Project Cost Comparison

(Unit: Rs. Million)

Alternative
__ltem ' 1 _11-C 111
Civil Works 1,742.6 1,792.2 1,569.2
Others . 341.7 322.8 281.3
Contingencies 1,745.7  1,795.0 1,599.5
Total 3,830.0 3,910.0 3,450.0

4.3.2. Operation and Maintenance Cost

‘The running expenses for operation and maintenance of the
proposed water supply systems include electric power cost, labour
wage, material supply, repairs of equipment and construction works,
and administration. Electric power costs are estimated in
accordance with WAPDA Tariff B-3, and labour wage and material for
water treatment are calculated on the basis of guantity and unit
prices, For repairs of équipment and construction works and
administration, 1% of the construction costs including procurement
costs is assumed. Yearly operation and meintenance costs at the

target year are given below {refer to Table B.IiV-16):

Construction Costs 0 & M Cost/Year

Alternative (Rs. Millicn) Ratio (Rs. Million} Ratio
I-A 2,055 1.19 ) 71,75 1.53
1-B 1,977 1.15 09,49 1.48
I-C 1,917 1.11 67.61 1.44
II-A 2,070 1.20 73.82 1.58
Ii1-B 2,021 1.17 70,15 1.50
Ii-C 1,971 1.14 63.16 1.35
II-D 2,012 1.17 62.81 1.34
11T 1,726 1.00 46,83 1.00
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CABLE B.IV-16  OPERATION AND MAINTENANCE COST

Unit *+ Rs. 1,000/year

Pumping Treatment

Alterantive Station_ Plant 1/ Othérsgk Total
I-A 35,785 19,090 16,876 71,751
1-8 34,681 19,090 16,322 69;493
1-C 32,543 19,090 15,977-. 67?610_
I1-A 37,099 19,090 17{627 _73,516
1I-B 34,007 19,090 17,048 70,145
II-C 27,455 19,o9p 16,617 63,162
I1-D 26,817 19;090 16,899 62,806

11t 13,194 19,090 .14,543 46,827
Note: 1/ Chemical and other material of abéut

12.8 miliion rupees is included in the

cost of water treatment plant.

2/ Others meéan maintenance and repair
cost of overall water supply systems
and administration cost served by the
Khanpur Water

3/ Rs. 98,477,000/year of expenses to purchase

raw water from Khanpur porject are not included.
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4.4, Selective Comparison of Alternatives
4.4.1, Preliminary Comparison of Sub-alternative
A. FEconomic Consideration

Ecqnomic internal rate of return (EIRR) as one of the index of

economic evaluation is computed below.

Alternative EIRR {3}

I-A 6.88
I-B 6.97
1-C . 7.05

TI1-A 6.69

II-B 6.83

I1-Cc - 7.02

I11-D 6.98
111 _ 7.56

Note: In computlng EIRR the costs of distribution networks were not
1ncorporated in the project costs.

B. Engineering Consideration

Alternative I

Alternative i—C is proposed to provide separate distribution
systems of treated water to both cities, in contrast to common use
systems for Alternative 1-A and I-B. Separate systems may permit
easier operation and maintenance than the systems of Alternative I-A
and I~B..'Hence, Aiternative I-C is recommendable among three

alternatives.

Alternative IT

- The constructlon of main pumping station in Khanpur reservolir
for Alternative II-D will need somewhat sklllful englneerlng
works compared to the construction of other pumping stations

for Alternative II-A, II-B, and II-C,
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- Operation and maintenance of vertical shaft type'pumps'proposed
in Alternative I1-D is relatively difficult when compared to
horizontal shaft type pumps proposed in Alternative I1i-A, I1I-B

and II-C.

- Alternative II-A, IT-B and 1I-C rank same from a viewpoint of
engineering. However, Alternative II-C is recommendable in
consideration of EIRR, though difference of EIRR is slight.

4.4.2. Comparison of Alternative I, II and ITI.

Alternative T is tepresented_hy 1-C, and Alternative II by

II-C, respectively as mentioned above. The construction costs and

EIRR are again surmarized as below;

Construction Cost

Alternative {Rs. Million) Ratio EIRR (%)

I 1,917 1.11 - 7.05
II 1,971 1.14 7.02

ITI ' 1,726 1.00 7.56

The followings are summary of comparison of Alternative I, 11

and III in respect to . engineering advantage and disadvantage:
&, Alternative I
{1} Advantage

i. The existing Left Bank Canal would be effectively utilized

as originally designed.
ii. It is technically possible to shorten the construction
times, when necessity arises, by“Starting the construction

works from the several job sites at the same time.

iii. Distribution of treated water to both cities would be easy

hecause of separate distribution systems.
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(2) bisadvantage

ii.

iii,

iv.,

The existing Left Bank Canal needs careful maintenance of
canals that are mostly composed of open conduits, and
operation of water distribution to different sectors of

urban ‘water, irrigation and industry.

It invelves constructing three railway crossings including
two tunnels and one agueduct. In driving tunnels beneath

the railway, skillful workmanship is required, as well as

‘reinforcement of the rajilway to be crossed.

The length of'pressure pipelines, especially high pressure

pipélines is longest among alternatives.

The Left Bank Canal would be rehabilitated and improved
with the Project, however, careful maintenance would still
be needed against slope erosion, silting in canals and

cross drainage conduits, piping and so on.

B. Alternative II.

(1) Advantage

ii.

Diversion works and conduction mains would be constructed

for exclusive use of urban water supply.

The length of conduction mains is shortest among three
altetnaﬁivés which might bring about easy maintenance of

conduction mains.

(2) Disédvantage

i.

The Lef£ Bank Canal that was constructed for the

'mdltipurpose uses would not be utilized for urban water
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i,

iii.

iv,

supply scheme. Operation and maintenanqe of the Left Bank
Canal might be a burden to the remaining sectors of

irrigation and industry.

Two tunnels with the length of two km and three km
respectively would be'constrﬁcted,'for which more sillful

workmanship than that for Alternative 1 would be required.

In addition to Khanpur dam, proposed Tarmakki diversion dam
needs stationing staffs for operation and maintenance of

facilities,

Regulating capacities Qf dischérge floWing into the main
pumping station is less than that of Alternative I,

because no raw water reservoir is constructed.

There exists possibility that flow discharge from springs
around Shah Allah Ditta might be reduced during the period

of tunnel construction,

C. Alterrative III

(1) Advantage

i.

ii,

Diversion works and conduction mains would be constructed

for exclusive use of urban water supply.

About 53% of water could be distributed by gravity to the

service area.
Skillful civil engineering technology is required for

construction of tunnels; however, the construction of |

tunnels shall contribute to transfer of such technology.,
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(2) Disadvantage

i. The construction of tunnel shall not be completed by the

end of phase I period.

ii, Skillful civil engineering technology shall be requifed for
construction of conduction mains such as intake tower to be
- constructed in the reservoir, pressure break basin,

eSpeéiélly.

iii. Prior to. the construction woerks, detailed investigation is
necessary with fegard to engineering such as the properties
_oflréck, féults, fracture zone, groundwater table,
permeability, unconsolidated layers, and so on, together
_with a detailed construction plan for the proposed intake

tower.

iv., It is hardly possible to shorten the comstruction times for.
tunnel and feeder facilities, even if sufficient

disbursement of budget is made.

v. There is possibility of accident in censtruction of
tunnels,'when Compared to other construction works,
Alternative III involves providing high vertical shaft and
it needs a construction period of mcre.than four years to
'compléte tunnel works. Once the ground water flows into
the tunnel, special countermeasﬁres should be taken,

resulting in delay of construction works.

D. cConclusions

1) From technical point of view, all of alternatives I, II and

II1I are feasible.
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2)

3)

5)

Tt will take five years under_ﬁiternative Iand 11 to
complete the first phase in which fifty percent
wtilization of Khanpur 'urban water is envisaged. whereas,
in case of Alternative IIT, it Qili take six years.
However, this one year delay will not bring a serious

problem for the staging plan of water supply.

Operatioﬁs of the Left Bank Canai under Alternative I méy
raise technical probléms.for urban water supply, ariSing
from the control of water diversion to irriqation and
iﬁdustry. "In contrast, in hlternatives II 'and III, watex
is directly taken from the reservoir and,'%herefare,

diversion operaticns for urban water supply will be easy.

In Alternative III, out'of'£hé,t6ta1 amount of'éhé:water to
be distributed to Rawaipiﬁdi‘éréag about 78%_would be
served by gravity. It puts this alternative in an
.eccnomically advantageoué position in an ihdisputable

manner.

The table below shows a summary picture of the three

alternatives:

{Unit: Rs. Million)

Construction

Alternatives  EIRR (%) cCost - o/M Cost/Year

1 7.05 1,917 68
T 7.02 1,971 i 63
111X 7.56 1,726 - 47

A clear grasp can be had of the situation where Alternative

111 is recommendable as the wost optimum plan,
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Tt might be emphasized that annual recwring costs are the
least under this alternative, which will lessen and relieve
burdens on water supply organizations and on the users as

vell for the project life of half a century.
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TARLE B.IV-17

EIRR BY ALTERNATIVES (1)

B,Iv-87

1} Input
cC v Construction Cdsts {(Bs. miliion)
MM : Number of Replacement Years
RY t Replacemant Yesr
RC + Replacement Cdsts {Rs. millioen)
OMC t Operation & Malotensaoce Costg (Rs. million)
2) IRR Computation
bC.RT 1 Discount Rate(=Discount Factor)
- PH.BF :'Present Worth (-'Present Value) of
Benefit (Rs. million)
P%.CS : Present Worth (=Present Value) of
’ Cost {Rs. million)
NP : Met Present Worth (= Net Present Value)
" {Rs. million}
BC . RT i« Benafit Cost Ratio (%)
Note: Distribution network costs are not incorporated.
ALT. < I — A >
£ INPUT 5 ¢ IRR COMPUTATION >
BCi= 0. DC.RT FW.BF FPW.CS MPW  BC.RT
ne 2= 113.308 -
C 3= 396,57 0. 050 7 062 1262 141
LC 4= 396,578 0.051 4211 3038 1173 139
CC 5= 226.616 0.0%52 4102 3015 1087 136
oce= 0 0.053 3%%6 2993 1004. 134
CC 7= 43.373 D054 - 3824 2871 923 121
CC 8= 151.803 0,055 2795 2349 845 129
e 9= 151.804 3. 056 3698 2928 g 126
CC 10="86.745 0.057 3605 . 2908 698 124
oC ii= 0 D.058 3815 2887 6EY iz2
o0 12= 12.08 0,039 3427 £28ed 559 120
CCC 13- 42,279 0,060 @ 3342 2848 494 117
L 14= 42,278 17,061 3260 2830 430 115
e 1%= 24.16 0, 062 3180 2811 269 113
. 0,063 3103 2793 310 111
M= 5 - e 0.064 =028 2¢7s 252 109
By i= 21 RC 1= 2.366 1. 065 2733 aran 196 107
RY 2= 26 .RC:2= (0.584 0. 086 2284 2741 1432 105
FY 3= 31 RC 3= 42.397 1. 067 2815  &7ES a1 102
FY 4= 36 RC 4= 23,996 . L, 06S avds 2v0R 40 101
By 8= 41 RC 3= 13,224 0,069 2eRd 2692 -3 109
Gic= 71,751



TABLE B.iv-17

AL

L IHPUT >

tC 1= 0
CC 2= 114,323
CC 3= 400. 15
£C 4= 400.15
CC 5= 228.656
CC 6= 0
CC 7= 39.%31 -
€ 8= 138.3¢
CC 9= 138.36
79,063

CLE 10
[ D
(MO |
CC 13
L

=
(i

nnounou

& ) ) e

M=
=Y
By 2

LY

ALt £ T )

=
-
3

Ry 4=
RY 5=

HC= 69,49

LT

L 1IHRFUT >

0o

CoOoOOOaoaO oo

b e o 0 SN VLD B GO RY e

(O T RN I A N W R N

1 a o

e
DV

-

taTIe b 0o

o
—

t

e L=
oo 5=

M= 5
Y i=
EY Z=
RY 3=
RY 4=
RY S=

O

9, 3596
32.744

22.744

18.711

pm (T e T s

<

EIRR BY ALTERNATIVES

(2)

2.366

L= 0.584

3= 456,041
4= 24.867
5= 17.252

75,801

0

Q. 204

b
e ]

A
o T

18.

<1

26"

o)

36

41

‘RC

EC.

FC
rC
RC

HHC= £7.61

S64
565
£08

2. 366
0.584
40,279
24,378
15.765

Eu i

U e G )

£ IRR COMPUTATIOH >

OC.RT

. 0350
0. 0351
3,032
1,052
. 054
1D.055
0. 056
3,057
2. 058
12.052
0. 060
3.061
1, 0E2
0.063

0. 084 -

0. 065
0084
i, 067
1.068
0,063
0.070

Fid. BF

4324
4211
4102

3996

13394

- 3793
3698
203
3515
247
3342
2260
3180
C3HN3
2028

. 293533
2884
2613

2749
2684

2621

P, CS

2007
2984

2962

2240

2919
2998

2878

2838
£B39
2820

2801

2783
2765
2748
273
2rid
2699
2682
2666
2651
2636

< 1ER COMFUTRTIGH >

BCLRY

1. QS0
0. 051
3. 052
0.053
0. 054
l} . 0155
0. 056
0. 9057
0, 058
0,059
. 0,060
n.0e1
- 0.062
n. 063
0. 064
0. 0ES
0. 066
2, 067
0,068
0.06%
., 070
0,071
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PUl. BF
32
4711
4102
3996
2894
3795,

- 3A93

3605
3515

. 3427

3342

3280

3180

2103
2029
2955
2884
za15
2744
2634
2621

2560

CPWLCS

2958
293&
2215
28932
2973
2853
e833
‘2814
2795

2V76

2758

2741

-~ d
LN By

2707
2650
Z674

2658

2643
2629
2513
2599
2554

HPL

1347
1227
1140
1056
975
297
821
747
676
508
541

477

413
333
297
21
186

33

g2

e
EpW)

~15

HPY

1386

1275

1188

1103
1021
942
865
ezl

-
[

€31
S84

912
456
396

TR
i

281
226
173
21
71
23
~23

BC.RT

144
141
i39
136 .
33
i3t
129
126
124
122
119
1y
tis
113
111
109
107
105
163
iay
29

BC.RT

146
142
141
156
136
133
131
128
126
123
121
~1i9
117
115
113
110
108
107
105
103
101
99



TABLE B,1v-17 ELRR BY ALTERNATIVES (3)

AlLT. ¢ LI — T

£ IHNPUT > < IRR COMPUTATIABH >
oC 1= Q. DCLRT  PLLBF  PUW.CS NP BCLRT
CC 2= 121.918 :
LC 3= 426.713 0.050 432 2938 1366 146
CC d= 426.713 0.051 4241 2237 iavd 143
C 5= 243.836 D038 410g 29tv tiee 141
e 6= 0O : D.053 299 2898 1109 138
CC 7= 30.646 G.054 3894 2877 1017 35
oC 8= 107,26 033 3Pes 2857 azy 133
oC 9= 107.26 0,036 3698 28438 860 130
£C 10= 61,292 2,037 3405 28z0 ¥85 o8
Co11= O 0,058 3515 =0z 713 125
°C 12= 13.61 _ 0.059 3427 734 643 123
CC 13= 47,636 0,060 3342 2767 5¢S izt
nC 14= 47.636 D.061 3260 2750 10 119
CC 1S= 27.221 N.062 3180 2733 447 116
_ : 2.062 2103  2r1v 385 114
MM= S 1. 064 0e8 evol ze i1z
RY i= 21 RC i= 2.23€6 D.065 2955 2686 269 110
RY 2= 26 RC 2= D.584 0.065 2384 2671 213 108
RY 3= 31 RC 2= 39.819 L.06F 2815 -TEEE 160 108
BY 4= 35 RC d= 23,485 13. 068 2749 z2h41 102 104
RY &= 41 RC S= 12.752 0,069 2634 2827 87 102
D.070 2621 26313 .9 100
AMt= &3, 162 . N.071  28E0 2599 -39 9a
ARLLT. = ITI — & >
£ INPUT { IER CRMPUTATION >
oC t= 0 CC.RT O FULEBF PW.CS WPl BC.RT
CC 2= 123.12 :
LG 2= 430,919 N.0S0 4324 29FF 134B 143
CC d= 420.919 7.051 4211 2955 256 142
TC S= 246.239 0,052 4102 2938 118 140
€ 6= - ND.GS2 299 2914 1082 137
L0 ¥=32.078 0,054 2894 2895 529 135
OC 2= 112.266 0,055 3795 2875 Q19 132
e 9= 112,266 N.056 2693 2856 847 129
LC 10= 64,152 - 0.057 2605 2828 768 127
LE 1= O 0.058 3515 2gte 695 125
LC 12= 13,794 0,059 23427 2e02 626 122
C 13= 48,279 0,060 3342 &7ed 553 120
CC id= 48,279 N.061 2260 E7F67 493 118
oL iS= 27.528 © o062 31e0 275 430 116
_ 0.0RT 2103 2734 368 113
M= 5 S : n.064 3028 2718 209 111
EY 1= 21 RC 1= 2.366 0.065% 2985 EV03 252 109
FY 2= 26 RC 2= 0,384 D.0£6 2824 2687 {o7 107
RY. 2= 31 . REC. 3= 46.499 3,067 2815  EET2 143 105
EV 4= 36 RC 4= 25,155 N.068 2749 26ES 91 103
RY S= 41 RC 5= 14,423 0,059 2684 2643 41 102
' 3,070 R621 2422 -8 £00

aic= £2.806

B.I1V-89



TARLE B.IV-17

aLT. o
LOINPYT D

=0 .
= 130.268
3= 455,336
LC 4= 455.936
LC 3= 260,335
CC 6=

CC 7= 32.279

e 8=
e 9= 112.963
LC 10= 64.55

ioC 1= 0

cC i2= 13,732
2C 13= 48,0861
e 1d4= 48,061
CC 19= 27.463

M= S
BV 1= 21 .
EY 2= 26 RC 2
RY 3= 31 RC 3
EY 4= 36 RC 4

RC S

RY S= 41

HC= 735.816

ALT - o
£ IHPUT >

£C i= 0

= 127,549
LC 3= 446.423
446423

0
29,243
102,349
102,549
93, 485
t]
13.689
47,91
47 .21
377

R Ry

QOOOOQOo

Lty * R S el &)
Lafge=C it g uny

U R

GO0 0

™
o
i

€C 4=
£C 15= 27.

RO
RC
RC
RC
RC

GMC= 700145

i

112.963

£295.099

LN $m L) 2 =

T

DN Hn

s

RC 1= 2,366

0. 584

44,234
24,388
13.856

2. 266
0.584
42.663
24,196
12,464

EIRR BY ALTERNATIVES (4)

L T

£ IRR COMFUTATION >

0. RT

‘0,050
11, 051
0.052
1.053
13.0354
0,035
0.036
0.057
0. 0%52
0,052
3. 050
0,061

.06

D062
0. 064
0. 065
). 065
9. 0e7

< 1IEE

PC.ET

11, 050
0,051
0,052

0.053

3, 054
3.053
0. 08¢
1.05¢
2,053
3. 059
1. 060
0.061
0. 062
0.063
3. 064
3. 0685
1. 0&6
n,067
0.0e3
11,09

PU.EF

Fi,. CS
4224 3164
4211 3140
4102 31i6
3996 30923
38%4 2071
I7F95 3042
3620 3027
2609 3006
3515 2986
2427 29656
3242 294¢
3260 e oy
3ig0 - 2908
. 2103 2892
3028 2871
2955 2854
2684 2836 -
2815 29192

COMFUTATION >

PW.EF  PI).C5
4324 3078
4211 2055
4102 3023
3996 3011
2994 2990
3735 2969
2698 2948
3609 2928

3515 2908
2427 2889
3342 2874
3260 2852
3180 2824
3102 2817
3028 -~ 2800
2955 2783
2084 2766
2515 - 2v50
2749 2754

2sed 2719

B.IV-90

HPW

1160
1071
98¢,
903
825

746

671
59¢

529

462

296
333

area

213

156

101

49
~4

HP

1246
1156
1069
285
-.an4
826
750
677
606
5328
472

4089

346
286
22

172

118

A
14

~-35

BC.RT

137
134
132
i29
127
124
122
120
118
115
113
i1
109
107
105
104
102
100

BC.RT

140
138
135
133
130
128
125
123
121
119
115
114
112
110
108
106
104 .
102
101
23



TABLE B.IV-17 EIRR BY ALTERNATIVES (5)

< ESEMEMIC EURL AT T o -

LT . . LIT

LOINPUT >

0

i0a.{
249,123
349, 122

3
an]
VYA TN T e D) N

| and
Lo S TO LT { T A N S 1A £ |

IZC o911z
ZC S4.595
ioC 24.321
i ga. 122
i-C 85,122
-C = 43,642
e 11= 0

CC 12= 12.005
ZC 1= 42.016
LC 14= 42,015
CC 15= 24,008

RY 1= 21 RC 1= 2.386
RY 2= 26 RC 2= 0.5%4
BEY 3= 3 RZ O= 21.371
Py 4= 36 RC 4= 18,224
Y 5= 41 RC 3= 16.644

IRk

S

LCURET

0, 0E0
0. 051
i3, 052
13,052
11,054
. 055
3. 055
3. 057
1, 053
1. 059
2, 060
D, 051
., Deg
. 0E3
3. 04
n.0es
1, 06
0. ey
0. 0es
. DE-?
0, 70

(SIS

N.Ove
0,073
0,074
D.07s

. 0ve

B.IV~91 .

-

COMFUTRTIGH >

&1, BF

ZRd 2
mE g
[Ny
519
cdel
2402
Sad?
SE9d

eado

PW.CS

2985
2569
2953
s
fot e S
2222
2507
2453
2473
2465
2451
2438
2423
Cad1e
2400
2387

TR e
P
T
2364
Rt ~
Sohe
2341
Pt
{;CI-:I
k'l B
2319
2308
T
pENCAE LS
MR
¢;¢:88

el e
Ll

)
2268

Lo Xah ] v
EMIa!

HPUW

1692
1596

03
1413
1226
1242
110
ioa2
1005

J
3

[
[

SESEY NIRRT R
[ v B R e

=4
-]

[ ey RN I N R ]

3
o
(N -

SO
[

‘i
—
(]

260
219
ez
115
1=
o

~18

BC.RT

LES
162
159
LSE

(=]
=2

15
147
144
141
13
135

e
st nd

127¢

120
11s
iie
113
111
109
147
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FIGURE B1v-27  SCHEMATIC MAP OF KHANPUR WATER CONDUCTION SYSTEM
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TABLE B.IV-18 PROJECT COST OF ALTERNATIVE T-C

ITtem

10

11.
12,
13.

14,

15.

‘Raw Water Reservoir

Feeder Facilities

Tunnel

Water Treatment Plant

. Pumping Station

Pipeline

. Service Reservoir

. Electric Works

Subztotal (1. - 8)
Project Office
Eand Acquisition
Office Equipment
Engineering

Administration

Sub-total (9 - 13)

Base Cost 1 - 13)

Physical Contingencies

Price Escalation

Sub~-total (14 -~ 15)

Total Cost

Local

B.1v-93

{init:

Foreign

42.7

11.5

Rs.rMillion)

Total

95 .0
27.4
442,32
263.0
697.1
157.4




TABLE B.IV-19 PROJECT COST OF ALTERNATIVE IT-C

Ttem

%]

o - 5

9.

11.

12.
13,

14,
15.

W N

Raw Water Reservoir
Feeder Pacilities

Tunnel

. Water Treatment Plant

Pumping Station

Pipeline

. Service Reservoir

Electric Works

. Sub-total (1 -~ 8)

Project Office
Land Acquisitibn
Office Equipmént‘
Engineering

Administration

sub-total (9 - 13)

Base Cost (i - i}L

Physical Contingencies

Price Escalation

Sub-total (14 - 15)

Total Cgﬁg

Local

20.
71.
276.
117.

w

282,

N
b
[ @ I

B.IV~924

O

o

(Unit: Rs.Million)

Total

Foreign
14.4 34.4
47.6 119.0
265.3 541 .4
122.4 $239.9°
282.1 564.3
95.4 '232.5
38.2 60.7
865.4 1,792.2
- 12.0
- 45.1
6.3 8.5
163.7 207.2
- 50.0
1709 222.8
1,035.4 2,115.0
103.5 211.5
516.5 1,583.5
620.0 1,795.0
1,655.4 3,910.0



FABLE B, IV-20

ITtem -

. . .

e I - L R T S

9;

10.
11.
12.
13.

i4.
15.

Raw Water Reservoir
Feeder Facilities
Tunnel
WétérnTreatment Plant

Pumping Station

. Pipeline

Service Reservoir

Electric Works

‘329_*_:93%1_11_:_@_
Project Office
Land Acquisition
Office Equipment
Engineering

Administration

Sub-total (9 - 13}

Base Cost'(l - 13

Physical Contingencies

Price Escalation

Sub-total (14 -~ 15)

Total Cost

PROJECT COST OF ALTERNATIVE 111

B.IV-35

(Unit:

Fore1gn

Rs.Million)







CHAPTER V.  PROPOSED FACILITIES






CHAFTER V. PROPOSED FACILITIES

5.1, Major Revision of Pacility Design Concept

Through series of discussion meeting on the alternative study
and review of design criteria for final preliminary design, the
following design concepts are revised from eriginal one which was

described in Chapter ITI of this Appendix B.
A. Water Losses of Water Treatment Plant

Initial proposed water losses at water treatment plant was
assumed about 10 percent of daily raw water inflow in receiving well
of the plant. During course of field study in Pakistan, detailed
discussion has been made between the team and CDA staff concerned.
Finally the value of water losses was revised to 5% from original
one. (Please refer to discussion materials item-10 in Chapter V of

Appendix C)

Revised distribution discharges for each sector in Islamabad

and Rawalpindi are indicated in Table B.V-1 and B.V-2, respectively,
B. Cross Section of Pressure Tunnel

Cross section of pressure tunnel just downstream of intake

" tower is changed to 2,400 mm diameter from 2,100 mm original one
taking into consideration distribution of hydrauwlic gradient, water
losses of jet flow valve and efficient utilization of concrete

placing steel form etc.

B.v-1
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. TABLE B.v-~1 I5LAL AABAD L‘U\i‘[ R E;UPPTY IN THE YFAR OF AD2000

(L) () (3) {43

_ Max. baily Max. Daily Max. Hourly
Sector Demand % Discharge Discharge
— _cu.m/D cu.m/D RS

D-11 2,095 1.45 2,456 43
B-11 9,819 6.81 11,535 200
F-11 9,539 6.61 11,196 194
G-11 8,376 5.8 9,841 171
H-11 7,641 5.30 8,978 156
1-11 13,538 9.39 15,905 276
D-12 3,625 2.51 4,252 74
E-12 6,350 4.40 7,453 129
F-12 6,185 4.29 7,267 126
G~12 9,758 6.77 11,468 199
H-12 6,235 4.32 7,318 127
I-12 11,175 7.75 13,128 228
D-13 906 0.63 1,067 19
E-13 12,139 1.48 2,507 44
F-13 4,489 3.11 5,268 .92
G-13 7,912 5.49 9,299 161
H-13 4,830 3,35 5,674 99
F-14 2,925 2.03 3,439 60
G-14 7,419 5,14 8,707 151
E=15 3,017 2.09 3,540 61
F-15 4,781 3.31 5,607 97
G-15 11,482 7.96 13,483 234
Total 144,236 100,00 169,388 2,941
Notes: (2} = E'O—té%l*("l—)ﬁx 100

({
1000 ) 100
{3) % 1.5/86,400

(3 33 MGb x f1—'—5::‘-’—};0 95 x0.95x1.25x

(4)

B.V-3



TARLE B.V.~2 RAWALPINDIT WATER bUPPLY IN THE YEAR OF AD2000
(Distribution of Khanpur Dam Water)

(1) (2) (3) (4)
Max. Dailly Demand Max.Daily Max.Hourly
. KM.D,D. Total Discharge Discharge
Zone Sector (cu.m/D} (cu.wm/D) % (cu.m/D} iggﬂpiglkv
1 31,799
2 32,565 :
A 3. 22,495 104,719 45.0 76,438 1.327
8/2 7,340
R 9 10,520 , )
o 13 81,376 g
MoB L 12 263 931639 40.2 68i285 1.186
“oe ii ;:;gi 12,189 5.7 9,682 0.168
” 10 18,191 -
D 25 776 21,064 9.1 15,457 0.268
26 2,097 s _ : ©
Sub- total 232,811 232,611 100.0 169,862 . 2.949
4 9,646 I '
E 15 . 16,161 51,958  20.4 37,989 0.659
) 17 26,151 ' . '
. 156 974
F 10 11,811 12/785 E:o ~ 9,311 0.162
5 11,945
6 2,435
7 9,545
c 8/2 7,340 _
i8 1,624 '
B G 15 62 g 105934 416 77,468 1.345
20 3,774
21 440
27 5,255
23 1,140 )
H ;g 42:222 50,617 19.9 37,058 0.643
1 28 20,495 20,495 8.0 14,898  0.259
I 27 12,999 12,999 5.1 9,497 0,165
Sub-total 254,788 254,788 100.0 186,221 3.233
Grand Total 487,399 487,399 - 356,083 - 6.182
Hotes: Av. Discharge ) " 69.37MGD = 3.65% cu.m/s
Max. Daily Discharge - : 3.653x1.25= 4.566 cu,m/s
Effective Max.Daily Discharge: 4.566x0.95x0.95= 4.12lcu.m/s
RMC Eff. Max. D. Discharge : 4.121%0.477%=1,966cu.m/s

C.B. Eff. Max. D. Discharge : 4.121% 0.523*%=2,155cu.m/s
* 'the Ratio of Max. Daily Demand in the Year of AD2000
Max. D. D(2000) RMC; 232,611 C.B; 254,788
(Ratio) ' (0.477) ¢+ (0.523)

2y = A 900 (3) (R.M.CL) = 1.966%86,400% (2) /100
2.155X86,400X(2)/100

i

Sub Total (1) (©.B.)
{4)

i

(3) x 1.5/86,400

B * ‘11_4



5.2. Hydraulic Cowputation of the Facility
5.2.1. Conduction Main

Conduction main has a total length of 13,06 km (8.11 miles) to
be constructed between the intake tower at the Khanpur reservoir and
" Golra treatment plant with the design discharge of 6.74 cu.m/sec
(238 cﬁsecs). Connected with the intake tower, which is installed
within the reservoir area, a pressure tunnel of 770 m long énd an
enefgy dissipator facility of 54 m in length are planned to be
constructed, Watérs released from the reservoir are conveyed to the
treatment plant through a conduit of 106 m, free-~flow tunnel of

11,480 m and pipeline of 650 m long.

Double.pipeline system with a couple of energy dissipator
valves are broposed taking the future repalr works into
consideration, while a single line of tunnei ig constructed based on
can economic reason as well as on the actual achievements, as
reported in many countries, showing no serious damages and accidents
during cperation & maintenance works. The lowest intake gate cof the
intake tower is located at the first-stage dead water level.
.However, the minimum.reéervoir level to pass the design discharge
-through.outlet tacility as reguired for municipal water supply is
estimated at 583.62 m {(1,913.5 ft) in case of single dissipator
valve and at 582.57 m {1,910 ft) in case of double valves. As a
consequence in the study, the design headwater level is determined

at 582,57 m.

Effective storage between elevations 582.57 and 580.11 m (1,902
ft} is estimated as 6.15 MCM (5,000 acre-ft), corresponding to about
six daYs capacity for municipal water supply. In such an unusual
case when the reser&oir level falls around the elevation 1,910 ft,
it is thoﬁght that the full amount of design discharge is raxely
released because.saving.water practice is commonly accompanied. As

falls the reservoir level to 1,910 ft or lower, amount of water to



be released decreases gradually. Structure of the energv
dissipator, however, allows 3.37 cu.m/sec or 50% of design discharge

to pass through outlet facility.

Hydraulic calculations for the ronduction main for the section
from the inlet of conduit up to Golra treatment plant are presented
in Tables B.V-3 and B,V-4. Delivery water level at the receiving

well of the treatment plant is determined at 572.67 m,(l,877‘6 ft).
5.2.2. Wwater Treatment Plant

Detailed hydraulic calculations prepared for water treatment
plant, from the receiving well up to the clear water reservoir, are

briefly discussed as below:

Water Level of Receiving Well

+ 572,67 m {1,877.6 ft)

L. Receiving Well

o = ceu™/?
hw = (Q/CP)2/’3
where ¢ : flow rate 3.20 m3/$ec . e
C i weir discharge coefficient 1.89  hy ﬂ\4;:jfaé
B : width of weir 3.85 m ' %l_
N

hw: weir overflow depth
2/3
hw = (3.20/1.89 x 3.85) /3 . 0.58 m

allowance, ha = 0,08 m

water Level at Effluent of Receiving Well
+ 572,67 - (0.58 + 0.08) = + 572,01l m

B. Head loss of Intergonnecting Pipe (Receiving Well - MNixing Wéll)

B.v~6



al -

Friction loss

Total

hf = 10.666 x ¢ 107 x p 487 4 o185
1
where D} = 1,65 m, Ll = 30 m, Q" = 3.20 mB/Sec, ¢ = 130
. 2
D2 = 1.20 m, L2 = 40 m, 0° = 1.60 m /sec, C = 130
hfl + hf2 = 0.08 m
b) Minor loss
ha = hi + ht + hb + hv -+ ho = 0.27 nm
where hi: influent, ht: tee, hb: bend, hv: valve,
ho: effluent . '
Water Level of Mixing Well
+ 572,01 - (0.08 4+ 0.27) = + 571.66 m
C. Mixing Well
2/3
Hw = (1.60/1.88 x 18.00) = 0.13 m
No allowance is considered.
D. Head Loss'by Baffled Channels in Flocculation Basin
. _ _ 5
lower bend hb = fb x v /2¢g, fb = 4.5
2
overflow ho = fo x v /2, fo = 2.5
Height of Width of Velocity V2/2g- No. of No. of
Stage baffle (m) channel {(wm) (m/sec) {m/sec). Dbaffles channels
1 1,80 1.50 0.30 4.59 L - 4 2
. . 0O - 4
2 1.80 2.00 Q.22 2.47 L -4 2
o - 4
3 1.80 2.90 0.15 1.15 L - 4 2
0-4
hb ho Total Capacity gf Retention G value
© {m) (m) {m}  channel{m’) time (sec) {sec ") G value
0.083 0.046  0.26 336 420 72.5 30,000
0.044 0.25 0.14 448 560 45.9 26,000
0.021 0,0115 0,06 659 - B13 26.1 21,000
0.46 1,434 1,793 77,000



water Level of Sedimentation Basin

k.

F.

a}l

)

+ 571,66 - (0,13 + 0.46) = + 571.07 m

Head Loss by Effluent Trough of Sedimentation Basin
3 3
g = 0.80 /sec x 1/9 = 0.089 m /sec

2 2. 1/3
he = {ag /gb)

where q : flow rate per trough
he:  critical depth .

[9)1
= .
. . /r— c—-:lw o
a4 coefficient 1.10 + ! —i o o
e [— Of =+ F
Ew .
é 0

b : width of trough

he = 0.177 m _ LR : =
/2 '

ho = 3}/ x hc

where ho: water depth of upper end

he = 0.307 m
weir overflow depth

hw = (0.044/1.89 x 5.00}2/3 = 0.03 m

Viater Level at Effluent of Sedimentation Basin

4+ 571.07 - (0.03 + 0.40 + 0.10) = + 570.54 m
Head hess of Interconnecting Pipe (Sedimentation Basin ~ Filter)

Fricticn less
~1. -4, .
hf = 10.8666 x 130 1.85 x 1.65 87 K 3.20l 85 x 50

= 0.05m

Miror loss
hm="hi+ ho=0.17m

where hi : influent, he : effluent

Water Level of Filter

+ 570,54 - (0.05 + 0.17) = + 570.32 m

B.v-8



G. Head Loss for Filter
Total Head loss of filter is determined at 2.50 m.

H. Head Loss of Interconnccting Pipe (Filter - Clear Water

Reservoir)

1} Friction loss
hfl = 10.666 x 130
hf2 = 10.666 x 130
hfl + hf2 = 0.12 m

1.85 4,87 1.85
X

X 1.65 x 3.20

a5
~4.,87 .
x 1.20 b4 1.60l 85 x 30

if

0.08 m

.185
. 0,04 m

1
i

2)  Minor loss

hm = 0.27 m
1. Clear Water Reservoir

hw = (1.60/1.86 x 11,30)2/3 = 0,18 m

alldwance, ha = 0.03 m

High Water Level of Clear Water Reservoir

+ 570,32 - (2.50 + 0.12 + 0.27 + 0,18 + 0,03} = + 567.22 m
effective depth : 4.00 m

Low Water Level of Clear Water Reservoir

+ 567.22 - 4,00 = + 563.22 m (1,846,6 ft)

5.2.3. Distribution System
A, Water Level of Service Reservoir

Based on the f[low diagram as illustrated in Figure B.V-Z,
required water levels of service reservoirs are determined so as to

sdtisfy necessary water head and discharge at the delivery point of

each distribution unit. Regquired water head at each distribution

B.V-9



unit is taken as + 120 ft and + 100 ft above ground level
respectively for Islamabad and Rawalpindi, énd computationé are
based on the maximum hourly diséharge. Hydraulic célculatipns are
summarized in Tables B.V-5 to V.5~8. In this connection, water
levels of service reserveir as calculated are'given in terms of the
lowest water levels (LWL), and at LWL the deéign maximum.hourly

discharge is to be deliverable to each distribution unit.

Although distribution system is desirable to be proposed by
means of gravity flow system, which would need less Costs for
construction as well as operation and maintenance, service areas of
Islamébad are not deliverable by gravity since the required water
head at each distribution unit is much higher than the available
water head of 563.2 m (1,846.6 ft) at the clear water reservoir of
Golra treatment plant as obtained from Khanpur reservoir level. On
the other hand in Rawalpindi, most part of service area is
deliverable by a gravity system. Accordingly for Islamabad, as
previously discussed in Chapter iII, service area is divided into
two zones, namely High zone and Low zone. . Golra=-l service reservoir
and Golra-2 service reservoir are proposed for High and Low zones,
respectively, and waters are pumped up from the treatment plant.
.For Rawalpindi, water conveyved from treatment by gravity are
delivered to the service reservoir to be constructed in the sector
H-1l, and then distributed to the most part of serve area by
gravity. For distribution units D, H, T and J where insufficient
water heads are only avaiiable, waters are further lifted byhbooster

pumps. Water levels and service réservoirs are summarized as under:

Eglamabad . . LYWL

High Zone: Golra—l.Service Reservoir 663.0 m (2,174Ift)
Low Zone : Golra-Z Service Reservoir 614.5 m (2,015 ft)
Rawalpindi . _

H-11 Service Reservoir 551.¢ m (1,807 ft)

B.v~10



5f2.4. Hydraulic Distribution of the Proposed System

Hydraulic distribution of the proposed system pased on the
hydraulic computations is summarized and illustrated as in Figure

B.v-3.
5.2.5. Hydraulic Consideration on the Existing Division Works

The Left Bank Canal of the Khanpur Dam {L.B.C)} has been
constructed so as to convey combined water supply for manicipal,
industrial and irriqation; Hydraulic profile of L.B.C will be
influenéed and water surface elevation will considerably fall due to
the change of design discharge, if the municipal water is excluded
from the deéign discharge of L.B.C., Accordingly the crest elevation
of the existing division works should be lowered to divert required
amount of watef.thfough facilities. Sample computation is given as

under for the selected division work located at RD9358 of L.B.C.

Hydraulic Dimension of L.B.C at RD9358

Design Discharge Q = 12.326 cu.m/sec {434 cusecs)
Bottom Width of Canal b=1.7%4 m (5.75 ft)

Water Depth d = 1.754 m (5.75 ft)

Side Slope of Canal m= 1.5:1

Longitudinal Slope S = 1/1,650

Roughness Coéfficient n= 90,015

When'municipal water is excluded, the design discharge will be

revised as;

12.326 - 6,74 x 1.1 = 4,912 cu.m/sec

0 =
d' = 1.13 m (3.70 £t)
v = 1,25 m/sec : flow velocity
- 3.897 sq.m : flow area
R = 0.668 m :  Hydraulic radius

B,V-11



Water surface elevation will, therefore, fall as;

Ad= 1,754 m ~ 1,130 m = 0,624 m (2,05 ft}

Accordingly, structure of the existing division work should

necessarily he modified,.

B.V-12
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5.3. Preliminary Design of Intake Tower and Conduction Main

5.3.1, Tunnel Design

Cutting line of tunnel section to ensure the designed thickness
of lining (A-line), pay line of excavation and lining concrete,'and
dimension of steel support are determined followihg guidélines and
design standards prepared by United States Bureau of Reclamation as

well as by Japanese Ministry of Agriculture, Forestry and Fisheries.

Three types of standard cross section_of tunnel are
established. For three fractured zones, which are geologically
considered to be tectonic faults and through which the tunnel is
propased to.pass, épecial reinforcement works ?fécedéd'eXCavation
are caryxied in exécuﬁion. In the case that steel supports deféfms
after excavation work due te increase of earth pressure at the
places of fault and fractured zone, lining work is to be made by

using centre forms.
A. h-line

Standards for A-lines are as under;

DESIGN THICKNESS OF LINING (A-LINE)

Tunnel No.l Tunnel . - . No.2 Tunnel

Type Arch Side Invert Concrete  Arch Side = Invert Concrete
Dj Di , Di i S
Type A =2 > 20 =X 2 20 Reinforced =~ 2 15 Py g5 Plain
20 20 20 20
Concrete : Concrete
S 20 em .. 20 cm 028= 210 ., 15 cm .. 15 cm 928= 180
Di . Di Di . Di
== > =L > L 2L >
Type B 20 = 20 o0 25 - do - 50 2 20 50 = 15
. - do —
J. 20 cm .25 cm ' S.20cm .15 cm
o pi Di .
Type C 15 =20 35220 4 -

. S.20 em 2. 20 cm
Note: Di denotes inner diameter of tunnel
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In this connection, nothing except steel ribs or a part of
original hard foundation should not be remained. In additiecn,
nothing except concrete itself should not be remained within the

distance of 10 cm from inner face of lined concrete.
B. Excavation Pay Line and Concrete Pay Line (B-line)

In consideration of rock classification of the foundation,
construction method and etc., tunnel pay lines for excavation and
concrete, as regquired for estimation of construction cost, are

determined as presented in Table B.V-9,

Foundation Geology at Proposed Intake Tower Site

At and around the proposed site of. intake tower, rocks are
_outcropped and foundations are composed of alternating beds of hard
limesténé, in which fissures are to some extent developed, and
massive marl. Bearing capacity of foundation is estimated to be
sufficient to su?port the intake tpwar. There is, however, some
possibility of leakage of the reservoir water during the course of
foundatioen exéavation and it is recommended that careful
investigatioh is executed as advance to check permeability of soil

layer.

Geclogy along Tunnel Routes

Geolegical profiles along tunnel routes are compiled in the
separate volume "Drawings". Length of tunnel, as classified by rock

types, is given as below:
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ROCK TYPES ENCOUNTERED ALONG TUNNELS

{Unit: meter)

__Tunnel Rock Type I Type II  Type 111 Type IV  Total
Tunnel 1 4] 770 0 0 770
Tunnel 2-1 940 2,590 370 50 3,950
Tunnel 2-2 2,140 2,100 950 - 0 5,190
Tunnel 2-3 0 320 1,310 710 2,340

Total 3,080 5,780 2,630 760 12,250

As concerns geologic¢al survey, a detailed'invéstigatibn'is
recomnended to be progressed preceding to detailed desiagn works,
General conditien of geology and qroundﬁater is described also in
Chapter 111, 3.2 of this appendix. ~In réview_of at present
available data, special attention on the planning of tunnel
excavation is to be paid, firstly to takihg measure to cope with
spring water {groundwater) and sécondly to. treatment of faults. In
.addition, it is éstimated that little swelling rock is distributed

along the tunnel route.
5.3.2. Construction Planning
a. Intake Tower

Since the proposed site of intake tower is presented in a shape
of a small bay, water 1evels in the reservbir are desirable to be
kept as low as possible during construction'works} by means of
releasing excess water through the spillway gates. Coffer dam is
'proposed with double sheet-piles filled up with sand. The crest
elevation of the_coffer dam is set at 1.5 m above the crest 6f the

spillway.
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B. Tunnel

Pressure tunnel is excavated from its outletr side, while No.?2
tunnel is excavated at six faces in total, inclusive of inlet,

outlet and both faces of two vertical shafts.

Tunnel exqavation is executed with 3 units of 40 kg~class
legdrills and prefabricated footholds. Blasted tunnel muckings are
placed in steel muck cars of 3 m3 capacity by rocker shovels of 0.23
m° bucket capacity and 7.5 kw-class trainloader. About 24 n° of
mucks produced by cne blasting is.hauled by 8 units of muck cars
‘pulled by a 8 ton locomotive. Locomotive and carriers are switched
at expanded sections of 1.0 m wide and 10 m long placed with 500 m
interval, Concrete is transported from batcher plant to each tunnel
face with agitator trucks of 3 m3 capacity, and lined by a 3 m3
presscrete. Steel forms are of 12 m long and running cycle is
-deterﬁinéd ab one cycle per day. After completion of arch side wall
Iining works, invert concrete is placed from the inner side of
tunnel, . Back-filling. grouting is constructed about 2 weeks to a
mohth‘after placing concrete, and after completion of back-filling

grouting, weep holes are drilled.

Prior to tunnel excavation through 3 fractured zones, chemical
grouting is executed for the purpcse of reinforcement. In the case
where increase of earth pressure after excavation is remarkable,
lining work is to be made immediately aftexr excavation, by use of

centre metal forms,

Regarding a batcher plant, one unit of 1.0 m~ compelling mixer
is installed at the suitable site of both Khanpur side and Golra
side. Kneaded concrete is transported by agitator trucks of 3 m

capacity to each construction site.

A vertical shaft is thé 1ifeline for tunnel construction, and

therefore, 2 sets of facilities or equipments such as skip elevator
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for mucking, drainage pump, drainage pipe and other are to be

prepared.

Machine & Eguipment

Compressor

- do -
Leadrill
Rockexr Shovel.
Train Loader
Steel Muck Car
Battery Car

~ do -
Presscrete
Steel Form
Centre.Form
Batcher Plant
Agitator Pruck
bump Truck
Truck
Jeep
Elevator (For Shaft)

- do -~

- do -
Drainage Pump

- Qg -
Water Supply Pump
Blower '
Bulldzoer

Generator

Truck Crane

Major machinery and equipments

Specification

75 kw

55 kw

40 kg class _
0.23 m> (RS55)

7.5 kw, ¢ = 30 m

3w

8 ton

& ton
3

3m

D= 2.4 m;£'='12 m

1.5 m
3 ...

1.0m Mixer

3
3 m
8 - 10 ton
6 - 8 ton
22 kw

5.5 kw

5.5 Kw _

4.5 m3/min,' 125 kw
3.7 kw-

3.7 kw

22 kw

8 ton

200 KVA

10 ton
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Remarks

For
For
For

For

Forx

Supervision
Muck
Materials

Personnel

Power
Stoppage



FIGURE B.V~5 CONSTRUCTION SCHEDULE OF CONDUCTION MAIN
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5.4. Water Treatment Plant
' 5.4.1. major Facilities of Treatment Plant

Based on the design cfiteria,:preliminary design of the
treatment plant.was conducted. Gencral layout ot the treatment
plant and its hydrauiic profile are presented in the separate volume
Appendix D "Drawings”. Dimensions aﬁd specificétions cof major

facilities of the plant are presented as below:

_Receiviné_ﬂell

Mumber of wells : one

Dimensions . W8.0m x 1.15.0 m x D5.0 m (R.C)
Effective volume : about 600 m3

Appﬂrtenancés : gverflow weir L =7.7m

flow meter and shut-off valve (two sets)

Mixing Well

Number of wells : 4 o _
Dimensions T We.0m x L6.0m x D5.0m (R.Q)
Flush Mixerg=_ . : - wvertical mixer

‘motor 22 kw

Flocculation Basin

Number of basins : 8
tumber of channels 3}
Dimensions : 1st stage Wl.5 m x L32.5 m x D3,5 m x 2

channels

ond stage W2.0 m % L32.5 m x D3.5 m x 2
chénnels

3rd stage W2.,9 m # L32.5 m x D3.5 m x 2
channels

Effective volume : 1,430 m3'(R.C)
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Sedimentation Basin

Number -of basins : 8

Dimensions : W32.0 m x L90.0 x D4.0m {R.C)

Rffective volume : ll,SOﬁ m3

Sludge Scraper : Bridge type travéiing girder with suspended

retractable sweeper

Desluding pipes - desluding main Z400 mm
and valves : desluding values ¢260 mm X 6 sefs/basin
Effluent trough : Wd;4 mx H0.4 m % 15.0 m x 24 nos/basin

Rapid Sand Filter

Number of filter beds: 40 (including 4 spare)

Surface area : W4.0m x L16.0 m x 2 beds = 128 m°
Filter media : thickness 70 cm
effective size 0.65 mm

uniformity coefficient 1.5

Supporting'qravel : thickness ' 25 ¢cm

grading 4 - 40 mm
Underdrain : perforated plate
Backwésh : backﬁash rate 0.6 m3/m2.min_'

from elevated tank =
Surfacewash : surfacewash rate Q.2-m3/m2.min
by pump @450 x'¢300 x 25 m3/min x 20 m x
4 units (including 2 standby)

Clear Water Reservoir

Humber of reservoirs: 4 ‘
Dimensions 1 WAD.O0 m x L40.0 m x D4.0 m (R.C)
Appurtenances : inlet weir L = ll,j'm '

. vélves inlet ¢1,200 mm x l'no./basin

outlet #1,350 mm x 2 nos/basin
#1,500 mm ¥ 2 nos/basin
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Elevated Tank

Number of tanks
Diméﬁsions
Effective volume
Lifting pump

for backwashing’

Waste Water Basin

Number of basins
Dimensions

Effective vélume

Buildings

Adminiétration bldg

Chemical building
{A1um)

Chlorination building:

S 2

Dia. 19.5mx D 2.5 m {R.C)
700 m3

#450 mm x $400 mm x 23.3 m3/min ®x 5 m x
3 units (including 1 stand-by)

2
Wl5.0m x L27.0 m x D2.5 m (R.C)

1,000 m3

Bl12.0 m %X Le3.0 m x 2 stories composing of
control room, electric room, laboratory,
chief room, office, meeting room and etc.
B1B8.0 m x L24,.0 m x 2 stories composing of

alum dilution tank room, air blower and

"alum transfer pump room, alum feeding room,

alum storage room, etc.

B18.0 m x L30.0 m ¥ 1 story composing of
chlorine container storage room,

chlorinator room, neutralization room, etc.

Chemical'Feeding Facilities

: : : 3 . .
Alum feeding facilities: alum dilution tank 15 m™ x 4 units

alum scolution storage tank 300 m3 x 4 units
alum transfer pump 500 1/min % 4 units

{including 2 stand-by)
alum feed pump 500 1/min x 4 units
(inclu&ing 2 stand-by)
elevated tank 15 m3 % 4 units

head tank 100 1 'x 2 units
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Chlorination facilities: evaporator 200 kg/hr x 2 units for pre»cl2
{including 1 stand-by)

chlorinator 150 kg/hr % 2 units for pre~012
{including 1 stand-by)

50 kg/hr X 2 units for post-cl,
{including 1 stand-by}

According to above preliminary design of the facilitiesxand_
hydraulic analyées, plans and typical sectioﬁ'of Sediﬁentation
basin, rapid sand filter and clear water resérvoir are shéwn in
Appendix D "Drawings" together with chemical feeding system diagram

and instrumentation diagram.
5.4,2, Consilderation of Reusing Waste Water

Water available from the Khanpur Réservoir is planned at 37,400
million gallons ox 102.4 #GD dn the average. Analysis of water
balance of the_Haro River indicates that the above guantity of water
may not be taken during drought year. Water supply system is
charged for raw water at the rate of Rs. 2.75/000 qél. Reusing of
waste water might have an &dvaﬁtaqe from the view points of economy

ard full utilization of limited raw water.

Water loss during tfeatment process is'estiméted at ébout 5% of
water production when all waste water is drained. As for the
recirculation operation for reusihg of waste water} the follbwing
processes are available accor@ing to the extent of the treatment of

waste water.

Case - 1: All waste water from sedimentation basin and_filter
is reused. Waste water from sedimentation basin is
treated and supernatant water is réturned to
receiving well. On the other hand, all waste water
from filter is returned without treatment. Water

loss will be reduced to 1%.
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Case - 2:; Only waste water from filter is reused. Waste water
is once stored in waste water basin and supernatant
water 1s returned to receiving well., Water loss is

estimated at 3%.

Case =~ 3: Only waste water from filter is returned. But water

is returned diréctly to receiving well without any treatment.

‘The flow diagram and recguired major facilities of each case are

presented in the attached Figure B.V-6,

'The benefit of the reusing of waste water is calcuiated_as the’
saving cost'bf raw.water charge. The henéfit of each case is
obtained multiplYing saﬁing raw water amount by raw water rate as
Rs. 2.77/000 gals.,  According td-the tentative cdst estimate, cost

and benefit analysis was made as shown in the below table.

Case Water Loss Benefit Initial Cost O & M Cost Annual Cost

(%) {000 Rs)} {000 Rs} (000 Rs/y) (000 Rs/year)
1 1 5,000 . 26,000 1,530 4,400
2 -3 2,500 9,000 440 1,400
3 2 3,600 5,500 1,530 2,100

Note: O & M cost includes electric and chemical cost only.
Annual cost i5 estimated on condition of interest rate
of 10% per annum and amortization period of 30 years with six

years grace period.

The effect on environment caused by the drain.of highly
concentrated waste water to stream is to be carefully examined, As
for the case 1, the final treatment of sludge ié not included and
the éost fof tﬁat will be considerably high and needs large space
fof treatment. In general, detailed analysis of waste water quality
and some tést using test plant are required to decide the proper
treatment process'and necessary facilities with adeguate size. The
process and size of facilities are much different according to the

quality of waste water.
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From the above Study,'thé reﬁsing of waste water is, at moment ,
not employed in the preliminary desigﬁ and cost estimate., It will
be worthy to examine on the reusing of waste water in detail during
design stage from the viewpoints of ecohomy, iﬁportance of Savihq

limited raw water available and ervironmerital effects.
5.4.3. Foundation Geology at Treatment Plant Site

As discussed previously in Chapﬁer'LII} 3.2 of this'ﬁppendix,
foundation geology &t the prbpésed‘site;bf-treatment plant.is mainiy
composed of silty clay of Alluvium accompanied with some fayérs of
sand and gravel. With‘excéption of surface lajé:s; eilty clay has’
sufficient beéring capacities with "N valves réngiﬁg from 20 to'30.
and subsidence is also cqnsidered'to be less. 'Silty clay at the
site appears massive and uniform faces with liﬁtle possibiiity of
differential settlement., It is,_however, recommeﬁdéble=to

investigate in detail during the course of detéil design.
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FIGURE B.TV-6 PROCESS AND MAJOR FACILTTY FOR REUSING OF WASTE WATER

RECEIVING
WELL

T

t
]

SEDIMENTATION
BASIN

y sludge

}

RAPTD SAND
FILTER

SLUDGE REGULATING

' wash waste

TANK 1,600 m3 l
®
slud
_ R . u; g¢ - —|¢p| WaSTE WATER
pump BASIN 2,_000m3
SLUDGE ‘A “return T
THICKENER, punmp :
68005 |
!
: Ldrain
Case ~ 1
"RECEIVING SEDIMENTATIO- RAPID SAND
WELL BASIN FILTER
?. . ! wash waste
I sludge
. H'WASTE WATER
L_Fupernatant water g;gj BASIN 6,000m3
j .return pump
* drain
Case - 2
RECEIVING |SEDIMENTATION RAPID SAND
WELL BASIN FILTER
sludge |
T ! e . wash waste
! mixer l
| O .
: - € - ® ‘tJL:lC}Lj
{
, return’ WASTE WATER
pump BASIN 2,000m3
rdrain
Case - 3

B.V-37



5.%. Preliminary Design of Distribution Main Including Pumping

Station and Service Reservoir
5.5.1., Service Reservoir
A, Golra~l Service Reservoir to Islamabad High Zone

The lowest water level (IWL) of the serﬁice reservoir is, based
on hydraulie¢ calculations, determined at 663.0 m (2,174 ft}. 1In
review of location, length of pipéline to be insfalled, elevation to
be reguired and .geological features, the propbséd site of service
reservoir is séiected at a hiii situated to the ndrth of treatment

plant with the maximum elevation of 674 m (2,210 ft) above mean sea

level.
a, Service Reservoir Capacity

Capacity of service reservoir is taken as six hours capacity of
the maximum daily discharge, that is prescribed by the design 

criteria. Therefore,

V = 1,193 cu.m/sec ¥ & hours
= 25,769 cu.,m
= 26,000 cu.m = 13,000 cu.m x 2 uhits
' (2.86 MG x 2 units)

b. Structure

In consideration of the required capacity, structures of

service reservoir acceptable for the Project are as under;

- Flat Slab Type of Reinforced Concrete

-  Ground Type of Prestressed Concrete (PC Tank)
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A ground type of prestressed concrete (PC Tank) was selected

for Golra~1l service reservoir in review of the followings;

- Bince the proposed site is situated on the top of a hill,

large lot is not available.

- A flat slab type needs relatiVely large space because that
a tall wall is not preferable from structural point of
view, while a PC tank needs relatively narrow space with

high walls.

- Geology of the site is composed of rocks and high costs

for excavation are needed to secure a large space.
- A PC tank idg superior to present a fine spectacle.

Taking into account the topography of the Site, two units of
tanks. are suitable to be constructed, and thus, ground elevation

after grading is determined at 663.4 m (2,175 ft).
c. Effective Depth of Water

In case of PC tank, a ratic {D/H) of diameter (D) to watex
depth {(h) is, in general, economically acceptable between 3 and 5.
values of H and D against the unit capacity of the service reservoir

of 13,000 cu.m are given as follows;

D/H 3 to 5
H (m) 12.3 to 8.7
D (m) 36.8 to 43.6

*

On the other hand, as the effective depth of water increase,
fluctuation of dynamic pressures also increases giving undesired
effects upon the terminal units of distribution. Considering

economy, available space for construction as well as effective
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range of dynamic pressures, the effectivé depth of'watef is'
determined. at 10.0 m, Consequenfly the high water lefel (HWL)'iS
worked out as 663.0 + 10.0 = 673.0 (2,207 fty. Thus, reguired
diameter of the tank comes to about 40.7 m producihg the ratio of

D/H of about 4.,1.
B. Golra-2 Service Reservoir to islamabad Low Zone

LWL is procuced from hydraullc calculatlonq as LWL = 614 5 m
2,015 ft). As is similar to the Golra-1 service Leserv01r, the
Golra-2 service reservolir is proposed at the top of a hill, which' is
]oéated adjacent north to the treatmeﬁt'ﬁlant;-for'thé'séke of not
only minimizing quantity of each work but also 6perd£ion and

maintenance.

. a., Service Reservoir Capacity

<
1]

0.768 cu.m/sec x & hours

1

16,589 cu.m

[

16,600 cu.m = 3,65 MG x 1 unit

k. Structure

Based on LWL, grading level is determined at 614.6 m (2,015
ft). One unit of PC tank is constructed at the site takihg into

account the following conditions;

- To cope with an emergency or an accident, the reservoir
can be connected with the Golra-l service reservoir, that
is in charge of distribution of water to High zone of

Islamabad.

- A'pipelinp is presumed to be constructed 1n parallel W1th
the force main resultlng that d;rect pumplng
distribution hecome possible by means of cqnstructing.

connection pipes,
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¢, Bffective Depth

Effectivé depth of water is taken at 10.0 m as is similar te
Golra-1 service reservoir. In this case, the required diameter of
tank comes to about 46.0 m resulting in a value D/H of about 4.6,
that is still within an economical range. Accordingly HWL of the

service reservoir is 624.5 m (2,048 ft),
C. H=~1ll Service Reservoir to Rawalpindi

According to hydraulic calculaticns WL of the H-11 service
reservoir is given at 551.,0 m (1,807 ft). The site is prdposed at
the sector H-11l, where is situated near from sexvice areas, an'apron

of 2,010  ft contour lire exists and therefore required water head is

available.

a. BService Reservoir Capacity

<
It

4.121 cu.m/sec x 6 hours
89,014'cu.m
69,200 cu.m = 22,300 cu.m x 4 units

-

- {4.90 MG x 4 units)

b. Structure

The proposed site has a sufficient space and the ground
elevation hydraulically requested is also secured. On the other
hand,.there is little margin in an available water head under the
“condition that water is conducted from the treatment plant and then
furthef_cdnveyed:to each distribution unit by grqvity. Under these
cohditiohs,'only a little allowance is available for the effective
depth of_ﬁater and, therefore, a flat slab type is selected as the

most suitable after economic consideration,
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The service reservoir is of a large scale and is suitable to be
divided into four units, taking the phasing plan of the Project into

consideration.
c. -Effective Depth

1n consideration of the following conditions, the effective

depth of water is taken at 6.0 m.

- Effective depth is restricted hydraulically within the
available water head, because gravity flow system is

introduced.

- In review of structure and dimension of the existing
reservoirs, a deep reservoir constructéed with high
retaining walls would result in structural and engineering

problems of less waterproof and less quakeproof.

- Since the service reservoirs are of gravity flow type and
it is difficult for dynamic water pressures in pipes to be
kept within a certain acceptable range, and in general
a proper range of effective depth_is considerxed to be 3 to

& m,

Taking the effective depth at 6.0 m, HWL is produced as 557.0m
(1,826 ft). ' '

. Specification of Service Resgervoir

Dimensions and specifications of service reservoirs are

summarized as below.
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Name Golra-1 Golra-2 n-11
Service Area Islamabad Islamabad Rawalpindi
High Zone Low Zone
capacity of Unit 13,000 16,600 22,300
(cu.m)
Number of Units 2 1 4
Effective Depth (m) 10.0 10.0 6.0
HWL (m)} . 673.0 624.5 557.0
HWL {ft) (2,207} (2,048) {1,826)
LWL (m} 663.0 614.5 551.0
“{ft) (2,174) {2,015} {1,807)
Structure PC Tank PC Tank RC Flat Slab

E. Foundation Geology at Service Reservoir Sites

Service reservoirs, Golra-1l and Golra-2, are both cénstructed
on the top of small hiils situated on the northeast of Golra.
Geoloéy of the sites is mainly composed of limestone with
alterhating.bedé“of marl, which is belonging te Chor Gali Formation
of Eocehe age. Distributed rocks are, as a whble, poor in beddings
but have well-developed relatively fine cracks. Inclination of the
léyef around the éites is about 70° to the séﬁth. As a whole
surface:soil and softened weathered zone have not well developed.
‘Rocks are hardly deformable and so strong with sufficient bearing

capacities as lo be foundation of the service reservoirs,

Foundation geology at the site of the proposed H-11 service
resé:voir is mainly composed of silty clay of Alluvium, which may
contain somé gravel layers. This area is lecated on the marginal
line of the oﬂtcrbpping rock zone with a relatively thin layers of
alluviem. It is_estimated'however that no rock would appear at the
depth of the reservoir foundation. Judging from the existing data

investigated elsewhere near the proposed site, silty clay is
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expccted to have, except surface layers, d "N" value of more than
20, and so considered to have a sufficient beéring qapacity{' As
concerrs differential settlement of the structure, no severe problem
is presumed since subsidence is not a tyvpe of consolidated .
subsidence and existing layers of clay are not too thick., However,

further investigation is recommendable.
5.5.2. Distribution Main

Fumping pressure pipelines are constructed to connect the clear
water reservoir of the treatment plant with service reservoirs to
serve the iligh and Low zcnes of Islamabad, while a gravity flow

pipeline is constructed to serve Rawalpindi.
A, Number of Pipeline

Two lines of pressure pipes in parallel are proposed to link
Golra-1l service reservoir for Islamabad High zone with pumping
station, to cope with either emergency ox'operatidn & maintenance.
Twe lines of free-flow pipes are also proposed to connect H-11
service reservoir for Rawalpindi service area with pumping stdfioh.

~

2 pressure pipeline between Golra-Z service reservoir for Tslamabad
Low zone with pumping qtatlon is proposed economlcally with single
line since the water cf Golra l service reservoir is hydraullcally
convertible in case of emergency, and since the water can be
directly pumped up into distribution systems when distribnﬁién pipes

are constructed in parallel with the distribution main in future.
B. Diameter of Pipe

The most suitable diameter for pressure plpellnes are
investigated economically and hydraullcally involving runnlnq dnd

construction costs of pumps, and it is found that the most economic

velocity of flow exists somewhere around 1.5 m/sec. Accordingly
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distribution main for Golra-1 service rescrvoir is proposed as ¢700
mm x 2 lines while the one for Golra-2 is ¢800 mm x 1 line. Gravity
flow pipeline for H-ll service reservoir is proposed hydraulically

as 1,500 wm x 2 lines.

m

C. Pipe Material

Distfibution main pipeline of Golra-l servicé reservoir, which
is a pumping pressure-pipe, sustains hydfo—static pressure of about
12 kg/sqg.cm énd design pressure of about 18 kg/sqg.cm inclusive of
iﬁpact pressure, As for pipeline of Golra-2 service reservoir,
about 7 kg/sq.cm of hydro-static pressure and 1l kg/sg.cm of design
pressure are alsc estimated. Considering that the pipe is
pressured; and .from economic reason ductile cast iron pipe is

selected.

on the contrary a gravity flow pipe of H-11 service reservoir
receives about 5 kg/sq.cm of hydro-static pressure, as the maximum
at the limited local portion, and about 8 kg/sqg.cm of design
pfessure. PRCC with steel core is therefore selected mainly from

economic point of view.
D. Laying a Pipe Underground

As shown in design criteria, the minimum earth covering is
proposed at 1.2 m. For the section where a pressure pipe runs
across steep slopes, pipes are lined with concrete in consideration

of thé followings;

- Sites are all covered with rocks. From economical

viewpoint, it is needed to minimize excavation works.

- Site refilled with earth will be easily eroded by rain

water running along a pipe.
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- It is needed to prevent pipes from sliding especially

where the congtruction site is inclined steeply. -

- Exposed pipe of aqueduct style needs skillful construction
works and higher costs for construction as well as for

operation & maintenance.

Some parts of gravity flow pipes for Rawalpindi are laid deep
underground at the places where the pipeline runs across rivers, and
therefore such parts as required are lined with reinforced concrete

te cope with earth pressures or erosion,
E. Appurtenant Structure

To expect safe and easy operation & maintenance worksfof
pipelines, the following appurtenant structures are proposed to be

equipped.

- Bir Valve
- Stop Valve
- Blow-off

- Manhole

- Connecting Pipe
5.5.3. Pumping Station

Waters conveyed to the service reservoirs of_IslamabadJaré
pressured by pumps. Pumping'statioh is built within the compound of
Golra Treatment Plaﬁt. In the pumping station, three units of
lifting pump for kack washing and four units of surface wash pump in
addition to 1ifting pumps, which pressures waters to Islamabad, are
installed. Clear water reservoir with IWL of 563.2 m (1,846.6 ft)

functions as a suction sump.
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A. Total Pump Head

The total water head of 1i£ting pumnps (HT) is given as an
aggregate of an actuql pumps head, which is shown as the differénce
between WL of the service reservoir and LWL of the clear water
reservoirx, and friction and other loss heads of pipeline (Hf) and

loss heads in the pumping station {(H}.

- Ttem Iglamabad High Yone Low Zone
‘Suction Head 563.20 m 563.20 m
(Clear Water Res.LWL)
Discharge Head 673.00 m 624.50 m
(Service Res. HWL) : (Golra-1) (Geolra-2}
Actual Pump Head (Ha) 109,80 m 61.30 m
Conveyance Loss (Hf) 5.98 m 5.04 m
Losses in P. Station  (H2) 1.72 m 1.66 m
Total Pump Head {HT) _ 117.50 m 68.00 m

B. HNumber of Pumps and Capacity

As previously mentioned in design criteria, five pumps of egual
capacities with one spare unit are installed for both High and Low

zones of Islamabad. Design discharges and diameters are given as

under.

Dimensions Islamabad High Zone Low Zone
Total Discharge (cu.m/min) 71.58 46.08
No. of Unit : 5 5
Spare Unit 1 1
Total Units 6 6
Discharge/Unit {cu.m/min) 14.32 9,22
Bore (Suction x Discharge) #2300 mm x 200 mm @300 x @200

C.. Selection of Pump Type
Judging from the required dimensions of discharges and total

pump heads, Horizontal Shaft Double sSuction Volute Pump is selected

as the most economic and suitable for the Project,
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D. Motor Capacity

Output of motor is given in the following eguation;

H
P o= 0,163 x IL%LM

where, P: . Output (kw

Q: Discharge
H: Total pump
n: Pump effic

Xl + a)

)

~  Unit weight of water = 1.0 kg/g

{cu.m/min)
head (m)

iency

a: - coefficient

Computations are shown as below;

Pump Dimension  Islamabad High Zone Low Zone
Q (cu,.m/min) . 14.3 9,22
Ho{m) : 117.50 £8.00
n 0.79 . ‘0,79
a 0.15 ' 0.15
P (kw) 400 ' 150

E. Cavitation

Clear water reservoir to be used as suction sump of pumps is

constructed underground with &

wide-range fluctuation of water

levels, Moreover many pumps are installed. When aggregate pipe

svstem is considered, pushing method, as illustrated in the

following figures, is proposed;

et
) == "'f,
suctonteet} | w1 seazm| "llﬁ
Suction Chamber| - 1,
£ T
[ o Ju:_{ Cantar of

Pump .

Ess050m
{A) Effective Suction Head Hsv tin Case of Pushing)

£

Suction Leval ZEL L
e e 1 HWL 8672 m

Suction Chambar

umnp

_ﬂ%?_l) —- LWL 5632m

() Eftectiva Suction Heod Hey {in Coso of Suction)
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When cgvitation is occurred in the pump, pumping discharge is
extremely reduced because of_the vibrations and noises, and as a
result, the material of the affected parts evoded to a regretiable
extent. Growth of cavitation depends upon the degree of pressure
drop within the pump. For pump to be operated without cavitation
:growth, it is esgentially needed that the effective suction head be
upwards of a certain definite valve; This effective usable suction

head is termed "Available NPSH (Net Positive Suction Head).®
Hév = Ha - Hp + Hs - hl
where,

Hsv: available NPSH {m)

Ha : atmospheric pressure as expressed in head (m) =

10.33 m

-Hp.: steam pressuré at the particular water temperature
as expressed in head (m) = 0.33 m (25°C)

Hs : actual suction head (m)

in case of suckup (-)
in case of push-in (3} = 2.70 m

hl : head loss in suction pipe (m) * 0.50 m
S Hsv £ 10,33 m - 0.33 m+ 2.70m - 0,50 m = 12,20 m

In addition to the above, there is a critical point for
effective suction head required in operation according to the
variations in the totél head, delivery and rotational number of the
pump, which has been called "Reguired NPSH”. This is the smallest
of the required head as needed for the water tb be sucked into the
impellexr, which is proper to each type of the pump, and generally,

expressed by the formula.

hsv = @xH
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in here,
hsv: NPSH as needed by the pump {(m)
a: Thoma's cavitation coefficient

li: total head of pump (m)

The critical value in cavitation ccefficient is, in general,
expressed in terms of the function ‘Ns (= specific speed) of the

pump .

when rotation cpeed of pump iz assumed to be 1,460 rpm (50 Hz,
4P) , specific speed of pump is 109.5 and 132.4 respectivelf'for
Islamabad High and Tow zones. Thdmas' cavitation coefficiehts_ate
alse given as 0.041 and 0.055, respectively, Accordinqu. NPSH as

needed by pump is given as follows;

If
[

4,82 m
3.74 m

pumps for High zone hsv = 0.041 x 117.5

0.055 x ©8.0

i

Fumps for Low zone hsv

To be safe from cavitation, effective suction head available

must be larger than that required for pumps. That means;
Hsv » hsv

in general, Hsv - hsv >1,.0 m is recommended. As a conséquence,
pumps for both High and Low zZones of Islamabad are-thdxoqghly'safe
against cavitation and thus rotational speed of pump is deterxmined

at 1,460 rpm (50 Hz, 4P).
F. Water Hammer

"When the supply of power to the pump in operatibn is su&denly
cut because of power Suspensicﬁ and the like, there may come a

sudden change in pressure on the delivery side of the pump. As it

is an important thing to prevent or redice such a water hammering
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action, from the viewpoint of planning pumping equipment, surveys in

advance on hammering action in the pumping system are right in

order.

aAs shown in Figure B.V-7 and B.V-8, no countermeasure ig needed

by pumps for. K Islamabad High zone. For Low zone, pumps are safe from

injurious negative pressures if they are equipped with fly wheels of

2
about 20 kg.sgm (GD) per a unit of pump,

G. . Specification of Pumps

No. Pump {To Islamabad High Zone)

No.2

No.3

Horizontal Shaft Double Suction Volute Pump

Bore _
Capacity
Total Head
Revolution

Motor

Pump (Low Zone}

Suction ¢300

Discharge @200
14,232 m3/min

117.5 m

1,460 rpm

400 kw 50 Hz 4p

Horizontal Shaft Double Suction Volute Pump

Bore
Capacity
Total Head
Revolution

Motor

Suction 300

bischaxrge g200

9.22 > /min

68 m
1,460 rpm

150 kw 50 Hz 4p

Pump {(for Surface Wash)

Horizontal Shaft Double Suction Volute Pump

Bore

Capacity

Total Héad

Revolution

. Motorx

Suction 450

Discharge ﬁ350
25 mB/min
20 m

990 rpm N
132 kw 50 Hz 6P
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No.4 Pump (for Back Washing)

Horizontal Shaft Double Suction Volute Pump

Bore Suction #450 bischarge @400 (3 units)
Capacity 23.3 m3/min

Total Head 15 m

Revolution 290 rpm

Motor 90 kw 50 Hz 6P

H. Foundation Geology at Pumping Station

_ Sirce pumping station is constructed in the compound'of the
treatment plant, the same condition as mentibned'for the treatment
plant is eXpéctea. foﬁhdation of the'pumpihé éfatioﬁ is exéévatéd
as deep as 9 m below ground surface and there isféome possibility
that the fdundation reaches below groundwater. table, This would,
however, produce no severe problem because drainage facilities are
also proposed to be accompanied. Special attention should be paid
that the workability is quite inferior in silty clay bélow

groundwater table.
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CHAPTER VI. CHANGEABILITY OF WATLR RESOUKRCES, IN ISLAMARAD

6.1l. General Description

According to the results of water balance study of the Simly
reservoir made by the JICA study team, the availability of water
resources of the reservelir after installation of spilliway control
gates and emergency spillway is prospected about 1.90 cu.m/sec (36

MGD} when critical drought is occurred once in five years.

CDA has heen constructed No.l and No.2 conduction main with
capacity about 1.26 cu.m/sec (24 MGD) from Simly filtration plant
upto service reserveir existed in Islamabad. Third conduction main
will also ke constructed with 0.63 cu.m/sec {12 MGR} capacity to

convey clear water to developing sectors.

On the other hand, the Khanpur water will be supplied directly
from Khanpur reservoir to commandable area of 11 to 15 sectors

through Margala tunnel, water treatment plant ard pumping station.

Receiving water level of existing service reservoir, which is
situated nearby F-5 sector and receives the water from Simly
filtration plant, is approximately 620 m (2,010 - 2,045 ft).
Begides, the water ievel of proposed service reservoir which will be
constructed near E—lo.sector as additicnal programme is also
approximately 600 m (1,960 - 1,980 ft). Wherecas, the water level of
‘clear water at Golra water treatment plant is about 563 m {1,946

ft), when the raw water conveyed from Khanpur.
The ground elevation of commandable water supply area by both

the Simly and Khanpur‘dam ranges from 520 m to 640 m {(1,70C - 2,000

ft) with rather complicated topographic conditions.
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In this connection, the study on most suitable water resources
distribution manner shall be made taking into consideration
availaple changeability of water resources, technical -and economical

viewpoints as well as operation and maintenance aspects.
6.2. Comparative Study
6.2.1. Plan Description

Existing and proposed water supply systems in Islamabad are
rather complicate due to watex resources and topographic conditions.
in order to simplify the comparative study, the service area to be

studied are shown in Figure B.VI-1,-2 and -3.
- The Original Plan:

The Simly water as a main water resources for developed
area will be supplied up to 10 sector from norﬁhern part
of'city with stream and gréundwater, wﬁile Khanpur water
will be served in new developing area from 11 to 15

sector.
~ The Alternatiwve Plan:
The Simly water will mainly be supplied in rather high
zone of developed and or deVelOping area, whereas, Khanpur
water will be supplied to low zone of cormandable area.
6.2.2. Distribution Main and Hydraulic Computation of Both Flan
A. 'Pistribution Main
Proposed distribution mains, which are indicated in Figure
B.VI~1 and B.VI-2, are aligned taking into consideration most '
economic routes, topographic conditions and convenience of operation

and maintenance works.
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B. Hydraulic Computation

The computation of both plans was made based on the design
discharge, representative elevation of each sectors, pipe length and
pipe diameter assumed etc. The results of computation are shown in
Table B.VI-1 to -7, respectively.
6.2.3. Major Construction Cost and Operation and Maintenance Cost
A. Constructien Cost

The summary of specification of proposed facilities for both
plans and its construction cost required are indicated in Table
B.VI-8."

B. Operation and Maintenance Cost

a. Electricity Charge

‘Motor © Annual Charge (Rs.1,000)
Plan Output  Operation Fixed Rate Operating Rate Total
(kw) - Hour {(H) Q24 Rs/kw/Yr. .35 Rs/KWH

Original

SHZ 270 7,008 249 662 ' 91l
KHZ 1,400 7,008 1,294 3,434 4,728
KLZ 435 7,008 402 1,067 1,469
Total 2,105 - 1,945 5,163 7,108
Alternative -

SWZ 525 7,008 485 1,288 1,773
SEZ 270 7,008 249 662 911
KWZ 1,200 7,008 1,109 2,943 4,052
KEZ . 380 7,008 351 932 1,283
Total 2,375 2,194 5,825 8,019
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b. Labour Wages

Plan - Pump Operator .. Technician : Total

Original 6x12x2,000 = 144,000 6»12x1,500 = 108,000 Rs.252,000

Alternative Bx12x2,000 = 192,000 8x12x1,500 = 144,000 RS, 336,000
= Repairing and Maintenance Cost
The cost assumes about 2 percent of pumping plant cost.
6f2.4. Comparative Study
A. economic Comparison

The summary of required initial and OM cost including electric

charge is as under,

l1tem Original Alternative

{Rs.1,000) {Rs.1,000})
1. Initial Cost
Pumping plant 96,120 116,800
Pipe work 106,600 - 140,200
Service reservolr 79,260 . 91, 340
Total 281,980 348, 340
{Ratio) (100) ©{124)
I1. Qperation/maintenance Cost
Electric charge . 7,108 8,019
IL.abour cost 252 3136
Maintenance cost _ 1,922 2,336
Total , 9,282 - 10,691
(Ratio) {100) ' {115)

B. Conclusion
The result of cemparison for both initial and

operation/maintenance cost show that original plan is more

economical than that of alternative. Major reason for this are
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mainly pumping up cost related to H-9, h-1C, I-9, I-10 sectors of
alternative pian against gravity flow of criginal plan. Therefore,
original plan should be recommendable for water supply system of the

Pfoject.
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CHAPTER I. PRCJECT IMPLEMENTATION

1.1.  Implementation Schedule

The whole project would be constructed over a 14 year period

(refer to Table C{I—l). Phase I project would start in 1987 with
construction of intake tower and No.2 tunnels {11,480 m long) that
need a construction period of five years, and complete in early
1992. At the same time all construction works of Phase I should be
completed, so that Phase I water supply would start in the both
cities of Islamabad and Rawalpindi. Construction works of Phase 11
and III would be started in 1992 and 1998 respectively so as to meet
the water demand prospected in 1996 and 2001, respectively.

1.2, Organiéation for Project Implementation

The Capital Development Authority (CDA), being the principal
implementing agency, would be responsible for overall planning and
coordination. Because of the involvement of many Government
agencies in the implementation of the Project, special provision
should be made for the coordination of their activities. A Preject
Coordination Committee, comprising representative from CDA, WAPDA,
PHED, MES, RMC, CB, ID, POF and PIRC, would be established to

coordinate their activities related to the Project.

The committee will concentrate in the planning and coordination
of the construction programmes to be carried but by different
agencies; in securing Government funds for financing these
programmes; and in pericodically reviewing their progress. Later the
role of the commitiee will be expanded to include formation ot plans
for joint activities and adequate operaticn and maintenance of .

project works.



Responsibility for the construction of the project will be
shared between CDA and PHED of Punjab, both of which have had
considerable experience of constructiﬁg works of a similar nature.
CPA would establish a Project Unit, headed by a gqualified and
experienced Director General under the Member of CDA to .carry out

the works described above. The organization structure of the

Project is shown in Figure C.I-1.
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CHAPTER TI, PROJECT COST ESTIMATE

2.1, Cost Estimate

The total project cost in August 1984 prices, including
physical contingencies aﬁd price escalation, is estimated at Rs.
2,900 willion, of which Rs, 1,925 million is for Phase I project,
Rs. 558 million for Phase II project and Rs. 417 million for Phase
I1I project. The foreign exchange component for the total Project
is Rs, 1,171.,5 million,:or 40% of the total cost (refer to Table
C.II-1 - 16). Construction costs of civil works are based on
detailed quantities and Unit price estimate making reference.ﬁo the
schedule of rates, 1982 prepared by Public Works Department, and the
following prevailing rate in CDA and WAPDA; (a) building and (b)

electric power transmission lines.

The total project cost includes about Rs. 154 million of import
duties and taxes to be levied on such equipment as large sized steel
pipes and ductile iron pipes, water treatment plants, pumps and
electric motors, sub-station, etc., Estimates were made in
accordance with Pakistan Customs Tariff and Import Trade Guide.
Electric power can be obtained at distribution voltage from the
existing system. Costs for electric works are composed of
transmission lines from K.T.M. .Grid and sub-station and
distribution system at the Golra water treatment plant including
requirement for pumping station. Details of the major constructicn

work items are shown Table C.II-17,

Engineering and administration costs amount to Rs, 183.2
million for detailed topographic surveys and geological
investigation of construction sites including tunnel rcutes,

detailed design, tendering, supervision and administration of the

C.ITI-1
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