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CHAPTER I. TFOPULATION AND WATER DEMAND

1.1. City Development Plan
1.1.1, Islamabad

The master plan for the Capital City of Islamabad was prepared
in 1960 by M/S. Doxiades Associates of Greece, The plan provided an
outline and broad frame of concepts and criteria for the
development. The implementation of the plan had been carried out
with several amendments due to some limitations as well as
over-provisions of certain functions of the original plan. TFigure

A.I1-]l shows the up-to-date land use plan by CDA,

The administrative area of the new Capital is'QOé.S sqg.km and
the City is composed of three parts, namely, Islamabad Proper
covering 220.15 sqg.kn, Islémabad'Park occupying 220.15 sqg.km and
Islamabad rural area of 466;20 sg.km. Islamabad Proper including
institutional and industrial areas, located between the Margala
Hills and Khyaban-e-Sir Syed highway, is planned that various
sectors area located in parallel belts from the east to the west and
they will develop simultaneouslylaccording to the necessity. The

details of the land use plan are describéd as follows:

Administrative Sector

This sector is located at the eastern end of Islamabad Proper
and is divided into three parts: HNorthern part consists of Central
Secretariat, the central part is earmarked for the Presidency, the
Parliament and the Supreme Court buildings and the southern part is
reserved for culturél complex of buildings. The Presidency, the
Pailiament'and the Cabinet-Establishment Division Block have been

planned around the "Azadi Chowk®, facing the Khyaban-e-Quaid-i-Azam.



Diplomatic Enclave

A special enclave is planned south of the Administrative Sector
for the chanceries and residences of foreign missions, There'are‘70
embassies wostly located in the residential sectOrs. But some of
the foreigﬁ mission have constructed their embassies and residences

in the diplomatic enclave and the rest is planned to ke shifted to

the enclave in the future.

Public Buildings Area

‘This area is located to the west Administrative Sector and is
meant for the Head offices of Autonomous and-Semi~autondmous
organizations. lts northern portion is reservéd for the houses of
federating units. Southern portion is reserved for residential
accomodaﬁion. The Government Hostel, which provides accommodation
for the government officers visiting Islamabad for‘short periods,

and the State Bank of Pakistan also located here,

Residential Sectors

The residential sectors héve been planned in ré@s on both'sides
of the main civic and commércial centre called as Blue Area and
named as Khyaban-e-Quaid-i-azam. Each sector is 3.1 sq.km and the
plots vary in size from 125 to 1672 sq.m, These sectors are
self-contained communities catering for all soCioFeconomic needs. A
sector is as such divided into émallér residential neighbburhoo&s
which are served by various grades of community centres providing
markets, dispenSariés, playgrounds, parks etc., according to_iheir
requirements. Higher grades of services like cinema, restaufanté,

stores, have been located in the Class V Centres called Markaz.



Blue Area

~ The Blue Area has been designed in a linear form allowing its
growth parallél to the residential sectors. This will have
multi—storey.commercial and office buildings along the main avenue
the Khyaban-e-Quaid-i-Azam, This city centre will also have
function like banks, hotels, restaurants, theatres and also certain

types of cultural buildings.

The Industrial Zones

The-séparate zZones f6£ the location of manufacturing and light
industry have been established. The industrial zone, located in
close proximity to Rawalpindi, will enable the industries to serve
both Islamabad and Rawalpindi and also to .draw the labour force.
Properly laid out labour colonies have been pianned in the vicinity.
Light industries and handicrafts with its own retail have been
located in a belt on the two lane sexvice road gkirting the southern
edge of the residential sectors. Both zones are today humming with
constriction activity'and'a large number of commercial and

industrial units have gone into production.

CDA is presently undertaking the development of new sectoral
areas from series 11 up to 16 in accordance with the 15 Years
Development Programme. The schedule of the Programme is presented

in Table A.I-1.

Besides planning, designing, other‘coordinaﬁion and
admiﬁistrative activities, various project are required for the
coﬁstruction of'highways and roads; housing, water distribution
system, drainage and sewerage system, electrical supply system,
etc. Sevéral years for the.above construction will be required for

the arrangement of the above,



TABLE A.I-1. CDA 1% YEARS DEVELOPMENT PROGRAMME.

Start of ' Start of .
Sector gggstructiqg Sectox Construction
E~-10 1985 E-14 - 1997
D~-11 1985 . F-14 1990
F-11 ' 1984 G-14 1989
G-11 1985 Cc-15 1995
b-12 1984 ' D-15 1995
E-]2 1984 E-15 1991
P12 1985 F=-15 1989
G~12 1986 . G-15 1985
D-13 - 1993 C-1e 1999
E-13 1992 D~16 1996
F-13 1988 E~16 1998
G-13 ' 1987 F-16 1996
C-14 1994 G-16 . 1997

D-14 1994
1.1.2. Rawalpindi

Thé Mastef Plan, térget year of 1990, for the city development
of Rawalpindi is available at present. The plan was prepared in
1970 by the Deapartment of Housing and Physical Planning. Since
then no fevision of the Master Pian was attempted, The developmenf
6f both Municipal Corporation and Cantonment was projected beyond
the existing administrative boundary by 1990 in the Master Plan.
The actual development of Rawdlpindi is, however, differed ffom the

said plan in some aspect.

However, the concept of the Master Plan, especially on the land
use plan, is utilized for the study with some modifications
especially on development area and demografic aspect which is one of

the basic factor for fuiure water demand projection,

Study area of the Master Plan cove?ed érdund 150.éq.km
including both Municipal Corporation and Céhtonmént. As mentioned
in the above, the development area was not extended as projected in
the Master Plan, and the area is planned to be still limited within

in the present administrative boundary even up to 2000 in this study

A.1-4



considering the past trend of the development and as the result of
consultation with officials concerned. As for the future
population, the Plan estimates future population at 1,035,972 in
1930,

Land Use

The future land use plén was projected as the regional urban
core in the light of the Islamabad Master Plan., The land use was
categorized by various sectors of resideﬁtial, commercial,
governméntal, industrial, hospital, park and airport as shown in

Figure A,I-5,

Population Distribution

The Master Plan proposed the population distribution by such
manner that the denéity will decrease from the present - congested
central'part of the Municipal Corporation to surrounding areas in
proportion to the distance from the center in lines with land cost
and needs of intensive land utilization of surrounding areas. The
whole area is classified_ihto'sik zones by density, R-2% (25

persons/acre), R-50, R-75, R-100, R-150 and R-250.

Commercial and Industry

Commerce and industry are two main important elements for
development of the city. Rawalpindi is the important city as a

regional commercial center in particular.

~ The present over congestion in the central part of the City
with heavy traffic is mainly due to the existence of wholesale
markets. To amelioraté this condition, the Master Plan proposes to
shift a part of wholesale markets such as vegetable, fruit, grain,
timber'and.léather markets, to Shah Allah Ditta Road, located next
" to the Bus Stand, or to sector I-11 in Islamabad, - This is expected
tb promote the redevelopment of the area with proper. schemes

undertaken.
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1.2. Population Projection and Population Served

1.2.1. Islamabad

A. Past Population Trend

The total population if Islamabad as of 1981 was 340,286 which

{s the latest official data by the Census. The population includes

those im urban and rural areas. The past data on population is
available evety a decade from 1951. Before the establishment of the
new Capital of Islamabad, the area was all rural area and Qas under
the control mostly of Rawalpindi District. The past population

trvend of Islamabad is shown in Table A.I-2,

TABLE A.1a2§ POPULATION CENSUS RECORDS IN ISLAMABAD
URBAN AND RURAT, AREA '

ar Population
ye Total Urban Rural
1951 83,170 - 83,170
1961 119,307 = - 119,307

1972 234,813 76,641 158,172

1981 340, 286 204,364% 135,922

Note: 1/ population in proper area of 65 sg. km.
2/ population in developed and planned proper area
of 311 sqg.km.

As shown in the taﬁle,.thé annual populationrgrowth rate from
1951 up to 1981 was 4.8% in average. High growth réte'ﬁf 6.3% by
annum during 1961-72 period was mOStly contributed by fhe.ﬁiératibn 
due to the construction of the new Capitél; Those migranté live in
urban area. Such high growth rate decreaseé at 4.2% pexr annum

during 1971-81 which is similar rate és_3.7% during 1951-61 period.
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As for the census population in urban arcea in 1981, the
pdpulation includes not only those in Islamabad Proper area aiready
developed but also those in villages located in the Proper area to
bg devélopéd.and its surfoundings. According to CDA's future city
planning, villages in pianned proper area are scheduléd to be
shifted to the outside according to tHe development plan.
Therefore, the population in Islamabad Proper area in 1981 was
adjuéted.ét 143,902 based on the detailed area-wise population
distribution in thé_Census as shown in Table A.I-7. The above
population includes those in villages of Golra and Nurpur Shahan
where impdrtént remains are located, and a part.of Islamabhad Park,
.Thé populati6n in the Proper area in 1972 was also adjusted at
73,598 as of March 1972 from 76,641 in Seétember 1972 using the
‘growth rate during 1972~81. .

The_population adjusted in Islamabad Proper area in 1972 and

1981 are presented in Table A,I-3.

TABLE A,I-3. POPULATION CENSUS DATA IN ISLAMABAD URBAN AREA

_ Percentage Annual Growth
Year Population Increase (%) Rate (%)
1972 73,598 _ - -
1981 143,902 96.5 7.79

B. Population Projection

For the purpose of water demand projection, only population in
Islamabad Proper area is considered and future population projection

of Islamabad will be made on the population of Islamabad Proper.

As for future population, there are various projections
prepared by Doxiadis Associates in 1960, C.J. Price in 1968,
Planning Commission in 1969, Shamsul Mulk in 1969 and AESL in 1980,

among others, projection by AESL made long term population
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pro;ectlon According to the above pro;ectlon, estlmated populatlon
in 2000 and 2030 was 575,000 and 1,000,000 respectlvely on the baSLQ
of past population in 1972 and 1979 (by CDA populatlon survey) and
assumed saturated populatlon as 1,000,000 by 2030 based on the

future land use plan.

Three sets of calculation for future population grojection was
prepared using the linear formula, the power formula and ‘the
logistic curve formula based on the past populatlon records. The

results are presented in Table A.I-4 and Figure AT~ -3.

TABLE A.I-4. POPULATION PROJEdTION oF ISLAMABAD

Equation 1984 - 1990 1995 2000

(x=3) (X=9) (x=14) (X=19)
y=143,902 + 7,812 X 167,338 - 214,210 253,270 292,330
v=143,902 x 1.0773" 179,019 281,253 408,114 592,193
y= 1,000,000 205,723 341,077 479,636 621,401

e 1.6971-0,1154X

Taking into consideration the saturated population of around
1.0 million in the limited Proper area of 220 sq.km, thé'plan'of the
saturéted population by sector énd CDA Developwment Plan, the
logistic curve based on the square method is considered the most
applicable. The population in the year 1984, 1990, 1995 and 2000
are thus estimated at 206,000, 341,000, 480,000 and 621,000

respectively.
C. Served Area and Population Served

The present served area covers Islamsbad Proper area from B
series 1 (Quaid-i-Azam Unlversity} up to 10 and SPOﬁtS Cbmpléx in

the Islamabad Park, as shown in Figure A.I-4. Villages of Golra'and

Nurpur Shahan are not included in the served area,

A.I=-10



_ The future served area is projected on the basis of the CDA 15
'years Development Programme, future population increase in the
Proper area and planned safurated po?ulation in each sectoral area.
Planned served area in the year 2000 is also présented in Figure .

A.I-4.

The preseﬁﬁed service ratio is estimated based on the Housing
Census Report of Islamabad in 1980. The served area is defined as
already aevelopéd areé; According to the Census Report, nuﬁher of
houses ;eqéiﬁed piped water was 23,255 and average household size
was 6.1 persons per household in Islamébad Proper area. Therefore,
population served in 1980 is estimated at around 140,000 which is
nearly the same as pbpulation in the same year. Service ratio is

considered almost 100%. at present,

The service ratio in the future is consequently to be 100% of
the total population. Table A.I-5 shows projected population served
in every five years up to 2000 including those in Golra and Nurpur

Shahan.

TABLE A,I-5. PROJECTED POPULATION IN ISLAMABAD PROPER AREA

Jtem Year © 1984 1950 1995 2000

Total Population 206,000 341,000 480,000 621,000
Populaticn Served 195,000}/ 341,000 480,000 621,000
Service Ratio {%) 100 100 100 100

Note: 1/ excluding population of Golra and Nurpur Shahah.
D. Served Population by Sector in 2000

The served population by sector in 2000 in the Islamabad Proper
area is estimated as show in in Table A.I-6, on the basis of the

sector-wise planned saturated population and sector—wise'timing for

. construction by CDA 15 Years Development Programme. Villages of
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FARLE A.T.-6 PROJECTED 'POPULAT;ION BY SECTOR IN ISLAMABAD

Saturated

Sector No. Land Use i 1981 2000 2/ Population
Quaid-i-Azam University G 755 . 3,400 3,400
Nurpur Shahan R 5,157 9,100 9,100
Administrative Sector G ) : 4,000 4,000
Public Building Area ( 802 R o

& Displomatic Enclave G : . 15,100 _15{100
Islamabad Park P 1,066 12,000 12,000
P56 R 13,856 16,500 16,500
G-6 R 31,503 32,300 32,300
E-7 R 1,051 2,200 2,200
P-7 R 6,971 16,700 16,700
G-7 R 38,818 40,100 40,100
E-8 R 3,762 6,500 6,500
F-8 R 6,448 16,600 16,600
G-8 R 10,116 45,100 45,100
H-8/I-8. _ G/C/P 2,430 5,000 5,000
E-9 ‘ R - 10,900 10,900
-9 ' P : - 300 . 300
G~9 R 11,103 70,000 70,000
H-9 G/P 511 .5,000 5,000
1-9 I/R 4,688 13,000 13,000
E-10 R - 7,900 7,900
F-10 R -~ . 16,500 116,500
G-10 R - 45,000 45,000
H-10 ' G/P -~ 5,000 5,000
1-10 I/R 1,964 15,000 15,000
p-11 R - 3,700 5,000
E-11 (Golra) 'R 2,851 16,900 25,000
F-11 R - 14,700 18,000
G~11 R - 20,300 30,000
H-11 G/P ~ 3,100 5,000
1-11 c ~ 3,700 5,000
D-12 R - - 6,400 8,000
E-12 R - 8,200 10,000
F-12 R - 9,000 12,000
G-12 R - 24,600 . 40,000
H-12 G/P - 2,500 5,000
I-12 C ~ 3,100 5,000
D-13 R - 1,600 . 8,000
£-13 R - 2,750 10,000
F-13 R - 6,500 12,000
G~13 R - 19,300 35,000
H-13 G/P - 1,900 5,000
F-14 R - 4,100 10,000
614 R - 17,200 40,000
E-15 R - 4,050 12,000
F-15 R - 7,200 15,000
G~15 R - 27,000 40,000
Total : 143,902 621,000 768,200 -

Note : 1/ Abbreviations R: Residential; G: Government; C: Commercial
I: Industrial; P: Park or Green Area

2/ Projected population by sector is equal tQ'population-seived.
3/ Adjusted based on the information from CDA. '
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TABLE A.I.-7  POPULATION STATISTICS IN TSRAMAEAD URBAN AREA

- {as of 1981)

Locality. : . Population Religion House Hold
Both Sexes Male Female Muslim Others Size
ISLAMABAD

URBAN AREA 204,364 113,341 91,023 196,076 8,288 5,7
BADIA QADIR .

BAKSHSH (G~11) 350 169 181 349 1 6.1
BADIA RUSTAM : _

KHAN (G-12) 779 420 359 774 5 5.9
BARKHANZADA (F-09) 251 119 132 251 7.2
BHAIKAR AKHU (E-11) 663 336 327 663 4.7
BHATKAR FATEH
.. BAKHSH (E-12) . 282 134 148 282 5.9
BHAKHA SAIYDAN _ '

(P-11) . 862 - 424 438 862 5.3
BOKRA (H-12) 301 154 147 301 7.0
CHAHAN {H-10) : 770 403 367 770 6.4
CHAUNTRA - _ 598 379 219 580 16 4.3
CHHELD (G-14) - | 560 293 267 560 _ 4.9
DHAREK MOHRI (F-12} 1,492 830 662 1,486 6 5.1
DHERI QILA (E-09) . 341 170 171 341 4.9
DHERMIAN (F-11) 295 158 137 295 10.5
DHOK ABDULLAH (G-12) 84 a1 43 84 5.6
DHOK HASHU (I-15) - 409 212 197 409 6.5
DHOK JORI 1,626 845 781 1,626 4.7
DHOK KASHMIRI (E-15) . 442 234 208 442 5.3

. DHOK ‘MAKHANWALI (H-16) 295 168 127 295 5.6

DHUK MIAN ABDULLAH '

(I-14) . 103 . 50 53 103 5.7
DHOK MOHRA MALAH _ 150 85 65 150 5.8
DHOK MUNDEYWALI (H-16) 67 37 30 67 4.2
DHOK NOOR KHAN . 729 . 388 341 728 1 7.0
DHOK PARACHA (G-15) 1,159 613 546 1,159 - 5.5
DHOK SAIYDAN (I-16) - 913 470 443 913 6.1
DHOK SANDFEMAR = . 707 356 351 707 5.9
DHOK SAWAIYAN (F-14) 299 152 147 299 4.5
SHOK TAMMAN 762 395 . 367 762 5.9
DHOK ZAKARI (H~10) - 116 66 50 116 4.0
DORA o 1,000 526 474 1,000 5.4
GARH (E-10) 489. 247 242 487 2 5.1
GLIEA - : 1,028 524 504 830 198 4.5
*GOLRA (E~11) 2,851 1,475 1,376 2,846 5 6.0
GOVT,. TECHNOLOGY . R o -

'COLLEGE (H-14) 705 348 357 681 24 5.9
JHANG BAGIAL, 1,108 589 519 1,105 3 6.1
' JHANGI SAIYDAN (H-15) 1,286 654 632 1,286 6.4
JOND '(E~14) ' 675 344 331 666 9 4.8

Cont'd -
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Religion louse Hold

Locality ‘Population
Both Sexes Male Female Muslim Others Size

KALANJAR 576 322 254 576 6.8

KAMIAL (E-09) 372 194 178 © 372 5.6

KHATAR (G-10) 97 52 . 45 97 4.0

KOKA (F-10) 732 392 340 731 1 6.7

KORRK {G-11} 231 112 119 231 6.2

1,AROUR COLONWY {(F-09) 2,219 1,271 948 2,218 1 5.2

LUNDR (H-10) 248 128 120 248 5.6

MADRASA (G~10Q) 191 95 a6 191 4.7

MAIRA 1,252 666 586 1,251 1 6.8

MAIRA BERI (D~11) 579 293 286 577 2 4.5

MATRA SAMBAL AKKU

{(F-12) 2,183 1,172 1,011 2,169 14 5.2
MAIRA SAMBAL JAFFAR _

(G-12) 2,670 1,330 1,340 2,571 99 5.5
MALPUR 1,318 660 658 1,309 9 6.4
NTRA DHOK (G-13) 21 11 io 21 3.5
MUSLIM COLONY 1,915 1,187 728 1,873 42 4.7
NAUGAZI 1,058 532 526 1,046 12 5.3
NOCN 1,586 813 773 1,586 6.4

*NURPUR SHAHAN 5,157 2,804 2,353 5,147 10 5.7
OJHRI KALAN 1333 181 152 322 i1 7.1
OJHRI KHURD _ 336 175 161 336 6.9
PADDO REMAS 615 333 282 614 1 6.2
PADHANA KALBN {G-16)° 2,215 1,212 1,003 2,215 5.7
PARI {D-11) 256 135 121 256 4,7
PIND HANNA (I-15) 396 209 187 396 7.3
PIND PARACHA (G-15) 1,191 614 577 1,191 6.1
PIND PARIAN 670 346 324 T 670 6.2
PIND SAMGRAL (D-13) 746 387 359 744 2 4.8
POONA FAQIRAN 678 388 290 674 4 6.7

*(OUAID-E~RZAM UNIVERSITY '

CAMPUS 755 469 286 746 9 4,7
RUPFAR (F-09) 482 226 256 482 ' 7.4
SALIDPUP 3,839 2,138 1,701 3,649 190 4.9
SENG JANI 825 439 386 811 14 5.5
SARAT XHARBUZA {D-19) 1,037 521 516 1,037 4.8
SARAT MADHO ({D~16) 423 220 203 423 5.9

*SECTOR E-07 1,051 840 211 1,014 37 8.3

*SECTOR E-08 3,762 1,973 1,789 3,542 220 4.5

*SRCTOR F-05%, G-05 & . _

DEP. ENCLAVE 802 602 200 756 46 3,9
*SECTOR F-06 13,856 7,897 5,959 12,394 1,462 5.0
*SECTOR F-07 6,971 4,038 2,933 6,099 872 5.5
*SECTOR F-08 6,448 3,675 2,773 6,334 114 5.6
*SECTOR G-06 ' 31,503 17,137 14,366 30,272 1,231 6.2
*SECTOR G-07 38,818 22,016 16,802 36,146 2,672 6.1
*SECTOR G-08 10,166 5,662 4,504 9,637 529 5.7
*SECTOR G-09 11,103 6,384 4,719 10,864 239 5.6
#SECTOR H-08 821 497 324 813 8 6.0
*SECTOR H-09 511 322 189 504 7 4.3
*SECTOR I1-Q08 1,609 894 715 1,607 2 5.3

Cont'd -
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Locality Population Religion House Hold

Both Sexes Male Female Muslim Others Size
*SECTOR 'I-09 4,688 2,757 1,931 4,628 60 6.5
*SECTOR I-10 1,964 1,086 878 1,899 65 5.4
SERI SATHAL (D-12) 1,188 610 578 1,188 4.9
SHAH ALLAH DITTA 2,241 1,200 1,041 2,227 14 6.2
SIMALA (F~10) 300 147 153 300 5.2
*SPORTS COMPLEX/

ISLAMABAD CLUB 1,066 822 244 1,055 11 5.9
SURRAIN (1I~11) 641 336 305 640 1 7.5
TALI MOHRI 1,269 660 609 1,265 4 5.9
TARNOL (F-15) 1,055 551 - 504 1,055 5.2
THATTA GUJRAN (G-10) 281 137 144 281 6.0
THATTA SAIYDAN {(G-14) 494 256 238 494 4.9
TIAL . 7 7 0 7 1.4

‘Note: * Populations of localities with mark remain in Islamabad

Proper area, but those without mark is planned to shift

toward outside.

Source : Population Census Report of Islamabad in March 1981,
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Golra and Nurpur Ghahan are plammed to be included in Lhe'served
area from 1990, For the es stimation of sector-wise GEIVPd
population, an assumption is adopted, that is, the area up to

sectoral series 10 is saturated conditian of population by the year

2000,
1.2.2.° Rawalpindi
A. DPast Population Trend
The City of Rawalpindi grew out of a émgll village over a

There have been wmany econbmic and
The

riod of many years.

saministrative incentives reqpon51ble for its growth.

conducting of census of population was not known until 1200 when the
pritish introduced the decepial system and for the first time

suthentic data was made avallable.

rPopulation census data of Rawélpindi, consisting of the
Rawalpindi Municipal Corporation and kawalpindi Caﬁtonment, are
available for 1901 up to 1981, as presented in Table A.I-8. Except
for the iritial setback from 19¢1 to 1911 when the city_lbst |
population Gue to the spread of plague, population'had been growing
steadily. at the time of partition in 1947, Rawalpindi lést its
population wheén Hindus and Sikhs migrated but in return received a
large number of refugees. The establishmenf of GHQ of the Pakistan
Lrmy brought the increase in military personnei to the Catonment,
These factors contributed to the 28% growth rate in tﬁe decade
1941-51. 7he decade of 1961-72 recorded much more population
groviihes which was because of Rawalpindi's recognition as an
important administration and commercial center of the region.
shiftving of the Federal Capital next to Rawalpindi and the interim -

capital in *the intervening time from 1959 to 1968.
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TABLE A.I-8. POPULATION CENSUS RECORDS IN RAWALPINDI

_ . Percentage Annual Growth
Year Population Increase (%) Rate (%)
1901 87,638 '

1911 86,483 - 1.4 -0.14
1921 101,142 17.0 1.58
1931 119,284 17.9 1.66
1941 185,042 55.1 4,49
1951 237,219 28.2 2.52
1961 340,175, 43.4 3.67
1972 598,023 75.8 : 5,26
1981 794,843 32.9 3.21

Note: * The population in 1972 is adjusted as of March 1,
1972, based on the population of 641,809 on September
16, 1972 and the percentage increase during the
1961-72 pericd. :

B. Population Projection

To estimate the future population in the study area, which is
one-of the basic factors of demand projection, the census made by
the Population Census Organization of Pakistan is used as the most

reliable demografic data.

The existing population projection for Rawalpindi was made by
AESL for Rawalpindi Water Supply and Sewerage Project in May 1980,
AﬁB. Their estimation of population in 2000 and 2030 is 1,400,000
and'l,?ﬁ0,000 respectively,  The estimation was made Qn'the basis of
the old data.of 1972 pbpulation Census. S0 in the study, the
.populétion.projection for Rawalpindi is made based on the up-to-date
popﬁlation census in 1981 presented previous section. Five sets of
ﬂcalculatioﬁs are prepafed in Table A.I-9, u;ing the 1inear_formula,

the power formula and the logistic curve formula.
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TABLE A.I-9. POPULATION PROJECTION OF RAWALPINDI

Equation 1984 1990 . 1995 2000
F=3) (%=9) (x=12) (x=19)
y=774,398 + 19,107% 831,719 946,361 1,041,896 1,137,431°
v=797,686 + 22,750% 865,963 1,002,517 1,116,312 1,230,107
¥=794,843 x 1.0322% §74,124 1,057,197 1,238,726 1,451,425
1,700,000 S _ S
= s . 4 593,694 987,088 1,077,202
Y 0.2976-0.445% 780,41 234 287, ‘
1+ e i :
1,700,000 . - -
- 0V 1,045,549 1,167,121 1,275,283
¥ T, 0-0994-0.00631X 888,182 1, ‘ 1,275,283

Considering the saturated population of around 1.7 million the
logistic curve based on the least square method.is:thé most
applicable. The population in the yeai 1984,'1990, 1995 and 2000 is
estimated at 888,000, 1,046,000, 1,167,000 and 1,275,000

respectively.
C. Served Area and Population Served

The present served area 1is estimated using drawing of the
existing distribution pipelines and under the consultétion_ﬁitb
officials concerned, No exact drawing on éerveé area is avéilablé._
Figure A.1-4 shows fhe served area for both Muhicipal Corpofatidh
and Cantonment. While area of zones 1-9, 11, 12, 18, 20«23; 25 and
26 are covered by the supply system and zones partly supplied are

10, 13, 15-17, 19,24, 28 and 30 (refer to Figure A.I-2 and A.I-4).

The future served area is projected to cover whole
administrative area up to 2000 including planﬁed'induétrial area ‘in

zone 27,

The present service ratio is estimaféd based on the Housiné-
Census Report of Punjab in 1980. Table A.I-10Q shows the-waéer |
sources of house units. The present service ratic is estimatéd at
about 70% considering the expansion of the distribution ﬁetwo:ks by
PHED since then and the informations obtained from PHED, Rﬁc and
MES.
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TABLE A.I~10. HOUSING UNITS BY DRINKING WATER SOURCE OF RAWALPINDI

- Item RMC Contonment Totq&

Housing Units 66,728 54,825 121,553
House Connection ' 33,274 17,143 50,417
Public Standpipe 12,862 12,329 25,191
Shallow Well (with hand pump) 699 527 1,226
Shallow Well (Qithout hand pump} 19,760 24,713 44,473
Other Surface Water Source 133 113 246

Source: Housing Census Report of Punjab, December 1980.

The serﬁice ratio in the future is estimated every five years'.
_bdsed on the present one énd 90% in 2000. It is assuﬁed that in
2000 there will still exist population deriﬁed water from well
'espeéially in.the fringe.area. The estimated service ratio in 1990,
1995 and 200ﬁ is 80%, 85% and %0% respeétively. Future population

served is estimated as shown in Table A.I-11.

TABLE A.I-11;, PROJECTED POPULATION SERVED IN RAWALPINDI

Item 1984 - 1990 1995 2000
Total Population 886,000 1,046,000 1,167,000 1,275,000
Population Served 622,000 837,000 992,000 1,148,000
Service Ration {%) ' 70 80 85 20

D, Served.Population by Zone in 2000
The served population by zones in 2000 is estimated based on

the zone-wise planned population density in the Master Plan and

future propose service ratio by zone as shown in Table A.I-12.
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TABLE A.I,“l? PROJECTED POPULATION BY Z0NE IN RAWALPINDI

Zone Land Y 1981 2/ 2000

" . _ , g :

. Use Total Total Service — Population

Population °  Population Ratio Served

1 C 73,679 73,800 100% - 73,800

2 R 92,752 99,100 100 99,100

3 R 53,588 67,800 100 67,800

4 R 19,335 28,500 100 28,500

5 "R 29,671 29,850 100 29,850

6 G . 2,019 2,550 100 2,550

7 C 18,986 20,200 . 100 20,200

8 R 35,795 39,600 100 39,600

Q R 28,599 31,100 ° 100 ' 31,100

10 R 45,268 61,000 87 53,100
11 1 - - - - -

S 12 R 11,585 26,700 87 23,200

13 R 122,419 272,900 87 237,400

14 R 11,471 . 38,400 87 33,400
15 A - - - - -
16 P - - - -

17 G 29,546 88,500 87 77,000
18 G - - - -

19 R 61,173 73,300 87 63,800

20 G 8,700 10,700 87 9,300
21 H - - - _ ~

22 G 10,129 16,000 87 13,950
23 I - - _ - : -

24 "R 54,379 155, 100 87 134,900
25 1 - - - -
26 I - - - -
.27 I - - - -

28 R 34,918 76,600 78 59,900

29 R 11,037 18,700 78 14,650

30 G 39,794 44,600 : 78 : 34,900

Total . 794,843 1,275,000 90% 1,148,000
Note: 1/ Abbreviations  R: Residential; C: Commercial; P: Park;

G: Govermment; I: Industrial; A: Airport;
H: Hospital :

2/ Adjusted'pbpulation;based on the District Census Report of
Rawalpindi in March 1981.

3/ Service ratio ié assumed as three cases of 100%, 87% and 78%
”--cOnsidering-the_present service condition and future state

of urbanization by zone.
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TABLE A.I.~13 POPULATION STATISTICS BY WARD IN RAWALPINDY

{as of 1981)
Locality : Population Religion House Hold
Both Sexes Male Female  Muslim  Others Size
RAWALPINDI ) .

CANTI 337,752 185,845 151,907 326,612 11,140 6.1
WARD NO. 01 45,456 24,572 20,884 44,844 612 6.2
WARD NO. 02 38,876 21,653 17,223 37,609 1,267 6.0
WARD NO. 03 32,594 17,860 14,734 30,607 1,987 6.0
WARD NO. 04 29,099 15,928 13,171 26,891 2,208 6.6
WARD NO. 05 36,771 19,928 16,843 = 35,680 1,091 6.1
WARD RO. 06 16,036 - 19,699 16,337 35,762 274 6.2
WARD NO. 07 31,778 17,123 14,655 29,089 2,689 6.1
VUARD NO. 08 35,644 19,975 15,669 35,239 405 6.4
WARD NO. 09 20,376 11,268 9,108 20,265 111 5.7
WARD NGO, 10 31,122 17,839 13,283 30,626 496 5.7
RAWALPINDY _

MUNICIPAL CORP. 457,091 242,981 214,110 444,952 12,139 7.0
WARD NO., 01 11,585 6,252 5,333 11,403 182 6.9
WARD NG, 02 15,444 8,212 7,232 13,187 2,257 7.3
WARD NO. 03 10,748 5,431 4,817 8,977 1,271 7.3
WARD NO. 04 13,849 7,197 6,652 13,605 244 7.2
WARD NO. 05 10,856 5,657 5,199 10,761 95 7.2
WARD NO. 06 5,930 3,170 2,760 5,916 14 7.2
WARD WO. 07 9,801 5,190 4,611 9,758 43 6.6
WARD NO. 08 18,306 9,896 8,410 17,735 571 6.6
WARD NO. 09 23,429 12,975 10,454 22,874 555 7.0
WARD NO, 10 16,269 B, 629 7,640 15,519 750 6.4
WARD NO. 11 6,168 3,374 2,794 6,074 94 6.1
WARD NO. 12 10,771 5,697 .. 5,074 10,658 113 6.9
WARD NO. 13 9,202 4,841 4,361 - 9,081 121 7.5
WARD MO. 14 7,973 4,256 . 3,717 7,942 31 6.7
WARD -NO, 15 6,136 3,211 2,925 6,131 - 5 6.8
WARD NO. 16 8,960 4,723 4,237 8,806 154 7.7
WARD NO, 17 8,394 4,409 3,985 B, 332 62 6.9
WARD NO. 18 11,367 5,987 5,380 11,147 220 7.2
WARD NO, 19 19,066 10,032 9,034 16,570 2,496 7.0
WARD NO. 20 15,942 8,880 7,062 14,266 1,676 7.4
WARD NO, 21 4,914 2,927 2,387 4,833 81 7.7
WARD NO, 22 4,219 2,226 1,993 4,216 3 7.0
WARD NO., 23 5,000 2,641 2,359 4,778 222 7.3
WARD NO, 24 7,522 4,051 3,471 7,435 87 8.1
WARD NO. 25 6,737 3,465 3,272 6,716 21 7.7
WARD NO. 26 9,955 5,295 4,660 9,939 16 8.5
WARD NO. 27 5,411 2,912 2,499 5,222 189 6.3
WARD NO. 28 5,792 3,503 2,739 . 5,690 102 6.6
WARD NO. 29 6,013 3,121 - 2,892 5,990 23 7.1
WARD NO. 30 22,765 12,259 10,506 22,696 69 6.8
WARD NO. 31 6,394 3,419 2,975 9,363 1 6.2

Cont’'d -
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Population Religion House Hold
Tocality Both Sexes Male Female Muslim Others Size
WARD NO. 32 9,387 5,124 4,263 9,363 24 6.1
WARD NO. 33 12,164 6,487 5,677 12,154 10 6.8
WARD NO. 34 4,176 2,202 1,974 4,176 6.2
WARD NO. 35 7,473 3,915 3,558 7,440 33 8.3
WARD NO. 36 13,109 6,751 6,358 13,068 41 6.3
WARD NO, 37 7,022 3,654 3,368 7,022 6.4
WARD NO, 38" 7,411 3,886 3,525 7,337 74 7.4
WARD NO. 39 8,960 4,770 4,190 8,960 6.9
WARD  NO. " 40 7,843 4,136 3,707 7,818 25 7.1
WARD NO. 41 6,411 3,394 3,017 6,411 7.9
WARD NO, 42 5,853 3,045 2,808 5,832 21 8.0
WARD NO. 43 4,578 2,390 2,188 4,575 3 7.5
WARD NO. 44 5,301 2,809 2,492 5,284 17 7.0
WARD NO. 45 5,031 2,664 2,367 5,001 30 6.6
WARD NO. 46 4,361 2,242 2,119 4,360 1 7.1
WARD WO, 47 3,818 2,094 1,724 3,762 56 7.2
WARD NO. ‘48 6,811 3,525 3,286 6,804 7 7.3
WARD NO, 49 5,545 2,919 2,626 5,528 17 7.3
WARD NO. 50 7,419 3,986 3,433 7,407 12 7.4
Source : 1981 District Census Report of Rawalpindi
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1,3. Water Demand Projection

_1.3.1. Islamabad

Water demand includes water consumption and leakage/wastage of
the water supply systtm in, leamabad urban'area.-'The water

consumption is classified into the folloWLng categories. of consumer-

- Demestic,
- public, and

- Commercial and Industrial.

Present water consumptlon of Islamabad is estlmated on the
basis of the metered consumption recorded and amount charged as -
water tariff of each category of users obtalned from CDA. Those
figure are adjusted by the szte 1nvest1gatlons and informations from
officials concerned.. Present water subply conditions is also taken

into account for the estimation.
A. Domestic Consumption

The domestic consumption of I1slamabad is classified into two
classes, Class A and Class B, by consumption'level of each

classification of houses as described below:

- Class A: High standard of living.in'large private house
with roof tank or government house (style H &
I), 3 or more taps, 2 or more WCs and bathrooms,
large garden, and connectlon provided to the

sewerage ‘system; and
- Class B: Medium standard of living in government"houée ox

_apartment (otyle A to G}, 1 or 2 taps, l W,

connected to the sewerage syatem.
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‘The present per Caplta consumptlons by class are estlmated at
300 1 (60 gal) for Class A and 150 1 (33 gal) for Class B on the
basis of the metered COH&methH records. The_prebent water
consumption for domestic use is estimated maltipling the above per
Caéita consumption by population Serﬁed and arrives at about 37.9

MID (8.3 MGD) which is about 40% of the total consumption.

The future per capita consumption by class will increase
according to the increment of income. The per 6apita consumption
will gradually increase when the proposéd new tariff system is

_applied such as specific tariff system with metering.

Distribution cof populatioﬁ by class are made aébording_to_the
ratio in sectoral series E and F and other residential areas.
Populétién classified as Class A is planned to .be located in the
former areas énd other residential areas are more or less occupied
by Class B. Eopulation distfibﬁtion by class is éstimated as  shown

in Table A.I-14 togethef with per capita consumption by class.

.WATER'CONSUMPTION OF DOMESTIC USE

Unit: MLD {MGD)

Item - 1984 - 1900 1995 2000

Class A 17.1 (3.7) 34.9 (7.7) 53.9(11.9)  73.9(16.2)
‘Class B 20.8 (4.6) 37.1 (8.1) 53.8(11.8)  72.7(16.0)
Total  37.9 (8.3)  72.0(15.8) 107.7(23.7) 146.6(32,2)

B. Public Consumption

The public consumer includes government offices, educational
institutions, embassies, hospitals, mosques and parks. The present
conéumpﬁion for public'uses is estimated at about 35% of a total

:based on water consumption and the amount charged to them. This
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consumption is projected by using number of establisbﬁentﬁ, employee

or workers and metered consumptlon record. Metered consumptlon

recard is available but metered consumeys are rather mlnor portlon

of a total. ' The present consumption of pnbllc uses thus estimated
Cat 33.1 MLD (7.3 MGD}.
The future water consumptions of educatlonal 1nst1tutiohs,

hOSpltalS and mosgues are assumed to increase at the same rate as

the increase rate of populatlon served. On the other hand, increase

rate of consumption for govermmental offices is supporsed to be less
than that. The rate is estimated at about half of increase rate of
population served. BAs for watex consumption of embéssieé, small
rate of 1% by annum is applied for the future consumptions. . At
present, already 70 embassies are established. The future was

consumption for public uses ig thus estimated as follows:

WATER CONSUMPTICN OF PUBLIC USE

Unit: MLD (MGD}

Ttem 1984 1990 . 1995 2000

Government Office 1.8(4.8) 29.9(6.6) 42.1{ 9.3) 54.4(12.0)
Tducational Institution 3.3(0.7)} 5.5(1.2) 7.7( 1.7 10.0( 2.2)
Embassy. 6.1(1.4) 6.6(1.4)  7.0¢ 1.5$a 7.4( 1.6)
Hospital 0.9{0.2) 1.6(0.3} 2.2{ 0.5) 2.9{ 0.6)
Mosque 0.5(0.1) 0.8(0.2). 1.1( 0,2) 1.4( 0.3)
Park 0.5(0.1) ©0.8(0.2) 1.1( 0.2) 1.4( 0.3)

Total 33.1(7.3) 45,2(9.9) 61.2(13.4) 77.5(17.0)

¢. Commercial and Industrial Consumption

Water consumption by commercial and industrial uses is composed
shops, hotels, restaurants, factories and manufaétufers. The
present consumption is estimalted at about.25%_of a total cbnSumptiOn'

or 23.7 MLD (5.2 MGD} using the same approach as the above;'
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‘Water coﬁsumption of commercial and industrial uses is
consideréd'to inéreése'at higher.rate than the growth rate of
pbpulation served bécause of accelarated economic activity in the
future. Accordiﬁg to the 6th Five-Year Plan of Pakistan, projected
anﬁual'growtﬁ rate of DGP is 6.5%, The future consumption is
estimated to increase at the rate of 4% or around considering the

above growth rate of DGP and population served and shown below:

WATER CONSUMPTION OF COMMERCIAL/INDUSTRIAL USE

Unit: MLD {MGD)

1984 ‘ 1930 1995 2000

23.7 {5.2) 36.9(8.1) 50.8(11.2) 66.1(14.5)
D. Leakage and Wastage

Leakage and wastage at present is estiwmated at about 50% of
consumption or 33% of production as the balance of water production

and consumption.

The Future leakage and wastage in every five years is estimated
as shown in the below table on the basis of proposed target as 20%
of production. It should be noted that every efforts are to be made
to reduce leakége and wastage for the future sound operation of the

system tbgether with establishment of metering system.

LEAKAGE.AND WASTAGE

{% of the demand)

1984 by 1990 by 1995 by 2000
33% 28% 24%  20%
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£, Maximum Watery Demand

Acecoxrding to the ﬁonthly production_record in 1983, seasongl
Fluctunation of production is low which will be derived from'ghe
limited production capacity of the system. The ﬁaximdm‘daﬁ demand
is estimated at 125% of average demand taklng into consideration

weather condition w1th fluctuation of temperature and rainfall and

the size of the city. According to the information of Lahor City,
similar to Islamabad/Rawalpindi on the scale of water demand in

2000, the ratio of maximum/average demand is 1.22 at present.

The summary of water demand projection of Islamabad is

presented in Table A.I1-15 and shown in Figure A.I-6.
F. Distribution of water Demand by Zone

The water demand in 2000 is distributed by zone. PThe domestic
deménd is distributed according zone-wise estimated population .
served. Distribution of water demand for public and
conmercial /industrial uses are made based on the land.use élan.ahd
population served by zone. Water demand of each zone in 2000 is

presented in Table A, I-16,
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TABLE A.L.-16 PROJECTED WATER DEMAND BY SECTOR OI::“E{:AMABAD_ IN 2000

(Units m>/day)

e e el AR i Sk o A

et e e o A A

Sector No. Domestic public Commercial & = Leakage & Average Day
Use lse industrial Use Wastage ! Pemand
Quaid-i-Azam University 964 1,505 - 617 3,086
Nurpur Shaban 1,638 47 298 ‘508 . 2,541
Administrative Sector 720 ©7,042 - 1,941 a,704
Public Building Area . o ‘
& Diplomatic Eaclave 2,974 21,161 - K 6,034 30,162
Islamabad Park 2,160 460 - 655 3,275
F-6 5,534 804 773 1,793 4,964
G-6 5,166 1,445 1,346 2,239 11,196
E~7 748 23 22 138 : - 991
F-7 5,630 792 1,383 1,951 9,756
G-~7 7,458 1,650 1,139 2,562 . 12,809
E-B 2,210 1,211 . &5 872 4,358
F-8 5,596 205 1,382 1,796 8,975
-9 8,358 2,935 1,422 3,179 15,894
H~-B/I-8 1,700 6,146 10,754 4,650 23,250
E~9 3,706 13% 109 980 4,938
¥-9 : 54 440 1,219 428 2,141
G=9 13,720 1,920 1,764 4,351 21,755
H~9 1,700 6,146 Gl 1,974 9,870
I-9 2,340 138 8,042 2,630 13,150
E-10 2,654 . 98 1,600 1,088 : 5,440
- P-10 5,578 226 1,748 1,886 4,440
G-10 8,324 1,611 905 2,710 13,551
H-10 1,700 6,146 ) 1,974 9,870
1-310 2,700 160 6,893 2,438 12,195
Sub-total 94,392 62,497 40,965 49,464 247,318
D-11 1,258 46 37 335 1,676
E-11 4,978 209 1,087 1,571 . 7,855
F-11 4,966 204 q15 ' 1,526 © 7,631
G-11 3,894 958 504 1,340 L s;701
H~11 1,04 3,805 31 1,223 6,113
1~11 566 40 7,958 2,166 © 10,830
D-12 2,176 80 64 580 2,900
E-12 2,756 101 1,207 1,016 5,080
F-12 3,028 127 803 . 990 4,948
G~12 4,588 947 710 1,561 - '}'806
H~12 850 3,115 25 998 4,988
1-12 558 33 6,561 1,788 3'940
D-13 544 20 BT 145 "25
E-13 ' 927 34 408 342 1,711
F-13 2,194 92 587 ‘18 3,691
G~13 3,634 819 811 1,266 6'330
H~13 646 2,426 19 "173 ' 3’354
F-14 1,378 59 435 - 468 2,340
G~14 3,256 566 826 1,187 ' 5'93%
- E~15 1,369 50 512 483 2,414
Z“ig 2,432 99 529 765 2,825
5,020 1,040 1,289 1,837 9,186
Sub-total 052,172 14,970 25,169 23,078 115,389
Total : ' e T
ota 146,564 17,467 66,134 72,542 362,707

o R T v
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1.3.2. Rawalpingi.

Presently customers are mostly charged their water tariff by
flat'rate and most of connections are unmetered. Therefore,
' cbﬁsﬁmption data of each category is limited, The future water
demand will be estimated based on the analysis of the present water
consumption by categories and site investigation. Informations .
obtained during field survey and related report such as Rawalpindi
Water Suppiy.and Sewerage Project in 1980 are taking .into

consideration for the estimate.
A. Domestic Consumption

. The present Domestic consumption seems to be low, The average
water consumption is about 80 litre per capita per day (gpcd)
according to the sample survey. Potential water demand will be

higher than the present consumption level.

In this study,:the consumer is classified into three classes
acbording'tb the cohsumption level. They are Class C and D with
direct connection from the system and Class E supplied through

public standpipe as shown in below:

- Class C: Medium standard of living, 2 or 3 taps, 1 WC and

bathroom, connécted to the sewerage system;
- Class D: Low standard of living, 1 or 2 taps, 1 WC. or
pucket flush type toilet, occasicnally connected

to the sewerage system; and

" Class E: Lowest standard of living, public standpipe

ueexrs.
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The present per capita consumption of each class is assumed as

Class €, D and E respectively considering
. These

150, 100 and 70 lpcd for
the consumption level of yslamabad and other similar cities.

per capita consumptidn are expecte& to increase gradually accqrding

to the increment of income. As for population distribution, the

present distribution ratic is estimated using the Housing Census
Report of Punjab in 1980. Ratio of Class C_is expected to increase

gradually from 25% at present to 40% in 2000. Ratic of Class E, on

the other hand, will reduce to 5% in 2000. pPopulation distribution
of each class is estimated and presented in Table A.I1-17 together

with per capita consumption.

The future water demand of domestic use is estimated
multiplying the above per capita consumption and population served

as summarized below:

WATER CONSUMPTION OF DOMESTIC USE

Ltem 1384 1320 1995 2000
Class C 33.3( 7.3)  53.3(11,7)  75.6(16.6)  102.0(22.4)
Class D 22.2( 4.9) 43.9( 3.7)  63.0(13.9)  86.1(18.9}
Class E 12.4( 2.7y 1L.0( 2.4)  8.2( 1.8) 4.5( 1.0)

Total 67.9(14.9) 108.2(23.8) 146.8(32.3)  192.6(42.3)
B. Public

The publié consumers in Rawalpindi includes such establishments
as government offices, educational institutions, hospitals,.mosques
and parks. The present water consumption is estimated at 16.5 MLD -
{3.6 MGD) considering number of govermment employees, number of the
above feature in public sector and the consumption estimated in the

study in Islamabad, as shown below.
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The future water consumption of educational institutions,
hoépitals and mosques are estimated on the basis of the increase in
proportion to the served population growth. The future water
Conéumpfioh:offgo?ernment_offices is estimated based on the increase
 in proportion to half of the served population growth. The future
watef cénsumption of parks is estimated based on the increase in
proportion to thé served population growth., The future water
-consumption of public use is estimated by the summation of the above

each consumption, as presented below:

WATER CONSUMPTION OF PUBLIC USE

Unit: MLD {MGD)

Ttem 1984 1990 1995 2000
Government OFffice 12.1(2.7) 14.2(3.1) 15.7{(3.4) 17.1(3.8)
' Educational Institution 2,2(0.5) 2,9(0.6) 3.5(0.8) 4.1(0.9)
Hospital _ 1.1(0.2)  3.5{(0.3) 1.8{(0.4) 2.0(0.%
Mosque | © 0.6(0.1)  0.8(0.2) 0.9(0.2) 1.2(0.2)
Park : 0.5(0.1) 0.7(0.2) 0.8(0.2) 1.0(0.2)
ESEéE _ 16.5(3.6) 20,1(4,4) 22.7(5.0) 25.3(5.86)

C. Commercial and Industrial

This refers to such consumers as hotels, restaurants, all
‘factories and manufacturers. The present water consumption of
commercial and industrial use is estimated at 28.6 MLD (6.3 MGD)

considering the result of hearing survey and number of labours.

The future water consumption is estimated on the bhasis of the
served population annual growth rate of Rawalpindi and the GDP
annual growth rate of 6.5% in the 6th Five-Year Plan of Pakistan, as

shown below:
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WATER CONSUMPTION OF COMMERCIAL/INDUSTRIAL USE

Unit: MLD(MGD) |

1984 1990 1995 2000
28.6 (6.3)  37.7 (8.3)  46.1 (10,1). 55,2 (12.1)

D. Military

This includes such consumers as Army, Air Force, their
residential use and International Airport. Average day water
consumption in August 1984 was 15,9 MLD (3.5 MGD}. However, average

day water requirement was estimated at 18.2 MLD (4.0 MGD} by MES in

Rawalpindi,

Since no other future plan or data for the wafer demand
projection of the military use is available, the future water
consumption is estimated on the basis of the assumption that the
water consumption will increase proportionately.to the growths of
the population and per capita consumption because there are assumed
to be many.military personnel but not so many wilitary installations

in GHQ of the Pakistan Army, as shown below:
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WATER CONSUMPTION OF MILITARY USE

Unit: MLD(MGD)

1984 1990 1995 2000

15.9 (3.5) 24.6 (5.4) 29,7(6.5)  34.9 (7.7)
E. Leakage and Wastage

Leakage and wastage of the present water supply system in
Rawalpindi is estimated at 36% of the production as the balance of

water production and consumption.

~The future leakage and wastage in every five years is estimated
as shoWn”in the below table on the basis of proposed target as 20%

of production.

LEAKAGE AND WASTAGE

(3 of the demand)

1984 by 1990 by 1995 by 2000
36% 30% 25% 20%

F. Distribution of Water Demand by Zone
The water demand in 2000 is distributed by zone based on the

land use plan and zone-wise population served distribution. Water

demand of each zone in 2000 is'presented in Table A,I-19,
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TABLE A,I.-19

PROJECTED WATER DEMAND BY %ONE OF RAWALPINDI IN 2000

(Unit: mj/day)

Zone Domestic  Public  Commercial & Military Leakage & Average Day
No Use Use Industrial Use Wastage Dewmand
Use
1 12,384 326 7,380 - 5,023 25,113
2 16,632 1,086 3,016 - 5,144 25,878
3 11,377 878 2,063 - 3,553 17,871
4 4,783 486 867 - 1,524 7,660
5 5,009 1,644 908 - 1,887 - 9,448
6 428 1,011 78 - 385 1,902
7 3,389 608 2,020 - 1,507 7,524
8. 6,645 1,462 1,205 - 2,319 11,631
9 5,215 - 530 946 - 1,662 8,353
10 8,910 1,042 1,615 - 2,873 14,440
11 _ - - 3,287 - 843 4,130
12 3,893 396 - 706 - 1,240 6,235
13 39,834 4,685 7,222 - 12,853 64,594
14 5,604 1,161 1,016 : - 1,937 9,718
15 - - - 9,955 2,553 12,508
16 - 600 - - 154 754
17 12,920 1,370 2,342 - 4,131 20,763
18 - - 1,000 - - 257 1,257
19 10,706 1,361 1,941 24,887 9,861 48,756
20 1,560 545 283 - 596 2,984
21 - 271 - - 70 341
22 2,341 567 424 - 830 4,162
23 - - 702 C - 180 882
24 22,636 2,303 4,104 - 7,212 36,255
25 - - . 478 - 123 601
26 - - 1,292 - 331 1,623
27 ~ - 8,007 - 2,053 10,060
28 10,051 1,159 1,822 - 3,237 16,269
29 2,457 250 446 - 783 3,936
30 5,856 595 1,062 - 1,865 9,378
- Total 192,630 25,336 55,232 34,842 76,986 385,026
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CHAPTER 11, WATER RESOURCES

2.1, Meteorology and Hydrology

Pakistan extends from 24°N to about 37°N., It's western border
lies close to 62°E and northeasgstern border extends to apout 72.5%E,
with Kashimir extending up to 80°E. These physical feature have a
éreat relation on the climatology of the area, not only modifying
amount of rainfall and temperature pattern of Pakistan but also
greatly affecting'general circulation of the atmosphere in South

Asia.

The Project Area, the twin cities of Islamabad and Rawalpindi,
is located in the north-eastern corner of the Potwar Piateau,
bounded by the Indus and Jhelum rivers, in the north of Punjab
Province with the north latitude between 33°29' and 33°48' and the

" east longitude between 72°49' and 73°23'.

Being located at the southern foot of the Murree and Margala
hills, the Capital Area is under relatively pleasant climate with
cold winters and hot summers. There are two rainy pericds a year;
the summer monsocon originated from the East and winter rains caused

by western disturbances,

The four well marked seasons are:

Season Period Ave. Temperature
Cold Season Dec., = Mar. 12.8°C
Hot Season Apr, - Jun. -27.3°C
~ Monsoon Season Jul. - Sep. 28.7°C
Post Monscon Season Oct. and Nov, 1g.6°C
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Cold Season

The cold season sets in Pakistan by the middle of December.

Phis period is characterized by finc weather, low humidity and large

diurnal range of temperature. Western disturbances in this season
accordingly cause fairly widespread raih. pakistan has thus a
winter rainfall season which is characteristic of the middle
latitudes. In the Indus basin the amount of ralnfall is not’ large
as compareﬁ to the amount received during the monsoon p;xlod. These
western disturbances which cause all this precipitation are '
extra~-tropical in nature and have at times well marked warm and cold
fronts associated with them. The cold waves extend to the whole of
the Indus basin and far.beyond In these cold wavés minimum
temperatures below freezing point with frosts are reported even from
plains. Tn some extreme cases minimum temperature as low as —4°C
have been reported from Islamabad airport. Over the hill stations
gnow falls are common and sSometimes very low temperatures are
recorded. Murree, which is a populay summer reéort of Pakistan, has
been daily minimum and maximum temperature of -0,5°C and 7°C

respectively in January. The lowest minimum temperature recorded at

Murree is -11°C
Hot Season

pPakistan is characterized by extreme continentality in hot
season. The mean daily range of temperature is of the order of
16-17°C, relative humidity in May and June varies from about 50% in
the morning to about 25% or less in the afternoon, and at any
stations it is even less than 20%. The highest day temperature have
been recorded in May and June when the hot weathex continues
stagnated for days together with the mean daily maximﬁm temperature
raging from 41°C to 469%C, while temperatﬁre of 50°C or above are not

Uncommet ,
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Any description of ¢limatology in hot season would be
incomplete without a brief reference to the pleasant climate of hill
stations. The mean daily maximum and minimum temperature at Murree
ir June are 27°C and 16°C respectively. The month April to June are
usually dry in Pakistan, The total rainfall of the season at
different stations in the plains varies between 27-7 mm and is of
thg.order of 102 mm to 127 mm in the sub-mountain districts. This
is received generally.in association of western disturbances which
move in hortherly latitudes and are occasionally associated with.

storms of dust, thunder and hail.

Monsoon Season

The southwest monsoon reaches the Area towards the beginning of
July and establishes there by the middle of the month. The strength
of the monsoon currents incfeases from June to July, it remains
. steady and begins retreating toward the end of August, but
occasionally it coﬁtinues active even in September when some of the
higheét floods in rivers have been recorded, A series of tropical
depressions bring heavy rainfalls in the catchment of rivers causing

high floods in them.

Post Monsoon Seascn

Beginning from the middle of September, October and early
November are the tfansitory period and the most pleasant months with
weather becoming increasingly cool with much sunshine.  December

becomes again cold with occasional rainfalls.

.Meteorological data are available from Rawalpindi (Islamabad
Airport). Thé annual rainfall ranges remarkably from season to
season and from year to year amounting to 1,100 mm as an average in

_the:past 30 years, of which about 60% concentrates during the

monsoon season from July to September,
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The daily mean temperature varles from 32°C in June to 10°C in

Jamuary with annual average of 21.5°C at Rawalpindl. Major climatic

elements, in terms of monthly averages observed at Rawalpindi, are

summarized in Table A.II~1, Major climatic elements are collected as

shown in Tables A.IT-2 to A,II-7.

Within reasonable dlstance of the Islamabad Rawalplnda area,
there are three najor resources of qurface water ; the Haro, Kurang
and Scan rivers: Wthh drain the Margala hills and ne1ghbor1ng
mountainous areas north of the Islamabad Rawalp1nd1 area flowxng in

a generally southwesterly direction : to the Indus river, as is seen
in Figure A.I1-1. Generally, flows are greatest during the ronsoon
rainy period from July throuqh.September, with lesser increases in -
flow during March. The headwater reaches of these rivers are '
featured by steep gradients, peaky flow conditions and very hlgh
rates of sediment transport. On leaving the mountainous terrain ‘and
entering the Potwar Plateau, the gradient of each river is
flattening with deposition of the coarser Sedimehts, often resulting

in braided channels of unstable location.

Hydrological data are available mainly from WAPDA, Surface
Water Hydrology Project (SWHP). River runoff records collected from
WAPDA on Haro river at Khanpur and on Soan river at Chirah are

summarized as presented in Tables A,11-8 (1)} and A.II-8 (2},

Meteorological and hydrological data reqguested and collected

during the course of the study are listed in Figure A.II-2,
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FIGURE A2 HYDRUNETEURUiOGwALDA?ACULLECTED
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MEAN DAILY WIND SPEED AT RAWALPINDI (KNOTS)
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2.2. Existing Water Resources

Major water sources undertaking at present and near future

supply of water requested in the cities of Islamabad and Rawalpindi

are surface water drained by the Haro, Kurang and Soan rivers.
Supported by the storage function of the Khanpur, Rawal and Simly
regervoirs, these rivers would contribute towards the ex;stlng

achievement of perennial water supply accounting for 60% and 80% of

the total requirements respectively for Islamabad and Rawalplndl_for
drinking and domestic uses, while surface.watef from small streams
would cover 20% of total demand for Islamabad and groundwater
inciuding springs would account for the remaining 20% for both the

cities..
2.2.1. KXhanpur Dam

) The Haro river, originating from the tMurree and Margala Hills
and joining a number of affluents, traverses the hill rénge
westwards, and flows into the Xhanpur resexvoir. The.dam is ‘located
in Haripur Tehsil of Abbottabad District across the Haro river’
approximately 14.5 km (9 miles) upstream from Taxila—Haripur'Road
and downstream of confluence of river with its tributary of ﬁilan

Kas in the vicinity of ¥hanpur Village.

Originally the Khanpur Dam Project was approved in 1963
envisaging construction of 41.8 m (137 ft) high earth fill dam and a
canal sysiewm to irrigate 31,150 ha {77,000 acres) of agrlcultural
land situated both on the left and right bank of the river includingE
some area on the eastern side of the Maréala'raﬁge of hills, and the
construction work was started in the beginning of 1967. Due to
growing need for wunicipal and industrial water supply in ﬁhe '
terrain, irrigation water in the vicinity of twin city of Iélamabad
and Rawalpindi, heavy industrial complexes at Taxila and Wah, the
Project was revised in 1973 converting the prlmary Db]ECthE of the

scheme from irrigation to water supply. Consequently, the Khanpur

A.II-16



Reservoir was designed with the raising'of.dam height to 50.9 m (167
ft), which is the maximum allowable from technical,'geographic and
geologic point of view, to supply 33.0 MGD of water to Islamabad and
69,37 MGb.of water to Rawalpindi for domestic purposes, 28.5 MGD to
the ﬁarieha industries at Wah and Taxila, and irrigation water for
14;770 ha. (36,470 acres) of culturable command area of both the Left
and Right Bank Canal. The projected requirements and yield from the
' reservoir,.commdnicated'by-all beneficiaries on the request of the

' Expert Committeé met on 20th October, 1972 at WAPDA house, Lahcre
and estimated on the basis of a long period of recorded rainfalls
collected at Murree and Rawalpindi, are reported in P.C. T (1976)

Proforma as under:

PROJECTED REQUIREMENT AND YIELD FOR YEAR 2000 AD

Beneficiary : Requirement Yield
' MGD (MCM/yr) {MCM/yx)

Rawalpindi Town 69.37 114.9
POF (Wah) 15,00 24.8
FPIDC (Taxila) 13,50 22.5
CDA  (Islamabad) 33.00 54.6
Right Bank Canal = 34,72 57.7
Left Bank Canal 20,44 33.9

Total 186,03 308,4 308.4 (250,000 AF)

Balance g.0

It is pointed out that the hydrological investigations examined
“in P.C. I Proforma (2nd revised, 1976 May) were based on the average
annual amounts of inflow and demand. Since the average inflow
involves £lood runoff which is unavoidable to be spilled out, the
Project, in consequence, allows frequent occasions of shortage qf
water éf more than once in 2 years, Reservoir specifications aré

presented in Table A,.II-9.
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2,2.2, Simly Dam

The Simly dam is located at a distance 38.6 km {24 miles)

northeast of Islamabad and at the place a small village Simly was

originally situated on the right bank of the Soan river. The Simly

Dam Project is recognized as an essentlal constltuent of bulk water
supply scheme for Islamabad. The reservoir stores not only the
perennial low flows but also a considerable parts of flood water of
the Scan river. Water released from the reservoir is conveyed to
Islamabad through twin conduction main pipes after treatment and the
reservoir is expected to provide 24.0 MGD of water for dtinking and

domestic uses to the Federal Capital of Islamabad.

In the original design, it has been mentioned that'the normal
conservation lLevel of the reservoir will be raised from 2,295 ft to
2,315 ft level in order to increase the live storage of the
reservoir after about 21 years of operation when almost all of the
dead storage is lost due to sediment deposit. This will be done by
providing three 7.62 m {25 ft) high gates, and'méy result an.
additional live storage of 11.8 MCM (9,600 acre ft) obtainable. It
has become realized that the installation of gates can be ’
advantageously progressed in near future to raise the conservation
level to 2,315 ft thereby increasing live storage by 11.8 MCM

resulting in gain of a substantial safe yield from the catchment.

2.2.3. ERawal Dam

The Kurang river rises from the Margalla range of hills, flows
southwestwards across the land of mostly flat and rising gradually
on all sides except a low ridge on the northwesterly flank ‘where a
saddle embankment was constructed to contain the storaqelafea, and
joins the Soan river at the point near from tﬁe city of Rawalpindi.
The Rawal dam is sited across tﬁe Kurang river near Viilage Rawal,
at a distance of about 14.5 km (9 miles) from Rawalpindi town along

Pindi-Murree Road.
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The xurang river has bheen thé source of domestic water supply
for‘Rawalpindi since 1880, in which some seepage wells were
constructed just upStreém of the present Rawal dam site, on the
right bank-bf the river., The Rawal Dam Project was conceived to
meet chronic éhbrtage of watex suppiy naving been experienced in
. Rawalpindi and Cantonment, and was formally inaugurated by the
President of Pakistén on 17th May, 1962, In the original plan of
the dam, theﬂreserﬁoir was proposed so as to provide 28.0 MGD of .
water to Rawalpindi and Cantonment, but the Project was revised due
to the drought during the years 1972-73 with the conclusion that the
supply of water be reduced to 21,0 MGD and the filtration plant was

completed in 1979 with design capacity of 21;0 MGD.

The Rawal Lake formed by the dam spreads over an area of 780 ha
(3 sq.miles) and with 3.0 m (10 ft) high gates installed on the top
of the Spillway crest has a gross storage capacity of 58.6 MCM
(47,500 acres ft) out of which 46.9 MCM or 38,000 acre ft is

provided at present as the net live storage. The annual inflow into

- the reservoir is estimated, on the basis of specific runoffs

observed at Khanpur on the Haro river, to be about 92.4 MCM or
75,000 acre ft, and from this figure, the annual usable yield from
the reservoir would be more than that at present utilized.

Reservolr specifications are presented alsc in Table A.I1-9.
2.2.4. Other Rivers and Sireams

Besides storage dams, seven head works have been planned and
constructed at the foot of the Margalla Hills as well as in the
vicihity of the Capital area recéiving surface water from streams
and_éup@iyiné treated water to Islamabad. ‘The Saidpur and Nurpur
Head.Works commenced supplying water in 1963, following the progress
of theJIsiamabad neﬁ city development project started in 1960, The
Kurang, 0ld Golf_Course,:Shahdéra and G-10 Head Works were
constructed successively.durihg the years 1966 to 1970. 1In

addition, to cope with the chronic shortage of water supply, New
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Golf Course Head Works was further expanded to recelve water from

the Rawal Lake fof the interim period. According to the data on

production of water prepared by CDA for the Pericd of 1l years from
1974 up to 1984, seasonal fluctuation of water production is

appeared small throughout a year.

EXISTING HEAD WORKS

: _ _ Intake Actuali/
Head Works Source Capacity Production Facility
: (MGD) - (MGD) '

. 2/ o
Kurang Xurang. River . 2.4 { = ) Shallow well & Pump
Shahdara Shahdara River 1.7 1.2 Concrete anduit
Nurpur Nurpur Shahan N. 0.7 0.6 Collection Well
Saidpur Saidpur ¥as 0.8 a.6 - do -
Golf Ojhr N. 2.2 2.2 Intake Punp
Course (014} '
-~ do -~ {Hew) Rawal Lake 2.7 2.2 ' - do -
G-10 Bedarawalli Kas 2.0 1.9 . = do -
Total 12.5 (8.7)

Notes: 1/ Average in the last 11 years {1974 ~ 1984)

2/ Not in operation since 1983

2.2.5. Groundwvater

The number and yield of the existing groundwater intake
facilities in Islamabad and Rawalpindi as of August 1984 are
tabulated in Table A.II-10. With exception of a few dug wells,
majority of facilitieg are of tube wells and their locaﬁiohs,
dimensions and yield are investigated in detail as shown in Table .
A.X1I-45 to A,11-47 and in an attached 1ocation.map. Tube.wells are
distributed scattered mostly in the development areas of Islamabad
and Rawalpindi, and in the National park aréa'along the Kurang river

downstream of Rawal lake.
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The majority of wells has been developed during the past 15

years including 60% of those develcoped in the recent 10 years,
Depth of wells vary with a wide range from 30 m (100 ft) to 140 m
(450 ft) yielding groundwater from aquifers of gravel and sand
layexé intercalated between alluvium clay layers at the depth of 13

m and below., The strainer assembly diameter of tube well varies
| from 200 mm (8") to 300 mm (10") in Islamabad and 150 mm (6") to 200
mﬁ {8") in Rawalpindi. All of strainers are of type of vertically

slotted bronze pipe.

Line shaft turbine pumps are mostly in use and, including
motors, they were manufactured in Pakistan. Pumping capacities ave
of 50 cu.m/hr (0.5 Cgsec) to. 180 cu.m/hr (1.75 cusec}, and in
Rawalpindi, pumps of small capacities such as 10 to 35 cu.m/hr (0.1
to 0.35 cusec) are also in use. Operation hours of wells are
reported as 20 to 22 hours in Islamabad. However in Rawalpindi, a’
considerable number of tube wells has been forced to reduce their
operation to 8-16 hours due to fall of groundwater level. 1In
addition, it is reported in islamabad that the yields of groundwater
“during summer period have been reduced by 15 to 20%, due to seascnal

fluctuation of groundwater tables.
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TABLE A.I-9 RESERVOIR SPECIFICATIONS (EXISTING)

Tten ' ghanpu{.. "Rawal Simply
River ' ' Haro Kurang Soan
Type of Dam Earthfill Gravity Rockfill
partly
arched
Catchment Area {sq.km) _ 778 275 153
{sq.mile) ' 300 106 59
Elevation (ft) .
Full water 1982 1752 2295
Dead Watex _ 1902 1722 2229
Effective Depth 80 30 66
Storage Capacity
Maximum Storage  (MCM) 130.75  58.59 35.40
(AF) 106,000 47,500 28,700
Dead Storage (MCM) ' 18.50 - 14.93 10.79
(AF) 15,000 12,100 8,750
Effective Storage {MCM) 112.25- 43.66 24,61
(ar) 9l,000 35,400 19,950

Annual Inflow

Average Inflow (MCHM/y1) 327.0 92.4 g7.1

(AF/yr) 265,000 75,000 71,000
Maximum Inflow (MCM/yr) 629.4 177.9 175.6
Minimum Inflow {MCM/yr) 126.9 35.9 26.9

Water Demand

Average Demand (MCM/yr} 305.6 48.8 41.8
- Islamabad (MGD) 33.0 - 24.0
- Rawalpindi {MGD) 69.37 21.0 -
~ Wah and Taxila (MGD) 28.5 - -
- Irrigation {MCM/vr) 88.2 - ' -

( Ba ) 14,770 - -

Shortage (MCM/vyr)
Maximum Shortage 163.4 - 1L.5
Minimum Shortage .- - -

Spillage (MCM/yr)
- Ayerage Spillage 41,1 34.6 37.8

Maximum Spillage C 2197 101.4 114.6
Minimum Spillage - - -

Parameters by Mean Value

Demand/Inflow _ 0.93 0.53 0.48
Spillage/Inilow 0.13 0.37 0.43
Shortage/Demand 0.16 - 0,02
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TARLE  A.Ii-10 PRESENT ' GROUNDWATER PRODUCT ION
IN ISLAMABAD / RAWALPINDI

Operating agency No. of
and Source Name' HﬂﬁliEA E£9gpctiog
ISLAMABAD
CDA i MGD (MLD)
National Park Area 10% 6.5 (29.6)
0ld Golf Course 3% 0.7 03.2)
New Golf Course 3 0.8 { 3.6}
Sectoral Area 35% 3.8 (17.3)
Sub~total 60 11.8  (53.7)
RAWALPINDI
RMC 38 6.0 (27.3)
PHED
Schan Camp 6 3.5 (15.9)
Others 11 4.5 (20.5)
C.B.
C.B. 7 2.5 (11.4)
MES (ARMY) 3 0.7 { 3.2)
MES {PAF) 3 0.7 { 3.2)
Sub-total - 68 17.9  (81.5)
" rotal . 128 29.7 (135.2)

Abandoned wells and long resting wells not counted.
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2.3. Runoff
2.3.1. Haro Riverl{Khanpur)

The Khanpur dam with a catchment of 309 sq.miles is located in
Hazara District of the North West Frontier Province  (NWFP) across
the Haro river approximately 9 miles from Taxila town with the

Buddhist University in the times of Ashoka and almost cn the

- outskirts of Khanpur Viliage.- Runoff observations of the Haro river
near:Khanpur have béen recorded by Surface Water Hydrology Project,_
WASID WAPDA since 1960 on the right bank about 400 m upstream from
Taxila- Harlpur Road Blldge. Dally mean runoffs vary with a wide
range from 0.1 cu. m/sec (4 cusec) to 501 cu.m/sec (17,700 cusec),
and the annual average runoff for the period of 21 years up to 1980

has been reported at 307.1 MCM (24,900 acre ft.)

Table A IT~ 8 (1), as preV1ously referred to, presents the raw
data of monthly runoff of Haro river near Khanpur collected from
WAPDA. Since it is notified that the record excludes small
'irrigatidn diversion on the ieft bank for_the existing irrigation
sysﬁéﬁs which may carry considerable portion of low water discharge,
the water balance computations for the Khanpur reservoir were
coﬁduéﬁea'under assumption that 60% of the culturable command area
_Qﬁ_the_Leff Bank Canal was being irrigated by the Haro river water
diveftéd upstream of the river gauging station. Thus, the Khanpur
inflow would be WAPDA measurement plus irrigation requirement for

60% of CCA, that is equivalent to 327.0 MCM/yr or 265,000 AF/yr.

irrigation water requirement for 60% of CCA was computed on a
daily basis_aﬁa added to the WAPDA‘S record. Haro river rundffs at
Khaﬁpur; in other words inflows into the Khanpur reservoir, were so
fgénerated on.a daily basis and then sunmarized as presented in Table

A.TI-12,
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In.addition,.available length of data of 21 years was
considered to be sufficient because, as is appareﬁt from Figure
A.II-3 and Table A.II—13,.that a long-term rainfall.record shows
distinct periodic pattern of ten year cycle, and so far as the
drought is to be evaluated on the basis of once in five years return

period.
2.3.2. Sean River {(Simly)

There are two different measurements of runoff at and neai the
simly dam site on Soan river, The data for the Soan at Slmly were
collected by the WAPDA Resldent Engineer of CDA f01 the perlod of 10
years from 1964 to 1973. Additional runoff data are available from
SWHP, WAPDA on the Scan at Chirah which is 13 km downstream from the
dam. Comparison studies were made on yunoff measurenents and,
consequently, WAPDA's measurements at Chirah was used to estimate
inflow of the $imly Reservolr after treatmeht of data.by‘means-of

areal conversion.

COMPARISON ON RUNOFF MEASUREMENTS (SIMLY)

Goan River . Haro River
Simly 1/ Chirah 2/ Khanpur

Observation Period 1964-73  1961~79 1960-80
Catchment Area {sq,.mile) 59 126 300
Average Runoff (Acre ft) 238,800 145,000 265,000
{Acre ft/sq.mile) 4,050 - 1,150 883
Areal Rainfall (inch) 65.0 £5.0 57.1
Runoff Coefficient (%) 1le.7 33.2 28.9

Notes: 1/ Collected at Simly by WAPDA Resident Engineer
2/ Collected at Chirah by WAPDA, SWHP

1t has been noted by CDA that the Simly inflow would be more
than estimated because WAPDA's record of Soan riﬁér at Chirah, d¢n
"which the study was based, does not include CDA's abstraction which
has been made since 1969 at the site of the dam temporarily by

pumping up. Since the study involves the analysis period of 19
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yearé'ffom 1961, in which observation commenced, Lo 1979, after that
the data have not yet been processed, the CDA's abstraction could be
considered to enable a sufficient investigation to be performed.
After some time spent to collect reasonable data on abstraction of
the Socan riVef.discharge, the monthly and daily records of pumping
done at Simly for the.period May 1969 up to present were provided by
CDA} as summarized in Table A.II-14. These data were added to the
Soan.rﬁnoffs to generéte.actﬁal amount of inflow intc the Simly
“reservoly, Table A.II-15 presents monthly runoffs of Scan river at

Simly employed in the study.
2.3.3, Kurang River (Rawal)

Regarding runoffs of. the Kurang river at Rawal dam, the Small
Dams‘Organization of Punjab deérnment,'which is responsible in
operating the dam, has been collecting records of dam operation on
monthly baéis including storage elevations and releases from 1962
onwards, Table A.II-16 presents SDO's estimates on Rawal inflow.
although there are some potential sources of error in the SDO's data
and so - the data can not he directly used in water balance
computation, the estimated figures of inflow, from which runoff
coefficient of 17% is resulted, indicate possible negative margin of
Kurang runoff as compared to those obtained from Haro and Soan

rivers,

Rainfall studies made to grasp éreal rainfalls cover the
catchments show, as is illustrated in Figure A,II-4, as well as in
Table A.II~17,.that the Rawal catchment has been receiving almost
same amount of areal rainfall as compared with that of Xhanpur
catchment. The khanpur runcff could, therefore, be useful measures
to estimate Rawal iunoff. On the contrary from insbection of '
rainfall-runoff relationships observed by WAPDA elsewhere in and
around.fhe basins between the Indus and Jhelum rivers, it could be
conclﬁded=that there is some deographic effect on yield from
drainage_basins, with more mountainous catchments yielding more than

catchrents which contain more low-elevated and flat land.
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buring stages of the fpasibility study on the Rawal dam, river
gauges were installed at the Rawal dam site and observations were
executed at thrEt hours interval for about two years from Septemer
1956 through August 1958. Although observation perlod was too short
for drawing any conclusions with regard to the availability of water
supplies in the river, measurements indicate an overall runoff

coefficient of aboul 20%.

Consequently, the Rawal runoff has been estimated_aé 80% of
Haro runoff at Khanpur with reduction in proportion to.the catchment
areas, resuiting in 92.4 MCM/yr of annual runoff or 21.8% of annual
precipitation within the catchment, taking into account the

followings;

{1} 8D¢'s inflow may be underestimated due to the fact that,
in many months, monthly inflows have been estimated
negative meaning reservoir losses would be more than that

prasently expected.

{2} Sowme of the river discharge was abstracted from the river
upstream of Rawal dam by the existing head works. which ié
not in operation since 1983,

Comparison studies made are as below:

COMPARISON STUDY OF RAWAL RUNOFF

Rainfall during

Corresponding Runoff :
Runcff Period Coefficient
(MCM/yr)  (nm/yr) (%)
(1) SDO Estimate 73.7 1523 : 17.6
(1962 - 1980) :
{2) Actual Measuremént . 84.8 1574 | 19.6-
{1957 -~ 1958) _ )
(3) Khanpur Runoff 327.0 1560 26,9
{1960 - 1980)
{4) New Estimate 92.4 1540 | 21.8

(1960 - 1280)
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THIESSEN POLYGONS AND ISOHYETAL MAP

FIGURE Al

Area Rain
_station’ (%) ~ (mm)
Khanpur
Murree 68.3 1651.5
Rawalpindi =~ 31.7 1006. 8
_Total 100.0  1452.5
Rawal . _
Murree €5.5 1651.5
Rawalpindi 34:5 1006.8
Total 100.0 1434.9
Simly _
Murree 100.0 1651.5
~Rawalpindi - -
Potal 160.0 1651.5
(8]
QEWALANDE
. Area Rain
Station - {%) (ran )}
Khanpur
Murree 33,1 1651.5
Barkqt 59.5 1256.8
Rawalpindi = 7.4  1006.8
Total 100.0 -1370.1
Rawal
Murree 32.1 1651.5
Barkot - 60.4 ~ 1256.8
Rawalpindi 7.5 10606.8
Total 100.0  1365.9
Simly
o Murree 100.0 1651.5
Barkot_ _ - -
Rawalpindi - -
} Total .100.0
| .
|

o]
RAWAL PIND!
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