
 Available online at www.jsciachv.com 
RESEARCH 

ARTICLE 
JOURNAL OF SCIENTIFIC ACHIEVEMENTS 

VOLUME 2, ISSUE 9, SEPTEMBER 2017, PAGE: 23-27 
 

                                                                                                   ISSN: 2207-4236   Page | 23  

Determination of Groundwater Flow Direction in Yenagoa, 

Bayelsa State, Nigeria 

E. Oborie1 and H.O Nwankwoala2* 

1. Department of Geology, Niger Delta University, Amassoma, Bayelsa State, Nigeria. 

2. Department of Geology, University of Port Harcourt, Nigeria. 

Corresponding author: H.O Nwankwoala E-mail address: nwankwoala_ho@yahoo.com 

Abstract 

Sixteen (16) groundwater wells within the Yenegoa metropolis were investigated in order to determine the groundwater flow direction. Local 

groundwater flow directions for selected sections of the area were first determined manually by triangulation and subsequently, a water table 

contour map of the entire study area was generated with respect to the variation in static water level from which the major and minor flow 

directions were delineated. The result shows that groundwater flow direction is predominantly towards the south-western parts of the city with 

the main forces affecting groundwater movement being gravity and external pressure due to pumping. The flow pattern in the aquifer system 

therefore suggests that the southern regions of the study area are susceptible to groundwater contamination that may arise from sections with 

higher hydraulic head. It is therefore recommended that municipal water wells and boreholes for domestic supply should be sited in the northern 

part of the study area while the location of dumpsites and sanitary landfills should be confined to the South-western regions. 
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1. INTRODUCTION 

Water occurring beneath the surface of the ground in saturated geologic materials (e.g., soil, sediment, and rock) is called 

groundwater, and when saturated geologic material can produce or transmit useable quantities of water, it is called an aquifer. The 

aquifer system in the study area like in most parts of the Niger Delta is a multi-aquifer system as reported by various workers [1-2] 

and occurs within clay, silt, sand, and gravel deposited by river and coastal processes. These sediments are distinguished by their 

geologic characteristics and ages, and occur within a geologic formation called the Benin Formation. 

Groundwater does not usually remain stationary, but moves or flows underground according to forces acting on the groundwater [3]. 

In Yenagoa and surrounding areas, the main forces affecting groundwater movement are gravity and external pressure. Gravity is 

related to the natural slope of the sediments making up the shallow aquifer beneath the area, and external pressure is related to 

changes in pressure caused by pumping wells which alter natural groundwater flow directions.  

The most direct method of determining the direction of groundwater movement is by measuring the elevation of groundwater at 

multiple locations over the aerial extent of an aquifer [4]. Measurements are plotted on a map of the area and lines are drawn to 

connect points of equal elevation. These lines represent equal pressure between connected points and are called equipotential lines 

[5]. Groundwater moves along a flow path perpendicular to equipotential lines and the direction of movement is from lines of higher 

value to lines of lower value (i.e., higher to lower elevation or pressure). Groundwater flow paths are usually shown by arrows on 

equipotential surface plots pointing in the direction of groundwater flow. Groundwater usually flows towards and eventually drains 

into streams, lakes, rivers, seas, ponds and boreholes. The flow of groundwater in aquifer does not always reflect the flow of water 

on the surface [6]. It is necessary to know the direction of groundwater flow to determine the recharge zones and make sure that 

human activities in the area do not pose threat to the quality of the groundwater to enable a sustainable use of the resources. Given 

that water always flows from a region of higher head to a region of lower head [7], it is found that groundwater use within an area at 

a higher water level directly affects the quality of water available to people living in regions of lower water levels. 



Oborie E. & Nwankwoala H.O.                                                                              Journal of Scientific Achievements, September 2017; 2 (9): 23-27 

                                                                                                     ISSN: 2207-4236 Page | 24  

The study area is a rapidly developing area with attendant growing population arising from the presence of Universities and other 

government establishments. Unfortunately, water supply by the water corporation is not readily available. The inhabitants only rely 

on the surface water and groundwater extracted from hand dug wells as supplements. The surface water from streams, rivers and 

shallow hand dug wells are often polluted. Groundwater developments therefore constitute a viable option for potable water 

provisions as citizens require access to significant quantities and high quality groundwater supply for their daily activities. Increased 

concern for quantity and quality groundwater has prompted investigation of the pattern of groundwater movement in study area. To 

this end, it becomes necessary to investigate the pattern in which groundwater flows so as to predict the likely pattern of contaminants 

transportation, hence proffer reliable recommendations. 

2. STUDY LOCATION 

The study area is approximately situated between latitude 40 50’N and 50 05’N and longitude 60 10’E and 60 40’E. The area is 

basically rural to suburban, covering a number of communities within Yenagoa Local Government Area of Bayelsa state, Nigeria.  

 
Fig 1. Map of Yenagoa showing study communities 

Yenagoa is located within the transition zone of the Coastal sedimentary lowlands hydrogeologic province in Southern Nigeria. The 

swamps are vegetated tidal flats formed by reticulate pattern of interconnected meandering creeks and tributaries of the River Niger 

[8-10]. The area is underlain by thick succession of sedimentary rocks. The consequence is that the area has thus been taken for 

granted as a sustaining source of abundant groundwater. Owing to this mind-set, the general approach to water supply is 

indiscriminate sinking of boreholes without preliminary geological, hydrogeological and environmental considerations. 

3. FIELD METHODOLOGY 

Field survey was conducted to locate the position of each well, both horizontally and vertically. The global positioning system (GPS) 

Garmin 76csx was used to record the longitude, latitude and surface elevations with respect to the mean sea level at selected borehole 

locations fairly distributed within the study area. The depths to the water table/static water level (SWL) in the boreholes when no 

pumping was taking place were measured directly and recorded. A coaxial water level meter was used to measure the static water 

level in the wells. At each station, the well pump was turned off for at least two hours before measuring the water level to ensure that 

conditions are static (non-pumping) in the well. The coaxial water level meter is an electric device that uses a thin, round wire to 

transmit a signal to a buzzer when water is encountered. This type of meter is useful in wells where access to the borehole is narrow 

or if a pump is installed. Hydraulic head (HH) which is the elevation to which water will naturally rise in a well and thus the 

true/uniform water level was subsequently determined. The hydraulic head of the different locations were obtained by subtracting 

the depth to the water table in the boreholes from the ground elevation with respect to the mean sea level.  

Let SWL= Static water level in the boreholes. 
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GSE = Ground surface elevation with respect to the mean sea level.  

HH = GSE – SWL   

Table 1: Parameters for Determination of Groundwater Flow Direction 

Location Longitude (0E) Latitude (0N) Elevation (m) SWL (m) Hydraulic Head (m) 

1 6.3438 5.0251 19.2 4.5 14.7 

2 6.3702 5.0174 18.0 4.6 13.4 

3 6.3914 5.0112 14.0 3.7 10.3 

4 6.3698 5.0055 15.7 4.5 11.2 

5 6.3683 5.0038 16.0 3.7 12.3 

6 6.3586 4.9974 18.5 3.9 14.6 

7 6.3672 4.9822 17.2 4.0 13.2 

8 6.3569 4.9784 17.0 2.7 14.3 

9 6.3405 4.9659 14.3 2.9 11.4 

10 6.3341 4.9482 12.1 3.4 8.7 

11 6.3187 4.9435 10.3 3.8 6.5 

12 6.3294 4.9398 10.5 2.7 7.8 

13 6.3072 4.9365 10.0 3.8 6.2 

14 6.3006 4.9331 11.4 3.1 8.3 

15 6.2814 4.9224 8.8 4.0 4.8 

16 6.2725 4.9187 7.0 3.5 3.5 

4. RESULTS 

The results obtained from the field work were used to generate the base contour map and flow direction of the study area. Both 

manual and computer aided methods were adopted in present study. 

4.1 Contouring of groundwater flow 

Manual contouring of the field results based on triangular linear interpolation is diagrammatically illustrated in Fig. 2. Three wells 

are basically needed for triangulation. The hydraulic head at the three locations were joined by means of straight lines and difference 

in hydraulic head between the wells was determined. Elevation head differences were divided into equal increments by adding the 

initial water level to each increment. Straight lines connecting the increments which have the same values were drawn. These lines 

represent the water table contours. Groundwater would flow from higher elevation to lower elevation in the direction of maximum 

change in elevation. The line perpendicular to the straight lines which connect the elevation increments indicates the direction that 

the groundwater flows. 

In addition, computer generated contour map is essential in groundwater studies because it is desirable to have the final map as an 

XYZ computer file. Such a digital map could be used in developing a numeric groundwater flow model for a project, or within a 

geographic information system (GIS) of aquifer management. The software package used for this work is known as SURFER by 

Golden Software. The contouring program require that the groundwater level data be organized as XYZ files where X and Y are 

plane coordinates of the measuring points and Z is a function of the elevation of the water table or piezometric surface above a chosen 

reference level, usually the mean sea level. Fig. 3 is the computer generated map of the study area showing various trends in the flow 

direction. 

The results obtained from both manual and computer aided contouring of the aquifer system within the study area shows that overall 

groundwater flow is dominantly from north-eastern corner through the central regions to the south-west. The results thus suggest 

that inordinate land use activities such as indiscriminate solid waste disposal, underground leakage of sewage and petroleum storage 

facilities in the region would be more detrimental for communities lying within the south-western zones of the study area. 

5. CONCLUSION AND RECOMMENDATION 

The water elevation contour map of Yenagoa revealed that groundwater flows from the north toward the southern part of the region. 

The implication of this with respect to vulnerability to groundwater pollution is that the southern section of the aquifer is more 

susceptible to receive transported contaminants from the northern part of the study area. It is thus advisable to site municipal 

boreholes in the north while location of landfills and solid waste dumpsites should be restricted to the south-western sections of the 

study area.  

It is recommended that the government of Bayelsa state and other stakeholders in the area should ensure that inhabitants in the area 

are enlightened on the importance of assuring clean/ environmentally sustainable practices and are encouraged so as to forestall 
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contamination of the groundwater resources available within the study area particularly in the northern sections as this would easily 

spread throughout the aquifer system.  

 
Figure 2. Manual determination of flow direction across sections of the study area 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Groundwater flow direction map of yenagoa 
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