2.4, Sedimentation

Among several methods available to calculate suspended sediment
load of rivers, the method using flow duration and sediment rating

curve was employed in the study to evaluate sediment inflow to -

reservoirs. As the basic data for preparation of sediment rating
curves, two parameters are to be needed namely (1) mean daily
discharges of the river for a specific period of analysis and (2}
sediment concentration with instant&neous rivér discharge on.a

number of occcasions at different stages of river flow obtainable by

sediment samplings.

Fortunately sufficient volume of such data_aré évailable'from
SWHP, WAPDA at Khanpur on the Haro river for evaluation of Khanpur
sediment inflow and at Chirah on Soan river for Simly sediment
inflow. Each set of sediment concentration and discharge was

plotted, as shown in Figures A.II-5 and A.II~-6 to produce

representative rating curves which were derived by using method of

least square.

Assuming that the rating curve is expressed in a form PPM = a x
b ,
0 or log PPM = Log a + b log @, constants a and b are solved by the

method of least square as undex;

p o0 [log PPM - log Q}.- [1og PPM]{log Q]
n [log © :log @] - [log Q- log Q]
log a = {log PPM](log @« log @] - [log 0] [log PPM » loé 0l
n [log Q «log 9] - [leg Q- log Q)
a = loloq a

where PPM denotes suspended sediment concentration expressed

in ppm by weight, © discharge in cu,m/sec and n number of samplings.
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SUSPENDED SEDIMENT RATING CURVE

River .Rating Curve
Haro river at Khanpur PPM = 27.9495 Ql.22?8
Scan river at Chirah’ PPM = 121.2807 90-6810

Notes: (1) ©Suspended sediment concentration expressed in PPM
by weight. '

{2) Discharge in cu.m/sec.

Daily runoffs of the rivers at the points under consideration
‘were ranked according to their magnitﬁde, as presented in Figure
A,II—?,.to determine duration and magnitude of river discharges, and
they wére combined with the rating curves to compute suspended
sediment inflows. Such procedures are shown in Tables A,II-21 and
22, An estimated bed load of 30% of suspeﬁded load thus calculated
was added to arrive at the total sediment load which would flow into

the reservoirs.

As concerns sediment inflow to the Rawal Lake, data from actual
survey of sedimentation have been provided and are given in Table

A.TI-23,

To arfive at estimates of future sedimentation rates of the
Khanpur, Simly and Rawal Reservoirs, the data from Tables A.IX-21 to
23 were transferred to Table A.TI-24. A comparison study was also
‘made to demonstrate differences of estimates and is given in Table
A.II-25. Reservoir sedimentations and effective live storages of

reservoirs expected in future are then summarized as follows:
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EFFECTIVE LIVE STORAGE OF RESERVOIR

Year Khanpur - Simly Rawal
(acre ft) {acre ft) {acre ft)-
1990 91,000 10,300 - 33,445
2000 89, 200 30,300 - 30,208
2010 B0, 890 30,300 26,965
2020 72,580 30,300 23,725
2030 64,360 30,300 20,525

Reservoir capacity curves are then prepared as given in Figures

A.II—B to A.II-11.
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TARLE A.11-21 FLOW DURATION Awq;SUSPENDEDVsEDIMENT
{IIARO RIVER AT KHANPUR)

Mean Sugpended. Suspended
Daily Sediment  Sediment
No. of . bischarge Concentration Inflow
Day Ranking day (cu.m/sec) . {ppm) _(cum) -
365-365 1 156.104 13785, 218740.
364-364 1 106.874 8658. 94051.
363-363 1 87.076 6732. 59587,
362-362 1 £9.851 5136. 36466.
361~361 1 63.646 4582. 29641.
360~360 1 57.120 4012. 23203, °
358-359 2 52.938 - 3654. 39326.
356~357 2 47.980 3239, 31589.
354-355, 2 44.285 2935, 26425,
352-353 2 41.156 2683. 22445,
350351 2 38,323 2458. 19147.
348-349 2 35.852 2265. 16505.
©346-347 2 33.497 2083. : 14187.
144-345 2 31.991 1969. 12805.
342-343 2 35.207 22150 15852.
340-341 2 34.190 21360 - 14850,
338-339 2 28.201 - 1687. 9669 .
336-337 2 27.098 1606. 8847.
334-335 2 26.260 1545, | g249.
331333 3 25.161 1466, 11249.
326-330 5 23.820 1371. 16594,
321-325 5 22.014 1244 13922.
316-320 5 20.424 1135. - - 11780.
311-315 5 18.707 1019. . 9687 .
301-310 10 16.596 880. 14837.
291-300 10 14.570 750. 11102.
281-290 10 0 12.982 651. 8585,
271-280 10 11.692 572. 6800.
261-270 10 10.60S 508. 5471.
241-260 20 9.339 434. . 8243,
221-240 20 7.817 349. 5546.
201-220 20 6.613 _ 284. 3822.
181-200 20 5.670 235. 2712.
151-180 30 4.753 189. 2746.
121-150 - 30 3.889 : 148. 1756.
91-120 30 3.204 117. 1141.
61- 90 30 2.693 94. 774.
31~ 60 30 2.246 75, © B17.
-3 - 30 1,635 51. - 255,
TOTAL 365 LT 8397210 m’/yr
' = (0,839 MCM/yr
= 1079 m3/km2/yr
Note: Specific Wweight of Suspended Materials '

= 53 pcf = 0.85 ton/cu.m
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TABLE RA-IL-22 FLOW DUBATION AND SUSPENDED SEDIMENT
(SOAN RIVER AT SIMLY)

Mean. - Suspended Suspended

Daily Sediment Sediment

S No. of Discharge  Concentration . Inflow
Day Ranking Day {cu.m/sec) {ppm) (cu.m)
365-365 1 110.323 2985, 36197.
364-364 1 67.306 2132. 15773.
363~363 1 53.682 1828, 10784.
362-362 1 41,042 1522. 6867.
361~361 1 34,250 1346, 5066.

360-360 1 30.809 1252, 4240,
358-359 2 25.739 1108. 6269,
356-357 2 22.184 1001, 4883,
354-355 2 . 19.061 903, 3784,
352-353 2 16.771 . 827, 3051,
350-351 2 14.741 758. 2456.
348-349 2 12.973 695. 1982,
346-347 .2 11.241 630. 1557,
344-345 2 10,162 588, 1314.
342-343 2 9.411 558, 1155,
340-341 2 8.589 525, 991,
338-339 2 7.738 489, 831.
336-337 2 7.187 465, 734.
334-335 2 6.774 446, 665.
331-333 3 6.127 417. - 842,
326~330 5 5.497 387, 1169,
321-325 5 4.708 348, 901.
316-320 5 4,136 319. 725,
311-315 5 3.634. 292. 583.
301-310 10 3.003 - 256, 847.
291-300 10 2.351 217. 561,
281~290 10 1.912 189. 396.
271-280 10 1.626 169, 302,
261-270 10 1.391 152. 232,
241-260 20 _ 1.121 131, 323.
221-240 20 0.873 111, 212,
201-220 20 0,707 ' 96. 149.
-181~-200 20 0.578 84, 106.
151-180 30 0.462 72. 109.
121-150 30 0.358 60. 71,
91-120 30 0.281 51. A7.
61~ 90 30 0.220 43. 31.
31- 60 30 0.163 35, 19,
1~ 30 30 0.101 S25, 8.

Total 365 116.233 m’/yr

It

0.116 MCM/yr
3 2
760 m /km /yr

il

Note: Specific Weight of Suspended Materials
= 49 pef = 0.786 ton/cu.m
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- 2.5, Reservoir Operation

In 6rder'to confirm the availability of surface water from the
Haro, RKurang and Soan.rivérs and to evaluate the expected firm yield
from reservoirs, detailed water balance simulaﬁions were carried out
for the entire peridd of available data. The study was mainly based
‘on the fundamental dimensioné'of the Projects given in P.C. I
Proformas and Completion Reports, and on hydro-meteorological data
prepared and provided by CDA and WAPDA as well as by Regional

Meteorological Centre, Lahore,
2.5.1,  Khanpur Reservoir
A, Water Demand

Phased requirements of water communicated by beneficiaries are
presented in Table A.I1-11l. Seasonal variations of municipal
{urban) water supply for both Rawalpindi and Islamabad are estimated
as below. 1In this connection, rate of industrial water consumption

is considered to be uniform throughout a year,

SEASON?\L.VARIATION OF WATER SUPPLY

Municipal Water _ ' Industrial Water

Month Rate Islamabad Rawalpindi Rate POF PIDC
. : (MGD) . {MGD) (MGD)  (MGD)
Jan. - 0.80 . 26.40 55.50 . 1.00 15.0 13.5
Feb. 0.85 28.05 58,96 1.00 15.0  13.5
Mar. 0.90: 29.70 62.43 1.00 15.0  13.5
" Bpr. 1.00 33.00 . 69,37 1.00 15.0  13.5
May 1.15 37.95 79.78 1.00 15.0  13.5
Jun, 1:25 43.25 86,71 1,00 15,0  13.5
Jul, 1.05 34.65 72.84 1.00 15.0 13,5
Aug. 1.00 33.00 69,37 1.00 15.0  13.5
Sep. 1.05 34,65 72.84 1.00 15,0  13.5
Oct. . 1,05 . 34.65 72.84 © 1,00 15,0 13.5
Nov. 1.00 33.00 69.37 1.00 15.0 13.5
Dec. -° 0,90 ©29.70 62.43 1,00 15,0 13.5
Average 1,00 33,00 69.37  1.00 15.0  13.5

A.IT-51



Regarding irrigation water requirements, a detailed study was
conducted, for which brief explanation'is given as in the

followings:

Cropping Intensity

‘Irrigation intensities of cultivation are available in P.C. I

Proforma, second revised, as under.

° Cropping Intensity 130%
° .gharif Rabi Ratio s 1.1
Rabi Cropping Wheat 44.0%
Sugar Cane 3.5
Fodder - 6.0
Orchards 3.5
Others 11.0 Total 68%
Xharif Cropping Maize 30.0
. : Tohacco 8.0
Fodder 6.0
Orchard 3.5
Sugar Cane 3.5 :
Others 11,0 Total 62%

Cropping Schedule

Since no information in this concern is available, an
‘appropriate cropping schedule was pfepared byIJICA'Study'Team, based
on the information provided in “Irrigation'Requirements:bf'Crops in
the Punjab" by Directorate of Land Reclamation, Irrigatién and Power
Departuwent, Government of Punijab, in June 1980, Figures A.II-13 and
A.1X-14 present the cropping pattexn and calendar emplbyed in tﬁé

study.

Consumptive Use of Crops

Reference crop evapotranspirations by season were calculated

based on the climatic conditions observed at Rawalpindi
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Meteorological Station by applying Modified Penman Method through
procedures given in FAO Technical Publication No.24.  Computed

Penman's reference crop evapotranspirations are as in Table A.I11-26.

Crop Coefficient

Croﬁ growth stage coefficients (k) developed for Pakistan
usiné experimentai'data collected in the.country are available in
"On Farm Water Managemeﬁt,'Fielﬁ Manual, Volume IV: Irrigation
Water management", published in December 1980 by Water Management
Wing, Ministry of Food, Agriculture & Cooperatives. The FAO method
of developing k¢ values was also used to supplement experimental

data.

Effective Rainfall

Effective rainfall was computed by a carry-over system under

the following conditions:

- If a daily rainfall is less than or equal to 5 mm, then

the effective rainfall is zero

- If the daily rainfall is more then 5 mm, then the
effective rainfall is obtainable by multiplying the daily

rainfall by 80%

Total readily available moisture content (TRaM) value of 50 mm
dérived from soil condition was employed., The daily moisture
content value was memorized in the computer and. the carry-over is
constrﬁed as.a soil moisture heldover to the following day. When
the moiéturé eXceeded'TRAM value, the surplus water would be spilled

as surface flow or deep percolation.



Land Preparation Water Requirement

Total amount of water of 50 mm in depth was added for crops

planted during dfy period, to meet water requirement for land

preparation.

Field Irrigation Reguirement

Based on the field irrigation requirement prepared for each
crop as shown in Tables A.II~27 to A.II-35, computation was made on
"a daily basis taking into account the carry-over of soil moisture

and rotational irrigation with seven-day intervals.

Irrigation Efficiency

In the study, an overall irrigation efficiency was taken as
72.0% {(90% for conveyance system x 80% for application) including

all of efficiencies from diversion point up to the root zone of

Crops.

Trrigation Diversion Water Requirement

Unit diversion water reguirement for irrigation so computed is

presented in Table A.II-36.
B. Water Balance Simulation

Water balance study of the Khanpur reservoir was undertaken
combining every aspect of hydrology, such as inflow into the
reservoir, water demand for municipal and industrial water supply
and for irrigation, and water losses from the reservoir surfaCe_and

bottom,
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To cope with the simulation of actual reservoir operation under
the cohditibps'prepared by.the Project, varicus cases of water
balance computations were processed giving various combinations of
water demands requested by beneficiaries, aiming at finding firm
yield from theé reservoir which would be satisfied even during
critiéaliy drought§ period of once in five years probability.
Régardiﬁg'the return3period of droﬁght, it has been agreed to at the
meeting held on 24th Sébtember, 1984 in the office of Member
(Watéf), WAPDA, Wapda House, Lahore, that the study is based on the

drought of five year return period.

TThe computation was made for the period of 21 years from 1960
to 1980 with a ten-~daily unit, employing a simple assumption that
the surplus water in the reséxveoir above full water level durinq any

 ten-daily-intérva1 would be released through a spill during the

corresponding ten-daily interval..

Prior to this, for the purpose of demonstrating the time gap
between the available inflow into and the requested demand from the
reservoir, seasonal variations of inflow and demand were plotted as

" shown in Figure A.II-15,

‘Regarding water losses from the reservoir, deduction of 10%
" from the available inflow was considered to be sufficient to account

for both evaporation and seepage.

From the summary of computation, major parameters which
indicate the_status.of shortage or spillage are extracted and
‘presented in Table.A,IT-37. ‘Tc visualize the problem, behaviour of
the Khanpﬁr reservoir storages as simulated is plotted for the
selected few cases of the water balance study, as given in Figure

A.II-16 and A.II~17,

A.TI~55



In review of various cases of water palance study, size or
capaéity of the Khanpur reservoir would be sufficient to satisfy
various wateér requirements. However, inflow is small_in contrast
with demand, and hence there are frequeht occasions of relatively
long period before the reservoir water level comes pack to its full
water level meaning that practically waterx shortaqé would occur in
most years. Frequency of shortage decreases with deduction of water
demand to be released from the reservoir, but the benefit also
decreases correspondingly. A review of the study in terms of
probability of shortage occurrence indicates that about 75% of the
present water requirement would be optimal when the capacity of the
reservoir and the rate of inflow are combined. .With deduétiOn_of
water demand to 75% of that presently projected, the Khanpur
reservoir would provide full amﬁunt of ﬁate: supply just to meet
regquirement even during a drought éeriod of once in five years

frequency. Frequency analysis made on annual shortage of water

supply for the Khanpur reservoir is given in Figure A.II-18,
2.5.2. Simly Reservoir

The water supply system of Islamabad'has heen planned on the
basis of two major water sources viz'Khanpui dam and Simly dam. The
Simly dam has been commissioned in 1982 and 12,0 MGD of watef is at
present being received from the dam and conveyed to Islamabad
through one conduction main pipe. The Simly Filtration Plant}
located nearby the dam site, has already been completed in 1965 Qith
the designed water production capacity of 24 0 MGD. The other
conduction line is expected to be ready by the end of 1984, and thus'
full yield of 24.0 MGD of Simly Reservoir is sgheduled te be

available soon.

In parallel with this, as previously mentioned in 2.2.2.,
installation of three 25 ft high gates are advantageously programmed
in near future within five years to raise the conservation level of

the reservoir to 2315 ft accordingly increasing live storage by 11.8
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MCM, resulting in gain of a subtantial safe yield from the
reservoir. 1In this connection, CDA's estimate on safe yield from

the reservoir after raising the dam has been reported as 48.0 MGD.

Tb confirm the availability of water, at present and in future,
from the reservoir, detailed studies of water balance simulation
were carried out.through procedﬁreé.employed for Khanpur reservoir
.opération. Table A.II"BB'presents the summary extracted from cases
of computations, and the simulated reservoir storages for period

1961 to 1979 are visulaized as shown in Figures A.I1I-19 and A.II-20,

Cémputed results Qere then put intc statistical evaluation, as
given in Figure A.II-21, and it is concluded that (1} the Simly
Reservoir under the existing condition of étorage capacity would
“satisfy the schéduled amdunt of water éupply even in five-year dry
year, and {2), on the contrary, after raising of the dam the
reservoir would prdduce'38,4 MGD of firm vield, which is equivalent
" to 160% of the presént fequirement or 80% of the CDA'S estimate
under the future cgndition.of the dam. As concerns the above, a
simple comparative study was progressed between the Khanpur and

Simly, to make understandings clear;

COMPARATIVE STUDY ON SAFE YIELDS

Simly Dam

Items Khanpur Dam Existing After Raising

(1) Inflow {(MCM/yr) 327.0 87.1 87.1
{2) Effective Storage (MCH) 112.3 25.5 37.4

- 3) (2)/(1) 1/ 0.34 0.29 0.43
{4) Projected: Demand (MGD)Kf 186.0 20.16 40.32
(5) Safe Yield {(MGD)~ - 139.5 28,22 32.26
{6) {(5)/(4) ' 0.75 1.40 0.80
(7} - (5) /(1) 0.71 0.54 0.62

Note: 1/ Expressed by average amount of raw water requirement to
" be released from the reservoir.
Thus, considering 5% of water losses for
treatment, 24,0 (maximum) x 105%/1,25 = 20.16 MGD
and 48,0 x 105%/1.25 40 .32 MGD
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2.5.3. Rawal Reservoir

The existing condition of water supply of the Rawal Reservoir

is, according to Small Dams Organization, as under.

Distribution Supply. ' Remarks
(MG
Rawalpindi Water Supply 21.0 - :
Chha 2.0 - Temporary
CDA by Pumping Up. 1.5 ~ 2.0 ~do-
Irrigation Balance _
Total 28.0 when available

The above allocation of water will be reviged in néafufuture
and by the end of.1986 it is scheduled that the thle amoﬁnt of'
Rawal yield is conveyed to Rawalﬁihdi aﬁd Cantonment. It is
therefore considered as the existing condition that only the water
supply to Rawalpihdi {including Cantonmént} is the consumer of Rawél
water, and to confirm the availability of reservoir water detailed
studies of water balance simulation were conducted. After
examination of sedimentation study, the following dimensions of the

reservoir were inputted;

DIMENSION OF RAWAL RESERVOIR

Description Present {(1984) Future {(2000)
Full Water Level (ft) 1,752 1,752
Dead Water Level (ft) 1,722 1,729
Maximum Storage  {MCM) : 58.59 . 58,59
Dead Storage {MCH) - 14.93 21,33
Effective Storage (MCHM) 43,66 37.26

Table A,II-3% presents the summary extracted from cases of
computations, and the simulated reservoir storages for the period of
21 years from 1960 to 1980 have been visualized as given in Figures
A.11-22 and A,11-23., Then statistiqal evalﬁations were progressed.
on shortage of reservoir water as shown in Figﬁre A.I1-24 and major

findings are summarized as follows:
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- The existing Rawal Reservoir would prbvide scheduled
amount of firm yield successfully throughout perieds of
once in fiveFYear probability drought and still have some

excess water available in the reservoir,

- In the year 2000 A.D., 180% of at present programmed yield
would still be available from the reservolr. This is
eqﬁivalent to 50.4 MGD as maximum or 40.3 MGD as average

after treatment,

Summaries extracted from cases of computations are compiled in

the end of this Appendix.
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FIGUBE Af12 SEASONAL VARIATIONS OF MUNICIPAL WATER SUPPLY
{(FOR BOTH ISLAMBAD AND RAWALPIND!)

WATER SUPPLY.
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_ 72 an
e )|
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FIGURE AMN13 ~ CROPPING PATTERN AND CALENDER
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FIGURE A4 CROPPING CALENDER

N1 = Normal Mrigatioh  L.P = Land Preparation
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FIGURE A.11-15 SEASONAL VARIATIONS OF INFLOW AND DEMAND
{(KHANPUR RESERVOIR}
) _ 1 \ i
500L b r_
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p— ~JINDUSTRY ~_ | /] N
0 JAN | FEB [MAR [APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC
Water Demand Programmed in 1976

Urban Industry Irrigataion

Khanpur . e
Month Inflow Islama. Rawal. P.0C.F PIDC R.B.C L.B.C Total
Jan. ‘ 75.4 26.4 55.5 15.0 13.5 '15.1 25.2 150.7
. Feb, 133.1 28.0 58.0  15.0 13.5 1%.5 32.5 167.5
Mar . 244.7 29.7 62.4 15.0 13.5 22.6 39.2 183.4
. Bpr. 189.2 33.0 69.4 15.0 13.5 29.4 48.9 209.2
‘May 163.7 37.9 79.8 15.0 13.5 21.7 36.2 204.1
Jun. 85.5 41.3 86.7 15.0 13.5 23.0 38.4 217.9
Jul 256.3 34.7 72.8 i5.0 13.5 11.5 19.2 166.7
Aug. 558.4 33.0 69.4 15.0 13.5 9.8 16.4 157.1
Sep. 340.2 34.7 72.8 15.0 13,5 29.8 46. 2 210.0
Oct. 124.7 34.7 72.8 15.0 13.5 28.4 47 .4 211.8
Nov. 57.5 33.0 £9.4 15,0 13.5 18.0 30.1 179.0
Dec. 42.7 29,7 62.4 150.0 13.5 12.7 21.1 154.4
- .Average 184.9 33.0 69.4 15.0 13.5 20.0 33.4 184.3
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FREQUENCY CF ANNUAL SHORTAGE

{1960-1980)

FIGURE AL1B

DURING 2| YEARS

FREQUENCY ANALYSIS ON ANNUAL

SHORTAGE OF WATER SUPPLY
FOR KHANPUR RESERVOIR
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FREQUENCY OF ANNUAL SHORTAGE

(196!~ 1979)

DURING 19 YEARS

FIGURE A H-21

FREQUENCY ANALYSIS ON ANNUAL
SHORTAGE OF WATER SUPPLY
FOR SIMLY RESERVOIR
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FREQUENCY OF ANNUAL SHORTAGE

(19280 -1980)
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2.6, Availability of Stream Water

Actual measurement of water preduction from the existing head
works, which are receiving water from streams inciusive of spring
water, are available from CDA as tabulated in Table A.1I1-40.

Average monthly pxoﬂuctions of water by sourcé have also been
obtained for selected years of 1977 and 1983, Both data indicate
that the production of water is, as a whole, increésing year by year
mainly due to the extension of facilities, and that the monthly
variation of production is less., The safe yield from stream surface
water'is, therefore, considered to be the lowest preduction, for
each head work, in the recent five years which corresponds to once

in five years level.
2.7. Availability of Groundwatér
2,7.1, General Description

Availability of groundwater to be developed in the arsas of

Isiamabad and Rawalpindi is discussed in this section.

Geologic strata in the area are roughly classified into three
groups: limestone layers of Eocene age and earlier, Murree
Formation of Miocene age consisting of sandstone and mudstone, and
alluvium of Quaternary age. In these three groups, strata which
embrace practically available amount of groundwater are the

limestone layers and gravel layers of the alluvium,

Since groundwater of the limestone layers which lies mainly in
the Margalla Hill has been already utilized as spring water, only
the gravel layers intercalated between alluvium clay layers are

aquifers to be developed.

" Groundwater investigations have considerably been executed

mainly'by WAPDA, of whiGh only WAPDA 1966 report deals with

© availability of groundwater in view of water balance study.
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According to WAPDA, availability of groundwater to be develbped in
Islamabad is 50 to 160 MLD (11 to 12 MGD). ASEL in 1980, on the
COntrary, estimated 130 to 170 MLD (29 MGD and 33 MGD) of water
aVailability for Islamabad and Rawalpindi, respectively, however
those figurés are considered to be mere assumptions and not

acceptable.

A standard of availability of groundwater is generally called
as "safe yield". The safe yield means such yield which can satisfy

the following three conditiéns,

- Lowering of groundwater level which occurs inevitably by
pumping should not induce any serious problems as tand
‘subsidence, salifying of water, much decrease of yield of

existing wells etc.
- Water should be producted economically.
- Production of water should be sustained perpetually.

In order to estimate.safe vield of an area, a large scale water
balance simu1ation of the entire groundwater basin is to be examined
and the'three points mentioned above should be checked. For this
purpose, rainfalls, river discharges, aquifer coefficients and data
regarding distribution of aquifers are to be collected together with
long~term simultaneous observations of groundwater level and
distribution of groundwater yields during the corresponding period
of obserVations; However, such data are not available in the time

.since monitorings for the existing wells have not been carried out.

.Although it is unavoidable that the study is to some extent
based on assumptions, water availability is estimated within the
limits of water balance regérding source and recharge of
groundwéter. In most parts of the area, as is aiso recognized by

WAPDA (1967), main source of groundwater is considered to be direct
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percolation of rain waters. Considering that the annual
coefficients of river runoffs withih aﬁd in the viéinity of the area
are of the order of 30%, it can be assumed that 20% of annual
rainfall of about 1,000 mm*, which is equivalent to 200:mm/year,'is
available as the source of groundwater recharge. In £his'conhection
through inépection of several hydrographs, WAPDA {1967) has assﬁmed
the annual available reéharge of groundwater as.lSO'mm/year

estimated from annual fluctuation of groundwater tables.

* Although the average annual rainiall of Rawélpindi during
this 30 vears is about 1,100 mm/year, 1,000 mm/year was
adopted in the study eXcluding'the recent 8 years data,

which are considered to be rich years.

2.7.2. Well Field

In the area, groundwater is received from aquifers of gravel
angd sand layers contained in alluvium, Accordingly the wide area
where thick layers of alluvium possibly exist caﬁ be.hopeful well
fields. Distributions of the existing wells and geology are.shdkn
in the attached maps. These maps and available data aré carefully
reviewed and, as shown in Figure A.II-25 as well as in Table
A.I11-41, seven potential zones of well field are investigated. In
these 7 zones, several areas such as National Park Area, Rawalpindi
Area and Sectoral Area fexisting) may be linked each other to form a

groundwater basin.
Distribution of specific capacities of the existing wells is

shown in an attached map which may be useful for estimating capacity

of aquifer.
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2.7.3. Availability of Groundwater in Each Well Field

National Park Area

Speéific capacity of existing wells varies from 500 to 1,000
cu.m/déy/m (33,500 to 67)000 GPD/ft).and_it is'consideréd that the
most potential éqﬁifers are distributed in this zone having several
to ten times productivity as compared to the other zones, According
to WAPDA, alluvium layérs are thin in the area east of Gumrah Xas
and potential aquiférs are unexpected. Major aguifers are -
distributed spreaded over the area of about 55 sg.km on the
southeast of the Rawal Lake and west of Guﬁréh Kas, where the
existing wells are distributed. At present groundwater yield from
this zone for water supply purposes are reported at 56 MLD (12.2
MGD) , corresponding to 370 mm/yx. This high value of productivity
may not be. explained only by recharqge from rain water, and as is
commonly believed, a considerable portion of groundwater seems to bhe

recharged from Rawal Lake and nearby rivers,

WAFDA also mentioned in 1967 report that discharge of Kurang
river at Lithrar.were observed about 73 MLD (30 cusec or 16 MGD)
greatexr than those at just downstream of the Rawal dam. Since the
development of groundwater had not been yet in progress at that time
and so the feasible potentiality of groundwater in this zone would
be this order, undei the assumption that the difference in discharge
would be acéounted'for groundwater runoff from the drainage basin.
Accofdingly additional potentiality of groundwater development would
be more or less 23 MLD (5 MGD)}, with expectation of increase of
recharge resulted by pumping of groundwater. More intensive
development should be investigated after collecting necessary data

by means of monitoring of wells.
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Sectoral Area (Existing)

"In the existing development area of about 40 sg.km of ‘the -
sectoral Area, specific yield of groundwater has beén‘observed at
160 to 230 me/yy, almost corresponding to. the stahdéxd value,
Therefore, no more intensive development is desirable in this area

unless detailed investigations on the basis of monitoring is

accompanied,

Rawalpindi Area

In the Rawalpindi Area of about 55 sq.kwm invoiving the
commanded area by RMC and small zonejsituafed.oﬁ théﬁwest bank of
Lai Nulla, specific yield of groundwater has beén found to be about
410 mm/year solely for water supply purpose, and if the otﬁer uses
are included, the amount equivalent to more than.SO% of  annual
rainfall has been derived from groundwater. In fact, operation’ time
at each well has been shortened due to falls of_groundwatér level,
It means over-production of groundwater and fuﬁther'development in

this are is to be prchibited.

Yest Sectoral Area

About 18 MLD (4 MGD) of groundwater production is expected in
this undeveloped area of about 32 sqg.km, yieldihg.water from '
alluvium layers distributed in Sectors E-11 to E-14 and F—ll to F*li'
around Golra. According to the data FC-32 and 36 provided in. WAPDA
1967 report, specific capacity expected'is 30 to 40 cu.m/day/m
(2,000 to 2,700 GDB/ft), and only lower productivity, as compared

with the existing well field of sectoral area, could be available.

Southwest Sectoral Area

About 16 MLD (3.5 MGD) of groundwater production is expected

from about 30 sq.km of almost undeveloped area spreaded arcund Dadha
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Kalan in the Sectors Gle,_leS, H-~17, 1-13, I-14, and 1-16. No
good result has been analysed from the data collected from test
holes in the nQrthern part of this area by WAPDA (1967}, and

therefore high productivity can not be expected.

West Rawalpindi Area

. 8Spreading over 70 sq.km of undeveloped area on the west of
Rawalpindi, about 38 MLD (8.5 MGD) of production would be expected

from groundwater in this area.

Soan River Area

In the area of 40 sq.km expanding adjacent to southwest of

. National Park Area along Soan river, unconfined agquifers, from which
some Qaters:are'avéilable, are existing., According to WAPDA {1967},
specific capacity has been found at the order of 250 cu.m/day/m
{17,000 GPD/fL) and relétively high productivity would be expected.
Accordingly, 23 MLD {5 MGD} has been expected to be drawn from this

area.
2.7.4. Development Plan of Groundwater

As shown in Table A.II-41, the present production of
groundwater.fof_diinking and domestic uses is about 30 MGD and in
future additional 26 MGD of groundwater development could be
expected. However, by the eﬁd of the target year, 2000 A.D., only
West Sectoral Area, Southwest Sectoral hArea and a part of West
RaWalpindi Area- would be developed, since waters drawn from tube
wells are, from economic point of view, to be distributed nearby

areas of wells,
According to the existing Development plan prepared by Cha,

phésed developments of groundwater of 8 MGD by 1990 in the National
Park Area, 5.5 MGD by the end of 1985 and 19 MGD by 1990 in Sectoral

A.IX-97



Area have been scheduled. On the'contréry for Rawalpindi. and CB, 3

MGD of groundwater developmeﬁt has been programmed. Howevexr, based
on the above investigations, it is concluded that the existing CDA's
developmernt plan is over estimation and'that the feasible

productivity of groundwater in future would be the order of figures

which are shown in Table A,II-42,

A.1T-98



LEGEND

NATIONAL PARK AREA
SECTORAL AREA EXISTING
RAWALPINDI AREA

WEST SECTORAL AREA
SOUTH WEST SECTORAL AREA
WEST RAWALPINDI AREA
SOAN RIVER AREA

| _“Ttt:;ajﬂipﬁlj%\ iﬁ"ﬁzi T¢"1I (:)

01 2 3 e O g i

3 D S N AREA Y

e %ﬁ:ﬁ( NN % TALONG oA RIVER

FIGURE A.IL25  WELL FIELDSIN ISLAMABAB/RF\WALF!ND! AREA

A,XI-99



(¢ £5¢) 2°56

(2°22) ©0°s
(£°82) ¢°R
{(6°67)  ¢°F
(z°81) 0°%
{£-29) L'€%
(£°L1) 8¢
8Ly 27LT
(QTW)  COW
2105

MI 2beTTTA UBJOS.

(7°8TT) 0792
(8°zz) 0°g
- (L7BE)  5°8
(6°5T) $°¢-
(z°8T) 0°%
TR PURAULIODD X
10N
2TYE PUBHLIEODI DX
30N
{8'z8) ©O°¢
(QTR)  SaW
.QO.H.,.U...U 9...00Hn«..

aIN3ING B1QTSSOd

"MI d¥d PuR MJ SHRT[TA URYOS BUTPNIONE /¢

TPRUTQUOD- Y4 FO MI PU® ‘QEHd JO.
YO 30 eaay mwnﬁou‘MHow.@aMSmmmd.xumm TeuotIeN /7

“ATuo wﬁmmnm Isaem OTTANd /T LS930N
(T75€T) L°67 _ - TEo
- - - Cov . e3IY FIATY UTOG
- - , 0L Baxy H@ﬂﬂmﬂm&mm asapm
- - L o ?aIy [RIOI095 ISIMYINOS
- - . zZ€ ealyY TPIOAIDSS 1S9M
OTv .\I.am...Nov LTET €S . gaxy TpuTdiemey
£ .
09T (€7¢T) 8°¢ oy - (BUTISTXY) eoxY [PIOIOSS
oLg leTssy e 56 PoaY Yied TEUOTIEN
(24 /) (CTW) QoW (w7 bs)
®RIY ADg UCTAoNPOIg voay PIotd 11om 10 Uy
TOTISNEOId ~ QUBSBIJ

/T

HALYMONAOED J0 ALITIGSVYTIIVAY Ty-0°W HdTIEVL

A, T1-100.



(1-s02) z°6

(1756 ) 602

{97011} €792
(?°T1S ) €11

(z°8S ) .0°€T

Tea0l

{CTH) A9H :3Tun

“waIr g7 UT padotoasg /7

“RaXy ¥Fed TRUOTIEN WOII ODW T' ¢ /T :sa3oN
(9704 ) §°61 (T-gel) L8z Te304
\Mhn.MA.V g€ \mﬁv.ﬁm ) 6T LT Tputdiesey
(6795 ) §°21 (L") 8711 TP303-qn3
{198 ) 54 (€°L1T ) 8¢ vsy TeI03089
(8°2Z ) ©°% (prog ) 08 eIy NIBd TBUOTIEN
peqewe sy
JuswdoTIARQ UoTIORPOId eaIy
S JuSsead

aanang

00T ¥ NI dELYHN aNOCED

40 NOIIONAOHd

V-0 ¥ ITIHYL

A Ir-101



	APPENDIX - A
	CHAPTER II. WATER RESOURCES
	2.4. Sedimentation
	2.5. Reservoir Operation
	2.5.1. Khanpur Reservoir
	2.5.2. Simly Reservoir
	2.5.3. Rawal Reservoir

	2.6. Availability of Stream Water
	2.7. Availability of Grounwater
	2.7.1. General Description
	2.7.2. Well Field
	2.7.3. Availability of Groundwater in Each Well Field
	2.7.4. Development Plan of Groundwater




