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Hydrological Challenges in Nigeria

➢ Nigeria is still behind in achieving the sustainable development goal on water and

sanitation with a significant proportion of its population lacking access to clean drinking

water. Also, seasonal droughts and flooding remain a major challenge with reported

annual deaths, destruction of properties, forced relocation and decline in agricultural

production.

➢ Addressing these challenges require a sustainable approach for managing the

nation’s water resources.

➢ This, however, requires a detailed understanding of the structural and stratigraphic

heterogeneities of the shallow subsurface as well as the hydraulic properties controlling

storage, groundwater flow and solute transport as well as surface and groundwater

interaction processes.

➢While hydrological models are useful for this, combining geophysical and

hydrogeological methods provide high resolution estimates of parameters needed for

calibrating the hydrological models.

➢As limited work has been done on this in Nigeria, this field camp project is focussed

on:

1. Increasing the capacity of local geophysicists, mostly students and young

professionals on the application of geophysics for water resources management.

2. Providing a framework for improved aquifer characterization integrating geophysical

and hydrological data sets.

3. Develop a hydrological model using geophysical and hydrogeological data to support

water resources management in the region.

Geophysical Investigations Hydrogeological Investigations

➢Test Well installation and hydraulic testing

➢Seismic RefractionField Hydrogeophysics Research Site

➢ Electrical Resistivity – Vertical Electrical Sounding 

(VES) and 2D Electrical Resistivity Tomography (ERT)

Initial Results

➢ 4 VES were acquired at positions A, B, C &

D while 2 were acquired at the mid point

between A & C and B & C.

➢ 4 2D ERT profiles (Profile 1 – 4 as shown

on Figure 2) were also acquired

➢ All ERT profiles were with 2 m unit electrode

spacing and profile lenght of 50 - 96 m

➢ Field camp project site is

about 50 m x 50 m area

located within the

University of Ibadan,

Nigeria

➢ A „basement complex“ 

area with overburden 

underlain predominantly 

by gneiss which are 

weatheres and fractured 

at the upper segment.

Figure 1: Hydrogeophysics Research Site, Nigeria

Figure 3: Acquisition of electrical resistivity data at the test site – VES on the left and 

2D ERT on the right

Figure 4: Seismic refraction data acquisition

➢ Two seismic refraction profiles were

acquired along Profiles 2 and 4 with

profile length of 72 m.

➢ 4.5 Hz geophones, 0.5 m spacing and

shot point at every meter along the

profile

➢ A piezoelectric hammer and metal plate

were used as seismic source

➢ 48 channels ABEM Terraloc Pro

Seismograph used for data acquisition

Initial Results

➢ Test wells B, C & D were drilled to 30 m

while well A was drilled to 18 m due to a

suspected major fracture.

➢ Overburden thickness including weathered

basement is ca. 11 m thick and saturated at

ca. 7 m

➢ Major fractures at 8, 13, 17 & 24 m.

➢ Pumping & Tracer Tests

➢ Pumping test with extraction at well D and

monitoring at all 4 wells

➢ Salt tracer test using convergent flow field

with extraction at well D while tracer was

injected in well B

➢ 500 L of salt tracer (NaCl) with fluid

conductivity of 22 mS/cm was injected at a

rate of 0.25 l/sec

How reliable is electrical 

resistivity in delineating 

fractures?

Figure 5: 2D resistivity 

model (up) and 1D VES 

model (down)

➢ 1D VES model underestimated the thickness of the overburden

➢ 2D ERT model gives a better estimate of overburden thickness. It also shows

distributions of low resistivity units within a high resistivity block which may be related

to weak zones within the basement. Such weak zones are related to possible

fractures or zone of intense weathering.

➢ Drilling confirm the occurence of mulitiple major fractures in the area which may lead

to a complex flow system depending on the connectivity between the fractures.

➢ The aquifer is classified as „fractured-unconfined“ with average water levels of 1.1 m

and groundwater flow in the NE direction.

➢ Pumping test with extraction at well D was characterized with large drawdown of

about 1m at well A with long recovery periods.

➢ K estimate = 2.8 x 10-5 – 1.3 x 10-4 m/s

➢ Integrate both resistivity and seismic refraction data for characterizing existing

subsurface structural heterogeneities at the site and extend the use of geophysics for

imaging fractures in crystalline aquifers

➢ Further pumping and tracer tests for K and travel time estimates and for caliberating

the flow and transport model at the test site.

Research Outlook

Figure 6: Pumping (up) & tracer (down) tests

Figure 6: Conceptual (right) and flow (left) models of the test site. 

Figure 2: Cross section of participants during the field camp


