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1.Introduction 

DACAAR performed geophysical survey (vertical electrical sounding) for provision of safe 

drinking water for Camp SakhiTown. This Town is located about 18 Km to the northeast of 

Mazarisharifcenter of Balkh province. There is settled more than 2000 families and most of them 

are displaced and refugee.The people of this Town have safe drinking water problems because 

of saline groundwater.The hydro geologic condition of this Town is very complex for 

groundwater development due to having saline and fresh water bearing formation. The tube 

wells were drilled to the depth between 64 – 145m and constructed elevated reservoirs and pipe 

schemes, but the water being pumped and distributed is saline and they are potentially a threat 

to the health of the people. The people are using their drinking water from these tube wells, 

because there is no alternative water resources (fresh groundwater and surface water) for 

provision of safe drinking water. 

On 18 - 20 November 2012, DACAAR were performed Vertical Electrical Sounding (VES) 

survey in Camp SakhiTown for provision of drinking water using Shlumbergerelectrodes 

arrangement (Figure 1). SYSCAL Pro resistivity meter measured the field data and the data 

interpreted by IPI2 win software. 

 
Figure 1 Recording VES profile field data using SYSCAL Pro resistivty meter 
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2.Surface Geological setting of area 

The surface geological formations of the survey area are: 

• Recent Quaternary:gravel, sand, clay, clay sand and loess.  

• Upper-recent Quaternary: gravel, sand, sand clay, silt and loess. 

• Upper-recent Quaternary: sand, sand clay, silt and loess. 

•  Middle Quaternary: sand, clay sand, loess and loam 

• Lower Quaternary:gravel, sand, clay sand, breccia, siltstone and gypsum 

• Middle Miocen:Boron clay, siltstone, sandstone andconglomerate.  

 

The Geological setting of the area is shown in the figure 2. 

 
Figure 2 Surface Geological setting of the survey area (Balkh Province) 

3. Hydro geological setting of the study area 

The natural groundwater system in the survey area is characterized by Upper-recent 

Quaternary which is made of sand, sand clay, silt and loess. The water table ranges from 22 - 

24 m and the aquifer (water bearing formation) has saline water.The groundwater salinity 

ranges from 2880 µS/cm to 5370 µS/cm. The study area is a problematic area from the 

groundwater point of view. Table 1 and figure 3 indicate water tables and salinity of groundwater 

in Camp Sakhi& in the town of Nahr-e-Shahi of Balkh Province. 
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Table 1 Location of water table and physical parameters of water points in Camp Sakhi&town of Nahr-e Shahi 

No. LAT. LON. Ele. Source TD (m) WL(m) EC (µS/cm) pH T 

1 36.77345 67.32539 364 TW 88 22 3700 7.17 14.5 

2 36.77450 67.32710 339 TW 77 22.4 4730 8.2 19.1 

3 36.77383 67.32345 337 TW 110 22 4220 8.30 19.4 

4 36.77826 67.32206 337 TW 64 23 3775 8.23 18.4 

5 36.78382 67.32564 336 TW 100 22 3720 8.32 19.4 

6 36.78919 67.31880 336 TW 64 22.5 3600 8.22 18.7 

7 36.78188 67.31620 335 TW 135 22.5 2980 7.83 18.5 

8 36.78024 67.31827 334 TW 135 24 2970 7.89 18 

9 36.77472 67.31586 338 TW 95 22 2880 8.04 17.3 

10 36.77619 67.31621 339 TW 90 23 5370 8.2 18 

11 36.77839 67.30784 338 TW 110 22.5 2980 8.9 18 

12 36.78145 67.30717 337 TW 123 23.2 2950 8.4 17 

13 36.78693 67.30583 337 TW 105 105 3080 8.4 17.4 

Note: Ele = Elevation 

 
Figure 3 Groundwater level and salinity distribution 

4. Vertical electrical sounding survey 

4.1 Vertical Electrical sounding method 

In this method the applied Schlumberger techniques was used. Current was transmitted into the 

ground from DC or low frequency sources by two electrodes (A and B) and the potential 

difference between a second pair of electrodes (M and N) was measured (figure 4). 
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Figure 4 Vertical Electrical Sounding Method 

Apparent resistivity value is calculated: 

 

Pa= K V / I 

 

Where: 

Pa is the apparent resistivity 

K is the geometric factor,  

V is a voltage or potential difference between a second pair of electrodes in volts  

Iis the current from DC or low frequency sources by two electrodes in ampere.  

 

The field data interrelated according to the following resistivity scale for water and rocks (see 

figure 5). 

 
Figure 5 Resistivity scale for water and rocks 
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4.2 Field study 

On18 -20 November 2012, 8 Vertical Electrical sounding (VES) profiles (VES-1, VES-2, VES-3, 

VES-4, VES-5, VES-6, VES-7 and VES-8) were performed in Camp SakhiTown,Nahr- e-

ShahiDistrict of Balkh Province using Shlumbergerelectrodes arrangement.The lengths and 

locations of VES profiles are indicated in Table 2 and Figure 6. 

Table 2 Location of VES Profiles 

NO Location Name VES Profiles LAT LON 
Elevation 

 (m) 
VES Length  

(m) 

1 Camp Sakhi VES-1 36.77377 67.32578 342 600 

2 Camp Sakhi VES-2 36.77608 67.32362 337 680 

3 Camp Sakhi VES-3 36.77610 67.31688 339 600 

4 Camp Sakhi VES-4 36.78168 67.31715 337 600 

5 Camp Sakhi VES-5 36.78196 67.31611 322 600 

6 Camp Sakhi VES-6 36.77929 67.31992 340 600 

7 Camp Sakhi VES-7 36.78240 67.32468 365 600 

8 Camp Sakhi VES-8 36.78173 67.31544 337 6 

 

 
Figure 6 Location and length of VES profiles in Camp Sakhi area 
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4.3 Measured VES field data 

SYSCAL Pro resistivity meter measured the field data and the measured data are shown in 

Table 3, Table 4, Table 5 and Table 6.  

Table 3VES 1 & 2 measured field data 
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Table 4VES 3 & 4 measured field data 

 

Table 5VED 5 & 6 measured field data 
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Table 6VES 7 & 8 measured field data 

 

4.4 Interpreted field data 

The collected field data were interpreted by IPI2 wins software. The interpreted data were used 

to calculate apparent resistivity, thickness, depth and boundaries of layers.The interpreted data 

are shown in Table 7. 

Table 7 Interpreted data 

N
o 

VES 
Profiles 

Vertical Electrical Sounding data interpretation results 

 Expected lithology of layers  
App-Resistivity 
(Ohm.m) 

Layer  
Thickness 
(m) 

Depth 
(m) 

1 

VES-1 

LAT: 36.77377 

LON: 67.32578 

111 1 0.75 0.75 Loess, sand, gravel 

1.4 2 0.05 0.806 Silt clay (evaporative) 

701 3 2.23 3.14 Dry sand and gravel 

6.64 4 54.5 57.1 Silt clay 

25.2 5 87.1 145 Sand, silt clay 

0.0661 6 ? ? ? 

2 

VES-2 
LAT: 34.37914 

LON: 67.32362 

111 1 0.75 0.75 Loess, sand, gravel 

1.01 2 0.0411 0.791 Silt clay (evaporative) 

724 3 2.25 3.05 Dry sand and gravel 

6.65 4 56.8 59.9 Silt clay 

30 5 72.6 132 Sand, silt clay 

0.0666 ? ? ? ? 

3 

VES-3 

LAT: 36.77610 

LON: 67.31688 

39.6 1 1.74 1.74 Loess, sand, gravel 

0.565 2 1.28 3.02 Silt clay (evaporative) 

148 3 1.86 4.88 Dry sand and gravel 

4.11 4 7.44 12.3 Silt clay 

1.47 5 5.16 17.5 silt clay 
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N
o 

VES 
Profiles 

Vertical Electrical Sounding data interpretation results 

 Expected lithology of layers  
App-Resistivity 
(Ohm.m) 

Layer  
Thickness 
(m) 

Depth 
(m) 

8.25 ? ? ? ? 

4 

VES-4 

LAT: 36.78168 

LON: 67.31715 

143 1 1.45 1.45  Clay, silt sand 

77.1 2 7.26 8.71  Silt sand, clay  

4.64 3 55.3 64 Clay, silt sand 

20.6 4 ? ?  Silt sand, sand  

 

VES-5 

LAT:36.78196 

LON: 67.31611  

128 1 2.39 2.39  Clay, silt sand 

25.2 2 17.4 19.8  Silt sand, clay  

1.21 3 15.4 35.2 Clay, silt sand 

14.5 4  ? ?  Silt sand, sand  

6 

VES-6 

LAT: 36.77929 

LON: 67.31992 

137 1 1.91 1.91  Clay, silt sand 

73.2 2 6.36 8.27  Silt sand, clay  

10.2 3 28 36.3 Clay, silt sand 

4.14 4 39.1 75.4  Silt sand, sand  

30.6 5  ? ? Silt sand, sand  

7 

VES-7 

LAT.36.78240 

LON.67.32468 

104 1 0.785 0.75  Clay, silt sand 

7.71 2 0.177 0.927  Silt sand, clay  

344 3 1.95 2.88 Clay, silt sand 

18 4 10.6 13.5  Silt sand, sand  

2.7 5 20.5 34 Silt sand, sandandclay 

31.7 6 35.8 69.8 Sand, silt sand  

0.918 7 ? ? ? 

7 

VES-8 

LAT.36.78173L

ON .67.31544 

121 1 2.18 2.18 Dry sand, gravel and clay sand  

10.2 2 10.6 12.78 Silt clay and clay 

1.2 3 4.8 17.6 Clay, silt clay  

6.6 4 169 187 Clay, silt clay 

425 5 ? ?  ? 

Table 8VES#1, VES#2, VES#3, VES#4, VES#5, VES#6, VES#7, and VES#8 interpreted data 

4.5 Vertical Electrical sounding field data Graphic interpretation 

The VES -1, VES-2, VES-3, VES-4, VES-5, VES-6, VES-7 and VES-8 field data (apparent 

resistivity versus Electrodes distance) were interpreted withIPI2 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 7). The rock 

types were specified according to the computed apparent resistivity based on the geophysical 

interpretation principles. The Apparent resistivity versus Electrodes distance curves for VES -1, 

VES-2, VES-3, VES-4, VES-5, VES-6, VES-7and VES-8are shown in the Figure 7, Figure 8, 

Figure 9, Figure 10, Figure 11, Figure 12, Figure 13 and figure 14. 
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Figure 7VES 1 Curve 

 
Figure 8VES 2 Curves 
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Figure 9VES 3 Curves 

 
Figure 10VES 4 Curves 
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Figure 11VES 5 Curves 

 
Figure 12VES 6 Curves 
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Figure 13VES 7 Curves 

 
Figure 14VES 8 Curves 

4.6 VES profiles field data Graphic interpretation results 

The measured, computed apparent resistivity and geo electrical curves show: 

• The field data graphic interpretation ofprofiles VES-1, VES-2, VES-3, VES-7 andVES-8 
show that the aquiferconsists of silt, silt clay and has saline water. The groundwater 
salinity ranges from 3800 µS/cm to 5370 µS/cm. The water table range from 21 m to 
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24m. Therefore groundwater couldn't be developed for drinking purposes due to having 
high salinity.  

• The field data graphic interpretation ofprofiles VES-4, VES-5 and VES-6 shows that the 
upper part of aquifer layers consists of clay, sand, silt and clay sandand the aquifer 
consist of sand, silt, somewhat thenlayers of gravel and clay sand. The upper part of 
aquifer has saline water and the lower part of aquifer has tolerance drinking water (2800 
-3100 µS/cm). The water table range from22 m to 25 m. Therefore, these VES 
profileshave relatively good possibility for development of groundwater than the other 
VES profiles. 

5. Conclusion 

1. The VES -1, VES-2, VES-3,VES-7 and VES-8 field data (apparent resistivity, computed 
resistivity and geo electrical model)interpretation results show: 

 

• The aquifer layers consist of sand, silt and clay sand. 

• The water table ranges from 21 m to 24 m. 

• The groundwater salinity ranges from 3800 µS/cm to 5370 µS/cm. 

• The aquifer has saline water and groundwater couldn't be developed for 
drinkingpurposes due to having high salinity. 
 

2. 2.The VES -4, VES-2 and VES-8 field data (apparent resistivity, computed resistivity and 
geo electrical model) graphicinterpretation results show: 

• The aquifer layers consist ofsand, silt, somewhat then layers ofgravel and clay sand. 

• The water table ranges from 22 m to 25 m. 

•  The upper part of aquifer has saline water and the lower part of aquifer has relatively 
fresh water (2800 - 3100 µS/cm), this range is not according to WHO limit, but it is 
according to the upper limit of WSG 

• These VES profiles have relatively a good possibility for groundwater development 
than the other VES profiles 

6.Recommendation 

•  The Camp Sakhi Town (study area) is one of problematic area due having saline 
groundwater. The salinity of groundwater is not according to the WHO limit, but the 
profiles VES-4, VES-5 and VES-6 show relatively good possibilities than the other 
VES profiles, and the groundwater salinity (2800 - 3100 µS/cm)is tolerancefor 
drinking according to the upper limit of WSG. 

• In the study area (as well as in the surrounding of this camp) is not available other 
alternative water resources (fresh groundwater and surface water) for provision of 
safe drinking water. The groundwater is only source of drinking water in this area. 

• The discharge of groundwater couldn't determine by this study (Geophysical survey). 
We couldn't find the existing drilled well hydraulic properties which were drilled by 
deferent organizations in this area, thereforethe discharge of well willbe determined 
after performingof pumping test. 

• The well should be drilled to the depth of 140 m. The salinity of water bearing 
formation should be monitored during the drilling process. 

• If the well drills by Rotary Rig. It is suggested to perform the well logging geophysics 
for finding suitable intervals of screen installation and blocking of saline water. 


