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4.2 PRESENT GROUNDWATER USE

TABLE A-4.2.1 Inventory of Existing Wells in Quetta Area
Area/ Topo[ Grid Static Waler Table  Discharge  Pump Owngr— Purpose
Well No  Sheet Coordimate WL(BGL m ) Altitude(m) (& /s ) apd WP - ship
MG - 1 34J/16 900033 61.0 - 3.8 CF PV IR
? 882252 54.9 — = BUCKET PV D
3 891050 51.9 - - BUCKET PV DY
4 891043 63.4 — 3.2 ef Py IR
5 892043 61.6 - 3.8 CF Py IR
6 893041 63.4 — 3.8 er Py IR
7 293040 1.3 - 3.8 Cr Py IR
8 902043 54.9 — - BUCKET PV IR
g 885038 - - - BUCKET PV IR
10 88041 72.2 - 3.8 CF py IR
1 S 65.5 1,684.1 5.0 SH/ PV . IR
12 - 892045 57.3 — 3.5 Cr PY IR
13 899048 49,4 - 3.8 O PV IR
14 901048 52.4 - 3.8 CF py IR
15 900045 — - — BUCKET PV IR
16 © 901051 47.2 - 3.5 CF PV IR
17 902052 53.0 - 3.8 CF Py IR
18 901056 B1.6. — — BUCKET PV DW
19 906056 56. 4 — 3.8 CF . Py IR
20 506052 b5, 8 - - RUCKET PV il
21 911053 54.3 — 41  CF Py IR
22 907048 52.1 — 3.8 (F PV IR
23 910045 — 1,675.4 3.5 SH/40 Py IR
24 910045 56.1 - — BUCKET PV by
75 911038 57,0 1,682.5 6.3 SH/40 PB DM
2% - — 73.2 - 2.5 CF Py IR
77 906040 57.9 - 3.2 oF PV IR
78 - 58.5 — — BUCKET PV D
29 - 881034 69.5 — - BUCKET PV Dy
VF3- 1 .34J/16 923141 21,9 1,681.9 10.5 SH/15 PR Dy
v 921141 20.6 — - BUCKET ~ PV D
-3 904143 9.3 — 31 CF Py IR
i 908141 1.7 - 1.3 CF Py ID
5 910142 9.4 = 2.5 CF Py IR
6 920147 9.1 - 1.3 cr PV IR
7 920147 9.1 - 0.9 CF PV IR
8 918150 6.2 - 2.5 Cr py IR
9 920152 - 5.8 — — BUCKET PV D
10 921149 10.2 - 1.6 CF Py IR
11 925145 15.2 1,685.5 6.3 SH/15 Py IR
12 925143 26.0 - — BUCKET PV i
13 . 924150 . 18.3 — 1.9. . CF Py IR
14 923151 6.6 — 3.2 Cr Py IR
15 921155 - - 1.6 CF Py IR
16 922153 — — 2.8 cf Py . IR
7 921161 12.2 1,670.3 1.4 SH/20 py IR
18 915166 9.8 — 2.5 CF py IR
19 917164 10.9 — 3.2 CF py IR
20 915123 8.7 — 3.2 CF Py IR -

{ to he cont'd)



( con;‘d )

Arca/’ Topo. - Grid Static ~  Water Table - Discharge -~ Pump . Owncr-  Purpose
Mell Mo Sheet -Coordinate WL{BGL m )} Altitude(m) (2 /s) and HP .ship
yE3-21 340716 916161 14.0 - 2.5  CF PV IR
22 915161 11.6 - 2.5 CF PY IR
23 913168 10.7 - 3.2 Gk . Py IR
24 913166 13.4 - 1.3 CF Py IR
25 313164 9,6 - 1.9 3 py iR
26 - 912163 7.0 - 3.2 CF PV IR
21 912164 6.9 - — 3.2 GF M IR
28 - 908162 6.9 - 3.2 Ck Py IR
29 20161 6.7 - — = PV ABANDOND
30 914157 6.9 - - BUCKET -~ PV Di
3 908158 - 1.0 1.9 CF Py iR
32 904154 5.5 - - Cf PV IR
M 06153 4.6 — 1.2 CF PV IR
35 907152 6.1 - 2.8 CF PY IR
37 - 908150 - 5.9 — 2.5 CF Py IR
38 908150 250 — — — PV ABANDOND
39 - 928146 36.3 — 2.8 CF PV IR
40 - 918146 - - 1.3 CF PV IR
M 929151 L6 1,690. 1 ? SH/25 PV iR
42 929150 6.1 - — BUCKET PV I
46 9211545 4.4 — — - PY  ABANDOND
4 917151 1.1 — 2.5 — Py ABANDOND
48 905154 - 6.8 — 1.6 CF PV R
% 927162 15.2 1,0676.4 — BUCKEY PV i
80 930165 8.5 1,684.6 3.2 SH/20 Py IR
8 930168 8.2 1,684.9 18.9 SH/25 P¥ IR+
110 903170 - - - — P¥  ABANDOND
111 903168 6.1 - — - CF Py IR
112 891163 9.6 - . 2.8 CF Py IR
113 897158 — - 2.8 CF PV IR
114 8961457 7.9 — 2.5 CF P IR
15 896155 9.4 — — CF Py IR
116 898149 — — 1.9 CF v IR
117, 899149 — — 1.9 CF PV IR
118 899148 §.2 -~ - — PV ABANDOND
119 951151 29.9 3.8 CF PV IR
120 . - 9h1147 6.2 - 4.4 Ct e IR
2 948143 26.5 - 5.0 CF PV IR
122 945168 31.4 - 3.2 "3 Py IR
123 943164 30.2 1.6 Cr PR Dy
124 946165 - 354 - 3.8 Ct Py IR
125 948161 27.4 — 1.6 CF Pv IR, KAREZ
126 94959 28.0 - 3.8 Cr P IR, KARES
127 951161 - 25.6 - 5.0 CF P¥ IR KARE/
128 941158 26.2 - 4.7 £y Py IR, KAREZ
129 948152 26.2 — 4.1 CF Py IR, KARE/
138 909103 30.8 - 5.0 eF M iR
147 928161 18.9 1,674.3 2.7 SH/T. S Py IR
18.9 1,674.3 1.6 SH/45 PV IR

48 928161

( to be cont'd )



~(cont'd )

e

Area/  Topo.  Grid . Static - Hater Table Discharge Pump - Owner-  Purpose
Well No  Shect Coordinate WL(BGL m )} Altitude(n) (¢ /s ) and HP  ship :
VE- 1 344716 917056 421 - - 2.8 e A 1R/DN
- 2 ’ 912206 39.0 - 2.5 cr - PV IR/Y
~ 3 021088 - 38,9 2.8 CF - PV IR/DH.
~ 4 - 915068 - 36.0 - 50 CF. Py IR/DY
-~ h 914068 38.3 — 2.5 CF PV IR/DM
- 6 915069 38.1 — 3.8 cH - PV [R/DW
- 7 993077 -~ 351 - — 2.8 CF PV IR/
-8 410086 31.9 - — 5.0 Cr Py [R/DW
-9 909070 KA — 3.2 CF ' IR/DH
<10 Ne071 33.3 . 3.2 cr Py 1R/Db
R 915072 33.8 — 2.5 eF TPy 1R/DW
- 12 C 919074 38.5 — 3.8 CF PV iR/DH
- 13 915975 33.8 — 3.5 CF PV IR/BW
-1 98079 . 319 —~ 5.0 CF W IR/M
- 14 917085 35.5 — 3.8 CF PV 1R/DH
- 16 9150508 31.8 — 3.8 CF Py TR/DW
-~ 11 913085 30.3 - 3.8 CF - PV IR/DW
-18 911082 “30.9 - 2.5 CF Py IR/DW
-9 91075, 3.1, 3.8 CF PV IR/DH
- 20 . 9050??”_ 21.9 — 3.2 CF - PV IR/DH
N 908068 33.3- - 3.2 CF Py iR
- 22 T 906068 34.0 — 3.2 Cr PV IR
- 23 9050671 36.1 — 3.8 CF ) IR
- 24 903067 29.9 - 3.8 CF PV IR
- 25 ' 902068 29.3 - .2 OF Py IR
- 26 © 900069 35.3 - 3.2 Ck Py IR
=21 909075 32.5 . — 3.2 CF PV D
- 28" : 906081 21.1 - 3.2 ek - Py 1D
- 29 - 905082 26.8 — C 6.3 Ck v b
-3 994056' - 26.8 — 6.3 Ch Py I
-N 907078 28.9 - 3.8 Cr Py ID
- 32 904076 24.1 — 6.3 Ck Py DH
- 33 903075 3.0 — 3.2 Ck PV IR
- 3 ‘ 902074 4.7 - 6.3 Cf Py iR
-3 896068 20,1 - 3.2 CF PV iR
- 36 395067 339 — 2.8 CF py IR
- 3 894067 - 351 - 3.5 Cr Py IR
- 38 895070 29.2 - 3.2 Ci Y iR
-39 389068 133.9 — 3.8 Ck Py IR
- 40 916095 31.0 - 3.2 Cr- PV IR
- 41 915095 33.4 — 3.8 CF Py IR
- 42 915092 32.2 - 3.8 CF Py IR
- 43 918092 - - — 6.3 Cr PV IR -
--44 4092 28.0 - S 3.2 CF . Py LIVESTOC
-45 0 812090 = — 1.9 ¢ . PV . IR
- 46 - 8990%N 25.1 - — BUCKET PV (17
- 47 912035 — . - - BUCKET pv . DN
- 48 915096 = —~ — BUCKET PV DN
- 49 315100 23.3 - - BUCKET PV DW

( to he cont'd:)



( cont’d )

arca/ Topo.  Grid - Static  Water Table. Discharge Pump  Owner-  Purpose

Wetl No  Sheet Coordinate WL(BGL m ) Altitude(m) (. 8/s) and WP  ship
VFA- 50 344716 915108 - 22.9 1,680.1 9.5 SHAS - WY D
-1 G15006 21T - - BUCKET PV Y
- 5 © 908108 16.1 - . = BUCKET PV o
- 53 - 506105 15,2 - - BUCKEY PV 0y
- a4 - 806702 19.1 — - BUCKET — pv - I
- 5% 307114 - 19.4 — - BUCKET PV ]
- 56 ‘ 901114 12.2 R 2.5 CF PY R
-4 905114 S P _ - 3.2 CF PY IR
- 5 90N 195 ~ 2.h CF M 1R
- 59 910119 - — 1.9 Gt PV IR
-8 - - - 1.9 CF PV IR
- 61 506119 - — 3.2 CF. ] IR
- 62 Q0117 S 244 1,688.6 - 1.9 S IR
- 63 920116 ~ — - BUCKET PV DY
- 64 919114 o 21.3 1,687.1 12.6 SH/W Py IR
- 65 . 920120 25,9 1,681.0 3.5 WS W IR
- 66 918122 2.4 1,6771.9 9.5 SH10 P D
- b7 . 918123 21.9 — — BUCKET PV 1Y
- 68 914430 21.3 32 CF.. W DM
- 69 301 11,0 1.680.7 7.9 SM/2a Py oy
- 10 905131 1.0 1,680 1.6 SH/AH PV M
- 71 501130 - ' - 2.8 . CF PV 1Y
- 12 901130 - “= 2.8 cr Py IR
- 13 901135 18.3 - 1.6 CF - Py IR
- 7 911134 12.0 - —~ BUCKET PV DM
-1 91713% — — - BUCEKT PV D
-6 a139 = — — BUCKET PV b
- 77 803138 8.1 — — BUCKET PV bW
- 78 888072 .= — .o BUCKET. PV - DW
- 19 912076 33.2 - 1.5 GF Py IR
- 80 - 924078 35.2 - 3.2 cr Py IR
- 81 927079 35.1 1,696.2 12.6 SH/25 PV IR
- & 928080 45.3 - 2.5 Cr PY¥ IR
- 83 926081 46.6 — 2.5 Cr Py IR
-84 922082 35.1 - 2.5 CF Py IR
- 8 923084 33.1 — 2.5 CF Py IR
- 86 922085 34.4 - 2.8 CF Py IR
- 87 - 422085 38.3 - 1.9 CF Py IR
-8 C 919014 30.4 — 3.2 CF Py IR
-89 920095 30.3 — 2.9 Cr Py IR
-9 920096 32.2 — 3.2 CF PV IR
- 91 921098 32.3 - 2.8 CF el IR
- 92 927098 36.6 - 2.8 CF Py 1R
-9 9270495 38.9 — 2.8 CF Py IR
-9 927094 39.9 — 2.5 .. CF PR
- 9% 927984 36.1 - 9.5 cr P 1R
- 9 927601 4.6 - 2.5 r PV IR
-9 © 927106 34.0 — 3.2 Cf PV iR
-8 925105 28.8 — 2.3 eF ) 1R

{ 1o be cont’d }



{cont'd }

Avea/ Topo.  Grid.  Static  Water Table = Discharge  Pump gwner- " Purpose

Well No  Sheet Coordinate WL(BGL m ) Altitudetm)  (2/s) and P ship

VFA- 99 34716 620100 29.0 - 2.5 GF PV IR
100 921104 - - 0.6 koW IR
101 92111 26.2 - o BUCKET PV DM
102 922114 3.7 - a4 of PoOIR
103 922113 27.4 1,690.1 7.3 SW25 PR DM
104 923114 27.4 1,690.1 9.5  SW25  PB DM
105 © 98113 27.4 1,696.2 A4 SW25 PR iR
06 92015 N 1,690.1 A4 SH25 PB IR
107 923115 29,0 1,690, 1 4.4 S0 PB IR
108 927116 29.0 1,693.2 A7 - SHM0 PV IR
109 927119 28.0 1,602.6 a4 SM20 PV IR
110 927119 207 — 2.5 CF PV 1D
1 93115 25.9 - 3.2 CF P ID
112 925128 25.0 —~ — — PV ABANDOND
13 925134 25.9 1,667.4 5.0 S5 A IR
114 9310 344 — 5.0 cF P IR
115 93111 33.2 - 2.5 CE P IR
116 - 930111 23 - 2.5 CF P IR
17 936138 27.1 - 2.8 o W IR
118 941139 27.1 - 3.2 o IR
120 895115 36.6 - 4.4 oF P IR
121 892114 38.1 - 3.8 oF W IR
122 891112 34.7 - 3.8 of VIR
123 896113 35.1 - 5.0 cF IR
124 892120 37.5 - 3.8 cF P IR
125 983108 32.0 - 32 ¢F PV IR
126 895105 21.3 —~ —  BUCKET PV DM
127 896126 6.7 —~ - — PV ABANDOND
128 893129 8.2 - - BUCKET PV DM
129 893133 25.3 - 3.5 o IR
130 895135 24.1 - 3.5 o0 W IR
131 895130 10.7 - 1.9 oF IR

{ to be cont’d )



{ coht'd )

_ Gride

Stalic

~Hater Tabie Discharge PUmp‘ Owner- . Purpose

Area/ Topo. . :
Well No  Sheet ‘Coordinate MWL(BGL m) Altitude(m} . (£/s) -and HP ship

CP2- 3 3J/16 892150 - = - - o PV ABANDOND
-6 894148 19.2 - 2.5 CF/20 PV IR
-1 894144 14.0 1,674.6 15.8 SMA0 - PV IR
- 8 890139 - 30.8 - 2.5 CH2s PV IR
-9 890141 30.8 - 1.9 CE/25 PV IR
- 10 893137 10.8 — - BUCKEE: PV DH
- 11 888135 38.2 - 2.% CE/25 PV IR
- 12 894130 26.8 - 2.5 CF/25 Py IR
- 13 889129 23.6 — - BUCKET - PV D
- 14 889129 23.6 - - BUGKET = PV L
-1 884124 28.3 - 2.9 CF/25 PV IR
- 16 884122 S31.2 - 3.2 CE/25 Py IR
- 11 882121 - 36.1 - 2.9 CF/2d PV IR
- 18 882119 AL - 2.2 CF/25 PV IR
- 19 885119 32,5, - 2.5 CH/30 PV IR
- 20 888112 . 30.8 = 2.5 CF/30 PV~ IR
-2 886108 25.6 - - — . - PV - ABANDOND
- 22 885105 32.3 - 2.8 CH/2s BV IR
- 23 881103 311 - 2.5 Cr/26 v IR
- 24 887101 S 33.4 - 2.2 CF/25 PV IR
- 25 884104 41.5 — 2.5 CF/30 WV IR
- 26 884113 39.9 - 2.5 CF/30 PV IR
- 27 885097 30.5 1,696.2 12.6 SH0 Py IR~
- 28 886092 29.1 - 2.5 CH/25 PV IR
- 29 883085 32.6 — - BUCKET PV o
- 36 383072 36.1 - - BUCKET PV bW
- 31 881067 . 41.5 — 2.2 Ck-40 PV IR
- 32 873062 13.2 1,694.7 15.8 SH/25  PB DH
-33 874069 2.5 1,687.7 o =14, SN/ — PB DH(QDA)
- 34 879076 44.5 1,686.8 =321 SH/— PB DH(aDA)
-3 883091 5.7 1,687.1 %29.3 SH/—  PB - DH{QDA)
- 36 883105 65.8 1,667.0 *22.1 W/~ PB DH(GDA)
-3 881113 55.2 1,671.5 *42.5 SH/—  PB DH{QDA)

( to be cont’d )



( cont'd )

Topo. =

arid

Arca/ , ‘Static - Water Table Discharge  Pump - Owner- - Perpose
Well No  Sheet: Coordinate WL(BGL m) ~-Altitude(w) - ( @/s) .and P ship
WP2- -1 3AN/ 4 929077 44.5 - 0.9 CF/10 PV IR
-2 924055 - 547 - 0.9 CF/10- PV D
-3 . 936095 46.0 e BUCKET PV il
-4 930101 2.1 - 3.2 Cf/a0 PV IR
-5 930101 42.1 1,687.7 12.6 SH/30 PY IR
- 6 929106 42.1 1,683.1 9.5 SH/25 . PB D
-1 931106 38.1 1,687.1 6.3 SM/15 - PB D
- & 957152 30.5 — 4.1 CF/25: PV IR
-9 956149 30.4 ~ © 3.8 CF/2h PV IR
- 10 959148 29.3 — 3.8 CF/25 Py - IR
-1 953148 26.8 2.5 CE/25 4 IR
- 12 952146 30.0 — 2.5 CF/25 Py IR
- 13 991144 33.6 — 4.4 CF/26- PY i
- 14 950143 30.2 — 4.4 CF725 Y iR
- 15 950128 38.1 - 2.2 £F/25 Py IR
- 16 948128 28.0 — 3.8 CE/25 PV IR
-1 9421356 27.4 - 2.2 CE/25 PV IR
- 18 844136 32.6 — 2.2 CE/25 PV iR
- 19 933111 37.8 — 4.7 CF/25 PV IR
- 33 937086 49.4 11,7007 — BUCKET  PB D
- 34 943074 65.8 1,709.6 — BUCKET  PB it
HS - 1 344716 910028 * 517 — BUCKET PY Dl
-2 916015 * 68.3 — — " PV D
-3 907992 * 2.4 — — PV Di
-4 920950 61 — — Py 1}l
- % 310003 * 79.5 - — PV Db
- b - 804001 * 19.2 - - Py ABANDOND
-1 501997 =80. 9=xDRY - — " PV D
-8 901997  #+ - 89.5 — 1.8 At PB 1Y
-9 891997 + 851 - — BUCKET PV D
- 10 885993 * 81.9 - - o PV D
-1 883993 = 85.4 — — b Py DH
- 12 876997 * -91.9 - - PV DY
- 13 817990 % . 88,0 - — " Py W
- 14 865016 * 130.3 — — SH/— PV ABANDOND
- 15 850994 * 110.5 — BUCKET PV ABANDOND
- 16 342950 * 110.4 - - " PY DH
- W 856985 = 102.3 — — ' PV DY
- 18 34K/13 850964 = 91.5 — — " Py )

{ to be cont’d )
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v

Arca/ Topo. . Grid . Static  Water Table Discharge . Pump .Owner-  Purpose -

Hel) Mo Sheet Coordinate WL(BGL m ) Altitudem) {4 /s ) and P ship
DK - 1 34K/13 872952 * 87.8 - - BUCKET PV W
- 2 868948 =+ 70.0 - — — S PV o
-3 886919 = 63.4 - — . pe i
- _ 885924 7200 . — 4.1 SH/? PB DH
-4 888901 * 69.9 - -~ BUCKET PV D
- b 838897 * B6Y.2 = — o P oW
- 1 890896 = G40 — - 5.8 SH/30 IR
8 . 890887 * 755 - = — PB ABANDOND
-9 _ 891884 & — oo — BUCKET PV i
- 10 892883 * 0.7 — - " P I
-1 896861 * G627 — — " PV Y
- 12 906845 . = A2.0 - - ! P 3]
- 13 _ 902953 * 81.6 - — o PV DY
- 14 34 0/1 956946 =+ 74T - - — PR ABANDOND
- 1% (17881 * 42,3 ' — — " PY¥ DY
- 16 035878 == 57,0 — 6.3 sH/1 PV )]
PV -1 34 N4 008988 * 112.0 - - BUCKET PV L]
- 2 (12981 * 109.9 - - - PY i
-3 M0/ 992949 * 92,2 — - " PV b
- 4 973947 * 687 - - " PV D
- b 038037 =+ 101.8 — - " Py D
- b . 961010 = 101.0 — — " [ A ]
- 015956 == 859.Q = = . Py o
- 8 022950 = 975 - 1.87 SM/ 7?7  PB W
-9 032949 == 870 — — BUCKET. PV a1
=10 016934 =+ 73.0 = : — ! py Dy
- 11 022914 = (3,0 - — " PV 1]
NOTES : Areca MG = Hian Sundi area, VI3 = valley Tloor area 3
: HP2 = Murdar piedmont area 2, ¥F = Vailey floor area 4
PV = Pingove area, Df = Dashit-i-Khuni area
HS = Hassani area CP2 =.Chiltan picdmont area 2
“Pump type  SM = Submersible pump,  CF = Centrifugal pump ,
Ownership PV = Private owned, PB = Public. — = Without pumping unit
Purpose IR = irrigation, D = Domestic water, . ID = Ipdustrial water

SOURCES : WAPDA, Honiloring Studies on Groundwaler in Quetta Valley, 1986
«HAPDA, Geohydrotogy. of Quetta Valley, 1973 ( surveved in Aug 1969 )
= JICA field survey during the study in Sep-Oct. 1886 and 1987



TABLE A-4.2.2  Inventory of -Existing Wells in Kalat Area

Area/ - Topo. Grid Static Water Table Discharge Pump  Owner-  Purpose
Well No.  Sheet Coordinate WL(BGL m )  Altitude(m) (0/5) and iIP ship
Ch. KL-2 34/ 8 T _ ' - - I PB TESTHELL
T 122 307823 " G8.8 - — BUCKET PV D
123 321835 64.4 - — " PV D
16 109 324870 65.6 - ' - ! PV Dy
10 321860 69.2 - - ' - PV )
121 319903 57.3 - — » Py i
128 313903 - 59.5 - - ' PV DX
129 316898 61.6 - - ' Py 54
130 316888 63.4 — - ' PV - D
B K 313892 65.9 - — ! Py O
DL - 125 334928 61.0 — - ' PV Y
133 303935 55.2 - - " PV W
134 310949 48.8 —- — ' PV it
135 212659 5.2 — — ' PV i
136 317975 59.2 — - ' PV Y
137 344975 45.8 — - ' PV W
SH o 102 317921 249.9 - — Py o
C103 398910 29.9 - - Py )i
104 388503 43.9 - - PV D
105 389909 41.5 — — ! Py Y
106 385001 32.0 - — PV 1]
107 376905 205 — — Py L
108 369901 16.8 = - ! PV bW
109 324810 65.6 - - PV oY
119 321860 69.2 - - ! Py D
124 360492 595 - - PV 0y
126 358013 .58.0 - - " Py i)
Ki-1 311920 65.8 1,755.0 - — PB TESTHELL
KL-4 410927 53.9 1,795.9 — - PB . TESTHELL
1 443912 dry - — BUCKEY Py oy
Ko 138 ' 38.1 - — "W M
0s 47 382733 5.5 — - BUCKET ] I
139 - 387029 32.9 - -~ CF PV. (1]
Mo 380037 32.9 - - BUCKET PV DH
M : 372029 40.6 - — ° P¥ (1}
142 354500 - '37.8 - - Py o
- 143 : - 399031 45,7 - - " Py Dy
4 309037 45.7 - = " Py Dy
145 - 397044 16.8 = — " Py by
KI-3 394035 46.7 - 1,150.2 - SN/ PB/PY  TESTHELL
5 493946 - -SPRING - 8.5 SPRING PB IR/DW
132 376914 SPRING ~— - SPRING PR DW/TR

NOTES : Area CH = Chattii V|Ilage area, TG = Togau village area,”
: DL = Dallo village area, SH = Shahar Waji village area,
IR = Ziarat village area, KL = Kallo village area,  0S = outside of tfic area

Pump type  SM = Submersible pump, CF = Centrifugal pump

Gwnership- PV = Private owned, PB = Pubiic. - — = without pumping unit

Purpose - IR = Irrigation, - bW = Domestic water, 1D = Industrial water
SOURCES :  WAPDA, Internal Hydrogeologic Report NO.3 Reconnaissance Survey - KALAT AREA,

Shirinab-Pishin Basin, JAN. 1978
+ JICA field survey during Lhe study in SEP-0CT 1986 and 1987
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4.4

4.4.1

SEISMIC PROSPECTING

General
(1) Subject

(2)

(3)

Seismic survey for groundwater development for Baluchistan

Irrigation Development Project

Objedtive

The aerial selective gamma-ray spectro prospecting was
carried out as a comprehensive groundwater survey in the

Quetta and Kalat Areas of Baluchistan Province.

In order to supplement the above survey, the éeismic
prospecting is conducted in the areas where the high
gamma~ray intemsity has been detected through rough analysis
of the recorded data at the sité and which have the high'
potentliality for irrigation development.

The objectives of the seismic survey in this study are to -
supplement the existing geological data and to secure higher
precision of the possible yleld and safe yleld of
groundwater to be estimated on the basis.of the results of
the analysis.of the data collected through aerial selective
gamma~ray spectro prospecting and the existing

geological/hydro~ geological data.
Work

Method: Refraction method
Quaﬁtity: Quetta—A Line: 2,200 n

Quetta-B Line: 1,500 m
Kalat Line: 2,300 m

Total 6,000 m



(4) Term

Fleld survey: Nov. 9, 1986 - Dec. 10, 1986 (1 month)
Analysis: Dec. 11, 1986 - Feb, 11, 1987 (2 months)

4,4.2 Geologlecal Condition of Surﬁey Area

(1)

(2)

Quetta Area

Both A aﬁd B lines are located at the Northern alluvial
plain of Dasht~i-¥huni area in the southern part of the
Study Area.’

Geology: Chilltan llmestone of Mesozolc era is superior and
developed widely on the highlands near the survey area.
Parh Group (alternation of limestone and-shale) that is
younget than Chlltan limestone and Brewery limestone of
Tertiary era are oﬁtcropped with the small scale in the
eastern part of Landi H1ll between two survey lines,

FIG A-4.4.3 is prepared based on the recent data about tube
wells by Irrigation Department and also UNDP test borihgs
extenslvely drilled 15 years ago. The section indicates é

trend that coarse sediments of gravel etc. are developed in

the piedmont part and shifted to Iine sediments of cléy ete.
gradually in the central part of the plain. Especially,
QA~14 and QA-16 wells in the center of Dasht-i-Khunil area
are mosgtly clay up to the deep portion. These wells do not
reach the base rock exéept Hassnl Well located at the
southern piedmont of TLandi Hill.

-Geclogical Structure: There are two faults passing north to

gouth at the lLandi Hiil and some faults of east to west

direction at the eastern highlands.

Kalat Area

The prospecting line 1s located on the alluvial plain in the
southern part of Shahar Hajl village and small hills lle at
the both sides,
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Geology: Shirinab Formation of the Mesozolc era is
outcropped on the western hill and is rich of shale. At the
western side of the hill, Wakabi formation of the Tertiary
era is developed and 1s very rich of shale. Spintangil
limestone of the same era is secondly distributed on the
eastern hills. In this area, some test holes have been
drilled in the past year. FIG A-4.4.4 shows the well logs
of these test holes. From the figure, KL—1 and KL-2 Welis
located at the northern and southern parts of the selsmle
prospecting line attaln the base rock at the depth of 100 m
but Ki~4 Well at the far northern part at the depth of about
220 m. Gravel is developed well at the shallow depth and
shift to clay at the depth of about 70 m as shown on the
well logs of ¥I~-1 and Ki-2.

Geological Structure: A fault is estimated to pass through
the eastern side of the seismic prospecting line. According
to the existing geological section (FIG A-4.4.5), the

Tertiary Formation is distributed near the survey line.
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4.4,3 Outline of Progpecting Method

Seismic prospecting aims to obtain the=data_0f rock hardness and
undergrdund'structure by measuring the velocity of seismic wave
that transmits the earth; i.e. this method is to apply the
characteristics of ground that the seismic wave velocity varies
with the kind of solls and rocks, it becomes higher with the
ground becoming harder, the veldcity through the lower layers 1is
higher than that of the upper layers, eté.

The outline of the refraction seismic method is as follows:

a. A vibration is generated by blasting in the earth near the

ground surface.

b, The generated vibration (seismlic waves) that transmits the
earth as direct or refracted wave 1s received by some

selsmometers Installed on the ground surface before blasting.

c. These received waves are amplified about 500 to 50,000 times
and recorded on the oscillograph that has time interval lines
of 1/100 second. Therefore, the velocity difference of
1/1,000 can be identifted.

A B Bz B B4 5 6 GROUND SURFACE:
- BTV '__.v"
"P_"-—
EXPLOSION Sl
' V1
: RECT WAVE UPPER LAYER

= TR \,‘ STRATA BOUNDARY
E ’Y R.EFRAC'I‘ED WAVE - -~. N _\\V//_
Je YR 1T LOWER LAYER

FIG A-4.4.6  Path of Seismic Haves



From these records, the first movement of the selsmic waves
transmitted to The receiving points are pointed out, and the
travel times from the ghot point to the receiving points are
obtained. | | .

Based on the above, the travel time - distance curve is
drawn. In this graph, the travel times ave plotted on
vertical line and the distances from the éhot point to the
receivihg pelnts on horiéontal 1ine. 1In general, firstly the
direct wave line 1is drawn near "0" point and the refracted

wave llines follow 1t.

From the travel time - distance curve, velocity and depth of
each layer are calculated by experimental formula and finally

velocity section graph is drawn.

3 X100~ P I‘
N\ ‘
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2 2 R
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8 1o
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)
= 3
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H | <
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FIG A-4.4.7  Travel Time Distance Curve and Velocity Section



In the refraction method, the upper 1ayer's'velocity is
required to be lower than that of the lower layer and the

'total length of a survey line necessitates 5 times the survey

depth required,

The velocity values computed with the above procedure are

.checked with nearby geology and existing well datra ete,, and

Lhe underground geology around the survey line is egtimated.

The general seismic wave velocity of sediments and rocks are

shown in TABLE A-4.4.1.

As seen from the table the hardness of rocks and seismic
wave velocity in the rocks become higher in proportion to the
increase of the geological ages, Therefore, the seismic wave
veloecity 1s a standard in the interpretatlion of underground

structure.
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TABLE A-4.4.1

of lLavers and Rocks

Seismic Have(P -Wave) Velocnty in Dsfferent Type

Name of Rock

Seismic Wave (P-wave)

(km/sec)
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4.454

Progpecting Work

ey

1

2)

- Preparation

Procurement of Dynamite and Detonator

. The dynamite of 200 kg and detonators of 500 pleces were

procared locally.

The specifibations'of these items are as follows:

Dynamite

- Name r WAVOX 80%

- Size. : 25 mm dia. x 200 mm long
- Density : 1.45 g/em3, Gelatinous

80

e

Grade of strength
Velocity of

i

detonation : 5,000 m/sec
Detonator
~ Kind : Electric detonator No. 8

alumiﬁium éaéing, 51 mm long
with 2 m wire

— Total resistance 1.1 - 1.6 ohms per detonator

LTl

Selection of Survey Sites

Ten (10) areas where emit the high gamma-ray intensity,

"six (6) in Quetta and four (4) in Kalat, were
‘tentatively selected through the rough analysis of the

detected data at the site. Based on the above, the

sites for seismic prospecting were selected in

consideration of the followlngs

a) The survey sites are located in the areas which _
indicated strong intensity of gamma-ray during the
measurement with helicopter.
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3)

b)

e)

a)

£

g)

The survey sites are ldbated:iniéhé areas which have
high potentiatity for the future irrigation
development, ' o

The survey sites have‘comﬁafatifely large watersheds

and the previous studies indicate that the

‘Quaternary Formations in these area are thick and

that_the gravel development 1s vremarkable around the

plains of the areas.

The previous water quality tests show that the well

waters arvound the survey sites are of good quality.

No houses nor public structures/facllities exist

near the survey lines.

The survey results will be used most effectively in

the analysis of the data of aerial gamma-ray spectro

prospecting as supplementary Informatiom to the

exlsting geologlcal data.

The length of a survey line should be more than
1,500 m judging from the depth up to the base rock
estimated based on the existing data..

In view of the above and also considering the selsmic

prospecting Being'the supplemental survey to the aerlal

gamma-ray prospecting and the maximum total length of
seismic line being 6,000 m due to the limited survey

period, two sites in Quetta (A line: 2,200 m and B line:
1;500 m) and one site in Kalat (2,300 n) were selected.

Survey of Prospecting Line

The profile of the prospecting lines was surveyed by a

local contractor before the seismle prospecting work.

Through this survey, the locatlons and elevations of the
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5

shot point and the recelving points were fixed on the

_prospecting line wiﬁh'lﬂ m intevval. Thege polnts were
‘marked with wooden. sticks at the site, and the profile

of scale 1:2,000 for respectlve lines was prepared in

order to put the detected seismic values on it,
Adjustment and Trangportation of Equipment

The -survey equipment requiréd for the fietd survey work

were adjusted carefully in Japén and transported to

Pakistan with the alr cargo. The equipment used is

shown in TABLE A-4.4.2



TABLE A-4.4.2  List of Equibment for\Seism_i,t Prospecting .

Item ' Type . Specification o Quantity

v+ 24 elements
Amplifier TR-7 o * Gain: 90db S |
« Filter: 708z

* 25 elements, dry record

'Fieldgraph + Galuanometer,
Oscillograph | 32 3313-Cc1vw 1

(Model -3220) |- Sensitivity: 23.3 mm/mA

+ Paper speed: 15, 30,
60, 100 cm/sec

Geophone HS-J type * Native frequency: 28Hz 24

* Native resistance: 2150

* Short mask circuit

: attacked -
Blaster Model -1330 * Telephone circuit 2
attacked
= 12 elements (24 core) 2 rolls

Take out cable
* 10 m use

* Steel wire included

1+ 1 roll: 500 m 4 rolls

- Telephone cable

* Parallel vinyl wire:

100 m 3 rolls

‘Blasting cable

' Alarm_siren and flute
* Explosive store tent

Safety tools = Explosive transport 1 set
box, Delivery box
= Others




(2) Measuring_Wofk“'

FIG A-4.4.9 show the concept of the selsmic rvéfraction

prospecting-method.

One spread of measuring work in the field is divided into
three (3) items as follows:

-~ Installation of measuring instructlons
- Blasting work -

~ Observation work

The field measuring work was conducted bf repeating the

above spread.

The interval of the receiving points was 10 m and those of -
the shot points were 460 m.in_Quetta-Afeé and 230 m in Kalat
Aréa_due to_the anticipated comparatively deep and shallow
base rock, respectively. Thermaximum distances between the
shot poini and recéiving points were 1,000 - 1,300 m in
Quetta Are and 706 - 1,000 m in Kalat Area. ‘These survey
diétances were determined in consideration of grasping the

underground formation effectively.
1) Installation of Measuring Equipment

The telephone.cable is ﬁlaced for the ehtiré leﬁgth of a
prospecting line. Twenty four (24) pleces of geophone
for one spread (230 m) are installed beside the survey
wooden sticks and the'maih,equipment such as selsmic
.amplifier and recording Qscillbgraph is-placed at the
central section of the geophones for respective

spreads, The connection of these instruments by using

wire is then perfdrmed in preparation for the blasting.



2) Blasting Work

At thé shot point, a small pit of 1 m deep is dug and

dynamite and a détonatdr are changed in it. The volume
of dyﬁamite'ié iﬁcréaséd or decreased dépendiﬁg upon the
distance up to the recéiving points. The blasting work
is conducted with the signai through telephone from the

operator at the main instruments.
'3) Observation Work

The seismic waves generated by the blasting are
transmitted to the main instruments at the central
section through various paths due to the change ‘of

geologieal structures.

The received seismic waves are changed to electric
signals. They pass through the take-out cables,
amplified by the amplifier and finally recorded
automatically on the oécillograph.

The prospecting work 1s advanced on the survey line by
repeating the procedure mentloned above. However, the
blésting and its observation are conducted from both-

sides of the spread for confirmation purposes.

FIG A~4.4.8 show the concept of the seismic refraction
prospecting method.



Placiﬁg of Telephone Cable
for Entire Length
of Survey Line

Repeat of
Measuring

*2

Installation of Geophone*l

Preparation for Blaststing"‘2

1

Observation of
Seismic Waves

|

Completion

24 pieces with 10 m pitch for one spread of 230 m

» brilling of shot holes

. Charge of explosive

. Warning

FIG A-4.4.8

Flow Chart of Measuring Work .
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4.04,5

"Analysls of Observed Data

From the observed data, the travel time —.distanee curve 1g
prepared., Based on the curve, the data are analysed with the
thedry'offseisﬁié'wave propagation, and the underground
stiucturea'are showﬁ as a aection_diagram of the geismlc

velocity. Many analysing methods have been developed due to the

'complicated underground structures.

USUally,.the analysis is performed with ARBC Méthod (known as
Hagiwara's Method) and the section dlagram is modified and
finalized through the path caleculations,

The following 1s the outline of Haglwara's Method:
a. To bté@afg.the travel tine - distan¢e curve by recelving the

- gelismic waves from two shot polints that are in adverse

direction each other against the_observation points.

" b.  To calculate the travel time and real velocity of the 2nd

1ayef on the assumption that the lst layer is excluded
_apparently and that the receiving points are set on the

“surface of the 2nd layer,

e, To calculate the thickness of therlst layer

g Tea The
g AD o
S~ B .- |
%.. I:BA -_—- bt ‘.‘/ £ ‘. > ] T_AB

£ JUST o 1} 2
e TBD ."""-._‘\

A DISTANCE (m) _ B
) B
g ' '
A%A Y AU “g" B
_ D'DEVZ
dAdesdD Depth of V3 Jayer at A,B and D
bDp' L D'R
Y : Refraction angle

FIG A-4.4.10 Seismic Speed Graph and Seismic Water Path
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In the case of the undulated boundary surface (A -p = B), the

travel time Tpp of refracted wave from the shot point A to the

observatlon polnts 1is:

Tap

=T

KKW A"D"

. r——h

DD

+

Vi V2.

+

V1 AT TN B BT AT IS RTINS AP IR

(1)

where; AA", A"D" and D"D are distance of route the waves pass

through.

With the same mammner, Tpp, Tpp and Tpy ave:

Vl +V2 +Vl LA B R RS AR RN RN EEEEEEEEEENEEE R
TBA

BA" AD" D'D' DD’ D'"B" 3B"B

Vi V2 | VI civennnans

From expressions (1), (2) and (3),

_ D"D D“'D _ D"D'._ D.D"'

Tap + Tpp ~ TAB = 57~ + 71 ) 7

RD" _ _RD"_ _ DD’

vVl V281ingp v2

"D _ DR , RD" _ dDCosg , DD’

v vi ' vi vl V2 einnonnranssvnonsnsnnsns
With the same manner,

DBY _ dDCosg , D' D

Vl Vl V2 ."‘IIII.'IIII!I‘....'I'.'l'II."II'

AA" _ dACosp , A'TA!

Vl Vl V2 i.o‘abbllli.la’l'i.l.t'l.'.i!llll'.b.

BB” _ dBCosei'fﬁﬁﬁw

Vi vl V2

R R EE N E N NI N I BT R LI T B B B A S I
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From expressions (4), (5) and (6),

: . : 2 dDCose
Tap + Tpp = Tap = =77

1]

Vi TAD + TBD - TAB

- CGSG f 2. ‘ e (9)

dD

In-expressioh té);_Vl isg obtained eagily from travel time, and
Tans Tpp and.TAB are values to be measured. Here, 1f Cos 0is
identiftied, thickness dD of.tﬁe layer is obtalned. Cos 6 becomes
clear, if velocity V2 1s obtained.

From expressions (1), (5) and (7),

_ dAcoSy . ATA" , A'D" , D'D' , dDCosp
vi T vz vz PVt TVL e Q0

TaD

Travel time T'AD is expected as follows:

o e Tan + Tap - Tap
AD = Tac ~ 5

WrbmasasssssasEasanasaaarn e (11)

" The values_in'the_right side of this expression are obtained

through measurement.
From expressions (10) and (11),

_ dACos6 | A'D!
Vl v2 ‘h“l‘_.‘.."..".‘...'..'.“."."- (12)

T"aD

This i1s a linear expression to A'D'. In the case that an angle d

of boundary surface to horizontal plane, A'D' is equal to the
distance betWeen_points A and D.: When it is placed as X,

expression (12) become as follows:



Nameiy, due to a pair travel time - diSténce ¢urvea_fr§m shot
points A and B 0f'botﬁ sldes, T'AD7of every obéerv&tioﬁ points
are calculated using exﬁression {12) and'v2 can be obtalned frdm
gradient of straight line (ABC method line) commected those
points. Further, thickness dD of Vi layer is known using
expreasion (9). ABC method lines can be drawn easily by applying
"Figure Drawing'Method“. .

From expression (11),

Typy o Tor o T
: AD + "BD + -
T'p = Tap = D AB _ ADZ BD ;;3 eeeees (I3)

Namely, half values of total travel time Tpp (Tpa) are drawn
parallel to the horizéntal line. . Next, values 6f.(TAD - TﬁD)/Z_
'in every receiving points are picked_up and plottéd on the:upper
hand_loﬁer gsides of the paréllel lines in each points; and these
points'are'éOnnetted. Also, using depth dD of each receiving
points dbtained from expression (14) as a radius, 1f half circles
are drawn centering the points of each ground surface aﬁd.its
.circular top are connected, its line become a boundafy between

- upper and lower 1ayefs.
Path calculatidn 1s as follows:

Firstly, underground structures are_roughly estimated, and the
propagated routes of selsmic waves from the shot point to each
observation point are drawn on the figure and its transmitted
times are calculated. MNext, these are compared with former
travel time - distance curves. In the case of these two values
being not matched, the underground structure is corrected. When
path routes are drawn, a theory of incldent refraction in
boundary by Snell rule ig applied. By tﬁis way, the values
obtained through ABC method can be corrected.



4,4.6

Result of Analysls
(1) Querta A-Line
The ground velocities of this line are classified as shown
" in TABLE A-4.4.3.
TABLE A-4.4.3 Seismic Seeed and Description
on Each Laver in Guetta A-Line
' ' Average Maximum
Classifi~ | Veloclty _ Estimated
cation {(km/sec) thickness | thickness Geological Conditions
(m) (m) _
No. 1 o . . Dry soll
layer 0.2~0.3 =6 : 10 and clay
No, 2 P ' : : :
layer 0.6 10 18 Clay Quaternary,
: Unconsoll-
Yor 2 10.8-1.0 | 35-40 60 Gravel and clay | 92ted
ayer .
No. 4 1.5-2.0 150 390 Semi-consolidated
layer . gravel and clay
Né. 5 L ' L L ' Mesozoic,
layer 4.6, 5.6 Base rock Congolidated

Nos. 1 and 2.1ayers arelcomparatively dry formation judging
from thelr main composition of clay and slow velocity of
0.2 ~ 0.6 km/sec.
- 300 m,

some clay, and the velocities in the layer are

No. 2 layer exlsts only at the section of
No. 3 layer is formed mainly by gravel containing

0.8 - 1.0 km/sec. It is not consolidated and comparatively
dry. '

No. 4-1éyer'is widely distributed with its. average thickness
of 150 m.
'grével and clay and the velocities in it being.

1.5 ~ 2.0 km/sec. No. 5 layer is base rock and velocities
in it are 4.6 and 5.6 km/sec with little variations.

It is semi-consclidated due to its composition of

The comprehensive analysls of the above and previous

geologlcal data has concluded as follows:
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_The,formations from No. 1 to No. 4 layers are unconsolidated
~ sediments of the Quaternary Formation and No 5 layer is the
base rock of Chiltan limestone of Mesozolc Formation. The
estimated depths up to the base rock are 250 m in deep

poftion and 200 m in.shallow portion, |

(2) Quetta B-Line

The ground veloclties of this line are classified as showm
in TABLE A-4.4.4

TABLE A-4.4.4  Seismic Sneed and Description
| on fach layer in Quetta B-Line

Classifi-| Velocity tﬁIEEEEZS' tﬁ?ﬁiﬁgﬁg Estimated
cation (km/sec) Geologlcal Conditions
. (m) - (m) _ .
Noo 11 5.3-0.5 | 5-6 14 Dry soil
layer and clay
- Quaternary,
or 21 0.9-1.1 10 16 Dry gravel Unconsoli-
yer. y dated
No. 3 0.8-1.0 90-100 140 Semi—coqso;idated
layer gravel andiclay
No. 4 3.0-4.8 - _ - | Base rock _ Tertiary/
layer ) Mesozolc
2.1, 2.8 - - Zgz;velocity " . { Consolidated

No. 1 layer is dry.éoil and clay with the velocity im it
being 0.3 - 0.5 km/sec. No. 2 layer 1s composed of gravel
and clay in dry condition with the velocities in 1ts heing
0.9 - 1.1 km/sec. No. 3 layer with the velocity of 1.6 —
2.2 km/sec is thick and widely distributed, and may
correspond to No. 4 layer of A~Line. It is composed of

gravel and clay.

The lower part of this layer may be weathefed sediments.

No. 4 layer has a variety of velocities, 4.8 km/sec in
highlands and 2.1 and 2.8 km/sec in towlands. The depths of
the layer are shallow in the mountain side and deep {about
150 m) in the low plain.
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Cdnsequentiy;'ﬂo. 1 and No. 3 layers are consolidated
' sedimenta of the'Quaternary Formation and No. 4 1éyer.is the
bage rock of ‘Tertiary/Mesozolc Formatioms. The low velocity
" in the base rock may show the exlstence of iouhg Tertiary
Formétion or weathered zone. The lower velocity zone nay

reflect the fisaured zone.
(3) Kalat TLine

The'ground.velocitieé of this line are classified as shown
in TABLE A-4.4.5.

TABLE A-4.4.5  Seismic Speed ‘and Description
on tach laver in Kalat Line

o : Average Maximum
Classifi~ | Velocity Estimated
cation (km/sec) thickness | thickness Geological Conditions
(m) (m) . _
No..1 2 '
layer 0.2~0,7 4=5 10 Soil and clay |
No. 2 Quaternary,
1 * 0.6-0.8 10 i6 | Clay and sand Unconsoli-
ayer : Co T .
. dated
No. 3 : . : -
1 6.8-1.0 50~-100 140 | Gravel and clay
layer
Né '4 : _ Tertiary/
1a‘er 2.0-3.5 - - Base rock - Mesozolc
4 : Consolidated

No. 1 layer is dry soll and clay with velocities in it being

- 0,2 = 0.7 km/sec.  No. 2 layer is composed of clay and sand
in dry condition, It is distributed only in the section of
the 1ine between 1,400.and 1,600 m. No. 3 layer indicates-
the velocities of 1.2 ~ 2.0 km/sec and is composed of gravel
and clay. It is thick in the section between 1,400 and

2,300 m. It may coantaln the weathered rocks near point 0 m.

No. 4 layer 1s the base rock with the velocities in 1t being
comparatively low, 2.0 - 3.5 km/sec. '




Consequently, No. 1 to No. 3 layers are'unconsolidated
sediments of the Quaternary ?ormation and No;-4 1ayef ig the
hage rock of Tertiary/Mesozoic Formaticus. The low velocity
in the base rock may ShOW'the existence of young Teftiary
Formatlion or weathered éoneé_ The lower veloclty zone may
reflect the flgsured zone. The depth of the'sédiments 1s
shallow; 70 m at the deep section.



_QUETTA A-Line
60050 —

200

500 1
400 -
#3001 )
i A i
= h i
: . .
- h i
100 - A ! )
ol 1 i ; : - ; ‘ 800 — 1000 ' 1200 |
1 ) 600 DISTANCE (m)




ereitey - AR SIS B SLE R SN SRR 2 S
—
SN

A
o 1000 ' ' 1200 ' 1400 ' 1600 ' Y ' , ‘ ,
DISTANCE (m) - 1800 2000 a0

FiG A-4.4. 11 Seism'ic Speed Graph. Quetta A-line

UNIT KM / SEC

_SCALE
HOR!'ZONTAL
90 Q %0 Om
o e =, e
VvERTICAL
50 o 0 00m

THE ISLAAIC REPUBLIC OF PAKISTAN
THASTER ™ian STUDY
ON

BALLCHISTAM RRICATICH EEVELCRLIENT FHOUECT
FLRCUGH RO DWATER DEVELOPMENT

SEISING PROSPECTING
SEVSIAIC SPEED GRAPH
QUETTA A - LINE

DATE MAR 1987 ! DWG.. NO A-

L1008 IMTERVIATICR 1AL _COOPERATICTI AGERMCY

{(JI1CA)

£ T T A A T AN S A R S R — o




SR

QUETTA B - Line
Xio™
500 -
a0
2.1
400- .
32
0—4:\‘:‘"0_Ok
\\\\%\;Z
3
®
2 500 -
=
l_
200+
|ool//
l | 400 i €00 ' 800 ' 1000 | 200
DISTANCE (m)

FIG A-4.4.12  Seismic 3p




o R T R T e

1400

1500

1000

FlG

A-4.4.12

1 200

Seismic Speed Graph. Quelta B-line

UNIT KM /SEC

_SCALE |

HORIZONTAL

THE ISt AMIC REPUBLIC OF PAKISTATL
TTUTRABTER PLAN STudy T
CON

HAUCHS TAL BRARIGATICH CEVELOPRZERT FRCECT]
| THEUH GROUNDVARTER CEVELGPIENT
SEISIC PROSPECTING
SEESINT SPFED GRAPH
CUETTA "B - LINE

DATE [AAR 1987

IAFIET HEITERTIATIONEL COOFERATHON AGETICY|
(JICA}

DWG  NO A-2

4z o i a\ i —
; 600 ' 800
DISTANCE (m}
o S R e e b e S e T o NI




KALAT — LINE

X167

600 -

28

500 1

400

Q

o

"y
[295) IN1 L

200 A

DISTANCE ()

T P
.

{ESE



DISTANCE (m)

2200 2300

FIG A-4.4.13 Seismic Speed Graph. Kalat line

UNIT KM 7/ SEC

HORIZONTAL
3)“_ _ O__m_..FD 120m

VERTICAL
0

_gom

THE ISLAMIC REPUBLIC OF PAKISTAK

MASTER FLAN STUDY

oN _
BALUCHISTAN 1HAUICA NG DEVELOPAEMT PROJECT!
_ TEARGH GRORCWATER DEVELOPMENT
SEISMIC PROSPECTING
SEISMIC SPEED GRAPH
KALAT LINE

OATE MAR 1987 OwWG. NC A-3

JAPAN INTERNATIONAL CCOPERATIGN AGENCY

tJiIca)







4.5 WELL TEST

4.5.1  GENERAL

(1)

(2)

(3)

Objectives

.The_field_well test was carried out to confirm the results
obtalned through the aerial selective gamma-ray spectro
prospective conducted in the First Phase of the Study.
Executing Agency

A1l the well test works are being executed by Hydrogeolbgy
Project, WAPDA, Quetta under the assistance of the JICA
Study Team,

Locations

The locations of the test wells were selected on the basis

of the results of the groundwater survey in consideration of

the possibllity of future irrigation'development, necessity

of test result to supplement the existing test results, the

verification of the uncertain results come up thfough the

analysis, etec. The following seven (7) sites were selected
through discussions bhetween the Governmment agencles

concerned and the Study Team and site investigations..

~ Vein Name Location Boring No.

Quetta Area
Vein A: 1,000 m NNE of Balal Khan village QT-JICA—4*

Vein B: 1,500 m NNE of cross of Bolan Road
and Rallway QT-JICA-3*

Vein D: Beside Karam Dad Village QT-JICA-2

Vein E: = 600 m west of Rasul Bukhsh Village QT-JICA-1

Note: * Tentative number



Vein Name Location . ' Boring No.

Quetta Areca
Vein A: 1,000 m SEE of Shahr Hajl Village  KIL-JICA-1

Vein B: 1,000 m east of Kallu Village _ KL-JICA=2

Vein C: 1,000 m SE of Dallo Village - Ki~JICA-3

(4) Term (ref. FIG. A~4.5.1)

KL-JICA-1: July 16, 1987 ~ September 17, 1987
KL-JICA-2: September 21, 1987 - November 27, 1987
KL~JICA-3: Séptember 28, 1987 - December 3, 1987
QT-JICA-1l: November 18, 1987 -

QT-JICA-2: November 15, 1987 -

QT~JICA-3:

QI-JICA~43

4.5.2 Drilling and Water Sampling

The drilling works and water sampling test were conducted with
the following procedure: (also ref. FIG. A~4.5.2)

Step Description

1. To drill the 8-3/4" ¢ pilot hole upto the bedrock and to
~ stop the drilling operation after penetrating into the
bedrock by about 5 m.

2. To conduct the electric logging 1in order to obtain SP and

resistivity values,

3. To conduct the first water sampling test in the alluvial

layer.

(to be cont'd)



(Cont:'d)

Step Déscriptidn

4. Te continue the dfilliﬁg of 8-3/4" 4 pilot hole upto the
designated depth (max. approx. 300 m from the ground
surface).

5. ‘To conduct the electric logging in the.rock layer,

6. To conduct the second "composite" water Sampling-tESt
only in the rock layer.

7. To ream the pilot hole to 17-1/2" 4 hole and stop the
-reaming'operation after penetrating Into the bedrock by
at least 1 m. ' '

8. To install the 10" ¢ césing pipe

9. To make gravel packing outside the 10" & casing pipe
‘installed.

10. To £fi1l the clay pack at the top of the casing pipe for
the depth of min. 15 m after the gravel pack is
completély settled.

11, To install the 6" ¢ casing plpe in rock layer section in

case it 1s judged necessary.

The locations of the strainer plpes for water sampling test was

declded based on the cutting samples and electric logging

resgults,

strainer

In the case of water sampling in the bedrock, the
pipes {16 feet long) were placed at all the expected

groundwater layers. In order to cope with the above aﬁticipated

requirement, five (3) pieces of strainer pipe were stocked at the

‘site during the boring operation.



The works after gtep 7 were conducted only in the case of good

reaults of wﬁter gampling test.
4.5.3 Pumpig Test

The pumping.test'shbuld be performed by using a sdbmersible pump.
in order to obtain the accuréte well gapacity. However, in case
that the groundwater level Is too iOW for the submersibig punp
available, the alr-14ift pumping test could be conducted after the
well is complieted.

(1) Pumping Test with Submersible Pump

The pumping teat at the site is to be performed with the

following procedures:

a. After well drilling, completion works aﬁd hole cleaning
are finished, a submersible motor pump (47 - 8") for the
punping test shall be lowered into the well hole.

b. The pump shall be lowered upto near the base rock,
because the drawdown of water level during the test

operation is expected to be big.

1/

c. No observation wells—=" for the test are to be drilled in
" consideration of the usual pumping test adopted for deep
tubewells.

d. An observation plpe for measuring the chénge of
groundwater level (i.e. 3/4" gas pipe) shall be lowered
into the well hole at the same time when the test pump 1s

lowered.

1/ This is used popularly in deep well of Japan as a simple method.



e, The pumping.test shall be conducted in the following four
(4) steps:

. 1st step: Preliminary pumping test
Znd step: Step drawdéwn test
.3rd stept Continuous discharge teést
4th step: Recovery test

£f. The préliminary pumping test shall be performed for 2 fo
3 days, and water level, discharge, lifted sand and
turbidity shall be observed and recorded from time to
time.  Through this test, approximate maximum discharge

capacity will be obtained.

g. The step drawdown test shall be performed by changing
the discharge volume in ‘3 steps from small volume step
to the max. volume step. Each pumping period shall be .
min. 2 hours and the same values mentioned in item f.
shall be observed and recorded every 15 minutes,
Through this test, the cfitical and optimum discharge
will be defined. '

h. On next day of the step drawdown test, the continuous

| discharge test shall be performed by pumping out the
optimum discharge volume for at least.24 hqurs after
measuring the static water level, and thé water levels

shall be recorded conmtinuously (depression test).

The observatlon of water levels ghall be made with the

following manner:

10 min

0 - = 1, 1.5, 2, 2.5, 3, 4, 5, 6.5, 8 &

10 min '

10 - 100 min = 10, 15, 20, 25, 30, 35, 40, 50, 60 &
in 80 min

100 - 310 min = 30 min interval

310 ~ 550 min = 50 min interval

550 = 950 min = 100 pin interval

950 ~ completion = 200 ~ 300 min interval
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During this period, lifted sand, turbidity, water

temperature and electric conductivity shall also be

recorded. At the final stage, a water sample of 5
. 1litres shall be collected for quality test.

1. After the pumping operation is stopped, the recovery
test shall be performed with the same ménner as for
continuous_dischérge test for at léast 24 hours and the
field pumping test will be completed.

By analysing data recorded at the site, the wvalues of

trangmissibility, permeability, storage'coefficient,

specific capacity andzthe clrcle of influence shail'be
. obtained.

(2) Air-1ift Pumping Testl/

The air-1ift pumping test should be conducted with the
similar manner éppliéd'for the pumping test with a
subrersible pump except for the étep drawdown and depression

tests which can not be made by this test.

Siﬁéerthe'storage'céefficient can niot be obtalned in this
' case, the actual surveys for influence to nearby wells are

required.

4.5.4 brilling Rigs and Equipment_

(1) Drilling

Rig: t Top~750, truck mounted type
Englne : 235 HP
Mast :+ 12.2 m high, steel framed

1/ This method was tised usually -in past time when no submersible pump
was available, (FIG A-4.5.3),
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Bit

Reamer

" Compressor H

() Caéing
10" 4

Stralner

an

aw

Gravel Packing

8-3/4" tricone

:12-1/4", 17-1/2" opener

"XRH, Atlas Copco

Discharge 21 m3/ min X working pressure
20.3 kg/Cm

Outside dia. 262 mm x inglde dila. 252 mm
thickness 5 mm mild steel

811t type, slit width 1.5 mm, open area
7.21%

Gravel size 1/4" and 1/8"

(3) Measuring Instrument.

Flectric Logger:

Water Table :
Measurer:

4.5.5 Results
(1) KL-JICA-1

1) Progress

Widco logger, Gearhart — Owen made
type 1300 & 3200
Electrode interval 18 cm

Welbhd, England made

As shown in FIG AQA.SHA, gravel rich layers exists from
around ground surface to the depth of 69 m and then ciay
layers continue upto the bése rock of shale at the depth
of 103 m. At 108 m, first drilling was stopped and the
water sampling test was ﬁefforméd. Then the piliot hole

was reamed and 10 6 casing pipes were placed upto

.104 m. Outside of_the casing pipe was packed with

gravel, The straiher'pipes wefe placed at the sectlons
of 48 to 54 m and 60 to 66 m.



2)

3) |

The additioﬁai-drilliﬁg was performed upto 200 m In 6

~days, -The geology from 108'm to 200 i judging from

cutting samplés are mainly shale and thin limestone

“layers exist in some portions. Second water'sampling

test was perforﬁéﬁ but satisfactory dischafge was not
obtained. The additlonal drilling was further performed
and finished at the depth of 300 m, The cutting samples

of this section showed a little more llmestone content

than that of the upper sectlon.
Electric Log

The electric logging tests were performed at each
driliing end (108 m, 200 m and 300 m). It displays high
resigtivity upto around 65 m, It corresponds to gravel

1ayérs.

The curves between 108 and 200 m of S.P, and resistivity
indicate that the shale including thin limestone layers
is superior. Moreover, this limestone layer is expected
to be high permeabllity due to the shape of resistivity

and S.P., curves,

High resistiﬁity was not measured in the thin limestone
1ayers'between 200 and 300 m. This 15 maybe due to the
limestones being shaley.

Drilling Rate

The driliing rate shown in FIG A-4.5.4 displays that

soft layers of_rate between 10 and 20 min/m. cantinue

'_upto the bottom except sticky clay 1ayer around 150 m

depth, The geology of the gald well 1s assumed to be
the Quaternary and Tértiary formations.



4)

Water Sampling

- At each drilling end, water -sampling test was conducted

and groundwater table was meaaured. The test results

are as follows.

The first water sampling (depth 94 to 100 m)

(FIG A-4.5.5)
. Lift pipe

+ Alr plpe

2~i/2“ 4
3/4” ¢

. Discharge of 7.5 1/min at the beginning became
5.6 1/min after 3.5 hours.

+ Static water level:

+ Conductivity

. Temperature

.

72 m

470 uS/cm

_25°C

The second water sampling (depth 100 m)

; Lift pipe

» Alr pipe

© .. Casing pipe

4" 4
1"
10" ¢

. After 3 hours, discharge became zero.

. Dynamic level

- 100 m

The third water sampling (depth 183 to 189 m)

. After air drilling, 1t was conducted.

. Small discharge after one hour.

» Conductivity
» Temperature
. Water level

. Recovery of
water level

300n 8/cn
25°¢
more than 133 m

24 m in 50 hours

Water level observation (starting depth 251 m)

. Recovery of
water level
4~-69

-
.

40 m in 31 hours



5)

The forth water sampling (depth 266 to 272 m)
(FIG A-4.5.5) '

. At the beginning, dischatge was 68 1/min due to
watgrlfilled in the hole during electrie logging,
but decreased to 22 1/m gradually after 3 hours,
and 5.6 1/min after 8 hours,

1,185¥ S/em
25.5°¢C

, Conductivity

. Temperature
W&ter level observatlon (starting depth 205 m)
(FIG A-ll' |.5u 6)

. Recovery of Water level: 24 to 48 m per day
. Water level flnally reached 57 m after 4 days

Conclusions

a,

Judging from the aboVve results, the average specific

- capacity will be 1.5 m3/d/m d.d, ranging 0.6 to

2.4 m3/d/m 4.4 due to the depths and layers.

The rate of the discharge 18 assumed to be 25%Z from
the alluvial section, 50% from the layer 100 to
200 m and 25% from the layer lower than 200 m.

A few groundwater is stored in the Quaternary

Formation due to its shallow depth.

The fissures in the base rock may not contribute to
the storage of groundwater due to 1ts soft layers of
shale, causing the plugging of flssures through its

collapse,

Limestone is not fully developed in the base rock,
may causing little discharge from the base rock.

The faéﬁ'that there was a diécharge from the base

rock, even though its quantity was very few, proves

‘the poSsibility of the existence of ‘aquifer in the

base rock, 1f the limestone is developed and it has

fissures.



(2)

RI~JICA-2

1)'

2)

Progress

Gravel continues from ground surface to the depth of

93 m and combined layers of clay and gravel appear upto
the depth of 110 m, Then clay layer continues upto the
base rock of shale at 150 m depth, Limestone layer
starts from 160 m. The drilling was stopped at 162 m
and the first electric logging and water sampling tests

were performed.

Thé driiling works were continued. the limestone layer
ends at the depth of 168 m. Then combined layéré of
shale and limestone continue upto the depth of 199 m.
Then pure shale continues upto the depth of 292 m. Then
limestone appears only for 6 m thickness and again it is
changed to shale. The driliing was_stoﬁped at the depth
of 300 m, After that, the second electric logglng and
water sampling tests were performed. Then the '
installation of 10" casing in 1ts upper porticn and

pumping test were undertaken.
Electric Logging

The curves show the high resistivity upto 100 m and low
resistivity 1in deeper part,.corresponding to gravel and
clay, respectively. At the depth around 160 m, there is

high reslistivity value layer of about 10 m thickness. |
This corresponds to limestone and is expected to have

high permeability due to its curve shapes.

Then, low reslstivity values continue upto near the
drilling end of 300 m. At the deepest part, a little
high value appear but it 1s thin. From these curves,
gravel layers in the upper part and limestone at around

160 m depth were expected as aquifers.



3

4)

Drilling Rate

The drilling rate shown in FIG A-4,5.7 displays that

sth'iayera of rate between 10 and 29 min/m COﬂtinué

upto around 200 m depth and then change to hard layers

of dbout 30 min/m, It is assumed that the former 1s the

.Qnaternafy'and Téftiary formations and the latter is

:_MESOZoid'EOrmation.

'Water Sampling Test

The test was performed by using compressor, 11ft pipe
(4" ¢) and air pipe (1" 4) as same as for KI~JICA-1.

The results are as follows:

a. The first Water sampling (drilling end: 162 m)

- First 8tage
. Discharge
» Conductivity
. Temperatute

", Water level

- Second stage
. Discharge
. Conductivity
+ Temperature

. Water level

- Third.stage
. Discharge

(straiher'depth:' 87 - 93 m)
25 gpm (95 1/min)

720 ¢ S/cm

25 %

46 m

(strainer depth: 70 - 76 m)
20 gpm (76 1/min)

720 uS/em

18 ¢

44 m

(strainer depth: 44 ~ 50 m)
nil’ '

b. The second Water Sampling {drilling end: 300 m)

- First stage
. Disch&rge

* (strainer depth: 159 ~ 165 m)
: nil '



These results show that upper part 1s gOod-aquifer and
lower part has less pdssibility to bear water,
Accordingly, the casing Ingtallation upto 107 m and
cleaning of lower pért'into:thé bottom havé'beeh
determined between WAPDA Hydrogeology'Project and JICA
Study Team. 10" dia. strainer were installed between 47
and 53 m, 56 and 62 m and 64 and 97 m. Its total length
becomes 45 m. | |

5) Pumping Test
After the preliminary pumping test for 5 days, the step
drawdown, continuous discharge and recovery tests were
undertaken. The results of these tests are as follows:

a. Step Drawdown Test

The step drawdown test of three (3) steps were

performéd. .The'results éreras follows,

' | Specific
Discharge Drawdown Capacity Remarks
60 gpm (0.227 m3/min)  11.34 m
80 gpm (0.303 " )  25.44m 17 m3/d/m  Static water level
o I ' 44,11 m

85 gpm (0.322 ") 40,41 m

The above flgures are plotted on log-log paper and a

‘step drawdown curve is obtalned.

In general, its curve has the slope of angle 45° in
the lower part'and changes to over 43° at the some
point In the upper part. At this changing point,
the critical discharge 1s obtalned and the optimum
discharge 1s 80% of it.
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Since the slope of the curve 13 over 45° wholly, the
critical discharge of this well cannot be obtained.
One of the causes is the exposure of the strainer at

1ts_ﬁbper_pdrtion;

Judging from the sand content in the sample through
the process of the pumping tests, 80 gpm

(0.303 n3/min) in the second ‘step of the step
drawdown test in: which the sand content is.10 to 50
ppn would be the suitable maximum discharge of this
 well. Allowable standard discharge of the
submérgible pump 1n Japan 1s 50 ppm for example.

The Bpecific capacity wculd be 17 n3/d/m taking the
value at that time.



b

Continuqug_Discharge and Recovery Tests .

The continuous discharge test with 80 gpm
(0.303 m3/min) and : the depression test were

' undertaken.

After the test operation for 24 hours, the pumping

was stopped and the recovery test was conducted.

.Through these tesats, the aquifer.coefficieﬁts
_(transmissibility,'permeability and storage) were

calculated as follows:

- Theis Method .
As: shown In FIG, A-4.5.7, the depresSion_test

. results are drawn.as 8 - ri/t curve'pnzlog-log
paper whiéhitakes_dfawdown (s) on the'vefﬁiéal_

axis and 72/t (r: In general, distance from this
well to observatlon, but in this case, radius of
this well, t: time from the start of pumbing) on
the horizontal axis.
Based on this graph and standard curve of W(u)uu,
the aquifer coefficients are obtained using the
following Theis Equation.

T = e W)
' 4UTE
5= =5
r
- L
K = —
Where;

T:  transmissibility (m3/min/m)
Q:  discharge (0,303 m3/min)
s:  drawdown (17.7 m)
W(u): well function (5),
._d: well function (2 x 10~3)
S: storage
r2/ts (radius of well)?/time (8.9 x 104 w2/min)
R: permeability.(cm/sed)' |
M: aquifer thickness (45 m)



0,303 % 5

T = g 14 7T 6.81 x 107 m /min/m
4 X 2 x 10 3 X 6 81 % 10 ' o
g = : =5 = 6,12 x 1072
: 8 9 x lO
. K, 6 81 2512 60x.}9q “‘2e52 x 1074 cQISeé

e Reeovery Method

‘As shown in- FIG, A-h: 5 8, the recovery testresults
are drawn as st - t/t' curve on semi-log paper
,that takes’ drawdown (sr) on the ordinary scale and
-t/t' (t: time from the start of pumping, t': time
from theend of "pumping) on the log scale. From
this" curve, “4sr that is thedrawdown in one cycle
of log tlt' is obtained and the aquifer

" ecoefficients are calculated using the following

equation.

ASI‘

p - 0:183Q

X =J%§-
' Where;‘ :
ST atrahsmiseibility (u3/d/m)
Q: discharge (0. 303 n3/min)
" AsTi "drawdown in one cycle of log t/t (8.0 m)
KX permeability (cm/sec)
M: Iaquifer thickness (45 m)

.'T 2 0. 183BXOg .303 6.93 x 1073 3/min/m

R -_3
K =:§.93:2512p60x 10? 2.57 x 10'4 cm/sec




The summary of'thészSulta obtained through above

;twb'methodé is as follows:

Method

Transmissibility(T) ?ermeability(K) Storage(S)

_ o3 minsm o emfsec _
| Thels 681 % 107% T t2052'x 107 6,12 x 1072
'iRécdﬁery°w ._6;9312 10&3! L 9.67.%-10~4 : '*
Average = 6.87 x 1073 2,55 x 1074 6,12 x 1072

G

Circie,of,Influence

- The influence to nearly wells is calculated using
Thels Equation. - '

T = 571\'-3 Wa)
5= —3%%5—
._thfe;_ _
‘T 6.87 x 1073y 3/min/m
&1 0.01 m (supposing the influence of drawdown
is 1 cm)
St 6.12 x 1072 .
t: 1080 min (operation for 18 hours a day)
Q: 0.303 w3/min
R: (distance upto the place whicngive the
' influence of 1 cm drawdown)
vt = 4aTs. _ 4 x 3.14 x 6.87 x 1073 x 0.01
q T 0.303
=0 00285 -

From u - W(u) function table, u- that correspond to
W(u) of 0 00285 is 4.2. R (cirele of influence) isg

calculated as follcws._

. X . : " o
. 4Tty o A% 6.87'x 10 ~ x 1080 x 4.2
o -

0.0612
245 m
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Therefore, the wellsithatcare located far from this
well by more than 45 m.will not be influenced.

',A.S)'IQOﬁclusiqc .

. Specific capacity of 17 m3fd/m Was obtained from the -
pumping test. this was not able to attain fairly to

'prima:y_expeCted value,

It is. judged, ffcmeiéﬁﬁOint‘of thefgéology, that the
Quaternary formation isngOd condition for aquifer due
to rich-gravelflayersfbuﬁ bﬁSe?tock in deeper portion is
nct~good due to pocr-limes;éﬂé:fhicknéss ag same as
RL-JICA-1, even if there is limestone layer of § m thick
at 160 m and it is expected to has permeability -

according to electric log curves.

Based on the punping test fesults, it is estimafed that
transmissibility coefficient 15 6.87 x 10~3 3/min/m
_ permeability 2 55 X 10"4 cm/sec and storage 6.12 x 1072,

- (3) KL-JICA-3
l) :ércgresé

_ Gravel rich layers continue from 9m te 108 m and then
“ change to. clay. Gravel layer appears agaln at 186 m and
'contingcs upto-205.ﬁ.ffom ﬁhe:e.liﬁcstone layer starts.
-The:drilliﬁgiwaé.Stopped:at5210'm. Then electric
logging and watc? sampling tests were performed. The
limestone 1ayé} continues upto'252‘m and then changes to
combined layer of shale and 1imestone. It changes to .
“clay at 263 m. The drilling was stopped at 300 m.
iAfter that thc second electric 1ogging and water
sampling tests were ﬁerformed. After these tests, the
instalation of 10" casing in its upper portion and

-pumping test were undertaked
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2)

3

Electric Logglng

The loggiﬁg'fesults-ahow-thé followihg. 'High'

Creaistivity is recorded from 9 m to 108 o due to gravel

rich layers. The ground layers enter clay layer at
108 and change to- - high resistivity layer- at 180 m.-

_ This continues ‘upto 220 T corresponding to gravel upto
-_205 m-and 1imest0ne layer is found 1n deeper part. it
- 18 expected that this-limestone layer 13 pe:meable due

'to.its'shafp curve and:thét it 1s goéd aquifef'because

it 1s .fairly thick. Eroﬁ 220 m, thecurves change to low

-reslstivity and it continues upto the bottom.
‘Drilling Rate

The data show that soft layer 1s from the depth of O m

.. to 264 m-and hard'layer'is-in deepef part. It is

4)

expected'thét‘thé'Quaternaryiand Tertiary formations are

upto around 260 ‘m ‘and Meéozoic-formation in deéper part.

Water Sampling Test
a. The first Water Sémpling (drilling end: 210 m)

~ First stage . (strainer depth: - 187 — 193 m)

. Discharge - - : . 0.5 gpm (1.8 1/min)
. Cdﬁduétivity- fn 1 150}1S/cm
‘. Temperature : 18.3 C

. Water level: : .51.5 m:

- .~ Second ‘stage . -(strainér depth: 94 - 100 m)
. Discharge s 35 gpm (132 1/nin)
e COnductiyity' : 1,300 S/cm
. Téﬁpéfafu;e :}7 18.3 ¢
. Water level : 51.5m



- Third stage (strainer depth: 70 - 76 m)
. Discharge "t 10 gpm (37 1/min)
. Conductivity : 1,150S/cn
« Temperature : - 18,3 C
. Water. level : S5l.5m

b. The Second Water Sampling (drilling end: 300 m)

-~ Firat stage (composite strainer depth:
-203 -~ 208 m
215 - 220 m
238 - 243 m)
. Discharge : nil

These tests show that upper part has high possibility to
be good aqﬁifer and lower part has less. Therefore the
caging upto the depth of 120 m and cleaning of lower
part upto the bottom have been determined. 10" dia,
strainer 1s installed at 54 - 57 m, 61 - 67 m,

69 - 93 m, 95 - 104 m and 107 - 110 m. The total length

becomes 45 m.

5) Pumping Test
Afterthe préliminary pumping test for 4 days, the step
drawdown, continuous discharge and recovery tests were
conducted. The results of these tests are as follows:

a. Step Drawdown Test

The test results are as follows.

Specific

Discharge Drawdown Capacity Remarks
200 gpm (0.757 w3/min) 11.20 m Static water level
51,69 m
300 gpm (1.136 ") 20,9 m 78 m3/d/m
336 gpm (1,272 ") 27.90m
400 gpm (1,514 ") 29.55m

4-80



50
“ 20
10 —
! [ I i |
0.5 1 2 3 5
0 (n3/min)

Since the slope of th curve is over 45° wholly, the

‘eritical dischafge'caﬁnot be obtained, Judging'from

the sand content in the sample through the pumping
tests, 300 gpm (1.136 m3/min) in the second étep of
the step drawdown test would be the suitable maximum
discharge of this well, because the sand content in
the third step. is much in the beginning of the
pumping.

The specific capacity would be 78 m3/d/m taking the

value at that time.
Continuous Discharge and Recovery Tests
The continuous discharge test with 336 gpm

(1.272 m3/miﬁ) and the depression test were

undertaken.



.~ Thels Method

1.272 x 10
X 3.14 % 20,5

T = = 4,94 x 1072 m3/min/m

A x7x lO x 4.94 x 1072
2.65 x 107

= 5,22 x 10~3

_ 4.94 x 1072
45 % 60

% 100

= 1,83 x 10~3 cn/sec

~ Recovery Curve Hethod"'

= 0.183 x 1. 272

3R = g, 31 x 1072 3/min/m

8.31 = 10_2 x 100
45 x 60

X = = 3,08 x 10~3 cm/sec

Method ~ Transmissibility(T) Permeability(K) Storage(S)

n3/min/m ~ cm/sec _
. Thels 4.94x 1072 1,83 x 1073  5.22 x 1073
 Recovery  8.31 % 1072 3.08 x 10~3 -
 Average . 6.63 x 1072 ©3.06 x 1073 5.22 x 1073

‘¢, Circle of Influencé

4 x 3.4 % 6.63 x 102 x 0.01

11% = 0,00733

W(u) =

==j ATta 4 x 6. 63 <10 > x-1080 x 3.5
5.22 ¢ 1072

Il

438 m

‘There fore, the wells that are located far from
“this well by more than 438 m will not be

“influenced.,



'6) Conclusion

The pumping test results show the specific capacity of
78 m3/d/ﬁa;;?his.is_a.good_well'closing to primarily

‘expected one.’

: It_islexpeqtéd that'mUch:ofithe dischafge will be
flowing from'graVel.laYers-bﬁt some .volume may be from
gravel (at the depth around:190 m)-and-iimestone-(mayibe
the.Tertiary;férmation)iin-baaé-rdgk because its ,
“relatively high'reSistivity and falr thickness according
‘to- electric log. Therefore, if well test 1s performed
“in the érea whé:e thé‘Tertiary:limestbne layers are
developed, it will be very hopeful,

Bésed on thé pumping test results, it is estimated that_
the traﬁsmissibility'Cbefficient.is 6.63 x 10~2
m3/min/m, permeabilitY‘2_46-x 10™3 em/sec and storage
5.22 x 1073, - |

{#) QT-JIiCA-1
1) Progress .

Gravel preddminanf layers contlnue between depth 3 m.and
105 m and then change to limestone of base rock.
Limestone layer continues upto 205 m the bottom of well.
Then eléctric logging and water-sampling tests were
performed.: Now reaming for 10 dia. casing ingtallation

in its upper portion is in-prdgress.



2)

3)

Bleactric Tog

The curves show that the high fesistivity layer excels
upto 105 m, corresponding to gravel rich layers of
Quaternary formation. From the above depth, the layer

"with higher registivity confinues upto 205 m of the
- -driiling end, corresponding to limestone layer of the

base rock i.e. Mesozolc formation. The resistivity
curve of'theb&se rock shows that 1ts shape in the middle
part is flat but its upper and lower parts are wavy. It
is expected that the former may have less fracture due
to the block-like rock but that the latter will be good

fractured zone,
Water Sampling Test

The results are as follows.

- First Stage (stralner depth: 194 - 200 m)
. Discharge : 20 gpm (76 1/min)
. Conductivity : 800} S/cm

- gecond Stage (strainef depth: 176.5 - 182.5 m)

. Discharge t 16 gpm (61 1/min)
. Conductivity : BOO}iS/cm
- Third Stage -  {strainer depth: 144 - 150 m)
. Discharge  : 4 gpm (15 1/min)
. Conductivity ¢ 820 )is/cn
. Water level ¢ 110 m

These tests show the limestone layer in base rock is a
good aquifer.  Accordingly, 10" dia. casing installation
apto the depth of 135 w and cleaning of lower part upto

the bottom are in progress.



(5) . QT-JICA-2

D

2)

3

Progress

Almost all clay layers continue from the depth of 0 m to
163 m containing very thin gravel layer at 39 - 40 m and

49 - 50.5 m. Then these change to limestone layer of
bage rock and continue upto the depth of 263 m, the
bottom of the well:. Through these driiling, there were
no sign of fissure zone according to mud losses. Then
electric 1égging and water pumping tests were

performed. The reaming for 10" dia. casing installation

in its upper portlon is being undertaken.
Electric Log

The low resistivity layer that reflects clay continues

upto 163 m (the same result can be obtained from the

l1ithological log). Then, thehigh resistivity layer that

reflects limestone of the base rock 1.e. Mesozolc
formation appears and continues upto 263 m of the

drilling end. Since the shape of the reslstivity curve

" in the base rock is wavy, these sections will be good

fractured zone.
Water Sampling Test
The results are as follows,

- First stage (strainer depth: 256 - 262 m)
. Discharge : nil

- Second 8 tage (strainer depth: 227.5 ~ 233.5 m)
. Discharge : O

. Conductivity 1,700}1S/cm

s

.



- third stage (stralner depth: 212 - 218 m)
. Discharge 1 35 gpm (132 1/min)
+ Conductivity : 1,6001 5/cm

- qufth stage (straiﬁer:depth: 188 - 194 m)

. Diécharge* .1 .28 gpm (106 1/min)

. Conductivity l,600}18/cm
- . fifth stage (strainer depth: 163 - 169 m)
-+ Discharge ~ .t 25 gpm (95 1/min)

. Conductivity : l,ZBO}AS/cm

« Water level ! 65 m

The - test reéults show to be good aquifer of limestone in
bed rock., Therefore the composite casing installation
of 10" and 6" dia. (10": 0 - 160 m, 6": 160 ~ 248 m)
were determined. ' 6" dia. strainer -installations are
_plen to be 162,20 - 169.51 m, 171.95 - 174.39 m,
_‘176}83-e-184.15 m, 190.55 - 202.74'm, 207.62 - 210,06 m,
213.11 - 215.55 m, 217.99 - 232.62 m, 234.45 - 236.89 n
-and 239,33 - 241.77 m. These total lengths will be
53.65 m.

Now the reaming for 10" dila. casing in 1ts upper portion

is being undertaken.
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TABLE A-4.402

( Stage 1) @-3.87 I/sec )

Stepdown Pumping Test of KU-JICA-2

Static water level : 46.63 m
Stick up 0.50 m-
Date 15 Nov. 1987
pate | Efapsed Pupi ng 5 o Discharge | Sand |[-Tempe- | Electric| - .
Time | Time Water teve! | Drawdown § lNead | USGRY - cond. [ rature { Conduct. I Remarks
(ir) | (minute) (m) ) emy | G0 /seey [ Coom) {{°C )| ( us/em) :
1001 1 54. 85 8.22 0.07 20 18 1,200
5 55. 85 9,22 | 0.07 -
10 56. 03 9.40 007 : 20 19 1,250
15 58.55 11.92 | 0.07 60.00 20 19 1,250
30 57.93 11.30 0.07 (3.78) 20 19 1,250
15 57.88 11.25 0.07 ' 20 19 1,250
60 58,55 11.92 0.0 20 19 1,250 . ;
75 57.85 .22 | 0.07 20 19 | 1,250 |Specific
90 58.00 .37 0.07 10 19 1,150 “Capacity
105 57.59 10.96 0.07 10 19 1,150 | 1.600pm/Tt
120 hi.97 11.34 0.07 10 19 1,150 | 28.683/d/m
TABLE A-4.5.3  Stepdown Pumping Test of KL-JICA-2
( Stage 1; @=h.36 1/sec ) -
Static water level @ 46.63 n
Stick up- 0.5
bate 15 Nov. 1987
Bate | Elapsed Pumping Discharge | Sand | Tempe- | Flectric
Time | - Time Water lLevel | Drawdown | Head | USGPH cond. | rature ) Conduct. § Remarks
(Hr) | (minute) |~ (m) (m) [(m) {C&/sec) [(ppm)} [ (°C)|( us/om)
121 1 61.3 14. 70 0.15 0 i9 1,125
5 60. 35 19.72 | 0.1% ,
10 70.45 23.82 .15
15 73.69 21.06 0.14 :
30 77.70 31.07 | 0.15 100 18 1,120 | water turb
45 81.88 35.25 0.15 85.00 50 18 1,100 | id
6o 81.97 35.34 0.15 (5.36 ) A0 18 1,100
75 87.64 36.01 0.15 ' 50 18 1,100 | Specific
9% 84.65 38.02 | 015 25 18 1,100 | Capacity
105 86.26 39.63 0.15 20 18 1,100 | 0. 64gpm/fL
Ljﬂﬂo 120 87.04 40. 1 “0.1h 15 18 1,100 | 11. 4m3/d/m




TABLE A-4.4.4 Constanl Discharge Pumping lest of KL-JICA-2

Static waler level © 44.61 0
Stick up 0.50 m
Date 16 Nov. 1987
Date.| Elapsed Pumping Discharge | Sand Tempe- | Electric
Time{ Time Water Level | Drawdown Head USGPH cond. - | rature { Conduct. | Remaris
(Hr) { (minute) (m) (m) t(m) JC@/sec) {{pom) | (°C)|( us/cm)
1001 1 55.75 11.14 013
1.5 56.23 11.62 013
2 56.73 12. 12 0.13
2.5 57.25 12.64 0.13 _
3 58.08 13.47 0.13 300 water rust
4 59.11 14.50 013 ¥ _
5 60. 50 15.89 0. 13 100 16 - 1,280 | water clea
“ 6.5 60. 82 16.21 0.13 : r
8 63. 37 18.76 0.13
10 64. 77 20. 16 0.13 50 17 1,300
20. 63.09 23. 48 .13 2 18 1, 300
1030 30 68. 89 24,28 0.13 15 18 1, 300
40 69. 35 24.74 0.13 10 18 1, 300
50 69. 37 24. 16 0.13
60 69.35 24.74 0.13
70 70.50 25.89 0.13 25 18 1,300
80 71.05 . 26.44 | 0.13
90 71.80 27.19 0.13
100 71.81 21.20 | 0.13- 10 18 1,300
130 72.78 28.17 0.13 _ ,
160 72.88 28.27 0.13 80. 00 10 18 1,300
190 73.22 28.61 0.13 ( 5.04)
220 73.13 28.52 0.13 18 1,300
250 73.15 28.54 0.13 10
280 . 73,25 28.64 0.13 18 1,300
310 - 73.35 28.74 .13 20
430 73.50 78.89 0.13 20
490 73.35 28.72 0.13 10
550 73.37 28.76 0.13 10
650 - 71350 28.89 0.13 50
750 73.20 28.59 0.13 75
850 12.85 28.24 0.13 100
950 70.05 2544 0.13 100 Specific
1,150 70.00 25.39 0.13 50 Capacity
1,340 70.05 25.44 013 50 0. 95ana/fL
1,440 74.77 30.15 0.13 5 17. dm3/d/n
_ 1
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Test
Recovery started
Recovery completed

TABLE A-4.5.5

well no.

Recovery Test Data

KI.-J1ICA-2
17 Nov. 1987
18 Nov. 1987

Static water level BGIL 44 .6
Total pumping time 1,440 - minutes
Observed by .M. Mohiuddin{Geclogist)
Date Elapsed |Water Level Mcasurement L
Time Time —— / Remarks
Hours{ (minutes)| Water levell Residual ti :
from MP{m) D/D (m)
17/N0V 1 53.52 8.91 1,441.00
10:01 1.5 52.33 7.72 961.00
2 51.2% 6,66 721.00
2.5 50.30 5.69 577.00
3 19.49 1.88 181.00
4 48 .23 3.62 361.00
5 47 .34 2.74 289,00
6.5 46 .55 1.94 222.53
8 46.07 1.46 181.00
16 A5.79 1.18 145.00
20 45 .51 0.90 73.00
30 45.45 0.84 49.00
40 45.35 0.74 37.00
50 45 .35 0.74 . 29.380
60 45.31 0.70 25.00
70 45,27 0.66 21.57
30 45.19 0.58 19.00
¢ 45.16 0.55 17.00
100 45.16 0.55 i5.00
130 45.10 0.49 12.07
160 15.09 0.48 10.00
190 45.01 0.40 8.57
220 44.97 0.36 7.54
250 44.95 0.34 7.00
280 44 .95 0,34 6.33
310 44.95 0.34 5.64
370 44.91 0.30 4.89
430 44 .90 0.29 4.34
4990 44.89 0.28 - 3.93
550 44.85 0.21 3.861
650 414.85 0.24 - 3.21
750 44.85 0.24 2.92
18 /NOV L 850 44.83 0.22 2.69
00:10 950 44.82 0.21 2.51
1,150 44 .81 0.20 2.25
1,350 44 .80 0.19 2.06
1,440 44 .78 Q.17 2.00
1,560 44 .67 0.06 1.90
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Tube ¥ell Development

TABLE 4-4.5.6
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TABLE A-4.5.7

The First Stage Pumping Test for KL-JICA-3

Slatic water level 3210 Date 26 Nov. 1987
Date i Elapsed Punping Discharge | Sand Tempe- | Electric
Time | - Time Water Level b Drawdown | Head | USGPH cond. vafure } Conduct. { Remarks
() } (miniied () fm)y [{mY JC8/sec) J0pem) PL°C Y1 usftm)
0901 1 G432 8.17 Q.18 1, 540
L] 6105 8.90 018 106 15
0] 61.85 - 9.70 0.18 360 15
1§ 61.95 980 | 0.18 150 15
30 62.43 10.28 .18 200, 00 100 )
45 63. 65 10. 40 0.18 { 12.6 ) 60 i1
- 60 63.05 10.90 0.18 50
75 63. 10 10. 95 018 50 18 Specific
90 63.25 1.1 | 0.18 50 Capacity
105 63.37 1.22 0.18 40 ] 5. A4gpm/ Tt
120 63.35 11.20 0.18 40 18 47, 3m3/d/m
TABLE A-4.5.8  The Second Stage Pumping Test for KL-JICA-3
Static water level 52. 1) Date 26 Kov, 1987
Date | Elapsed Pumping | bischarge | Sand Tempe- | Electric
Time | Time Water level | Drawdown | Yead | USGPH cond. - | rature § Conduct. | Remarks
tHr) | (minute) (nm) () {{m) EC@/sec) [{pom) (OO us/om)
101 1 67.53 15.38 0.38 800 19
3 10.1¢ 18.04 | 0.28 600
10 10.78 18.63 0.28 200
1% 71.00 18.85 0.38 140
30 My 19.22 .38 )
&h 71.95 19. 8¢ 0.38- 300.00 500
60 72.449 20. 34 0.38 {18.9) 100
75 72.55 20.40 0.38 100 Specific
90 72.80 20.65 0.38 80 Capacity
105 72.95 20. 80 0.38 i+ 4.36gpr/ Tt
120 73.99 20.94 0.38 B 8. 0n3/d/m
TABLE A-4.5.9  The Third Stage Pumping Test for KL-JICA-3
Static water lovel 52.1% Date 26 Nov. 1987
Date ! Liapsed Pumping Discharge | Sand Tempe- | Electric
lime{ lime Hater tevel [ Drawdown | Head | USGPH cond. rature | Conduct. | Remarks
{tr) | (minute) (a) {(m) 1(m) [(0/sec) [(ppm) |(°C)q0( usfem
1301 i 78.68 26.53 0.66 - 400
5 81.62 29.47 0.66 400, 60 300
10 81.65 29.50 0.66 {25.2)
15 81.60 29.4% 066 [ {63.0)
30 81.67 29.52 0.64 1,000.00
45 81.65 29.50 0.64 40000
60 8161 29.52 0.64 100, 60
74 81,68 29.53 0.64 300. 00 Specific
40 81.69 29.54 0. 64 10000 Capacity
105 $1.67 29,52 .64 60.60 H.vZopn/f1
120 81.70 29.5% 0.64 30.00 13. m3/d/m
4-93



TABLE A-4.5.10  Pumping Test at Constant Discharge for KL-JICA-3

Slatic water level ¢ 32,15 & from HP
Date o 27 Nov, 1987
Daie | Elapsed Pumping Pischarge | Sand Tempe- | Electric
Time | Time Water Level | Drawdown | ilead USGPR cond. rature | Conduct. | Remarks
(lir) | {minute) (m) {n) (m) [(Q/sec) [tppm) | (°C )| ( us/om)
1001 1.0
1.4 63.09 16.94 0.48 auddy
2.0 65.94 13.719 0.48
2.5 67.07 14.92 .48
3 67.71 15.56 0. 48
A 69.02 16.57 0.48 riddy,
) terbid
5 70.00 17.85 0.18 2.000
6.5 70.52 18.37 0.48
8 71.09 C-18.94 ¢.48
10 71.65 19,50 0.48 200
15 12.15 20.00 0.48
20 72.65 20.50 0.48
25 73.35 220 0.45
3 73.99 21.80 0.48 300
35 74.45 22.30 (.48
40 .77 22.62 0.48
50 4.3 23.16 0.48 336,00
60 7h.15 23.60 [-048 | (21.2) 360
G . 16.25 24.1 0.48 .
80 76.49 24.34 0.48
90 76.63 24.48 0.48 80
100 76.88 .73 0.48°
130 77:45 25.30 0.48 40
160 77.90 25,714 .48
190 78.23 26.08 (.48 30
220 78.34 26.19 0.48
240 78.50 26,35 0.48
210 78.64 26.49 0.48 20
30 78.85 26,70 .48 20
310 73.90 26,75 .48 20
430 78.06 6.9 0.48 20
450 1915 27,00 0. 48 20
550 79.2% 2710 0.18 20
650 79.37 Vs 0. 48 20
750 79.56 2741 0.48 20
850 - 79.64 2749 0.48 20
950 79.75 21.60 0.48° 20
1,150 7980 27.65 .48 Fii]
1,340 79.50 20745 0.48 . 20
1,440 80.05 2090 | 0.48 20




TABLE A-4.5.11

Test well no.
Recovery started

Recovery completed
Static water level BGL
Total pumping time
Observed by

Recovery Test Dala

KL-JICA-3

28 Nov.1987

29 Hov.1987

51.69

1,140 minules
§.M.Mohiuddin{Geologist)

r4Date Elapsed |[Water Level Measurement t
Time Time : — ! Remarks
Hours| (minutes) Water level| Residral t'1

from MP{m) N/D (m)
1 57 .85 5.40 1,441.00
1.5 57.17 5.02 961 .00
2 56.67 4,52 721.00
2.5 bt .41 1.26 577.00
] 56.19 1.04 481.00
| 55.81 3.66 361.00
5 55.51 3.36 289.00
6.5 55.15 3.00 222.53
8 54,93 2.78 181.00
10 54 .12 2.57 145.00
15 54,25 2.10 97.00
20 53.98 1.83 73.00
25 53.77 1.62 58.60
30 53.61 1.46 49.00
35 53.49 1.39 42.14
40 53.38 1.23 37.00
50 53.21 1.06 29.80
60 53.09 0.4941 25.00
70 52.98 0.83 21.67
80 52.91 0.76 19.00
Q0 52.81 9.66 17.00
100 52 .77 0.62 15.00
130 52.66 0.5 12.07
160 he.59 0.44 10.00
180 52.48 0.33 8.57
220 52.43 0.28 7.54
250 52.37 0.22 7.00
280 52 .35 0.20 6.33
310 52.33 0.18 5.64
370 h2.29 .14 4,89
430 52.27 0.12 4.34
490 52 .25 0.10 3.93
550 52.25 0.10 3.61
650 52.25 0.10 3.21
750 52 .24 0.09 2.92
850 52.21 0.06 2.69
950 52.19 0.04 2.51
1,150 52.15 ¢.00 2.25
1,350 52.13% -0.015 2.06
1,449 52.12 -0.030 2.00
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FIG  A-4.5.3  Air Lift Pumping Test (exampie)
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FIRST WATER SAMPLING

( s/cm) °c ) (1/m)
500 50 50 | _ .
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1000 100 100.]
500 50 50 j
| Température: o
Discharge ( lit./min )
0 0 0

T T T L T Y T

8 9 i0 11 12 13 14 15 hour
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FIG A-4.5.5  Result of Water Sampling Test KL-JICA-1
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5.  THE PROJECT

7 ObjectiVéS ~( None )

PFOJGCI Fermulatnon

TABLE A-5.2.

FIG

1 ETo by Blanney-Criddle Hethod
2 Effective Rainfall,Re. =~ -
.3 Crop Hater Requirement (Quetta)
4

‘ 2
TABLE A-5.2.
2

2. Crop Water Reguirement (Kalat )

5.
A-5
TABLE A-5.
A-5,

Propased Agrlcuiture Development Plan

TABLE A-5.3.1 Cuit:vatlon Hethad by Crop
TABLE A-5.3.2  Agricultural Production by Development Area

Infrastructure Facilities Planned

A-5.4.1 11 K.V. Single Crossarm Assembly -
FIG A-5.4.2 11 K.V. Horizontal Single Deadend Assembly
FI6  A-5.4.3 25 K.V.A Bistribution Transformer
FIG  A-5.4:4 - Pump House Structure
FIG A-5.4.5  Farm Pond Structure.
CFl6 - A-5.4.6  Turnout Structure
FIG  A-5.4.7  Intet Chamber Structure
FIG A-5.4.8

Communai Tank



5.2  PROJECT FORMULATION

TABLE A?5.2.1 ETo by Blanney«CriddIe Method

Catculation ETo for. Quetta..

: JAN | FEB [ HAR ] APR | MAY ~JUN [ JUUTAUG T SEP [-0CT [ NOV ] DEC
Hean Temp £.016.0110.8116.0 0.6 242 27.225. 4 0. 5114.2[8.314.8
P{Tabiel) =i 024 10,25 0.2770.29°0.31 0:32[ 0311 0.30{ 0. 28 0.20 0.24 0.2%
p(0: 467+8) 1T 2412, 713.5[4.5({5.4]6.1(6:415914.9]3.812.8]2.3]
RHmin % 691 61 59 45( 4041 37| 441 49 41]. 40 511 66
Class of RHmin H H HH HEH T W TN 8 8 HTH
n 6.917.5(7.419.0010.9(11.500.5[10.319.8[9.6[9.3}17.%
n/N - "0.66( 0.68 0.620.70 0.80 0.8210.76 0. /84 0.790.83 0.85 0.74
Daily Wind Ea/hr 911104115102 10.910.912. 14 10.6 8.5 7.4 6.5 6.7
Estimated Uday Time | 3.414.014.2]13.814.0(4.0/45(3.9[3.1[2.7[2.4}2.5
selection =2 YTz 2yl rrl ey ey [ rzr]rzr] el fied
ETo{mm/day)} galr.olzoi4516.0]7.7]7.2[6.7]5.2]4.2]11.7]10.8

Calculatlon ETo for Kalat. ‘

L JANT FEB | MAR | APR | HAY JUN. =JUt AUG [ SEP [ OCT | NOV | BEC
Mean Temp 2.815.1]9.1[14.0:118.8 2.3 24,4 23. 1 H8.9H3.318.314.6
P{Tablei) =1 0.24710.25 0.2710.29 0.31] 0,32 0.31] 0.30 0.28 0.26 0.24/ 0.73
p(0.467+8) 2.212.6}13.314.115.215.816.0([5.6|4.7]3.712.812.3
Rilmin ¥ 64 581 50 42| 38 33 A1 40F 35| 35| 44| 45
{lass of RHmin H H H H H H Y H ] H Y
n ‘ 69 61] 59 45 40 3? 441 491 41 46| 51| 66
N 11647111 12.012.913.6 14. 00 13.9 13.20 12.4 11. 5 10.6 10.2
o 4 H H H H H H H N H H M
Daily Wind 7.619.119.879.519.5[9.5[8.2|7.6}18.218.2]7.8]7.6
[stimated Uday Time 2.813.413.6[13.513.5]13.5]3.0]2.813.0(3.0[12.9]2.8
Selection *2? r2yIreyyi2y 1211121 [2] Rilizri12yier 21l (2]
ETo(mm/day) .81 1.112.0[4.6]5.3 6.6|6.114.8]3.612.5]1.2

*1: Hean daily percentage of total annual daylime hours obtained for a given month
and latitude from Table 1 of the FAD Report - %3

*2: Sefection of figure of Prediction of ETo from Braney- -Criddle f factor for
‘different conditions of minimun relative humidity, sunshine duration and day
time wind on page 7 of the FAG Report.

*3: FAQ IRRIGATION AND DRAINAGE PAPLR No 24. CROP WATER REQUIREMENTS. 1977 FAD ROME

«4: Refer to " Blaney-Criddie Method” in the Report (=3} Tor Detail.

TABLE A-5.2.2  Effective Rainfall,Re

olail JAR | FEB | MAR | APR [ HAY | JUN [ JUL | AUG | SEP | OCT | NOV | DEC

Spezand/Quetta ‘ .

long term rain 135.3 36.3 31. 4 25.0f 8.4 3.5 1.0 9.0 2.7 1.0 1.4 2.313.3
. Monthly ratio % 100.0 26. 9 23.3 18. 5 6.3 2.6 0.7 6.9 2.0 0.7 0.7 1.7 9.8

_Rei mm/H ]88.0023.820.816.3 5.8 2.3 0.6 5.9 1.8 0.6 0.6 1.4 8.4

Kalat 1 1 _

Long term rain P33.0 55.4) 47.5 37.115.20 6.1 3.330.714.2 2.4 0.0 3.0 18.5

Honthly ratio % 100.0_23.3 20.415.9 6.% 2.6 1.413.2 6.1 0.9 0.0 1.§ 7.9

Re nm/M [104.0024.8 21.216.5 6.8 2.7 1.513.7 6.3 0.9 0.00 1.4 8.2



TABLE A-5.2.3  Crop Hater Requircment (Quetta)

Month |- JAN | FEB [ MAR | APR | MAY | Jun | JuL | aug | sep | oct | wov-{ pec | peak
crovps| % | fto | 0.8|1.0(20{45]6.0)7.7|72]6.7]52[a2[1.7]0.8] @)

ovon  |8.25 Eeron - 4  tod2vdasgeanesdeat 4 | 4 |66

CUMIN/ ke [ toftodtod | 4 Hozostor o -{1.00

TUMIPi - ]8.25  ETcrop 0.90401.002.00 + o <{1.583.423.64 - ~0.80 3.64

s/ | ke | 4 Hosdr 4 4 Jesord 4 4

CABBAGE | 8.50 ETcropl | Jo.6044.95 o - J2e§3.7 4 449

poraro- | 828 ftcropl 4 J1.003.085.208.096.48469 1 4 4 809

proap-8 | ke | 4 Josorid 4 do2r 0;64[0.90 S I

TURIP goslEterol 4 doedaes -] 1.044.29 4.68 e I R

oo/ | | ke | 4 4 Josoroedesq ferdossesy 4 -

CALIFLOMER 8.50 ETcrop -~ - - {2.256.303,85 4.894.943.78 - 630

i/ | ke | A {0.500.751.0000.85 - 0.3000.60 1.00 1.00 0.7

CAROT 8.25 ETcrop - -|° -/ 1.00( 3.386.00 6:55  2.013.12 4.20 1.70 0.56 6.55

okRe/ | | K| 4 4 Josdtodosy qosoesy A o -

BROAD-B 8.25 ETerog - <] q1.8%6.006.5% 3.354.68 4 4 H 6.5

CUCUMBER/ ke | o4 4 J0.350.700900.700601.0009 -

RADISH ~8.50 tlcrop 4 - - 11.584.2046.93 S.OA& 4.0 5200 3.7% 1 1 6.93

APPLE ‘ 12,50 ETCPOD 4 - 0.80,2.03 5. 10 8.86 9.00 8,38 6.24 4.20 1.62 4 9.00

GRAPES 72.5 Eicrop 4 1 0.502.03 3.60 5,39 5.04 4.36 2.8 1.8%3 0.6G 4 5.39

- TOTAL 0.07 G.G?ii {.682,571 3. 76, 4.98 3.57 4.57 3.65 1.75 0.42 0.1} 4.98




TABLE A-5.2.4 - Crop Hater Requ'i rement (Kalat ).

| Month | JAN | FEB | MAR | APR | MAY [ JUN | JUL | AUG | SEP | OCT |NOV | DEC { Peak
Crops| % | Fto | 0.8[1.1]2.0[4.0(5.3|7.5/6.6(6.1{4.8{3:6]2.5]1.2] (w/a)

ke | -| -|osoo.elorosdoosoe -| -| -| ¢

ONION 1000 ETcrop - o) - {1002.493.876.306.275.80 -| -| -| -|630

CUMIN/ 1 ke todrootod -| -] -lo24o0.480800.70 -|10d

RADISH | 10.00f ETcrop 0.80 1.1002.00 -] - | -[1:582.993.842.:59 -[1.20 3.84

TOHATO/ ' Kc <1 - -10.501.05 0.40{ 0.54 0.84 0.24 -1 -| -

BROAD-B  §10.06 ETcrop - -| - |[2:00 5?57 3.003.835.12 1,18 -} -| -1 657

potate | 10.00 ETcroy - | -|o.60 27461 7850442 | - -| -f 7.88

CARROT/ ke | -l -[o3deeqon | -] 030060 10010007

P TURNIPS ] 10.00 ETCFQD -1 - 10.602.56 4.7 -t -1 1.832.88 3.6012.50 0.84 4.77

CABBAGE/ - Kﬁ -] - 0. 30 1;05 0:30 -1 -lo.730.0%0.90 - i .

BROAD-B  § 10.00 Efcrof - | -|0:60(4.2001.59 -| -|4.454.563.24 - . =1 4.5

APPLE 20.00 ETcrop - - 0.80)1.30 4.1 8.63 8;25 7.63 5. 76 3.60'2.3q -] 8.63

-1 52

GRAPPES | 20. 00 ETCfOD -1 - 0.500 1,80 3.18 5.25 4.62 3.97 2.64 1.62 0.8

TOTAL 0.08 0,11 0.74 2.11| 3.5§ 4.49 4.34{4.76 992 1.99 0.90 0.20 4.76




PROPOSED AGRICULTURE DEVELOPMENT PLAN

5.3
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TABLE A-5.3.2  Agricultural Production by Development Area

5 ha 10 ha 15 ha

Project
Crops Yield/ha
Area Acreage Product Acreage Product Acreage Product
() (ha) (v) 1/ (ha) (t) (ha) ()
Quetta Onion 17.0 0.42 7.1 0.84 14.3 1.26 21.4
Potato 15.0 0.42 6.3 0.84 12.6 1.26 18.9
Peas 11.0 0.83 9.1 1.66 18.3 2.49 27.5
Garrot - 18.0 0.42 7.6 "0.84 15.1 1.26 22.7
Turnip 18.0 0.83 14.9 1,66 29.9 2.49 44.8
Radish 15.0 0.42 6.3 0.84 12.6 1.26 18.9
Cabbage 17.0 0.83 14.1 1.66 28.2 2.49 . 42.3
Broad. B. 10.0 0.42 4.2 0.84 8.4 1.26 12.6
Cucumber 15.0 0.42 6.3 0.84 12.6 1.26 18.9
Tomato 17.0 0.42 7.1 0.84 14,3 1.26 21.4
Okra 12.0 0.42 5.0 0.84 i0.1 1.26 15.1
Chillies 7.5 0.42 3.2 0.84 5.3 1.26 9.5
Cumin 0.7 0.42 0.3 0.84 0.6 1.26 0.9
Alfalfa 30.0 0.50 15.0 1.00 30.0 1.50 45,0
Apple 18.0 0.63 11.3 1.26 22,7 1.89 34.0
Grape 13.0 " 0.62 8.1 1.24 i6.1 1.86 24,2
Total 8.44 16.88 25.32
Kalat Onion 17.0 1.03 i7.5 2.06 35.0 3.09 52.5
Potato 15.0 0.76 11.4 1.52 22,8 . 2.28 34.2
Gucumber 15.0 0.50 - 7.5 1.00 15.0. 1,50 22.5
Radish 15.0 0.50 7.5 1.00 15.0 = 1.50 22.5
Carrot 18.0 0.50 9.0 1.00 18.0 1.50 27.0
Turnip 18.0 0.50 9.0 1.00 18.0 : 1.50 27.0
Tonato 17.0 0.50 8.5 1.00 17.0 1.50 25.5
Broad B. 10.0 1.00 10,0 2.00 20.0 3.0 30,0
Cabbage 17.0 0.50 8.5 1.00 17,0 1.50 25.5
Apple 18.0 1,00 18,0 2.00 36.0 3.00 39.0
Total 7.99 15.58 23.37

-1/ Yield/ha: marketable quantity



5.4 INFRASTRUCTURE FACILITIES PLANNED

ot e

PAKISTAN

No.

WATER AND POWER DEVELOPMENT AUTHORITY|ES/DD-1L

_
E.

e

45

nf: |
-rn
T_‘,F
iy ALL
APPLICATION TABLE
CONDUCTOR LINE ANGLES
GOPHER 0 T0 25"
RABBIT g0° 70 19°
D06 0°T0 8°
ITEH | o1y, DESCRIPTION DHG. No. srocx No.
1 1 W0OD CROSSARM, 4°X5"x3"-0" EW/DF-251. | . T-1173
2 2 CROSSARH BRACE 1 1/4"x1/4"x28" EW/DF-254 | ~ T-1352
3 | 3 11KV, PIN TYPE. INSULATOR CEW/OF-252 ) T-19T3
4 3 INSULATOR PIN EW/DF-256 |- T-3217
5 2 M.S. BOLT 3/8"x6” EW/DF-272 | - $-1265
§ 1 H.S. BOLT 5/8"x2" EW/DF-260 $-1297
7 1 H.S. BOLT 5/8"x14" EW/DF-260 | S-1303
8 2 ROUND WASHER 1°0TA 7/10” HOLE EW/0F-268 | $-1791
9 1 SQUARE WASHER 2 174" x 2 1/4" x 11/16" [ EW/DF-269 $-1792

FIG A-5.4.1 11 K.V. Single Crossarm Assembly

11K. V. SINGLE CROSSARM ASSEMBLY 1—L

5-7
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4.3

25 K.V.A Distribution
1ransformer

).

A

©

=

DESCRIPTION

-
-

W0 YN N O

TRANSFORMER ,
LIGHINING ARRESTER

PIN INSULATOR

INSULATOR PIN. _

1225 L6. WOODEN X-ARM
DROP OUT CUT OUT ASSEMBLY
CNAT CONDUCTOR

G.S. STRANDED WIRE 10
CHANNEL

CHANNEL

CEANNEL
U-BOLT (UB)

J-BOLT (JB)

ANGLE IRON BRACKET
CABLE CLAMP
GROUND . CONNECTOR CLAMP
EARTHING ROD WITH CLAMP
12 150 LG M.S. BOLT

12 37 16 M.S. BOLT
ROUND WASHER HOLE 14
SQUARE WASHER 50x50x3
P.G. CLAMP

TIE WIRE 4 -

=]
)

= . .
FERNASAENDERSPEERNNNES WN S WD

12
im

PAKISTAN

WATER AND POWER: DEVELOPMFNT AUTHORITY

25 OR 50 KVA DISTRIBUTION

TRANSFORMER STATION ON SINGLE STRUCTURE

{DTs-1S)
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M dia. PRE-CAST

0.12

0.15

0.47
iy

& NN/ 7 NN NN R
AL E@ 0.23
20 _ 0.08 a

0.23 1. 12 __J
1.32 tji 0.1 5o

SECTION C-C | PLAN

ESTIMATED MATERIAL QUANTITIES

Nucca Dia. { Brick Masonry
(m) {cu.m)
ISOMETRIC ' 0.31 . 334
0.38 0, 359
0.45 0. 400
0.51 - 0441

NOTE:(DOne cu.m of brick & mortal
marsonry contains approx.
- 4.38 bricks,0.19 cu.m of mortar
~‘and 0.07 cu.m of plaster

@wuhen a drop is included increase
the material estimate by 152 for
each 0.08m of drop.

source:

On Farm Management Field
Manual,Vol,V,Hinisrty Of Food,

6 A5.4.6  Turnout Struclure Agriculture & Cooperatijons, Dec/80.

( Unit:meter )

L
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 PROJECT IMPLEMENTATION PLAN

6.1
6.2
6.3
6.3.1

6.3.2

_ Azlengement of PPOJBCt Construction

Project Implemehtation *i*****k%****g***#*****

ook o

P!OJBCt COSt

“Scenario-of Cost Estinate

TABLE A-6.3.1 = Scenario of Cost Estimate

gonstruction Cost

TABLE A-6.3.2(1) Unit Wages and Prices
TABLE A-6.3.2(2) Construction Unit Cost
TABLE A-6.3.3(1). Summary of Construction Cost
ar-D Dritling Depth = 200 m
TABLE A-6.3.3(2) Summary of .Construction Cost
. Gr-t Drifling Depth = 200 m
TABLE A 6.3.3(3) Summary of Construction Cost
KL-B Driliing Depth = 200 m
TABLF A-6.3.3(4) Summary of Construction Cost
KL-C* Drilling Depth= 200 m
TABLE A- 6 3.3(5) Summary of Construction Cost
Qr-p Drllllng Depth = 250 m

TABLE A-6.3.3(6) Summary of Constructich Cost

OT-E- Drilling Depth = 250 m

TABLE A-6.3.3(7) Summary of Construction Cost
KL-B- Driliing Depth =250 m

TABLF A-6.3.3(8) Summary of Construction Cost
KL-€ Drilling Depth = 250 m

TABLE A-G. 3 3(9) Summary of Construction-Cost
.. QT-D. Drilfing Depth = 300 m

TABLL A- 6 3.3(10)Summary of Construction Cost
: OT-E Driliing . Depth =300 m

TABLE A-6.3.3(11)Summary of Construction Cost
KL-D Driliing Depth = 300 m

TABLE A-6.3.3(12)Summary of Construction Cost
KL—E Drilting Depth = 300 m

TABLE A-6.3.4(1) COnStFUCtIOH Cost Calculation.
TABLE A-6.3.4(2) Construction Cost Calculation.
TABLE A-6.3.4(3) Construction Cost Cafeulation.
TABLE A-6.3.4(4) -Construction Cost Calculation.
TABLE A-6.3.4(5) Construction Cost Calculation.
TABLE A-6.3.4(6) Construction Cost Calculation.
TABLE A-6.3.4(7) Construction Cost Calculation.
TABLE A-6.3.4(8) Construction Cost Calculation.
TABLE A-6.3:4(9) Construction Cost Caleulation.
TABLE A-6.3.4(10)Construction Cost Caleulation.
TABLE A-6.3.4(11)Construction Cost Calculation.
TABLE A-6.3.4(12)Construction Cost Calculation.

{ None )

( None )

47-D, D=200m
OT-E, D=200n
KL-B, D=200m
KL-C, D=200m
@1-D, D=250m
QT-E, D=250m
KL~B, D=250m
KL-C, D=250m
“QT-D, B=300m
07-£, D=-300m
KL-B, D=300m
KE-C, D=300m



A-6.8.5 - Estlmated prifiing. Cost

TABLE A-6.3.6  Fstimated Pump House Construc{|on Cost
TABLE A-6.3.7  Estimated Cost of 11KV Feeder (1 Km)
TABLE A-6.3.8 _Est:mated cost of 1Mo ZSKVﬁ Trans{ormer
TABLE A-6.3.9  Fstimated Cost of Service & Meter -
TABLE A-6.3.10 Estimated Cost of Pump Unit
TABLE A-6.3.11 - Summary of Cost .for 10ha: Irrigation Area
TABLE A-6.3.12  Unit Cost for On-farm Construction
TABLE A-6.3.13 . farm Pond Construction Cost -
TABLE A-6.3:14  Farm Pond Construction Volume
TABLE A-6.3.15 Farm Pond Direct Construction Cost
TABLE A-6.3.16  Inlet Chamber Cost
TABLE A-6:3.17  (Qutlet Works Cost
TABLE A-6.3.18  Communal Tank Cost
TABLE A-6.3.19 . Connection Road Cost
TABLE A-6.3.20  Submersible Road Cost

CFIG A-6.3.7 - Sunmary of Construction Cost

6.3.3 Pi OJect Cost _ _

TABLE A 6.3. 21(1) PrOJecl Cost (Q D D=200m)
TABLE A-6.3.21(2) Project Cost (QT-F,D=200m) -
TABLE A-6.3.21(3) Project Cost (KL-B, D=200m)
TABLE A-6.3.21(4) Project Cost (KL-C, D=200m)
TABLE A-6.3:21(5) -Project Cost’ {(QT- D,D=250m)
TABLE A-6.3:21(6) Project Cost (QT-E,D=250m)
TABLE A-6.3:21(7) Project Cost (KL-B,D=250m)
TABLE A-6:3.21(8) Project Cost- (Ki- C,D=25Gm)
TABLE A-6.3.21(9) Project Cost  (QT-D, D=300m)
TABLE A-6.3.21(10)Project Cost (QT-E, D-300m)
TABLE A-6.3.21(11)Project. Cost {KL-B,D=300m)
TABLE A-6.3.21(12)Project Cost (KL - D=3G0m)

6.4 Operation and Maintenance

6.4.1 Pump Running Cost

6.4.2 Maintenance Cost for Facilities

6.4.3 Pump Replacement Cost




6'3

6.3.1

_ PROJECT COST .

 Scenario oijoét Estimaﬁe

(1) Background of Scenario

(2)

Agricqltufe_dQVelbpment planaing depends upon the design
groundwater yield énd groundﬁater conditioﬁ'strictly. Fof
instance, the deéigﬁ yigld provides the irrigable area, size
of farm pond; pump_capaci;y and so on. Also the'groundwater
table will decide the depth of borehole drilling and pump
head.

But the pumplng test is mow 1u progress in the Study Area.
Conséquently the plan/design criteria are still not defined
finally.

So far each vein, several cases for c¢ost estimates would be

. established regarding the yileld, pump head and the depth of

borehole. The number of the production well would be fixed

as follows.

Number of Production Well

Quettat Vein-D : 4 nos
~Vein-E : 5 nos

Kalat : Veln-B : 4 nos
Vein-C : 3 nos

Scenario of Cost Estimatg

The scenarilo of cost estimate would be decided as f0110wing,
depending on the yield, pump head and borehole depth for

each vein.



TABLE A-6.3.1  Scenario of Cost Estimate

Drilling Dééign Pump Head .
Depth Yield -
{(m) (1/sec) 100m | 150m

5.0 A-1 | A-2

A: 200 10.0 A=3 A-4

' 15.0 A-5 1 A6

5.0 B~1 | B-2
B: 250 10.0 B-3 B4
15.0 B-5 | B-6
5.0 c-1 c-2
C: 300 10,0 c-3 C-4
15.0 c-5 C-6

{3) Project Evaluation Scheme

Project evaluation would be studied following the scenario
mentioned previously at each veln, After the study at each
.vein, proper development scheme for whole study area would

be obtained.



6.3.2 - Construction Cost .

1)

(2)

(3

(4)

Background

For the construction cost estimateé, the experiences of GOB
and economlc condition have been taken full advantage. The
cost for estimates were selected and generalized among the

actual ones by related agencles. For example,

1. Drilling cost/Well installation cost
ii. Pump house installation cost
iii. Electrification facility cost

And also the pump costs were estimated following the
scenario by pump supplier in Quetta. Other work items were
provided based on "Composite Schedule of Rate, GOB, 1986"
mainly. So that inflation rate 1.08 were multipiied for

each rate to adjust the prices.

Construction Unit Cost

TABLE A-5.3.2 shows the summary of construction unit cost
regarding to the Project. These costs are based on the
previous conditions.

Construction Cost

The construction costs under the scenario for each veln are
summarized in TABLE A-6.3.3 (1) ~ A-6.3.3 (8) and FIG 6.3.1.

Breakdown

The breakdown and the process of cost estimates are

gummarized as follows:



a. Drilling Cost

WAPDA Hydrogeology project estimated and generallzed the
drilling cost as shown in TABLE A-6,3.5.

b. Pump House

TABLE A-6.3.6 shows the estimated and provided by WAPDA
Hydrogeology project.

¢, Electrification

The cost estimates regafding'to Electrification are made
based on the actual quotations prepared by WAPDA Power
Wing. TABLE A~6.3.1 shows the 11 kV Feeder line
installation cost per 1 km, This estimate is also
turned to the cost of Tee-off, ' TABLE A-~6.3.8 explains
the cost of 25 kVA transformer installation cost.
Service and meter costs are indicated in TABLE A-6.3.9.

d. Pump Unit

Pump unit coats including installation cost are
summarized in TABLE A-6.3.10.

e. Land Levelling Cost

The cost estimate for land. levelling is based on the
operation cost of 100 H.P. Bulldozer. The operational
cost per hour is supplied by the Directorate of
Agricultural Engineerlag, Government of Baluchistan,

Quetta.



The operational cost has been estimated as follows:

- Average working hours.per hectare : 15 hours
for slight to moderate levelling '

-~ Total working hours of one dozer ¢ 180 hours
for 12 ha

- Operation rate of 100 HP dozer : 500 Ra/hr
per hour

- Total cost for 180 hrs operation : Rs90,000/~

~ Average rate of stone removing : Rs 1.0/sm
work (I/P.S. No. 29-1) o

— total cost for 10 ha stone removing : Rs100,000/-

Grand Total R8190,000/~

0/H 25% 47,500
237,500/~

Unit Cost :  Rsl9,792/ha

On—farm Facility Comstruction Cost

Cost of the on-farm facilifies for 10 ha irrigation area

is estimated. The summary of the cost is as follows:

Conditlons for the estimate is explained in
TABLE A_ﬁ . 3012 »

.Farm Pond Construction Cost

‘Cost of farm pond 18 estimated in three cases depending
on available groundwater yleld at 5 lit/sec, 10 1it/sec
and 15 1lit/sec. The summary of the cost is summarized

in TABLE A~4.6.13,



h.

Communal Tank Cost Estimate

The cost of the éommunal tank construction is shown in

TABLE A~6.3.18.

Connection Road Construction Cost

Unit costs of connectlon road comstruction are estimated

as follows:
1) Connectlon Road (per 1 km)

i1) Submergible Road'(per 100 m)

These are summarized in TABLEuA~6.3;I9 and A-6.3.20.



TABLE A-6.3.2(1) Unit Wages and Prices

Iten Unit Rate(Rs) Remar ks

1. Cooly : man-day 30.00 Working 8hr/day
2. Skilled Cooly " 35.00 " "
3. Excavator " 35.00 " "
4. Earth Carrier " ' 35.00 M "
5. Digger " 35,000 " "
6. Mason Helper " 35.00 " "
7. Technician " 40,00 " o
8. Supervisor o 44.006 " "
9. Truck Driver " 60.00 " "
10. Electrician " 60.00 " "
11. Steel Fixer " 60.00 " "
12. Mason " 70.00 © " "
13. Carpenter " 7500 ¢ "
i4. Driller for Wells . * 80.00 " "
15. Welder " 80.00 " "
16. Foreman - . " 80,00 "
17. Portland Cement ke 1.60
18. Fine Sand . m3 85.00
19. Coarse Sand " 90.63
20. Gravel " 75.00
21. Shingle 25mm " 76.00
22. Stone Ballast i0mm " 150.00
23. Stone Ballast 25mm " 135.00
24. Stone Ballast 50mm " 131.00
25. Reinforce Steel Bar kg 4,80
"26. M.S.Angle " kg 5:60 mild steel
27-1. R.C.Pipe 300mm m 98.50 ASTM C-76 Wall A
27-2., ¢ " 52 5mm m 213.25 -
27-3. " " 600mm m 262.50 "
27-4.. " " 1,050mm m - 738.00 "
27-5. " " 36G0mm m 98.50 ASTM C-76 Wall B
27-6, " " 525mm I 236.25 "
27-7. " " 600mm  m 278.75 "
27-8. " " 1,050mm m 803.50 " o
28-1. Steel Pipe 100mm m 91.80 mild steel,blind,seemless
28-2. " 150mm  m i64.00 . * " "
28-3. " " 200mm m 223.00 . " " " *
28-4. " " 300mm m 426.40 " " " "
28-5. " " 375mm  m 541,20 " " " "
29-1. PVC Pipe  100mm m 64.90 blind,Class B
29-2, * v 150mn m 100.75 " "
29-3. " " 200mm in 243.60 " "
30-1. Gate Valve 2" each 276.00 franged Class 150
30__2' n n 4" H 720.00 n n
30-3. " " 6" " 1,040.00 " "
31. Gasoline lit. 6.55 regular
32. Light 0il " 3.87 diesel
33. Kerosine 0il " 3.25

S0URCE : GOB, Composite Schedule of Rates 1986



	4. GROUNDWATER RESOURCES
	4.1 Hydrogeology
	4.2 Present Groundwater Use
	4.4 Seismic Prospecting
	4.5 Well Test

	5. THE PROJECT
	5.1 Objectives
	5.2 Project Fomulation
	5.3 Proposed Agriculture Development
	5.4 Infrastructure Facilities Planned

	6. PROJECT IMPLEMENTATION PLAN
	6.1 Preject Implementation
	6.2 Arrengement of Project Construction
	6.3 Project Cost


