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Preface

In order to undertake a study and investigation at the request of the Government of Pakistan
into the feasibility of additional hydroelectric power station construction at the site of Kaptai
Dam by utilizing the great reservoir of Karnafuli River which runs along the border line south-east
of East Pakistan, the Overseas Technical Cooperation Agency had organized a survey team con-

sisting of four experts headed by Mr. Masahiro Fuchimoto, Technical Adviser of Nippon Koei
Co., Ltd.

During the period between October 30, 1967 and February 10, 1968, this team successfully
performed the on-the-spot investigation and practical guide to surveying and boring works over the
subject area, and also collected data of hydrography, meteorology, topography, geology, power
demand, etc. in relation to the power station construction.

Hereby submitted is a report based upon the outcome of the survey undertaken. Nothing
would be more gratifying to our Agency than if this report could be of any help for further develop-

ment of water and power in East Pakistan, and thus contribute to the enhancement of closer
economic cooperation and friendship between the two nations - Pakistan and Japan,

Finally I take this opportunity to express my hearty appreciation to the Government of

Pakistan and people concerned for their kind cooperation and assistance shown the team while
with them.

March, 1968

LY
A Mot e —
/
Shin-ichi Shibusawa
Director General

Overseas Technical Cooperation Agency
Government of Japan



LETTER OF TRANSMITTAL

Mr. Shinichi Shibusawa March, 1968
President for Qverseas Technical

Cooperation Agency

Tokyo, Japan

Dear Sir:

It is our great pleasure to communicate you that the work assigned to the Team has been
fulfilled and have the honor to submit herewith the report.

The Team visited East Pakistan from 30 October 1967 to 10 February 1968, and prospected
and investigated relevant area of East Pakistan with the heartfelt support from East Pakistan Water
and Power Development Authority. Upon return to Japan, the Team prepared this report with the
cooperation of engineers of the engineering departments of Nippon Koei Co., Ltd.

In this report, we mentioned the results of this basic investigation and the future study
for this project,

In the performance of the report, the Team constantly bears in mind the contribution of
the program to the welfare and well-being of the people of East Pakistan.

Yours respectfully,

ﬁ Masahiro Fuchimoto
Leader of the Survey Team
for Karnafuli Hydro-Power

Project

Technical Adviser
Nippon Koei Co., Ltd.
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SUMMARY AND RECOMMENDATIONS

2

The Karnafuli Power Station is the only hydro-power station now operating in East Pakistan,
and the water potential for power remains only in the Sangu River basin where development
of 87.1 MW is planned possible. However, the implementation of the Sangu River project
is still pending owing mainly to the difficulty involved with the land and other com-
pensation, therefore the Karnafuli Power Station plays a key role in the operation of the
existing prid.

The Karnafuli project had been re-designed many times for years, and its construction
suffered much troubles. In addition, compensations to the lands and native families and
allocation to the term of the public works are not yet amicably settled between the
Government and EPWAPDA. And two units are only installed at present for the final
stage of three units. Those causes arise the unit cost per KkWh to as high as 0.056 Rp/kWh,
but neverthless the Karnafuli is evidently contributing to maintain the average generating
cost at 0.0834 Rp/kWh against high production cost thermal plants.u

As to the surface area and storage capacity of the Karnafuli reservoir, of which doubts were
imposed on the values estimated previously, the only step we can take for checking these
values is to wait until the completion of the mapping of the reservoir area being carried out
at the hands of the Survey of Pakistan, even though signs contradictory to the estimated
values were observed in the discharge tests at the spillway gates.

Because of the delay of mapping of the reservoir site, the reservoir capacity cannot now
be exactly estimated, But, for the case that the reservoir capacity is larger than that of
IECO, the feasibility study was roughly made., To give a sample, the 30 percent larger
reservoir capacity will increase output proportionately. Even so, based on the figures in
the IECO report, 150 MW at 15 percent overload operation after the installation of third
unit will be adequate for the time being insofar operated at a plant factor of upto 38 per-
cent. It is however noted that surplus water in the rainy season will produce valuable
energy. For confirmation of the above, needless to say, it is indespensable to ascertain the
reservoir capacity and to undertake various detailed investigations and studies including
analysis of hydrological data, etc.

Besides, the Karnafuli Power Station should be put on the full study as a peaking station,
since the Sangu River is the only possible hydro-power development site in East Pakistan.

Most of the thermal power generating installations in East Pakistan is old-fashioned and
inefficient, and in addition the fuel cost is rather high und makes the power production
much uneconomical. The price of the coal imported from the People’s Republic of China
is about 150 Rpflong ton, while the furnace oil (Bunker C) costs about 0,067 Rp/Imperial
gallon. Thus the fuel cost is 0.115 Rp/kWh at the Goalpara Power Station (coal-fired),
and 0.065 Rp/kWh at the Siddhiriganj Power Station (oil-fired).



Rough calculation shows that the production cost of the Karnafuli Power Station of 250
MW installation in total as a peaking station is about 0.058 Rp/kWh. Peaking operation of
natural gas fired plant n would cost approx. 0.06 Rp/kWh. With due regard to easy opera-
tion for peaking, the Karnafuli Power Station is recommendable as a peaking station.

The location of the new Karnafuli Power House, insofar observed, is proposed on the both
sides of the existing powerhouse, from the viewpoint of topopraphy and geology.

As the abovementioned is simply made to picturize the future extension, the following
studies should be made in detail to justify those prospects.

(1) Definite estimation of the storage capacity of the reservoir.
(2) Determination of the firm continuous output.

(3 Detailed technical investigation of the expansion plan.

(4) Detailed study of the reservoir operation.

(5) Detailed planning of stage introduction of peaking operation.

/L

At natpral gas fireq steam power stations now under construction production cost per
kWh will be something line 0.03 Rp/kWh, when the natural gas recently discovered in the
northeast area of Dacca can be available at 0.75 to 1.3 Rp/1,000 cu. ft.

2.



CHAPTER | INTRODUCTION

11 BACKGROUND

The East Pakistan Water and Power Development Authority (Abbreviated: EPWAPDA)
has requested the Government of Japan to undertake a feasibility study on the expansion plan for
the Karnafuli Hydro Plant Jocated in the southeastern part of East Pakistan. In response to this
request the Japanese Government entrusted Overseas Technical Cooperation Agency (OTCA) with
this feasibility study. Whereupon the OTCA despatched an investigation team formed of the under-
mentioned four expert engineers to undertake the investigation.

Organization of the investigation team:

Leader: FUCHIMOTOQ, Masahiro . (Civil engineer)

Members: ENOMURA, Akira {Electrical engineer)
SUMI, Kazuhiko {Geologist)
ARAIDA, Eiichiro (Civil engineer)

The said team engaged in the investigation at the project site and the collection of the
necessary data for about 100 days from October 30, [967 to February 10, 1968. The report
herewith submitted has been prepared, based on our on-the-site investigation and data obtained.

1-2 SCOPE OF INVESTIGATION

The purpose of the present investigation and study is the collection of information and
data necessary for the preparation of the feasibility report on this project.

The investigation consists of two investigations, the one conducted by the Pakistan Govern-
ment and the other performed by the Japanese team.

Investigation performed by the Pakistan Government

(a) Aeﬁal photographing and ground contral survey of the Karnafuli reservoir area and its
- mapping by the Survery of Pakistan

(b) Topographic survey of the proposed power station site by EPWAPDA

(c) Geological survey by boring at the proposed power station site by EPWAPDA



Investigation performed by the Japanese Team

(a)

(b}

(©)

(d)

(e)

(0

Study of power demand and supply

Reconnaissance of the reservoir area and of the proposed power station site
Coltection of meteorological and hydrological data

Investigation of aggregates and sands for the extension works

Collection of data for cost estimation

Check of transmission line route

Information and data obtained are substantial and will contribute much to the carrying out

of the feasibility study. However further investigation is believed worthwhile for the preparation
of the feasibility report. [t is noted that exact storage capacity of the reservoir can only be derived
from the contoured maps of the reservoir which is now being undertaken by the Survey of Pakistan.
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CHAPTER 1|  GENERAL DESCRIPTION
21 EAST PAKISTAN

East Pakistan is located between the latitudes 20930° and 26945’ north and between the
longitudes 88°00° and 92956 east, borders on India on the east, north and west sides, and on
Burma on southeastern side, facing the Bay of Bengal in the south. It has an area of approximately
55,126 square miles.

Topographically East Pakistan is characterized by the Ganges Plain and the Chittagong
Hill Tracts. The Ganges Plain occupies most part of East Pakistan and forms a wide plain extending
from north to south, the Bay of Bengal, at elevations not higher than 30 feet above sea level,
through which the Meghna River and a number of its tributaries flow down meandering, where in
the rainy season submerge major portions of the southernmost areas in the downstream basins.

On the other hand, the Chittagong Hill Tracts, located in the southeastern part of the
country, stand at elevations varying between 100 - 2,000 feet above sea level, where the Karnafuli
is the main river. These Tracts are hills rather than to be called as mountains,

Geologically, the Ganges Plain consists of alluvial formation, whereas the Chittagong Hill
Tracts are formed mainly of clay and shale,

Except part of the southeastern tropical part, East Pakistan belongs to subtropical zone and
the seasons are classified as winter (November to February), summer (March to June) and monsoon
(July to October). Temperature varies normally from 50°F to 100°F. It rains intensively in the
monsoon season. The average annual rainfall is 75 inches in Dacca area, 105 inches in Chittagong
area and more in the Chittagong Hill Tracts,

The population of the country is estimated in 1966 at around 62,000,000, with a density

as high as 1,100 persons per square mile. The presumed rate of population increase for the recent
5 years is as high as 2.6 percent.

Agriculture shares major portion of domestic products in this country. Over 80 percent of
the population live on forming. Agricultural income occupies about 70 percent of the national
income and about 71 percent of the foreign currency earned by export,

22 THE KARNAFULI PROJECT

The Karnafuli hydropower station was constructed at about 45 miles eastward from the city
of Chittagong which is the second largest city in East Pakistan with a population of about 370,000,
well-known as a ocean sea port and an industrial centre. This project was planned as a multipurpose

dam project mainly producing power energy and commenced its operation in 1962 after vicissi-
tudes.



The power station was originally planned with an installed capacity of 120,000 kW (40,000
kW x 3} and 2 of 3 units have been on the line and the third unit is expected to be called for tender
early in 1968 under the U.S.ALD. fund. The unit capacity was increased to 50,000 kW from
40,000 kW of last two units so that the total installed capacity wili reach {306,000 kW.

The Karnafuli reservoir hias an immense storage capacity, The report prepared by the con-
sultants to this project, International Engineering Co., Inc. (IECO, Los Angeles, California, U.5,A.),
states that the reservoir has a HW.L. 118 feet, a water surface area of 227 square miles, and a total
storage capacity of 4.35 million acre-feet.

However, the operation of the power station has shown various indications that the capacity
of reservoir would be far larger than those stated in the report. In 1963, to measure the correct
reservoir area and the storage capacity aerial photographs were taken, and in 1964 the ground
control was performed, Its mapping is now under way at the hands of the Survey of Pakistan,

The EPWAPDA, cognizant of the surmised larger storage capacity of the reservoir, intended

to know if there is the possibility of generating more energy. The feasibility study for this purpose
was then entrusted to the Japanese Government.

The Karnafuli Dam, as one of its many purposes, should provide the navigation for transport
of timber, bamboo, etc. For this purpose IECO proposed in its first report (1954) to construct a
lock gate. But this proposal was not taken up for the reason that the time is premature for its
construction and the cargo transfer facilities were provided instead. The facilities now became
too small in capacity to deal with the annually increasing cargo and the construction of a lock
gate is again envisaged. The cargo handle amounts to 250,000 tons per annum.

Electric power generated at the existing station is transmitted to Dacca over a 170 miles
long transmission line via Chittagong. In connection with the second power station it is necessary
to study whether a new transmission line be needed or not to handle the power to be thereby
additionally generated.



CHAPTER Il ELECTRIC POWER SITUATION IN EAST PAKISTAN

31 EPWAPDA

In East Pakistan, EPWAPDA is the governmental authority to serve electricity to the public.
As of the end of 1967 EPWAFDA has generating installation of 225 MW including the Karnafuli
Hydro Power Station which is the object of our investigation. The authority also engages in the
transmission and distribution services. In the private sector, 71 MW instaliation belongs to various
factories and mills, including fertilizer manufacturing factory at Fengchuganj (36 MW), paper mill,
supar mills, jute mills, etc.

32 ELECTRIC POWER FACILITIES

The Karnafuli Power Station with installation of 80,000 kW is supplying power since 1962
to Dacca via Chittagong over a 2-circuit 132 kV transmission line, which is only one grid in East
Pakistan at present.

Under the Third 5-year Plan, a national grid to combine cities and towns in the country is
now on the high pitch of construction, and part of it is expected to go into operation early in

1968. (See the attached chart)

As of December 1967 the generating installations are counted as follows:

East Wing 164,500 kW
West Wing 60,500 kW
Total: - 225,000 .kW

Referring to the undermentioned list, most of the plants are small and descrepit other than
the facilities at Karnafuli Power Station and the Gas Turbine units at Chittagong.

Generating Facilities in East Pakistan

EPWAPDA
Installed Operation
capacity Fuel started in
Eastern Zone
kW
Dhanmandi Steam | 4,500 Coal 1902
Chittagong Diesel 8,000 Qil 1955



Siddhriganj Diesel
Siddhriganj Steam
Karnafuli Hydro
Miscellaneous, Diesel
Chitiagong Emergency
(gas-turbine)
Total:
Western Zone
Goalpara Diesel
Goalpara Steam
Bheramara Steqm
Thakurgaon Diesel
Miscellancous, Diesel
Total:

Grand Total:

Private Instailation

Fenchuganj fertilizer factory

Sugar mills

Iute, spinning mills

Cement factory

Total:

Installed
capacity Fuel
10,000 kW Oil
30,000 ”
92,000/80,000 -
7,000 Oil
13,000 ”
164,500 kW
7,000 il
16,000 Coal
8,000 ”
10,500 Oil
19,000 »
60,500 kW
225,000 kW
36,000 kW
10,310
17,230
7,540
71,080 kW

Operation

started in

1953

1959

1962

1967

1955

1959

1961

1966



33 CONSUMPTION OF ELECTRICITY

In 1966 EPWAPDA produced 657 x 106 kWh and sold 526 x 100 kWh, and the non-
coincident maximum loads at stations reached 133,000 kW. But annual per-capita consumption is
estimated at 12 kWh including that of the private sector. This small consumption per capita seems
mainly due to insufficient generating facilities and to weak transmission and distribution system.
However, the recent foreign aid in construction fund has brought a remarkable progress in the

consumption of energy at an annual increase of 25 percent.

The Karnafuli is playing the major role in the Kaptai-Dacca grid, which peaked at 115,600

kW in July 1967 and delivered 67 percent of the total energy produced by EFWAPDA,

The following is the state of energy output and consumption in EPWAPDA system.

Energy output (MWh) Consumption | Peak load
Year Water :
power Thermal Diesel Total (MWh) (kW)

1959 - 73,452 94,353 167,805 138,278 38,000
1960 - 148,596 | 70,304 218,900 178,520 42,200
1961 - 164,769 93,781 258,550 | 212,665 56,000
1962 176,420 111,590 | 40,170 328,180 | 252,105 69,550
1963 209,000 157,270 ; 49,370 415,640 | 346,790 81,730
1964 337,000 78,838 | 41,798 457,636 386,255 96,354
1965 403,181 115,088 | 48,981 567,250 | 465,233 110,012
1966 450,935 137,968 68,097 657,000 526,000 133,000
1967 |(Sept.) 159,800
Note:

Peak leoad is summed up from the per-hour output in kW
at each power station: non-concident maximum,

-10-



Number of customers as of 1967 are;

East Wing
Karnafuli grid 99,000
Isolated supply 12,235
West Wing
Goalpara-Bheramara 18,849
Isolated supply 19,291

149,375 (customers)

The number of customers is about 2.3 per 1,000 persons. Consumption of electricity per
customer is about 4,000 kWh/year and this is not particularly small. From this fact it is seen that
the small consumption per capita is attributable to the insufficiency of the grid and generating
equipment, for which available funds are much concerned,

34 UNIT RATE

The unit rate in East Pakistan is as follows:

Rate/kWh
For lighting and fan ‘ 0.31 Rupee
For household use : 0.16 ”
For small industries 0.16 ™
For high voltage users 0.1137

The high unit rate owes primarily to the high cost of imported fuel. All power plants
except the Karnafuli is firing imported coal or oil. In the West, coal was supplied from the Bihar
Province of India, but since the 1965 India-Pakistan Conflict the supply of coal was obliged to
depend on the imports of low-carlorie coal from the People’s Republic of China. The calorie of
this coal is as low as 10,000 BTU/Ib and the price is as high as 150 Rp/ton (coal from India costed
only 60 Rp/ton). Imported furnace oil (equivalent to Bunker C) is priced at 0.67 Rp/imp. gal. in
Dacca.

-11-



Most of the power plants are old and inefficient. The distributing systems are also insuf-
ficient and the transmission loss is assumed as high as 25 percent.

35 PRODUCT!ON COST

Production cost cannot be definitely worked out, since the assets of the Karnafuli Power
Station, which supplies the majority of the energy to EPWAPDA, is not yet conclusively assessed
because the allocation of the construction cost is still pending between the Government authorities
and EPWAFDA. But as of July 1967 the average production cost of EPWAPDA is approximately
estimated at 0.0835 Rp/kWh.

If the construction cost of the Karnafuli is wholly burden on EPWAPDA and the annual
energy production is 486 x 108 kWh (in fiscal year of 1966/67), its production cost is calculated
as D.056 Rp/kWh. This production cost is not necessarily cheap, but the Karnafuli's role in the
power production of EPWAPDA must be highly estimated.

36 POWER DEMAND AND TRANSMISSION PLAN

Investigation on power requirements has been made by EPWAPDA, and “Master Plan
Supplement D” prepared in 1964 by IECO, consultant to EPWAPDA, made clear the electric
power requirements up to 1985, Further in the report a concrete study is made on the future con-

struction plan of the transmission line system that will become necessary with the increase in the
power demand,

Later, at the request of the Pakistan Government Fichtner Consulting Engineer of Germany
reviewed the transmission plan and worked out a revised estimate to the following effect.

Year East Group West Group East Pakistan
(MW) (MW) (MW)

1970 287 124 411

1975 441.5 202.5 663.7

1980 690 327 1,017

1985 945.,5 449.5 1,395

Since the non-coincident maximum load at the power stations was recorded as 154.15 MW
in June 1967, the actual increase of demand is likely to be smaller than the above.

-12-



37 STANDARD VOLTAGE

The standard of voltage in Pakistan is as follows:

Transmission line 132 kV, 66 kV, 33 kV
Distribution line 11 kV, 6.6 kV

Low tension line 400/230 V, 3-phase 4-wire system
Cycle S0H,

Extra-high voltage will be determined at 230 kV or 275 kV in connection with intergrid
scheme of east and west.

38 NATURAL RESOURCES FOR POWER GENERATION

3-8-1 Coal

At present coal is imported from the People’s Republic of China, after the dispute between
Pakistan and India. Recently the discovery of coal reserves of about 500,000,000 tons at Bagra
cast bright rays of hope on the energy situation in this country. This coal appears belong to the
Bihar coal vein in the northwestern part of Pakistan running into this country from India. The coal
ore however lies at the disadvantage level deep some 3,000 - 4,000 feet below the ground so that
economical mining be only possible on large-scale facilities. At the moment, utilization of this
coal is only expected after 1980. Under the circumstances the Pakistan Atomic Energy Commission
is making efforts to introduce nuclear energy at an early date. When the coal from Bagra becomes
available the price would be possibly around 60 Rp/ton.

3-8-2 Petroleum

Investigation for the petroleum reserves is now under way by the U.S.S.R. technical aid.
But there appears to be little hope.

3-8-3 Natural Gas

Some 5 x 1012 cubic feet of natural gas has been ascertained near Titas in the north of
Dacca. The reserves of this pas are considered to equal to an amount that will enable to operate
1,000 MW installation for 30 years if only 40 percent of the resources if appropriated for power
generation. This natural gas ensures the construction of nitrogenous fertilizer factories as well as
the steam power f{acilities. This natural gas will be available in Dacca at around 1.3 Rp/1,000 cu.ft.

-13-



3-8-4 Hydro-power Potential

In East Pakistan there is no mountain worthy of the name and the plain formed by the
flow of Ganges dominates most part of the country and the only river at present availed for hydro-
power generation is the Karnafuli River. OQutside this river basin there are two possible power
sites in the basin of the Sangu River, (about 87.1 MW in total), but the compensation for the land
others makes difficult the earlier construction of the project. It is advised that this project is not
included in the Third 5-year plan.

3-8-5 Others

There is almost no other natural resources or power potential other than the abovementioned.

39 GENERATING FACILITIES AT KARNAFULI POWER STATION

The Karnafuli Power Station was constructed with the fund of U.S.A.LD. and by the
consultants IECO, and Contractor Utah International and put on the line in 1962 with 40 MW x 2.
At the same time the transmission lines were constructed to Dacca via Chittagong, 170 miles long,
132 kV and 2-circuits. The energy transmitted is mainly consumed in Dacca and Chittagong.

Energy produced in 1967 at this station is likely to exceed 500 x 106 kWh which accounts
for nearly 70 percent of the energy produced by EPWAPDA. Thus the importance of the role
played by the Karnafuli Station is self-evident. At present, steps are being taken for the purchase
of a third generating unit by U.S.A.L.D. and the invitation for tender will be announced early this
year. EPWAPDA desires to complete the installation of the third unit by 1970. This unit is called
for 50 MW output with 15 percent overload capacity same as the other units,

The causes of the frequent failures of the 1st and 2nd units have already been made clear
and adequate countermeasure has been prepared, therefore there would be no further troubles of
such nature in future.

310  THIRD FIVE YEAR PLAN {OF EPWAPDA)

As of the end of 1967, the Third S-year plan (1965-1970) has reached its mid-period.
The aim of the Third 5-year plan comprises the following:

1. Generating facilities 721.5 MW
2. Number of consumers (houses) 250,000
3. Length of transmission line 823 miles

-14-



Breakdown of the necessary fund is as follows:

I. Power generation 642.11 x 100 Rupees

2. lst stage transmisssion line 279.43x 105 »

3. 3rd stage transmission line 505.98x 106 7

4. Others 122.48x 106
Total: 1,550  x 10° Rupees
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CHAPTER IV FIELD INVESTIGATION
44 METEQROLOGICAL AND HYDROLOGICAL DATA
Majority of meteorological data was obtained from EPWAPDA, as referred to appendixes.

Runoff records at Kaptai collected are given in those furnished by EPWAPDA, in IECO’s
report and in the Report by Bengal Government. The IECO’s report and the Report by Bengal
Government estimate the runoff at Kaptai before the completion of the dam, 1961, by adding 11
percent to the Rangamati records, to allow for the extra catchment area. However the above three
values of runoff at Kaptai are found not identical; each monthly runoff shows different, not to
mention the annual runoff, and the difference of mean annual runoff in the period shows about
2 - 3 percent.

The gauging record at Rangamati which may give a conclusive factor to demonstrate exact
runoff was not available except for the period of 1954 to 1959, because of imcomplete filing.

Even the converted values for the period of 1954 to 1959 are found different from the
abovementioned figures, Therefore the comparative check of those data must be made further in
detail.

The data furnished from EPWAPDA include water flow records from 1936 through 1966,
in which part for 1961 to 1966 is estimated from the water flow discharge, outflow over the
spillway and the storage capacity curve. When the said curve should be modified or corrected,
the inflow records during 1961 to 1966 will require to be modified accordingly, for which support-
ing weather information of rainfall, evaporation value etc. have been obtained during the survey on

site. ~ According to our rough study of the rainfall-runoff relation, annual runoff data in 1961 to
1966 appears reasonable.

The study of the reservoir operation made by IECO and the actual operation after 1961
reveals that the surplus water in the rainy season is of large amount. This is because the reservoir
storage capacity is too small compared with the annual runcff, about 35 percent in ratio.

The expansion plan of the power station must be made further in detail with due regard to
the surplus water in the rainy season,
4.2 RESERVOIR STORAGE CAPACITY

Final estimation of the storage capacity in question of the Karnafuli Reservoir, should
eventually depend on the maps of the reservoir area which are now being contoured by the Survey

of Pakistan. We have only received 16 sheets among 60 sheets of contoured maps and the com-
pletion of the remaining maps is earnestly awaited.
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Apart from the approach by aerial mapping, a number of rapid drawdown tests, which spill
out water for 24 hours with a constant opening of spillway gate and read the drawdown of reservoir,
has been carried out since 1965. According to our check of the results, the reservoir storage
capacity seems larger by 30 to 40 percent than that of IECO. However, as the above tests involve
some inaccuracy on the measurement method of water level, estimation of the inflow to the re-
servoir and others, conclusive judgement on the reservoir capacity should not be made easily.

Anyhow, the exact storage capacity of the reservoir has to be concreted upon completion of
the maps of the Survey of Pakistan,

43 TOPOGRAPHY OF PROPOSED POWERHOUSE SITE

As mentioned in Chapter V, the extension capacity of power plant can not be decided yet.
Nevertheless it is necessary to survey the topographical and geological feasibility of the extension
work. From topographical and geological points of view, we selected three sites as the new power-
house site, namely at the present diversion tunnel site (Site I), the existing powerhouse site (Site II)
and a site midway between the existing powerhouse and the cargo transfer facility site (Site III).
Their locations are shown in Fig, 3.

The reconnaissance of the site desclosed that the existing powerhouse site (Site I1I) has
merits that the site provides enough space for the future two units, and can render the existing
access road and cranes, while demerites are the disturbance to the operation of the power station
during the construction and the large excavation volume at the forebay.

4.4 GEOLOGY

4-4-1 General

The Geological Survey of Pakistan in Dacca showed and explained us the geological situation
of East Pakistan in general, which provided an effective reference to our geological interpretation
on and around the Karnafuli Dam Site.

A number of boring and pitching has been made to probe the geology on and around the
construction site and recorded in IECO’s “Design Report”. (Refer to Figs. 4 to 7)

Referring to the previous clause, we requested EPWAPDA to drill the proposed site (Site 11),
for which locations of drilling and necessary advices were given from our member. (See Fig. 8)
10 days have been spent for drilling and the results have been handed over to us in early February.
{See Figs.9t0 12)

Site exploration and above boring unveiled the geology as stated below,
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4-4-2  Geology in Karnafuli Basin

The formation in Karnafuli Basin is classified as follows.

Karnafuli Alluvium Recent
Tipan Formation Miocene - Pliocene
Surma Formation Miocene - Pliocene

The Karnafuli alluvium consists mainly of sand, silt, clay and gravel, while the Tipan and

Surma formations are composed of sand-stone and shale, respectively. However, at the existing
powerhouse site, the sandstone of Tipan formation is not exposed.

The Surma shale folds are fairly conspicucus in some portion, and its direction is NI5 -

20°W and dips toward west with gentle inclination.

4-4-3  Geology of Proposed Powerhouse Site

As mentioned in Clause 4-3, three sites were chosen for the proposed new powerhouse

site, the geology of which is interpreted as follows.

a}

b)

Diversion Tunnel Site (Site 1)

The surface layer is covered with the brown silty sand 50 to 70 feet in thickness.
At the side hill of inlet, compact blue grey shale is exposed, while at the outlet channel,
soft blue and dark grey shale and sandy shale are exposed. The boundary of compact

and soft shales exists at the middle site on the road between the WAPDA Guest House and
the village on the right bank,

Therefore, if No. 2 power station is constructed at this site, the beds of the inlet
structure and powerhouse will respectively sit on the compact shale and soft sandy shale,
and the pressure tunnel will be placed to pass through the soft sandy shale.

Existing Powerhouse Site (Site II)

Boring carried out by EPWAPDA and the available informations show that the
silty sand in the surface layer is of thin layer compared with those at the diversion tunnel
site, and its thickness is presumably 10 to 30 feet.

At the north side of the existing powerhouse, the compact shale is exposed with
fairly conspicuous folds. The compact shale appears to have a depth of more than 200 feet,
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c)

45

Therefore, when constructed, the beds of powerhouse and intake structure will be
located on the compact shale and the penstock will pass through the compact shale, so
that these structures will be very stable,

Middle Site between the Existing Powerhouse and
Cargo Transfer Facility Site (Site I1I)

From the folding part at the existing powerhouse site, the shale with developed
joint of about 3 to 5 inches strikes horizontally along the Karnafuli River, In the exposed
shale layers above the water surface of the Karnafuli River, some hard shale layers are found.

Therefore, all structures will be constructed in the shale layers, and this site has a
defect that the upper portion may crumble, when the penstock tunnel will be excavated,

From the above reasons the existing powerhouse site is observed the best site
geologically.

CONCRETE AGGREGATE

The gravel at Silhet site is of the best quality. For construction of Karnafuli Project it was

transported by the railway from the site to Chittagong and by ship from Chittagong to Kaptai and
used as the concrete aggregate.

After completion of the project, a lot of cobble sand stone of good quality was discovered

in the shale at the villages on the hilly side, about 14 miles southeastward from Kaptai. Since 1963,
the cobble stones have been quarried, transported to Chittagong and used as crushing stones. The
quantity of the sandstone deposits is estimated at about 107 cubic feet. However, it appears dif-
ficult to quarry a large quantity of stone at a time. The cost of the stone at Kaptai is estimated
at 160 Rupees per 100 cubic feet.

4.6

The sand for concrete aggrepate is found at about [5 miles downstream of Kaptai.

INFORMATION FOR COST ESTIMATION

The data for cost estimation were furnished to our team by EPWAPDA. The costs listed

therein were established in 1965, and EPWAPDA says that the current costs are now 20 percent

high.

4-7

ROUTE OF TRANSMISSION LINE

In connection with the second power station, an investigation was conducted on the route
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from Dacca to Kaptai for a case of a new transmission line construction.

Geological condition along the route appears not to include much {roubles, and the un-
dulation between Chittagong to Feni gives an idea that the line runs over the hilly range apart
from the coast, to reduce the influence of cyclones, which sometimes caused casualty in Chittagong
area,
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CHAPTER V  FEASIBILITY OF KARNAFUL! PROJECT

If the reservoir had been created larger than IECO has estimated, the extension of the
Karnafuli Power Station could be feasible more economically. Hereinafter a rough study is made
for reference to the detailed investigations to be carried out in the future.

51 NORMAL CPERATION

Because of the delay of mapping of the reservoir site, the reservoir capacity, which is the
most essential factor to the feasibility study, cannot now be exactly estimated, However, drawn
down test on the reservoir water level, as previously mentioned, indicates some 30 to 40 percent
larger storage capacity. If so, and when 30 percent larger, same percent larger firm output will be
obtained roughly. 1ECO reported 44,000 kW as an average continuous output for the dry season.
Hence the average continucus output is calculated as approx. 57,000 kW.

Installation of third unit (50,000 kW with 15 percent overloading) which is now under
purchase, totals the output of the power station to 130,000 kW, or 149,500 kW ( = 150,000 kW )
with 15 percent overloading, which corresponds to plant factor of 38 percent for 57,000 kW.
The maximum demand and daily load factor of the Karnafuli system are at present around 130 MW
and 73%, therefore, the installation including No. 3 unit would be able to meet the power demand
for the time being.

On the other hand, surplus water in the rainy season will bring about a valuable energy,
based on which the study should be carefully made for the extension plan of the power station.

-2 PEAKING OPERATION

. Besides the Karnafuli River, the Sangu River (about 87.1 MW) is the only remaining water
potential for power generation in East Pakistan., Therefore, following to the cases in the advanced
countries, it will be worthwhile to investigate into the problem of peaking power generation.

On the basis of the data available at this time this problem was approximately studied as
summarized below:

With the load factor presumed at 20 to 25 percent as a peaking power station, the size and
construction cost of the Karnafuli Power Station are approximately estimated as below:

(a) In the case the reservoir capacity remains same as estimated by IECO,

‘ 1
Average dry season output 44,000 kW xm= 176,000 kW to 220,000 xW

-21 -



Namely the extension will be around 26,000 kW to 70,000 kW.

(b) In the case the reservoir capacity is larger by around 30 percent,

1
Average dry season output 57,000 kW x 5575759 = 229,000 kW to 285,000 kW

Namely the extension will be around 80,000 kW to 135,000 kW.

Calculations were made on the premise, for the simplicity of calculation, that one 50,000
kW plant will be installed for the case (a), and two 50,000 kW plants for the case (b).

Detailed calculations are also required for reinforcement of the transmission system. The
Fichtner report shows a detailed study made on this point and on the future plan using a network
analyser, but this report was not available from EPWAPDA. We worked out the cost estimation
taking into account of the construction cost of a transmission line to Mandahat, and obtained the
production cost of 0.07 Rp/kWh for the case (a), and 0.058 Rp/kWh for the case (b).ﬂ—

Simple study of the gas-fired steam power plant for peaking gives a cost of 0.06 Rp/kWh,
then the utilization of the Karnafuli Power Station for peaking operation is believed worthwhile
for prudent study.

The extension of the Karnafuli Station, insofar observed, is proposed on the both sides of

the existing powerhouse, from the viewpoint of topography and geography, as mentioned in
Chapter 1V.

The above study, needless to say, has been made fo see approximate possibility of the
expansion of the Karnafuli Station, for which detailed investigation and further study must be
made to the definite confirmation of the feasibility technically and economically.

L 1} Case (a) Case (b)
Construction cost (106 Rp) 580 628
Annual energy, firm continuous
(106 kWh) 385 500
" , surplus over above
C 7 313 378
) Assuming that the surplus electricity produced in the rainy season has the value

only in kWh and that by the time peaking operation will become necessary the
natural gas will have been fully utilized, the production cost of such surplus energy
obtained is assumed equal to the fuel cost of the gas-fired steam power station, for
which the price of the natural gas was presumed as | Rp/1,000 cu.ft, based on
estimated price of natural gas ranging between 0.75 to 1.3 Rp per 1,000 cu.ft.
And the said value is reduced from annual expenses for the power station operation,
thus the production cost evaluated with surplus generation during rainy season is
obtained. Fuel cost per kWh is calculated as 8.6 x 10-3 Rp.
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HOLE NG |

PROJECT ; KARNAFULI

ELEVATION OF SURFACE, 49ft

LOCATION ; KAPTAI

ELEV. BOTTOM OF HOLE,-70t

DATE STARTED ;29 JAN.196€8

INCLINATION OF HOLE, VERT,

DATE GOMPLETED

1 29 JAN. 1968

DRLLED BY EPWAPDA

-41 -

DIAMETER OF HOLE; 3 inth GEOL. LY LOGGED BY MM.BAIG
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'Geological Record of Bore Hole (1)
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PROJECT ; KARNAFUL|

HOLE NO. 2

ELEVATION OF SURFAGE. agft

LOGCATION ; KAPTAL

ELEV. BOTTOM OF HOLE,-2) Ft

NDATE STARTED ; 29 JAN 1968

INCLINATION OF HOLE, VERT.

DATE COMPLETED : 3C JAN 1968 DRLLED BY EPWAPDA

DIAMETER OF HOLE:. 3

inch

GEOL. LY LOGGED BY M.MBAIG

MACHINE
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Geological Record of Bore Hole (2)
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PROJECT :

HOLE NO. 3

KARNAFUL |

ELEVATION OF SURFACE. 45ff

LOCATION : KAPFTAI

ELEV. BOTTOM OF HOLE,~70ft

DATE STARTED ; 24 JAN 1968

INCLINATION OF HOLE, VERT.

DATE COMPLETED ; 26 JAN 1968

DRLLED BY EPWAPOA

DIAMETER OF HOLE: 3 inch

GEOL. LY LLOGGED BY M.M. BAIG
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Fig. 11 Geological Record of Bore Hole (3)
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HOLE NO.4

PROJECT ; KARNAFURI ELEVATION OF SURFACE, 140ft
LOCATION ; KAPTAL ELEV. BOTTOM OF HOLE,- 28Tt
DATE STARTED ; 21 JAN,1968 INGLINATION OF HOLE, VERT,
DATE COMPLETED : 23 JAN 1968 DRLLED BY EPWAPDA

DIAMETER OF HOLE;3 ineh GEOL. LY LOGGED BY M.M.BAIG
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Fig. 12 Geological Record of Bore Hole (4)
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