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Abstract

The role of climate variation on groundwater level and its geotechnical implication was studied. Static water levels (SWL) and elevations
of 57 dug wells and boreholes were measured during dry and wet seasons. The differences between the SWL for dry and wet season was
used to establish the depth of groundwater fluctuation, while geophysical investigation was conducted to delineate the subsurface geo-
electric layers. This information is vital for groundwater assessment and evaluation, however, this research is biased towards its geotech-
nical implications. SWL varied between 5.5 — 13 and 2.2 - 9.2 meters below sea level (mbsl), while groundwater elevation ranges from
131.8 — 157.2 and 136-160 meters above sea level (masl) for dry and wet seasons respectively. The depth of fluctuation (active zone) lies
between 1.1 — 5.9 mbsl. The wells showed a direct rapid response to short term seasonal precipitation attributable to climate variation,
which implies a shallow aquifer. Groundwater flows from the northern parts towards the southern parts. Foundations in the study area are
underlain by sandy-clays, clays and sands as revealed by geophysical investigations. Engineering structures with shallow foundation may

be prone to shrink-swell behavior, and should be laid beyond active zone.
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1. Introduction

Groundwater level fluctuation (rise and fall) in response to local-
ized climate change occurs in virtually all arid and semi-arid cli-
matic regions, characterized by wet and dry seasons. The fluctua-
tion in groundwater levels of these regions mostly occurs within
the unconfined shallow aquifers. The change in temperature and
precipitation influences the recharge of the groundwater aquifers,
causing shifts in water table levels in unconfined aquifers
(Apaydin, 2009; Changnon et al.1988; and Zektser and Loaiciga,
1993), the influence is not restricted to temperature and precipita-
tion alone, but also over-extraction and vegetation.

Climate variability, being relatively short term compared to cli-
mate change, will have greater impact on shallow unconfined
aquifer systems, whereas water levels in deeper aquifers can only
be influenced by the latter (Apaydin, 2009). Understanding the
relationship between the localized climate variation and ground-
water level fluctuation within the study area (Giza), will enhanced
a better planning and decision making regarding agricultural activ-
ities, groundwater abstraction and management; landfill and sew-
age system design; and designs of engineering structures (dams,
roads, and buildings). Given that all engineering structures trans-
mit their load to a considerable depth beneath the surface, the
interaction between the structural loads and the underlying soils
strata containing water must not be neglected. As such, the depth
to water table, groundwater movement, and groundwater level
fluctuation assessment should be done prior to designs and con-
structions.

Most recent research has focused on the effect of groundwater
level fluctuation on: well yield (Apaydin, 2009), estimation of
aquifer recharge (Sang-ki et al. 2003), groundwater evaluation and
management (Alexandra et al. 2015). Umar (2014) delineated the
saline water zone and assessed the groundwater quality in Giza
and reported that it is suitable for drinking in most parts and un-
suitable in some parts. Offodile (2002) studied the occurrence of
groundwater in the sedimentary rocks of Nasarawa State and re-
ported that the aquifer of the Awgu Formation has low yield.
However, the impact of seasonal variation on groundwater fluc-
tuation as it affects engineering structures has not been prioritized.
It is on this note that this research was necessitated, as it can be
applied for many purposes such as agriculture, sanitation or foun-
dation design.

Collison et al. (2000), identified pore water pressure as one of the
consequences of climate change on groundwater. According to
Bell (2007), understanding of the local geology and groundwater
conditions is vital for risk assessment and mitigation, as regards
foundation design and stability. Information about water-table
position would be useful in understanding the susceptibility of an
aquifer to contaminants, groundwater flow direction, as well as the
depth at which groundwater may affect engineering structures
(Tahir et al. 2016). The aim of this research is to study how sea-
sonal variations affect groundwater level fluctuation; the direction
of groundwater flow in wet and dry seasons; and whether or not
these fluctuations have effect on foundations of engineering struc-
tures. These will be achieved by measuring the static water levels
in hand-dug wells and boreholes, measuring their elevations, and
taking their coordinates at the peak of wet and dry season respec-
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tively, as well as conducting subsurface geophysical investiga-
tions.

2. Geomorphology and description of study
area

2.1. Location and accessibility

The study area (Giza) lies within latitudes 8°11°- 8°12 N and longi-
tudes 8°38°- 8°38°50 E (Fig.4). The area is accessible through both
tarred and graded-untarred roads. The main access route being the
tarred Lafia-Makurdi road, while the graded-untarred roads in-
clude the Kadarko — Giza, Keana — Giza, Giza - Yelwata and Obi -
Giza roads.

2.2. Climate and vegetation

The study area is characterized by a tropical sub-humid climate
with two distinct seasons, wet and dry. The wet season lasts from
the beginning of May to October, while the dry season is experi-
enced between November and April. The highest amount of rain-
fall is recorded between May and September (Fig.1). Annual rain-
fall ranges from 1500mm to about 2000mm. The wettest month,
being July and August (Fig.1), while 95% of rain falls between
May to September. Humidity is generally high during the wet
season 95%, and drops to about 55% for the dry season. Tempera-
ture is generally high during the day, particularly between the
month of March and April. The mean monthly temperature ranges
between 25°c -34°c (Fig.2), with the coolest month being Decem-
ber and January. The area falls within forest savannah zone of
Nigeria, rich in deep fertile alluvial soils, which are enriched with
abundant forest biomass.
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Fig. 1: Mean Annual Rainfall From 2009 — 2013 (NIMET Lafia).
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Fig. 2: Mean Annual Temperature From 2009 — 2013 (NIMET Lafia).

2.3. Relief and drainage

Generally, the study area elevation ranges from 139 to 165 meters
above mean sea level. The area has a low to moderate relief with
few scattered laterite capped hills (Fig.3).The area shows a den-
dritic drainage pattern (Fig.4), and is drained by minor tributaries
of the River Benue such as River Okpula and Owunobi, flowing
almost parallel to one another. The drainage is topographically and
structurally controlled.
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Fig. 3: 3D Topographic Map of the Study Area.
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Fig. 4: Drainage Map of the Study Area.
2.4. Geology of the study area

The study area lies within the Central Benue Trough (CBT),
which is composed of six stratigraphic successions believed to be
Upper Cretaceous. These successions are Asu River Group,
Ezeaku Formation, Keana Formation, Awe Formation, Awgu and
Lafia Formations. The area is part of the Awgu formation (Fig.5),
which is Late Turonian-Early Santonian in age, and lies comform-
ably on the Ezeaku formation. Lithologically, it is made up of
bluish-grey to dark-black carbonaceous shales, calcareous shales,
shaleylimestones, limestones, sandstones, siltstones, and coal
seams, the type locality outcrops at the bank of River Dep in
Shankoli village. The peak of deposition of this formation was
during the Late Turonian transgression, early Coniacian and ter-
minated in early Santonian. This deposition marks the end of ma-
rine sedimentation in this part of the Benue Trough, with the Giza
syncline, one the main fold elements (Offodile 1976). Obaje 2002,
2004; Nwajide, 1990 and Offodile, 1976 have worked extensively
on the geology of the Central Benue Trough with emphasis on its
economic geology and hydrogeology.
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Fig.5: Geologic Map of the Study Area.
2.5. Hydrogeology of the study area

The hydrogeology of the Central Benue Trough was extensively
studied by Offodile (2002), who reported that the hydrogeological
situation of the valley is complex. He attributed the complexity to
the fact that most potential aquifers are either limited in extent,
thinly developed with clay and shale intercalations, which have
poor water bearing and yielding capacity. He further noted that,
because of the high indurated nature of the rocks, its hydrogeolog-
ical potential depends on the development of secondary voids
resulting from joints, fractures, and solution channel.

The aquifer of the Awgu Formation lies within the Sandstone beds
of the formation. Where the sandstone are coarse grained, they are
permeable and bear water. However, it is often limited in thick-
ness and lateral extent, hence reducing the groundwater potential
(Offodile, 2002). He studied a borehole of 150m deep within Aw-
gu Formation and reported a yield of 0.3 litre/sec, and a static

water level of 1.5m. The aquifer is the deepest, but with the least
yield compared to Lafia and Awe Formations. The Awgu For-
mation which bears less water during the dry seasons covers areas
like Daddare, Tudun Adabu and Giza.

3. Methodology

Static Water Levels (SWL) of hand dug wells and boreholes were
measured during the wet and dry seasons, totaling fifty-seven in
numbers. The water levels were measured using a SOLINT tem-
perature, level, and conductivity (TLC) electric dip-meter. The
lead of the electrical circuit is lowered into a well and as soon as
the open lead touches water, the circle is completed, which is indi-
cated by making a beep, and the reading from the calibrated tape
is recorded. The depth in meters below sea level (mbsl), the eleva-
tions in meters above sea levels (masl) and coordinates (longitude
and latitude) of the wells were also taken using Geographical Posi-
tioning System (GPS). The SWL measurements were carried out
in the months of August and March for wet and dry season respec-
tively. This was done very early in the morning when the water
levels in the wells are not affected by withdrawal. These meas-
urements were used to construct SWL contour map (Fig.6). SWL
measurement of the wet season was subtracted from SWL meas-
urement of dry season for each well to obtain the depth of fluctua-
tion. SWL measurement (mbsl) was also subtracted from eleva-
tions (masl) for each well to obtain the groundwater elevations.
The result was used to construct hydraulic head map, from which
the direction of groundwater flow was determined (Fig.8).

4. Results and discussions

Groundwater levels for dry season varied between 5.5 and 13
mbsl (Table 1), and have a mean value of 7.8 mbsl. While the
groundwater elevation in the dry season range from 131.8 to
157.2 masl.

Table 1: Static Water Level Measurement for Dry and Wet Season

S/IN  Location Elevation = Swl-Wet Season ~ Swl-Dry Season ~ Water Level Fluctu-  Swi-Elevation Wet Swl-Elevation Dry
(Masl) (Mbsl) (Mbsl) ation (Mbsl) Season (M) Season (M)

1 N8°12° 002 152 52 6.6 14 146.8 1454
E8° 38’ 28.4”

2 Ng°11°59.5” 157 48 8.0 3.2 152.2 149
E8° 38’ 28.7”

3 N8°12°01.0 152 33 7.0 3.7 148.7 145
E8°38°29.2”

4 N8°12°01.4” 146 2.2 55 3.2 143.8 140.5
E8°38’28.1”

5 N8g°12°02.9” 154 45 6.7 2.2 149.5 147.3
E8°38’28.1”

6 N8°12°02.6>> 154 6.8 8.5 1.7 147.2 1455
E8°38°29.8”

7 N8°12°04.5 151 55 10.5 5.0 1455 140.5
E8°38°30.6”

8 Ng°12°04.5 156 55 6.4 11 150.5 149.6
E8°38°30.6”

9 N8°12°02.8> 152 33 6.6 33 148.7 1454
E8°38°32.0”

10 N8°12°01.5>> 153 3.6 57 2.1 149.4 147.3
E8°38°31.5”

11 Ng°11°59.7” 151 51 7.0 19 145.9 144
E8°38’32.4”

12 N8°12°00.5>> 155 45 6.6 21 150.5 148.4
E8°38°32.2”

13 N8°12°00.7°> 155 48 85 3.7 150.5 146.5
E8°38°31.7”

14 N8g°11°58.7” 154 4.6 7.3 2.7 149.4 146.7
E8°38°30.1”

15 N8°11°56.5° 153 55 85 3.0 1475 1445
E8°38°29.4”

16 Ng°11°53.8” 155 41 8.7 4.6 150.9 146.3
E8° 38’ 28.4”

17 N8°11°49.6” 145 31 8.3 5.2 141.9 136.7

E8°38°29.2”
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18 N8°11°49.9 160 3.5 9.4 5.9 156.5 150.6
E8°38>30.1”

19 N8°11°49.5 140 34 6.5 31 136.6 133.5
E8°38°30.1”

20 N8°11°49.2 160 3.8 6.6 2.8 156.2 153.4
E8°38°32.0”

21 N8°11°46.9 139 3.0 7.2 4.2 136.0 131.8
E8°38°33.6”

22 N8°11°47.4 154 35 7.0 3.5 150.5 147
E8°38°34.0”

23 N8°11°46.7° 144 35 6.8 3.3 140.5 137.2
E8°38°35.4”

24 N8°11° 482 154 3.8 8.4 24 150.5 145.6
E8°38°35.7"

25 N8°11°50.1”° 159 4.1 6.5 2.4 154.9 1525
E8°38’34.3”

26 N8°11°50.6° 146 43 6.7 2.4s 141.7 139.3
E8°38°34.0”

27 N8°11°50.6 165 45 8.0 35 160.5 157
E8°3833.1”

28 N8°11°52.8> 156 4.2 5.8 1.6 151.8 150.2
E8°38°32.2”

29 N8°11°55.8" 154 4.6 7.3 2.7 149.4 146.7
E8°38°29.1”

30 N8°11°57.3 145 55 9.3 3.8 1395 135.7
E8°38 31.1”

31 N8° 11> 555 152 4.7 75 2.8 147.3 144.5
E8°38°30.5

32 N8°11°54.9 147 44 6.3 1.9 142.6 140.7
E8°38’30.5”

33 N8°11°55.0° 151 4.1 6.8 2.7 146.9 144.2
E8°38°29.0”

34 N8°11°56.8> 143 54 8.9 35 137.6 134.1
E8°38°31.2”

35 N8°11°53.0” 146 4.7 9.1 4.4 141.3 136.9
E8°38’35.0”

36 N8°11°52.2° 157 4.1 6.9 2.8 152.9 150.1
E8°3835.4”

37 N8°11°52.8> 154 4.7 8.0 33 149.3 146
E8°38°36.4”

38 N8°11°53.8" 152 51 7.6 25 146.9 144.4
E8°3836.1”

39 N8°11°49.7>> 155 45 8.6 41 150.5 146.4
E8°38’ 38.3”

40 N8°11°52.2> 150 54 9.3 3.9 144.6 140.7
E8°38°37.9”

41 N8°11°51.8 148 8.0 11.5 35 140.0 136.5
E8°38’ 40.2”

42 N8°11°52.0” 151 9.2 13 3.8 141.8 138
E8°38 41.2”

43 N8°11°46.0 152 41 6.7 2.6 147.9 1453
E8°38°40.6

44 N8°11°44.4 150 4.6 8.2 3.6 145.4 141.8
E8° 38’ 44.3”

45 N8°11°44.6 152 6.3 9.8 35 145.7 142.2
E8° 38’ 44.3”

46 N8°11°44.9 155 3.7 6.8 31 151.3 148.2
E8°38°41.8”

47 N8°11°59.3 163 5.0 9.2 4.2 158.0 153.8
E8° 38’ 40.5”

48 N8°11°58.5° 163 52 7.3 2.1 157.8 153.8
E8°38°39.2

49 N8°11°59.4 154 55 6.9 14 148.5 147.1
E8°38°38.2”

50 N8°12° 009> 159 6.3 8.1 1.8 152.7 150.9
E8°38’37.1”

51 N8°12°00.8° 160 44 6.6 2.2 155.6 153.4
E8°38°35.6

52 N8°12°00.1 162 53 10 4.7 156.7 152
E8°38’36.4”

53 N8°11°59.6 161 55 8.4 2.9 155.5 152.6
E8°38’35.6”

54 N8°11°59.5 165 5.0 7.8 2.8 160 157.2
E8°38°35.0”

55 N8°11°58.4 165 54 9 5.4 159.6 156
E8°38’34.8”

56 N8°11°57.7 161 53 6.5 53 155.7 1545
E8° 38 35.3”

57 N8°11°56.7> 163 53 8.2 53 157.7 154.8

E8° 38’ 34.8”
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Wet season records a peak level of 2.2mbsl and deepest level of
9.2 mbsl, with a mean of 4.7mbsl. The groundwater elevations for
this season range from136 to 160 masl (Table 1).The depth of
groundwater level fluctuation lies between 1.1 to 5.9 mbsl (Table
1). Static water levels (SWL) in the dry season are deeper than
that of wet season, while the groundwater elevation is higher in
wet season than dry season. Groundwater levels in the study area
were observed to vary from one season to the other and from one
location to another. The high water levels in wet season are as a
result of recharge exceeding discharge, as water in storage will
increase and raises the water levels. During the dry season, dis-
charge and evapo-transpiration exceeds recharge, decreasing the
water in storage and lowering the water levels. The variation in
groundwater levels can be attributed to differences in recharge-
storage-discharge, change in topography, groundwater withdrawal,
stream stage and aquifer’s hydraulic characteristics. Wells in the
study area showed a direct rapid response to short term seasonal
precipitation, according to Chen et al. (2004) is one of the effects
of climate change on groundwater. This is because groundwater
occurs at shallow depth, which is characteristic of poorly uncon-
fined aquifer.

Groundwater in the study area flow perpendicular to the water
level contours (Fig.7) and from higher topography to the low-
laying areas (Fig.3). This corresponds to the northern and other
parts (recharge areas) towards the southern part (discharge area).
At the recharge areas, the static water levels are deeper from the
ground surface compared to the static water levels at the discharge
area.
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Fig. 6: Static Water Level Map for Dry Season.
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Fig. 7: Static Water Level Map for Wet Season.
4.1. Geophysical investigations

Result of the geophysical investigation (Table 2) showed
that the study area is underlain by four geoelectric layers
VES 1 is composed of top soil, sandy-clay, clay and shale
having resistivity of 160Qm, 1.03Qm, 13.9Qm, 19.3 Qm and
thickness of 0.46 m, 39.6 m, and 13.6m respectively. VES 2
and VES 3 showed similar stratigraphy; loose top soil of be-

tween 0.5 and 1.2m thick having resistivity range of 20.8 to
49.12Qm, overlaying clay 0f0.95 to 3.60m thick with low re-
sistivity between 16.5 and 16.25Qm, underlain by saturated-
clay of 10.88 to 16.21m thickness, with resistivity range of
1.62 to 1.18Qm, overlaying shale of infinite depth. VES4 re-
vealed compact top soil, sand, clay and shale having thick-
ness and resistivity of 0.68m, 1.5m, 19.8m, o and 211Qm,
71.4Qm, 11Qm, 5.9Qm respectively.

Table 2: Geophysical Investigations Results

Resistivity Inferred Lithol-

VES Layers @), Thickness  Depth ogy

1 p1 160 0.46 0.46 Topsoil/Laterite
D2 39.6 1.03 1.49 Sandy-Clay
Ps3 13.9 13.60 Clay
P4 19.3 ) st Shale

2 p1 20.8 0.50 0.5 Loose top soil
P2 16.5 0.95 1.0 Clay
P3 1.62 10.88 11.88  Saturated-Clay
P4 20.5 © Shale

3 p1 49.12 1.20 1.2 Loose top soil
P2 16.25 3.60 48 Clay
P3 1.18 16.21 21.10  Saturated-Clay
P4 27.94 0 Shale

4 p 211 0.68 0.68 fo‘;:“pa“ it
P2 714 15 2.90 Sand
ps 11 19.8 2270 Clay
P4 5.9 0 Shale

4.2. Geotechnical implications

Establishing the highest and lowest groundwater level is very
important in the design and construction of engineering structures
Arora (2004), Idris and Igwe (2018). The geotechnical implication
of groundwater fluctuation is that excess pore water pressure may
develop under foundations (Collison et al. 2000) reducing shear
strength and causing distress on engineering structures such as
buildings and pavements. In and around VES1, foundations are
underlain by sandy-clay. Foundations around VES2 and VES3 are
laid on clays, while VES4 revealed sand as the underlain litholo-
gy. Foundations around VES1 will be relatively stable compared
to foundations around VES2 and VES3 which will be saturated as
water level rises and dry up as water level drops due to poor
drainage. Moisture content fluctuation in clays is responsible for
the formation of expansive minerals, which causes shrink-swell
behavior. Shrink-swell behavior leads to subsidence, foundation
heave, differential settlement, tilt, development of cracks along
doors and windows and even collapse in severe cases which will
affect the serviceability of engineering structures. Foundations
around VES4, is expected to be more stable, this is because even
as water level rises, sands have good permeability which will
permits drainage. The water is dissipated, therefore preventing
excess pore water pressure and significantly increasing shear
strength.

About 78.9% of the area has a shallow zone of fluctuation around
1.1 to 3.7m, while 21.1% of the area has deeper zone of fluctua-
tion ranging between 4.6 and 5.6m. Considering that most founda-
tions within the study area are shallow usually between 1.5 to
3.0m, cyclic wetting and drying will take place especially in areas
underlain by clays. VVolume changes are generally greatest near the
surface and decreases with increasing depth. The ultimate bearing
capacity of foundation is affected by the depth of footing in rela-
tion to the water table.

For mega engineering structures, especially around the areas un-
derlain by clays, foundations should be placed on pile, which will
transfer the load to a more competent layer.
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Fig. 8: Groundwater Configuration Map Showing Flow Direction.

5. Conclusion

The localized impact of climatic variation (seasonal change) on
groundwater fluctuation was studied. Generally, wells in the study
area showed a direct rapid response to short term seasonal precipi-
tation (climatic variation), which is a characteristic of poorly un-
confined aquifer. Groundwater level fluctuation ranges between
1.1 and 5.9mbsl. The change in groundwater levels is caused by
factors relating to climate variation such as change in temperature,
infiltration and precipitation which affects well’s recharge, stor-
age, and discharge.

Foundations in the study area are underlain by sandy-clays, clays
and sands, which are considered moderately competent, incompe-
tent and competent foundation materials respectively. Due to the
shallow zone of groundwater fluctuation and the thickness of the
clayey layer (1.1mbsl and 0.95m), soils around these sites will
undergo cyclic swelling and shrinking as water level rises and
falls. This implies that foundations built on the clays may experi-
ence cracks, settlement, tilt, and partial or complete collapse.
However, foundations built on the sandy parts of the study area
will be relatively stable due to high permeability which allows
drainage. Foundations in the clayey areas should be placed beyond
the depth of groundwater fluctuation.
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