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ABSTRACT 
Detailed borehole Geophysics was carried out in the Department of Physics, 

Rivers State University of Science and Technology, (RSUST) Port Harcourt. The 

study focused on the Design, Construction and Downhole logging of drilled 

wells. Two shallow fresh water boreholes of 30m spacing were constructed – one 

cased, the other uncased. The depths and locations of the boreholes were 

determined by Vertical Electrical Sounding (VES) investigations carried out in 

the study area. Manual hand Auger method was used to drill the wells at 

recommended depths of 50m. The cuttings penetrated through by the drill bit 

were sampled and preserved for inspection. The ABEM SAS 300B log 200 

Terrameter was used to measure and record the subsurface formation of the 

uncased borehole which served as a pilot well. Three parameters (Spontaneous 

Potentials (SP), Fluid Temperature, Lateral variations and the Normal 

Resistivity)  for groundwater exploration were logged to delineate productive 

fresh water aquiferous layers in the area. The comparative results of the 

measured downhole logs and the lithologic and stratigraphic samples collected 

during drilling revealed the fresh water zone of the area at 45m depth.. The 

prolific yield of the tapped aquifer observed during well development and pump 

testing of the cased well confirms the success of the study. The integrity of the 

well was confirmed with  R-Cam 1000 CCTV downhole inspection camera. 
 

INTRODUCTION 
Water well is a hole excavated in the earth for bringing groundwater to the surface. 

Occasionally wells serve other purposes, such as subsurface exploration and observation, 

artificial recharge, and disposal of wastewaters. Many methods exist for constructing wells; 

selection of a particular method depends on the purpose of the well, the quantity of water 

required, depth to groundwater, geologic conditions, and economic factors. (Grant and West, 

1965). Attention to proper design will ensure efficient and long-lived wells. Water well design 

basically involves selecting the proper dimensional factors for the well structure and choosing 

the materials to be used in its construction. The overall objective of well design is to create a 

structurally stable, long-lasting, efficient well that has enough space to house pumps or other 

extraction devices, allows groundwater to move effortlessly and sediment-free from the aquifer 

into the well at the desired volume and quality, and prevents bacterial growth and material 

decay in the well. A well consists of a bottom sump, well screen, and well casing surrounded 

by a gravel pack and appropriate surface and borehole seals. Water enters the well through 

perforations or openings in the casing screen. 
 
 The well design in this study was primarily for screened boreholes in unconsolidated formation 

and the focus was on drilling techniques employed, borehole depth, potential aquifer yield as 

well as identification of maximum discharge and screen filter characteristics. The construction 

details were determined after a test hole has been completed and the geologic zones delineated. 

Manual hand auger rotary drilling method was employed since it is shallow well in an 

unconsolidated formation. During drilling, the driller kept detailed log of the drill cuttings 

obtained from the advancing borehole. 
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Geophysical subsurface investigation was conducted as a confirmatory test on the formation 

characteristics after drilling. Principally, normal resistivity, SP, lateral variations and fluid 

temperature were carried out in the mud filled uncased well which is expected to reveal the 

different geologic materials penetrated by the well.(Guyod, 1965). The information gathered 

guided the driller on the proper placement of sand screens by the adjoining aquifer for optimum 

yield. The well development and subsequent pumping test on the cased borehole affirmed the 

viability of the well for high productivity and sustainable aquifer for long term usage. 
 
Geographic Location and Hydrogeology 
The study area falls within the Niger Delta Region spanning along the coastline with the usual 

characteristics of the Deltaic formation comprising sands, gravel and inter-fingering of clayey 

shale members of the Benin Formation. The borehole is located at Easting and Northing 

coordinates of N 0275899 and E 0530674 respectively at an elevation of 17m (Fig. 1). The area 

is underlain by the coastal plain sands consisting of lenticular beds with intercalation of peaty 

matter and lenses of soft, silty clay and unconsolidated course to medium fine grained sands 

and clayey shale (Ofodile, 1984). The sands are generally sorted, poorly cemented and angular 

in shape.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1. Geologic Map of Niger Delta Region. 
 
The high permeability of the Benin Formation, the overlying lateritic earth and weathered top 

of this formation as well as the underlying clay-shale member provide the hydrologic 

conditions favouring aquifer formation in the area. The aquifers in this area obtain recharge by 

precipitation. The depth to water table of the Benin Formation ranges between 2m to 15m 

below ground level (Ofodile, 1984) 
 

METHODOLOGY 

Manual Drilling Techniques – Jetting Method 

In this study, jetting method of manual drilling was used to achieve a total depth of 45m and 

well diameter of 100mm in an unconsolidated sedimentary basin of the Benin formation (Fig. 

2). This was based on water circulation and water pressure pumped down the drilling pipes 

fixed to a delivery hose connected to drilling stem to the drill bit. The large volume of water 

supplied through an external source has an erosive effect at the bottom and the ‘slurry’ (water 

and cuttings) are transported up between the drill pipe and the borehole wall. A motor mud 

pump was used to achieve an adequate water flow. The drill pipe simply have an open end, or a 

drill bit added and fully rotated by use of clamps attached to the drill pipes. (Arjen 2008) 

Thickeners (additives) mostly bentonites were added to the water in order to prevent borehole 

collapse and reduce loss of working water (drill fluid). The well was drilled to the bottom of the 

Aquifer for the highest possible production from the well.  Rotary hand auger was used in the 

borehole construction. The rock samples were collected at intervals of 3m which was later used 

to make judgment on the screen position in line with log plots.  
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After the drilling and downhole investigations, the well screen, blank casing, and gravel pack 

were installed with pvc pipes. The logging report determined the sand screen position for 

optimum aquifer production capacity. Water moved from the aquifer into the well through the 

mechanically slotted perforated screen casing.  The screens allow maximum amount of water in 

with minimal entry of formation sediments. The annular space between the well screen, well 

casing, and borehole wall was filled with selected gravel material or coarse sand (called the 

gravel pack or filter pack). The gravel pack prevents sand and fine sand particles from entering 

the well through the aquifer formation.  The uppermost section of the annulus was sealed with 

bentonite clay and cement grout to ensure that no water or contamination can enter the annulus 

from the surface. At the surface of the well, a surface casing is commonly installed to facilitate 

the installation of the well seal.  
 
The well was developed to clean the borehole and casing of drilling fluid and to properly settle 

the gravel pack around the well screen. This helps to increase well’s ability to produce water 

and maximize yield from the aquifer. The method of well development employed in this work 

was surging, compressing and airlifting for well screen openings. This procedure lasted several 

hours to properly develop the gravel pack from fine sediments out of the well and to provide a 

clean and unrestricted flow path for groundwater.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2:  Manual Borehole drilling in progress at RSUST 

 
Geoelectric Downhole Logging 

Five down hole log parameters were conducted in the drilled uncased well (Fig. 3). After the 

drilling has been completed but before casing the well, it was desirable to obtain more detailed 

data on the subsurface geology by taking geophysical measurements in the borehole. ABEM 

Terrameter SAS 300B log 200 was used to measure the electrical resistance and the 

spontaneous potential of the geological material along the open borehole wall. The logging was 

conducted by lowering the sonde of the logger into the mud filled uncased borehole after 

placing the surface return electrodes as specified; measuring and recording the values of the 

parameter against the corresponding depth. The normal resistivity logs consist of 4 electrode 

system used for groundwater exploration. The SP is recorded between the borehole electrode 

and reference electrode at the surface. The self measuring and self averaging instrument with 

digital Liquid Crystal Display (LCD) revealed the geoelectric parameters (Normal Resistivity, 

SN 16” and LN 64”, Fluid temperature, Lateral variation, Spontaneous Potential SP) A total 

depth of 140ft was logged; the parameters recorded and analyse using the appropriate software.  
 
Down hole CCTV Inspection Camera 
The R-Cam 1000 down hole Camera was used to conduct detailed inspection of the cased well 

to ascertain its integrity, performance, monitoring, evaluation as well as hydrogeological 

studies (Fig. 4).   
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It demonstrates the actual construction of your borehole, including the amount of casing 

installed and depth of the borehole. It allows a hydro-geologist to see the underlying rock strata 

and where water is entering through fractures and fissures into the borehole as well as give an 

idea on the quality of water in the borehole. The instrument also measures the water table, the 

actual depth of the borehole and reveals the sand screen conditions. The instrument with dual 

angle colour side and down view and 360
0 
rotation is lowered into the cased well. The borehole 

image is clearly displayed on a 7” colour monitor mounted on the system frame. The motion of 

the camera in the well is recorded on a multifunction DVD Recorder which can be replayed in a 

computer. 
 

RESULTS AND DISCUSSIONS 

Well drilling soil sample sequence logs 

The characterization of different soil samples and their influence on the yield (water discharge), 

water quality and performance of the well gives an idea of whether the soil drilled is permeable 

or impermeable. 
 

The samples of the unconsolidated formations provided data for the well design and 

construction. The samples collected in this study during the drilling at intervals of 3m are 

mainly sands and clay (Table 1). 
 
Table 1. Drilling samples and lithology of the formation 

SN Depth (m) Description Fine/Coarse Colours 

1 0 – 3 Top soil Fine Blackish 

2 3 – 6 Top lateritic Fine Brownish 

3 6 – 9 Top lateritic Fine Brownish 

4 9 – 12 Silt Fine  brown 

5 12 – 15 Clay Fine Grayish 

6 15 – 18 Sandy Clay Grained Grayish 

7 18 – 21 Sandy Clay Grained Gray  

8 21 – 24 Medium coarse Coarse Light gray 

9 24 – 27 Grained sand Grained Light gray 

10 27 – 30 Coarse sand  Coarse Light gray 

11 30 – 33 Medium Coarse Coarse Gray 

12 33 – 36 Coarse sand  Coarse Brownish gray 

13 36 – 39 Coarse sand  Coarse Gray 

14 39 – 42 Coarse sand  Coarse Gray  

15 42 – 45 Coarse sand Coarse Gray  
 

Fig. 3. Down hole logs using the Abem SAS 300B 

log 200 terrameter. 
Fig. 4. Down hole inspection using R-

Cam 1000 Camera 
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The physical samples obtained indicate the lithology and soil type of the formation. Sands and 

coarse sands (gravel) are very permeable and productive. The well-screen was placed in the 

sand or coarse sand layer, water flow through the sand into the well is expected to be very high 

since it is permeable. During drilling with water pressure ‘working water’ also easily flows out 

of the bore hole into the sand layer. The opposite is seen with clay where flow into the well is 

very low because clay sand is impermeable and does not allow easy flow of water. In some 

cases the formation consists of a mixture of clay, silt, and sand or gravel particles. For example, 

clay and sand (sandy clay) can exist as a homogeneous layer (clay and sand are mixed) or in 

alternating thin layers. In this case water flows slowly through mixed soils and they are 

therefore described as semi permeable. Results shows high flow rate following the existence of 

coarse sand at 27 – 45m depth.  
 
Subsurface Geophysical logs 

Figure 5 is a suite of borehole geophysical logs collected from the well log responses which 

include; fluid temperature, normal resistivity (long and short normal) and Spontaneous 

Potential. In practice log interpretations are not made with the resistivity curve alone, SP and all 

other available data are analyzed simultaneously with resistivity.  
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Fig. 5. Geoelectric logs of sequence of sand formation in an uncased well. 

 
Two most important factors that influence specialized logs are the texture of the formation and 

the salinity of the groundwater. Sand has a higher resistance than clay, while high salinity 

reduces the electrical resistance of the geological formation. Pure water is a poor conductor 

with high resistivity value hence the normal resistivity curves is skewed to positive. Fresh water 

aquifers have much high resistivities than most other formations. However, salt water and clay 

sands are good conductors with the resulting low resistivity and subsequent negative skew of 

the curves, (Fig. 5) 
 
The SP logs are highly useful mainly to delineate clay dominant and saline water zones; 

however, it does not show any significant result in formations that do not contain clay minerals. 

From the logs, aquifers with high saline content have resistivities close to clay formation which 

can be differentiated from clay by the SP logs curves. When formation water is much more 

negative than the drilling mud, the SP is generally more negative in aquifer than in clay strata 
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The SP is generally meaningless when there is no clay formations in the sequence of beds 

penetrated by the well. 
 
The fluid temperature remained fairly constant following the shallowness of the probed depth. 

This is the characteristics features of fluid temperature for the delineation of water bearing 

zones. Figure 5 also shows fluid temperature decreases slightly with depth with minor 

inflections at the beginning and at the 6m depth. The relatively straight temperature profile is 

consistent with vertical flow in the borehole between zones of differing hydraulic head 

penetrated by the well. The water level at the time of logging was 3.7m 
 
Down hole Inspection Survey 
The borehole television survey was used here to characterize water-bearing fractures and to 

locate smooth sections of borehole to set packers as well as reveal the integrity of the well. The 

camera showed and recorded the color optical image of the borehole on a video CD which can 

be viewed in a real time on a television monitor. The depth indicated on the video image may 

not correspond exactly to the geophysical logs because of slippage of the video cable. The log 

revealed the water level at 3.7m and changes in borehole water quality (chemical precipitates, 

suspended particles and gas) which was viewed directly with the camera. 
 
A full colour DVD recording of the borehole survey is provided which allows review of the 

well at the comfort of engineer to consider any further requirements. A permanent historical 

record of the borehole is also provided which can be added to periodicals.   

CONCLUSION 

The presence of prolific aquifers can be inferred from the geoelectric log data. The Geoelectric 

logs curves vividly by inspection determine the depth and thickness of almost every bed. 

Supplementing this with the drill cuttings samples confirm the prolific aquifer beds as achieved 

in this report. The quantity of water in the aquifer is proportional to net thickness and porosity. 

It is not possible to distinguish a clean, fine sand from a clean coarse sand gravel with an 

electric log alone, hence a combination of logs are employed in this study.  
 
The information obtained in this study was very useful in finalizing the well design, which 

included determination of the depth of the well screens position, the size of the screen 

openings, and the size of the gravel pack material which served as a filter. Borehole logging is 

an important and strong tool in hydrogeology, e.g., for constructing regional or local geological 

models of groundwater reservoirs (quite similar to the construction of models for hydrocarbon 

reservoirs) and for evaluation of borehole condition and water producing fractures at a detailed 

scale.  
 
The yield during well development (compression, surging and airlifting) is awesome as clean 

fresh water was discharged. The down hole inspection camera revealed the integrity of the 

borehole showing detailed hydrogeological features of the well in full color real time display.  
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