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____________________________________________________________________________________________ 

 

Abstract 

 
Permeability and porosity are formation characteristics that influences the deposition variation of static water level 

(SWL), these was investigated  in some selected locations in Niger Delta Region, from the data generated through  

the standard  experiment, it findings  shows that the highest static water level deposited at 2m while the  lowest at 

66m, further more the result of  from all the selection shows that the  high  variation experienced are mostly from the 

eastern part of the Niger Delta region, the variation area influenced by its geologic history in the studied area. The 

result generated validates the fact that there should thorough investigation in every location in deltaic environment; 

these should be done   before design and construction of borehole in the study area for good productive yield and 

potable water.     Copyright © WJCMEE, all rights reserved.  

 

_____________________________________________________________________________________________ 

 

I.0 Introduction 

Permeability and groundwater flow 

Permeability is a critical parameter for the assessment of how water flows through soil and rocks. The precise 

meaning of the term „permeability‟ is sometimes a cause of confusion between engineers and hydro geologists. Civil 

and geotechnical engineers are interested almost exclusively in the flow of water through soils and rocks and use the 

term „coefficient of permeability‟, given the symbol k.  For convenience k is generally referred to simply as 
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„permeability‟, and in many publications and books this terminology are normally used. Therefore, for groundwater 

lowering purposes permeability, k, will be defined as „a measure of the ease or otherwise with which groundwater 

can flow through the pores of a given soil mass‟. A slight complication is that the permeability of a porous mass is 

dependent not only on the nature of the porous media, but also on the properties of the permeating fluid. In other 

words, the permeability of a soil to water is different from the permeability of the soil to another fluid, such as air or 

oil. Hydrogeology references highlight this by calling the engineer‟s permeability „hydraulic conductivity‟ to show 

that it is specific to water. Often, if the term „permeability‟ appears in hydrogeology references it actually means the 

permeability of the porous media independent of the permeating fluid, sometimes also known as intrinsic 

permeability (Cashman and. Preene 2001). Permeability is in fact only a theoretical concept, but one vital to realistic 

assessments of groundwater pumping requirements and so an understanding of it is most desirable. In theory, 

permeability is the notional (or „Darcy‟) velocity of flow of pore water through unit cross sectional area. In fact, the 

majority of the cross sectional area of a soil mass actually consists of soil particles, through which pore water cannot 

flow. The actual pore water flow velocity is greater than the „Darcy velocity‟, and is related to it by the soil porosity 

n (porosity is the ratio of voids, or pore space, to total volume). (Cashman and. Preene 2001). Hydraulic 

conductivity has been measured long time by traditional hydro geologic approaches. Such  approaches are: pumping 

test, slug test, laboratory analysis of core samples, and geophysical well logging. Pumping tests do produce reliable 

(K) estimates, but the estimates are large volumetric averages. Laboratory analysis can provide information at a very 

fine scale, but there are many questions about the reliability of the (K) estimates obtained with those analyses. 

Although the slug test has the most potential of the traditional approaches for detailed characterization of (K) 

variations, most sites do not have the extensive well network required for effective application of this approach. (J.J. 

Butler, 2005). However, these traditional methods are time-consuming and invasive. Another group of hydro 

geological methods used to measure vertical hydraulic Conductivity such as: Dipole- Flow test (DFT), Multilevel 

slug test (MLST), and Borehole Flow meter test (BFT). These techniques can only be used in wells, which often 

must be screened across a relatively large portion of the aquifer and provide information about conditions in the 

immediate vicinity of the well in which they are used. The ability to reliably predict the hydraulic properties of 

subsurface formations is one of the most important and challenging goals in hydro geophysics, since in water-

saturated environments, estimation of subsurface porosity and hydraulic conductivity is often the primary objective.  

Lesmes and Friedman, 2005). Many hydro geophysical approaches have been used to study the relationship between 

hydraulic conductivity from surface resistivity measurements. 

1.2 vertical distribution of groundwater 

The vertical distribution of groundwater are based on the interstices occupied partially by water and partially by air, 

in the zone of saturation, all interstices are filled with water under hydrostatic pressure. On most of the land masses 

of the earth, a single zone of aeration overlies a single zone of saturation and extends upward to the ground surface. 

In the zone of aeration, vadose water occurs. This general zone may be further subdivided into the soil water zone, 

the intermediate vadose zone and the capillary zone. The saturated zone extends from the upper surface of saturation 

down to underlying impermeable rock. In the absence of overlying impermeable strata, the water table, or phreatic 
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surface, forms the upper surface the zone of saturation. This is known to be the surface atmospheric pressure and 

appears as the level at which water stand in a well permeating the aquifer (Todd, 2004). The static level of water in 

wells penetrating the zone of saturation is called the water table. The water table is often described as the subdued 

r4eplica of the surface topography. It is generally higher under the hills and lower under the valleys, and a contour 

map of the water table in any area may look the surface topography. (Garg, 2005). 

Thus the water is the surface of a water body which is constantly adjusting itself towards an equilibrium condition, 

with the water moving from the higher points to the lower points. If there were no recharge to our outflow from the 

groundwater in a basin, the water table would eventually become horizontal. But few basins have uniform recharge 

conditions at the surface as some areas receive more rain than others, and some portions of the basin have more 

permeable soil. Thus, when intermittent recharge does occur, mounds and ridges in the water table under the areas of 

greatest recharge; subsequent recharge creates additional mounds, perhaps at other point in the basin and the flow 

pattern is further changed. Meanwhile various other factors, such as variation in permeability of aquifer; 

impermeable strata, influence of lakes, stream, and well, etc. do make the water table constantly adjusting toward 

equilibrium (i.e. horizontal) because of the low flow ratios in most of the aquifers. This equilibrium is rarely attained 

before additional disturbance occur, this is subject to the variable of the water table in the Niger Delta environment 

due to all these conditions causes of variables in the region. (Garg, 2005). 

2.1 Movement of Groundwater 

According to Gar (2005) water table is generally not horizontal and has high and low points in it, i.e. it is not in 

equilibrium. In order that the ground from the high points on the water table to the points lower down. The rate at 

which such movement occurs is dependable upon two factors; (i) on the ability of the porous medium to pass water 

through it, i.e. on the permeability and (ii) on the driving force or hydraulic gradient, I usually expressed as the ratio 

between the difference in elevation (H) of the two points on the water table (in the direction of flow), and distance 

between the (h). 

2.2 Niger delta formation and unconfined aquifers 

According to Gar (2004) in water table or gravity wells, when an artesian well be driven and water pumped heavily 

so as to cause a sufficient draw down, when the water level in the well decreases, the water level in the 

neighborhood will also fall down, forming what is called inverted cone of depression all around the well, the base of 

this cone is a circle of radius R, known as the circle of influence; and the inclined side is known as the drawdown 

curve. The formation in the Niger Delta are known to be unconfined aquifers, base on the water contours beneath the 

ground and deposition of different types of formation which may have been a predominant in the terrain resulted to 

having variable in the region. 

Raghannath (2006) in context states that if a well is drilled into an artesian aquifer, the water level rises in the well 

to its initial  level at the recharged source called the piezometric surface. If the piezometric surface is above the 

ground level at the location, in such situation the well is known to be non-flowing artesian well. In practice, a well 

can be dilled through 2003 artesian aquifers (if multiple artesian aquifer exists at different depths below ground 
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level). Sometimes a small band of impervious strata lying above the main ground water table (GWT) holds part of 

the water percolating from above. 

According to Charbeneau (2000) the vadose zone is separate from the zone of saturation by the water table, also 

known as the phreatic surface. The water table is known to be the surface or locus of points that are at atmospheric 

pressure. This area corresponds to the water elevation that is observed in a monitoring well. The diameter of a 

monitoring well is so large that capillary forces are unimportant and there is no capillary rise. Below the water table 

the gauge pressure is positive, while above the water table the pressure is negative. 

 

Water in the region that is below the water table is under positive pressure, and the porous matrix is saturated. This 

is known to be zone of saturation. Both terms are somewhat misleading. Groundwater should refer to that water 

below the surface of the ground, while water in the lower part of the capillary fringe is saturated. 

Charbeneau (2000) furthered in his context that unconfined aquifer flow should be considered first whereby the 

level H above the datum represent the elevation of the water table (i.e. the locus of all points at atmospheric 

pressure). Above water table the (gauge) pressure in the water phase is negative, while below the water table the 

pressure is positive. Meanwhile Zhang and others (2003) concluded that the vadose is important to the growth of 

land plants and is the interface between the groundwater and surface hydrologic systems as we become evident 

water flow in the vadose is complicated because pores contain both soil, gas and water. Parameter like hydraulic 

conductivity and storativity which are hydraulic “constant” in saturated system, became hydraulic functions. In 

essence, the transmmissivity and storage properties of an unsaturated medium change dramatically depending on the 

relative proportion of soil gas and water. Not surprisingly, then, the governing equation for flow become more 

complicated to solve because parameter turn into nonlinear function. More so, Al-layla and Others (1978) confirm 

the variable in water table base on the capillarity fringe which contains capillary water varies in thickness including 

change in the water table. Water table in its true sense does not exist in a water bearing stratum found below the 

impervious stratum. 

The intake area of groundwater supplies may be situated very close to the intake point or at a great distance 

depending upon whether the flow is unconfined within an aquifer (water bearing stratum) below an impervious 

stratum. When the level of the groundwater is free rise and fail, flow is unconfined or free. In this case the 

groundwater table follows the slope of the ground surface. The movement of water will then be at right angles to the 

water table contours. If the aquifer underlies an impervious stratum, flow is confined which is similar to flow of 

water in a pope under pressure. 

Free water occurs in the saturated zone of water bearing strata. Water bearing strata are also known as aquifer, water 

bearing strata which is previous in nature, act as water source water inside the confining bed is known as fixed 

groundwater or pheratic water developed from a Greek word „phreas’ meaning a well. As this water remain in the 

sub-capillary opening of clays, silts etc. (Chatterjee, 2001).  
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More so, according to Chatterjee (2001) it is important to select a suitable site before construction of a well. This 

sire should be such that it gives sufficient storage of underground water at a moderately depth, and the quality of 

water obtained will be as pure as safe possible. Care should be taken to avoid those sites where there is chance of 

pollution of groundwater from impure surface water or waste water. More so, the knowledge of the topography and 

the geology of the country is very essential for obtaining quick and better locations. Furthermore, in locating of well, 

spacing between two adjacent wells should be adequate to avoid  interference. If two wells are closely spaced while 

pumping, there corete or influence will overlap with each of the two wells will act as a single well. To avoid too 

much of interference its preferable to construct well with suitable spacing. This spacing may depend on the nature of 

well, hydrological condition, rate of pumping etc (Chatterjee, 2001). 

3.0 Material and Method 

Data were collected through the use of measuring instrument which is done after development of borehole in all the 

location of the studied area, measuring of the static water level although vary in depth definitely given as a lot of 

variable in the static water level as a matter of fact that the geologic history varies from its formation that with 

detailed standard investigation will give the detail result of the variation in the static water level.  The use of the 

measuring instrument after development of the borehole in the study  areas include the detailed investigation of 

geological formation and history derived the data result. 

The result was subjected to analysis which provide the ascertained result in the studied areas if the Niger Delta. The 

use of water dipper is the basic equipment in all pumping test which is used in measuring rapid changes in water 

level. The device used in the location consist of a two wire coaxial cable that has an electrode separated by an air 

gap at the lower end. The circuit is completed when both electrodes enter the water, and is indicated by a light or 

buzzer. The cable is graduated, so depth to water level can be read directly from the cable. Realistically reading can 

be taken every 15 – 30 seconds, although experienced personnel can take reading more often as this was used in all 

the studied areas using the method. 

4.0 Result and Discussion 

For certainty the geologic history of the formation definitely ascertain some level of facts in the variation of static 

water level. The climate condition of the studied area should have some percentage of influence on the water level 

variations; this should have ascertained the variation results from the studied area. For the geological history of the 

terrain the formation has 80 percent of unconsolidated formation especially the main deltaic environment. 

The variable of the static water level in some selected locations in the Niger /Delta are presented in Table 4.1. -4.3 

below 

Table 4.1: Determined static water level 

 

Determined static water level 

 

Location  Average  

 SWL Depth  

Opukuma 3.0 22.4 

Yenagoa  3.0 22.4 

Odi  3.0 22.4 
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Kaiama  3.0 22.4 

Ekeyie  4.0 24.6 

Sagbama  4.0 24.6 

Ogbia  6.0 29.2 

Nembe  2.0 63.3 

Warri  6.0 29.2 

Ugheli  3.0 22.4 

Aboah  6.0 29.2 

Asaba  7.0 31.5 

 

Table 4.2: Determined static water level 

 

Location  Average  

 SWL Depth  

Uyo  33.0 90.6 

Etim Ekpo  45.0 117.9 

Eket  27.0 77.0 

Oron  36.0 97.5 

Calabar  42.0 111.0 

Ondo Town 6.0 29.2 

Akure  12.0 42.33 

Owaza  18.0 56.5 

Aba  27.0 77.0 

Ngwa  36.0 97.5 

Ukwa East  12.0 42.88 

Obingwa  24.0 70.1 

Azumini  21.0 63.3 

Umuahia Town 33.0 90.6 

Oboro  45.0 117.9 

 

Table 4.3: Determined static water level 

 

Location  Average  

 SWL Depth  

Ogwa 54.0 138.4 

Nekede 24.0 7.0 

Aboh Mbaise 39.0 104.3 

Orji 45.0 117.9 

Ugwuta  39.0 104.3 

Olowu Town 66.0 165.7 

Ideato  54.0 138.4 

Owerri Town  39.0 104.3 

Orie Mbieri  33.0 90.6 

Izombe  48.8 124.8 

Ohaji Egebem  15.0 49.7 

Mbaitoli  51.0 131.6 

Ifakala  51.0 131.6 

Ubakori  36.0 97.5 

Obaku  30.0 83.8 

Ikeduru  33.0 90.6 

Dike na fai 57.0 245.3 

Orlu  66.0 165.7 
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From the result in all the selected locations of the Niger Delta environment, the static water level have an average 

mean of 22.0m, but on the tables  the results fluctuate thus the  highest deposit at two metres and the lowest at sixty-

six metres,   this validates the fact that the geologic history of the environment definitely influence the variation of 

the static water level, which may also influence the depth including the level of consolidation of the formation 

deposited in the studied area. More so, looking at the data, most locations the static water levels are  very low, the  

level of consolidation varies which also influence the static water level in those areas, those locations are mostly the 

location at the eastern part of Niger Delta environment, these formations are at the boundary locations or at a 

transition zone. From the study it implies that for every productive well there is need for thorough investigation of 

the formation using every available method necessary, this to ensure that a good result about the geological 

formation are known before design and construction of borehole. The  study has also make us to understand the 

major cause of failure in Niger Delta environment due to its variation in its deposited formations from the origin of 

the environment, theses  has a tremendous  influence on the geological formation and history.  The design of 

borehole should be done based on thorough investigation result in each location undermining the general known 

history of the environment. 

5.0 Conclusion and Recommendation  

For certainty static water level in Niger Delta environment, thoroughly investigation in the studied locations has 

shown that it has a great percentage variation, based on the groundwater deposited in the terrain. There is no doubt 

from the study that there need for design and construction of water borehole, there   should be an investigation for 

good design and construction that will definitely produce good productive and potable water. Therefore, I 

recommend that there should be a detailed investigation and it must be applied in every design and construction of 

every borehole drilled in the studied area. No borehole should be drilled without design based on these 

investigations, there should be a baseline guide which should be a criteria for design and construction of  productive 

well. Government and individuals in those studied area should make this a necessity to avoid economic loss, 

abandoned projects and abortive wells. 
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