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List of Abbreviation and Technical Terms

Roh: Apparent Resistivity (ohm.m)

Sp: Self Potential (mV)

Vp: Voltage Potential (mV)

In: Current (m A)

VES: Vertical Electrical Sounding

DACAAR: Danish Committee for Aid to Afghan Refugee
WASH: Water Sanitation and Hygiene



1. Introduction

The Tangi returnee camp is located in Behsud district of Nangrahar province. This area is a
narrow valley surrounded by mountains and small alluvium hills. There is not accessible surface
water, therefore the groundwater is the only source of drinking water, but there is unfortunately
of low potential for development drinking water due to low recharge and complex
hydrogeological condition. There is an urgent need to provide drinking water for the inhabitants
of this returnee camp, therefore an investigation for groundwater development was conducted.
On 29-30 March 2011 DACAAR/WASH Programme performed a Vertical Electrical Sounding
(VES) survey in Tangi 2 and Tangi 3 areas using Shlumberger electrodes arrangement. The
field data were measured by SYSCAL Pro resistivity meter and the data interpreted by IPI2 win
software. The field data, interpreted data, measured and computed resistivity curves are
enclosed with this report.

2. Geologic setting

The main geologic formation of the area is:

o Early Proterozoic metamorphic rocks (gneiss, shiest, amphibolites, quartzite and marble
with intercalation of intrusive rocks (diorites and granodiorites)
e Late Quaternary and recent rocks gravel sand somewhat clay cobbles and boulders.
For more information consider the Geology of North Eastern Afghanistan (Fig.1)
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Fig. 1, Geology of North-Eastern Afghanistan



3. Hydro geologic setting

The Tangi area is mainly surrounded by mountains and alluvium small hills. The narrow valley is
filled with sedimentary deposits (gravel, sand and somewhat clay, pebbles, cobbles and
boulders). The sedimentary deposits are underlined by Proterozoic metamorphic rocks. The
water table ranges from 45m to 75m. The discharge of wells is between 0.5-1.0 I/s.

A Tangi natural groundwater system is characterized by two hydrogeologic units:

o Early Proterozoic metamorphic rocks (Gneiss, shiest, amphibolites, quartzite and
marble) with intercalation of intrusive rocks (diorites and granodiorites) as fracture water.
e Late Quaternary and Recent Rocks (deterital sediments, gravel sand somewhat clay
cobbles and boulders)
Both aquifer systems have very poor groundwater possibility for groundwater development due
to poor recharge and complex geologic and hydrogeological condition.

The geological structure and hydrogeological conditions of this area are illustrated in Fig.2,
Fig.3, Fig.4, Fig.5 and Fig.6.

Tangi water flow direction
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Fig.2, Water table contours and water flow direction (Tangi returnee camp)



Location of Geological cross section

Fig.3, 1-D Geologic cross section lines and elevation contours




Geological cross section D-D

B PR-3G3
& iR
] T T R i ?; g g
9 g oy # o Py -
i_- =R o 3”3’"?1*’:’ ;7‘5‘1'1'35‘3'% :-';"!""!"I|I g {7 Legend
] %ur LR BB oS B Bk AR R A beaeell |00 T L
- . 3
RN i et e R e
4 R v R ﬁ? i“‘ir'iﬁ“iﬁ"i" 3;3’ '3‘,. o
- raratey .%:3": ey A "c'.zu'zaﬁ'-'--q.--- "alé' % %I! __:;I;l\'.' Clay, Geavel, Bolder
] BLEYEEY e ﬂ::hf:{u':fnk;‘nf:‘u?}'u ; E .?'ﬂ:
28 e e n rate toim s “ﬂsﬁﬂﬁm&ﬁ e a1 rate - MELIMOhie FoEks
4 et = i1 2 0% WIOLDIOL WI0% W IoL
% - -Zﬁ-‘ O IO T I W I0L W 200 B3 a-:ﬂ'ﬁﬂ-‘:ﬂ':l's-iﬂ
i f0Io joIc jalE jol e 0re Joldlol e Jol e faLe jor e JoT e
i s mios wiss minsw s wickmios mins W]
] wioioiciwieiwioi=io
] I0I® NI et
£
2
&
L
R R A A A N I I N R R R R
Fig.4, 1-D Geologic cross section (D-D)
: GGeological cross section F-F
3 PR-363
1 ¥ PRLT
1 LEiaE % LY
| i i iy S5y,
5 LRI AR pEReo e PEan s Legend
| e P La . iy rigs ez
. 2 3 A s ClaySand, Geaval
i HEIEY : : A N
e B >y £3
]| 55‘ faet 5 g Sl y ;;-EE Clay, Gravel, Bolder
= o e i 3 - - o -l
E - & fofw ote fate fntw jo: I - Hasaldatin
g

pibtince i ™"

an' w}n"w safie faliefo
=i = m i =

"l'll'l'-ﬂ

|¢ h-, f--!' r.r'

”iﬁclﬁ"iﬂiﬁ“

Fig.5, 1-D Geologic cross section (F-F)




3D Geological cross section
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Fig.6, 3-D Geologic cross section

4. Vertical Electrical sounding Survey

On 29-30 March the Vertical Electrical sounding (VES) survey was performed in Tangi 2
and Tangi 3 returnee camps where the drilled tube wells failed. Two VES surveys were
performed in Tangi 2 area. The lengths (AB) of each VES electrodes spacing were 600
m.

4 VES surveys were performed in Tangi 3 area..The maximum lengths of each VES
electrodes spacing were 600 m. The locations of VES are indicated in Fig.7.



Location of Vertical Electrical Sounding Survey in Tangi Returnee Camp

Source: DACAARS WASH National Groundwater Monitoring

Fig.7, Location of Vertical Electrical Sounding

4.1. Measured field data

The field data were measured by SYSCAL Pro resistivity meter and the measured data are
shown in Table 1, Table 2 and Table 3.

Table 1, VES-1 and VES-2 measured field data (Tangi 2)

VES-1 Tangi 2 VES-2 Tangi 2
Rho Sp Vp In K Rho Sp Vp In K
ABZ MNZ| b ) ) i) ) | AB2Z | MN2| o prs ) () () (Al |
15| 05| 211.652| 6.8|528.378] 156.679] 13.7 15| 05| 17874] 55| 2865706] 100.742] 13.7
2| 05| 217.008] B.E| 397.518] 21.491] 247 2| 05| 22937| 28.7| 1492.828| 76.675| 247
3| 05| 216.227| 96| 222812| 28.325| 562 3| 05| 267.66| 22.8| 294.255| 30.221| 562
4| 05| 24032| B.4| 200535 41.29] 100 4| 05| 25656 14.2| 182.824] 3526 100
5| 05| 246795 42| 69.592| 21.927| 157 5| 05| 25368| 166| 149.475| 45814 157
B| 05| 218.049] 35| 42631| 21.958] 296 Bl 05| 23571 128  77.11| 36.742| 296
B| 05| 271.304] 21| 39.562| 29.207| 402 8| 05| 20012 15.8| 42.457| 4249 402
8| 2| 190.339] 12.6| 82605| 20.419] 99 8| 2| 172.74| 20.6| 159.997| 43648 99
0] 2| 153.998| 12.7| 26.871| 13.155] 156 10| 2| 134.98| 43.8| B1.604] 45582 156
12 2| 1412|131 9.a371| o9.021] 225 12| 2| 109.34| 47.6| 31.451| 31627 295
15 2| 74726| 14.1] 4.917| 11.439] 352 15| 2| 7527| 47.3| 22.413| 51683 352
20| 2| 4388 16.1| o.182| 22.549] EB27 20| 2| 3547] 451 2358 20676] 627
20| 5| 43.755| B15| B.451| 22.772| 247 20| 5| a454| 205 7898|2089 247
= 30.7| 448 1.73| 10.642| 389 25| 5| 2826| 48.4] 2891 17.95] 389
30| 5| 22443 05| 00981] 12.003] 562 30| 5| 2248| 486 2763 33.777] 562
30| 5| 20475 33.4] 1.042| 25.113] 1001 a0| 5| 1867| 446| 0074 25808 1001
50| 10| 23.125| 26.7| 0.158| 6&82| 778 50| 10| 2051] B1.1 1071 1968 778
50| 10| =21.188| 15.1| 0.347| &.794] 778 g0| 10| 2277] 8.8 1.431| 34.542] 778
B0| 10| =28.571| 18.3] 0.435| 8.491| 1123 B0| 10| 28.89] 49.6 1246 42.69] 1123
80| 10| 38.131| 22.1| 2.328| 58.797| 2003 80| 10| 49.02| 34.9] 2818 89.395 2003
100] 10| 45.77| 23| 1.135| 36.893] 3134 100 10| 4o0.84] 18|  0913] 50.218] 3134
120] 10| 48.188| 22.1| 0.315] 14.028] 4516 120] 10| 3799 16.2 2.27| 51.722| 4516
120] 25| &2.198| 63.7| _ 0.92] 15.176] 1790 120] 25|  44.18| 17.3 0.75| 23.349] 1790
150] 25| &7.589] 70.1| 0.958] 22.861] 2808 150] 25| 70.91] 13.3 0.14| 4.873| 2008
200] 25|  71.17| 62.5] 0.079] 33.536| 5007 200] 25| 45.24| 7.6|  0.374| 20.464] 5007
250 25|  ©9.00] 53.8] 0.625| 27.433| 7934 250 25| 42.67| 7.4]  0.353| 32.135| 7934
300] 25 105| 46.7] 0.734] 38.837| 11290 300] 25| 39.276| 7.4]  0.353] 32.135]11290




Table 2, VES-1 and VES-2 measured field data (Tangi 3)

VES-1 Tangi 3 VES-2 Tangi 3
Rho Sp Vp In K Rho Sp Vp In K
ABZIMN2 | pr ) ) ) |omay | ABZ \MNZ | pre i (i) | Al |
1.6 05| 240998 13.7 15 0% 205 B0 1013657 21567 13.7
2| os| 2E2.814 247 2| 05 3153533| 71.6| 489.704] 18206 247
3| 05| 251603 56.2 3| 05| 351.067| 64.0| S55506] 27057 S6.2
4 05| 292088 100 4| 05 348111| B5.8| w1.e44] 8785 100
5 05| 324536 157 5| 05| 5459007| 67.6| oos545| 21005 157
B 05] 349108 226 6| 05 53525 691 43721] 14644 206
8] 05] 44697 02 8] 05 260.993| 64| o6531] 20106 402
g 2| 3e2.448 EE] g 2| 27006 08| 147383 25E25 EE]
10 2| 316228 156 10 2[ 224350 98| BB.159] 22241 156
12 2| 247974 225 12 2| 18183 242 31004 19.773| 225
15 2| 160.5454 352 15 2 119921 298| 25775 57374 352
Z0 z 76.91 B27 Z0 2| Ez252| 331 2424 12.073| G27
20 5| e88.545 247 20 5 71629 as 7oo4| 12029 247
25 5| s0.9a52 EE] 25 5 465E0| 176 5051 20507 560
30 5| 32619 562 30 5 29139 224 1.828 17.3| s&2
A0 5[ 22831 1001 a0 5[ 21.118| 24.4 2272 S3.603] 1001
50|10 17.4 77a 50| 10] 20.47s| 242 0637 24376 778
S0 10]  19.3&2 77e 50| 10| 20743 998 1.375] 25083| 778
E0|___10 192 1123 B0| 10| 21.179] 39.2 1.375| o6.023] 1123
80| 10[ 17.814 2003 80|  10[ 19.811| 334 0186 9254 2003
100 10| 13511 3134 100 10| 15421] 218 0.072 797 3134
120/ 10 13.67 4515 1200 10| 19924 14 0369 43351 4516
120] 25| 17556 1750 120] 28| 17.044| Bo.6 0515 45669) 1790
150] 25| 14553 2808 150] 25| 23.175] 93.6 0566 =4.103| 2808
00| 25 S007 200] 25 s007
250] 25 7Ea4 250 25 7834
S00] 25 11200 S00] 25 11290
Table 3, VES-3 and VES-4 measured field data (Tangi 3)
VES-3 Tangi 3 VES 4 Tangi 3
Rho Sp  |Vp In K Rho Sp  (Vp In K
ABZIMNZ| e v ) [ iy | ABZIMNZ| e e () | Al |
1.5 05 2285| 66.7| 167562 51.547| 13.7 1.5] 0.5] 317.365] 46.4] 1169.600] 23.155| 13.7
2| 05| 272447 428 101504] 43.8992| 24.7 2| o= 340 99.2| 794503 Z7.179] 247
3| o= 367 453 25050 18757 S6.2 3| 05| 370789 455 O3.75d| B.O53| E6.2
4] 05| 355074| 387 F00ES| 9808 100 4] 0= 387 42| 179723 22819 100
5| 05| 339707 365 74891 17141 157 5] 05| 374863 43 61.62] 12.816] 157
6] 05| 230811 34.8] 13754 4813| 228 6] 0.5] 353279 42.4] ©B5.343| 2076G| 276
8] o0s8| 3&777| 332 1581[12995] 402 8] 05| 316502 36.2] 24103 14.197| 402
8 2| 210964 37 4| EB0877| 13.695 EE] E] 2| 31716 17.2] &9.701 8.a7 EE]
10 2| 175581 15| am7o99| 15816 156 10 2| 245304] 351 5544 16.993] 156
12 2| 146477 27| 22447 16951 225 12 2| 124134 33 5] 03658 s3.044] 205
15 2| 98513] 48| o308 16EEB| 352 15 2[ 128501 328 7 EE3| 10.478] 352
20 2| 1292 oo as2s| 2928 627 20 2| B5289] 329 7.02] 33311 &27
20 5| ssg23| 714 1519| 30411 247 20 5| 7119 21.2] 21996 34.107| 247
25 5| 39575| B5.5| 2867|1647 399 25 5| 43577 23.2 4.084| 17.652| 389
30 8| 25478| 502 142715174 B2 30 5| 30417 241 3.414] 30.893] =62
A0 5 17.48] 54| 0249] mE44] 1007 40 5| 21494 247 1.431| 32861 1001
s0] 10| 1&.915| 488 0265 12432 778 S0 10| 19.309] 251 1.033] 4186 776
50| 10| 19768| 107| 0679 13.035] 778 S0 10| 20123 529 2222 a1.732| 778
B0 10 195] 103 0267 7693 1123 B0 10| 17.763| 449 1112 33.6891] 1123
80| 1o 18.93] 999 0113 G.008| 2003 80| 10| 18514 6.6 0.953] 51.371] 2003
100 10| 1725 941  0.322| 27967 3134 100 10| 16738 =28 0.209] 19.518] 3134
120/ 10 18.58] 626 0159 2012| 4516 120 1o 1322] 207 0.047| 7.758] 4516
120] 25| 16329 &7 0381 20175] 1790 120] 25 14 39 0.075] 4.511] 1790
150 25| 190912| 61.8] 0.206] 14.213] 2808 150 25| 18.99 E] 0.095] E.869] Za0g
200] 25 5007 200 25| 2043 8.2 0.106] 12.642| 5007
250| 25 7834 250] 25| 2042 B.2 0.054] 9426 7834
so0] 25 11290 soo0] 25| 21.43] 65 0.05] 14.257[11290
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4.2 Interpreted data

The measured field data were interpreted by IP12 win software. The interpreted data was used
to calculate apparent resistivity, thickness, depth and boundaries of layers of rocks. The
interpreted data are shown in Table 4 and Table 5.

Table 4, VES -1 and VES-2 interpreted data (Tangi 2)

No | Site and Vertical Electrical Resistivity Survey in Tangi 2 | Converging of evidences and geological
Direction of App- Layer | Thickness | Depth | interpretation
Surveying Resistivity (m) (m)
(Ohm-m)
1 VES -1 203 1 2.05 2.05 Dry Sand, Gravel
Tangi -2 671 2 1.53 3.58 Dry Sand, Gravel , Bolder and somewhat silt clay
and clay
Lat: 34.49716 15.2 3 30.3 33.9 Sand and Gravel (Poor aquifer)
Lon: 70.35748 268 4 >33.9 | Metamorphic Rock (Probably Fracture water)
2 VES -2 120 1 0.75 0.75 Dry Sand, Gravel
Tangi -2 430 2 0.406 1.16 Dry Sand, Gravel
Lat: 34.49774 134 3 5.14 6.3 Gravel, Boulder , Pebble (Dry)
Lon: 70.53721 10.1 4 55 61.3 | Sand and Gravel (Poor aquifer)
434 5 12 71.3 Weathered deposits (Poor aquifer)
450 6 >71.3 | Metamorphic Rock (Probably Fracture water)

Table 5, VES -1, VES-2, VES-3 and VES-4 interpreted data (Tangi 3)

N | Site and Direction | Vertical Electrical Resistivity Survey in Tangi 3 Converging of evidences and geological
o | of Surveying App- Layer | Thicknes | Depth interpretation
Resistivity 3 (m)
(Ohm-m) (m)
1| VES -1 378 1 1.68 1.68 Dry Sand, Gravel
Tangi -3 1963 2 1.72 3.39 Dry Sand, Gravel , Bolder and somewhat silt clay
Lat: 34.50367 and clay
Lon: 70.53532 27.3 3 45.6 49 Sand and Gravel (water level)
10.3 4 >49 Weathering sediments (poor aquifer)
2| VES-2 277 1 0.75 0.75 Dry Sand and Gravel
Tangi -3 444 2 4.63 5.38 Dry Sand, Gravel , Bolder and somewhat silt clay
Lat: 34.50356 and clay
Lon: 70.53527 19.8 3 37.7 43.1 Sand and Gravel (water level)
4.37 4 22.7 65.7 Weathering Sediments (poor aquifer)
1672 5 >65.7 Metamorphic Rocks(probably fracture water)
3| VES-3 110 1 0.75 0.75 Dry Sand and Gravel
Tangi- 3 297 2 4.7 5.45 Dry Sand, Gravel , Bolder and somewhat silt clay
Lat: 34.50303 and clay
Lon: 70.53580 14.8 3 113 139 Sand and Gravel (poor aquifer)
2802 4 >139 Metamorphic Rocks
4 | VES-4 349 1 0.821 0.821 Dry Sand and Gravel
Tangi-3 612 2 4.41 5.23 Dry Sand, Gravel , Bolder and somewhat silt clay
Lat: 34.50367 and clay
Lon: 70.53544 243 3 27.9 33.1 Sand and Gravel
11 4 38.5 71.6 Sand and Gravel somewhat silt
26.6 5 >71.6 Sand and Gravel (poor aquifer)
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4.3, Vertical Electrical Sounding data Graphic interpretation

The VES data (Apparent resistivity versus Electrodes distance) were interpreted by IPI2
win software as well as manually. The boundaries, thickness and depth of rocks layers were
determined according to the measured and computed apparent resistivity and geo electrical
model (Table 2). The rock types were specified according to the computed apparent resistivity
based on the geophysical interpretation principles (Table 2)

4.3.1, Tangi 2 VES data Graphic interpretation

Two VES (VES-1 and VES-2) surveys were performed in Tangi 2. The measured, computed
apparent resistivity and geo electrical curves show: upper parts of the rock layers consist of dry
sand, gravel and somewhat silt, clay, pebbles, cobbles and boulders; the middle parts of rocks
layer consist of sand and gravel; and the lower parts of rock layers consist of weathered
deposits and metamorphic rocks. The water table ranges from 50m to 65 m. The possibility of
groundwater is increased from the south to the north. The thickness of sedimentary aquifer is
very low and has poor groundwater. For more information refer to Table 1, Table 4, Fig. 8 and
Fig.9.

Tangi 3, Vertical Electrical Sounding-1(VES-1) Curve
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Fig. 8, VES-1 Curve
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Tangi 2, Vertical Electrical Sounding-2{VES-2) Curve
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Fig. 9, VES-2 Curve

4.3.2, Tangi 3 VES data Graphic interpretation

4 VES surveys (VES-1, VES-2, VES-3 and VES-4) were performed in Tangi 3. The measured
and computed apparent resistivity and geo electrical curves show: upper parts of the rock layers
consist of dry sand, gravel and somewhat silt, clay, pebbles, cobbles and boulders; the middle
parts of rocks layer consist of sand and gravel; and the lower parts of rock layers consist of
weathered deposits and metamorphic rocks. The water table ranges from 40m to 55 m. The
possibility of groundwater is increased from the north-west to the north-east. The thickness of
sedimentary aquifer ranges from 25m to 40m and has poor groundwater. Tangi 3 has relatively
better groundwater development possibility than Tangi 2. For more information refer to Table 2,

Table 3, Fig. 10, Fig.11 and Fig.12.
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. 10, VES-2 Curve

Tangi 3, Vertical Electrical Sounding-3(VES-3) Curve
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Apparent Resistivity (Ohm.m)

Tangi 3, Vertical Electrical Sounding-4(VES-4) Curve
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Conclusion

In Tangi 2, the measured apparent resistivity, computed resistivity and geo electrical
model data interpretation show:

1.

The water table ranges from 50m to 65m.

The possibility of groundwater is increased from the south to the north.

The aquifer media is sedimentary deposits and metamorphic fractured rocks.
The thickness of sedimentary aquifer is very low and has poor groundwater.
The tube wells should be drilled 50m south of the failed drilled tube wells.
The maximum drilling depth of well should be 120m.

In Tangi 3, the measured apparent resistivity, computed resistivity and geo electrical
model data interpretation show:

The water table ranges from 40m to 55m.

The possibility of groundwater is increased from the north-west to the north-east.
The aquifer media is sedimentary deposits and metamorphic fractured rocks
The thickness of sedimentary aquifer is very low and has poor groundwater.

The tube wells should be drilled to the north of the failed drilled tube wells.

The maximum drilling depth of well should be 120m.
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