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1;3.' Runoff Déta_'

Runoff data available in the vicinity of the Project Area are
_tabulated in Figure B-3, and out of these data, ‘threa runoff
&ischarge data observed at Khanpur, Cherah and Chahan stations dare
collected as shown in Table B-31 to Table B~33, of which location 1s
shown in Figure B-4,

These data on’ daily basis will be necessary to build the Tank

Model for analyzing runoff discharge in the Kurang River basin, of
which detail descliptions are given in subsequent chapter,
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FIGURE _BwQ. HYDROLOGICAL STATION AROUND PROJECT AREA
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‘CHAPTER 11. RUNOFF ANALYSIS

2.1, Rundff”nischa%ge Estimated by SDO

Small Dams Organization (Sh0) dealing with water management and
control of the Rawal Dam sincé 1962 has an estimated inflow
discharge to the Rawal Dam on the daily basis for the period of 25
years, 1962 £971986;‘ These iﬁflow discharges are estimated based on
the dailyrobservation,daté such as released discharges from the
Réwal Dam, spilled discharges and variation of storage volume of

Rawal Reservoir as expressed in the following equation;

Inflow Discharge (Q1) = AV + QL + Qs
.where;. &Y .

: QL

Qs

#

-Yariation of Storage Volume

B

Released Discharge
- Spilled Discharge

]

TébleaB—Bé tabulatesrﬁﬁe estimated inflow diséharge to the
Rawal?Dam:éﬁ-ﬁoﬁthly-basis. Out of these inflow discharges,
five-yeafs déta;'1962‘to 1966, aré,pf monthly basis and the
remaining 20~years data, 1967 to 1986, are of daily basis.,
According to'these data, inflow discharge to the Rawal Dam is
estimated at about 81.7 MCM on average for the period of 25 years,
1963 to 1986. Eased'on'these_déta, runoff discharge at the Rawal
damsite coq1d be'estimated.at about 100.9 MCM on average as shown in

Table Be38,”depending'upon'tﬁe following considerations;

--Water losses in the Rawal Dam éonsisting of water seepage
.-and evaporation are assumed to be 9.2 MCM in total, 0.9 MCM
of seepage and 8.3 MCM of evaporation.

- Diverted-water of 7.6 MCM/annum at the upstream of Rawal Dam
for the domestic water supply purposes should be added to
- inflow discharge thus estimated,

.—_ Negative inflow dischérge in the tabulation of daily
o calculation prepared by -8D0 is assumed as follows;
e If eotal discharge adding water losses to negative
inflow is smaller than zero, inflow discharge is
assumed. to be zero.
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2.2, Estimation of Runoff Discharge by Tank Model Method

Rrunoff discharges of the Kurang River at the Rawal and proﬁoséd
K~2 damsites, which have the catchment area of 275.1 sq.km and 137,0
sq.kn respectively have been estimated by applying the theoretical
wmethod so as called Tank Model Method because reliable 10ng term
observation data are not available at the both- sitest Subsequent

paragraph discusses the estimation of runoff discharge by Tank Model

Method.

2.2.1. Procedures of Runoff Analysis

The catchment area-of the Kurang River has a fault between. the
Kurang River and Margalla Hill, WNorthern parts of the fault in the
Kurang River basin consist of limestone in geology and is.qﬁite
similar to those of upstream area of Khanpur in the Haro River
basin. On the other hand, southern parts of the fault cousist of
sand stone and mudstone, and their topography is formed with
complicated formation by mountain and alluvial plain. These:
mountainous areas are similar to these in the upstrean of Chersah- in:
the Soan River., TFurthermore, alluvial plain areas_ar§ similax-tb‘-

those in Chahan of the S$il River.

Taking into- consideration the above mentioned, the runoff
discharges of the Kurang River were analyzed for a 35~yeaf,periqd-‘
from 1952 to 1986 by the Tank Model Method, which_was“designed for
the stations of Khanpur'in the Haro River, Cherah im the Soan River
and Chahan in the Sil River. Their results were applied‘to,estiméte
the runoff discharge of the Kurang River, considering the'followihg.

elements of each river basin.

Element of Run—off Discharge fatimation

Horchern
farcs of Fault Southern Parzs of E‘ault
Hountainous Hountainous |
- Area . Area Plain Arsa
Classificacica of Cacchmant  Areal Haro Rivar, Sgan Rivar, 511 Rivar,
Xurang River Basin Area Rainfall Khanour Model Cherah Madsl Chahan Hodal
{5q. k) (o) ) [§3] %)
Upstream of Raval Dams 138.1 1,267 BEEN 26.6 - 40,3
lpserean of K-2 Dam 137.Q 1,356 2.4 &t.7 : 10,2

1/t exclusiva of ¥-2 Dam catchment ares.
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Figure B=5 shows the Tank'Model_buiit in three river basins
menﬁioned above, whlch are formulated bhased on the verification
pétwgenﬁrgiqfall and discharge in each river basin. Figure B~6 to
Figure B-8 indicate the relationship between computed and observed
runoff discharge'in the three river basins.

2.2.2. Areal Rainfall

EAreal_rainfalls'in each catchment area of Rawal Dam and K-2 Dam
wasfestimatgd,bn'the daily basis for the periods of 35 years, 1952
to 1986, by applying Thiessen method as shown in Table B-39 and

Table B~41, and they are summarizéd as follows;

Estimated Areal Rainfall

Catchment Area Catchment Area

. I;eﬁ o of Rawal Dam of K=2 Dam Total
. Catchment Area (sq.km) 1381 137.0 275.1
Annual Areal Rainfall (m/  1,267.4 1,555.6  1,410.9

1/ Used rainfall stations;
Rawal Ddm: Rawal Damsite and Barkot
K-2 Dam : Rawal Damsite, Barkot and Murree

2.2.3. Reéuits of Rﬁnoff Analysis

By using tﬁé above mentioned procedures, the runoff discharges
at the both damsites are aﬁalyzed for the periods of 35 years as

shown in Table B-42 to Table B~44, and théy are summarized as

follows;
Estimated Runsff Digcharges -
: o Rawal K-2
S ITtem N Damsite  Damsite Total
Catchment Area (sq.km) : 138.1 137.0 275.1

~- Annual Runoff Discharge (MCM) 40.9 62.1 103.0
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2.3. TEvaluation of Estimated Runoff Discharge

Runoff discharges estimated by the both methods mentiohed‘abdve

are summarized as shown belows;

Lstimated Runoff Discharges in Kurang River

W/0 Project W/Project
Rawal Rawal D-2
Ttem Damsite Damsite Dams;te Total

Catchment Area {(sq.km) 275.1 138.1 13? 0 275.1
Annual Areal Rainfall (om) 1,410.9 1,267 .4 1,555.6.  1,410.9
Annual Runoff Discharge (MCM)

By SDO Estimation 100.9 - - -

By Tank Model Estimation 103.0 40.9 52;1 103.0

As is observed in the above figures, about 2.1 MCM of runoff

discharges equivalent about two percent of the estimated discharge

are different between both figures. However, it can:be;qonsidergd.

that the usage of the runoff discharges estimated by applying

Model Method would be more practicable and rsasonable in: case.

Tank -.
that .

the project plan inclusive of K--2 Dam is formulated, because of the

following reasons;

~  Runoff discharge at the proposed K-2 Dam could not be.

estimated by using the specific discharge based on the Rawal.

damsite data calculated by SDO, because the rainfall
wmagnitude in the catchment area of K-~2 Dam is quite.
different from that of Rawal Dam catchment area.

- Cpnsiderable unreliable observed and calculdted data are

included in the SDO record.

~ Unreasonable runoff discharges are observed in 5DO data
during the periods of January and February as shown in

Figure B-10.

-~ Difference of estimated discharge of about two percent is
deemed to be permissible extent in the terms of calculation.

In the project plan, therefore, the estimated runoff discharge

by the Tank Model Method will be used for hydrological study such as

reservolr operation study,
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CHAPTER III., WATER QUALITY ANALYSIS

,Waﬁer qualitf'analyses fér the Kurang River and its related
w&ﬁef‘wére madéqby the Study Team'in the course of field work from
irrigation and bacteriological view points As the results,
following data are collected '

1) - - Results of water quality analysis for two samples for-
' 1rr1gatioﬂ purpogses (gee Table B—46)

S 4d) Results of water quality analysis for five samples for
~domestic water purposes (see Table B~47)

114) 'Results of water quality'analysis for nine samples for
domestic water purposes (see Table B-48 and Table B-493)

TABLE B-46. RESULT OF WATER QUALITY ANALYSIS

Results of Analysis

- Ltem No.l No.?Z
pH ' : '
Conductivity mmhosicm 0,29 0.32
Nitrate (N} ppm _ 0.50 1.20

. Phiosphate (P) ppm 0.003 - 0.050
Potassium (K) ppm- ' 21.00 28.00
Natrium (Na) ppm 1.40 _ 1.40
TIron ppm . 0.20 _ 0.01
“Calcium + Magnesium mg/lit 0,40 0.44
Chlbride - mgflit 1.80 3.00

Note: 1/.... Chemical analysis of above items was conducted by
' ‘National Agriculture Research Center (NARC)
2/... Above water is sampled at the following points by
Study Team;
No.l: A little upstream of the proposed K-2
. ‘damsite '
No.2: ‘Proposed Kec-2 head work
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TABLE B-49, BACTERIOLOGICAL ANALYSIS OF KURANG RIVER WATER

Most Probable Number of Coliforms 
per 100 ml of Sampled Water

No. bl/ : Infinite
No.?2 : 300
No.3 : - 100

No.4 : Infinite
No.5 : 200

Note: Analyses were made by Central Engineering Laboratory,
CDA on February 14, 1988.

1/: Location of water sanpling sites 1s . same to- the
site mentioned in Table B-47, '
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'ANNEX C. GEOLOGY AND CONSTRUCTION MATERTALS

In this Feasibility study stage, the following investigation
was conducted to obtain information relating to dam foundation and

'to the property of construction materials.

‘1) "Core Drilling
~ Cote Drilling : .
" Left ADULMERE seveoicinososes Depth 40 m (131 ft)

River Bed sebossserapavwsssace 51 3 (168 ")
: Right ADULHENT +.vsvrearecsee T 40 {131 )
_ Right Abutment Saddle ...... " 30 {98 ")
__Total . 161.3m (528 ft)
Permeability Tests in Drill Holes ' 30 Nos,"
-~ Rock Tests of Rock Cores _ _ o
Specific Gravity!Absorption Test - 12 Nos,

" Unconfined Compression Test = _ 12 Nos.
2) Test Pits and Hand-Auger quihgs

Test Pits

in Borrow area = -5 Nos..
along Canal Alignment : 7 Hos.

- _Hand Auger Boring

in Borrow Area __" 5 Nos.
3) Soil Tests

- Physic&l Tests

‘Specific Gravity ....... ASTM D854 5 Nos.

‘Moisture Content_....... ASTM D2216 5 Nos.

Gradation «.....veveu.s. ASTM D422 5 Nos,

Liquid Limit veevvoee.o.. ASTM D423 5 Nos.

Plastic Limit .;........ ASTM D242 5 Nos.
'~ Mechanical Tests '

Compaction Test ........ ASTM D698 5 Nos.

Compaction Teet'.........ASTM D1557 2 Nos.
Permeability Test ,..... ASTM D2434 5 Nos.

C-1



FIGURE C— 1 LACATION OF EXPLORATIONS FOR DAMSITE
& BORROW AREA.

. EXPLANATION

BOAROW AREA OF

AORADW AREA OF.
RAMDQM, HATEAIAL

DAL HOLE - EE] s

TEST PIT ) QLTT CLAY-GATE LT
HAHD AUGER . '

"o anave

JMPERVLOUS | NATERIAL, LWL snass-neor

10 AxGoAN

erFTxial
a

[ ERETEN]
S

24
154

I.§1

i

24

C-2




FIGURE C-2 LOG OF GEOLOGY EXPLORATION DRILL HOLE BD -1
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FIGURE C-3 LOG OF GEDLOGY EXPLORATION DRILL WOLE BB -2
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FIGURE C~4 LOG OF GEOLOGY EXPLORATION DRILL HOLE BD -3
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FIGURE G-6 RESULT OF WATER PRESSURE TESTS IN DRILL HOLES
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FIGURE €15 LOGS OF TEST PITS FOR BORROW AREA (2/3)
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FIGURE C—~17  LOQCATION OF TEST PITS ALONG CANAL ALIGNMERT
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FIGURE €—18 LOGS OF TEST PITS ALONG CANAL ALIGNMENT (1/4)
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FIGURE C-19 LOGS OF TEST PITS ALONG CANAL ALIGNMENT (2/4).
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FIGURE € - 20 LOGS I]F TEST PITS AiDNG CANAL ALIGNMENT {3/2)
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