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PRETACE

~ In November 1963 the World Bank was assigned tho task of
organizing a comprehensive investigation of the water resources of West
Palkistan. . The chief purpose of the investigation, which became known as
the Indus Special Study, was to develop a program for the optimum
exploitation, for agricultural and power purposes, of the water resources
that would be available to Pakistan after implementation of the Indus
Waters Treaty of 1960. 'This report, in four volumes and their amnexes,
summarizes the conclusions that were reached in the course of the Study
and outlines recommended development programs in the fields of agri-
culture, irrigation, surface water storage and. electric power for the
next ten to twenty years.

_ Dr. Pieter Lieftinck -- an Executive Director of the World
Bank and former Finance Mimister of The Nétherlands -- accepted an
invitation from the President of the Bank in Janbary 196L, to head the
Study. Several senior members of the Bank's technical staff were also
assigned to assist Dr. Lieftinck in the organization and execution of
the Study. This nucléus is referred to collectively in this report as
the Bank Group.

' To provide the various skills required for the complex and
detailed field work involved in the Study, the Bank Group obtained the
services of a number of consulting firms. For the irrigation and
agriculture aspects of the Study, three firms of international repute
agreed, at the request of the Bank, to assume joint responsibility and
to form, for this purpose, an Irrigation and Agriculture Consultants
Association (IACA); the member firms were Sir Alexander Gibb & Partners
and Hunting Technical Services Limited, both of the U.K., and Inter-
national Land Development Consultants (ILACO) of The Netherlands. To
handle questions concerning dam sites, Chas. T. Main International, Inc.,
a U.Se firm, was retained. For power aspects of the Study; the Bank
retained the services of Stone & Webster Overseas Consultants Inc.,
also from the United States. In addition to their role in TACA,

Sir Alexander Gibb & Partners were responsible for overall coordination
among the consultants. ' '

The Agreement between the President of the World Bank and the
President of Pakistan which instituted the Study divided it into two
distinct phases. In the first phase atitention was concentrated on a
proposal to build a large multi-purpose dam and reservoir on the Indus
at Tarbela. This project was widely considered to be of high priority
but it was also a center of controversy, and so the Bank Group had
agreed to provide an interim report on the Tarbela Project separately.
‘Draft reports on this project were prepared by the consultants by
mid-November 196L; in early December a Pakistan delegation visited
Washington to discuss the consultants’ findings; and in February 1965,
Dr. Lieftinck submitted the Bank Group's report on the Tarbela Project
to the President of the Bank who transmitted it to the Pakistan
Government. -
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Inmediately after completing their initial Tarbela studies the
consultants moved inte the second phase of the Study which was to result
in comprehensive reports on the development of the water and power
resources of West Pakistan. It was originally intended that discussion

drafts of these comprehensive réports would be completed by early 1966,
i.e. within two years of the Study's commencement. However, unavoidable
delays were encountered and drafts of the reports were submitted at
various tlmes through 1966.

It was recognized irom +the beginning of the Study that the
tlme element and the scope of the problemo made imperative the closest
p0331b1e cooperation between the Bank Group, the Pakistan ‘authorities
and the consultants. All phases of the work, including such matters as
the consultants! terms of reference, were therefore discussed in detail
with the Pakistan authorities. To ensure a regular exchange of views
and to guide the investigations along the most fruitful lines, cerbain
tripartite committees were established: a Coordinating Committee in
the sphere of irrigation and agriculture, which met on eight occasions;
a Dam Sités Committee which also met on eight occasions; and an informal
Power Consultative Committee which met twice. Although these committees
had only an advisory role, they served to ensure that Pakistan and the
Bank' Group remained in agreement with the consultants on the scope of
the work and the detailed methodology. The consultants' terms of
reference were supplemented from time to time through the provision of
additicnal written guidelines and other instructions from the Bank Group.

The final reports of the consultants were'submitted simﬂlta—
neously to the Bank and to Pakistan between May and November, 1966,
One report, in 23 volumes, prepared by IACA, covers the irrigation and
‘agriculture aspects of -the Study. " Another report, in six volumes,
prepared by Chag. T. Main, covers surface water storage. ‘And the third
report, in two volumes, prepared bJ‘Stone & Webster, covers the power
aspects of ‘the Study. In addition Sir Alexander_Glbb & Partners, as
coordinators among the consultants submitted two reports, one, entitled
MSummaries of Reports by Consultants on Irrigation and Agriculture,
Electric Power and Surface Water Storage!, and a second, updating the
information presented earlier on Tarbela. At the request of the Pakistan
authorities and the Bank Group, Sir Alexander Gibb & Partners also under-
took; with the assistance of Harza FEngineering Company International, of
Chicago, a sequential analysis of the power and irrigation programs
rocommended by the consultants. This analysis resulted in a special
report entitled, "Sequential Analysis of a Programme for Irrigation and
Power Development in West Pakistan".

© These reports, together with their supporting annexes, pro-
vided a basis for discussion between the Bank Group and the Pakistan
authorities in November 1966. Discussions were held with the Government
of Paklstan in Rawalpindi and with the Government of West Pakistan and
"affiliated agencies in Lahore. Senior members of all the consultant
firms which had shared in the Study pariticipated in these meetings.
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Following the discussions in Pakistan in November 1966, the

Bank Group prepared drafts of this four-volume document, which repre-

-sents the conclusion of the Studys The report is baséd on the work and
findings of the consultants, on suggestions made by the Pakistan
authorities and on studies carried out by the Bank Group itself. Pre-~
paration of the report had to be compressed into a short gpace of time.
Drafts of the three main volumes -- on irrigation and agriculture,
surface water sterage, and power -- were sent to Pakistan in Mareh 1067,
A final round of discussions between the Bank Group and the Pakistan
authorities was held in Lahore and Islamabad in mid-April on the basis
of these drafts. Thus throughout the Study the Bank Group has had the
benefit of freguent contact with the Pakistan authorities, who made many
helpful suggestions and comments.

At the last round of inieetings in Islamabad in April 1567,

Dr+ Lieftinck stated that the main purpose of the Bank Group's report

was to assist the Pakistan authorities in achieving the maximum feasible
rate of economic development. The Study had been concerned with col-
lecting as much basic data as possible and analyzing it with a view %o
clarifying 'the potential for growth and identifying priorites, particu-
" larly for the Third and Fourth Plan periods. Dr. Lieftinck said he hoped
that the report would serve as a useful background document to the
Pakistan Government in taking decisions about future development and to
the World Bank in assessing Pakistan's progress- and plans. The veport was
in no sense intended to be binding, either. fcr Frkistan or for tre World
Bank, which would, he felt sure, continue to reassess Pakistan's need
for assistance on a year-to-year basis.

The report now presented consists of four volumes,’ of which
this general volume is the first. Volume 1T presents in detail the
- recommended program for the development of irrigation and agriculture in
- West Pakistan. Volume TIT covers dam sites and puts forward a tentative
schedule for their development. Volume. IV discusses bhe prospective
growth of demand for electric power and proposes a’ plan for the develop-
ment of resources to meet that demand. Each of these three volumés’ has
a number of supporting annexes, discussing individual projects or topics
in greater detail. An Economic Annex to the Report presents somé of the
economic work undertaken in the course of the Study.

The Bank Group'!s work was carried out under the personal
responsibility of Dr. Lieftinck. Under him the Bank Group consisted of
A. Robert Sadove as Deputy Head of the Study; Thomas C. Creyke in charge
of Irrigation and Agriculture; General Herbert D. Vogel in charge of
Dam Site Engineering; and A. D. Spottswood in charge of Electric Power.
From the beginning Willi A. Wapenhans was principal assistant to
Mr. Creyke in supervising the work and preparing the reports on.
Irrigation and Agriculture. Christopher Willoughby assisted Mr. Sadove
in the preparation of Volume I of the report and was primarily respon-
sible for the background work on electric power; he drew heavily
on the assistance of Dr. Henry D. Jacoby of the Harvard Water Program
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who prepared a simulation model of the West Pakistan power system.
Heinz Vergin assisted Mr. Sadove in the economlc aspects of the Study
and carried out the linear programming analysis of investment in
irripation and agriculture with direction from Professor Robert Dorfman
of Harvard University. E. P. Delaney and K. B. Norris, on assignment
in Washington from Sir Alexander Gibb & Pariners, assisted considerably
with engineering aspects of the Study. To assist in the preparation of
Volume I1 an agricultural group was established, consisting of James B.
Hendry, Harold Manning and Kyaw Myint, all of the Bank's. staff. Added
to this group for a period of several months at Bank headquarters were
key members of the Irrigation and Agriculture consultant groups, in-
cluding W. R. Rangeley, James Turtle and Roger White, of Sir Alexander
Gibb & Partners, Thomas Jewitt of Hunting Technical Services, and
Pieter Mulder of International Land Development Consultants. Other
Bank staflf membérs who made substantial contributions to the work of
the Bank Group are: Firouz Afrouz, Stanley P. Johnson, Gary G. Luhman
and Miss Huda S. Qubein. Thomas B. Winston assisted with editing at
the later stages of the Study. Bach of these staff members contributed
many months to the Study, but the report could never have been completed
without the valuable cooperation of many other people in the Bank,
particularly those responsible for the task of accurately reproducing
large volumes of written material. '
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THE

MASTER PLAN

The Master Plan for the Metropolitan area of Isfamabad and Rawalpindi
has been _prepared on the principle of “Dynapolis’”” which means a dynamic
city where the city centre grows in direct proportion to the growth of .

‘residential functions,

Four highways with a right of way of 365.8 metres from the framework
within which a grid of squares, each measuring 3.1 squaf'e kilometres has
been planned. Two of these highways namely Shahrah-e-islamabad and
Shahrah-e-Kashmir link Islamabad with the rest of the'c'ou_ntry' through
Shahrah-e-Pakistan, both with Lahore, Peshawar and Kashmir, Master Plan
covers an area of 1166.60 square kilometres. The area enclosed by the

Master Plan can be divided into four parts,
i) Rawalpindi ©269.00
i) ‘Istamabad proper including

Institutional & Industrial area 220.15

iii) islamabad Park 220.156
(Semi-Urban) :

iv) . Islamabad Rural Area 466,20

Total: 116550

v) Region {Specified area 3626.00

-of Islamabad)

The area mentioned at ii, iii, and iv above has been named as Federal
Capital area and has been declared as Islamabad district w.e.f, 6th January,

1981,
12
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FOLICY PAFER FOR CUNSIDERATIUN OF THE BOARD

Subjectt OUTLINE PERSPECTIVE DEVELUPMENT PROGRAMME
1985 = 1998

¥hile the work on thé roview of the Mastex
FPlan ghall bogin shortly and may take some time %o
complate and generate a final shoxt ierm ns well as
long torm:progfnmme Ibr.tha development of_Islamubad
_it 15.1m§ortant that an interim frame of reference is
preparad to provide a diraction to the clity devalop=

ment in the meanwhile,

2 E Table=% below ashows the population projection

during the forth coming Five Year Flan.

Taubl aw ] " POFULATION FROJECTIOUNS

igggg_ pqpuxgsién( 000}
1983 205
6¢h Plan
1988 _ | 318
7th Plan
'1993 h 60
8th Plan
1998 609

Planning ¥ing DA

Contdies 2,
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3o To oater for the housing needs of the
pepulation increass the following bench marks are

Hbrkad outi-

Tabiead. DEVELO PMENT TARGETS
. HOUSING COMMERCY AL INDUSTRIAL
IBAR UNIT ESTABLISHMENT ESTADLISHMENT
1963 ' 35, 000 2,000 ' 2085
1988 33,000 3,200 | | 350'
'1993 81,000 &9500 470
199§. 121, p00 : 6,060 _ ' 700

Planning Wing, CDA.

Contdise 3o
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) ] 3 B

b, The targetn so fixed npoeseiatéa development of
foellowing gectors in the urban areat

Table~] SCHEDULYE OF URBAN DEVELOPMENT PLAN- 19831997

Sth Five Yeayr Plan (1983) -~ 1968
8) Reggdantig;.ﬁactorg:

B Ex10
Pail G-1%
Dett

b)  Industrial Sectors

i-10, Totl
o) Institutional Sseotoxs
H=11

7th Five Year Fian 31988-1923

a) - Residential Sectors

G-12, F-12

D=12, E=i2

Gwid, De13
b) Induptrial Sectory
 I-12 Ttk

o) Inmtitutional Sectora,
H~10, H-12, Heol3, Fu9

8th Five Year Flan 1997+1998

a) Residential Sectors!

E=13 F=13
G=1h Fatb
En1h D=1l

b) Industrianl Secters
I»15%, .

o} ;natitution§; Sactor,

Be 1l
Cuntdt= ) °
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b, 8o far land 48 aocquired t111 311th series and urban
development tavgets shall lag behind the schedule if forward
planning is not made for land acquisitionm. This is worked out

in Tablae=h; belowi-

Table=b . SCHEINLE OF LAND ACQUISITION

YEAR _ B EC T QRS

1986 D12, Ee12, N-12,
1987 _ F-zz.'aaiz, K130
1988 . D=13, E=13, F<13.
1989 | G=13, D=1l, Heth,
1990 Ewilt, Paili, G=1l,
1991 Dei5, En15, Hel5.
1992 F-15, G=15, D=6,
1993 E=16, F-16, G=16,

F=16.

Filanning Wing, CDA.
5. .The'iﬁferiﬂ plan i5 submitted for apbrovﬁl of

the Board so that it ias ocirculated for forward planning

at all lavels.
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_COﬁﬂTER [EASURES FOR THAKAGES AUD TASPAGE

Short Terms Measures. @

The conduction maing ‘and delivery mains are
Being given occaésional shut dovmns to vepair the lines
in order %o avoid losses. Recently a shut down from
5th to Tth Peb: 1986 was given to 1st 36" dia PRCC
1iné from Simly.Filtration Plant tofﬁ.G Service Reser—
voir at Islamabad, Similarly, 21" dia PROC rising wain
& from Central Sump of Wational Park Area to 5 - 7 H,G
Service Reservoifs was ghut doﬁn'during January, 13986
and lcakages.were repaired. 24" dia PRUC delivery main
frﬁm 5 G 3ervice Reservoir to Jectors E—T;E;B,F—Y and
F-8 is béing repalired daring day time while fhe shpplies
are beiuzg made during nights,
2 _ _'The.repairs remilritg shut downs ore coxrried
oﬁt generally duving ﬁinter when tho wni r.demand'is
minimum, However, renairs t» the diﬂtribution-nef_woﬂc
are carried out continuously round tie yest to keep
the loages to the-ﬁinimum;
3- _ There are pcrméneﬁf renairg gangé emnlyyed
oﬁ the job. Lhe éffortS'are.t intensified ddring winter
when shut downs can be'arrénge withont causing much. .
‘inconvience to the consumers due to lﬁw'dmnaﬁd‘ﬁurihg
thig time'of the year. |
4~ In order to avoid Wastage”at conguncrs end,
new gonnebfidns'a?e being providedronly with.iﬁsﬁailéfion
of water meters.3ﬂowerr, most of the old conncctionsz =
are either without water meters or the maters have pgone
defective, Arranirmz2nts are being made to replace/inztall
water meters om such connoctians under 1ong Larm mersares,
ﬁhsre'water'metefs.are found resnirable, tho game rre
being repﬁired in a shgll workshop maintained by hnter

Meter Divigion of CDA.

-163-
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Long Tdrma Neasures 3

Wihere lines have .n'ot been found to be
repai.rable, proposals have been made to replace them,
PC-I for the same is now uader considerationﬁ%g the
Planning Division, of the Government of Payistan. The
PC-I inchudes provision of water meters on the old
connectionswﬁihh are -either without meters ow the
meters have gone defective,

2- While approval of the PC-I ié egwaited, CDA

has undertaken gome_of the immediate works financing

the game out of its own resburcesD Subgtaftial impro#e—
ment isg expeéted_before the year 1986 is out.

3- The water meter remir and testing facilities
available in the water meter reseir ghop are not adeqﬁate,
In order bto establish a sroner revair shop, requedt has
been mdde to obtain services of experts from.Japah to
study the eiisting ‘condi bions and to suggéét cetails

for establishment of a full seale repair and tesfing

workshop., A copy of the request is attached h- rewith,

RS 2/ Fé.
('AquHomani.)'/
Director Water Sunply
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- | WEST:.!?AKléTAN _ |
WATER AND POWER,.DTQEVELOPMENT AUTHQRITY

SEDIMENT APPRAISAL

OF

'WEST PAKISTAN RIVERS

" 1960--1966

SURFACE WATER HYDROLOGY PROJECT

LAHORE—FEB.,, 1969

-165-~



II*ﬁﬁm :] |
| | -~ PAKISTAN |

'WATER AND POWER. DEVELOPMENT AUTHORITY
HYD?%@LOGV? SYSTEM ¢ ALYSIS ’\QGANEZATION

SEDIMENT  APPRAISAL
oF :’
PAKISTAN RIVERS
1960 .- 1975

SURFACE WATER HYDROLOGY PROJECTY (SWtHP)
WAPDA, LAHORE
PAKISTAN

MAY - 1980
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PREF L CE

Thia rnpbrt-ls_ﬁuéiinhad by furfara Untor Hydrology
projoci and has been proparvod by Tuchnivcsl Co-nrdinal ion
Section undor the guidance of Syed Amjad Hussain, Projoct
Dirsctor, Surface Water Hydrology Projébt'ﬂRpDﬂ; Tho sodimont
ohservetion stations wore opanatndiby the Surfaco Watar
Hydrology Project and fiold samples woro colloctod and anal-

yaod by parsonnel of tho ﬂrojact.

The first publication on sodiment appralsal uns grlntod in
3an'1967 Subsoquontly throo moro publ;cot;uns wore issuod
including data of additional'stationé for shucifind'periuds
during Feh'1969, (1960-66), Suptombor 1970 (1960-68) and
Jan'1975 (1960-1972), This publication incorporatvs sadimunt
rocords of all additional stations which came undor oporation
of Surfecs Water Hfdrology:Projqct.duping the pmridd 1972-75,

.and also updates data of all -station of tho 1975 fasuo,.

“Tha firast publication on sadimaont appraisal govoe dot-
ﬂilbd'dascriptinns about sedimont chnrocteristics éf.thU'
sub-waelna; Fiold tdchniquﬁs and cquipmunts,.lhhoruLUuy uhrirl -
ysis and offico procoduru which is not includod in thig

report,

Suspandod SﬂdlmOﬂt transport ‘computetions woro mada
ualng sedimont ‘rating, flow durantion curuoa mathod, In tho
present publication, it was considorod worth whilo to gmit
exhibits for individdal stations, Flratly bnchsa thao agenclos
ualng data ore concornod with tho FinalistUIts only and
sacondly tho procoduros usad for tho. cumput tions of sugpundud
sodimont tranasport aro woll ostablished,

~-167-



TABLE DF CUNTENTS

DEFINITION OF TERNMS AND AQBREOVIATION

1. ~ INTRODUCTION
| Purpogoe and scnﬁn of rmport I. e &
Netassity of sedimont study 2
Pro - WADDA Aectivitios 5 3
UAPDA Activities , ' . 4
Aythority and Dersonnei . . G
{
SEDIMLNT TRAHSPGHT'CHARHCTERISTICS bF
INDIVIDUAL STREAM:
l(ﬁrrénggdAin downatream quura)
1, ~ Shyok Hiﬁur ut Yugo ' 7
2. Inﬁua Hivar noar -Kochura 9
C 3, Gilgit River ot Gilgit . | 11
.14. Hunza fliver at Dainyor Bridge 13
5. GCilgit River at Alam Bridge 15
5 Indus River =t ﬂuftéb'ﬂfidga : 17
T ﬂsturé-ﬂiuéf at Dhyiah 19
8. '_Indﬂs River at Uarusin ' g
5. Indus River at aéshem'nila' 23
10, Gorband River nvar Karcra 25
11. " .Brundu fivov ﬁuur_Daggnr | | _ 27
12, Indus fitvor noar Darband ' 2y
(i)
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13.
14,
?5'
16.

17. .

18.
19.

25,

26,
27,

28,

29, o

30.
31,
325
33,
34,
35.
34,
3.
38,
39,

40,

Siean River near Phwlry
$iran River at Thapla
Chitral River nt Chitral

Kubu} Hiwvar ut'wubsuk

Swat River near Kalam

Swat River at Chakdara

Bara River at Jhansi Post

Kabul River at MNowsnera
Kalﬁani River near Risalpur
Indus River at Mendorj {ﬁttuck)
Haro River near Khanpur

Chablat Kas noar Hasan Abdal
Haro Rivevr at Sanjual .

Haro River Qt Cariala

Kohat Toi at Jarma Weir

. Soan Rivar at Chirah

Ling Hivor noar Kalnita'

Soun Hiver nour Ruwalpindi,

" Wadala Kag ol "-nin

§i) Riygp naear Chahan

‘Soan River at Dhok_Paﬁhan

Ghambir Nallah at Danda Shah 0ilawal

Indug River at Mussan

Kurramcﬂiﬁer at Thal

Tochi River at Tangi Pbst

Tank Zam noap Jandol a
Gomal River =zt Khajuri Kach

Gomal) ARiver at Kol Murtaza

(1)
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Wi sibestay adiegy ool Sl al e et ol

warlital Hive s G daras

L oAb hannan

Funhar }

ﬂ}n-hql'fnlvUL'llu_]'lﬁﬁlhi Matrio UL ah

Ihakom Hiver ad Euhmld
Jhalom Bider sl Kol
Hishan [Fior kao noav ity
ianshisnjuu: ratar Palule

Kanshi Riwer near Jhangl

foponeh ftiver no s Kokl

Jhelim nivie wiosbhroem From Moainle Headwsorks

Khaot River at Chapnote Bi.

Ooji Hiver ab Guhuelbl Jeideg:

Warl Hivoer poer S0k (on Mared bank)

Chagehior Kiver oL Tolli baii

T A N T T R A T T T N AR R RTT

Fulia Rivar ob ftaiiung
oehrn Hivwy wb tolk Tangi

Induy Hiver oeuar Selman

Gai tai near Jubola

Hul, Hiver ot Bued Marnd Khan

Windor DEora moas Doty Recn
Aud Biver rear fal Kondreuani

Purald Paover pmear Siachi Dot

Cachb fcower prear Bieind Mo
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LiGT OF THE CLOSED STATIONG

Sr.No. Station o Closad Your g0
1. Gilglt Rivsr At Gilgit 1973 11
2. Indus River noar Darband ' 1974 29
3.,  Siran River at Thapla 1974 33
4, Kabul Rivor at Yarsak ' 1971 : 37
5. Kalpani River noar Risalpur 1969 47
6. Chablat Kas noar Hassan Abdal 1965 53
7 e Kohat Tni at Tovnd Woir 1968 59
‘B l.ing Rivor near Kuhutao : 1911 63
9,  Touhi River ot Tangi Post 1969 79
10, Tank Zam nour Jnndula _ 1968 81
11,  Gomal Rivar at Khajuri Kach 1968 83

12. Chenalb River at Aloxandria Oridge 196 4 07

13, tnhar Hives b Khanian 196Y Yl

1“. Uishan Daur ¥Xag noar Misaa 1972 103

15, Kane,,i “*‘I-:“' o dhanni . 1967 10

1€ Uoji Rivor ut Chatsi Uridio 1964 115

17.  Nari River near Sibi B o971 117

18, Chakkar ftiver ot Talli Tangi 1968 119

19. , Bolan River at Kundlani Bridge = 1971 121

20, Mula River at fHaulang 1966 123

21, Lehri dives we Zu. . Tangi 1966 125

22, Caj Hai near Jubblu | 1971 129

iv(a)
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DEFINITION OF TENMS AND AUBHEMIATIONS

here Foot
orp
foroe fosb

Bed Ltnud

Aod Layer

U mabarial

0w muterial Laod

Bue load equalion

Catchmant urosA

Checlt ﬂum

Drainays aciwu

o

L

-

croguiced Lo cnver aty acre of aroa to o

immuiitataly

moving bodd.

in o Ponl poer

Bhbroviaban of A-CLy qualitity of waploer
t Vo

dopth o arsr Fonb,

Sueimonl guonbily wiich movern in alwocot
with Lhe Lo
(iew. wikhin Lad lﬂyur)qff

con kU oo kact Livean

A Flow layar Lwo jﬂuin tiamelor
g
] Lieods

wilhy Lhe parlsclo sarzae,

Litlui,

abiova 1hua Tho lhscknons
ol boed bayut vaviag

Ihe sodiment aixtorvk which L

’ 4

Chmpnses

That parl of the soplmsenl lood which conoists

Lt groln sidas aeprosonlod bn Lhie bed aiu

ggqunds Lo suciment Tranupue b copabilivy of
Lhu Tlow, '

Genoral relutionships botween bod-load ratﬁ,
flow concition amd @mmpuuitiun ol bud
matarial, o

thue tolad bratnange arou uypstraam U'rom o
civur ualaldon,

A conll T

crolae, ote; constuructoed te check srosion and

shrvuciluroe. of rock, @ oo wr

calol sodimnoenl,

figko of Flov of a owireean whese roos ool ivig!
aruag LS 0ne Snuearae PFooloamd almse woluclity

A S ERTE Y

e drastergo aren ol o otiuas ab a apueifien

Lovaidan 5 thah larou; hoezdaomd L g horl-

. . v _ . o _
cental plabny whiich 1o eoclusod Ly o cvainage

givide Lees Lhe rlwm oaf o drawnoacd Lagein,

(v)
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Droinage basgin

Erodihility

Fall velocity

Fall_uiumuter

rte

Flow~gur=tion curve

T.R. L.

In.

=
o
v

Muasuroad load

Nallah

Potwar

- 3

.-

-

Ly

-

A port OF.th surPace af the eacth thol .
actunded by o dralnage uyeten, whnich conoivis
of @ surface ztroom cr a body of Lmpouncio
aurtacy walar togolhor with wll Lributpuy
surfuce streaums ung hodies of ilmpoundod suri i
wal s, |
Ratov of erosion lof the soll govor ina
avilooge basing Lt Is oxpressed in acroeleuot
S{uatu milu.pmt yuar or Lons por square milu

POL yOQr.

Mhe avorage rate of fell thot o poriicle would

- . . -~ . ] s 1 ..

Finally witain if Falling alone in nuiascent

gisbilled wator of infinite extant and ot a

knuwn Lawperoluru. Thoe standard Foll voluos by

Jv vhe Tall velocity wb 24a%(.

Tha divmotur vl o wphero Lhal hus o oapueil i

yravily alf 200% wud has Lhy same stbandord

Padl vitwoaly w Lho paclicle. '

Foab ar Fael.

Roeuvmalative frequancy curve that shows the

parcant of time that specified dischargws nre
. T ' .

snuadlad or exceeded,

Ireigystaion Rueesrch Ihstilutbo.

INchioe,

A cimwvel river gquenurally but not always peru-

nridal e Hlow,

Sucpunided suditcil Yood which can be mogous cd

in o serticie b river section wilh the

avisllable saoimenl sdampl erse

Moun sda Joval,

PR

MLllion gore~fuon
Lntormithant uloiane

A dueply srood platiun cotig el Sl o porel o
thu Puigob oplands in nurlh-ceolial Yesl

Pakistan.

{vi;
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ppm . : -3+ Parls ﬁur witlion (by weignt),

% ) i Parcent.

p and 1 . T3 Plgnnﬁng DAL jnuustlgutlon:Dirﬁntnbatn,‘
Warba. .

Runye luands ' v This ralers Lo lacgo, noturally uunuLuynd,

wostly unfenced lands of low rainfall araus

Lhat wre grazad by domestic livestouk and

gume aninels. '
Refurostation 1 To re-plucl oy Lo dwmprove Vorosted aroac.

fhe fragmancal maleeial transporloo by,

-

Sedimunh

. sanpotndedd e dappuabind by wirlue or Gl e
accumulaLog'in bads by olher naturul agents
withoul regord Lo tha siec of Lhe dndividuoal
purticlo ue group ol parliclesy Llaanig of
sogimanl havang sizes above UdUL2D i, buate
weon U, 0625 mm and 0,0U5% ma and smallay
than 0.005% mm in diawelor are teormed as

sand, sil) and clay vespoctivoly,

Sudimmht cuncuntrubinn i ﬂatiu.or Lhe weight pf the sedimonl in watur
sodimunt mexiuro Lo the Lotal weight of Lhw
mixlurue LV is nedino:illy sxpreodsad Lo opop-

e : . =
cent For high velues and in ppm by weight For

low valuan.

Sadiment dischurgu t Dry weighl of sediment transported al a port-
icular seclion of o Stéuum puf Uil oF tiine.
It 18 ﬁudérail;‘shatbd in btons/doy which is
Lhe muighﬁ uﬂ:ueJIMQnL i Lons Lrangportod
QL g puartbeoldos seclLion o Lhe utr;um_éu wh
hourse Tho Lon is a shorl con ol 2000 Lhe;

Ehivoughoul this report.

Sediment rating curve : This is a corralalion curve bulwcoen watar
gischarge and svspended sedimont Loads in
tony par day.

Sedimoent hydrograph -4 Dragram showing Lhe Variation of sedimont
concentralion or sodivent discharge with

respect to Limo,

(vii)
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Sediment yield y Total guantity ot scdiment agoumulabed in a4
. cpuvtl tud puraed of L, Marmed by iboa

axpressed by woight oe by volume par yoar.
Scdiment load t Bams au swdimonk discharge,

Suspended sedimant 1 Tha sudiment which remaing in cospuneion in
Flowing water for o conclderable poriog off

Lime wilhoub contocb wicvh bho slhresn bod.

Suspunduid ool i Mabw - of dgdimont poart o e conb bz ly
supported by waolor ornd moviog oulsiue Lo

Lud Luyer.

Sultotion loud i Sudimunh which movas o g sortos of bow U law
anding at the ulregn bed. -

Sqami. t  Square milous.

Short ton. t Quantity of water or sadiment weighing
2,000 pounds,

SeWele : t  Surface Walvr Cirele.

SeWeHo ! Surfaw Watur Hydrology Project.

Torrents ¢t Rapidly growing strewums, particularly thu
Flood flow of small or intermitbont sLrycams.

Total sediment loud 1 This. oguwle: _ _

' ' flod doad + Suvpendoad Llowd Or bed materigl
load + wash load or measured lowd + unfgasurad
Lerard.

[imu intuqrqtinn o FMathod of csomp i Lo UG Gh LGl b
Camplu from mvary portlon of o velrlicle 1in.
i Lho clver wmeataainyg seclion, =

WAPDA ¢ Woter and Power Developmment Authucity,

WASID : Waler shd Soile luvestination Diviuion,
WAPCA {Jaluncl). '

(viiti)
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COMMAND STATEMENT OF
RIGHT/LEFT BANK CANAL KHANPUR DAM.

R B CANAL L B CANAL
S NO NAME OF DISTRICT ~— 7 T— TOTAL

N G.CA CC.A GCA CCA GCA CCA
1 HAZARA (NW.F.P) 2z e3¢0 450 - 3770 R EEC

7 ATTOCK (PUNJAB) 35 7200 4619 2036 36k 166

3 RAWALPINDI (PUNJAR) -s: 585 10266 63%4 1097 697

TOTAL AREA 30035 23370 19355 13100 5039036470
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