A.5. Sediment Analysis
A.5.1. Sediment Condition

The Dor and the Haro Rivers rise and flow mostly in the Siwalik
. Range, carrying heavy sediment loads from the silty area, Sediment
loads come mainly from land slides, bed and bank erosion, gully
eroslion due to broken mountain side terraces and overgrazing in the

catchments,

The Soan River and its tributaries are a recent drainage system
with a typical feather-~like basin., The system cuts deep channels
and erodes gullies in the Pothwar Plateau. Geologic erosion is the
dominate source of sediment and it is increased by the weathering
action of wind and rain on the weak, sandy shales and loose c}ays of
the Siwalik range.

Sediment stations are shown a summary of sediment data is
available in Table A-5-1.

The sediment data indicates that Slran River transports
annually about 2.06 A-ft per sq.mi, (980 mB/kmz) of drainage area
(3.15 million short tons of suspended sediment) at Thapla Bridge and
has a mean sediment concentration of 3,170 ppm. Haro River
transports about 5.62 A-ft per sq.mi. (2,675 m3/km2) of drainage area
at Sanjwal and has a mean sediment concentration of about 5,120

ppm., It 1s 7,630 ppm. at Khanpur, upstream of Sanjwal,

The Scan River has different sediment transport characteristics
and transports annually about 14,03 A-ft per sq.mi. (6,680 mB/ka) of
drainage area at Chirah with a mean sediment concentration of 11,000
p.p.m. The sediment yleld decreases downstream of Chirah, and near
Rawalpindi the river transports only about 4.09 A-ft per
sq.mi. (1,950 m3/km2) of drainage area and has a mean sediment

concentration of only 4,630 ppm,
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The sediment volume and sediment concentration records of a

each of the pauging statlons are shown in Figs A-5-2 to 9.

The Figures indicate that the sediment concentrations of those
rivers was very high during the July to September in monscon season,
but for the rest‘of the season sediment concentration was much lower

and quite uniform,.

Fig A~5-10 to 15, show the relationship between annual inflow

and suspended sediment at each of the gauging stations.
The weight ratio between suspended sediment and inflow is
approximately 3 7% maximum, expanding proportionately to the

increases in inflow.

The discharge duration curve and the sedimentation conversion

curve are shown in Figs. A-5-16 to 24.
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SUSPENDED SEDIMENT CONCENTRATIONS
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Figure A-5-2

Sediment Concentrations and Volumes at Thapla
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SUSPENDED SEDIMENT CONCENTRATIONS
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Sediment Concentrations and Volumes at Khanpur
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Figure A-5-4

Sediment Concentrations and Volumes at Sanjwal
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Figure A-5-5 Sediment Concentrations and Volumes at Hasan Abdal
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Sediment Concentrations and Volumes at Chirah
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Sediment Concentrations and Volumes at Rawalpindi
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Sediment Concentrations and Voelumes at Kahuta
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Sediment Concentrations and Volumes at Chahan
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Flgure A-5-11 BSuspended Sediment at Khanpur & Sanjwal
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Figure A-5-13 Suspended Sediment at Hasan Abdal & Chirah
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A.5.2. Sedimentation

Estimation of the rate of reservoir depletion by sediment

accumulation involves following basic concepts:

1. Sediment inflow
2, Trap efficiency of the reservolr

3. Density of the sediments
(1) Sediment inflow

The inflow of sediment to the reservolr consists of "suspended
load" and "bed load".

The suspended load can be estimated from data avallable in the
sediment records kept at gauging stations installed in the vicinity

of proposed damsites,

There i8 no easy practical method for measuring the bed load

discharge transported by streanms,

In general, bed load egtimates range from about 10 % to 50 % of
the total sediment load. The bed load in the Colorade river is
known to vary from 12 % to 50 % of the total gediment load,

The World Bank's study group estimated bed load to be 5 % of
the suspended sediment load in the Indus River at the Tarbela dam
site. TFor this study the bed load is assumed to be 10 % of the
estimated suspended sediment load, 1.e., 9.1 %Z of the total sediment
load,

(2) Trap efficiency

Trap efficiency represents the percentage of sediment inflow
which is deposited in the reserveoir. The trap efficilency is
calculated with following equation;
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Er = 100 (—%%w)

where
Exr: Trap efficiency (%)
Qs: Annual sediment deposition in the reservoir

QI: Total annual sediment inflow to the reservoir

The trap efficiency relates to the capacity~inflow ratio (ratio
of reservolr capacity to annual sediment Iinflow) as shown in Fig

A-5-25 "Trap efficiency of the reservoirs",
(3) Density of Sedimentation

The density of sediment for a given reservoir changes according
to the number of years sedimentation has been in progress, the grain
structure of the sediment and the method by which the reservoir is
operated. The specific weight of sediment 1s predicted in order to
estimate the storage space displaced by the sediment in a given
period of time.

The density of sediment adopted in the unit weight of fresh
depogits of the sediment, that is, equivalent to the density of
guspended sediment, using the density of sand, silt and clay as 93
1b/ecu.ft, 65 lb/cu.ft and 30 lb/cu.ft respectively.

A.5.,3., Estimation Methods

Several methods for the estimation of sediment yileld are listed

below.

1. KHOSLA's empirical method

2, Irrigation Research Institute formula

3. Estimation from the generalized sediment rate and catchment
curve.

4, Estimation from the sediment records.
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(1) KHOSLA'S empirical method

KHOSLA suggested that 0.75 acre feet per 1 square mile of
catchment area a year can be ‘applied to the Indus Basin as the
appropriate sediment yileld rate.

{2) Trrigation Research Institute formula

The sediment yield is calculated with following formula:

. Inflow 0.705 H 0.235
E =P x (Citchment Area L
where,
E ¢ Erosion in acre feet per square mile of

catchment area per annum

P : Erosion factor depending upon the composition
and weathering ability of the soil. For an
average Indus basin catchment, the value is
0.0096.

H : Difference in the level of the divide of the
stream near the origin of the lowest channel and
the point of iIntersection (ft)

L : Length of the longest stream upto the point of

intersection {(mile)

(3) Estimation from the generallized sediment rate and catchment

area curves.
Flg. A-5-26 shows the relationship between sediment yleld and
catchment area observed at "a selected reservolr" in the United

States.

(4) Estimation from suspended sediment recoreds. Suspended yield

can be computed using records of suspended sediment, as shown
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in Figs. A-5-10 to 15. Total run-off contains the suspended
sediment value obtalned from Figs. A-5-10 to 15.

Summary of design sedimentation i3 shown in Table A-5-2. The
values for design specific sedimentation vary from 1.0 to 2.0
A-ft/sq. mlle except for Simly dam which i1s 5.6 A-ft/sq. mile
(2,665 m>/kn’), and Rawal dam, which is 0.585 A-ft/sq. mile
(280 o /km).

The actual sedimentation of the Mangla, Rawal and Small dam

reservolrs are shown in Table A-5-3 to 5.

The results of examples of design and the actual sediment lead
to a relationship between specific sediment versus catchment
area, as shown in Fig A-5-27. TFrom Fig. A-5-27, the
erodibility can be interpolated at about 400 m3/km2 in the Haro
basin and about 900 m3/km2 in the Soan basin, within a range of

10 ~'103 km2 per catchment area.

AJ5.4. Specific Sediment

Estimates of the specific sediment of proposed reservoirs have

been calculated by the following methods.

1. Estimation by measuring water usage through the reservoir.
2. Estimation by using the trap efficilency of an existing

regservolr.
The results of the calculations are shown in Table A-5-10.

The values obtained by method (1) are generally seen to be
larger than the va;ues obtained by method (2), In deciding the
specific sediment to be applied to the facility designs in the study
it was desirable that it should be determined based on actual
measurement records of sedimentation in the reservoirs and suspended
sediments. Thus the values represent the specific characteristics

of the basins.
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A.6, Water Quality

Quality of river water is preatly affected with geology of the
basin, Water of rivers in the study area contains much suspended
sediment in wet season, and pollution progresses in some rivers in

the alluvial plain at downstream area,

Pollution reaches very high level in the Lel Nala due to
gsewerage from the Metropolitan area. Pollution progresses also in
the Jhablat Kas and the Sohan Nala which are tributaries of the Haro
river and the Kurang river, respectively. 1In these rivers,
therefore, it is required to provide the sewerage treatment
facilities capable of reducing pollution to tolerable level 1n early
date.

High sediment content causes not only sedimentation in the
reservoilr but also heavy load in operation of sedimentation tanks
and filtration tanks, Therefore, for watershed management reducing

the sediment production in the basin is now important subject.

According to the results of the water quality test shown in
Table A-6-1, characteristics and problems of water quality are

summarized as follows;

i) pH value ranges from 7.68 to 8.56, being slightly
alkeline,

ii) Hardness is generally high, ranging from 122 ppm to 600

ppm (equivalent to CaCO, content) and classified into

3
"hard" teo "very hard",

1id) Sulphate ion (804) content I1s high in the tributaries in
the alluvial plain, being considered due to pollution,
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iv)

vi)

vii)

viil)

Cholorine (cl) content is low (12 - 42 ppm), being
harmless in water use, However, cholorine content 1s
slightly high (80 ppm) in the Lei Nala,

Caleium (Ca) and magnesium (Mg) contents exceed
permissible level of WHO (Ca: 200 ppm, Mg: 150 ppm) in the
Dor and the Haro river basins. Some chemical treatment

will be necegsary.

Chemical oxygen demand (COD) is an expedient index to
sound the pellution level of river water. Although WHO
has not specified the permissible level, the value of 10
ppm 18 maximum permissible level in the Japanese Standard
for water supply. The value of COD ranges from 1.5 ppm to
7.5 ppm within 10 ppm, MHowever, COD reaches the high
level as 7.5 ppm in the Dhamrah Kas draining the sewerage

of Wah and Taxila industrial zones,

Ammonia nitrogen (NH4—N) content 1s remarkably high in the

Lel Nala which is severely polluted. Although NHA—N value
of Dhamrah Kas was not measured in this study, the value
is considered to be high due to high value of COD in this
river. In the rivers other than above rivers, the content
of NHA-N is within low level,

Suspended sediment concentration 1s very high in wet

season as menticned above.
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Table A-6-1 Water Quality in the Study Area

FAD Standard

"0 Standard for Drinlang Watet far ITrizatiun mater Bar Rivar Haro River 50an  Riwer
Substance uny MEbest Denrable laxime Pereisible W6 Tincreaiang Severe 30 Gv-1 Siie 1 Garmal ST 0hand TaT0 3 Wil ale s Wi KanLeTTR SR G RhGE Bt e T e Y R ST R e Rem e TS o T Tiely D ([N i 8o+ N Therah m tefore Lay malan Lo Wil G
svel Lavel Probles  Probles Probviem (g ‘8o 1 170 Dec., ‘M8 } 170 fec., ‘Ao ) L e} (17 Ueg,. 'B&) U2 Dog,. 'B6) LS Aug., BTV 5 aug., 811 0 5 tup., t8T ) (5 oy  vE7 ) A0 ) L8 g, tay ) WeSGTVELY Surfite v Xatef . Mier Sedlmentation Refare THIGTITREIEN (|0 Dec,, ‘8% LIS Deg, . +861 (13 Dec,, 88l
Calour unita 5 0 - [ 2 2 H 2 H 3 H [ 5 ‘ . . . - . 0 t5
Odour - Unabjsst Lonable Unobhectygnsbhie Unobpecrionable Unabjectionable Unohjeckionsble Unabjectianabhe Oh‘?tl-;itc:‘z‘ul\:ule Dhi::::‘;ll!:hle Unsbjectionable - Unohseceionable . - - Unpbjectionable Unobjectionible  Unobjectionahle Unabyectionnble Unobjectionsble Unobkecrionable Onjectionnble
Futs - Uebjectionatie Unobjectionable Unabpectionable - - - . . - - tnablectlonabia . . - B . - Unabjeckonabic - - B
Tusbidiey uaita . - - 100 [ 4 4 a 3 13 L] ? a 4 8 3 25 [ . 1o s
Sutprmded matter L iR H 25 - - - - - - - - - - . - - - . - - . -
Tetd) Diasolved Solid pps 500 1,500 o8 L] io M 14] 20 a2 516 410 s 250 7] 27 210 104 1o 294 252 486
Al tanty = - - . 08 200 182 195 134 L4 265 3 12 185 m 1o 105 102 108 B no 860
i teages - 6.5 - 8.5 LRI [ »ormal Range 5.5-8.4 ) T8 (7.1 7,87 [2.8) T.86 (7.5} 1,85 (1.5) 1.5 (LY 1.5 (1.8) 7.48 1,18 7.70 5.05 [H . L.56 5.0 {7.1) .27 B.95 815 (1.7) B.25 (2.7) 104 {7.5)
Totsl hardnesa Py Loa S0 - 560 180 200 560 800 540 90 498 100 o 338 126 122 124 10 - 500 80
o P - - .18 »s bR 1.73 1.5 1.8 s 15 5.0 3.78 15 6.0 1.5 1.58 L2 1.55 15.0 1.8 10
Carpomate  {00y) ppa - - s 318 H 308 470 100 130 55 198 50 190 00 95 90 93 %0 00 A 510
Hitarbonat e (:300)] fest - . s 45.255 2245 - 50 1,480 92 90 100 130 tEH 192 [$]] H 140 5 3?7 1 0 - ] 108
Ghleride (L) [ 00 00 OTH 141-152 2354 20 i 15 . 15 3 1% 1 58 10 42 1 is hi] 2% 0 % 0 0 50
Suifate (50 b Pret 00 +00 115 30 8.5 92 10 8 212 95 £l 290 m 30 a8 g %Y I s 105 500
Aosonia=N (M- M) F - - [ 5-in - 30 (0.4) 1<0.4) (.43 {<0.4) (50.41 (£0.4) . - - - - - (eh.4) - - {e0.4) (0.4} (z10.0)
Junged  (K0)-A) Fr= 9.01 o002 @00t 0.0015 0.1 rl 0.008 0,05 7.007 0.025 0.008 0.03 0,425 2.08 ml nil 0.005 nig 0,002
Meare-s M0R) ppa |10 1o .5 5-10 > 30 - . ; - . . 10 o.57 0.a 0.45 0.3 0.3 . ; . . . . .
lren (Fe) (2] . 0.z 1.0 ' 0.05 o.0% 0. a.0} 0,038 0.04 0.01% 0.02 0.03 0.02% 0.07 0.035 - ey - - 0.04 a.0? 0.06
Kangaaere () (] D.05 a.s ril nid [} n1t ni1 nil nil Al nil ml nid ntl - . - - il ml ml
Flusride  {F) Fpa 1.5 - . . . R . . . . . - R . - . . N
Lead (PB} PP 0.05 - - . - . . - - . - . - - -
Atsenic {As} [ 0.0% - . . . . - . . - - - - - - - . - . -
Chromrm (L7} o .48 - - R . . . . - - - - - - - B
Topper {Cu) =2 .65 1.5 - . . . - - - - . . - - . - . .
sing 13n) i 5 15 N - - . . - . . - . - - - . .
Fhmol Compaund il o.onl - - . - - N . - - . - - - - . - . -
{ranide Cowpound P Q0.2 - - . - P . - N - . - - - - B - - - -
Mertury {He) i - - . - - - - - . - B - - - -
Cadnicm (Cdy PP 0.m - . - . . R R . . - - - - B . - - . . -
Caleim iCa} ] % 100 174 HIY 113 s 146 ua H1Y 1T 100 o0 160 HH a a2 50 an 160 102 190
Hagresim (M) P 10 150 134 150 o 185 o 251 1z 100 104 98 £ 107 1 10 I . i 134 9% I9a
Sodim {vs) P - . . . R . . . . . . - - - - - - - - -
Silicars  (540,) pps - - - 0.03 0.02 .18 .03 0.02 nil nil n1l nil nil LTH - . - - - 0.02 0.0l
ECelo® ot 25 #icTosmhokfox - - C750  750-3,000 3,000 140 (L3 170 450 a0 200 114 657 325 50?7 163 151 e 197 98 294 110 353 280
A% - - - . . . - - - - - - - - -
baron Ppa - . . . R . - . . . . . - . . . - . . . .
Sorel  Watsr quality test has been conducted by the Liboratery of CIA on water Samples obrained by the atudy tean. f } shows the valus tested by the study tean.
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A.7. Watershed Management
A.7.1. General

The total catchment area of the three dams (Khanpur, Rawal and
Simly) is approximately 1,200km2. It extends 50 km between the
longitudes of 72°-55' and 72°-30' and 35 km between the latitudes of
33°-45" and 34°-05', Moving from east to west, the catchment area
is positioned on the borders of Simply Dam, Rawal Dam and Khanpur Dam,
The altitude of the catchment area varies from 500 m to 2,700 m.

The Khanpur Dam basin and the Rawal Dam/Simly Dam basin are
made up of Mesozole to Tertiary calcareous layers upstream and an

alternation of sandstone and shale downstream.

Annual rainfall is highest in the narrow area around Murree at
over 1,750 mm, Outside of it, almost the entire area on the left
bank of the Haro River upstream of Khanpur Dam, the area upstream of
Rawal Dam and the entire area upstream of Simly Dam have yearly

rainfall of over 1,250 mm.

The temperature is low in the Murree area during the summer and
snow falls there during the winter months (December to January).
Rawalpindi is located in the south of the catchment area and has
warm temperatures. The heat there in summer is comparatively severe

and winters are mild.

The climatic conditions of Murree and Rawalpindl are shown below.

Meteorology
Season Hot Monsoon  Post Monsoon Cold
Period (Months) Apr.-Jun, July-Sept. Oct,~Nov, Dec,-Mar.

Temperature (Ave) Murree 17.1 18.1 11.9 5.3
°C Rawalpindi  27.3 28.7 19.6 12.8
Relative Humidity Murree 47.6 8.7 51,2 58.2
(Ave) % Rawalpindi  45.3 . 69,9 64.8 68.6
Wind Speed Murree 5.0 3.3 4,0 5.1
Knots Rawalpindi 3.4 2,5 1.7 2.6
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A.7.2, Land Use Conditilons and Watershed Management Program

{l) Conditions of Land Use

. There is a relationship between the erosion of land and land
use. It 18 said the land management is influenced more by the
land's ability to resist erosion than by any other factor. Both
land use and crop management are extremely important to the progress

of erosion,

The land use conditions have been divided up by area and is

shown below.

Land Usge Khanpur Basin Rawal Basin Simly Basin
Catchment Area (km?) 778 275 153
Forest (%) 44 49,5 41,0
Cultivated Land 29 30.4 59.0
(incl. Shamlats) (%)

Range Land (%) 27 20.1 -
Total (%) 100 ‘ 100 100

The amount of land accounted for by cultivation is highest in
the Simly basin at 59.0%. It is 30 % for both the Khanpur and the
Rawal basins and around 1/2 of the area of the Simly basin., The
preservation of agricultural land is an Important task inm the simly

basin,
(2) Watershed Management Program

The purpose of the watershed management program is to reduce
the amount of sediment discharged to the proposed reservoirs and

stabilize the upstream catchment areas. Its main objectives are as

follows:

(1) Preservation and improvement of the soil.
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(44i) Reduction of sedimentation.
(111) Retardation of discharge.
(iv)  Improvement of forest and grasslands.

{(v) Rainforcement of waterways.

The main measures to be employed In the accomplishing of these

objectives are listed below.

(1) Soil conservation works.
(i) Management of forest areas.
(iii) Control construction upstream.

(iv) Sediment control dam and stock tank.

It 18 necessary to fine tune these measures applying them to

the conditions of the area in question.

The progress of the watershed management program 1ls shown in
Tables A-7-1 to 3., Simly basin is shown in Fig. A-7~1. Looking at
the progress of the Simly Dam watershed management program, the
proposed afforestation, fruit tree planting and check dam
construction is over 50 % completed., By contrast, the terracing and
gully control structures for agricultural lands has only progressed
about 20 %,

Compared to the smooth progress of watercourse construction
for afforestation and channel stablility, soll conservation fox
agricultural land and gullies is lagging. The key to the

implementation of the program is considered to be labor.
{3) Problems at the Present Time

A general outline of work in the 3 basins is shown in Table
A-7-4,

The main components relating to sediment discharge in the

basins are as follows:
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(i)} The propress of terracing, which was proposed as a measure
-to prevent the discharge of sediment from the agricultural
areas, has been slowed down because of the absence of

farmers from thelr lands,

(11) - Along with the immediate implementatilon of soil retaining
works and protective construction at the sites of
collapses and land slides the excavation (illegal
extraction) of aggregate at quarry sites should be

regulated and wasted lands replenished.

{i4i) The trend is for sediment yield and discharge per unit
area to become larger from the urbanized areas which
accompany the construction of housing areas than fromi
agricultural areas. Therefore, it is necessary to

regulate the expansion of urban and agricultural area.

(iv) TFor denuded lands without surface covering sodding work
and mulching to breed effective vegitation should be
employed and surface covering provided. Erosion of the
land due to water and wind progresses when vegetation is
lacking. The land should be covered with bushes, various
trees, grasses or vegetation to prevent erosion due to
rain. This will Increases infiltration into the ground

and decrease runoff.

The following items are related to sedimentation In reservoirs

and the monitoring of sediment rumoff.
(1) The establishment of monitoring facilities for
precipitation, river discharge, suspended sediment load,

and water quality,

(ii) The analysis of observation results,
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Table A~7-2.

Watershed Management for Rawal Dam

Target in 1986 - 87
Particulars of works Unit P,C.I scheme Target Achieved Remarks
Check dams Nos 750 1,050 1,300 6'H, 7'H and 8'H
Retaining walls Lft 5,000 7,000 8,000 3'H & 4'H
Wire crafes " 800 1,000 400
Bed walls Nos 80 80 62 4'H
Stone pitching Lft 2,000 2,000 2,500
Expenditure Ru - 5,800,000
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Table A-7-4 Characteristic of Reservoirs and Sediment
Name Khanpur Dam Rawal Dam Simly Dam
Completion Year 1983 1962 1982
River Havo R. Kurang R. Sean R.
Slope of River
Bed (Ave.) 1/30 1/20 1/16
sq.
Catchment mile 500 106 .59
Area km2 778 275.1 152.8
. A-ft 105,900 47,500 28,750
Resorvolr
JCapacity ¢ u. 130.63 58.59 34.46
Sediment A-ft } 8,950 -
Capacity  y c.m. - 11.04 ;
Shape of the 2.5km Width, 2 km Width, 0.5km Width,
Resorvoir 3 km Long 3.5km Long 4.5km Long
Around of Steep slope except
Resorvoir right abutment Flat slope Steep slope
Topography Around of Narrow valley, Comparatively . Narrow valley,
Upstream with steep slope ggntle slope with with steep slope
widespread :

Gravel and Sand
with few silty
soil at the high
water level on the
river bed

Sandy and silty
soil with few
gravel at the
water level on
the river bed

Gravel with few
sand at the high
water level on
the river bed

Gradation of

Sediment

ati and
Removal of Excav on

Sediment hauling by Dredging method  Dredging method
equipments
- T . .
: Available, Tight . i) .pie, Available,
Disposal abutment and
Area down stream of upstream and downstream of dam
dam only downstream, easily only
Road located right No road around No read around
Transport bank of resorvoir resorveir, pipe  resorvoir, pipe
Distance and the destance 1line taken about line taken about

about 6km 3km Skm
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(11i) FKnowledge of sediment conditions.

The results of the above investigations will be analyzed
to facilitate the planning and implementation of more

appropriate measures,
A.7.3. Factors in Dam Sedimentation

The main factors in sedimentation phenomena in reservoirs will
be consldered in light of the catchment area, which is the supply

source, and the reservoir itself.
(1) PFactors Related to the catchment Area

The followings are the dominant characteristics of catchment
areas: size, topography, geology, soll conditions, hydrology,
¢limatic conditions, hydraulic characteristics of river channels and

various human operations,
(2) Factors Related to Reservoirs

Reservolrs are dominated by an extremely large number of
factors. They include: the site of the dam, environmental
conditions, the size and form of the reservoir, the hydraulic
characteristics of the reservoir (mainly density-current),
vatriations In the water level of the reservoilr, inflow,
sedimentation characteristics, the trap efficiency of the reservoir,
the number of years the reservoir has been in operation, the methoed

by which the reservoir is operated, management conditions and

others.
A.7.4., Factors in Water Pollution

Water pollution i1s just as important as sedimentation.

The factors which contribute to water pollution are as follows.
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(1) Raw Sewage, Wagte Materials, Pesticide Use etc,

The following are considered to be materials related to water
pollution: organic matter, inorganic matter, chemicals from urban
and farming areas, waste oil. Also, pesticides used in the
sterilization of orchards and crops are considered to be factors in
water pollution. It is also thought that the pesticides adhering to
sediment and foliage pass through fish and livestock to accumulate

in the bodies of human beings and influence health,

{2) Grazing

Water buffaloes, cows, oxen and goats graze in the catchment
area. These animals defecate in the catchment area and water

containing organic matter flows into the reservoir with rain water.
A.7.5. Engineering Considerations
(1) Problems in Design

(a) Estimation of Design Specific Sediment

The first thing to be consldered in the planning of a
reservoir is the maintenance of hydrological conditilons
and supply during the period the reservoir is to be used.
Sedimentation volume is added to the storage capacity of
the reservoir in order to satisfy effective storage
capacity and supply volume requirements for the supply
period. When planning a reservoir it is important to
employ a rational design specific sediment value and not

underestimate,
Although the design specific sediment for Rawal Dam was

280 m3/km2, the average yearly value for observed
sedimentation was 747 mB/km2 from 1972 - 1984,
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{b) Sedimentatilon

A large number of dams have been built. Generally space
is made for sedimentation in the lower elevations of the
reservolr, However, according to recent reports sediment
{and scmetimes coarse grained mdterials) i1s distributed in
higher elevations near the full water level and the

position planned for sedimentation capacity is inadequate.

Flood waters become density-current in reservolrs bullt in
long, narrow valleys. They transport suspended matter and
exhibit unique settling characteristics, This
density~-current, along with the settlement and
accumulation mechanisms of the reservoir, 1s a factor in

sediment removal.

When there i1s an inflow of water containing silt and
celloid state clay Into the clear water of the reservoir,
the sediment from the density-current flows down along the
bottom of the reservoir due to the difference in its
density and that of the impurities (a function of gravity)

to form a settled sediment layer near the dam.
(2) Sediment Venting

When discharging flood water from overflow splillways, only the
clean water from the surface of the reservoir 1s discharged and the
sediment contalned in the dirty water remains to accumulate iInside
the reservoir, Occasionally outlets equipped with gates or special
curtains which help in the discharge of high density suspended
sediment are used. The sediment is discharged form the reservolr in
strata., Sediment must be moved while it is stlll in suspension 1if
it is to be discharged efficiently.

When sediment settles, the slope of the reservoir bed becomes

loose and the cohesive power of the accunulating sediment particles
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becomes greater due to the traction generated by water discharge.
This results in only an extremely limited amount of sediment being

discharged.
(3) Sediment Removal

The sediment in a reserveoir can be periodically removed by
dredging or digging. This method is often used to restore the
storage capacity of small reservoirs. It is also used to restore
storage capacity when the height of the dam cannot be raised and

other dam sites cannot be found,

The equipment needed for the economic removal of sediment
depends on the state of the sediment involved and the work site used
for its treatment. Pump dredging 1s the most economical methed to
deal with fine grained sediment. However, when sediment underwater
is to be dredged, a site for the treatment of dmpure water is
necessary. The removal of coarse grained materials requires digging

equipment,
(4) Control of Yield Sediment
(a) TForests and Grasslands

Because they are protected by a thick covering of leaves
and litter, forested areas are characterized by low
surface runoff, high infiltration rates and low soil
erosion, However, when forests disappear hydrological
conditions change and the danger of soll erosion and mass
movement becomes critical., The hydrologlcal state of
grasslands and the effects they have on soll ercsilon are
related to the climate and grawing levels. Mismanagement
of grasslands can lead to serlous consequences in
semi~arid areas, Overgrazing will result in considerable
changes iIn the runoff and an Increase in erosion

activities,
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(b) Structures

The following structures are built to control the amount of
sediment flowing into reservoirs: sediment control dams,
retaining walls, matresses, spur dykes, sediment control
dams with spillways attached, sediment control dams for
gullies, crates etc. These structures can be divided up

by purpose. as follows.

(1) Structures built downstream from eroded areas to trap

sediment,

{(1i) Structures bullt on eroded areas to halt sediment

production.

Structures for the control of gullies not only stop the
production of sediment but also lessen damage due to land
loss and lower land values. They also function as small
storage pools. To reduce erosion on river channels
gediment dykes, constructilon for rapids and grading are
needed, The primary source of sediment is thought to be
the erosion of river channels. Therefore, the
effectiveness of structures to control erosion can be
evaluated by the level of yield sediment flowing into
reservoirs, Among these structures are constructions for
raplds and matresses built to control gully érosion,
retalning walls and root strengthening bullt to lessen
dyke erosion, and bed strengthening bullt to prevent

riverbed variatilon,
(e) Land Reformation
Land reformation i1s an effective and economical method of

reducing soil erosion and sediment yield when sheet

erosion is the main source of sediment production. It
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reduces the amount of sheet erosion due to water flowing
over the land surface and that results in the prevention
of sediment production. Varioug methods of land
conservation have been developed according to special
combinations of soil quality, surface covering, slope and
rainfall in order to reduce erosion and sediment yield.
Soil improvement, proper farming methods, strip cropping,
terracing, crop rotation etc, are considered to be among
them. When organic materials are added and soil quality
improved the infiltration rate is dncreased and runoff on
and erasion of the land surface is reduced. The
infiltration rate can also be increased by such farming
methods as basin listing and contour plowing. Terracing
not only increases the infiltration rate, it shortens
effective slope lengths and thereby decreases erosion as
well.

The covering of the land surface is the most effective and
easy land conservation method avallable for sheet erosion.
Upper and lower ribbing, proper crop rotation, catch
cropping, use of fallow fields, growth of feed grailns are
all employed as protective covering to reduce surface

erosion and conssrve the land.
A.7.6. Evaluation of Sediment Control Methods
Just as "prevention is the best cure", once sediment has
accumulated in a reservolr its removal is generally difficult and
costly. The following 1s an investigation of the applicability of
various control methods to the area in question.

(1) Land Conservation Methods

Afforestation and land conservation measures are extremely

‘effective in the long run and are favoured by most countriles.
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According to the experience of the United States, soil loss can
be out down 99,5 % by laying ground normally undey cultivation
fallow, It is, however, extremely hard to find effective short term
methods of controlling sediment yield when one has to work against

all of nature,

A 16~year watershed management program has been implemented in
the S5imly basin and a l-year program in the Rawal basin. Because
data on sediment yleld and sedimentation comparing the programs is
insufficient the effectiveness of the measures employed cannot be
evaluated, but judging from the comparative experiment conducted at
Mangla Dam, land conservation measures can be expected to be very

effective.

The "Missa Experimental Area" to which watershed management
technology has been applied and the "Missa Control Area" which was
left untreated, both of about 200 acres each, were chosen for

comparative experiments in the hydrological behavier of sub-tropical

Z0ones,

The relationship between precipitation, sedimentation and
tuncff is shown in Figuer A-7-2, According to the results of the
experiment, continucus treatment of the experimental watershed
improved its quality. The experiment also shows that there was a

large amount of runoff and erosion from the unimproved watershed.
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(2) Sediment Control Dams

The following are the purposes for which sediment control dams

are constructed.

(1) To make the slope of stream beds gentler and prevent

longitudinal erosion,

(ii) To control sediment production from hillsides by raising
the stream bed stabilizing the foothill.

(ii1)} To control the discharge of unstable stream sediment.
(iv) To store discharge sediment.

(v) To adjust and regulate discharge sediment.
(vi) To prevent and control the flow of debris.

Because sediment control damé are in the form of a delta they
are built upstream for the purpose of trapping coarse grained
material. They are planned in order to reduce the inflow of coarse
grained material and are not effective for fine grained. Because
the discharge sediment oflthe three rivers is composed mostly of
fine grained soil, it is difficult to decide where a sediment
control dam should be built. 1In Japan there are over 500 sediment
control dams 15 m in height and the sediment dredged is used for

concrete aggregates.,
{(3) Flushing

The water level in the reservoir must be maintained at H.W.L.
for this method and sediment is flushed out through bottom outlets.
It is only used for reservoirs with a small ratio between capacity

and inflow and a large outlet capacity. this method is
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contradictory in that sediment is flushed ocut while water is stored
for drinking and dirrigation use. Generally it is applied to
reservoirs which have excessive yearly inflow. Also, there needs to
be enough outlet capacity that the -sediment can be flushed, None of
the existing three dams have outlet facilities and the application
of this method would be difficult,

There 1s a case reported in China in which outlet facilities

were expanded after the dam was completed and this method applied.
(4) Dredging

Generally digging equipment for coarse grained material is used
when sedimentation is composed of coarse grained material. This
equipment generally comes with simple suction jet system cutters and
suction dredgeds. Because the gravel and sand dredged can be used
as aggregates for concrete they are stocked for transport, Silt and
clay are stored in a settlement pool for dehydration. The
application of this method should be reexamined when it is clear
what the'sediment conditions in the reservoilr are, but the following

atre expected.

(1) Because it is thought that the grain composition of the
sediment yleld 1s comparatively fine, sediment at 1s
expected to be found accumulating on the side of the old

river channel rather than in the density-current.

(11) The bed load can be observed from high water level to near
low water level as delta accumulation, but because it
still has not been very many years since Khanpur Dam and
Simly Dam were completed their present conditions are

unclear,

(ii1) It is thought that using digging in the dry season for the

removal of delta accumulation will be more economical.
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for accumulations underwater and fine grained sediment
from the density-current digging could be done with a
dredging machine and sediment transported using a

pipeline,

A,7.7. Recommendations Concerning Watershed Management and

Sedimentation
(1) Continuocus Program

It is necessary to prepare a phased watershed management
program revolving around afforestation and land conservation
construction. Each phase should be continued over a long period of

time and expanded.
{2) Monitoring and Program Evaluation

The hydrological characteristics of a the basin are closely
connected to sediment yield, sediment discharge and sediment
accumulation and they can be considered the main contributing

factors.

Flow obsexrvation and the analysis of the data obtained is

necessary for a clear understanding of sedimentation phenomena.

Watershed management programs are ilmplemented for the purpose
of sediment discharge prevention., However, discharge records
concerning sediment yileld, one scale by which to evaluated a
program's effectiveness, are lacking. In order to know how much
sediment is being discharged, obserxvation stations should be
established and data on ralnfall, discharge and sedimentation
collected and analyzed. This would then be used in an evaluation of
the watershed management program for the purpose of assuring the

functions of the reservoir.

A-194



#

A flowchart of a monitoring system is shown in Fig. A-7-3,

Table A-7-5 shows a study of monitoring and sedimentation, In

addition to the monitering system, the use of data from Landsat will

make 1t possible to obtain a wide variety of information on such

things as sedimentation, sediment discharge, topography, soil

quality and foliage changes., This will all be useful in the

planning of management programs,

The main equipment needed for observation facilities i1s listed

below.

(a)

(b)

(c)

Rainfall Gauge

The following should be kept in mind when positioning a
rainfall gauge:

1) Undification of the observation network
ii)  Acquisition of rainfall intensity (for the estimation

of maximum discharge)

iii)‘ Detection of initial rainfall.

Rainfall gauges should record automatically and be capable
of making observations by wireless radio from the

supervising statiom.

Water Level Gauge

The water level gauge will be placed on the river and
should be capable of measuring flow during both flood and
dry seasons, It should be a floating type and capable of
making observations by wireless radio from the supervisory
statlion.

Water Quality

Water quality observation should be performed close to the

point were discharge measurements are made. Pollution
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arising from such things as discharge sediment, sewage,

pesticides and construction should be observed.

(d) Sedimentation Measurement

The amount of sediment is a reservolr will make it clear
how much sediment is being produced in the upper reaches.
This data will help in the evaluation and formulation of
watershed management programs to extend he life of the

reservolr.

(3) Sediment Removal

The method employed in the removal of sediment depends on the
distribution state of sediment in the reservolr. Therefore a study
of sedimentation is necessary before planning can be done. When
choosing the method to be employed feaslbility, effectiveness,
construction costs etc. should be investigated and the most feasible

method available employed.
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. Table . A~7-3 Monitoring and Survey of Sedimentation
} ~RAWAL STMLY KHANPUR g;uom:
. 60 Bari Kargan | 533 Murree B4 Barkot
Rainfall | PXISEINE b oo Rawal dam 383 Khanpur
gauging l : ) ' 2
staticn i 3 statlons 2 stations 5 stations
Proposed
newly nevly newly
_ KRGO 2, sono 1.
Water Existing Chhsttar Chaniat
level i KRGO 1. R
. | Bari Kargan
gauging ' 2
stations Proposed 1 station 1 station Hare R. 1 station
newly newly Nilan K. 1 station
Near by water
Suspended sediment level gauging Same as Rawal Same as Rawal 2
observed: and test
. station
Water Quality - do -~ - do - - do - 3
Watershed Need to be Continuation As soon aé
Management continued with | of program possible 1
Program maintenance
Hydro—
graphic Complete survey of reservoir 2
Survey survey of I— {(Longitudinal and cross-section)
of reservoir
sediment
deposits | Character- Boring or trenching, sampling, testing (Density
istics of and gradation) 3
deposits &
Dredging Dredging Dry excavation
Apply to removal method method method 4
1. Disposal area 1. Disposal area
2. Transfer distance 2. Access road
Survey of applied 3. Field test 3. Field test 5
method -~ friction loss - workahility

— ecritical velocity
- abrasion of pipe

A-198



A.8, Data Used for the Study
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A.8.1, Meteorological Data
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Table A-8-1-3 Mean Monthly Sunshine Hours at Chaklala (Rawalpindi)

hrs/day)
ANNUAL

.

(Unit

JAN. FEB. MAR. APR. MAY JUN. JUL. AUG. SEP. OCT. NQV.
11.2 6.8

YEAR

8.7
9.1

6.9
8.4
6.8

8.5
9.7
8.7

10.1

9.5
8.3

10.4

8.2

7.0

6.5

1957
1858
1959

8.3

9.0
8.4

10.6
9.1

8.8
8.8

12.1

7.1

8.7

5.8
6.4

3.2
8.8

7.6
9.1

9.2
8.1

11.4

9.3

7.4
5.6

7.5

7.1

7.1

8.6
7.9
8.6

11.3
10.3

8.4
8.7

8.7

6.9
6.8

6.8

1960

1961
1962

8.4
3.6

7.3
7.0
8.1

8.8
9.6
9.7
10.4

8.4
8.4

9.4
9.0
9.1
9.2

8.0
9.8
10.0

10.8

7.4
7.4

11.1
11.0

10.7

8.2
7.4

8.3

8.8
8.5

7.5
8.0

9.5
8.2

9.8
10.9

5.4
7.1

8.8
6.5
6.0
5.4

6.1

1963

6.9

9.9

9.8
11.0

1964
1965
1966
1967
1968
1965
1970
1971

8.2
7.7

7.7
10.0

8.7
8.8

- 8.3

9.5
10.5

6.8

6.6
6.4
6.7

7.1

5.8
8.4

3.4

7.7

5.9

9.3

9.3
8.9
11.4

7.3
8.3

7.8
8.1

4.4

6.9
8.1

8.1

8.5
7.9
7.9

8.2

8.4
8.9
8.5
9.9
7.1

11.3

5.8
7.1

7.9
4.9

8.2

5.0

2.8
9.3

10.5

8.0
8.5

7.4
7.6

8.3
9.3

8.1

10.5

7.4
10.4

8.1
5.8

6.4
7.6

5.9
6.5
6.9
5.0

6.0

9.1

9.0
8.4
8.8
7.8

9.6
8.4

9.8

9.2
a9.0
9.7

10.0

8.9
8.1

[}

7.9
7.5

6.3
7.1
5.0

8.5
9.1
8.7

9.6
10.4

8.3

8.9

7.1
8.3

7.6
10.6

9.2
8.5

9.0
10.5

8.4
6.6 2.4

7.3
6.0
6.3

5.8

1872
1973
1574
1975
1976
1977
1978
1979
1980
1881

A-20)

6.4
6.8
6.4

7.7

9.7

8.8
8.3
9.2

7.5
7.2

9.4
6.6
8.2
6.1

10.9
11.3

7.9
5.1
7.5

8.1

7.8

7.4

9.1

9.1

10.8

5.4
4.4

6.4

8.3
8.0
8.2
8.4
8.0

8.4 7.9

9.1

8.4
7.1
8.9

8.5 10.2 10.5

7.1

9.0
6.9

7.2
8.8

8.1

9.4

8.0
11.7

10.4

10.7

5.6
6.6
7.8

9.6
8.9

9.1

9.6
8.4
9.6
8.7

8.0
8.6
7.6
7.5

10.0

9.4
11.2

8.5
9.8
o.4

9.5

6.5
5.6
6.0
8.6

5.7

6.0

6.4

9.9
8.4
9.5

7.1

8.1

8.9
10.0
10.8

10.6
10.8

5.3
6.3
6.3
6.8

6.5

8.7
‘9.9

5.4

1982
1983
1984
1985
1986

4.8

6.5

9.5
8.7

Ly

9.5
11.1

5.4 8.6

5.4
8.7

7.7

4.7

7.4
8.4
6.3

6.6

8.0

9.2

7.6

6.4

7.8

4.2
4.9

o -
o 'eo

9.9
8.6

8.4 "
7.8

7.3
7.4

9.8

10.
11.3

8.5
3.1

6.8
6.1

5.9

.9
7.6

10.2 8.5 8.5 3.6 8.0 8.1 6.5 8.2

10.1

6.4 6.8 6.8 8.5

MEAN

RMC

Data Source
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fean Monthly Wind Speed at Chaklala (Rawalp

Table A-8-1-4

knots)

(Unit

AUG

ANNUAL

NOV. DEC

OCT.
3.5
3.5
1.1

4.6

SEP.

JUL.

JUN.
6.7

MAY

APR.
6.4
5.9
5.0

MAR.

FEB.
4.2

JAN.
4.2
3.

YEAR
1954
1955
1956
1957
1958
19569
1960
1961
1962

2.7
2.8
3.3

3.2
3.7

)

4.7
3.9
4.9
4.7
4.0

5.8 5.7 3.3
3.3

5.3

5.4
5.2

6.5

6.1

2.9
3.6
3.0
2.1

3.2
4.5

5.7
5.4
7.1

4.1 4.7

2.8
4.1

3.0
2.5

N

5.3
5.8

7.0
6.4

4.2

6.0
4.3

4.0

4.1

4.7
4.2

5.8
5.8

5.3
5.0

5.1

3.1

2.4
3.8
2.8
3.1

N

3.3
3.9

4.1

6.5
5.6

5.5
6.6

3.2

3.9
3.0

L
0

4.9
4.0
4.2
3.2
3.5

6.1

5.3

6.0
6.2

4.9
5.2
3.9

2.3

4.5
4.5

4.2

3.5
3.5

3.2

5.1

5.2
5.1

5.7

4.5
3.8

4.0
2.9
2.0

3.7

5.9

5.8
5.0
4.7
4.4
4.7
5.8

3.1

2.7
2.5

3.1

3.6

5.3
4.5

5.5
4.2

2.9
3.1

1963
1964
1965
1966
1967
1968
1969
1970
1971

3.6

3.0

2.5
2.6

3.2
3.5

5.1

32l

2.4
1.9
2.8
2.2

3.7

4.6
3.8

2.2
3.2

3.2
4.1

1.9
2.0
2.6
2.5
1.9
0.5

2.4
3.6
2.2
2.0
2.0

3.2
3.7
3.0
2.7
2.9
1.1
1.0
0.5
1.4
1.3
1.1
0.6

0.1

4.4

4.3

4.2

3.4
5.9
3.7

3.0
2.5

5.3
4.0
3.5
3.9

5.0
3.9

£

5.7
4.0

3.3
2.8

4.3

3.6
3.6
3.9

3.7

1.3
2.2

1.7
1.3

3.5

3.7

[

tn

2.3
2.0

4.6
2.6

4.1

4.5

34

0.6

1.5
1.2
0.6

2.6 2.7

2.0

3.0

&

1.6
1.6
1.1

1.6

0.5
0.2

[Sp]

1.6
0.9

2.6

1972

0.4
0.8

0.2

0.2

1.5

1.5

19753
1974
1975
1976
1877

0.4
0.3

0.1

0.8
0.7
0.5
0.4

1.8
1.5
1.5

0.9

2.1

1.7
2.4
2.3

1.2
0.8

1.2

1.3
1.1

0.8
0.6

0.1

8.5
0.3
0.3

0.1

2.0

1.7
1.5
1.0

4

1.5

1.6
1.1

0.8
0.5
0.7

0.1

1.1
1.1

1.3
1.3
1.4

0.2

0.3
0.1

0.2
0.3
0.3
0.4
0.4

0.3

0.4

0.7

0.3
1.0
0.5

1.2
1.6

0.5
0.6

1978
1979
1980
1681

0.2
0.6
.4
0.6
6.5

0.1

1.5
0.6

0.6
0.6

1.2

0.8
1.3

1.0
1.6

1.1
1.0
1.8

1.1

.9

0.5
0.3
0.4

0.5

1.7
1.9

ar]

0.9

1.4
0.8

Ll

1.6
1.4

1.2
1.5
0.9
0.8

0.3
0.2

1.3
1.6

1982
1983

0.8

0.4
1.3
1.2

0.9

0.8

Xp]

0.8

1.9
1.6

2.1

1.2
1.6
1.1

1.4

1.1
0.4

1.1
0.5

0.1

0.8
0.9
0.5

1.2
0.8
0.4

1.6
2.2

0.9
2.4
1.5

1.7
2.0
1.8

1984
1985
1986

2.1

1.5
0.9

1.3

1.8

1.7

1.8

1.7 2.6

1.6

2.0

3.1

3.4

3.4

3.0

2.2

MEAN

RMC

.

Data Source
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Table A-8-1-7 Mean Monthly Wind Speed at Murree

knots)

.

{Unit

. JUL.

DEC. ANNUAL

NOV.
5.4

4.2

OCT.
4.5
4.5
6.6
7.4
4.5

SEP.
3.1

JUN.
5.3
6.3
5.9
6.3
6.5

MAY

5.5

APR.
6.7
7.2

FER.
5.0

JAN.

5.3

YEAR

AUG.
3.2
4.3

5.9

4.7
4.6
5.5

7.6
3.8
10.2

1954
1955
1956
1557
1958
1959
1960
1961
1962

5.0

6.9

[=2]

5.7

5.0
5.0

7.3

6.3
7.9
6.0

8.6

8.2

=+

7.0
5.6
6.7

4.8
5.1

4.5
5.1

4.8
4.6
4.8
5.3
4.5

7.0
7.7
i0.90

5.3
7.0
5.8
9.2
7.1
6.8
8.7

7.8
5.3
4.4
5.3

8.5
5.9

7.7

5.1

4.7
4.7

5.7
5.3
5.6
6.7
4.7
6.6

7.4
3.2

9.2
3.9
7.9

4.7 7.2

4.3

3.7

6.7

5.5
8.4
7.0
8.9
6.8
5.1

5.6

5.3
4.5

4.8
4.4
4.9

4.5

4.7
4.4
4.3
3.7

6.2
6.7
7.4
6.6
6.5

2.0
7.3
7.6
7.6

9.1

5.8
6.5
5.0
7.2

6.3
6.0
4.4

5.6
5.1

5.5
4.6
7.4
7.2
3.8
5.9
5.5

5.1

1963
1964
1965
1966
1567
1968
1969
1970
1871

3.9

5.3

7.8
7.7

4.9

7.2 6.1 4.4 4.0 3.6 3.4 3.1
2.4 3.4

6.1

8.5
6.4

tn

2.9
4.1

4.7

2.6

7.5

5.0
4.9

4.4

4.9
6.7
5.6

3
4.8

by

4.4

4

3.8
3.5
3.8

4.4
4.1

6.7

4.8

6.2

A~-207

4.2
3.3

4.3
3.3
2.2
2.5
2.7

3.2

2.4
2.2
2.5
1.9

2.3
3.1

2.7
2.6
1.4
1.4
1.5
1.8

1972
1873
1974
1975
1976

2.4

4.6

6.0
4.9
3.9
2.7

5.8
4.7
4.7

6.1

7.5
5.7
2.7

2.4
2.7
2.6

2.5
2.7
2.2

1.8
1.6
1.6
2.2

1.6
2.2

[3p]

2.8

™~

2.4
3.8

2.5

2.0
1.6

3.1

3.4
2.6

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986

3.0

3¢ ]

2.7

Y

2.8
2.5

=< D
oL

2.8
2.0

2.0
2.7
1.7
2.5
1.5

2.8
2.1

2.3
1.9
1.9

2.9

2.7
1.8
2.7
2.3
2.5
1.6

2.5

2.7
1.0
2.5
2.3
2.5
2.1

£

3.0

2.7 3.3

2.5
2.1

2.9
2.0
2.2
3.8

1.8
3.0
2.1

1.8
3.3
2.2
2.8
2.8

7y

2.4

[Lp]

2.3
2.9

2.7

2.6

3.0

[
£

3.1

t

2.7

2.4
3.0

3.2
3.6

2.8
2.3

3.5

3.1

2.2

2.8

2.4

N

5.3 4.2 3.4 3.2 3.4 3.9 4.0 4.9 4.4

5.4

LN

4.9

5.0

MEAN

RMC

Data Source



A.8.2, Precipitation Data
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Table A-8-2-2

Monthly Mean Precipitation at

Various Stations

{unit: mm)

Monthly Mean Precipitation Annual Recorded Data
Station Jan, Feb, Mar, Apr, May Jun. Jul, Aug, Sep., QOct. HNov, Dec. Total Max Min Period
Abbotabad record not received 1,456.0 1,499.8 1,400,0 1983-1985
Attock 17,0 31,6 70,7 58.6 0.0 49,8 33,2 1I32.%1 59.3 33.1 1.9 T7L.5 558.6 record too short 1984-May 86
Bagh 66.1 122,3 124,1 90.1 88,7 103,3 278.6 202,1 84,5 54.3 33.5 46,9 1,296.6 1,636.0 1,093.9 Hay 61-79
Bagla 86.3 173.1 226.3 189,7 116.5 91.8 390.7 289.4 157.6 82.6 58.3 80.4 1,943.0 2,868.8 1,066.5 Aug,52-68
Bahtar 53.7 56.0 66.0 36.3 25,2 25.5 151.6 195.7 43.9 21.0 19.6 64.2 758.8 1,176.9 351.1 Sep.52-68
Balakot 96,5 157.8 182.7 138.9 79.5 101.8 352.,2 129%.9 116,3 42,0 48.1 71.9 1,687.6 2,528.3 1,115.1 May 57-May B6
Ban 77.2 83.8 149.4 109.3 64.8 72.8 332.7 376.7 132,3 67.3 31.8 81,4 1,579,5 2,423.1 1,198.4 Sep.52~68
Barkot (RMC)  115.5 114,4 134.6 102,7 50.1 56.9 260,0 272.8 113.7 62.3 45.0 87.6 1,415,5 2,320,0 610,0 Sep.52~Jul.68
{8WH) 86.1 141,4 132,1 BO0.4 59.0 67,3 197.0 273.6 109.8 43.3 23.3 64.5 1,277,9 1,488.9 7B6.1 Nov,62-79
Battal 82.9 136,1 136,4 136.0 69.7 56,0 152,2 122.,1 52.6 52.7 39.2 71.3 1,107.3 1,746.,7 643.6 Mer,52-Apr.83
Bhangal 142.5 143.8 201.2 130.5 77.1 B3.8 387.2 354.0 147.8 84.7 52,9 98,2 1,903.7 3,175.1 1,238.8 Sep.52-68
Bhara Kao 53.4 47,7 8l.4 44,6 30,6 29.2 265.0 397.6 100.4 21,0 15.6 28.9 1,115.3 poor record Aug.52-May 69
Bharre 87.8 107,3 127,6 105.5 42,8 35.0 296.9 271.2 139.4 48,3 35,1 B6.6 1,383.6 2,150.5 1,071.9 Jul,55-68
Campbellpur 55.0 33.4 56,2 48,3 29,6 20.0 128.0 105.8 48.2 18.0 4,1 56.4 613.0 923.1 428.3 Apr.52-Nov.65
Chaklala 62.3 67,8 78.2 57.2 37.8 57.3 254,0 287.6 101,5 30,3 19.6 32,2 1,085.8 1,735.1 708.9 1952-86
Cherat 57.0¢ 72,1 106.0 66.9 38,3 25,2 103.9 117.9 235.8 17.% 17.1 39.9 698,1 1,537.7 421.7 1931-May 86
Danda Shah - 27.4 40,6 39,9 15,2 23,6 150.6 167.6 50.5 .0 0,0 0.0 - record too short 1975
Bilwal
Dhok Pathan 28.5 34,8 52.8 22,4 29,7 52,6 149.0 197.9 75.8 3.7 4.3 8.3 659.9 9119 413.7 Nov, 70-79
Fateh Jang 32.9 48,3 63.4 35.1 22,4 37.7 177.2 215.5 47,1 21.8 13.5 28,3 743.2 1,567.2 285.2 1948-May 86
Garhi Dopatta 105.3 147.0 183.6 145,3 97.0 107.5 284.6 257,2 120,2 62,0 34.0 71,9 1,633.6 2,332,5 992.1 L4956-May 86
Garhi 82,9 41,9 121.6 131.,1 5%,6 37,8 297.7 379.2 89,2 13,5 5.6 47,2 1,307,2 record too short 1960-Jun.6l
Habibullah
Garlala 45.5 62,7 121.4 10.9 31.8 6.4 173.2 82,3 81.0 6.9 46,5 1,3 669.9 " 1379
Gujar Khan 34.5 53.8 53.4 40,7 32,6 47,0 174.1 222.1 73%.3 12,5 10.3 25.1 779.3 1,039,6 528.4 Aug.60-79
Haripur (RMC)  49.5 62,1 80.9 53.6' 38,5 36.0 170.5 180,33 73.0 26.8 15.4 28.8 819.6 1,230,0 556,0 Hov,52-83
(swd) 39,7 B83.3 82,1 61,0 51.3 45,1 200.7 224.1 97,4 32,1 19.6 35.9 972.5 1,211.3 695.2 Aug.60-Nov.72
Jalbai Bl.0 96.2 110.2 65.2 23.2 77.1 193.7 182.6 45,5 16%.1 30.8 42.3 1,116.9 poor record 1976-Aug,86
Jhangi 39.9 50,6 59.3 S58.3 29,8 35,8 203.0 209.1 68,6 13.0 10.8 33,3 8l1.6 96B.4 69%.7 1960-Sep.68
Kahuta 62,0 66.4 93,6 56,6 35,3 34,0 263.6 272.5 111,0 36,7 22,8 18,6 1,073.3 1,940,2 699.2 Aug,52-May 69
Kakul 67.6 100.4 126.2 111,9 73.9 76.7 258.6 251.,8 95,1 S$7.7 35.8 53,7 1,300.1 1,635.1 1,029.4 1953-86
Kallar 39.1 69.1 64.2 49,6 29.4 54,5 181.1 255.1 93.3 19,0 12,0 28,8 895.1 1,2355 651.2 Aug.60-79
Karor 74.4 90,2 107.5 78.6 40,0 44,5 295.9 - 247.2 109.5 53.2 46.7 57.4 1,245,1 1,931.6 783.7 Sep.52-68
Khanpur 56.1 70.2 97.9 59.7 30,4 37.8 219.9 291.7 103.4 30.7 24.4 42.0 1,064,2 2,016,1 657.3 Jul.54-86
Kirpa 73.3 60.3 73.7 69.9 36.5 56.0 226.8 241.9 94.0 24,2 20.5 31.2 1,008,3 1,643.6 692,9 Sep.52-68
Xurd BZ.6 45.2 82.3 47.1 24.9 27.0 260.4 238.2 108.1 36.2 21.7 49.2 1,023,0 1,424,7 786,2 Aug.52-68
Lahore {(Small) 58.9 61.7 103.4 46.1 28,3 63.6 22B.1 174.7 48.4 58,9 29.5 59.2 961,0 poor record 1976 Aug.86
Langrial 106.6 68.8 94.8 67.3 34.0 25.8 235.9 188.2 85.0 54.1 30.8 42,7 1,034.1 1,395,5 668.8 Sep.52-Jul.62
Lora 112.1 114.9 145.6 115.6 6B8.1 51.0 305.8 281.5 131,3 57.1 36,1 81.6 1,500.8 2,079.4 676.5 Aug.52-68
Mira Begwal 72.2 63.6 90.6 58,2 32,3 28,0 316.4 260.9 130.8 39.6 19.6 76,7 1,188.,9 1,%49.,2 914,0 Sep.52~68
Mangla 38.1 S51.4 42,8 34.31 28,1 44,8 221,9 223,7 82,6 10,3 8.9 26.7 813.5 1,260.3 624.4 1960-79
Mianwali 14,1 22,0 53,1 32.5 1%.1 24,5 88,8 109.2 53,7 11,2 8,4 9.9 447.6 862.8 136,3 Aug.59-MayBé
Mohra Bakhtan 59.6 107,0 90,3 72.7 34,9 48.0 318.3 338.4 98.7 42,7 15,3 31,1 1,257,0 1,830.0 831.2 Sep.52-68
Hurree 126,4 123,8 153,5 119.9 76.4 117,7 346.1 341,8 141,0 58.7 28,1 56.1 1,689.5 2,398,5 L,135,9 1931-86
(*) 131,7 128,%9 157.9 124.5 85.7 120.7 347.8 338,3 150.1 69.3 34.3 60.1 1,749.5 2,289.7 1,295.1 1952-86
Muzaffarabad .
(RMC) 97,3 121.9 156.8 115.5 72.1 96.3 305.1 279.0 110.4 48.0 36.0 68,8 1,507,4 2,077.7 1,093.6 1955-Hay 86
(SWH) 71.9 133,2 115.2 104.6 72.0 84,2 263.5 256.5 100.3 46.0 26,9 59.3 1,334.7 1,616,7 1,079.4 1962-79
Rara 52.8 &44.4 74,6 69.5 44,3 31,5 175,2 202,5 74,9 37.5 26.1 33.4 B66.8 988.,4 516.6 1953-68
Wathia Gali 91.9 106,9 61,9 204.3 111.0 116.3 229.0 245.6 136,9 92.9 34.9% 45.9 1,477.6 poor record Sep.59~Sep.68
Palandri (RMC) 99,5 121,.7 137.5 114.3 60.2  53.4 331.0 309,0 125.7 65.8 35.5 8L.4 1,535,1 2,440.9 1,045.8 1955-0ct.70
(SwH) 82.6 129.,2 99.6 ©52.6 58.8 90.5 271.2 244,3 89,6 38.3 25.4 60,1 1,282.2 1,590.4 1,000.4 1962-79
Panjar 83,5 99.3 107.5 B88.9 39.7 42,8 296.8 286.4 122,9 45,7 33.6 52,4 1,299.5 1,995.4 903.0 Aug,52~68
Papin 36.1 64,0 68.2 12,7 41.0 55.0 220.8 224.9 72.9 6.1 1.3 5,7 B814,7 poor record Feb,75-79
Pind4 Gheb 16,2 22,7 57.7 42.8 11.5 31.8 175.9 108.4 32.2 27.8 9.7 40.8 577.3 725.3 401.2 19B84-May 86
Phulra 58,0 94.7 82.2 67.2 42.9 66,1 132.5 232.9 65.9 41,5 15.0 30.7 929,6 1,322.5 588.3 1969~79
Rawala Xot 81.2 133.9 139.5 128.9 88,9 122.0 229.3 178.0 82.5 51.9 35.3 53,9 1,325.3 1,568.0 1,016.4% Jul.60-79
Rawal Dam (*) 50.8 79.7 B84.8 58.3 41.2 69.0 247.9 337.1 120,6 31,2 16.5 37.2 1,174,3 1,447.5 893.7 1963-79
Rawalpindi 58.7 59,9 72.4 49,4 40,5 79,5 84,4 216.3 109,1 35.7 19,0 31.6 961,8 1,798,8  439.8 1980-51
Sai 61.5 57.7 76.8 62,3 35,4 18,2 202,7 262.9 71.8 32,0 17.6 34.8 933.8 1,254.5 471.9 Aug.52-68
Saidpur 73.2 34.3 90.9 51,1 24.4 37.7 257.1 313.7 132.2 21.2 21.2 38.3 1,095.4 poor record BSep.54-Mar,64
Sang Jani 44.3 59.4 T79.4 79.6 40.3 26,7 263.6 196,5 85,9 5.1 11.B8 4l.4 933.9 1,571,% 706.5 1954-68
Sheh Alladitta 59.5 51.5 79,6 44.9 28,3 24,5 241,5 296,2 94,9 31.6 25.4 58,2 1,036.2 1,701.6 673.4 §953-68
Shinkiari 62.1 131.7 121.6 1146.8 59,5 74,2 263.0 265,5 B8.3 48.8 29.1 45.3 1,305.9 1,604.9 997 .4 Mar.61~79
Sultanpur 38,5 44,5 57,8 40,5 21.4 15,4 143.6 t72.4 B3.4 20.4 17.9 43,3 699.1 1,009,2 411.0 Sep 5268
Swabi §6.6 50.3 85,5 .52.4 17,5 57.1 285,9 241.4 54,7 53,8 38.9 14.5 1,008.6 poor record E976-Aug.86
Tajwal S4,1 70,0 173.9 179,27 79.6 72.4 2B5.2 269.7 121,7 50,9 39.6 73.6 1,470.3 1,545.8 1,149.,4 Sep.52-Jul.6d
Talagang 12,9 13,7 34.7 48.2 0.0 15,9 274.,6 240.0 50.8 0.8 11,0 26.0 728.4 record too short 1984~Jun.B5
Tamair 97.2 72,4 1072.1 79.1 37.5 1.6 306.0 285.8 122.9 39.2 22,6 62.3 1,263.7 3,346.5 874.7 Sep.52-68
Tarbela Dam 32.0 67.8 69.3 52.0 33.2 41,9 128.0 184.0 Bl.1 19.1 14.2 34,8 757.4 1,016.4 513.3 Hov.B60~79
Thandiani 386.7 498,2 416.0 343.0 251.6 296.5 503.1 530.6 87.1 50.8 91,1 30.5 3,485.2 7,095.0 1,397.0 1976-83
Tret 96.7 92.5 117.9 103.9 64.0 43.2 295.6 2337.3 116.2 71.0 26,0 49.3 1,413,5 1,850,9 1,142.4 Aug.52-68
Hate

(*) ... record is interpolated.
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" Table A-8-2-16 Monthly Precipitation at Murree (Long Term: 1931-86)

YEAR
1931
1932
1933
1934
1935
1934
1937
1938
1939
1940
1941
1942
1941
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1955
1957
1958
1959
1940
1961
1962
1943
1944
1945
1946
1967
1968
1949
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

ipas

HEANR

533 MURREE
JAN FEB
60.2 0.0
4$2.0 92.2
80.0 89.9
94.8 104.7
227.8 82.0
B83.1 201.2
59.2 190.5
148.8 197.9
EEsAxid SXADx AN
Eraazis ktedsza
64,3 44.8
188.5 221,58
245.4 70.6
130.0 110.5
134.4 2.0
31.5 81.0
70.4 64.0
&1.2 151.1
45.8 174.5
244.4 131.3
138.9 119.4
126.2 145.5
172.9 47.3
238,48 221.2
35.8 5.9
84.1 35.8
243.3 43,7
29.5 25,9
94.5 i41.8
112,90 7.4
151.1 115.3
21.46 1a5.7
0.0 115.1
255.3 72.1
51.3 207.0Q
0.3 212.9
5.6 207.3
211.8 126.2
£2.9 103.4
120.4 118.9
Q9.0 147.8
SETRALE BRIMEER
205.5 139.2
137.9 249.2
§2.4 1?75.0
265.4 344.8
237.1 40.3
"295.3 134.1
155.8 108.7
134.7 170.4
240.2 135.0
241.4 130.¢9
311.1 8.5
4.2 305.9
122.0 28.3
52.5 8.0
1246.4 123.8

72.1
222.0
0.0
88.4
sERKEEN
EEXTAR L
144.3
46,0
196.9
170.2
110.7
85.9
69.1
407.2
234.4
167.9
126.5
145.6
56.4
153.2
145.0
236.2
213.9
153.2
124.0
183.4
72.%
142.2
235.0
49.4
151.1
164.1
229.4
119.4
113.5
143.8
32.0
EABANERT
2436
22.4
$13.4
175.4
15,7
170.4
za7.
212.1
310.2
280.3
179.9
25.9
644

71.1
302.5
1467.4
117.9

9.0

EEXRERN
TRABEI N

48.3
143.0
149.4
131.1
177.3

15.7

20.8

78.7

47.5

82.4
125.5

33.5
119.4

4H.3

56.4

3.5
257.8

46.5
109.0

80.8
249.7
119.9
137.7
155.7
3a9.1
173.7
181.1

72.4
114.8

51.3
180.3

EEEEEES

75.2

4B.4
112.9
128.46
209.0

43.8

59.7

24.2
134.9
208.0
215.4
117.9

79.5

1931 1984 1931

HAY

34,0
XXM ERER
EEEEXEX
59.7
75,7
123.4
91,7
§54.1
53.8
45.3
56,6
41,0
33.0
B9.4
&0.1
76,2
&1.0
B7.1
1.3
13¢.0
£0.0
173.0
£5.5
Ta.7
83.3
80.0
71.4
208.3%
94.0
113.8
27.0
111.90
25.4
15.6
AAzNExE
100.8
79,0
74.8
S5.4
160.9
52.7
122.5
23.8
196.7
128.1%
87.8

HUN

ExEAEEN
TEkEwny
85.1
82,2
57 .4
134.4
51.1
?0.9
83.8
94.2
124.7
105.4
80.0
102.1
55.9
54.9
5.9
187.7
72.4
17.8
123.4
3d4.6
92.2
89.4
a1.8
74.4
T2.4
118.9
43.9
100.48
55.1
104.9
519.4
Eadkasz
108.0
22d.1
150.5
G448
200.4
a18.7
84,1
118.8
94.1
844
61.9
183.8
56.2

AL AFRE
335.0
24h4.1
354.3
284 .7
4B89.9
301.8
254.3
248.7
3146.0
354.8

310.1°

195.3
415.8
343.7
3117.3
408.9
616.7
200,4
322.1
557.8
430.8
"107.4
301.%
296.9
4L01.1
355.9
276.9
277.1
349.8
220.0
243.1
213.4
162.8
105.3
349.5
398.9
405.3
§23.5
565.8
246.9
351.0
4544
206.3
277.6
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ALG

Awnshag
253.5
174.3
9.1
545.3
474 .4
286.3
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521.2
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281.%
2848.8
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2B6.3
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417.3
275.1
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459.4
262.4

) 405.7
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12.9
33V.4
344.8
468,35
43t.5

SEP

184.9
27.4
220.5
27,2
90,9
177.3
91.7
29.7
AREEE RN
130,48
323.6
159.3
d01.9
100.8
155.4
112.5%
196.1
15.5
130.0
73.%
29,2
Th.b
199.1
241.6
122.7
81,8
78.2
132.8
299.7
120.1
301.8
164.%
180.1
269.5
32.5
209.3
173.2
23.9
100.3
314.2
. 22.9
223.0
94.0
48.0
100.5
221.4
221.5
286.1
1466.7
146.2
130.5
18.4
81.7
121.0
152.2
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15.0
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4B .1
9.7
44,2
72.1
78.2
15.0¢
2.5
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47.5
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84.48
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7.2
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17.0
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1403.1
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1628.5
1573.8
1266.2
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iv30.o
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Table A-8-2-17 Monthly Precipitation at Rawalpindi (Long Term: 1890-1951)

YEAR
1890
1391
1892
1893
1894
1395
18%4
1897
1898
1899
1900
1901
1902
1903
1904
1705
1904
1907
1908
1909
iri10
1711
1912
1913
1714
1915
1914
1917
1918
1919
120
irel
1922
1923
1924
1925
1924
1927
1928
1929
1930
1931
1932
1933
1934
1935
1934
1937
1938
1939
1940
194t
1942
1943
1944
1945
1944
1947
1948
1949
1950
1%51

MEAN

652 RAWALPINOI

JAH

40.9
51.3
106.7
131.3
29.0
?3.7
?1.7
Sé.6
3.3
54,5
88.4
47.3
0.0
19.1
119.4
102.¢9
13.5

FER

22.4
1.3
40,4
119.4
4.8
2244
41,1
29.5
4.6

13.2
95.8
&3.5
78.5
27.7
4£3.2
101.14
29,2
44.0

59.9

126.5
153.2
23.1
48.8
24.9
29.8
123.7
56.1

112.9

4.5
3b6.4
185.7
38.46
20.6
284.0
59.4
45.0
100.8
131.8
102.4
82.3
12.7
101.4
102.1
9.5
&42.5
L4.7

174

49 .4

1890 1951 1890

HAY

33.5
1.1
17.8
18.3
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SN HOUWOOoORNOOM
B raQNNOO+OOoOm ~EW-o

55.4

40.5

Jun

7.5

JuL

143.8
130.8

17.8
142.2
208,7

46.9
488,46
358.1

82.4

25.4
158,2
110.0
284.0

73.7
200.7
286.5

14.7
319.0
129.0
161,5

53.3

89.2

71.4
381.5
235.7
140.2

9.9
253.7
452.9
228.9
177.3
275.8
193.5
2316
322.1
323.3
235.5
122.4
165.9
148.3
a31.4
309,46
173.2
ido.o
184.9
257,0
331.5
229.4

85.9

53.4

184 .4
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AUG

222.8

125.2
113.5
119.¢6
202.7
243.8

95.2
406.7
134.9
473.2
233,9
393.2
130.4
164.1
320.3

1.4
238.3
374.9
i70.2
230.1
528.8

21.9
i7r.2
308.1
143.5

43.9
114.4
469.9
182.14

4B.8

4790

221.7
192.%
157.0
217.9
377.7
379.2
248.2
111.8
257.4
119.4
313.¢
207.0
141.0
3p5.6
108.1
195.8

75.7
12¢.7
184.9
257.0
331.5
268.3

216.3

87.0
0.3
154.

7.4
81,2
142.5
30.0

1 807.1

259.1
54.8
82.9

219.5
78.2

1.8
57.2
9.5
47.5

274.3
51.3

189.5
10.1
8.6
85.1
28,9
42,5
14.7
42.2

102.4
47.0

9.1

144.3

117.4
34.3
54.6

154,7
53.8

140.0
25.8

209.8

110.5
137.4
12.4
9.4

109.1
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A.8.3. Discharge Data
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Table A-8-3-2 Monthly Mean Runoff at Various Sites
D.A. Monthly Mean Runoff (MCH) Annual Runoff Data
Station (kmz} Jan, Feb, Har, Apr. Hay Jun, Jul, Aug, Sep, _Oct., Nov. Dee, (MCHM) (mm) Period
Indus River ’
Darbnad 166,019 1,158 1,060 1,445 2,210 4,688 14,277 20,036 18,140 8,300 2,868 1,697 1,340 77,219 465 1960-Apr.74
Siran River '
Phulra 1,057 22,3 34,7 73.B 82.4 56.7 36,8 85,2 99,8 44,1 29.5 19.0 17.3 601.8 569 1969-79
Thapla 2,797 40.3 61.9 111.7 123.6 #89.6 49,8 112.8 146,8 B84.9 51.2 37.3 39.2 949.1 339 Mar.60-May-74
Dor River
Rajoia 292.3 7,34 7.11 12,60 1L.47 9,51 9.05 14,00 21.71 18,17 14,20 9,20 8,85 143,21 490 1971-Avg,.81,
8486 '
D-1(*1} 292.3 4,64 7.46 B8.76 7.74 5.13 5.58 12,48 17,20 10.95 7.38 4.80 4.12 96,24 3290 1960-80
Dw~1{*2) 517.7 7.61 12,32 14.36 12.58 B8.27 8,94 19,78 27,38 L7.42 11.73 7.67 6.66 154,72 299 1960-80
Mekhan 605.9 4.09 10.34 11.71 12.97 9.21 11.18 2B.41 42.98 23.47 15.84 6.94 &.44 181,58 300 1971-Wov.77
Haro River
H-4(%3) 498.5 7,69 11.78 23,31 18.07 10.55 8.68 23,72 50,96 31.20 12.85 6.00 4.069 209.50 420 1960-80
Ehanpur (¥4} 778,0 12,00 18,39 36.38 28,20 16,47 13,54 37,02 79,53 48.69 20.03 9.36 7.32 326,95 420 1960-80
© Sanjwal 1,800 27.4 31,7 45.1 37.8 27.1 24,9 74,9 136.3 67.1 27.6 22,3 24,1 S546.3 304 1960-79
Gariala 3,056 28.2 26.4 56.5 31.6 24.7 34,0 139.6 257.5 90.4 33.6 24.4 26.1 773.0 253 1969-19
Jhablat Kas
Hasan Abdal 248,6 13,41 11,57 13,91 12,88 12,89 10,46 17.10 27,70 13,40 11,75 12,15 13,21 170.43 686 Oct.61-Jun.65
Handna Kaa
Shghpur Dam(*5)203.9 1,08 1.45 2.05 0,98 0,94 . 1,01 15,15 15.86 3.72 0.90 0,62 0.78 42,54 209 1960-80
N-1(*6) 462.0 2,45 3,28 4.64 2.22 2,13 2,28 29,79 -35,94 B8.43 2.03 1.40 1.76 96.35 209 1960-30
Malal Kas
K-1(*7) 82.8 1,94 2,27 2,00 0.86 0.34 1.07 9,03 14.00 4.47 0.85 0.40 0,80 38,03 459 1960-70
Soan River
Simly Dam(*8) 152.8 2,80 4,62 6,23 3,86 1,30 2.71 15,94 28.83 12,39 2.37 1.21 1.10 83,43 546 1960-80
Cherah 326.3 5.20 9.54 13.12 7,71 2,27 6.23 34.30 62.25 26.21 4,51 1,91 1.71 174.96 536 Apr.50-80
Cherah(*9) 326.3 5,53 9.33 12,95 7,71 2.27 6.23 34.31 '62.25 26.21 4.51 1.9 L.7L 174,92 536 1960-80
§-1(*10) 341.1 5,78 9,75 13,54 8,06 2,37 6,51 35,87 65,07 27,40 4,71 2,00 1.79 182.85 536 1960-80
Sw~1(*11) 1,472.8 20.2 24.8 32,1 22.7 10.2 18,4 125.0 192.3 76,1 15,9 10.3 10.7 558.,7 379 1960-80
Rawalpindi 1,684 23,1 2B.3 36.7 25.9 11.7 21.0 142.9 219.9 4&7.0 18.2 11.8 2.2 638.7 379 1960-80
Dhok Pathan 6,475 32.7 47,9 70,4 24,3 16.3 35.% 328,5 588.4 140.2 32.7 17.4 23,8 1,358.5 210 1964~79
Makhad 10,749 146 192 307 264 183 186 1,552 2,006 994 246 137 82 6,295 586 1971-85
Ling River
Kahuta 145.0 1,74 3,28 4.14 3.81 1.15 Q.64 11.66 18.77 9.9 1,59 0.64 0,94 58,30 402 Aug.6l-May 71
Kahuta(*12) 145.0 2,47 4,13 5,43 3,36 0.90 2,53 15,69 26,34 10.24 1.B9 0.82 0.76 74,56 514 1960-80
L-1{*13} 285.0 3.55 5.93 7.80 4,82 1.29 3.83 22,54 37,84 14,7) 2.72 1.18 1,09 107.10 3756 1960-80
5il River
SL-1(*14) 237.6 1,26 1.6% 2.39 1.l4 1.09 1.17 15,32 18.49 4.34 1.05 0.72 0©.91 49,57 209 1960-80
Chahan 241,0 0.88 1,38 2,65 1,02 1.23 1.28 16.56 20,05 4,05 1.09 0.71 0.%4 52.04 216 Jun.52-80
Chahan(*15}) 241,0 1.28 1.71 2,42 1.16 1.11 1.19 15.54 18,75 4,40 1.06 0.73 0.92 50.27 209 1960-80
Wodala Kas
Papin 554.0 3.1 3.4 4,0 0.7 0.5 5.4 57,2 86,4 25,6 3.1 0.6 0.7 1%0.7 344 1975~-Nov.80
Kanshi River
Palote 1,111 3.7 5.6 6.6 2.9 1.5 9.1 60.5 B6.4 24,9 6.6 3.3 3.3 214.4 193 Apr.70-79
Jhangi 1,197 6.4 7.3 10.5 8.0 4.5 4.7 43,1 56,4 25,6 2.8 2.3 3.0 174.6 146 1960-Jun.67
Jhelum River
Kohala 24,890 501 703 1,641 3,022 4,280 4,774 3,885 2,603 1,505 859 619 498 24,890 1,000 1965-80
Karot 26,677 534 691 1,628 2,936 4,108 4,317 3,639 2,751 1,579 836 630 511 24,160 906 Apw.69-79
Note) 1. Runoff 1s derived from observed record at station not marked by *,
. Runoff is derived from atudy at station marked by *,
* 1: by Tank Model developed at Khanpur using rainfall at Kakul,
% 2: by Tank Model developed at Khanpur using rainfall reduced to 0.965 at Kakul,
* 3: derived from Khanpur record by drainage area ratio.
* 4: adding left bank intake to observed reecord.
* 5: dervied from Chahan recoxrd (*15) by drainage area ratigo.
L H - ditto -
% 73 by Tank Model developed at Cherah and Kahuta using rainfalls at Rawal dam and Chaklala.
* 83 derived from Cherah record (*9) by drainage area ratio and adding water intake for urbsm water.
* §: interpolated by correlation with Rawalpindi record for the period from January to March 1960.
#10; derived from Cherah record (*9) by drainsge area ratio.
*11: derived from Rawalpindi record by drainage area ratio.
*1217  dnterpolated by correlation with Cherah record (*9) for the periods from January 1960 to 20 July 1961
and from 11*June 1971 to December 1980.
*13: using annual runoff height estimated by Tank Model developed at Kahuta an% drainage area ratilo to
Kahuta,
®14: derived from Chahan record (*153) by drainage area ratio.
*15: interpolated by Tank Model developed with the record at same peint for the period January 1960 to 10

May [962.
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FIGURE A-8-3-1  TANK MODEL AT KHANPUR

Location Khanpur  (Haro River)
9 Initial Water
Drailnage Area 778 km Depth (mm)
Top Tank
g | 015
E. El |- x 0.08
]
Study Period 1963 - 75 (13 yrs) 2p 2l x 0.0
T 0.300
Second Tank " 0
£
Areal Rainfall 1318 mm/yr &y p xom
in Study Period Toas 0
Third Tank
Weight
Rainfall Station _(%)  Adjusted - *0.012 0
x 0.08
Fourth Tank
Kakul 3
v
Murree 29 % 0.972 | «o.007 540.0
Barkot 57 ¥ 0,008
Rawal Dam 11
Evapotranspiration

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Evapotranspiration 1.4 1.9 2.7 4.1 5.4 6.0 4.8 4.1 3.6 2,9 1.9 1.4 1,224.9

(mm/day)
Note: Evapotranspiration = Potential Evapotranspiration x 0.8

Operation 1: [Evapotranspiration subtracted from top to third tanks,
from top tank when water in top tank, from second tank
when no water in top tank, so on.

Operation 2: Evapotransplration reduced to 80% when ralny day.

Hydrological Water Balance (Average in study Perlod)

Areal Observed Computed Evapotrans—- Ground Water
Rainfall  Runoff Runcff piration Recharge
(mm/yx) (mm/yr)  (mm/yr) (mm/yr) (mm/yr)
Water Depth 1,318 363 381 711 226
Ratio 0.275 ¢.289 0.540 0.171
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FIGURE A-8-3-2  TANK MODEL AT CHERAH

Location Cherah  (Soan River)
. 2 Initial Water
Drainage Avrea 326.3 km Depth (mm)
Top Tank
p T X 0.30
gwgrmmXDJS
Mg x .05
Study Period 1963 - 75 (13 yrs) I 0.25
Second Tank 0
<]
g
Areal Rainfall 1318 mm/yr l“f" x 0.15
' in Study Period * 0.10 0
Third Tank
Weight
Rainfall Station (%) Adjusted I xo0.08 0
Fourth Tank
Murree 85 % 0.917
Rawal Dam 15 b 1. X 0008 10,0
Ty o.03
Evapotranspiration

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Evapotranspiration 1.4 1.9 2.8 4.1 5.5 6.2 4.9 4.2 3.7 2.9 1.9 1.4 1,246.3

(mm/day)
Note: Evapotranspiration = Potential Evapotranspiration x 0.8

Operation 1: Evapotranspiration subtracted from top to third tanks,
| from top tank when water in top tank, from second tank
when no water in top tank, so on.

Operation 2: Evapotransplration reduced to 80% when rainy day.

Hydrological Water Balance (Average in study Period)

Areal Observed Computed Evapotrans- Ground Water
Rainfall Runoff Runoff piration Recharge
(mm/yr) (mm/yr)  (mm/yr) (mm/yx) {mm/yr)
Water Depth 1,318 453 459 704 156
Ratio 0.344 0.348 0.534 0.118
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FIGURE A-8-3-3  TANK MODEL AT KAHUTA

Location Kahuta  (Ling River)
2 Initial Water
Drainage Area 145 km Depth (mm)
Top Tank
A = X 0,30
Ei g e xo0as
Study Period 1962 -~ 70 (% yrs) 8*[31 x 0.05
R — X 0.25
Second Tank 0
g
Areal Rainfall 1258 mm/yr Ei fe. X 015
in Study Period Ix 0.10 0
Third Tank
Weight
Rainfall Station (%) i 0
x 0.08
Fourth Tank
Murree 50
Kallar 50 S S x 0,008 13.0
Ix 003
Evapotranspiration

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Evapotranspiration 1.4 1.9 2.8 4.2 5.6 6.3 5.0 4.3 3.8 3.0 1.9 1.3 1,264.6
(mm/day)

Note: Evapotranspiration = Potential Evapotranspiration x 0.8

Operation 1: Evapotranspiration subtracted from top to third tanks,
from top tank when water in top tank, from second tank
when no water in top tank, so on.

Operation 2: Evapotranspiration reduced to 80% when rainy day,

Hydrological Water Balance (Average in study Period)

Areal Observed Computed Evapotrans~ Oround Water
Rainfall  Runoff Runoff piration Recharge
(mm/yr) (om/yr)  (mm/yr) =~ (un/yr) (mm/yr)
Water Depth 1,258 391 401 714 143
Ratio 0.311 0.319 0.567 0.114
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FIGURE A-8-3-4  TANK MODEL AT CHAHAN -

Location Chahan (811 River)
. 5 Initial Water
Drainage Area 241 km Depth (mm)
Top Tank
gt g x 0.15
ET g4 [ x0o08
Study Period 1963 - 80 (18 yrs) 2E Ty X 0.03
Second Tank * 028 0
g
Areal Rainfall 981 mm/yx ET“.M % 0.10
in Study Period I 0.20 0
Third Tank
Wedght
Rainfall Station (%) Adjusted T * 0.002 0
‘ X 0.06 A
Fourth Tank .
Chaklala 100 x 0,929 i
x 00004 20,0
I x 0.002
Evapotranspiration

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Evapotranspiration 1.4 2.0 3.0 4.4 5.9 6,7 5.4 4.6 4.0 3,0 1.9 1.3 1,328.6
(mm/day)
Note: Evapotranspiration = Potential Evapotranspiration x 0.8

Operation 1: Evapotranspiration subtracted from top to third tanks,
from top tank when water in top tank, from second tank
when no water in top tank, so on,

Operation 2: Evapotranspiration reduced to 80% when rainy day.

Hydrological Water Balance (Average in study Period)

Areal Observed Computed Evapotrans- Ground Water
Rainfall Runoff Runoff plration Recharge
(mm/yr) (nm/yr)  (mm/yr) (mm/yr) (mm/y)
Water Depth 981 204 211 605 159
Ratio 0,208 0.215 0.617 0.162
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