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ANNEX H  IRRIGATION AND DRAINAGE
.1 EXISTING IRRIGATION SCHEMES

Though there is no irrigation system providing surface water with dam and reservoir due to
lack of economic site for construction, numerous number of small irrigation schemes have been
completed and operated.

Irrigation schemes implemented in the Study Area by the Frrigation Department so far, are listed
in Table H.1.1 to Table H.1.3. '

H.2 RESULT OF CALCULATED lRRIGATlON WATER
REQUIREMENT

During Phase I Sludy, present irrigation water requlrcmcnt was estimated in each district in the Sludy
Area. As a basic factor, reference evapo- transplratlon (ETo) in the Study Arca was catculated by
modify PENMAN method, The ETo was obtained at 1,548.5 mm par year as shown in Tablc_
- H.2.1,in whtch esumallons calculated by other mcihods were altached. ' '

Trrigation water requirement in each district concerning the Study Arca were mlculaled in
consideration with present cropping pattern. Tables from H.2.2 to H.2.5 are results of lhc irrigation
water reqmrement calculation, at which irrigation efficiency of 0.5 was ﬁdoplcd as assuiting ’
"~ traditional surface irrigation method. In Table H.2.6, irrigation water requlremenl in cach crop of
Quclla district is shown as a reference.



Table H.l.l List of Completed Ivrigation Schemes (Quetta Irrigation Division)

Name of Schemes

Year of
LCompletion

Construction
cost M Rs)

Design
dischg (Cuseds)

Iaigation
Area (Acres)

- Remnarks

(Perennial Irrigation Schemes)
 Seeagorgy
_ZawarKanlly
_ SaranTangil)_ _
. Weir Metharzad Viala,

(Flocd Frsigation Schemes) |

_Pinar Mana Floodt)
___ Kuraro Manda Flood(l)

__ Remodelling of Hashim Rud
o AbdikasFloodd)

(D<lay Action Dam Schemes)

L1370

ool

L Murghi Kotal

 WaliDad
_ Habib Nullah
_ZawarKan
| SEE1Y
_ HabibDara(l)

(Flood Protection Bund Schems
... Pashioonabad&Kakar Colony

300}

0| Weir 22504, Channel 269000
0] Weic 1401, Chansel 11,1501 __

| 1985-1986 | 0500}  12§;  BOO\Weir26f, ChanndldsOn B
_ | As0-een o 087 __3.00f 1,050.0| Weir 10001, Channel 350061
SRS RN F 14800
§ 19741975 | 02000 30000 150.0;Bund 280ft, Channel 330000
19831984 | 1.950 650.00]  BOO.O| Weir 200(r, Channel 4,200f1, Bund 6001
_1584-1985 |- 0830 50000 . 300.0Weic 278ft, Channel 7,700f, Bund 220t
| 19861987 | 13,500 358.00 12000 Weir 17011, Canal 13,500/
i 24800
1967-1968 | 0.450 2,000,060 - uofileagdam .
N N 0750 7 L N R 1 _. 500,00 .o |125tongdam
| M9s0-%98y | 0a50]  600.00 . |\¥sfilongdam .
| 1986-3987 | 1454F  BOOOO[ 53011 fong dam —.
,,,,, UL -5 YOO SRS .| NS SR
UL 25 DO SOU- .| I S D
8y . SR (O F ) RS
_ 1983-84 |08 4,I42‘0_0___ Bund 2,100t ) o
1986-1987 | . 414F 5000001 |Nullablinning 170000

-|.. Hudda Village Jarl Read
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Table .52 List of Completed Irrigation Schemes (Pishin Irrigation

Division)

Name of Schames

Year of
Completion

Construction
cost (M.Rs)

Desiga
dischg(Cusecs)

Trrigation
Ar¢a (Acres)

Remarks

[(Perennfal hirigation Schémes)

Kassi
_ PotiBssazal _

Gawal Chaariel ~

~ Warjarohs

~Toshkan

1589199

TI98915% |

19891590

_ _Surhhab Sub-surface (I
___Walang Khushdil

Farakhi

19851986

~ HyderzaiViala(I)
__Tore Murgha

ToreMumgha(l)

(Flood trrigation Schemes)

Khudadzai Flood

| Jungle Par Alizai Flood(l}
__Popalazi Food

. Balozai Fiood

I

{(Detay Action Dam Schemes)
Chachobi :

Shiker Gat

" Shadak

198671987

1986-1987 0351 TT00000] 2500
19851986 2000 T,00000] 5000
19851986 2000 307500 3500

L] 9831984 1
198571936

Y 34.6ftheight, 440ft long damy

| SOft height, 547t long dam -

37fheizht, 3000 tong dim

407t height

407 height, 470k long dam

Iftheight, 210fi long dam ~~— ~

150fi long dam

. 04sm[ 200p 000)
_ Loool o LO0p we
1989-1990 | L4 3001 W30y
91590 | 0365] 0.25] o .
1590-1591 1.600 085 Bo e _ .
15861587 | 3383 TTTUER T T 600
19881983 | 2319 1.50 3000 o i
8 | ...y bS8 0 20l 0 B o
1987.1988 1~ r262) 200; - rOOp
17851586 |~ ] ) L )
Ly T e T B
R 28580) - o
583 YIS k0000 TIN0000) T -
983 | 1887 30000] 10000 - 3 B
983 1Sy 150000  woe0Of . )
1590 L0 40000 250.0]Channel 34,2508 e
32500 ,,
TigREC19%T T T 092 1,550.00 ___3000| Mfcheight, 500fiTongdam T
1987-1988 1.200 £,000:00] 2000 30t helght, 700fi long dam
19821983 0.697 83500 126.0] 491t height, 300f long dam |

Khanozay

___Bostan

Tekhoi Maiagzai

_Aghbergi

|ass T

et e

1934

1994

{¥Flood Protection Bund Schemgs) -

.. Imayatullsh Karee
Chila Yiala Fiood Protection

_ . Foti Mangalzai Flood Frot. _

Manzaki Fiood Prot,

CUT98Y-E4
1989-1990

Killi Lamrean Fiood Prot.

" Afpanrefuges teoted villag.
. Manzaki exteasion
.. Gutla Majak Flood Prot.
. Surkhab hiw Flood Prol
_ Gulistan Karez Flood Pr
ood Prot.

Charnan tow

- ChamanareaFlood Frot. "} 7

_'-1'§S3<1934___ __
T1989-1000 1
T989180 |
15881989
B IO B O Y I

I R B L T O A £ T

iBund 120000 - U
;. |Bund 11,3006
~1Bund 18,5004

38tebeight, 2200 fong dam _
40(cheight, 4001t long damy

| 366t height, 330F Tong dam

[ 36feheight, 350 tong o

S |Bwndn2o000e

Bund $500fc

“iBund 45006

Bund2200f

Bund 1200f1

“lBnaraon

Agfheight, 3000f Jong dam "

- 1985-1585 40ftheipht, 240ft long damy ~ T

~_ Obdeid | 19821983 1 10K 32 3cheight, 760ftlong dam
_Begha(l) | 1982-1983 905 262{cheight, 390t long dam .
- Khuseo, L} 1982-1983 ¢ 9001 3000 . 1500 40ft height, 18600t long day . -
__Ghunza e p_1389-1990 1 - 0719 - - S0ftheight, 285ft bong dams -
P Khaiz 1983-1984 0235 - - Gt height, 1080ft long dame

Injanani 19821983 0.824 . e - | 157fcheight, 480ft longdam .
__Ghadak " 1 1983 0697 : S T FE
C Mabal T T UIORS1986 | 0480 - - Fitheight, 340ftfong darny
GavgiTangi T T | 198501986 T UU0430) o i o | 30ftheight, 200ftong damy

Granag 1989 1~ T 1700 - ... | 3%nheight, 450ftlong dam
_TonKhutta - ' 3bftheighy, 470ft bong dam
T Balozai T 1| 40ftheight, 28000t fong dam




Table 113  List of Completed Irrigation Schemes (Mastung Irrigation Division)

Mastung Sub-Divisien
Name of Schemes

Yearof | Construction Design - [frrigalion Areg)

Compistion_| _cost (MRs) | dischg (Cusecs)} - (Acres) Remarks

{Pecenalal Irgdgation Schomes)

CRhisaw | oess | TTheeoi  seol amol
MoedrdgationSchemesy | |V b L .
Sherocb | setiges | 0300 20000l  4s0000

(Delay A Anion Dam Schcmes)
_KadBocka

Ameh .
Do

Kanak  1986-1987 )
| Tooth ' 1591 o
CEiKaag | iees .
CZalooChaat | lesA -

(Hood Pmtect:on Bund Schems)

Kalat Sub-Division

Name of Schemes Cc?rrrff:lrc?if:-n (;((:sn: r:Iﬂng? disc&(sghnsecs) lmg(.:a;ggs‘;uea Remarks
{Perennial Irrigation Schemes)) _ e
_ Sarawantl) | I9_795_i930 0670 200 0,
_ Dasht-e-Gor: ___1984 . 0470 5.00 0000
Sheikhard | 1939-1%90 | 4000)  300p © 4800y .
SRS (R S R 2L SR
(l-‘loodlrﬁgalion Schemcs) H I S S o S
_SumaSwag ) 19651966 | B 1 .-, ' L. I .
_DhdloChapper | ie%0. JAeooy
. Chashumd Iskalkeo = .~ |’ 1969-1970 S <. L. S
I D 5,000.0 e
(De'la}jA;ronDamSthemes) R . I e
_lg811982 | } .
o ToriKafa - 1982 B
_-Goped 1982 S
JBateeGonap 1990 R
DhadoChaper  ~ . | 1990 I I ;
_ Laghamgic - - | 1993 . . - B} -
~ Daber ey _ L
Cloved o 1993 .
CBuband 1993 N L
(I-tood Prolc(lion Bund Srhcmusl I T ,ﬁ,;::i ,,,,-,:; iv; h' V: :: ) 177
L KalatF/PBued . 1o9s0a98M 2800y . of -} S




Table H.2.1 Estimated Referance Evapo-Transpiration (ETo) in the Study Area

Evapoteanspiration Estimated by Ovserved Pan Evaporation { for refecence)
Suation; Quenta S
jtems Fan. | Feb. Mar, Apr. | May June July Aug. Sep. Oct. @ Nov. . Bec. Tolal
Epan(Moothly) | 11607 13301 18300 2400] 26307 2970] 4170l 3810l 2500 15000 1210 _ 1090 26500

Epambaily b 37al a0l scol ool £ss] 990l 137 1239]  &n

Ritrean (%) L1 e 500 O 210, 260, 240, 10 - 240 290 4

Wind verosity"(Knvday _ 13341 155.6 _1856] 236 1639 an45 918 M

Ko 068 065 0305 035 035 035 035

ETo (Daily) 243 320 49s| 63 esi| ass] e 2 m

ETo {Motthiy) 75.4] 892 1435] 2133] 2120 8375 B2S €66 109 14304

Evapolranspiration Estimated by FAQ's Blaney-Criddie Method ( for reference)

Station: Quedz o
Tiems Jan, Feb. [ Mar. [ Apr | May [ June [ holy [ Aug | Sep. Owt . Nov.  Dec..  Toml
Temperature 37|60 [ uss| vl 256l 2n8) 264 202 w792 SE
[ o] 28] o2y 029l omf 03 on| 030 02 0% M 01
RotsTsn | 236 221 s _as_ss| Ten| e _m_.wl,._m; Ty aw i T
MonhlyTowltFy ' 732 762 MORL 132 1114) 1944 ,,@1-},,4&%-;’,,Ji@é _ 100 15838
Rumin 1 s00; s00f 430 350l 2100 200 - 20l 4o 220 0 WO 430 -
n . w24 28| 9| s 109l o] roil 99 83 11
N {04 it.t 120 119 __11¢ {4.0 . 139 _1_3_._? - s __ a6 -1¢2
N o _oeyl og] o ozl o079l o] 0w 07| 019 086 - 088 0I5
Windvemsily mseey | 1541 asyy 201l 206 195 2260 233 195 144 R WL N 2N T I
ETo (Daily} ! 063 £ 06 278 $.06] . 444 664 682 '_5‘[(} 381 290 87 469
ETo (Manthly)’ U vos] ol se2] 148 w3re] 1992] a4l 15.‘11

a3 899 sol a4 a2

Evapotranspisation Eslimated by Modify PENMAN Method

Station: Quetla . . ) . S

Ttemns Jan, Feb. Mar. Apr. | May Jung July Aug. | Sep. Oci. ' Nov.,” 0 Dec. Towat
I L 830 1 1330; 13801 2510, 3280f 3760 M40 2520] 16700 0170 880
o _iaes) .sey)  seal  678| 689 85 4ol o
ey - L A8 1Sy 1228 1832 2591 s
Wind verosity (Kevday! 1334 15580 173.3[ 17281 | 1689 77 B

06 073 - 075 073 . Of

w0 Ol 046l 039 031 031 - 02
AWiCKeaed) o | o128k 148l 247 286 aell 4 .
O ULaX0284DSN) | 048] 044 042 | 048| os9
" Ra(l-aK025+05WN) | 3901 - 463] 553  6k7] 80 8.1 3
1y 1065, 12001 1292 1392 1482 1580
Sedy | 0 025 0] 02 024 023 ~ 025" 026 . 02 026 .
o) e 03] * . 081 _ 079 081 087 08 O
Softedn  § 21 213 209 2. ) 285 _284 196|309 298 243
Wy o _0BN 138 20% 307 3M 360 275 - 184 11§ 078
“ETo(Daly) * _169) 2]  adi|  am] - 890 624} 439] 335 241 . 16}
ETo(Manthly) 525 63.9 §05.7 1421 183.0 19313 1437 . 1019 13 505 15485

H-§
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Table H.2.6 Iirigation Water Requirement Calculation for Quetta Area (1/4)

Wheat: . .

Mondh O, Nav, Bes. . Jan. Eeh. Mur, Apr. May

A0duys {2 3 4. 3 ¥ 2 3 4 2 3 0 2 3 h 2 3 4 2 3 1 2 3
- 04 G4 046 054 070 086 102 110 110 130 E10 130 110 t10 110 110 0S8 0%t 0&8 047 03
04 04 045 054 070 086 102 140 100 14D 110 110 110 150 110 150 083 081 064 0.9 030
G4 04 045 054 00 086 102 110 14D 110 KK 110 110 1160 110 110 093 0% 654 047 030
04,04 100140
Me(lays)
Ke 84 054 06 .
Area R{10days 025 050 075 100 100 100 700 100 10O 100 100 1.00 100 10> 160 100 100 400 100 100 ¥00 0.5 O30 025
Arca % 050 ©t00 120 104] 100 100 100 050
£To 1039 32 505 1331 819 1452 421 1830
Rogtl} 2r3 w4 453 574 X3 H1S w3 153
Ralafall 23 6.t 281 458 4935 404 210 s4
Effective rain 20 43 187 287 86 FZ N 15.2 69
SMC a9 108 00 a0 09 co : 99 __00
Wate nequirement 0% M1 FiA| 2.0 41.7 853 - 811 RS
hanesied area21 9% 00 52 58 &1 LY 90 iy 42
’ Totat MO0 mun,  7F pun

Barley:

Month Ot Nov. Feb. Mar Apr May

O Mayy 13 03 3 o2 31
04 040 049 06) 052 104

04 040 049 063 082
04 040

L10 110 LIG 11D 051 &3 0351 O0)
LD 100 510 LID §10 ¢51 014 OS1 O3

Ke 0.49 050 ] o3t )
Arcaq(10Mxys 000 025 050 075 100 100 1.00 100 §00 ENO 100 100 210G 100 100 10D 100 00 100 D75 050 G5 003 000

Area 0.5 092 100 1 100 190 05 008
" ETo 1039 Fom L 508 s13 638 Co198a 1411 (B3
Reqif) : 104 : 333 44 573 kSRR X 516 48
Rainfall 8. 6l %2 498 495 404 21 9.4
Effective rain 20 £5 RS C 17 PLTS . 7 152 63
sMC 309 . 1) . 1) 09 00 a0 00 - ch
. Walt mequirement 0.0 T4 BFI% 28.6 [Tk 144 394 on
banvested arza 1.7% 0.0 ol 04 03 a7 43 07 : 0
Toal 2820 mam; 4 swe

. Cumin: . . ) . ) .
Maonth Dex, © 7 Jan Feb. . 0 0 Mo, . Apr. ©. May huee Jaly

Aduys 1 2 3 )- 2 3 ®:-3_ 3 k.2 ¥ o®. 2 3 b 3 3 r 2 3. b _ %t '3
05 05 056 073 083 (00 LI0 140 L10 150 E10 088 83 062 039
C 05 D5 038 033 083 000 130 11D 110 EID 110 088 DB) 062 D39
©03 05 036 073 083 100 140 L10 130 110 LIO 053 083 D& 039
03 05 056 093 083 100 110 110 LIO 1,10 N1G 0S5 OR) €G6F 039

o5 03 373 083 1.00 110 LID 1.9 110 130 098 083 06 039 :

a3 083 061 03
10,098 0483 062 DR A
870 061 050 039

: 0m

081 © 083 . 0 . :

Asca RCI0duys 034 029 043 057 071 086 100 100 100 1.00 T085 01057 043 O D14 013 000 GO0
Ara L0 011 100 Son 029 L0
ETo 503 |55 63.9 1330 20 128
Reqi) 73 138 536 1010 00 0o
Rainfall 281 98 495 G4 a3 12
Elfevise rain 187 %7 286 69 T 32
$MC 00 X0 00 00 0.0 [ ])
Walemequirement 0.0 0o Y BETE] 268 “an
barvesicd area:] 3% 00 09 00 12 az _ {111

. . : Towl 3231 nund 4 non
Rebi Vegeiable: e . e

T Mot Des, b T Feb. : Aar, Apr. . May . P

(s 10 20 3 1 rc 3 a2 3.0 2 3 1 23 v 2% b 33
035 05 650 050 038 045 077 092 100 100 099 095
03 03 050 050 055 065 0I7 092 400 100 092 056
D5 03 D30 050 035 G&F 83 092 LG 100 059 086
05 05 050 050 033 065 017 097 100 100 9% 056
05 03 056 030 03% D63 077 092 100 LU0 099 094
T 05 DS 050 050 633 065 077 092 100 1.00 059 096

K¢ 030 08y L0863 084 0.9 097 000

Afea R{10days OIS 029 443 057 Q.71 085 100 100 100 100 100 100 0%5 OF 057 043 020 O 000 000 000
Asea T am ot 100 100 0.96 on 029

tTo 505 : 325 9 TOsy 1421 L3O 2101
Regtl) 32 ' 93 404 Bis e 1212 . 00
Rainfall 3} . 93 €35 L2 ) PR Gl 43
Effoctive sain LA T 24.¥ 88 pIR i32 69 il
sMC w0 wo P 1] 152 40 ] 00

Wate mequiserent o0 00 00 LAY w027 103 00
hanssted area2 S 00 04 ¢o 1! 28 10 [11)

Total 248 6 oum: 7 e
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Table 1.2.6 Irrigation Water Requirement Calculation for Quetta Area (2/4)

Fodiders: ~ e
Month ot Nov. Doc. on. Feh. Mar. Apr. May
10days b2 3 0 20d 1.2 31 2 3t 2. 31 ¥ "3 1 . ¥ 4 )

050 034 093 93 055 095 055 0S5 095 053 09F 055 95 053 093 051 QB8S 083
050 054 075 090 085 085 D5 095 095 095 00F 09F 095 035 0988 004 083 043
D50 034 075 000 083 055 095 095 053 055 095 DS5 005 085 09% 0594 085 D43
- 050 054 075 00 055 095 695 09 055 095 093 095 095 055 095 03¢ ORS 043

Ke(WMays) 0%) ¢352 050 067 079 083 094 095 095 CJ5 095 055 093 095 055 055 092 080 035 066 043

Ke D54 o 0935 095 055 {82 083

Ased F{lays 00D Q00 Q.00 025 050 075 100 100 163 100 100 EOO §00 EOD 200 100 100 ¥00 100 100 100 038 650 023

Area % 0.0¢ 050 L.OO X0 s B 100 100 Ly 050

ETo 039 13z 505 515 (03] 3057 1424 R0

Reqi 1} 00 193 06 497 07 0.4 1268 518

Rainfalf 28 6.1 w2 448 L3 X H 94

Etfective rsin 20 45 187 %3 86 nr 152 69

SMC 090 30 AT % | 0.0 00 04 00 [

Waie meQuicenwat 0.0 00 6.2 Ear b 32 5.7 §RE] 09

barvested area 16X 00 on 01 061 05 12 18 08

Tolal 2974 mny 5 mm

Agples: . .

T Month Apr. May hune Wly Ang Sep. Oct. Nov

0dys L 3 3 4 2 0% 12

; 3 62 3 1 2 3% 1 3 3 4 3 3 "y 2 3
04 040 040 047 053 063 013

083 090 055 100 100 100 053 097 091 085 075 ) T

Keglfdays) 040 040 049 04) 055 0.63 013 083 090 095 100 100 100 699 057 094 085 095

Ke 040 as5 0.82 058 099 Q85 ©.00 000

Area QUGNays 100 100 10D 100 100 100 100 100 100 100 £00 100 100 100 100 200 100 (00 100 200 100 160 180 100
Asca 1 100 1.00 L] 100 100 10 100

ETo 1421 1810 HIS 265 1923 1437 1039 72

- Reql} 568 1001 121 1230 1904 1215 00 00
Rainfall 2. 94 43 112 74 10 28 61
Eifective sain 152 69 31 81 54 07 20 45
SMC %090 00 [130] S 00 a0 o0 __ . 1 S 1) S
Wale requirement 09 642 1689 2148 1530 1208 00 iy
hangsted area20% 00 128 38 430 1ne u2 00 ao

Total 7538 mun; M5 o

Grapes: . : ol . .

Muoath C Apr, May June iy Aug. " Sep - Ot Nov.
_Mays 0t 2 3 1 32 3 1 % -3 42 3 1 2 3 12 3.0 p_ 3 » T2
o : 045 0.45 045 053 065 073 029 085 047 082 08 OBY DRS 079 03 :

Ke{iddays) ) 045 ©45 045 055 065 073 079 085 081 G089 089 087 DA 079 0.1 .
Ke . a0 045 | Y < B 03812 058 a1y 0.00 00
AréaR(10eys $00 160 100 190 500 100 100 EOO 100 100 100 100 400 £O3 100 100 500 LOO 10 600 100 103 200 100
Ak 100 100 100 100 S0 106 10 100
ETo 1421 1830 7104 - 65 1933 1431 119 732
Req{l} o0 82.4 1352 1895 1701 1133 00 00,
Rainfall 2 94 43 2 X 10 248 61
Effective pain 152 C 49 3! 82 54 01 20 .45
SMC 300 0.0 a0 0D . 0D 00 . 09 . 20
Wate negirement” 0.0 455 . C 1320 1§1.3 1653, RIFA ‘06 o0
harvested area 0% __ 6.0 91 . X A 363 REN] 224 0e B )

) . X . Total 6368 men, F27 poa |
Aprict and others: ] _ o

Month Apr. May June Taly Aug. Sep. Ot Moy

Weays 1 2 3 k2 3 0.2 % 1o r 3 1 ocrood b2 o3 S R N S
Lo 04 D40 047 043 051 053 0466 0.2) 030 035 00 050 450 085 0.1 020 D&Y 056
Ke(tdays) | 040 0,40 040 048 051 053 066 073 080 085 090 090 090 085 07) 030 068 065 :

Ke 050 031 033 0.8% 084 068 000 (23]
Area ¥ (10Jns 00 100 100 LOO 100 100 100 100 EOO 400 203 100 EDD 10D 500 100 100 LOG 1OY KO0 100 tNO 100 (O
Arez % 100 100 L 100 100 100 o 1N

" ETe 1421 1830 2101 2165 1923 1431 1019 7at

© Regdt) 56.8 942 1330 04 1625 - 918 14 T 00
Rainfadl . HR 94 43 112 14 10 1% 6.1
Effeclive rain 152 &9 B 1| BT L .y 10 43
SALE 0.0 T 483 [<1:] 0.0 _ o9 Lt S 1 ' 2 N N
Wate peQuiremcnt G0 Wo 1499 Bi2E] 1511 o5 9 o0 00
hanvested weal 6% 00 _08 24 3 23 L5 00 00 .

Tetal 6IS0H mim:
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Al a - .
Table H.2.6 Irrigation Water Requirement Calculation for Quetta Area (3/4)
Qricn: e [

Munth Afar, Apr May Jore by Aug. Sep

100355 L2 3 4 % 3 &% 3 12 3 % } ¥ i 2 3 8 2 3
033 033 035 04) 055 267 039 091 698 100 100 100 0B85
435 035 035 043 055 067 079 091 098 100 400 100 085
035 033 433 043 035 067 079 091 098 100 200 500 088
: . L. 033 035 038 043 055 06 @73 091 098 100 100 1LOO 086
Ke(10days) 033 035 035 03) 041 050 061 073 0B84 092 697 059 097 455 093 086
Ke 000 038 .43 [iks} 0.96 055 064
Azea W{10days) 000 000 DOO 025 G350 075 10D 100 RO 160 100 100 100 160 100 100 035 050 025 000 000
CAag [T0) 0.5 100 100 160 a3 008
ETe 1051 1424 830 7194 268 T ER 1437
Reqil) 00 Mue 9 1528 1LY 1M 104
Rainfall 404 HA 8.4 43 12 24 10
© Effective rain 247 131 69 kR 1 31 54 07
sMC 300 80 23 00 as 0.0 09
Wate mequuerment o0 049 517 1496 Hy s 96
fonpswedarza:d 6k - 0.0 a0 iy 34 18 438 03
Total 5331 mm; M8 nmen
Poteto:
Month Mar. Apr. Muy Jure July Ang. Sep.
10ays 102 3 0y ¥ 3 b 0} 3 b 301 ¥ % 4 3% b 2 %
04 04 043 070 G¢5 100 (10 110 110 107 094 082
04 04 048 070 055 105 110 110 1.10 107 093 OR2
04 04 048 070 0$5 103 110 110 130 107 05§ §a2
) o . 0404 045 020 095 109 130 110 110 107 094 Q82
Ke(lodoysy 040 0.40 043 050 0.63 081 096 106 110 108 1065 098 094 088 08 ) i
Ke 0.00 063 104 15 08S om 000 .
A2 F(10%ys) 025 050 0.5 100 100 100 100 160 100 109 100 1.00 075 080 025 000 000 COO DOO D00 00D
Area % S 0% Sl 100 100 050 000 o000
ETe 1057 1413 1830 110.9 2265 183 1437
Beqil) 00 9o 1908 186 ®3 00 60
Reinfall 0.4 11 94 43 2 14 Le
Effovive rain M7 i52 59 3 82 |54 a7
SMC woe_ w0 40 00 .00 C 00 54
Wik megqubziment 0.0 467 1836 258 911 [} 0.0
havesed areai% 00 03 X 22 13 0o a0
. Total 549 min. 54 mm
- Kharif Vegetables: : e
Month Mar. AN, - Mey June Ry Aug. Sep,
thdtays b2 ¥ 1 2 3% 02 ¥ b2 0y 42 3 b2 3 1 23
035 035 038 047 057 072 0.65 050 055 095 055 455 055 089 080
T 035 035 033 047 057 032 055 050 055 055 055 053 085 083 OO
: 035 035 038 047 057 077 05 090 055 095 053 095 095 089 080
. C. 035 035 038 047 057 032 085 050 055 05% 055 055 095 0% 080
Ko{ 10days) 0357035 036 039 044 053 055 0.76 0.85 051 094 095 053 O%4 090 088 OF 080
Ke Q00 0335 045 [ L 053 PR 1 [2c)
Area F(10dzys) 000 000 000 015 050 035 100 1.00 100 100 100 .00 10O 50O £OO 100 100 100 095 050 028
Area % a - 0.50 ] 30 10 LE 0.5
ETe . 1057 1421 - 1830 e s 1933 1437
Reqih 00 . HA LLE 158.7 Yol ‘ep 00
Rainfall 404 ni 9.4 43 n: 7.4 1n
Effovlis reit ur 152 6% LA 52 54 a1
SMT .0 300 a1 ) 00 00 54
Wate equirement o co 564 1536 p.0N a0 00
hanesed areal 4 g 1] 1.3 1¢ 20 90 o0
Totzl 4180 mm. €2 mm
Melon: -
Moeth M . Apr, May June July . Arg. Sep.
o WWss k-3 3 1 2.3 1 r 3 i -2 3 b2 3 4. - 3 41 2 3
035 035 045 080 078 (58 058 058 095 093 G713
© 035 035 045 060 07F 058 093 G5 098 0S) 078
©835 035 Q45 060 078 093 098 093 ©53 093 074
. . o, 0 035 035 045 050 073 098 098 058 058 093 078
Ke(10Jays) - 038 035 033 041 0% 030 0B 09 058 097 092 050 OBS 08
Ke : 000 - G45 082 053 o 000 €00
Area R{3ays) 0.00 028 650 095 100 100 100 100 100 £08 1460 100 033 050 025 00D 000 €00 000 000 0.00
Aa % [ 31 117} 100 100 030 000 0
ETa 1087 Uz 180 It 226.5 1933 1427
Reqly b 59.3 1508 0.5 953 00 ]
Rainfall 04 2.1 94 a) 12 14 10
Effeviive rain H k) 52 63 31 82 54 03
SMC w0 E) a9 00 00 9 54
Wate requirerent . 09 ua 1436 1974 0 20 0o
hancsedarca $.4% 00 6% 82 14 36 ap ap

H.12
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Table H,2.6 Irrigation Water Requirement Calculation for Quetta Area (4/4)

Kharif Fodder:
Monh Mar. A May June July Avug. Sep.
10days 1 2 3 1 2 3 ] b4 3 L| 2 3 1 2 3 i 2 3 L 2 3
035 047 074 050 090 050 09 050 050 03t 043
035 041 074 000 D50 050 090 090 090 G8L 043
033 041 OT4 090 090 090 090 630 099 085 §4%
_ 035 04T 034 090 050 090 090 050 050 031 048

Kot i0days) o 035 041 052 061 075 035 090 090 090 038 017 073 063 048

Ke 0.00 043 oM 090 69 0.00 000
Arca F(10ays 000 000 €00 025 050 075 100 100 1.00 EOO 163 103 100 OO 075 050 025 000 000 000 OO0
Area % 000 0350 100 100 T 015 000
ETo 157 taz1 1830 201 263 1933 1437
Req{1} 00 303 T35 1891 1648 00 00
Rainfall 404 211 9.4 43 e 14 10
Effective raln 41 52 69 n 312 54 o .07
SME %0 300 189 00 09 00 54
Wate nequirement . 0 00 [TEN 185.9 155.6 00 .o
harvested area:2. 3% 0.0 a0 26 43 16 00 00

Tolal 486.7 mm; IG5 mm

Toboceo: .
Mapth Aar. Ape. May Jure July Auvg. T Sep.
10dsys i 02 3 1 2 3 12 3.1 2 3 v 3 3 1 ;S T D SR
025 0.5 031 053 035 097 10O 100 092
025 025 031 053 075 097 100 100 092
© 023 025 031 053 075 097 100 100 O
Q25 025 03 053 035 097 100 100 092

Ked)Odays) . ....525028 027 033 046 064 981 093 097 097 096 05 .
Ke 0.00 o - Q00 02 048 [ 095
Area R(I0J2ys 0:00 DOO 000 0.00 003 000 000 .00 000 025 050 0I5 LOG 100 100 00 160 100 073 050 025
Area % 000 Q.00 000 05 1l 100 . 050
Elo 105 1421 -£B30 o2l 1265 © 1933 1431
Reqti) oo 00 . 00 139 1080 1350 68.2
Rainfall 404 HiN| 9.4 43 T2 74 1O
Effeciive rain RIN 182 3 31 Lo 82 34 Y]

' SMC L300 300 3.0 1 62 00 00
Wate mequirtaeat Lidy] © 00 ’ LN 0.0 . 936 1695 ; 63
barvgstedarea 0% 0.0 - 00 [y) 00 0.0 0e 00

© Totad 3308 mm; 00 min
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ANNEX I DELAY ACTION DAM STRUCTURE
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ANNEX 1 DELAY ACTION DAM STRUCTURE
1.+ General Information of Pelay Action Dams

(1)  Delay action dam projects

Delay action dam constructions have been commenced since 1971, and 110 dams were
operated and 84 dams are presently proposed to be implemented in the Balochistan Province.
Dam locations and the inventory of the completed and proposed dams are ploued in 'Fig_. 1.1.1
and 1.1.2 in the whole of the Balochistan Province and in and around Study Area.  Prescntly
64 delay action dams have been constructed in the Study Area as shown in Fig. 1.1.2. These
dams are however distributed within the limited area, and also lack in the absolute quantity to
work out the groundwater decline.

Delay action dam construction is increasing in and around the Quelta valley where severe

decline of the groundwater suiface has been observed.  Constructive dam planning (Shagai 1,
.' 11, Hingi and Tabai dams) is proposed in the four tributaries of Sariab and Hanna rivers out of
their 14 tributaries. - Potential river basin in the Quetta valley is shown in Fig. 1.3.1.

Delay Action Dams in Pishin Lora Basin _ :
_ : : Cap.: Reservoir capacily (1,000m’)
Districls QihAbdul]a_h " Pishin Quelta Mastung ¢ Kalat © Tl

Basin/Sub-Basin Nos. Cap. Nos. Cap. Nos. Cap. Nos, Cap.- Nos. Cap. ° Nos.. Cap.
Pishin Lora Basin ' :

100

Pishin g 00 22 205185 0 00 O 0 0.0 22 205285
Kuchlagh 07 0.0 12 152626 1 2,073.2° 0 ; 100 - ‘0 0.0. 13 17,3458
Quetta 0 00 0 0.0 8 1,685.5 1 122 ¢ 00 91,6977

_ Kotpur 0 00 O 000 000 00 ° 0 00 o0 S 0.0
Mastung o 00 0 000 00 21,5728 0 00 2 11,5728
Shirinab 0 00 0 0.0 0 00 1 600 0 00 1 60.0
Mangochar 0o 00 O 0.0 0 00 © 0.0 1159.1 b 159.1
Sardar Khel 0 00 0 0.0 0 0.0 O 0.0 ©0 00 -0 0.0
Patki Shah Nawaz 0 0.0 0 0.0 0 0.6 0 00 1 1 0.0

. Kalat 6 00 0 Q.00 0.0 0 00 79548 7  954.8
Kopoto 0 00 O 0.0 0 00 0 00 0 00 0 - 00
Sub-total 0 0.0 34 35781.1 9 3,7587 4 1,6650 911139 56 42318.7

Other Rasin 0 00 6 152626 O 00 2 842 0 0.0 8 153468 -
Total 0 0.0 40 51,0437 9 3,758.7 6 1,749.2  Ol113.9 ' 64 57,6655

The K. K Bund (Pishin} having reservoir capacity of 55,507,500m* was not considered in above table.
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Table 1.1.2

Dam Name of Delay Action Dam around Study Arca

Construeted Delay Action Dams

Propased Dealy Action Dams

Amac
Duzd Darfa

leh hpa
Sarband _

Ghunla

Dabcr

Gar

l 0\ en

Dasht e Goran

Gor[;ad .
Laghmgir '

Torl Kafla

Gori

Khaisar’

Aghbéig Kach

Aghbi’rgai TR RRTTITIY Fe

Ghez

Bund Khushdll Khan ’ :

Garang o

Aghbergi 1

ara. Toghat S

lmargal
I\hanozau

K usro

- Sa\ gl

Shadak

Spmkal

” KarManda I

. Namen ’amak et e e

Sabnal

P:nakal '
Sharan Manda

Sh:'kar Gal :

Gogl
Kad: Kach
i M ana Storagc :

Nau Tang1

: Za;gu Stomge Bund

' 7mdra

Gunm

Kan P

Mulazal o

- Shmshom

Temrak

Tokhal Mahgzau
TOre Khu]la
Uch Baanza:

Ush Ta - .

8 .Jlga

C .

Chapchal
!skalku

lmal

]sp!anjn
Khad Kucha Ii

. Narl kaCh S LR T L LTI LI T PR T PR P T

S
T
e
e

.‘Ghundl e

. SharanSlorageBund : .

Storage Bund ai

Verchume Storage,

B
Dara )
: Murght Kolal S

Nc»bnsar B

PastaManda
NarTangl
AtambiGhaztona) -

Arambi (Mando Lakela)

WallDad
Bekok‘ )

: Ghaly Manda '

Sara Berkl
Sara Ghar

Kuncha

Ma.ndo l\ara . :

Mandak v
'\.Iurgha Bakarzal B

San 1gar

. Urgast

Shmmaghlal

Dana

Wrazru mba

Kach o : :

crmm.

. Dam location is shown in Fig. 1L1.2 by No. in the table.
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Legend
® Conslructed Delay Action Dams
O Proposad Detay Action Dams

am o Catchment Area of Pishin-Lora Basin

Fig. L1.2  Dam Locatlon of Delay Action Dams around Study Area
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1.2 Evaluation of Existing Delay Action Dams

Tei (10) of completed delay action dams have been evalvated in view points of design,
construction, operation and maintenance aiming at feedback for further improvement of the
proposed dams. Location of these dams are shown in Fig. L1.2. Controversial points of
the dam planning, design construction and O&M are summarized in Table 1.2.1 and Details of
these dam are listed in Table 1.2.2.
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Table 122 Structural Observation of the Existing Dams

_ (113)
i | Dam name Khora Manda delay action dam
3 | Dam location Quetla district (30-12"-46"N, 66-52"-15"E)
3§ Damtype Harth dam
4 | Geological condition | I.imestone strate, and talus core deposits
5 | Catchment area 1223 sq.km
6 : Restvoirf Siltation composed of fine materials, sand and silt is observed in the reservoir with its thickness
] siltation of around 0.6 ni. :
Upsireain of the dam catchment area is composed of limestone strate. River deposits have been
developed in the river bad. Talus core deposits were accumulated at the dam site.
River bed slope is relatively gentle in the catchment area, 7
Abutment of the dam site is composéd of talus core deposits comprising of consolidated sand
ang gravel. :
71 Dam embankment Embankment materials: River deposits comprised of gravel and sand, silt.
. Upstream stope:  Protected with stoné riprap with 0.45m (1.5 feet) thick.
Downstream slope: No protection (spall layer only)
Crest width: 6.0m (20 feet)
Free board: 3.1 m (10 feet) from spillway
Overflow head: 1.53 mi (5 fect)
8| Spillway Spillway is located at the left side abutment. Spillway has been heavily eroded at chute canal
portion by flood in August 1995. Rehabilitation works is being carried out at present. ;
Longitudinal section forms step shape with its fall depth of around 2.4 m (8 feet).
Diversion works are simultéously being carried out at the downstream of the spillway to
protect flood damages on the 2lluviat fan,
Comperatively unconsolidated gravel deposits are susceplible to erosion, so that ali canal
surface shall be protected by stone masonry.
9| Intake/ No intake device was constructed. Recharge tothe gfound water was altained by means of
recharge device the seepage through the reservoir foundation.
Reservoir had adequate storages approaching to full water level for several times during
operation. Run-off during monsoon period brings adequate storage water, on the other haod,
excessive water flowed out through spillway caused flood dantages at the downstream area
specified. Lowering of river bed at the downstream of the spillway due to no turbidity water
shall ba causes flood water concentration in specified area.
1 10| Recharge condition | Flood water was impounded in the reservoir 7 times during winter rainy seasons. l[mvé’ver,
: adequate ground recharge was not observed during flood according to the information of 1PD.
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(2/13)

1| Daniname Marium delay action dam
2 | Dam iocation Quetta district, (30-16-01"N, 67-11'-257L)
3 | Damtype Eatth dam
4 | Geological condition| Limestone, sandstone and conglomerate (no vegetation on the mountain slope)
5 | Catchment area 0.45 sqkm
61 Resrvoir/ Little water is impounded in the res_ervoir. (April 15, 1996)
- | siltation Peeminant siltation is not observed in the reservoir.
Run-off from the adjacent catchment area is diverted to the reservoir through conduits.
{Diverted water was not supplied in April, 1996)
71 Dam embankment Embankment materials: River deposits comprised of gravel and sand, silt.
| Upstream slope:  Peotected with stone riprap with 0.45m (1.5 feet) thick.
Downstream slope: Protected with stene n’prap with 0.225m {D.75 feet) thick.
Talas core deposns were wilized for the dam embankment. Fmbankmeni may have
mpermeablluy
8 : Spillway Spiltway is located at the left side abutment, and constmcled on the natural foundation,
Canal base and side stope of the spillway canal are protected with the dry stone masoary.
* Masonry cut-off with gabion-wired has applied for the upslream and dawn stream ends '
Flood has not flowed through the’ spilhway.
Canal at the downstream of the spil_[way is not properly widened.,
9 | Intakef Any intake structure has not instatled. Recharge for the ground water is attained by means of
techarge device seepage flow through reservoic foundation.
Leading pipe line of 153 m of RCC dia. 600mm has b-:en instatled to dn ed water l‘rom
adjaceni catchment area of the dam.
Rechargé condition, | Inadequate inflow dut to small catchment area has not contnbuted the recharge function.

1 10

Small springs are located near the reservoir area,

It was also planned to shave off the peak floods and minigate flood losses in Urak valtey
where a Tot of damages occuc to the precious fruit orchards. '




{3/13)

Bostan Dara delay action dam

1 | Dam name
2 | Dam tocation Pishin district (3Q-23‘-30"N. 67-02-53"E)
3§ Damiype Earth dam ]
4 | Geological condition | Limestone strate
5| Catchment area 234 sg.km
6| Resrvoir/ Water is not impounded in tha reservoir (May 1996).
siltation Few siltation is observed.
Sivall run-off was onserved compared with its storage capacity.
7] Damembankment | Embankment materials: River deposits comprised of gravel, sand and silt.
Upsteeam slope: Protected with slone riprap with 0.45m (1.5 feet) thick.
Pownstream slope: Protected with stone ripra p with 0.225m'(0.75 feet) thick.
8| Spillway - Spi!lWay is located at the right side abutment, and constructed on the natural foundation.
Canal base is composed of hard limestone, and no protection was constructed at the
downstream of the spillway. Flood water is diversed into the natural river vailey adjacent to
the dam embankment.
Flood has not flowed out through the splllway _
Canal protection at the downstream pottion of the spillway is necescary to prevent erosion
during flood.
91 Intake/ . No intake structure was not installed. Recharge of the ground water is attained by means of
recharge device seepage flow through the dam foundation.
10| Recharge condition

Groundwater recharge was in poor condition due toinsufficient run-off from the catchment
area.

Alluvial fan localed al te downstream of the dam is composed of higﬁ permeability.




(4/13)

1| Danisiame Khushab delay action dam
2 | Damlocation Pishin district (36-33-16"N, 67-19-32"E)
3 | Damiype Earth dam
4 | Geological condition | Shale strate
5 { Calchment area 15.20'sq.km
6| Resrvoir/ Reserver is fully impounded with water (May 1996)
siltation Sittation comprised of sand/silt was observed at the upstream of the i lmpou ndmg area.
Water level in full water was continued for three to six months every year due to poor seepage
capacity of the dari foundation. ' ’
Land stides around the impounding area were observed.
Vegetation in the calchnent area is considerably abundant comparing with other dam sites in the
study area.
7| Dam emban};mem Embankment materials: River deposits comprised of gravel, sand and silt.
Upstream slepe: Protected with stone ripeap with 0.45m (1.5 feet) thick.
Downstream slope: Protected with stone riprap with 0.225m (0.75 feet) thick.
8| Spillway Spillway is located at the Ieft side abutment, and constructed on the natural foundation.
There are rock foundation exposed at the middle portion of the spillway canal. Inlet pomon
of the spillway is protectged with stone riprap with gabmn wire. Besides, héavy erosion cau sed
by Mood flow was observed at the downstream of the spitlway ¢anal because erozed portion is -
composed of tatus core sediment which has very poor strength against water scouring.
Rehabilitation work has beeri already carried out by the Irrigation Depasiment. '
9| Intake/ ) Any intake device has planned to divert the inipounding water to downstream. Poor recharge
recharge device for the groundwaler is attained by means of the seepage flow through the dam foundation.
Water level is periodically recorded by the Irrigation Department. ‘
10| Recharge condition fgaturated portion was observed at the downsteam of the dam embankmem It is however

concluded that the seepage capacily through the dam foundation was msu[ licient.
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(5i13)

1 | Dam name Tirkha delay action dam _

21 Dam location Pishin district

3| Damiype Earih dam

-4 | Geological condition | Bostan clay, and talus core deposits
5 | Catchment area 6.70 sqkm
6| Resrvoir/ Full of the water is impounded in the reservoir {April 13, 1996).
siltation Siltation with red clay prevents seepage (hrough the resérvoir foundation.
Catchment area forms undulated configuration composed of thickly accumulated talus core
deposits.
7| Dam embankment Embankment materials: River deposits comprised of gravel and sand, silt.
' Upstream stope:  Protected with stone riprap with 0.45m (1.5 feet) thick.

Downstream: slope: no prolection (spall layer only)
Dam crest curves perpendicular corresponding to the topograp!iy at the dam site.

8| Spiltway Spillway is located af the left side abutment at where natural foundation exists. Spillway canal

' is protected with the stofie masonry.

A head between reservoir and doxu'nstreahm_rii'er bed is small because of gemi:e. gradieht of the -
river bed at the dam site. SR '

9| Intake/ Steel pipe of 150mm (6') diameter has beén installted to zccerelate recharge to the ground

recharge device water. Recharge well with 3mx3mx2m lengih has been constructed at the toe of the

embankment downstream slope. :
Foundation around the recharge well is moistened or saturated with seépage water.

1;0 Recharge ca;iaéii.y has declined by 60% by the red clay siltation according to the enginecr of

Recharge condition -

IPD. Itis proposed to install recharge trench with its length of 300 meters or more to
accelerate groundwater recharge.

Permeable foundation exists along the river bed. Water diversion to the river is also
recommended,

l-16



{6/13)

1| Dam name Amach delay action dam {Completed in June 1986)

2 | Dami location Mastung district (29-46"-55"N, 66-34'-39"E}

3| Damitype Earth dam

4 | Geologicat condition | Limestone strate
5 Catchment arca 25.65 sq.km
6 Restvoir/ Little water is impdunded in the reservoir (April 23, 1996) _

- | . siltation Dam was construcied in 1986, Predominand siitation is not observed al the dam site.-
Tributaries extend radially with gentle gradient. Thick talus core deposits are developed in the
catchment area. '

7] Dam embankment Embanknent materials: River deposits compriscd of gravel and sand, s:[i

Upstream slope:  Protected with stone riprap with 0.45m {1 feet) thick. Slope: 1: 2.5 ]
Downstream slope: Protected with stone riprap with 0.225m (0.75 feel) thick. Slope: 120 .
Downstream slope of 1:2.0 was applied.
Free board: 2.44m (8 feet)
Crest length: 756m (2,473 feet)
Crest width: 6.0m
_Homomal drain of 12.2m x l 22m |h1ck was installed.
‘81 Spillway Spillway is tocated at the rigﬁt side abutment at where nateral undulation of the tinse stone.
foundation was observed. No protection for the spillway canal Was construcled. Retaining
“wall with the stone masonry was constructed at the downstream of the spillway.
Spillway width: 18.0m (60 feet)
'9 " Intake/ No intake device was constructed. Recharge to the ground water is attained by means of the
fecharge device seepage through the reservoir foundation.
Reseivoir storage capacuy of around 1.05 million cu.m is con51derably adequate compmn 8
with expected run-off from the calchment area. . :
10§ Recharge condition Threre exist 9 karezes at the downstream of the dam. 2 to 3 karezes are maintained at present.

Obvious recharge effects have not been recorded at these karezes,

Deplﬁ of water table below the ground level is between S0 - 150 m.
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{7/13)

1] Dam name Kad Kocha (I} delay action dam
3 | Dam location Mastung district (29-39-12"N, 66-48-07"E)
3| Damtype Earth dam
4 | Geological condition | Sedimentary rocks of Jimiestone, sand stone, silt stone conglomerate
s | Catchiment area 2095 sg.km
6 | Resrvoir/ Water is not impounded in the reservoir (April 22, 1996)
siltation Dam was constructed in 1982, Siltation at the dam site is estimated at less than 50,000cum,
7| Damembankment | Embankment materials: River deposits comprised of gravel and sand, silt.-
Upstream stope:  Protected with stone riprap with 0.45m (1.5 feet) thick.
Downstream slope: Protected with stone siprap with 0.225m (0.75 feet) thick,
Drain was not installed in the dam body.
Crest length: 636m
Crest width: 6.0m
Danm height: 15.24m
8| Spiltway Splllway is located at the left side abmmeni at where natural undulation of the rock foundation
was observed. No protection for the sp:ilway canal was constructed, Flood water which flows
throu gh the spillway may inundates at the dm\ nsteans of the embankmcnl because the spillway
is tocated ‘closed to the embankment. ‘ :
Canatl bed shall be smoothly excavated to improve flow capac:ly and ﬂow condmon dunng
ftood.
Crest widih: 3048, Flood hEad 1.22m durmg deSIgn discahege of 35. 22 mifsee
9 Intake/ No fatake dwlce was constructed. Recharge to the ground water is auamed by means of the -
recharge device seepage through the reservoir foundanon
18} Recharge condition  [Obvious recharge effects have not been recorded at the observation well located at 2k

downstream of the dam,
Smatl run-off has been recorded -:ompared with its refatively large catchment arca.




(8/13)

Dam name

Gorpad delay action dam (¥ & II} (Completed in 1986)

2 | Dam location Kalat district (28-57-03"N, 66-32-13"E)
3| Damitype Farth dam
4 | Geological condition| Mud stone stiate
5| Catchment area 0.93 sq.km
6 | Resrvoiy (Gorpad DAD 1, downsiream of 1 dam)
siltation Water depth of around 2m was observed (April 25, 1996). Predominat siltation was not
obseived at the dam site. Saline water was impounded (EC:3,000)
{Gorpad DAD 11, delc_nlion dam for [ dam lo_caled at upstream of I dam)
‘Water depth of around 0.5m was observéd (Aprit 25, 1996). Predominal siltation was not
observed at the dam site. Saline water was not impounded.
7| Dam embankment Embankment materials: River deposits comprised of gravel and sand, silt. Upstream stope is'
o protected with stone riprap with .22m (9 inches) thick. Downstream slope is not protected by
the riprap, bul protected with spall la}er :
(Gorpad DADD {Gorpad DAD 1)
Crest length: 2441 " Crest Iength: 160m
Crest widih: 6.0m Crest width: 4.6m o
Upstream protection: 0.22m (8") Upstream protection: 0.22m (9")
- 8| Spillway (Gospad DAD 1)
' Spillway is located at the right side abutment al where natural foundahon ex:sls Spillway .
canal is protected with the stone masonry, : .
(Gorpad DAD 1) :
Spillway is located at the left side abutment at where natural foundmcn CX!S(S Sp:ll“ ay canal
- is protected with the ston2 masonry. :
9 | Intake/ {Gorpad DAD )

" recharge device -Steel pipe of 150mm’ (6') diameter was instalited to divert water to the downstream by siphon
principte. It was removed due to saline water. Recharge is altamcd by means of seepage -
through reservoir l‘oundanon :

{Gorpad DAD n :
Gorpad DAD 1! was constructed a! ups!ream of Gorpad DAD I to storage pure water |ns!ead
of Gorpad I dam, no intake device was found. :

10| Recharge condition | Impoinding water in the (_jorpad 1 has been contaminated with salinity. Salinity accumulation *

in the impounding area and downstream of the dam embankment shall be worked out,
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1 | Damname Laghamgir delay action dm
21 Dam location Kalat district (29-22'-56"N, 66-26'-53"E)
3 Dam lyp@ Earth dam
4 | Geological condition | Limestone strate
s | Catchment area 29.20 sq.km
-6 | Resrvoirf Dam was constructed in the hilly area composed of limestone sirate.
' siltation Meters of impounding was observed in May 1996.
Fine materials were accumulated at the full water level at the upstream of the restvoir area.
7} Damembankment | Embankment materials: River deposits coniprised of gravel, sand and silt, and talus core depaosits.
* | Upstceam slops: Protected with stone riprap with 8.45m (1.5 feel) thick.
Downstream slope: No protection (0.3m of stone pltchmg)
Crest length: 135m, width: 20m _
Seepage line may emerge on the downstreani stope of the embankment due to its steep slope
gradient (1:2)
8| Spitiway | Spittway is located al the left side abutment. Canal slope en the embankment side was protected.
with grouted stone masonry, however, canal bed and mountain side slope are not protected, so
that annual re pair works for soil exposed portion are inevitable to prevent erosion.
Furihermore, low ering of the spillway canal elevation is being conducted to secure free board
belween spillway crest and dam crest, :
Original plan of 36.6m crest wudth located at right abutment was modmed to lel'l abutmem
Canal al the embankment’ s1_dp was constructed on the embankmen!, protecion w ork shall be
additionally achieved to prevent erosion and slope collapse.
9| Intake/ No intake device was planned in the reservoir. Recharge of the groundwater is attained by
recharge device means of the seepage through the dam foundation.
10] Récharge condition’

Competatively sufficient recharge was achieved r.hrough the dam foundation.

Adequate run-off was e.xpccied judging from the flood marks remained on the elevated
slope of the dam embankment,
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1( Dam name Sarband delay action dam
2 | Dam location Mastung district (29-22'-32"N, 66-26'-53"[%)
3 Dam ‘)VPC F«arlh dﬂm
4 | Geological condition {1-imestone, shale, sand stone, alluvial soil
5| Catchmentarea 3479 sqkm
6| Resvoir/ Few water is impounded in the reservoit (May 1996)
siltation Siltation is estimated at around hundreds cubic meters only. Tributaries exist rad:ally in the
catement ared. River bed slopes are re!ah»ely gemle
Existing road in the impounding area will be inundated during fleod, furthermore, crop field
also damaged during flood.
Silt trap by the dam contributes to reducing siltation of the Mangi dam which is propc»ﬂed to
be constructed at the downstream of the Sarband dam. :
71 Damembankment |Embankment materials: River deposits comprised of gravel, sand and silt, and talus co:e
: deposits at the both side abuiment of the emubankment.
Upstream slope: Protected with stone riprap with 0.45m (1.5 feet)
Downstrean slope: No prolecllon (spall pitching)
Crest width of around 4 ni is comperatively farrow compering wuh other delay action dams. .
Furthenmore, steep slope of the downstream slope may induce emerge of seepage line on the
slope. Seepage line may emerge on the dOWnstream stope of the embankment due toils ste-ep
: stope gradient (1:2)
8| Spillway Spillway Is located at the right side abutment of the embankment. Spillway ¢anal bed is not
protected except its downsteeam end, so that huge erosion may occur during the flood.
'Conside'rably abundant free board be.lwce.ﬁ spillway bed and dénl _crcs_i was oblained.
Flood control capacity of the dam contributes to reducing flood discharge of the Mangi dam
which is proposed o be constructed at the downstream of the Sarband dam
o) Intake/ '
. devi No intake device was instalted in the reservoir. Recharge of the grou ndwater IS attained by
recharge device means of seepage Mow through the dam foundation.
10] Recharge condition | Predominat permeablhly of lhe dam foundation contributes to hi gh rechargc ability through lhc

dam foundatioa.
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i | Damname Wali Dad delay action dam
2 | Dam tocation Queita district (30-17-56"N, 67-16-19"E)
3 Dam tym E-aﬁh darﬂ
"4 | Geological condition | Limestone strate
.5 | Catchment arca 5.4 sqkm
6| Resmvoirf Existing embankment has heavily daniaged by flood. _
' siltation Impounding area has fully silted up. Elevated river bed by siltation incorred overflow of flood.
Siltation is comprised of fine materials (siit, clay) al the dam embankment, and coarse naterials
(gravel, cobble stone) at 100m upstream of the dam embankment.
71 Dam émbankment Embankment materials; River deposits comprised of gravel and sand, silt,
: Upstream slope:  Protected with stone riprap with 0.45m (1.5 feel) thick.
“Downstream slope: No protection
8t Spillway Spiltway was located at the left side abutment. It is expected that overflow of floods was.
- caused by an inadeguate fow capacity of the spitlway and its poor structural reinforcement,
9 1 Intake/ No iatake device was constructed, Recharge to the ground water was attained by means of
recharge device the seepage through the reservoir foundation,
10 ‘Fhere is effectiveness for the groundwater recharge.

Recharge condition |

i-22



(12/13)

Murgi Kotal delay action dam

11 Damname
2 | Dam location Quetta district (30-19'-31"N, 66-57'-29"E)
3| Damtype Eatth dam
4 | Geological condition | Limestone strate
5 | Catchment area 19.7 sq km
61 Rescvoid/ Euxisting embankment has heavﬂy damaged by flood in July 1977,
siltation Impounding area has fully silted up. Elevated river bed by sillation incurs overflow of fload
even though additional emsbankment of 1.5m height at the dam orest was attained,
Siltation is comprised of fine materials (sand, silt) at the dam émbanknent, and coarse materials
(gravel, stone) at 100m vpstream of the dam embankment.
71 Dam embankment | Fmbankment materials: River deposits comprised of gravel and sand, silt.
' Upstream stope:  Protected with stone riprap with 0.45m (1.5 feet) thick,
Downstream slope: Protected with stone riprap with 0.30m (1.0 feet) thick.
Crest Jength: 88.7 m
Crest width: 4.0 m (after 1.5 m stone embankment for rehabilitation) ;
Dam height: 11.62 m {after 1.5 m store embankment for rehabilitation)
Dam was completed in 1969, bul was washed away in July 1977,
8 Spillway : Spillway is located at the right side abulmient. Spillway cénal was condtructed on the base
rock, and delineated with the dam mebankment by the retaining wall of the bricks.
Itis expected that overflow of floods was caused by an inadequate flow capacity of the
spillway and elevated river bed despne of 0.3m (1 fezt) cutting of the hase during
rehabilitation work,
Spillway width: 9.79 m
9 | Intake/ No intake device was constructed. Recharge to the ground water was altained by means of
recharge device the scepage through the reservoir foundation.
10] Recharge condition

Recharge is unaffordable owing to futly siltation in the impounding area.
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Dam name

Kach defay action dam (Completed in 1968)

Dam location

Queita district

Dam type

Earth dam {with concrele cut-off wall at the center)

Geological condition

Limestone, shale, sandstone strate

Catchment arca

56.45 sg.km

Resrvoirf
siltation

Existing embankment has heavily damaged by flood in 1990. _

Impounding area has fully sitted up after 4 years of compeletion. Tofal sedimentation was
estimated at around 1.05 MCM at present. Elevated river bed by siltation incwired overltow of
flood. Siltation is comprised of fine materials (sand, silt, clay) al the dam embankment, and
coarse matevials (giavel, stone) at 750m upstream of the dam embankment,

Dam site is composed of weathered shale (CL class),but it is available for the fill dam
foundation.

Dam embankment

Embankment materials: River deposits comprised of gravel and sand, silt. .
Upstream slope:  Protected with stone riprap with 0.45m (1.5 feel) thick.
Downstream slope: Protected with limestone spall (eroded) _
Concrete cut-off wall (B=0.5m in average) was constructed at the center of the
dar embankment, :

Crest length: 190.5 m

Crest widih: 6.0 m

Dam height: 26.2 m

_Spillwa'y.

‘Spillway is located at the right side and upsteeam of the dam embankment. Spillway canal

was net protected for erosion, so that the channel was enticely, héavily erozed. It is expected
that overflow of floods was caused by elevated river bed or up-lift force incurred by scepage |
flow in the dam embankment because the embankment coltapse was occurred at the deepest
portion of the dam embankment. '

Intake/
recharge device

Intake devices were compased of circular wel type R.C.C of 3.35m diameter and 23m height,
and 450mm diameter RCC pipe for water conveyance. Recharge to the ground water was
attained by means of the intake devices above. Seepage through dam foundation was not
expected because of its quite low hydmiatic conductivity of 1x10 -Semy/sec.

(L)

Rechargé condition

Recharge is unaffordable owing to ully siltation in the impouading area.




1.3 Basic Study on Dam Stability and Scepage through Dam Foundation
[.3.1 Dam Stability
(1)  Stability Analysis of Dam Embankment

Embankment slopes of the upstream and downstream of the existing dams were determined at
1:2.00 and 1:3.00, respectively.  Stability of the upstream slope is roughly examined referring
to the safety factor against surface sliding in dam empty and submerged condition. The
following figure shows relation between slope, carthquake coefficient and safely factor,
assuming saturated unit weight of material of 2.1 ton/m?, and shearing =strcng‘lh of 35° in all
cases. Resulting from this, safety factor of 1.0 is attained when the slope is 1:2.50 or more
gentle on condition that dam is empty and earthquake coefficient is 0.24. Besides, safety
factor of 1.0 is attained when the slope is [:2.00 or more gentle in the case of earthquake
coefficient of 0.12,  Assuming embankment slope of 1:2.0, the enibankruent is collapsed with
carthquake coefficient of 0.08 or more in submeeged condition.  As gravel - sand materials,
which cohesion is not expected, are generally placed on the slope surface, it is recommended
“that the upstream sl'ope is to be 1:2.50 or more gentle on condition that ea'rthquake coefficient
‘can be reduced by 50 % of the design coefficient for the reason that an earlhquake of design
coefficient is not probably occurted when reservoir is unpoundmg
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Relation between Dam Slope and Safety Factor in Different Barthquake Coefficient (Impounding)

Discussing the downstream slope, 1:3.0 is applied for the most of cxisﬁng delay aclion ddms.
so as not to allow a secpage water broken out from the downstream slope. - Stability an'alySis
‘was conducted for the cases of the gradients of 1:3.0 and 1:2.5 downstreamn slopes.
~ Resulting from these analyses," it was concluded that the stability factors of both cases were

 estimated at almost the same because of the different seepage line elevations due (o installation
~ of the toe drain on the slope of 12.5.: Accordingly: it is recommended conceérning to the

minimization of the embankment volume that the slope "g'radient. downstream of the dam
embankmient is to be 1:2.5 for the dams of its dam height of around 15 to 20 m on condition

that the toe drain or horizontal drain is installed.

On the other hand, in the case (hat the dam height is 20 m or higher, upstream slope must be
more gentle, e.g. 1:2.7 to 1:3.0 or more because of a reduction of the resistance force due to an
increase of the submerged area in the embankment section,
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2) Zoﬁing of Embankment
1) - Stlope gf_adicnt

‘Most of dams have been constructed as’a homogeneous fill type dam with their sandy, soil
* materials mixture ratio of 3:2. - Heavily. wealhered materials or talus core dcposits around the
dam abutment were utilized for soil malerials. ‘Because of the difficulty to uniformly mix the
sandy materials and clayey materials with proper ‘moisture comcnt two types of the zomng of
embankment are proposed.  One is composed of two zonmgs, i.e. upstream and downslream
zones with pcrmeable materials (shear materials), and center core zone with semi-permeable
materials,  The other is conlpds}ed of not obviously différent malerials, but the center portion
of the embankment is compacted ‘with larger energy rather than the upsteeam and downSlream
poition aiming at improvement of permeablhly, accordingly the lowcrmg of the secpagc }me at
the center portion is attained. ' '

Stability analyses of above alternatives were carried out with  proper physical p'uamelers which
provided appropriate shear strengths and unit welghts of the tiver bed materials -available
around the dam site. It was concluded that the stability factors of the upstream were almost
the same, however, stability of the downstream of which sand-gravel materials are placed is
more effective against sliding, especially during earthquake.
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2y Séfety against seepage flow of foundation

Rivér deposits have been thickly accumulated at the dam sites. ~ These river deposits have high

permeability due to several unconsolidated layers, and voids in the layers.

In this regard,

homogeneous type fill dam with proper impermeable materials is recommiended to altain

sufficient secpage length, which contributes to decline'hjrdr_aulic gradient in the foundation.

Fusthermore, wider and deeper cut-off trench are also effective to maintain the above, and also

to altain high bearing capacity from the view point of dam stability and elimination of ircegular

seltlement of embankment.

Impeavious zooe

Cut-off trench
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In general, zone type fill dam is designed for the high dams in order to secure dam stability.

“Zone type fill dam is, however, composed of high shear strength but pervious materials at the
“zones of upstream and downstream, hydraulic gradient at impervious zone becomes stecp
without proper foundation treatment such as grouting.  In this conneclion, it is recommended
that the homogeneous type fill dam is constructed at where dam foundation is composed of
permeable material, and zone type fill dam is allowable at where impermeable foundation exists
with proper foundation and abutments trealment by means of grouling and clogging cracks by
proper materials,

Impervious materials

Homogenoous type: hydravlic gradientis gentle

S __/’

Zooe type: hydraulic gradient is steep

3) Rap:ld drawndown

| Rapid drawndown of the water level implies the situation where internal water level of the
embainkment does not decrease following drawndown of the reservoir level. . In such case,
upstream water pressure is reduced and water levet difference becomes geeal between the
- reservoir and internal part of the émbankmcnt resulting in a very’ dangemus condition in dam
stabillly due to a secpage ﬂowmg towards the reservoir side. When hydrauhc conductw:ly of
the embankment miaterial is lcss than 10-7 cmfscc mtemal water fevel exhibits almost no change.
’l”hcrufore. generally, 100 % of the pore pressure before drawndown at full reservoir level
“remains in the case of the i impervious materials. -~ Safety factor for the various slopes can be
oblained from the table developed by Morgensstern,  The relationship between the
drawndown velocity of the reservoir level and stability of the slope when - hydraulic
conductivily "k is 10-} to 103 envsec and slope is '1:3. - If drawndown velocity is 30 em/day
and the hydraulic conductivity is less than 102 to 103 cmlscc the slopc failure may occur cven
“for such a slope wnlh gradient of 1:3,
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Hydraulic conductivity k (cmfsec)
Ns = porosity of gravitational water = 25%

The drawndown velocity of 25 - 30 cin/day is expected for the delay action dans assﬁming that
the slorage water is drained within 60 days. - Referring to the figure above, the materials
having hydraulic ‘conductivity of 1x103 em/sec shall be placed - at -the upstream of the
* embankment. '

* The zoning is determined taking account of the stabitity of the dam embankment, embankment

height and voltume, availability of the materials - including its natural’ moisture content,
pcnneabxluy and beari ing strength of the foundallon and construction machmery as well.

- 1.3.2 Seepage through Dar Foundation

Seepage analysis was conducted to delermine:
1) scepage rate through dam cmbankment and fmmdauon,
2) reduction of seepage discharge duc to sedimentation in the reseivoir,
3) effectiveness of drain installation for dam embankmenl, and

4) - application for embankment planning.

Hydrautic parameter and model is shown in Table 1.3.1, Fig. 1.3.1, 1.3.2.
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Case

Descriptions -

Case-1

Quantitalive scepage flow discharges
Hydraulic conductivity and thickaess of aquifer arc assumed based on the
geological investigation in proposed dam site during the Study.

Hydravlic conductivity of foundation: 1x10°2 - 1x10°4 cn/sec
Hydraulic conductivity of embankment: $x10-4 cnvsec

(Hydraulic conductivity of (oe drain: 1x10° emfsec)
Thickness of aquifer: 40- 1O m

Case-2

Reduction of scepage flow discharges -by' sediment
accumulation in the reservoir

Hydraulic conductivily of sediment: 5x 1074 cnvisec
Hydraulic conductivity of foundation: 1x10°2 - 1x10°3 emvsec
Hydraulic conductivity of embankment: 5x10°% envisee

{Hydraulic conductivity of toe drain: [x 10-1 envfsec)
Thickness of sediment: 5, I0m -
Thickness of aquifer: 40, 10 m

Case-3

Reduction of seepage flow discharges by sediment
accomulation in the reservoir with period ‘

Hydrautic conductivily of sediment: 5x 104 cimfsec

| L. Immediately after completion of the embankment

2. 5m development of sediment
3. 10m development of sediment

T Cased

Lo;'erlng of seepage line due to center core éslablighni'ent

Iiydraulic conductivily of foundation: 2.5x104 - lx10'4 cnvsec
Hydraulic conductivity of other zone: Sx10-4 cnv/sée '

- Case-5

Lowering of seepage line due at horizontal drain installation

Resuli of these cases are fisted in Table [.3.2,

(1) : : Quantitative seepage flow discharges

' The .foli_o'wing shows relation of seepage discharge through dam embankment and foundation.

Resulting from this; it is concluded that the seepage discharge increases mostly linear relation
logetheh with increase of aguifer thickness, however, it exponentially decreases together with
: lowering of the hydraulic conductivity. Because the hydrautic conductivity of the proposed
~ dams range between 1x10-3 to 1x10-4 cuvsec, small quantity, is expected through the

- foundation.
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Szepage Discharge with Various Pepneabiliy and Dupi of Foundation
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“ (2) ' Reduction of scepage flow dischar_gés by sediment accumulation in the reservoir

With 5 m sedimentation of its hydraulic conductivity of 5x10-5 cnsec, around 50 to 60 % of .
the the seepage discharge rcdit@ction is observed, and around 70 to 75 % of the the seepage
discharge reduction is observed when the sediment reaches 10 mdepth.  Reduction of seepage
discharge is obviously caused by decrease of hydraulic gradient due to head loss in the
sediment, other word by increase of seepage path length, given by following cquation: '

Lr'= ((KE x Zf x Zb)/Kb)0-S DT
 where:  Li increase of sécpagepath lenglh
' CKE hydraulic conductivity of foundation
Zf:  foundation thickness
~Zb:  sediment thickness
Kb:  vertical hydraulié conductivity of sediment

3) Reduction of seepage flow discharges by sediment accunlaulatidn' in the reservoir with
period '

Case-3 explains seepage reduclion together with sediment development including upstream
porlion of embankment. As a result, the seepage discharge is reduced by 30 % compared
with that of before the sediment accumulated in the reservoir.



(4)  Lowering of seepage linc due te center core establishment

Establishment of core zone in the center of the embankment is proposed to maintain dam
stability as explained in Annex “Standard Section of Dam Embankment”.  Improvement of the
hydrautic conductivity of the core zone is achieved by embankment of the impervious materials
or compaction with Jarger cnergy. In the amalysis, improvement effect of hydraulic
conductivitjr by means of latter methed is applied. It is concluded that the 1.0 mand 3 m
lowering of the scepage line is expected on condition that the conductivity is reduced from
© 5X10°5 to 2.5x 10°5 emfsec, and to 1x 105 cmfsec, respectively.

(5) Lowering of seepage line due at horizonial drain installation

To improve the stability of the downstream of the embankment, horizontal drain is installed,
- especially for the dams of their height of more than 25 m. The abvious changes of the
seepage flow is as follows:

1) seepage line in the embankment is remarkably drawndown
2} seepage dlscharge increases around 60 t0 70 % comparing with non mstajlauon of
the drain. : :
"3} hydraulic gradient near lh_e horizontal drain is arOund 0.85 to 0.90.

Resullmg from the results above mc followmg must be achieved during the planning and
constniction: '

1) filter materials of proper grain dlSlrlbUllon must be placed around the drain materials
o prevent piping.

2) recharge device is planned because seepage flow through horizontal drain is
' .remarkébiy increased.

(6) .Seepage analysis of high dam

Seepage lines in the embankaient of the homogencous type and zone type fill dams were
 analyzed according 1o the several combinations of the hydraulic conductivity of the materials
and thickness of the dam foundation. Analysis results are illustrated in next sheets, and the
following are concluded:



1)

2)

3

4)

In the case that the embankment is composed of semi-pervious materials, breakout
point on the downstream slope is clevated comparing - with embankmeat of
impervious materials due to low hydraulic loss.  (Case-1&2)

Lowering of seepage line is not obviously obscrved according lo the depth of the
permeable dam foundation.  (Case-3&4)

Impervious zone coniributes to lowering of seepage line in the embankment.
Deference of the secpage lines of Case-5 and 6 corresponds to the specified
hydraulic conductivity of pervious and impervious zones. (Case-5&6)

‘Horizontal drain is mostly effective to lower seepage line in the embankment,

(Case-1&8)
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1.4 Design of Delay Action Dam and Sediment Control Facllities
1.4.1 Dam Design
(D Design flood

In line with the Planning and Design Guideline for Delay Action Dams (Annex M), the design
~ flood discharges of 14 delay action dams are estimated as shown in Table 1.4.1.

“(2) Sediment

~ In line with the Planning and Design Guideline for Delay Action Dams, the sediment volume of
14 delay action dams arc estimated as shown in Table 1.4.2.

(3) * Pam section

In line with the Planning and Design Guideline for Delay Action Dams, the dam section of 14
delay action dams are determined cohsidering the following conditions. Calculation of dam
“sliding is conducted for the Kach dam, and dams of its helght of 20 m and 15 m.

- Calculation results ar shown in l*ng L4.1.

-Coéfﬁcicnt of Farthquake

e o 'Kach dar L 20m, :Isn!_lmeighl_

Full waleq surface ' (/sy K=0.'2;ff . _K"-:O_.IQ (oi'd;nér.y seepage line in embankment)
FFull ﬁ'at_cr:surfac-: o /sy - K¥0.24 K=0.12 (ordinary secpage line in embankment)
lms; water sudface (D/S) : - © K=0.24 (seepage line is under the dam foundation)

Note: (/8) Upstream slope, (D/8) Downstrear slope

o Material Propertes
Kach dam

Zone Saturated weight  Compacted weight Cohesion Internal Angle
L __(fym) L {fum') _ (um?) " (degree)
l Sednment © 1800 - P1.600 2.0 0.0
- 2. Impervious seil S 2.100 2.000 10.0 18.0
3. Pervidus materials 2100 1.900 0.0 315.0




Dam height of 20m, 15m

Zone Saturated weight  Compacted weight Cohesion Intesnal Angle
_ (fyay) (fvm’) (/) (degree)
1,2.3 Pervious materials 2.100 1.900 0.0 5.0
Note: Zone number is refered to FPig. L4.1.
Dam_Scction
Pam Name - Dam Type Upstream Slope Downstceam | Drain

I _ Slope
Brewary dym Gramy dam _ Vemcal 0.9
Dara dam Homogencous type fitl dam 25 | 235 - Toc Prain

. |Murgi Kotal dam figr;:)“g—eneous type fill dam 3.0 2.5 Horizontal Drain

- {{(Upstream) . o ) .
Murgi Kotal dam|Homogeneous type fill dam 3.0 2.5 Venic;;l Drain

: I{Downsteeam) :
Kach dam . |Zone type 30 i 2.8 . Iﬂicai Drain
(Rising of cresty|fill dam
Kach dam Zone type 3.0 2.8 Vestical Drain
(Downstream) ~ |fill dam D a
Jigda dam Homogencous type fill dam 3.0 2.75 Toe Drain
Sanzali dam  |Homogencous type fill dam | 2.5 2.25 . Toe Drain
Sakhol—&a\m }lomogeneo-&; type f!lldam 1 2.5 o 2.0 " Toe Drain )
Mangi dam Homogencous type fill dam 2.5 2.0 TooDraia
Kad Kocha IT dan) Iiomogeneou;_t;ge fill dam 4“5_ 5 2.0 Toe Drain
Ghazlona dam  {Homogeneous type hill dam 23“ 2.25 ‘Toe Drrain
Ghutai Shela dam Homogeneous type fill dm 2.5 T2.25 Toé Drain
Wali Daddamy br’avily dam ﬁhﬁﬁ'—r‘li—t‘;l—_-_ o (_),9 Toe Drain o
Samaki dam ﬁomogcncous type filt dam A“';—.‘;— 555 ~Toe Dm;
iskatkoo dam |Homogencous type fill damy | .~ 2.5 2.25 "Foe Drain

"Note: Dam section of the Bmvary dam is detennined n,fcmng 1o the i*cassblhty Studics Brewsry Dam Manh:

1996.

Downstream slopc is in average.

)

In line with the Planning and Design Guideline for Delay Action Dams, the details of dam
section of 14 delay action dams are deternyined as shown in Table 1.4.2.

Dam feature

curves of the proposed delay action dams are shown in Fig. 1.4.2.

(5) Outlet

Facilities

" Outlet facilities consist of the intake section, driving canal and regulaimg section.’

a}

Intake section

Elevation-capacity

Inclined conduit should be selected for the intake section of the outlet device in consideration of
advanlages as follows.



- The construction cost of inclined conduit is less than intake tower’s .
- Large bearing slress capacity is not necessary on foundation.
- Structure is stable and easy to nuintain and operate.

Diameter of intake pipe is designed as small orifice and strainer should be attached to prevent
inflow of sediment. And also intake pipes are planed to be set at two meters intervals in
vertical from low water revel to the boltom of reservoir.  Standard diameter of inclined pipe is
recomniended as follows according to the size of intake pipe.

7 Standard Combination of Intake pipe and Illciineq pipe
Intake pipe (mm) p100 gl25 - p1S0 @200 #250  ¢300 9350
Inclined pipe (mm) 2200 #200 $250 p300 $400 8500 $600

Inclined pipe should be rolled up by reinforced concrete to resist water pressure, buoyant force
and other forces.

Standard Dimension of Concrete Block

Width & Height (mm) 350 600 650 800 1,000 1,200

Inclined pipe {(mm) = ¢200 - g250  g300 400 . #4500 g600

Itis indispensable to attach air vent pipe (gas iron pipe p50) and stairs for maintenance.  In the
' case that inclined pipe is'long, it is nocessary to set up the anchor for the stability of facility.
Furthermore, il is reco:mncnded"to compare and adopt inclined pipe/collecting conduit type
* froi the economical point of view in the case that slope gradient is gentler than 15 degrees.

b}  Diiving Canal _ .
Driving Canals are categorized into three types ( see “Drawings”). Type A conduit is
- provided as conduit for the purpose of collecting water, - This type is composed of perforated
steel pipe and gravel trench. © Collected waler through inclined pipe and perforated pipe is lead
“to Ty'pé B conduit. : Type B conduit is adopted in the section under dam body and composed
of steel pipe rbllédup'by reinforced concrete.  And also, in the downstream section of dam,
Type C conduit which is ductile iron pipeline is adopted.

©) Regulating scction
At the end of Type C conduit, discharge pit and sluice valve should be installed to regulate

water into link canal and river bed (see “Drawings™). It is imporfant 1o operate these valves
within the limit that discharge doesn’t exceed design discharge.

$-50



I.4.2 General Concept of Recharge Devices
(1) - Proposed facility

Groundwater is recharged through the foundation of the delay action dam reservoir and the
river bed where storage water is discharged through the conduit. It is cstimated the amount of
rechargeable water through the river bed is much larger than that through the foundation of
reservoir.  Further, it is supposed that the percolalion rate through reservoir foundation is
reduce gradually by sedimentation.  Then it is necessary (o set up the system for sustainable
groundwater recharge.

In Balochistan, there are some dams with the infiltration device by utilizing conduit and
recharge pit. Generally, the scale of these facilities are rather small and it is difficult to
infiltrate adequate water for groundwater recharge.  Then it is desirable to improve the
groundwater recharge system for the aceerclation of infiltration. The infiltration system is
functionally composed of two facilities, link canal and infiltration facility. =

1) Link canal ‘ _

Slorage water in the reservoir is lead to mﬁltrauon facility through the link canal.  The link
canal is classified into two types as the method of utilizing river bed and lining canal. - In the
case of conveying storage water through the river bed, the main’ of ‘storage water flows
downstream as surface flow, because the amount of under-flow is estimatéd to be small for the
reason that permeability of river bed is Jess than 10° envfs and'dcplh to water table is less than
L0m at most damsites. And.itis @hticipatcd that storage water will be reduced by evaporation
and water use for the purpose of irrigation or domestic water supply. In addition, it is also
E apprehended that water sometinies flows downstream wastefully in reduction of infiltration rate
due 1o salurated soil caused by precipitation and flood. Then it is recommended to utilize
artificial canal for water con\'cyanbe in principle.

Open canal, pipeline and trench system are supposed to be popular for hnk canal. Hete,. dpen '
canal means concrete lined canal. Topographlc condition at the downstream’ ‘of -the dams
indicates that carth canal is not recommendable for the reason that canal slope is Supposcd to be
easily eroded by streamflow/fluctuation of water level and heavy miaintenance wi:ll be frequently '
required. Furthermiore, gradient of hill side is steep and it is supposed water flows in high
velocity.  In that case, it is anticipaled canal bank will be heavily eroded. - '

Open canal system is the most popular to 'convey water to infiltration facility. However, ils
alignment is limited by topographical feature and it is not easy to set alignment in undulate area.
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And it is necessary to set up cross structure in the case of crossing small tributary/valiey.  Tn
addition, in the case of utilizing river area, it is necessary to select the route on higher part of
area to avoid flood damage.

According to infiltration trench system, it is possible to be atigned in river bed. However it is
also desirable to be set on higher part of river area to prevent from being clogged with silt and
fine sand brought by flood. On the other hand, pipeline system are possible to be set
alignment not only in undulate arca but also in the river bed. It is unnecessary to set up cross

structures as well as trerich systen.

Annual construction costs including operation/maintenance cost are estimated roughly.  As the
result, it is recommended to adopt open canal for link canal.  And in the case that it is difficult
to adapt open canal, it is preferable to select pipeline system.

2) - Infiltration Facitity

Infiltration trench, injection well and infiltration pond/dike are gencrally selected for artificial
- infiltration facility. Itis recommended that these facilities should be located on the higher part
of alluvial fan. ' '

Infiliration pond and dike are available- to"accelc_rate' imgc amount water infiltration but it
requires large area coresponding to an infiltcation amount. Then it is difficult to adopt, then in
- case that there are problems of land acqhiéiiion and compensation. = Both systems are possible
to be built in river area. However, in the case that infiltration dike which is necessarily
dammed up on river bed, it is naturally suffcred from flood.  On the other hand, it becomes
- expcnswc to set up spillway. '

Regarding infiltration trench, it is profitable compared to infiltration pond in the case of
difficulty to acquire land, because it is possible to be aligned in river area.  However trench
system also requires very long length and it needs heavy maintenance to remove silt and fine
sand in trench which brought by not enly storage water but also flooding regutarly. In
7 addlt;on it is anticipated that water flows downstream wastefully in the case of reduced
infiltration by clogged silt/sand.

h_]jé(:tion' well is possible 1o infiltrate aquifer certainly. However it is supposed to be easily

clogged by silt and requites expensive cosl (o construction. It is reported that injection well
* had become functional disorder in 10 years after construction by clog with siit.

i+ 52



Annual construction costs of facifities are estimated roughly under consideration of factors
mentioned above. In this study, according to infiltration dike, it is assumed that flood
frequency is once in two years and collapse of dike by flood occurs at the ratio of 30 pereent in
whole dike body.  As the result, it is realized that infiltration pond is profitable from the aspect
of recharging ability and economical efficiency. Then it is recommended to adopt infiltration
pond as infiltration facility.

[.4.3 General Concept of Sediment Control Facilities
(1) General

Devastation is proceeding especially in some river basins where delay action dams are plancd to
be constructed,  And also it is anticipated that huge amount of thick sediment in the river bed
would be flown toward reservoir area by the flood in some basins. In those river basins,
washout of sediment is supposed to increase year by year. Therefore it is necessary to take
proper counterineasures to eliminate washout of sediment from basins.

- Management in devastation area
The yield of sediment is the most important factor 1o establish sediment ptevention scheme.
The yield mainly depends on the scale of catchment area, topo-geological conditions, dehéily of
vegetation, hydrological feature and land use.  Countermeasure o eliminate sediment’ yield
- should be taken up in top priority.

It is supposed that management of conscrvmg watershed in lhc upslream area is moslly |
necessary to prevent sediment yield. - That is to say, forestation and hillside works shouki be
" operated for the purpose of prevenling sediment’ yield in ‘the devaslauon area. At preseit,
conservation works by contour trenches, loose stone check dams and other methods are
proceeded in a small scale within Brewary, Kach, Jigda and Ghazlona river basin by the
" Forestry Department in the Study Area.  These works should be proceeded covering whole
atea of river basins. It is also necessary to prepare an implcmemaiion'p_!an on the basis of the
long-lerm strategy and the deliberate studies in each river vasin. ‘In addition, there needs

© continuous “implementation for long term. l"hcrefore in this s{udy, it is. unavmdable o

renounce implementation plan of watershed conservahon management.

- Sediment transportation control

It is effective to constiuct erosion conteol dam, ground sill, revetment lo conteol sediment
movement in the river. However, the rise of river bed elevation and water level during flood
will be come up by the result of sedimentation in upstream area by these schemes. ~ Then, the
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deliberate study is be necessary to prevent flood damage and functional disorder of intake
facilitics by backwater/sediment in the case that there are cultivating lands or vitlages in the
upstream area.  In Pakistan, earth dam, gabion and stonc masonry slructure are génerally
wtilized for sediment transportation control.

The sile of erosion contro! facility should be proposed in accordance with the Planning and
Design Guideline for the Delay Actlion Dams.  In this sile selection, following items are
especially considered.

- site where valley is narrow and large pocket for storage cxist,
- site where riverbed slope is gentle less than 1/20~1/15.

Barth dam/bund and gabion bund are nominated as an crosion control facility. - Spillway
should be constructed for an earth dam type to avoid break of embankment by flood.
However, in that case, construction cost will be much higher compared to gabion structure of
which overflow is acceptable during flood. Then, it is supposed to be profitable to set up'. '
: gabxon structure. :

Stone masonry type and gabion type are selected as a ground sill and revetment. < In theése
" types, gabion typé is selected in the aspect of easiness in construction and economical point of
view in a construction cost. - Gabion structure which maximum height is not exceeding 3 m
should be adopted. ' In the case that the height of gabion structure is beyond 3m, geophysical
study, e.q. bearing capacily of the foundation and structural stability should be examined.

- @ - Obs.er'va:tion of the watershed and féciiity planning

(a) DBrewary DAD

- 'The catchrent arca of the Brewary dam is composed of Brewary Jimestone, Dungan formation

in Chiltan range, and Ghazing formation comprising of mudstone, sandstone and conglomerate.
The catchment area are forthed of mountainous hilly and rolling tereains which are mostly
devoid of vegetation of have sparse vegetal cover, especially at the downstream of the area.

Pérciin'ial flow has riot been observed at the middle and upstream areas of the catchment area,
however observed upstream of the proposed damsite. The flow discharge has been reduced
by 10 1o 30 lit./sec in October, November, and utitized for the'irrigation and domestic water use,
so that it was difficult to divert the water for the use of vegetation.



Reforestation program has been implemented in the whole of the area by the Forest Department,
As for reforestation, transplanting of the nursery trees has been commenced, while soil
conservation by means of vegetation cover has successfully achicved with restriction of grazing
under the progrant.

Relatively narrow gorges located at the 5 ki upstream of the dam and ground depression at 6
km upstream are available for the construction of the detention bunds for silt trap.  Mostly
upstream of the catchment arca forms valley, however the soil production is small because of
the gentle slope of the valley.

{b) DaraDAD

The catchment area is mostly composed of limestone, and mudstone and conglomerate layers
exists at the upstream of the dam site.  The catchment is broadly divided by the tributaries of
Kazha Shela nuliah, Nauda Ta_kai nullah. ' |

Nuliah upstrean of the dam site is around 100 m width, and sand, gravel and cabble stone are
 deposited.  Water course has been changes by floods. Nauda Takai nuflah has its river
width of 50 to 100 m from the dam site to 2.5 km upstream, and upper stream reduces its width
to around 10 m. Steep limestone walls of the both sides produces narrowest valley of its
width of 3 m and that is preferable to detention bund construction. - Talus along the nullah
have relatively adequate vcgctauon cover. Upstream area of the Kazha Shela nullah is
composed of outcrop of the' limestone, ‘and sandstone, mudstone layers are observe{i at the
- middle, downstream of the nullah with sparse vegetauon cover. | Talus deposus of these layers :
are accumulated in the river bed however the outﬂow of soil secms not so h:gh

o Proposod dam site is located at the confluence of these nullahs. - Because of iis'sieep river bed
slope of 1:30 at the site, the thickly deposited river materials is suscepublc to ﬂowzng down
into the resesrvoir arcaby floods. In this connection, river bed consolidation works, which is
effective to selile and storage sediment, are available to prevent the movement of the river -
materials. o R

(¢} Murgi Kotal DAD

Dam site forms narrow gorge composed of limestone al the both abutments, and nver deposnts.
composed of sand, gravel are thickly accumulated upstream of the reservoir area. Talus
deposits around the reservoir area has no vegetalion cover due to heavy surface crosion.
Sediment production from the upstream of the catchinent area is expected not so jarge, however,
adequate river deposits and falus deposite around the reservoir may flow down into reservoir
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by heavy floods.

Detention bunds are proposed at upstréam of the dam site of 1.5 to 3.6 ki at where the harrow
gorges exists.  However, the storage volume of sediments is insufficient because of the sieep
slope of the river bed. Adequate river width together with sufficient storage volume is
attained at 7 km upstream from the dam site.  Fugthermore, deterition bund site 4 km upstream
is alteratively available at where narrow gorgc exists. '

(8)  Kach DAD

The catchment arca is composed of shales at and around the reservoir area, limestone arca and
Urak formation comprised of sand, gravel at the upstream of the area.  The reservoir area had
been fully silted up with in four years immediately after the completion of the existing dam due
10 excessively high soil production of shales around the reservoir. ~ Specific sediment volume
was estimated at around 2,100 m*/km?/year,

© Chundak Rud flows down at the center of the catchment area, and catchment area is broadly
divided into the catchment areas of Kuchnai Mangala nullah, Mari Chak nu]lah, Inzar, Shpol
nullah. - Vegetation cover is scarcely observed-at and around the reservoir area due (o high
erosion $llsccplibilily and land slide of shales. ~ Surface of shales have drying shrinkage of 50

- cm depth or more and it incurs high crosion. - River bed \ﬁdlh is 30 to 40 m at the middle -
*portion of the catchnient area, and partly reduces its width.  Slope failures of the height of 30
_ n arc observed along the river, however the talus composed Urak formation have broadly
B ~ gentle slopc:in the catchiment aréa. Vegetation cover is relatively in good condition.

o The catchment area of Mari Chak nullah is located at limestone area, and its tributary has sleep
" slope. - The catchment area is composed of outcrop of the limestone, that few soil production
is expected.  Soil crosion contiel facilities, such as detention bund is not plﬁnned for the

reasons above.  The catchment arca of Kuchnai Mangala nullah is composed of limestone wall
~ of more than 50 m height at the right side and stecp slope of Urak formation comprising of
gravel and sand at the left side. Hundreds of small creck are developed on the gentle slope
toward the nullah, however, héavy crosion is 5ot observed, thus soil productivity is small.
.~ Series of the sand trap bund with its height of arouind 0.75 m were constructed by the Forest
" Departinent. | B

Most upstream of the catchment area is composed of denuded limestone at the right side and
talus deposits at the lefiside.  Rivers or creeks has not been developed.  Vegetation cover is
in good condition in the area. '



(e) Jigda DAD

The catchment arca is composed of Murgha Faquirzai Shale, and Subrecent deposits is
accumulated in the river bed.  The catchment arca forms of hilly and rolling terrains.  Jigda
nullah flows in the center of the catchment area.  Several tributaries are located 4 km upstream
of the proposed dam site.  Surface of shale is weathered, and vegetation cover is scarce.

River bed slope is gentle at the middle of the catchiment area and weattiered shale of 5 to 50 mm
grain are accumulated in the river bed.  Both sides of the river have gentle slope. - Numerous
fine shale materials are deposited in the two major steep tributaries 1.5 0 2.0 km 'upslream'of
the dam site. ~ These deposits are susceptible to flowing down toward downstream by floods
because of steep slope of these (ributaries. It is not reconunended to consiruct the detention
bunds along the tributaries due to deep and unconsolidated foundations. It is alternatively
preferable to construct them downstream of their confluences. Vegetatioh cover is poor in the
- middle of the caichment area. '

The middle and upstream catchment area also forms of hilly and rolling terrains. \’cgetalion
cover is sparse duc to thin topsoil on the shalcs. Weathered shales of theu sieve size of 510
16 mm are deposited in the tiver bed.

() Sanzali DAD .
| Rollmg terrains comprised of clay and silt Bostan Formauon are located on lhe most upslream
of the catchment arca.  River deposits were ongmatcd {rom alluvial scil formed by process of
deposition. * Sandstone layers have been eroded by the river fk}\\f and Jarge slope failures are
observed along the fiver.  Vegetation cover is sparse on the rivet deposits, hdwc_ver is not
“observed on the hill slope due to heavy erdsiOn - Alluvial soil has sparse vegetation cover at'
the upstream of the catchment arca,  Hilly terrams composcd of Bostan Formation has no
vegetation due to susceptibility to erosion,

‘River deposits has plainly accumulated in the river bed with their depth of 1.5t03.0m. Fine
materials originated from clay and sand of Bostan Formation is easily transported by the flood
and subject to be accumulated in the reservoir area. ~ These fine materials are not be captured
by means of the “detention bunds or other structures, so that sedintent accunulation m the
reservoir obstructs smooth dam operation.  Bund composed of cobble stone wilth ils height of
50 to 75 c¢m on the hill slopes may be effective to mitigate surface soil crosion. - However,
eminent cffectiveness is not expected as long as whole of the catchment is covered with the
bund. On contrary to this, river bed consolidation works may be proposed to control
sediment flow by means of loosening river bed slope.



{g) - Sakhol DAD

Two of large tributaries located at the left and right side of the calchment arca have confluence
at the proposed dam site.  Both tributaries are located at limestone area (Chiltan limestonc),
and have aflavium in the river beds. Talus deposits are accumulated on the allaviom.
Vegetation cover is well observed on the talus deposits and alluvium,

Earth bunds have been constructed by inhabitants for the basin irrigation at the proposed
reservoir area and also upstream of the catchiment area, especially along the right side tributaries.
Series of earth bunds in small crecks are effective for silt trap during floods. - High
permeability of the foundation in the catchment area is also'mitigatc flood run-off, consequently
reduces soit erosion in accordance with the sediment observation of the adjacent Amachi dam
catchment area.

(h) Mangi DAD

The catchment arca is composed of Shirinab Formation at the left side and Nimargh Limestone
at the right side, and alluvium are deposited in the river bed.  Shirinab Formation is composed
of limestone and interlogged shales. The catchiment area of the Sarbund dam is composed of
Nimargh limestone and alluvium is thickly accumulated in the widely spreaded valley of the
‘calchment area. Vegetation cover is in good condition in the calchment area of the Sarbund
dam and several bunds constructed in the valley for the basin irrigation contribute to irap silt
‘and turbid water in them during floods, - Siltation volunie is slightly observed in the reservoir
of the Sarbu_ﬁd dam. ' -

" Plain river bed with its width of 500 to. 700 m'is formed in the downstream area of the Mangi
dam catchment area.  Vegetation cover is sparse on the alluvium and talus deposits.  Several
_ bimds with their length of more than 200 m arc'éonst_mc(ed for the basin irrigation in the river . |
and it contributes for silt trap during floods. Riveér forms gorgc configuration in the middle of
the catchment area.  Gorge width ranges 15t0 20 m.  Quicrop of limestone is observed at the
both sides of - the river.  Vegetalion cover is sparse. Perennial flow (groundwater) is
observed at the mountain foot located at the left side of the river.

Upstreanyof the catchment area forms wide basin with sparse vegelation cover.  Groundwater
flow is observed at the shallow depth through the year.  Vegetation cover is in good condition
on the' alluvium located at the mosﬂy upstream and left side of the catchment area. - Basin
irrigation is cultivated .on the gentle slope on the talis deposits and also on the alluvivm
‘deposits in the whole of the basin.  Several rows of earth bunds for the basin irrigation
contributes to capture fine silt, clay eroded by precipitation inside of the bunds.



(i} Kad Kochall DAD

The catchment arca is composed of Chiltan limestone, and allivium comprising of sand, gravel
and cobble stone is thickly deposited in the river bed.  Vegetation cover is well observed on
the alluvivm deposits and talus deposits. - River deposits are thickly accunwiated, however
accumulation of siltation in the reservoir area is less expected because tributarics extend
radically, accordingly floods flow down through small creeks distributed in the catchment area.

(i  Ghazlona DAD

The whole catchment area is composed of Murglla Faquirzai Shale, and forms rolling terrains at
the proposed dam site. Upstream of the catchiment area forms mountainous hilly and most
upstream is located at Arambi Range at where severe erosion has developed. Ghazlona nullah
flows i the center of the catchment area. |

Rolling terrains composed of shale is located at the downstream of the catchment area.
Weathered shale covers the shale foundation, Vegetation cover is sparse.  Smiall trenches
with their length of 2 i, and depth of 0.5 tn are constructed in the slopes of the surfoundin‘g’
hills aiming at crosion control, however, erosion control is not ef fectively induced because of
their short duration after the construction. - Gravel, sand deposits produced from the surface
erosion of the shales and cobble stone of rectangular plate or bar shapes originatéd by sldpe
~failures are accunwitated in the river bed.  River bed has 60 to 70 m width.

‘The river is distributed in several tributaries at lhé middle of the _catch'mém area. River feduces
its width around 20 to 30 m and it is suitable to'consiruct the detention bunds. - Vegetation
cover is scarce, however soil production is not so high because surface soil is thin on the slope. |
River deposits has 1 to 2 m depth and shale foundation is partly exposeéd on the river bed,

River width is around 15 m ‘at the u'pslrcani"of the catchment area. The gorge forms decp
valley due to severe land failure and erosion.  Vegetation is not observed.  River deposits are
accumulated in the river bed with their depth of about 1 m. '

" (x)  Ghutai Shela dam | o - |
Catchmient area is situated in Piedomont deposits (Fanglomerate).  Gravel and cobble stone
are deposited in the river bed.  Picdomont 'deposits have been eroded by'ptccipitatibn ‘and
form undulated lereains. Vegctatioh is scarce in whole of the catchment area due to heavy
erosion and also over grazing. :

Series of lower height detention bunds are proposed to control erosion by looscning riverbed
slope and to prevent the movement of riverbed deposits.
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