2.8. Balance of Water Availability and Demand

The existing and proposed ylelds from surface water and
groundwatar are listed in Table A. II 43. As prev1ously dlsoussed,
firm yield from surface waters of stream was estimated‘on.the basis
of the actual achievement of water production undex the.asSumption
that the lowest value observéd in the past five yeafsznohld
correspond to the safe yleld of order to bS-year return perlod. Firm
vields from the sLOLaqe reservoirs have been evaluated in deta;l
through water balance computatlons._ Production of groundwater was
estimated from the 1nd1v1dual well data and 90551ble developments 1n'
future, and the safe yield was obcained multiplying average
production by 80% taking into account the reduction of’ production

during dry summer period;

The water demand is aefined as the quantity.of wateizfo be
supplied and consists of water consumption and losses. For both
Islamabad and Rawalpindi, water demands have already been computed
on the basis of unit water consumptlon, service populatlon and
estimated rate of leakage and wastage. Thus, mass water balance_of.
average per day production and demand was studied as presenied in

Table A.1I-44,

Taking into account. the ohasing plans of water resources
development, whlch are discussed in detail in 4.3 of the main text,
firm ynelds and demands by year are compared as shown in Figures

A.11-27 and A,II-28 for Islamabad and Rawalplndl, respectlvely.
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FIGURE A1-26

(1) KHANPUR

Khanpur

Reservoir

Piant

(2) SiMLY

Simly
Reservoir
Plant

(3) RAWAL.

‘Rowal

Reservoir

Plant

i

AVAILABILITY OF RESERVOIR WATER
: AFTER TREATED, IN A DRY YEAR WITH
5-YEAR PROBABILITY

Safe Yield in 5-Year

Losses Dry Year (MGD) Remarks
{33.0+69.37) x75%=76 . 8MGD
76.8 {96.0) 76.8%125% (Peak)=96.0
Conveyance 73;0 (51.2)
5% -
Treatment 69.3 (86.6)
5% : _
69.3 (86.6) Water Available
' {Islamabad 22.3 {27.9)
Rawalpindi 47.0 (58.7)
(Peak)
24.0MGDx160%=38.4MGD
30.7 (38.4) 38.4/1.25=3G.7 (Average)
:Treatment
cg 29.2 (36.5)
Conveyance . 28.6 (35.8)
2% L -
28.6 (35.8)
Lﬁ+ For Islamabad
{Peak) _
_ ‘ 28.0x180%=50.4MGD
. 40.3 (50.4) 50.4/1.25=40.3 (Average)
Treatment - |
5y 38.3 {47.9) B
'38.3 (47.9)

L—+ For'Rawalpindi
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TABLE A.T-43 EXISTING AND PROPOSED YIELD OF WATER
{aAverage per day) :

water source present® 2000 A.D _ Remarks _
Islamabad
Shahdara u.wﬁf 1.4 1.4
Nurpur.H.w 0.5 0.5
Saidpur H.W 0.6 0.6
Golf Course {(01d) - 2.1 2.1
- do - (New) 1.7 1.7
G-10 H.W - 1.9 3.8 by the end of 1986
Kurang H.W. . | -~ 3;2 by the end of 1986
Tube Wells in National . '
Park Area _ 6.4 10.4
Tube Wells in Sectoral Area 3.0 9.0
Sub-total 17.6 32.7
Rawalpindi
Sohan Camp T;WE/ . 2.8 2.8
PHED T.¥W | 3.6 3.6
RMC 'T'.W i 4.8 . 4.8
CBR T.wW _ 2.0 4;4 in a few vears
MES (Army) T.W 0.6 0.6
MES {(PAF T.W . 0.5 0.5
sub-total 143 16.7
Total 3007 50.0

Notes: 1/ Unit in MGD.

2/ As of July, 1984. _
3/ Production of water from storage dans are excluded.
4/ H.W.: Head works - ' '
5/ T.W.: Tube wells: o
ﬁ/ Firm yield from surface watér is estimated based
on the actual achievement of water production, taking
the lowest value observed in the past 5 years. -
7/ Firm yield from grbundwater is taken as 80% of average
~ production, taking into account the reduction of

production in dry summer period.
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TABLE A.T~48 (1)

PERLOD

1940
1981
1982
1963
1944
1945
1936
1967
1948
k-l
1270
1973
1972
1973
1974
’ 19735
1978
1977
1978
197¢
1986

PERLOD

'ANNUAL SUMMARY OF KHANPUR RESERVOIR OPERATION STUDY

SUMHARY OF XKHAKPUR RESERVDIR OPERATION

-~ GATER DEMAND

[KFLOW ~WATER SUPPLY~ -—-~[NOUSTRIAL-- --AGREGULIYRE- rayaL LOSS
ISLAHA  RAWALP VAR TAXILA  RIGKE  LEFT
[T Mo m e er e b g L T [T [ R
{MCHY . IAEHD ALY ARCHY THCR) LHCMD LHCHY (LMY (MCH)
L5138 34,907 115,420 2¢.958 22,262 58.85%5 35.349 311.950 24 .91¢
433460 S4.779 1150152 24 .BBY 22600 4P_434  29.511 295.885 43,34
210.433 34,779 115.052 24.389 22.400 . $5.417 33.284 305.92Z 21.063
235,947 54,779 115,152 2¢.BRY  22:400 ST 370 3,256 305,847 23,192
240,719 54.907 115,420 24.958 '22.46& 65.812 39.528 323.084 24.072
602,425 S6.F7P 115,152 24,889 22,400 53,133 31.912 302.2466 40,243
261,736 SL.7FP 115,432 24,089 22.400 3%.56% 32,174 302.945 28,174
342,702 54779 135,152 24.8B% 27.400 S53.410 32.079 302,209 3L .20
284.557 56,907 115.420 24.958 22.t62. 50.897 30,449 298.892 28.456
186,154 54,779 115,152 JL.8B% 22.400 S53.497 - 35.25% 31I.175 0 18.415
323,977 SL.TTY 1150452 20.8B9 22,450 53,525 32.1LB 302.8%¢ 12.393
333.446 54779 145,152 24.8B9 22.400. 6C.S0B  34.342 314.07% 38,345
203,369 54,907 115.420  2¢.958 -22.462° 51.235 30.78% 299.785 20.337
£59,627  $L.779 11%.152 24.8B9 220400 S3.287 32,305 303314 ¢5.963
126,891 54,779 155.452 24,889 22.400 67.403 (60.803 325.427 12 _68%
227,791 54,779 1%5.152 24 889 22.400 59.291 35.811 IyZ2.x2e  22.27%
529.3%6  SL,F07 113.420 24.9%8 22482 L6.b16 20.00% 292.375 82.9L0
486,208 54,779 115,152 24.88% 22.400 59.588 35.5¢9 311.957 B 429
569.614 S4.779 1NS_152 2¢.BE9  22.400 50,350 30.2¢1 297.811 54.94%
312,879 54.779 F15.152 24.88% 22.400 52.388 31.465 3Ot.G73  31.288
306549 54.907 115,420 2n.958 22.482 GA.934  29.390 294.070 10,457
R O U Mmoot gameameem—eeomaoa
325,937 SL.8L% 119.229 0 22.909 22.418 55.:21 33.107 305.598
PR, FYE——— Mememiae Koo . B m g e [ .
17,932 37,706 10.833 100.000

LNFLOW

TCHCHY
269 .138
£33.160
210,433
23y.917
260.219
L02.425
281,736
32702
286.557
164154
Tx23.ved
383,025
203.349
459.427
126,891

222791

&29.398
L33 .258
8% L14
32,87y
304,569

-MATER SU
ESLARA
P
L3143
32.101
$2.040
32.04G
32.040
52.141
32.050
52.040
52.040
52.141
52.0.0
52.040
52.080
52.141
52.0u0
$2.080
$2.0:9
52.181
52,000
$2.:i040

PPLY -
RAMALP
e
CHCH)
109.8tY
107,395
169,325
109.395
149 .69
109395
109,395
109.395
109449
109395
109 .395
109.39%
109,449
109,395
10%.395
109. 395
109.449
109,395
109395
109,195
109,849

<< 'NATER DEMAND
~AGRICULTURE-

-~ IRDUSTRIAL- -
AR TAXILA
_____ o Eemmmn

(L[} tHEM)
23,710 21.33%
23.645 2t1.280
23,685  21.280
23 445 21.280
23,713 21,519
23,645  21.250
25,645 21.280
23.445  21.280
23.710  2:.33¢
23.6¢5 21.280
25,685 21.280
23.54% 21.280
23.710° 21.33¢%
23,545 21.280
23.485 21.280
23.6:%  23.280
23,7300 21.33¢
23,545 21.280
23885 '21.280
23,645 21.280
23,710 21.33%%

75,000

$5.000

REGHT

L?.748
66,487

LEFY

(L 14.H
33 582
28.035
31.420
31.593
32.5351
0. 117
30.%86
306 475
24.%927
33.493
30.%40
34,525
29245
30.890
18,573

L 35.am
24,608
33,77y
28.729
2%.892
2F.921

OLFFER

CMEMY

LFT)

~r-RESERVOIR-- SPILL
€

v,

M{H) (MM
0.0
£3.4832
.
.0

.0
213 _984
120.7228
2i%.68¢L

“8.2560

.9

tHCH}
g.0
11 880
35.792
00,109
33657
(8.7}
33,503
21202
12.347
163,437
R Be9
317739
?Z.941
12.41%
147 534
TEYLE87
12.300
9 .53
a.0
0.9
1h.49n

TGTAL LOSS DIFFER ---RESERVOLIR-- SPILy.  SHOARTY
LEVEL woL .

------- el Tt D DS N P S

(414, D] 19143 SRCNY {FTy 1Mina (MCK) (R{M)
29H.353 25914 [ Q.3
281.072 43,316 58.5382 0.0
290.628 21.083 Q.G 17218
290,555 23,592 oo St,23s
106,931 24,472 Q.0 &1.079
2B7.183 &0.243 S2.P30 1F. 292
287,818 26,174 Q.0 i3.974
2B7.573 3s.270 g.o 19.5%95
283.9:28  2B.454 0.0 0.9
295.618 16.615 9.9 . 131,562
287,749  32.393 IL.29¢ BR.STFs
298 .367 38.345 F4.520 27 ka8
284,795 T20.337 0.a 33.218
2838.3148 45,9463 $3.855  10.324
Jov.1586 0 12,489 Q.0 327,749
298.517 22.27% Q. L6009
217.757 &2.9:0 223,840 1,041
296.3%% 18,225 127 .943 .
282.920 34.%¢1 233.L3s a9
286.020 33.288 53.35135 (L]
2B1.286 30Q.457 2.0 [s]

meve-an NATER DEMAND
PPLY- --INDUSTREAL-~ --AGRICULTHRE- TOY AL
RANALP vAR  TAXILA  RIGHE  LEfI
_____ D

CHMCH} [4.14.}} (LMY ‘(HCM) (MM {MCH)
TO3.B78 22.482 20.216 52:949 31.81¢ 280.75S
L03.$37 22.400 20.i60 &t.220 26.359 256.27¢
t03,637 22,400 20.ts0 49.825 29.958 275.130
103,837 22,400 20,1860 49.83% 29.93%,275.262
103_878 22.442. 20.218 S¥.23% 35.575 290.777
103,637 22,400 20.180 47.820 28.72t 272.040
101,437 ¥7.L00 20.180 LBU2YZ  28.957 72.48B
103437 22.400 20,180 4B.06% 28.8731 272.438
103 878 22.£62 20,214 - 45,627 27.404 249.003
103.437 22.¢00 20.160 ° 52.82% ' 3L.730 280.058
103,637 22.¢00 20.160 C8.ATI 28.933 72.80s
163,437+ 22.400 20,180 54,837 32,708 2B2,.88¢
103,878 22.442 20.21& L6.12% 27.70& 249.806
103,837 22,L00  20.160 4B.60% 29.025 277.982
103.437 22.t00 20,180 40,853 ¥86,5¢3 272.88%
103,437 22,400 20,186. 3$3.362 32.050 280,911
103,878 22,442 20.21& +1.963 25.204 263.138
103,837 22.60Q 20,180 $3.249  $1.99¢ 280.7s1
103.5837  22.400, 20.180° £$.315 27,217 248,030
103,637 22,200 20,150 &7.149 28.318 270.940
103.878  22.%42 E0.218 L 26551 266,483
...... :

37.706

FERIQD INFLOY -WATER SU
[SLAMA
g A .x
. (MCH}  (MONDY
1940 249138 ¢7.416
1981 433,160 49.301
1962 210,833 49,301
1963 233,917 . 4¥.301
1948 260.719. &5.414.
1985 402.425 49.301
19887 281,336 A% 30N
1987 | 3&2.702  49.30} "
1948  286.557 49.413
1963 184154 49,301
1976 323.937 49,301
1971 3B3.L44  49.301
1972 283.349  49.841%
1973 439.627  £9.301
1975 126.8%%  £9.301
1975 222,791 49,301
1978 &29.3%8  L9.:16
1977 486248, L9.301%
K978 589,414 69,361
1979 312.879 . 59.301
T1960  304.589 ) 49,414 .
P .-
328.937  49.33¢
PR
17.937
g0.000
L v

A.T1-129

L9583

(MON)
24914
43,318
21.063
23,592
26.Q72
L0243
28108
34,270
2B.654
15,415
32,193
18.345
20.337
L3943
12.48%
22.219
d2. %0
48.429
54,941
3i.288
30.457

DLFFER

(MCN)

~--RESER
LEVEL

CETY

yoIa-- SPILL
vt

(HLHY {RKCHY
Q¢
85.991
.9

o
(=R =l I =Y

S
-

COTOLOG

26 .78
F8.45¢L
Q.9
7H. 8%
a.0
0.9
23Y.7%¢
165.03¢
Lt 207
a2 F¥g
9.9

BT

19.505

1200.318

4 rme e a e

9.0
g,
41,081
3g. 508
is.a7t
2.022
10.317
0.0
8r.2:20
80,288
16,794
339
3.513
108,302
35_10¥%

910

BF.224



TABLE AL

-48(2)

T OF SHAKPYR RESE

ANNUAL SUMMARY OF KHANPUR RESERVOIR OPERATION STUDY

Ry (&R OPERATION

WATER BECHMAND e .
BEREOD  INFrQw -WATER SUPPLY- -~ {NDUSERLAL-- ~-AGRI{ULTURE~ I0TAL LOSS DLEFER ---RESTRVYOLA-- SPILL SHORT
{SLAHA RAVALP WAR  TAXLLA RIGHT LEFT LEYEL NDL .
e PR P #amommhmmmm s Mmoo taeemman- P L L T P SR gammmmmm o e ey mnm— s .
[E L& (HCH) [$.19: H) THEM) (HCH} [O1°H) (HCMD (MEMY tHci HEMD 1234 (MCX) (L1491 (MCM)
1980 2o9.iSB LaLA7Y B MY 21,214 19.0%2 50.027 L0V ZAR.IST 4Lk 1.9%3%8 .0
1961 433140 - 48,582 97,379 21.15& 19.6:0 L1.764 25.082 25%.484 L3.514 111.147 0.0
1ga2 210,533 45.582 97.879 21.158 19.040  LP.L04 28.292 260,034 23.043 0.0 0.0
196t 253.917 44.5862 97.B79 21.156 19.040 47.065 28,268 259,970 23 397 0.0 5%.551
1AL 2&0. 719 R&.671 .07 21 214 19.092 S5.940  33.599 27 .42) .24.072 0.6 15,933
1955 402,425 &86.582 97.877 21,3136 19.0W0 45,163 &7.126 °256.%26 40.243% . 147 14454
1965 26Y,7%6  L5.582 #7829 21.138  t¥.040  45.53L 27,3148 257.520 24.174 0.0 [
Vo&7 N2, s07 6.%82 $7.57% 23,158 19.040 ¢5.308 27.2&7 257,303 34,279 1.487 9.0
19468 284,557 (4,471 98,107 2%.21% 19.092 €3}.0F2 .25.832 25¢.03% 28.43548 24 .¥18° 0.0
1969  16L.15¢ 46.5862 97.87¢ 21.156 19.0t0 49.8%4 2V.ROT7 264.499 14,15 0.0 38.929
1920 323927 A8.38F ¥7.579 21,156 37.040 L5.4F% 27326 257.L40 32,193 29,197 70990
1971 38).e48  46.562 97.879 21.156 1%.040 "S51.43% 30,891 244,960 38.345 . 102,388  &.400
1RP2 203.38F  A8.671 2B.107 21,214 19.0%2 45,348 26,147 5L 817 20,237 S 0.0 13,747
19273 259 627 44.542 97.B79 21.13%6 9.0 LS. 27,460 297 817 45.9583 HB.4tke &, Fe2
174 126,891 A4.34Z7 $4.87%  21.193 19,040 57,143 34,313 276,813 12,689 0.0  88.235
197S 222,791 tA.557 9F.EFY ;21.154 19,040 50.398 30.270 265.305 22.279 0.0 78.841
Y9PE  627.356 La.571 9A.HD7 21,21+ 15.0%2 39.432 23.B0O3 248.529 42.940 2L7.630 0.2
1972 L§2_.2¢B  £6.542 97.87% 21.158 19.0:G 30,309 30,217 235.16¢ L8.423 181,661, 0.0
1978 S&%.4jL  L&.542 $7.87% 11,155 19.040 2.797 2%.70% 253,140  §4.9¢1 260.919 [
1975 312.879 44 .%62 97.B1%  21.156 19.0¢0 44530 24.7CS 255,913 31,788 70,102 Q.0 -
1080 304.509 8.471 9B.10F 21,214 19,092 &1.59% 26.782 250,660 30.457 2.672 0 0.0
PR Mmcmmmmam e e rameeeen fmmrismmanama P R P T EEEE T PR PR PR, a -
MEAN  524.917 44.593 19.055 <8.853 28,141 259.7%8  32.6%¢ $5.755. 1%.327
P Hammm e haanaas R L e T [P . degmemaaany
RATEL 17.957 37.7206  A.151 7.33a 13.037 10.833 100.c0D 21.468  7.440
- L DI [ R R fm et - Er e — = R e ) [ PR Ty
35.000 §5.000 B5.0G0 £5.400 A85.000 85.000 85.000 135,730 40.577
F L LT T e A ammadaun P e [ Ameamn favaleiaacaine
SuMMARY DF SHANPUR RESERVOIR OPERATION
e T R T LR L e T vmama R e kmema - b —dmre e
------------------- WATER DEMAND ---- - :
PERIOD [WELOWw -WATER SUPPLT- - INDuSTRIAL -~ --AGRICULITURE- TOTAL 1055 DIFFER ---RESERVOLIR-- SPILL SHORT
1SLAMA  RAWALP WAH [EXILA RIGHT  LEFT ’ LEVEL  vOL.
[ —ea P PP Beeenne E— P A [ pmamm—an haemmann emmm— e .
[ETET [S1.}] (LMD (14, 3] (HCAY [ETEH [$.34, b} (MCM) IKCH) (314 H (32 ] [§14.3) HEm) {NCH)Y
1260 209.138 45.925 92.338 19,986 17.969 +7.084 28.277 209.560 24.91¢ 15,633 0.0
1961 L33.150 %82y 92.%22 19.%%% 17.920  39.%07 23.408 21&.8592 L1 N4 127.183 G.0
1962 210.635 13.323 92.122 19.911 17.970 . €4.330  26.627 244,738 21.08) 0.0 ¢.0
1283 253_917 43.B23 %2.122 19.911 17.920 '44.294 Z6.£05 24L 478 23.392 ¢.0 24.502
198t 259,719 45.925 22.336 19.988 17.98% 52,650 31.422 238.449 24.072 G.0 G.0
1945 &D2.¢2% 43.82} 92.122 iv.¢11 1Y.920  £2.508 . 2%.530 241.81) t0.2:3 7,220 4.395
1964  241.716 63 B2Y 92.122 37.¥El 17.920 42,855 25.740 242,372 26.17¢ 4.0 Q.0
1967 342,292 LL.823 72220 i9.9nl 17.920 £2.728 25%.663 242,187 3L.270 AT 075 0.0
1963 282.557 L3.FZ5 #2.338 19.966 17.96% 0.558 2¢.360 239.3%L 28,458 37 .86 Q.0
P98Y  14L.194 5,823 92.127 19.911 17.%20 L4.95Y 28.204 248.9¢0 14,415 Q.0 3a.2v4
1970 323427 &3.A21 92.122 19,91t 17.920 £2.820 25.718 242.315  32.393 32.138. 61.497
1971 183.446 3,323 92.t22 19.911 17.920 48.606 29,074 251.257 38.345% 109.867 0.0
1972 203,349 £3.925 ¢2.336 19.%46 17.949 Ll.CO0% 24.027 239.828 29337 0.0 Q.0
1973 699.a27 - &3.823 92.122 1%.9M11 17,9207 «3.839 25.34% 2:42.851 55,963 9%.300° " 0.0
i974 126851 43,8323, FF.322 19.%11 17,920 5L .09 32,083 260,362 11,889 Q.0 48,646
19%5  222.791 £3.323 @Z.1i2 19.911 TF.920 &7.433 . 2B.L89 49.4%% E2.279 0.0 68.574
1976 439,396 &3.925 92.334 19.96&  17.96% 57.301 22.:0} 233908 £2.940 264.527 2.0
1977  &84.2:8 &3_42) e2.122: 1¥.911 $7.920 47.350 28,439 2LY¥.564 LB.125% 178.290 9.0
1978 S69.416 43,323 ¥2-122 39,91l 17.926 t0.280 24.1%3 238.2:9% 56.941 27t.9 0.0
1979 31z A9 43,823 92.122 19.911% 172.920 £1.910 25.372 2440.85%  131.288 80,388 0.0
1980  30L.568 A3.925  92.336 19.948 17.969 39147 2351 236.856 30.457 . 20.58¢ 0.9
Mo Bammmeome P e B B PRS- demmm P s e Ty
HEAN  328.937 17,934 44,097 28.485 724¢ 072  32.49% &4.352 12.850
...... R R T el R e L
ATEL 7,354 18.037 10.831 100.000 26322 5.2506
Bemmem oo . e - fmmmmonm #omioaan [P »
RATE2 30.000 80.000 80.000 36.9G6 154.65%7  26.979
....... PR — S T T e L R el
SusMARy OF CHANPUR RESEAVOER ORPERATION = &
AAAAAAA P [ U RS B Y R R L R LRt L b bt
- —- WATER DEHAND ---x--e-sromusmmmoe
PER{OQ InFLOw -wAFER SUPPLT- ~-IMDUSTRIAL-- --AGRICUL TURE- foras L0355 OLFFER -« -RESERVOLIR-~ SPILL SHORIT
[SLAMA  RAVALF wAH FAXILA  RIGKT LEFT LEVEL  vOL.
7777777 - emme——mom———— -l T et T TR T Tl J L Y LR }
(ML) (S 1 3] (MCHY (MM} ML) . (ROHS 11493 [, I H CFEY . {MCH) {MEM) {MLM)
1940 Z4?_118  &1.130 14.865 40,14t Z6.312 233.963 25.914 2L.929  D.0
1961 £33.160 41.G8¢ L 16.80G  36.8%¢ 22.133 221,399 .- ¢3.318 143.788 9.0
1942 210,433 L1.08¢ 14,800 &3.%63 24.963 229.4582  21.063 o.0 o.0
196% 233,917 «1.G84 J 14.300 . 41.528 2&.942 229.386 23.39% ¢.G 0.0
1964 260,719 Li.180 8s.585 18,718 16.844 Ly,359 2%.446 2L2.115 28 .GF2 4.0 0.0
E9e5 LOZ.C25 &1.0284 B&.3ec 1B.867 16,800 3¥.850 25954 226700 40,243 104,397 0.6
tvas 2&1.735 L1.0B4 B£.384 18.s667 16.800 AG.E7F - 26151 227.22Z3 26,174 o.0 ¢.0
1987 34z 702 L1.0B& 36.35L 18.s67 14.800 0.057 24,059 222.032  3L.270 §4.409 ;. 0.0
iv4d  2B&.557 £1.180 B&. 54 1B.718  16.8L6 58.023 22.837 224.1&7 28,654 51.458 ¢.0
194% LEL.1%5¢ L1.0BL 36,384 FB.&S7  16.800 L4026 20.4427233.382 16.415 0.0 17.483
1970 323,927 41.084 BA.DGL 18.447F 14.800 <40.1&&  2FL.1%Y 227.170 52.393 15,246 32.558
1971 3B3.Les  B1.084 84.382 1B.4&7 16.560 5,381 27.257 235,553 3B.34S 123,744 0.0
1972 203.569% 41.186 84.565 16.7:8 16,846 38.4c] 23.088 225.339 - 20,337 0.0 - 0.0
1973 459,827 &1.084 84 34L 1B.487 156.800 L0241 2L .229 227.48%  45.743 130.49¢ 3.0
$97TL 326,871 41.084 Ba. 344 14,687 18,300 50,702 30.453 264,071 12.48% 0.0 £E8.701
1975 ZZE.PW1 AL1.,084 88,565 18.6&7 16.800 LL.L89  24.708 23:.093 22.27% 2.9 40,396
1974 4329394 L1.I80 B6.96% 1B.T1i8 16,000 T4 26%. 21.00% 219.282 - 62.94Q 285.868 0.0
1977 4Ba.248 1. .GBL  BEH 36 18.667 14. 800 44,391 0 26.&82 233.%58 48,425 a
1978 S6%..16 5H1.084 84,344 18.567 16 _BGO  37.742 22.6B1 223,339 54.701 o
a7y T12.BF9 41.08¢ Bs.346 18,447 146.800 37.291 23.599 225.305 31.288 i}
1980 304 .559 L1.180 86.545 18.71B 14.Bié6 1s6.700 22.043 222,053 30.657 o,
[ Fomm— o akem——- - e e .
MEAN 324,937 &P.ii2 2¢.830 229.19% 32,694
[T PRER— P e R TE R Rt Kme fmmm e [ R apeaao P
ARTEL Y37 10.833 :00.000
P PRSP T e et e T i S o LR it B E— e Frmmw e T m e == -
75 .oneG 182,842 17.902
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TABLE A,T-48(3) ANNUAL SUMMARY OF KHANPUR RESERVOIR OPERATION STUDY

SUMMARY OF RHAKPUR RESERVOIR OPERATION CASE = 7
pemamSmeram iy, e Eoom s fmn e PR [ RN
: “--- - WAYEHR DEMAND ----o-mmuano. e
PLRIOD  INFLOW -WATER SUPPLY- --{NDUSTRIAL-- --AGRICULTURE- FT AL LOSS  DIFFEN ---RESERVOLR-- SPiLE THO&?
[SLAMA  RAWALP WaH  TAXILAE  RIGHT  LEF! LEVEL uGHL .
..... Bt B e e g e m s e e s e aam s oA e e e d e eme g
CHOMY C(HCHY catH (HCNY [ (] (L1489 CMCMY LMEM CHEMD (145 [S2S) [T trCH? [ETET]
LP&0 249,138 -3B.435 BOD.¥94 17.470  15.723 41,198 24.lee 21B.345  24.9%4 15,828 0L0
1961 433,160  38.3L5 80.506 §7.423% 15,880 36,594 20.457 207.108 43 316 159,469 0.9
1962 210.633 38,345 80,808 17.423 13,680 58.792 21,299 214.146 21.963 a.a oL
1963 233.917 38.345 80.504 17.423 1S.4B0 33.75% 23.279 214.093 21392 a0 3.0
1944 240.71% 3R L3S A0.794 17.420 5,723 L46.048  #7.449 224.180 26.9%2 .29 G.o
1945  4D2_£25 33.3L5 80,408 17.€23 15.680 37,93 22.33¢ J11.586 40.2¢3 159,423 @
1966 26E.736 38.345 00.406 17.423  15.680 3I7.498 22,527 212.075 26.174 1.183 ¢
L1267 342.702 3B.345 80.406 17.423 15.680 3I7.38F 22.455 211.8%% 34.270 L.982 ¢
1968 286.557 38,435 B0.79L  :P.470 0 15.723 35,488 21.335 209.225 28.456 45,047 0.0
1969 184,154 38,305 BD.606 §7-£23 15,680 L1.0B9 24.67F 217¥.H23. 18,015 2.0 9.0
1970 323.927 38.345 80.404 17 .223  15.480 37.467 27.30c 212.025. 32393 3B.L92 0. 133
1971 383,446 38,365 80.506 t7.423 15,680 42.356 25.¢3% 219.8350 38,345 137,525 Q.o
1972 203.349 38.435 §0.794 17.470 15.723 35.878 21.5¢9 299.850 20.337 v.a 3.2
1923 459.427 38,345 80.806 17.423 37451 220418 212.330 £3.983 162,381 D9
1974 124.891  35.345 B80.606 17.423 L7.322 Q2H_222 227.79% 12.489 9.0 29.09%
1975 222.791 38.345 A0.s06 17.a23 L1.SQe 2e.728 213,87 22.21% 9.0 52.0%8
1976 829.398  38.435 B0.79¢ 17.470 32.838 19.603 204.443 52.9:0 7.0
1977 LBL . 248 38,3435 80.594% 17,423 15.680 L1.43) 24 .83 218,370 L3.225 Q.0
1978 569.4%4  3B.345 50,604 17.423 15.880 35.245 21.168 208.463 5&.9¢01 .0
1929 31Z.BZ?  38.345 30.804 17.823 15,680 36.47% 22.025 210.751  31.288 o.a
1980 304,369 38.435 89,794 177D 15.723 34 .23 20.57% 207.2:9 30 _<57 3.9
e .
5.2

WATER QEMAKD -

FERLOD IRFLOW -WATER SUPPLY- --INDUSTRIAL-- - -AGRLICULTURE-
T OISLANA  RAWALP WAH  TAXILA  RIGHF  LEFT
PRS- [ — PR e St ek L e Bemmamoo
[EI 3] (MINY [E 1} {RCH} (MCM) ACH) CRCMY {HCM) [ 1431 1MCND tETS (134 CHEME (RN
1960 2£9.138  35.48% 75.023 14.222 1&.400 38.258 22.977 202.7468 24.91¢ «7.988 0.0
196 433,140 35.406 7e8.84% 16.178 14.580 31.937 19.182 192.312 23.Ms 177,285 0.
19462 210,533 35.606 74, B4%  15.128  14.560 - 34.021 21.435 198.36% 21,083 8.75%  wlo
1963 233.917 - 35,606 74,549 18.178 14.580 35.991 2i.617 1¥8.8§01 23._3%2 3.37% 0.0
1P6L 260,719 33,8689 75.023 16.222 14,400 +42.774 2%5.493 210.006 24.372 13.99% 0.3
E965  202.L25 35.806 74 889 16.178 1L.560 34.538 20.7¢3 1$6.£FY &G 213 173,837 0.9
1964 251.736  35.808 24,839 146.E78  14.540 34,8520 20.913 194.927 26.12¢ 18.9¢%  T.Q
1967 342,702 35.808 L.B0F. 146_173 14,560 34,718 20.851 198.781 32.270 108,738 6.9
1968 286.557  35.689 75.023 - 14.222 1¢.400 32.9%3 19.792 194,280 28.556 0.0
1969 16L.15¢  35.606 7L .8L% 146,178 124.5690 33.15¢ 22Z2.91e 202.28% 15.215 2.0
1970 323.987 35.80& 7TL.BLS 14.178 1L.580 3¢.791 20_.896 196.58% 32393 J.518
197t 383.4Ls  35.406 74.84% 13178 14,580 39.330  231.622 204.1%8  33.345 3.0
1972 203.34% 55.639 7%.023 16.22¢ 14;400 33,318 2G.010 19L.550 20.337 0.2
1973 £59.627 - 35.606 7L.849 16.178 14.580 3L %42 20.999 197.15L <5.943 2.0
1274 126,891 15.508 74.84¢ 14.178  14.540 43,942 28.3%7 211.5258  12.36% poTag
1925 222.79%  35.605 74.8L9 146.178 14.580 33.53¢ 23.1¢7 202.380 22.279 3.7
1976 839.5%6  33.58% 75.023 i6.222 1¢.600 30.307 18.203 190.0LL $2.9¢0 9.0
1977 ¢84.26B  35.804 74,849 16.178 1¢.560 IB.sF2 23.107 202.77%F t8.:2% 3.9
1978 S4T_Lt4 35,608 4,809 ES_178 14550 32.727 19,456 1¥3.527 5.3 a.g
1979 312.87% 35.806 - 74.869 14.178 1L.350 3£.052 20.452 195.598 31.258 3.0
1980 306.589 35,489 75,023 14.222 16.800 31807 19.104 192.446 30457 [N
e At A m e [P U PP PRER—— [ PP [ e, PR P
MEAN  324.937 35.630 7o 896 16.191 1L.572  35.829 21.519 19B.53% 32.83¢ 31.9%53
e kem——no [ emnam g smmmman [ [ ammmmmmm B e e b A g g e an .
RATEL 17.937  37.106  8.151 7.336 13.037 - 1G.833 109.000 1537
6w dmem ek ammeama e B mm—Emmmmman [ PR PSR dmmmmma RO e PR .
RATEZ 55.000 $5.000 563.000 65.000 53.000 43.080 &5.000 [
PR A mmaman Mmemmmemgeaaaoan s Ammm s Wmmemmm g mmaman W e [ P .
. PR .- A £~ R
~~ WAEER DEMAND =~rvouoewanona-: - .
PERIOD INFLOW -WATER SUPPLY- ~-INDUSTREAL-- -~-AGRILUCTURE- TOTAL 19S5 DiFEER ---RESERWQIA-- SETLL ELDES]
: : ISLAMA  RAWALP WAl TAXILA  R1GHT  LEFT . ; YO
PR, [ S, R [ [ [ PR P e [ PR e eiaoeaas -

(ML) (HCH) LMLM2 LMY (HM) CHCND (HCH} (M= {MCHY LHCH)
1960 249.138 32.944 69.252 1C.975 13.477 35.313 21,209 i87.170 JL.9it
198t 433,140 37.867 469 .091 14.93¢  i3.440 29.4B0 17704 iFF_SLY 43,316
1962 250.433  32.8867 . 69.07%1 14.934  13_440 33.250 i1y.971 1B3.553 21.0483
1963 . 233.917  3Z2.847 49.09) 14,934 0 33,440 33,222 t9.¥%4 183.508 23.3%2
1964 280,759 32.94¢ 69 F5F 1. 973 13,477 39,487 23.717 193.357 2&.072
1965 A02.425 32.84F &9.091 1t 934 13 440 31.880 i9.147 18%1.36C LD 2L3
t9EG £61.738 32.887 59_09t 164934 13.840 32,161 19.30% 181,779 PR ELY
L1F67 342,702 - 32.847 59,091 14,934 13,400 3Z . QLs 19 247 18t 42e Be.270
19468 284,357 32.964 49,252 14.97% 13,477 30.418 18.270 179.33s 25.8%58
1969 184,156 . 32,847 £9.091  14.934 11X ¢td 35,219 21.:153 338.703 18,415
1970 323.927 32 867 &9.091 1L.%3& 13 0h0 3F. 115 19.2B% LEL.738  32.3%3
197Y  3B3.444 32.8A7 45.091 14.93&¢ 13.¢l0 34,305 21.805 188.443 38 315
1972 203,389 32.944 49,252 14.975 13,677 30.7S3I 18471 179,87y 20337
1973 459.427 32.867 69.071 16.956¢ 13,440 32,277 i1%.363 LBL.9BS L3.94)
1974 L24.89%1 32.8&7 69.091 14.93¢ 13_¢L0 LD_342 24382 195.25& 17.a89
1975 222.791  32.847 489.691 1L.934  13.440 35,375 21,357 182F.2%¢ 22.329
1974 629.39¢6  32.94% 49,252 1C.9F5  13.L77 2ZT. 975 16,302 1F5.426 5Z_94C
1977 &4BL.246 32.847: 69.091 14.934 13,640 35,318 21,329 167.17¢ tB.429
1978 S&?.414 32,847 49.091 1L.934 13.0L0 30210 18_1t¢ 17B.AB7  S5a.v4i2
1979 312.879 32.867 69.091 14.%3¢ 13 440 3:.&33 13,879 180.64+¢  3i.288
1980 304,549 32.954  69.252 16.975 13,47 2v.360 17.6%4 177,812 30,537

P e Ty .
MEAN 326.937 183,559 32.49¢

- Ammm——an [ e L B oo I I
RAFEL 10.413 10G.4900

[EE R L i T BT PR L
RATEZ 4G.D00 40.000 oG.000 60.090 4G.000 $0.0Q0 60,0060
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TABLE A.T-48(4) AMNUAL SU_MMARY OF XHANPUR RESERVOIR OPERATION STUDY

------ B et e T
~~~~~~ -~ WATER DEMAND : - ’
PERIOD  INFLOW ~WATER SUPPLY- --LKDUSTRIAL-~ --AGRICULTURE- TOTAL LOSS OIFFER ~--RESERVOIR-- SPiILL SHORT
ISLAHA  RAWALP uag  TAXILA  RIGKF LEFT . . LEVEL . vOL. .
PR LR T BT, R et o DERR T [EE R R el L e L bl e L e T LR TR R R e ] L L e TR -3
INEMY (1478 LHENDY (MEND  ENCMY o (RLHD (LD (HCHY - (RCHD (RCHY (£ F T T Y F] LHENY (MEN?
1940 269,138 30.199 63.4B1 13.727  T2.35¢ 32,370 - 19.402 F71.573 24,08 7.922 0.0
1941 433,140 30,128 43.35¢.. V3489 12,320 27,020 16.231 142,728 43.318 S211.453 - €.
1942 210.633 30,124 63.334 13,489 12,320 30.¢79 18.304 168.297 121,063 . : 34.658 0.0
1963 233,917 30,128 43,334 13.8B9  12.320° 30.454  18.291 148,216 23,392 39,0122 0.0
1964 280719 30.199 Ca3,4B1 YE.727 012,350 34,197 21.780 177.497 :26.072 42397  d.0
1985 L02.425 30.125 &£3.33C 13689 12.320 29.223 17.552 166,244 L0243 292,117 6.0
%46 261.735 30,828 63.33% C13.889 12.320: 20.483 17.6%8 146.430 . 26.174 54.506 ©.0
1967 347.702 30.128 63.334 13489 12.320  29.375 17.643 166,490 M.7I7Q 134,240 ¢.0
1966 284,557 30.199  &3.481 13,727 12.354 27.883 16.747 144.391 28,854 105.81¢ Q.0
194% 188,154 30.128 43,3354 L3.48% 12.32¢. 32.285 19.391 171,147 14.405 0.0 0.0
1970 3FI.¥RT ORC12B 0 63.306 AV B.6897  12.320 29,430 1T.eB1 444,592 32.394% - 98.304 . 0.0
TPF1 0 383,445 030,128 &3.354° 13,689 12,320 33.2F%  19.988 122.739% 33,345 179.381 .0
1972 203.315% 30199 43,481 13.727 12.350L 28.190 14.931 144,882 20.332 . : 7.017 0.0
1973 459,427 30128 63.336 CF3.88%. 12.320 29.583 . 17.768 154.823 5,943 249,403 9.0
1PFL 126.891 30.125 43,334 13.489 (12.320 17.182 32.3%2 178.9685 12,489 - 0.0 . 0.0
1925 222,791 30.128 43.334 13.88% 12.320 32.610 19.585 171.858 22.27¢% . 2.9 .o
1576 G27.394 30,199 &3.48% 13,7227 12,256 25.6LL 15.402 160.807 42.9¢9 165.257. 0.¢
TRFY O 4BG 248 30.128  $3.334 13,889 12,320 '32.553 - 19.5%2 171.577 48,425 P40 . 0.0
1978 569.434  30.128 83,334 13,689 . 12.320 27.892° 156.632 183,796 56.9%1% 351.005 - Q.90
1979 3312.879 30.128 63.33¢ 13,489 12.320  28.813 17.306 145.590 31,288 . 139.43% 0.0
LPBG 304,569 30,199 S3.481  EBIZ2T 12.35L° 24.91¢ 14.16% 142,839 50,457 99.014 0.0
------- L IR L e i I e B Bt T il B B I hnialabaindadll T it bl il Bl de b N S R T Rl et S bl IR BT Y
sEAN  326.937 30.1c¢B 43 3740 13,700 12.33¢  30.M17 168.07%  32,89% : 126.959 0.0
........ e
RATEL 17.932 37.%05  8.15t 7.338 18.037° 10.833 100.000 s 75.535. 0.0
....... o
AATER 53.G06  33.0GCG0  35.000 35.000 $5.Q40 55.004 $5.000 169 .Gel G.0
,,,,,,, A m e B e e g s e o a o mm e e e Ko ekt mm i m fmm e e m R o a e e e f e m Ay e
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TABLE A.H-49(1): ANNUAL SUMMARY OF SIMLY RESERVOIR OPERATION STUDY

SUHBARY OF SEMLY RESERVOIR OPERATLON CASE = 1

T T Y R EE T Rt B R It E I, doenma Ve B et bmm e e .
S emmiaoa-= WATER DEMAND ~=w===leamooooaoen
PER{OL  INFLOW ~VWATER SUPPLY~ -~-ENOUSFRIAL-- --AGALCU{ TURE- FOTAL L0555 DLFFER ---RESERYQIR-- SP1LL SHOKT
ISLAHA  RAWALP WAH TAXILA RIGHT LEFT . LEVEL

A rmemm e H e et aw

(HCMY - (MER).  CHCHI (MCM)  CHCHY  (MCH) (MCH) (MCH>  (RCMD . (alH) LFFr  {HCHMI CMCHMD (MORD
1961 10B.FLT 33,465 0 9.0 6.0, 0.0 0.6 Q.0 33,245 10,875 47.438 0.0
1282 | 39.556 33,445 0.0 0.0 0.0 v.0 0.0 313,485 3.958 s.767 0.0
1963 ©.53.350° T 33046T 0.0 0.0 0.0 0.0 0.0 33,685 51333 . : : le.928 0.0
1982 &6.6a85 33.5L3 0.0 0.0 6.0 0.0 0.0 33.563  6.446 25.1e0 0.0
1965 82.¥37 33.48% 0.0 a.0 0.0 2.0 v.0 33,84% 6.27L 25,393 9.0
1944 53.357 33,485 0.0 9.0 9.0 9.0 0.0 33,665 5.336 11.980 0.9
1967 B0.B13 33.485 0.0 0.0 . 0.0 9.0 0.0 33,465  B.0OS: 34,729 9.0
1968 - 40.230 33.5:L3 - 0.0 2.0 0.0 9.0 0.0 313.543  4.023 26330 | 0.9
1949 T26.450 33.¢45 0.0 0.0 0.0 6.0 0.0 33,465 Z.48% 2.0 0.0
1970 117.535% 33.t45 6.0 0.0 9.0 0.0 0.0 33,465 11.75¢ 58.405 0.0
1971 117.845 33.¢45% 0.0 2.0 0.0 0.0 0.0 35,465 11,785 75.129 0.9
S4972 0 S&.843 33.543 0.0 0.0 - 0.0 0.0 0.0 33,548 5.444 12,764 0.0
1973 BS.1:2 33.465 0.0 0.0 0.6 0.0 ¢.0 33,485 H.81¢ t3.086 0.0
1974 39.747 33.%45 0.0 2.0 0.0 6.0 0.0 33,065 1.977 5.510 0.0
1975 113.582 33.48%5 0.0 0.0 0.9 0.0 0.0 33.265 131.358 55,738 0.0
1976 175.584 33,5(3 9.0 a.q 0.9 .0 Q.0 13,543 17.558 123.167 0.0
C 3977 138.09%  1M.eé5 0.0 6.0 0.0 0.0 0.0 33.265 15.810 106.89% 0.0
1978 126.146 33,265 0.0 0.9 0.0 6.0 0.0 33.¢a5  16.817 106.734 0.0
1979  88.312 53.865 0.0 0.0 0.0 0.0 6.0 33.cas 8.8 L9929 0.0

R L
. : - ~- WATER DEMAND ~--r--mu--sommnneno o .
PERIOD IMFLOW ~MATER SUPPLY- ~-I1HDUSTREAL-- ~-AGRICULTURE- J0TAL LSS DLFFER ---RESERVOIR-- SPILL SHORT
S T ISLAMA  RAWALP WAN  FAXILA - RIGHE  LEFT ) LEVEL  vOu,
Fmmmm L R Y S L TR LT LE T PRt B LR hm e (TP P .
(MO} (MCH2  (MLHY D {MEHD  dmCsy onC (L1815 RN €12 IR 1AM TFTY iMONY | eMind aMENY
1961 10B.717 41.81L 0.0 0.0 0.0 e.0 0.0 C1.81¢ 10.875 41.33% 0.0
19827 39,558 1,814 0.0 0.0 0.0 a.0 9.0 t1.818  3.956 6.0 9.0
1983 33.350° 41.8i% 0.0 0.9 0.0 0.9 0.0 Li.81¢  5.338 L.583 @219
1988 66.685 t1.929 0.0, 2.0 5.l0 ot ¢.0 41,929 - 5.660 14.521 0.6
1945 - 42.737 ¢1.814 0.0 a6 4.0 e.o 4.9 sl.8te §.27¢ t2.09y G.@
1966 53,357 s1.814 0.0 0.0 . 0.0 0.0 0.0 £1.81% 5,338 3.2¢5 0.4
16T - BG.B13 41 .314 Q.0 Q.0 Q.0 o.0 0.0 Li_R1e 8.9081 2e. 194 Q.9
. 1ves £0.230 L1.929 6.0 2.0 0.0 0.9 0.0 L1.929 &.02% 18,3117 0.0
1949  26.850 Lt.Bi% 0.0 2.0 0.0 0.6 0.0 51814 2,485 9.0 2.085
S 1970 117,535 41.81% 0.0 0.0 Q.0 G0 ¢.0 L1.8%¢ 1750 5L.551 1.9
1971 117.84%  L1.B1L 0.0 ©.9 9.0 a.0 8.9 t1.816 1L.7B4 47.5311 0.0
E9F2 Sh.4L3 LE.p2% 0.0 0.0 0.0 0.0 0.0 41.92%5  5.484 4,399 . 0.0
1973 88,142 40.B1¢ 0.0 6.0 0.0 0.9 0.t 41,816 8.8t 39,512 ©.0
1ere 39 Pe? A1.B16 0.0 0.0 0.0 0.0 0.0 1,814 3977 0.0 0.¢
1975 113,382 41.81% 0.0 .0 0.9 0.0 0.0 Lh.BIL 11,338 56,674 2.33%
§974 175.58L £1.929 0.¢ o 0.0 0.0 0.0 t1.92% 17.558 : 11c,610 9.0
EE¥7 158.09%  40.814 0.0 0.0 L 0.0 0.0 0.0 41.614  15.810 97,93 0.2
E978 148,346 LE.B1L 0.0 0.0 0.0 0.0 0.0 - 41.81¢. 14.817 92.385 - 0.0
1979 BB.312 41.814 0.0 0.0 0.9 0.0 0.0 t1.814  B.83t [
--------------- B R LR L R -
°.¢ 0.9 0.0 2.0 41.838  3.705 9.

SUMMARY OF SIHLT RESERYGIA OPERATLOXN
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——mmemmmaae e HATER DEHANDG -~~~

PERIOD  ENFLOW -WATER SUPPLY- - -INDUSTRIAL-- --AGRILULTURE- TOTAL LOSS BiFFER ---RESERVOIA-- SPILL SHORT
1SLANA RAMALP . WAH  TAXILA REGHT  LEFT LEVEL  waL.

P [ e tetmoCAmmmamam e an mr e mmemanan A [ R R

(RCHY CHCH? CHENY (MCH) e, 18.3] LRy (MCH} iBCM) {MCM) (MCk} {FT) (€39 § CHALMY LR I
1961 108742 36.811 . 0.9 .0 Q.9 0.0 Q.9 36,8911 1G.875 &5.074 3.9
1962 - 39.356 3b.811 0.0 0.0 4.0 3.4 0.0 34,811 3.958 FORRT
1963 $3.130 3&.511 0.0 0.0 0.q 4.0 0.0 16.311 5.33% 11.485 0.
198¢L . 66685 35.897 Q.0 0.0 ¢.0 0.8 0.0. 36.897 5,884 21.68%9 o.0
1945 - &2.737 3s&.811% d.0 0.0 a0 9.9 0.9 36.311 &.27¢4 22.85%3% .2
C 1946 S3I.357 34.81h. 0.0 0.0 D0 0.0 [ 36.811 §.338 5.221  wv.o
19s? s0_813  36.811 0.0 Q.0 ‘0.0 0.0 0.9 3j6.811 §.081) 51.288 0.0
19.68 &0.230 34.897 .0 aq.0 0.0 0.0 ¢.0 34.897 &.023 253,148 Q.0
19469 26.850. 346.811 Q.0 g.0 0.0 ¢.0 2.0 36.811 2.568% Q.0 [ <]

19707 117.535 36.811°- 0.0 Q.90 0.0 N ) Q.¢ 19 .811% 11.7%1 55,778 L, %3¢
1978 - 117.845 34811 3.0 Q.0 . 0.0 0.0 0.0 35.811 11.786 - 72 47 .9
1972 - 54.843 34.897 ‘0.9 0.9 .0.0 a.o 0.0 36.897 5.taL ¥.130 o0
1673 CHR.162 34,40 0.9 &.9 a.0 a.0 G.¢ 36.811 &.814 e .02 4.0
1974 39.747 3681t 0.0 0.0 2.0 9.9 0.0 36.811 1.977 2.156 0.3
1975 113.5%82 . 36.81) 0.0 0.0 9.0 0.0 0.0 16811 tt.3s58 &2.185 .0
1974 175.5B¢ 34.897 0.0 6.0 .00 0.0 2.0 35.897 17.558 1iv.729 G
1977 158.099, 36811 0.0 0.0 ‘0.a 0.0 2.0 16,811 15.319 103,758 O
1978 1(&.166 35.811 Q.0 0.0 ¢.0 ¢.0 a.0 34.81% 14.317 . 27 387 (R
1919 86.312 53&.811 0.0 0.0 0.0 ¢g.o0 ¢.0 3s.8t1 2.831 LF.1354 Q.0

o -
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TABLE A.TL-49(2)

R . J
BERIOD  IXFIDY -WATER SUPPLY-
ITSLANA  RAWAL
N e ah s ammmemam oo
B H (s (3.1
1951 Q8. 747 L0158 4.4
1962 39,534 40,159 Q.0
1943 5%,350  «0.]158 a.0
1944 68.865 40.251 a.o
1963 A2.¥87 L33 2.0
1984 §3.357 f0.:%4 ¢. Q¢
1¥a? 8O0.813 0. 158 Q.0
198 20,230 0,251 G.C
1949 25,3850 LO.1358 0.9
TFICOLLZ2.535 L0.i58 Q.0
1961 117.465 <9.158 0.0
1972 56§63 <g.251 e,0
1923 §8.1e2 40,158 Q.0
1974 19.707 0,138 0.0
1¥7%  113.582 40.158 9.9
1976 175.534  20.251 9.0
1977 133,099 t0.138 0.0
LRFH 1L8.1ead 40,158 2.9
1vrs 88,312 £0:158 .o
e mm o e P i
=EAN 47.052 20,128 0.9
E e e e
100,000 0.9

SUMMART UF SIMULT RESERVUIR

PLRLIOBO INFLOw -HATER SUPPeY-

1941
1962
1¥ed
1984
1FE%
1964
1987
1948
1549
197
1971
1972
193
AN
1775
177
19F?
17#/8
1949

PERLDL

1941
176
1¥63
T9HL
IES
1754
1?67
NS
1949
1¥70
1771
1972
1773
iPIL
1vr9
1974
197
1578
1RTY

LSLAHA  AMFALP

------- Ll BT
miM) {8LH) iMCA)

102 70y L3.50% e 0
19_%%8 43,504 3.9
33350 £35.50¢ 9.5
b4 885 L3404 0.9
42,737 &3.504 o.0
53.352 43.50: Q.5
30,313 A3.s0L .4
5G.233 <5408 0.2
26.856 £3.50% 2.9
117.55% 3,504 2.0
117,863 -L3_50¢ G.0
SL .63 BLLEGE a.40
Ag.122 <3.50L 4.0
39,257 £5.53Q¢ 9.4
115.932  &3.50¢ D.0
175.58L  3.408 <.0
T92.09%  w3.504 L)
14b. 164 £3.50¢ G.90
8€.313 [ 3113 2.0

SUMMARY OF SIMLY

LY. 528 9.9

INFLOW cRATER SUBPLI-

QPERATION

- WATER DEHAND --
- -AGRLCULTURE -

==~ 1HOUSTRIAL--

P WAH  TAKILA RIGHT

[ [ e N

H LI, ] (HONY (MM
v.o (L) 0.0
0.0 0.0 0.0
0.0 0.0 8.9
[ .0 Q.0
0.0 .0 )
0.0 .0 0.6
0.0 0.0 G.9
2.0 Q.0 o.0
Q.a a.¢ ¢.c
0.0 G.a Q.9
v.¢ G.a 9.0
9.0 Q.0 0.0
.0 ¢.0 Q.0
9.9 [ 9.0
2.9 3.0 G.0
0.9 0.4 o.0
e.¢ .9 a.0
Q.0 .0 G.¢
L o, 9.9

Chr e N FRA .
TOTaL LOSS DIFFER -~ -RESERVOIA--
LEFT LEVEL uet .
....... D L T LT T,
[ L} [§:141}] (NCND (HCM) (FT) {MCHy
© 0.0 49,158 10.57%
0.0 L0158 3954
9.9 L2158 5,335
0.0 £0.251  &.64&
0.0 A0,153 4.27¢
0.0 0,158 5.35¢
0.0 L0583 8,081
6.0 40,251 . 6.02%
o0 G198 2.635
0.0 0. 158 11.754
0.0 Ld.158 .11.734
0.0 40,2514 5,464
9.0 £0.158  B.81
9.0 L40.158 3,977
¢.0 40.156 11,358
a0 L0481 17,3558
0.0 ‘0158 15.819
6.0 0,158 14.8t7
9.9 Lo.188  B.BSL

SPILL
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SHORT

3ol cmme g e

- LNDUS TR AL - -

WAl TAXILA
------- [ —_—
tHEHD [ LEY
0.0 a.0
3.9 9.0
0.9 9.0
0.9 6.0
9.0 9.0
0.0 2,0
a.n N
o.4 G.0
0.0 .0
0.0 0.0
0.0 2.9
a.q 2.9
6.0 ]
a.0 0.0
‘9.0 2.0
0.0 0.0
a0 a.9
0.0 0.0
0.0 .0 .
T, -
0.0 0.0

RESEHVO[R QPERATION

WATER DEXAND

S IMOGSTRIAL--
faciia RLGHT

1SLAMA RAVALF WAR
[P S . AP
(MdCH) {MEimy M)
108.7¢7  14_GS1 0.9
39,596  L6.5%% 2.9 4.0
53.350 46.351 0.¢ ]
£6.585 44.980 0.5 G.9
42,737 i46.851 9.0 0.0
53,557 L6.8%1 0.2 0.0
80,31 C&.8%% 9.0 G.9
4G. 230 £6.750 0.G 9.9
24.858 L4 851 9.6 0.4
147.535  ¢3.4%1 a_4 G.¢
t17.885% :6.851 9.0 G.0
Si_&ed Lb,¥ED LG 9.¢
88.142 *&.B5F 9.6 4.4
39,167 té. 851 0.¢ 6.0
113,582 L& . 851 9.9 .9
175.586 46, 56D 6.0 G0
158,099 5. k31 0.0 9.
164,184 46,851 CG.9 a.6
HB. 312 4. 851 G.0 n.6
e T I Tr .
47.a%2 ts.E¥L D 9.6
....... [ il
106,090 0.4
oo [ [ .
106,000 8.0 [
------- P

~-AGRICULTURE -

RIGHY

DOLoeCcCoOQRLORCGH

--aGRLICW

(ngnz
2.0 .
2.0 a6
6.0 6.0
0.0 v.0
2.0 0.0
9.0 2.0
a.0 c.a
5,0 0.0
0.0 ¢.0
0.0 0.0
0.0 9.0
2.0 0.0
6.0 0.9
6.0 ¢.0
6.0 G.6
9.0 2.0
3.0 o.c
0,9 0.0
0.0 0.0

ISR PP, .
0.0 G.o

........ N
0.4 0.0
¢,0 ¢.0

ow

L9055 DIFFER ---RESERVOIR-- SPELL  SHORT
LEET LEVEL  WOL
....... T LT .
(LT (L1428 CHOHY (£} CET) LM (ML (MEH)
0.0 43,506 10.375 : 59.796 0.0
6.0 3,50 3.955 a.0 0.0
9.0 L3.506 5,335 L.122 2,905
0.0 L3608 4.488 14.787 0.0
0.0 L3.50¢ &.274 15.719 0.0
0.0 L3566 3,334 1,366 0,0
0.0 ¢3.50¢ - 8.031 24,500 DD
9.0 43.808  A.023 14.942 - 9.0
0.0 + 3. 508 2,685 0.9 4120
0.0 L3504 11,75¢ 53.484 12.15%
0.0 631,564 1.788 66.229 . 0.0
a.0 L3.8606  5.45% 2,722 0.0
0.0 £3.504 §.814 7.2 0.0
5.0 L3508 31.927 9.9 Q.0
] 43,55 §i.358 S4,934 5,035
a.6 L3.4046 7,558 112.788 9.0
8.5 23,504 t5.810 ?5.978° 0.0
0.9, 3,504 14,817 ¢0.859 0.0
Q.0 <3.505  8.831 t1.249 ¢.0
e e e m e Bmesmasirassmeaa .
0.0 43.526 &.70% 36.587 , 1.28%
R P [T [ .
8¢.058 2.953
fam e ek o ammmmans [ .
HO 945 0.0
U Mommmemcgem e [ .
7777777 T L
L TURE - TOTAL LO4% QIFFER ---RESERVRER-- sP1LL SHORI
LEFT EVEL oL
,,,,,, L T
(M (HCHDY [ETEH) CHEHD LFT) [E14) CHCHY  HCy
9.0 44_BS1 10,375 $7.183 0.0
q9.0 L6.851 §.9%4 0.9 6.0
9.0 ©5.85%8 95335 3. 836 . 8.824
0.0 16,960 b.686 11.220 .G.0
G.0 46,8517 4.27¢ 13,661 0.9
) 46.851 5.335 0.0 0.599
4.9 44851  3.481 19.441 0.0
0.9 Ly 760 4.023 13,8746 ° 0.0
0.0 L6.851  2.b85 6.0 8.784
9.0 L& BESE 11.754 52.517 "13.8D¢
0.0 £&4.851 11,784 A%.075 . 0.0
0.0 £6.960 3.484 a.a t.0
9.0 L6851 &.414 138t Q.9
9.9 TL6.3%1 1977 o.¢ 1,52
0.0 44,658 it.358 55.355 9.43
0.0 Le.760 17.553 169.2¢1 0.0
0.q L4 851 15.81Q ?2.132 0.0
&0 0.0
9.0 0.8

A.II-134




TABLE A.E-49(3)  MNNUAL SUMMARY OF SIMLY RESERVOIR OPERATION STUDY

SUMMARY OF S1MLY RESERVOIR OPERATION

r
L . - = R e - B e e Mmooy
. —eon WATER DEMAND -~ I,
PERIOO  IRFLOW -WATER SUPPLY- -~ INDUSTRIAL-- -~AGRICULIURE- Tofat L0SS SLFFER ---RESERVOIA-- SPELL  Se0&T
LSLANA SAR¥ALP WAH  TAXLLA  RIGHT  CEFT CLEVEL  wOL.
P e Rl Lkl Sl Al et il S bt B - — A me e gmn—— — M m e s .-
EMLMY (HERY  CRERY  (RORD LHMOBY  ANCHY [ETE ST (LT [T LY (g
1961 108.747 50.197 0.0 0.0 o.e 0.0 0.0 SoLi¥7  10.875
1942 39,584 50.197 0.0 0.0 0.0 9.9 0.9 5Q.197 3,955
1963 §3.33¢ 50.197 0.0 a0 [ 9.0 2.0 SG.197 5,335
1964 £6.665 S50.334 0 0.9 0.¢ 0.0 0.0 9.0 50,31« 4.0ia
1945 - 62.737  30.197 0.0 2.0 0.0 6.9 0.2 S0.197 a.27
1946 S3.387  50.197 0.0 2.8 TO0.0 G.0 0, 5Q0.197 5.3%6
1947 - 80,813 50.197 0.0 0.0 0.0 9.0 a.0 50.1%7  8.081
1968 60.230 50.314 0.0 6.0 0.0 v.0 0.0 50,314 56.023
1969  24.850 . 50.:1%7 0.0 0.0 0.0 0.0 0.0 50.197  2.48%
1970 1173535 © 50.t97 9.0 0.0 .0 9.9 ¢.0 50.197  11.7s4
1$7Y -.117.865% 30.19%. 0.0 o.0 0.0 3.0 .0 $©.197  11.7%b
1972 54.643 50.314 0.0 6.¢ 0.0 0.0 0.9 5¢.3516  $.t84 2
1923 88,162 5$0.197  ¢.0 6.0 e.0 .3 e 56.197 5.514 a
1974 39.707 50,197 0.0 ¢.¢ [ 0.9 Q.0 $0.197 3.977 A . 1%5
1§75 L13.5B2 50,197 0.0 0.0 0.0 Q.0 9.0 50.197  t1.358 Se.8P? 13.778
1976 125.584 50.31¢ 9.0 9.0 2.0 9.0 9.9 50.314 17.35%8 185450 5.2
1977 156.099 50.197 0.0 0.0 0.0 a0 0.0 50.i97 15,810 85.5%38 0.8
1978 YAB.u66 90,197 0.0 a.0 0.0 0.a 2.4 SQ.19? 1L _BL? 82,7558 0.2
1979 88.312 50.197 0.0 S 0.0 0.0 o.0 4.0 v.0
F RS fommeen PR RO RS
REAN  B?7.G52 50.22z 0.0 0.0 0.0 0.0 o,
...... e mmeemhmusa— o —wome—e ot 4= -caas
too.coe 0.0 9.0 G.0 " o.n c.
i wemammmtaan R f e mmmac——marasaaan
156,000 9.0 2.0 0.0 2.0 6.0
...... e
CA%E = 8
‘e e - g ae3mmaaama—aeneea PR Cae e .
meo WATER DEMAND ~-=-wn-mseco-omm—ro-
PERIGD INFLOW -MATER SUPPLY- - - LNDUSTRLAL-- - -AGRICULIURE - TGTAL £G5S 9IFFER ---SESERVOIA -~ sPree 3uDS
ISUAMA RAVALP WwAH  TAZLLA  RIGHT  +EF1 . EVEL  vOL.
Hmm o PR [ —— [P [P JR e PR [ .
(L1 }] 15,193 [£.X0.}] (3.3 51 [T 3] {MEM) (HCMY (O™ (HEmM CMOMY (FT} [543 3 >
1981 103,747 - 53.5¢L 0.0 0.0 o.0 .0 o8 53.%¢4 10,875 1.9 G.2
1962  39_s5s 535l 0.0 0.0 0.0 a.0 ¢.c 53.544 3.958 4.0 [ ¥
K963 53,350 53.5%¢ 0.0 0.0 | 0.0, 9.9 0.4 $3.54% . §5.335 2,483 1a.d
FREL 44,645 53.649 0.0 0.a 0.¢ 9.9 9.0 $3.669  5.408 7,107 2.8
1945, &2.737 S3.5eL Q.0 0.9 9.0 2.0 0.0 $3.3¢L .27 Foald 0.
1944  53.357 $3,54¢ 6.0 2.9 9.0 a.0 a0 53.56c  5.33& .4 5.512
1967 8D.813 $3.544 0.0 9.0 0.0 0.0 0.0 53,544  B.08: YE.81Y 2.5
1968 A0.23D $3.40% 0.0 T.0 9.9 q.0 q.0 53.88% . 4.023 FLrLs G0
196%  26.350 53.5L+ 0.0 e.0 0.9 2.0 9.0 531.544  2.48% 2.y 17.713
1970 - 117.535 53.54¢ 0.0 0.0 0.0 9.0 8.0 53,546 11.75¢ 50, 17.395
1971 117.88% 53.54% 0 0.0 0.9 0.0 5.0 0.0 $3.544  11.75% 58
p9r2 Sé.6L3 53.669 0.0 a.o 6.0 ¢.a [ 53,569  S.ibt a.
1973 88,142 53.5¢¢ 0.0 a.0 0.2 0.9 .2 53,544 6.31¢ 20.
D197 19,767 51,564 0.0, 0.0 0.0 o0 3.0 SE.5LL 3,977 a
.\975 113,582 5%.54¢8 G.0 Q.0 Q.0 Q.9 0.0 53,344 11.358 53,
1976 17%.58¢ 35,86% 0.0 0.0 9.8 0.0 9.0 $3.349 17_558 102
1977  158.099 . 33.544 0.0 0.0 Q.0 0.0 c.0 53,544 15.810 as
1973 1AB1186 - $3.54L 0.0 0.9 4.0 .G 0.0 $3.5t6  $4.8%7 8
¢.0 -] 0.0 2.8 .9 $3.5¢4 3.3 52

1979 #8.312 33.5%%

T i i e e il b Ao ---- - ac----- SEemmeem B - -
MCAN 53,810 8.7¢5

RATEZ 14G.000 o.v

e [ e L e T N
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TABLE A.11-49{4) ANNUAL SUMMARY OF SIMLY RESERVOIR OPERATYION STUDY

SUMNARY Of SIXLY RESEAVOIR OPERATION

b N e mmmmlmmmeaeer o B L L L T e T T PR P [T [ PR .
-+ YATER DEWHAND . '
PERIOD UNFLOW -WATER SUPPiv- - IRDUSTRIAL-- -~-AGRICULTYRE- Taran LOSS DLFFER ---RESERVOIR-- SPILL SHORT
ISLAMA  RAWALP WAH TAXILA  RIGHT  LUEFT LEVEL  vOL.
P Lo em R cmde el [ R B T LR e Tt LT T RO [ S
CHCHY  CHOMY  (MOMS (aCm} (MCN) (1475 (HEH) LHEMD (HCAH) (MCMD (T332 (HIHY CHEHY - {MGMY
981 10B.747 33485 0.0 0.0 0.9 0.0 0.0 3,465 1Q.87s 67.438 0.

1982 M0.538  33.465 0.2 0.0 9.0 0.0 0.0 33:L45  3.958 5.767 .@.0
1963 53.350 33.58% 0.0 0.0 0.0 0.0 0.0 33.4485  3.33% 14,928 0.0
198t §8.,845 33.543 0.0 2.0 0.0 a.0 0.9 13.543 5.868& ’ 25,140 0.0
L9485  $2.737 335 ©.o0 0.9 9.0 9.0 0.0 L4465 6.27¢ 25.895% 0.0
1965  53.337 33,485 0.0 9.9 0.0 0.0 G.0 313,045 5,338 11,940 0.0
1967 80.B13 33.465 0.0 9.0 0.0 .0 9.0 33,465 B.08 ©34.72% - 0.0
1958 #0.23¢ 33,50} 0.8 a0 0.0 9.0 ) 33.58% 4,023 26,336 0.0
$969  26.830 31.44%  4.q a0 0.0 ¢.¢ 0.0 33.485 Z.445 2.0 6.0
1970 117.535 3).08S o.0 2.0 0.9 0.0 6.0 33,465 11.7%4 $8.608 0.0
127¢ 117.845 33.tsS 0.9 9.0 G.0 Q.0 9.9 313,465 11.78& 5,129 0.0
972 56,643 33,53 0.0 0.0 0.0 0.0 0.0 33,543 5.444 t2.79¢ 0.0
LPP3 BB.142  33.485 0.0 o.n Q.0 L 0.0 0.0 - 33.285 . 8.8y 8,038 . 0.0
1924 39787 33,845 0.0 0.0 0.0 a.0 N 33.485 . 3.977 5,310 0.0
1925 113.582 33.445 0.0 0.0 0.0 0.0 9.0 311,485 | 11.3%8 &65.738 Do
1926 175,584 33.543 0.0 N 0.0 Q.0 0.0 33.5L3 17,558 123.167 0.0
1977 158.099 33.¢4% 0.0 0.0 0.0 6.¢ 0.0 33.445 13.810 106.899 . 0.0
1978 1AB.165  33.885 0.0 0.0 9.0 2.0 w.0 F3.085 34847 . FECY 5 EA N 4
1979 BE.3LZ 33.485 0.0 0.6 4.9 0.0 0.0 33,445 5.83y L7, 9% 0.0
D P [ [ RN . -

166.C000

[

109,990

Amevs MATER DEMANG -v------ mmme e - )
PERIOD IMFLOW -WATER SUPPLY- -—INDUSTRIAL--' ~-AGRICUCTURE- tOrAL LOSS OIFFER -~-RESERVOIR-- SPILL SHERT .
ISLAMA  RAVALP WAK  TAAILA KIGHT LEFT LEVEL vaL.
[ —— [P [T Emmea e [P .

HLA} (.14} MIM? oLy {HIN? (Fir (£ 4. H cHEn:

MO (MCHY INCHE CMCME CHCHF < eMEM?
1961 108.747 &1.B1 0.6 4.9 0.0 0.9 0.0 £1.816 10,875 61.35% 0.0
19827 39.5%%8  41.8% 0.0 0.0 .9 0.9 [+ L1.814 3.938 a.0 Q.0
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1976 176.58B¢  ¢1,%29 0.0 0.0 G.0O G.0 c.¢ 41.929 t7.5%58 114,610 0.0
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PERIOD

PERIOD

(HEHY
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iva2 39,5548
1963 %3.3159
1944 66,8665
1985 &2.737
t¥Hé £3.387
1787 B0.81%
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53.357
80.81)
40.230
26,530
117,535
157,865
SL.bL3
58,142
3f.767
113.582
175,384
158.0%%
168,188
88.312

INFLOW

1SLAKA

[}
L0.158
40,158
L0.155
49,251
40.156
40.158
£0.158
0. 251
10,158
40.13%8
0,158
L. 25
«g.158
£0.158

AD.15B

40:251
&G.1548
L0.%58
L0, 138

RAWALP

chobomeovooacnaaBDD

ToocCOBnoY0BACOoo000

~WATER SUPPLY-

TSLANL RAvALP

CMOM)
L3504
3,502
£3.50¢

43.408
3,504
L3508
£3.50¢
43802
3,504
4£3.50¢
£3.504
L3808
£3_56GL
£3.5%04
&3, 504
43,5606
43,508
L3, 404
43,500

{MIHY
e.0

INFLOW -WATER SuPPLI-

(ALK
108.747
39.5%&
53,350
46,5865
62,737
53,357
BD.813
&G.230
26,850
137.535
117.845
S4.6L3
8B.142
39,7527
513,582
175.584
158,099

168,160
88.312

FSLAHR

CHEM)
L5 851
a6 851
L8851
46960
Ls 851
8. £51
L6851
£5.980
156.851
L 851
L6.8%1
L6 940
£4.851
£5.85
€& . 851
&6 %60
L& 851
46,851
48,851

WAH

~
3
x
-

DOOCOCOSCRDOCROCOO0
SoQOoCGoO0NOooDREOooORON

SUMHARY OF SIMLY RESERVDIR OGPERAYION

WATER DEMAND
- THGUSIRIAL -~

h . R
CEECCOONCOODOTOROO0R ;

DOLELOCO0oRROOD0DOD

NATER DENAND

-~ [HDUSTRIAL -~

wWhis TARICH

S as

(4.3 1 (MCM)
0.0 6.0
0.0 6.0
[ 0.0
0.6 = 0.0
0.0 &.0
0.0 6.0
0.0 .0
0.0 .0
a.o0 .0
0.0 0.0
a.¢ 9.9
c.0C 0.0
0.0 .G
0.0 ¢.0
0.0 0.0
G.0 0.0
G0 0.0
0.0 .0
0.0 0.0
e Cam e
0.9 0.0

WATER SEMAND -

~- HDUSIRLAL - -

fIGHT

x

0QO0OaARN2VLLOTOOLLO
scobhbosoOCOOOQGOLOODO
x

~-AGRICUL TURE-

LEFT

ooooOCcOCecOn OO Q
DOOoODOCODOGCoOCEDORNOD

~-AGRICULTURE-
R1GHY LERT

------ e TS
{HLN) CHOHM)
0.0 0.0
G.0 0.0
G.C .0
0.0 o.c
0.0 0.0
0.0 o0
0.0 6.0
0.0 0.0
.0 0.0
0.9 ¢.0
Q.0 G.0
0.0 c.0
4.0 G.0
0.0 0.0
0,0 0.0
o.0 0.0
0.0 c.¢
G.G 4.0
0.9 2.8

- -AGRICUL TURE~

RAWALP waAr  TAXILA RLIGHT
----- LT
(14 }] [£,1%.3) {HLm) (uixd
0.0 - 0.0 G.0 ¢.0
‘2.0 g.0. ¢.Q 0.0
0.0 0.0 a.0 0.0
2.9 0.0 0.0 [
0.0 0.0 0.0 0.0
0.0 9.0 0.0 0.0
a.0 Q.0 0.9 G.Q
0.0 0.0 a.0 ©0.0
0.0 0,0 a.c 0.0
o.6¢ o0 ot 0.0
a.6 ¢.0 0.¢ c.o
G.0 ¢, 0 0.0 Q.2
0.9 .0 6.0 0.6

[ ] 0.0 o-0 0.6
.0 @.0 0.¢ 0.0
9.0 0.9 6.0 0.0
9.9 0.0 6.0 0.0
D.0 0.0 0.T 0.0
&.0 Q.o 0.0 0.0

0.0

A.IT

LEST

E
R e W T o T e N = = R R = R
x

COOCOORROUEROCO T~

0.0

-137

TCoT AL

(MM
60,158
«0.158
40,154
10,251
40,198
(£ 3]
60,258
L40.251
40,458
40,158
L0158
L0.251
40,158
40,158
L.15%8
GB.251%
L0.158
<p.158
L0158

TOTAL

(MLm)
L3.504
£3.504
&1, 304
43_605
L3, 504
4350
43_50L
L3 &08
43504
43.50¢
63,504
L3,008
L3580
£3.504
L5.504
L3 408
L3504
L5904
L3504

101AL

AREMY
£6.851
L6 851
v 8651
L&, o0
L6.651
&5 851
6,351
Ls. P60
46 BST
L6.851
w4, 853
24,980
L&_35%
“5. B85t
L&, B5Y
L& . wad
L&_85%1
46,851
44,851

-

L1058

(€59}
10.875%
3.9%¢
5,333
&, 568
&. 274
5.3%
6,08
6.023
2.485%
11,734
i1.786
S.LEL
3.814
3.977
11,358
17,558
1%.810
14.8:7
.83

L0sS

[, 14}
10,875
3.958
$.%353
& &80
&.27¢
5 .33
8.081
4.023
2.4B%
11,758
11.788
S.48¢
E.B814
3.377
1i.35€
17,538
13,810
14,857
&.8%1

OIFFER

LHIFFER

~--RESERVGIR: ~
LEVEL voL .

(K8

---RESERVOIA--
LEVEL  VOL.

CHOMY {MOMy

LO5S

[E34. 3
10.875
3.95¢8
5.335
R
& 27%
5.338
&.081
&.023
2.68%
11.75¢
11,788
S.abs
B.BY%
3.877
11.358
17,548
15,010
14847
£.831

DiFFER ---RESERVOIR~ -
LEIVEL Vo

sSPlLL

[
59.79¢6
0.0
1.218
1%.267
16.719
1.343
24.400
Y692
A
t1.4Le,
&4.229
2.722
37.717
0.0
506.997
112,788
§3.57E
90.85%
LY. EL9

SHURT

3

R R
x

N -2

[}
-
G
o.
o.
0.
aQ
Qq
Q.
)
o
2
¢
i
3
[}
[}
Q
o

boooonoNDERIERDRGD O
-
(-3

PR R R R W - R R R

o -
S X
Caomoeh £ oem e
L

e e

C o s D
-
«

L=

s

PR e~ e RN B = = )
rane



TARLE A.T-49(6)  ANNUAL SUMMARY OF SIMLY RESERVOIR OPERATION STUDY

SuMMARY OF SiRLY RESERVOIR OPERATICH

G s A T - I L L e ——— [, P
S - ---- wAY[R DEMAHD -- AR -
SERIOL  (KFLOw -WATER SUPPLY - - -PNBUSTRIRL-- --AGRECULTURE- TRTAL tdS% OIFFER -~-RESERVDIR-- Pl SHORY
15t AMA  HAWALP WAH  1ANlL A RIGHT LEEL LEVEL L, .
R PR EUE P P Rt R R P BT, Anra ey
(MER) (14} [ (MCH) (L1 {MLN) CHCHY (MM} (HCMD {MLMY 1F1y (HCM? tBeM) C(HCME
1981 108,747 00197 ©.G e.¢ 0.0 o.0 0.0 50,197 10,875 : . 54,549 ¢.c¢
LT 39,558 0L %T o0 c.0 Q.0 c.¢ 0.0 50.19?7 3.95¢ 0.0 .0
1§68 53,330 50.1¢7 Q.0 0.6 o.¢ Q.0 0.0 50.197 5.33% 0.0 2.900
19he 0b. 455 50,314 0.0 9.0 0.0 D.0 c.0 50,31t & 668 0.0 o.0
1%ES &2 T5F 50,190 c.¢ c.0 0.0 0.0 Q.0 sg.is? 6,274 T.58L 0.0
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1va7 BO.S13  S¢.197 a.Q 0.0 ¢.0 c.¢ o.¢ 30.197 B.081 11,780 0.0
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b6, 63 37,023 0.8 0.¢ 0.9 0.0 &.6 §7.023 . 6.446 [ %] 3.344
42.237  36.6%6  5.0C 0.0 a.c 6.0 9.0 S56.B9C  &.274 0.0 9.0
$3.557 S6.E9C G.¢ 4.6 0.0 0.0 0.0 56,890  5,33% 0.0 2.0
80,813 S8.890 0.0 8.4 0.0 0.0 e.0 56.890  B,68) 0.0 o.0
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TABLE A.I~49(7) ANNUAL SUMMARY OF STMLY RESERVOIR OPERATION STUDY

SUMMARY OF SYIMLY HESEAVDIH OPERATION

e [ . e .
PERIQD  IHFLOW -MATER SUPPLY- --1NDUSIRLAL-- - -AGRILULTURE- 0raL LRSS DINEER - S HISTREYQLR- - SP YL SuBRT
1St AMA  RAWALP WAH  TAXILA RIGHT LEFT . VEvEe wOL
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CHEH) (MOKM) {REM) {MCRY | (HEM) (MLH) [§.14.3] TMEM) (M) (HCH) (F1) (M=) (34 3] iRCH?
1941 108,747 80.25%7 a.0 Q.90 0.0 0.0 9.¢ 40.237 10.87% 44227 0.0
1962 "39.556 40,237 G.0 0.0 LU 2.0 Q.0 80,2137 5.95%8 0.0 I
19463 53.350 40.237 0.0 0.0 0.0 0.0 0.¢ 60.237  5.335% 9.0 23,685
1964 €6, 665 40.377 [V Q.9 6.0 5,9 0.0 60,377 bbbt 0.8 A0
1965 §2.737 80.237 0.0 0.0 G.a 0.0 c.0 60,237 .27 3.0 0.0
1946 53.357 50.257 .o 9.0 0.0 0.6 G.0 £G.237 3.3 a,0 &.045%
1947 80.813 §0.237 G.0 0.0 Q.0 0.0 9.0 40,237 B.981 Q.0 G.Q
1968 40,230 6&0.377 6.0 a.¢ a.¢ 0.0 0.0 &0, 222 6,223 0.6 .0
1949 24.850 406,237 c.9 0.0 ¢c.o ¢.0 (L 4D.237 ¢.88%5 a.0 21447
1970 ¥17.53%  40.237 0.2 0.0 0.0 G.0 [N &H0.237  11.752 15,5855 20,593
1971 117.885. 5D.237 0.0 [ b.o o, 0.0 S0 23T 11.7Be 8,782 Gl
1972 SL, 463 40377 a.0 0.0 0.0 Q.0 9.0 60,377 J.LbE Q.8 3.0
1973 a8.142 60.237 ¢.e 9.0 4.0 a.6 0.0 £0.217 &.81¢« [ o.a
te7e 39.767 60,237 ¢.2 0.0 0.0 0.0 0.0 L0237 3,977 e.¢ .20
1975 1132.582 60,237 c.o o.a 0.0 0.0 0.0 60.237. 131.358 LG.79%  22.81¢
1676 175.584  80.377 Q.0 0.0 a.0 ¢.0 0.6 60,377 17.558 §5.05%4  o.¢
1977 158.09% 40.237 0.0 ¢.0 6. g.6 (L} &60.237 15.810 rr.rr? 9.0
1978 14B.1ss 50.2357 o.0 0.0 9.0 0.0 [ 40237 12,87 15.19% oG
1YTY 86.312 40.237 0.6 0.0 0.9 a.0 2.0 &0 . 237 E. 83 25,425 a.G
bm——m - LR el R PR L TR ] oMo He e m R T EE R b - [ B .
0.0 0.0 Q.0 IuN--¥ Y §.7G5 24,035 F.17¢

KEAN Br.0%2 HL.264 0.9 0.9

- WATER DLEAND --

- 1KDUSIRIAL-- - -AGRI{ULTURE- TOTAL L0588 DIFFER ---RESERVOEH- - SFEILE SHGHEI
WAE  TAXILA RI6NT LEFT LEVEL [T
,,,,,,, L E T T I Py ER R SN

- EHEMY CHCHY M) (1.1} 4 H [L.103] (RN LY mEMY (MO
1961 108.747 43.583 0.0 c.o o0 6.0 6.0 £3.583 10.875
1962  39.5550 &3.583 0.0 0.0 8.0 9.0 0.0 63583 3.0%
1963 $3.33%0 43,583 ©.0 [ v.0 .0 I 53,583 1,335 b
1944 - 44.845 &3.731 ¢.D 0.0 0.6 6.0 0.0 63.731 &.668 0
196% - 42.737 §31.583 0.0 0.0 o.¢ 6.0 o.¢ 83_5R1  &.274 )
1966 53,357 ¢3.583% 0.0 ¢.0 0.0 6.0 o.0 1,583  5.33& .2
1967, 80.813 &3.583 0.0 ¢.0 .0 0.0 [N 43,5683 E.081 5.9
1968  40.230 #3.731 0.0 o.0 .0 0.0 .9 £3.731 &.923 6.0
19687 26.8350 43.583 0,0 ¢.o .0 0.0 e.0 £3.583 2.¢B5 o6
1970 117.535 $3.583 0.0 0.0 0.0 a0 ¢.0 63.55% 11.75¢ 35,984
197 117.86% 63.563 0.0 .6 0.6 ¢.0 0.¢ 63,533 1i.78s L7878
1972 545643 83731 0.6 .0 0.0 6.0 2.6 63,731 5,462 g.e
19273 88:1:2 §3.583 Q.0 6.0 o.¢ G.0 o.e £3.583 B.834 §.0 a.¢
15974 37767 63.58% 0.0 G.¢ o0 0.0 0.0 £3.583  3.97 - 3.a8e
19?5 113,582 43.581 0.0 a.o 0.0 0.0 ¢.0 63,583 11,358 0,320 EL.O3E
1976 175.584  43.731 0.0 9.0 0.0 9.C 6.0 43,731 17.553 ¥1.507 6.0
1977 158.099 63,583 0.0 0.9 6.0 b.0 0.0 83,583 15.810 PeL13F G0
1978 148.1&6 £3.583 0.0 ¢.0 0.0 .0 0.0 635851 rL.B837 F2.omel oo
197% - 8B.312 43.383 0.0 6.0 0.0 8.0 0.6 g.83 FEPES S
Y. R e P SR PR P
HEAN  B7.052 &3.61¢ Q.0 6.0 Q.0 ¢.0 o.c
[ Eemm——— Bemreaaus
RAFEL - 166.006 0.0
[ N —mne Ao JRR—
RATE2 i%0.000  O.
PR, [T ——— RPN PR
SUMMARY OF SIMLY RESERVOIX OPERAT;ON CASE = 32
[ TV M m e e e e e oo g e [
-------------------- VATER DEMAND ----------cooo o
PERIOD  JINHFLOW -WATER SUPPLY- -~ EXDUSTRIAL- - --AGRICUL IURE - THTAL L8s GIFFER -~ ~RESERVUIR-- SFiLL
I1SLAMA  RAWALP WAl R16HT  LEFS LE¥EL  wE
R FEE T ~a . - R A
[§.14. ¥ (HCH) (HEM) [$.14.}] [E14.3] IHONY (M) [ 145 {MEM) (TS [y (g eI
1961 108.747 64.930 0.0 0.0 0.0 9.6 a&.FIC L0.BTS o
1967  39.558 84.930 0.0 0.0 o0 o0 2.6 &8.F30 3,958 -
1963 53.350 s4.930  ©.¢ 0.0 e.0 0.0 4.0 66.930  §.335
1964 48.665 &7.086  G.C 9.0 6.0 0.0 a0 §7 .08 gleds
1965  62.737 45.930 0.0 0.0 0.9 0.0 .0 66,830  b.EI% ¢
1966 SIL3SF 65.930 6.0 Q.0 0.0 0.0 6.0 46.930 5,33 3%
12467  80.813 £6.930  C.0 6.0 0.0 a0 [ s6.%30  B.081 B
1988 40.230 47.085 0.0 0.9 0.0 0.0 a.0 £7.0846 6,075 kN
1969 26.850 64.930 0.0 0.0 e.0 6.0 0.0 66,930 2.48% 15,
1970 117.535 46.930 C.¢ 0,0 6.0 ¢.0 6.0 66,930 11.7%¢ ob
1971 117.865 85.930 0.0 0.0 6.0 9.0 G.0 s0.930 11,788 G,
1972 54,543 (87.086 0.0 0.0 0.9 0.0 0.0 &7.088  5.i4t bR
1973 8B.142 45,9306, €.0 0.0 0.0 0.0 0.9 88,930  g.81¢ R
1974 IP.TET 66.930 0.0 0.0 0.0 o.¢ 9.0 46930  3.977 H
19¥5 113,582 £4.930 0.0 0.0 0.0 0.0 0.0 &6.%30  11.338 7
1$76 175,58 47.08¢6 0.0 0.0 ¢.0 c.a 0.0 67,08 17.5%8 &
1977 158099 ' 46.%30  0.C 0.9 4.0 0.0 6.0 65,930 15.818 b
1978 14871886 65.930 6.0 9.0 0.0 ©.0 &.0 66.930 14 _8)7 g.
197% - 88.312 46.930 @.0 0.9 0.6 . 9.0 ¢.0 $30 B.E3 o,
g O P e [ [ A e ean s e T s
MEANW B7.057F 4£6.963 (] 6.0 0.0 9.0 o.e 46.9563 E.705
D D bl SRR Tt
RATE1 100.000
P
RATEZ - 200.000 -
L P L R Ry TATmsoomea ke mmmm s *
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TABLE A.T-50(1)  ANNUAL SUMMARY OF RAWAL RESERVOIR OPERATION STUDY

SUMMARY OF RAWAL RESERVOIR OPERATION CASE = 1
RN . aaemmame e B e LR TR T [ e ¢
S--- WATER DEMAND ~-~---o--—- oo - -
PERIOD  INFLOW ~WATER SUPPLY=- =~ INDUSTREAL-- - -AORITDLTURE - TOYAL LRSS BIFFER ---RESERVOLR- - SPiLL SHORT
15LANR  RAWALP WAl TAXILA RLGHE LEFY LEVEL vaL.
R O R B R Rt R pmmm e Pmmme L i Beom e LR P il LTIy Y
NCN) (51433 (HC ) (L1 }] 1MCN (LM (HEN} (MM CFT) CMCH) CHOMY (D14 )]
tysl  FO.t2)}: 0.0 39,153 0.0 6.0 v.a- 0.0 T6.358 T L.Q
1981 122,420 0.0 39.042 4.0 0.0 0.0 Q.0 &8.773 0.0
1982 59.539 0.0 19,042 0.0 o,¢ 0.9 0.0 17.121 0.9
1943 4as.12y D0 19,002 0.0 Q.0 0.0 0.0 1¥.707 0.0
1944 73697 0.0 32,133 0.4 0.0 9.9 9.4 27.602 0.0
1943 113,733 0@ 17 .02 c.0 0.0 0.0 - 0.9 64.386 0.9
1964 F3. 98, 0.0 39.042 0.0 0.0 0.0 9.0 . 25.5¢3 0.9
1967 94 .871 0.0 Iv.0e 2.0 9.0 0.0 0.0 39,042 - 9,887 £6.530 0.0
1964  §1.000  @.0 39.133 ¢.0 Q9.0 0.0 0.0 37.133 8, 10¢ 35.860 0.0
1969 4&.401 e.0 V.42 8.0 4.0 0.0 Q9.9 39.042 §.680 3102 9.0
1RF0 91.583 9.0 39342 e.0 9.0 T 0.0 9.0 39,062 ?.156 42.27% 0.0
197y 108.383 0.9 19,042 9.0 G0 6.0 0.0 19,042 10.83% 59.541 9.0
1972 57.486 9.4 3v. 133 0.0 a.0 0.9 9.9 37.155 | 5.749 11.021 G.0
W23 129.922 0.0 39.0L2 0.9 9.0 0.0 9.9 39,042 12.992 77.678° 0.0
1974 35888 0.0 39_Gez 0.0 a.¢ 0.0 0.0 39.042 3.587 : ¢.169 0.0
1975 &2.776 0.0 319,242 Q.4 0.9 .0 0.0 39,062 6,298 12,445 0.0
19?6 177.309 2.0 3¢S 0.9 0.0 0.0 0.0 39,133 7.9l 118.53% 0.0
1977 135.88t 0.0 39,062 0.0 9,9 0.0 9.9 §9.042 '1).488 83,553 0.0
1978 180.955 0.0 319.042 a.0 (U] v.0 0.0 39,062 14.09% 106,497 0.0
1529 83,44y BT 19,947 a.0 Q.4 [ ] 0.9 39442 §.8%¢ 45,3414 8.0
198¢  86.092 0.0 3g.133 0.0 0.0 Q.90 0.8 39.133  8.609 35.320  ¢.0
[ PR P . . - .- I
MEAN “1é 0.0 0.0 a 39.048
- b b sy
0.9 10¢.030
_____ . .

SUMHARY GF RAWAL RESERVAIR OPERATION

e T T [ PRESS— .
-~ WATER DEMAND --- e : :
PERIOD  INFLOM -WAFER SUPPLY- -~ INDUSTRLAL-- -~AGRICULTURE- FGTAL LOSS  DIFFER ---RESERVOIR-- SPELL SHORY
: ISLANA  RAWALP warl  TAXiLA  RIGRT  LEFT : LEVEL vae .

[ N e emmm—— o Ao aa PR —— B PR aemammae Eomw e i—maen P PR PR ke P .

iMCH: [E14.}] EHCH) CHCH) CHOMY [§14.33 (14} (1423 (MEHY (HCMY LFE) (H{MY ({14, ] CMCH)
1760 70.:23 Q.0 w3.917 0.0 0.0 0.0 9.0 “B:917 ?.042 19.586 0.0
1361 12z.at0 B0 8.783 0.9 0.9 a.9 a.0 LA.TB3  12.244% 57.8%2 0.0
1982 59.53% 0.0 L8.7583 a.Q .0 0.0 G.0 8,763 $,95¢4 . 8352 0.0
rE3}  £4.121 5.0 LB, 783 0.9 ¢c.o 0.3 0.0 L8783 &.412 -10.135 0:0
Ef4L 73,497 0.6 t8.917 0.0 () 0.0 a.0 t8.917 7.3%0 ir.720 0.0
1945 313,953 0.0 +8.731 a.0 0.9 9.0 © 0.0 87835 11.37§ .55.056 0.0
HET-EY 73.76¢  ©.0 «8.783 0. 0.0 g.0 0.0 «8.783 7.598 15.0¢1 0.9
1967 95,871 [ 48,783 0.0 o.0 9.0 0.0 £5.783 v.387 15,813 0.0
1943 83.000 9.0 4B.%57 9.0 G.0 0.0 Q.0 8.7 3.100 ’ 27,523 0.0
128% t6.L01 B3O LB.733 3.9 2.4 9.9 Q9.0 g 783 L. 6L0 0.0 0.0
1%70  91.543  o.0 <8.783 7.9 0.0 [ ] o, La.78r 9.1%6 25.487 0.0
1971 108,388 0. cB.783 0.0 a.q 0.0 9.0 t§.783 10.839¢ - 30,038 0.0
1272 57,488 0,0 £8.9% 9.0 0.0 5.0 0.0 «8.917 S_7L% - 1.864 0.0
1923 12¥.%2% . 0.0 4B.733 0.0 o.0 o0 3.0 CB.TRI. 12.992 47421 C 0.0
1L 315,848 Q.0 L8.783 9.0 ¢.0 G.¢ .G La.783 3.587. - o.0 c.0
1973 62.976 0.0 LB.783 a0 ¢.0 a4.0 0.0 48,733 T46.298 0.0 0.0 -
1275 177.90% 0.C LB.PI7 0.0 g.0 0.0 a.¢ LB_9¥7 17,791 101,385 0.0
1977 134.8B1 0.0 1B_783 0.0 0.0 v.o °.0 x6.733 13.0688 I3k 0.0
%78 160.935 G.C “f_T783 0.0 G.0 (] 0.0 4B.783 16.095 7. 117 0.0
1979 88,481 0.0 48,783 0.0 6.3 0,0 a.0 <8._783 a.84¢ 38 B8 0.0
1980 646,092  ©.0 w8.9t7 0.0 9.0 L 0.0 48.9:7  8.809 2L.999. . 0.0

o.a o

_________________ - WATER DEMAND --

BERIQD  INFLOW -YARTER SUPPLY- - -1NBUSTRIAL-- --AGRICULTURE- LOSS ODIFFER ---RESERVOLIR-- SPILL SHORT
ISLAMA  RAWALP WaH  TAXILA RIGHT LEFT . LEVEL vaL..
PP P R T TE PR Cemme-

LHIMY LRins 14,143 Hay (Hf.ﬂ.) (ML) (M{M) (Fiy CHTMY {HCHY

(MR (e .14 (MY
1744 79.¢23 0.9 7Q.440 9.0 0.0 9.0 70_240 7.042 2.760 0.0
1941 122.840 0.0 10.274 0.0 0.9 0.0 FO.2T6  12.24% 3L.89  0.0
1962 $9.53% 0.0 70.276 0.0 6.0 8.0 0276 5.95¢ 6.0 5.0
P83 &8.12Y 0.9 10.2%s 0.0 4.9 9.4 6.7 & 81 4.0 ¢.0Q
1985 F3.697 0.9 7O.440 0.0 ¢.0 0.0 70.440 ?.370 . 0.0 0.0
1965 3113.753 0.0 70.274 0.9 o.9 6.0 7G.276 11.375 8.918 0.0
1764 ?3.98% 0.0 70.276 0.0 0.9 0.0 F0.274 7.398 6.0 0.0
1967  R4.87Y 0.0 70274 9.0 v.B 2.0 70.276 9.58% 73R D.0
1948 B81.900 0.0 70.440 [ ] g 0 ¢.0 74.twQ 2,100 7.788 0.0
1962  4L&.40% 0.0 n.Zra 9.0 6.6 T.0 10.276  4.os40 0.0, 0.0
1770 91.563 6.4 70.276 0.0 8.9 0.0 70,274  9.194 Q.9 11.534
1977 1G3.388  ¢.0 70.274 9.4 0.0 v.0 0,276 10.83% 20.110 0.0
197¢ $7.488 0.0 Y] 0.9 a.¢ ¢.0 70,659 3.709 0.0 . 0.0
9Ty 129.922 0.0 79.27a 3.0 o0 0.0 LF0L276 12,992 25,119 0.0
1974 315 858 0.0 70.278 4.0 0.0 ¢.¢ 70.274 3.587 0.0 0.0
1975 $2.974 6.0 10.274 0.0 6.0 0.0 70.276  6.278 0.0 16,932
1976 177.%0% 0.0 0640 0.0 6.0 ¢.0 [ IS Y S L 5 53.021 0.0
1977 134.831 0.0 70.27¢ 0.0 0.0 ¢.0 70.276 13.486 51,179 0,0
1978 i80.93%% 0.0 70.276 9.0 0.9 4.0 70,276 16.095 7é.118 0.0
1979 B8 . .0 G278 0.3 0.0 0.0 70.276a B.844 . 29.954 0.9
1980  8s.09F 0.0 1G.-hai 0.0 a.0 6.0 70.40  B.607 ’ 0,071 - 0,0

P L

HEAN ]

20,889

RETEZ - a.q q.¢ 180.000 33207
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TABLE A N-50(2) ANNUAL SUMMARY OF RAWAL RESERVOIR OPERATION STUDY

SUMRARY OF RAMAL RESERVOLA QPERATION LASE = &

O e m

caron 1n . - WALER DENAND . ' : Tt Tt vttt '
P FLOW -WATER SUPPLY- - INDUSFRIAL-- ~-AGRICULTURE - L0835 : .
ISLAMA  RAVALP W Taaa maear igpy (OTRY oS oneaes TTRLIAVOIES. SPILL seant
R Emmm——— P B L T TR [ OR P €t e e e e el _ _
(MCH)  (HCAI  THCHY  CACMD  CHCHY  GOHD : cwr emenms Temenn
1980 70.423  -0.0 7¢.38% 0.0 e.0 o.g c(np."gm 7:M§21 ;HS:; (res AR
K961 122,400 0,0 74,181 0.0 9.0 ¢.9 9.9 7C1BY 2.2ed ol 2
1962 S9.539  d.0 74,181 0.0 0.0 a0 0.0 74181 5.95¢ A
1943 64.121 0.9 7¢.181 0.0 0.0 6.0 0.0 7L 1Bl &.s12 3'3 o
1984 T3I.e97 0.0 74353 o.p G.0 0.0 9.0 7e.553  7.370 o Y
Civss 113,753 0.0 74,181 0.0 0.0 0.0 0.0 7181 11,378 ¢ L 2.084
1966 . 73.98% 9,9 74181 8.0 o 0.0 0.0 7eo131 7,398 e 2y
1947  96.871 0.0 75,181 0.0 3.0 ¢.0 c.0 7o 181 9. 887 §'° 0
1968  81.000 Q.0 74.353 0.9 0.0 6.0 0.0 74,353 8100 g'o 0o
1969 46.40% 0.0 7o_iBt 0.0 9.9 6.0 a.0 L1881 ¢Lsep PR
1976 91.563 0.0 7o 18 0.0 0.0 9.0 o.0 Pe.181 T9o15s 2“‘ 78
1971 108.388 0.0 76,181 9.0 0.0 6.0 0.0 7o.181  10.81¢ : '2‘5 e
1972 $7.486 0.0  74.35% 0.0 0.0 5.0 0.0 24553 5. 749 e 3
197%  129.922 Q.0 7a.181 0.9 9.0 9.0 0.0 FLo183 12.9%2 7' ; a2
1976 35.888 0.0 Jt.181 0.0 0.0 0.0 0.0 re a1 3.s87 ‘0‘”0 9.2
\975  82.97& 6.0 7,181 9.9 9.0 0.9 0.9 74,181 5298 a'g e
1974 ~177.90% 0.0 7¢.3353 0.0 2.0 0.0 0. 7L.38% 17791 LB.215 20.208
1977 134.881 9.0 7181 6.9 0.0 0.0 0.0 7418t 13,684 : er.059 P
1978 140.955 0.0 70181 ©.0 0.0 0.0 0.0 14181 14,095 ,213 o
1979 BB.4&t 0.0 7¢.181 0.0 0.0 0.0 0.0 74,181 &.Ban 197950 o
1980 84.09%2 0.0 74.35% 0.0 9.0 6.0 2.0 75,353 g,sav 0.0 } '3‘3

~ WATER DEMAND nonurm=mmmme———ooon
PERIOD -IRFLOW -WAFER SyPPLY- -~ INDUSEREAL -~ ~~AGRICULFURE~ TOTAL LSS DIFFER ---RESERVOIA-- SPILL SHORTY
TISLANA  RAWALP wAH TAXELA  R1GHT  LEFT LEVEL  vOL

(HCH) (HCH) 1M{M) (&34 H (3,14, B €143 (MK (MEH) (ML) (m{xy {FT) [0 3] (MCM) TMOM)
12460 T7O.R2S 6.2 7B.267 2.0 .0 Q.0 4.9 T8.267 7.0L2 0.0 2.0
1941 122.450 0.0 76.085 0.0 0.0 Q.0 e.¢ 7A.085% 1Z.24L 23.079 [}
1962 5¢.539 o0 78,985 [ ] 0.0 c.9 Q.3 78 ¢85 §.954 2.0 G.2
19613 &4.121% 0.0 73.085 - 6.0 0.0 a.0Q [E 78,085 b.832 Se.0 4.0a9
1964 73.697 ¢.0 78.247 o.¢ 0.0 ¢.0 0.0 78.2467 7.370 a.0 F.e73
T945  113.7%3 0.0 78.0485% a.0 2.0 a.¢ L] 78.085 11.375 0.0 4,583
1948 73.964 0.0 23.985 .0 0.0 Q.0 ¢.o 74,085 7.398 9.0 0.0
1947 ?6.471 o.c 78.08B5 9.0 n.o Q.0 Q.0 78.085 7.687 .0 2.9
1968 8%.000 o.0 7B.247 [ 0.0 ¢.0 o.0 78.267 8.100 Q.0 Q.0
19469 44801 4.Q 78.085 4.0 Q.9 G.9 .2 78 .085 L2 g.0Q 15,413
1970 P1.563 g.Q 7a.o83% Q.0 2.0 Q.¢ 0.0 78.08% F.132 9.0 22.923%
971 1908.3ea8 0.0 78.085 Q.0 9.0 9.0 0.0 78.08% 10_B3Y 11.82% 0.¢
1772 57..86 0.0 7B.247 Q.0 0.0 0.0 2.0 78.347 5.76% 0.0 0.3
1973 129.922 o.¢ 73,083 o.¢ 2.0 0.2 a.¢ ?8.085 12.992 ¢.21c o.0
1974 35.868 0.0 78.08% 0.0 G.0 Q.0 2.0 73.,08% 3387 0.0 7.8%7
1975 62.976 0.0 78.08% g.0 0.9 9.6 0.0 78.085% 4.298 a.¢ 23.173
19786 1FF.90%9 0.0 73.267 Q.0 2.0 0.0 0.0 7B.267 17TV £5.233 1,825
197 134881 Q.0 78.085 a.0 0.0 Q.0 a.0 75085 11.468 . L A3.031 2.0
1778 186G.9%% 0.0 T4 .085 Q.0 a.0 n.q¢ Q.9 78.98% 13.99% oB. &Ly 0.0
192% 8B.4¢1 0.0 73.008% 0.8 [ ] 9.0 2.0 78.085 3.24L 17.192 Q.¢
{980 84.092 6.0 78.2&7 Q.0 o.0 Q.0 Q.0 73.267 3,40% . 3.0 Q.90

R e L e R

MEAK:  P2.L12 2.0

WATER OEMAND - -

PERIDD  FKFLOW ~WAFER SUPPLY- --INDUSTRLAL-- --AGRICULTURE- T0TAL LO3S DIFFER -~ -RESERVGIS-- SPILL  SHORT
© ISLAMAR RAWALP | wAh  TAXILA  RIGHF  LEFT LEVEL  vOL.
[T B m [ PSR [ PRSP N [P P LT o ek m e oo -
CHOHY CRLH) LHOMD (MM (noms (RERY <HCH [ (1 )] [Tt F1d {me sy £ i)
1?60 70,423 0.0 a2.180 9.0 0.0 c.0 a.9 82.180  7.0A% 2.2
1961 122.4¢0 0.0 B81.969 0.0 0.¢ e.0 0.0 B1.989 12.24c 16,025 2.0
1942 59.53% 0.0 81L.989 0.0 a.0 0.0 8.0 §1.98%  5.95¢ 0.0
1963 g6.121 0.0 81.98% 0.0 2.0 0.9 9.0 S1.98%  5.512 9.0
1964 73697 0.0 42.180 0.0 ¢.0 0.0 t.0 82180 7.370 oL
1945 1353.753 0.0 81.98y 0.0 0.0 0.0 2.8 81.989 11.373 9.0
1964  73.984 0.0 51.989 0.0 0.0 G0 9.0 81,939 7,393 9.2
1947  94.871 0.0 81.989 0.9 0.0 ¢.0 9.0 §1.989  9.687 U
1968  21.000 6.0 0 82.180 0.8 0.6 a.a 2.3 53180 3.100 2.0
1969  44.40% 0.0 61.989 0.0 0.0 o.¢ 6.0 31.98%  4.840 6.0
19720 -~ 91.343. 0.¢ g1.98¢ 2.0 9.0 [N ¢.¢ 81.989 9.138 0.9
1971 108.388 0.6 §1.989 0.0 a.0 0.4 0.0 $1.959 10,3319 IR
1972 s7.¢86 0.0 62.180 o.0¢ 0.0 G.0 0.0 &2.1580  S.7¢¥ 5.6
V9?3 129.922 0.0 . dt.vBe 0.0 2.0 9.0 0.¢ 41.95Y 12.992 1.4
1974 35.888 0.0 41.989 0.0 0.0 0.0 0.0 B1.989  3.387 e.0
197% 42.976 0.0 81.98% 0.0 6.0 3.0 6.0 al 3% 5.298 0.0
1976 1:7.989  O.C 82.180 0.0 9.0 a.¢ a.9 Bz 180 12.79% 2.4
1977 134.88) Q.0 g1.989 4.0 a.9 [ ] .0 31.989 13.688 39,003
1978 1460.955 0.0 #1.5689 c.0 0.9 9.0 0.0 31.989 16.09% 54 926
1979  48.4t431 0.0 81.98% 0.0 0.0 0.8 o.¢ 81.987  3.8¢t 15.25%
1980 g4.092 0.0 6.0 . 0.0 0.0 0.0 82.1a0 o0
Prmm = am—am s [ Rt e g e Foo oo ® L L -
HEAN 92,416 0.0 3.0 9.0 5.0 82 044 5.370
PO R U R R . P PR
RATEL 9.0 a.0 136, 600 10.4811
PO B dm e E o Framae [ PREE— F—— [
ARTEZ ©.0 a.0 o.a 214 .000 2¢. 051
PR, [ s R e [, [ O, e B
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TABLE A,IL-50(3} ANNUAL SUMMARY OF RAWAL RESERVOIR OPERATION STUDY

SUMBART OF RAUAL RESERVOIR DPEAATION

hoemmen s aaeees R R REE e P [ .
- WATER DEMAND kil R
PERIOD  INFLOW -MATER SUPPLY- --1HDUSTREAL-- --AGRICULTWRE- — ° TOTAL L0555 DIFFER ---RESERWOIR-- SPiLL  SHORY
T5LAHA  RAWALF WAH  TAXILA RIGHT  LEFT : DL LEVEL voL.
e T P P T e . . Ay eelamemmnmne
MCH) [T e (MCH) (€1 D] ML) (MCHMY  (RCHY (.14 LMTHY [E2¢] (HCH) LHEHY (I3
1940 70.423 0.9 24.093 0.0 9.0 0.0 0.9 36093 7.042 0.0 ¢.9
19481 122.::0 0.0 85.89¢ 0.0 S 0.0 G.0 0.0 83.395 12,24 - 9.065 0.0
1962  59.53%  p.0O §.8%4 9.0 9.0 9.0 0.0 85.3%¢ 5.95¢ 0.0 ¢.0
i$s3  3s.121 2.0 85.894 0.0 9.0 9.0 ] B5.394  4.412 .0 18.845%
1960 T3.eR7 0.0 84,093 0.0 0.0 9.0 ¢.0 94.093 7.370 0.0 19.766
1§85 113,733 .9 85.3%4 9.9 9.0 9.0 Q.0 B5.894  14.375 9.0 3.100
1966 73.98¢ 0.0 a85.89+ 0.0 .0 0.0 9.0 85.8%¢ 7,398 G.0 a.¢
1967 9s.871 0.2 a5.8ve 0.9 0. 2.0 0.0 85.89¢ §.487 ¢.0 3.4858
19638  &1.000 9.0 86.093 0.9 ¢.0 0.0 9.0 &4.09%  8.100 [R] 5.972
19469 15:¢01 0.0 85.49¢ 0.0 0.¢ 0.0 0.0 53,894 ¢_5i0 0.0 44,133
(970 91.583 0.0 85.894 0.0 2.0 0.0 9.0 85.8%9¢ 9.156 ¢.0 27.478
1971 108,383 8.0 a5 .89¢ 0.0 0.0 a.0 . o.a &5.8%¢ 10,83V “.758 1.680
1972 57.L86 9.0 5a.0%3 0.0 0.0 ] 0.0 85.093  S.TeY 6.0 1.628
1923, 129,922 0.0 35.894 0.0 9.0 0.0 0.0 a5.89¢ . 12.992 6,0 2.452
197¢ 15,668 0.0 85894 0.0 a.0 G.0 9.0 as5.8%9¢ 3.587 - 0.0 19.925%
1775 &2 .98 ¢.0 89.894 a.9 a.0 9.9 4.0 8%.89¢ 4,295 0.0 29.213
Y978 177.%09 0.0 36.993 0.9 TG0 9.9 0.9 84.093  17.791 . . 39.404 - 4.303
1977 134,883 0.0 45.494 0.9 0.6 0.9 0.9 85.89¢ 13,488 ° 14.975 0.0
1978 160,953 0.0 35.89¢ 0.0 0,0 0.0 a.0 B5.894. 16.09% 41.258 . 0.0
1979 an.LLn a.0 5,598 $9.0 [N 0.9 0.0 4% _89¢ 8.844 . 13.259 . 0.0
180 84,992 5.0 54,093 0.0 6.0 9.0 0.9 85:.993 B8.609 C 0.0 0.0
P P LI N | - - - HmEmm = L B B R et |
[l Q.0 85,950 9.243% 7,158 8.787
L e P L L L L - B Lt T T PR, .
0.0 190,998 .328 10.224
R nl T P O Tomm Lo PR i TEP TSNy PR .
] 220.000 17.53 Q.0
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TABLE A.T~50(4) ANNUAL SUMMARY OF RAWAL RESERVOTR OPERATION STUDY

SUMMARY OF RAWAL RESERVOIK DPERAFION

R g T P .
: . - WATER DEMAND
PERIOD  ENFLOW ~WATER SuPPLY+ --1HDUSTRIAL-- ~~AGRLCUL THRE- TOTAL 055 LLIFFER ---AESERVOLA-- SPILL PRI
1SLAMA  RAWALF wht  JAXILA RIGH? TEFY LEVEL Yoy .

e mm-- LR R R e e Eom - L R R L P L i T NI LR el R T [ »

(MCH) [£.14 3] 1HCM) (BCH? {MTHY {HLKY {HCH#) tnome (MCR) CHEHY (F1) HOH (MO8 [£28 3]
1960 . 1023 0.0 39,133 8.0 0.0 0.0 0.6 39.133 1.082 246.9%E Q.0
19261 122,440 0.0 3F.04e o.0 0.0 0.0 o0 39 082 12.244 86,773 0.0
19462 59.539 0.6 19,042 0.0 0.0 0.4 0.0 39.042 5.%54 17,121 L.
163 B&.121 ¢.0 3 0ne 0.0 6.0 2.0 0.6 32.042 ¢.612 19.707 6.9
19464 T5.4%7 [ 39,1533 0.0 0.0 0.0 0.0 3%.133 7.379 27,807 Q.0
1965 - 113.753 G.0 39.0h2 0.0 0.0 Q.0 0.¢ 19,042 11,375 &L . 386 G.e
1964 73.9B¢ 0.0 39.042 0.0 Q.0 0.0 0.0 39,082 7.398 25,543 c.o
1967¥ §&.871 4.0 39,082 0.0 g.0 Q.0 0.0 19.042 9.487 H.5%0 3.0
1968 81.00C 0.0 39133 Q.0 (O] L] 0.0 39,133 2,100 36.BBQ 0.9
1969 1 4é.401 0.8 3%.042 0.0 0.0 .0 °.0 3,002 L.650 - 3.102 Q.G
1970 ?1.583 0.0 39.04d 0.9 G.0 Q.0 B.0 39.0e2 9196 “2 . F7% .0
1?71 108.388 9.0 39.042 0.9 Do o.0 c.0 3¥.0e2 10.83% 56.5L% G.g
1972 57.686 Q.0 39.133 0.0 [ ] 0.6 0.0 39.133 5,79 1:.021 ¢.2
1973 129,922 0.0 319,042 0.0 0.0 0.0 ¢.0 39.042 12.9%2 7r.673 [y
1976 35,863 ¢.0 39.0L2 6.0 0.0 (L] 0.0 39.042 3.587 9.16% oo
1975 L2978 G.0 3g.0L2 .0 2.0 c.o ¢.0 39.082 &.298 17,448 9.0
1976 1717.90% ¢.9 39.133 .0 0.9 0.0 0.0 39,3133 1779 : 115.53% a.0
1977 1346 881 0.0 39.042 2.6 2.0 0.0 9.0 29,042 13 488 E5.5L3 a.¢
1978 160.955 0.0 w04 9.0 0.0 0.0 d.0 3%.0L2 1£.095 [N
197¢ BB.&d1 0.0 19.042 .0 0.0 0.0 9.0 39.062 8.8t [
1980 . 86.0%2 0.0 39,133 o.c 0.0 0.0 0.0 3¢.123 5. 409 [

R S ===-< WATER DEMAND ~------ B s .
PERIOD' INFLOW “WATER SUPPLY- --LNDUSTRRAL:- --AGRICULTURE- IGIAL LOSS DIFFER -~ -RESEAVOIR-- SPILL  SheR!
. ISLAMA  RAWMALP .~ WAR YAXILA  RIGH!  LEf7 . LEVEL VoL,

i 1.14.3) {HCHY | CacA) © LHCHY  C {MCH) MMy [E 14,31 LHCH) (HIK) (31434 (FT) MOM: (MCM3 L1483
1980 70.423 . 9.0 48.917 .. 0.0 0.0 2.0 9.0 LB.917  T.O4F i5.584 ©.¢
1961 122.440 0.0 48,783, 0.0 0.0 0.0 Q.0 8,783 12,244 57.892 0.0
162 - 59,539 0.0 tg. 78 9.0 0.6 0.0 0.0 48783 5,754 8.3%2  &.0
1963 - 86.121 6.0 tg.783. 0.0 0.0 0.0 ] LB 783 4.612 18,1350 6.0
198¢ 73,697 0.0 £6.917 0.0 To.e 0.0 0.0 LB, %17 7370 17.720 ¢ 4.0
1965 - 113.753 0.0 45,783 0.0 6.0 0.¢ 0.0 LB.783 11,378 Tos5.0%¢ 0.0
1966~ 73.95L 0.0 L5.78 0.0 [ 0.0 0.6 LB.783 7.39m - 5.0y Q.0
L1987 98,871 6.0 48.783 0.0 o.o 0.6 0.6 ¢8.7B3 9,887 36,813  ©.0
1968 : - 81.000 0.0 L8 917 0.0 - 6.8 €.0 0.6 £8.%17  8.100 0.0
1969 26.40% 0.6 «8.783 0.0 ¢.o G.6" 0.6 5,763  4.aiQ c.0
1970 $3.563 0.0 B.783 0.0 0.9 0.0 ¢.0 8,783 9.1%6 ¢.¢
1971 10B.3¥8  O.C LE.TEY 0.0 0.0 0.0 0.6 4B.783 10.83% 0.6
i1972 - S57.4Bs 0.0 L85.437 0.0 0.0 Q.0 0.0 4B.917  S.7L% 6.0
W73 129.922 6.0 15.783 oO.@ 0.0 0.0 4.0 LB.7B3Y  12.992 o.v
1974 33.835 0.D L8.7B3 0.0 0.0 0.0 0.0 48_.7B3  3.587 .0
1$75 62.976 0.0 «5.783 0.0 o.¢ G.0 0.0 48.78%  &l298 [H]
L1976 477.909: - 0,0 45,717 [ .0 0.0 o.e LB8.917 17.791 0.0
i977 136.88F 0.0 tg.783 0.0 c.G [ 0.6 ¢E.7B3 13.538 6.0
1978 160.955 0.0 L. 783 - 0.0 C 0.0 .6 e.¢ t6.783 14.09% ¢.a
i979 | 88.4ct 0.0 i8,783  0.C 6.0 g.¢ o.¢ t8.783 - @.8¢x 6.0
1960, B6.0%2 0.0 ¢B.917 ¢.0 0.0 .0 0.6 5.917 8.69% 6.0
PP g e- F e e -
MEAN  97.41% o 8.0 “8.821  e.241
b mmm e B m e e e mm e A mA M e mm B P e At A e
1] i00. 000

: - UATER DERAND «-
PERIOD  IHFLOW -WATER SUPPLY-  --1NDUSFRIAL-- --AGRICUL FURE- 10T1AL LOSS . DBIFFEN -~-RESZRVDIR-- SRl SHSRT

ISLAMA  RAVALP WAH  TAXILA  RiGaul LEFT LEVEL VoL .
Ve Py pp——— S PR demmmean Eemmm e amaa—aa o ramammn Hamaao-e e aene
{BCH) T CRGHMD tmca) 13.14. 4] MMy [ 14 b [T PN (@5 IMEM) [$.14,8] (ETH (e (AL
1940 70.42% 0.0 (3,067 0.0 . G.0 0.0 9.9 45.0e7 7.0:2 23800
196 122.640  0.C L2.947 0.0 0.0 9.0 0.0 12,967 12.24% oL .313
1962  '59.53¢ C.¢ cz.947 9.0 " p.0 0.0 0.0 [Ty .95 13481
1943 66.12) 6.0 L2947 6.0 0.0 0.0 6.0 L2, 967,612 15,915 B
19624 ¥3.697 0.0 13.087 0.0 0.0 0.0 0.0 c1.047 ?.370 PRI 5 ]
1965 1313.753 0.0 L2947 0.0 6.0 0.0 0.0 CT_9LT - 11.375 6D, 6EY 6.0
1986 73.98¢ 0.0 12,927 0.0 0.0 0.0 0.0 2,947 7.398 21.29¢ .0
1947 %4.871 0.0 LZ.G4T 0.0 o.¢ -0.0 0.0 L2.927  9.887 tz.e38 0L
1968 83.000 0.0 £3.047 0.0 - 0.0 0.0 a.0 £3.0¢7 8.100 33.3%3 8.8
1969 . £6.401 .0 Ly 97 0.0 0.0 0.0 0.0 L2.987 L,680 0.6 0.
1970 91.%43 0.8 £2.947 0.0 0.0 g.0 9.0 ¢E.9eF R.156 37,333 0.
1971 108.388 0.0 L7947 Q.0 0.0 6.0 9.0 L2.94¢7 10.831% 55.780 G.¢
1972 57486 0.0 £3.047 0.0 0.0 0.0 9.0 3047 5.74% 7.333 0.0
1973 12%.922 (] 42947 0.9 0.0 0.0 0.0 L2947 12.9%2 23,060 D0
1972 35.86B 0.0 L2987 0.0 0.0 0.0 0.0 L2.9407 3.587 0.0 [s)
1975 62.976 0.0 L2 9u? 0.0 0.0 0.0 0.0 “2.9.7  &.298 5.104 G0
1976 122,909 0.0 13,042 .0 N 0.0 a.¢ 3,007 17 791 1ic. 678 ©
19777 136.881 0.0 12.957 0.0 a.0 0.0 0.6 £2.947 13.£8E Fe.a9n O
1978 160.955 . 0.0 2,947 0.0 0.0 0.0 0.0 LZ.547 146,095 . 182,70 ©
1979 88,481 0.0 42,907 0.0 .0 .o.¢ [ LE.9LT alBLL 42 111 o
1980 ° B45.092 0.0 43.047 c.o -g.C ©.0 o.0 3,047 8.4609 3107 ®
e RS Bemmmme s oo R PN [ pomemm oo SR B amear s PRSP PR . .
HEAN 92,818 0.¢ w2.975 g.0 0.9 0.0 c.0 L2.¥75 .20 40,363 C.0
Fomemmmn P P P [ p——— [ Bemmmm— Femmmm L P el i Bk e
RATEL 0.0 . 100.000 0.G 0.0 0.0 6.0 100,000 23,927 0.0
Bt P PR P L L PRAER. [ PR [ [REPE— P PR P R -
RATEZ 0.0 116G, 000 6.0 0.0 0.¢ o.c 110.000 $1.248 0.0
emmrmem PRSP B E e B Amm—ae FET R T R T [ Cemmee L T D B e .
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TABLE A.TL-50(5)

SUMMARY OF RAWAL

15LARA

N e e

{MIM) CHOH)
1960 70.¢23 0.9
1981 1¥2.¢40 9.8
1947 39.53% 0,0
1563 At.12t .0
1942 7y.a%7 0.0
196s  115.753% e.0
1868 3 584 0.0
1947 ¥4.3871 ao.o
1vse 8i.p00c 0.0
1949 A, L0 Q.0
970 91,583 0.0
1974 108,383 0.0
19¢¥2 57,484 G0
1973 129.922 o0
197 35.8&8 ¢.0
395 s2.%7e 0.0
197¢  177.%09 ©.0
1977 134.EB 0.0
1978 140,935 0.0
1979 BB.Lcd 0.0
1950 g 092 Q.0

P L R TR T
KIAK §2.40¢% 4.0

G.0

ANNUAL SUMMARY OF'RAWAL_RESEﬁVOIR OPERATION STUDY

RESERVO1H OPLRATION
. R L LR P ST R P »
« WATER DEMAND - - S
- PNDUSTHI1AL-= - -AGRILLL TURE- TOTAL LOSS HIFFER ---RESERVOIR-- SPILL © SHORT

RAWALP WAk TAXILA  RIGHT ~ tEF1T LEVEL VoL, . :
B T T P E LI PR R T P L T R P Arreimmsusraoann

CHCM) [£1%3] LR [E14:8] THEM) MM CHOM) (MLH) (428 CHEND CHCMY CHOMD
ts.960 0.0 o.¢ 0.0 6.0 L6.950  7.042 20.841 0.0
16.851 0.0 0.t o0 0.0 44,851 12,244 59,909 0.0
46.851 0.0 .9 0.0 0.0 L6 851 5.954 10.199% 0.0
Wb, 551 U.0 o.v 0.0 9.9 LE,B51 8.832 12,087 0.0
14,060 0.0 0.0 2.0 0.0 t6.960  7.370 19.676 0.0
26.851 o.c a.0 0.0 0.0 44,851 11,375 57,010 0.0
L6851 0.0 6.0 9.0 0.0 456,851 7.398 16.930 0.0
5. 851 alo a.¢ 0.0 o.0 C6.B%1 9,687 15.767 0.0
cs st D.0 0.0 .0 0.0 46,940 5,100 29.48¢ 0.0
L6.851 0.0 2.0 0.0 ¢.¢ 46.851 L. 640 0.0 T a.e
46,831 e.0 0.0 a.o 6.0 46,851 P.154 Z9.288 0.0
46 .B%1 6.¢ 9.6 9.0 0.0 L6851 10.83% 51.989 0.0
44.940 0.0 .0 0.0 o.0 8,960 5,749 3.k 6.0
16.8%1 0.0 o.v 6.0 G.¢ Lo 651, 12.9%2 69.331 0.0
6,851 0.0 0.6 0.0 0. 6.851 3.587 0.0 0.0
4. B51 0.0 0.0 0.0 0.0 LA 85 &.298 0.0 v.o
Le, 960 0.0 0.0 0.0 0.0 6. 940 37.791 107,227 0.0
L5.85) 0.0 6.0 .0 G0 Lo.B51  YT.6BE 75.407 6.0
L3131 0.0 0.0 0.9 G.0 46,851 16.085 98.992 0.¢
6. 851 0.0 0.0 0.0 0.6 48,851 8.8ce 3B.¥%1 0.0
Lh. 980 6.0 6.0 0.0 0.9 6,948  B.60V 26.93¢ 0.0

[

100.000

WATER GERAND

101AL

FERIOD INFLOW -WATER SYPPLY- -- INDUSTREAL-- ~-AGAICULTURE- LOSS DLFFER --~-RESEAVOIR-- SPILL SHORT
1SLAMA  RAWALP WAH TAXILA RIGHT LEFT LEVEL VOL .,
B [ A e B L bt Lt P wemme— -2 $omm—ae Hmmm—— r
(.14 }) [T ] (HCH) {HIM) (HLm) 1 AHCRY (.14, 3] CHOM) ALY ) 1FT2 LI, B THLH) thehl
1986 . FO.823 0.0 50.873 Q.0 @¢.0 6.0 0.0 50.873 7.087 17.78¢ . 0.0
1¥61  122.440 Q.0 50.7%% 0.0 0.0 0.0 0.0 50.75% 12.284 55,559 Q.C
1942 5%.33% 0.0 0. 755 c.o Q0.0 0.¢ o0 50.755 5.95¢ 4,749 0.0
1963 ub . Y2 ¢.0 50, 75%% &.0 Q.G Q.0 Q.G 5G,78% b.612 8.1%97 G.qQ
1944 73.8%7 0.0 50.872 0.0 o.0 Q.0 0.9 50.873 7.3%0 15,.72¢ Q.0
1965 113.75% (] 50.255 2.0 0.0 0.0 0.0 50.755 11.32% 53.39% Q.0
[T 73.58¢L 0.0 50.755 G.¢ e.0 o.¢ 0.0 30.755 7.398 12,898 o.0
1947 ?4.871 o.¢ 50.753 G.D [ ] 0.0 0.0 50.755 ¢.687 35.099 0.0
1964 &1.000 a.0 50873 6.0 0.0 .0 0.0 ST.873 B.100 25,450 0.0
174% Lb.tGL Q.0 40,7253 Q.0 0.0 0.0 0.0 50,755 4.6L0 0.0 o.¢
1%70 Fi.363 G.0 50.755 G.0 ¢.0 0.6 0.0 50,755 9.1506 2F.14% 0.0
1973 104.386 0.0 5G.75% 0.9 ¢.o D0 6.0 50.75% 10.83%9 L8.228 0.0
1972 52.L86 0.0 50.873 0.9 ¢.0 G.0 0.0 50,873 5.7¢9 0,109 0.0
1973 12%.%e2 0.9 50.755 0.0 o.0, .0 ¢.0 50.755 12.9v2 8L.720 o.C
197 35.868 0.0 50,755  O.0 0.0 0.0 o.0 50.755 3.567 0.0 t.0
P75 ¢ -978 0.0 50,253 0.0 0.0 0.0 6.0 530.755 6298 0.0 0.0
1978 177.%0% 0.0 508573 0.6 Q.0 0.0 9.0 S50.873 17.7%)% e5.27% 0.0
1977 136,881 .0 20,755 ¢.G 0.0 a.o 4.0 50.75%% . 11.sBR L3900 Q.40
1978 140.955% 0.0 . 50,753 0.0 N 9.0 4.0 56.755 15,0835 5,201 g.0
1979 BE.441 0.0 ©50.73% o0 o.0 a.0 0.0 50,755 8.842 35,65 ¢.0
1980 8L .092 a0 SO.873 0.0 6.0 2.0 8.4 56,873 &.60%9 22.794 0.0
e L - .
MEAN  92.%34 o
T e eerm et boeam—ae
RATED a6
PR, F e LT Er e
rRATE? ¢.0

SURMART OF

HAWAL RESERVOIR GPERATION

WATER DEHAKD -~

SPILL

FERIOD INFLOW -WATER SUPPLY- ~-INDUSTHIAL-- . ~-AGRICULTURE - TOTAL LO5S DIFFER --~RESERVODIR-- SHORT
. ISLAKA  RAWALF WAN  TAXELA RIGuT LEFT LEVEL  vOL. _
L R i P P e L P R Kem - B P e el B P ]
CALM) [E28:b} RLEY miny 4.3 himy [£.2-L0 tnory imeny LHiH) Ty LMK [4.14.8} (1 3]
1960 70.422 0.0 34 .77 6. o.0 0.6 a.0 S4BT F.0L2 14.72¢ 0.0
1941 122,600 a0 54 .65% 9.9 ¢.0 o.0 0.9 54.65%9 12.2¢% 51.201 0.0
1962 5%_53¢ Q.0 56.459 0.0 ¢.0 C.0 ¢c.o 54.65¢ 5.954 3.L07 0.0
1963 es.121 Q.0 56.857 0.0 0.0 0.0 0.0 54.6%9 6.612 4£.293 0.
1eat 73.6%7 e.G 5¢.787 G.o c.0 0.¢ 0.0 SL.787 7.370 11.6%9 T.U
1945 113,753 6.0 54 -659 ¢.C e.C e.o C.0 S6.459 . 11.375 49,832 GO
17l 73.78¢% 0.0 56,659 ¢.90 G.0 Q.0 0.0 5L.65% ?.398 8.019 ¢.0
1967 g¢. 871 0.0 SL.659 . 0.9 ¢.0 0.0 . o.0 54,459 9.687 31,491 0.0
1P6E 81 .000 4.0 s 787 0.9 2.0 Q.0 6.0 54.787 8.100 22,094 0.0
1969 Wb e ¢G.¢ Y4 .59 o.0 0.0 0.0 9.0 54,5659 4650 e.0 9.0
197¢ 41.563 0.6 54.659 [ ] 0.0 0.0 9.0 54,659 - 9.1%6 i2.763 a.c
1971 108.588 Q.6 54.¢59 [ 0.0 0.0 0.0 34.6%% 10.839 & . 507 0.0
1972 57,484 G.0 56787 .0 6.2 0.0 (] $¢.787 5.749 0.0 6.0
1973 179,922 0.0 L B85 0.0 Q.2 0.0 d.0 56,659 12.%92 37.184 0.0
197 15,868 0. 54.65% ag.9 4.0 0.0 0.0 54,639 i.587 Q.0 0.0
1S 2.7 ¢.0 54.859 .0 Q.0 0.0 o.¢ 54.459 6,298 G.0 D.11¢
1976 177,909 ¢.0 34787 0.0 0.0 9.0 ] 56,287 1r.7%% B3. 463 0.
1977 136.E81 c.0 54.65% 0.6 0.0 0.0 0.0 54.65% 13.6B8 L7442 v.0
1978  140.93% 0.0 56,699 0.0 0.9 .0 0.¢ 54.65% 16.995 $1.334 0.9
1979 Bb . t44 0.0 5L .65 Q.0 a.9 G.0 6.0 54,659 B.8LL 32.117 - 0.9
1780 8L .0%2 0.9 54,787 0.0 0.0 0.0 0.0 5¢,.787 8.609 18.720 2.0
F e L R P P ) L AL L [ P e TR b P P T E LT
AT RN §2,61¢6 oG 84 .4694 a0 0.G a0 56298 F.2t1 28,775 8,005

140 .000
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TABLE A.I-50(8)

ANNUAL SUMMARY OF RAWAL RESERVOER OPERATION STHDY

SUMKARY UF RAWAL RESERVOLIR OPERATION

METER OEHAKD
- INDUSYRIAL-~  --AGRECULTURE-

PLRIOD  IRFLOW -WATER SUPPLY-

ISLAMA  RAWALP WAH  TARILA  RIGHT  LEFT
P [ R R PO .
ITM) T MEé) (hCHY  CREM) (HOEY  (alHD  (mOd)
C196L 70.423 D.D 58.700 ©.0 0.6 0.0 6.0
1941 122.420 6.9 58.544 0.0 6.0 5.0 0.0
1982 59,339 0.0 $B.56¢ 0.0 0.0 0.0 0.0
1963 s6.121° 0.0 SB.56¢ 0.0 0.0 0.0 0.0
1964 73.497 0.0 58.700 G.0 0.9 0.¢ 0.0
1985 113,753 @.0 56.56¢ 0.0 0.0 u.0 0.0
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CHADPTER 1. REVIEW OF EXTSTING STUDY

1.1. General

Pievious study reports on the Khanpur water conveyance project
have been issved by various agencies for the conveyance of water to
Islamabad only. Rawalpindi only or Islamabad/Rawalpindi combined.
This chapter deals with the results of review on the previous

representative reports which are NESPAK and AESL Report.

There is no comprehensive study report on the Khanpur water
conveyance from reservoir to twin cities of Islamabad and Rawalpindi
as a combined or joint project. Besides, scopes of work in

respective existing studies are quite different.

Summarized description and focus of the report are given as

below:

~ NESPAK Report: In June 1980, National Engineering Services
{Pakistan) Ltd. submitted to the CDA a
preliminary design and feasibility report
on supply of the Khanpur water to
Islanabad. The NESPAK examined various
alternatives to divert the XKhanpur water
directly from the reservoir or through the
already completed Left Bank Canal with a
proposed least cost soiufion, rocus of the
report is selection of least cost
conveyance canal route for mostly Islamabad

area.,

-  AESL Report: Associated Engineering Service Ltd. (AESL)
of Canada under the technical assistance of
the Asian Development Bank submitted draft
final report on Rawalpindi Water Supply and

Sewerage Project in May 1980. The AESL

B.I-1



examined'tﬁe problém of water supply and
sewerage for Rawalpiﬁdi and Isiamabad
collectively, placing theiry focus mainly
upon:groundwater dévelopmeht. The AESL
also carried out‘comprehensive studies of
water supply'needs for Rawalpindi and
Islamabad-combined, in which variocus |
altérnati&qs on water supply from Khéhpur
were indicated on preliminary planning
basis with the best solution for a combined

supply to twin cities.



1.2. Review and Assessment of the Reports
1.2.1. WESPAK Report

The following are the summary, including scope of work and

problem areas, of the report.

~ Scope of ﬁork: The NESPAK has worked out water
conﬁeyance systems from Kanpur reservoir to
Islamaﬁad area. The study items were
selection of least.cost water conveyance
system excluding detailed study on water
demand projection and water balance study

for Khanpur reservoir.

- Water Requirement:  The average demand in winter and summer
would be 70 and 120 percent of yearly
average. The peak summer day demand is
150% of gverage summer day demand, or
equivalent to 1.8 times of the annual
average. Design capacity of Islamabad and

_ Rawalpindi is about 60 and 125 MGD
reépectively. The discharges menticned
above, however, are rather over estimate

compared to optimum values.

- Service Area: The beneficial areas of Islamabad by the
.Khanpur are mainly sectors 10 to 12 series,
whereas for Rawalpindi they are not
specified due to supplementary water supplf

scheme,

e Survey and Investigation: Topographical and geological surveys
have been made based on terms of reference

on a preliminary basis.



- Ahlternative Plans: The NESPAK has studied five possible
alternative plans on the cohduction system
from Khanpur reservoir including existing
Left Bank Canal to service érea, three of
which have a tunnel plan and remainder are

without tunnel construction works.

-  Engineering Consideration: There are no indicationé of majaf
thrust zones neaf Khurram Gﬁjar and
Tarmakki in their geological profile. The
rock classification alongjtuﬁnél route of
‘alternative ~ 2 has some discrépaﬁcy'
between draﬁings.aﬁd result Ofﬁfield
survey. “Massive Limestone"” sﬁéli.bé

~alternate layer of hot only limestones but
also shale and marl} Stillihg basin would
be reQuired at the outlet of iﬁtake tunnel,
The structures=of the basin should be
designed with gate or valve type in order
to reduce size of basin foxr enefgy

dissipation.

Reinforcement of typical cross section of
tunnel for free flow type can be eliminated

from view point of structural‘dééiqn.

- Evaluation: Thé economic and technical anaiysis shows
that for supply 6f Khanpur water to
islamabad the most feaSible.sﬁiution_lies
in obtéining the Qater directly from the
Khanpur reservoir and fully utilizing the
available head. in the reseivoif. |
Recommendable alternative plan is Alternate 2B

Khanpur-Shah Allah Ditta route.



= Ahssessment of the Report: The report has been prepared mainly

' concentrating on selection of least
cost water supply system for Islamabad
arca. The several data and
ihformation, such as topographic and
geological maps as well as conveyance
route, are very useful for further
study and ?roject implementation.
Design concepts, however, would

need some modification or changes to

meet the project requirements.
1.2.2. AESL Report
The summary of the report are described as under,

- Scope of Wofk: The AESL has carried out the study on
water supply'and sewerage plans for
Rawalpindi and Islamabad. The_sﬁudy items
of watei supply scheme include projection
of population and water demand, survey and
evaluation of water resources for water
supply, selection cof least cost water
conveyance systems, economic and financial

analysis of the project etc.

- Pdpuiation Projection: Service area of twin cities falls within
| their adminisfrative boundary. Proposed
populaticon of Islamabad and Rawalpindi in
the year of 2000 are expected to be about

0.575 and 1.4900 million respectively,



Water Requirement:

Average water demahds per day per capita
are prospected to be about 46 gal. for
Rawalpindi and 116 gal. for Islémabad
taking into account living standard,
serviCe'lével of water supply anhd
consumption trend in serviece area. The
water demands are decided.considering
leakage and wastage losses reduction scheme
from 60% of consunmption total to 25% of

it.

- Water Rescurces Availability: The AESL pointed out that

Alternative Plan;

available water of Khanpur reservoir is
about 116 MGD on an aﬁerage instead of 186
G suggested by WAPDA. Based on the above
suggetions, apportionments of.Khanpur.
available water are revised to 40.5 MGD for
both the Rawalpindi and Islamabad, and 35.0
MGD for right bank area irrigation, and
others are neglected from water shpply
during drought period; Besides, the AESL
recommended that extremely large volumes of
groundwater can be developed totaling about
232 MGD against the existing capacity of

68 MGD., 7This recommendation seems to be

difficult to realize full development.

The AESL has.basically worked out four
possible alternate plans on the‘water
conveyance from Khanﬁur to twin beneficiary
cities, Two.aiternétives frém_outlet of
Margala tunnel and another two from Khanpur
reservoir are set up. Each alternative

has a plan with combined system for twin

cities and separate system individually.



- Evaluation of the Alternative: Recommendable schewme is to

utilize the existing Left Bank Canal and
construct a tunnel.to convey water to
Margala treatmen£ plant, from which it is
puﬁped te Shah Allh Ditta veservoir for the
higher zone of Islamabad and to Tirnaul and
Tomar reservoirs for Rawalpindi and the
lower Islamabad zone. When §roundwater 15
considered as suitable combined water
sources, the first priority of development
plan is £0 develo§ groundwater to its

maxjmum potential prior to Khanpur for the

-area as a whole, including Islamabad.

Assessment of the Report: The report has been compiled with

overall study on the water supply as well
as sewerage schemes. The aspects on the
water supply plan are very useful for the
future study and project implementation.
Selection of least cost water supply
system, however, will need some
modification due to the use of different

water apportionment.
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CHAPTER II. INVESTIGATION

2.1, Geological Survey

The following geclogical survey has been conducted with close
cooperation of CDA in order to clarify geclogy of foundation for raw
water reservoir/water treatment plant and qualitative and

quantitative embankment material of raw water reservoir,

Water Treatment Plant Site

Location Ttem _ puantity

(1) Sang Jani Drilling _ 1 hole, 60 ft
Standard penetration test 3 times

{2} Shah Allah Ditta

Drilling 1 hole, 18 ft
Test pit excavation 1 pit

(3) Golra
Prilling . 1 hcle, 60 ft
Standard penetration test 8 times
Test pit excavation 1 pit

Raw Water Reservoir

{1) BSang Jani

Test pit excavabtion 2 pits
Hand auger drilling 5 holes
S50il test*l & samples
(2} EKhurram Paracha
Test pit excavation 2 pits
Hand auger drilling 5 holes
Soil test 6 samples
Total Quantity
Drilling 3 holes
Standard penetration test 1) times
Test pit excavation 7 piis
Hand auger drilling 10 holes
Soil test 12 samples

Note: *1 Test items include grain size analysis, liquid and
plastic limits test, ana specific gravity test,

B.1I-1



Location map of the sites is illustrated in Figure B.II~1 and
B.ITI-2. Fach geclogic log of drill hole, test pit and auger hole
are also indicated in Figure B.II~-3, B.II-4 and B,I1I-5,

respectively.

Besides, results of socil test and analysis are shown in Table
B.II-1 and Figure B,II-6 and B.II-7. The evaluation of survey and
some consideration are discussed in Chapter III and V of this:

Appendix,

B.II-2
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FIGURE B.I-3

GEOLOGIC LOG OF DPRILL HOLE({1)
Project e
Area Designation . wreatment Plank
Hole No. BH-1 __Total Depth 60'. pip Vertical
' . ’
Location Sand yani __Ground Elev. NLSL7§§?_ZMﬁ
. PR . Mo
Begun 26-9-1984 Finished 30-9-84 _ Depth to W.L. rfg'T?E_
- Logged by M:A.M. AZAM Log Revised by S. SUGIYAMA
é o STANDARD CLASSIFICATION
& 018« IHe| PENETRATION AND
> @] Al (O .
,;j E (alitil Eﬁc | TEST (N-VALUE) PHYSICAL COMDITION
g — - o » 10 20 30 40 50
- 1 ' 0'-i1.5% Silty CLAY with trace
- - ,-"1 17 of concretion; light bDrown.
- i W
o N
L e o0 | 1.5-25' $ilty CLAY with
’115“3 i ‘ 4 GRAVEL; light brown,
— — n‘(. ya
- ",”
- o .
| yR— 251'-28.5"' 8ilty CLAY; light
20 j(! : Brown,
1 g Vo 28.5'-40" GRAVEL with brown
125 e . Silty CLAY,
-1 B e 24
1285
2 5 %303 |___§
7] 30_%’_92 Tan'—60" Silty CLAY with GRAVEL;
1 "mo_f’_ cooble & pevble dia.
- 4° .
. RN
DC o
. N =
2%
40 —===
- =
| ) - £
. =
] -7 &
: //
B s
- ,4[7
—
. N
- - <
60 - FA
REMARKS :




FICGURE B.,1L-3 GEOLOGIC LOG OF DRILL- HOLE (2)

Project

Hole No.

Area Designation

Treatment Plant

_Total Depth. 18' - Dip vertical

Location

RH-Z
Grouhd Elev. (2095)

shah Allahditta

Begun _1-10-1984 Finished »-10-1984 _ Depth to W.L. . —

Logged by M. A. M. AZAM Log Revised by S. SUGIYAMA
z O = ‘ -
8 — o _STANDARD CLASSIFICATION
® ol &6 |SG| PENETRATION . AND
> om |l am o _ o : o
g Eﬂ %Eﬁ g»J TEST (N-VALUE) o PHYSICAL" CONDITION
R 2 g D 10 20 30 40 50 o B :
. S 0'-5' Sandy CLAY; loose;
15 B S "reddish brown, ovar_ burden.
. —f?%f 5'-15' Weathered MUDSTONE;
- Kj_;%fﬁ reddish brown; sandy; with
R _4%¢{ pebble; 'slicken Side
/// present;
“*‘#ﬁﬁi““‘:%¢éé M Format i
| N urree Formation.
18 Vi
- 204 L
] _ 15t-18* Mudstone; reddish
_ ) brown; sandy; calsite
vein inte:calated{:rather
- - hard; Murree Formation.
o 40_4
- B’0-
- 60
REMARKS :
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FIGURE B.T~3  GEOLOGIC LOG OF DRILL HOLE(3)
Project
area Designation Treatment Plant
Hole No. _BH-3 Total Depth _ 60" Dip Vertical
Location _ Golra Ground Elev. (18?6)
o : _ More than
Begun 3-10~-1984 Finished .4.10.1984  Depth to W.L. B!
Logged by _M.A.M. AZAM Log Revised by S. SUCUIYAMA
= - T '
8 B R STANDARD CLASSIFICATION
& ol &x |2 | PENETRATION ’ AND
> o am o O .
E gi ggﬂ guJ TEST (M-VALUE) : PHYSTICAL CONDITION
a2 9L 5 b 10 20 30 4050 .
- == 0'-5' Silty CLAY with traces
-5 T <0 of concretion; light
] i brown.
B Te) 24
] LI 5'-16' CLAY with trace of
e concretion; brown
- - 25
L2 16'-23' Silty CLAY: compact;
brown.
03 23'-24" SAND with little
18 gravel; medium Lo
coarse grained;
limestone pebble;
gray,
%? 24'-48' Clayey SILT; brown.
48'~50.5" SAND with gravel;
medium to ccarse
28 grained; limestone
pebble; gray.
- 120 50.5'-60"' Silty CLAY; brown.
1 28
604~ ®
REMARKS:
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FIGURE B,IL-4

Project

LOG OF TEST PIT

OR—AYGER—HOEE (1)

Hole No. %TPLLW_W

Locatlion a-darn o

Ground Elev.ﬁﬂ176§) .

Approx. Dimension 4'x10'x10’

Arca Designation. Raw Water Reservoir & borrow Ared.

Depth to Water Level Not reached

Method of Excavation Hand dug pit

Date October 1, 1984

Logged by S$. Sugiyama

CLASSIFICATIN
SYMBOL
LETTER [GRAP-

— ( FEET

DEPTH [SAMPLE]

CLASSIFICATION "AND DESCRIPTION

OF
MATERIAL

HIC

cL =

I

3 1b,

10—

silty CLAY, trace of concretioen;
roots scattered especially at
0'-1';: brown;dry;compact; loess.

Silty CLAY;a considerable amount
of concretion with about l-inch
dia. :; brown ; dry; compact;
loess.

Silt ; trace of concretion;
uniform grains; brown ; drv;
compact; loess.

REMARKS :
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e i

Hole No. TP-2

Ground Elev. (leﬁQ“fwﬁ

Approx. Dimension

FIGURE B.II-4 LOG OF TEST PIT -OR—AUGER—HORE (2)
Project:

Location sangJani

Aﬁea Designation

Raw Water Reservoir & Borrow Arca

4t

X

10" x 10°

Depth to Water Level

Method of Excavation

Not reached

Hand dug pit

Logged by 5. SUGIYAMA

pate _ September 27, 1984
CLASSIFICATICNDEPTH |SAMPLE CLASSIFICATION AND DESCRIPTION
SYMBOL .. - - OF
cerTER |orRapo] (FEET MATERIAL
HIC
A-/) r/j .
B
s 0'-4' Siltv CLAY; trace of concretion;
i e 7 brown; dry; compact; loess
==
i CL ,/& /_’_ o .
% 2 4'-10' Silty CLAY; considerable amount
ya 3ib. ' L LT
o ~17 of concretion with 1-% incn
T ;/?;;; max. dia.: brown; a little
________ TR - drv; compact; loess.
AT P
17 - ',,/_/7'
= 5—
7 "‘//K}: ”// . IS =3 T 1
P S i}/ﬁzﬁ Roots scattered 0'-10'.
| No coarse grains except ILOT
CL S concretion.
- -
’ IS\/ D s
Dy KOS
rd R
s v
e -
..'/.f‘?{
— e 42 Pl | 10___

REMARKS :
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Project

Hole No. _Ef:ﬁ

Location Sang Jani

Ground Elev. (1778’) -

Treatment Plant .

Area Designation

Approx. Dimension 4

x10'x10"

Depth to Water Level

Not reached

Method of Excavation

Hand dug pit

S. SUGIYAMA

e —

Date . L e Logged by
""" Eebgoer 1, oo ——
CLASSITFICATI(NDEPTH |SAMPLE CLASSIFICATION AND DESCRIPTION
SYMBOL ' ' OF
LETTER |GRAP~ (FEET) MATERIAL
HIC
7/———:‘——“0" - -
P 0'-10' Silty CLAY; trace of concretion;
oy e B compact; massive; a little
- dry; low plasticity; brown;
e
: pd 1 loess.
I
— 3
S
'''''' et g 0'-3' Abundant roots; dry.

gr-10" Trace of limeston pebble

REMARKS :
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project

FIGURE B.iL-4

LOG OF TEST PIT OR-AUGBR-HORE- (4)

Hole No. TP-4

l.ocation

Shah Allahditta Ground Elev. (207%)

area Designation

Treatment Pant

approx. Dimension 4!

x 10" x 7°

Depth to Water Level

Not reached

Method of Excavation

Hand dug pit

Date October 4, 1984

Logged by S.SUGIYAMA

CLASSIFICATION
SYMBOL
LETTER |GRAP~-

DEPTH |SAMPLE
(FEET

CLASSIFICATION AND DESCRIPTION

OF
MATERTAL

SC.

SC

é%

Bedrock

<

10—

0'-1' Clavey Sand; dry; hard;
abundant roots, top solil.

1r-7* Clavey Sand with rubble; massive;

compact; moist; brown with
vellowish sandy patch;

abundant roots upto 3f and trace
of roots upto 75 Overburden.
Rubble consists of hard greenish
sand stone with 4" wmax.-dia.
1'x2" cave at 5' depth.

7'- Sandy MUDSTONE to Clayey
SAND STONE; reddish brown to
purple; massive; soft; Murree
Formation, bhedrock.

REMARKS :
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Project

Location

Approx.

FIGURE B.I-4 [0G OF TEST _PIT -OR—AtGER—HebE (5)

"Hole No. TP-5

Ground Elevu_118853 :

~_Golra
Area Designation ___

Dimension

Method of Excavation

Treatment Plant

4'x10'x10’

Depth to Water Level

Not reached

___Hand dug pit

Date October 4, 1984 Logged by S.SUGIYAMA
CLASSIFPICATICNDEPTH |SAMPIE CLASSIFICATION AND DESCRIPTION
SYMBOL | OF
FETTER |GRAP- | TEET MATERIAL

HIC
""'"Q_-‘:'__:‘ . . .

CL— E%:i;é' 0'-1' Silty CLAY with limestone .pebble;
A abundant roots; brown:; 4dry;’
] )

- p———1 -] top soil.

e
I N 1'-10"' silty CLAY; trace of concretion;
S — massive; compact; trace of roots;
S— many small holes of lmm dia.

CL e — 5 scattered; brown with yellowish
A - patch; dry; loess.
T
—AE-10H

—
REMARKS:

B.I1~-12



(FIGURE B. -4 LOG OF TEST PIT -OR-AHSER—HOHE-(6)

Project . Hole No. IP-6
Location _Khurram Parucha Ground Elev.,
Area Designation Réw Water Reservoir & Borrow Area o
Approx. Dimension 4’x105;10'

Depth to Water Level Not reached

Method of Excavation __Hand dug pit

Date October 8, 1984 Logged by __ S.SUGIYAMA

CLASSIFICATIONDEPTH |SAMPLH CLASSIFICATION AND DESCRIPTION

SYMBOL : OF
LETTER {GRAP~ (FEET MATERIAL
HIC
A 0'-2' Silty CLAY; abundant roots;
i X z — soft; brown; dry; locess.
CL. Bt | _
~~~~~ —éiéxfﬁ-w—-——- 2'-10% Silty CLAY; compacht; massive;
S

D [ a little roots; a considerable

ion

amount of concretion; DErous;

~
"L
4
NS
N

el
N b

AN B
i

t‘fi‘iy
U
{
N

an ant cave with 5"¢; ant

pits scattered; brown; a little

drv: loess.

ClL DT

1o

REMARKS:
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FIGURE B~ -4

Project

LOG OF TEST PIT -OR-AHEER-HORE- (7)

Hole No. 1TP-7

Location

Khurram Parucha ' Ground Elev.

Area Designa

tion Raw Water Resexrvolr & Borrow Area .

Approx. Dimension 4'x10'x10°

Pepth to Water Level Not reached

Method of Excavation Hand dug pit

Date October 8, 1984 Logged by S. SUGIYAMA

O T e

CLASSIFICATICNDEPTH |SAMPIE] CLASSIFICATION AND DESCRIPTION
SYMBOL OF
TETTER [GRAD. | ¢ FEET  MATERIAL
HIC
CL j?;%i? 0'-1' Sandy CLAY with gravel:'abundant
it roots; gray; dry; top soil.
S—
CL" S —— 1'-3' Silty CLAY; porous; moderately
— _
SRR D SN N compact; a considerable amount
e .
— = of roots; trace of concretion:
S brown with grayv patch; moist;
— o : :
S reworked loess.
O

3'-10' Silty CLAY; massive; very compact
bu

hard; abundant concretion; trace

of roots; hrown; moist; loess.

10—

REMARKS :

B.II-14



FIGURE B.T-5 LOG OF -<PES4-—fEP--OR AUGER HOLE (1) ]

Project Hole Mo, HA-1

Location _  SangJani - Ground Elev. (17500

Area Designation Raw Water Reservoir & Borrow Area

Approx. Dimension 3~inch-dia

Depth to Water Level Not reached

Method of Excavation Hund'auger hole

Date September 24, 1984 __Logged by S- Suglyama

CLASSIFICATICNDEPTH|{SAMPLE CLASSIFICATION AND DESCRIPTION

SYMBOL ] OF
rEFrER Jorapo | L FEET MATERTAL
HIC

0'-5%' Silty CLAY; slightlv organic with
: plant roots; no coarse dgrains
except for trace of concretion;

: : T medium plasticity; dark brown;
CL moist; easy to be compacted;
loess.

5 I | 5'-8' siley CLAY-Clayey SILT; small

] 5 r’7/‘ amount of concretion witn l-inch
CLn //255 max. dia; brown; moist to a
'S LLL little dry; Loess.
hAL“ T STOPPED DUE TO MUCH CONCRETION,
Y — ]
10—
REMARKS :

B.II-15



FIGURE B.II-5

Project

LOG OF -BESP——Pft—oR AUGER HOLE (2)

Hole No, ﬁHA—2

Location

. _ -
sang Jani Ground Elev. (1750)

Area Designation _
Approx..Dimension 3-inch-dia.

Depth to Water Levél __Not reached
Method of Exéavation Hand Auger Hole

Date September 24, 1984

Raw Water Reservoir & Borrow Aread

Logged by S. SUGLYAMA

CLASSIFICATION

DEPTH [SAMPLE CLASSIFICATION- AND DESCRIPTION

_ SYMBOL . OF
LETTER [GRAP- { FEET MATERIAL
HIC '
0'-6' Silty CLAY; medium plasticity;
. .
trace of concretion; brown;
moist; reworked loess.
i CL N 6'-7' Sily SANP medium gréins; a
: little amount of limestone
pebble; brewn. moist; aliuvial
] deposit.
-
- STOPPED BECAUSE OF GRAVEL ENCOUNTEREN
SM
]
10—
REMARKS

B.II-16



projeck

FIGURE B.N~5 LOG OF -#BSP-—PLE—OR AUGER HOLE (3)

Hole No. 5573

Loéation Sang Jani

Ground Elev.m&lZ;ff

Area Designation

Raw Water Reservoeir & Borrow Arca

Approx. Dimension
Depth to Water Level

Method of Excavation

3-inch-dia..

Not reached

Hahdwggger hole

Logged by S. SUGIYAMA

Date September 24, 1984
CLASSIFICATICNDEPTH |SAMPIE CLASSIFICATION AND DESCRIPTION
. 5YMBOL ( FEET ar
LETTER |GRAP- MATERIAL
HIC
0!'-1' Silty CLAY slightly organic;
e o . medium plasticity; dark brown;
moist; top soil.
T i*-10' Silty CLAY; a little amount of
2 b : concretion; medium plasticity;
- = - brown; moist avobe 6'; a little
?222;; dry from 6'; loess.
/
CL 55—
10—
REMARKS

B.I1-17



FIGURE B.M-5 LOG OF -FREZ—PEE—OR AUGER HOLE (4)

Project Hole No. HA-4

Location _WVSam;Jéni o _Ground BElev. (1772) .

Area Designation Raw Water Reservoir & Borrow Area

Approx. Dimension 3-inch-dia.

Depth to Water Level Not reached

Method of Excavation Hand auger hole

Date September 25, 1984 " Logged by S. SUGIYAMA

CLASSIFICATIQQDEPTH SAMPLE] CLASSIFICATION AND DESCRIPTION
‘S5YMBOL : or
CETTER JGRAP= |\ BET MATERIAL
HIC
0'-1' silty CLAY ; slightly organic;
T T T T T T 7 medium plasticity; brown; a
little wet; top soil.
| .
CL, | 1'-8' Silty CLAY;_medium'plasticity;
a little amount of cOncretiOn
with a hald inch max. dia;
- brown; a little wet; loess.
R SR 5 —
_ 8'-9' Silty CLAY; a considerable amount
CL_ of concretion. ﬁ :
| STOPPRD RY MUCH CONCRETION.
10—
REMARKS:




e

|FIGURE B.1I~5  LOG OF ~$EST—Pi8-—0R AUGER HOLE (5)

project _ . Hole No. HA-5 -
Locétion ) .Sathani' i, Ground Elev.ﬁlljl@@l(ﬁ
Area Designation ‘Raw Water Reservoir & Borrow Area

Approx. Dimension 3J-inch-dia.

Depth to Water Level Not reached

Method of Excavation Hand'auger hole

Date September 25, 1984 Logged by S. SUGIYAMA

CLASSIFICATICNDEPTH |SAMPIE| - CLASSTFICATION AND DESCRIPTION
SYMBOL. ' OF '
LETTER {GRAP- (FEET : MATERIAL
HIC
010" Silty CLAY; a small amount
— _ of concretion withl-inch max.
dia.; light brown; dry; loess.
5—%/
L
e
-
A 10—
REMARKS:
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FIGURE B.T-5 10G OF H%—BEf—OR AUGER HOLE (6)

Hole No. %HA—G

Project

Location Khurrum Parucha Ground Elev.

Area Designation

Row Water Reservoir & Borrow Area

Approx. Dimension

pepth to Water Level _ Not reached

Method of Excavation Hand augér hole

Date  September 26, 1984 ___Logged by 5.SUGIYAMA

CLASSTFICATTCN DEPTH |SAMPIE| - CLASSIFICATION AND DESCRIPTION

SYMBOL OF
.
LETTER |GRADP - (FEET ' _ MATERIAL
HIC .
B 0'-10°" Silty CLAY; moderate plasticity;
- trace of concretion below 1;
_ brown} a little dry -moist;
loess.
2 b
Egﬁ;/
/
5_—///

7

_/

REMARKS :

B.IT-20




FIGURE B.I -5

LOG OF -PESP-—PRLT QR AUGER HOLE (7)

Hole No.

Project

Location

arucha

Ground Elewv.

Area Designation

Raw Water Reservolr & Borrow Area

Dimension

3 inch-dia. .

Approx.

Depth to Water Level Not reached

Method of Excavation Hand auger hole

Logged by g, SUGIYA \,1.5

Date September’ 26 1984
CLASSIFICATIG@DEPTH SAMPIH CLASSIFICATION AND DESCRIPTION
SYMBCL _ OF
LETTER |GRAP-~ (FEE$ MATERIAL
' : HIC

CL

2 b

%

CL

*—___mﬂmwﬂv_ﬂ;1g;;

0'-3' Silty CLAY with trace of brick
fragment and concretion; slightly
organic; dark brown; moist-wet;

~top s0il; reworked loess.

Siity CLAY; trace of concretion;
trace of roots; light brown;
loose; wet; loess.,

3'-101

REMARKS:

B.I1II-21




FIGURE B.TI-5 [OG OF -PES®~-PE$—OR AUGER HOLE (8)

Project _  Hole No. HA-8
Location mm,Khurrum'Paruda : _Grbund Elev.,
Area Designation Raw Water Reservoir

Approx. Dimension 3-inch-dia o

Depth to Water Level

Method of Excavation Hand aucer hole

Date September 27, 1984 Logged by S.SUGLYAMA

CLASSIFICATI(NDEPTH |SAMPIE] CLASSIFICATION AND DESCRIPTION

SYMBOL , QF
TETTER [orRap- | ([ LET ' MATERIAL
HIC

R | 0'-2' Silty CLAY;slightly organic;
LLT{}ﬂ ‘a little sandy; some roots;

F—— = — = = 1 = —— dark brown; rather soft;'moist;

top soil

CL:%:FJ 2'-6' Silty CLAY;.a-iittle'organic;.

] a little amount of concretion;

5“4 hrown wiﬁh black_& light brown

patch; compact; moist; reworked

loess.

Clavey Silt; a little amount of

ML

concretion with 0.5-inch-dia.

light brown; a little dry; loess.

ML

8'-9.5"8ilt ;no concretion; uniform

JV grains; light gray; a little

drv; loess.

REMARKS:
Stopped dur to gravel encountered.

B.II-22




FIGURE B.I~-5 LOG OF -BESP—PEP—0R AUGER HOLE (9)

Project

Hole No. HA-9

Location Khurrnm. Parucha Ground Elev.

Area Designation paw Water Reservoir. & Borrow Area

Approx. bimension 2_inch-dia

Depth to Water Level 6

Method of Excavation Hand auger hole
Date September 27, 1984 Logged by S. SUGIYAMA

CLASSIFICATIG@DEPTH SAMPUH CLASSIFICATION AND DESCRIPTION

SYMBOL ~ OF
LETTER |GRAP- (FEET MATERIAL
- |HIC

0'-3"' Silty CLAY; a little organic;
CL_ a little concretion; brown with
darker patch; moist; reworked

loess.

L — —— — b e ey

:3'-6' Silty CLAY; no coarse grains
- except for a little amount of

(3L . . concretion; light brown; moist,

6'-9' Silty CLAY;almost saturated;
soft; light brown.

10—

REMARKS :

B,.I1-23



FIGURE B.T-5 10G OF -SB&F—piP—OR AUGER HOLE (10) - ﬂW-

Hole No. HA-10

Project - L
Location __ Khurrum_ Parucha . Ground Elev. _ o
Area Designation Raw Water Reservoir & Borrow Area

Approx. Dimension _ 3—inch—dia;

Depth to Water Level._ 6!

Method of Excavation Hand.auger_gple -

Date September 27, 1984 Logged by S. SUGIYAMA

CLASSIFICATIMDEPTH SAMPIF CLASSIFICATION AND DESCRTPTION
SYMBOL - . : or
LETTER [GRAP- (FEETL . MATERIAL
HIC )
0'-5' silty CLAY;a little amount
. of concretion; brown with darke:
N g lighter patch; moist; reworked
CL_ loess.,
| N 5-6" Dit-‘to.;wet.'
e = B 6-10° Silty Clay; soft; almost
CH_ ' saturated; light brown.
AV 2 b :
T—E.—‘ %
_
J fa Y
\——10
‘REMARKS :

B.II-24
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2.2. Water Quality Sampling and Analysis

. buring field survey in Pakistan, water quality sampling and
analysis has been carried out at appropriate sites as indicated in

Figure B.II-8.

Results of analysis for raw water guality and algae content are
shown in Table B.II-2 and B.II-3. Assessment of analysis is

discussed in Chapter 113 of Appendix B.
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Figure B.I-8 LOCATION OF WATER SAMPLING POINTS
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Table B.IL-2

Raw Water Quality (1)

Sampling Points

‘Digsclved oxygen

B.IT-33

1 2 3 4
Ttems
Sampling date (1984} Aug 6 hug 6 Aug 6 Aug 6
Weather . Clear Clear Clear Clear
Atom. Temperature (°c) 35 33 35 35
Water temperature () 30 28 30 31
Discoloration {(Unit) 5 5 5 &
Odours Uncbjec~ - Unobjec~  Unobijec~  Unobijec-
| ' tionable  tionable  ticnable  tionable
Taéfesﬁ do | do do do
Turbidity (Unit) 10 16 18 16
Total Solids (mg/1) 250 252 252 251
.pH range 8.1 7.9 8.0 8.0
Total hardness {mg/1) 125 120 135 130
Calcium {mg /1) 80 80 85 80
Chlorides (mg/1) 16 15 17 18
Copper (mg/1) Nil Nil Nil Nil
Iron (mg /1) Nil Nil Nil Nil
Magnesium {mg/1) 45 40 50 50
Manganese {mg /1) Nil Nil Nil Nil
Sulphate {mg /1) 49 45 50 S5
Zinc (105/1) 0.025 0.025 0.025 0.025
Aﬁmonia nitrégen- (mg/1) Nil Nil Nil Nil
Nitrate nitrogen (mg /1) 0.5 0.5 0.5, 0.5
Nitrite nitrogen (mg /1) - - -7 -
Alkalinity (mg /1) 90 110 105 110
Conductivity (“Cfem) 354 360 357 356
Coliform gr@ﬁp (noé/ml) Nil 10 : 6 Nil
.Total cblonies {nos,/ml) 15 ‘80 30 110
(mg/1) =~ - - -



Table B.IL-2

Raw Wabter Quality (2)

B.IL-34

Sampling Points 1 2 3 4

ITtems’

Samﬁling date (1984) Sep 13 Sep 13 Sep 13 Sep 13
Weather Clear Clear Clear Clear
Atom. Temperature {°C) 33 34 33 32
Water temperature {eC) 26 24 26 26
Discoloration (Unit) 5 5 5 5
Odours Unobjec- Unobjec~ Unobjec-  Unobjec-

_ tionable ticonable tionable .tionab]e
Tastes do - do do do
Turbidity {Unit) 8 12 8 16
Total Sclids (mg/1) 259 281. 257 256
pH randge 8.1 8.0 8.1 8;1
Total hardness fmg /1) 120 112 112 110
Calcium (mg/1} 70 60 63 58
Chlorides {mg /1) 20 18 16 19
Copper (mg/1) Nil Mil - Nil Nil
Iron (mg/1) Nil Nil Nil ‘Nil
Magnesium (mgfl) 50 .52 59 .52
Manganese {ma/1) Wil Wil Nil - Nl
Sulphate {mg/1) _45 35 34 30
Zinc (ﬁg/l) 0.02 0.625 0.01 0.02
mmonia nitroéqn {mg/1} Nil ‘Nil .Nil_ Nil
Nitrate nitrogen (mg /1) 0.55 0.5 0.45 0.5
Witrite nitrogen (g /1) 0.05 0.04 0.06 0.065
Alkalinity (mg/1) 105 108 102 100
Conductivity (47 cm) 370 388 - 367 365
Coliform group (nos/ml} 3 80 6 .120
Total colonies {(nos/ml) 7 120 11 50
Dissolved oxygen (mg/1) 7.5 8.0 7.25 8.75

Water bLevel of Khanpur Reservoir : 1948 ft



Table B.W-2

Raw Water Quality (3)

~ Sampling Points

2 3 4

Items
Sampling déte {1984) Qct 17 Oct 17 Oct 17 Get 17
Weather Clear Clear Clear Clear
Atom. Temperature (°C) 26 28 26 29
Water temperature {(°C) ©o21 22 21 22
Discoloration (Unit) 0 | 0 4] ]
Gdoufs Unobjec- Unobjec~ Unobhijec~ Unobjec~

ticonable tionable tionable tionable
Tastes do do do do
Tufbidiﬁy (Unit) 5 6 6 8
Tétal Solids (mg/1) 282 308 295 290
pH range 8.3 8.3 8,2 8.2
Total hardness (mg /1) 140 144 135 130
Calcium {mg/1) 80 92 a0 85
Chlorides - {mg/1) 20 22 21 18
Copper (mg/1) Nil il Nil Nil
Tron {mg /1) Nil- Nil Nil Hil
Magnesium {mg /1) 60 52 45 45
Manganese {mg/1) Nil Mil Nil Nil
Zinc (mg /1) 40 49 38 35
Ammonia nitrogen .(mg/l) Nid Nil Nil Nil
Nitrdte nitrogen {mg/1) 0.4 0.5 0.45 0.4
Nitrite.nitrogen {mg /1) ~ - - -
Blkalinity (mg/1) 106 112 110 108
chauct.ivity (“t%cm) a12 440 422 413
_Coliform:graup {nos/ml) 1 40 - 55.
Total colonies {(nos/ml) 15 90 - 50
Dissolved oxygen {mg/1} 6.0 7.5 7.5 9.5

Water Tievel of Khanpur Reservoir : 1955 ft
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CHAPITER TII., DESIGN CRITERIA

3.1. Hydraulic Design

Of a number of mean velocity formula prepared for open channel,
tunnel and pipe line etc., the mosi suitable formula is to be
applied in consideraticn of flow conditions. In the study, the
Manning's Formula is applied for open channel and tunnel where the
Reynolds number and roughness coefficient are considered to ke
relatively large, while the Hazen-Williams Formula is selected for
pipeline where flows of transitidnai region between smooth and iouqh

are expected.

3.1.1, Manning's Formula

2/3 1/2

vV = 1 R S
n

where V = flow velocity in m/s
5 = siope of energy gradient in m/m
R = hydrulic radius
= flow area/wetted perinmeter

n = coefficient of roughness

A. Coefficient of Roughness (n)

Lining Material n
Concrete (Steel Form} 0.014
- do - {Wooden Form) 0.015
Concrete Block G.017
Barth 0.025
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B. Allowable Velocity (meter per second)

Maximuin Minimum

Open Canal {Concrete) . l.80 . 0.60
Concrete Conduit & Syphon 2.50 1.00
Turnel with Lining 2.50 1.00

31.1.2 Hazen-Williams Formula
v = 0.35864 cp?+©? 0-34

2.63 0,54

0 = 0.27853 cp*-®? 107

where V = flow velocity in m/s

i

discharge in cu,m/s

hydraulic gradient

1

coefficient

O 0O -0
It

inner diameter of pipe in m
A, Coefficient of Roughnesgs (C)

In addition to friction loss, other losses such as bend loss
are also considered to determine the value of *C" at 116. Fiqure
B.T1I-1 presenls a hydraulic nomogram with'pardmeters of ¢, T and C.
B. Diameter and Standard Design Velocity

In consideration of safe and easy operation. and maintenance of
a pipeline as well as appurtenant structure and equipment, standard

design velocity is determined empirically as below:

Pipe Diameter Design-Vélocity

{rmm} ‘ {m/s)

75 ~ 150 0.7 - 1.0
200 -~ 400 0.9 - 1.6
450 - 800 1.2 - 1.8

. 900 - 1,500 1.3 - 2.0
1,600 - 3,000 1,4 - 2.5
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FIGURE B.M~1 ~ NOMOGRAM OF HAZEN~WILLTIAMS FOUMULA (C = 110)

FLOW (cu.m/s)

e
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3.2,

were

.

Conduction Main and Tunnel Geology
Water Head Allocation and Canal Alignment

To propose alignment of the cenduction wain, the followings

taken fully into consideration:

Since the conduction main conveys domestic water, closed
combined systems with pipelines, tunncls and syphons are
proposed. If the conduction main contains open channels,
sediment inflows during heavy rains would be depdsifed_on thé
sill of structure causing serious difficulty in operation and

maihtenance works.

T0 expect economic merits the conduction main is designed so as.
to minimize the total lerngth and construction cost by means of
allotting a large share to such structures that need less
construction costs.

Tt is so designed as to simplify construction works.

Tunneil is aligned tc be straight as much as possible.

To minimize construction periced, vertical or inclined shafts
are proposed tc be constructed for a tunnel of which length

excesds 2 km,

As a basic conception of water head allocation, it is regquired

for a water conduction system that ‘an overall construction cost is

to be minimized, by means of allocating more head {available water

head) to such structures that need high construction costs (stéep)

and allotting less head to the structures that require‘lowféosts

(gentle). The Khanpur water cenduction main systems involve tunnel,

pipeline and syphon as the major structures, Among these

structures, difference of per unit iength construction cost is

B.II1I-4



relatively small and lifting of water by pumps is irevitably be
necessary for each alternative plan. Considering that the itotal
length éf conduction main by alternative plan varies with a range
from 6.5 km to 12.5 km with required lifting head from 70 m to 105
m, it is clear that the merit of decreasing the construction cost in
terms of allocating additional several meters of available head teo
the conduction main ié'much bigger than the demerit of increasing
Ithe construction cost of pumping statiens with additional lifting
head of several meters. As a consequence, design velocity for each
structure is détermined as under, as acceptable from stand point of

operation & maintenance within the limit of the maximum allowable

velocity:
DESIGN VELOCITY

Structure - Dimension Velocity ({(m/s) Enerqgy Gradient
Pipeline #1,650 mm x 2 1.58 1:800
Pressure Pipe ¢1,500 ' 1.91 1:500
Syphonl/ @2 ,000 2.15 1:600
Tunneliy Horse Shoe D=2,100 i.84 1:650
~do-~ - - do -~ D=2,400 1.48 1:1,500

Notes: 1/ For length(£) <3 km
2/ For & >5 km

3.2.2., Tunnel

‘The cross-section of the tunnel is determined as standard horse
shoe type due to its superior workability, although from structural
point of view strénqth is to some extent inferior as compared with
circﬁlaf type. For mechanical construction, the minimum
cross?section, in terms of a diaﬁeter, is 2.0 m. For the Project in
consideration of_velodity of flow, a diameter of 2.10 m is given for
ordinary type of tunnel; For a long tunnel with & length exceediny
3 km,'it is often necessafy to construct lining concrete immediately

after excavation, because that steel supports are deformed due to
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