.7 910.7 0 3254 O Fablz prepared assuming ex-
2 88{89 926,800 1,017 92422 490 106 596 159.7 £86.5 346.2 9422 0 3,143 pense and income accompany-
3 £9/90 926,500 1,053 476.3 529 106 635 } 157.6 183.7 3413 9163 0 3012 ing coal production from 1953
4 | 199091 926,800 1,093 1,0128 51 106 617 155.2 180.6 3358 10128 0 2936 successively transferced into
5 931/92 926,800 1,136 10528 617 106 723 1527 1774 3298 190528 L} 23830 income and expendituses for
6 9293 926,800 1,182 1.,G695.0 666 106 T2 1499 1131 3230 10950 0 2,124 §987 and after.
? 9394 926,800 1,232 31,1416 720 106 826 1469 168.7 3156 1,1416 )] 2,618
8 21195 926,800 1,284 1,190.2 i 106 883 1436 1636 3072 1,1902 0 2512 © Lignite Supply Unit Price Esca-
9 95196 926,500 1,342 1,244.1 840 106 246 140.1 1530 298.1 1,441 0 2,406 lation Rate:
10 96197 926,800 1,403 1,300.8 9?7 106 1,013 1362 1516 2878 13003 0 2,300 ~Fnitial
11 9798 926,300 1,410 1,3625 930 106 1,036 1320 1445 2765 1,3625 0 2,194 20 years: 4.7% annually
12 98/99 926,500 1,541 1,4219 1,058 106 1,164 1274 136.5 2639 14219 0 2088 “Nzxt
13 99f2000 926,500 1,616 1,4918 1,142 106 1,248 1224 1274 2498 14978 1 1,982 5 years: 6.8% annually
14 | 2000/t 926,500 1,699 1,574.2 1,234 106 1330 | W70 117.2 2342 1,5742 0 1,876 ~Last
15 12 926,800 1,787 1,655.9 1,333 106 1,419 11k2 1058 2169 16559 0 1,770 5 yeass: 7.75% anpually
16 213 926,800 1,550 1,74246 1,439 106 1,545 104.7 929 1976 1,7426 0 1.66%
17 34 926,800 1,931 1,836.2 1,554 106 1660 j 918 184 176.2 18362 0 1,558
18 4]5 926,800 2,050 1,9313 1619 106 1,785 202 62.1 1523 193713 9 1,452
19 5/6 926,800 2,206 20148 1813 106 1919 820 438 1258 20148 0 1,346
20 6/7 926,800 2,331 2,160.5 1,958 106 2,064 730 235 955 21605 0 1,240
21 48 926800 | 2465 | 22843 2,115 106 | 221 ] 633 63| 2283 o 1,134
22 8/9 926800 | 2636 | 24427 2,284 106 | 239 % 52 272} 24127 0 1,028
23 910 926,800 2821 2,614.2 2467 105 2,513 : 412 43.2 26142 0 922
24 | 2010/t 926,800 3,020 2,198.7 2,661 106 2,110 ; 8.7 281 2,987 0 E 816
25 1312 926800 | 32321 29954 2,877 106 | 29834 124 124§ 29954 0o | 710
26 1213 926,800 3,467 321390 3,107 105 3,213 3,230 0 604
27 13/14 926,800 3,735 34620 37356 106 3462 34620 0 498
28 14f15 926,500 4025 3,2300 3,624 166 3,730 3,7300 0 392
29 1516 926,500 4,338 40200 3914 106 4,020 40200 0 2586
30 | 2016/47 926,800 | 4,675 4,333.0 4221 106 4333 43330 a 150
Total 27,804,000 59.999.5 51,195 3,180 54,576 27595 | 26610 | 54135 ] 599995 0 51510
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Table 5.3 Statement of Cashflow for Coal Mine and Rsi!wéy Facitities Plans

(Mitlion Rupee)

Cash Inflow Cash Outilow Cash Balance —l
No. Year Cash from Income ng;g]?: m Exﬁgggﬁ{) o R;g?goﬂ‘ﬁzés)f Accumu-
! Net | Deprecia- 1 Foreign [Domestic Total (Construc- Foreign Domestic | Total Yearly 'ﬁlf.g;
Income| tion Loan Loan tion Costs) Loan Loan
1981 il 13 9 22 22 22 0 0
82 || 15 13 28 28 28 0 0
83 : 730 49s | 1,225 1225 1,225 0 0
34 i 494 479 973 913 973 0 0
85 § s96 | si6 | 1,112 1,112 1112 o 0
86 i
| 1987838 0 106 1466 226 198 424 63.6 63.6
2 88/89 0 106 106 24.6 223 469 59.1 122.7
3 89/90 ) 105 106 2677 25.1 51.8 54.2 1769
4 1590/91 0 106 106 29.1 28.2 51.3 48.7 225.6
5 931/92 0 106 106 31.6 31.7 63.3 42.7 268.3
6 92{93 H 106 106 344 357 70.3 359 304.2
1 93/94 1 106 374 40.1 71.5 4 285 3327
8 94/95 i 0 106 40.7 45.2 85.9 201 ) 3528
9 95/96 0 106 44.2 508 95.0 110 36338
10 95197 0 106 48.1 57.2 105.3 0.7 364.5
11 917/98 i QO 106 523 €4.3 1166 -10.6 3539
12 98§99 0 106 56.9 723 129.2 -23.2 330.7
13 992000 0 106 61.9 81.4 143.3 E -37.3 293.4
14 200011 0 106 623 921.6 158.9 -52.9 240.5
15 112 a 0 106 3.2 103.0 176.2 -70:.2 17063
16 2{3 i 0 106 79.6 1159 195.5 -89.5 803
17 /4 0 106 86.5 304 2169 -110.9 -30.1
18 4f5 0 106 94} 146.7 2408 -1348 -164.9
19 s/6 Q 106 102.3 165.0 2673 -161.3 -326.2
20 6f7 0 166 111.3 185.3 296.6 -190.6 -516.8
21 78 0 186 121.0 121.0 -15.0 -531.8
22 89 4] 106 131.6 1316 -25.6 -5574
23 9/10 0 106 143.1 143.1 -37.1 -5945
24 2010/11 0 106 155.6 155.6 -49.6 -644.1
25 11112 0 106 171.9 171.9 -65.9 -10.0
26 12/13 | 0 106 106.0 -601.0
21 13/14 0 106 106.0 -495.0
28 14/15 l 0 106 1060 | -392.2
29 15f16 0 106 106.0 -2860
30 201617 0 106 106.0 -180.0 Residuat value
Tolal 0 3,180 1,848 1,512 3,360 1,848 1,512 6,720 E
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Table 5-4 Repayment Schedule for Thermal Power Generalion Plan

(Mitlion Rupee)
Foreign Currency Porlion H Domestic Currency Pertion "
Funds Funds
No Year (?::;3(::: _ Redemption Ou;;ta nd- Eggﬁ:ﬁg Redemption O“};“’"d' l Remarks
e foter |Principal | Interest | Total Batance the ;:::::g Principal | Tnterest | Total | Balance
Construciion) Construction) 1 i
1981 33 33 15 15 O Repayment Terms:
82 55 88 34 49 | Foreign Cumrency
83 353 441 318 367 Postion:
84 723 1,164 811 1,178 Interest rate 8.75%,
85 1,720 2,884 1,548 2,726 repayment period 25
86 731 3,615 925 3,651 | y1s., principal and
87 601 4216 781 7 4,432 il interest in equal
1 { 1987/88 51.7 368.9 1206 | 41643 58.1 55401 6121 | 43739 E‘ instaliments
2 88/89 56.2 3614 420.6 4,108.1 65.4 546.7 612.1 4.308.5 ; Domestic Currency
3 89/20 61.1 3595 420.6 4.0470 13.5 5386 612.1 4,235.0 E' Portion:
4 | 1990/91 66.5 354.1 420.6 3,980.5 821 5294 6121 41523 EI Interest rate 12 .505%,
5 91792 723 348.3 420.6 3,908.2 93.1 519.0 612.1 4,059.2 | repayment period 20
G 92§93 78.6 3420 410.6 38296 i 104.7 5074 612.1 3,954.5 i ¥rs, principal and
7 93/94 85.5 335.1 420.6 3,441 117.8 4943 612.14 3,836.7 interest in equal
8 24/95 93.0 3216 420.6 31,6511 1325 4796 6121 3,704.2 ¢ insfallments
9 95/96 1011 3195 420.6 3,550.0 149.1 463.0 6121 3,555.1 Z
10 2691 110.0 3106 4206 3,440.0 167.7 4444 6121 3,3874 O Repayment assumed lo
11 97/98 119.6 301.0 470.6 3.3204 1387 4234 612.1 3,198.7 be commziced half-
12 938/99 §130.1 2905 4206 3,i190.3 ; 21213 3998 6121 29564 year afier starl of ope-
13 9972000 i41.4 279.2 420.6 30189 | 2388 3733 i 6121 2,416 ' raiion of Lakhra Ther-
14 | 20001 153,8 266.8 420.6 2,895.1 § 268.6 3435 612.1 24790 ; mal Power Station.
15 )2 167.3 2533 420.6 2,727.8 ¢ 3022 3099 612.1 2,176.8
16 23 181.9 238.7 4206 2,5459 3400 272.1 612.% 1,8368
17 3/4 197.8 2228 420.6 2,348.1 & 3825 2296 6121 14543
18 4fs 2151 205.5 420.6 2,1330 430.3 181.8 612.1 1,024.0
19 5/6 2340 186.6 4206 1,899.0 484.1 128.0 612.1 5399 i
20 6j7 254.4 166.2 4206 1,644.6 5399 72.2 612.1 0 E
21 /8 276.7 1439 4206 1,367.9 H
2| 8o 3009 | 1197 | 4206 | 10600 i
23 9/10 3222 934 4206 7398 | IE
24 | 2000/11 355.9 64.7 4206 3839 | %
25 1§/12 3839 5.7 4206 0 |
Total 4,216 4,216.0 6,299.0 10,5150 I 4,432 4,4320 | 738100] 12,2420 y
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Table 5-5 Supply Cost per kWh

(Million Rupez)
Operation and Mainlepance Expenses Financiz] Expzases SE:::IEJ Supply Cost per kWh
No. Year Total Costs Sending Ultimate s
i E?P(:c nlfs’es Fuel Costs Dep’é;i: ot 1 subtotal | Intesest Sub-total =1 ﬁl}}l;dﬁ“h Segg?g CO'E‘:‘?E rs Agz:;;‘(ii;)‘:t
Foreign | Domestic Loss | Energy
_ ) (GWh)H (Rs/kWh) | (Rs/KWH) )
1 1987/88 312 910.7 272 14945 3689 5540 9229 24176 || 2401 1212 144 1.90 0.
2 88/89 337 942.2 272 1,551.2 364.4 54617 911.1 24623 || 237 | 127
3 89/90 354 9163 2R 1,6123 l 3595 5386 $93.1 2,5104 234 1,284 16
4 | 1990/9% 393 10128 21 161718 3541 5294 8835 25613 v 230 | 1,289
5 91§92 424 1,052.8 21 1,7488 348.3 5190 8673 2.616.10 21| 1,19 1.56 202 0‘1‘1
6 92{93 458 10950 272 18250 3420 5074 B49.4 26144 224 1,299
7 93/94 495 1,141.6 212 19956 3351 4943 8194 2,7180 220 1,306 20
g 24/95 514 1,190.2 212 1,962 3216 41796 80712 28034 | 1.7 | 1311 )
9 95/96 517 1,244.1 272 20031 l 3195 463.0 7825 28756 | N4 | 1316
10 96{97 624 1,3008 272 2,1%68 3104 4444 7550 29518 | 210 | 1322 1.76 223 07
il 97/93 674 13625 272 2,3085 i 301.0 4734 7244 30329 || 202 | 1328 “ )
12 98J99 _ 121 14219 212 '_2,426.9 2905 3928 6903 3,1172.2 204 1,313 26
13 932000 186 1,491.8 2712 2,5558 2792 37133 6525 32083 || 200 | 1339
14 2000/t 848 1,5742 0 26912 2668 3435 6103 33045 {1 2001 1,339
15 1f2 216 1,6559 272 2,8439 2533 3009 5632 34071 || 200 | 1339 204 2.54 0
16 2{3 % 1,742.6 272 30046 2387 2712.% 5108 35154 200 1,339
17 34 1,069 1,836.2 272 3,171.2 22223 296 4524 36296 || 200 | 1339 14
18 45 1,154 19313 212 33633 2055 1818 3873 3,7506 |y 200 | 1319
19 516 1,247 20148 272 35638 1866 1280 314.6 38784 | 200 | 1,339 I
20 6i7 1,346 2,160.5 272 3,7i85 166.2 722 2334 40169 3 200 | 1335 240 30 <
21 8 1,454 2,2843 272 490103 1439 1439 4,1542 § 200 | 1339
22 89 1,570 24427 212 42847 1197 11197 44044 || 200 | £339 56
23 910 1,656 26142 272 4,5822 934 934 46756 || 200 | 1339
24 2010148 1,832 2,198 22 4.902.7 647 61.7 49674 | 2006 | 1339 |
25 1112 1,978 29954 2712 52454 | 367 367 5,282.1 200 { 1,339 II 316 394 i
26 12113 2,137 3,230 272 560120 56220 % 200 | 1339
27 13/14 2,303 34620 212 60420 60120 || 200 1,339 73
28 1415 2,492 3,7300 272 64910 64940 || 200 | 1339
29 1516 2,692 40200 21“2 69340 69340 || 200 { 1339
30 16/12 2,906 43330 Py . 15110 72,5110 § 200 | £33 4.49 560 97
Total 35340 | 599995 8,160 103439.5 [§ 6,293.0| 738100 | 14,1090 1§7,6035
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