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PREFACE

In sesponse (o a request of the Government of the Istamic Republic of Pakistan, the
Japanese Government decided to conduet a survey on the Lakhra Coal Field and Power Station
Project and eatrusted the Japan Intemational Cooperation Agency with the survey.

The Japan International Cooperation Agency seat to Pakistan a 13-man survey team
headed by Mr. Shohachi Uchida from May 19 to December S, 1979 for the purpose of drilling
and exploratory work. Based on the findings of the survey, another 16mnan survey team was
dispalched from May 27 to July 10, 1980 for studies conceming development of mine and design
of coal-fired power station.

The survey feams exchanged views with the officials concerned of the Government of
Pakistan and conducted a field sunvey (in Lakhra Coal Field, Sind State). After the team refurnad
to Japan, fusther studies were made and the present seport has been prepared.

1 hope that this report will serve for the development of the Project and coniribute to the
promolion of friendly relations beiween our iwo countries.

I wish Lo express my deep appreciation to the oflictals concemed of the Government of
the Istamic Republic of Pakistan for their close cooperation extended to the team.

‘/ﬁ,é AWZ_

Keisuke Anta
President
$apan Intemational Coopesation Agency

Febmary, 1981
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PART | SUMMARY

CHAPTER 1 INTRODUCTION

1-1 Purpose of Study

This study is to investigate a technical and economical feasibitity of constructing a coal-fired
thesmal power station which will use hgaite (o be produced at Lakhra Coal Mine situated
approximately 230 km norlheast of Karachi City in order to meet the growing power demand
in the southern part of the Islamic Republic of Pakistan. A request was made by the
Government of the Istamic Republic of Pakistan to the Government of Japan for the
performance of the study stated above. The Government of Japan enlrusted to Japan
International Cooperation Agency (JICA) to undertake a feasibility study of development of a
coal mine and coakbfired thennal power siation in response to the request from the
Government of the Islamic Republic of Pakistan. The sfudy is to be performed at Iwo phases;
at Phase 1, diilling and exploratory works are to be conducted to determine geologic
conditions, quality and guantitics of coal, etc., whereas at Phase 11, the first-hand data and
information are (o be collected through the perfonmance of site sunveys required for studies in
the fields of coat mining and construction of a coatfired thermat power station. These studies
ase also to be conducted by reference to the resuits of observation of the facilities of the
exisling coal mines and power stations thereby making preliminary designs and ¢aleulaling
estimated constnuction costs of the coal minge and coat-fited thermal power station.

1-2 Background

(1} West Pakistan Indusirial Development Corporation commenced and arranged various
studies to determine lasge quantilies of coal from Lakhra Coal Mine and to took iato
possibilitics of construcling a coat-fired thenmal power station around 1967.

(2) After many tums and twisis following the progress of studies, an area to be drilked and
explorated was finally selected by Pakistan Mineral Development Corporation {(PMDC) in
1974. The block of PMDC licences covers land with an area of approximalely 52 square
kilomelres thal Yies 10 kitomelres from easl to west and around § kilomelres, tespec-
tively from the central point of Lakhra ceal field. Dirilling works were conducted at
19 points in the said block, and a repoit incorporating the results of such dritling work
was forwarded fo the Government of the Istamic Republic of Pakistan.

(3) At the request of Water and Power Development Authority (WAPDA), the Canadian

Intemational Development Agency (CIDA) prepared a report entitled “Reconnaissance

* Study and Evaluation of Lakhra Lignite Deposited and Associated Theimal Power

Station, Hyderabad, Lower Sind, Pakistan”. In this seport CIDA recommended on the
necessity of furlher drilling and described coal weseives.

(4) PMDC submitted the PC-1 scheme of Lakhra Coal Mining Project in 1976, and WAPDA
submitted PC-1 scheme of 250 MW power station which will use Lakhsa coalin 1976.
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(5)

(6)

D

2)

N

(8)

(9)

The scheates were discussed with the Government of Pakistan, and it was decided to
arrange feasbitily study of the integrated Lakhra Coal Mining and Power Station Project
for further consideration and approval. Following that a Working Commillee was con-
stituted and WAPDA was assigned the Project as the executing apgency.

Ia March 1978, a Technical Co-operation Mission of J FCASMITI visited Pakistan to look
into the possibilitics of Japanese assistance to the Govemment of Pakistan in the Project.
In the meetings with the Government of Pakistan and WAPDA, the Mission was requested
for depuiing a team for feasibility studics, and financial and technical assistance for
devetopment of coal mines and setting wp a coal fired power plant.

Following the above-mentioned visit, JCI Mission visited Pakistan. The Mission had
consulted the available literalure, and they wese of the opinion that the data in respect of
mining conditions, and quality and gquantily of coal were not sufiicient to plan
development scheme. This view was confinmed after visiting the sife. So they suggested
that the feasibility study shall be undertaken in (wo stages;

Detailed exploration including drifling in the western part of the block of PMDC ficences

to determine the geological and mining conditions, and to confinn the teposted coal
IeSeEves.

Feasiblity studies for ¢oal mining and power plant piovided the explosation during the
first stage proves coal reserves suitabk for power generation.

The Government of the Islamic Republic of Pakistan requested the Government of Japan
to undestake a feasibility study of the Lakhra Coal Mining and Coal-fired Thermal Powes
Station Project on a Government-toGovernment basis in 1978. In compliance with this
request, a preliminary mission composed of five persons visited Pakistan during the period
from November 17 to December 1, 1978 for the purpose of deciding on the general tenns
and conditions of peiforming the study.

This mission explined to officials of the authorities concerned of Pakistan a Japanese
plan of operation regarding the performance of drilting and exploratory work at Phase I
and thal of a feasibility sludy of coal mining and coal-fired thermal power statton on the
basis of the results of the studies conducied at Phase I. The Mission also prepared the

Minutes of Mecting incorporaling delails of drlling and exploratory work which would
be done during the period of Phase 1.

In accordance with the Minutes agreed upon belween the Government of the Islamic
Republic of Pakistan and the preliminary mission, JICA organized a susvey (eam
composed of 13 experts for Phase 1 and sent it to Pakistan for a period of six and a half
months fiom May {9 to December 5, 1979 to have them underizke drifling and
exploratory work as welt as geologic investizgations and surveying. The tenfalive results of
their workin Pakistan were reporled to the Government of the Islamic Republic of
Pakistan prior to their return to Tokye.

A swvey team composed of 16 experts was organized by HCA for the purpose of
carrying out studies on coal miring and coal-fired thermal power station. They visited
Pakistan for a period of one and a half months from May 27 to July 10, 1980. The survey
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tcam forwarded papers incorporating the tentative results of their field studies before
their departuré feom Pakistan.

{10) The survey team for Phase 1 submitted to JICA an interim report on drilling and
exploratory works of Lakhea Mine which was prepared after they returned home to

Tokyo. The said intesim report was also forwarded to the Government of the Islamic
Republic of Pakistan.

(11) The suivey team for Phase {1 (Survey Team for Feasibility Study of Lakhra Coal Mining
and Cozl-fired Thermal Power Station Project) briefed to JICA the tentative resulis of
their ficld studies conducted on coal mining and coal-fired thenmal power sfation in
Pakistan after their selurn to Tokyo. In addition, the Pakistani delegation to Japan
composed of the representatives from Ministry of Water and Power, WAPDA and PMY)C
visited Tokyo at the invitation of JICA for a period of 9 days from November 8, 1980.
They discussed the basic requirements of design on the coal mine and coal-fired thermatl

power station and also the implemeating schedule for this Projeet in detail with members
of the survey team.

The survey team has prepared estimated consinuction cosls and construction schedule
following design on facilities for the cosl mine and coalfired thermal power station,
based on the Minules incorporating ifems and requirements agreed upon between the
Pakistani delegation and the susvey team. In amalgamation of the results of studies in
both components, the Project implemenlation schedule as well as total consiruction costs
and economic and financial analyses have respectively been prepared.

(12) The survey leam is (o forward to JICA and to the Government of the Islamic Republic of
Pakistan a report on feasibility study on Coal Mining and Coal-fired Thermal Power
Station Project consolidating the reports for Phases T and §).

1-3 Scope of Work
1-31 Studies for Phase 1
(1) Dalling

PMDC’s block measuring about 52 square kilomelres was drilled already at 22 tocalitics by
PMDC at 19 and Geological Survey of Pakistan (GSP) at 3 points. Since the preseat work is
aimed at detesmining the geological and mining conditions, continwiiy and classification of
cozl seams; and to analyze the geologic struclure and to confinm the reserves, 50 dritl-holes

with an average depth of aboul 100 m are o be executed at close spacing in the westem part
of the block.

(2} Geologic Investizations

Location, size and shape of coal seams along with tithology of overburden ard host rock are to
be studied. Geologic structure in the area is to be analyzed and the quality of coal is to be
esfablished. Also the coal reserves are to be estimated and mining conditions determined fof
planning mine development and undertaking miring (easibility-



(3) Sumveying

Dsiliing sites and grid intersection points are to be plotted and their heights with sespect to
mean-sealevel are to be determined through surveying. Also the skeich topographic map of
western part of the area are to be prepared.

1-3-2 Studies for Phase 1l
(1) General Study

The general study referred to as herein is (o determine the “Services and Facilities” including
provision of data and information which will be furnished by WAPDA and the requirements of
the studies to enabk the survey team to conducl their field studies in Pakistan smooihly and
efiectively. During theis stay in Pakistan, the survey feam is lo discuss with officials of
WAPDA and associated govemment agencies the scope of work, pnnciples and manner of
execution of studics, schedule for the peiformance of field studies, efc.

(2) Mine Development Study

Field surveys are 1o be conducted in connection with the suiface of open pit and underground
mine areas, locational condilions of suiface facifities for mine, trapsportation rountes of coal,
ete. And visual observation is to be also made on the existing mines for collection of data and
information useful fos the performance of the studies. The suivey team is to make effoits (o
fusthe: collect and gather detailed data and information from WAPDA and associaled
government agencies based upon data and information to be obfained through the
performance of the field sunveys stated above thereby facilitating the execution of studies in
Japan.

After their return to Tokyo, the survey team is to study the following subjects based on the
dala and information obtained in Pakistan; system of mining, ¢oal production scale, mining
area, layout of surface facilities, coal transpostation syslem, etc., which provide a framework
of coal mine development. They are also expected to underiake a mechanical study of rock
bearing thereby making design of the coal mine. Through the petfermance of a series of work,
the survey leam is to prepare the estimates of capital expenditure, coal production, estimaled
cGsts of coal, qualily control of coal, countermeasures apainst sponfaneous combustion,
construction schedule, etc.

{(3) Study on Coalfired Thermal Power Station

The survey team is {o conduct field susveys on locational conditions of possible sites in which
the power stalion will be construcied, Iransporlation routes of coal and visit the existing
power slalions and substations as well as load centers for collection of data and informalion.
The survey leam is 1o make further elforls Lo collect and gather detailed data and information
which will be needed for work in Japan from WAPDA and associated govesament agencies
based upon the results of their field surveys.

After their return to Tokyo, the survey team is o undertake forecast on electric power
demand, selection of the most appropriale site for construction of the coal-fired thesmnal
power stalion, studis on adaptability of coal quality to boiles, determination of power sfalion
scale, layout, electsic power analysis, ele.
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The survey team is also to conduct preliminary design on facilitics of the power station,
calculate estimated construction costs and prepare construction schedules.

1-4 Composition of Survey Team
1-4-1 Survey Team for Phase |

The susvey {eam was composed of the following personnel.

Member Employer Duty as Member of Team

Shohachi Uchida Mitsui Mining Oveérseas Leader

Co., Ltd.
Mitsuharu Masui " Assistant Leader
Masamu Tateishi Japan Intemational Coordinator

Cooperation Agency
Akiyoshi Tsuchiya Mitsui Mining Overseas Geologist

Co., Lid.
Shigem Mori " Surveyor
Masanori Hanada " Sentor Drilling

Engineer

Takemitsu Meike ” Drilling Engineer
Yoshihiko Kodzani " Dritling Engineer
Kazuo Shoji " Dritling Engineer
Kazufumi Shibi - Dnlling Engineer
Yoshiaki Hirakawa . Drilling Engineer
Bunichi Sato ” Drilling Enginces
Azuma Yasuda " Drilling Engincer
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1-4-2 Survey Team fog Phase 1i

The survey tecam was composcd of the following personnel.

Member

Employer

Buty as member of Team

Shohachi Uchida

XMasashi Mikuni

Masasu Taleishi

Takehiko Koguchi

Takuya Abe

Hiroaki Hirasawa

Takio Yagi
Katsuhisa Honda

Minou Goda

Kiyotaka Hidchira

“Telsuya Fukuda

Mitsuhiro Omosn

Minons lkeda

Tatsuya Yoshioka

Shoki Horigome

Koji Fukami

Mitsui Mining Overseas

Co., Lid.

Flectric Powes Develop-

nment Co., Ltd.

Japan Infernational
Cooperalion Agency

Mitsui Mining Overseas

Co., Ltd.

rr

"
e

Ly

s

Electric Power Develop-

ment Co., Lid.

s

)

Leader
Assistant Leader
Coordinator
Mining Engiaeer
{Open pil)

Electrical Enginecr

Mining Engincer
{Underground)

Mechanical Engineer
Civil Engincer

Coal Preparation
Engineer

Mine Economist

Power Economist

Power System Engineer

Thermal Power Engineer
{Mechanical)

(Electrical)
(Civil)

{Structural)
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1-5 Period of Field Study
The pesiod of the field studies for Phases | & 1} is as given hereunder.

(1) Field Study for Phase 1

Member From Period To Days Remarks
S. Uchida 19 th May 29¢h June, 1979 41 General Managemenl
M. Masui 41k June Sth Dec., 1979 185 Management and
Geologic Sumvey
M. TFateishi 4th June 13th June, 1979 10 Coordination
A. Tsuchiya 9ih June Sth Dec., 1979 180 Geologic Survey
S. Mori 31th Aug. 29th Sept., 1979 30 Survey
M. Hanada 4th June 5th Dec., 1979 185 Drilling
T. Meike 9th June Sth bec., 1979 180 Drilting
Y. Kodani 9th Jup= 5th Pec, 1979 180 Drilling
K. Shoji Sih June SthDec., 1979 | 180 Drilling
K. Shibi 9ih Sune 5th Dec, 1979 180 Diilling
Y. Hirakawa 9th June 5th Dec., 1979 180 Drilling
B. Sato 91h June Sth Dec., 1979 180 Prilling
A. Yasuda Sth June 5th Dec., 1979 180 Drilling




(2) Fietd Study for Phase 11

Member From Period To Days Remasks

S. Uchida 2%th May 10th July, 1980 45 Genesal Management
M. Mikoni 27th May 10ih July, 1980 45 Management and

Power gencralion study
M. Tateishi 2%1h May Bth June, 1980 ]| Coordination
T. Koguchi 27th May 10th July, 1980 45 Mining study
T. Abe 27th May 10ih July, 1980 45 Mining study
1. Hirasawa 101h June 10th Juty, 1980 31 Mining study
T. Yagi 16th Yune 10th July, 1980 K} Mining study
K. Honda 10th June 10th Juty, 1980 31 Mining study
M. Goda 10th June 10ih July, 1980 31 Mining study
K. Hidehira 261h June 101k July, 1980 5 Mining study
T. Fukuda 27th May 10tk July, 1980 45 Power generation study
M. Omon 27th May 10th July, 1950 45 Power generation study
M. fkeda 10th June 18sh July, 1980 31 Power generation study
T. Yoshicka 101k June 10th July, 1980 31 Power generation study
S. Horigome 16th June 1Gih July, 1980 31 Power generalion study
K. Fukami 10th June 10th July, 1980 L 3 Power generation study

1.6 Location, Access and Topography

Lakhsa coal §ield lies to the northwest of Hyderabad in Dadu distsict, Sind, Pakistan. The field
is about SO km in north-south and 12 km in east-west directions. Block of PMDC licences
measuring about $2km? is almest in the center of the hild. It extends about 10km in east-west
and 5 km in north-south directions.

The area investipated in 1he present work covers aboul 26 km? in the western parl of the
block. His extent is about 6 km in east-west and 4 km in north-south directions. It Yies 16 km
to the west of Khanot, which is the nearest railway station along the Indus Highway. By road,
the asea is 217 km from Karachi 2nd 80 km from Hyderabad. It is accessible by metalled roads
up to Khanot from where nen-metalled roads, taking about an hour in four-wheel driven
vehicles, lead to the arca.

The atea consists mostly of fiat limestone cap-rock truncsted and eroded in the south-eastern
part by non-perennial streams exposing older rock formaltions. Western part of the area is
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compatatively flat and gently rofled, while eastern parl is fairly dissected by Kath Butthi
Stream and shows some reliel.

The Jamshoro area where consiruction of a 300 MW coal-fited thermal power statien is
proposed is located on the right-hand bank of the River Indus. It is about 170 km to the
east-northeast of Karachi. Access is made (o the proposed power station site in the Jamshoro

area by passing the Super Highway, National Highway and National Road. These is an existing
ratlway belween Karachi and Dadu.

The proposed site in Jamshoro is a slope descending slowly to the easl or southeast. Although
there exist some hills, the proposed site has relatively gentle relief. The said sile is
approximately 10 m higher than the flood level of the River Indus.

Refer to Location Map of this Project (Fig. 1-1)
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CHAPTER 2 CONCLUSIONS AND BRECOMMENDATIONS

Conclusions

2-1-1  General Descriplions

As a resuli of a Feasibility Study carried out over a iwo-year period of 19791980, the JICA
Survey Team has drawn the conclusions below regarding a project for developing a coal mine

at Lakhra, Istamic Republic of Pakistan, and developing a thermal power station wtilizing the
lignite produced at the coal mine.

)

2)

3)

4)

)

The resull of geologic investigations carricd oul by the JICA Suvey Team from May to
December 1979, confinm the feasibility of extracting 35,602,000 tonnes of coal (sulfur
content approximately 6%)on an as-received basis and 29,538,000 tonnes on an air-dried

basis al the mine through both opzn pit and underground mining from the Lakhra Coal
Field covening an asea of 26 kin?.

The above-mentioned coal has a calorific value of 4,613 kcalfkg (air-dricd basis), and
when used as a {uel for electric power generation, it wilt be possible to develop a thermal

power stalion of thermal efiiciency of 37% and instatled capacity of 300 MW with a plant
factor of 70%.

The preparalory period before commencing with the Project has been set as 24 months in
accordance with the strong wishes of the Pakistani authorities, and the start of
consfruction wilt be in April 1983 making it possible for relatively full coal productron

from January 1987 and commercial operation of the power station from March of the
$anie year.

The approximate construction cost is estimated to be a tolal of 7,023 million Rupees (1
Rupce = 22 Yen) consisting of 2,146 million Rupees for coal mine and railway facilities
and 4,877 mitlion Rupees for the thermmal power station in terms of construction cosis
not including interest during construction and at June 1980 values. Of this total, the costs
in the forcign currency postion amount to 3,918 million Rupees and those in the
toczl cuseency portion 3,105 million Rupees.

However, if commodity price escalations hereafler are tenfatively assumed as being 7%
annually for the foreign currency portion and 9% annually for the domestic currency
portion, the abovementioned construction cost withoul the amount of inferest during
construction will be increased to a total of 9,958 million Rupees, 5,333 million Rupees
fof the foreign currency porlion and 4,625 million Rupees for the local currency portion.

In the case of this Project, the cosls requised for construction, operation and maintenance
of the caal mine and railway Facilities would be direclly convested to the fuel cost of the
thermal power station. In ¢ase this Project is compared with an oil-fired thermal power
station of equal generating oulput in consideration of difference in stalion sesvice, the
“benefit-cost ratio (B/C)” will be asindicated below.
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{a)

(b)

6}

Case of Discount Rate 10%

B/C
©  Heavy oil price annual average escalation rate 4.5%: i
O Heavy oil price annual average escalalion rate 8.07%: §.62
Case of Discount Rate 13%
< Heavy oil price annual average escalation rate 4.95%: i
0 Heavy oit price annual average escalation sate 8.07%: 1.45

From 1974 until the psesent, the basic price of cmude oil of the Organization of
Pefroleum Expoiting Counltries {OFEC) has greally increased at an annual average rate of
V7% (12% or more in real teims even when consideting the retative decline in the
puschasing power of the dollar), and when it is considered thal the Muture trend will be
vngredictable, the economic advantageousness of this Project will be pioven by the
above-meationed figures. Further, through implementation of this Project, it will be
possible for natural gas used in Pakistan exclusively as a power generation fuel to be
conserved by approximately 530 million m?* (in case of a plant factor of 707%), and this
may be applicd as material for a gas-chemical industral activity of high added value.

The construction cost taking into account the commodily price escalation above, when
procured under the conditions of interest per annum of 8.75% and repaymenl period of
25 years for the foreign currency poslion, and interest per annum of 12.5% and
repayment period of 20 years for the local cusrency portion, witl be in terms of total
consfruction cost including inferest during construction 12,008 million Rupees including
a foreign currency poition of 5333 million Rupees and a local cursency postion of
6,675 mittion Rupees) consisting of 3,360 million Rupees for ¢oal mine and railway
facilities and 8,648 million Rupees for the thesmal power station.

Based on this tolal constiuciion cost, the coal supply cost and electsic power supply cost as of
1987/1988 will be as indicated below.

a)

b)

Coal Supply Cost

€ Airdsied basis 983 Rsfton
(0.50 Rs/kWh)

Electric Power Supply Cost

O Atsendingend 1.44 Rs/kWh

{Case of escalation not considered, as of June, 0.93 RsfkWh)

A fuel cost for an oitlired thermat power station wilh a gross thermal efficicncy of 37% is
calculaled to be 0.54 RsJkWh as of escalation rate of 8% per annum, il will ecach 0.93
Rupees/kWh in 1987/88. The said price is aboul twice as costly as the {uel cost of lignile fiom
Lakhra Coal Mine.

The above points, considesed together wilh increases in employment opporlunilics accom-
panying development of the coal mine, and regional redistribution of income, show thal this
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Project is of extremely high feasibility, and it is desirable for the Project to be realized al an
early stage.

2-1-2  Exploration Study
(1) General Description of Exploration Work

Geological survey team consisting of 13 menbers was deputed to Pakisian. The team stayed
there from May 191h to December Sth, 1979 and carried out geological studies, executed 50
drifi holes and undertook swiveying.

Various arrangements had to be made after reaching the site, and deilling could be commenced
feom 27th, June by using 3 wire-line drilling machines brought from Japan. 50 drill holes with
a composite depth of 5203.06 m had been executed by November 22nd. Pepth of holes
ranged fiom 71.14 m to 143.25 m with an average of 104.06 m.

Drilling had been conducted non-coring by using $ricone bit through the limestone, and core
diilling was extended to the coal measure by using NQ bit adopting wire-line method. Drilting
cores were logged at the sites and columnar sections of lithologic units and coal seams, and
cross-sections of lithologic unifs and coal seams, and cross-sections were prepared. Their
section were used for preliminary correlation of coal seams and determining the geologic
structure. Samples of all the coal seams and representative sock units were collected for
analyses and tests in the laboratories in Japan.

Co-ordinates and heights of drill holes had been determined and supplementary topographic
survey undertaken.

After retusning back, the team has remained pre-occupied with the works discussed below.

Arrangemenls for and drawing of columnar sections of lithologic units, coal seams and
crosssections; coirelation of coal seams, determination of stratigraphic succession and geologic
struclure, ele. Investigations have been carried oul to fix the workable thicknesses of cqal
seams and stripping ratios. The coal samples have been subjected to pioximate and ultimate
analyses. Their calorific value, sulphur confent, specific gravily, ash fusion lemperature, ash
components and Hardgrove grindability index have been determined. Floal and sink tests, and
spontancous combustibility tests have also been undertaken. Fos rock samples, weight of the
unit cubie volume (specific gravily), supersonic velocity, uniaxial compressive strength, tensile
strength, coefficient of waler absoiption, effeclive porosily, stability test for aggregate and
Peisson’s ratio have been measured and determined.

Based on the dala contour maps of coal seams, isograde maps, isostripping ratio maps,
iso-pach maps, ete., are drawn by compules, and both theoretical and recoverable coal resenves
have been estimated.

Topographic base map has been revised by incorporating the supplementary survey data.
{(2) Results of Exploration Work

1) General Geology
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Stratigraphic succession has been determined on the basis of investigations stated above.
Exposed rocks in the area consist of Ranikot and Laki groups, which at places are overlain by
Manchar formation unconformably.

Laki group is sub-divided into Laki limestone and Basat Laki latesite. Ranikot group consists of
Lower and Upper Ranikeot formations.

The Upper Ranikot in the present report is referred to as Upper Shell Beds as its strata contain
fossil shells. The Lower Ranikot forimation has been sub-divided into Upper Coal-bearing Beds,
Lower Shell Beds and Lower Coalbearing Beds. Upper and Lower Shell Beds consist of
predominant sandstones alternating with sub-ordinate siltstones and intercalated claystones

and shales. They conlain abundant fossil shells. Siltstones contain characteristic sandstone and
sidesite nodules.

The Lower Coal Beds also conslitute by alternating sandstones, siltstones and claystones
contain three coal zones, which are mostiy thin ard insignificant from economic poinf view.

Barren areas devoid of coal or containing very thin coal seams occur in the southwestern and
norihern pazis of the investigated area. Red zone comprising of vasiegated rock facies occuts in
the upper part of Ranikot group. It spreads almost all over the area. In the areas devoid of
coal, il ex{ends to Upper Coal-bearing Beds.

2) Characteristics of Rocks

The measured vahtes of rock tests vary considerably. For example, the uniaxial compressive
strenglh of limestone ranges from 122.5 to 957.3, sandstonc from 5.2 to 323, and in case of
siltstone/claystone from 9.2 to 312.6 kglcm?®. Certain {ypes of sandslone, particolarly the
sovatled silica sandstone is so soft and loose (hat ifs core could nol be obiained. This

sandstone when in roof of coal scam would not permit undesground mining for reasons of
safely.

3) Geologic structure (Fig. 2-1)

The investigated area falls mosily in the western limb of (ke Lakhra aaticline. As the dips of
strafa ase very gentle and the eastern limb was beyond the scope of the present woik, the axis
of the anticline has not been confismed. The sirata and the coal seams dip at 2 degrees and
appear (o be gently rolled.

Threz faulls have been noted in the middle of the southern part of investigated area. Western
fault ecferred as Mault A strikes norlheast. Hs throw is 25 metres (o the east.
Central fault Bl teends northsoutlh to northwest. The eastern faull referced as fauli B?
branches out from the central fault and strikes in northeast direction. Blocks fo the west of
both the faulls are downthtown. Threw near the junction of faults is 30 m. Displacements of
the faults decrease northwards and they dic-out in the investigated area. They are pivotal
faults. The invesligated area is divided into westein, central and eastern blocks based on these
faults, and the barren areas mentioned alicady.



4) Economic Geology

(a) Coal Zoncs

‘The Upper Coalbearing Beds contain five coal zones — No. | to No. S n ascending order. The
Lower Coatbearing Beds bear thiee coal zones — L1 to L3 in descending order. Each zone
contains from one t6 more than one seams. No. | zone is 0.2 to 0.7 m thick. It pessists
throughout excepl the barren areas. No. 2 zone ranging in thickness from Q.1 to 3.0 i is as
persistent as the zone Neo. 1. Towards east, however, it merges with zone No. |. Zone No. 3,
0.05 to 4 m in thickness, also spreads over the area like No.1 and No.2 zones. These three are
the main zones containing workable seams in the investigated area.

No. 4 and No. 5 zones are up to 2.0 m and 1.2 m thick respectively. They are impersistent. In

the eastesn part they are geaerally thin and fish oul at places. Both the zones are therefore
workable only locally.

The ¢0al zones in the Lower Coal-beasing Beds, L1, L2 and L3 are up to 3.0, 4.0 and SOm
thick respectively. However, they are generally thin and their continuity could not be
established in the present work. Consequently, they have nol been evaluated.

(b} Quality of Coal

Coat in each zone in the investigated area is lignite in rank. Rarely it grades into
sub-bituminous. §t contains about 30% moisture when fresh (PMDC, 1976). It loses most of the
moisture on exposuse to surface and easily crumbles. 1t is liable lo spontancous combustion.

The coal contains abundant pyrite grains and thin gypsum veins at places. Sand and clay are
also included in pipe-like, lensoid or scaticred patiemn.

It has been determined that the moisture confent of coatis 5.5 to 14.6%, calorific value ranges
from 3,500 to 5,860 keatfkg (6,300 (o 10,550 BTU) and total suiphur from 3.3 to 18.1% on
air dried basis. Propoition of inorganic to organic sulphur conteunt is 66 o 34

Ultimate analyses of ash and moisture free samples show carbon — 58.5 to 72.4°%, hydsogen —
4.5 to 5.8%, oxypen — 14.4 1022.3%, nitrogen — 0.9 to 1.4% and sulphur ranging fiom24to
16.7%. Ash fusion temperature has been detemmined as follows — deformation 1,250 to
1,425°C, hemisphere 1,300 to 1,450°C, ilow 1,350 to 1,450°C or mose. Hardgrove
grindability index varies from 59 to 88. Ash consists of Si0, — 8.0 to 44.42%, Al,O; — 249
to 28.8%, Fe, 05 — 17.3 to 70.76%, SO - 193 to 17.47%. These vatues show considerable
variation. The coal is known to be non-coking and non-caking.

From the resuits of analyses and tests, it is concluded that the caal is suilable for use as fuel in
thermal power genesation through the variation of each apalylic vatue is high.

Washability (float and sink) tests have also beea carried out. The tests indicate that the coal

can be up-graded and parttially desulphurised, for example, when floaled in solution with 1.8
specific gravity the ash decreases from 19.7 to §2.0% and sutphur from 6.84 to 4.2%.
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{¢) Coal Resesves

In the present work coal reserves are esiimated on the basis of following factors and
assumplions:

a)

b)

c)

d)

€)

Reserves over 2.353 km? in the western and 6.87 km? in the eastern paris of the
investigated area have been calcufated from the point of view of open pil mining due to
suitable stripping ratioup to 15/1.

Minimum thickness of coal seams {aken inlo account for estimaling reseives is 0.5 m for
open pit and .75 m for underground mining.

Minimusn thickness of coal seams taken info account for estimaling reserves is 0.5 m for
open pit and 0.75 m for underground mining.

Seams with calorific vatue under 3,500 kcallkg on air-dried basis are not taken info
account.

Specific gravity of coal for open-cut and undesground mining has been determined at 1.3
and ¥.45 respectively. The difference is because comparatively better grade coal would be
won in the underground mining as the coal seams underlying loos¢ sand would be left
out, and workable thickness has been taken considerably less than the actual for the sake
of mine safely.

Geologic safety factor and recoverable facior would be determined depending on the
ntining method {o be selected. For the sake of present calculations for recoversable
reserves it has been assumed that the geologic factor would be 80% for open cut and 70%
for underground mining; and the recoverable factor would be 90 and 65% respectively for
open cut and underground mining. Based on the above factors and assumplions, the
theoretical and recoverable reserves in raw coal have been estimated as follows;

Unit: million fonnes

Theoretical Recoverable
Mining Area Reserves Reserves
Open Pit 65.50 47.16
Underground 14.28 6.50
Total 7918 53.66

2-1-3 Mine Development Study

(1} General Description of Study

The feasibilily study has been divided into four main separate studies.

Mine planning study
Surface facilities study
Coal preparation study
Railway study

Qe Q@0
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The report presented herein represents the study of the mining plan which has been based
upon the development of mine plan inclusive of support facilitics capable of sustaining an
annuai production rate of 1.2 million tonnes of clean steaming co3! (as received base) for a

pericd of 30 years on the basis of the geologival exploration study, site survey, and sfudy in
Japan.

The mining plan developed in this reporl involves the extraction of 36,780,000 tonnes of raw
coal from No. 1, 2, 3 and 5 scams.

The major considerations for the development of this plan were as follows.

The coal reserves area for this study has beea divided into 3 blocks as shown in the geological
repoil, and three mines i,e, an underground mine provided with longwalling in central block,
and {wo open pifs provided with truck-shovel method in ewest and east block.

The annual average coal production (as receied base) of clean coal for a period of 30 years will
be 1,170,000 tonnes of which 220,000 tonnes of coal will be produced at an underground
mine and 950,000 tonnes al open pits. The average value of clean coal is estimated at 3,827
kcal/kg, and its sulphur contenl is estimated 2t 5.9 %. The layout of the undeiground mine will
be developed by inclined shali system provided with the longwall mining method. The open
pits will be developed by the avesage stripping ratio of 11£1.

Ofiice buildings, factory buildings, and faclories, etc., as the suppord facilities on the suiface
inclusive of sevice and welfare facilities will be provided. In order to reduce a past of sulphur

content and ash contenl, coat preparation plant provided with a picking belt of the capacily of
400 t/h will be planned.

The 1ailway of 27.5 km between mine site and Khanot, and also spur track of five km from
existing railway (o plant will be laid to meet the main purpose of coal transportation and also
commulting £r2in from colony in Khanot to mine.

The operating employee requirements witl be 1,824 during the main production period, and
avesage employee requirements will be 1,689 for a period of 30 years.

Total mine productivity exclusive of railway will be 2.3 tonnes per man per shift.

Preproduction schedule has been made by a request in responsa lo the Pakistani delezation in
Tokyo, November 1980, and so construction work will commence in April 1983, However, in
order to achieve this start-date it will be necessary to perform certain pre-engincering and
procurement activities, and preparation work inclusive of detailed drilling.

The production schedule indicates longwalling production commencing in 1986, and total
production inclusive of open pil production will be 733,000 tonnes in 1986.

The total capital costs cakewlated for this study inclusive of railway amount to 2,146,000 000
Rupees based on June 1980 price levels. Bul interest during construction and escalation have
aot been included.

The average operating costs with freight will be estimaled at 381 Rupees per clean coal tonne

based on June 1980 price levels. Bul escalation has not been included.
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(2) Layout of Mining Pian
1) Mining Area and Production Scale

The investigated area of about 26 square kilometers has been divided into three blocks; namely
cenltral, westein, and castern defined by foldings and fault zones at boundary.

In ¢enteal block, only fwo seams of No. 1 seam and No. 3 seam are considered mineable. No. {
scam which covers main part of production, lties at a depth of 85 m to $23 m. Therefore, open
cut method will be uneconomical due to the high skripping ratio which indicates more than
15/1, an underground mining method will be applicable for this block.

In western block, five coal seams are considered minable, and No. 1 seam, bollom seam, lies 33
m to 85 m deep which is shallower compared with eastern block. Accordingly, stripping ratio
has beea calculated at 8.6/t and west pil will be planned to cover the hall part of production
for total production.

In eastern block, three seams are considered mineable, and the boltom seam liecs 45 m o 91 m
decp and in this block there exisis loose sand on the direct roof of No. 1 & No. 2 coal seanis.
Thesefore an underground mining method is nol applicable. And also even in open cut system
the stripping ratio will be calculated at 18f1, so coal reserves will be fundamentally estimated
uneconomical at the present time. However coal production has been calcutated by both mines
with the consideralion of average stripping ratic keeping to 11/} or below.

The geological mineable reserve figure as calculated in geological reporl is approximately
6,500,000 tonnes raw coal (air dried base) in central block, approximately 15,000,000 tonnes
raw coal (air dried base) in wesfern block, and approximately 32,000,000 {onnes eaw coal (ais
dried base) in eastern block.

The annual coal production rate has been calculated at 200,000 tonnes of clean coal (air dried
base) in cenfral block and $00,000 tonnes of clean coal (air dried basg) in western block based
on a period of 30 years of power station life.

In eastesn block as abovemenlioned there are nol economical reserves. However, by dituting
the high stripping ratio with the low stripping ratio in western block so0 as to reduce the tofal
stripping ratio of 11/l annual coal production will be calculated at the 300,000 tonnes of
clean coal (3ir dried base).

2)  Underground Mine

The underground mining plan developed involves the extraction of 6,589,000 tonines of ¢iean
coal as received base. Major access belween the mining areas and susface will be via two
inclined shafls in rock. No. ¥ inclined shaft will be used for coal {ransportation, personnel and
matesials transpostation, and intake airway, while No. 2 inclined shaft will be used for refurn
airway only.

The porlal of No. § inclined shaft is located at 2152590 E of X axis and 900685 N of Y axisin.
co-ordinales, and No. 2 shaft will be driven on 50 m centres.

-18



The inclined shaft will terminate at the point of intersection with No. § seam which is on the
ceatre of this mining block. Both shafts will be driven at minus 12 degrees of gradieat. Two
paralle]l headings which ar¢ intended for use as main intake asirway and main transportation
roadways provided with 13.2 m? of effective sectional area will be driven from north to south
in the central part of block via access in-seam entry from shaft boltom (o ¢asi. The panel entry
will be driven on 120 m centres. Longwall face will be installed in this section. The main
entries and inclined shafis will be driven conventionally blasting, side-tipping loaders, and mine
car system with arch suppont, and other entries will be driven blasting, gate-end-leader, and

mine car system with square set support. The developing rate has been calculated at 2.7 mfday
at maximuny.

Mining area will be divided into eleven blocks for the purpose of preventing loss of coal
resesves due to sponfaneous combustion, and each block will be sealed off after completion of

extraction of coal. Pillars will be Teft along amin entries, gob areas and faulls, and 50— 100 m in
length between panels.

Relreating longwall method of 120 m long with caving is selected. Coal will be won
conventionally using blasting, hand loading Lo a double chain conveyor in the face supported
with the hydraulic stezl prop and tink bar. The packing in gob side of pate eniry will be done
with flyash in order to re-use the gate entsy for return entry. This method is very advisable for
both prevention of spontanecus combustion and increasing the recovery percentage. Coal
winning will be operated by increasing the recovery percentage. Coal winning will be operated
by (wo shifl sysiem and onc shifl will be used for preparation and maintenance of face. The
coal produciion from longwall face has been calculated at 400 tonnesfday, manpower required
inclusive of foremen will be 129, and average preductivily will be calculated at 3.1 tonnes per

man per shift in face opeiation. In areas which cannol be worked by systematic mining, room
and pillar method will be planned.

Mine car transportation sysfem has been selected to handle coal produced, waste rock, and
malerials fransportation. To sustain this mine car transportation undesground, the two Lypes

of battery Jocomotives of § and 10 are selected. The winding machine with the capacity of 200
kY in inclined shaft wiil be installed.

Drainage equipment with capacily of 50 kW, 180 m head, }.4 m*/min will be instalied at the

bottom for rainy season. And zlso small capacity supply water pump and drainage pump are
provided.

The total consumption of compressed air has been calculated at approximately 90 m? fmin. To

cover this demand the compressor with a capacity of 2 set of 240 kW and 1 set of 75 KW will
be insfalled on the surface.

The centratized ventilation system has been selecled to meet this mining plan, main fan of 300

kW will be installed at the ealrance to No. 2 inclined shall. The fan will be capable of 5,000
m> al 200 mm water gauge.

Site work for portal will be completed in a three month period to permil the inclined shafis.
Mine development will require a total time of 24 months, including 7 months for inclined
shafts, 8 months for main entiies, 9 months for panel entry and preparation for longwalling.
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3) OpenPit

A shovel and truck system in both pits to remove the overburden has been selected with the
consideration of muli-seam mining, early production, and techniques of workeis. The shape in
bench sepresents the multi-bench system, and the bench is designed at 14.0 m high, maximun
60 m wide, and at an angle of 45 degrees from a rock stability points of view. Truck road is
designed at 14 m wide with the maximum inclination of 8 deprees.

The total steps of bench will be 3 to 4 beaches to reach the upper most coal seam due to the
decp mine.

Overburden is drilled with the two sets of drills of electric dsive $ype of 9-7/8" in diameler in
both pits, and drilling operation will be done by two shift system in a day. Three uniis of
bulldozer wilt be arranged for cleaning the suiface of bench and treating the soil.

Spacing of drill holes is desipned for 7 m x 8 m, and penelraling speed is designed at 23.3 mfh.
Ammonium Nitrate Fuel Oil is used or blasting the overburden, and powdér factor is designed
at 0.44 kgfm?3.

After blasting the overburden, loose overburden is loaded by two unils of electric power shovel
with a dipper capacity of 18.5 m? in each pil, and a bulldozer for a shovel aids in cleaning the
surface. Mechanical efficiency of shovel is estimated at 75%.

Loosed overburden is removed by 120 t trucks provided 9 no.s in each pit andfor dumped into
the space from where the coal had been mined out. The truck speed in pit area is designed at
13 kmfh, and in up grade road is designed at 10 kmfh, and in fat and good condition road is
designed at 30 km/h. The combined operation between truck haulage and shovel opiation is
desigined by simutation method of computer system.

The parting rock belween coal seams is diilled by rotary type drilling machine of 80 mm in
diameter, and also for the loading and transportation, bulldozer, wheel loader, scraper, and 46
ton tsucks are provided. This operation will be done after coal mining and before stripping
work. The rock blasted is removed in trucks or dumped in mined arca by bulldozer andfor
scraper. A bulldozer is used for discharging the rock frony the highwall to mined out space and
cleaning the surface of coal before mining. A scraper is used for loading and hauling the paiting
reck and cleaning the surface of coal.

Coal seams are usually brokea by the zid of ripper of bulldozer, but in hard coal seam blasting
will be done. Coat is loaded by hydraulic excavalor using a 6 m?® dipper and is transported by a
46 t {fruck.

In pit secvice and road mainienance road grader, bulidozes, crusher, water tank, and truck
crang, elc. are provided.

Dewalering equipmeal is equipped with the pump capacity of 2 units of 22 kW capable of 30
m head and 2 m? fmin of water volume during rainy scason.

Rock desert area spread in the surface, and so damage due {o pollulion need nol be conside ied,
but some extent of reclamation work will be necessary. In cleaning the mined ouf area one
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unit of wheel loader with bucket capacity of 5.6 m?, one unit of scsaper with the capacily of
24 m?, two unit of bulldozer, and a 46t dump truck will be provided.

Layout of pit is designed at 40 m wide, and 300 m to 1,000 m fong based on geological factor
of 80% and mining recovery of 905%.

The clean coal production in open pit has been calculated at 29,013,500 tonnes with the
shripping volumes of 330,112,900 m? in solid for a period of 30 years, and stripping ratio will
be 11/1 which wilt be 9/F in west pit and 14/ to one in easl pit respectively. Produclivily in
open pil is estimated al 5.7 tonnes per man per shifl.

The open pit planning study provides for a continuing intensive coal development schedule. In
order for this to be reliably achieved, it is necessary for certain preparation work to be
performed prior to the commencement of the project.

The total volume of bank overburden to be removed witl be 5,000,000 m?* in 1983, 7,780,600
m? in 1984, 8,958,000 m® in 1985 and 1986, approximately 10,000,000 m* after 1987.

The coal production will be planned at 123,000 tonnes in 1984, 301,000 tonnes in 1985,
602,000 tonnes in 1986, 732,000 tonnes in 1987, full production in 1988.

Stripping work in the west pit will commence at the line connecting the drilt hole 3T16, JT7,
JT9, and PS19. Bench cut wili be developed to west. The total volume of bank averburden to
be semoved will involve of 11,938,000 m® from 1983 to 1985. In cast pit stripping work will
commence at JTS0 of drill hole. The stripe type of bench cut will be provided from east to
wesl, and mining procedure will be developed to north with a constant angle of highwall and

width of bench. The tofal volume of bank overbunden to be removed will be 9,799,900 m?
from 1983 to 1985.

4}  Surface Facilities

Integrated susface layout system bas been selected and the buildings and factories are located

at the surface of barren area between west block and centrat block with no influence on
mining operalion.

In the central part of surface ly-ouf, mine oflfice, air compressor house, winding machine
house, work allovation room, safety lamp room, mine substation, mechanical and electrical
workshops and store house, etc. will be provided. In west side of this block, head office, heavy
vehicle maintenance shop, etc. will be provided. In the south side, preparation plant and
emergency stock yard near railway slation will be provided.

Coat transportation from mine lo power station and commuting service from colony in Khaneot
to mine will be done by railway. Both raitway and road will be utilized for the transportation
of materials and equipment, elc.

The waler near surface in the River Indus will be delivered by in-take pump to sediment pond,
and purified. This purified water witl be ulitized for industnial and living water.

Site wosk for the area of building inclusive of supporting area will be provided for
approximately 210,000 m?, and for raitway inside mine and road outside mine of 43
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kilometres long will be provided for approximately 470,000 m*. Tola! of 680,000 m? for site
work will be provided. Other civil work including foundation work of mine substation, and
constsuction of oil tank, protective fence around mine, and embanisnent work for explosive
magazine, and construclion work of sewage treatment plant will be provided. Road
construction work of 6 kilometres long with 14 m wide for dump truck and other road work
of 33 km fong with 7.5 m wide will be provided.

Structural work for production facilities consisting of mine subslation, emergency power
house, air compressor house, and work allocation room, ete. will be provided for
approximately 2,700 m? in area. These are structural reinforced concrete or brick buildings of
single story. Head office building, open pit office building, and underground office building
wilt be provided for approximately 4,140 m? in area. These are structural reinforced concrete
or biick buildings. Head office building will only be constructed as two storied building. The
workshops consisting of heavy vehicle shop, mechanical and electrical shops for underground
mine, elc. wilt be provided by structural reinforced concrete and steel building with the total
area of approximately 12,200 m? and also with one story butilding. Other building will be
provided with powdes magazine, and powder handling house.

‘the industrial and living wales required for the mine site and colonial area will be delivered
from the River Indus to two sand basins in Khanot with each capacity of 240 m? by means of
two water infake pumps provided with the capacity of 36 kW and 2.93 m?®/min. with the head
of 90 m. The water will be purified at the purification stations in Khanot, and conveyed 1o the
distributing resesvoir in colonial area and in mine sife respectively, and also distributed by the
distribuling pump from the teservoir to the consumer. The water conveyance pump to the
mine sile is provided with the capacily of 37 kW and 0.75 m?/min. with the head of 180 m.
The waler conveyance pumps of two unils {0 colonia! area are provided with the capacily of
10 kW and 2.18 m®*/min. with the head of 30 m. The pipes used for will be 150 mm, 200 mm
an 250 mm in diameter of cast iron pipes for water delivery and conveyance. Especially
galvanized steel pipes is used for water distsibution. The septic tanks will be provided for the
sewage lreafment of administralion office and other major surface facilities.

The mine substalion is provided for receiving the required power from WAPDA at 33 kW and
distribute it to all areas at 33 XW andfor 3.3 kV. The total installed motor capacily wilhin the
mine has been calculated al approximately 7,000 kW and, excluding the open pit supptied at
33 KV, the tofal capacily to be supplied at 3.3 kV is estimaled at 3,450 xW. Therelore, the
reqiired transformer capacily to be installed will be 4,000 kXVA.

Two units of emergency diesel gencralor with the capacily of 500 kVA at 3.3 kV in three
phase witl also be provided for supplying the power only lo safety facililies in case of the
power failure. For the communication system within the coltiery a privale lelephone system
will be provided. The other major facilities for the mine are two sets of dnilling machines,
vehicles, a compuler, and a hospital.

5} Coat Preparation Plani

The plant feed coal is screened at 50 mm in size and S0 mm oversize waste with 75% ash
conlent, 4% of tola] raw coal, will be removed by hand picking.
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The quality of clean coal delivered at the power station will be estimated at total moisture of
25%, ash content of 19.7%, volatite matter of 27.8%, total sulphur of 5.9%, calosific value of
3,840 kcalfkg, and plant yicld of 96% on as received basis.

The quality indicates inherent moistuse of 9.3% and calorific value of 4,640 kcaljkg on air
dried basis, ash fusion temperature is more than 1,300°C, and Hardgrove grindability index is
70, and these characieristics are favourable for steaming ¢oal. The electric resistance of ash is
3.5 x 10'3 ohmcm at 130°C, and it is failly high for the maximum limit of 1 x 103

ohm-cm, accordingly some considerations are required for the design of a electric dust
collector.

The anlicipated operating schedule of plant is established at 2 rate of 16 hours on 2 shift
system per day, 300 days per year and availability of 80% and average plant feed is designed on
400 tonnes of raw coal pee hour. The main process is provided for removal of over 50 mm
wasle in size by hand picking system, and the main plant facilities are as follows:

A 100t dump hopper and a 1,500 saw coal bin is included in the raw coal receiving and
stocking equipment, and over 300 mm wasies in size are rfemoved al this section.

Raw coal from the undergiound mine is stored in the above mentioned raw coal bin through a
tippler and a raw coal conveyor. Raw coal drawn out from the raw coal bin is fed to the raw
coal sceeen through the plant feed conveyor to be screened at SO mm in size.

Over 50 mm raw coal is conveyed onto hand picking conveyor at a rate of 40 t/h, while 50 mm
undessize of the sceeen is stored in the clean coal silos through the clean coal conveyois at a
rate of 384 t/h.

Over 50 mm wasle is detivered to a rock bin through rock belt conveyors and dumped on to a

wasie area by truck. Over 50 mm coal is crushed by a single roll crusher and stored in the clean
coal silos.

- The ¢lean coal storage and loading equipment is provided with two 2,000 t clean coal silos, a

20,000 1 emesgency clean coal stockpile, clean coal reclaiming system, a 110 t loading hopper
and a railway track svale.

Reinforced concrete structure will be built for a raw coal dump hiopper, a raw coal bine and
clean coal silos, and a rock bin and a loading hopper will be constrnucted with steel struclure,
and the housing of the hand picking and electric room will be provided with steel strrcture.

The total capacity of the motors in the plant will b2 provided with 460 kKW, and power will be
supplied with 3 XV and 3 phase from the mine subsiation.

The open-air stockpiling system of the Lakhra coal will be recommendable by the foltowing
methods to prevent sponiancous combastion.

The compacted stockpiling should be less than a week in storage period and under 3 m in
height. In ordet to build and keep a safe stockpile, the stockpile must be compacted peelectly
at every layer of piles by bulldozes or loaded truck, and the height of each layer should be

kept at 4050 ¢m, and the final stockpile will be built and pited up by repealing of the above
methods.
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6) Railway Transporiation

In order €o supply the coal tonnages required for power station of approximatety 1,200,000
tonnes per annum ie. 4,000 tonnes per day the railway system between mine site and power
station will be provided for the distance of 64.5 km. For this purpose, the new railway of 27.5
km long having the same gauge with existing Pakistan National Railway from preparation pfant
to Khanot will be construcied and connected with the existing one al Khanot, and new spur
track of 5 km long near power station site will be provided.

Fquipment of 3 units of diesel electric locomotives, S0 wagons, 4 passenger cass, tracks of 32.5
km fong, and all support Facilities inclusive of toading and unloading facititics, and also repair

shop will be provided. However operation and management will be left to the Pakistan
National Railway.

The freight charge will be estimated at 26 Rsft. In this case, the freight charge of existing

ralway is eshimated at § Rsft, and total of depreciation cost, amortization cosd, and inferest is
calculated at 9 Rsft.

Coal is loaded fromn clean coal silo to wagon through vibration feeder. A train comprised of 24
wagons loaded with the 840 tonnes of coal is pulled by the locomotive with the capasity of 2
units of 825 kW motor and the ownweight of 84 tonnes.

The time requised for round trip belween mine and power station will be approximately 202
ntinutes. Two formation of trains and five round trips pes day will be scheduled.

Commuling train between Khanol and mine will be scheduled at four round trips in a day, and
other materials will be mainly transporied by road, and railway transportation of matesials will
be available at slack time in middle of the night.

7) Mine Developmenl Schedule

The mining plan development schedule indicates the commencement of the stripping work of
open pil and construction work of road, etc. alter the date of approval of the project. In order
to achieve this slarling date it will be necessary to perforn delaited drilling, ground
investigation, topographic survey, repairing a part of road, preparation work near initial box
cul, and certain pre-construction and procurement activities prior {o the date of commence-
menl.

The construclion werk will commence in April 1983, Site work, road construciion work,
preparatory work, and construction work of mine subsialton and heavy vehicle maintenance
shop in the surface lacilities will commence in April and be compkied at the end of 1983, and
other surface facilities will be compleied by the end of 1934,

Construction woik of railway will commence in Apeid 1983, and be completed in June 1936.

Construction work of coal preparation plant will commence in October 1983, and be
compleled at the end of 1985.
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Construction work of portal in underground mine will commence in October 1983, and
developnient work in underground commence in the beginning of 1984, and one longwall face
will be prepared at the end of 1985. Another Tace will be prepared one year fater.

Stripping work by the heavy machines will commence in Aprit 1983 Full production of coal
scheduted will commence in 1988,

8) Manpower requirements and orgamization

The opeiating manpower sequirements for this project are planned upon modification of
manpower and organization commonly observed in Japan and alse the world, and also in

prevailing coal mines controlled by PMDC and in PC-} Form for Lakhra project submiited by
PMDC in 1976.

The tolal numbers of officers and wage workers represent the jobs andfor positions to be filled
each day, and to not include persons nol working due o sickness, accident or any other

teason. Costs associaled with a 200% level of absenlteeism for underground wage workers have
been included in the plant.

The manpower requirements will be 662 men inclusive of 47 officers and 615 wage workers
during the main production period in underground mine.

The manpower sequirements in open pit will be 410 men inclusive of 50 officers and 360 wage
workers during the main production period.

‘The manpower requirements in surface Facilities will be 629 men inclusive of 111 officers and
518 wage workers.

In preparation plant the manpower requirements will be 123 men inclusive of 10 officers and
113 wage wotkerss.

The tolal will be 1,824 men inclusive of 218 officers and 1,606 wage workers during the main
production period. The average number will be 1,689 for a period of 30 years.

Osganization for this project is planned on the basis of prevailing system of coal mines in Japan
and Pakistan. The new and special sections of safely, Enaining and system which are not
organized in Pakistani coal mine will be added.

Productivily has been calculated at 1.3 tfman/shilt in uaderground mine, 7.8 tfmanfshilt in
open pit, and 2.3 t{fmanfshilt in overall mine.

9) Capital Costs

The capilal costs in this study are based on Sune 1980 values. The total capital costs caleulated
for this sfudy amount to Rs. 2,522,000,000 inclusive of interest during constauction for the
first three years of the project. The tofal capital costs are composed of direct costs and indirect
cosls
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The direct costs have been estimated at 1,555 million Rupees inclusive of 1,290 miltion

Rupees for mine development, 191 million Rupees for railway ¢onstruction, and 74 million
Rupees for a 4% contingency to difect costs.

The indirect costs have been estimated at $91 million Rupees, inclusive of 425 miltion Rupees,
for import duty of 4076 on C & F price of equipment, materials and supplies, 77 million
Rupees for engineering fees of 5% to direct cosls, and 62 million Rupees for administration
cost of 4% to direct costs. Interest during construction is calculated at 376 miflion Rupees.

The total currency will be divided into 1,245 million Rupees for the foreign cureency portion
and 1,277 million Rupees for the local currency poriten. Escalation has not been included.

The capital costs include the following:
Production facilities —
0 site work, and construction cost of road, factory buildings and preparation plant.

O mechanical and electrical equipment purchased and installation coslts applicable to the
nmine opesation.

machines and materials for mine developmeat and insfallation cost applicable to the mipe
operation.

O maintenance and power cost during the inilial 36 months of the project.

©  all misceltaneous costs during the initial 36 months of the project.

Ancillasy facilities —

O ¢onstruciion cost of office buildings and furnilture ete.

Senvice & welfare facilities —

O officer’s sataries and worker’s wages during the initial 36 months of the project.
Raitway —

O  construction of tracks, and mechanical and electrical equipmenl purchased and

instatlation cost.
0 loading and unloading facilities.

The capital cost for development of open pit will be calculated al maximum expenditure of

67% in tolal capital costs and secondly railway of 12%, inclusive of iniport duly buf exclusive
of conlingencies.
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10) Operating Costs
The operating costs have been calculated as follows:

o Depieciation cost calculated at the average 30 yeass life of equipment and installation
cost with the consideration of residwal value of 107%.

o Interest is based on $2.5% for local currency and 8.75% for foreign currency. Interest for
local currency will be paid for 5 years, and for foreign currency will be paid for 10 years
according to repayment schedule. All these calcufations are based on PC-! Fosm
submitted by FPMDC.

o  Salasies and Wages are based one PMDC PC-1 Form and escalation is added fo the 1976
base cost.

o Power cosis calculated at Ps. 49 per k\WH based on WAPDA’s Tasiff C-3 for bulk supply al
33kV.

o Replacement and improvement costs of equipment calculated on the basis of life of
machine.

o Materials and supplies include explosives, mine timbers, oils, fuel oils, cables, etc.

o  Maintenance cost calculated mainlenance costs of equipmenl and buildings. ‘The
maintenance costs of machine are eslimaled at tess than 107% of machine to be used.

o Administralion costs are estimated at 3 Rsft for oufside service, managemant fee of head
office, travelling fee, elc.

° A wage personnel absenteeism rate of 200 has been used in the study. Equivalent
additional wage workers will have to be employed fo counteract the effect of this
absenteeism rale, in order to ensure that all the jobs are mannad in underground workers.

o Freight charge will be estimated at 17 Rsftinclusive of 5 Rsft in existing freight charge.

o Coal prepanation costs calculated fors 7 Rs/t.

1-27



ESTIMATED CAPITAL COST

{in Million Rapees)

- Foreign Local
Description ) Currency Cumency Total
Production Facitities 1,022 221 1,243
Ancitlary Facilities 3 20 23
Seivice, Welfare Facilities - 24 24
Sub-Total 3 1,025 265 1,290
Railway Facitities 106 85 191
Contingency 56 18 T4
Sub-Tolal 162 103 265
gl)irecl Cost Total 1,187 368 1,555
Impoit Duty — 45?2 452
Engineesing Fee 58 19 11
Administration Cost - 62 62
Indirect Cost Total 58 533 591
Total 1,245 901 2,146

Interest Puring FC. - 138
Construction LC. — 138 316
Grand Total 1,245 1,211 2,522

Freight, laxes and duly included.

The estimates reflect June 1980 vatues.

No escalalion.

ESTIMATED CAPITAL COST BY FACILITIES

(In Million Rupees)

Description ([\?fﬁ?.ﬁ} (hlrfglzy Total %
Underground Mine 35 419 134 7
Open Pit 803 493 1,296 67
Susface Facilities " 80 151 8
Preparation Plant 66 52 118 6

Sub-Tolal 1,025 674 1,699 88
Railway 106 128 234 i2
Grand Tolal 1,131 802 | 1,233 100

Freight, taxes and duty included.
Conlingency in direct cost nol included.
The estimates reflect June 1980 values.

No escalation.
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ESTIMATED OPERATING COST

(Rupees per ¢lean tonne)

Description CE:? ri?:l:%ély C:ﬁ g?llcy Total |
Salasies — 9 9
Wages - 3 3
Power - b S
Replacement and Improvement 46 20 66
Materials and Supplies 45 9% 136
Maintenance 28 14 42
Adminisiration — 3 3

Sub-Total 119 145 264
Depreciation - 32 32
Amortization - 21 27
Interest — 36 36

Miné Total 19 240 3159
Freight 2 15 17
Depreciation — 3 3
Amortization - 2 2
Interest — 4 4

Railway Tofal 2 24 26
Deduction - Fa ) Fa%]

Grand-Total 121 260 381
Underground Mine 8 21 29
Open bRt 108 11k 219
Preparation Plant 1 6 7
Surface 2 7 g9

Tolal ] 119 14s 264

The estimate reflect June 1980 values.
No escalation.

2.1.4 Coal-fired Power Station Study

(1} Electsic Power Demand Forecast and Electric Power Development Scheme

1} Electric Power Demand Forecast

In making a long-range forecast for the future with the past secord of electric power demand as
the background, the JICA Sunvey Team adopled two approaches. One was a technique of
analysis by category whereby a forecast is made based on the past records of customers by
category and the estimalions of future population increase and electrification. The other is a
comprehensive, stalistical technique where a forecast is made using a pesformance statistics
model of eleciric power demand and a gross national product model, with the purpose of
augmenting the result oblained by the former category-by-calegory analysis technique. In
making a prediction of the annual maximum power demand from the annual energy

consumplions oblained by the above-meationed techniques, the two hypotheses below wete
setup.
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a}  The overall transmission and distribution losses

Date Juae 1980 June 1984 June 1990
Loss 3% 2% 25%

b) The annual foad factor is estimated under the following equation

Alf = 6296 - 0.558x
Alf:  Annualiload factor

X: Number of years on the assumption of zero at the ead of June 1980

Accordingly, the annual maximum powes demand and annual avesage growth sate for the
period 19801990 with were forecast by the JICA Susvey Team, based on the above energy
consumplions, lransmission and distribution losses and annual load faclors in comparison with
the studies made by WAPDA are as shown below.

Calendar Method by JICA
Year Survey Team WAPDA {B)/ (A)
{A) B)
W) (MW)
1980 2,443 2,421 0.991
1985 3,808 3,841 1.009
1990 5,842 5,775 0.939

Growth Rate
{% per annum)

1980 10 85 923 9.7
1980 t0 90 89 8.5

As seen from the above, there is hardly differeace in the figures of the maximum power
demand belween the JICA Sunvey Team and WAPDA. Accordingly, the figure of the
maximum power demand forecast by WAPDA is to be adopted in this Report.

It is planned for the KESC System to be merged with the WAPDA System in July 1984 The
maximum power demand figures and the annuat avesage growlh rate for the KESC System are
forecast to be 789 MW — 1,353 MW (1984-1990) and 9.4%, respectively, and the maximum
power demand and annual average growth rate of the WAPDA System after absorption of the
KESC System will be 4,183 MW — 6,920 MW (1984—-1990) and 8.8%, respeclively.-

2) Eleciric Power Developinent Scheme

The existing installed capacily of the WAPDA System was 2,685 MW as of July 1980, of which
hydro power generating facilities comprised 1,567 MW or approximalely 60%, while theimal
power generating facilitics comprised 1,118 MW or approximately 40%. However, the total
cffeclive instalted capacity is reduced approximately 5% due to geneeating facilities which have
become anticipated (o be about 2,553 MW.
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The electsic power system of WAPDA is geographically divided into four power markets, with
a feature being that the hydro gencrating facilities making up approximately 60% of the supply
capability exist one-sidedly in the Northesn power markei in the north with the remaining 40%
comprising thermal generaling facilities existing in the three other power markets. Further, the
hydro supply capabilily is influenced not only by the seasonal variations in river runoffs, but
also (0 a greal extenl by operation of irrigation water facilities since water sesources are used
with priority for irrigation, so that there is also a feature of seasonal variations being severe.

The 4 power markets preseatly interconnected by $32 XV transmission lines and pastially by

220 kV transmission lines logether with KESC-owned power system are o be interconnected
by 220 kV and 500 kV transmission lines in the future.

It will be possible to inferchange power elfectively between the North and South through
sirenglhening these (ransmission line nelworks. The developmenl programs prepared by
WAPDA indicate that the incremental capacity of hydro power stations including Tarbela,
Mangla and Wassak will be 3,010 MW in total in the 1980%. In addition, if 300 MW of Lakhsa

Coal-fired Thermal Power Station is developed, the lolal installed capacity of WAPDA-owned
thermal power sfation is scheduled to reach 2,495 MW.

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

Electric Power System, the maximum demand and the maximum unit capacity witl be as
described below.

The capability margin will be 300% to 607 in the high-water season (in September) and 7 to 9%
in the low-water season (in May) except for the years of 1987 and 1988. The supply capability
is below the maximum demand in the low-wales season during the period from 1980 to 1985.

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

maximum demand would be required in consideration of possible stepping of the capacity of
two biggest unils.

(2) Eleclric Power System
1} Method of Power Transmission of Lakhra Coal-fired Thermat Power Station

There will be (wo methods of transmission of power from the Lakhra Coal-fised Thermal
Power Station through 132 kV and 220 kV transmission lines.

The economic comparisons of construction costs of lransmission lines of the two voltages have
proved that the former will be mote economical than the lalter. Accordingly, it is considered
advisable that power from the above-meafioned power siation be Gansmitted to 500 kV
Jamshoro Substation adjacent to Lakhra Coal-fired Theimal Power Station.

2)  Syslem Analysis

With the peak load heurs in the low water season in 1987 when Lakhra Coal-fired Thermal



Power Stalion with a capacity of 300 MW is to be commissioned as the times for studies, the
power ftows and stabifily of the WAPDA System were examined.

a} Power Flow

Electric power on 500 kV transmission lines will flow from Multan and Guddu Thermal Power
Stations in (he central part of Pakistan to the Nosth and South of the country. Since the
power low will be relatively light, there will be a tendency for the SO0 XV bus vollages of the
various 500 kV substation to rise.

It will be necessary that the capacity of 220/132 &V transformers at 500 kV Jamshoro
Substation and the 132 kY transmission lines to connect the existing 500 kV Subsfation with
§32 kV Jamshoro Grid Station be designed so as to adequately meet power demands 1o arise in
Hyderabad area.

b) Stability

As a result of transient stability caloulations, it has proved that the power system will be
unstable and wilt hardly discharge its functions should three-phase ground faulting take place
at the end closest to Jamshoro of the 500 kV (ransmission lines between Dadu and Jamshoro.

However, in the event that the SO0 kV transmission lines should be designed as double ciscuil
lines, the system 'will be quite stable even if faults occur on one circait of the 500 kV
trapsmission lines.

(3) Localion of Coal-fired Thermal Power Statica

For sclection of the location of the Coal-fired Thermal Power Station, studies were made based
on conditions of location of candidate sites at Jamshoro, Khanot and Lakhra. It is judged that
the Jamshoro site is the most promising as a result of ovesall comparison of the physical
conditions, availability of condenser cooling water, transportation of fuel and matesnials,
necessily for a fransmission line, approximale constntction cost, elc.

The outiine of the 3 sites of Jamshoro, Khanot, and Lakhra are as described below.
$) Jamshoro Site

The greatest advantages of the Jamshoro site are that condenser cooling water can be laken
from the River Indus throughout the year, and further, that if the Coal-fired Thermal Power
Station is construcled adjacent to the S00-kV Jamshoro Subsiation, construclion of a
transmission line will not be necessary. Other than these, a pipeline for natural gas 10 be used
as cne of the supplementary fuels runs at a distance of 3.5 km from this sile and this pipeline
can readily be extended, while for fransporlation of materials and equipment for construclion
and maintenance, a raitway and roads can be readily used. Further, the infrastructure for
maintaining daily livelihood such as educational facilitics, hospilals, government agencics, ete.
is more or fess complete. In comparisons of approximate construclion costs also, Jamshoto is
cheaper than the othess.

The disadvantage of this site is thal it is approximately 30 km distant fronv Lakhra Coal Mine
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and the coal hauting distance would be the tongest and the transportation cost the highest.
Also, there is concern aboul the effect on residents neasby due to air pollution from firing
lignite of high sulfur content.

2) Khanot Site

The drawback of the Khanot site is that i will be difficult to sclect the intake site for
condenser cooling water because of varations in the center line of the River Indus and it is
impossible to secure a large quantity of cooling water throughout the year. Consequently,
cooling towers will have (o be adopted for the condenser cooling system, and this will result in
increase in construction cost and reduction in plant thermal efficiency. bt will be necessary flor
new construction of a 220 &V, 2 circuit lines of distance of approximately 25 km from the
Coatfired Thermal Power Station to the 500 kV Jamshoro Subsiation. In the comparison of
the approximate construction costs also Khanot is costlier than the Jamshoro site. Other than
these points, this site is approximately 18 km distant from Lakhra Coat Mine and since
transpoiiation of coal would be by the railway to be newly built the trapsporlation costs
would be high. Also, an infrastructure is practically non-existent at this site and it would bk
necessary for a colony fo be constructed al an early date to build up the living environment.

The favorable conditions of this site are that for access and transportation of materials and
equipment,a railway and a road from Karachi can be ulilized, and also since these are
praclically no residents in the vicinily, considerations about air pollution will not be necessary,

3) Lakhra Site

Disadvantageous conditions of the Lakhra site are the same as for the Khanot site with regard
to securing condenses cooling water, in addition to which water pump-up for a length of
approximately 15 km and height of approximately 140 m will be needed to Lakhra. Reparding
new construction of a transniission line, simitarly to Khanot, a length of approximately 48 km,
220 kV, 2 circuit will be needed to the 500 kV Jamshoro Substation. The approximate
construclion cost will also be the highest. Olher than the above, with respect to access and
transpostation of malterials and equipment, they will be the same as for the Khanot site up to
Khanot, whife a road must be newly constructed from XKhanot to Lakhra. The infrastructure is

not complete as in the ¢ase of the Khanot sile, and it will be necessary lo build up a colony at
an early date.

The greatest advantage of this site is that itis adjacent to Lakhra Coal Mine so that hauling of
coal can be done directly by truck and the lransportation cost will thus be the cheapest.
Furthermore this sile is 2 harren plateau with practically no residents, and it will not be
necessary for special considerations to be given regarding air poliution.

(4} Powe: Station Scale and Unit Size

It is quite natural that the scale of Lakhea Coalfired Thermal Power Station should be
determined according to annuaj production of coal from the possible mine site at Lakhra. The
study of mine development has proved that coal production of one million tonnes per annum
will be possible on an air dried basis consecutively for 30 years. On the assumption that the
anaual production of coal is to reach one million tonnes as slated above, it is possible to
detenmine the scale of this power station as 300 MW in consideration of annual phint factor
and thermal efficiency, ¢lc.
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There are two alternatives such as employment of two units of 150 MW each and of a single

unit of 300 MW. It is advisable to employ the alternative of adopling a single unit of 300 MW
for the reasons listed below.

1)

7

3)
1)

2)

3
4)

5)

In case comparisons are made on capital costs of the alternative of 300 MW x 1 unit and
that of 150 MX x 2 units, the former will be cheaper than the latier by around 107%, the
former is also more advantageous in respect of operaling costs in view of decrease in
lignite consumption because of improvement of thermal efficiency. In other words, the
alternative of employment of a single unit of 300 MW will provide scale-merit and is
considered 1o be economically favorable.

According to WAPDA, Tarbela with a capacity of 406 MW x 5 units and Mid Counlry
with a capacity of 400 MY wili have already been commissioned in WAPDA Syslem prior
to the commissioning of 300 MW Lakhra Thermal Power Station.

Outtine of Facilities of Coal-fired Thermal Power Station

Location

Powes Station
Compound Arca

Colony Compound Area
Total

Building Area

Installed Capacily
Equipment Qutline

(a} Boiler

Type

Evaporation

Steam Conditions

Fuel
(b} Turbine

Type

Jamshoto, District Dadu, Hyderabad Division, Sind Province

397,000 m? (incl. space for exlension, excl. ash disposal sile)

378,000 m? (inc). space for extension)
775,000 m?
19,540 m?

300 MY (300 MY x 1 unit)

Single drem, natural citculation, outdoor type (Burnet, coal
bunker will be covered.)

980 t/hr (2t max. continuous raling)
173 kefem?g x 541°C (at superheater outlet)
36 kgfem? g x S41°C (al reheater outlet)

Lignite

Tandem compound, two-cylinder, double-flow reheat {urbine
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Rated Outpul 300,000 kW

Steam Condition 169 kgfem? g x 538°C (at main stop valve inlet)
Speed 3,000 ipm
Number of
Extraclions 7
Yacoum 700 mmHg

(c) Generator

Type Horizontal, rotaling field, closed hydrogen-cooled, explosion-
proof type

Rated Capacily 353,000 XVA (at rated hydrogen pressure 3.2 kpfem?g)

Power Factor 0.85 (lagging)

Voltage 18 kV

Current 11,323 A

(d) Main Transformes

Type 3-phase, forced-oil, forced-air-cooled, outdoor lype
Rated Capacily 333000 kVA
Primary Vollage 18 kV

Secondary Voltage 132kV £ 10%

6) Countermeasures against Corrosion of Boiler due to Combustion of Lignite with High
Sulfur Contents

SO, contained in flue gas preduces suluric acid at a temperature of dew point thereby

corroding metals in which the said sufluric acid is made. Accordingly, the following measures
should be taken.

(a) Countermeasures against Corrosion of Air Preheater

a) The lemperature of gas at an exit of the air preheater should be kept at a temperalure of
130°C so that the temperature of metals of air preheater can be maintained at a
temperature of more than 85°C.

b) 1t should be aszanged that the air temperature at an entrance of air preheater can be risen
up to 70°C by means of steam ait preheater in winter and during low load hours.
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¢) The materials of fow-temperatured efements should be of acid-proof cesamic.

(b) Flue Gas Duct

The materials of flue gas duct is to be completely kept wanm by wiapping the said duct by
means of insujators lest the temperature of flue gas should fafl.

(c) Stack
Inner lining materials are to be of acid-proof bricks.
(2) Countermeasures against Closure of Air Preheater Flements

a)  Closure of air preheater elements is to be prevenied beforehand by rise in the temperature
and drying of elements, providing bypass lines of cold air in the air preheater.

b) Closure of elements is to be prevented beforehand by means of removing ash, using steam
type soots blower to be furnished with air prehealer, in case ash should adhere to
elements.

¢) In case elements are closed, closure is {o be removed by washing such elaments with
pressurized flush warm water.

(6) Possibility of Opesation of Turbine-gencrator as Synchroneus Condenser

Et is considered technically possible for a turbine-generator to be operated as synchronous
condenser within the limits of the generating capabilily curve.

When a turbine-generator is operated as synchronous condenser, it must be separated from 2
steam-lurbine. Several ways of “start-up’® are conceivable. The starf-up system by means of a
synchronous induction molor would be reatistic among said ways since it is most economical
and has been used for a turbine-generator of small capacily-

In the event that a lurbine-generator should be manufactured so that opciation of a
synchronous condenser can be made within the limits of generating capabilily carve,
incremental costs of auxiliary equipment and start-up apparatus could be estimated at around
73 million Rupees. While instalfation of a synchronous condenser with the same capacily as
that of reactive power of generator and installation of stalic condenser and shuat reacior will
cost approximately 130 million Rupees and 135 million Rupces, respectively. Accordingly,
operation of a turbine-generator as synchronous condenser would be nore econontical.

As described above, there exist actual records of having used tarbine-generalors of small
capacily as synchronous condenser in the past.

However, the proposed turbine-gencrator witl have a capacily of 300 MW for the Project.
Unfortunately, no actual records of having used such a big scaled furbine-generator as
synchronous condenser have been observed. Therefore, it will be essential that WAPDA
conduct <areful and slrict examinations prior to their finalization of cmployment of the
furbine gencrator as synchronous condenser.
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{1y Estimated Construction Cosls

The construction costs of the coal-fired thermal power station have been calculated in the
foreign and local eurrency portions, based on prices prevaiting as of June 1980.

The contingency giver in Mem G of the following table was calculated to be 5% of the
sub-total shown in Item F comprising Item A through E. Import Duty (Item 1) quoted in the
local currency portion has been estimated at 40% of C & F prices of materials. Equipment
and supplies included in 1tem A through D of the table. The Engineering Fee shown in Item J
has been estimated al 5% of the Total Direct Cost of ltem H. The Administration Cost {Item
K) corresponding to be 4% of the Total Direct Cost (ftem H) in both currency portions has
been assumed to be incurred in the local CUSICICy poriion.

The amount of interest dusing construction given in N has been calcalated at a rate of 8.75%

per annum for the foreign currency portion and at a rate of 12.5% for the local cumency
portion, respectively.

Thus, the construction costs have been calculated 1o be 6,225 miltion Rupees in total. OF this
amount, 2,673 mitlion Rupees correspond to the amount of costs to be incurred in the foreign
currency portion while 3,552 million Rupees are estimated to be incurred in the local currency
portion. However, escalation in prices due to inflation is not considered.

Estimated Construction Costs of Coat-fired
Theimal Power Station

(In Million Rupees)

Category Construction costs
oca

Ttem (I;‘lorr[?fgy G.l];teniy Total
A. Equipment 1,727 - 1,727
B.  Civil work 295 300 595
C. Building wosk 144 266 410
D. F.G.D. ptant 109 84 193
E. Installation 130 415 545
F. Subtotal 2,405 1,065 3,470
G. Conlingency 121 53 i74
H. Totatl direct cost 2,526 1,118 3,644
1. Impost duty - 205 905
J.  Engineeting Fee 147 35 182
K. Administration cost - 146 146
L. Totalindirect cost 147 1,086 1,233
M. Tolal 2,673 2,204 4,877
N. Interest during FC. — 620

consiruction L.C. - 728 1,348
0. Total construction cost 2,673 3,552 6.225




{8) Considerations Regarding Environmental Problem

1} Air Pollution Countermeasures

Substances influencing ais pollution produced as a result of firing the lignite at the Coal-fired
Thermal Power Station will mainly be soot and dust, and sulfur oxides.

a) Soot and Dust Countermeasure

The ash content of the lignite is approximately 24% and relatively high, and approximately
80Z of ash produced in combustion of the lignite will be scaltered in the atmosphere as
fine-particled My ash to contribute to air pollution. As the measure fo prevent this,
high-efliciency elecirostatic precipitators are to be installed to collect the Ny ash. Further,
since the apparent electric resisfance of the ash is high, duct collection is to be efficiently
mainiained by means of increasing in the capacity of EP {electric precipitator) and of selection

of dischzage terminals {0 oblain effeclive corona current and through strengthening of
capabilily.

b) Smoke and Soot Countermeasure

In the Islamic Republic of Pakistan, eavironmental standards desirable (0 be mainfained to
protect the heallh of people and secure the living environment have nol been eslablished.
However, since the sulfur conlent of the lignite is of a comparatively high value at
approximately 79, 1t is expecled that the concentration of sulfuric oxides in flue gas will be
high. As a countermeasuse, a concentration of sulfusic oxide is to be maintained at less than
0.14 ppmy as set {orth in U.S. Federal by freating hall of flue gas at a desulfurization plant
{under the Limestone/Gypsum Recovery Process Method) from the economical standpoinls.

2} Drainage Countermeasures

O1l separation, seitling and filtening and neutsalization treatment will be provided drainage to
be discharged from the Coal-fired Thermal Power Station according to the properties of the
wasie water so that the environment will not be affected.

a) Domestic Waste Water

Waste water from privies ase o be conducted to seplic tanks for purification, while drainage
from hot water supply rooms is to be subjected to filtering and setiling {reatment after which
it is to be discharged.

b) Waste Water from Apparatus

Waste waler from water érealment apparatus and the chemical analysis laboratory is to be
conducted to a waste waler neulralizing tank where it is to be neutralized and then discharged.
Washing water from eleclrostatic dust precipitators, electzic preheaters and chimneys, and
wasle water from chemical cleaning of boilers will be produced irregularly and are to be
subjected to neutralization freatment al a temporary pond and then discharged into the ash

disposal lol. Drainage from around the ceal yard is to be seltled and Tiltered, and then
discharged.
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¢)  Waste Water with Oit Conlent

Waste water containing ol such as drainage from bulldozes gasage and drains from various
cquipment are {0 be subjected to 01l separation and then discharged.

(9) Construction Schedule of Coal-fired Thermal Power Station

It was eslimated various schedules prior to Lhe start of constauction such as investigation wosk
necessary for definite design, preparation of bid documents, bidding, award of contract, elc.
would require approximately 24 months. The subsequenl consiruclion schedule including
design and manufacture of equipment lo be done by the contracior, transportalion, civil and
building construction, installation and erection of equipment and facilities, accepiance tests,
elc. was set laking into account the annual coal production projected for Lakhra Coal Mine. As
a pesull, it was considered that constniction of the 300 MW coal-fired thermal power sfation
would require approximately 47 months Accordingly, the total period of Lime for
implemenling consiruction of the cealfired thermal power station will be 71 months
comprising 24 months and 47 months.

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

2-1-5 Implementation Schedule

The period required for investigation works for the definite design including negotiations for
arcangements for funds, definite design, preparation of bid documents, bidding. contract
execution, etc., was set at 24 months at the strong request of the Pakistani authonties. As a
result, the schedule te be carned oul by the Contractor consisting of design and fabrnication of
maferials and equipment, transportation, civil and building works, equipment installation, and
trial operation will be 47 months for the thermal power station, and 39 months for the raitway
lacilifies. The staet of commercial operation of the thermal power station is scheduled to be in
March 1987, while completion of the sailway facilities is scheduled to be at the end of June
1986. The coal mine lacililies would be complefed in 1985.

Implementiation Schedule for Lakhra Coal Mining and Coal-fired Thermal Power Station
Project

Item 1981 1982 | 1933 1934 | 1985 | 1986 1 19387

Mine Factlifiess: | ——---1 R s

1
Coal Production '
Railway Facilities: | 77"~~~ [ 1 3
Thermal Power Station: i A 1 .
{ 1

Aceplance Tests and
Commissioning
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2-1-6 Estimated Construction Costs

Making computations based on prices as of June 1980 assuming contingency costs o be $% of
civil costs, building costs, equipment and installztion costs, and administration costs and
engineering fees as 4% and 5%, respectively, of direct construction cosfs, the construction costs
withoul the amounts of interest during construction are estimalted to be 2,146 million Rupees
for coal mine and raitway facilities, 4,877 million Rupees for the thermal power slation, a (otal
of 7,023 million Rupees (including 3,932 million Rupees for the foreign currency poriion and
3,105 million Rupces for the local cursrency portion). However, the actual fund procurement
must be done considering the commodity price escalation to occur herealter.

Referring to the longrange forecast made by the World Bank regarding Fature constniction
costs, and considesing the commodily price escalation performances and economic cooling-
down trends in the future in Japan, the US.A., Wesl Germany, France, elc., if is thought
appropriate for commodily psice escalation rafes of about 7% per annum for the foreign
cusrency porlion and aboul 9% peér annum for the domeslic currency pottion to be assumed.

Based on the above-mentioned commodify price escalation 1ates, the construclion cosits
without the amounts of interest during construciion tratcalcutated accoiding to the psices as
of the year of commissioning will be increased to 2,870 million Rupees for coal mine and
railway facilities, and 7,038 million Rupees for the thermal power station, a folal of 9,958
miflion Rupees (ingciuding a foreign cumrency portion of 5,333 million Rupees and a local
curreacy portion of 4,625 million Rupees). When funds to cover these conslruction coslts are
procured under the conditions of interest rates of 8.75% for the foreign currency portion and
12.5% for the locat currency portion, the total constnuciion costs for the enlire project will be
12,008 million Rupees (cosisting of 5,333 miltion Rupees for the foreign currency postion and
6,675 million Rupees for the Yocal currency portion).

1-40



Estimated Consfruction Costs of Lakhra Coal Mining and Coal-fired Thermal Power Station
Project

{In Miilion Rupees)

Coal-fired Coal Mine
Ftem Thermal and Total
Power Railway
Station Facilities
Costs as of June 1980 '
Foreign currency portion 2673 1,245 3,918
Local cussrency postion 2,204 901 3,105
Total 4871 2,146 7,023
Costs of Anticipated Year
of Project Completion
" Foreign currency porlion 3,722 1,611 5,333
Local currency porlion 3,366 1,259 4625
Total 7,088 2,870 9,958
Tolal Construction Cost
Forcign currency porion 3,722 1,611 5,333
{4,216) (1,848) {6,064)
Local currency porlion 4,926 1,749 6,675
{4,432) (1,512) (5,944)
Tofal 8,648 3,360 12,008

2-F-7 Economic Analysis

The domestic eresgy resources of Pakisfan are made up mostly of water power and natural gas,
and al present, the thermal power stations use natural gas solely as fuel, but as a policy of the
country, nalural gas is to be preserved as long as possible in reserve, while with regard to its
use, sather than busning it simply as a primary energy source, the emphasis is being shifted to
utilization as a raw material for the gaschemical industry (festitizer industsy, etc.) of higher
added value. Meanwhile, should the present development scheme make progress, the natural
gas consumption of the thermal power station group of WAPDA will reach approximately 2.6
billion m? at an average equipment utitity factor of 40%. This would correspond to moge than
half the annual natural gas produclion at the present time. Consequently, it is thought that in
the not too distant future a time will come when the domestic production of natural gas will
become incapable of completely satisfying the requirement for fuel for electric power
genéraﬁOn. In such case, the fuel cost of the power station will become the cost of the
alternative fuel, or heavy oil. Therefore, Lakhra Coal-liced Thermat Power Station would need

{o have its economic nature evaluated by a compasison with an oil-fired thermal power slation
as the allernative.

As the method of economic analysis, the tofal cosis of the Lakhra Coal Mining and Coal-fired
Thermal Power Station Project {Ihe entire consinsclion costs of the power station, coal mine
and railway facilities plus the operation and maintenance costs throughoul the entire seivice
lives) taking inlo considesation commodily price escalations and the total cost of the
altesnaltive oitfired thermal power station are respectively converted o prescal values as of the
beginning of the years when funds were first expended (1981), the two are compared and the
economy of the Project is indicaled in terms of the “benefit-cost satio (B/C).”"
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Assuming the plant factors of the power stations to be 50 to 707, the following conclusions
would be obtained as resulls of analyses:

a)

b)

c)

The oilfired thermal power station will not be able to compele with the Lakhra
Coal-fired Thermal Power Station Project unless the future escaltation rate of heavy oil is
held below 4.5-5.5% annually in case of a discount rate of 10% and 4.9-6.1% in case of
a discount rate of 13%. Such low escalation rates cannol be expected in reality.

Even if it were to be tentatively assumed that the future sate of escalalion in the price of
heavy oil stops al a level of about 8% annually (the average escalation rate value of
wholcsale prices of manufactured goods in the principal industrial couniries), the
“benefit-cost ratio” of the Lakhra Coal Mining and Coal-fired Theimal Power Station
Project will show high BenefitfCost ratios of 1.39-1.62 in case of a discount rate of 10%
and 1.24-1.45 in case of a discount rale of 13%.

In addition (o the economically advaniageous nature described above, it witl be possible
to conserve 380 fo 530 million cubic meters of precious natural gas annually through
implementation of this project.

2-1-8 Financial Analysis

Assuming interest rates to be 8.75% for the forcign currency poilion and 12.5% for the
local cumency potlion, the JICA Sumvey Team estimates the total construction costs
including interest during construction to be 12,008 million Rupees of which 3,360 million
Rupees will be for coal mine and railway facilitics and 8,648 million Rupees for the thermal
power station, and considering the periods of repayment to be 25 years for the foregin
curreacy porlion and 20 years for the local currency porlion, the following conclusions may
be drawn as results of analyses:

a)

b)

Regarding the Lakhsa Coal Mine and coal transpori railway componeals, the cost of
supplying coal as of 198788 was computed to be 983 Rsft (0.50 Rs/kWh), with
subsequent price escalation rates being 4.7% annually during the first 20 years, 6.8%
annually during the following 5 years, and 7.7% annually druing the final 5 years.

When supplied at cost not including any profil in sales, the cumulative balance of the cash
fow will show a deficit from the year 2003/4, bul if the price were to be raised by 1.7%
prior to this, the cash flow will not go into the red. The internal rate of return (ratio of

sum of net profit and interest paid to the cumulafive batance of working assels) in this
case will be H. 9%

Regarding the thermal power station utilizing the above-mentioned coal the supply cost
pet KWh as of 1987/88 is valculaled to be Rs 1.44 (Rs 0.935 as of Juae 1980) at the
sending end with subsequent escalation rates for successive S-year periods being 1.6%,
20%, 2.65%, 3.4%, 5.6% and 7.3% annually lo indicate gsadual increases.

The present unil electricity sales price of WAPDA is approximately 0.3 RsfkWh, while the
proportion of eleclric powsr income attribuled to the power generation seclor is
considered to be 40% of income, so that in erder for the electric power sector to pay for
futlure development projects by itself, it will be necessary for large adjusiments in the
present eleclricity tariff to be made on a “cost basis”™ in the fulure.
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2.2 Recommiendations
(1} Preparation of Documents for Financial Arrangements

It is recommended that WAPDA make (imancial arrangements in haste for materialization of
the Project. In this context, il will be necessary for WAPDA to make an approach through the

Government of Pakistan to appropriate overseas financial source(s) to secure the necessary
funds in the foreign curréncy poriion. '

i1 is also believed necessary for budgets to be compiled for appropriation of cosis incurced in
the local curreacy portion. A series of documents required for approaches to the authorities
concerned and financing agencies at home and abroad shsould be prepared without any delay
in order that a loan agreement can be concluded not lates than October, 1981,

{(2) Materialization of Project

It is suggesled that WAPDA coordinate with PMDC and associated governmental agencies
smoothly and effectively in the materialization of this Project in ordesr that WAPDA and
PMDC may fulfill their respective functions and fully utibize their valuable experience in
development of power lacilities and coal mines.

{3) Training of Personnel

Since WAPDA will go into the performance of definite studies, construction supervision,
maintenance and operalion, etc. of such a large-scaled project as the Lakhra Coal Mining and
Coal-fired Thermal Power Station Project, it is recommended that WAPDA as the
implementing agency of e said Project train personnel who will be engaged in the

aforementioned work and related assignments in advance to fully meet the requirements of the
Project.

(4) Investigation of Open Pit Mining Area

11 is judged necessary thal prier to overburden stripping. defailed sunveys — together with
drilling work be conducted by WAPDA on its own responsibility. In this context, it is
fecommended that WAPDA lake prompt action for the performance of the said work. It
should also be borne in mind that the first priority should be placed upon drilling of the
wesfern blocks of Lakhsa Coal Mine.

(5} Measurements of Sutface Moisture and Size Distribulion of Coal

There still exist vague poinls to be clarified regarding susface moisture of raw coal from Lakhra
Coal Mine. §n this regard it is considered necessary (hat remeasurements be made as soon 3s
possible.

(6) Geotogical Surveys and Preparation of Topographic Maps

It is recommended thal in view of the wigency of the Project implementation, WAPDA
undertake geological surveys on the proposed Project sites and prepare topographic maps

thereof which will be needed for definite studies for the Project. It is advisable for WAFDA to
take prompt action for this purpose.
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™ Fig. 2-8 LAYOUY OF LAKHRA COAL FIRED THERMAL POWER STATION {300 MW)
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Fig. 2-8 LAYOUT OF LAKHRA COAL FIRED THERMAL POWER STATION {300 MW)
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Implementation Schedule for Construction of Lakhra Coal Mine and Therm

s Yeo '98' !
M SEMAMID ASOND 982 1983 1984 1985 1986
T TTTT ! EEERNREEERRRERRNNER
.~ % [Prapacation of Tender Documanis & H Il i ‘ ; . : P
Event ! : - o
¢ Receipl and Evalualion of Bids 6.0 ; P o
Award of Conlract 50 . ; .
Appoiniment of Consullanls for 0 5 ! : : L ‘
Construction 4 EREE { o T I
Opening of L/C for Construction 50 { o ] ]
' ottt ot et
. . Survey Dl'i"iﬂg % Oesk Werk E 5 H E g i i o E
Oelaited Survey & Drilting (27— = m= = _-'-“rnu:!-|-=-|ng__|’:f_m“__ o : i : l ! H P ;
1 T : H i [ ¥
I I i i : A
Preparatory Work 9.0 ] Cg ; : I Loy i
M ERAREIE B
Roed & Railroad 480 - : - A - -
Cool ; i e o ; |
) Preparolion Pilonl 22 : i Ty T ; AN o i ' ;
Mine Substationtl Woek shop| | i | | il RN S B B ;
Other Surface Facililies 3id . —— — ; d e 5 : * 2 : :
Unde nd Mi 270 — iﬁfpo_l_'_rosug i e it 10010 et eency it lnitigl Production
ndergrou ine i2.0 ! : | Yesoo0p T ] (18,0001) “Ti131.0000
(Fre - Steizping )} : : . . | ! Initiol Production i B =
Open Pil N o e + . : ’ ; - — . ot
570 : ' Eog Cr ] (523,000} , ; H{a01,0000} | : ¢ 1 (502.000¢)
—1—+ 4 —p—p——4 —i — —+ ot i + . —
; RN RN » ; i ' I B
Praparotory Work 90 ' t E . o b P S IR I
l : [ i ] ! S : E : !
3 : ! b . L P it H
#ater inlake B Discharge 290 4 ' B b i et SRR
{ A B ‘ RN EEEERE R
Building 8 Houses 300 7 : [ k ' : . : . i ;7 - ; if
Power | O#sign 8 Fabrication i 8 % ! : { i E E | 1 T
. Equipment 190 o p—pp—— e : ot : : P o b
Station ! P : P 1 |Storage Yord | . o
Cool Hondting 19.04 Lo oo z o b = e Ha@l:nq 7£q!ur>m?enl
- - : i |_{foundation § jmn] STructutal Work ‘ C P
Genenrating Unit 300 MW 420, N I ]! T
; b o o Instellation | L
5 Xl 1 : - 3 . " —— i — —
Consullancy  Service e et -|—+- e e e D BPS = : ‘
y 511 ; nE R ADAS AN IS B ) AU IO ) ; . ) .
Coel Production { AsRecelved Bace ) "O00 MT Y 127 319 733

2 The pre-production schedule has been prepared in respons? to o reauesi made by
the Pakistani delegation at a meeting held in Tokyo in November, 1980.
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SUFARY OF PAN COM. RESERTES

{in retric ton)

Co2} Beserves for Ogea {ut Minicg
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RATID
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Trecretlcal§ Fecoverabls |

1:10 and less
fer the Vest

¥6,457 1,873

1:02 and less
for the fast

[£3)

1:10101:1% for
tre Yest, 1:12
to 1:15 for tre
Fast

3,355

¥:17 and less
for the Ceatral

11,550

e
| Teeoretical | focoveratle

Unit x 103 Sgecific Gravity 1.

s (8T
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FRzoretical | Pacovesable

Treoceilcal
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11,871

21,133 15,280
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§:37 to 3:20
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£550 (4550)* Kcal/Rg
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PARY 11 GEOLOGICAL INVESTIGATION
CHAPTER 1 CONCLUSIONS AND RECOMMENDATIONS

1-1 Summary of Woik {Fig. 2, Table 1}

Geological susvey team consisling of 13 members was deputed to Pakistan. The team stayed
there from May 191h to December Sth, 1979 and carried oui geological studies, executed 50
drill holes and undestook surveying.

Vasious arsangenients had to be made after reaching the site, and drilling could be commenced
from 27th, June by using 3 wire-line drilling machines brought from Japan. 50 drifl-holes {Fiz.
2, Table 1) with a compesite depth of 5203.06 mctres had been executed by November 2 nd.
Depth of hokes ranged from 71.14 metres to 143, 25 metres with an average of 104.06meters

Drifling had been conducted non-coring by using tricene bit through the Eimestone, and core
drifling was extended to the coal measure by using NQ bit adopting wirc-tine methoed. Drilling
cores were logged at the sites and columnar sections of lithologic units and coal seams, and
cross-sections of lithelogic units and coal seams, and cross-seclions were prepared. Their
seclion were used for prelindinary correlation of coal scams and determining the geologic
structure. Samples of all the coal scams and sepresentative rock units were collected for
amlyses and tests in the laboratorizs in Japap.

Co-ordinates and heights of diitlholes had been determined and supplementary lopogeaphivc
sunvey undestaken.

After returning back, the team has remained pie-occupied with the works dizscussed below.

Arrangements for and drawing of columnar sections of lithologic units, coul seams and
crosssections; correlation of voal seams, determination of stratigraphic suceession and geologic
structure, ete. Investigations have been carried out to fix the workable thicknesses of coal
scams and stripping ratios. The coal samples have been subjected to proximate and ultimate
analyses. Their calorifiz value, sulphur content, specific gravily, ash fusion temperature, ash
components and Hardgrove grindability index have beea determined. Float and sink tests, and
spontaneous combustibility tests have also been undertaken. For rovk samples, weight of the
unif cubic volume (specific gravity), supersonic velocity, uniaxial compressive stecngth, leasile
strength, coelficient of waler absorption, effective porosily, stability test for ageregate and
Poisson’s ratio have been measaredfdetermined.

Based on the data contour_maps of voal scams, isograde maps, iso-stripping ratio maps,
iso-pach maps, ele., are drawn by compitter, and both theorelical and recoverable caal resenves
have been estimaled.

Topogeaphic base map has been revised by incorporating the supplenentary suovey data.



AT AN TP W " ) ]

30004012 100000(2 2000601 L TEY 000402 p LT no0oeR 12 Aoorg 2 WOLe IR sy Wa0LPLL 20000012
L VY
1 | 1imih
T e ) “vivid i
“ -1»-; -4E U T
e Wletd "
fiche
ey " D i d) o
" -,
e iy tlpﬂ -.I.WH!.l .
000 n, Rl -_.....1— T I [
¢ 8 w
e b ) ,
= w | =
Wha
[} !u-ﬂ -..-_...tﬁ o.-ﬂhﬁ l..-nh“
o ot
KOTO 108 gaf s L NOODIOR
ro e b Ky LY o] wmn
Loty oy
et 9 1
-qv.n—._.. [ TK ] -
Wy R = wea
"2,
NS00 — S o HOUOZOS
-p.-.._._—ﬂ -d._u. o.h.__ .9 L) .nlu f
e RS o
Yos
0 s D A wy R s
o [
NSO = S04 0
Yo e " by Yy e
Wity o wpd Niond tiey)
X
L)
MOS0 _ Ay
_ ﬁ
HiOavoe % _ Lo L
05010k anedoonl 0008842 10008813 200048 L 20000018 FLLLT Y Wworie 400067 1T ¥dodnid ot oo

$3TOK TTI¥C 40 dYR ALITYIOT

112



Table 1-1

DATA LIST OF B2UL HRES

ey D% ¥EIEHT HETEHTS OF | BECAININS OF LCRE RICOYERT
sag | 240 CXROINATES (w) (Fedxced] ofeis JolL BLE] CORING (=) JOlY | Core [Recovers
3. fastirg Korthing lere}n)] {n) [E0VICH (=) | Dcpin T0eighis JPetres | Felres {1}
J- 1] 2,150,643.000 ] 932,726 .0CO | #126.330] 75.50 +50_ 63 6.70]+119.93 ) €2.W ] s4.76 | 79.00
JT- 2] 2,158,035.000] 992,360 000 | +3126_603] 9019 £36.21 28001410261 | €623 | 46.43 | 85.09
J¥- 31 2,150,634 000} S02, 303000 | +176.0551 99.80 +35.29 1300 21G8.02 | 72.20) €0.2 § 82.%
JT- 4§ 2,151,327 000 | S02,060.000 | #327_2830] 83.1% 44,13 250031 1102.38 1 58.45 ) 43,62 | 83.60
JE- 5§ 2.150,632.112| 991.336.937 | ¥24.283] 83.15 #1.13 3310 |+ 91,18 50.651 45.6% | 91.30
JI- 6F 2,150,459.000 | 501,105.000 | +¥24.2071101.0 #23 21 16.6% | 410760 | €4.50| 55.38 | €585
It 71 2,150,959.000 | 530,97¢.600 | +323.570 £43.27 19.50 114 02 | €6.15] 6.8 | 92.60
Ji- 8] 2,150,635.000 | 950,350 000 | +12}_650 t}.58 2250 |4 93.18 | 4560 37.25 | 81.0
JY- 91 2,158,354 GO0 | %0,550.000 | #323.155 132_31 15.00 | 11G2.16 | €3.25| 45.31 | €6.4D
JE-10] 2,158,035.000 | 573,465 400 +139.400] 21.15 14325 2835311 91,051 42,201 33.40 | 73.10
2T-11 § 2.150,631.$50 ) §37,021.933 { +139.250]120.00 - 0.75 28.351¢95.90 ] 91.65] 53.8% | S48
JE-12 F 2,152,410 749 ] 900,797 145 § 325634 t93.33 P00 |195.63] 5.3 S2.55 | 9.9
JE-¥3§ 2,152,278 400 | 902,779.410 {4534 250 3.0 530 | 110650 JIG2. &) | €5.82 | 65.00
JE-143 2,159,978 €00 | 962,3140.000 | #333.%21 33_37 3315 | £ 5337 | SY0O] A5.72 | r.%)
JE-35 § 2,152,50.000 | 930,555.000 | $333.530 $73.23 X.00|t97.53] 69.30] 55.12 | 79.50
JE-¥6 | 2,153,613 000 | 930624000 | 326,514 155 _36 5 30 F4112. 20 § 5565 50.36 9320
JE-17 | 2,150,536 000 § 901,113,000 | #3275 4428 +10_45 27001 53451 S3.00f 46.93 | 81.60
JE-18 | 2,153,827.000 § 900, 517.00) | #123.552 173.3% 4.00 | +119.55 ] 91.25 ] 63.63 | 62.50
JT-19 | 2,152,3727.000 | 900,137.000 §+123.853 53 M 22.35 |#10).54 | S7.80)] 32.64 | 8. 20
JE-20 2,]5!.?33.(1_:0 BY2,7€2.000 § 2123 .40 8IS Z0.55 | +102.65 | 1810 55.5) 5.9
JE-21 1 2.153,972.000 | £72,160.000 {+123.024 117.43 Z2.35 #1073 | 53.300 45.9G | £5.%0
JI-2212,153,252.075 | 02,625.516 | #315.545 12419 25.35 | M10.19 | 64,558 31.52 | 53.3
JT-23 | 2,152.854.000 | 902,552.000 |+)33.20 *23_37 £2.30 | 10492 ) 81 .60 ] 47.23 | 57.99
H-24 | 2,153.056.000 { 900, 17009 | #3133, 330 12013 12.060 §+121.33 J101.25 | €5.20 } €5.42
J¥-75 | 2,153,391.000 | £33.750.000 | #2310, 322 119,32 78.35 §r102.97 § 83.65 | €610 ] 79.00
WT-26 | 2,153,455.000 § 857,160,000 | +129.659 - §.48 33.35 [+ 95.32 |100.60 | £0.638 | 80.00
H-27 | 2,153,575.854 1 902 1%, 0% |+137.019 +33.57 372.25 1110047 | 60.90 | S5.€% | 93.10
JI-28 | 2,159,274 000 ] %Q2,027.000 | #133.443 +1E.63 0.0 F9133.44 11580 | £6.23 | 74.40
JT-2% § 2,153,665.000 1 X1, 419000 4134330 2L L8 262 [M0.JV ]| 76.63) 58.97 | 76.80
JT-30 | 2,154,475 000 | 502,935,000 | #133_3%5 16.15 3552 10283 | 9123 ] £€9.01 § 75.20
J¥-33 | 2,153,.640.000 | %00, 234000 [ 2113601 5.8 15.60 1611560 J110.0D | £5.04 | £0.00
H1-32 1 2,154,963, 000 | 657,264,000 | 133224 1833 34.35 1+ 53.93 8 86,80 ] 63.25 | M4.6D
JT-33 1 2,154,3133.498 | 902,652.956 | 1111520 e 6B 26.25 §3115.28 | 92.¢0 1 61.57 | €6.60
SJT-H | 2,54, 10.000 | 902,430,000 | 133,045 . 150.05 18.10 1+119.95 | 69.5) | 43.5% | 70.9)
JT-35 | 2,155,330 (K0 | 632,.615.600 | 1137.1%0 | $3.10 $33.05 2310 |14.65 | 75.00 | 42.32 | 6580
IT-35 | Z,155.200.876 | K1, 872. 244 | 1135.435] 92.60 136 84 25.30 |30 24 | 74.39 | 21.35 | .50
ST-37 | 2,150,692 835 | £€77,270.187 | 1121269 118.50 12,78 15.00 | +106.26 |103.50 | 79.61 16.90
SI-33 ] 2,155, 334,000 | 901,145.030 | +123.¢37 |101.40 126.6%9 18.00 [4IMD.G3 | 8340 ] S2. 1} | 2.5D
I-32 | 2,155,530 607 | 900,553.658 [ 124324 |143.25 -18.93 20,05 §4103. 32 §122.25 | 6368 | 2342
JT-40 F 2,155, 00003 | 00,23 000 [N 23312215 43131.¢9 283510682 30 133 | 3.0
JT-40 F 2,154,623 000 | £33, 72600 [ s 15 Y80 3300 10255 105 | 12.56 1 LW
ST-42 | 2,155,183.000 | £33,720.000 fn1zr. 2 7 {10715 70.67 B35 |53 82| 7380 5243 | 6560
JT-43 F 2,455, 1101.000 | 902,662,600 4141 216] 55.10 135.062 0G0 112 ] 6510 ] S1.84 | 13.8D
JT-44 12,155,870 000 | 932,153,000 | 1133.501 [p22.90 11460 4.00 [+335.57 (123 .90 | 219.76 | £4.4D
ST-45 J 2,355,457 167 | 901,43%.000 #1264 [14D.00O -15.53 15,00 {30947 |125.03 | £3.82 | 21 10
JT-45 | 2,155,507.000 | 901,12D_383 +116.682 PHi2.49 * 4.43 1200 16304 83 110040 | €223 | 43.00
J1-47 | 2,055,656.633 | 839.655.000 [1125 633 110015 024 _49 29.15 |+ 5543 | 22.00 § 41,36 | ST. 20
JT-48 | 2,156 654,000 | 900, 772.6N) [4114.535 ] 93.35 2419 1500 |s .54 ] 75.35 1 33.55 | 33.00
J1-45 | 2,056, 742.020 | 900,053,060 J1112.692 13215 - LGS 23.35 |¢ A3 14 ] A 50 ] 47.45 | 55.00
J1-30 | 2,155,602.000 | 659,180,000 §4112.972 1915 - 0.93 28.35 12 683.82 | .80 ] 9.0 | 5.0

i3




Table 1 - 2

DATA LIST OF DRILL HOLES {2)

DRILL GRI1D CODRDIKATES HEIGHT | OEPTH | HEIGHT OF BEGGIHIKG
HOLE {Reduced DRILL HOLE OF CORING
KO. fasting Horthing level} B8OTIOHN Cepth | Meight
{m) {m) (m) (m) (m} (m) (m)
P5- 1 12,155,705.276 ] 852,258.045 | +120.180 | 79.78 +40.40 2.92 |+117.26
PS- 2] 2,158,558.279 | 899,388.036 | +126.880 | 100.938 £25.90 2119 12105.69
PS- 4| 2,158,862.462 | 900,681.860 | #215.330 | 82.29 433.04 18.22 |+ 97.04
PS- 512,156,140.753 | 900,412,051 | #116.630 | 70.10 +46.53 16.75 |+ 59.88
PS- 612,152,755.969 | 201,334.630 | £134.350 | 105.37 +28.98 16.67 |#117.68
PS- 7| 2,154,429.587 | 501,563.486 | +134.920 | 108.51 126.4] 2.95 | +13).97
PS- 8| 2,155,746.848 | 201,597.947 | +132.860 | 103.63 179.23 3.02 | $129.84
PS- 9 12,158,459.713 ] 902,653.663 | #139.780 | 1065.8}) +30.97 3.04 |1136.74
P5-10 | 2,106,212.611 | 901,250.029 | 4107.070 | 108.61 - 1.5%4 44.38 |+ 62.69
PS-F1 12,159,755.224 1 %03,099.094 [ 1116.790 | 111.25 + 5.54 2.92 |1113.87
PS-13 | 2,156,579.241 ! 903,227.992 | +143.150 | 115.14 +28.01 2.92 {4140.23
PS5-14 | 2,155,611.258 1 903,155.588 | +142.170 | 96.01 +46.61 3.05 | $139.}¥2
£5-15]2,154,315.326, 903,809.788 | +143.490 | 109.01 134.48 27.73 | 115,76
PS-18 | 2,152,769.418 | 899,334.511 | #+126.900 | 83.95 437.95 62.46 |+ 64.44
£5-12 1 2,151,102.502 | 89%,960.272 | +121.340 | 83.82 437.52 27.42 |+ 93.92
£5-20 12,15%,037.709 | 901,636.141 | +125.880 | 83.82 +42.06 12.32 | +113.4%2
PS-22 1 Z,15%,083.248 | 903,107.379 | +127.1606 | 80.06 +47.10 35.39 |+ 91.97
£S-23 | 2,152,837.461 | 903,071.786 1 #138.4106 j 103.63 +34.48 3.05 | 1135.06
PS-24 | 2,151,930.2)8 | 904,031.920 | +132.800 | 105.20 +27.69 2.14 | 41123.66
L -18 | 2,157,326.622 |} 900,024.168 | +117.040 | 79.55 +37.49
L -22 | 2,157,427.293 1 901,707.167 | +115.6006 | 86.87 +28.13
{1 -28 | 2,154,115.8731 900,030.222 | +133.670 | 167.94 -34.27
N.B. PS = denotes dril) holes executed by PHDC

-
"

denotes drild holes

14

executed by 6SP




1-2 Conclusion
1-2-3 General Geology

Stratigraphic succession detaited in Table 2 has been determined on the basis of investizations
stated above. Exposed rocks in the area consist of Ranikof and Laki groups, which at places
are overlain by Manchar formation unconformably.

Laki group is sub-divided into Laki limestone and Basal Laki Iaterite. Ranikot groug consists of
Lower and Upper Ranikot formations.

The Upper Ranikot in the present report is referred €o as Upper Shell Beds as its strata contain
fossil shells. The Lower Ranikeot formation has been sub-divided into Upper Coal-bearing beds,
Lower Shelt Beds and Lower Coal-bearing Beds. Upper and Lowes Shell Beds consist of
predominant sandstones alternating with sub-ordinate siltstones and intercalated claysiones

and shales. They contain abundant fossil shells. Siltstones contain characteristic sandstona and
stderite nodules.

Upper Caal Beds are impregnated with five cost zones and consist of alternating beds of
sandstone, silstone, and claystone. Siltstones and claystones are predominant adjacent to the
coal seams. The Beds are the most impotlant coal measure in the investigated area.

The Lower Coal Beds also constituted by alternating sandstones, siltstones and claystones
conlain three coal zoncs, which are mostly thin and insignificant from economic point of view.

Barren areas devoid of coal or conlaining very thin coa seams occur in the southweslern and
northern parts of the investigated area. Red zone comprising of variegated rock facies occurs in

the upper part of Ranikot group. It spreads almost all over the area. In the areas devoid of
caal, it exfends (o Upper Coal-bearing Beds.

1-2-2 Characteristics of Rocks

The measured values of rock tests vary considerably. For example, the uniaxial Coimpressive
strength of limestone ranges from 122.5 10 957.3 ke/cm?, sandstone from 5.2 to 323 kefem?
and in case of silistone/claystone from 9.2 1o 312.6 kegfem?. Certain types of sandstone
patticularly the socalled silfica sandstone is so soft and loose that its core could nol be ob-

fained. This sandslone when in roof of <oal seam would not permil undesground nvining for
feasons of salely.

1-2-3 Geolegic Structure

The investigated area falls mostly in the western limb of the Lakhea anticline. As the dips of
strata are very gentle and the eastern fimb was beyond the scope of the preseat work, the axis
of the anticline has not been confirmed. The strata and the coal seams dip at 2 degrees and
appear to be gently rolled (Fig. 3)

Three faults have been noted in the middle of the soulkern parl of investigated arca. Western
fault referred as fault A strikes northeast. bs throw is 25 meters to the easl. Central fault BY
trends northsouth to northwest. The ¢astern fault referred as fault B2 branches out from the
central fault and strikes in northeast direction. Blocks to the west of both the faults are
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downthrown. Throw neas the junction of faulls is 30 meters. Displacements of the faults
decrease northwards and they dic-oul in the investigated area. They are pivotal faults. The

investigated area is divided into western, central and eastern blocks based on these faulis, and
the barren areas menitioned already (Fig. 4).

1-2-4 Economic Geology

(1) Coal Zones

The Upper Coal-bearing Beds contain five coal zones — No. 1 to No. § in ascending order. The
Lower Coalbearing Beds bear three coal zones — L1 to L3 in descending order. Fach zone
conlains from one to more than one scams. No. 1 zone is 0.2 to 7 metres thick. It persists
throughout except the barren areas. No. 2 zone ranging in thickness fiom 0.1 to 8.0 melres is
as persisient as the zone No. 1. Towards east, however, it merges with zone No. 1. Zoae No. 3,
0.05 to 4.5 mettes in thickness, also spreads over the area like No. 1 and No. 2 zones. These
threa are the main zones containing workable seams in the investigated area.

No. 4 and No. 5 zones are up to 2.0 meires and 1.2 metres thick respectively. They are

impersistent. In the eastern pari they are genecatly thin and fish out at places. Bolh the zones
are therefore workable only locally.

The coal zones in the Lower Coat-bearing Beds, L1, L2 and L3 are up to 3.0, 4.0 and 5.0
melres thick respectively. However, they are generally thin and their continuity could not be
established in the present work. Consequently, they have not been evaluated.

(2) Quatity of Coal

Coal in each zone in 1he investigated area is lignile in rank. Rarely it grades into
subbituminous. H eontains about 30 pescent moisture when fresh (PMDC, 1976). It loses most
of the moisture on exposure to susface and easily crumbles. It is fiable lo spontaneous
combustion. The caal conltains abundant pyrite grains and thin gypsum veins at places. Sand
and clay are also included in pipe-like, lensoid or scaltered pattern.

It has been detesmined that the moisture content of coal is 5.5 10 14.6 percent, calorific value
raniges from 3,500 to 5,860 kealfkg (6,300 to 10,550 BTU) and total sulphur from 3.3 to ig.1
percent on air dried basis. Proporiion of inorganic to organic sulphur content is 66 to 34.

Ultimate analyses of ash and moisture free samples show carbon — 58.5 to 72.4 pereent,
hydrogen — 4.5 to 5.8 percent, oxygen — 14.4 to 22.3 perceat, nitrogen — 0.9 to 1.4 percent
and sulphur ranging from 2.4 to 16.7 percent. Ash fusion temperatute has been determined as
follows — deformation 1,250 to 1,425°C, hemisphere 1,300 to 1,450°C, flow 1,350 to
1.450°C of more. Hardgrove grindability index varies from 59 to 88. Ash consists of 510,
— 8.0 to 44.42 percent, ALO; — 9.49 to 28.8 percent, Fe,0; — 17.3 to 70.76 petcent, SO,

— 192 10 17.47 percenld. These values show considerable variation. The coal s known lo be
non-coking and non-caking.

From the results of analyses and test detaited in Table 10, 11 and 12itis concluded that the

coal is suitable for use as fuel in thermal powes generation though the variation of each
analytic value is high.
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Washability (float and sink) tests have also been carsicd out. The tests indicate that the coal
can be up-graded and partially desulphurised, for example, when floated in solution with 1.8
specific gravity the ash decreases from 19.7 to 12.0 percent and sulphur fiom 6.84 {o 4.2
pereent.

(3} Coal Reserves {Table 3)

fn (he present work coal reserves are estimated on the basis of following factors and
assumplions:—

a)

b)

¢

g

Reserves over 2.353 square kilometres in the weslern and 6.87 square kilometres in the
castern parls of the investigated area have been calcutated from the point of view of open
cut mining due to suitable stripping ratio up to 1:15.

In the ceatral part where the stripping ratio is more than 1:15 and the roof condition is
Mavouradle, the reserves have been calculafed for wnderground mining.

Minimum thickness of coal seams faken inte account for estimaling reseaves is 0.5 melse
for open cut and 0.75 metre for underground mining.

Seams with calorific value under 3,500 kcalfkg on air-dried basis are nol faken into
accouni.

Specific gravity of coal for open cut and unndesground mining has been determined at 1.5
and 1.45 respectively. The difference is because comparatively betler grade coal would be
won in the underground mining as the coal seams underlying loose sand would be left
oul, and workable thickness has been taken considerably less than the actual for the sake
of mine safely.

Geologic safety factor and recoverable factor weuld be determined depeading on the
mining method to be selected. For the sake of present calcutfations for recoverable
reserves it has beea assumed thal the geologic factor would be 80 percent for open cul
and 70 percent for underground mining; and the recoverable factor would be 90 and 65
percent respectively for open cul and wndesground mining. Based on the above factors
and assumptions, the theoretical and recoverable resesves in raw coat have been estimated
as follows;—

Unit: million lonnes

Theorelical Recoverable
Mining Area Reserves Reserves
Open Pil 65.50 47_. 16
Underground 14.28 6.5
Total 1978 53.66

1-3 Recommendalions

From the results of present investigations it is concluded that workable coal seams persist
over greater part of the investigated area measuring 26 squate kilometfres of Lakhra coal
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field. Quantity of coal appears to be sufficicnt and quality suitable for meeling the
requirements of a coal fired power plant of 300 megawalt capacily.

The plant under discussion is in the plans of the Governmenl of Pakistan, which desired its

malerialization at an carly date. Therefore, the following recommendations wilt be made in
connection with the mine development in near fulure;—

14}

2)

3)

It is expecled Lhat the coal seams located in western parl would persist with workable
{hickness beyond the western boundary of the asrea. As addition of recoverable seserves
would contribute towards fong tenm planning and feasibility of the project, it is suggested
that detailed geological investigations including dsilling at an interval of 500 metres may

be carried out lo evaluate coeal potential in this prospective area adjacent {o the weslern
boundary.

Consistent production by mechanised miring can be achieved and maintained only when
the geologic structure, pattern and continuily of coal seamis, and mining conditions are
thoroughly studicd and interpreied. Depending on the present investigations il is possible
to correlate coal zone No. | in the area. However, due to frequent facies changes and
repetition of coal seams it is difficult to correlate individual seams. Therefore, delailed
drilling at a spacing of 200 metres appears to be necessary thioughout the investigated
area to confirm the continuity of ¢oal seams and mining conditions. The recommended
drilling is suggested to be commenced from the site to be developed duning the first stage

and then extended to the remaining area as per priorities to be lixed by mining feasibility
study.

Results of tests and analyses show that the deviations in the values of coal quality
including ash and sulphur contenl are considerably large. Therefore, ¢oal prepasation
system and i1ts capacity may be examined alongwith the feasibilily of the Project.

1-11
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