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CHAPTER 5  DRILLING SURVEY 
 
5.1  General  
 
A drilling survey was performed for the principal purpose of identifying the geological structure and 
quality of groundwater in the Study area.  Drilling points, which are shown in Figure 5.1 and Table 5.1, 
are located in Wadi Suq, Wadi Bani Umar al Gharbi, and Wadi Lasail and its trubutary.  
 
The drilling survey to identify the geological structure was conducted by logging the boreholes 
designated DH-1A, DH-1B, DH-4G, DH-15G, DH-16, DH-16A and DH-16B.  The drilling survey to 
characterize the hydrogeological conditions was conducted by recording hydrological and water quality 
parameters in the boreholes designated DH-1, DH-2, DH-3, DH-4, DH-5, DH-6, DH-7, DH-8, DH-9, 
DH-10, DH-11, DH-12, DH-13 and DH-14. , Shallow and deep holes were independently drilled at the 
locations designated DH-4, DH-5, DH-6, DH-7, DH-8 and DH-12 to identify aquifers of the shallow and 
deep formations, respectively.  In each deep borehole, the hole was sealed by solid casing pipe at least as 
deep as the shallow hole.  Piezometers were also installed on the up gradient side of both the upper and 
lower part of the wadi.  The arrangement of the drilling investigation is shown in Figure 5.2. 
 
Pumping tests were performed at each hole designated DH-1～DH-14 to gather hydrogeological data .  
Water samples were also collected for water quality analysis twice during the study, once in July and 
once in November. 
 

5.2  Geological Conditions  
 
Geological columnar sections from each of the drilling holes for the geological investigation and the 
geological profile along Wadi Suq are presented in Figures 5.3 (1) to (12) and 5.4, respectively. The 
geology in the Study area is summarized in the following subsections of this report. 
 
5.2.1  Upstream Area of Wadi Suq 
 
The upstream area of Wadi Suq consists of the Effusive rocks, i.e. mainly basaltic rocks of the Ophiolite.  
In uppermost reaches of the wadi, tailing dam was constructed.  Tailings have 30.20 to 30.65 m in 
thickness and Wadi Sediments can be found at the bottom of the tailings. Laminar layers are well 
developed in the tailings and consist of well-tightened silt to middle particle-sized sand with high pyrite 
content. In top the layer from 4 to 6 m of the tailings surface, porosity due to oxidation and leaching out 
of the pyrite can be found.  However, in deeper parts, oxidized materials cannot be readily observed. 
 
Basement rocks consist of weathered pillow lava of altered basaltic rocks with well-developed fissures.  
Permeability of the tailings seems to be relatively poor because they consist of well-compacted fine 
grained materials.   On the other hand, the basaltic basement is presumed to have higher permeability  
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Table 5.2  Groundwater Level in Drill Holes 
 

Drill hole № July, 2000 
Depth (m) 

Nov., 2000 
Depth (m) 

Drill hole № July, 2000 
Depth (m) 

Nov., 2000 
Depth (m) 

DH-1A -32.70 -32.50 DH-7D -10.20 -9.35 
DH-1B -17.79 -17.53 DH-8S -16.36 -15.31 
DH-2  -7.37  -6.60 DH-8D -16.16 -15.24 
DH-3  -3.45  -2.51 DH-9  -8.22  -7.57 
DH-4S  -6.59  -5.61 DH-10  -7.62  -6.85 
DH-4D  -5.88  -4.98 DH-11 -10.33  -9.58 
DH-5S -10.64  -9.90 DH-12S  -5.88  -5.20 
DH-5D  -8.40  -8.07 DH-12D  -5.87  -5.36 
DH-6S -11.41 -10.54 DH-13  -9.21  -7.85 
DH-6D -11.61 -10.78 DH-14  -9.47  -8.70 
DH-7S -10.19  -9.42    

 
Groundwater levels near the KM 2 point are at approximately -7 m.  However, from KM 2 to KM 14 
near Sagha Village, groundwater is generally shallower than - 4 m.   This zone of shallow groundwater 
seems to be derived by a dam created by a narrow constriction in the natural topography near KM 14.  
Down stream of the Sagha village, the lower the wadi reaches, the deeper the groundwater level 
becomes, presenting –8.07 to –16.36 m.  Seasonal fluctuation ranging between 20 and 90 cm were 
observed in all the boreholes during the study.    
 
Both shallow and deep holes were drilled for points of DH-4, DH-5, DH-6, DH-7, DH-8, and DH-12 in 
order to identify and differences in the shallow and deep groundwater. 
 
The differences groundwater levels in each shallow and deep drill hole are presented in Table 5.3. 

 
Deep groundwater in DH-4, DH-5 and DH-8 appears to be slightly confined.  Minute calcreted sand and 
gravel layers are the probable cause of the confining beds.  Groundwater levels in each the shallow 
boreholes DH-6, DH-7 and DH-12 is almost the same indicating that the deep groundwater is not 
confined. 

 
5.3.2  Field Pumping Tests 
 
Field pumping tests were carried out by submerged pump for drill holes of 12-1/4 in diameter.  The 
pump tests consisted of stage tests, continuous tests, and recovery tests. In the drill holes with diameters 
of 6-1/4 inch, recovery tests were conducted after continuous pumping tests by air lift pumping.  The 
results of the field pumping tests are given in Figure 5.6 (and refer to Appendix-5) and Table 5.4. 

 
Referring to pumping, flow rates of 30 to 350 L/min could be obtained at DH-2 and DH-3 in the 
upstream reaches of Wadi Suq and DH-9 in a tributary of Wadi Bani Umar al Gharbi. 
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Table 5.3  Level Difference of Groundwater in Each Shallow and Deep Drill Hole 
 

Groundwater level Difference*3 Location Drill hole No. 
July, 2000 Nov., 2000 Deep - Shallow 

DH-4S*1  -6.59 -5.61 +0.71 DH-4 
DH-4D*2   -5.88 -4.98 +0.63 

DH-5S -10.64 -9.90 +2.24 DH-5 
DH-5D  -8.40 -8.07 +1.83 
DH-6S -11.41 -10.54 -0.20 DH-6 
DH-6D -11.61 -10.78 -0.24 
DH-7S -10.19 -9.42 -0.01 DH-7 
DH-7D -10.20 -9.35 +0.07 
DH-8S -16.36 -15.31 +0.20 DH-8 
DH-8D -16.16 -15.24 +0.07 
DH-12S -5.88 -5.20 +0.01 DH-12 
DH-12D -5.87 -5.36 -0.16 

*1:Shallow hole,  *2: Deep hole,  

*3: Level difference= (WL in deep well) - (WL in shallow well)  

 
Flow rates in all other bore holes, were less than 30 L/min.  Permeability coefficients ranging between  
10-3 to 10-6 cm/sec were obtained by the field pumping tests.  The observed permeabilities are rather low 
because the tests were mostly conducted in calcreted sand and gravel zones and in bedrock. 
 

DH-8 and DH-9 in the downstream reaches of Wadi Suq and DH-12 at Bayda village showed high 
permeability on the order of 10-3 cm/sec.  Permeabilities obtained in the upstream to middle stream 
reaches of Wadi Suq were relatively low, ranging from 10-4 to 10-6 cm/sec.  Generally speaking, the 
shallow portion of each bore hole showed higher permeability than the deep layers. 
 
5.4  Result of Water Quality Analysis 
 
Groundwater samples for water quality analysis were collected twice during the study, once in  July 
2000 during first field investigation,  and once in November 2000 during  the second field investigation.  
The results of field water quality measurements and water quality analysis are presented in Table 5.5 
(1)~(2).   The results of electric conductivity, Cd, Pb, Cu, SO4, and Cl analysis for shallow groundwater 
during the second investigation are presented in Figure 5.7 (1)~(6) and refer to Appendix-6. 

 
5.4.1  Characteristics of Water Quality 

 
Water quality in the drill holes is characterized as follows: 
 

- Temperature of groundwater ranges from 27.8 to 33.7°C, indicating 1°C higher temperature of 
upstream area than that of downstream. And the groundwater temperature obtained in November shows 
lower tendency ranging from 1 to 3°C than July.   
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- PH value ranged from 4.00 to 9.98. In DH-13 and DH-14 in downstream area of Lasail mine showed 

acidic pH of 4 to 5 in July but changed to neutral pH of 7 to 8.  This change of water quality is 
believed to depend on change of water level. In DH-12 in downstream area of Bayda mine, pH 
showed weakly alkaline of 9.49 to 9.98. All other areas showed neutral pH ranging from 6 to 8. 

- Oxidation-Reduction-Potential (ORP) values range from -247 to -209 mV.  DH-2 and DH-3 in 
upstream of Wadi Suq and DH-12 in Wadi Lasail showed oxidizing state, while other area showed 
reducing state. 

- Electric Conductivity (EC) values range from 0.07 to 8.15S/m.  Tailing impoundment showed 7 to 8 
S/m, while its downstream to Sagha village was 0.9 to 3 S/m.  Middle and down stream of the Wadi 
Suq showed 0.1 to 3 S/m and about 0.1 S/m, respectively. 

- Mercury (Hg) concentrations range from 0.0003 to 0.0035 mg/L with the higher concentrations 
being obtained from seepage out of the tailings dam.  All other samples indicated lower values not 
exceeding the standard of 0.001mg/L stipulated in Omani drinking water and waste water discharge 
regulations. 

- Cadmium (Cd) concentrations range from 0.001 to 0.112 mg/L with the higher concentration of 
0.1mg/L being obtained from seepage out of the tailings dam.  The downstream area to the DH-5 
bore hole and the area near Aarja and Bayda mines showed slightly higher values.  All other 
samples, however, indicated lower value not exceeding the standard of 0.01mg/L stipulated in 
Omani drinking water and waste water discharge regulations. 

- Chromium (Cr) concentrations range from 0.006 to 1.12 mg/L with the higher concentration of 0.1 
mg/L being obtained from seepage out of the tailings dam. The downstream area to DH-5 bore hole 
and area near Aarja and Bayda mines showed slightly higher values. 

- Arsenic (As) concentrations range from 0.004 to 0.013 mg/L with slightly higher concentrations 
being obtained from seepage out of the tailings dam. But all other samples indicated lower values 
not exceeding the standard of 0.05mg/L stipulated in Omani drinking water regulations. 

- Lead (Pb) concentrations range from 0.01 to 1.17 mg/L with slightly high concentrations being 
obtained from seepage out of the tailing dam, including the downstream area to borehole DH-5 and 
near the area of Aarja and Bayda mines.  All other samples, however, indicated lower values not 
exceeding the standard of 0.1mg/L stipulated in Omani drinking water and waste water discharge 
regulations. 

- Copper (Cu) concentrations range from <0.01 to 1.48 mg/L with the higher concentrations being 
obtained from seepage out of the tailings dam.  All other samples indicated lower values not 
exceeding 0.1 mg/L. 

- Manganese (Mn) concentrations range from <0.01 to 5.03 mg/L with slightly higher concentrations 
being obtained from seepage out of the tailings dam, including DH-6 and DH-7.  All other samples 
indicated lower values not exceeding 0.1 mg/L. 

- Iron (Fe) concentrations range from 0.05 to 78.24 mg/L with the higher concentrations being 
obtained from seepage out of the tailings dam, including DH-6 and DH-12. All other samples  
indicated lower values.
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