D.2 Preliminary Deslgn of the Facilities

BD,2.1 Storage Dams
D.2.1.1 Selection of Propoged Damsites
({1} Basle CGoncepts Used In Selection

The study area has been hagically restrlcted to the Dor River, Raro
River and Soan River basin. In the firgt step, suitable damsites were found
using 1/50,000 topographic maps keeplng in mind runeff records in the river
bagin and operation records for existing dams. In the second step, dam axises
wvere considered based on geological and topographical reconnaissance in the
field. o

The following procedures and methodology were considered
preliminarily.to_the dete:mination of suitable damaites and sizings.

(a) Reservolr Size

The respective storage capacity of respective dams has been studied

on three or four sizes to find the optimum dam size In consideration
of annual runoff at the damsice, ' ' '

(b) Dambody and Volume of Dam

The shape of dams, including dam top elevation, slope and top width
of dambodies, is determined using the design criteria described in

Dczvll.z;.'

The volume of & dambody is calculated roughly using the values for
dam height, dam top length and river bed excavation width.
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(¢)y Construction Costs

The total cost of a proposed dam can be divided into dam
construction cost and compensation cost,

Dam construction costs are estim#ted using the specific unit cost of
the dambody. . In this preliminary stﬁdy, gpeclfic unit costs per dam
volume are assumed based on those of recently constructed dam

projects in Pakistan.
(d) Water Costs Curve

At the first stage of the study, "construction costs/effective
storage capacity curves" are worked out for the comparison of

proposed damasites.
(2) Preliminary Study of Proposed Damsites

The preliminary study was carried out for twenty five proposed
damsites in the three river basing shown in Figure D-2-1. The results of the

preliminary study are shown in follwing Tables and Figures.

Table D-2-2 Reservoir Storage Capacity [First Stage}l (1)--(3)

Table D-2-3 Geology and Topograpy of Proposed Damsites (1)—-(4)
Table D-2-4 Dimension for Dam Sizing [First Stagel (1)--(6)

Figure D-2-3 Schematle Geologlcal Cross Section of Proposed Damsites

(1)--(4)

Flgure D-2-2 shows.the relation between raw water costs and

effective storage capacities for each damsite,



(3) Selected Damsites

Selection of optimum dams would be confirmed after future study in-
which water demand patterns, relations to exlsting storage dams and intake
facilities (diversion dams and pumping stations), and the operation plans of a

series of dams in the same river basin were investigated.

The result of the study mentioned above give seven suitable
damsites, namely D—l,_H—A, N-1, §-1i, M-1, L-1 and SL-1. These were seélected
tentatively for study work and field surveys.

Table D-2-1 Proposed Damsites [First Stage)

River Basin 1st Stage 1 2nd Stage

Dor River 3 damsites 1 damsite
{p-1--D-8) {D-1)
Haro River 9 damsites 2 damsites
(H-1--H-8, §-1) (H-4, §~1)
Sban River 8 damsites 4 damsites
: - (S-1--8-3, M-1) (§~1, M-1}
(L-1--L-3, SL-1) (L-1, §L-1)

TOTAL 25 damsites 7. damsites
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(4) Revision of Proposed Damsites on the Second Stage

On the second phase of the field survey and study, two new damsites

were proposed as alternatives to N-1 and M-1.
(a) Suspension of N~1 Dam Scheme .

After careful surveying N-1 Dam on the Nandna Kas proved to have

serious demerits, These included:

-~  Submergence of a part of Shahpur Dam and CCA of the project,
- Removal of 500 KV extra high voltsge transmission line.

—~ . High dam construction costa,

in consequence, as an alternative to the development of Nandna

Kas, the heightenning of Shahpur Dam has been studied and proposed.
(b} Removal of M-1 Damsite

Among these proposed damsites, site M-1 on Malal Kas does not have
favourable topographical and geological conditions, making the dam
high in cost. An alternative damsite was searched for along Malal
Kas and it was finally founded at the formerigauging station of Lohi

Bher, near the Panwal village, on the Xurang River.

The site has been named KL-1 {(Kurang Lower'81te Ko. 1).
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Figure D-2-1 Location of Proposed Damsites
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Table D-2-4 (1) Demension for Dam Sizing (First Stage) (1)

T NUME"“ GEJAM . 1 boaod ) 6] 3
() NaME QEaM Ralaa ) |
(T CATCHMEMT AFEY sd. km 131,2 -]
(5 FECEAELT STIVENT, m.c.m. TR
(% BETRITICN WATER | TR Blom . L2198 10008~ L9000
(B _GHOS3 SiCAMGE m.c.m, 1L 149 11,0
| T LIVE STQRAGE a0 1904, L8 i 4.8
(@) _TYPS DFDAM Sansrars. Gartey. vith . Ealessaens Fluk
| () RIVER ESD) £L.SMATICN £1.m ! 933,90
FEUNDATICN LEVEL q0 T
D SEUWAY DESCEN SUCCD Cu.M /580 8,9
@2 WEIR LENGTH m uLe.
@ QVERFLOW CEPTH 40 3,0
@ HlGH WATER LEVEL EI. m L,07%5,9 1,0L4.0 E 0Q97,0 .
FREZZOAD m ) 1.3 Ly
d&y_DAM TOP ELEVATICN Bl m 1.028,0 LG8, 1,088.9
{0 DAM-EEGHT m 1) 49,3 41,8
g TOf& WIDTH qo CLa0, Tt ¢ ag L ¥ 1960 | € &g , ¥y 100
@@ 1GP. LENGIH do €1 130, TibAT0 gy \1a 711,710 £: L0, Fi AT
@8 RIVER WIDTH STVAED a9 G 50, 0 :
WG SLOFS OF DM LG fabonti 3l -
045 SLOFE OF DAM € 0.3, Pi I3 -
g DaM VOLUME 10 CUM { gayez, v 3.13.0 | e 178 ess,00r, 8] citn.3 by 3,388.8
‘&4 aM_cosT 105 Hs. L4280 935.1 39,8
48 ARTIGLE - ROAQ S Km
| & - TQ.BE - HOUSE Numoer a2 pTy \7
o _SUBMEAR- ~MILL ¢0 z 2 2:, I
| & _GEY . - MOSQUE d q
I—@L = FQS CFriCz, q 0
& COMPSISATION COST 105 Hs 1.3 5.4 5.3
QU WATER CONVEYANCE COST d -0 L4133  gua,7 343.3
["ez OfHER COa d G, ;
& ToTAL GOSv d o .
gal UnIE CODY Fex UIVE STCRAGEIB s I0CsCt M | ts. 14 13,08 13.32
I L ]
D-2
(T _NUMEER OF DAM i ] @ i
D NAME OF DAM | Tacaz Eall
6 CATCHMANT ARSA Sa. km | 2ass
(T, FOCEARLE STTMENT f.G.m. " j
(Z: RETONTION WATES | &9 ElL m L.t37.0 L1890 ~ L.lat.0 171290
(&: G505 SLRACE - m.c.m. . 1.9 4.0 i1 32.0
(o LI‘JF STORAGE do TR 31,9 1.9 I 0.3
(il TveS GEDAM Corsoeca  Grywte |
(G {IVER £20) BLEVATICN Ei.m L0830
40 _ECUNDATICN LEVEL dg Lz |
G0 SALAWAY DESGN FL.eCD cu.ms/saes 209 . - |
G WEIR LENGTH . m a.d
43 QVEAFLOW CEPTH d0 .3 i .
3 HIGH WATER Leve, El.L.m Ltay -5 LN [WLEN LR
19 Frez20AD i 3 10 3.0 X
8 DaM TQP SLEVATICN B m L1s6, s L155.3 L 1885 1,138.%
4D _0aM HEGHT m Vi3 1223 9.3 107.4
@ TGF WIDTH dg (%) 1.0 4.0 b0
@) TOP. LENGTH - dg | 10,0 19,0 0.6 250.0
G0 RIVER WIGTH SCWATED da ] 5.0
gl W3 SiNFs OF DAM | g1
22 DS SUOFE OF DAM | 0. —
__@ DAM VCLUME Tgm cu.m [ 4337 1.221.7 1,033} S 130
24 1AM COST ‘105 Rs. 1.712.3 | 1 R48. K £, 219.0 §43.2
@2 ARTIGLE - ROAD L Kim ]
| % TOHE - HOUSE Numoer | 50 | 19 16 [
2D SuBMER~ -MILL a0 ] \ ! : L ] 1
2 GED ~ MQSGLE a9 : | |
= < FOST GRS d o i ‘
&1 COMPENSANON COSY 109 x5 \n | 3.8 2.9 [ e
12, WaTER CONVEYANMGE COST 49 ] L1121 i b33 |, 242.9 i wrb
@3 Qi-Er COSY | g 0 ] i - ]
23 . TOTAL COSI : I a0 ) i i t —
Ea UNIT COSy == WE SVWCEAGTi B 0cnCl.m | 15.12 ! 12.83 T 13.48 | 5,20 H“I
b t 3 . i

D-20



Table D-2-4 (2) Demension for Dam Sizing (First Stage) (2) | D -3 ]

(1 NUMEES OF DAM i ez @ [l 6] . @l
(B NAME OF DAM l i Tnad ! Ll
(3 CATCHMEMT AFZA I 5@, kin ] L

(@ PECEAELE. SonINENT m.c.m. i 14 .

(T, REENGONWATES LEVE Ei - | L2100 1L710.4 s L2120 1,204.0
& GACSS SICRACE ' m.c.m. ] 2.0 i e 3,0 7.9
T LIVE_STQRAGE 40 e [ 1.8 I 1.8 [ e
__@)_ TYES QF (AM Conkyale Grayigy
(D RiveD £5) ELEVATICN £1.m 1 140.0
J0)_FCUNCANGN LSYE! 490 1,100.0
a0 SELUNAY DESGN FLZCD ) Gu.m/ssec 2,009.0
G2 'WEIR LENGTH m 1.0
3 QVERFLOW CEFTH d0 4,0
3} 1iGH WATER LEVEL L EL M 1,239.0 1,120.0 1,218.0 _1.108,0
9 FAe=30A0 it} 1.0 1.9 ) ’ 20
| 48 OaM TOPELEVATICN. - El.m 1.242.0 t,227.0 1,289.0 1.211.6
( DAM HEGHT . M 14,0 121.0 ©119.0 11L.0
45  TOF WIOTH do 4.0 ) i . .0
9 TOP. LENGIH - do 10,0 4100 150.0 116.0
20 RIVER WIDTH SCWVAED do 19,9 ~ :
du WS SLOFE OF DAM 0.1 |
@7 S SLOFE CFDAM : 0.4 .

["on OAM VOUIME 1omcum 1,89%.1 19,8 - 1,235.3 1,640.%
&4 DaM_COST 108 Rs, O 1,278.% 1. 113.0  RLAET.A 1,248.4
8 ARTICLE - ROAD ' ©Km (Tyew A} 3.3 . .15 - 1.7 1.33
&  TO-BE. - HOUSS N Number 3 52 : T R
D SUBMETR- -MILL . do
& G2 . = MOSGUE d o
5 - - #0531 CFailT d O
& COMESUGATON COSt 108 Ks. 92.8 388 15,3 s
=1, WATER COMVETANCE COST d.a
@z OlezR casy d 0
@@ T01AL COSv g0 § 18707 1,801.8 1.573,9 ] 1.190.0
@& UNIT COo1 rex UVE SiCR2CEiEg/1000cu.m | 43,10 : iyt ] 51,97 ] 22,50

1 : i -1 | )
D-4

O NUMETS OF QAM | i o - & (Ul [ 6]

7 NAME GF DAM . I izal } ]

(37 CATCEMEMT AR 54, km I, 14g,1 ] .

@& _esCEans SvenT m.c.m. 8.7 f
(5 GETINTICNWATZ L SRS EE m. L2710 L,245,0 - 11310
CE‘ C:CSSS'-'CRAC-: M. C.at, . 55.0 9.0 19.0
(T _LIVE STQRAGE d¢ | 31,3 22,1 S
@ TYgS UFD.AM . I Coxcraca Gravity )

& _RIVES S50 ELEVATICH El1.m | 1,18,0 |
0D FCUNDATICN LEVEL, 4o - 1, 148,0
- SHELUVAY DESIGN AeCD CU.Mmy/ssc 1.930.0 K
& WER | ENGTH AT 6.0 i
0 GUER0w CETH 3o o >
(@ WIGH WATER LEVEL £l m 1,118.3 1.219.3 1.218.3
19 Fre==CAD - ) m * 3.0 ) 3.0 1.3
G5 _DAM TGP BLEVATICN - Llm 1,218.3 12123 1.139.0

0AM ESGHT - m 1295 1043 ‘918

98 TOF WIOTH do ) va 4.0
19 TGP, LENGTH S o - 8.0 430.0 405.0
@ RIVER WIDTH ACVAED d0 o
s WS SUOFE OF DAM | o1
22 /3 SLORT CF DAM ] 0.1
oz QAM VOLUME g cu.m | 1.834.8 1,107.9 . ais.a
Z4 pAM COST 108 RS, | 7,29L.8 1.329.8 980.1
= ARTICLE - ROAD | - Km (Tres &) 2.5 1.7 - 1.4
& TO-BE - HOUSC | Number 23 | 2 T8
7 SUBMER~ - MILL g0 |
2D Ge_ .- MOSCUE a0 ] v :

= ' -PQS CerE ] d 0 I | Y
& COMPMSALION COST ] 109 Ks. | PP o o i
@1, WATZZ CONVETANCE CO5r 1 a0 , ; =
ey Qirz COSY | q 0 i - 1 ] |
@E?) TOTAL COS: . | _d¢ i z,387.1 | 3730 | \,022.% |
33 UM COSY Fax UYE 508G B ic0ocum | .20 i o T T I ]

_ 1 | ] ] |
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Table D-2-4 (3)

Demension for Dam Sizing (First Stage) (3)

‘.

f

f" NUMEES OF OaM L] | 1
@ NAME QF DaM ] Hagna @l [ [©]
: ("» CATOHMENT aFS Sq, K 13,4 |
TeEar] € SECIMENT m.C.m, 5.t |
C& SETENTICN WATES ST El. m. L.t I Vaata - LT,
G »aS‘CRﬁC" m.c.y - 46,0 .0 13,0 |
[ uvr-‘ STORAGE 4o 3.9 TR .9 .
A)_TYFPS OENAM Conerare  Geavity )
(§) RIVER E57) B EVATICN El.m 1,212,0
40 FCUNDATION LEVEL qo T
__@ SHELLYAY DESIGN FLCCD cu.m/sec 1,840.0
WEIR LENGTH RN 22,0
(3 OVERRLOW CEPTH d9o .3
D HIGH WATER LEVEL.. El,. m 1,118, L.291.5 1,278.3
(9 FREZZ0A0 f - 1.0 3.9 1.3
g DaM TOP ELEVATION R=AE 1.313.% 1, 294.4 L2859
| D __OAM HEGHT m 133.3 Lta.s 90.0
;% TOF WIDTH do 4.0 x.0 4.0
9) . YOF. LENGTH don 4190 310.0 2¢0.0
|20 RIVER WIDTT SCNAED 40 w00
2_\S SiOFE OF DAM N Y
2 05 SLOFE CF DAM . 0.8
g 0AM VOLUME 1000 cu.m 14700 232.7 361.3
_@ paM_COST . 1051 RS 1.783.8 599.7 8318
4% ARTICLE -ROAD Km (Tyge &) L. L. [
& TO-HE - HQUSE Mumbes D 18 to
| 4D SUZMER- -MiLL 4o 1 y @
=) .« MOSGUE .d o
=] ) - POSI GFrilE, 4 0
& COMPENSATION COST 105 kg 3.3 40.4 .0
[F14 WATER CONVEYANCE COST d Q-
[N tHEN CE'-" d 0
’ @ TOTAL COST d o . 1.317.9 1.039.8 13t.6
@D NIt GaS e UNE a:CﬁAG—;qu (&} 16,73 a1.52 7129
i ) i . [ I
T NUMEET OF DAM I o - & @ 6] '
D NaME OFDAM - tatre ] ! :
(T CATCHMEMT AFSSA 54, km 105.9 ]
(B EECCAR S STTIMENT | m.C.m. 4.3
(. ESTENTICN WATTT | SVES El m 1.340.0 1,30.0 - 1,310
B GROES SIWCRACE m.c.m, alo 1.9 i 1.6
LCI‘ LIVE STORAGE da 8.2 f 16.2 | 9.2
T TYPS NENAM . Coacreta  Gravicy :
5 RIVER £=5 £ SVATCHN £1.m 1,238.0 |
40 FCUNGATICN LEMEY, qdo 1.260.0 ]
[4p SFLUNAY DESTN FLOCD gumssac L.319.0
(2 WEIR LENGTH i 7.0
B CVERFLOW CEPTH - d0 i3 -
9 HIGH WATER [SV/EL ElL m 1.331.3 1,335.8 1,325.8
3 FREZZ0AD - . 1.0 3,0 1.3
OAM TP S SVATICN El. M L, 338.5 1,137.5 1,328.0
DaM HEEGHT . M §16.3 97.3 53.0
- TOE WIDTH [k g 4.9 2.0
@ TGP, LENGIH do” 5.9 223.0 200.9
[_@9 RIVER WIDTH SACANATED d0 30.0
ZY NS SLOFZ QF OAM 0.1
a2 S SLORE CF DAM . 0.3 -
[ Oand VOLUME g cy.m 7531 4361 32,3
&i paM COST 108 Rs. 503.7 $47.1 ALLLO 1
% ARTIGLE - RAQAQ Km {Type Al 0.8 0.7 9.4
|3 TQ BE - HOUSE Numoer 13 13 3
L,_@_SGBME"‘" = MILE ‘q4a- r L 1
| &0 G&) - MOSGUE d g }
A=) RS e q 0 i 1 o | °
2 COMFEMSATION COST F 100 Rs 27.3 0.3 } 14.9
2 WATER CONVEYAMCECOGY | G 0 1 . !
32 Qiren COaY T g o 1 ] |
& TOTAL COST I q g 1 ar,3 I 187.6 I 827.9
@@ UNIT COST e== LIVE STCRAGEIE < i0csct m | 73,73 1 _33.04 i 8,31
| t |
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Table D-2-4 (4) Demension for

Dam Sizing (Firvst Stage) (4)

D-7

T NUMEEE OF DM ! o - 1 i
o Name OF DAM | oakhas [ @ (1]
Y CATCUMENT ARTY SQ. KM | 1.8 ; : -
(@ EECERARLS STRIMENT m.C.m. 3.3 .
(3 REENDCN WATES L/ £ m 1.374.0 1,341,0 ~ 1,346.0
(& G085 SICRMGE m.c.m, 30,0 0.0 10,0
i LIVE STORACE 40 [N 18.3 14.3 8.3
@ _TYP< OF DAM Cancrars Geavity wich Eabanksant  Mlank
(9} RIVER £53) ELEVATICN Bl 1,045,0
Q) FOUNCATICN LEYEL a0 1,69.0
[@) Set LAY DESIGN FLOCD CU.M/SEC 1,190.0
@ WEIR LENGTH m 53.0
3 OVESFLOW CEPTH ¢ 0 1.0
TaD =iGH WATER LEVEL EL o m 1.379.0 1,387.0 1,311.9
1D FREZSCAD m 1.3 1.3 1.9
:-@ DAM TOP ELEVATICN El.m 1,183 1,389.% 1.153.0
A DAM HEGHT m 11,3 0.3 . [T
(15 TOg WIOTH o ¢t a0 o 20| ¢ e H 100 € 4.0 ,P: 8.0
[4® 0P LENGTH do e 1o et Mol ¢ yo o | e 70,1 140
@ RIVER WIDTH SCAVATED 40 c: 30 .%; o
| &0 WS SLOFE AFDaM - e 0.l .t 3.0
g2 0/ SLOFE CFDAM : c: 0.8 Pt 1.3
@& DaM VOLUME 100 cy.m 61 LT, LFiU.ST6.5 | € 8).3 i 803.0-] G 44.8 T3 2.2
@41 pAM_COST 165 Rs 129.8 135.3 3.8
g% ARTIGLE - RGAD = KM
& - T0-gg- - HOUSE Nimber 13 18 [
@D SUSMER- -MILL ‘a0 i 1 1
& em . - MOSAUE da
5 T~ POSI GFRICE qd Q | i 1 1
G COMPENSATON COSY 105 ks | 5.8 4.4 3.7
Gl WATER CONVEYANCE COST 40 -
33 (iknr GOS8 d ¢
= 7OTAL COST d 0 333.0 01,1 37.3
[T UNIT GOS) Ton UVE S10RACER 5/ 1I000GU. M | 12,64 ] 11.19 T
| 1
D-8
(T NUMEES QFDAM 5 - 4 | |
2> MAME OF DaM Tasfatl @' @ @!
(T CATCHMEMNT AGED Sa@. km .4 ] .
(& FECCAp T SEhiMEMT m,C.m. 1.3
(3 RETENTICN WATES LEVE: ElLom 1.387.0 1,313.0 1,338.0°
(& GaCss SiCReCy N, C.m, 20,0 13.0 1.0
(T _LIVE SiQRAGE do . 12,7 . 10,7 ')
(5) TYP= OFDAM Conceaty  Gravicy )
(3) RIVER £50) £LSVATICN 1. m 1,321.0
d0) FTUNCATCN LEYEL dao - 1| 11,3010
| D SELLMAY QESIEN OGO cu.mss2c | ~ 830.0
(D WER LENGTH m 9.9
3 OVERFLOW CEPTH a0 3.0 .
19) HIGH WATEA LEVEL £l m T 390.0 e, - T
)_FREI0A0 7 1 e
dg UAM |QPE-_E‘!ARCN El.m 1,392.% 1,173.5 1.283.0
4D DAM HEGHT m 29.3 75.3 0
@& TQF WIOTH do 2.0 t.o i.o
@) TGe. LENGTH do 36,0 :m:o | ma-:
25 RIVER WIOTH SANRED do o ' I =
£ NS SL0FT CFDAM i o
| & 0/ SLOFS CF DAM os
2 DAM NVOLUME g cym 438.1 118,
ds  paM COST ‘1G° Rs. 218,4 n: : :"J
32 ARTICLE - ROAB CKm ‘ e
& TO-88  -HCOUSS slumner - " 3
D SUBMER~ - MILL 49 L. ) :
| B Ge) - - MOSOLE dg } :
= T = FQS CrmCE d 0 ] N .
¢ _COMPRISATON COSP 105 Eg 7} 3.7 3.0 i !
3, WATER CONVETANCE COST d o i : l =
32 Q= COST q40 i :
-@ TOT:“‘ CO,ST 40 i 412.1 i 1412 } 1
Gl UNIT GOar ras UVE 3, CRACE R ey 10000 | o i 1(::!; z::::l !
I
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Table D-2-4

(5) Demension for Dam $izing (First Stage) (5) ] H=1 ]

(T NUMEES GFaM o ! R ! I ]
K NAME OF DAM ! ) | chaaby _ohow (D & 0]
O CATCHMENT ARES, Sq. km T
& FRORARLE STomENT m.c.m. 14
(8 GETEMTICM WATER LOYEL €1, m, 138,94 149,8 ~ 80,0
B CECSE SiCRaCE - m.c.m, - 4.0 11,0 4.0
(Fr LIVE STQRAGE. qag. 14,4 9.8 .8
(@), TYES OFDAM: Rocxfill :
1. AIVES £S5 ELCVATION El.m 57,0
6 FCUNCANICM LENEL 49" 4130
4D Seilway DESIGN £1CCD ¢u.mssec $30.0 -
T2 WEIR LENGTH L[} 144,05
[ QVESFLOW. CEFTH G 0 . 2.0
49 TIGH WATER LEVE, ET,_1 o . 0.0 o
0D FrEI0N0 oom £3.9 3.9 1.3 :
| @3 0aM TOP ELEVATICN El..m 781,0 733.0 7as 3
a0 . DAM HEGHT 1) 86,0 8.0 43.3
] TaF -WIDTH daq 14.0 12.0 10,0
9 TOP. LENGTH do 300:0 419.0 140,09
| %D RIVER WID TH SCARED 4o )
g0 WS _SLOFE OF DAM 3.0
[ 0/3 SLOFS OF 0AM . 2.3
@ OAM VOLUME 1000 CULm §,342.0 1,310.4 K 1,758.0
@ aM_COST tge R3. 508.4 707.9 5439
& ARTIGLE - ROAD Km
¢ TQ-AE - HQUSE Number .8 3 1
@) SuBMER= - MILL do
& Gy - - MOSQUE d-g -
= TPOST ChAGE d.0
). COMPENSATOR COSY 109 Ks, 0.4 0.3 .8
“BL WATER CONVETMNCE CQST d.9
@z Qickrnt CO5) d .0 |
L-.% TOT_)_“.. CG"ST—. . - d Q 909 .1 T08. & | 5%t i
@d UND GOSs rat UVE S10RACSI B S/ 1000CU. M 3277 ] 1.1 P 1,08
. ) i i : ] ]
[H-2 |
(T NUMEES OF DaM | Ho- 2 | I
T NAME OF 0AM | Liaje [0) &) (€] R
(3 CATCHMENT AFTY $4. km 5.8
(@ FSCEARLE SooIMENT - m.c.nl. '
(T, Ao ENTCN WATES § CUE £l m 151.9 1750 - 111,90
& GROSSSCRACE m.c.an. 19.0 1.9 4.0
| (- LIVE_STORAGE do 17.3 1.3 i.3
(B TS OEDAM s RacklLLL -
@) RIVE= FED) £LEVATICN EIl. M 428.0
@) FOUNGATION LEVEL,, 4o e
| q ) SELLWAY CESCN FLOC0 CU.n/sec 970.6
@ WER LENGTH m TTaee
3 OvEFFLOW OEPTH a0 - 3.4 ..
43 HIGH WaTgR LSvEL, E£l.m S 1.0 127.0 7140
09 Facz=CaAD m 3.0 1.0 2.3 i
6 DAM T0P S EVATION cl.m 738.0 T10.0 18,5
% 0AM HEGHT m 90.0 32.0 8.3
a8 TYOR WIDTH Jdo 1.0 1.8 19,4
@ TOP. LENGTH do 120.¢ 430,0 160.0
22 RIVER WIDTH SICAAED go 40.0 -
4U_(§3 S0P CGF OaM 3o
| 4= DS SLOFS GFDAM 7.3 _ B
@5 DAM VDLUME. ~ - 1o cu.m 5,187.1 3.373.8 - 1,030,3
%3 0aM COST Ted Rs. a9r.4 ] 318.2 W81
.__rﬁ ARTICLE ~ROAD Km
(& 108t - HOUSE Nambar s : :
) sugMER~ - MILL d 0
| & g&y - - - MOSUUE aa
o T B0 CRRCE a0 ]
&2 COMPMSATION COSH 109 Rs 1.4 ] 1.z 0.5
L WATER CONVETAMCE COSY a9 t
122 Oirad GUar ' d .0 i
&3 TOTAL CQOSV a0 ] 98,3 1 ats.4 iol.o
& UNIT COSY /== LIVE 3TCRAGZIE g 1ccccu.m | 31,84 - I 39.43 9a.88 |
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Table D-2--4 (6)

Demension for Dam

Sizing (First

Stage) (6)

H-3

(T_NUMEET DF DAM - | w- 3 G (] an
(3 NAME OFQFM : | Chas _ Kaean |
(5 CATCHMEMT AEEA 50, km | i3 |
(@ EErcam s STINENT I m.c.m | )
(5 BEENTCN WATES ! S9ET [ El m | 780.0 195.0 - 1070
& CFOSISICRAGE mesu, . | 14,0 1h.0 8.0
(T LIVE STQRAGE do | 1.3 5,3 8.5
(8 TYEC OF DAM | conceesa  Gravicy .
) AIVER &) £ .SYATICN Ei.m [ M0.9
q0) FoUNDATICN LEVEL 40 | 793.0
D SeLWaY DESICN FLCCO cums/sac | 25,0
@ WEIR LENGTH | m - 4.0
43 - OVERFLOW CESTH de 3.3
(9 HIGH WATER LEVEL £l m 13,3 21583 730.3
(49 FoeZS0AD m s ) 1.9
@5 DAM TOP ELEVATICN El. 754.0 7363 13,5
dD | DAM HEGHT m 4.0 3.3 ar.s
-8 TOoE WIOTH qo 4,0 4.0 8.0
43 TOP. LENGTH : do 150.0 120.9 340.0
0 [AIVER WIDTH SACANATED) do | 119.0
@0 .G SUOFS CF OAM | 9.1
2 /S SLDFS OF DAM . ] . 0.8
@ DAM VOLUME gpcudn | 42,3 1832 n1L0
i4 paM_COST 108 Rs. 320.8 31,0 182.2
g% ARTICLE - ROAD *Km
&% TOBE - HOUSE Numbar 10 8 1
(e SugveER= - MILL do -
(@ Gen - - MOSGUE da -
&2 T - POSY CRriCE ¢ O- ]
& COMPENSATION COST 106 K5 1,3 1,2 L.t
BE WATER CONVEVANCE CQST q Q
@z Qirzx COS . 40
["& TOTAL COSY ¢ 0 332.3 182 19,3
@ UNIT G052 LIVE STORAGEIE g/ 0eecy.m .71 38,48 45,83 !
) i | | ]
H-4
T NUMESS OF0AM 3 I - 4 - & | | i
3 NAME OF Qar - ] Fine [Q] [ &3] @
(B CATCEMEMT AFCA Sq4. km 1 420.6 |
(0 EOCCAR £ STTUMEMT m.c.m. 14,1 ] ]
(E: BEENTONWATES L T £l m. 853.0 851.0 - 5430 133.0
(& GEOSS SCRACE M, C.m, 1560 110.0 320 53.0.
(T LIVE STORAGE d0 Lee.d $35.3 81.3 40.3
@) TYES QFENAM : Tocw{Lil -
(S} RIVER 55 BLCVATICN Et.m 113.0
0) FOUNQATICN LSYEL dg 135.0 -
D S WY DESGN FLECD cu.m/sed 3,450.0
3 WER [INGTH m | 147.0 I
QVERRLOW CE2TH doa 1 s.a b | g
- KIGH WATER EEVE Flom ] 268.0 } 838.0 348.0 818.9
(9 FREZ=CAD m - a0 w0 3.5 3.9
(5 OaM TOP E: SVALICN £1..m 812.0 . 0509 231.3 asi.l
7 DAM ESGAT m \11.8 123.0 118.3 106.5
& TQF WiDTH 4o 20.0 - 0.9 18.0 18,9
{43 TOP. LENGIH : do 40,0 120,0 I +10.0 | 189.9
20 AIVER WIDTH SCMVATED ¢ 0 50.0 I
g LS SUCES OF OaM | 2.9
22 06 SICFS CF 0AM B ] 2.3
ah DaM VOLUME gpmeum | 11,252.3 5.940.3 T.721.8 §.199.%
G4 DaM COST 106 Rs 2.250.3 - 1.791.1 1,346, 1,239.%
&% _ABTIGLE - RQAD am. Ctypa &) b3 6.8 0 3
| &5 TO-8% - HOUsE Number 1 33 4 14
Y SUgMEA- - MILL d o 1 1 v 1 1
& G} - - MOSGUE do | |
Y S 2 a0
&5 _COMEENSATON COSy - 105 s, | 41,8 23,8 1 3.1
&, WATZZ CONVETANCE COST ao T
[z OQirax COS | d o | i :
G TOTAL COSY i 4.0 | 2,194.3 ] 18175 1,548.8 1 T.263.1 ]
E4 UNG COSY r2nt LVE STCRACGE IR, 100200 M | 15,11 i .07 - 21.0L i 10.83
| | | ] ]
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Table D-2~4 (7)  Demension for Dam Sizing (First Stage) (7) ‘!4H5 ]
(T__NUMEES CF DaM } %~ 5 O ] ]! @)
0 NAME OF DAM i Tar ] | ]
(T CATCHMENT ARZA 154, km g
| (T pecfam & STriveT M, G.m, 16.4
(% RETENTON NATES | SyE £l m .6 159.0 - as1.0 w0
(8 CROS3 SICRAE ) Mn.C.m 1¢0.0 ] 1010 0.0 1,0
(T LIVE STQRAGE da 143.4 ] e 4.4 s
G TYES OF tiam Becklil) :
G RIVER £ B2 eVaTICN El.m 9.0
T FCUNDATION LEVEL, 4.0 1.0
Gy SEUNAY OESIGN FLOCO CU.M /58¢ 3Al0.0
02 WEIR LENGTH m 03,0 -
43 . OVESFLOW CESTH 'da 4.0
D HIGH WATER LEVEL £1,.m 87,0 8339 1.0 .0
19. FrEZS0AD i Y 3.3 1.0 1.0
I3 OAM 10 ELEvAT LN £lm Y 0ea.4 a0 3.0
AN 0AM HEGHT. m 28,0 109.5 1t.0 910.0
487 TOF WIOH do t5.0 18.0 15,0 14.0
@‘i TA0, LEMGTH do 29.0 8.8 0.0 x0.0
| 29 RIVER WIDTH - SCAAIED do 0.0
| i/ SLOFE CFDAM 3.0
o DS SLOFE OF QaM - 2.3
& DaM VOLUME 1000 Cuy.m 14,8802 10.88. 1 3,949 89702
@3 _paM_COST 105 Rs, 2.9%.2 TG Lrra T
A &5 ARTICLE - ROAD Km Ciype &Y 1.0 1.0 G- .
& TQ-8E - HOUSE Number M n 1 1
& SUEMER- - MiLL ] L 1 o 0
"D _GE - - MOSAUE qa
= T IPOsT GRS 470
1 &8 COMENSATION COST 10° Rs .9 9.1 23 [
@5 WATER CONVEVANGE GOST a0 : :
G2 Oteax COSY daq’
@& TOTAL COST j ¢ 0 3,017.1 1,204 18303 1,387
| da UnNiT CQaV F2= LIVE SI0RAGZIESACCSGEM | w0 B i It ; 3.8
: f | | f i
o H-6
T NUMESS COF QAM i # -6 ]
3 _NaME OF JaM 1 ocaca () & ) @
T CATCHVENTARZA 30 km__ 1 - s :
(D FRCEARL S SSMENT m.c.m. 11,3
(F: RETENTICN WATES ) SV £} m. 0Le .0 81,0 ()
(B GRIST SiRaMGE M, C.M 15,0 1000 5.0 X
(T LIVE STORAGS do 1343 [ZE) | [FK] W
| (B) TYES OF DAM Teidull
(@) _RIVES £55) L SVATICN 1. m )
@0 _PCUNDATION LEVEY 4o TeD
@D _SFLUWAY DESGN FUCCO CU.M/s2c 1030
a2 WER LENGTH m .0
43, GVERFLOW OEPTH do- Y
4D HIGH WATER LEVEL £l m X &0 Wi I

: @ FREZZ0AQ : - Y 5o [X 3.3
d8 OaM TOP cLEVAITCN El. m- 311.0 2.0 a90.3 2%.
D DAM HEGHT . m ey 24 .t 1043
18 TOr WIDTH do 0.0 18,0 8.0 16.a
@ . TCP _LENGTH do 700 §50.0 0.0 el
20 RIVER WID TH CACVATED da W
&1 /S SUOFS OF DAM 1.0
22 05 SICFE OF baM - IXR
&% 0AM VOLUME 10 cum 16.493.9 w.a.7 v 10.760.9 8,852
G4 0an . CAST 105 R, 11wt .50k FAT'R [T
| & ARTICLE - ROAD © Km (e ar 11 10 ) 18
&5 Topg ~HOUSE Numper 3 ¥ BT 2]
&) SUBMER~ - MILL ¢ g 2 z ] z F;
2 G -~ MOSCUE d o 1"

RN - P05 CFaCE d 0 ! ]
) COMENSATION COS | 105 Rs st %3 1 w3
2T, WATZS CONVERMCECDST ~ | d q )
3z OTrEx GO a0 i
& TTaL COsY 1l da R ¥ FR ! 1350 (nat
G UNIT COSv 7== WVE STCRAGE!F </ (C0GLMm | 7.1 ] 3.4t i .ok | 3.4

' 1 i ] i i
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Table D-2-4 (8)

Demension for Dam Sizing (Firqt Stage) (5) U{_,?

(0 NUMEER OF QAM 1 H - [} _ @ (€] [6)
|2 MAME (OF DaM J ¥ar - Fat |
(T CATCHMEMT AFES 54, ki 34,8
T EOCCARLE STUVENT m.c.m, 1.0 L )
g_. ::;gu?.c,\lwﬁlf«‘ﬁi“ﬁ\m EE m, 1,028.0 1,011.3 . 1,003.0 1,001,
B GOS8 SiCRAGE m.C.m,. - .0 2.0 150 )
- _LIVE STQRAGE a0 a1 _ 2.0 3.8 Vo
(D _TYES OF NAM Camseate Geaviey i
(5) RIVER £ £ SYATICN E1, m I )
0 FOUNGATICN LEVE), 40 9330
@D SFALvay DESCN FLeCD CcU.Mm/sec 1,040.0
2 WEIR LENGTH m 91.0 i
(&) OVERFLOW DETH qd0 5.0 -
% HIGH WATESR LEVEL El,. m 1.013.0 t,004.% 1.698.3 ' [yrreE
(13 FrREZZ0AD m N 1.3 1.3 1.0
5 DA TOP S EVATICN El.m 1,010.% 1,0t7,0 1,001.% L0405
_@ DAM HEGHT - m 3.3 82.0 5.0 1.3
43 - YOF WIDTH d0 5,0 4.0 i [
3 TOP. LENGIH do 180.0 o0 90,0 1800
@2 RIVEA WIDTH SCMVATED 4] 40.0
205 SLOFS OF DAM o:1
o2 /S SLOFE OF DAM . ,0.8 ;
= DAM VOLUME 1000 Cu.m 1134 I E 1.8 TTiTE.2
&3 AM COST 106 R5. 320.3 310.2 233.2 IO Y
7% ARTIGLE - ROAD KM (Typa &) 2.0 1.9 1.8 (%]
& TO-6E - HOUSE Number | 0 13 4 [
Q’Q sugMER~ -~ MILILL qo i 2 Fl 3
= B - MOSGLE aug
[ & . ~FQar CPeiCa d 0
T COMPENSATION COSYT 10° Rs. 0.0 33.3 [T YN
AT, WATER CONVEYANCE COST [ 3]
S ATRER UGt : 40
@D TOTAL COSYT | d 0 150.3 1537 307.8 137.0
[t UNll Ca5 == UVE STO‘i/-\C':IPs/I cu.m 11.52 19.18 ; 11.2% 18,54
H-8
(T NUMEES GF DaM i W= 8 @l [e]
a: NAMEOFDFM- - 1 Chiver  Galt ~
T CATCHMENT ARTA SG: km i ALT
G Faorap s ST m.c.m. 3.z
(F: RETENTCN WATES 1 SYE £l m. 1,372.0 1,080.0 - 1.338.0
(8 GRUSS STURAGE m.c.m. 4.0 ) 1.8
(7:_LIVE STORAGE do ] 1.8 13.% ] 3.4
@) TYRSOEnAM ] Concrata  Geevigy -
(S RIVED £50) B SVATICN £l 1,319.0
& FOUMDATICN LEVEL . a0 1,114.0
@) SPUWAY CESICN FLOCD cu.m/scr L.kto,0 )
WEIR LENGTH ©m 35,0
3 GQVERFLOW. CERTH -d0 4.3 )
13 HIGH WATER LEVE, £1..m 1,378.5 1,163.3 1.380.%
{3 FrE30A0 m R 7.5 2.0
5 DAM TOP = EVATICN £l m 1,379.0 1.354.0 1,382.3
(D _DAM HEGHT m 3.0 Yo s
43 - TOF WIDTH a0 *.0 8.0 &9
19 TOE LENGH dag 180.0 190.0 130.0
2 RIVER WIQ TH SXCATED do 9.0
oS SUOFS OF DAM . ol
2 05 SOk CFDAM e 0.8 . i
o2 _0aM VOLUME ggcym 224.3 113.3 7 3.3
44 AM COST 102 RS, 271.4 115.0 100.2
@3 ARTICLE - 8040 Km | I
& TQ-BE = HQUSE Numper | [ i * 4
ED . SUBMER~ - MILL do i
& GeD - MOSGUE ag '
]} - POSI CreiCZ q0
) COMENSATION COST 109 Rs. T P o '
Gl WATER CONVEYANCE GOSv a o [ |
22 Qvmo COS 1 d o 1 i
3 TOTAL COST ] 40 | 2731.0 | TR 100.1
@3 UNIT COST 27 GVE STOR GRS/ 100U | 1232 ] 1079 1 10,25
| |
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Table D--2-4 (9) Demension for Dam $izing {(First Stage) (6_)- _ [:S—_“'l [

(T _NUMEET OF QAM s~y & G _ @
LOB NaME OF DAM Cherah 1 - )
T CATDAMEMT AREN . 39, km 349,86
(T% Boreaps € SaniMENT a.c.m, T
(" Rv”’“!mw!‘?-‘:&"-/s?- ErLom 14,0 330,90 ~ 334.0 T I
, GRCSI SICRACE m,C.a. | 113,40 939 ] a1,
@ LIVE STORAGE - daq a1, 41,1 42,1 1.t
(I TYEE OENAM Goncrecs Gravity -t i
5 AIVER £5) & SVATICH el.m 337,49
) FOUNDATICN LEVEL, " do 131.0
aD SELLWAY DESCGN FLECD ) CU.m /320 3,1%0.0 ]
2 WEIR LENGTH ) m _113.0 i
43  OVERFLOW CEPTH ) do i 1.3 KR
9 HIGH WALER LEVEL F1,. m ) 499.5 Y ) 5303 581.3
F @D FrEZS0AD: m 1.0 1.0 _ 1.0 2.0
(5 _GAM T8, ELEVATICN El.m 01,9 397, 91,3 389.
D DAM BEGHT . A 41,3 - 1.3 a3 7.3
48 ToF WIDTH da g Y . g ) )
TOE, LENGTH - . dQ - 14039 ] 1430 ETYIE 123.0
20 RIWER WIOTH SXCaRiED) do 19,0 ‘ ; i
) SUAEE OF DAM 91
7 DS S0 OF DAM . : 2.9 . : . .
o2 0AM- VOLUME - 100 cu.m i 100. 9 0. - . 4L T asd
¢4 DAM_COST 108 Hs, ) “t2l.1 $8.4 73.8 LYY
&% ARTICLE - ROAD : KM [ crype €y 33 ’ .2 - 0 - 1.8
| &  TOBE - HOUSE : Number - 288 Th - 12k 7
| 2D _SUBMER- <MLL qda 3 3 3 } 3
ENEE - MOSCGUE do - 3 s 1 ]
RS TS PQSY CERCE a 0 i :
% COMPENSATION COSY 196 Rs 39.7 ) 2.1 30.2 BETH)
QL WATER COMVETANCE COST q. 0 : S
G2 Qlred GUOS1 d o - - - —
& Q1AL GOSIT a4 0 L40.0 1158 104.0 TS
—Ga UNIT COS: r“‘l..VE_STCﬁAC‘- Es/iccecu.m 1.08 o 2013 - A7 .37
| '} : T
| 5§72
(T NUMEZS OF QaM ! 3~ 2 @l @ @ e
Gy NAME OFDAM . : erapsr . i
(N CATCEMEMT ARTA 5. km 1i3.8 :
(T FECEMELE SSOIMENT m.c.m 17,3 R
(5. REENTCNWATES (Cye - [ B m. P 418.0 ~ s13.0 T 81900
(3 CROSS SICRACGE m.C.m. 40.0 53.0 43,0 - 29,0
IWE STORAGE: do §2.7 s0.f 5.7 T
(B) TYES OFNAM . RozkL11 . ' ]
Ty _RIVER £ £ EVATICN £t om 5749 j -
40 FOUNDATICH LEVEL [ do. 338.0 -
T SPLAY DESGH OGO | CuM/3eg 23000
 WEIR LENGTH m 7.0
L OQVERROW DEFTH d0 . . 8.0
) HIGH WATER LEVEL, £1. m ] £30.0 . i20,0 420.9 t13.9
a8 FREZZOAD m - 2.3 1.3 1.y N 1.3
| 48 _OAM TOP & EVATICN . Fi.m $32.5 618.5 s12.3 5175
DanM BEGHT . - m o |19 [T a3 : 39,4
148 TQe WIDTH - 4.0 12.0 10.9 10.0 T .8
a9 Top. LENGIH - do - 1.209.0 1,040.0 930.0 500.0
95 RIVER WIDTH SCAAIED ) 50,0 o
21 _US SLOFS OF DaM ) 3.0
2 DS SLFECFDAM 1.3 )
2 DAM VOLUME 1an cy.m 7,175.3 1,325.0 - 3,328.0 3.104,7
| G2 Qs COST i10b R, 1,533.1 1,063.0 955.4 #34.9
@4 ARTICLE ~ROAD : - Km (Type 8} L.0 1.0 . 9.9 0.8
&% TO-AE -~ HAUSE : Number To- 13 | - A L
2 . SUBMER~ -MILL d g i
@ Gay - - MOSGUE d g . I I
) T EAS CErs 40 T
&N COMPSMSATION CO5T 108 Ks, 23.3 3.1 ] 19.3 T
T wWalra CONVEMNCE c"s- d 9 ] '
132 Oirea LOS) d o ]
_—‘L_E) TOTAL CQST a o ] 1,460.4 [ 1.088,7 i 883.9 saz,)
Eh UM COSy r2 LYE 5TCRAGEIEg i m | 13,19 | 16.73 | 34T | 3126
i [ f | t
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Table D-2-4 (10) Demension for Dam Sizing (First Stage) (10) |S~3M{

T _NUMEER OF DAM i $.2 1 o/l @ e} @
(2 _NaME QF DAM Satriden =
(L _CATGHMEMT AREA $d, km 17,4 |
(%,_prosar £ SSvNT m.c.m. 2. 1
(T: RETENICN WATES LEYE - EL i 04,0 - 692.0 ~ §3.0 i AK7,0
(& CROSE STCRAGE m.cam - 87,0 3.9 4.0 i 6.0
(T LIVE STORAGT do .4 2.8 14,8 | .4
&) _Tyes OF DaM ackyll
9 RIVED £55) ELSYAICN £l m 8530
0 FoUNQATION LEvEL 4o 417.0 )
A0 SebWAY DESIGN FUCCD cums/sac 1,689.0.
D - WEIR LENGTH m $4.0
43 OVERFLOW CEPTH da. . 8.0 ]
1D HIGH WATER LEVEL glom 1.0 04,4 449.0 - 692.0
49 FAESS0AD m 130 1.9 1.3 .3
| @5 DAM TOP ELEVAIICN ElLm T15.0 107.9 191.3 893.5
|05 DAM HEGHT m 82.0 80,0 74,3 s
& TOR WIDTH dQ 14.0 V1.0 12.0 10.0
{5 TOP. LENGIH - do §10.0 500,06 480.0 L 4100
[ RIVER WIDIH SICWAED “do 0.0 - i
2 SLOES OF DAM 3.0
| 22 - iS5 SLOFE OF DAM . 2.3
h DaM VOLUME oo cum 3.9t1:3 4,136.7 1.198.% 14449
G4 DAM COST. 108 Hs 1,182.1 313.3 C a8 Tais.0
9% ARTICLE - R0AD Km [Type B) 1.3 i o o
&5 TO-8E - HOUSE Number A8 37 -t 1)
70 SuBMER=- -MILL do
& Gen . -~ - MOSUUE dao
= - FQ51 CenGn d o
G2 COMERMSATION COST 108 Hs 3.9 1.8 .0 1.4
an  WATER CONVETANCE COST d a :
@2 Qreed GOST d Q ]
¢ TOTAL COST 1. d0 \,116.1 410.1 sAL.E a91,0
@& UNI COS1 ~== UVE STCRACEiPS/10CCGl- M 12.13 ELRY] 1198 T
| :
M-1
(T MUMEER QEDaM 1 | M- L a [Ed]] 3 :
3 NAME OF 0AM -] Dok Baaglal -
(3 CATCHMEMT ARZY sa. km. | 9.1 1 )
(& Fo0CAst € SSoRaENT m.c.A. 3.8 | I
(3 RETENTION WATES | SUE ElL m 123.9 s21.0 - 31,0
(& GECSE SitRacT | m.cm, 23.0 5.0 L0
(T LIVE STORACE I do 174 9.5 3.8
(3 _TYFS OF DAM Concrete Gravliey wich  Zabankssac  Tlank
(9 RIVES S5 BLCVATICN . ELm i6¢.9
d0) FCUNDATICN LEVEL do 108,08
Th SeLUWAY DESGN ALCCD cu.msses 1,2t0.0
2 WEIR LENGTH m 1to.0 ]
E CVERFLOW CEFTH d0 3.0 j
(9 HIGH WATER LEVEL g1, m 528.0 323.0 524.0 ‘
G5 FRESZOAD m - 2.0 . 2.0 1.0
@8 DAM TOP S_EVATICN El.m 110.0 527.0 325.0
dh . OAM EEGHT i 24,0 i 1.0 0.0
@& TOF WIQIH 46 c: a0 .7 3.0 |le so v a0 c; 4.0 F 8.0
@ TOP LENGIH : do “les 120 Lrs L0l0 c: LI 1 a3 €: \20 .F: 880
20 RIVER WIDTH SXCAATED do ¢; 106 t: o
@au 1S SLOFE OF DAM € 0.l .1 3.0 |
22 S SRS OFDAM €1 0.8 Lt L3 )
o 0AaM VOLUME TOCO CUITE fes 183 7o sizs € 16,8 ,¥: 8033 ] €3 136 L85 W03
&4 naM COST 108 Rs 99.1 | 5.4 32.8
&2 ARTICLS = ROAD Km (Tyow B3 2.8 | 1.3 a
% TO-8S -HOUSE Number 4t | 5 3
2> SUBMER—~ ~MILL . do I ]
@ Gey - - MOAGE aaq |
1 & ’ - P03 CFACT l d 0 i
G COMPINSATION COST I 109 Hs, 3.1 I 6.2 [ 0.7
Bi WATRR CONVEYAMCZCQST | 4 0 | I
1228 Qlett GO i a¢ i i ]
@3 TOTAL COST J..d 9 180.2 | 91,4 ] 1.9 ] .
E;il UMY COSy m=™ LVE STCRAGEIES/ICCCCU. M | 8,5t | ¥,45 ] 9.9 ]
i - | | i
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Table D-2-4 (11) Demension for Dam Sizing (First Stage) (11) I"[:r— ]

(T _MUMEES GFQaM . I - ! Lost [0 ]
2 NAME QF DAM i Dadhoshhal o |
Ch CATGUMEMT AFEA Sq. km ! 3.3 ] ]
T POUEACLE STUMENT m,C. 0 | 1.4
& fi-'?"“-‘ll‘;c,\{'fv.o.l""f"'.g [ i 3Ka0 8.0 T yie.0
& CRCES SWRMGT MM - | 1,0 31,9 18.0
(T LIVE STQRAGE do .1 [T} 13.1
@ YRS ORENAM Gaactate  Gravhty o with  Iavankaent Flank . "ﬁ_j
(@) RIVER B5) BLSVATICN El.m 10t.0 ]
0 FOUNGANICH LEVEY “do A12.0
D SELLWAY DESICN ROCD CLLM/Sac¢ 1,400,0
|02 _WERLENGTH il 119.9.
{: OVERFLOW CEZTH I dgo 5.0 . .
(03 HIGH WATER LEVEL £l m 133.0 sy 114.0
12D FAREEI0AD . m EY) [ 1.3
% DAM TE)PEL‘-'VATHCN Bl 354.0 wi5 WY
LD DAM HEGHT . 1.3 ; NGER
4D . TQF WIDTH G0 )6 ab LF 128 |6 w0 .1 e e 6 Gt 1ad
L@ TOP. LENGTH do et 13¢ L1 .70 | e 1l L1 1,070 jeil 136 ¥ 1,000
@0 _RIVER WIDTH SCNATED do © 700 fr @
&S SLOFS OF DAM & 6. 1.0
[&r 073 SCFE OF DAM i 0.4 ,F 1.5 .
&5 0AM VOLUME 100 CUM ¢ 3ue.a -, r310,292.3 | ¢iaa.z L F:4,851.5 =]e:323.4  .F; 5.350.1
@d DAM COST. 105 R3S, 1,463.8 t.120.0 . %101
| g% ARTIGLE - ROAD K type €3 0.3 ] [
| & TOBE . - HOUSE Numper 5 i []
" 2h . SUBMERT - MiLL do.
@ Gep. . - MOSGUE_ da
& -~ POS CFrlE )
[ &) COMPRNSATICN COST 108 Kg, 3.4 0.2 o
3L WaTeR CCNVEYMC:COSI d 0 )
¥ Qiren CO5Y d o H
&) TOiAL COST - d 0 1,919.0 1,120.2 0,1 '
@a UNIT COSv r= LVE STCRAGZSIE g /i0ecu. m 17,73 I 31.13 59.87 i
. ] | |
-2
T NUMEZZ QF QR M 0 -z O @ 3l
D NAME OF DM ; Tseht  Saiytdan | .
Ch CATCHMENT o530 5¢. km 111.3
Ty ESCEARLE STUMeNT m.C.m 19.0 .
G BRI WaTER L Sy [ 113.0 { 310.¢ ~ 358.9
(8. _CoOSS SiGrRacs m.c.m 93.0 | 8.0 32.0
(F: LIVE STORAGE 40 15.9 ] 19.9 11.0
@) TYRE GENAM Yackrill :
| (5 _RIMER £50) L SVATICH g1 W 3310
{3 FCUNDATICN LSVEY, -4 9 355.0
@D - SFLLWAY DESCN FLECD CU.MsSeC £,330.0
a2 WEIR LEMGTH M 33.0
@9 GVERFLIW CESTH 40 5.5 i
d& HIGH WATER LEVEL, Ef-m 583, % 575.3 313.3
| 49 FRez=0AD M Y 1.0 2.0
({5 DaM TOP & _VATION £l m 3435 571.5 575.3
a7 DAM HEGHT . m 59,3 2.3 30.%
8 TOF WIDTH do 5.0 0.0 20
@) TOR. LENGTH . do 1,800 1.650.0 1,300.0
@2 RIVER WIDTH SXCAVATED do 00,0
21 _LYS SLOFE OF DAM ] 1.0
272 075 SLOFE CF DAM [ 2.3
7= DA VOLUME 1000 ¢u.m “1.399.3 2.019.% 1,430.8
g4 QaM _COST 1G5 Rs, 680.0 401.9 290.1
% ARTICLE - ROAD Km (Typs €} 3.0 t.7 .o
& TO-8E . ~HQUSE Number 45 | Y I
@) SUBMER- ~-MILL da ]
| & Gen - - MQSWE dq L 1 1
7= TTTIRQSY CFmics d 0 ] ]
| G COMPENSATION COST 106 Rs 9.4 0. 19.) i
3 waled CONVEYAMCECOS: | d o } ! |
gz Oires GO it d ¢ 1 i
=5 TOTAL COST | d 9 700.3 } ar.s ) 109.5 I
E UMY COSY ras \.—‘Jz SHGRACGEIR ¢ 0C0CU. M | 3.14 i .40 ] 2111 ]
! i | [ |
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Table D-2-4 (12) Demension for Dam Sizing (First Stage) (12) | -3 1
T NUMESHR OF QaM | ! L =) @ @ [6) -
0 NAME QFDAM I ! Faniard
(1 CATCHMENT AFEY |5, km 09,7
(. FECEARLE SEOIMENT | m.c.m, 4.8
(T, GETNTICN WATES LS AR 25,0 8148.0 18,0
(€ GROSS SICRAME @, c.m. .0 1.0 13,0
(7. LIVE S1QRAGE do - - 3.2 13.1 8.2 ]
D _Tyee NFnaM Fecweill -
Gy fAIVES E20) £ EVATICN £1.m 23930
40 FCUNDANICN LEVEL do 9.0
qD_ SALLWAY DESGN FLOCD clLmssec | Lo
@3 WEIR LENGIH m ] 118.¢
3. OVEAFLOW CEPTH dog 1 3.3
4D HIGH WaATER LEVEL E£l, M 6281 819, "y
5 FRESS0AD m 1.0 1.4 10
05 0AM TEP ELEVATICN £l 80, sy 819.3
47 DAM HEGHT m AL 1.3 0.8
8 TOF WIDTH Jo a0 a0 .0
|3 TOP. LENGIH do 1,200:0 11509 1,000.0
@0 RIVER WIDTH SCAMVAED 40 0.0
<& S SLOFE QF DAM 1,0
7 05 SLOFE OF DAM . ‘2.3 .
@ DAM VOLUME 10 cum 2.280.7 1.368.7 1,185
&4 naM COST ‘108 Rs, AT0.5 na 8.9 3
@8 ARTIGLE - RQaD - Km iy B) 0.8 0.2 B
¢  TQ-HE - HOUSE pumber ) u )
(@ SuaMER- -MILL 40
& cen - - MOSSUE d o
1 TE0& CFrics 40 ~
Go COMENSATON _COST 105 K3, .7 5.3 2.4
I, WATER CONVETARCE COST d o . iF
g2 oEr COS d 0
@5 TOTAL COST a0 | iz .8 T
@4 UNI COSy = WVE STGRACE N ]

e i0CCCUM | 1.9
-

1i.18
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Table D-2-4 (13) .Demension for Dam Sizing (First Stage) (13)

RUNBER  OF DA
1E. OF DaAM -

[N -0 L [} ®

NAME: bhok BALOECH . : : 1

JCATCHMENT AREA 8. km 46F. O (266, Jo- EaeTofing shatedr Jey C3leisahi hrea) ’

DEAD FORAGE m, . m. 0.8 -

LIVE ORAGE. do 40, 0 105,00 76, B0 4. 00 47 00
T8 CROSE STORAGE do 0, 32 115 32 86, 32 64, 32 52 52
" O% WATER VEL EY, m y, L0 : .

) NORMAL, WAT v 4o 438, L 4350 Y 479, & 27,0

H1 G VIATER VEL ¢ b6 443, 5 A40. 0 1. 437, 0 AR, 5 £33 O

1VER BED ELEVATION L El . m 395, O : '

FOURDATION LEVEL de 285,90

YPE-QF (tAM T Reckf il

SPILLWAY RESIGN FLOOD [TTRCYAY Y 3,639, 0,

OVERFLOW DEPTH - om 5.0

WETR LENGTH n 155, 0 1 :

FREEBOAD : m R I P 7.5 :

DaM _ToP ECEVITION BT, m, 446, 442..5 439, 5 437.0 4345

DAl HETGHT : : n 51, 7.5 54, 5 52. 0 49,5
[OP WIDTH m 2.0 0.0 10. 0 10.0 B, 0
TOF LENGTH o J - 1. B850 1. 548, 0 o220 0 J. 485 0

RIVER_WIDTH, EXCAVATED m 3

/5. OF DAW : 13D

b/5 SLOPE OF DAM i 2,5 R . :

D AN VDL UNE J88 ey, m . 24 YY) 4, D8O S. 4. 577

| DAM. €0 . 10¢ Hs 1. 64%. 40 1 7, 409 B0 1.216. 00 1, 069 00 914, 4
- ~ ROAD Km Ve 4w 3. 8 3.1 2

ARTICLE —— HOUSE Number 152 1B} 160 141 122

TO BE = WILL 4o

SUBMER= - MOSQUE Py

GED ~ POST OQFFICE 4o - 3 i

STTRANSMITT I ON do F1i) 20 19 1.2 18
| COMPENSATION. COST 105 R»s 293 30 284. 15 260.%0 248. 65 228.30

DAH CONSTRUCT{ON COST ¢ 1..942, 7 1,693, 95 1, 47%, 50 1..357..65 1.1, 142. 70

THER COST -~ e do . - . o

TOTAL GCOST do ) - - -

UN]T _COST FER LIVE STORAGE [Ra1cu, m {13. B8] 16..13) {(19..43} {24 401 (2. 247

NURBER OF DAM ] [-20| [ 7 o1 5]

NAME OF DAN R Dhok Psrlanwell -

CATCHMENT AREA £q. Kkm 287, -

DEAD TORA m, . m. 21. 58

1V ORA Y] 1G0. €0.00 37. 00 15, 00 £. 00

GROSS STOHRA do 21. 38 Hl. 38 8. 38 Y Y 26. 38

L OW YA i_LEVEL. El. m 452. 5

NORM WA EVE do 7L G 445. 5 505 457. 0 454, 0

B1GH WATE VEL - do 75, U 469. 5 466, 5 461.0 458, O

RIVER " BED FLEVATION - El.m. 42

FOURDATION LEVEL : do 4

YPE OF DAM ) Rock 11

SPILLWAY DESIGN FLOOD R Qu.mltec 2.530. 0

OVERFLOW DEFTH n_ . 4. C
WEIR [LENGTH m 1571,

FREEBOA . m 2,5 -] 2. 2 0

DaAM TOP ELEVATION El. wm, 477, 5 A72. 0 469 463, 460, Q
J "DAM_HEIGHT m 59, % td. 51,0 45, £2. 0

TOP WiDTH m B 16, 10, - 8.0

TOP LENGTH . m 450, 0 380, 350, 300, 2i0. 0

RIVER WIDTH, EXCAVATEDR L m €0, 0 -
“*és" OPE OF DAM "y

D SLOPE OF DaM ’ o6

DAM VOLUME 108 cu. L T07 1, 217 1..13%6 0. 814 0. 686

DaAM COS By ' 10:‘ Re 341..40 263, 40 227. 20 162, 8O 137, 26

~ R n

ARTICLE -~ HQUSE Number [ 3 F3
10 _BE = WiLL : o
SUBMER~ = — MQSQUE 2
GED = POST OFFICE )
- - OTHERS d5

COMPENSATION COST 195 R 1. 20 0. 90 0, 15 [y V. 30

DAM CONETRUCTION LOST A do YV 264.390 227. 55 163. 25 121.50

OTHER _GOST da -

TOTAL COST do

UNIT COST PER LIVE STORAGE |He/s/t0cu, m 2 a3] (4. 41] {.6:.186] 132. 563 127, 50}
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D.2.1.2 Design Criteria of Storage Dams
(1) Defermination of Dam Top Elevation

The fellowing procedures and methodology are applied to determine

reservelr water levels and dam top elevations.

Annual Runoff
or
Annual Water Production

Annual Water Production —
Effective Storage Capaclty Curve
(Figure VI-2-1, Main Report)

] Effective Storage Capacity

Dead Storage Capacity

l Gross Storage Capacity

H-V Curve

Normal Water Level

Overflow Depth

High Water Level

Freeboard

Dam Top Elevatlon




(2} Dambody
(a) Type of Dam

The type of dam ls selected upon consideratlon of the topographical,
geologic and hydrolopgical conditions of the damsites, TFrom a
topographical point of view, the shape of the valley is the most
important facter in the selection,

On the other hand, geological conditions such as the thickness of
river deposits and weathered rock foundation, the strength and
permeability of the bedrock,. the distribution of construction
materlals are also very important factors in the selection.

Such informations corresponding to this study are obtained through

field reconnaissance.
(b) Freeboard

In determining the dam top elevation s certaln freeboard ias
necessary above the High Water Level of the reservolr for safety
purposes.

The freeboard should be determined upon considering such_factors as
extraordinary flood discharge, waves due to wind and earthquakes,
rises In the water surface level caused by unexpected accldents in
the operation of the spillway and the operation method of the
regservoir,

In thig preliminary study, approximately 4% of the dam-height is

adopted for the freebdard of a dam, as shown in the followings;

Freeboard above High Water Level (m)

Dam Height (m) Concrete Dam Embankiment Dam
H<¢ 50 2.0 2.0
5 ¢ H ¢ 75 2.5 2.5
75 ¢ H ¢ 100 2.5 3.0
100 ¢ H ¢ 120 3.0 3.5

120 ¢ H 3.0 4.0
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{c) Dam Slopes and Top Widths

The sglopes of dambodies are one of the most important factors
influencing not only the safety of dams but alsc the volume of
dambodies, The shape of dams should be determined after thoroughly
studying the topographlcal conditions of the damsiteé, the nature of
the bed rock, construction materials to be used and the type of

spillway to be adopted.

The slopes of dambodies are tentatively determined according to the

following criteria.

Slope (Horlzontal Ratio)

Type of Dam Qggtream' Qggggg;ggm
Concrete Gravity Dam 1:0.1 1:0.8
Embankment Dam 1:3.0 1:2.5

Top width of dambodies is adopted as follows;

Top Width of Dambody

Dam Height (m) . Concrete Dam Embankment Dam
H ¢ 50 4.0 8.0

50 ¢ H<¢ 75 4,0 10.0

70 ¢ H ¢ 85 4,0 12.0

85 ¢ H < 100 4.0 14.0

100 ¢ H ¢ 110 4.0 , 16.0

110 ¢ H ¢ 120 4,0 18.0

1206 ¢ H 4.0 20.0
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(3) Spillway

(a) Design Flood Discharge

Specific runoff of peak flood discharges can be studied using such
emplrical formula as Creager's Formula, Logarithmic Formula, Ingli's
Formula, Dicken's Formula, Ration Method, and so on,

In this study, Creager's Formula (c=7%) ls adopted in consideration
of the fact that Creager's Formula (c=100) would be the maximum
value of peak flood discharge., The design flood discharge of
¥hanpur Dam (Q=150,000 cusec) iz very similar to that of Creager's
Formula (e=70),

: -0.048

0= 46 % C x ,0-894 x A

or
,—0.048

Q' = 1.303 x C x (A'/2.59)0:93%8 X A
Where,

Q ¢ Dgsign flood discharge in cusec.

Q' : Deslgn flood discharge in cu.m/sec,.

A : Gatchment area in sg. miles

A' 1 Catchment area in sq. km

C : Coeffilicient = 7%
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(b) Overflow Water Depth of Spillway

In this study, the overflow water depth is calculated using the
following simple eguation, taking no account of reservolr surcharge
effects which are usually considered in the deslgn of spillways in
Pakistan. |

Q=CxLXH"

Where,
: Design flood discharge {(cu.m/sec.)
: GCoefficient of overflow = 2,1
L : Length of overflow welr (m)

H Overflow water depth (m)

.o

{¢) Type of Spillway

The type of spillway studied prelimiarily would be the ungated

type. The major reasons for this are summarized as follows;

— Ungated spillways do not suffer from any operation and

maintenance problems.

— The only demerit an ungated spillway would have is that it
requires additional dam height to keep overflow water depth.
This is not so serious at this stage. Additional dam height may

be considered to be a margin,
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D,2.1.3 Preliminary Design of Storage Dama
(1) General Features of Selected Dams

The preliminary design were carried out for the seven selected
damsites, namely bP-1, H-4, S-1, SL-1, KL-1, and Shahpur Dam Helghtenning
Scheme

The reservoir atorage capacity were revised considering the results
of field topographical survey, and are shown In Table D-2-7. The demension
for the selected dams are studied based on the procedures and methodologies
described in D.2.1.2, and are ghown in Table D-2-8 and D-2-9,

The general features of the seven selected dams which have the
optimum sizes described in Appendix D.3.2, are shown in Table D-2-5, and their
preliminary design drawings are shown DWG, NO. 1 to 7.

{2) Engineering Considerations

Preliminary designs of sterage dams are carried out based on the
design criterla described in D.2.1.2. This chapter describes the engineering
considerations of the preliminary designs, based on,topographicai, genlogical

and soil mechanical, reconnaissance.
(a) Selection of Dam Type

The type of dam is selehted taking into account the topographical,
geologic and hydrological conditions of the damsites. Such
technlcal characteristics as the dam foundation and the distributien
of constructlion materials aie especlally important faétors in the

selection of the dam type.
The result of the gecloglcal surveys and the construction materials

for gelected damsites are described in Appendix B.3 and B.4 and are

summarized in Table D~2-6.
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Judging from the téechnical characteristics of dam foundations, only
the S-1 damsite, comprised of Rawalpindi group sandstone and shale,
has enough strength for the foundation of a concrete gravity dam,
The bedrock of the H-4 damsite consists of limestone and might have
enough strength for a concrete gravity dam of moderate size, but an
embankment dam would be more suitable when the exlstence of thick
river deposits and terrace deposits is taken into account.

The foundation of other damsites consist of thick terrace deposits
(the b-1 damsite) or highly sheared and weathered bedrock (the L-1,
8i-1 and KL-1 damsites). These foundations are hot sgtrong enough

for concrete'gravity damg, but will support embankment type dams.

As for the construction materlals, concrete aggregate and embankment
materials, quality materials are expected to be available in the
near vicinity of each of the proposed damsites. However, there are
sone materials for some damsites which must be brought from a

distance of.10 km,
{b) Foundatlon Treatment

The foundatlong of selected damsites can be clasgified into three

groups by foundation treatment.

(1) Rock foundations [S8-1, L-1, KL-1, SL-1]
(2) Pervious gravel foundations [D-1]
{(3) Combinations of (1) and (2) [H-4].

(i) Rock Foundations

Grouting is usuvally performed to seal fiséures, Jointa and other
cracks in the foundation rock and to improve thelr watertightness.
In the case of limestone layers, it is very important te select
injection materials and perform the injections gradually using
coarse to fine materials, |

As for soft rock foundations, injections using low pressures are

adequate and do not destroy the foundation rock.
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(ii) Pervious Gravel Foundations

If a sand or gravel layer in the foundation is not very thick and a
sufficient impervious layer underlies it, the impervious zone or
cut-off wall is designed to reach the impervious layer.

When there is a thick sand or gravel laver foundatidn, seepage may
generally be centrolled by proﬁiding an upstream impervious blanket
to reduce the hydraulic gradient, _ '

The blanket method is not a direct measure to Insure the
watertlghtness of pervious foundations, bhut and indirect measure to
prevent high velocity and large quantity seepage through the
foundation by reducing the hydraulic gradient._

{c) Types of Spillways

In this study uﬁgated and overflow type spillways are adopted for
‘the damsites proposed in Appendix D.2.1. ._

It 18 necessary to adept not only center overflow types but also
side overfiow types. Thils 1s declded upon consideration of the
topographical conditions of each damsite,
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Table D-2-7 (1) Reservoir Storage Capaclty (Second Stage) (1)

DAMSITE ; D —1

ELEVATION OF AREA OF HELGHT 3TORRGE CAPACITY
. BETHWEEN \
RESERVOIR RESERVOIR CONTOUR PROGRESSIVE
(m) (sg. km) (m) (m.c.m.) (m.c.m.)
945 0 0 0
930 6.103 5 0.2457 0.257
960 g.308 10 2.08%5 2.312
570 0. 665 10 4,865 7.477
980 1.058 10 . 9.615 12.792
990 1,485 10 12.715 25.507
1,000 2.130 10 18.075 43.582
1.010 2.780 10 24,550 68.132
1,020 3.435 10 31.075 99,207
1,030 4.093 10 37.640 136. 847
1,040 4.875 10 44. 844 181.687
1,050 5. 182 10 53,285 ' 234.972

DAMSITE ; S—1

ELEVATIOR OF AREA OF HETGHT SEORAGE CAPACITY
BETHEEN ,

RESERVOIR ~ RESERVOIR  CoNTOUR PROGRESSIVE
{m}) © (54, km) () (m.c.m.) (m.c.m. )
540 0 — ¢ 0
550 0.170 10 0. 850 0.850
560 0,600 10 3.35¢ 4,240
70 2.000 10 13. 000 17.200
580 4,300 18 31.500 48. 708
590 7.300 10 58,000 106. 700
600 10. 400 10 88.500 185,200
605 11. 700 5 55.250 250. 450

DAMSITE ;' L—1

ELEVATION OF - AREA Of HETGHT STORAGE CAPACITY
- ; BETHEEN

RESERVOIR RESERVOIR CONTOUR PROGRESSIVE
(m) {(sq. km) (m) {m.c.m.) (m.c.m)
482 0 0 ¢
490 175 8 0.700 : 0.700
500 340 10 2.575 3.275
510 951 i0 4. 455 7.730
52¢ 867 10 7.075 14.805
530 1,508 10 11.865 26.670
549 4,415 10 29.620 96.290
350 8,637 190 65.260 121.550
560 14,247 10 114, 428 235.970

D-47



'_T;\ble-Dw-?‘u-T(Z) Reservolr St_orag,e Capaclity (Second Stage) (2)
DAMSITE ; H—4
ELEVATION OF  AREA OF  HEIGHT STORAGE CAPACITY

T BETWEEN
RESERUOIR_ REShRVOIR CONTOUR _ ggg§3g§§lg§_
(m} - (sq.km) (m) (m.c.m.) S {m.c.m)
768 ' 6 0 0
770 0.003 2 0,003 0.003
780 0.073 14 0.380 0.380
190 0.274 10 1.73% 2.118
80C . ¢.585 . 10 4,295 - 6.413
810 0.942 10 7.635 14,048
820 . 1.376 10 11.59¢ 25.638
830 1.943 10 16. 595 42.233
849 2.568 10 22,855 64.788
-850 3.187 10 o 28.825 93,613
860 3.88%3 10 35,450 129. 063
870 - 4.638. 10 42.655 171,718
880 5.568 10 51,030 227.748
890 6,597 10 60.825 283.573
900 7.759 10 71.780 - 355.353
910 9.527 10 86.430 441.783
DAMSITE ; SL -1
ELEVATION OF  AREA OF HEIGHT STGRAGE CAPACITY
BETHEEN |
RESERVOIR : RESERVQIR_ CONTOUR PROGRESSIVE
(m) {sq.kn} (m) ~ {m.c.m) {m.c.n.)
428 0 0 0
430 0.110 2 0.110 0.110
449 0.600 . 10 3.850 3.660
459 1.543 10 11,015 _ 14,675
460 3.300 10 24.215 : 39.190
470 - 6.900 10 51. 000 50.190
475 11.460 3 45.900 - 136.9090
DAMSITE ; KL —1 _
ELEVATION OF AREA OF HEIGHTY ._STORAGE CAPACITY
' : BETHEEN
RESERVOIR RESERVOIR CONTOUR PROGRESSIVE
{m) ~ {so.km) {m) {m.c.n.) {m.c.m.)
449. 6 0 0 ¢
- 457, 2 0.186 7.8 - 0.707 0.707
464.8 0.672 7.6 3,260 3.987
472. 4 2.244. 7.6 11. 081 15.048
480.1 4.696 7.7 26.719 41,7687
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D.2.2. Diversion Dams and Intake Tower
(1) Diversion Dam

The main functions of diversion dams are to intake surface
water from rivers, to intake water released from upstreams dams and

to stabllize stream flow for pumping-up.

In this study diverslon dams are plammed to be constructed by
one each on the Dor river, the Jhablat Kas and the Socan river
respectively. A few prospective sites are selected on the
topographical map in the scale at 1 to 30,000 in consideration of
selection eriteria described In D.2.2.(1){a). The detailed field
investigation clarifies that a proposed sites are at Nikapah 12,5 km
east of Haripur on the Dor, at 4 km downstream of Hassan Abdal on
the Jhablat Kas and on the upstreanm of the Grand Trunk road along

the Soan respectively.

A floating type diversion dam is plahned on the Dor and Jhablat

Kas and a fixed type on the Soam.

Selection of the prospect site, geology.and basic approach to
structural design can be referred to D.2.2,(1)(b) and (c).

The intake point of the irrvigation water to the Scan river
right bénk suburban areas of the Capital shall be located about 8.0
kin downstream of the confluence with Lei Nala. It is recommended,
however, that the perceclation conduit system should be adopted for
collecting infiltrating water due to heavy river water pollution by

urban sewage,
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(a) Selection Criteria for Diversion Damsites

The dams shall be so constructed as to take water in keeping
always the stable discharges. Consequently, successful selection of
the dam sites requires to gilve prudent'consideration on the

following criteria,

- A site is located so as to secure sufficient water head
for water supply as well as possibly close to commanded
areas, so that water conveyance networks can be economical
in construction cost and eaéy in operation/maintenance

services.

- A gite, commanding a possibly vast area, is located along
a part as narrow as possible in river width with flow

center close to the bank and stable in discharge.

- A site is located not along with meandering of a river
cdourse but a straight part in considerable distance and

not affected in river bed shift by flood.

- A Site has a reasonable river cross-section and slope to
smoothly discharge a designed flood and to effectively

eliminate deposited sand.

e A site has sufficient bearability to structures in stable,

although acceptable with some permeable foundation.

- A site 15 less affected in submergence in the upstream
area of a weir by daming-up of water and gives less
adverse effect to structures such as bridges, embankment,

etc, in the immediate downstream,

~ - A slte requires less construction costs and is easy in

implementation of construction works.



{b) Deslgn of Diversion Dam

The proposed diversion dams will be designed for the site with
200 ~ 300 m river width and with intake capacity by 0.5 -~ 5.0 m3/sec
(20 = 180 cusec), and the foundation rocks of the structure are
found both considerably deep and rather shallow depend upon the site
conditions. In view of construction cost economy, a floating type
structure will be adopted on sufficiently bearable sand and gravel
foundation in the case that sultable foundatlon rocks are found deéep
from the river bed surface, while the fixed type with coucrete
structures dirvectly construéted on foundation rocks shall be adopted
in the case that sufficiently bearable foundation rocks are found

shallow..

The designed flood discharge 1s estimated by Creager's Formula

Q=46 x C x A0.894.}( A
Where; : _ 7
Q : Designed £lcood discharge (cusec)
C : Region Coefficieut _
(The coefficient of 50 shall be applied as that for
Punjab province)
A : Catchment Avea (sq. miles)
Ttems : Dw-1 Ju-1 Sw~1
Area of River Basin (sq.kn) 517.7 248.6 1,472,8
_ (sq?mile) 99,9 96.0 568.6
Flood Discharge (cu.m) 2,570 1,730 4,270

Since the weir type with flood gates on the crest is expensive
in construction cost, the weir 1s designed with table concrete body

providing the flushing gate only.
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for the floating type welr on the permeabie foundation, a

sufficient length of seepage route shall be secured in the dam body

because the water dam—up will bring a considerable difference in the

water levels between upstream and dovmstream of the dam body go that

the piping phenomena may not take place in the wely body materials,

And the necessary seepage route length can be obtained by Bly and

Rein's Equation.

{(¢) Appurtenant Structures

i)

ii)

Water Intake

The intake mouth shall be provided on the river bank.

immediately upstream of the dam body with about 1.0 meter
higher sill height than that of the flushing gates. And
the water intake velocity is designed in a range between
0.6 m/s and 0.8 m/sec so as to prevent sand from flowing

in.

A gate will be provided immediately upstream of the intake
mouth for regulating the intake amount, and a screen will
be placed immediately upstream of the regulating gate for
preventing floating materials from running into the intake

mouth.
Desilting Basin

A silting basin will be provided very closely in the

‘downstream of the intake mouth in order to eliminate sand

materials from the water conveyance networks for their
easy operation and maintenance works. The desilting basin
is so designed as to flush the sedimented sand materials

out of the basin by gravity.
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id1)

iv)

Spillway, Control Gates and Regulating TFacilities

A head regulator will be placed between the desilting
basin and the conveyance canal for controlling regulating
the amount of water take into the canal, and a gpillway

will be constructed upstream of the head regulator so as

“to return flood water or excess water into the river.

Fish Ladder and Lock Gate

Fish ladders and lock gates will not be constructed on the

proposed facilities since there are no fisheries nor

navigation practised in the objective river and streams of

the Project.

{d) Consideration of Each Diversion Dam Site

i)

Diversion Dam Site on the Dor River

A diversion dam is constructed on the Dor xivex for the
purpose of water éonducting to the Khanpur dam. The
prospecting sites are at Kalanwaﬁ 8 km east of Haripur and
at Nikapah 12.5 km east of Haripur. The both sites are
suitable for construction of diversion dam because the
river width is small -and current stream runs close to the

left bank at both sites.

‘The riverbed elevation at the Kalanwan site is 616.6 m

(2,020 ft), and the retention water level of the Khanpur
dam 1is 604.5 m (1,982 ft).

The difference in élevation between the above two is 12.1
m (38 fr). The examination of topographical map and field

investigation have revealed that the conduction main is

gbout 22 km-in length.
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Since many streams and fivers run along the route, a
fairly large number of crossing structures for such as
aqueducts, syphons are needed. In addition, two tunnels
(éne for 2 km and the other for 4.5 km in length) are
needed. The length of these structures will reach 50
percent of the total length., The rule of the conduction
main is ! to 1900 in average gradient. The gradient of
the open canal, however, will be about 1 to 4,000 because
some watetr head will be consumed by these costly
structures. This fact indicates that the flow section
will become large, accordingly and the construction cost
will became fairly high. As for the Nikapah site, the
difference in elevation between river bed of the Dor and
retention water level of the Khanpur dam is 84 m. the

length between them is about 26.5 km.

Even though the tunnels, siphons, aqueducts and open
canals are constructed, and thelr dimensions are
determined by allowable maximum velocity. The head over
30 m will still remain consumable. This remaining water

head will be consumed by constructing of drops and shutes.

The properly designed drops and shutes will allow the open
canal to be constructed on the elevation well-suited to
the topography and the construction cost to be reduced teo

some extent.

Although theANikapah:conduction main is 16 percent longer
than the Kalawan, the water head on the Nikapah can be
consumed more than seven times that on the Kalawan, This
fact shows that the scale of the structures such as
tunnels, siphons, aqueducts and. the cross—sectlion of the

open canal can be reduced to 70 percent.

For references, these costly structures occupy about 30

percent of the total length.
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From a viewpoint of the cost, it is recommended that a

diversion dam should be constructed at the Nikapah.

The terrace plain spreads on the both banks in this site.
The relative height of the high terrace in the right bank
1g around 30 to 50 m-and the recent lower terrace is 2 to
3 m from the river floor. In the left bank middle terrace
whose relative height is.approximately 15 m from the river
floor widely spreads, The terrace plain has been
cultivated on both flanks,

The depositsg at the high-and middle-lying tevrrace are
composed of compacily and moderately consolidated sand and
gravels (cobble to pebble size) whose bearing capacity.and
permeability coefficlent are supposed to be more than 350
tons per square meter and 10--3 cem/sec in magnitude,

respectively,

The present river deposits and the recent low terrace
deposits consist of loose sand and gravels in size ranging
from cobble to pebble including some boulders. The
sorting of these deposits is so fair that their
permeability may have lower value by around 10_3 cm/ sec
and their bearing capacity is estimated at 15 to 20 tons
per square meter excepting 1 to 2 m deep looser portion

from the surface,
The thickness of the high-middle~lying terrace deposits

may be considerable but the recent terrace and present

river deposits are assumed to be arouwnd 10 wm in thickness.
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i1} Diversion Dam on the Jhablat Kas

Since one of the major water sources of the Jhablat Kas is
springs found around Wah and Hassan Abdal, a favourable
pumping station site in the downstream of this springing
zone 1s selected at the point about 4 km located near the
proposéd irrigation area. Although the Jhablat Kas
meanders heavily around this point the river discharge is
comparatively stable and smooth for the proposed diversion
damsite, and the proposed puuping site provides a
sufficiently spacious land for a pumping station as well
as appropriately elevated hilly land for comstructing a

delivery tank.

Besides, the proposed site is located closely to Hasar
which has the highest elevation of 472.5 m (1,550 ft} in

the irrigation area.
(e) Surveying

For the preliminary design on the diversion dam, a cross
section of the river at the proposed dam center, riverbed gradient,

discharge condition and so on need fo be examined.

At one prospect diversion dam site for the Dor longitudinal and

cross sections of the rivers was surveyed.
{2) Intake Facilities for the Suburban Irrigation Area

The cultivable area spreads to the southern part of Dahgal and
the western part of Gorakupur. A pump station and concrete lined
canal with cross~section of 1.0 sq.m exist at 0.8 km north of the
Dahgal village, which was constructed about iO years ago. The
intake facilities were damaged by flood, so that they have not been
used since these six years. The fileld investigation has fund that

the existing canal is still in good condition,
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This canal system should be rehabllitated and utilized for

irrigation.

- Due to water pollution of the Soan, the intake facilitles are
forced to be changed in type from the surface water intake to

percolated water iIntake,

In consideration of the above-mentioned facts it is recommended
that wells should be dug at the starting point of the canal on the
right bank of the Soan and commected with collecting condult which
is laid crossing through the river.

In comparison with a plan for irrigation water taken at the
upstream of GT Bridge by pump-up to supply by 10 km conduction main,
the above plan is lower by 50 percent in both construction cost and
O/M cost,

(3) 1Intake Tower

The water stored in the Khanpur reserveoir is conveyed out
through intake facilitles provided at the right saddle. The intake
capacity of the facilities is 15.57 cu.m (550 cu.sec), which is
equal to the total capacity of water conveyance through the canals

for the both banks.

Consequently, new intake facilitiles must be provided to meet
the increased urban water and irrigation water requirements for the

commanded areas to be developed.
The constructlion of the new intake tower, however, will be

technlcally dntricated and trouble some as the works must be

implemented with the reservoir storing water. And the new
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facilities will be provided at the ilulet about 500 m east of the
left saddle and the water taken out of the reservolr will be
conveyed throﬁgh 700 m long pressure tunnel to cross the vilver to
the southern side. (Refer to the Feasibility Study Report on the
Water Conduction from the Khanpur to Islamabad/Rawalpindi)

D.2.3. Pumping Station

Nine pumping stations will be provided in the beneficlary area,
of which six is for supplying urban water to the Metropolitan ares,

three is for supplying dirrigation water.
{1) Type of Pump

The pumping heads more than 30 m are mostly required for the
Project. In view of required discharge and head, double suction

volute pump 1s selected,
(2) Control Method

Considering operatibnal and economic advantages as well as
operation and maintenance, flow control is primarily based on the
simplest method of control by charge of operating pump number and
on—off contfﬁl in terms of water level control in the discharge
pool, Accordingly HWL and LWL are to be established in both suction
and discharge pools, providing proper'capacities which are

determined as 30 minutes capacity of the maximum design discharge.
(3) Number of Pump Unitse

The number of pump units is determined in consideration of the

following factors;
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