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Office of the Country Director 
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United States Embassy 
Karachi, Pakistan 

Dear Sir: 

It is my pleasure to transmit herewith the %5aster Reportn pre- 
pared in accordance with our contractual agreement dated March 24. 1954 
with the Foreign Operations Administratio=, The "Master Repart'* comprises 
the following: 

VOLUME I 
THE -NAFULI PROJECT 

AND 
POWER SURVEY WITH ECONOMIC ANALYSfS 

VOLUME ff 
KAIQNAFULI PROJECT SPECfFfCATIUNS 

VOLUME m 
KARNAFULX FROJEGT DRAWINGS 

The Master Report concludes and finalizes the preliminary studies contahed 
in the %ecoa&ssaace Report1* submitted on August 23, 1954, 

The scope of the report has followed that outlined by the terms of 
refereace and as further determined by our several conferences, The in- 
formation herein presated will enable you to evaluate the Karnafdk Project 
and assess the power situation in East Pakistan, 

We have appreciated this opportunity of working with the United 
Stater Operations Mission to Pakistan on this project which has a number 
of unusual problems to evaluate and solve, Dxaring &is work we have 
enjoyed the complete cooperation of your organization as well as that 
of the Government of Pakistan. 

Very trdy yorus, 

XNTEXNATIOW ENGINSERING GOM;P&YY, LNG. 

C. F; DPmn 
President 
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CONVERSION FACTORS 

United States dollars are used throughout this report with conversions as 
follows : 

$1.00 U . S .  = 3.300 Rcpees 

$100,000 U . S .  = 3.3  Lacs of Rupees 

$10,000,000 U.S. = 3.3 Crores of Rupees 

Other factors commonly used in East Pakistan are: 

1 Rupee = 16 Annas 

1 Lac = 100,000 

1 Crore = 10,000,000 

i Maund = 40 Seer 

1 Maund = 82 Pounds [U.S . )  

1 Ton = 2,240 Pounds ( U . S . )  



PART I 

SUMMARY AND CONCLUSIONS 



SYNOPSIS 

A detailed power survey of East Pakistan has shown that the rapid 
industrial development of East Pakistan hcls been accomplished in spite of 
the unavailability of central station power. Industries have been required 
to finance and operate individual small inefficient plarrts to sustain their 
needs. Further development of the industries is essential to process the 
agricultural products of the province. These industries will require addi- 
tional power which must be supplied eitber by the construction of thermal 
plants using imported fuel or by hydroelectric power from the Karaafuli 
project  which is now under construction. 

The Karnafuli Project, which can be in operation in 1958, is the 
most economical source of power, being 32% cheaper than thermal plants 
when compared for the year 1965. The initial development will  camprise tfre 
Karnafuli Project with an 80,000 kw &itial power plant, i5,000 kw thermal 
plant at Dacca, 165 kv transmission line extending to Chi t tagcag  and Dacca, 
and a distribution system, 

The Xarnafuli Project will supply power substarrtially cheaper than 

thermal plants. The saving for the year 1965, for example, will be 
$2,648,000 of which $2,461,000 are in foreign exchange. This is the net 
saving after full allowance for ail costs  of the Karnafuli Project. 

The revenue from power sales alone, at lower than prevailing rates, 
will meet all costs for operation, interest, and loan repayment required for 
the entire Karnafuli Project, transmission lines, and distribution facilities- 

All the foregoing cost comparisons are based on qualified engineer- 
ing supervision which is essential for the success of this project and on 
execution by an experienced construction organization with efficiencies 
equal to best Unites States practice- 

After careful investigations and thorough strrdy the Kal-nafuli Project 
has been found to be economically sound and entirely feasible from an 
engineering standpoint. As a multiple purpose project the cost-benefit 
ratio shows it to be unusually attractive. The immediate construction of 
the Karnafuli Project under qualified engineering supervision is recom - 
mended on the basis of the Specifications and Drawiogs. Volumes II and GI: 
of this report. 



SUMMARY AND CONCLUSKlNS 

This report presents the results of intensive studies during the past 
ysar of "&e two major assignments of the terms of reference; first, s 
Power Survey with Economic Analysis and, second, the investigation a d  
design of the Karnafuli Project with the preparation of sBSpeci£%cations*' 
which form Volume II of this report and the laDrawirrgs" which farm 
Volume Uf, 

The Karnafdi  Project is a major hydroelectric, flood control and 
navigation development on the Karnafuli diver 40 miles upstream from 
Chittagong. Preliminary work on the project has been completed and con- 
struction is underway. The project comprises an earth d a m  153 feet high, 
diversion works, navigation locks and a hydroelectric powerplant with. a 
recommeaded initial installation of two 40,000 kw units and provision for 
a future unit. 

For the "Power Survey and Economic Analysis", which forms Part 
III of this volume, a detailed physical census has been made and verified 
of all existing power plants in East Pakistan including plants under con- 
struction and those pxc2osed. The present and expected future power demand 
and consumption has beer; similarly investigated and verified by the field 
survey. I t  has been found that the major load centers are at Chittagong 
and Dacca and it is recommended that service be provided to these areas 
initially with extension of the transmission and distribution system to serve 
other areas as funds permit. A very conservative estimate was made of 
the hxture power demand and consumption, which was used as a basis for 
economic studies. To determine the most economical means of meeting 
the powex requirements of East Pakistan many schemes have been con- 
sidered, The three most attractive schemes which h v e  been studied ia 
detail are: Scheme I - Thermal Plants at Dacca and Ghittagong without 
interconnecting transmission lines; Scheme LI - Karnahli Project dth 
navigation locks, traxlsmission lines and supporting thermal plant at Dacca, 
anc Scheme IIa - which is the same as Scheme II except the locks are not 
inclGed in the initial project. 

The results of these studies have been cornparea for the year 1965 
which is conservative since it is prior to the full utilization of KarnafuE 
power. Scheme I1 will be 32% cheaper than the all-thermal power Scheme I 
and the annual net savings in foreign exchange from use of hydro power 
will be $2,461,000. This is the net savings after deductkg the annual 
interest and sinking fund depreciation and operating costs of the Karnafuri 
f roject, Scheme XI. 



If the construction of the lacks is deferred as assumed in Scheme 
Ifa, the cost of power will be 36% cheaper than Scheme I a d  E%e anntral 
net savings zn foreign exchange wili be $2,650,000. 

The cost to complete the construction work of the Karnafuli Project 
assuming construction efficiencies equivalent to Gnited States practice, wiZh 
navigation locks as shown on t he  drawings, including interest during can- 
struction and substantial contingencies is estimated to be $53,549,000. 
The final cost of the Karntlfuli Project, including the above, plus reservoir 
lands, money already spent, engineering and administration amounts to; 

$?2,13l,OOO. The additional features required to c stabkish the complete 
hydro-thermal power system as an operating utility have capital. costs 
including contingencies . lands and interest during constrcctiun as followsr 
165 kv transmission line Karnaful-Chittagong-Dacca, $1 1.36 L ,000; distribu- 
tion system, $2,19Z,UOO; and 15,000 kw thermal support and standby plant 
at Dacca, $3,435,000. The power capability of the hydro-thermal system 
is estimated at 540 million kwh for the year 1968 based on the assumptions 
made as to characteristics of the load. 

Annual charges for operation, admini stration, irrtere st 2nd debt 
service (loan payments) for the complete hydro-thermal system composed 
of the Karnafuli Project with navigation locks, transmission lines, distribu- 
tion system, and supporting thermal plant amount to $6,741,000 for the 
year 1965 during which it is conservatively estimated that 431.8 rniXEan 
kwh of energy wiU be sold. This ke equivalent ta E .54 cents per kwh which 
is very substantially below prevailing rates in East Pakistan. The above 
computations assume that dl project costs are chargeable to power and 
does not include revenue from navigation or flood control. It is concluded 
that the project is attractive as a public utility. 

The development of the design of Karnafdi Project is described in 
Part W of this volume. Alternative dam sites along the Karnafuli River 
have been studied and it is recommenced that the present site above Kaptai 
be retained. 

The K a r n A l i  Projeci: wil l  involve many engineering and construction 
problems of exceptional difficulty, however, with experienced engineering 
supervision these problems can be solved satisfactorily. 

It is considered that the eventual traffic on the Karnaftzli R i v e r  will 

require navigation locks at the dam site and these facilities have been 
inclu$-.3 in the specifications and drawings. Howeusr, the Government of 
Pakistan may decide that existing river traffic does not justify the Barge 
capital oatlay required for  navigation locks at this time, in which case. the 
construction of the lacks may convenie~tly be deferred uatil some future 
date, 



The benefits of the project in addition to power include flood cmZro1, 
navigation, commercial fishing, and the opening of a. vast  area surrounding 
the reservoir for timber industry a d  agriculture. Based on these benefits, 
the cost benefit ratio for the year 1965 is computed to be 1.96 which is 
considered exceptionally high. The Karnafuli Project is clearly s h o w  to 
be a project of outstanding merit and of great importance to East Pakistan. 

Recommendations in summary are as fofhws: 

First -- Immediate completion of the Kamafu'li Project - Since founda- 
tion conditions are difficult and construction features important for success- 
ful completion, the preparation of detailed construction drawings and field 
supervision of construction should be ib. charge of a qualified engineerrng 
organization experienced in projects of this type.  The construction of this 
project for reasons of safety and economy should be in the hands of an 
experienced construction organization. 

Second - Initial installation of two 40,000. kw units in the Karnafulg 
Power Plant with space for a third unit. Project layout to provide space 
for a future power plant when required. 

Third - Immediate action to initiate final design and layout of neces- 
sary transmission line, switching station, and distribution sy stern. 

Fourth -Construction of the above transmission and distr2bution 
system under qualified engineering supervision with completior? timed to 
be available for service when the Karnafuli Power Plant is completed, 
This system to include X 5,000 kw of supporting thermal plant and a 10,000 
kw synchronous condenser at Dacca together with necessary switching 
stztions , 



PART I I 

INTRODUCTION 



CHAPTER II 

rnTR03[iUCTION 

2.01 PURPOSE 

The "Master Report" presents in three volumes the final results of 
intensive work on the two major assignments of the terms of reference. 
The Power Survey and Economic Analysis contained in Part  IXI of this 
volume and covering the first major assignment is a comprehensive survey 
and forecast of the power problem in East Pakistan. It includes an engi- 
neering and economic analysis of the present and future power situation 
and presents in detail the recommended solution. 

The second major assignment is the analysis and design of the 
Karnafuli Multiple f.t;rpose Project now under constructian in East Pakistan. 
The design of this major project i s  developed in Part AT of this volume 
and the Specifications and Drawings are contained in Volumes II and ZfI 
respectively of this report. 

The "Master Report" supplements and finalizes the preliminary 
studies of the "Reconnaissance Report" issued in August L954 and the 
"Report on the Electrical Development of East Pakistanv preliminary drafts 
of which were issued in October, December and December 15, 1954, for the 
purpose of review by the World Bank for Reconstruction and Development, 

The history of the previous studies of tbe Karnafuli Project has 
been reported in detail in the "Reconnaissance Reporttt and will  be con- 
sidered only in their essentials in this report. 

AX1 references to costs and valuations referred to herein are in 
terms of U.S. dollars or dollar equivalents unless otherwise stated. 

2.02 AUTHORITY 

The authority for the work is contained in a contract dated March 24, 
1954 between the United States of America, represented by the Foreign 
Operations Administration, and International Engineering Company, Inc . 
(herein designated as the Consulting Engineers) . 

2.03 SCOPE 

The execution of this report has required comprehensive investi- 
gations and studies in many fields. The work has been based on first hand 



verification of all important conditions. Al l  conclusions and designs have 
been based on entirely independent analyses and designs. Previous rep&rts 
have been reviewed and evaluated. The following tabulation presents some 
representative items from among the major fields of investigation: 

1. Field survey and inventory of existing and proposed power plants 
in East Pakistan 

2 .  Field survey of the present and expected future demand for power 
in East Pakistan and characteristics of the connected load 

3. Selection of major load centers and layout of transmission and dis- 
tribution facilities 

4. Meteorological and hydrologic studies for the determination of re-  
quired reservoir capacity, spillway capacity, required flood-control 
storage and navigation requirements 

5 .  Economic analyses a d  comparisons of hydro vs thermal power 
generation 

6. Hydro power reservoir operation studies to determine the Karnafuli 
Project power potential, and the relation of the project to the future 
power needs of East Pakistan 

7. Surveys of potentially irrigable lands 

8. Investigations of foundations for dam, powerhouse, spillway, Locks 
and tunnel 

9 .  Supervision of drilling and boring to determine foundation conditions 

10. Soil laboratory studies to determine the properties of foundation and 
borrow materials 

I I .  The development of designs and specificaSions for the Karnafuli 
Project after studies of alternates 

12. Preparation of the t'Master Report" based on the completed investi- 
gation with economic appraisal of the results of the various studies. 
The "Master R e p ~ r t ' ~  includes recammendations regarding the com- 
pletion of the Project, with contract drawings, specifications and 
cost estim3tes. 

2.04 SOURCES OF INFORMATION 

Hydroelectric developments on the Karnafuli River have been studied 
since 1906. There are many reports which have been studied and evaluated 
by the Consulting Engineers as described in the "Reconnaissance Reportrc, 
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CHAPTER 

GENERAL DESCRIPTION OF EAST PAKISTAN 

3.01 CLIMATE 

The climate of East f akistan is tropical, with high temperahtres 
and high humidity. There a re  two seasons, the dry winter season from 
October to April and the monsoon season from May to September. The 
monsoons are winds set up by the low air pressure over the heated land 
masses of Asia and the high air pressure over the relatively cooler ocean. 
They are laden with moisture which is precipitated as the air moves in- 
land and is forced upward. The average annual rainfall near the eastern 
boundary ranges from 108 inches at Chittagong near the coast to 439 inches 
at Cherrapunji, located a short distance beyond the northern boundary in the 
hills 28 miles north of Sylhet. The average annual rainfall for the entire 
province is about 76 inches, of which 65 inches falls during the monsoon sea- 
son, High land masses to the east effectively shield the area from violent 
typhaons. Spent typhoons, however, enter the province and undoubtedly cause 
a small part of the annual rainfall. Even during the wet season there axe 
occasional dry periods lasting long enough to damage growing crops and 
serious famines have resulted. On the other hand, n~xch of the Land is flooded 
every summer by the combination of overflowing rivers and direct rainfall. 

3.02 GEOGRAPHY AND GEOLOGY 

East Pakistan (Exhibit 1) consists of the Province of East Bengal. 
The southern edge lies on the Bay of Bengal and the province is completely 
surrounded by India on the land except tfie extreme southeast corner, which 
adjoins Burma for a little more than 100 miles, Nearly all of East Pakistan 
is a remarkably flat alluvial plain built by the meandering and overflow 
of the Ganges, the Brahmaputra, and several smaller rivers. The average 
slope, north to south, is roughly one foot in four miles. Portions of the 
plain a re  covered by jungles and swamps, dong the north shore of the 
Bay of Bengal, delta country extends from 80 to 100 miles inland, with an 
intricate network of sloughs joining the various rivers. The entire province, 
in fact, is laced with a dense network of watercourses and a large part of 
it i s  flooded each year. 

The districts of Chittagong and Chittagong Hiff Tracts form a long 
irregular s t r ip  of land in the extreme southeast that is nearly detached 
from the r e s t  of East Pakistan. Chittagong District is a narrow band of 
flat coastal country along the east shore of the Bay of Bengal. Adjoining 
it on the east, Chittagong Hill Tracts consists of a zone of high parallel 
ridges formed by lateral compression and folding of the sandsiones and 
shales. These ranges of hills reach elevations of more than 2,000 feet, 



but the r ivers  flowing between the ridges and cutting through them have 
very flat grades. The bills are densely forested, game is plentiful, and 
only a small percentage of the hill area is cultivated. 

The capital of East Pakistan is Dacca, located not far from the 
geographic center of the province. The principal port is Chittagong, on the 
Karnafuli River about nine miles from the coast. This is the only port in 
the province that is equipped to handle ocean-going ships. The Eastern 
Bengal Railway owned by the Pakistan Government, connects Chittagong 
and Dacca with other parts of the country and with the Indian railways. 
It has recently modernized its passenger -train service by the introduction 
of new diesel-electric locomotives. The total area of East Pakistan is 
54,000 square miles of which about 60 percent is cultivated. The average 
population density is about 1,000 per square mile. In Dacca District the 
density is about 1,600. per square mile, in Chittagong District about 900 
per square mile, and in Chittagong Hill Tracts District about 60 per square 
mile. 

3.03 PEOPLE 

Most of the 51 million inhabitants of East Pakistan are  engaged in 
agriculture. Because of the flatness of the country and the frequent flooding, 
a large part of the land is suited only to wet-crop farming, rice being *the 
principal cr op . 

The typical farmer of East ~ a k k t a n  is a hard and earnest worker. 
He tends his farm by hand methods and takes pride in neat and orderly- 
cultivation. His fa rm is from two to three acres in size and his family 
consists of s ix  or seven persons. Cottage industries are an important part 
of Pakistani life. Home-spun goods, pottery, and many other home products 
are bartered at the local bazaars. Self-sufficiency is the farmer's way of 
life and comparatively little money passes through his hands. Nine-tenths 
of +he cultivated land is devoted b food crops, mainly rice for family con- 
sumption, and only one-tenth is used for cash crops. A.n important article 
of diet is fish, both fresh and dried or salted. These are taken mostly 
from local streams, although there is some trade in ocean fish. 

Life in the sparsely settled Chittagong Hill Tracts offers a contrast 
to that in the rest of East f akistan. There are comparatively few bottom- 
lands and only a small past of the district is under cultivation. The hill 
tribesmen frequently burn patches of brushland and grow annual crops on 
them fox one or two seasons, after which the land is left to return to jungle 
growth, Many kinds of tropical fruits are grown in the area, There is an 
abundance of wild game and hunting makes up a large part of the livelihood 
of the hill people, Forestry, including the cutting of bamboo for building 
cottages and sungrass for thatching them is a profitable activity. Hardwood 
logs, bamboo, and sungrass are rafted down the Karnafuli to be marketed 



in the lower country, where a large amount of bamboo is used for paper 
pulp. 

A small but rapidly increasing part of the population is employed 
in industrial plants, such as jute, cotton, silk, paper, and fertilizer mills. 
The welfare of these workers is protected by enlightened Labor laws. 

The people of East Pakistan arc outstanding in their energy, seH- 
reliance, and strength to withstand hardships. Religion enters strongly into 
their daily fives and the dominant Moslem faith of the country encourages 
each individual to better the lot of his family and his nation through sound 
endeavor, The average man is intelligent and adaptable to changing condi- 
tions. When employed in industry he quickly becomes a capable skilled 
work-man and he will overlook no opportunity to acquire experience in the 
construction and industrial trades, 

3.04 INDUSTRIES 

Previous to the partition, the prime industry of East BengaL was 
agriculture, virtually excluding all other activities, The situation is much 
the same at fhe present time, with the important exception that the fouda-  
tions for extensive industrialization are now being laid. The Government of 
Pakistan is activeiy fostering the manufactaring industries by planning and 
building pilot plants of various kinds, Shares in these enterprises are being 
sold to corporations and individuals. Established or experimental industries 
include the manufacture of textiles, glass, ceramic products, aluminum 
utensils, leather, soap, cosmetics, drugs, salt, fuel alcohol, furniture, rub- 
ber shoes, buttons, plastic articles, silverware and a number of other 
products. The Government has made extensive studies of agricultural meth- 
ods in order to help the farmers increase their production of food and r aw 
materials. A plant has been built to manufacture ammonium sulfate fertil- 
izer in large quantities at low cost. Agricultural and other technical schools 
have been established. Training groups have been set up to provide instruc- 
tion in the cottage industries, especially the weaving of cotton and silk 
fabrics. 

The focal r aw  matericfs available to the industries of East Pakistan 
are the soil itself and its vegetal produce, Sand and gravel suitable for 
concrete aggregates are found in the vicinity of Sylbet, and clay from which 
brick is made is found in all parts of "&e province. The forests of the 
Sundarbans and Chittagong Hill Tracts supply fuel, timber ior construction, 
wood for match and furniture factories, and bamboo for a paper mill. The 
principal agricultural produce for industry is jute, which before partition 
was shipped to Calcutta for processing. Mbch of the jute is now being pro- 
cessed in recently constructed jute mills such as +chose at Narayznganj 
near Dacca and at Chittagong. Other products of industrial importance are 
cotton, silk, tea, hemp, hides, tobacco, betel nuts, a d  sugar cane, 



Mineral resources, other than sand, gravel, and clay mentioned 
above, are not yet known to exist in commercial quantities or qualities- 
Oil has been found in the Patharia Forest region, but not in su=cient 
quantity to warrant production. Lignite deposits of low quality have been 
located in the Sylhet and Tippera Districts. Except for oil and lignite, it is 
probable that no important mineral discoveries will  be made since the l a d  
is entirely of sedimentary origin. 

The electrical power required for the expansion of industry has 
been supplied u? to the present time by steam and diesel generating plants. 
Both of these depend upon imported fuels, either coal or oil. Some thought 
has been given to the u s e  of local wood for firing steam boilers. It is also 
possible that lignite might be burned in specially designed steam plants, 
The opportunities for bydr oelectr ic power genex ation are limited by the 
topography of the area. Only one river, the Karnafuli, has been found to 
be attractive for power development on a Large scale. 

Although the industrial development of East Pakistan is still in i t s  
infancy, it is progressing rapidly. Business conditions are good and there 
a r e  excellent opportunities for the profitable investment of foreign capital. 

3-05 GENERAL ECONOMY OF PAKISTAN 

Pakistan does not now enjoy an economically balanced trade posi- 
tion. Although almost exclusively an agricultural nation, supplementary food- 
stuffs must be brought in. Practically all of the manufactured goods, ma- 
chinery, and fuels are imported. The principal import commodities, in 
descending order of tonnage, are oil, coal, cereal grains, salt, cement, and 
steel, To ease the pressure of a dense and increasirrg population and raise 
the standard of living of the people, improvement of the foreign exchange 
situation is necessary. 

Looking toward a balanced economy. the Government of Pakistan has 
embarked upon a program to increase agricultural and industrial produc- 
tion. This w i l l  develop the export trade and at  the same time reduce the 
per capita imports of those gocds which can be produced economically 
within the country. The principal export commodity of East Pakistan at the 
present time is jute, of which the province produces three-quarters of the 
world supply. Much of the jute produced in East Pakistan is now processed 
before export and i t  is expected that in years to c o m e  all of it will be ex- 
ported in processed form. Other important items of export a re  tea, sugar, 
hides, cotton, and betel nuts. Plywood, dimension lumber, furniture, paper, 
and- other wood products afford exc elltnt opportunities for increasing the 
export trade. 

Greater industrial activity is increasing the amount of fuel that must 
be imported for the generation of power. Fuel imports can be materially 
reduced and the economic sittiation enhanced by the use of hydroelectric 
power produced in East Pakistan, 



CHAPTER IV 

FIELD SURVEY OF EXISTING AND PLANNED 
POWER GENERATION AND FUTURE CONSUMPTION 

4.01 FIELD ORGANIZATION 

A survey was made by the Consulting Engineers in 1954 to inventory 
all existing electrical installations in East Pakistan, to observe the con- 
ditions mder which the plants operated, and to discuss with various parties 
their needs and plans for future developments. This survey was made en- 
tirely independently of previous investigations. 

The survey group consisted of eight graduate Electrical Engineers 
from the Irrigation Department, Government of East Pakistan, organized 
under the direction of the Consulting Engineers and charged with obtaining 
new field data for a comprehensive power census. The field survey was 
directed and conducted by Messrs. H. W .  Birkeland, J. P. Hawke and L- 
Flutsch for the Consultants, with Mr.  W. Choudhuri, Executive Engineer 
(Electrical). Irrigation Deparimznt, Government of Ezst Pakisun- 

4-02 FIELD SURVEY 

The collection of field data was accomplished by assigning districts 
to the survey engineers. Each engineer was provided with questionnaire 
forms to obtain factual data such as the number, ratings, manufacturer of 
units, fuel consumption, cost of gene ration, consumer load and power factor, 
condition of the plant and equipment, and data for estimating the future 
needs and developments. 

The mechanics of the field survey consisted of visitisg the existing 
generating and industrial plants in all districts of East P a k s t a .  Discus- 
sions were held with the local engineers and rnanagerneot about proposed 
znd probable future demands and developments. In areas where &ere were 
no existing plants, conferences were held with local engineers from other 
departments of the government and with town officials in an effort to de- 
termine their needs and to arrive at the probable demand for electric 
energy, i f  such energy could be made available. 

The Consulting Engineers exercised close control of the field forces 
zf all times and personally visited about 80% of the total installed capacity 
of Ez.st Pakistan and checked the field data. After completion of the field 
survey the Consulting Engineers rechecked the data and found it to be in 
good agreement with the reports of the Elactxicity Directorate of the 
Government of East Pakistan. Their latest available report, however, did 
not include the more recent plants. 



The results of +he field survey presented in this report include data 
on existing generating plants, plants under construction and plants an order. 
The forecasts of power demand and consumption presented herein are based 
on carefully considered data obtained in the survey. The forecasts are 
canservative and can reasonably be expected to take place. As in the case 
with any forecast, they should be reviewed in future years and adjusted for 
additional expansions in industries which have not been considered at this 
time , 

The field survey covered the generating and industrial plants in 16 
districts in East Pakistan, All field data and records of the survey are 
on file in the San Francisco offices of the.Consulting Engineers. 

4.03 EXISTING GENERATING PLANTS 

Full tabulations of all plants visited are listed in Table W -1 and 
fV -2, segregated by district and town. Plants vary from relatively new 
low pressure s t e m  plants to over-age diesel engine units with very poor 
efficiency, The maintenance of diesel plants has been particularly trouble- 
some due to the lack of factory service facilities and import restrictions 
which make it difficult to  obtain needed maintenance parts and materials. 
Many of the plants are obsolete, inefficient or uneconomical to operate, 
and should, in the opinion of the Consulting Engineers, be retired, relocated, 
or placed on standby service when central station power becomes available. 

TABLE IV-1 

District 

Dacca 

EXISTING GENERATING CAPACITIES AT 

Town 

Narayanganj 

Narayanganj 

Nar ayanganj 

Narayangan j 

Narayanganj 

Narayanganj 

Narayanganj 

Name of Plant 

East Pakistan Jute 
Marketing Society 

Olympia Textile, Ltd. 

TcXa Ram Bachraj Co 

Dhakeswari Cotton 
M i l l s  

Bawa Jute Mil1 

Lazarus Go. 

Chittaranjan Cotton 
Mil l  

MAJOR LOAD CENTERS 

INSTALLED G APAG ITY 
Die sel Steam 

Units Units kw - - 



District Town 

Dacca Narayanganj 

Nar ayangan j 

Narayanganj 

Nasayangaaj 

Narayanganj 

Narayangxpj 

Narayanganj 

Narayanganj 
Sorachora 

P o  stogola 

Tejgaon 

Tejgaon 

Dacca 

Dacca 

Dacca 

Munshigamj 

C hittagong Pahartali 

Pahartali 

Sholashahar 

Sholashahar 

Sholashahar 

Chittagong 

Chittagong 

Name of Plant 

Jamal Jute Baling 

Adam jee Jute Mil l  

Ral l i  Sros. 

Kumudini W e l f a r e  
Trust 

Chittagong Elect. 

Gov't Dock Yard 
Narayanganj 

Luxmi Narayan 
Cotton Mil l s  

Sonakunda Baling C o. 

IGN t R l y  Co., Ltd- 

Dacca Flour Mil l  

Nabisco 

Bengal Rubber 
Industries 

Elect. Dixectorate 

Dacca Elect. Stipply 
Co., L?2. 

Engiceering C oLle ge 

Munshiganj Elect. 
S U P P ~  

INSTALLED CAPACETY 
Diesel Steam 

Units & Units h 

M.M.Isp.haniCo.,Ltd- 3 

Brick b Tiles  Co. 2 

DISTRICT TOTAL 

East Bengal Railway 

Ispahani, Ltd. 6 

Amin Jute Mills 3 

Pakistan Oxy. k Acei - 2 

Mouse1 Company L 

Chittagong Elect, b 
Supply 7 

Volkart Bros. 3 

IGN k RSN Co. 2 



TABLE IV - 1 (Continued) 

District Town - 
Ghittagong Chandsaghona 

KarnaftzLi 
Dewanhat 
KaLurghat 
Patia 

Khufna K h d n a  
Khulna 
Rupsa 
Goalpara 
Daulatpu r 

Sylhet Sylhet 

~enchu~anj  
Kulaurz; 
Shaistaganj 
Ghhatak 

Tippera G ornilla 

WSTALLED CAPACITY 
Diesel. Steam 

Name of Plant Units  kw Units kw - -  - - 
Kasnafuli Paper Mill  
Karnzrfuli Proj. 8 
Steel Bros. & Go. 2 
Khan Match Go. 2 

B . O . C .  Co. - 

DISTRICT TOTAL 

Electricity Directorate 7 
M. M. f spahaai 3 
Pakistan Match Factory 4 
Crescent Jute M i l l s  

Khulna Industries 
Mi11 

H e l d  Jute Press 

DISTRICT TOTAL 

Sylhet Electric 
Supply Co . 

IGN & Rly Co. 
East Bengd Railway 
East Bengal Railway 
Assan Beagal 

Cement Co. 
B - O . C .  Pakistan 

Concession 
East Bengal Railway 

DISTRICT TOTAL 

Gcrnil la Electric 
Supply Go. 

Mapamati Military WQ 2 
East Bengal Railway 5 

Srahmanbaria Gov't Elect. Supply 2 
Ghandpur Gov't Elect. Supply 4 

Ghandpur East Bengal Rzilway 3 

Laksham East Bengal Railway 4 

DISTRICT TOTAL 

TOTAL INSTALLED CAPACITY - MAJOR LOAD CENTERS 

XV - 4 



TABLE IV-2 

SUMMARY OF EXISTING GENERATING PLANT IN REMAINING DISTRICTS 

INSTALLED CAPACITY 
K W  

Diesel Steam TOTAL Town 

Kangpur 
Saidpur 
Tesbrnukhghat 

Name of Plant 

Zhimgong Engr. & Elect. 
East Bengal Railway 
East Bengal Railway 

Setabgaj 
Par batipur 

Setabganj Sugar M i l l s  
Electricity Supply 

Bogra Bogra 
Sastahar 

Elect. of Sogra, Ltd, 
East Sengal Railway 

Pabna Pabna 
Sirajganj 
Sirajganj 

Ghat 

Pabna Elect- Supply 
Electricity Supply 

East Bengal Railway 

Rajshahi Chittagong Engr . & Elect. 
North Sengal Sugar M i l l s  

Electric Suppiy 

Ray & Company 
RSN b fGN Engineering 

Workshop 

Mymensingh Mirzapur 
M ymensingh 
Sarishabsri 
Kishorganj 

Kumudini Hospital 
Mymensingh Elect. Supply 
S k  & Go., U d .  
K i s h .  Sugar Mil l  

Faridpur Rajbari 
Faridpur 

Bharat Elect, Co - 
Chittagong Elect. Supply 

Kushtia Kushtia 
Darsanna 

Muhini M i l l s  
Carew Co. 

Jessore Je ssore ElectriciZy Supply C a, 

TOTAL - OTHER DISTRICTS 

lV - 5 



4.04 PLANTS UNDER CONSTRUCTION AND ON ORDER 

The Government of East Pakistan in November 1954 advised that 
delivery had been completed on new diesel generating equipment totaling 
27 ,?Sf kw of European manufacture for the Dacca-Chittagong areas. These 
are low speed units of 640, 870, 1,087 and 1,468 kw ratings and are now 
being installed. Fifteen units totaling 18,432 kw are being installed at 
Siddhirganj and the remaining 10 units totaling 9,325 kw are being installed 
at C hittagoag . 

At the time of the field survey, it was observed that 2,610 kw of 
the above new diesel plant for the Dacca area was temporarily installed 
and operating at the Adamjee Jute Mil l .  The foundations and buildings for 
the remaining diesel units in the Dacca and Chittagong Districts were under 
construction. It is considered that these diesel plants n a y  be in full oper- 
ation by the end of 1955. It was also observed that additional steam units 
fox the Karnafuli Paper Mil l  and the Assam Bengal Cement Company had 
been delivered and were being installed. 

The proposed site for the 30,000 kw steam plant at Siddhirganj was 
also inspected. but no work had been started on the construction of the 
plant. The government has reported that about $940,000 has been paid as 
progress payments to manufacturers of the plant equipment and that delivery 
of the steam plant equipment is expected in 1955. The Consulting Engineers 
would not expect that the plant could be in operation much beiore mid 1957. 

A listing of plants under construction or on order is presented in 
the following Table N-3: 



TABLE IV-3 

District 

Dacca 

C hittagong 

Chittagong 

Sylhet 

Khulna 

Tippera 

Tippera 

Kushtia 

Kushtia  

NEW PLANTS ORDERED, UNDER CONSTRUCTION 
OR AWAITING INSTALLATION 

Diesel Steam Total 
Town Name of Plant Uni ts  kw Units kw 

P I - -  

kw - 
Siddhirganj Elect. Directorate 

C hittagong Elect. Directorate 

Chandl-aghona Karnafuli Paper 

C hhatak 

Goalpara 

Comilla 

Akhaura 

Kushtia 

Hardinge 
Bridge 

Rangpur 

Myrnensingh Mymensingh 

Rajshdhi Ra j shahi 

Rajshahi Gap alpur 

Jessore Jessore 

Mil l  

Assam Bengal 
Cement Go. 

Elect. Directorate 

- M a p a m a t i  Mi l i tary  
hi= 

East Bengal Railway 3 

Mohini Mil l s  1 

Colombo Plant 
Ganges -Kobadak 

C hittagang Engr _ 
& Elect. 1 

Electric Supply G o . 1 

Chittagong Engr . 
& Elect. I 

North Bengaf 
Sugar M i l l s  

Electricity Supply Go. 2 

TOTAL 



4.05 TOTAL INSTALLED AND PLANNED CAPACITY 

The installed capacity in East Pakistan was found to be 55,592 kw 
from plants of various sizes and ages (Section 4.03). In Section 4-04 plants 
under construction or planned will have a total capacity of 86,944 kw. The 
combined capacity of all facilities will therefore be 142,536 kw by 1957. 

4.06 LOAD CENTERS 

The survey shows the greatest power demand falls in the heavily 
populated Dacca-Chittagong areas which are the industrial centers of E a s t  
Pakistan. These csnters have a plentiful supply of labor and easy access 
to a port fur transport of raw materials and finished produrts. It is ex- 
pected that the major development of industries will take place in these 
areas providing there is adequate expansion of generation and distribution 
facilities . 

Certain industries, which are dependent upon geographical location 
of existing raw material a re  of necessity located near the source of ma- 
terials. Industries in this category include: 

Karnafuli Paper Mill - Located in the Ghittagong Hilt  Tracts, the mill 
at present has steam plants capable of supplying its needs for electricity 
and process steam. 

Tea Industry - Major industry in the Sylhet area- The Government 
reports that 24,458 tons of tea were exported during 1952-53. At present 
the process of tea drying is carried out by cod  or oil fuel. 

Cement Plant - Located in Sylhet district near the only knowh major 
source of limestone deposits to which East Pakistan has access. 

Irrigation and Drainage - The present system of agriculture throughout 
East Pakistan is basically primitive and follows practices set down by 
generations of the farmers There is however a large potential for l a d  
reclamation as described in detail in Appendix F. Major schemes or 
proposals are under consideration as follows: 

a- Ganges - Kobadik Scheme formulated by the United Nations Food 
and Agricultural Organization in conjunction with the East Ben@ 
Irrigation Department far development of the delta of the Ganges 
R i v e r  ia the Xushtia. Jessore and Khulna districts. The Colombo 
Plan Administration is erecting a f 0,000 kw steam plant for the 
initial stage of this scheme. 

b. Land Reclamation in Myrnensingh, Sylhet, Dacca, Tippera, and 
Ghittagong Districts - These Districts were selected as the areas 
most susceptible to agricdtur a1 development with the possible 
availability of electrical energy from the KarnaWi  Project. 



CHAPTER V 

DEVEU)PMENT OF AN INTEGRATED POWER TRANSMISSION 
AND DfSTRfBUTIOh' SYSTEM 

5.01 EXISTING POWER FACILITIES 

The transmission facilities presently existing in East Pakistan are 
limited to local networks operating in the immediate vicinity of Dacca and 
Chittagong at 33  and 11  kv, and comprise approximately 20 circuit miles 
of 33 kv overhead system and 30 miles of l l  kv underground cable. There 
are no transmission lines operating at voltages higher than 33 kv in the 
country. 

Distribution facilities are limited to some 230/400 volt, 3 -phase, 
4-wire installations constructed by the electric supply authorities in the 
larger cities. Very little expansion has taken place in the systems which 
are now operating with a demand in excess of capacity. Electric energy 
is simply sot available to domestic consumers in large sections of the 
major cities of the Dacca and Chittagong Districts. 

The present population of East Pakistan is approximately 5 1 million 
persons a d  fie present instalfed and new plant capacity is 142,536 kw or 
2.79 watts per capita. 

By comparison the published data for several other countries show 
an installed capacity per capita as follows: 

POPULATION A N D  INSTALLED POWER OF QTNER COUNTRIES 

Pqdation Installed Wetts 
Country hAjllions Capacity - M W Per Capita 

USA 
Sweden 
Great Britain 
Germany - W e s t  
Japan 
Brazil 
Greece  
Turkey 
Iraq 
Iran 
India 
Saudia Arabia 
fndo-Cbina 
Burma 
China 



Comparing the installed capacity per capita of East Pakistan witL 
that of other nations indicates that the need for development ia East Paki- 
stan is greater than that of most other nations, including such countries 
as Turkey and India, which started late in the development of electrical 
installations, 

Reference tc station log book records indicated that in almost every 
case the peak demand for electric power approximated and often exceeded 
the installed capacity of the generating plant. Discussions wCh operating 
staffs showed that at times of high demand the operating voltage, and in 
the case of small plants, frequency, fell to values below normal. In addi- 
tion to the need for new generating capacity at this time, a dire need exists 
for new installations and extensions of distribution facilities to make avail - 
able energy to consumers who presently desire power. There is a waiting 
list of applications for electric supply at Dacca and Chittagong and for 
some time the Dacca Electric Supply Co, has refused to accept adclitional 
applicants on its large waiting list. 

5.02 TRANSMISSION SY STEAM DEVELOPMENT 

In order that the generating stations shall form a properly integrated 
system, able to supply energy from the most ecohomical source, a system 
of high-voltage transmission lines will ultimately be needed to link the 
major load centers and generating plants. It is expected that the Load will 
develop primarily in the Dacca and Chittagong Districts. As the demand 
for electric energy develops in the Sylhet and Khulna areas and for the 
Ganges -Kobadak Scheme, expansion of transmission facilities will be re - 
quir ed. 

Immediate construction of a transmission system to serve Dacca. 
Chittagong, Sylhet, Khulna and Ganges-Kobadak wouM involve quite a large 
capital expenditure. The tE ing  of the construction of this system is de- 
pendent upon the growth of loads in the areas and upon the availability of 
foreign capital fox development. It does not appear feasible to provide such 
an extensive system at this time. 

The initial installations should be based on p h  for the ultimate 
development in order that the sections of the transmission system initially 
built will ultimately be a part of the over-all development with minor or 
no modification, With the construction of the Karaafuli hydroelectric project 
there would be am immediate need for a transmission line from the dam 
site to the Chittagong and Dacca areas. 

Without the Karnafuli Project there would ;lot appear to be an irn- 
mediate necessity to construct the transmission line between Dacca and 
Chittagong and it may be deferred until the demand f o ~  energy in the two 

areas becomes so large that savings in spare capacity would justify the 



expenditure, This will not occur until the cost of the combined spare plant 
capacity which can be eliminated by the line is in excess of the cost of 
the line. 

The Consulting Engineers are of the opinion that tbe transmission 
system should be expanded in stages as required to meet the development 
of loads and to keep pace with the growing demand for energy. 

The initial stage of development will require the construction of 
trznsrnission facilities linking Dacca with Ghittagong and with the Karnafuli 
Project, Approximately 187 miles of 165 kv transmission line with switching 
statio'rrs "would be required. Because of the relatively large capacity to be 
installed at Karnafuli and the demand for firm power at Dacca, it is pro- 
posed that the line should be designed as a double circuit for ease of main- 
tenance and reliability of operation; but initially constructed witb conduct- 
ors in place for one circuit only. 

As additional demand for firm energy develops in Sylhet and Kbulna, 
the second stage of expansion of the transmission lines would be construct- 
ed consisting of transmissiolc facilities linking Dacca with Hardinge Bridge 
and K h u h  and also Dacca and Sylhet District. Approximately 275 miles of 
additional single circuit 165 kv transmission line would be constructed con- 
current witb the completion of the second circuit from Karnafuli to Chitla- 
gong, when the third hydro unit is placed in service. During this second 
stage the load in the Dacca and Chittagong areas is expected to increase 
substantially. The original transmission circuit from Karnarfuli to Dacca 
and the second circuit from Karnafuli to Chittagong will probably be of 
sufficient capacity to meet the demand for a considerable time, 'It is pro- 
posed that the second circuit from Chittagong to the receiving station in 
the Dacca area be strung as soon as load conditions make such an addi- 
tion desirable. 

The ultimate transmission system may consist of extensions of the 
above lines to include links from Hardinge Bridge and Habiganj (Sylhet) 
with Sirajganj, Bogra and Raagpur, and the instaIlation of the second cir- 
cuit from Chittagong to Dacca, 

Exhibits 2 and 3 have been prepared showing the initial and pro- 
gressive development of the transmission facilities. 



CHAPTER VI 

PRESENT AND ESTIMATED FUTURE PUWER DEMAND 
'IN DACCA AND CHITTAGONG AREAS 

6.01 INTRODUCTION 

Prior to the partition of the Indian Sub-Continent in 1947, the agri- 
cultural products of East Bengal (now East Pakistan) were processed in 
plants located in the Calcutta area. The government has since aided in the 
formation of the Pakistan industrial Development Corporation (P.I.D.C.) and 
the Pakistan Indus tr iai F i ~ a z c z  Ccrp~rzt ian  £0 r rite development of indus - 
tries, to process the agricultural produce of the country and to fill a wide- 
spread demand within the country for consumer goods. Industrial develop- 
ment in East Pakistan has progressed rapidly since the partition, with the 
major expansion taking place in the Dacca and Chittagong areas- Expansion to 
date has been the more remarkable since it has been done in spite of a 
shortage of electric power, with each major industry financing its own 
power plant. The industrial development has been limited only by the avail- 
ability of foreign exchange for providing the necessary plants and facilities 
and not by the lack of demand of products for damestic consumption and 
export. Future development of East Pakistan will undoubtedly be influenced 
by world economic conditions. The estimated power demands and consump- 
tion projected in this report are based on very conservative rates of in- 
dustrial development. 

A s  previously stated, it i s  expected that the initial stage of future 
expansion will be primarily in the Dacca-Chittagong areas. The following 
paragraphs present the existing power situation in the Dacca-Chittagong 
areas and the expected future demand. The loads are considered for the 
jute industry, cotton textile industry, utilities and secondary industries 
and other possible demands. 

6.02 JUTE INDUSTRY 

In 1947 East Pakistan did not contain a single jute spinning mill al- 
though 75 percent of the world crop was produced in the country; in addi- 
tion, the lack of baling presses did not permit export of aU of the crop 
in bales. 

Since 1947 private industrial companies have been formed and with 
the cooperation and assistance of the government, have undertaken the con- 

struction and operation of jute processing and weaving facilities. 



The Consulting Engineers visited the major jute processing plants 
in the Dacca and Chittagong areas. At the time of the survey, 5 jute weav- 

ing mills were in operation with an aggregate number of 2,400 looms, The 
number of looms in each mill are noted below. 

Name of Mill Location No. of Looms 

Adamjee Jute Mil ls  Siddhir ganj 2,000 
Bawa Jute Mill  Narayanganj 100 
Victory Jute Mill Chittagong 100 
Amin Jute Mill Chitta gong 100 
Ghittagong Jute Mfg. Co. Ehlurghat 100 

Total Existing Looms 2,400 

The question of future expansion was discussed with officials of the 
P.Z.D. C. and with prominent persons in private industry. Present plans en- 
visage setting up 6,850 additional looms by 1958 in several areas surround - 
ing Dacca, Chittagong and Cornilla as follows: 

Name of Mill  Location 

Dacca Area 
Adarnjee Jute Mills 
Dada Jute Mill 
Bawa Jute Mill  
Yakub Ahrned Bras 
Dacca Jute Mill 
Zakaria Jute Mill 
Narsingdi Jute Mill 
Lat i f  Bawany Jute Mil l  
Karin Jute Mill  

Chittagong Area 
Amin Jute Mill 
Victory Jute Mill 

Siddhir ganj 
Ghorasal 
Narayanganj 
D u m a  
Dacca 
Tongi 
Nar singdi 
Durnra 
Dumra 

Chittagong 
C hitta go ng 

Comilla Prea 
Hajiganj Jute Mill  Hajiganj 

Additional Looms 

Total Planned Expansion 6,850 

(I) Planned expansion xo l.000 in 1960. 



Expansion beyond 1958 has been estimated as  6 percent per anmm 
of the installation at 1958, except at Hajiganj where it is understood a 
further 500 looms will be installed in 1960. 

The operation of the jute mills and associated processing plants re- 
quire electric energy. It is estimated that the connected load will  be 3.6 kw 
per loom with an additional connected load of approximately 9% for other 
services related to the plants. It is reported that jute mill operation is on 
two 8-hour shifts per day, 6 days per week basis and energy requirements 
have been computed on that basis assuming 90% operation of the equip- 
ment. A Load factor of 50% is assumed for the zdditional services. 

The rate at which the additional looms will be installed and brought 
to operation is dependent upon availability of power supply, labor and fi- 
nance. After the discussion with Pakistan officials the rate of expansion in 
Table VI-1 has been adopted: 

TABLE VZ-1 

Area 

Dacca 
Chittagong 
Cornilla 
Totals 

Dacca 
Chittagong 
Comilla 
Totals 

Dacca 
Chittagong 
Comilla 
Totals 

Dacca 
Chittagong 
Cornilla 
Totals 

Dacca 
Chi t'a go ng 
Comilla 
Totals 

CONNECTED LOAD FOR JUTE INDUSTRY 
Annual 

No, of Connected Energy 
Looms Load Demand 

Installed kw kwh- Millions 



I 6.03 COTTON TEXTILE INDUSTRY 

Prior to partition the whole cotton crop, estimated to be 15,000 
bales annually, was processed in the Calcutta district; cotton cloth and 
yarn being then distributed to East Bengal. It has been estimated that ap- 
proximately 30 yards of textile material are required annually by each 
person. In 1949 the amount available in East Pakistan was 9 yards per  
person and in 1954 it became necessary to ration cloth. There is, accord- 
ingly, a substantial market for cotton textiles. East Pakistan possesses a 
potential labor force to work in what is termed "cottage industries". There 
are many small home-owned looms and an actual demanc? for cotton for 
these industries. 

The P.I.D.C., in cooperation with private industry, is arranging for 
the construction of additional spinning and weaving facilities. The Consult- 
ing Engineers visited the major cotton textile mills in the Dacca-Chittagong 
districts ani nbserved the operations. There were at the time of the survey 
10 major plants in operation as follows: 

Name of Mill Lo cation Spindles Looms 

Dhakeswari Cotton Mills Ltd. No, I Narayanganj 30,440 808 
~Xakeswari Cotton Mills Ltd. No. 2 Narayanganj 2 1,280 5 54 
Chittaranjan Cotton Mills Earayanganj 20,242 2 52 
Luxmi Narayan Cotton Mills Narayanganj 15,628 298 
Olympia Textile Mills Narayanganj 27,400 None 
Bandhab Cotton Mills Ltd. Narayanganj 1,965 None 
Adarsha Cotton and Weaving  Narayarrganj 25,000 145 
Cacca Cotton Mills 
National Cotton Mills Ltd. 
Muslin Cotton Mills 

Dacca 9,500 120 
Chittag~ng 12,975 152 
KaLiganj 44,800 None 

I Total in Operation 209,230 2,329 

The expansion of the industry was discussed with  officials of P-1,D.C. 
and with prominent persons in the industry. It is definitely understood that 

I several mills contemplate expansion and that new mills will be set up, The 
program is not finally planned but the following mills are expected to be 
in operation by the end of 1958: 

Name of Mill Lo cation Spinales 

Dacca Area 

Dacca Spinning Company Tongi 12.500 
Zeenat Textiles Ltd. Tongi 25,000 
Ahrnad Sett Bros, Dumra 2 5,000 
E, P. Provincial Co-operative 
Jute Marketing Society Dumra 12,500 



Name of Mill 

Chittagong Ax ea 
Pakistan Textiles Ltd. 
M. M, Ispahani Ltd. 
Asiatic Cotton Mills 
Messrs- A. K. Khan 

Location Spindf es 

Chittagong 12,500 
Chittagong 12,500 
Chittagong 12,500 
Chittagong 25,000 

Expansion by 1958 137,500 

There is at present a shortage of looms in cornprison with the 
number of spindles for making yarn. It has been assumed that as the num- 
ber of looms is increased the present proportions of horns and spindles 
wi13 be maintained. As a result all of the yarn cannot be made into cloth 
and there wil l  be an excess of spun cotton yarn available for cottage in- 
dustrie s. 

Electric energy i s  required for the operation of the mills and d.e- 
veloprnent is predicated on this energy being made available. It is esti- 
mated that the connected load i s  0.025 kw per spindle and 0.5 kw per loom 
with an additional connected load of approximately 97% for other services 
related to the plant. It is reported that cotton mill operation is OB the 
basis of two 8-bur shifts per day, 6 days each week, Energy requirements 
have been computed on that basis assuming 80% operation of the equip- 
ment, A load factor of 50% is assumed for the additional services, 

The rapidity with which the additional mills can be brought into 
operation is dependent upon the availability of power supply, &box and fi- 
nance. After discussion with Pakistan officials the rate of expansion shown 
in Table VI-2 has been adopted. 

TABLE VI-2 - 
CONNECTED 

Area 

LOADS FOR COTTON TEXTILE INDUSTRY 

b u a f  
Connected Energy 

Number b a d  Demand 
Installed kw kwh-Millions 

Dacca Spindles 
Looms 

196*255 1 6.41 l 
2,177 

Ghittagong Spindles 
Looms 44 1 

Totals Spindles 
Looms 2,329 6,852 



TABLE VI-2 (Continued) 
Connected Energy 

Number b a d  Denrarnd 
Installed kw kwh-Millions 

1 9 5 5  

Area 

Spindles 
Looms 2,22 

Dacca 

Spindles 
Looms 191 581 

Chittagong 

Totals 

Spindles 
h o r n s  2,387 

Dacca 

Chiiiagong 

Totals 

Spindles 
Looms 33*325 1 1,093 32 7 

Spindles 
Looms 2,714 

Spindles 
horns  "'*"' 2,807 1 8,939 

Dacca 

Chittagong 

Totals 

Spindf e s 
Looms 

Spindles 
Looms 346'730 1 11,347 3,484 

Spindles 
Looms 3,080 

Dacca 

C hittago ng 

Totals 

Spindles 
horns 

Spindles 
Looms 384s710 1 12.648 3,822 

UTILITIES AND SECONDARY INDUSTRIES 

At the present time there are many small idnstries in operation 
in the Dacca and Chittagong area-. These industries, individually of smaU 
capacity, constitute secondary industries which are necessary to furnish 
part of the demands of the country generally and of the primary industries. 



The Consulting Engineers visited the plants and observed that in most in- 
stances the owners had installed their own diesel generating equipment and 
that the remaining plants, where energy requirements were low, purchased 

energy from the local utility supply company, 

From the records available, it i s  not practicable to distinguish be- 
tween the energy furnished by the utility supply companies fur domestic 
purposes and the energy furnished for small industry. However, the capacity 
of independent generating plants cf the secondary industries znd rrtiUty sup- 
ply companies has been surveyed and these are listed in Table VI-3. 

TABLE VZ-3 

EXISTING GENEXATING 
INDUSTRLAL PLANTS IN 

District Town 

1. Dacca Narayanganj 
Narayanganj 
Narayanganj 
Nar ayaaganj 
Narayanganj 
Narayanganj 

Narayanganj 
Narayanganj 
Po sto go la 
Tejgaon 
Tejgaon 
Dacca 
Dacca 
Dacca 
Munshiganj 
DauLatpur 
Mixpur 

2.  Chittagong Pabartali 
Pahartafi 
Sholashahar 
Sholasbahar 
Chittagong 
C hittagong 
Chittagong 
CPlittagong 
Dewanhat 
Kalur ghat 
Patia 

FACILITIES OF UTILITY AND SECONDARY 
DACCA, CHITTAGONG AND GOMILLA AREAS 

InstaIled Capacity -kw 
Name of Plant DieseI Steam Total 

Tula Ram BacIvaj Co. 50 
Lazarus Co. C7 
RaUi Bros, 30 
Kumudini W e l f a r e  Trust 640 
Chittagong Elect. 1,600 
Goy't Dock Yard 

Narayanganj Z O f  
Sonakanda Baling Go, 65 
IGN & Rly Co., Ltd. 205 
Dacca Flour Mil l  425 

.SCO Nab: 165 
BengaZ Rubber Zndustrieo 275 
Elect. Directorate 612 
Dacca Elect, Supply Co., Lid, 6,000 
Engineering College 130 
Munshiganj Elect. Supply 32 
M. M. Ispahani Co,. Ltd, 248 
Brick & Tiles  Co. 160 - - 

DISTRICT TOTAL 4,911 6.000 10,9EI 

East Bengal Railway 
k s p a h a ~  Ltd. 
Pakistan Qxy, % Acet- 
Mausel Company 
James Finlay Go., Lid. 
C=ttagong Elect.& Supply 
Volkart Bras. 
XGN & RSN Go. 
Steel Bros. & Co. 
Khan Match Go. 
B,O.G, Co. 

DISTRICT TOTAL 
Ccrmilla Elect. Supply 422 
Moynaznati &Military HQ 30 

DISTRICT TOTAL 452 452 
TOTAL - Dacca, Chittagong, and Cornilk Areas 18,344 



1% is not expected ihat the government will be active participants 
in She devebpment of these secondary industries but will depend upon pri- 
vate industrialists fur establishment and expansion. Governmerzt offic f als 
have, however, expressed the intention of encouraging the Oevefopment of 
the following in&~stries: 

1. Saw mills and allied wood-working plants to furnish brilding mate- 
rials and furniture utilizing timber from the forests in the Chit&- 
gong Hill Tracts, 

2. Tanning and leather working establishments to cure hides and skins 
of which 6,300,000 pieces were exported in 1949. A company is can- 
sidering setting up facilities at Chittagong and Hazaribagh in con- 
junction with the P-1,D.C. 

3. Match industry, The production of matches is an active industry and 
the operators have stated t b t  they intend to increase prodaction 
materially during the next five years. 

4, Brick and tile manufacture. At present this work is carried out 
manually. The demand for the product requires that some rnechaa- 
ization be introduced. 

5. Rubber products manufacture. The production sf bicycle tires and 
footwear is undertaken an a small scale at present. 

6. Chernic 1 manufacture. There is a need for the of phar - 
maceutrcal products and chemical fertilizers. 

7 .  Food processing. Except for a number of small oil and rice husking 
mills and a flour mill in Dacca, there is almast no food processing 
undertaken at present. It is planned to set up cold storage plants 
for fruit, fish and ather perishables as well as additional miUs for 
flour, oilseed extraction and rice husking. 

There is a potential labor force among the people living in villages 
who are mainly engaged in agriculture and have spare time to work at 
home or in village community centers. It is usual practice to set up small 
industrial machinery, such as looms fox cotton textiles, in snitable centers 
and to undertake production. The machinery is very simple and frequently 
hand operated, These industries are, however, a potential de- 
nzand for electric lighting and some small power equipment. 

A tabulation of utility systems and secondary industries showing the 
existing demands and the Consulting Engineers estimates of future deraarrds 
is listed in Table Vf-4, The requirements of the a€iEty systems include 
energy furnished for domestic purposes, for secondary indcstries purchas- 



lng energy and for the small demands of the cottage industries. Secondary 
industries which presently have their independent generating plants have 
been tabulated separately. For the purpose of this report, it has been as- 
sumed that the connected load of secondary industries and the requirements 
of the utility system will, due to lack of facilities, remain constant until 
1956 and then increase at approximately 8 perceat compounded annually 
thereafter. Energy is computed on the basis of 70% diversity and 50% 
load factor. 

TABLE VI-4 

CONNECTED LOADS FOR UTILITY SYSTEMS 
AND SECONDARY INDUSTRY 

Area 

Dacca 

C hitta gong 

Comilla 

Dacca 

Chittago ng 

Corniila 

Dacca 

Chittagong 

Comilla 

Type of Load 

Utility Sy s tern 
Secondary Industry 

Utility System 
Secondary Industry 

Utili ty System 
Secondary Industry 

TOTALS 

Utility Sys tern 
Secondary Industry 
Utility System 
Secondary Industry 

Utility System 
Secondary Industry 

TOTALS 

Utility System 
Secondary Industry 

Utility System 
Seconeary Lndustry 

Utility System 
Secondary Industry 

TOTALS 

Annual 
Connected Energy 

Load Dcrrrand 
kw kwh -Millions 

1954 thru 1956 

8,244 25.28 
2.667 8. L f  

I .  025 3.14 
5,956 18.26 

422 l.29 
30 0.09 

L 8,344 56.23 

L 9 5 8  

9,616 2 9.49 
3.11 1 9.53 

1,196 3-66 
6,947 2 F -30 

4 92 L -50 
35 0-1 1 

21.391 65-59 

1 9 6 0  

11,216 34-40 
3,629 l f  -12 

1,395 4-27 
8,103 24-84 

574 L -75 
41 0-1 3 

24,958 7 6-5 1 



1 6.05 SUMMARY - FORECAST OF DEMAND FOR ELECTFUC ENERGY 

There exists among the primary and secondary industries d sub- 
stantial potential demand for electric energy. A forecast for 'future demand 
requirements has been prepared as shown in Table VI-5, a d  in graphic 
form on Exbibits 4 and 5 .  

This forecast is based on the conservative estimates of the require- 
ments for the primary industries previously described, The demands for 
secondary industries and utilities have been estimated on .the basis that 
their requirements will increase at a rate of 8 percent compounded annually, 

In Table VI-5. the figure of 18,344 kw in 1955 shown =rider the 
heading "Utility System and Secondary ?ndustry" is the btal of the capacity 
existing at present at the electric supply companies in the area and the 
private plants shown in detail in Table VI-3, "Existing Generating Facil- 
ities of Utility and Secondary Industrial Plants in Dacca, Chittagong and 
Gomilla Areas". In each case, it has been assumed that because of the 
present inadequate distribution system no increase will accrue until the 

distribution system i s  improved. The first increase is assumed to W e  
place in late 1957. 

A diversity factor of 70% has beea applied to the *btaf connected 
load to obtain the peak demand load (diversified demand) which is consid- 

- 

ered to be conservative and reasonable. 

TABLE VI-5 

SUMMARY FORECAST OF D E U W D  FOR ELECTRIC ENERGY 
DACCA, CMTTAGONG AND COMILLA AREAS 

1955 1958 r 960 
Annual Annual Annual 
Energy Energy Energy 
Demand Demand Demand 

Connected kwh Connected kwh Coanected kwh 
INDUSTRY Load - kw Millions Luzd - kw Millions Load - kw Millions 

Jut ; 13,436 59.35 35,423 161.03 42.851 188.42 
Cotton Textiles 7,3 14 28-71 11,347 44.55 lZJA8 49.42 
Utility System 
& Secondary 
Iadustry 18,344 56.23 21,397 65.59 24,958 76-51 

Diversified Demand 
D.F. = 0.70 27,400 



TABLE VI (Continued) 
1962 1964 1965 

Annua3 Annual Annual 
Energy Energy Energy 
Demand Demand Demand 

Connected kwh Connected kwh Connected kwh 
UhrDUSTRY Load- kw hllillians Load- kw Millions Load- kw 

Jute & Cotton 
T extile s 62,360 268.59 30,070 301.79 74,090 319-08 

Utility System 
& Secondary 
lndustry 29,120 89.23 33,960 104.07 36,785 112.72 

Totals 9 1,480 357.82 104,030 405.86 L 10,875 43I.80 

Diversified Demand 
D.F. = 0-70 64,000 

1966 r 96s 1970 
Annual Annual A n n u l  
Energy Energy Energy 
Demand Demand Dernaad 

Connected kwh Connected kwh Connected kwh 
INDUSTRY Load - kw Millions Load - kw Millions Load - kw Millions 

Jute & Cotton 
Textiles 78,l LO 336-36 87,160 375-19 97,320 418.83 

Utility System 
& Secondary 
Industry 39.610 121.38 46,200 141.58 53,880 165.15 

Totals L 17,720 457.74 133,360 516.77 L51,200 583.98 

Diversified Demand 
D.F. = 0.70 82,400 

6.06 OTHER POSSIBLE DEMANDS 

Steel Processing Industry - There is a demand for steel products in 
the form of corrugated sheet and Light structural shapes in East Pakistan, 
The P.I.D.C. has under active consideration the constructian of a steel pro- 
cessing plant at Chittagong. The plant would be capable of melting scrap 
and billet and rolling the material to shape. Electric furnaces and rolling 
equipment would be utilized, 

This development is still in the plmnirrg stage, It is assumed that 
the initial operations will be on a small scale and will probably not develop 
to any degree before 1960. 

For the steel industry an allowance as listed on the following page 
has been made in the compilation of demand for energy as a possible load. 



1960 1962 I964 1966 through I970 - 
Connected load - kw 1,000 1,000 3.000 5., 000 
Kwh Millions 4.38 4.38 13.14 2 1-90 

Irrigation and Drainage Pumping - The Consulting Engineers esti- 
mate that it would be practicable for the government to undertake develop- 
ment of the irrigation and drainage schemes in the Dacca and Chittagong 
areas during the period to 1965, approximately as shown in the following 
table. It is considered that the suitable areas in the Tippera district are 
too widespread for inclusion in the initial phases of the development. Pump- 
ing requirements for irrigation and drainage of a typical area are derived 
in Appendix F. 

Area Under Irrigation Connected Load 
Acres kw 

District 1960 1965 1960 1 965 

Dacca - 3,680 - 100 
Chittagong 36,800 1 10,400 1,000 3,000 

Paper Industry - The demand fox paper in the whole of Pakistan, 
based on past imports, is estimated to be between 30,000 and 40,000 tons 
annually which up to 1954 was met by imports. The Government has spon- 
sored the development of the Karnafuli Paper Mills to produce paper from 
bamboo. The manufacturing plant is installed and in 1954 the millwas in 
operation with a daily production of approximately 50 tons of paper. When 
the plant is in full operation, output i s  expected to reach L 00 tons of finished 
paper per day. 

Electric energy is generated in the plant as a part of the production 
of required process steam; an oil-fired pl=t is used. There is sufficient 
plant capacity, totaling 9,000 kw installed at present and an additional 
4,500 kw under erection, to furnish both the required electric energy and 
steam, However, the electric energy production means the consumption of 
fuel. With the planned future expansion of the paper mill it may eventually 
be found desirable to purchase power to slipplement that produced by pro- 
cess steam as is now quite cormnon among the paper mills of the Facific 
Northwest in the United States. 

As the Karnafuli Paper Mill at Chzndraghona is capable at present 
of supplying its own demands for process steam and electric energy, the 
industry is not considered as a possible demand within the immediate fixture 
and has not been included in the studies. 

-a,- 



Summary - The Consulting Engineers are of the opinion that if the 
steel processing industry is set up and if the irrigation and drainage 
schemes are established, they will  create an additional demand for energy 
as shown in Table VI-6 and on Exhibits 4 and 5. This demand wil l  be in 
addition to that forecasted for the primary and secondary industries. 

TABLE VI-6 

POSSIBLE ADDITIONAL DEMAND 
DACCA, CHITTAGONG AND COMILLA AREAS 

In 1960 In 1962 In I 9 6 4  
Energy Energy Energy 
Demand Demand Demand 

Connected kwh Connected kwh Connected kwh 
INDUSTRY Load - kw Millions Load - kw Millions Load - kw Millions 

Steel Processing 1,000 4.38 1,000 4.38 3,000 13-14 
Irrigation & Drain- 
age Pumping 1,000 2-63 1.500 3.94 2.500 6.57 

~ o t a l  2.000 7-01 2,500 8-32 5,500 19-71 

Diversified Demand 
D.F. = 0.70 1,400 

In 1966 In 1968 In 1970 
Energy Energy Energy 
Demand Demand Demand 

Connected kwh Connected kwh Connected kwh 
INDUSTRY Load - kw Millions Load - kw Millions Load - kw Millions 

Steel Processing 5,000 2 1 -90 5,000 21.90 5.000 21.90 
Ir rig.ation & Drain- 
age Pumping 3,700 9 -74 4,500 11.82 5,000 13-14 

Total 8,700 31.64 9.500 33.72 10,000 35.04 

Diversified Demand 
D.F. = 0.70 6,090 

6.07 ESTIMATE OF DEMAND FURNISHED BY THE GOVERNMENT OF 
PAKETAN 

The Pakistan Industrial Development Corporation and the government 
have prepared an estimate of the future derriand for electric energy in the 
Dacca and Chittagong areas. These estimates include the requirements of 
those industries which normally furnish their own power, i.e, paper produc- 



tion, as well as some industries which are located in areas that will re- 
quire initial construction of more extens5rc transmission lines than are 
recommended in this report. Examples of these are the cement plant at 
Chhatak and tea drying. 

The estimate prepared by the government is tabulated below, divided 
into categories as shown, Connected load is stated to be 66 percent greater 
than the demand, 

INDUSTRY 

GOVERNMENT OF PAKISTAN ESTIMATES 

DEMAND KW 

INDUSTRIES NORMALLY FURNISHING THEIR OWN POWER 
OR IN AREAS NOT ECONOMICAL TO SERVE AT THIS TIME 

Paper and Pulp 
Rayon 
Cement 
Tea Drying 

Total Demand - kw 13,000 15,500 4 L,500 
C o ~ e c t e d  Load - kw 21,580 25,730 68,890 

PRIMARY AND SECONDARY INDUSTRIES 

Jute Processing 
Cotton Textiles 
Domestic Consumption 

Secondary Industries 

Jute Pressing and Baling 
Rubber 
Leather 
Brick and Tile 
Match 
Chemical 
Cold Storage and Ice 

Cottage Industries 
Miscellaneous 

Total Demand - kw 
Connected Load - kw 



GOVERNMENT O F  PAKISTAN ESTIMATES (continued) 

INDUSTRIES, THE START OF WHICH, IN THE OPINION 
OF THE ENGINEERS, MAY BE DELAYED 

Steel Processing 
Saw Mills 
Flour Mills 
Irrigation Pumping 
Miscellaneous 

Total Demand - kw 900 5,150 12,000 
Connected Load - kw 1,494 8.549 19.920 

6-08 COMPARISON OF DEMAND FORECAST BY CONSULTING ENGINEERS 
AND ESTIMATE FURNISHED BY THE GOVERNMENT 

A summary comparison of the demands for the primary and second- 
ary industries as estimated by the Government of Pakistan, and as forecast- 
ed by the Consulting Engineers is listed a5 follows: 

Estimate of Total Primary and Secondary Power Demands - kw 

Government Estimates 37.205 51,860 66,370 87,130 
Consulting Engineer' s Forecast 27,400 48,400 56,300 7'7,600 

For the purposes of this report, the lower conservative forecast of 
demand for electric energy will be used herein in determining the repuire- 
ments for generating capacities. 

6.09 INSTALLATIONS REQUIRED TO MEET FORECASTED DEMAND 

Chapter IV of this report has set forth the results of a survey of 
the existing generating plant in East Pakistan. In this chapter, the present 
and the future demands are predicted. This section sets forth the relation- 
ship between present demand and available capacity and between forecasted 
demand and capacity for the next 15 years in the Dacca-Chittagong-ComiUa 
areas. 

The field survey determined that there are generating capacities in 
the areas as follows: 



Existing Generating 
Capacities at Time 
of Field survey(') 

Additional Generating 
Capacities Upon 

Completion of Remaining 
New Diesel Plant@) 

Dacca Area 15,822 kw (Does nut include 
2,6 10 kw instaled 
at Adamjee Jute 
Mill or the pro- 
posed 30,000 kw 
Steam Plant) 

Chittagong Area 

Cornilla Area 

Totals 

7,673 kw (Does not in- 
clude 9,000 kw 
Steam Plant at 
Paper Mill) 

9,325 kw (Does not include 
4,500 kw Steam 
Plant at Paper 
Mill) 

A total of 54,954 kw of capacity will  thus be installed in the area 
by the end of 1955- Excluding 3,000 kw of steam plant at the Dacca Elec- 
tric Supply Co. and the 2,610 kw diesel plant at the Adarnjee Jute MiU as 
shown in Table XV-1, this figure includes 23,868 kw of existing plant in 
non-interconnected systems, most of which are obsolete, inefficient or un- 
economical in operation or in poor operating condition and require replace- 
ment or retirement. 

The figure of 54,954 kw of generating capacity represents the in- 
stalled capacity and not the capacity available to supply the demand. Zn a 
non-interconnected tberrnal system some spare capacity is usuaLky required 
ill thermal plants to provide for maintenance and operational purposes, 
but this spare capacity in one plant is not available to meet the demand 
for additional capacity in another area. 

Wherever peak demand approaches the installed capacity the older 
units are of necessity kept in service. It is estimated that two or three 
years will elapse before the distribution system in the Dacca and Chitta- 
gong areas will develop to a point where the obsolete plants can be re- 
tired. It is therefore assumed that the obsolete and inefficient plant is re- 
tired over a period of 5 years after 1958. 

('1 Included in Table N-3 



Table VI-7 shows the conservative forecast of demand and the avail- 
able installed capacity which has been estimated for the next IS years on 
the very optimistic basis that 90 percent of the aggregate installed capac- 
ity, including the small non-interconnected units, will be available for 
meeting the demand. It is likely that the available capacity for meeting 
the demand wil l  be substantially less than that shown in the tabulation. 

TABLE VI-7 

Dacca-Chittagong-CornilIa Areas 
Forecasted 

Year  Ending 

1955 
l956 
1958 
1960 
1962 
1964 
1965 
1966 
f 968 
1970 

Forecasted 
Demand kw 

27,400 
35,500 
48,400 
56,300 
64,000 
72,800 
77,600 
82,400 
93,400 

106,000 

Aggregate C apacity 
of Existing and 

Delivered Plants(l) 
kw 

Available 
Capacity 

kw 

Requirements 
For New 
Capacity 

kw 

(1) Does not include the 30.000 kw steam plant projected for Dacca nor the plant at Kamafdi Paper h4iU 
comprising 9.000 kw plus 4,500 kw now being installed. 



ECONOMI[C ANALYSIS 

N T  RODUCTION 

The expansion of generating capacities requirzd to meet the demand 
for electric energy can be accomplished by various schemes. The con'- 
sulting Engineers have studied expansion by means of steam and diesel 
plants as well as hydro and thermal combinations. From these studies, 
two schemes were developed worthy of detailed analysis: 

Scheme 1 - - Thermal plants totaling 75,000 kw at Dacca and 
Chittagong with no initial system interconnectior;~ between the 
two areas. 

Scheme U - Karnafuli Project of 80,000 kw capacity connected 
via Ghittagong with a 165 kv transmission line to a 15,000 kw 
thermal plant at Dacca. 

Economic comparisons of the two schemes have been made on the 
sinking fund principle in accordance with the Federal Power Commission 
(USA) procedures for such studies. A s  an additional factor of conservatism, 
the years 1960 and 1965 were selected for comparison which are prior to 
the predicted maximum utilization of Karnafuli power. A s  previously state& 

a very conservative forecast of demand has been arrived at which indicates 
a demand of 56,300 kw in 1960 and 77,600 kw in 1965. The capacity and 
energy generation of the non -interconnected 211 -therrn al system, Scheme I,, 
has been computed sn the basis as shown in Table VXI-I, 

TABLE VII-1 

CAPACITY AND DEMAND FOR NUN-KNTERCONNECTED 
ALL-THERMAL SYSTE-M - SCHEME 1 

In Year l960 
System Demand Plant 

Energy Generatha 
Peak kwh Capacity Net kwh 

Location kw Mil l ions  kw Millions 

C hittagong 11,870 60 -84 

Total 56,300 315.55 

CorniUa included with Dacca, 



m Year 1965 
System Demand Plant 

Energy Generation 
Peak kwh C apac it y Net kwh 

Location kw Millions kw Mill ions 

Chittagong 16,800 85.43 25,000 81 -6 

Total 77,600 431 -80 l 0 5 , O O O  443.6 

Comilla included with Dacca. 

Assuming the same system demand, the capacity and energy gener- 
ation of the hydro system with sufficient thermal support at Dacca to pro- 
vide energy during line outages is as shown in Table VZI.-2- 

TABLE VII-2 

CAPACITY AND DEMAND FOR HYDRO SYSTEM 
WITH THERMAL SUPPORT - SCHEME I1 

In Y e a r  I960 
System Demand Plant 

Energy Gerrer ation 
Peak kwh C opacity Net kwh 
kw Millions Millions 

Hydro 80,000 294.0 
56,300 315.55 

Thermal 
Support 15,000 30 -0 

Total q5,OOO 324.0 

In Year 1965 
System Demand Plant 

Energy Generation 
Peak kwh 
kw - Mill ions 

Capacity N e t  kwh 

Hydro 80,000 41 3.6 

Thermal 
Support 15,000 30 ,Q 

Total 95,000 443-6 

VIL - 2 



fn the analysis of either scheme, the cost of providing the necessary 
network of distribution facilities at the load areas has been assumed to be 
the same for either scheme and is excluded from the comparison. 

7.02 ANALYSIS OF SCHEMES I AND 1l 

Scheme I - MI-Thermal System - The estimated capital costs of 
thermal plants for the Dacca and Chittagong areas have been computed irr 
Appendix A as $17,175,000 for the year 1960 and $24,045,000 far 1965, 
The estimates are based an modern steam plants and include cost of equip- 
ment, land and buildings, oil handling and storage facilities, import dutses 
and taxes, interest during construction and engineering and construction- 

Large modern central station steam plants operate on steam pres- 
sures in the order of L ,100 to 1,400 p s i .  Operating conditions in East 
Pakistan do not lend themselves to use of such plants, F a r  ease in oper- 
ation and maintenance, plants operating with lower steam pressures in tlze 
order of 600 psi have been assumed for East Pakistan at some sacrifice 
in the over-dl efficiencies as compared to operation at higher stearn 
pressures. 

The computations of costs  have been assumed to be for modern 
steam plants but in actual fact, will undoubtedly consist of the existihg 
plants augmented by additional plant. The older existing plant is less ef- 
ficient than modern plant and will definitely result Sin higher operating costs 

and additional maintenance costs .  However, in order to be conservative, 
it has been assumed that the costs will not exceed those of a modern plant, 

The annual cost of operating the all-thermal system based on a life 
expectancy of 20 years has been computed in Appendix A for the capacity, 
demand and generation as shown in Table VXX- 1 and is summarized in 
Table VII-3. 



TABLE VII-3 

SCHEME I. - ALL-THERMAL SYSTEM 
ANNUAL COSTS IN MILLIONS OF DOLLARS 

In 1960 In 1965 
Foreign Pakistan Foreign Pakistan 

Currency Currency Currency Currency 

Interest 0.660 0.139 
Sinking Fund 0.399 0.141 
Operation 0.197 0.i97 
Maintenance 0-1 10 0.110 
Fuel-Dacca 2.177 1.310 
Fuel -C hittagong 0.515 - 0.096 - 
Sub-Total 4,058 1.993 

Total Annual C o s t s  6,051 MiUions 8.328 Mitliotls 

Energy to Consumers, 315.55 
Millions kwh 

Net valuation per $0.0192 
kwh sold 

Scheme XI - Hydro System with Thermal Support - In the analysis 
of the hydro system with thermal support, the capital and zmnua3, costs of 
each of the following individual features comprising the sch-e have been 
&?mputed in Appendix B, and consist of: 

a. 15,000 kw thermal plant for support of 
Xarnafuli Hydroelectric Project 

b. 165 kv transmission line 

c, Receiving stations. 

Based on the same assumptions as given in the analysis far the all- 
thermal system, and as computed in Appendix B, the estimated capital cast 
of a 15,000 kw thermal plant is $3,435,UOO. The annual cost of this plant 
generating an assumed 30 million kwh during Line outages for the years 
1960 and 1965 are summarized in Table VZI-4 which follows. 

The thermal plant will  probably be a combination of s t e a m  and 
diesef units. The exact proportions of steam and diesel cannot be known 
at this time and will be determined by a detailed physical inventory. and 
economic analysis at the time of completion of the Karnafuli  Project, For 



the purpose of the computations it has been conservatively assumed that 
the got& annual expenditures per kwh of such diesel plant as is retained 
will be the same as that of stearn. 

TABLE VII-4 

SCHEME II - ANNUAL COSTS 
IN MILLIONS OF DOLLARS FOR SUPPORTING THERMAL PLANT 

Interest 
Sinking Fttnd 
Operation 
Maintenance 
Fuel (Dacca) 

Foreign 
Guxrenc y 

0.132 
0 .O8O 
0.039 
0.010 
0.249 

0.510 

Pakistan 
Currency 

0,028 
0 -028 
0,039 
0.010 
0.150 

0 -255 

Total Annual Cost 0.165 Millions 

The Karnafuli Project comprising an earthfill dam, spillway, diver- 
sion dam outlet tunnel, navigation locks and powerhouse with M e  structure 
is described in detail in f art I V  of this report. The estimated capital cast 
of these features is presented in Appendix B for the initial deve10prnent of 
a three-unit power plant w i ~  two units installed. The capital cast, which 
includes land compensation, mane y already spent with interest, co~~stxuctiatk 
costs, interest during construction, contractor s fee, ccmtractor ' s coatin- 
gencies, import duties, taxes and engineering contingencies is $72,  I 3I ,000. 

The annual costs for the K a r n a f d i  Project in the years chosen 
would be as sham ia Table VIf -5 which fdlaws: 

SCHEME U - ANNUAL COSTS 
IN MILLIONS OF DOLLARS FOR KARNASUU 

Foreign 
Currency 

Interest 1-698 
Sinking Fund 0 -290 
Operation and Maintenance 0.109 

Sub-Total 2 -097 

Pakistan 
Currency 

f ,336 
o -307 
0 - 394 

2 -037 



The hydra system will require the construction of a transmission: 
fine between Karnafuli, Chittagong and Dacca. The design has been studied, 
and for the pmposes of this report, a 165 kv transmission line of modern 
desigrr Bas  been selected and has been shown on Exhibit 2. The line would 
be constructed initially for a single circuit, with provisions for a secod 
circuit on the same tower. The proposed single circuit line augmented with 
a synchronous condenser at Dacca will be required to transmit 80,000 kw 
from the hydro plant, delivering 20,000 kw at Chittagong and 60.000 kw at 
Dacca. The initial circuit is capable of transmitting 80,000 kw the full 
distance to Dacca with line losses and regulation within commercial f'irnits. 

It is  considered that the line between Chittagong and Dacca will be 
constructed to run first from Chittagong north, parallel to the road system 
in the Hilda Valley, then crossing the coastal range of hills to Feni. This 
route, instead of following the railway and main road to Feni, avoids the 
unfavorable effects of salt-laden air and high winds, fn general, it is as- 
sumed that the towers would be located on relatively high ground wherever 
possible out of flood waters, and in areas subject to flooding, the foundations 
would be extended to an elevation above normal flood stage.  

It is contemplated that the line wi l l  be aluminum conductors, steel 
reinforced, supported by disc type suspension insulators and strung on 
double circuit steel towers of lattice construction with a continuous ground 
wire placed to effectively shield the line conductors from direct lightrbg 
strokes . 

It is reported that the permanent material far the transmission line 
wil l  be furnished by the Canadian Government as aid under the Colombo 
Plan, However, for the purpose of making arz economic comparison, it has 
been assumed that cost of the transmission is chargeable to Scheme 11. 

Construction and operation of the 145 kv transmission line requires 
the constxuction of switching and transformer stations. The initial devefop- 
ment would require switching and transformer stations at Chit tagoag and 
Dacca- Each station would include high-voltage switchgear, transformer 
units and sufficient medium -voltage switchgear to adequately control the 
distribution of energy from the station. It is estimated that a receiving 
station having a capacity of 75,000 kva would be required at Dacca and one 
having a capacity of 37,500 kva at Chittagong. 

The exact arrangement of the stations has not been determined but 
it is contemplated that air blast or oil circuit breakers will provide con- 
trol of the lines and transformer banks. Transformers m a y  be of the ail 
filled type, single or three phase units depending on the existing transpor- 
tation and clearance limitations. The secondary voltages would be chosen 
to coordinate with existing installations or distribution systems in so far as 
practicable. 



A t  Dacca there would be a synchronous conaenser ro zurnlsn reacnve 

kva, improve regulation and reduce line Losses. Preliminary estimates show 
that a condenser having a capacity on the order of 10,000 kva would be 
required. 

An industrial development is planned at Hajiganj and this can readif y 

be supplied with energy by a transformer station located at Cornilla; serv- 
ice can also be furnished to the town at that point. It is estimated that a 
station with a capacity of 6,000 kva would be required in the Comilfa area. 
The receiving stations would be linked into the existing and expanded dis- 
tribution system. 

From Appendix B, the transmission line, receiving stations and 
synchronous condenser are estimated to cost $ 1  1,361,000 including land, 
duties and interest during construction. 

The annual costs for the transmission line and receiving stations 
in the years 1960 and 1965 based on a life expectancy of 35 years would be 
as shown in Table VII-6.  

TABLE VII-6  

SCHEME n - ANNUAL COSTS IN MILLIONS OF DOLLARS 
FOR TRANSMISSION LINE AND RECEIVING STATIONS 

In 1960 
Foreign Pakistan 

Currency Currency  

Interest 

Sinking Fund 

Operation and -Maintenance 

Sub-Total 

Total h u a l  Cost 0.781 Millions 

The total annual cost of Scheme n, hydro system with thermal sup- 
port and navigation locks is summarized in Table VU-7-  

VII - ? 



TABLE VII-7 

SG)I[EME n - HYDRO SYSTEM WITH THERMAL SUPPQRT 
TOTAL ANNUAL COSTS IN MILLIONS OF DOLLARS 

15,000 kw Thermal 
Plant 

Earnafuli Project 

Transmission Line 
and Receiving 
Stations 

Sub-Totals 

Total Annual Costs 

G r o s s  Generation, 
Million kwh 

Energy to Goasumers 

Net Valuation per kwh 
sold (Based on life 
expectancies of 
system) 

In 1960 kt 1965 
Foreign Pakistan Foreign Pakistan - 

Currency Currency Currency Currency 

5 -680 Millions 

The Government of Pakistan according to recent indications is con- 
sidering deferring the construction of the navigation locks and providing 
temporary materials handling equipment to transfer cargo past the dam. 
If the construction of the navigation locks is deferred, there would be a 
reduction of the capital costs of the Karnafuli Project. The capital costs 
for Scheme XIa, hydro system without the navigation locks, have been corn- 
puted to be $65,636,000 in Appendix C . 

Elimination of the navigation locks with the lower annual costs of 
Scheme IIa as computed in Appendix C will result in a more favorable unit 
cost per kwh as shown in Table VII-8- 



SCHEME IIa - HYDRO SYSTEM WITH THERMAL SUPPORT 
TOTAL ANNUAL COSTS W MILLIONS OF DOLLARS 

(Navigation Locks not Included) 

In 1960 
Foreign Pakistan 

Currency Currency 

15,000 kw Thermal 
Plant 0.510 0.255 

Karnafuli Project 1.908 1.856 
Transmission Line 

and Receiving 
St ations 0-527 - 0.254 

Sub-Totals 2.945 2.365 

In 1965 
k'oreign Pakistan 

Currency Currency 

Total Annual C o s t s  5.310 Millions 5 -3 1 0 Millions 

Energy to Consumers, 
Million kwh 31 5.55 

Net valuation per kwh 
sold (Based on life 
expectancies of 
system) $0.0168 

7.03 COMPARISON OF SCHEME I AND SCHEME II, 
ON SINKING FUND BASIS 

The annual cost of generation for the all-thermal system, and the 
hydro system with thermal support has been computed on the sinking fund 
depreciation basis. The results are summarized as follows: 

Hydro System Hydro System 
with Thermal with Thermal 
Support (with Support {with- 

navigation out navigation 
All -Thermal System locks) locks) 

Scheme I Scheme U Scheme IIa 

Total Annual 
Costs - Millions 
of Dollars 6,051 8.328 5-680 5.680 5.310 5-310 

Foreign Currency 
Requirements 
- Millions of 
Dollars 4-058 5,595 3,134 3,134 2,945 2,945 

Net valuation 
per kwh sold $0.0192 $0.0193 $0.0180 $0,0132 $0-0168 SO-OL23 



Scheme 1 is based on thermal. plants located at load centers rn m e  

Dacca-Chittagong areas, and for purposes of comparison, it was also as- 
sumed that small thermal plants would serve the Gomilla area without re- 
quiring transmission lines and that the cost of generation is the same as 
for the larger stations a t  Dacca. 

Scheme I1 consists of the Karnrrft~li f roject with 15,000 kw of sup- 
porting thermal plant in the Dacca area with a 165 kv transmission line 
from Karnafuli to Chittagong and Dacca-Narayanganj, complete with neces- 
sary switching stations, 

In computing the cost of power fur Scheme 11, all costs of the 
Karnafuli Project have been charged to power production. This very con- 
servative procedure represents the outside or maximum cost of hydro- 
electric power. 

The cost of power for Scheme ff is 32% less than that for Scheme f 
when computed in the above conservative manner. Actually the Karnafizli 
Project is an exceptionally attractive multi -purpose project. The savings 
in foreign exchange will be $2,461,000 for the year 1965. 

7 -04 OPERATION AND DEBT SERVICE EXPENDITURES - HYDRO SYSTEM 
WITH THERMAL SUPPORT AS RECOMMENDED 

It is assumed that the currency requ~rernents for execution of the 
Karnafuli Project and its associated features will be borrowed. In order 
that all debts be amortized and interest payments met, sufficient revenue 
must be raised to cover bath operation and debt service. 

For the purpose of determining the required revenue to cover both 
operation and debt service, the hydro system with thermal support is as- 
sum-zd to consist of the Karnafuli Project. a thermal plant in the Dacca 
area, a transmission line from Kaxnafuli to Dacca via Chittagong, receiving 
stations at Chittagong. Dacca and ComiLla, a synchronous condenser located 
at the Dacca receiving station, and distribution facilities to connect with 
the loads in each area. 

The present existing distribution facilities must be augmented to 
serve the mafar consumers as estimated in the forecast of power demand 
and consumption. Exhibit 2 sets forth the existing high voltage distribution 
system and shows the extent of the proposed new feeders operating at 33 kv. 

In conjunction with the above distribution system additional step- 
down substations wi l l  be required at local load centers to transform energy 
to 3.3 kv and 230/400 volts and some low voltage Oistributioa lines, This 
will mike energy available to the smaller industries and will enable in- 
dustrie s which have private plants to be connected to the distribution sysgern 
without excessive cost. 



a aezailea ccornpuzanoa 01 rne annual expenairures ror operauon anu 

debt service have been made in Appendix D and includes expenditures for 
the Karnafuli Project, 187 miles of 165 kv transmission line, receiving 
stations, synchronous condenser, 84 miles of single circuit 33 kv distribu- 
tion line, seven 5,000 kva substations and 40 miles of low voltage (3,300 
and 2 30 / 400 volt) distribution line of overhead open wire construction. 

The computations were made on the following basis: 

a. All foreign currency loans are amortized in level annual payments 
over 20 years at 5% interest compounded semi-annually. All local 
currency loans bear 3-1 12% interest compounded semi-annually, and 
are amortized in level annual payments over 50 years except the 
loan for the thermal plant which is amortized in 20 years, 

b. Operation and Maintenance - the same as computed for the sinking 
fund analysis . 

In summary, the annual exgenditures for the hydro system, includ- 
ing a distribution system will be: 

Annual Gosts 
In Millions of Dollars 

Foreign Pakistan 
Currency Currency Total 

Karnafuli Pxoject 
(with Navigation Locks) 

Transmission Lines and 
Receiving Stations 

Di stributkon System 0.123 0.058 0.l81 

1 5,000 kw Thermal Plant 

TOTAL ANNUAL EXPENDITURES 4.167 2 -574 6,741 
(In millions) 

Energy to Gonsumers, Million kwh 

Minimum Average Return Required 
per kwh Sold (Based on 
Amortization of loans) 



In order to  make the Karnafuli Hydroelectric Project  self- liquidating 
a minimum average return will be required of 2.14 cents per kwh sold in 
1960 and as the demand for energy increases, the minimum return required 
will reduce to  1-56 cents per kwh sold in 1965. 

The present rates for energy in East Pakistan are about 5 to 8 cents 
per  kwh for industrial power and heating, and about 11 to  15 cents per kwh 
for domestic lighting and appliances. Regardless of whether an all-thermal 
system or a hydro system is ultimately chosen, there are additional poten- 
tials for development of industries and expansions in the use of electric 
energy for domestic purposes with the availability of energy at a lower 
ra te  than presently exists. 

The sale of hydroelectric energy has the advantage over the all- 
thermal system in that, a t  the end of the amortization period, all foreign 
loan payments and interest payments would cease yet the economical life 
of the hydro s tructures  would continue for at least another thirty years. 
For  the all-thermal system the foreign currency expenditures for fuel would 
continue into the future, with the probability that the economically useful 
life of the thermal plants would be much less than that of the hydro. 

7 -05 SUMMARY AND RECOMMENDATIONS 

In Section 7.03 it has been shown that the Karnafuli hydro system 
with thermal support is the most economical means of meeting the power 
demand in East Pakistan. For the year 1965 power costs for this system 
were found to be 32% lower than those produced by an all-thermal system 
and the annual savings in foreign exchange would be $2,461,000. Savings 
will be even greater in later years when the power consumption increases, 
and in the event the construction of the ~avigat ion locks is deferred there 
will  be an additional saving. 

The economic effects of deferring the construction of the Karnafuli 
Project have been considered and it has been found that it wil l  be uneco- 
nomical to defer the project. 

The annual charges for operation and debt services have been pre- 
sented in Section 7.04 and it was shown that the power rates necessary to 
raise the required revenue will be substantially lower than existing rates. 

Based on these analyses and the detailed investigations elsewhere 
in this report the following recommendations a r e  made: 

Fir st: Immediate completion of the Karnafuli Project, Since founda- 
tion conditions are difficult and construction proced-ares important for sac- 
ce ssiul completion, the preparation of detailed corrstruction drawings and 

field supervision should be in charge of qualified engineering orgaizati0n.s 



experienced in projects of this type. The construction of this project, ror 
reasons of safety and economy, should be in the hands of an experienced 
construction o r  ganiaation . 

Second: Initial installation of two 40,000 kw units in the KarnaEuli 
power plant with space provided for a third unit- f roject layout should 
rcserve space for a future additional power plant when required. 

Third: The final surveys and engineering design of the necessary 
transmission lines, switching stat ions and distribution systems should be 
initiated immediately. 

Fourth: Sufficient existing or  new thermal plant with 15,000 kw 
capacity sbou% be provided in the Dacca area for standby and support of 
the Karsafuli Project. 

Fifth: The first stage of the necessary transmission and distribution 
system should be .  constructed with completion timed to be available for 
service when the first unit of the Karnafdi power plant is in operation. 
This would include switching stations and the f 0,000 kw synchronous con- 
denser required at Dacca, 

Sixth: The installation of the 30,000 kw steam plant projected for 
installation at Dacca should be reviewed with consideration given to install- 
ing part or all of this capacity at other locations in East or West Pakistan 
where a greater need for thermal power may exist. 

Seventh: In areas beyond the limits of the transmission and distri- 
bution system herein proposed, it is recommended that power requirements 
up to 2,000 kw be supplied by low or intermediate speed diesel units. 
W h e r e  the demand exceeds 2,000 kw, steam plants should be considered. 

Eighth: The third generating unit should be installed as soon as 
justified by the power demand, which is presently estimated to be in 1968. 

Ninth: The extensions of the transmission and distribution systems 
should be done as rapidly as the load growth justifies and as financial 
resources permit. 

VII - 13 



PROJECT STUDIES 

8.01 GENERAL 

History - The f ir  st engineering inve stigation of the hydroelectric 
power potential of the Karnafuli basin was a brief reconnaissance made in 
1906-07. This was followed by Grieve's study and report in 1923 which 
recommended the Barkal site. 

The partition in 1949 resulted in the Barkal dam site being located 
in East Pakistan but with a large part of the reservoir extending beyond 
the boundary into As sarn . Due to the difficulty in obtaining reservoir lands 
beyond the boundary the Barkal site is no longer considered practicable 
for development by the Government of Pakistan. 

The Merz Rendel Vatten (Pakistan) Report in l950 recommended a 
concrete buttress dam at Chilarddk. The Government of Pakistan did not 
fallow the above recommendation because it was considered that a dam at 
Ghilardak would not properly develop the power potential of the Karna- 
R i v e r  and because suitable construction materials were not available near 
the site, 

The Irrigation Department, Government of East Pakistan studied in 
1950-5 1 dam sites further downstream at Kaptai and Chitmaram. Far 
reasons which will be subsequently stated the Kaptai site was adopted and 
work has been underway at this site since 1952. 

Present Status - The preliminary work for the Karnafdi Project at 
Kaptai has been substantially completed and construction of the project i s  
underway- By July 1954 approximately $8,29T,OUU had been spent in pur- 
chasing construction equipment and in performing the fallowing described 
work: 

1. Site clearing 

2 .  Construction town, complete with permanent masonry family housing, 
office buildings, and school buildings; also water, electric, and 
sewage systems 

3- Construction shops and warehouses 

4. Paved village streets and storm drains 

5 -  W a t e r  supply reservoirs 



I' 6 ,  Soils Laboratory complete with equipment 

'I. Construction equipment - 39 Enclid trucks, 3 Euclid loaders, 2 - 
54B Bucyrus Erie crane-shovel combinations, 7 - 300 cfm air 
compressors, 9 Caterpillar D-8 tractors, 1 - TD -9 Lnternationd 
tractor, and su2porting tools and equipment 

8. Supply of construction materials including brick, steel, and cement 

9 .  Reservoir and dam site surveys 

10, Foundation and borrow drilling and testing 

I 1, Diversion of the river through diversion channel 

12. Upstream cofferdam 

1 3. Spillway excavation (partial) 

14. Excavation for dam foundation 

15. Access road - Karnafuli site to Ghittagong (in progress) 

16. Special engineering work requested by Consulting Engineers (stream 
gaging, soils explorations and laboratory tests). 

8.02 SITES CONSIDERED 

Barkal - The Barkal site is situated about 18 mikes below the 
international boundary- It affords the best foundation to be found along the 
river. However as previously stated much of the reservoir extends beyond 
the international boundary into Assam and the Barkal site is no Longer 
considered practicable. 

Ghilardak - The Chilardak site situated about nine miles upstream 
from Rangamati was investigated in considerable detail in 1949-50. 

The Consulting Engineers examined this site in April 1954 and found 
its topography to be reasonably satisfactory. Howevex, there are certain 
disadvantages. Whereas the site is favorable for a dam in that the river 
is confined in a narrow channel with steep hills on both sides, it is so 
restrictive that construction would be very difficult. W i t h  the project con- 
sidered as a multi-purpose one, that is for power, flood control, and 
navigation, it becomes a serious problem to provide space for the necessary 
features. The large amount of excavztion required would add greatly to 
the cost of the job. 



The abutment and foundatron conditions were iouna to oe acrequare, 
The left abutment was composed of alternate thick bands of shale and 
sandstone. Intense folding and faulting was evident and the orientation of 
the beds ranged from vertical to nearly horizontal. In the upper inspection 
gallery the rock was found to be thin-bedded, dark grey, medium-hard 
shale with soft partings. The right abutment was composed largely of soft 
sandstones, With the abutment conditions as found, an earthfill. dam 
appears best suited to this site. 

East Pakistan will require a much greater block of power than cirn 
be generated at this site. A site with a greater reservoir capacity and 
additional inflow would obviously be more effective for both power production 
and flood control. 

A particularly difficult problem would be encountered in transporting 
materials and equipment to the site. A good all-weather road from 
Chittagong, adequate for heavy transport, would be very expensive bath to 
construct and maintain. Transportation by water would require dredging of 
the upper reaches of the river. 

Chitmaram - The Government's engineers in f 950-51 investigated 
the Chitmaram site, located between Chitmaram and Chandraghona, bnt 
abandoned it after preliminary surveys and explorations. 

The site was examined by the Consulting Engineers in April and 
May 1954, and it was found that topographically it is similar to the Chilard* 
site although it provides somewhat m o r e  space for construction, The abut- 
ments appear satisfactory for an earth darn but they have not been 
investigated by core drilling. Exploratians in the valley bottom and river 
terraces were restricted to determining the tap of the underlying shale, 
which was found to be deeply eroded. An intensive program of foundation 
investigation, borrow exploration, and laboratory testing repiring about 
ten months would be required for the complete evaluation of this site, 
Field inspection indicates that the foundation conditions here m a y  not be 
as good as those at the Kaptai  site upstream. It is likely that the valley 
sediments are finer grained and not as we1 consolidated. 

The steep valley wall at the Chitmaram site does not provide natural 
sites for the necessary appurtenant structures. Heavy excavation of the 
valley walls would be required to provide sites for the powerhouse, spillway, 
navigation locks and diversion works. 

A dam at the Chitmaram site would flood the Chitmaram Buddist 
Temple a.nd Shrines, a historic and sacred site visited by pilgrims from 
all parts of the Orient. Valuable teak forests and tea gardens would also 
be flooded. 



This dam site, being located farther downstream than the Kaptai 
site, consequefitly bas a somewhat larger reservoir. Transportation of 
materials and equipment to this site would not be nearly as ctifficult as to 
the Chilardak site. 

The Consulting Engineers, after a careful study of all the foregoing 
considerations and all the available data, believe that any possible advantages 
the Chitmaram site might have would not be sufficient to  offset the value 
of the work that has already been completed at the Kaptai  site at a cost 
of about $8,297,000.  

Kaptai - Studies, surveys, and explorations were in 1951 shifted to 
the Kaptai Site, located 3.2 miles upstream from the village of Kaptai.  
Investigations have continued since then, and actual construction was 
underzaken late in 1952. 

Representatives of the Consulting Engineers re sided at the site 
from April 5 to 3uly 15, 1954, and during that period all aspects of the 
site were thoroughly examined. W h e n  comparing this. site with Chitmaram. 
it was found that one small tributary, the Kaptai K h d ,  some reservoir 
capacity, and a small amount of head had been sacrificed- On khe other 
hand, a site had been found where the topography is open and reasanably 
suitable for the locating of all features. This does not mean that excavation 
quantities are small; they are still large arid it appears at this time that 
most of the material wi l l  have to be wasted. 

Foundations for the several structures hove been explored thoroughly. 
Although the site presents a few difficulties, the Consulting Engineers find 
that the construction of the dam and appurtenances is entirely feasible. 
The power potential of this site is substantial. and flood control can be 
achieved for all floods of record. W a t e r  transportation of heavy materials 
and equipment to 'the site can be accomplished without difficulty, and Light 
transport can be either by water or by a road now under construction. 

The site satisfies the functional requirements, has been exhaustively 
explored, is technically feasible, is accessible, much constrrrctim has been 
done, and a substantial sum of money has been invested. With consideration 
of all of these factors, the Consulting Engineers recommend that the 
Karnafuli Project be constructed at the Kaptai site. 

8.03 GEOLOGY 

The reservoir of the KarnafuLi Project lies within the area known 
as the Chittagong Hill Tracts which is characterized by low rolling h i l s .  
The Hill  Tracts stand in contrast to the remaining portions of East Pakistan 
which are generally rich, low lying, delta lands. The geolcyic colurnrr in 
the vicinity of the Earnafuli dam site is as follows: 



Approximate 
Thickness - 

Feet Formation 

0-100 Karnafuli Alluvium - Recent 

1200 maximum Tipan Sandstone, (Miocene Pliocene) 

1300 maximum Surrna Shale - (Miocene Pliocene) 

The Tipan and Surma formations are the result of deposition by some great 
river in Miocene -Pliocene time. These geologically young sedimentary 
rocks are now being compressed laterally by the great tectonic forces w h i d  
have raised the Himalayas. This compression has resulted in E U  ranges 
consisting of a series of long north-south folds in the originally horizontally 
bedded sediments. 

The Karnafdi River has cut through several of these parallel ranges 
of low- hills notably the Silchari Range near the present darn site, t k e :  
Chilardak Range above Rangamat:, and the Barkal Range at Barkaf Rapids,  
The reservoir thus takes a somewhat unusual shape as a result of behg 
divided into several parallel reaches by the above hill ranges. 

At the dam site the foundation rocks consist almost excluskvsly of 
medium to medium -hard siltstones and shales. Physical tests indicate 
that even the weakest strata will have strengths far greater than the 
moderate loads to be imposed by the proposed structures. Sliding tests to 
determine the shearing strength of the foundation. shale have shown excep- 
tional strength. Minor gentle folding is quite general and Lts limited local 
effects wil l  not be expected to adversely effect the design and construction 
of the proposed structures. Intensive foundation explorations have been 
made at the site of each of the proposed structures. Dekiled discussiaa 
of the foundatian conditions will be included ia subsequent paragraphs 
dealing wi2h each of the major structures- 

The Karnafuli Project is located in an area usrralEy cor&idered to 
be of moderate seismic activity. However, extensive records of earthpal& 
activity axe not available and it is well known that severe earthquakes have: 
been experienced in Assam and Burma. On August 15, 2950 an earthquake 
of magnitude 8.25 to 8.50 on the Richter Scale occurred whose epicenter 
was aboct 400 statute milts northeast of the KarnafuLi site. All structures 
including the dam, saddle dams, powerhouse, spillwag, orrtlet works and 
navigation locks have accordingly been designed for earthquake resistance 
using forces of 0 -10 gravity applied horizontally. 



8 -04 FOUNDATION INVESTEATIONS 

The Government of Pakistan has conducted extensive founidatios 
investigations, requested by the Consulting Engineers, at the sites of the 
various features of the Karnafuli Project. These investigations have included 
over 56 thousand feet of core borings, several hundred feet of undisturbed 
soil sampling and a number of open excavations. 

In addition to establishing the geologic simctures of the foundations, 
the explorations have also been directed toward determining physical 
properties of the materials, particularly their structural properties and 
permeability. Determination of structural p o p e  rties has included laboratory 
t e s t s  of the compressive strength of rock cores and undisturbed soil 
samples . Permeability determinations have been made in the laboratory. 
Supplementing these, large scale pumping tests were conducted in place, 

Lags of a large number of core borings were available to the 
Consulting Engineers when they arrived at the site in April I954. A study 
of the results of these investigations revealed a number of specific problems 
requiring further exploration. A program of additional, test boring was 
therefore established following conferences with Mr. Azeernuddin, Chief 
Engineer, Karnafuli and W arsilk Projects, who ordered immediate execution 

of t h i s  work. This phase of the exploratory program was completed by the 
triiddle of July, Results of these explorations indicated the need for further 
explorations in order to resolve problems which were revealed, The 
Consulting Engineers prepared a program of supplemental ircvestigations 
which was promptly instituted at the direction of Mr. Azeemtzddin. This 
program is essentially complete except as will be noted. 

Mzin Dam - About 140 brings and test pits have been made in this 
area. Taese ekplorations reveal that at the damsite the Karnaftrli River 
bas carved an f 100-foot wide valley through the surrounding Tow trills of 
the Silchari Range.  Before the Government of Pakistan commenced con- 
stmction operations, the river occupied a 500-foot wide charmel on the left 
side of the valley. A terrace formed by a 60-foot thick bed of very fine 
sediments rises a b ~ u t  60 feet above tbc streambed on the right; bank. Brown 
silty and sandy clays comprise about the upper 25 feet of this deposit a d  
are underlain by blue silty clay. The boundary between the blue and brown 
clays marks the approximate elevation of the ground water Eve1 inasmuch. 
as the blue clay turns brown on exposure to air, Bo'h materials are of 
medium plasticity; the blue clay has a soft tcr medium-soft consistency in 
place, whereas the brown clay is samewhat firmer havin. been partly con- 
solidated by desiccation. The diversion channel constructed by the Govern- 
ment cuts through the right side of the terrace so that an island has been 
formed between the origindl river channel and the diversion channel. The 
site is crossed, beneath the terrace, by an abandoned stream charmel which 
esends 60 to 70 feet below the present streambed. The Iowsr portioa of 
the channel is filled largely with uniform medium sand which becomes 



silty toward the top. Deep borings in the le f t  bank borrow area indicate 
that this channel apparently crosses the present riverbed upstream of the 
site. For the most part the present riverbed at the d m  site consists of 
a 10 to 20 foot thick deposit of silty sand. 

The recent sediments are underlain generally by shale and sifitstcme 
of varying hardness. The shale contains a 15 to 20 foot thick bed of compact 
sand which slopes down from the hills on the left bank and is found from 
110 to 150 feet below the top of the shale at the dam site, 

For design of the main dam the following essential information was 
required: 1) the strength in-place of the clay deposit in order to permit 
the designers to establish stable slopes for the embankment, and 2) the 
permeability of the underlying sand in erder to determine necessary pro- 
visions for controlling underseepage. 

Investigation of the strength of the clay formations involved am 
extensive program of test borings and undisturbed sampling. The Consulting 
Engineers, working in cooperation with the engineers of the Government of 
Pakistan and its contractor, tke Swiss Boring Overseas Corporation B i t c d ,  
successfully developed detailed procedures and equipment for recoverring 
undisturbed samples from foundation test borings. 

Certain conservative design criteria have been established for the 
shear strength of the blue and brown clays based upon previous laboratory 
tests on undisturbed samples recovered from the test  brings. If. is essengial 
that detailed foundation explorations be continued to confirm these criteria 
or demonstrate the necessity for additional stability investigations of the 
embankment. Continuous samples should be taken throughont the entire 
depth of the clay deposit to the top of the underlying sand, Samples may 
be taken either from drill holes by thin-wall tube samplers or from test 
pits by carving block samples from benches. The clays are relatively soft 
and easily remolded, and the shearing resistance is sensitive lo slight 
changes in water content- Extreme care in sampling and handling is there 
fore essential so that disturbance to the specimens is minimized and 
laboratory test results are truly representative. 

The permeability of the sand deposit was determined by means of 
three large-scale pumping t e s t s ,  conducted by Swiss Borbg Overseas Limited, 
which yielded fairly consistent results. Laboratory tests were af so per- 
formed on these materials. The sand is apparently relatively pervkus, the 
values of the coefficient of permeability obtained by the various tests 
varying from 10-50 x cm per sec. Because of the considerable length 
of the path of percolation which results from the bladcethg effect of the 
broad base of the dam and the overlying clay, the quantity of underseepage 
will be of insignificant magnitude and can be readily and safely handled by 
the drainage provisions which will be installed. Over a period of time the 
quantity will diminish appreciably as siltation of the streambed behind the 
dam increases the effective length of the blzmket and the path of seepage- 



Spillway - The spillway gate structure is located at a saddle in the 
hills adjacent: to the left abutment of the dam. The channel fallows a natural 
ravine which discharges into the river below the dam site. Over  150 borings 
and test pits were made in this area. The gate structure is founded entirely 
on medium -hard, compact blue shale and siltstone which lie in approximately 
horizontal beds at this location. A 20 to 30-foot thick layer of compact 
sand is interbedded within the shale. This bed dips generally in a westerly 
direction from about 50 to 90 feet below the foundation of the gate structure 
and is encountered again at considerable depth beneath the dam site. A short 
distance below the bed of compact sand, the shale is underlain by a deposit 
of sandstone of indefinite extent which is interbedded with thick beds of 
compact blue shale. The sandstone outcrops in the hills adjacent to the 
left abutment of the gate structure. Continuing along the ravbe, the shale 
deposits gradually decrease in thickness and the deeper lying shale beds 
disappear. At the lower end of the ravine the shale is covered by a thick 
mantle of alluvial clayey silt. 

The foundation shale under the gate structure showed exceptionally 
high strength, Compressive tests on 3 by 5 inch cylinders of the shale 
indicated a strength of 73 tons per square foot. This is ample for the 
structural loads which will be imposed, Some of the shale in the foundation 
under the lined channel is softer and of lower strength than that under ttre 
gate structure. The superimposed loads are insignificant in this area and 
the shale will provide adequate support- Some of the underlying sandstore 
is well cemented and nearly impervious whereas others, particularly near 
the gate structure, are uncemented or weakly cemented and are more 
pervious. 

Powerhouse - The powerhouse site is a saddle in the range of hi l s  
which separates the ends of the long hair-pin bend in the river below the 
dam site, A total of 31 borings were made in this area. The foundation 
consists of medium to compact shale underlain by soft sandstone. Xnvtsti- 
gations were started at a site at the center or' the saddle. However, borings 
indicated that the top of the sandstone at this foeation is above the deepest  
excavation level for the powerhouse substructuxe. The sandstone which is 
poorly cemented is under artesian head md will therefore present a can- 
siderable -watering problem during excavatian to avoid serious disturbance 
of the material. Moreover, the control of uplift pressures on the foundation 
would be complicated by the presence of sandstone immediately below the 
structure. The boxings also disclosed Uzat the level of the top of the sand- 
stone drops off toward the west and explorations were, therefore, continued 
in this direction, In its present Location at the west end of the saddle, the 
deepest portion of the powerhouse substructure is at least 20 feet above the 
top of the sandstone deposit. It w i l l  be necessary to make suitable provisions 
fur drainage of the sandstone deposit in order to reduce artesian pressures 
and preclude a blowout through the shale during construction, since the shale 
cover in the deepest portion of the excavation is insufficient to  withstand &e 
existing pressure in the sandstone. 



Explorations w e r e  also conducted at a possibLe powerhause site on 
the left bank between the spillway and the main dam. At this eite the power - 
house would also be founded on a compact blue shale with a bed of compact 
sand from 20 to 30 feet below the deepest portion of the substructure- 
This location was eliminated by other considerations. 

Locks - The navigation locks cut through a ridge in the hills to the 
west of the powerhouse site, Eight borings were made in this area. These 
indicate that the lock chambers will be founded on soft or compact shales 
varying in location. Either material will provide foundations which are 
competent to support the loads to which they will be  subjected. There is 
evidence that the soft sandstone underlying the shale in the powerhouse 
area also extends below the lock area. However, it is apparently at such 
depth below the foundation that it should present no speciai problems. 

Diversion Tunnel - The diversion tunnel will  be excavated through 
a ridge of the right abutment of the dam. A number of borings were made 
in the vicinity of the tunnel alignment and supplemented by test trenches. 
Study of the explorations and outcrops indicates that the tunnel will  pass 
through essentially horizontally bedded deposits of grey and blue soft shale 
and blue compact shale which do not air slack rapidly. 

8.05 BORROW IhlVESTIGATIONS 

During the period from April 5, 1954 to July 13, 1954, an intensive 
investigation was conducted to locate sources of impervious and pervious 
borrow material for constxuction of the dam embankment. Terraces on 
ba*& sides of the Karnafuli River, just upstream of the dam, were explored 
as potential sources of impervious material. A borrow area for pervious 
material on the left abutment upstream from the spillway was a l s o  explored 
at this time. 

Explorations were made generafly by test pits and supplemented by 
auger borings and side hill trenches. Samples of representative materials 
were tested in the project soils laboratory and in soils Laboratories in the 
United States. 

G ertain design criteria have been established for the shear strength 
of these embankment materials based on results of these Laboratory tests. 
These criteria have been used in analyzing the stability of the embuikment 
section. Detailed explorations and laboratory testing should be cant-ed to 
establish whether these criteria are satisfied by the materials. If these 
explorations reveal that the criteria cannot practicably be satisfied, i*, will 
be necessary to make additional stability studies of the embankment slopes. 
Specimens for laboratory testing should be obtained by blending materials 
throughout various depths so that the soil tested will be representative of 
material which would be excavated by construction equipment. 



It will  be absolutely necessary to maintain proper engineering control 
of all phases of embankment construction in order to obtain a safe structure. 
A well-trained crew of soils engineers win  be required to oversee cozr- 
struction at all times, and make periodic determinations of moisture content, 
compacted density, thickness of layers, distribution of the various material 
within the embankment, etc., to insure compliance with specifications. 

Impervious Material - Eleven test pits were excavated in the left 
bank impervious borrow area and nine in the right bank area. In several 
instances the test pits were extended by hand augers. The explorations 
reveal that ample quantities of suitable impervious materials a re  present 
within economic hauling distance of the dam. 

The impervious materials consist of brown s i l t y  and sandy clays. 
When these materials are  compacted in the embankment to specified den- 
sities, they should have a high shear strength and form a dense impervious 
fill .  

Pervious Material - Pervious material for the embankment will 
consist of medium to fine sand from a deposit of mcernented sandstone, 
Test pit explorations in the borxow areas north of the spillway intake channel. 
and near the powerhouse site reveal that there is a sufficient quantity of 
this material available for constructing the embankment section as shown 
on the drawings. 

Materials from Required Excavation - A considerable portion of the 

material excavated for the various structures will be used for constructing 
the dam embankment. These materials will include rcrck fragments from 
shale excavation, and silty sand and clayey silts from common excavations. 
Investigations should be conducted to establish the suitability of the different 
materials for the various portions of the embankment section ia accordance 
with the design criteria. 

8'.06 AGGREGATE INVESTIGATION 

The location of suitable concrete aggregates in East Pakistan within 
economical hauling distances is a serious problem. There is a remarkable 
absence of satisfactory rock and graded sands in the Karnafdi R ~ v e r  Basin. 
Investigation has resulted in the following information- 

Coarse Aggregate - Considerable effort has been expended endeavor- 
ing to locate suitable coarse aggregate. Two pussible sources, field or 
"jungle" stone and so-called "beach" boulders were considered and have 
been rejected. 

"Jungle" s t o ~ e  is found in the bottoms of the steep nulhhs or draws 
formed by tributaries to the Kamafuli R i v e r .  It consists of hard sandy 



concretions contained in the shales and deposited due to erosion of the 
shale beds. The very limited quantities available and difficulties of recovery 
obviate the use of these stones. 

s'BeachH boulders consist of similar concretions lying in boulder 
fields along the ocean beaches below Gox1s Bazaar, 65 to 90 miles south 
of Ghittagong on the Bay of Bengal. Fairly large deposits are located at 
Cox's Bazaar, Inani. and Patnatek- High tides cover the boulders which are 
encrusted with marine life and partially buried in the beach sand. Again, 
expense of recovery and limited quantities force rejection of this source. 

The Consulting Engineers recommend development .of the Bholaganj 
gravel deposit in the Sylhet district, one of three similar deposits investi- 
gated along the northeast border of East Pakistan. 

Gravel and boulders are carried down from the Khasi Hills  in Assam 
during the yearly floods of various streams. Rock types, varying in size 
from sand to l2-inch boulders, were found to be granites, grandiorites, 
trap-rock, quartzites, or hard sandstones with some limestones. With 
proper crushing and grading these hard, durable stones will produce ex- 
cellent concrete aggregates. Supply at Bholaganj is ample, estimated to be 
in excess of 12 million cubic yards. It will be necessary to transport the 
finished product 1 l miles overland to the rail head at Gfiatak, then 263 
miles by rail to the Kalurghat Bridge above Ghittagong. At Kalurghat or 
at Ghittagong, the crushed rock must be transferred to barges for towing 
to the job site. Far the quantities of aggregate required, a railroad exten- 
sion to Bholaganj from Chhatak m a y  be economical. Such a transportation 
link, togethex with the development of the extensive gravel deposit would 
be of permanent benefit to East Pakistaz for future public works. 

Sand - Two sand sources, other than those associated with Sylhet 
gravel deposits, were located in the Kodala Chari and at Ichamat5. A very 
fine sand is also available at the project site. However, due to fineness, 
its use should be restricted to blending purposes. 

The Kodala sad, quartzitic in origin, is of very uniform gradation 
with a deficiency of coarse sizes. Eighty-eight percent of the volume 
ranges in grain size from 0.6 mrn to 0.2 rnm (U.S. std series 30 to 80 
mesh screen)- While suitable concrete has been obtained using #his sand, 
normal practice will require blending with coarser sizes to obtain speci- 
fication gradation. Adequate quantities exist which can be economically 
processed. A 3-mile overland haul from the pit to tlre river is necessary. 
At the river, trucks could be ferried, and continue by a r o d  now under 
construction to the project site 9 miles further. An alternate route would 
be to transfer the sand and haul by river barge. 

Sand pits at Ichamati have also been sampled, The samples obtained 
indicate Ichamati sand to be slightly finer than that at Kodala, Again, blending 



with coarse sizes will be necessary- The haul distance to the project is 
approximately 17 miles via the new project access road. No river crossing 
is required. 

Itis recommended that the majority of the fine aggregates be obtained 
from either Ichamati or Kodala locations with t h e  Kodala sand preferred. 

Production of coarse aggregates from riverbed deposits in the Sylhet 
District will result in a considerable recovery of natural and crushed sands. 
Proper classification of this product will furnish the coarser sands, approxi- 
mately 30%. needed for blending with the finer Kodala or Zcharnati sands. 

8.07 LAZORATORY TESTS 

Soil samples from the dam foundation and borrow areas, shale rock 
cores, and concrete aggregate materials were tested in an extensive labo- 
ratory program, A large number of samples were sent to the United States 
for testing by the Consulting Engineers. Additional tests were performed in 
the Karnafuli Project Soil Mechanics Laboratory. 

Tests by the Consulting Engineers - The following laboratory t e s t s  
were performed on undisturbed specimens from the foundations of the dam: 
unconfined compressive strength, quick triaxial shear, natural moisture 
content, one -dim ensional consolidation, specific gravity, and Atterburg 
limits. A summary of typical test results on foundation materials is given 
in Table VZII- I. The following tests were performed on samples s f  borrow 
area materials: compaction, triaxial shear, permeability, specific gravity, 
Atterburg limits and grain size analysis. A summary of typic& t e s t  results 
on foundation materials is given in Table VIE-2- Locations of the dril l  
holes and tes t  pits referred to in the tables are shown on Exhibits 10 to 
14 and 17 and 18 of Volume IfI. 

Tests in Karnafuli Soils Laboratory - A large number of tests were 
performed in the Karnafuli Project Soils Laboratory. The following tests - 
were performed on undisturbed samples of foundation material: torsion 
shear (Hvor slev apparabs) , unconfined cornpr ession, one-dimensional con- 
solidation, moisture content, specific gravity, mechanical analysis a d  
Atterburg limits. The following tests were performed on borrow area 
materials: compaction, torsion shear, mechanical analysis, specific gravity 
and Atterburg limits- Compression t e s t s  were also performed on shale 
cores. 



TABLE VXIl-1 

SUMMARY OF TYPICAL SOIL LABORATORY TEST RESULTS 
KARNAFU1.1 DAM B'OUNDA'rlON MATKHtALS 

T r i a x l a l  Quitlr 
N a t u r a l  Shear Strength 
Moisture D r y  Atte rburg Liniits Uricunllnud ------- 
Cotrtrai l ) c m l t y  - . - - - . ,  Cornyraaoivc Ltrteral Max Devlntar 

Depth  'F ypr of Strength Prearure Strew 
Kt Material t h ? r r c n t  Lb 13ur Cu F t  Lw Pw I w  PS F PSF . .> .. . . . -..- _,._." -.-_._ -. .. .-. . ~ - - ... -..* -.-- -... -..---. _BE--_ ,-- 

16.1 t \ town Clbty 15.6 98.6 4,250 
16.7 I' 'I 24.3 100.6 6,420 
LO .b I t  I, 18.1 109.5 3,500 6, JHO 

I t  , I  L 21.9 102.1 4,OW 
24.0 t *  II 19 +4 IOb.3 12,400 5,520 
38.5 l l l u e  Clay 27.8 99. 775 940 
38.5 11 " 29.3 98. 1,080 1,080 

I, I t  38.5 28 .U 98 .  1,280 1,200 
38.5 I. " 28,9 99 ,  1,430 1,280 

I1 I! 38.5 3O.I 97. 1,100 980 
I* I+ 4 1  .O 30.8 97 2,150 880 

4 t  .6 I I 
I' 29.3 '14 .O 14,.U0 1,540 

,I II 42. J 27 .4  9 8 , l  1,1140 
42.6 " 29.1 0 5 . 2  3,500 2,250 
25.0 Brown Gl i t y  25.9 102. 31.5 21.5 10.0 1,300 
27.4 I' " 2H .2 97 . 3,600 l,SlO 

I ,  I, 31 .H  30.7 114. 980 
32.4 II H 33.0 9 2 .  3,bOO 1,450 
13.1 *' 'I 24.6 102. 2,150 
16.4 , a  ,I 24.0 101. 3,60U 2,230 
k8.4  Cr 61 Sand 19.5 110. L, 420 6.500 
3 3 . 3  Blue C l a y  26.6 100. 1,000 2,080 

'l I, 3J .J  27.6 99 s J,(JOO 1 ,h40 
4U.L I I " 28.0 97, 1,470 
43.6 I, I, 30.2 9 5 .  Il5bO 
46.8 I I 

'I 29. I 95.5 1,5(r0 , 

52.2 II t I  24.4 104.0 1,000 900 
52.8 I I " 23.9 103.0 3,600 2,200 
53.5 , I  " 24.5 103.5 7, HLIO 2,450 
32.8 B r o w n C l a y  30 -6  9 4 . 3  1,430 
41.9 t l lut .  Clay 27.8 '18. 2 9 . 4 2 1 . 1  8.3 14,400 I ,600 

,I , I  48.6 28.8 98. 3 , b w  1,010 
I ,  II 49.2 27.0 99.1 1,770 - 

17.1 flrown C l a y  2 7 - 8  97.5 2,880 4,180 
17.6 'I " 26.8 98.0 5,710 4,160 
18.1 @I 24.4 I110,b 11,800 6,720 
3 6 . 2  U l i w  Clay 28.6 98.0 - 7,200 

II 11 
l ,b20 

54.2 3 1  .L 92.6 2,l90 
55 .0  ,I I+ 33.5 90.6 2,2611 
44.7 11 I I 30.6 92.9 1,250 
52.3  I' " 25.1 101.2 2,030 
52. 8 'I " 29.5 95. I 1.700 





HYDROLOGY AND WATER SUPPLY 

9.01 GENERAL CHARACTERISTICS 

The watershed of Karnafuli River [Exhibit 7 )  lies just within the 
tropics with only the northern tip of tributary basins extending above the 
latitude of the Tropic of Cancer. The portion above the Kaptai dam site in 
the Silchari Range is long and narrow and the longitudinal axis lies approx- 
imately 15 degrees west of north. This elongation of the basin is produced 
by long tributaries which lie within narrow valleys between roughly parallel 
ridges known as the Lushai Hills, through which the main stem of the 
Karnafuli River has cut its channel. The ridges, which lie in the main 
direction of the watershed, begin near the Bay of Bengal and each succes- 
sive ridge increases in altitude until the crest is reached in Burma; the 
peak elevations of these hills exceed 8,000 feet, thus forming an appreci- 
able barrier to moisture-laden winds, The topography of the lower portion 
of the Karnafufi River watershed is fairly fiat and Low but, as may be kt- 
ferred from the foregoing statements, the upstream portion is rugged- 

The area of the full watershed of the Karnafuli River is 5,500 square 
miles. The area above the dam site is 4,250 square miles, and above the 
principal stream -gaging station at R a g a m a t i  is 3,800 square miles. 

The watershed is well covered with vegetation, varying in density 
from the well cultivated rice fields in the south to unbroken jungle in the 
north, The northern hills are generally covered with forest, much of it 
being bamboo, except small areas that are burned and cleared locally for 
cultivation. 

The climate of the Karnafuli River basin is tropical of a marked 
monsoon type. Although some rains may be expected during every month 
of the year, the heavy precipitation occurs in the summer rnonsoan; the 
heaviest falling in June, July and August. Rains begin to increase in April 
and decrease through September and October. During December and J a m -  
ary rainfall is Lighter, being normally less than 1.0 inch. The normal 
rainfall at two pertinent stations is as fnlhws: 



Month 

Jan 
Feb 
Max 

A P ~  
May 
June 

July 
*'43 
sept 

Oct 
Nov 
Dec 

Year ,  Total 

Normal Rainfall, lnche s 
G hittagong Raa~amati 

The distribution of mean annual rainfall in East Pakistan is shown 
on Exhibit 8. The distribution by months is shown on Exhibit 9. 

Meteorological stations which furnish data of other elements of 
weather are as follows, together with the mean data: 

Temperature. Denrees F 

Month 

Jan 
Feb 
Mar 

*P 
May 
June 

J ~ Y  
A% 
S e p t  

Oct 
Nov 
Dec 

Year ,  mean 



The data for mean relative humidity for the same stations are as 
follows: 

Month 

Jan 
Feb 
Mar 

J ~ Y  
*ug 
Sept 

Oct 
Nov 
Dec 

Year, mean 

Relative Humidity, Percent 

G hitta~ong C ornilla 

7 7 7 5  
7 1 7 1 
73  7 2  

For the same three stations the normal wind velocities, irrespective- 
of direction are as follows: 

Normal W i a d  Velocities, Miles  per Hour 

Month C hittagong C ornilla Srimangal. 

Jan 4-3 1.3 l - 6  
Feb 5 -1 1 -7 2 -3 
Mar 6.2 3 -9 3-8 

Oct 
Nov 
Dec 

Year ,  mean 5 -87 3 -45 2 -83 



9.02 RAINFALL STATIONS 

The following stations furnished data of daily rainfall pertinent to 
the Karnaful watershed, for a period of one year or more: 

Station 

Bandar ban 
Barkal 
Dimagiri 
Dighindla 

Kaptai 
Lama 
Lungleh 
Mar alchar i 

Per i d  

9.03 RIVER GAGING STATfONS 

Records of river stage are available from thirteen gages on the 
Karnafuli River from Thegamukh on the Indian border to the mouth, as 
fof lows: 

1. Thegrunukh 
2 .  Bara Harina Khdl 
3.  B a a  Marina 
4. Chota Hariaa 
5 .  Barkd 1.B. 
6.  Barkal Dispensary Ghat 
7 .  Chihrdak 
8. Rangamati  
9. Kaptai 
10. Kd& 
11. Enayethat 
12. Sadarghat {at C hittagong] 
13. Patenga (at the mouth of the river) 

In addition to the above, gages were established in 2954 at a point just 
above the upstream cofferdam at the dam site and at Ghowdhury Cbara, 
near the site of the powerhouse. The gages at Kaptai, Chowdkry C k a ,  
Kodala and the three downstream points are in tidewater at all times- The 
gage above the cofferdam and that at Rangamati are slightly affected at 
times by the tides. 



Although the gages at Thegamukh and Sara Harim wil l  be tmpurtautt 
in matters regarding land acquisition in the upper end of the reservoir, a d  
thie gages from Kodala to Patenga. are important to navigation, the gages 
that axe fundamental to the hydrology of the project are those at Rangamati ,  
Karndul i  Office Landing, and the powerhouse site at Chowdhry Char&. 
The Rangamati record provides the basis for the water supply studies and 
is the source of the unitgraphs used in the derivation of the design flood- 
The gage record itt the Office Landing represents tkc water level into which 
the spillway will discharge and that at Chowdhury Chara represents the 
tailwater level at the powerhouse, Because the Rangansati gaging station 
will be flooded when the reservoir fills, and the spillway of the dam will 
be a gated structure, the river discharge in future years win have to be 
determined from the turbine operation and from the gages at the Office 
Landing and Ghuwdhury Chara. Since these two gages are in tidewater, 
the momentary spillway discharge wiU be computed from the stages at 
Ghowdhury Chara and the Office Landing and the fall of the water surC 
between the two gages, the actual rating b&ig developed from the channel 
cross section and current-meter measurements. 

The station at Ragamati was established in 1935 and was operated ; 

almost continuously except for about one year 1942-43 when operation was 
suspended because of the war. The period of record was 1935-42 an& 
1943-54- During the period of record the frequency of reading has varied; 
in the latter years it was read regularly each hour from 6:OQ A, M. to 
6:00 P. M- Discharge measurements by floats and by current-meter had 
been made at both R a g a m a t i  and the dam site in previous years a d  midi- 
tional measurements were made in 1954 by &e Consulting Engineers, using , 

both current -meter gagings and slope -area studies. -4dditional current- 
meter measurements at Karlrafuli dam site late in 1954 were made by - 
Kaxnafdi Project engineers at the request of the Consulting Engineers. 
However, the variable tidal effect upon both stage and discharge at tke 
Office Landing was found to be great enough to prevent the precise rating ' 

of that station by ordinary rne&ods+ W i t h  &e establishmeat of the gage at 
Chowdhury Chara in July,- 1954 it became possible to determine the hourly ' 
variations of the hydraulic gradient in the 5-mile reach between the Office 
Landing and Chowdhury Chara- With  these values. channel cross sectims, 
and current-meter measurements, it will be a relatively simple matter to 
eshbkish and maintain a discharge rating for the reach. 

, . 

The stage-dischsrge relation used for the determination of daily 
discharge at Rangarnati was based upon the various measurements describe4 ; 
above and &so upon slope-area determinations from the high-water marks 
of the floods of 1929 and 1946- The l a ~ e r  studies wexe bg E. A, Moore, 
Superintending Engineer of East Bengal Circle, and are cited in his reportm ' 
dated November 30, 1946, 



A discharge relation curve for tailwater levels at the powerlxouse 
is shown in Exhibit 18. This curve was developed from current-meter 
measuremerzts, stages at Chowdhury Chara, aad the observed water surface 
gradients between tfie Office Landing and Chowdhury Chara. It corresponbs 
to an *'averaget* tidal condition, that is, to an imaginary state in which the 
tide is at mean stage but is neither rising nor fafling. 

In making the power studies it was necessary to compute estimated 
monthly evaporation from the mean data of temperature, humidity, and wind 
velocity given previously. It is considered that this procedure gives ac- 
ceptable accuracy over a long period of time, but since it does not follow 
cyclic fluctuations of climate, it may deviate somewhat in extreme years. 
However, the effect of reservoir evaporation upon power potential is small 
and the deviations are considered of little importance. 

The average monthly evaporation from free water surfaces was 
computed for Chirtagong and Comilla by the Rohwer forrnula.(l) 

in which E = the evaporation in inches per 24 hours. 

G = a coefficient 

3 = the mean barometer reading in inches sf mercury at 32O F 

W = the mean velocity of the ground wind, or water surface e n d  
in miles per hour 

es = the mean vapor pressure of saturated vapor at the temperature 
of the water surface in inches of mercury 

ed = the mean vapor pressure of saturated air at the dew poiat in 
inches of mercury 

Xn order to xemain on the conservative side, the p a  coeEicient C was given 
the I-msually high value of 0.80. The barometric pressure was assumed to 
be constaat at 29.92 inches. The water temperature and air temperature 
were assumed to be identical. The average monthly values of reservoir 
evaporation as computed by the Rohwer formufa and adopted for use Irr &e 
operation study wexe as follows: 

Jan 3.5 inches July 4-5 inches 
Feb 4.5 inches Aug 4-0 inches 
Mar 6.5 inches Sept 4.0 inches 

April 7.5 inches Oct 3.0 inches 
May 7 -0 inches Nov 3.0 iacbes 
June 5-5 inches Dec 2.5 inches 

Year, total 5 5 5  inches 

0) Rahwu, C.. Evaptim 6rozn Free Waw S ~ I C Z S .  US. kpt. Agr. Tech. EuR. ZR, 198. 



9.05 DAILY RUNOFF 

There is an excellent gaging record on the Kataafuli River at 
Rangamati, dating back to 1935. Rainfall records at Rangarzlati started in 
1913. Because of the many uncertaint-ts to be encolrlltered in converting 
point rainfall into average rainfall over a basin of such large area and 
varied mugraphie conditions and of estimating the depth of basin retention 
to be applied to  each rain event, the probable error of a runoff record 
derived from rainfall would be great. Since the existing record of gage 
height is reliable and the rating curve is well defined by various discharge 
measurements that show close agreement, GO attempt was made zo csrimate 
the runoff of the Karnafuli previaus to the establishment of the Rangamati 
gaging station in 1935. 

A rating curve and table for the Rangamati gage were constructed 
from the data previously discussed in Section 9.03. and applied to ?he 
observed gage heights to obtain daily discharge for the entire period of 
record. The discharge hydrographs for Rangamati are shown in Exhibits 
10 to 12 inclusive. The ruaoff at Rangamat i  was transferred to the dam site 
by increasing it 11 percent in proportion to the difference in catchment 
area. Because of the possibility of receiving heavy rainfall on an interven- 
ing tributary there may be inaccuracies in individual days but over a period 
of time these discrepancies will average out. W i t h  only 11 percent difference 
in watershed area, the method m a y  be considered reasonably accurate for 
periods of one month or more. The computed average rnontttly runoff vo lme 
and dischaxge at fhe dam site, based on the record 
April 1954 are as follows: 

Month 

Jan 

Feb 

Mar 

April 

May 

June 

Sept  

Oct 

Nov 

Dec 

RunaEf 
Thousand Acre-Feet 

84 

from June L935 through 

Mean Discharge 
Cfs  

1,310 

L ,l20 

1,130 

2,136 

9,880 

2'3,qO 0 

37,300 

51,500 

44,000 

2 t ,600 

5,370 

2,990 



I 9-06 FLOODS OF RECORD 

I A s  is inevitable in regions of heavy rainfall, Karnafuli River is 
subject to floods of varying magnitude, Although there is rain with occa- 
sional freshets during the nan-monsoon season, such rises in Bow are 

I comparatively small and result in no damage.. The large floods are con- 
I 
I fined to the monsoon season, June to October. 

The only long record of streamflaw near the dam site is that at 
Rangamati for which data were collected from 1935 to 1954, except that 
data for the monsoons of 1942 and 1954 are not available. This lengtk of 
record, although adequate for determining average basin runoff, is not 1-g 
enough for a valid frequency study of flood peak discharge, However, some 
idea of the frequencie s of the smaller peaks can be gained from a tabulation 
of those that occurred during tfre period of record, The crests that equalled 
or exceeded 150,000 cfs at Rangamati are listed in descending order as 
follows : 

Peak Discharge in Cfs - 
Order of Dam Site 

Magnitude Date of Peak Rangamati  (Ragamati plus 11%) 

July 12, 1946 
-4ugust 8, 1947 
August 1, 1947 
June 15, 1947 
September 9, 1947 
August 2 ,  1939 
July 6,  1941 
August 11, 1937 
-4ugust 13, 1935 
September 25, 1938 
October 5,  6, 1951, 
August 25, 1954 
July 19, 1941 

A l l  but the first four of the above lie within a range of 25,000 cfs, 
It should be noted that not all of the events tabulated are strictly independ- 
ent; the same unstable air mass may have produced more than one of the 
storms and in certain cases the residual flow from one event has contr5b- 
uted materially to the peak flow of another. 

The volumes and average flows of the four evebts of record that 
exceed 175,000 cfs are as follows: 



Date of Period 

1946, July 8-20 

1947, June 12-21 

Average 
Volume Flow 

Acre-Feet C fs 

1947, July 29 -August 18+ 5,543,200 f 31,980 

* This period contains two peaks, 

The above volumes include the flow for a l  days 

u a r r r  e r  m.s 

Average 
V ohme Flow 

Acre -Feet Cfs  

between the minimal 
preceding and following the flood. Data for the dam site were derived by 
adding 11 percent to values for Rangamati. 

Additional discussion of the floods of 1929, July 1946, and August 
1947 with respect to flood damage and flood routing appears in Chapter X .  

9.07 FLOQD FOTENTLAL OF THE BASXN 

It is desirable, as a preliminary approach, to review some of the 
more common methods of estimating flood potential. 

In a region where there are not sufficient records of extreme floods, 
maximum expected discharge is often computed by empirical methods. One 
of the best known and most satisfactory of these is Greagervs formula: 

in which d i s  the drainage area in square miles a d  C is a constaot u s d I y  
taken as 100 for regions of relatively great flood potential. Far the 4,200 
square miles above the Karnafuli dam site, with G equal to 100, the Greager 
formula gives a maximum peak discharge of 619,000 cfs, 

1 

Creager's formula was developed from envelope curves of peak 
discharge, using data collected from many different parts of the earth, When 
plowed on log-log paper, the slope and curvature are &most identical 
with those of the formula proposed in the Karnafuli Project R e p o r t  by Mr. 
Khaja Ameemuddin, 

0.92-0.071 log A 
Q = 2f00A 



Although envelope curves established for different climatic runes 
and provinces show similar form and curvature, they differ matexidry iff 
slope. In the lower range of the curve, the slope depends largely u p n  &a 
intensity-area characteristics of local convective storms. fn tke higher 
range the slope is more effected by the total ared extent of the hsavkr 
storms and their effectiveness in producing runoff frorn a large part of the 
basin at nearly the same time. The shape and topography of a drainage 
basin are necessarily disregarded in an envelope curve study, although the 
applicability of the curve may be greatly affected by tbesc elements. There- 
fort, although Greager's formula has been found generally applicab&e to 
average basin conditions, it would be imprudent to accept it for the sorne- 
what unusual conditions of Karnifuli  Basin without corroboration. 

A valid envelope curve of flood peaks in East Pakistan would have 
to be based on data of the maximum floods frorn various drainage areas in 
Ben@, Assam, and Burma, experienced during a period of many years, 
The excellent 18-year record of the daily discharge of the K a r n a f d i  does 
not include any floods rare enough for such a purpose- Although there are 
data of extreme floods under somewhat similar conditions in India, Australia, 
Hawaii, the Philippines and the Gulf Coast of the United States, the com- 
bination of topography, exposure, shape of basin and storm types of the 
KarzlafuLi is not duplscated. Evidence that arr envelope curve should not be 
applied to Karnafuli River was produced in connection with the unitgraph 
analysis (Section 9.10) when a peculiarity of the runoff behavior of the 
Karnafuli  was discovered. During high stages, the flood flow from each 
dayt s rsinfall runs off in two distinct parts. the principal peak of unit flaw 
being followed, a few days later, by a secondary peak or shoulder. When 
these unit flaws Xrom successive days of rain are combined in the river, 
the crest of the entire flood is flattened by this splitting of the unit peaks 
and the maximum discharge is materially reduced. An extreme flood in 
Karnafuli R i v e r  at Rangamati therefore does not attain the peak rates that 
might occur in o&er watersheds of similar area and potential volume of 
runoff, and t?m inflow design flood for Karnafuli should be derived 0x1 the 
basis of expected rainfall, retention and concentration of unit flows, 

9.08 STORMS AND STORM TRAWPOSITION 

Storms of a number of different types pass over the watershed wf 
the Karnafvli R i v e r ,  First there are thunderstorms associated wi*& surface 
northwesterly squalls in which wind speed may equal a gale force, However, 
the quantity of precipitaion from these storrns is not great since they occur 
in the aon-monsoon season. 

h r i n g  the monsoon, June to October, rainstorms move in a northerly 
direction in accordance with the general seasonal movement of the atmos- 
phere- These rainstorms vary greatly in magnitude and intensity, yet a 
single storm does not appear to he of sufficient extent to cover the entire 



watersaect, KaXher there appear to be rainy periods, perhaps of two to fuirr 
days, during which many of these individual storms pass over the basin, 
each precipitating on a portion of the area. The number, frequency and 
intensity of the storms determine the resulting runoff. 

The watershed is also subject to typhoons, the well-known rotating 
tropical storm. Unfortunately the available meteorologicdf data are not 
adequate to isolate and study these storms. It is probable that the intense 
precipitation required to produce the highest floods of record is the result 
of such storms- There are certain indications, such as on-shore winds, 
high tides, as well as heavy precipitation, that suggest that typhoons or 
storms of near typhoon intensity may have caused or accompanied the 
storms that caused the high flood of 1946. 

The foregoing situation illustrates why storm tr anspasition is not 
practicable on the Kardul i  River watershed. Excepting possibly typhoons, 
~e rain comes in storms that cover only a part of the basin, there being 
no storms (other than typhoons) comparable to the wide-spread extratropicaX 
storms experienced in more northerly latitudes, Moreover the region is 
unique, meteorologically speaking, and relatively small. There is little 
possibility of finding an area with similar conditions and storms &at could 
be transposed because difference in topography, inflow of moisture-bearing 
winds, etc,, preclude storm transposition as it is known in the United 
States . Furthermore, the fragmentary rneteoro~ogicd records now available 
and the lack of sufficient recording rain gages prevent any such study. 

Instead of storm transposition a study was made of the storms that 
produced past floods. Eight past floods were studied for the development 
of the unitgraphs and, fox each, the rainfall w a s  analyzed as far as the data 
permitted to determine the mean distribution over the watershed and the 
sequence of daily intensity. The average weighted rainfall received for the 
four floods previously mentioned is as shown below: 

June 1946 22.2 inches in 4 days 

June 1947 13.8 inches in 4 days 

July-August 1947 X3.3 inches in 3 days 

August 1947 11.63 inches in 4 days 

The average proportion of the storm rainfall received each day of the events 
analyzed was found to be as follows: 

Fir st  day 38.7 percent 

Second day 29-3 percent 

Third day 20.7 percent 

Fourth day 1 1 . 3  percent 



9 3 9  DESIGN RAINSTORM 

Since records from the Karnafuli  R i v e r  watershed could not suffice 
for an estimate of the maximum probable raidall, recourse was necessarily 
made to world records of maximum rainfall that were published in #e 
Monthly Weather Review. Data of rainfalls were plotted for depth-accumda- 
tion curves for Cherrapunji, in Assam, India; Baguio, Philippine Islands; 
Funkiko. Formosa; and Silver Hill ,  Jamaica. Available information indicates 
that these stations are located at some relatively comparable elevation and 
are subject to the same air masses and storms as may be expected at &e 
eastern edge of the Karnafuli watershed at an elevation of some 4,000 feet. 
From the uppermost of those graphs, which was determined by Qta from 
Baguio rainfall, a depth of 88 inches for a four-day storm was obtained. 
Since these data were of observed rainfall, it was considered necessary to 
add an allowance of 10 percent to be certain of a maximum probable rain- 
fall. The t o m  rainfall was therefore taken as 97 inches for a four-day storm 
which was accepted as the point rainfall at the eastern edge of the watershed- 
Then, since not all of the watershed is subject b the same orograpkic 
effect, this depth was reduced for other stations thiia LungLeh and the mean 
depth computed by means of Thiessen weights; the me= depth in ro-d 
numbers is 59 inches- This four-day depth was coxrvcrtecl into a daily 
sequence for computing the design flood, by applying the average daily 
ratios for KarnafuE Basin, given in Section 9-08, The design raiddl 
sequence i s  as follows: 

First day 

Second day 

Third day 

Fourth day 

Total 

23 inches 

17 inches 

f 2 inches 

59 inches 

9 - 10 OBSERVED UNITGRAPHS 

In selecting periods of record for the determination of unitgraphs, 
the five highest events were chosen for analysis as being most likely ta 
represent the runoff behavior of the Karnafdi under flood conditions. In 
addition, three smaller events were analyzed to provide a comparison of 
behavior at lower stages. The events of the latter group were chosen 
largely on the basis of the probable ease and accuracy with which the 
direct runoff from a single storm could be isolated, but considering also 
the range of peak flow and flood volume that they represented. The events 
selected for analysis were as follows: 



Peak Discharge 
Date of Peak at Rangamati, G f s  

July 12, 1946 
August 8, 1947 
August 1, 1947 
June 15, 1947 
September 9 ,  1941 
August 2 ,  1945 
July 9, 1947 
September 30, 1949 

It was found by inspection that the lag between the occurrence of a 
small increment of excess rain and the passage of half of the runoff prodrrced 
thereby would be tbout three to five days. Twenty-four hours wodd be 
roughly one quarter of the Lag time and therefore a short enau@ perrod 
for "unit durationH, that is. each day's increment of generated runoff could 
be treated as o unit and any fluctuations of the momentary rainfall intensity 
during that time would nut materially affect the shape of the resulting 
hydrograph- 

The first step in tlhe direct analysis was to plot hydrographs of 
daily discharge on semilogarithmic calendar paper for several typical years 
of record and to determine the coefficient of normal daily recession. of 
ground-water flow. This was found to be 0.97. Hydrographs including the 
eight high-flood events were then similarly plotted and trial hybrog~apks 
of ground-water now constructed on the same sheets. Daily values of net, 
or direct, runoff were plotted on r e m i l o g a r i ~ i c  paper using a more ex- 
panded t h e  scale, The ground-water hydrograph was then adjusted and the 
new trial values of direct runoff were plotted until plausible a d  consistent 
hydrographs of direct runoff and corresponding ground-water runoff were 
obtained- The coefficient of normal daily recession of direct runoff ithe 
interflow phase) was found to be 0.69. 

The hydrographs of direct runoff of the eigbt selected flood events 
were rounded in shape and appeared to result from excess rain of three to 
four days duration, t h i s  assumption being supported by such rainfall records 
as were available. The hydrographs were so highly campouaded that trio% 
one-day unitgraphs could not be isolated from them by inspection, the ex- 
cess rainfall having been, in effect, continuous for each storm period, It 

(1) was thcxefore necessary to use the method of progressive addition . 
This procedure is tedious but can be made extremely precise because the 
exact reproduction of the flood hydrograph is inherent in the process of 
separation and because the first and last unitgraphs from each sequence 
are developed independently and compared directly, It is customary to 
make repeated adjustments curing a trial run in order to reduce the num- 



ber of runs requixed. In the present study, however, no adjustments of 
any kind were allowed. This rule was adopted because the shape of the 
unitgraphs was so unusual that they could not be accepted without rigorous 
proof. Far each combination of a flood event and an excess rairrfa.ll se- 
quence, a full run in each direction was made. The graphs from the com- 
plete forward and reversed runs were superimposed and if they were not 
in reasomable agreement, a new rainfall sequence was set up and the 
process repeated. 

The significance of superimposing the graphs of the two runs Lies 
in the fact that any given part of the witgraph is defined, in the forward 
run, by one part of the flood hydrograph, while in the reversed run it is 
defined by a different part. Consequently if the behavior of the runoff from 
any day's rain of the sequence is definitely abnormal because of a spotty 
distribution of xainfall in the basin, or if &ere is a; material error in 
either the basic record or the ground-water separatiorr, the two graphs 
cannot be brought into coincidence. This was the case in two (July 1941 
an6 September 1947) of the eight events used in the present study and those 
unitgraphs were discarded. Satisfactory agreement of the runs was obtained 
in the other six events whkh are shown with their unitgraphs in Exhibit 13. 
It should be noted that in this stage of processing, neither the ordinates of 
the unitgraph nor the assumed dairy increments of excess rain are in 
standard units, the values actually being ratios. They coald have been kept 
in inches and cfs by adjusting the daily rainfall increments of each trial 
so that the sum of the sequence would equal the observed runoff, This was 
tried and abandoned because of the extreme difficulty of estimating a new 
trial sequence by inspection of previous trials in which all af the incre- 
ments had been altered s4multaneously. Any established sequence a d  graph, 
however, can readily be converted into standard units. 

For each of the six derived unitgritphs, the lag was computed in 
hours from the start of unit excess rain to the hour when half of the volume 
had been discharged. These values are incIudcd wi+h otker pertinent data 
for all of the eight events originally studied, in the fotlowirrg table, and 
arranged ia descending order of maximum direct discharge: 

Date of 
PA 

July 12, 1946 
June 15, 1947 
Aug 1, 1947 
Aug 8, 1947 
Sept 9, 1947 
July 9, 1947 
Aug 2, 1945 
Sept 30, 1949 

Maximum Storm 
Discharge. G f s  

226,500 
181,100 
175,600 
160,200 
154,700 
r 26,900 
1 lS,5OO 

74,QO 0 

Total Direct 
Runof$, Inches 

17 -2 
11.7 
10.5 
11.0 
8.0 
9 -2 
6.4 
3 -6 

Lag 
Hours  

' 103 
86 
86 
84 
* 
4 

62 
41 

*Unitgraphs from these events could not be determined accurately. 



~ w a  nigaiy s q p ~ c a n c  crraracterlstlcs ox n a r n a r a r  xiver came ro 
Light in the course of the unitgraph analysis. The first is the great vari- 
ation of the lag time with increases ih the pezk stage, from 47 hours for 
an event with s discharge of 74,000 cfs to 103 hours for an event 
with a peak of 226,500 cfs {the values are plotted in Exhibit 14). This 
phenomenon i s  quite common in much larger watersheds, but in most 
basins small enough for the application of the unitgraph method, the basin 
lag is considered to have a constant value for all floods. 

The second peculiarity is in the characteristic shape of the unit- 
graphs, mentioned briefly in Section 9-67. W i t h  the single exception of the 
event of September 1949, which is a much smaller event than the other 
seven, all of them gave quite definite evidence that the unit excess rain 
runs off in two distinct parts, the flow from one portion of the basin being 
delayed until after the crest from the other portion has passed the gage- 
The same phenomenon is present but not prominent in the 1949 event, 
which is shown in the upper right-hand block of Exhibit 13. This event 
resulted either from a storm or' unusual pattern, so that the second part 
of the runoff failed to concentrate, or else the timing of the runoff was 
affected by the relatively low river stage and the absence of over-bank 
flows. The 1945 event, with a runoff volume of only 6-4 inches, produced 
a unitgraph that is similar in a number of respects to that of 1949, 

9.1 1 DESIGN UNITGRAPH 

The six accepted unitgraphs wer c converted into dimensionless form 
to eliminate the effects of individual lag and volume so that a direct corn- 
parison could be made. In this process, the volume of the unitgraph in 
cfs-days is determined from the ordinates, assumed for this purpose: to be 
in cfshnits, and the coefficient of interflow recession. The ratio of lag to 
volume i s  applied as a factor to each ordinate to determine the corresponcl- 
ing dimensionless ordinate. The abscissae are expressed in perctnt of the 
lag. The six dimensionless graphs are shown in Exfribit 15-  Lt is at once 
apparent that they form two distinct patterns, the -anitgraphs from the high- 
est two events (Figure C )  being materially higher and steeper than those 
from the other four, The unitgraphs from the smallest two events are shown 
in Figure A and those from the next two are in Figure B. There is a slight 
difference in pattern between those two groups, but it is no greater than the 
individual variations within the gro~~zs.  The aver age dimen siode ss anitgraph 
of each of the three pairs has been plotted in Figure D. The average of 
the graphs from the two highest events will  produce the mare critical flood 
crest and it has been adopted for the derivation of the inflow design flood, 

In order to evaluate the adopted dimensionless unitgraph for applica- 
tion at the dam site, values of the volume and lag must be supplied, The 
volume wil l  be that of one inch of generated runoff from the basin area of 
4,250 square miles, Qr 114,000 cfs-days. Since it bas already been fomd 



that the lag varies with the intensity of the flood, a. relationship must be 
established that can be applied to the design flood. It may safely be as- 
sumed that the lag depends upon the average levels in the tributary channels 
during the main period of concentration and that these are closely related 
to the volume of runoff generated during the storm. The total rainfall of 
the design sequence (Section 9.09)  is 59 inches, and the average retention 
rate of the observed events that were analyzed in the unitgraph study was 
1.0 inch per day. W i t h  the application of this retention rate to the four- 
day design sequence, the total excess rain becomes 55 inches, The relation 
curve of lag at Rangamati and excess rain based an the observed events 
is shown in Exhibit 14, the lag for the design flood being determined as 
151 hours from the start of the unit increment of excess rain to  the pas- 
sage of one-half the volume of runoff generated by it. 

The lag at the d a m  site will, of course, be longer than that at 
Ragamati, but with the reservoir filled, the difference will be largely 
offset by the increased hydraulic efficiency within the pool, Accordingly, 
a lag of 151 hours and a runoff volume of LI4,000 cfs-days were used to 
evaluate the average of the dimensionless unitgraphs from the two events 
having the greatest maximum storm discharge (July 12, 1946 and June 15, 
1947). The resulting unitgraph is shown in Figure E of Exhibit l.5. D ~ L y  
mean values were picked from this unitgraph. The total volume was then 
computed and found to be three percent r m  small, this error having re- 
sulted mainly from the smoothing of the two basic unitgraphs a d  the 
averaging of the two dimensionless graphs. The daily unitgraph ordinates 
were adjusted proportionally to a total volume of L14,005 cfs-days (in- 
cluding the ultimate volume under the recession Emb as computed from 
the coefficient of interflow recession, 0.491, resulting in the fotbwing 
values: 

Thousand C f s  
KY Per inch of Runoff 

Thousand C f s  
EY Per Inch of Runoff 

*The recession is exponential beyond this point. 



9-12 ICNFLOW DESIGN FLOOD 

The design sequence of rainfall excess was determined from the 
rainfall sequence of Section 9-10 by subtracting the average observed re- 
tention of one inch per day.  The daily rainfall excess is as follows: 

First day 22 inches 
Second day 16 inches 
Third day I I inches 
Fourth day 6 inches - 

T oral 55  inches 

The daily unitgraph ordinates of Section 9-11 were applied to the 
above values and the increments added to obtain the mean daily values of 
direct discharge. An assumed discharge of f0,000 cfs from ground aatez 
flow was combined with the direct discharge to give the mean daily dis- 
charge of the maximum probable flood. The hydrograph of the latter is 
shown in Exhibit 16, and is adopted as the inflow design "Elood. 

9.13 REQUIRED SPILLWAY CAPACITY 

In order W determine the spillway capacity required to pass the 
design flood, a reservoir routing detailed ia Sectbns 10-04 and 10-05 was 
performed. The hydrograph of routed outflow is sbow in Exhibit 16, tbe 
maximum discharge being 523,000 cfs. The effective capacity of %he spill- 
way therefore should be no smaller than that valne. 

9-14 CONSTRUCTION FLOOD 

Floods to be anticipated during construction can be estimated from 
the records of Rangamati gaging station. adjusted to the larger drainage 
area above the dam site, There are the two seasons to be considered; the 
dry  season, November to May inclusive, and the monsoon season, 3rme to 
October inclusive, during wsch time the large floods may be expected. Ln 
18 years of hydrographs for the R a n g m a t i  station plotted in -bits 10 
to 12 all but two years show floods exceeding 100,000 cfs. En six y e a s  
there were floods exceeding 150.000 cfs, and in two years, floods greater 
*en 200,000 cfs. Xt appears from this thak a construction f lod  at K ~ ~ E  
dam site during the monsoon should be in the range of 150,000 to 200,000 
cfs; that is the diuersi~n works required to f ~ r t i a n  during the monsoon 
should be capable of passing that flow. 

Unseasonally high runoff sometimes occurs dxring the non-monsoon 
months a d  provision must be made for such occurrences. The most critical 
of record is the event of November and December 1938 which ]had o peak 
discharge of 42,200 cfs- 



The appearance of the streamflow shows that a material amount of 
silt is carried by the Karnafuli. The importance of silt movement is 
indicated by fhe changes that occur in the channel, especially behk .the 
moutk of Halda River and in the navigable channel below Cbittagoag- Never- 
theless, the silt load in the Xarnafuli River is not excessive. The catch- 
ment area is well forested so that erosion is limited- The principal source 
of silt is said to be erosion from areas in the Hil ls  that are cleared and 
burned over in preparation for one-season cultivation By the Hill. tribes, 
This practice is known as tljhuminglv. The proportion of the watershed: sub- 
jected to these clearing operations is very small, probably on tlze order of 
1-0 percent of the total area. Not only is the vegetation on the watershed 
dense but due to the moist warm climate, recovery on the cleared areas 
is rapid; hence, even though erosion may be high from the cleared plots 
for a season, the total silt from that source cannot become excessive, 

Data have been obtained with silt samplers at Chilard* and Barkd 
during the period September b November 1948 and provide a basis for 
estimating the silt load and life of the reservoir- The data of s i l t  can- 
centrations taken at Chilardak were plotted against &the discharge at 
Rangamati. G hifardak is located a relatively short distance upstream from 
Rangamati and, although there is a Large tributary entering between the twu 
statiorrs, bath are located on the flatter portion of &e watershed- ft is 
considered therefore that tbe concentration of silt at Chilard& would not 
vary significantly fro= that at Ragamati. The resulting sift-rating curve 
was considered to be as accurate as can ordinarily be expected for such 
curves. It was recognized that the silt concentration in the river during 
the first freshets of the monsoon season would be somewhat greater than 
during the months when the actual silt sampling at Chihdak  was per- 
formed and also &at there is = moving bed Load of which the sampling 
took no account. Ta allow for these two items thC3 weights of sulspertded 
load indicated by the silt-rating curve were kcreased 25 percent to obtain 
the equivalent total weight: of sediment. The dry weight of the deposited 
sediment was assumed to be 60 pounds per cubic foot. 

The daily inflow into the ~eservoir was estimated by addbg lZ 
percent to the daily ascharge at R a n g m a t i  for the entire period of stream- 
Bow record, The daily sediment load deposited in the reservoir was de- 
termined from the daily inflow ip the manner described above. The average 
annual deposit was £mad to be 24 million tons or 19,000 acre-feet. At. that 
rate, 300 years would be required to fill  the reservoir completely. 

The practice of jhuming i s  now forbidden by law a d  it is expected 
that it will be vigorously suppressed. Zn any event the practice wiX.1 not 
be continued on the steep river banks, as in the past. For t k i s  reason, the 
m u d  sediment load as estimated in this report is probably much greater 
than will actually occur in future years and the life of the reservoir &add 
be corresponding~y longer. . 



9-14 HYDROLOGIC NETWORK FOR PROJECT Of ERATEON 

In order to operate the Karnafuli Project efficiently it is aeccssarp 
that there be installed a network of observation stations on and adjacent' 
to the watershed above the project. This qeb-ork should include meteor-, 
ologic, hydrometric and silt observation stations. The rneteorolog:ic and 
hydrometric stations are obviously needed to determine the ramfall re- 
ciived. together with other rneteot&ogic data, and to determine the i d a w  
of water to the reservoir as nearly as feasible and the effect a d  stream- 
flow regulation below the project. Because of #e great volume of flood' 
flow as compared with available storage capacity the operation of the 
reservoir during the monsoon must depend in part upon forebowledge of 
expected inflow. The preservation of the dam in extreme floods may be 
dependent upon adequate flood warning. The stations for observation of silt 
are needed to determine and observe &e deposition of silt oa thz psimcipd, 
tributaries and the mainstern entering from India. Obseruatioas neaar 
Bara Harina are important in connectio~ with reservoir Land acquisiticms. 

Arrangements can no doubt be made to receive preckpitaSoa reports 
from stations in India, The immediate operational forecasts of innow wi l l  
be based on these reports as well as the reports of the river discharge at 
the boundary station, increments of precipitation at the d m  site and about 
five other points in the drainage area between the boundary a d  the dam 
site, and antecedent soil moisture conditions in &a bash-  F o r  more ad- 
vanced warnings, reports of temperature, humidity, barometric pressure, 
and t3e speed and direction of winds can be used to determine the! b c a t b ,  
extent and potential of atmospheric disturbances in and near the basin, b' 
times of flood danger, observers should report by radio at frequent htervds 
unless automatic radio gages are: used. Xn addition to the reporting xzekwork; 
a number of non-reporting rainfall stations should be established, to provide 
a mare dense pattern for use in develophg a d  checking the forecast pro- 
cedures, and far better r stirnates of a~tecedent soil rnoiarrre coadktions, , 

In order to complete records sf inflow, outflow and losses, 
it wudd be necessary to measure streamflow at stations near the Ind ia ,  
boundary, below the dam and an all of the major tributaries between those 
points. Since the station below the dam will be in tidewater ;md all  of the, 
others, if readily accessible, would likely be affected by variable backmaker 
£ram the reservoir, a slope range with ?mo gages zmd observers would 
presumably be required at each station. In view a£ the costs s f  installation 
and maintenance and the office and field work required to develop and, 
maintain the ratings and process the daily records, it appears mare prac- 
tical to establish only the two primary gaging stations, one near &e boundary, 
and one below the dam, and to insure accurate and continuous records £ram 
them. by maintaining a systematic program of gagings, i~spcctions and 
periodic checking of f evels and cross sections. A staff gage: in the reservoir 
at the darn is needed far determining the reservoir level and one at the' 
powexhause far tailwater level. The latter gage could probably be used, 



also for the lower of the two gages of the slope range. In this case, the 
turbines would have to be rated for discharge and f i e  discharge sf the 
tailrace would he computed from powerhouse records. 

In addition to a rain gage (preferably an automatic recorder) at the 
powerhouse, at least five radio reporting rainfall stations should be tn- 
stalled. The sites will have to be selected on the basis of aredl pattern, 
accessibility for periodic ivpection and reliable radio transm.ission. A 
good pattern would be Thegamukh, Myanimukh, Panchari Bazar, a point about 
20 miles northeast of Dighinala, and z point about 20 miles southeast of 
Kaptai. At least five more rain gages (non-reporting stations with daily 
observations) should be maintained to increase the density of the network 
for the hydrohgic studies needed to develop the forecasting procedure. 

Data of temperature, humidity, barometric pressnre, wind speed 
and wind direction shculd be obtained at the dam or powerhouse and by 
phone or radio from Chittagong if possible - If similar data can be obtained 
from some oi the radio reporting network stations, such as the boundary 
staticm, it will prove a great help in the preparation of advanced forecasts. 
It is possible that an exchange of such meteorological information with 
hdian agencies could be arranged, with benefit to both countries. 

Since it appears impracticable to make direct measurements of 
reservoir i d o w ,  evaporation studies will nut benefit the project directly 
except as they may be used to help estimate antecedent moisture conditions 
far operational forecasts. However, because of the almost complete Lack 
of such data in Asia, an  evapcration station should be maintained at the 
dam for the sake of the future value of the records to the people of Fak- 
istan and neighboring countxies. 

Silt observation stations are recamm ended for the following Localities: 

ThegamuWl (mouth of Thega Cree) 

Mahalchari on Chingri Creek 

Tintilla on Kassahng Creek 

Tirkonia on Rankhiang Greek 

Dighimla on Myani Creek 

The suspended silt should be sampled at all the above stations- If no 
regular discharge records are being obtained, a rough determination of 
discharge should be made by floats or atherwise, at the time of each 
sampling. In addition, at all stalions except Kodala, silt ranges should be 



laid out. These ranges would be simply lines surveyed across the valley 
at intervals of 2 or 3 miles, the uppermost being at or above the point of 
first deposition in the reservoir. Depths of sediment can be measured once 
a year. The statian at T h e g a m e  again i s  important because of interm- 
tional complica%ions, 

The installation of hydroclimatic equipment should be assigned pri- 
orities according to the following schedule: 

1. The permanent gaging stations at the boundary and below the dam 
should be established immediately and current-meter gagings to 
establish their discharge ratings should be commenced 

2. The precipitation stations (probably five) of the radio reporting 
network should be given the oext order of priority so that they can 
be used for warnings during the construction period; that enough 
records will. have been obtained before the dam is finished to es- 
tablish the relation of runoff to current rainfall and antecedent 
moisture; and that the procedure and schedule of transmission can 
be tested out in actual practice and modified as found desirable 

3. The non-reporting precipitation stations should be established and 
the records started, as an aid to the determination of precipita- 
tion -di scharge relationships 

4. Any temperature, humidity and wiad equipment that is to be oper- 
ated at the field stations shauld be instdlled and the records s&ed 

5, The remaining hydroclimatic equipment that is to be operated at the 
dam and powerhouse, hcluding evaporation pan and barometer, can 
be installed as soon as the permane& sites are available 

6 -  The silt ranges should be surveyed before the reservoir fills, 



FLOODS AND F D D  CONTROL 

10.0 1 GENERAL FLOOD SITUATION 

Floods occur on the Karnafuli River ody during the monsoon season, 
June to September inclusive. Although there are appreciable rains outside 
of these months, the runoff is not great enough to exceed the capacity of 
the channel. 

Floods in Karnafuli River continue at high stage for several days. 
They are likely to occur during the period of spring high tides, Strong on- 
shore winds of typhoon type accompanying certain rainstorms may also 
tend to raise the tidal level, aggravating the flood condition, However, the 
major cazse of severe flooding in the lower basin is the fact that the Local 
flood flow from the relatively sluggish Halda River system usually does 
not reach its maximum rate at the river junction until the crest cf the 

Karnafuli has arrived downstr tam to combine with it. Flood-control storage 
in Karnafuli Reservoir will  therefore have a two-fold effect, It will not 
only reduce the maximum discharge rate of the main river but it will also 
delay the crest three to four days, while the peak flow from Halda River 
moves on to the ocean. 

10.02 FLOODS OF RECORD 

Historically, there are +firee known floods that have caused extensive 
damage; these occurred in June 1929, July 1946, and August 1947. Infor- 
mation on these floods had previously been assembled from a l  available 
data by Mr. E. A. Moore and appears in his report. Liberal use has been 
made of Mr. Moore's flood information in this chapter. 

The magnitudes of the above mentioned three high floods were as 
follows, based on stages r ecarded at station Rangamati: 

1 Discharge in Cfs 
Stage, Ft 
P . W .  ~ 9 )  Moore's C ansufting 

Year Datum Report M R V P  (2) Report Engineers 

1929 62.3 283,000 Not given 2 60,000 
1946 59.8 245,000 21 3,000 234,000 
I 947 57.1 Not given 203,000 2 2 5,000 



The flood of June 1929 was considered to be the highest known flood 
for the period considered. It has not been exceeded since then. If was de- 
termined that the stage was approximately 2.5 feet higher at Ra~lgamati 
than the high flood of July 1946, The second highest known flood is that 
of July 1946. This flood was apparently synchronized with high tides at the 
mouth of the Karnafdi River and heavy local rainfall on the tributary, 
Halda, which was in flood also. The area flooded is shown approximately 
in Exfiibit 7. Similariy the flood of August 1947, the third highest known, 
was also reported to have been synchronized with strong on-shore winds, 
high tides, extensive inundation of the coast, and local floods on the HaIda 
River. These flooded areas are also shown in Exhibit 7 .  Not all the area 
shown inundated in 1947 can be considered as flooded by the Karnafdi  
River, since it is not probable that the river water would submerge the 
shore lands as outlined. Just where the dividing line should be is difficult 
to determine but cognizance is  taken of the situation in estimating the 
damages. 

I No other floods than those mentioned are recorded as having caused 
I damage, although undoubtedly there were smaller floods that caused lesser 

damage, Hydrographs discussed in Chapter IX and presented in Exhibits 
I 
I 10 to 12 show eight years with floods below 140,000 cfs at Rartgarnati; *a 
I 

years between 140,000 and 150,000 cfs; five years between 150,000 and 
I 160,000 cfs; one year between 160,000 and 20C.000 cfs and two years above 
I 

I 200,000 cfs (not including that of 1929). 

The discharge rate of 160,000 cfs at Rangarnati or the uncontrolled 
rate of :75,000 cfs at the dam site represents the, most probable annual flood 
peak; therefore it can safely be assumed that the normal river profile 
corresponding to this flow will not cause flood damage. IGenever possible, 
however, it will be desirable to hold the maximum reservoir release to a 
rate not more than the probable annual flood at the dam site (L75,000 cis) 
because it wil l  be augmented downstream by uncontrolfed inflow from the 
M a l d a  River and a few minor tributaries. 

I 

10.03 EVALUATION OF FLOOD DAMAGES 
I 

I 

I Within 24 years there have occurred three floods known to be of a 

1 magnitude that would cause serious damage; those of 1929, L946, and l947. 
I This is equivalent to one serious flood in 8 years. 

A damage survey was made immediately following the flood of July 
1~46 by Mr. E. A. Moore. Regarding this flood his report states, **The 
total damage done to crops, homesteads, and personal belongings . . . within 
the inundated area . . . has been reported after a careful investigation, 
These figures were carefully compiled from reliable statistics supplied by 
the Civil Authorities and from detailed examination of the area immediately 
after the flood had passedt'. 



The value of the damages given are as follows: 

Aus Paddy (autumn rice) 

Pan baras (fences) 

Fish 

Homestead buildings 372,000 

Household belongings and supplies 515,000 

Total 6 I,312,000 

An area of 92 square miles suffered particularly heavy damage, 
being inundated from 2 to 15 feet, The Commissioner of Relief, Bengal, 
reported that 465 square miles were affected of which 325 square miles 
were paddy lands, The same source reported that 90 percent of the aus 
crop was calculated to have been lost, which was equivalent to 560,000 
maunds (23,000 tons) of rice. At the present market price of $4.848 per 
rnavnd this would be approximately $2,700,000 which sum does not include 
damage to paddy lands. 

For proper evaluation of the foregoing damages, it must be borne 
in mind that high tide and local rains on the lower tribukries were in part 
responsible for the flooding or the lower reaches. However, inspection of 
the flooded area for ? 946, Exhibit 7 ,  indicates that 'Ae inundation could have 
been caused by the Karnafuli River. A s  stated previously, any large flood 
would meet ordinary high tide and may be combined with unusual spring 
tides or typhoons. The damage ascribed to the 1946 flood does not appear 
excessive. On the other hand, an estimate of $6,000,000 damage caused in 
1947 has not been included because it probably includes damage sustained 
along the coast and other losses which cannot be ascribed to the upper 
reaches of the Karnafuli River, Offsetting this aspect is the likelihood of 
other smaller floods (other than the three highest) that would cause lesser 
amounts of damage. 

The data available are not suitable for the construction of a stage- 
damage curve. Consequently, it is not possible to determine the average 
annual damage by probability methods. Hcwaver, an answer can be obtairred 
by averaging the three highest floods, 1925, 1946, and 1947, over the period 
1929 to 1953. These three floods reached stages withi-n a few feet of each 
other and may reasonably be assumed to have caused a similar amount of 
damage. On this assumption the total damage given above, $1,3.12,OOO, may 



be ascribed to each of the three large floods. Although no Jamage surveys 
have been made for lesser floods, it  may be assumed that peak discharges 
as small as 180,000 cfs at Rangamati would cause damage and if the high 
stage lasted several days, the damage might be serious, A rough indica- 
tion of the loss resulting from major floods alone m a y  be obtained from 
the occurrence of $1,312,000 of damage three times in tweoty-four years, 
representing an average loss of $164.000 per year during that period. 

10.04 SPILLWAY DESIGN AND OPERATION 

The spillway design provides for the passing of an outflow of 
525,000 cfs over a spillway located on the left bank of the dam and dis- 
charging through a channel into the river some distance below the dam, 
Because of certain headwater limitations the Project Circle proposed to 
maintain the normal maximum pool level at El 108 and the maximum flood- 
control level at El 119. It is undesirable to maintain pool levels higher than 
108 feet, During floods, however, the reservoir can properly occupy such 
channels as would normally be filled at flood times if the Karnafuli Project 
did not exist. This situation permits flood storage to EL 119. It is con- 
sidered necessary, however, to discharge this storage as soon as conditions 
downstr earn from the project permit. These requirements of elevation fix 
the storage available for flood control but a re  adequate for containing the 
Inflow Design Flood provided the principles of reservoir operation given in 
the next section a re  followed. 

10.05 GENERAL RESERVOIR OPERATIONS 

In order to gain the maximum utility from the Project for power 
and flood control it is necessary that certain general principles of opera- 
tion be established and observed. Since power is the principal source of 
benefits the operation should first obtain the maximum energy with smallest 
possible handicaps imposed by other sources of benefit. To this end the 
reservoir wil l  be drawn down during the dry season for energy production 
and will be refilled as  soon as practicable after the beginning of the mon- 
soon season and should in all cases be full to El 108 by October 1 of each 
year. These requirements mean that the reservoir will probably be full at 
the beginning of any flood except at the start of the monsoon season. There- 
fore all flood routing was assumed to begin with the reservoir at El  108. 
The operations for flood control a re  determined to a large extent by the 
need for handling the inflow design flood, but consideration has also been 
given to reducing the smaller freshets as much as practicable. The general 
operating procedures were assumed to be as follows: 



1. The existence of a meteorologic and hydrometric network sufficient 
to give advance notice of unusual rainfall and runoff 

2 ,  Reservoir level at El 108 

3. Although 16 gates are provided, only 15 are assumed for routing 
purposes 

4. Hold the reservoir level to El 108 by releasing water until the 
outflow reaches 130,000 cfs, At &is discharge the top of the gates 
wil l  be at El 117.6 with 15 gates open or El 117.1 with 16 open 

5. When the gates reach the above elevation, allow reservoir level to 
r i se  

6 .  Open gates fully as need is indicated b-r information from meteor- 
ologic and hydrometric network 

The inflow design flood was routed through the reservoir in accordance with 
the above principles and the result is shown in Exhibit 16, The maximum 
outflow was 523,000 cfs and maximum level of reservoir El 118-9, both of 
which are satisfactory. 

10.06 OPERATIONS OF OBSERVED FLOODS 

Four observed flood peaks exceeding 200.000 cfs (see Section 9.06) 
were also routed through the reservoir in accordance with the above 
principles, with the following reductions in flow: 

Date 
Flow at Kaptai, Cfs Reduction 
Natural Routed Cfs Percent 

1946, July 8-20 258,000 147,000 1 1 1,000 4 3  
1947, June 12-21 205,000 138,000 67,000 33 
1947, July 29-August 18* 238,000 158,008 80,000 34 

+This period contains two peaks. 

Hydrographs of these floods and routed outflows are shown in Exhibit 17, 

10.07 ASSESSMENT FOR FLOOD CONTROL 

Because of the complexity of establishing actual financial losses to 
the property owners during prior floods, it has not been considered advis- 
able to secure a return to the project for flood control benefits by means 
of assessment on property benefited, 



10.08 COSTS AND BENEFITS 

The project will not eliminate all future flood damage but will  greatly 
reduce it. It i s  expected that all known floods of record will be reduced to 
outflow discharge not exceeding 160,000 cfs, which precludes damage from 
Karnafuli floods of record that originated above the dam. The average 
annual damage fxom known floods is $164,000, which i s  also the annual 
benefit from flood control. 

Essentially the same project design would be required for any 
multiple -purpose project with power generation and essentially the same 
rules of operation of the reservoir would be required since such rules are 
dictated by considerations of the inflow design flood, Therefore no special 
costs are incurred to secure the flood-control benefits and accordingly no 
revenue is anticipated from flood control. 



CHAPTER X I  

MAWGAT30U 

11.01 IMPORTANCE OF WATERWAYS 

The river and its tributaries are almost the sole arteries of travel 
in Karnafuli Basin, the only land route being a rough jeep road between 
Chittagong and Rangamati. Because of the hilly terrain and dense pattern 
of waterkourses, the construction of even a sparse network of market roads 
would be extremely costly. At full -pool stage, Karnafuli R eservoir will 
provide nearly 400 miles of navigable, slack-water channels in an area that 
is new practically inaccessible, The improvement of &e extent and efficiency 
of the navigable waters will  result in a public benefit comparable to that 
from an elaborate program of road construction in a less humid country. 
At the same time, the increased efficiency of the Port of Chittagong and 
its channel to the sea  will be of direct benefit to the foreign commerce of 
the nation. 

1 L -02 PRESENT RIVER TR-ANSPORTATION 

The flow of Karnafali River at the dam site varies from less than 
300 cfs during part of the dry season to more than L00,000 cfs during the 
monsoons, the greatest recorded flow being nearly 300,000 cfs, Sand bars 
in the river impede navigation during the dry season and at high water the 
swift current and floating debris make river transport hazardous. 

A considerable part of the present traffic on Karnafuli River can- 
sists of sampans and "country boats". The fatter are long craft similar 
to dugout canoes. They are reinforced by ribs  and usually have a third or 
mare of their length covered by  matting to shelter the crew. The larger 
country boats can carry twenty or more persons, or  up to one ton of gross 
load. Sampans and country boats are used to transport passengers and 
small freight, the latter including local produce such as fruits, vegetables, 
pottery, firewood, thatch grass, and maay other items. These boats have 
a shallow draft and are able to navigate some of the tributary streams, 
as well as the main river below Rangamati and with difficulty up to Barkal 
Rapids. 

There are 15 public motor launches carrying passengers on Karnafuli 
River, They can carry from 25 to 50 persons and draw from three to five 
feet of water, There are also  a number of government launches of similar 
capacity, D ~ r i n g  the low-water periad November to May, hunches are often 
unable to navigate farther upstream than a point about five miles below 
Rangamati . Between the dam site and Chittagong , launches of three -foot 



draft can uswlly operate during low water, provided thzy cross the sand 
bars at high tide. Launches of greater draft are quite likely to run aground- 

Heavy freight i s  carried on flat barges of 50 tons or more capacity. 
The barges are moved by towboats and draw up to five feet when fully 
loaded. During low water it is necessary to reduce the loads to provide 
clearance aver the sand bars. Many of the barges carry only half capacity 
during these periods. The cargoes include cotton, jute, lumber, fuel oil, 
household supplies, sulfite for paper manufacture and paper. The latter 
is the produce of the Chandraghona Paper Mi l l  about 9 miles below the 
project site. It is desirable to make shipments of paper during the non- 
monsoon season, whenevar possible, to avoid the danger of damage from 
rain. A s  this is also the period of low water, the barges must often be 
loaded to only half their capacity to reduce draft. 

Timber is moved frorn the forests by binding it into rafts which are 
floated downstream, usually during the high-water season. Bamboo is added 
to the rafts to provide buoyancy. Shipments of bamboo are also made in$o 
rafts for transportation, usually during the low-water season because of 
the length of the rafts and the difficulty of handling them in swift water. 
Much of the bamboo goes to the Chandraghona mill where it is used for pulp. 

11  .O 3 HISTORY OF CHANNEL IMPROVEMENTS 

Training works to provide scouring velocities in the main channel 
after the end of the monsoon season have been tried at Kodala,  Manikchari, 
Bardzm, and Chengrimukh. The operation was successful at the latter point 
but not at $he other three. The principal causes of failure were the wash- 
ing out of tlhe training spurs during freshets, lack of suflicient flow between 
freshets to scour the channel, and the large volume of new deposits brought 
down by each freshet, 

Continual dredging has been carried on in the Port of Chittagong 
and in the ship channel below the Port. Training walls and revetments are 
also employed in the ship channel but it has not been possible to stabilize 
the channel to any appreciable degree. 

11.04 GENERAL EFFECTS OF THE PROJECT 

The lake levels maintained by Karnafuli Dam will normally vary 
between El 85 feet and El 108 feet, rarely falling below El 80 feet or rising 
above El 112 feet. The rapids near Barkal and Bara Harina will be sub- 
merged. At the lower end cf Barkal Rapid the water at full pool level will  
be about 90 feet deep, or 55 feet higher than the present normal low-water 
Level. The depth at the head of the rapids at Bara Harina will be about 
26 feet- 



The flow of the river below the dam will be regdated by controlled 
releases from reservoir storage. Immediately below the powerhouse the 
discharge will normally vary between 5,000 cfs and 13,000 cfs when two 
generating units are in operation, or up to 20,000 cfs with three units 
operating. The flow will increase when water is discharged over the spill- 
way, but will rarely exceed 130,000 cfs. If the power output should be cur- 
tailed or the ?lant shut down, emergency releases for navigation will be 
made through the spillway gates or if the reservoir is below El 78, may 
be made through the slide gate in the diversion tunnel intake structure. 

All of the bed load and virtually all of the suspended material that 
enters the reservoir will be trapped there and the flow immediately below 
the powerhouse will be practically clear water, 

The dam will  have no appreciable effect upon tidal flows because 
the range of tide is quite small at the dam site and almost nil at Ragamati ,  
and the present channel between these points has relatively little storage 
capacity. The present effect of natural storage and release in the few miles 
of tidal reach above Ka2tai is therefore an insignificaot part of the total 
effect in the lower river. 

11 -05 LAKE NAVIGATION 

The reservoir will create such a comprehensive network of navigable 
waterways that an area  of roughly one thousand square miles between 
Karnafuli Dam and the Indian border will be served directly by lake trans- 
portation. This is largely a country of hills and forest land. Almost every 
part of it will be within three or four miles of an a r m  of the 'Lake during 
the months when the water level is at full pool stage. Country produce 
and minor freight can be collected from a considerably larger area  by 
utilizing dugouts on the tributary streams to bring cargoes down to the 
lake to be shipped to Chittagong on larger boats. Logs cafi be skidded to 
the lake shore or  floated down the tributary streams into the lake. 

The existence of a through waterway from Ghittagong, navigable by 
heavy barges, will make it practicable to establish industrial plants on the 
lake shore far the production of dimension lumber, wood pulp, fiber prod- 
ucts, plywood, small hardwood articles and other products. 

According to the present plan the locks (Exhibit 24) at the dam will 
consist of three lifts, each chamber being 200 feet long by 50 feet wide. 
The various types of river and lake traffic drawing up to six feet can be 
handled at all stages of the river and reservoir except at unusually 
high or low stages of infrequent occurrence and short duration, The locks 
probably cannot be justified considering economics on the basis of present 
river traffic alone. They will, however, contribute materially to the develop- 



I 
I ment of the reservoir area. A s  mentioned previously, a certain amount of 
I 

I river traffic and commerce is now existing and it is possible that it is in 
Lhe best interest of the government to maintain this traffic with as little 

I 

disruption as possible. Alternative means have been considered for handling 
traffic past the dam. 

Much of the freight traffic could be handled by a ropeway of the 
"Skyhook" type which employs a diesel powered crab operating on cables. 
Trucks could also be used by which bamboo and timber could be handled 
directly from the reservoir to the mills. Several types of conveyors have 
also been considered. The first cost of any of the above systems would 
be much less than that of the Locks. However, any of these alternatives 

1: would interrupt present river traffic, It would be difiicult, i f  not impossible, 

1' to move the present public launches from the r i v e r  up into the reservoir 

1. by any of the above systems. It  would aIs- require a considerable labor 
1 force to accomplish the necessary cargo handling and rigging. While a 

maxine railway could handle the launches, its general usefulness would be 
limited. 

1; The Government of Pakistan may wish to review the necessity sf 

1, immediate construction of the navigation locks to serve the present river 
traffic. Should it be determined that construction of the locks may be de- 
ferred, the capital cost of the i~tiaf project may be substantially reduced. 

1 1.0 6 RIVER NAVIGATION 

The maintenance of an average dry-season flow of about 10,000 cfs 
below the powerhouse should provide at least five feet of water over the 
sand bars so that ordinary river traffic can cross them at low tide, The 
desilting of the water in the reservoir wi l l  stop the heavy movement of 
silt from the headwaters into the lower river. This, alone, would eventually 
stabilize the channel but a number of years would elapse before the effect 
became noticeable at Chittagong. The clear water discharged from the 
reservoir  will commence to degrade the soft river bottom immediately 
below the point of release and wilt pick up a substantial load of silt before 
it reaches the first sand-bar zone near Kodala. As the depth of the up- 
stream part of the channel is brought to an equilibrium, the zone of degra- 

I dation will move gradually downstream, stabilizing the channel as it goes. 
I 

The process of channel stabilization can be hastened by the con- 
I structian of training spurs and revetments. The impounding of the freshets 

will make it relatively easy  to maintain such works. If flushing becomes 
necessary it can be accomplished by controlled releases from the reservoir. 

I 

I The benefits to river traffic below the dam will arise from improved 
navigation depths, stabilized channels, regulated river flows, and the im - 

I 

pounding of the freshets. Barge loads will no longer need to be reduced 
I 

! 
I 

I 
I 

I 



during the dry season, and the swift currents rhat combine with floating 
debris to make navigation difficult during the monsoon season will be 
eliminated. 

The Karzafuli Project will  increase both population and industrial 
activity in the basin, with a corresponding increase in focal freight and pas- 
senger traffic. The anticipated expansion of the output of the Chandraghona 
Paper Mil l  alone will provide 30,000 tons annually of additional freight to 
Chittagong. The shipments of p a p  r will be especially benefited because 
they can be made duringthe dry season, thus avoiding damage from moisture. 
Incorning barge shipments of sulfite and fuel oil as well as the downriver 
rafting of bamboo will be correspondingly increased. This traffic will es- 
pecially benefit from improved navigation depths and the elimination of 
swift curs ents . 

11.07 FUTURE R N E R  TRAXFIC 

Present river freight on the Karnafuli consists principally of sup- 
plies and equipment brought in from the Port of Chittagong, forest produce 
and other materials moved down the river, and local small freight including 
country produce and lccally manufactured articles . With the exception of 
the paper produced ahnual!.y by the Chandraghona Paper Mill (this is shipped 
by barge to Chittagong and does not pass the dam site) the freight han&ed 
by the larger boats, barges, and rafts consists dlmost entirely of forest 
products and cotton. The present annual tonnage of large freight passing 
the darn site i s  estimated as follows: 

Timber 16,000 tons 

Bamboo, all purposes 143,000 tons 

Firewood 24,000 tons 

Sungrass (far thatching) 26,000 tar s 

C otton 5,000 tons 

The tonnab listed represents traffic bound downstream. Except for 
the commodities thct are moved in rafts, each thousand tons of freight 
brought down will require the additional locking of about 24 bo&s, including 
empty cargo boats and barges returning upstream and towboats in eit&er 
direction. 

There are also five passenger launches operating on regular sched- 
ules. These launches pass the dam site about l,5OO times per year in e d i  
direction, a total of 3,000 passages. Although there will be increased pas- 
senger traffic in future years, it has been assumed, for the purpcse of 
estimating revenues, that the number of daily launches will remain cunstznt, 



With the addition of nearly 400 miles cf navigable waterways in the 
hill country, the extensive forest resources of a Large area that is now out 
of reach will  be utilized. 

The present and anticipated future annual tonnage of the variaus 
important items of freight passing the dam, consisting principally of forest 
products, is summarized as follows: 

At the present time 

Upon completion of the dam 

5 years after completion 

10 years after completion 

15 years after completion 

204,000 tons 

306,900 tons 

341,200 tons 

348,400 tons 

355,200 tons 

11.08 REVENUE FROM NAVIGATION LOCKS 

Toll rates have been established on several idand waterways in 
East Pakistan (including Kamapara Khal, Madaripur BhS, Kaksiala Khal, 
and Taltala Khal) under the Bengal Canals Act of 1864. It is understood 
that in accordance with the sane policy, tolls will be charged for the use 
of the navigation locks at Karnafuli Dam. 

After the completion of the dam the great increase in the total 
mileage of navigable channels serving areas that are now inaccesskb'le, the 
maintenance of navigable depths over the sand bars at all seasons, and the 
elimination of swift currents will justify the collection of tolls even though 
none are charged at the present time. 

After a study of the tolls charged on other waterways in. Pakistan, 
with recognition of the present toll-free use of the Karnafu l i  R i v e r ,  aad 
after consultation with the Superintending Engineer. KarnafuXi Project, a 
lockage toll of $0.606 psr ton has beer, csed fox estimating the annual 
revenue from the navigation locks. 

Since it is established policy on a&er waterways to exempt small, 
craft from the payment of tolls, it is assumed that boats of less than 25 
maunds cargo capacity (roughly one ton) would be passed through the locks 
free of charge. ls is  waulL exempt the sampans and smaller boats, which 
carry country produce ard passengers locally. Firewood, swgrass, a d  
cotton are usually carried either on boats of over 25 rnaunds capacity or 
on barges (sungrass, often on rafts) and would be subject to tolls, The 
expected annual grass revenue is estimated as follows: 



Upon completion of the dam 

5 years after completion 

10 years aftsr completion 

15 years after completion 

11.09 RIVER NAVIGATION IMPROVEMENT 

Although the revenue from lock tolls is only a small part of the 
total benefit to river traffic passing the dam, it affords the only available 
basis fox estimating the benefit. There is a substaniial arnoufit of freight 
traffic on the lower river that does not pass the dam site. The benefit to 
that traffic, estimated on a similar basis, would be $15,000 annually. 

11.10 THE PORT OF CHITTAGONG 

Chittagang, about nine miles upstream from the mouth of the Karna- 
fuli, is the principal port of East Pakistan. Although it has been an important 
port for centuries, the partition has made it the chief trade outlet for the 
entire province and the volume of its commerce has more than doubled 
since that time. The Port of Ghittagong is connected with the interior by 
the East Bengal Railway and by river steamers that navigate the varioas 
inland waterways. The growth in volume of ocean freight handled through 
the port since the partition is shown in the following tabulation: 

Year Imports, tons Exports, tons 

In order to handle the increased traffic, extensive improvements to 
the port facilities have been made and more are in progress. There are 
now twelve berths, six moorings, and two swinging buoys, so that Wentg 
ocean-going vessels can be accommodated at a time, The port is equipped 
with cranes and other machinery far mechanical operation, and has storage 
accommodations and other facilities of a modern port. 



B y  constant dredging, aa attempt is made to maintain a depth of 
25 feet at low water alongside the berths, but this has proved difficult to 
accomplish. Most ocean ships that visit the port draw between 25 a ~ d  30 
feet of water when fully loaded. Three bars must be crossed between the 
ocean and the harbor. The "outer bar" lies just outside the river mouth, 
the "inner bar" i s  two miles up from the mouth, and the "Gupta bar" is at 
a bend of the river five miles below the port. The latter is the ruling bar 
and great difficulty has been experienced in maintaining a minimum depth 
of 12 feet over it at low tide. Except during the driest months, vessels of 
draft not exceeding 22 feet can usually cross at high tide. Considerable 
lighterage is necessary for incoming vesse l s  fully loaded. Ships bound for 
Chittagong a re  sometimes required to wait offshore as long as ten days 
and it is not uncommon to see six ships, or even more, waiting at the 
same time. 

Attempts have been made in past years to increase the depth of 
the ship channel by the constrxt ion of training walls, spurs and jetties. 
These were found to be effective as long as they served as sift traps but 
as soon as the equilibrium of silt load and deposition became re-established, 
the bars were again built up. The improvement of ruling depths in the 
channel and port bas been the subject of much study- Among the investi- 
gators is Sir Claude C .  Jhglis, who has studied the problem at first hand 
and from models, over a period of five or six years. He states that the 
proposed Karnafuli Dam will  be of great benefit to the Port of Chittagong 
by the improvement of the ruling depth, the elirnlnation of silt from up- 
stream sources, a marked reduction of bed movement, and facilitating the 
training of the river through the elimination of freshets and the maintenance 
of large minimum flows. 

The maintenance of a deeper ship channel and harbor is not practi- 
cable under present conditions, even with continuous dredging, becatzse of 
the shifting sand bars and the heavy silt Load that is brought down the 
river with each freshet. Probably some dredging will always be required 
but the amount will be greatly reduced after the heavy downstream move- 
ment of silt hzs been stopped. It will be a simple matter to maintain deep 
water in the harbor and the channel to the sen so that the larger vessels 
can visit the port without having to wait for lighterage or tide.. 

The principal benefits to ocean shipping wi l l  be those of reduced 
turn-around time and the elimination af ligfiierage costs , 

The principal benefits to the Port of Chittagong, resulting from the 
Karnafuli Project, will be as follows : 

1. The greatly increased dry-weather flow of the river will provide 
greater depths for navigation in the harbor and in the ship channel 
to the sea 

I1)Irfglis. Sir Claude C.. Third Repon: on Training rhe Karnafuli River," Eastern Pakkmn, 1953, 



2. The trapping by the reservoir of all silt from headwater sources 
will eventually result in deep and stable channels 

3. The elimination of large freshets during tkre monsoon season will 
stop the silting of the harbor and the formation of new bars in the 
channel. It will also make it easy to maintain successful channel 
training works if any should be found desirable 

4. The establishment of direct freight service between the Port  and 
a large interior area that is now inaccessible will increase the 
commerce of the Port 

5 .  Greater production and local wealth in the Karnafdi  Basin will in- 
crease the commerce of the port and a substantial part of this benefit 
will be attributable to the extension of the navigable channels and 
the improved navigability of the main river 

6 .  The greater accessibility of the harbor to ocean-going vessels and 
the reduction of turn-around time alone wil l  increase the commerce 
of the port to a moderate extent. 

The present expense of dredging the harbor, berthing areas, and the 
ship channel to the sea is a direct cost to the port- The expense of lighterage 
and of the time lost by vessels is paid directly b y  the ship owners, but it 
is repaid indirectly by Pakistani business and industry in the form of in- 
creased freight costs ,  The annual benefit from reduction in lighterage and 
harbor dredgi~g done has been estimated as $845,000. As previously stated, 
this benefit will not be realized immediately upon completion of the project. 
The benefit from the reduction of turn-around time of ships would be dif- 
ficult to estimate accurately. It appears that a reasonable estimate of only 
the direct and tangible benefits to the port and to vessels using it, resulting 
from improved navigability of the river system, is at least $1,000,000 per 
year. Since reliable costs of turn-around time are not available. only 
$845,000 of benefit to  the port has been included in summaries contained 
in Chapter XV. 



CHAPTER XIT 

HYDROELECTRIC POWER 

12 .O 1. GENERAL 

In preparing the Reconnaissance Report extensive studies  were made 
to determine the power potentialities of the Karnafuli Reservoir. These 
early studies were based on some very preliminary considexations as to 
the characteristics of the connected load. Final studies, based on the very 
conservative estimates of future power demand and consumption developed 
in Part  1 3  of this volume have been used in establishing the plant capacity. 

A s  a result of these studies an initial installation of two units is 
recommended. Each unit wil l  consist of a kaplan-type turbin; with a rat6d 
output of 50,000 hp at average weighted head. The turbines will be direct- 
connected to 40,000 kw generators. The upper reservoir levels have pre- 
viously been established by the Government Engineers based on land 
acquisition considerations, The normal upper operating pool is El 108.0 
and the flood surcharge El 119.0. These criteria have determined the upper 
operating pool elevations. 

12.02 POWER CAPABILITY 

Reservoir operation studies based an eighteen years of flaw records 
( 1935 -1953) were made to determine the usable energy that can be produced 
and the capacity to be provided. The average over-all efficiency of the 
intake, turbine, generator and step-up transformer was assumed to be 80 
percent. Transmission loss from plant to the Load center was estimated 
to be 10.7%. These studies show that the Karnafuli reservoir wiff provide 
net firm power of a constant output of 50,000 kw. 

Using a utilization factor of 0.95, overload capacity of 15 percent 
and a load factor of 65 percent, the Karnafuli Power Plant with the initial 
two units installed is capabk df prod&ing an average annual energy of 
488 million kwh at plant. The recommended operating rule curve provides 
that the minimum reservoir elevation shall be El 75.0, At this minimum 
reservoir level the plant peaking capacity was found to be 68,?OO ky. 

The installation of the third 40,000 kw unit in the Karnafdi Power 
Plant will increase the average annual energy only a relatively small amount. 
Its chief value will be for use in increasing the peaking capability ant$ 
supplying additional energy during the monsoon season. For these reasons 
space has been provided for a third unit when the system demand justifies 
its installation. 



A s  the system demand and consumption increase, it wil l  be possible 
to feed into the system more and more energy produced from monsoon 
flow. In the early years of the project, however, it w i l l  not be possible to 
make use of the increased energy available during the monsoon season 
when the runoff is high. Therefore, as the system load increases the energy 
production at Karnafuli wil l  increase. The greatest utility of the Karnafuli 
power wil l  be reached in future years when it wil l  be operating in a system 
containing a substantial proportion of thermal power. 

The economic analyses in this report have neglected any possible 
revenue from the sale of monsoon power or secondary energy. 



G ~ Y - K E X  n r i a  

PROJECT FEATURES 

1 3.0 1 GENERAL 

The Karnafuli Project  is a multi-purpose project; its primary pur- 
pose is to  produce power. Flood control and extension of and improvement 
to  navigation a r e  secondary functions. There will be provided an earthfill 
dam, a spillway, a power plant, a flight of locks, a low-level reservoir 
outlet and diversion tunnel, and a transmission line and receiving stations. 
The general layout showing the relation of these features is shown in 
Exhibit 19. The topography and the foundations of the project area are 
such that the various feature s cannot economically be grouped together 
and made integral with each other. Alternate si tes for the various struc- 
t u k s  have been considered, and the final locations have been selected 
based on economic studies and foundation conditions. Work already accom- 
plished has  also influenced the location of the various features. 

In the description of locations and details of features, it should be 
noted that these in some cases differ from the proposed layout of the 
project as shown in the Reconnaissance Report. Such differences are 
partly due t o  a better knowledge of foundation conditions and embankment 
materials which have been determined since the preparation of the above 
report. In other cases  it became apparent that, as the final design pro- 
gressed, certain alterations woilld result in more economical structures. 
Although it is believed that the present general layout and structures can 
be considered as final, it should not be overlooked that certain adjustments 
wi l l  have to be made both during the preparation of detailed construction 
drawings and as the excavation progresses  and the foundations become 
exposed. 

13.02 EXISTING FEATURES 

The r iver  is  presently being diverted through an excavated channel 
in the right bank of the river at the d a m  site. This channel is approximately 
3,200 feet long, curved in plan and extends from the existing upstream 
cofferdam to below the toe of the downstream slope of the dam. It is 
trapezoidal in  cross section with a minimum base width of 140 feet and 
450 side 'slopes. The invert is at El 3.0. A 25 -foot wide berm is provided 
at approximately mid-height in the left side slope. Both side slopes are in 
parts protected by mattresses  of brick in wire baskets, reinforced gunite, 
and steel  sheet piling anchored with cables. 



The existing upstream cofferdam w a s  completed in 1954, It contains 
about 500,000 cubic yards of embankment and r i ses  50 feet above the normal 
river surface to El 62.0. The embankment was constructed by end dumping 
on the existing river bottom materials.  The embankment rnateriz.1 was 
obtained from the diversion channel and spillway excavation. The upstream 
slope of the cofferdam is protected b y  mat t resses  of brick in wire baskets. 

Considerable excavation has been completed in the spillway channel. 
It is also understood that further excavation of the spillway channel is now 
in progress  and that excavation for the main dam foundation is  well advanced. 
In addition to the above, extensive work on the construction camp, permanent 
quarters, and camp facilities has been accomplished. (See Chapter VIII) . 

13.03 RIVER DIVERSION 

The high flood potential of the Karnafuli River has been a determining 
factor in establishing the program of r iver diversion to permit construction 
of the main dam. During the monsoon season, which extends from May 
through October, floods of from 150,000 to 200,000 cfs are not uncommon. 
Because of the heavy rains during the monsoons, construction activity on 
the dam wili be restricted largely to d r y  seasons from November through 
April. It is planned that embankment construction will extend over three 
seasons, and r iver  diversion will be carried on in two stages. It is essential 
that the final closure section be constructed in one dry season. 

Stage I - Stage I extends over a two-year period during which 
all stream. flow, including heavy floods of monsoon periods, wi l l  
be diverted through the existing right bank channel. A portion 
of the dam, to the left of the diversion channel, and second-stage 
diversion works will be constructed at this time. 

Stage 11 - Stage 11 is the closure stage and wil l  extend over a 
single dry season immediately following Stage I. During this 
stage the river wi l l  be diverted through a tunneL in the right 
abutment and the closure section of the d a m  must be completed 
to a sufficient height to prevent overtopping by the subsequent 
monsoon flood. 

Stage I1 cannot commence until high water has receded. Daily flows 
ranging from 138 to 6,000 cfs have been recorded during the d r y  season. 
However, an exceptional daily average flow of 124,000 cfs  was recorded 
in  May 1941. 

Additional cofferdam s wili be required upstream and downstream 
to  unwater the diversion channel area during Stage II. An upstream coffer- 
dam will be constructed across  the entrance to the diversion channel. The 
top of the cofferdam has been set at E l  50.0 based on routing critical 
December floods through the tunnel with adequate freeboard. The cofferdam 



should be constructed at a rate of about 5,000 cubic yards a day to preclude 
any hazard of washout by floods. The downstream cofferdam will be located 
immediately upstream of the end of diversion outlet channel. 

ft is essential that construction of other features of the project be 
coordinated with the diversion scheme. 

13.04 MAIN DAM AND SADDLE DAM 

The rnairi dam will  be an 1,800-foot long earthfill embankment. The 
general layout and sections of the dam a r e  shown on Exhibits 20 and 21, 

The maximum section is located at  the old r iver  channel where a 
portion of the dam will be founded on shale bedrock and the remainder on 
a deposit of fine to medium sand. At the maximum section, the dam will, 
rise 153 feet above the deepest excavation level with a base length of 870 
feet. The section consists primarily of homogeneous, compacted impervious 
material. A 10-foot thick layer of pervious sand will be placed on the 
foundation under the downstream third of the dam- The blanket will serve 
to collect seepage through the dam and also to lower the phreatic line 
improving the stability of the section. A comparatively thin zone of pervious 
sand is located on the downstream slope as a secondary measure for con- 
trolling seepage through the dam. 

On the right bank, where the dam is founded on a terrace composed 
of 50 to 60 feet of silty and sandy clay, the maximum height is about 90 
feet. The cross section is similar to that in the old river channel, except 
that extended berms have been provided both upstream and downstream for 
purposes of stability. The berms will tend to distribute the embankment 
load so that maximum stresses in  the foundation will  not exceed the shear 
strength o i  the materials. 

A system of vertical sand drains has been provided in the right bank 
clay deposit under the downstream portion of the dam, The purpose of these 
drains is to accelerate consolidation of the clay deposit, thereby increasing 
i ts  shearing resistance in the period immediately after construction when 
stress conditions govern the design. 

The right bank terrace is underlain b y  a deep deposit of fine to 
medium sand which fills an abandoned river channel. A line of relief wells 
fully penetrating this deposit has been provided downstream of the axis to 
prevent the development of excessive uplift pressures. Underseepage will 
be collected in the relief wells and transported thraugh a header system to 
the downstream face of the dam. Seepage studies based on conservative 
assumptions indicate that discharge from the wells will be insignificant and 
that the loss of water will  have no effect upon the storage for power at the 
site. Moreover, discharge will decrease rapidly as siltation of the reservoir 
forms an impervious upstream blanket. 



Piezometers will be installed in the buried channel in the foundation 
of the dam downstream from the relief wells. This installation wil l  be used 
t o  observe hydrostatic pressure due to seepage and thus determine whether 
the wells are functioning properly at any time. Another group of piezometers 
will be installed in the dam foundation in the vicinity of the sand drains for 
observation of the progress of con sol idation. Both installations should be 
observed at regular intervals, both during and after construction of the 
dam. If readings indicate that the relief wells or sand drains are not 
functioning properly, remedial measures  should be instituted immediately. 

The upstream slope of the d a m  above the minimum reservoir  level 
is protected against wave action by 20-inch thick brick paving laid on a 
sand filter blanket. The downstream slope is  similarly paved below tail 
water level. Above tail water level the downstream slope is soddee t o  
provide protection against surface runoff during the heavy monsoon rains. 
A system of paved gutters along the berms with connecting gutters on the 
slopes serves to collect runoff. 

Conservative practices have been used in designing the embankment - 
Stability analyses indicate that the dam is amply safe for al conditions of 
loading, provided that all design cr i ter ia  a r e  satisfied. To insure the safety 
of the dam, i t  will therefore be necessary to continue detailed investigations 
on embankment and foundation materials before and during construction of 
the darn, as described in  Appendix A of Volume 11, Specifications. It will 
further be necessary to maintain exceptionally careful control during con- 
struction over all operations on the foundation and the embankment, so that 
all  portions of the embankment satisfy the design cr i ter ia  and all drainage 
installations function properly. 

13.05 DIVERSION AND OUTLET TUNNEL 

A diversion and outlet tunnel is a required feature at the Karnafuli 
Project.  Not only wi l l  i t  be necessary to divert the river during the second- 
stage construction of the dam, but provisions will also have to be made for 
release wher, the reservoir  level i s  below the spillway crest (El ?8) and 
when due to some emergency condition flow througb. the turbines is insuf- 
ficient to  satisfy downstream water requirements. From a study of alterna- 
tives in regard to  both type and Location, the present layout has been adopted. 

A tunnel with an inside diameter of 15'-0" is located in  the right 
abutment of the main dam {see Exhibit 22). In this location it is possible 
to take advantage of the approach of the power plant forebay channel on the 
upstream side of the tunnel and of a natural draw on the downstream side. 
The entire tunnel is concrete iined to a circular section. A cutoff grout 
ring is provided in the downstream portion of the tunnel at the intersection 
of projected axis of dam. 



A gate structure consisting of two passageways is located at the 
portal of the tunnel. It houses three 6-ft  x 7.5-ft slide gates, one in the 
left hand passageway and two in tandem in  the right hand passageway. Only 
two se t s  of electro-mechanical operators will be provided. InitialZy they 
will  be installed on the two upstream gates and used only during river 
diversion. After completion of the second-stage construction of the dam 
and the required diversion, the two upstream gates will be closed and the 
reservoi r  will begin to  fill. The operator will then be removed from the 
left gate and permanently installed on the downstream right hand gate. 
Only the right water passageway will be used for reservoir  outlet purposes. 
This passage has been designed for a capacity of approximately 2,000 cfs  
with reservoir  stage at El 60.0. The tunnel has been designed as a free 
flow conduit under heads up to the maximum dry  season flood reservoir  
stage (El  44) with all gates fully opened. It will  also operate as a free 
flow conduit with one gate closed under heads up to reservoir  El 78.0 
f spillway crest) .  The gate should not be used under heads greater  than 
reservoi r  El 80.0. Above E l  80.0 releases  will be controlled with the 
spillway gates. The upstream gate is provided for emergency use and to 
permit-maintenance of the downstream or operating gate. Trashracks are 
provided at the upstream portal to prevent debris  from blocking the water 
passageways. Access to the chamber is through an inclined steel -lined 
concrete shaft with the entrance above El 119.0. 

13.06 SPILLWAY 

A gated-chute spillway, designed for a maximum capacity of 525,000 
cfs, i s  located in a saddle in  the left bank of the proposed earthfill dam 
(see Exhibit 2 3). Essentially it consists of a gate structure and a converging 
escape channel- Further studies of the spillway and additional foundation 
information received since the completion of the Reconnaissance Report 
indicated that h e  stilling basin shown therein could be safely eliminated, 
resulting in a substantial saving. The spillway hydranlic design follows 
very closely that successfully usec on a number of important projects. 
While the general aspects of this design have been well proven, due to the 
complexity of the hydraulic aspects of this type of spillway it is desirable 
that the details be verified by hydraulic model tests prior to the preparation 
of the construction drawings. 

The spillway gate structure consists of ar, ogee crest at EL 78.0 
surmounted with radial gates. There a r e  16 gates, each 40 feet long by 
30 feet high, separated by 6-1 / 2  ft thick p iers .  The total net length of the 
c res t  is 646 feet. The top of the gates is at El 108.0, normal high reser- 
voir surface. With the reservoir surcharged to El 119.0, the required 
capacity is provided by 15 gates, one additional gate being provided as 
insurance against malfunctioning. Each gate is operated by its individual 
electric motor -driven hoist mounted on the hoist deck at El 127.0, An 
emergency power source consists of two portable gasoline engines provided 
with a mechanical drive which m a y  be directly co-rmected to the gate hoists 
in case of electric power failure. 



Sequence ot gate operation IS imporrmr Decause or mc: c m r r v c r g z r i g  

discharge channel. The gates must be opened one at a time in equal in- 
crements not to exceed two feet, beginning with the center gates and suc- 
cessively raising the gates on either side until all gates have been raised 
to the same elzvation. Further opening should be accomplished in the s a m e  
manner and closing should be done in reverse order.  This procedure is 
necessary to insure ever, flow in the channel. The gate motor hoists are 
controlled by limit switches which perm!; only limited travel of the gates 
without resetting and preclude human error in raising the gates. The spill- 
way gate structure is provided with a temporary one-lane access bridge. 
Provisions have been made for the future installation of a two-lane highway 
bridge when required. 

The spillway escape channel has been tapered far economic reasons. 
It consists of a concrete-lined transition section adjacent to the gate struc- 
ture and a straight unlined section downstream from the transition. It is 
anticipated that a hydraulic jump will occur at maximum fiow in the lower 
portion of the unlined channel. Any erosion that may occur will be far 
removed from any structure and will not present any anticipated operating 
difficulties. 

A deep grout curtain is constructed at the rtpstream end of the 
structure to reduce under -seepage. Uplift pressures under the structure 
are reduced by drains under the concrete and by relief wells at the down- 
stream end of the structure. Pieaometer tubes in the piers provide a ready 
means of checking the proper functioning of the relief wells .  

Sirnilarily, the concrete slab in the transition section of the spill- 
way channel is provided with a drainage system to prevent uplift pressures 
from dislocating the slab. Relief wells are also provided in the downstream 
cutoff of the concrete lining. 

NAVIGATION LOCKS 

The navigation locks (see Exhibit 24) consist of three chambers, 
each 50 feet wide by 200 feet long in the clear, with a minimum clearance 
over the miter gate sills of seven axld one-half feet. These general dimen- 
sions were recommended by the Kaxnafuli Project Circle and are consistent 
with other navigation locks in East Pakistan. Other pertinent features of the 
locks are the upper guide walls, the operations building, the lower guard 
wall and all the necessary operating equipment. For  the upper chamber, 
the r;laximum lift is 35.5 feet, and for the middle and lower chambers it 
is 30.5 feet, Maxim- filling time for each chamber is 16 minutes. 

The locks are so oriented that they line up with the river down- 
stream. A guard wall is provided at the downstream end ro deflect the cur - 
rent away from the immediate vicinity of the lock entrance. On the upstream 
end there is a straight approach channel out into deep water. A guide wall 
is provided at the upstream end to facilitate entrance into the locks. 



The lock walls and bottom slab are combined in the design into a 
"U"-shaped structure of reinforced concrete. The walls contain the culvert 
system, gate operating machinery, towing machinery and the various moor - 
ing devices and water level indicators. 

The hydraulic filling and emptying system consists of a longitudinal 
culvert in each wall with lateral ports at floor level connecting to  the up- 
per and lower pools and to each of the chambers, This system has been 
selected for simplicity and economy. The flow is controlled by segmental 
valves in the culvert'. Bulkheads are provided and so positioned that it is 
possible to unwater the segmental valve recesses for access to the: valves 
for maintenance or replacement. During normal operation, the bulkhead 
slots are equipped with slot fillers to  give a smooth culvert section and 
prevent cavitation. Vertical air vents are provided in each chamber section 
of the culverts to relieve entrapped air. 

The lock gates are constructed of structural steel and are of the 
miter type. Gates have been designed to permit complete unwatering of all 
chambers. At the upstream and downstream entrances to the locks, recesses 
are  provided far emergency dams which make it possible to unwater all 
chambers for maintenance of the miter gates, or for other purposes- Both 
the segmental valves and the miter gates are electrically operated. ATr gate 
operating machinery is capable of operating while completely submerged , 

Facilities for mooring vessels or rafts are provided at both the 
upstream and downstream entrances to the locks. Floating mooring bits, 
line hooks and check posts are provided within the locks for vessels or 
rafts in transit. There is a movable tc-~ing bit in each chamber to provide 
=otive power for vessels or  rafts moving through the locks. 

The control tower houses the lock emergency power generator, the 
lighting controls, and the control panel for the miter  gates and segmental 
valves. Water elevation indicated b y  floats in each of the chambers is 
transmitted electrically to the control tower. En addition to the fioat gages, 
staff gages are provided in each chamber to show water elevation. W h i l e  
the gate and segmental valve machinery may be operated from either the 
control tower or the deck, the towing machinery can be operated from 
the deck only. 

A two-lane structural steel bridge spans the locks at the upper 
entrance forming a link in the highway connecting the project and Chittagong- 

It is expected that navigation will be interrupted when the reservoir 
is above El 108 because such levels will be accompanied by substa~ti;L3. 
flood discharges from the spillway, and the downstream river would be 
nun-navigable for that reason. 



13-08 POWER PLANT 

Site - The power plant site (see Exsibits 25 and 36) has been selected 
as the preferred location after reviewing all available geologic data obtained 
from boring logs and after comparative economic studies for several pos- 
sible locations. The site combines the advantages of maximum economy 
and suitable foundation conditions with good approach channel and tailrace 
alignment. The foundation is comprised of blue shales of such depth, den- 
sity and extent as to afford a uniform znd satisfactory fourdation bearing 
mater ial  for the entire structure. The hydraulic characterist ics of the 
forebay channel at this site are especially favorable and a considerable 
saving in excavation quantities over that of the other si tes  is effected. 

Foundation - In order to reduce seepage and uplift pressure on. the 
base of the intake-powerhouse structure, and to assure the stability of this 
structure, a cutoff grout curtain will  be constructed near the upstream 
face. In addition, consolidation grouting ope rations will be carr ied crut under 
the structure to fill any voids o r  fissures ttat m a y  be found in  the foundation. 

A system of deep relief wells wil l  be provided irr,mediately down- 
stream from the grout curtain. These wells wi l l  drain water fro= the 
sandstone layers. A second deep relief well  system, comparable to that 
under the intake, will be provided on the downstream side of the powerhouse. 
These two systems will work together to reduce uplift Fressures under the 
entire structure. In addition, a drain system under t h e  draft tube slab will 
be installed to give local relief of uplift pressures when the draft tube i s  
uawztered. 

General Arrangement - The general arrangement features a puwer- 
house combined with an intake. This over-all structure is divided by trans- 
verse constructior, joints into three operating units and one assembly bay, 

Two of the operating units and the assembly bay are to  be car r ied  to 
completion in the initial phase of construction. The third unit at the north 
end is left in the "block-outu condition, to be completed at a later date. 
The exact date when the third unit should be installed will depend on. the 
rate of increase of load. The principal powerhouse data are as follows: 



Intake deck 

Intake slab invert 

Transformer deck 

Office Floor 

Generator and control room floor 

Turbine floor 

C enter line of distributor (tentative) 

Reservoir maximum water surface 

Reservoir normal high water level 

Average reservoir operating level 

Normal tail wazer surface at mean tide for 
5,000 cfs discharge 

Normal +,a41 water surface at mean tide for 
10,000 cfs dischtrge 

Flood tail water surface for 300,000 cfs 
discharge 

Maximum designed flood tail water surrace 
for 525,000 cfs uischarge 

Ultimate generating capacity ( 3  units) 

Initial installation capacity (2 units) 

Forebay - The forebay channel, leading from the reservoir to the 
forebay and intake structure of the power plant, is an important feature, 
The channel alignment chosen results in the feast possible excavation 
quantity. 

A reinforced concrete lining with sealed jotnts extends l00 feet up- 
stream of the intake structure. Beyand this an impervious blanket extending 
an additional 250 feet along the bottom and sideslopes of the c h e f  is 
provided. Together, the concrete lining and the impervious blanket win 
lower the percolation gradient under the powerhouse and reduce under- 
seepage. 



Unit Bay Arrangement - Each of the three unit blocks measures 70 
feet by 198 feet, the latter in t he  direction of flow. The upstream portion 
of each unit is t5e incake containing the trashracks, intake gates, emer- 
gency stoplog slots and the water passage from the hce of the intake to 
the scroUcase. The control bay and service rooms are between the intake 
and generator room. The substructure of the downstream portion of each 
*sit houses the turbine, and contains the draft tube and galleries. Alt water 
passages and channels, as we12 as the scrollcase itself, are constructed of 
reinforced concrete. 

The intake structure and enough of the substructure to permit ready 
completion of Unit Nc. 3 "in the dry" is provided. Blockouts in the first 
stage concrete will permit proper placing of future equipment and concrete, 
The water entrance from the reservoir will be blocked by a set of concrete 
stoplogs inserted in the emergency gate slots. Water will be allowed to 
enter the draft tube and pit. Inspection gallery entrances are to be closed 
wi+h temporary concrete walls. 

The* superstructure is of conventional reinforced concrete construc- 
tion with a steel truss-supported roof. Crane rails are supported on wall 
corbels. A temporary end wall, designed for easy removal, will  protect the 
generator room at the north end of Unit No. 2 .  

Turbines, Generators, and Auxiliary Equipment - The 55,000 hp 
kaplan-type turbines have been selected to answer a wide range of require- 
ments imposed by present and future power demand and the wide fluctuation 
of operating heads. These turbines, in which the blades automatically adjust 
to load and head conditions, provide high efficiency for varying gate open- 
ings and therefore are ideally suited to the load and heae variations of the 
Earnafuli f rojcct, The speed of each turbine wil l  be controlled by a separ- 
ate actuator -type governor. 

The hydraulic turbines a re  dixect-connecred by a vertical shaft to 

40,000 kw (50,000 kva), 50 cycle generators. The generator will be sup- 
ported on a reinforced concrete foundation built up from the turbine fn- 
dation block. 

Assembly Bay - The assembly bay is located at the south end of 
the three unit bays. Some of its spatidl functions are to provide for the 

assembly, and storage areas for major plant equipment at the 
time udOa&% of 'tial installation; space for future installations and repairs; housing 
of the machine shop, pump room, oil purification equipment and oil storage; 
a place for transformer service and repair; an& an ideal observation plat- 
form for visitors. 

Control Bay and Service R o a m  - The control bay and service rooms 
occupy three decks and are located between the intake and generator rooms. 
The location was selected to provide shortest possible cable Lengths from 
&e generators + 

xrn - lo  



Transformers and associated equipment are located on the top deck, 
El 86.0. Directly below are the following rooms: fan roam, water treatment 
room, station service room, office and miscellaneous utility rooms. The 
third deck consists of a pump room, the main control room, and cornpres- 
sor , battery and electrical shop rooms. 

Station Services - Equipment will be installed to provide the following 
services to the power plant: heating, ventilation and air conditioning. lighting, 
treated water, fire portection, insulating and lubricating oil systems, com- 
pressed air and GO2 systems, plumbing and drainage. Emergency power 
will be supplied by a f 00 kw diesel-generator set. 

Equipment and Material H a n d l i n ~  - The facilities for receiving and 
transporting eqaiprnent and machinery to the power plant consist of a wharf, 
roadways and rail  lines. 

The general location of the wharf facilities is central for the project 
features, and the immediate location possesses the advantage of being favor- 
ably situated with respect to handling shipments for the powerhouse area. 
A floating platform back of mooring piles is provided for barge unloading- 
Heavy shipments will be handled by an electrically powered stiffleg derrick 
and lifted to the elevation of the storage area- f owerhouse equipment will 
be placed on a special rail car for movement to the assembly bay o r  
transformer deck. 

The lifting equipment at the power plant consists of arr intake gantry 
crane, powerhouse bridge crane and a gantry crane on the tailrace deck. 
The intake crane is provided to handle stoplogs, trashracks and trash rakes. 
Heavy pieces of equipment will be handled in the powerhouse by a bridge 
crane which has two primary lifting hooks with a total capacity of 250 tons 
and two secondary hooks with a capacity of 15 tons each, The gzntry crane 
on the tailrace deck will handle the draft tube bulkheads. 

13-09 FUTURE P O W E R  PLANT 

As previously stated the initial project will include two =its wil - 

space for a third unit to be invzalled some five to ten years in the future 
when the power demand requires.  he chief value af the third unit as ex- 

plained in Chapter XI1 is to increase the capability (kw) of the plant for 
meeting peak demands. Experience in the United States has shown the ad- 
visability and economic advantage of using hydro power for peaking purposes 
when the hydro units are interconnected into a large hydro-tfie~rnal system, 
It may be many years before the demand and consumption of power in East 
Pakistan will make it desirable to u s e  the Karnafuli Power for peaking 
purposes, However when in the future such a large load develops it may 
be economical to operate additional generating units - Space has been allotted 
to the project layout for the future construction of a second power plant, 



The selection of units should be made based on operating conditions as 
disclosed by  experience in operating the initial units and by power re- 
quirements as they develop. It does  not appear economically desfrabk to 
increase the capital cost and interest charges of the initial pro~ect  by 
providing for these future units in the present construction. 

13.10 SWITCHYARD 

The switching scheme has been designed on the basis or" the unit 
system consisting of a generator and main power transformer bark op- 
erated as an electrical unit, with the  generator-transformer units and high- 
tension feeder circuits connected through high-voltage oil circuit breaker s 
to a common high-tension bus. All major equipment required, except the 
line circuit breakers, will  be located outdoors on the transformer deck of 
the powerhouse at El 86.0. 

The line circuit breakers, with associated disconnecting switches 
and outdoor carrier-current telephone equipment, will be located on I:.. c i e l  
ground at El 140.0 approximately 200 iaet north of the powerhouse, with 
major equipment and structures mounted on suitable concrete foundations 
or pads- A ground mat of bare copper cable will be provided below ttre 
graveled. surfacing in the switchyard. Initially only one high-tension line 
oil circuit breaker will be required, but the switchgard will be of suffi- 
cient size for a future line oil circuit breaker necessary for an additional 
transmission circuit, Space will also be provided on the transformer deck 
for a future third main transformer bank, associated high-voltage oil circuit 
breaker and equipment for installation with future Generator No. 3, for use 
when additional generating capacity becomes necessary. 

Single-phase power transformers are used in prefereace to three- 
phase units to overcome transportation problems which would be inherent 
in the larger units. Each transformer bank will consist of three single- 
phase power transformers of the oil-immersed, self-cooled type with 
provisions for future addition of forced-air cooling fans. The transformer 
bank kva capacity will, be capable of continuously handling 115 percent of 
generator nameplate rating with the addition of the cooling fans. One spare 
transformer will be provided for replacement use. Each transformer will 
be provided with wheels for moving the transformer on the tracks 
in the powerhouse. Connection between the gene rator and tr ansforrner s will 
be made by insulated power cable routed through suitable ducts betwe& 
+he transformer bay and the generator terminal equipment room, 

High-voltage circuit breakers of the oil type will be used for switcb- 
ing the generator -transformer units and transmission line feeders. Each 
pole of the circuit breaker will be encased in a steel tank, arranged for 
three-phase group operation, and will  be capable of interrupting the maxi- 
mum short -circuit kva available - 



Disconnect switches will be of the single -pole, air -break type, 
mounted on suitable steel structures and arranged for manual three-phase 
group operation from the floor lev-el. High conductivity electrical copper 
or alum-inum will be used for all bus work and electrical connections, which 
will be spaced and supported to provide adequate clearance from grounded 
parts. Structures in the switchyard will be of steel, protected against cor- 
rosion and designed with ample strength and rigidity to accommodate the 
outgoing transmission conductor. 

I 3.1 1 TRANSMISSION AND SWITCHING STATIOX FACILITIES 

The project requires a transmission line linking the switchyard at 
the Karnafuli Project with switching stations in the Chittagong and D a r c a  
areas. These features are not a part of this contract. As required for a 
proper economic analysis, general requirements and costs for these features 
have been developed in Chapter VII and Appendix B. 



ESTIMAT'ES OF QUANTITIES AND COSTS 

14.0 1 GENERAL 

The quantities and costs far the major construction items as listed 
in this section are those required to complete the Karnafuli Project as 
shown on the Drawings, Volume UI. Although the listings given are for 
the principal items only, all incidental items have been allowed for in the 
costs.  For a detail list of construction items see Appendix E. 

Work completed to date includes the diversion channel, upstr earn 
cofferdam, preliminary boring investigations, existing camp facilities, and 
construction materials and equipment on hand. Expenditures up to July 1954 
have been included as a separate item with interest added from the time of 
expenditure to the end of the construction period- 

14.02 SCHEDULE OF WORK 

The construction schedule shown in Exhibit 27 presents a workble 
construction program - The dam construction natuxally divides itself into 
three seasons work with the left portion of the dam embankment being 
constructed in the first two dry seasons and the final right bank closure 
section being placed during the third dry season. During the last phase 
the river will be diverted through the diversion t i i e l .  The remaining 
features and work items are cooruinated with the dam construction so 
they are completed and ready by the time the reservoir fills, The recorn- 
mended constructi~n schedule calls for completion of the project in 1958, 

The quantities are based on the "Drawings" in Volume IXI and are 
subject to variation with changes in foundation conditions. 



SUMMARY OF PRINCIPAL QUANTITIES 

Quantities 
Main Dam and Saddle Dams 

Excavation 
Embankment 
R ipr ap 

Diver sion and Outlet Tunnel 
Tunnel Excavation 
Channel Excavation 
Tunnel Concrete 
Reinforcing Steel 
Gates and Metal Work 

Spillway 
Excavation 
G oncrete 
Reinforcing Steel 
Gates and Metal Work 

Navigation Locks 
Excavation 
Concrete 

Reinforcing Steel 
Gates and Meta l  Work 

Powerhouse and Switchyard 
Exc avatioa 
B ackfifl 
Concrete 
Reinforcing Steel 
Gates and Metal Work 
Power Generating Equipment 

1 14-04 COSTS 

The Consulting Engineers consider i t  proper to adopt a very con- 
servative approach in preparing the Engineers Estimate of project costs on 
which the economic evaluation of the project is made. Substantial allow- 
ances have been made which in the opinion of the Consulting Engineers 
should be adequate to cover constructi~n contingencies, contractors fee, 
and engineering contingencies. Inclusion of these allowances has been made 
in order to determine the capital expenditures which should not be expected 

- 

I to be exceeded under pre sent construction contiitions assuming construction 
I efficiencies equal to good United States practice. The result of including 

these allowances has been to substantially increase the estimated cost of 
the Karnafuli  Project-  In addition some changes and betterments in the 
design, also on the side of conservatism, have been made which add to 
the project costs. Similar conservatism has been applied to the estimates 
of cost for the transmission system. 



On this basis the capital costs have increased considerably over 
those considered in the advance draft of the Report on Electrical Develop- 
ment of East Pakistan submitted on December 15 ,  1954 which contained a 
lower allowance for contingencies . 

The Engineer1 s estimate of the construction c o s t s  are based on the 
final design quantities as shown in Appendix E . Due consideration was given 
to the speed of construction essential for a project of this magnitude and 
to the work that has been completed to date. Interest during construction, 
import duties and taxes, contractor's contingencies, contractor's fee and 
engineering contingencies have been included in the costs-  It has been 
assumed that the efficiency of operations and performance of the work will 
be in accordance with best United States practices. 

COST ESTIMATE 

Item 
Total Cost 

Millions of Dollars 

a. Karnaful i  Project 

Money Already Spent (l) 
Land Compensation (2) 

Main Dam 
Tunnel 
Spillway 
Navigation Locks 

Power Plant 
Engineering and Admini stration 

Sub-totals 

Minus Salvage Value of Construction Equipment 

TOTAL CAPITAL COSTS - KARNAFULI 
P R O J E G T  72.131 

b. T ransrnission Lines and Receiving Stations : 

Transmission Lines 7.749 
Receiving Stations and Synchronous Condenser 3.612 

TOTAL CAPITAL COST - TRANSMISSION 
FAC ILITEES 11.361 

%ffecrive JuIy 1954. 
( 2 ~ ~ l u d e s  the cost of lands and properties in the Karnafuli reservoir and site area, clearance of the reservoir 

area and re-alignment of roads and urilities as estimated by the Gover.menr of Pakistan, 
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SUMMARY OF BENEFITS 

15.01 POWER BENEFITS 

The tangible benefit of the power production of the Karnafuli hydro 
system with thermal support is equal to the cost of supplying equivalent 
power by the aext most economical alternate which is thermal power. This 
is conservatively estimated to be $8,328,000 in 1965. (See Section 7.02) 

The economy of East Pakistan will for many years to come be based 
on agriculture. The rising economic level of the people of East Pakistan 
will intensify the present strong demand far imported consumer goods re- 
quiring foreign exchange. Conservation of foreign exchange is accordingly 
of prime importance to the economy of Fakistan, 

The Karnafuli hydro system with thermal support wil l  save, in the 
year 1965, $2,461,000 in foreign exchange over the cost of equivalent an- 
thermal generation. This is a net saving to the economy of Pakistan after 
deducting the costs of interest and sinking fund amortization for the Karna- 
fuli R o  ject with navigation locks, supporting thermal p l a t  and transmis- 
sion system, 

Construction of the Karnafuli Project will further assist in the econ- 
omic development of East Pakistan by providing a much needed opportunity 
for Pakistant s engineers and workmen to obtain the experience and skills 
of working on a heavy construction project using modern methods and equip- 
ment. A body of trained and experienced men will  be available to undertake 
further heavy construction in East Pakistan such as much needed irrigatior,, 
drainage, highway, and railroad projects, 

15.02 FORESTRY 

As described in Appendix G the construction of the Karnafuli Project 
will make practicable the expansion of the timber industry in East Pakistan, 
Extensive stands of heavy timber can be reached by the KarnafuLi Reservoir 
which winds through a thousand square miles or virgin forest. Commercial 
timber can be cut in the now inaccessible Kasalong Forest Area and readily 
moved to the lake. This timber can then be transported on barges to indus- 
trial plants on the river or to the Port of Chittagong, The annual benefits 
from the lumber industry are estimated as $1,212,000 in 1960 and the 
same amount in 1965. 



15.03 FISH INDUSTRY 

The demand for palatable fish in East Pakistan has always greatly 
exceeded the supply. If Karnafuli Reservoir is kept stocked with fish, con- 
cessions for commercial fishing can be sold. It is estimated that the an- 
nual net revenue from fishing concessions will amount to $379,000 in 1965. 

15.04 FLOOD CONTROL 

The storage capacity above the maximum normal pool level of Karna- 
fuli Reservoir i s  sufficient to contain any flood of actual record with out- 
flow rates not exceeding safe channel capacity. The annual benefit from 
flood control, determined from the estimated aver age annual damage from 
observed floods, is $164,000. (See Chapter X) 

15.05 NAVIGATION 

The construction of Karnafuli D a m  wil l  provide four basic improve- 
ments to navigation that are now greatly needed. The most important is the 
establishment of direct water transportation between Chittagong and a thou- 
sand square rniies or more of potentially productive forest land that is now 
practically inaccessible. Hardly Less important is the trapping of all silt 
from sources above Kaptai, which will stabilize the channels in the lower 
river and permit the maintenance of a deep-water ship channel from the 
Port of Chittagong to the ocean. Of third importance is the conversion of 
the upper reach of the main river into a pool and the rnaintenanc e of a 
flow below the dam that will provide depths for fully loaded boats and barges 
at all times. The elimination of the freshets is by no means unimportant, 
They now interfere with the rafting of bamboo, shift the river chaxmels, and 
at the same time make the use of training spurs impracticable, 

It is not practicable to make estimates of the profits to be realized 
from the transportation of forest products, or the benefit of increased trade 
in the Port of Chittagong, nor of the economic value to the nation of the 
comrllerciaf development of the upper Karnafuli Basin. 

The estimated annual direct benefits from navigation are as follows: 

Item 

Navigation Lock Tolls 
River Navigation 

lmpr ovement 
Ghittagong Port 

Annual Benefit in ~ollaxs(') 
1960 1965 

Total Annual Navigation Benefits $205,000 $l,Ob8,000 



15.06 AGRICULTURE 

Although agriculture will be greatly benefited by the establishment 
of industrial plants for the production of fertilizer, preservation of foods. 
and utilization of agricultural products as raw materials, the direct agri- 
culkral benefits from the Karnafuli Project will be those arising from the 
use of electric power for purposes of drainage and irrigation. The amount 
of Karnafuli power that wil l  be allocated to land reclamation and the ex- 
tent of its distribution are matters of future government policy. It is there- 
fore impossible at this time to make a reliable estimate of the annual 
benefit to agriculture. (See Appendix F) 

15.07 GENERAL INDUSTRIAL EXPANSION 

There has been no enterprise in East Pakistan comparable to the 
Karnafuli Project, to serve as a yardstick for estimating the industrial 
benefits. However, a material growth of the mechanical industries will bene- 
f i t  the foreign exchange and economic weUare of the country to a degree 
that can hardly be overestimated, There are three principal ways in which 
the Karnafuli Project will stimulate industry. First, the availability of low- 
cost electric power wil l  encourage the construction of processing and manu- 
facturing plants. Second, an abundance of raw materials from the forests 
will be made available by the lake waterways. Third, plant sites on the 
lake and river will  be comected by excellent wzter transportation with 
headwater points and with the Port of Chittagong. 

15.08 SUMMARY AND COST-BENEFIT RATIO 

The estimated annual tangible benefits arising frorn the Karnafuli 
Project, a r e  sunvnarized below: 

TOTAL ANNUAL BENEFITS 

Source 

Electric Power 
Forestry 
Fish Industry 
Navigation 
Flood Contr 01 

Benefit in Dollars 
1960 1965 

Total Annual Benefits $7,632,000 $ L1,152,000 



The total gross annual benefits and the total annual costs of the ' 

hydro system with thermal support and transmission system together with 
the gross cost-benefit ratios for typical years are listed in the fallowing 
table, The annual costs are detailed in Appendix 8. 

COST-BENEFIT RATIOS 

Annual Costs Annual Gross Benefits 
Year - Dollar s Dollars Cost-Benefit Ratio 

The above attractive cost- benefit ratios prove the Karaafuli Pro jcct 
to be an economically sound development. The cost-benefit ratio i s  1.96 
in 1965 and will increase in subsequent years. 

There will  be a substantial benefit in the saving of foreign ex- 
change. For the year 1965 the saving in foreigs exchange is estimated to 
be $2,46 1,060 and increasing thereafter. The completion of the Karnafuli 
Project will doubtless be of substantial benefit to the economy of East 
Pakistan and it may be expected there will  be many intangible benefits 
not evaluated herein, 



Signed at San Francisco, California, March 21, 1955 

FOR INTERNATIONAL ENGINEERING COMPANY, PIG. 

J P N ~  
J .  P. Hawke, Project Engineer 

T. Mundal, Chief Engineer 

C .  f. Cunn, President 
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Exhibit 
Number Title 

Location Map 

Transmission Stage 1 
H. T. Distributiqn 
Dacca and Chittagong Area 

Transmission Stage IT 

Power Demand and Annual Energy Consump- 
tion for Dacca- Chittagong-Comilla Areas 

Forecast Annual Energy Consumption for 
Dacca- Chittagong-Comilla Areas 

Reservoir A, *ea 

Map of Watershed 

Rainfall Map of East Pakistan 

Average Rainfall ia East Pakistan by Months 

Hvdrographs of Daily Flaw Rangamati 
1935-1941 

Hydrographs of Daily Flow Rangamati 
1942- 1948 

Hydro gr aphs of Daily Flow Rangamati 
1949-1954 

Hydrographs of Direct Runoff at Rangamti, 
and Unitgraphs 

Relation of Excess KainfaU and Unitgraph 
Lag at Rangamati 

Karnafuli River Dirnensionles s and 
Evaluated Unitgraphs 

Drawing 
Number 

BW-04-246 

BW-04-24? 

BW-04-248 

BW-04-249 

BW- 10-202 

BW-04-210 

BW-04-240 

B W  -04-241 

BW-10-301 

BW- 10-302' 

BW-10-303  

BW-04-242 

BW-04-243 

BW-04-244 



Exhibit 
Number Title 

Drawing 
Number 

Spiilway Design Flood M o w  - Outflow 
Hydro gr aphs B W-04-245 

Reservoir Flood Routing Studies BW-04-250 

Area, Capacity, Discharge and Tail water 
curves BW-10-304 

General Layout BW-10-901 

Main Dam and Saddle Dam General Plan 
and Sections BW-12-401 

Main Darn and Saddle Dam Sections BW-12-402 

Diversion and Outlet Tunnel Alignment, 
Profile and Sections BW-32-201 

Spillway Gener a1 Plan and Soctions l3W- 13-30iE 

Navigation Locks General Plan and Sections BW-61-301 

Power Plant Site Plan BW-42-201 

Powerhouse Transverse Section Through Units BW-42-210 

Construction Schedule BW-85-201 

Appendix F 

Proposed Land Reclamation Area 

Land Use Classification 

General Layout of Unit Area 

Earthwork Installations in Unit Area 
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APPENDIXES 



CAPITAL AND ANNUAL COSTS - SCIBME I 
ALL-THERMAL SYSTEM 

A.01 GENERAL 

In this appendix the capital costs are shown and the annual casts 
are determined on the sinking fund depreciation basis for Scheme I - Non- 
Interconnected All-Thermal System as described in Chapter VII, This system 
comprises a total of 75,000 kw of thermal plant located at Dacca and 
Chittagong with necessary switching stations but without transmission lines 
or distribution system. 

A.02 CAPITAL COSTS 

For purposes of economic comparisons the capital costs have been 
estimated for steam plants complete with switching stations on the basis 
of cost per kilowatt of installed capacity. To reduce the difficult operation 
and maintenance problems involved, low pressure steam plants have been 
adopted for this study, 

The capital costs include the cost of construction, interest during 
construction, import duties, taxes and contractor's fee, 

Capital Cost per Kilowatt of Installed Capacity - -. " -.- - -. . -- 

Item - 
Plant and Equipment including 

Switching Structure Packed for 
Export and inchding Interest 
during Manufacture 

Freight and Custom Duty 

Foundations and Buildings 

Oil Handling and Storage 
Facilities 

Engineering and Start Up 

Erection 

Land 

Totals 

Fur eign 
Currency 

$142 

Pakistan 
Gurr ency 

$ - 
Total 



Total Capital Costs - It has been determined that in 1960 an installed 
capacity of 75,000 kw will be required which provides for spare capacity 
as will be necessary for maintenance. 

Total Capital Cost (Foreign) = 75,000 x 176 = $13,200,000 
Total Capital Cost (Pakiskn) = 75,000 x 53 = 3,975, 000 

TOTAL CAPITAL COST IN 1960 $17,175,000 

In 1965 an installed capacity of 105,000 kw will be required. 

Total Capital Cost (Foreign) = 105,000 x I f  6 = $ L8,48O,UOU 
Total Capital Cost (Pakistan) = 105,000 x 53 = 5,565,000 

TOTAL CAPITAL COST IN 1965 $24,045,000 

A.03 ANNUAL COSTS 

The fallowing costs represent the annual costs for the all-thermal 
system. The annual costs consist of interest. sinking fund, operatios 
maintenance and fuel costs. 

The total annual cost in 1960 for Scheme I is $6,051,000 of which 
$4,058,000 is in foreign currency and $1,993,000 is in Pakistan currency, 
This cost is made up of the following items, the detailed computations of 
which are presented later in this appendix. 

Sunvnzry of Annual Costs for 1960 

Cost in Millions of ,Dollars 

Item 

Interest 

Sinking Fund 

Operation 

Fuel - Dacca 
Fuel - Chittagong 

Foreign 
Currency 

0.660 

0.399 

0.197 

0.110 

2.177 

0.515 

Totals (fa millions) 

Total 



I The total annual cost in 1905 for Scheme I is $8,328,000 of wbich 

I 
$5,595,000 is in foreign currency and $2 ,733 ,000  is in Pakistan currency. 

Summary of Annual Costs for I965 

Cost in Millions of Dollars 

Interest 

Sinking Fund 

Operation 

Maintenance 

Foreign Pakistan 

Fuel - Dacca 
Fuel - Chittagong 

Currency Currency 

Totals (In millions) 5,595 2.733 8.328 

The above costs were determined as fuUuws: 

a. Interest - Interest rates of 5% for foreign currency and 3-1/2% for 
Pakistan currency have been used, ... 

Interest in Millions of ,Dollars 

For 1960: 
Capital Cost (Foreign) x i = 13.200 x .05 = 0.660 
Capital Cost (Pakistan) x i = 3.975 x -035 = 0.139 - 

Tohf 0,799 Millions 

For 1965: 
Capital C o s t  (Foreign) x i = 18.480 x .US = 0,924 
Capital Cost (Pakistan) x i = 5.565 x -035 = 0.195 - 

Total 

b. Sinking Fund - The useful life of the thermal pfant has beem as- 
sumed to be 20 years. Interest rates far deterrnirring the s- 
fund are the same as fur anmlnl interest, 



For 1960: 
Capital C o s t  (Foreign) x f = 13.200 x .03024 = 0.399 
Ca2ital Cost (Pakistanj x f = 3.975 x ,03536 = 0.141 

Total 0.540 =llion;s 

For 1965: 
Capital Cost (Foreign) x f = 18.480 x -03024 = 0.559 
Capital Cost (Pakistan) x f = 5.565 x .03536 = - 0.197 

T otaL 0.756 Millions 

c. Operation - An operation cost of $5.25 per kw of installed capacity 
has been used. This is in accordance with the Federal Power Com- 
mission data on costs, corrected to the 1954 level by application of 
an index, for steam plants having units of 10,000-15,000 kw each 
and using steam pressure of 600 psi. It is not feasible to definitely 
establish the ratio of Pakistan and foreign currencies. For purposes 
of this report division is assumed to be equal. 

Operation Cost in Millions of Doflars 

For 1960: 
75,000 kw x $5.25 x -5  = 0,197 Foreign 
75,000 kw x $5.25 x -5 = 0,197 Pakistan 

Total 0,394 Millions 

For 1965: 
105,000 kw x $5.25 x .5 0.276 Foreign 
105,000 kw x $5.25 x .S = 0.276 Pakistan - 

Tobl  0,552 Millions 

d. Maintenance - An average maintenance cost of $6?f .OO per million 
kwh generated has been used, This is also computed in accordance 
with the Federal. Power Commission data for similar plants, The 
proportion of foreign and Pakistan currencies are assumed equal. 

Fox 1960: 
324.00 Mkwh 
324.00 Mkwh 

For 1965: 
443.60 Mkwh 
443.60 Mkwh 

Maintenance Cost in Millions of W h r s  

x $677.00/Mlwh x -5 = 0.110 Foreign 
x $6??,00/Mkwh x -5 = 8-110 Pakistan - 

Tobf 0.220 Millions 

x $67?.00/~kwh x .5 = 0.150 Foreign 
x $677,00/Mkwb x ,S = 0.150 Pakisbn 

Tobl 0.300 MiUioszs 



e. - Fuel - A modern efficient steaE plant, operating at 1,400 psi steam, 
using oil as fuel and operating on base load with a high load .factor 
will  consume approximately 10,000 to 12,000 Btu per kwh of energy 
output. However, plants having the capacity and steam conditions 
under consideration and being operated at low load factors require 
more Btu per kwh output. For the purpose of this study it has 
been assumed that the heat rate is 14,400 Btu per kwh output. 
The net calorific value of fuel oil furnished by oil companies op- 
erating in the area of East Pakistan is of the order of 13.500 Btu 
per pound. In this report fuel consumption is assumed to be 0.78 
pounds of oil per kwh of output. 

The present selling price of fuel oil at Chittagong as quoted by 
Burma Shell Oil Go. is $28:308 per long ton. Included in this cost 
is import duty of $2.51 6 and sales tax of $1.928 per long ton, This 
cost is the present price at Chittagong whereas the future price and 
the location of the hypothetical power plant can only be conjectured, 
However, present trends indicate that industry w i l l  Locate .in the 
Dacca and Chittagong areas and it is assumed that a steam g u t  
would be located in the area of demand. The cost of fuel i s  equiva- . . 

lent to $9,855 per million kwh generated of which $8,3!0 is in 
foreign currency and $1.545 is in Pakistan currency. 

The present selling price of fuel oil at Dacca including import duty, 
sales tax, and the freight from Chittagong to Dacca is $38.220 per 
long ton or total cost of $13,310 per million kwh output at Dacca 
of which $8,310 is in foreign currency and $5,000 i s  in Pakis-a 
currency. 

Fuel Gost in. Millions of Dollars 

For 1960: 
Dacca - 262.0 Mkwh x $8,310.00/~kwh = 2,I7'1 Foreign 

262.0 Mkwh x $5,000.00/~kwh = f ,310 Paltistan - 
Total 3-48? Millions 

Chiiiagong - 62-0 h#wh x 
62.0 Mkwh x 

For 1965: 
Dacca - 356.0 Mkwh x 

354.0 Mkwh x 

Chittagong - 87-6 Mkwh x 
87.6 Mkwh x 

Total 

$8,310.00/h+Ikwh 
$ 5 ,  OUQ.OQ/M~W~ 

Total 

Foreign 
Parki+h.n 

Mimolls 

Foreign 
Pakistan 

Millions 

Foreign 
Pakistan 



I' A.04 BASIS OF COMPUTATIONS 

In this section the sinking fund factors and interest factors required 
for the economic analyses of Appendixes A, B and C have been computed. 

The sinking fund depreciation factors are derived for facilities having 
useful lives of 20, 25, 35 and 50 years. These are based on interest rates 
of 5% for foreign currency and 3-1/2% for Pakistan currency. Interest 
factors were at the same rates. 

Gompubtions are also presented for the interest and amortization 
factors used in the operation and debt service analysis in Appendix D. 
Annual interest and amortization are based on repayment of interest and 
principal in 20 equal annual payments for foreign currency and in 50 equal 
annual payments for Pakistan currency with interest rates, compounded 
semi-annually, of 5% for foreign currency and 3-  112% for Pakistan currency- 
However, in the case of the 15,000 kw thermal plant, a useful life of 20 
years was estimated and the Pakistan currency was accordingly amortized 
in 20 years. 

SUMMARY OF INTEREST FACTORS USED IN 
APPENDIXES A, 8, C AND D 

h a l  Interest: 

Sinking Fund Depxeciation Basis - 

Amortization Basis - 

Sinking Fund: 

20 year period - 

I 25 year period - 
35 year period - 

50 year period - 

Amortization: 

20 year period - 
50 year period - 

i = .05 Fat eign 
i = .035 Faki stan 

i = ,050625 Foreign 
i = -035306 Pakistan 

F = ,03024 Foreign 
F = ,03536 Pakistan 

F = .02095 Foreign 

F = .OL 107 Foreign 
IF = ,01500 Pakistan 

F = ,00478 Foreign 
F = .00763 Pakistan 

F = -03004 Foreign 
F = .a3524 Pakisk 

F = ,007563 Pakistan 



Annual Cost Factors - Siaking Fund Basis  

AMual Interest: 
For Foreign currency i = 5 %  
For Pakistan currency i = 3.5% 

Sinking Fund 
Both currencies - Factor = i where i = interest rate 

(1 + iIn - i n = number of annual 
periods 

Example: 
n = 25 
i = 5% 

Annual Expenditure Factors - Amortization Basis 
Annual faterest: 

Both currencies F = i(4 + i) where i = interest rate 
4 F = annual Zactor based 

an interest compounded 

Example: 
i = 5% 

F = 0.05(4 t 0.05) = 0.05(4,05) = 0,050625 
4 4 

Amortization: 
Both currencies F = (2-0 + 0 . 5 )  i 

( L ( 1  i 0 . 5 ~ ) ~ ~  - 
Example: 

n = 20 
i = 5% 

where i = interest raft 
F = annual factor based on interes* 

compouaded semi -annually 
n = number of annual periods 



APPENDIX B 

CAPITAL AND ANNUAL COSTS - SCHEME fll 

HYDRO SYSTEM WITH THERMAL SUPPORT 

B.01 GENERAL . 

In this appendix the capital casts are shown and the annual costs 
are determined on the sinking fund depreciation basis for Scheme E - Hydra 
System with Thermal Support as described in Chapter VIZ. This system 
comprises the Karnafuli Project, transmission lines and receiving stations: 
and a 15,000 kw thermal plant, but without distribution system. 

B.02 CAPITAL COSTS 

Capital Cost of Karnafuli Project - Initial Development ( 3  UnEt 
Powerhouse with 2 Units Installed) - These costs include construction. cost, 
interest during construction, im2ort duties and taxes, contractor ' s contin- 
gencies, contractor's fee and engineerhg corrtiagerrcies . Morrey already 
spent is included as a separate item with interest added fram time of ex- 
penditure to the end of the project construction period. 

Capital Cost in Milfians of Dollars 

Item - 
Foreign 

Currency 

Money Already Spent (To August 1954) - 
- Land C ompensation 

Main D a m  

Tunnel 

Spillway 6 -850 

Navigation Locks 4-354 

Power Plant 14.792 

Engineering and Admini stration 2.850 

SUB-TOTALS (En millions) 33-96f 

Minus Salvage Value of Construction 
Equipment {decrease) 

TOTAL CAPITAL COSTS 
(In millions) 33.961 

Paki s h n  
Currency 

L 0-203 

4.9 LO 

3.076 

0.6 L? 

4.943 

3.141 

10.681 

1.349 

38.920 

-0 .? 50 



Capital Gost of Xratrsrnissidn Lines ana Recelvlng arazrons - Lnese 

costs are for 187 miles of 165 kv transmission line from KarnafuE to 
Chittagong to Dacca; receiving statiozs at Chittagong, Siddhir ganj and 
Comilla; and a synchronous condenser ar D ~ c c s .  Construction cost, import 
duties and taxes, interest during construction, cost of lands, and contractor's 
fee and contingencies have been included. 

Capital Cost in Millions sf Dollars 

Transmission Line and 
Receiving Stations 

187 miles, 165 kv Transmission Line 

Receiving Stations 

Chittagong 37,500 kva 
Siddhirganj 75.000 kva 
Comilla 6,000 kva 

Synchronous Condenser 

TOTALS (In millions) 

Foreign Pakistan 
Currency Currency T otof 

Capital Cost of 15,000 kw Thermal Plant - These costs are for a 
15,000 kw Thermal Plant at Dacca which will be required to support the 
KarnafuXi Power Plaqt. Construction cost, import duties and taxes,  interest 
during construction, cantractor's fee and cost of lands have been included- 

Capita1 Cost in MilLi~ns of Dolars 

Item - 
Foreign P&i stan 

Currency Currency T atal 

Total Capital Cost of i5,000. kw Plant 2 -640 0.795 3.435 

B.03 ANNUAL GUSTS 

For t&e purpose of computing the annual costs, interest is charged 
at 5% on foreign currency and 3- l /2& on Pakistan currency; The sinking 
fund is based upon investment at 5% fur foreign currency and 3-112s for 
Pakistan currency for the following life expectancies: 

Dam and Appurtenant Works 50 years 
Hydro Power Plant Machinery and Equipment 25 years 
Transmission System 35 years 
Receiving Stations 35 years 
Thermal Plant 20 years 



This is in accord with the practices of the Federal Power Cornrnis- 
sion ( F . P . C . )  of the U.S. Government. 

Operation and maintenance for hydro pow,r is charged at $2.70  per 
kw of installed capacity, which is the cost reported to F. P C . by operators 
in the Uaited States corrected to the 1954 cost index. 

The totai annual cost for Scheme II is $5,680,000 of which $3,134,000 
is in foreign currency and $2,546,000 is in Pakistan currency. This cost is 
made up of the following items, the detailed computations of which are 
presented later in this appendix: 

Summary of Annual Costs  - Scheme LI 

Cost in Millions of Dollars 

Foreign Paki stars 
Currency Currency T otaL 

Karnafuli Project: 
Interest 1.698 1.336 3-034 
Sinking Fund 0.290 0.307 0.591 
Operation and Maintenance 0.109 0.394 - 0.503 

SUB -TOTALS (In millions) 2 -097 2 -0 37 4-134 

Transmission Lines and Receiving 
Stations : 

Izlterest 0.401 0.117 0.518 
Sinking Fund 0 .a89 0 -050 0 ..I 39 
Operation and Maintenance 0 -037 0 -087 0.124 

SUE -TOTALS [In millions) 0 -527 0.254 O.TS1 

1 5,000 kw Thermal Plant: 
Interest 0 -1 32 0.028 o.r& 
Sinking Fund 0 -080 0.028 0.108 
Operation and Maintenance 0.049 0.049 0 . O W  
Fuel 0 -243 0. l  50 0.399 

SUB -TOTALS (In millions) 0.510 0.255 0 -765 - 

TOTAL ANNUAL COSTS (In millions) 3.134 2.546 5 -680 

The above figures have been computed as follows, using factors 
shown in Section A -04, Appendix A.  



a. Annual Interest 

Item Interest in Millions of Dollars 

Karnafuli Project: 
Capital Cost  (Foreign) x i = 33.961 x .05 = 1.698 
Capital Cost  (Pakistan) x i = 38.170 x -035 = 1.336 

Total 3.0 34 Millions 

Transmissicn Lines and Receiving Stations: 
Capital Cost (Foreign) x i = 8.016 x .05 = 0.401 
C a p i t a l c o s t  (Pakistan) x i = 3,345 x -035 = - 0.117 

Total 0.518 Millions 

15,000 kw Thermal Plant: 
Capital Cost (Foreign) x i = 2.640 x -05 = 0.132 
Capita lcost  (Pakistan) x i = 0.795 x -035 = - 0.028 

Total 0.160 Millions 

b. Sinking Fund 

Item Sinking Fund in Millions of Dollars 

Karnafuli Project: 

Power Plant Mechanical and Electrical Equip (25  year life): 
Total Capital Gost - - 8.743 millions 

Capital C o st (Foreign) - - 8.743 (90%) = 7-869 
Capital Cost {Pakistan) - - 8.743 (10%) = 0.874 

C a p i t a l c o s t  {Foreigr,) x f * 7,869 x 0-02095 = 0.165 
Capital Cost (Pakistan) x f = 0.874 x 0.02567 = 0.022 

Dam and Civil  W o r k s  (50 year life): 

Capital Cost (Foreign) x f = 26.085 x 0.00478 = 0.125 
Capital Cost (Pakistan) x f * 37.296 x 0.00763 = 0.285 

Sub -total (Foreign) 0,290 
Sub-total (Pakistan) - 0.307 

Total 0.5 97 MiLlioss 

Transmission Lines and Receiving Stations (35 year life): 

C a p i t a l C o s t  (Foreign) x f = 8.016 x .O1107 = 0-089 
Capital Cost (Pakistan) x f = 3.345 x .O 15 = 0-050 

Total 0.1 39 Mil lions 

15,000 kw Thermal Plant (20 year life): 

Capital Cost (Foreign) x f = 2-640 x 0-03024 = 0.080 
Capital Cost {Pakistan) x f = 0-795 x 0,03536 = 0-028 

Total 0 - 108 Millions 



c . Operation and Maintenance 

Expenditure in Millions of Dollars 

Karnafuli  Project ; 
Power Plant 80.000 kw x $ 2,70/kw = 0.2F6 
Navigation Locks 7 -495 x 1% = 0,075 
Other 20.60 1 x 0.35% = 0.072 

Total (Millions) 0.363 

305 ,  estimated to be foreign = 0.109 Foreign 

70% estimated to be Pakistan = 0.254 
Administration 28.096 x 0.5% (Pakistan) = 0.140 

0.394 Pakistan 

Transmission Line s and Receiving Stations: 
Transmission Lines 187 miles x $380.00/mi = 0.071 
ReceivingStations 118,500kva x $ 0.451kva = - 0.053 

Total (Millions) 0.124 

30% estimated to be foreign 

70% estimated to be Pakistan 

= 0.037 Foreign 

= 0.087 Pakistan 

15,000 kw Thermal Plant: 

It is estimated that the Thermal Plant will generate 30 million 
kilowatt hours per year. 

Item Cost  in Millions of Dollars 

Maintenance = 30 x $677.00/kwh = 0.020 
Operation = 15,000 x $ 5.25/kw = 0.078 

Total Operation and Maintenance = 0-098 Millions 

Operation and Maintenance (Foreign) = 0.098 x 0.50 = 0.049 
Operation and Maintenance (~akistah) = 0 -098 x 0 -50 = 0.049 

Total 0.098 

Fuel (Foreign) = 30 x $8,31U/Mkwh = 
Fuel (Pakistan) = 30 x $5,00Q/~kwh = 

Total 0 -399 

Millions 

Millions 



CAPITAL AND ANNUAL COSTS - SCHEME IIz 

HYDRO SYSTEM WITH THERMAL SUPPORT 

NAVXGATION LOCKS ELIMINATED 

C.O1 GENERAL 

Scheme Ila is similar to Scheme II (Appendix B) except that over- 
land transfer of river shipping past the dam has been substituted for the 
navigation locks. The project otherwise includes transmission lines, re- 
ceiving stations and a 15,000 lou thermal plant as in Scheme U, but without 
distribution system. 

C.02 CAPITAL COSTS 

Capital Cost of Karnafdi Project - Initial Development (3 Unit 
Powerhouse with 2 Units Installed), 

Cost in Millions of Dollars 

Foreign 
Curxency 

Total Capital Cost With Navigation Locks 33 -961 

Minus Cost of Navigation Locks - '4  -354 

Capital Cost of Overland Transfer of 
Shipping 0 -750 

Total Capital Cost with Overland 
Transfer of Shipping (In- 
millions) 30.357 

Pakistan 
Currency ,, 

38, L?Q 

- 3.141 

35.029 

0.2 50 

35.279 

Total 

72,131 

- 7.495 

Capital Cost of Transmis s r ~ n  Lines and Receiving Stations, 

Cost in Millions of Dollars 

Foreign Pakistan 

Total Capital Cost 

Currency Currency T otaf 

8.016 3.345 11 -36 1 



Capital Cast of 15,000 kw Thermal Plant 

Item 

Total Capital Cost of 15,000 kw Plant 

Cost in Millions of Dollars 

Foreign Pakistan 
Currency Currency Total 

C.03 ANNUAL COSTS 

The total annual cost for Scheme Ila is $5,310,000 of which $2,945,000 
is in foreign currency and $2 ,365 ,000  is in Pakistan currency. Interest 
rates, life expectancies and operating costs of the various features, except 
the overland transfer of shipping, a r e  as stated in Appendix B of this report. 

Summary of Annual Costs  - Scheme Ila 

Cost in Millions of Dollars 

Foreign 
Item Currency - 

Karnafuli Project: 
Interest 1.518 
Sinicing Fund 0 -292 
Operation and Maintenance 0 -098 

Sub-totals 1.908 

Transmiss ion  Lines and Receiving Stations : 
Interest 0.401 
Sinking Fund 0 .089 
Operation and Maintenance 0.037 

Sub -totals 0 -527 

13,000 kw Thermal P lat :  
Interest 
Sinking Fund 
Operation and Maintenance 
Fuel 

Sub-totals 

TOTAL ANNUAL COSTS 
(In millions) 

Pakistan 
Currency 

The above costs were determined 2 s  follows, using factors computed 
in Section A.64 of Appendix A: 



a. Annual Interest 

It e m  
7 

Interest in Millions of Dollars 

Karnafuli Project: 
Capital Cost (Foreign) x i = 30.357 x .05 = 1.528 
Capital Cost (Pakistan) x i = 35.279 x -035 = 1.235 

Total = 2.753 M i l l i ~ n s  

Transmission Lines and Receiving Stations: 
Capital Cost (Foreign) x i = 8.015 x -05 = 0.401 
Capitalcost (Pakistan) x i = 3.345 x .035 = 0.117 

Total = 0.518 Millions 

15,000 kw Thermal Plant: 
Capital Cost (Foreign) x i = 2.640 x .05 = 0.132 
Capital Cost (Pakistan) x i = 0.795 x .O 35 = 0.028 

Total = 0.160 Millions 

b. Sinkira Fund 

Item Sinking Fund in Millions of Dollars 

Karnafuli Project: 

Power Plant Mechanical and Electrical Equipment ( 2  5 year life): 

Capital Cost (Foreign) x f = 7.869 x .02095 = 0.165 
Capitalcost (Pakistan) x f = 0.874 x -02567 = 0.022 

Overland Transfer of Shipping ( 2 0  year for Foreign, 
50 year for Pakistan): 

Capital Cost (Foreign) x f = 0.750 x -03024 = 0.023 
Capital Cost (Pakistan) x f = 0.250 x -00763 = 0.002 

Dam and Civil Works (50 year life): 

CapitalCost(Foreign) x f = 21.738 x -00475 = 0 .104  
Gapital Cost (Pakistan) x f = 34.155 x -00763 = 0.261 

Totai Foreign = 0 -292 
Total Pakistan = 3-285 

Total = 0.517 Millions 

Transmission Lines and Receiving Stations (35 year life): 

Capital Cost (Foreign) x f = 8.016 x 0.01107 = 0.089 
Capital Cast (Pakistan) x f = 3.345 x 0.01500 = 0.050 

Total = 0.139 Millions 

15,OCg kw Thermal Plant (20 year life): 

Capital Cost (Foreign) x f = 2.640 x 0.03024 = 0.080 
Gapital Cost (Pakistan) x f = 0.795 x 0.03536 = 0.028 

Total = 0.108 Millions 



I' c . Operation and Maintenance 

Item Expenditure in Millions of Dollars - 
Karnafuli Project: 

Power Plant 80,000 kw x $ 2.70/kw = 0.216 

Overland Transfer of Shipping 
342,600 tons x $ 0.lIjtan = 0.038 

Darn and Civil Works 
20.601 x 0.35% = 0.072 

Total (Millions) = 0.326 

30% estimated to  be 
foreign - - 0.326 x 0 -30 = 0.098 Foreign 

70% estimated to be 
Pakistan - - 0 -326 x 0.70 = 0.228 

Administrative 21.601 x 0 -546 (Pakistan) = 0.108 
0.336 Pakistan 

T ransmissicrn Lines and Receiving Stations; 

Transmission Lines 187 miles x $380.00/mi = 0,071 

Receiving Stations 118,500 kva x $ 0.451kva = 0.053 
Total (Millions) = 0 -124 

30% estimated to be foreign = 0.037 Foreign 

70% estimated to be Pakistan = Q.087 Pakistan 

f 5,000 kw Thermal Plant: 

It i s  estimated that the Thermal Plant will generate 30 million 
kilowatt hours per year. The annual costs are the same  as those shown 
in Appendix B, section B.03, 

Operation and Maintenance (Foreign) = 0.049 
Operation and Maintenance (Pakistan) = 0.049 

Total = 0.098 Millions 

Fuel {Foreign) = 0-249 
Fuel (Pakistan) = 0-150 

Total = 0- 399 M i l i o n s  



I' APPENDIX ID 

OPERATION AND DEBT SERVICE 

ICARNAFULI HYDRO-THERMAL UTILITY SYSTEM 

D.O1 GENERAL 

In this appendix the annual expenditures for operation and debt 
service are determined for a complete hydro-thermal electric utility system 
in the Chittagong and Dacca areas, This system comprises the Karnafuli 
Project, transmission lines and receiving stations, distribution system and 
15,000 kw thermal plant. This system differs from that of Scheme U in 
that it includes the cost of a distribution system required to reach the 
major consumers served by the initial development. The repayment period 
for the foreign currency loan is generally less than the useful life of the 
installation, hence the annual expenditures for debt service computed on an 
amortization basis are greater than the depreciation allowance computed 
for Scheme II in Appendix 8.  However, at the end of the repayment period, 
which is 20 years for foreign currency and 50 years for Pakistan currency, 
the expenditures for debt service will cease and operation expenditures only 
will  continue for the remaining useful life of the installations. 

The thermal plant costs and annual expenditures have been calcuLated 
on the same basis as those for Scheme 1 in Appendix A .  

It is assumed that the existing distribution system and the thermal 
plant which is to be retired have been amortized, and consequently the costs 
of these features are not included in the total cost of the Karnafuli develop - 
ment. Conversely, however, it is assumed that the 15,000 kw thermal plant 
at Dacca, which i s  to be retained, is a new plant which has not been amor- 
tized and for which interest, amortization and operating costs must be 
charged. These costs  have been assumed to  be those of a steam plant as 
her inafter described. 

D.02 CAPITAL COSTS 

Capital Cost of Karnafuli Project - Initial Develcpment (3 Unit 
Powerhouse with 2 Units Installed) - These costs include construction cost, 
interest during construction, import duties, taxes, contractor's contingencies, 
contractor's fee and engineering contingencies for the Karnafuli Project 
complete with navigation locks. Money already spent i s  included as a separ- 
ate item with interest added from time of expenditure to the end of the 
project construction period. 



Cost in Mil l ions  of Dollars 

Foreign Pakistan 
Currency Currency Total 

Total Capital Costs 33.96 1 38.170 72.131 

Capital Cost of Transmission Lines and Receiving Stations - These 
costs  are for 187 miles of 165 kv transmission line from Karnafuli to  
Chittagong tc Dacca; receiving stations at Chittagong, Siddhirganj and 
Cornilla; and a synchronous condenser at  Dacca. Construction cost, import 
duties, taxes, interest  during construction, cost of lands, and coniractor's 
fee and contingencies haye been included. 

Item - 

Cost in Millions of Dollars 
- 

Foreign Pakistan 
Currency Currency Total 

Total Capital C o s t s  8.0:6 3.345 11.361 

Capital Cost of Distribution System - In order that the distribution 
of energy m a y  be carried out with a minimum capital investment, it is 

- ~ 

desirable to provide distribution only to major consumers in the initial 
development. 

Considering the extent and voltags of the existing installations and 
the locations selected for the future basic industries, it is recommended 
that the distribution system for the initial development should operate at 
33 kv and be confined to the vicinity of Dacca and CornilLa connecting the 
loads in these a r e a s  to central receiving stations. Exhibit 2 shows the 
existing high voltage distribution system and the recommended new 33 kv 
feeder system. It is estimated that a total of 84 miles of single circuit 
33 kv distribution line would be required. 

In conjunction with the distribution system there would be step-down 
substations at local load centers to transform energy to 3 -3 kv and 2301 400 
volts. It is  estimated 5,000 kva substations at Dumra, Tejgaon, Tongi, 
Kaliganj, Ghoras al, N a r  singdi, and Hajiganj would be required in addition 
to existing installations. It is considered that substations in the Chittagong 
area have sufficient capacity to  serve thz initial development. 

In order  that energy m a y  be made available to the smaller industries 
and to enable those iadl~atries which have private plants to  be connected to 
the distribution system without excessive cost ,  Low voltage (3.300 and 
230/440 volt) dirtribction lines will  be required. The design of the installa- 



tl0n cannot be carrled out unrll tne rlnal rocawon or lnausrry 1s u c r t t r r n l r r c u .  

However, the Engineers have estimated that approximately 40 miles of low 
voltage distribution system will be required and recornrn end that it should 
be overhead open wire construction. The following costs  are for a distri-  
bution system as described above. Construction cost, interest during con- 
struction, import duties, taxes, contractor's fee and cost of lands have 
been incladed. 

Cost in Millions of Dollars 

Foreign Paki s tan 
f tern 

- 

Currency Currency - Total. 

84 miles of 33 kv line 0.513 0.313 0.826 

7 Substations, 5,000 kva each 0.673 0.343 l -01 6 

40 miles low voltage system 

Totals (In millions) 

Capital Cost  of 15,000 kw Thermal Plant - These costs are for a 
15,000 kw Thermal Plant at Dacca which will be required to support the 
Karnafuli Power Plant. Construction cost, import duties and taxes, interest 
during construction, contractorts fee and cost of lands have been included. 

Cost in Millions of Dollars 

Item 
Foreign Pakistan 
Currency Currency Total 

Total G apital Cost of 15,000 kw Plant 

D.03 ANNUAL EXPENDITURES 

These costs represent the annual expenditures for o ~ e r a t i o n  and 
debt service that will be required to operate a complete electric utility 
system consisting of Karnafuli hydro with 15,000 kw thermal support 
and the necessary transmission lines, receiving stations and distribution 
system. The total, annual zxpenditure is $6,741,000 of which $4,167,000 is 
in foreign currency and $2,574,000 in Pakistan cur-i-ency- The annual ex- 
penditures consist of interest, debt service, operation, maintenance, and 
fuel for the thermal plant. 



Summary of Annual Expenditxi - .. A .. r e  - s -. . 

Item 

Karnaful i  Project: 
Interest 
Amortization 
Operation and Maintenance 

Sub -totals 

Transmission Lines and Receiving 
Stations : 

Interest 
Amortization 
Operation and Maintenance 

Sub -totals 

Distribution System: 
Interest 
Amortization 
Operation and Maintenance 

Sub-totals 

15,000 kw Thermal Plant: 
Interest 
Amortization 
Operation and Maintenance 
Fue 1 

Sub-totals 

TOTAL ANNUAL EXPENDITURES 
(In millions) 

C o s t  in Milliar-s of Dollars 

Foreign 
G ~ r r e n c y  

1.719 
i 021 
O . l C 9  
2.849 

0.40 6 
0.241 
0.037 
0.684 

0 -07 1 
0,042 
0.010 
0-123  

0.234 
0 -079 
0 .a49 
0 -249 
0 -51 1 

4.167 

Pakistan 
Currency  Tot a1 

The above expendirures were determined as follows, using factors 
computed in Section A.04, Appendix A .  

a .  Annual Interest - For the purpose of these computations interest 
rates of 5% compounded semi-annually for foreigr- currency and 3-1/270 
compounded semi-annually for Pakistan currency were used, 



Interest in Millions of Dollars 

Karnafuli Project: 
Capital Cost (Fcreign) x i = 33.961 x .050625 
Capital Gust (Pakistan) x i = 38.170 x -035306 

Total 

Transmission Lines and Receiving Stations: 
Capital Cost (Foreign) x i = 8.016 x .O50625 
Capital Cost  (Pakistan) x i = 3.345 x -035306 

T oral 

Distribution System : 
Capital Cost  (Foreign) x i = 1,398 x ,050625 
Capital Cost (Pakistan) x i = 0.794 x .O35306 

Total 

= 1.719 
= 1.348 

3.067 Millions 

= 0.406 
= 0.118 

0.524 Millions 

0.099 Millions 

15,000 kw Thermal Plant: 
Capital Cost (Foreign) x i = 2.640 x -050625 = 0-134 
Capital Cost (Pakistan) x i = 0.795 x -035306 = - 9.028 

Total 0.1 62 Millions 

b .  Annual Amortization - For the  purpose of these computations the 
annual amortization for the Karnafuli Project, transmission lines and re - 
ceiving stations and distribution system is based upon investment at 5% 
compounded semi-annually for 20 years for foreign currency and 3-1/2410 
compounded semi-annually for 50 years for Pakistan currency. For the 
15,000 kw thermal plant the amortization is based on a period of 20 years 
using interest rates as mentioned above. 

Amortization in Millions of Dollar s 

Karnafuli f roject: 
Capital C o s t  (Foreign) x f = 33.961 x -03004 = 1.021 
Capital Cost (Pakistan) x f = 38-170 x A07563 = 0,289 

Total 1 - 3  10 Millions 

Transmission Lines and Receiving Stations: 
Capital Cost (Foreign) x f = 8.016 x .O3004 = 0.241 
Capital Cost (Pakistan) x f = 3.345 x -007563 = 0.025 

Total 0 -266 Millions 

Distribution System: 
Capital Cost  (Foreign) x f = 1.398 x -03004 = C.242 
CapitalCost (Pakistan) x f = 0.794 x .007563 = 0.006 

Total 0.048 Millions 

15,000 kw Thermal Plant: 
Capital Cost  (Foreign) x f = 2.640 x .(I3004 = 0.079 
CapitalCost  (Pakistan) x f = 0-795 x -03524 = 0-028 

Total 0 - 1  C7 Millicn s 



Item Expenditure in Millions of Dollars 

Karnafufi Project: 
Power Plal~t 80,000 kw x $ 2.70 /kw = 0.216 
Navigation Locks 7 -495 x 1% = 0.075 
Other 20 -60 1 x 0.3570 = 0.012 

Total (Mill ions) 0 -36 3 

30% estimated to be foreign = 0 .I09 Foreign 

70% estimated to be Pakistan = 0.254 
Administration 28.096 x 0.5% (Pakistan) = 0.140 

Total (Millions) 0.394 Pakistan 

Transmission Lines and Receiving Stations: 

Txansmission Lines 187 miles x $380,00/rni  
Receiving Stations 118,500kva x $ 0.45/kva 

Total 

30% estimated to be foreign 

70% estimated to  be Pakistor 

Distribution System : 
Sub stations 35,000 kva x $ 0.54Ikva 
Lines 124 miles x !$ X ZO.Q)O/ mi 

Total 

30% estimated ro be foreign 

70% estimated to be Pakistas 

15,000 kw Thermal Plan$: 

= 0 -037 Foreign 

= 0,087 Pakistan 

It is estimated that the *&ermal plant will  generate 30 million kilo- 
watt hours  p e r  year. The znnilal costs a x 2  the same as those shown in 
Appendix 3, Section B.03. 

Operation and Maintenance (Foreign) = 0.049 
Operation and Maintenance (Pakistan) = 0.049 

Total 0 -098 MiPlorps 

Fuel (Fareign) 
Fuel f Pakistan) 



APPENDIX E 

PROJEXT QUANTITIES 

The following detailed list of quantities contains the items of work 
covered by the engineering specifications and drawings included in Volumes 
fI and III of this report. 

It e m  
No. 

3 - 1  

D-2 

D-3 

D -4 

D -5 

D -6 

D-7 

D-8 

D-9 

D-10 

D - l l  

D- 12 

D-13 

D-f4a 

D-14b 

PROJECT QUANTITIES - MAIN DAM AND SADDLE DAMS 

It e m  

Ciearing & grubbing 

Unwater k g  

Stripping bur row pits 

Excavation, common, for foundation 
of daxn above river level 

Excavation, common, for foundation 
of dam in original stream bed 

Foundation preparation 

Rolled earth fill in embankment of 
main dam and saddle dike 

Rancl3n fill for blankets including 
c o f f e r b s  

I)umpiag spillway and powerhouse 
excavation in designzted areas 

Filter under slope protection 

Slope protection on U/S & D/S slopes 
(brick) 

Sodding D/S slope 

Drill 12" diam holes & install sand 
drains 

Brick gutters, trench, for Df S slope 

Laying brick, gutters 

Quantity 

500 ac 

32,000 sq yd 

23,800 k i n  ft 



Bern 
No. 

D- 15 

P- 16 

D-17 

D-18 

D-19 

D-20 

PROJECT QUANTITZES - MAIN DAM (contd) 

Item Quantity 

Drill 16" diam relief wells b install 
casings 30-130' deep 

Furnish & install 24'' concrete pipe 
header for relief wells 

Furnish & install concrete drop 
structures for relief well header 

Drilling grout hof e s , 0 - 35 0 ' 

Pressure grouting 

Furnish & kstall 4" diam steel 
riser pipe for relief wells 

1,200 lia ft 

3 ea 

30,500 fin ft 

30,500 cu ft 



PROJECT QUANTITIES - DIVERSION & OUTLET 

Item 
No. Item Quantity 

10 ac 

LS 

Clearing 8r grubbing 

Excavation, unclassified, approach & 
outlet channels 

Excavation, unclassified, access shaft 

Excavation, unclassified, tunnel (9 ' !  
overbr eak included) 

Concrete, intake structure , including 
access shaft & house 

Concrete, tunnel lining, including 9'' 
overbreak 

Reinforcing steel 

Furnish & install 6' -Off  x 7'-6" bonnet - 
type slide gates, manual operation, for 
outlet tunnel 

Eurniah & install 4' -0'' x 9'-0" trashrack 
for outlet tunnel 

Furnish & install electrical system 
fur tunnel inlet 



Item 
No. 

. PROJECT QUANTITLES - SPILLWAY 

Item - 
Clearing & grubbing 

Unwater k g  

Excavation, overbuxden and sand 

Excavation, shale 

Foundation preparation, shale 

Embankment 

Selected backfill 

Sand & gravel under spillway apron 

Drilling holes fox anchor bars & 
grouting bars in place 

Drilling grout holes, 0-75'  

Drilling grout holes, 0-20' 

Pressure grouting 

Concrete in spillway piers 

Concrete in spillway weir 

Concrete in spillway apron & chute 

Concrete in spillway transition & 
abutments 

Concrete in roadway bridge deck 
1, 

Concrete, prestressed, in 
roadway bridge beams 

Furaish & install reinforcing steel 

12" split -tile drains 

12" tile drains 

10ft tile drains 

8" tile drains 

Quantity 

.20 ac 

LS 

1,420,000 cu yd 



PROJECT QUANTITIES - SPILLWAY (contd) 

It e m  
No. 

S -23 

S -24 

S -25 

S -26 

S-27 

S -2 8 

S - A  

S - B  

S-29 

Item 

6t1 tile drains 

4" tile drains 

Handrail 

Rubber waterstop 

Prestressing steel 

12" cast -iron pipe 

Drill 16" diam relief wells & 
install casings, 30- 100' 

Furnish & install 4" steel pipe 
for relief wells 

Supply & install 40'-0" x 30' -0" 
taintor gates for spillway 

Supply & install spillway taintor 
gate hoists 

Supply & install embedded metal 
for taintor gates 

Furnish & install auxiliary 
electrical equipment 

Furnish & install lighting system 

Furnish & install electrical wiring 

Furnish & install electrical conduits 

Furnish & install grounding system 

Furnish & install aerial line from 
powerhouse, including high line 
equipment and transformers 

Furnish & install feeder to village 

Quantity 

7,200 fin ft 

30,300 lin ft 

27,870 Zb 

4,000 lin ft 

8,000 1b 

5 00 lin ft 



PROJECT QUANTITIES - NAVIGATION LOCKS 

It em 

Clearing & grubbing 

Cofferdam & unwatcring 

Excavation, overburden & sand 

Excavation, shale 

Backfill, selected 

Concrete in lock walls 
(excluding gate blocks ) 

Concrete in gate blocks 

Concrete in lock floors 

Reinforced concrete in bridge, valve 
pits, culverts,  ports,  etc. 

Furnish & install reinforcing steel 

Sheet piling for permanent guide walls 

Furnish & install drains behind walls  & 
under floor - 10" 8 

Furnish & install drains behind walls & 
under floor - 4" pl 

Furnish & install rubber waterstops 

Furnish & install navigation lock gates 

Furnish & install navigation lock 
gate operating mechanism 

Furnish & install towing equipment 

Furnish & install segmental valves 

Furnish & install segmental valve 
operating mechanism 

Furnish & install navigation Lock 
gate bulkhead 

Furnish & install segmental 
valve bulkhead 

Quantity 

10 ac 

LS 

250,000 ca yd 

400,000 cu yd 

35,000 cu yd 

9,000 cu yd 

16,000 cu yd' 

16,500 cu yd 

700 cu yd 

4,500,000 Ib 

1,500,000 Ib 

2,000 lirr ft 

2,500 Xin ft 

5,000 lin ft 

700,000 1b 

240,000 lb 

120,000 Lb 

80,000 lb 

160,000 Ib 

200,000 lb 

5,000 lb 



Item 
No. - 

L-20 

PROJECT NAVIGATION 

Furnish & install embedded metal 
including miscellaneous & floating 
mooring bits 

LOCKS (c ontd) 

Furnish & install slot filler 24,000 lb 

Furnish & install 75 kw engine 
driven generator 

Furnish & install auxiliary electrical 
equipment 3,290 Ib 

Furnish 8 install lighting system 28,820 Ib 

Furnish & install electrical wiring 5,555 Ib 

Furnish & install electrical conduits 24,435 Ib 

Furnish & install grounding system 1,825 lb 

Furnish & install aerial line from 
powerhouse including high line 
equipment & trans formers 



PROJECT QUANTITIES - POWERHOUSE 

Item 
No. - Quantity 

Clearing & grubbing 

Excavation, powerhouse tailrace & 
switchyard 

Excavation, c a d ,  forebay, 
road & jetty 

Backfill, compacted impervious 
blanket ia canal 

Backfill with impervious material 

Backfill, common 

Riprap in tailrace 

Gravel for drainage 

Concrete, powerhouse substructure 

Concrete, powerhouse super structure 

Concrete, mass gravity walls 

Concrete, switchyard, misctlbneous 

Concrete, canal lining & tailrace 
re taking walls 

Reinforcing steel 

Omitted 

Furnish & install 8" concrete 
drainage pipe 

Furnish & install 6" concrete 
drainage pipe 

P-B 
400 lin ft 

Supply & install grout pipe, 
fittings & drains 

Furnish & install relief well casing 
(let' x 1/4" steel tubing) including 
drilling 16yt @ hole 



PROJECT QUANTITIES - POWERHOUSE (contd) 

Item 
No. - 

P-F 

P -G 

P -H 

P-18 

a 

Furnish & install 4" diatm steel 
riser pipe in relief well casing 

Quantity 

Drilling g r ~ u t  holes 2,000 lin ft 

Pressure grouting 4,000 cu ft 

Drill holes for anchor bolts 8,650 lin A 

Furnish & install anchor bolts 23,000 1b 

Furnish 81 install rubber waterstop 

3-bulb type f ,640 lin ft 

2-bulb type 2,630 lin ft 

Furnish & install metal waterstop 
copper, 20-oz 
steel plate 

Furnish & install doors, frames & 
hardware 

Single doors (31)  450 sq ft 
Double doors ( 6 )  296 sq ft 
Fire doors (2 1 416 sq ft 
Roll-up doors ( 1 )  430 sq ft 

1,592 sq ft 

Furnish & install glazed metal windows 

Furnish & install metal toilet 
partitfon (290 sq ft) 

Furnish & install brick masonry 
partitions 

Plaster on brick masonry 

Cement floor finishing, outside troweling 

Cement floor finishing, inside troweling 
and hardener 

Furnish & install ceramic tile floors 

Furnish & install ceramic tile walls 

4,490 lin ft 
18,740 lin ft 

Job 



Item 
No. - 
P -I 

P-29 

P-30 

P-31  

P -32 

P-33 

P-34 

P-35 

P -36 

P-J 

P-37 

P-38 

P-39 

P -40 

P-41 

P -42 

P -43 

P-44 

P -45 

PROJECT QUANTITIES - POWERHOUSE (contd) 

Furnish & install ceramic tile base 

Furnish & install metal acoustical 
tile ceiling 

Furnish & install roofing (5 -ply) 

Furnish & install flashing & 
miscellaneous sheet metal work 

Furnish & install membrane 
waterproofing (5 -ply) 

Carpentry & millwork 

Pzinting interior w d l s  & ceilings 

Painting equipment 

Furnish &t install pipe handrails 

Furnish & install steel guardrails 
(flex -beam) 

Furnish & install structural roof steel 

Furnish & install powerhouse draft 
bulkhead for intake structure 

Furnish & install embedded metal 
for intake structure (including 
dogging devices) 

Furnish & install railroad rails 

Furnish & iastall crane rails 

Furnish & install miscellaneous 
metal & gratings 

Furnish & install 16' x 48' fixed wheel 
gate for powerhouse intake 

Furnish & install trashracks & rake for 
powerhouse intake 

Furnish & install stoplogs for power- 
h o ~ s e  intake 

11,500 s q  ft 

Job 

10,100 sq yd ' 

Job 

l2,000 1b 



PROJECT QUANTITIES - POWERHOUSE (contd) 

Quantity 

Furnish & install lifting beam for 
trashracks, wheel gates & stopioga 

Furnish & install 50-ton Gantry crane 
for intake structure 150,COO lb 

Furnish & install 20-ton Gantry crane 
for powerhouse afterbay 70,000 Ib 

Furnish & install 250 -ton powerhouse 
overhead bridge crane (2 trolleys) 450,000 Ib 

Furnish & install 70-ton stiffleg 
derrick for unloading dock 

Furnish & install 55,000 hp Kaplan type 
turbine with actuator type governor 2,200,000 lb 

Furnish & install insulating & lubricating 
oil system 4,226 1'6 

Furnish & install compressed air & 
CO system 

2 
17,142 Ib 

Furnish & install plumbing & 
drainage system 

Furniah & install treated water system 11,429 1h 

Furnish & install raw water & fire 
protection system 12 1,400 lb 

Furnish & install water still & 
accessories 

Furnish & install machine shop equipment 14,790 lb 

Furnish & install 80-ton capacity low-bed 
Rat car 66,000 Ib 

Furnish & install piezometer piping 
(OMIT) 

Furnish & install head & tail wate? gauges L0,445 lb 

Furnish & install heating, ventilating & 
air conditioning system 19,982 Ib 



It ern 
N o  * 

PROJECT QUANTITIES - POWERHOUSE (contd) 

It e m  - 
Furnish & install 40,000 kw generator 

Furnish & install 100 kw engine driven 
generator (8,775 Ib) 

Furnish & install generator auxiliary 
equipment 

Furnish & install generator main leads 

Furnish & install 16,667 kva main 
power traasformer 

Furnish & install oil circuit breakers 

Furnish & install switches, insulators, 
bus bars & switchyard auxiiiaries 

F u d s h  & install main control hard  

Furnish 8t install station service 
switchgear 

Furnish & isstall auxiliary switchgear 

Furnish & install station battery & 
charger 

Furnish L install carriex current 
telephone equipment 

Furfish & install telephone system 

F'urnish & install powerhouse & 
switchyar d lighting system 

Furnish & install wiring in powerhouse 
& switchyard 

Furnish & install electrical conduits 
in powerhouse & switchyard 

2 sets 
24,190 lb 

8,665 lb 

1 set 
11,715 lb 

Ls 
4,100 I'L, 



Item 
No. 

PROJECT QUANTITIES - POWERHOUSE (contd) 

Furnish & install grounding system 

Furnish & install switchyard 
equipment fovndations 

Furnish & install structural steel 
in switchyard 

Quantity 

6,370 Ib 

Testing & making plant operative Job 



F.0 1 AGRICULTURE AND LAND RECLAMATION 

There is a great need in East Pakistan for land reclamation proj- 
ects and for improved agricultural practices. The majority of the land re- 
clamation schemes require ~umping plants. Electric power when it becomes 
available from reiiable and economical c entr a1 stations will gr catly aid in 
this development. Much work remains to be done in the detailed planning 
of the r cclamatian schemes and in establishing improved agricultural prac- 
tices. The execution of those schemes will  require substantial capital out- 
lay. The availability of Karnafuli hydroelectric powzr will greatly encourage 
the development of land reclamation in East Pakistan. 

The estimates of construction costs fox irrigation and drainage proj- 
ects quoted herein have been prepared by the Irrigation Department, Gou- 
erment of East Pakistan and are based on the use of hand labor. The 
valuation of crops and the cost of agricultural production has been obtained 
from Governmental sources in East Pakistan and is based on hand cultiva- 
tion of small plots. It is very difficult to arrive at a proper evaluation of 
the actual costs of such hand labor when applied to either construction or 
agr icuftrrr e. 

F.02 AGRICULTURE - GENERAL 

East Pakistan is predominantly an agricu'turd carrrrtry and in spite 
of the program for industrialization that is now being purs~ed: its economy 
is likely to remain predominantly agricultural for a Long time to- come. 
The prosperity of Pakistan, therefore, depeds to a large exteat upon the 
success of the country' s program fox agricultural. dzveloprnent, Present 
crops include a number of cereals, pulses, vegetables, spices, oilseeds, 
fruits, fibers, sugar, and tobscco, providing food for the ever -increasing 
population and also raw materials for consumption in the newly established 
industries as well as for export to foreign countries. The methods of agri- 
culture employed, the qualities a ~ d  varieties af crops produced, the rnetkuds 
of processing adopted, and the marketing practices used in fbe country are 
major problems which, if properly haadlec!, y = i l _ l  improve the standard of 
agriculture and increase the economic r etur as. 

Agriculture In East Pakistar: has a basic need; to increase the total 
production of crops by improving *he yield per acre and expanding crop 
acreage. The tobl  production can be increased by mure extensive and in- 
tensive cultivation, and by corrective measures to prevent damage to 



standing crops and by xeducing loss in storage. The yields per acre of 
many of the major crops are among the lowest in the world, The yield of 
rice, for example is but ~ne-third of the yield in Egypt and Japan and only 
one-fourth thar oi ltaly. The yields per acre can be vastly increased by the 
adoption of more scientific agricultural methods that would include the use of 
improved seeds, better manure and fertilizers, improved cropping systems, 
modern farm implements and increased facilities for irrigation and drainage. 

F.03 LAND CLASSIFICATION 

For the purpose of classification and evaluation, the agricalturaf 
land may be divided i n k  fsur classes: 

Class I Land - Land that is above flood level and receives water 
only from rains and irrigation, if available, This is referred to as %ighlairdTT 

C l a s s  II Land - Land that receives flooding to an extent beneficial 
to crop raising, This is called "mediumland" 

Class III Land - Land that remains submerged under flood water 
for a considerable part of the year but can be improved by adequate drain- 
age methods, This land is called t'lowLandv*, and in some parts of the corm- 
try is referred to as "haor" areas 

C l a s s  IV Land - Land that remains submerged under flood water 
almost all the year around and cannot be improved by ordinary dra.inage 
methods. This land is called wswarnplandTv. 

During the dry season, Classes I, 11 and 1x1 Land are a l  irrigable, 
provided the proper facilities are available. If correct irrigation methods 
are applied, a greater variety of crops can be grown and the yield per 
acre of each crop can be increased. Irrigation water would have to be 
pumped, which appears feasible provided that power can be supplied at 
reasonable cost. 

Class  TIE land can be reclaimed during the wet or flooding season 
by an adequate system of drains and pumps, which would also require a 
source of power. 

F.04 SOILS 

The agricultural soils of East Pakistan are of secondary origin, 
Le., they are formed from transported alluvium. The major river systems 
that have built up these vast allilviaf areas are the Ganges, Brahmaputra 
and the Meghna together with smaller systems that drain the upland sec- 

tions of the eastern portions of the country. 



Most of the soils are considered immature since they do not have 
any profile development. This is due mainly to the fact that the soil char - 
acter is constantly being altered by the activities of the rivers that are 
directly or indirectly responsible for their deposit, 

Most of the surface textures are medium and heavy, classed as silt 
loams, clay loams and clays. There are sclme areas of light textured or 
sandy soils, which are usually found along the riverbanks. 

Practically all of the agricultural soils are in need of fertilizers. 
The United States Government through the Foreign Operations Administra- 
tion has supplied f akistan with shipments of amrnonium sulfate. Fifteen 
thousand tons have been sent to East Pakistan and good results were ob- 
tained wherever proper use of it  was made. The Government of Pakistan 
is buil2ing an ammonium sulfate plant at Daud Khei in the Province of 
Punjab, scheduled for completion in 1956. It i s  expected that this new in- 
dustry wil l  produce 50,000 tons of ammonium sulfate per year, The prac- 
tice of applying organic fertilizer (animal manure) is not widespread, aad 
the growing of green manure crops as another source of organic fertilizer 
is very limited. 

Soil surveying in East Pakistan is in its infancy. Only one of the 
Provincet s seventeen districts, the Dacca Gistric t, has a completed soil 
survey. It is planned to cover the remaining districts as rapidly as time 
and facilities permit, 

F.05 CROPS 

There are about 45 food and cash craps grown in East Pakistan. 
They are grouped under five headings which are designated as food grains, 
fibers, pulses, oilseeds and miscellaneaus crops. 

a. Food grains include rice, wheat, barley, maize, and millets. Rice 
is the most important of all of the food grains. 

b. Fibers include jute, cotton, sun-hemp, and rhea. Jute is by far the 
most important and is the nation's chief source of foreign exchange, 

P. Pulses form an important part of the diet of East Pakistan, These 
are cooked separately, or together, or in a combination with veg- 
etables, rice or meat. The principal pulses grown in the country 
are gram, lentils, mash, mung, pigeon pea, cowpea, soya bevr and 
chickling vetch. 

d. A great number of oilseeds are produced in East Pakistan. The 
major ones include the f ollawing: r apes eed, mustard, cottonseed, 
sesamtnn, linseed and groundnut. 



e. Miscellaneous crops include sugarcane, tea, tobacco, vegetables, 
spices, fruits, fodders, betelnuts and coconuts. 

Of all the crops grown, rice (paddy) is the major food crop, and 
jute is the principal cash crop. The rice crop of East Pakistan is highly 
variably with a large number of varieties grown each year. These are  
listed as follows: 

Highland aus - Sown in April and May and harvested in August and 
September. It is purely dependent on rains and is broadcast at the 
earliest opportunity. In some places however, the crop is grown un- 
der tramplanted conditions, It is generally followed by winter crops 
of mustard, pulses, vegetables, etc. 

Lowland aus - Sawn broadcast in the lowlands in February and 
March and harvested in June to September 

Deepwater aman - Sown in lowlands in February and March and 
harvested in November and December when the flood water recedes. 
In the medium deep areae this paddy is grown mixed with lowland 
aus and harvested separately as they ripen 

Transplz-nted aman - This crop is transplanted from seedbeds in the 
months of July and August in mediumlands and harvested in Novem- 
ber and December 

Boro paddy - Sown in the seedbed in November and transplanted in 
December and January on the lowest areas of all, which usually do 
not dry up in the winter, It is harvested during March and April, 

Jute is usually sown in the mediumlands during the months of March 
and April and harvested in July and August. It is estimated that between 
70 and 80 percent of the world's production of jute comes from East 
Pakistan. 

CULTURAL PRACTICES 

Plowing - The methods of plowing are  similar to those seen in 
many other parts of the Orient. Wooden plows with steel shares are used, 
which are pulled by water buffalo or bullocks. The wooden plow has the 
advantage of being light and inexpensive, however, it is inefficient and should 
be modernized in the interest of better and faster plowing. This would in- 
crease +he yield per acre knd at the same time, more lad could be plow- 
ed and planted, materially increasing the total agricultural production. 



Harrowing - The harrow used by the Pakistani farm-r is made of 
three bamboo splints. It is used for breaking clods, collecting weeds, pack- 
ing the soil, and covering seed after broadcasting. It do& a fairly good 
job if the sail condition is right. 

Seeding - No drills or planters are used for sowing, the seeds being 
broadcast by hand. The transplanted rice seedlings are set out by hand in 
the flooded fields. 

Cultivating - Cultivation is done almost exclusively by hand. The 
tool used i s  similar to a hoe and consists of a flat iron with a sharp edge 
attached to a wooden handle. 

Harvesting - Harvesting is done with sickles. It is common Zrac- 
tice for neighborhood groups to harvest the fields together, rather than for 
each farmer to harvest his own land. Mechanical harvesters are virtually 
unknown. 

Threshing and Winnowing - Grains are threshed by treading with 
bullocks, and winnowed by throwing the troden debris into the wind. 

F.07 LAND USE 

According to the Directorate of Agricu'iture, land use in East Pakis- 
tan may be classified into four broad categories: net cropped area, "cur- 
rent fallow" cultivated land, cultivable waste land, and area not available 
for cultivation. Exhibit F-2 shows the land use classification by districts 
in East Pakistan. Based upon the figures shown, the total area of the coun- 
try i s  approximately 34.6 million acres of which 19.3 million are  net crGp- 
ped, 2.6 million are  in current fallow, 2.7 million a re  in cultivable waste- 
land, and the balance, or 10.0 million acres, is area not available for cuL- 
tivation which consists of forest area, permanent swamps, rivers, urban 
areas, etc. It must be borne in mind that these figures were established 
several years ago and have never been revised. It i s  estimated that there 
has been a general. increase in the net-cropped area of about 1.2 million 
acres and corresponding decreases in the acreages of the current fallow 
area and cultivable wasteland. 

There is a large potential for land reclamation in the first three 
categories. A s  soon as drainage and irrigation projects a r e  installed, large 
portions of the cuxrent fallow area and cultivable waste land can be brought 
under continuous cultivation, In addition, a larger portion of the ner-cropped 
area can be double cropped and, in some cases triple cropped, It is also 
possible that portions of the area not available for cultivation, such as 
permanent swamps, can be reclaimed. 



F.08 LAND TENURE 

The land tenure system in East Pakistan has always been quite com- 
plex. The year 1793 marked the beginning of the present system. In *at 
year, "Permanent Settlement" was decf ar ed which meant that hereditary 
proprietary rights were conferred permanently on the revenue collectors 
who thus became %amindersqt or owners of the land. The only condition 
to which they were subjected was that they pay a fixed amount of revenue 
to the government. 

The zaminders distributed the land among the cultivators who fell 
into two classes: ttraiyatsv and "under -raiyatsvT. The raiyats became land 
users who had the rights of use and transfer and they often sublet their 
lands to the under -r aiyats, either permanently or ternpor arily. The under - 
raiyats shared proportionate amounts of the produce with the raiyats for 
the use of the Lands, The zaminders were authorized to collect the cash 
rents (ac+ually it is a sort of land tax) from the raiyats at regular rates 
and paid the government a fixed assessment. Since the peasant or cultiva- 
tor had the right of inheritcnce, the lands have gradually become fragment- 
ed into smaller and smaller sizes. 

The Zand tenure system has thus produced two major ill effects: 
the landlord has had little or no interest in the land other than the receipt 
of rent, while the tenant who didn't really awn the land was interested only 
in deriving maximum benefit from the present use of the Zand an& cared 
little for the future. Furthermore, the fragmentation of the Land has re- 
sulted in uneconomic holdings which are becoming unsuited for the use of 
improved agricultural practices - 

The State Acquisition and Tenancy Act ,  enacted in 1950, will ulti- 
mately recol.-etitute the entire land tenure system in East Pakistan. Some 
of the salient features of this legislature are: the Government assumes 
the right of owners'hip, replacing the zaminders who will recei- e comperr- 
sation for their former holdings; the agricultural lands will  be re  -distributed 
on a more equitable basis; tenants will pay rentals directly to the govern- 
ment; the practice of sub-letting land wi l l  be abolished; and all agricultural 
tenants will have permanent, heritable and tr ansfexable rights in their lands. 
This is very significant legislation and will have far-reaching effects upon 
the agricultural economy of the country. However, the full implementation 
of the act will require a long period of time and during the interim the old 
Land tenure system will remain in effect. 



F.09 AGRICULTURAL STATISTICS 

Crop acreages - Crop acreages for 1954 are estimated as follows: 

Acreage 
Crop 

Rice (paddy) 
Jute 
Rape and mustard seeds 
Sugar cane 
Tobacco 
Other cereals, 

fibers, pulses, oilseeds, 
spices, tea and vegetables 

- 
(expressed in millions of acres) 

Total crop acreage 20.5 

Size of a~ricultural holdings - The sizes of agricultural holdings 
are: 

1. 46.0% of the farm families have less than 2 acres each 

2. 11.2% of the families have 2 to 3 acres 

3. 9.4% of the families have 3 to 4 acres 

4. 8.0% of the families have 4 to 5 acres 

5. 17.0% of the families have 5 to 10 acres 

6 .  8,4% of the families have above 10 acres. 

(The average number of members per farm family is five.) 

Land values - The values of agricultural land in East Pakistan are 
extr ernely variable and are dependent upon several factors, particularly 
the proximity to market, susceptibility to periodic flooding' and demand 
fox land. In the Ghittagong area, where the land is close to market, above 
the flood level, and the demand for it is high, its value will reach $750 
per acre. In the vThaori9 areas of the Mymensingh and Sylhet Districts where 
the mdrkets axe further removed, the land is periodically flooded, and the 
demand for it is less; the values range around $150 per acre. Land in the 
same districts that is closer to market, above flooding, and in mare demand 
is valued at $450 per acre. Land values in the Jessore Distiict are re- 
ported to be less, and are quoted at $60 per acre. 



F.10 GENERAL - LAND RECLAMATION 

East Pakistan is in the peculiar position of receiving too much water 
during part of the year and too little water the rest of the year. This is 
due to the uneven distribution of the annual rainfall, 86% of which falls 
during the period of four or five months, May to September. This is the 
monsoon season, when the rains are frequent and torrential. It is estimated 
that about 50% of the country is submerged to varying depths during this 
period. The problem of providing adequate drainage systems to reduce crop 
damage in these flooded areas is very acute, 

Following the monsoon season the lands dry up quickly, thus af- 
fording little opportunity for growing a second crop. The possibility of triple 
cropping is even more remote. This situation can be corrected only by 
irrigation. 

It is possible to isolate certain flooded areas by means of embank- 
ments and resort to drainage pumping to remove the excess water. At the 
same time, it is also practicable to utilize the same pumping system for 
irrigating these areas during the dry season. Land reclamation carried out 
in this manner would increase the total crop production and the yields per 
acre of the various crops grown. 

After consultation with numerous officials of the Irrigation Branch, 
Gommu~lication, Building and Irrigation nepartment. Government of East 
Pakistan, 25 possible land reclamation areas were selected for study. They 
arc situated in five of the easternmost districts of the Province: Mymen- 
singh, Sylhet, Dacca, Tippera and Chittagong . Exhibit F- l lists rde arcas 
by number in the respective districts and the table o~ the following page 
gives the descxiption and location, gross acreages, and net acreages bene- 
fited by reclamation. These latter figures were obtained by applying a 20% 
deduction to the gross zcreages. It is estimated that this deduction would 
be sufficient to cover homestead and villa.ge areas, non-isrigable lands, 
bils,  waterways, etc., all of which would be excluded in determining the 
net acrezges to be benefited by reclamation. 



DESCRIPTION & LOCATION, GROSS ACREAGES, & NET ACREAGES 
BENEFITED BY RECLAMATION OF PROPOSED AREAS 

No. of G r o s s  
Area Description and Location Acreage 

Mvmensineh District 

M e t  Acreage 
Benefited by 
Reclamation 

1 Haor Area in P . .S..(l) Mohanganj , Madan, Kahl - 
ia juri, Itna, Karimganj, Nikli, Astragr a m ,  
Bajitpur and Bhairab Bazar 384,000 

17 Area  in P.S. Durgapur 9: 600 

18 Area in P. S. Hahaghat 7,680 

19 Area in P. S. Nokla and Nalitabari 4,480 

20 Area in P. S, Basail 2,560 

Mymensingh District TOTAL. , . . , , , . . 408,320 

Sylhet District 

Areas in P. S. Golapganj, Beanibazar, Jaki- 
ganj and Kanairghat 23,680 

Dumaria Haor in P. S. Fenchuganj, 
Golapganj, and Sadar Syhet 11.520 

Muria Haor in P. S. Beanibazar 12,800 

Bara Haor in P. S. Kanairghat 19,200 

Waor Areas in P. S. Chhatak 6,400 

Muktarpore Haor in P. S, Balaganj 6,400 

Fringes of Hakaluki Haor in P. S. Fencbugallj. 
Golapganj, Barlekha, and Kulaura 19,200 

Hail Haor in P. S. Srimangal and 
Maulavi Bazar 

Mokar Haor in P. S. Baniyachung and 
Nabiganj 12,800 

('1 P.5 . -  (Police Srarion) 



TABLE (continued) 

No. of 
Area 

I I 

23 

24 

25 

2 1 

22 

12 

13 

14 

15 

16 

Gross  
Descripticn and Location Acreage 

Area in P. ~! ' '~ jrnir i~anj  and Bahiyachvng 12,800 

Area in P. S. Kanairghat 2,560 

Area in P, S. J agannathpur 12,800 

Sanir Haor in P. S. Tahirpur 5,120 

Net Acreage 
Benefited by 
Reclamation 

Syhet District TOTAL .............. 158,720 

Dacca District 

AreainP.S.Jaydebpur,KaliganjandSripur 11,520 

Area in P, S. Sabhar 5,760 

.............. Dacca District TOTAL 17,280 

Tippera District 

Area in P. S. Brahmanbaria north of Akhaura 9,600 

Area in P. S. Muradnager, Homna and 
Daudkandi 10,240 

Area in P.S. Chauddagrarn and Laksbam 7,680 

Area along banks of Dakatia River in 
P. S. Hajiganj and Laksham 6,400 

Tippera District TOTAL. ............ 33,920 

Chittagong District 

Areas in Halda, Karnafuli and Sangu River 
basins in P. S. Fatikchhari, Sitakund, 
Rauzaxl. Hathazar i, Ranguni a, Panchlais, 
Boalkhali, Patia, and Anwar a 256,080 

Chittagong District TOTAL. .......... 256,000 

TOTAL GROSS ACREAGE 
(All Districts) 874,240 

TOTAL NET ACREAGE BENEFITED 
BY RECLAMATION ( ~ l l  Districts) 

('1 P. S. - (police Station) 
. 



F.11 TYPICAL LAYOUT FOR A RECLAMATION UNIT 

In order to make agricultural and economic appraisals of the pro- 
posed land reclamation projects, a typical unit area was first selected for 
a hypothetical study in  which the land was assumed to be reclaimed by 
pumping. The unit is in P. S. Itna, Mymensingh District, on the east bank 
of Dhanu River, and is a part of the haor zone designated as "Area No. 1" 
(see Exhibit F-3). The gross area of the unit is 26 square miles o r  16,640 
acres, and the net area that would be benefited by reclamation amounts to 
13,312 acres. 

It i s  assumed in this  study that the unit i s  completely enclosed with- 
in suitable dikes and that reversible-flow pumps have been installed to pump 
water either into, or out of, the area. 

A portion of the available raidall required for the crops of the area 
within this embankment during the monsoon season wi l l  be retained and the 
balance pumped out during the rains, while during the dry season, water 
will be pumped from the Dhanu River into the area for irrigation, The fill 
material required for the construction of the embanEment would be taken 
from a continuous borrow pit, which serves the double purpose of a drain- 
age and irrigation canal. In addition, one main canal and two distributaries 
axe required for irrigation and drainage purposes. The farm distribution 
systems are adapted to these installations, The pumping station is assumed 
to be located on the crest of the embankment near the lake, as is shown 
in Exhibit F-3, which also  shows the general layout of the works describ- 
ed above. 

it is estimated that the total annual rainfall in this area averages 
120 inches. About 20 inches wi l l  be lost through evaporation an2 percola- 
tion, 40 inches will be required for crop prod~ction, and +he balance o r  
60 inches wil l  be pumped out. The pumps wiii work 20 hours per day with 
an average total l i f t  of 4.5 feet during the rainy season and 14 feet in  the 
dry season. 

The discharge required for the drainage pumping for a period of 4 
months is 420 cfs, which requires 346 horsepower or 258 kilowatts. The 
discharge required for the irrigation pumping, assuming a duty of 125 acres 
per cfs, is 108 cfs which requires 274 horsepower or 204 kilowatts. 

F.12 ESTIMATE OF CONSTRUCTfON QUANTITIES AND COSTS FOR A 
UNIT AREA 

There are four major earthwork installations in the proposed re-  
clamation work in the unit area. Tney include the continuous embankment 
and borrow pit channel, considered as one; main canal, and two distribu- 
taries leading off the main canal. Exhibit F-4 shows the cross-sectional 



views of these installations. In addition, there are the pumping sbtioa. trans- 
mission line, and sub-station installations. Estimates of the principal quan- 
iitkes and costs for each of these installations are given below: 

Estimate of Principal Quantities 

Continuous embankment and borrow pit channel 
Excavation and embankment 957,700 cu yds 
Dressing and turfing 171,500 sq yds 

Main canal 
Excavation 88,900 cu yds 

Distributary No. 1 
Excavation 21,500 cu yds 

Distributary No. 2 
Excavation 5.900 cu yds 

Pumping station. transmission line and sub- station 258 kw 

Estimates of Costs For 
A Net Area of 13,312 Acres 

Item 
Cost - Dollars 

Foreign Local Total 

Continuous em-ent and borrow pit $ 0  $271,200 $271,200 
canal including facilities, land acquisition, 
structures, engineering and supervision 

Main canal including land acquisition, 0 17,000 17,000 
structures, engineering and supervision 

Distributary No, l,'including land acquisi- 0 4,400 4,400 
tion, engineering and supervision 

Distributary No. 2, including land acquisi - 0 1,400 1,400 
tian, engineering and supervision 

Minor channel work 0 3,000 3,000 

Pumping station, transmission line and 72,900 55,800 128,700 
sub- station 

TOTALS $72,900 $352,800 $425,700 

The capital cost is approximately $32 p e r  acre. 



F.13 EXTRAPOUTION OF CONSTRUCTION COSTS AND POWER RE- 
QUIREMENT TO TOTAL AREA 

The unit area that was selected for analysis is considered fairly 
representative of conditions in all of the areas proposed for reclamation 
(see Exhibit F-3). The capital cost of $ 3 2  per acre can be extrapolated 
to the total net acreage, 699,392 acres, that can be benefited by reclama- 
tion. This amounts to a total capital outlay of $22,400,000. 

The maximum power demand at the pumps for the total net acreage, 
is estimated at 13,500 kw. 

F.14 PRESENT AND POTENTIAL PRODUCTION OF LAND 

Based on the 1949-50 agricultural year, which is described as a - 

year with average yields, the yields per acre of the major agricultural 
crops without irrigation are listed below: 

Crop 

Winter or aman paddy (clean) 
Autumn or aus paddy (clean) 
Summer or boro paddy (clean) 
Jute (fiber) 
Sugarcane (gar) 
Pulses 
Oilseeds 
Cereals 
Spices 
Tobacco 

Actual Yield in Metric Tons 
Per Acre 

These yields can be increased in several ways, among which arc 
irrigation and f er tilieation. Rec ent experiments conducted in the Kushtia 
District by technicians of the Food and Agricultural Organization, United 
Nations, have shown the following comparative results: 

Without irrigation ........................... 100 (base) 

.............................. With irrigation 150 

With irrigation and fertilization on lowland .... 200 

With irrigation and fertilization on highland ... 300 



Presumably these increases in yields were obtained under optimum 
conditions, but they do illustrate the beneficial effects of irrigation and fer- 
tilization on crop yields. For the purposes of this report, the following 
percentage increases in yields pex acre of the same crops under irriga- 
tion are assumed, together with the expected yields. - 

Crop 

Winter or aman paddy (clean) 
Autumn or aus paddy (clean) 
Summer or boro paddy (clean) 
Jute (fiber) 
Sugar cane (gur ) 
Pulses 
Oils  eeds 
G er eals 
Spic e s 
Tobacco 

Percentage Expected Yield in 
Increase M e t ~ i c  Tons Per Acre 

Although aman paddy, aus paddy and jute are crops that are grown. 
during the monsoon season, there are occasional. periods of drought when 
supplementary irrigation is required to maintain crop production, Sugar- 
cane at present can only be grow= for about 11 months because of the dry 
winter season, but with irrigation it can be grown to a full maturity in 15 
to 18 months. 

It must be assumed that ihe increased yields under irrigation will 
be accompanied by better farming practices such as deep plowing, crop 
rotation, green manuring, improved seed varieties and equipment neces oary 
for irrigation farming, The soils are generally too hard for plowing from 
January to April. Even if a light irrigation is available only once during 
th is  period, an ordinary pair of bullocks could plow deeper, - from 4 to 
6 inches instead of 2 to 4 inches as at present. Crop rotations are essen- 
tial for the maintenance of soil fertility and the improvement of soil tilth. 
Green manure crops, such as cowpea, mash kalai, and fodder crops as 
sources of feed for the draft animals should be included in tEe rotation 
systems. 

The application of inorganic and organic fertiiizers is an important 
factor in increasing crop yields. However, the inorganic fertiiizer s, such 
as sulhate of ammonia and ammonium phosphate, are qr;.ite expensive and 
beyond the means of the average cultkator. Unfortunately, too -much of the 
organic fertilizer in the form of animal manure is used as fuel, and t ~ o  
little is applied to the land. It is therefore necessary to make up the short- 
age of manure by some easy and econcrnic-a1 method such as composting. 



A method has been devised for producing compost from ell aarts of veg- 
etative refuse but it has not yet received widespread acceptance. Until 
commercial fertilizers become reasonably priced and the use of organic 
fertilizer becomes an accepted practice, the effect of fertilization on fur- 
ther increasing crop yields cannot be fully realized. 

F.15 VALUES OF PRESENT AND POTENTIAL CROPS 

The present crop in the unit area is boro paddy. The total annual 
yield is 1,952 tons from 4,437 acres for a to?,al gross return of $142,000 
at present day prices. The cost of production is estimated at $25 per ton 
f o ~  a total cost of $48,806. T h s ,  the total net return is $93.200 or $21 
per acre. 

The crops that would be grown after the installztion of the reclama- 
tion project are arnan and boro paddy, as a double crop. The annual yields 
of these crops under irrigation are expected to be 6,GOO tons of aman paddy 
and 6,700 tons of boro paddy for a combined total annual yield of L2,700 
tons from 13,312 acres. The total gross returns are $491,000 for the aman 
crop and $488,000 for the boro crop, making a combined total gross retrrrn 
of $979,000. The cost of production for these crops under frrigation is 
estimated at $ 3 3  per ton. Thus, the total cost of production for these crops 
is $419,000 exclusive of the water charges. The charges for irrigation. 
water must Se sufficient to meet the annual costs of the irrigation system 
plus a surplus with which to meet contingencies such as fluctuations in for- 
eign exchange and to finance extensions of the project. In order to satisfy 
this requirement, i t is necessarytu assess $3.30 per crop acre or a total an- 
nual water charge of $88;000, Thus, the annaal net return to the farmers 
will be $472,000, or approximately $35 per acre. Since the cost imrest- 
ment for the project is $32 per acre, it appears that the project is econ- 
omically sound. 

1 POWER RATES 

An energy charge of $0.02 per: kilowatt hour plus a maximum de- 
mand charge of $2.12 per kilowatt per month have been assumed in de- 
termining the total annual cost of the project. 

F.17 SUMMARY OF COSTS AND BENEFITS FOR A UNIT AREA 

The capital cost of a unit area project, including earthwork, pump- 
ing station, transmission line, substation, bridges, h i d ,  facilities. engi- 
neering and unforeseen items is estimated at $424,00Q or $32 per acre of 
irrigated land. The total annual cast which includes such items as interest, 
amortization, operation and maintenance, and administration is estimated 



at $79,000. The annual water revenue is estimated at $88,000 so that the 
project can be expected to yield to the Government a net return of $9,600 
or a return on the capital outlay of about two percent. The present crop 
production in the area is estimated at 1,952 tons and the value of $l4Z,OOO. 
After reclamation, the crop production will be increased tu 12,700 tons 
with an estimated value of $979,000, Therefore, the annual value of the 
increased crop production is $837,000, or $ 6 3  per acre. The net return 
to the farmers is $35 per acre. 

Indirect benefits that will result from reclamation include better - 
men* of diet, improvement of health conditions, augmenting of internal trade, 
and the increase in employment and public revenues. 

All of the basic data used for the computations and xesults in the 

foregoing sections were secured from East Pakistan sources. 

F.18 FACTORS GOVERNING THE SUCCESS OF LAND RECLAMATION 

Land r eclarnation projects in East f akistan that involve drainage 
and irrigation will directly or indirectly affect land use, cropping systems, 
and the management of indivi6uaf farms. After the projects have been suc- 
cessfully developed, i t  can be expected that double cropping w i l  increase, 
good rotation systems will be introduced to maintain soil fertility, and land 
tenure conditions will be improved to better the relations between the land- 
lords and tenants. 

In order that the land reclamation projects may be successful, a 
few of the governing factors are listed below: 

Agricultural Education - One of the major problems facing the agri- 
culture of East Pakistan today is the establishment of a comprehensive 
agricultural educati~n system to bring modern agricultural metbods to the 
farmers. The structure of an organization to carry on this work has al- 
ready been established, the pattern being somewhat similar to that of the 
Agricultural Extension Service in the United States, The introduction of 
land reclamation in areas where farmers have had no experience in drain- 
ing and irrigating land requires many practices with which the farmers are 
not now familiar. It is necessary, therefore, that the Government provide 
a thorough agricultural education program through its rural extension agen- 
cies. This program should place special emphasis upon such practices as 
the proper maintenance of drainage systems, land leveling, layout of farm 
irrigation systems, and proper application of irrigation water, In additiow 
the faxmexs will need assistance on kinds and varieties of craps to grow, 
rotation systems, cultural practices, and the application of fertilizers, or - 
ganic as well as inorganic, 



One method for implementing such a program would be to establish 
demonstration farms in or near the areas where the reclamation projects 
a re  to be installed. These farms should secure the cooperation of respon- 
sible farmers in these areas who will try out the new practices that are 
being introduced. Special efforts should be made to provide these farms 
with the necessary drainage and irrigation facilities to test the practices, 
even before final completion of the projects. The farms could be used to 
train extension workers in the new techniques and they, in turn, could 
educate the other farmers in the areas affected by the projects. 

The agricultural education program can be further implemented by 
coordinating it with the educational programs of the Village Aid Training 
Centers that a re  sponsored jointly by the Foreign Operations Administra- 
tion of the USA and the Go\ rnment of Pakistan. 

Marketing and Processing Facilities - The increase both in crop 
acreage and yield per acre that will result from the land reclamation 
projects will  increase the need for marketing and processing facilities. 

Many agricultural products are perishable or semi-perishable and 
available for only a short season. L t  may become necessary to establish 
small industries such as canneries and cold storage facilities to preserve 
these products. More crushing machines for the preliminary processing of 
sugarcane and oilseeds will also be needed. These and other types of local- 
ly needed machines can be provided through coaperative societies. 

Land Tenure - It is important that the present relationship between 
landlords and tenants be maintained at levels that will give the landlord a 
fair return on his investment and the tenant an assurance of security and 
an adequate share of produce in relation to his labor, Unless these Levels 
are  maintained, there will  be no incentive for either party to increase 
agricultural production or to improve the productive power of the land. As 
soon as  the provisions of the State Acquisitiu;; and Tenancy Act (1950) be- 
come fully effective, the State wil l  become the landlord and the land tenure 
system will undergo some rather radical changes. It is expected that this 
legislation will do much to stabilize and improve the situation. A healthy 
land tenure system is a requisite for successful land reclamation, 

F.19 RECOMMENDED PRE-CONSTRUCTION INVESTIGATIONS AND SUR- 
VEYS 

It is r econvnended that cer takn essential investigations and surveys 
be conducted previous to the construction of any of the land reclamation 
projects, These should be carried out in a two-phase operation. 



The first phase should be of a preliminary or reconnaissance nature 
and in sufficient detail to serve as a basis for determining whether or not 
construction should proceed, It should include the following items: 

a. Engineering Surveys and Analyses 

1. Analyses of river discharge and siltation data including not only 
the available information but also whatever additional data are 
needed 

2 .  Analyses of data on tidal action in relation to salinity 

3. Survey of available and potential sources of power, including al- 
lowable power rates 

4. Preliminary surveys of irrigation and drainage systems, and re- 
quir ed embankments 

5 .  P r  eliininary designs of pumping stations 

I b. Land and Water Use Studies 

I .  Reconnaissance soil survey and land classification with parti- 
cular reference to ir r igab-ility 

2 .  Determination of cropping systems that will be suitable for ir - 
rig ated Lands, including an appr aisaX of increased production re  - 
sulting from irrigation 

3. Determination of water requirements for the various crops to be 
grown 

4. Investigation of existing water rights 

5. Investigation of present methods of payment for water. and ability 
to pay for future use 

c. Economic Analyses 

1.  Preliminary cost and benefit analyses 

If decisions to proceed with the project construction are reached on 
the basis of findings in the first phase, the second phase of the investiga- 
tions should be undertaken. This latter phase should, of necessity, be of a 
detailed nature and should include the following items: 



a. Engineering Surveys, Plans and Cost Estimates 

I .  Detailed surveys of all proposed irrigation and drainage canals, 
distribution systems, embankments and transmission fines 

2. Detailed plans, specifications and cost estimates for a 1  earth- 
works and structures including weirs, sluices, bridges, etc 

3. Detailed plans, specifications and cost estimates for pumping 
stations 

b. Land and Water Use Studies 

1. Detailed soil surveys and land classification for irrigability pur - 
poses 

2. Final and complete plans f ~ r  cropping systems, including the 
&mount of irrigation water to be applied, number of irrigations, 
etc 

3. Estimates of power requirements for pumping 

4. Detailed farm management studies to determine the most suitable 
organizatioo of farm enterprises 

5.  Detailed studies of the project laad bar subdividing inta units to 
which the most efficient water deliveries can be made 

c, Economic Analvses 

1. Final cost and benefit analyses 

Many of the studies and investigations listed above should be of a 
continuing nature. Hydrologic information, for example, must be obtained 
over a long period of time. The same is true for infozrnation on fertiliz- 
ation, crop adaptation, water requirements of crops, and agricultur ill sta- 
tistics. Reliable and useful information on these and other pertinent sub- 
jects can be obtained only by long-term experimentation and research. 

I 
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FORESTRY 
RESOURCES AND PRESENT DEYF;LOPMENT 

The Kasalong Reserved Forest located within the Chittagong Hill 
Tracts contains valuable stands of merchantable timber (gurjun) suitable 
for dimension lumber and heavy timbers. These forests at present are 
virtually inaccessible for large scale logging operations and as a result 
timber is now scarce and expensive in East Pakistan. Construction of the 
Karnafuli Project will make practicable large scale commercial logging, 
The reservoir will provide a reliable, navigable waterway for transportation 
and make accessible large areas along its extensive perimeter. 

Extraction of sp-gurjun is expected to reach 40,000 tons annually in 
1965. This will be made possible by introducing modern logging, shop and 
communication equipment which has been furnished by the Foreign Opera- 
tions Administration (FOA) of the U. S. Government, 

The estimated value of the increased annual production of 40,000 
tons of gurjun timber is $1,2 12,000 after deducting extraction costs. Since 
this production is possible only by construction of the Karnafuli reservoir 
this may be taken as the benefit for the yeai 1965. 

h addition to the above benefit there will. be a benefit to the bamboo 
operations which, although substantial, is difficult to evaluate. The recent 
operations of the Karnafuli Paper Mil l  have utilized the bamboo along the 
banks of the Karnafuli River and as time goes on it will be necessary tu 
go further inland to secure bamboo which must be carried to the river 
bank. Construction of the Karnafuli Reservoir will greatly expand the peri- 
meter convenient to the waters edge and wi l l  facilitate these operations. 
At pressnt, bamboo rafts a re  navigated down the Karnafufi River with very 
considerable difficulty and -the Karnafuli Reservoir will provide a waterway 
which will  permit efficient navigation. 


