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ABSTRACT

In this work, twenty-three core samples of aquifer units constituting fine sand, medium
grained sand and gravelly sand were used to estimate the effective porosities in different
locations covering ONN, EK and NS of the southern part of Akwa Ibom Sate. Effective
porosities have been found to range from 2.75 to 40.08% with an average of 23%
approximately at the end of the laboratory analysis. The increases in porosities were found to
prograde northeast of the entire study area indicating the orientation of high void to volume
of sampleratio.

Keywords: Effective porosity, Laboratory measurement, Ceanples, Niger Delta and
aquifer.

INTRODUCTION

The study of porosity and its distribution is imfamt since this yields information about the
amount of fluid that can be stored and how it imppedistributed within a formation [1].
Relationship between porosity and other measurgbémtities in geophysical exploration,
such as resistvity (and the associated formatiotofg and other parameters, have long been
the subject of much research and many publicatibriermation about the porosity of a
formation is also important in oil exploration basa of the relationship between effective
porosity and permeability of the formation [2]. &ftive porosity is the porosity that is
available for the circulation of free fluid. It mde much lower than the total porosity which
is the ratio of the volume of voids in the rocksmil to the total volume of the rock or soil.
Porosity is a dimensionless quantity expressed aeamal fraction or percentage [3].
Effective porosity can also be expressed as the o&the volume of water that can flow by
gravity to the volume of the soil or rock. This idfon accounts for the free circulation of
fluid in porous consolidated and unconsolidatedemals of rock and soil respectively.
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Sedimentary rocks/soils contain about 95% of theugdwater. The formation of high
porosity and permeability such as unconsolidateddsaand gravels or consolidated
sandstone, constitute important aquifers. limest@ma dolomites are not good aquifer units
unless they acquire a substantial secondary pgrdsi to fracturing or dissolution [4 - 7].
Sometimes poorly cemented chalks or oolitic limestohave a higher intergranular porosity
which makes them water bearing formations. Aganweathered igneous and metamorphic
rocks rarely have water potential because themany porosity is very low [8]. These rocks
cannot form aquifers unless they are highly weaitheor fractured. The weathered or
fractured rocks are often good aquifers provides thave low clay content. This suggests
the reason why aquifers in the basement rocks aredf along the fractured or weathered
zones [9].

According to the principles of fluid dynamics inrpas media, [10] has differentiated two
kinds of porosities which are: Volumetric porogity and areal porosity g If the total unit
volume 4 of a soil or rock is divided into the volume ogtholid portion ¥ and the volume
of the voids V, the volumetric porosity (n) can be expressechagjuation 1;

n=-"- 1)

Similarly, the areal porosityan can be defined for any areal cross section thrauginit
volume, as

n, =—- 2

“T A 2)
where A is the total area occupied by the voids and i& the total area. Various cross
sections within a given unit volume may exhibitfeliing areal porositiesan Naz....The
volumetric porosity n, is an average of the varipassible areal porosities,. The porosity
n can be an important controlling influence on laydic conductivity, K. In sampling
programmes carried out within deposits of well-sdrsand or in fractured rock formations,
samples with higher n generally also have highgrlk Unfortunately, the relationship does
not hold on a regional basis across the spectrupos$ible rock and soil types. Clay-rich
soils, for example, usually have higher porositiesn sandy or gravelly soils but lower
hydranlic conductivities [12].

The porosity, n is closely related to the voidaoai which is widely used in soil mechanics.
The void ratio is defined as:
n e
e=—— or n=—— 3
1+n l-e ®)
The values usually fall in the range 0 — 3. Télatronship shows that void ratio, e increases
exponentially as porosity n increases as showngniF

In this paper an attempt is made to use laboradaslysis on core sample to estimate the
porosity distribution of the aquifer in the areaes Millennium Development Goals project
for groundwater development is sited. This being blaseline study will help in evaluating
other hydranlic parameters that characterize th&tieg aquifers in the zone since porosity is
strongly related with other hydraulic parameters.
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Fig. 1: A graph of void ratio against fractional paosity

Location, geology and hydrogeology of the study ase

The study is globally located in Awa Ibom Stateytsern Nigeria within latitudes" 80" and

5° 00'N and longitudes %745 and 830" E (Fig. 2). The area extends across parts of two
Nigeria Sedimentary Basins, the Niger Delta andGhatabar Flank. The detailed geology of
these basins is given elsewhere [13 — 15]. The rNigdta, which occupies more than 80
percent of the area is made up of the Akata Foomafshales, intercalated sands and
siltstones), the Agbada Formation (sands and samelst intercalated with shales) in the
middle, and the Benin formation (coarse-grainedyelly sands with minor intercalations of
clay) at the top.

However, only the Benin Formation is exposed inghugly area. The Calabar Flank consists
mainly of the Albian Awi Formation (conglomeriticaisdstone), the Albian Mfamosing
Limestone Formation (Shales intercalated with stmes). The Lower Campanian to
Maastrichtian Sediments consist mostly of dark eshéth lenses of gypsum, limestone, and
siltstone beds, while the Lower Tertiary Sedimeares mostly shales with minor limestone
and sandstone. Only the Lower campanian to Lowdm&mnts outcrop in the study area. The
stratigraphic setting in the area is shown in Tdble

Tablel : Stratigraphic relations of geologic unitthe area, including type of aquifer after [20]

Age Formation Aquifer

Recent Alluvium Beach ridges Alluvial Deposit
Pliocene-Pleistocene Benin Formation Cognd&ah sand
Oligocene-Miocene

Late Eocene Ogwashi-Asaba or lignite Formation

Middle Eocene Bende-Ameke Group

Early Eocene-Paleocene Imo Shale Group Aquiclude
Maastrichtian Nsuka Formation Ajali Sandstone kosand

The Benin Formation (Coastal Plain sand), whicheceabout 80 percent of the area, forms
the major aquifer layer. Lithologically, it is made of coarse to medium grained loose sands
and gravels. Thin clay horizons and lenses occuplates disturbing the vertical and
horizontal deposition of the aquifer, giving rigeda multi-aquifer system. The aquifer may
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reach about 300m in the thickness. This aquifeinerlain by thick shale (aquiclude) in the
northern sector. A lower sand aquifer underliesateiclude (Table 1). The alluvial deposit
aquifer overlies the Benin formations in the souhearts of the study area where the core
samples for this analysis were collected. The tieslks of these aquiferous layers varies from
place to place [16].

However, a typical borehole section reveals thiefahg in Table 2.

Table 2: Aquifer thickness of a certain borehole irthe area after [17]

Aquifer(s) Approximate thickness(m)
Alluvial Deposit 20
Coastal plain sand 80-200
Imo shale Aquiclude 40
Lower sand 20

Presently, only the Coastal Plain sand aquifereisid tapped and the core samples were
obtained in this aquifer unit. Some hydrologicalador this unit are as follows: total depth
of boreholes, 42-172m, saturated thickness of agqu#9-100m, static water level, 7-55m;
yield, 216-5304 riday; transmissivity 200-8300 %day; hydraulic conductivity, 2-
28m/day; drawdown, 1.2-42.5m and storage coefficieh0-0.30. [18] divided the entire
state into three major hydrogeological units (SWHip. 1): area A < 20cm; B, 20-50m; C >
50m the study area falls in area Fig.2. The maw ftlirections of the coastal plain aquifer
are to the south and southeast.

MATERIALS AND METHODS

Twenty three core samples of aquifers were obtadethg borehole drilling in the study
area which was sponsored by the Millennium Develepn@Goals (MDG) initiative. A coring
machine with sample corer of 750mm diameter wasl.uEke samples collected were cut
into cylindrical shapes in order to enable the eteation of their volume. Salt and original
liquid were removed from the samples by washingnthvéth distilled water. The washing
also cleansed the samples of clay and silts thataognated the samples during coring
operation [19].

Since prolonged soaking was unsatisfactory, thepkmsmwere put in a desicator and
evacuated at a pressure of 0.3mbar for a periddhadfir according to [20]. At the end of this,
deaerated distilled water was introduced into tesichtor until the water completely covered
the samples. The samples were soaked for 24hotlile clean samples were dried in a
conventional temperature — controlled oven utilizen constant temperature of 105 degree
Celsius for 16 hours [21]. It was considered tleaersible change cannot occur at this point.
The dry core samples were cooled off in a dessitatambient air temperature prior to being
weighed. An electronic top pan balance of the leasint error of 0.01g was used to weigh
the samples. Before measurement of the wet weigtiteosamples, the diameter and length
of the samples were taken and the average was .fdtordthe saturation of the samples,
vacuum pressure of 0. 3mbar was used and the gphkur was 16hours. This guaranteed
proper soaking. The effective porosities for theeceamples of aquifers obtained from
different wells averagely separated by 2.1km weternined using equation 4.

WW Wd
b= T x100% (4)

Where ® = porosity expressed in percentage
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W,, = wet weight in gm
Wy = dry weight in gm
V = volume of core sample in ém

RESULTS AND DISCUSSION

The result displayed in Table 3 was obtained dutiregylaboratory experiment on the core
samples. The effective porosity ranged from 2.76%Q1.08% with an average of 22.86%.
The porosities were obtained for aquifers whoserggerials were of medium-grained sand,
fine sand and gravelly sand as these are the abuadaifer units (Benin Formation) in the
study area.

Table 3: Calculation of effective porosity @ for agiferous core samples

VES Dry Wet Wet weight| Volume | Porosity | Reference Reference
Code weight weight | — Dry of sample| % coordinate coordinate
(9) (9) weight (cnm) x(m) y(m)
EK, 216.51 235.71 19.2 100.51 19.10 1285 14153
EK, 224.31 241.84 17.53 -ditto- 17.44 1530 40402
EK3 214.78 23493 20.15 -ditto- 20.05 1620 17995
EK4 212.50 230.61 18.11 -ditto- 18.02 3105 44803
EKs 233.86 250.31 16.45 -ditto- 16.37 22039 12455
EKe 203.86 233.56 29.68 -ditto- 2951 22597 41084
EK7 251.21 256.87 5.66 -ditto- 5.63 23960 14812
EKg 247.34 250.11 2.77 -ditto- 2.75 22966 16018
ONN; | 248.87 253.74 4.87 -ditto- 4.84 O(reference)  @feice)
ONN, | 232.41 239.74 7.31 -ditto- 7.27 2692 8970
ONN; | 241.07 249.22 8.15 -ditto- 8.10 1452 7908
ONN, | 234.63 244.19 9.56 -ditto- 9.51 1575 4088
ONNs | 202.09 229.73 27.64 -ditto- 27.48 3396 6724
ONNg | 205.10 241.31 36.21 -ditto- 36.00 22497 2446
ONN; | 199.88 239.59 39.71 -ditto- 39.48 22966 8344
ONNg | 185.17 225.48 40.31 -ditto- 40.08 28528 6423
NS, 240.23 250.44 10.21 -ditto- 10.15 24060 15147
NS, 165.28 203.43 38.15 -ditto- 37.93 30237 13973
NS; 214.21 246.66 32.45 -ditto- 32.27 23502 15359
NS, 212.79 252.11 39.32 -ditto- 39.09 29199 12131
NS 194.69 231.47 36.78 -ditto- 36.57 36861 12488
NSs 198.79 238.89 40.21 -ditto- 39.98 27241 18196
NS, 205.71 234.16 28.45 -ditto- 28.28 36459 22251

The geomaterial with high porosities were foundgpading northeast of the study area on
the average Fig.4. This cuts across the threerdiftdocations. The lowest porosity (2.
75%) was found in EKlocations Table 3. The area did not show unicatéem of increase
in porosity.The places with intrinsic high poros#tiportray the high void to volume ratio of
the geomaterial. Figure 4 was drawn using a krigiimgerpolation) method. The figure
clearly shows on the average, that porositiesedse as we move from north east to the
north west of the entire area of the survey. Tliglly follows the direction of drainage
pattern which empties into the Atlantic Ocean. e igh and low porosities obtained in an
unpredicted manner show the inhomogeneity of themdtions characterized with
intercalation of different materials. This study diagnostic of the pattern of hydraulic
conductivities and hydraulic transmistivities tlziaracterise the aquifer. With the porosity
distributions, it is possible to determine the grdwater reserve in the area. Since
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groundwater availability depends on the thickness orosity of the geomaterial in which
they are found.

The zones that have lower porosities are also ¢xg@eo have lower void ratios. In all the
places, fine sand aquifer had the highest por¢4@y08%) followed by medium grained sand
aquifer while the gravelly sand had the least \valile 2.75%, 4.84% and so on as shown on
Table 3.

This is a confirmation of the fact that fine graineands have high porosities while coarse —
grained materials have lower porosities.

However, since porosity does not necessary meangaduility most of the materials that are
porous may not be permeable as their pore spacgsohde interconnected. The maximum
void ratio in the area is approximately 0.3 whhe towest is 0.03 approximately (from field
data).

During the analysis, non of the materials had &éfective porosity and this shows high sand
to clay ratio. This is evident on the fact that thajor aquifer units have minor intercalation
of clay and silt. Effective porosities between 3@ &0% indicate the presence of sand and
gravelly sand. The uneven occurrence of lower @ffecporosity values indicates uneven
distribution of clay and silty materials that udyahtercalate with high yielding aquifer units.
Areas with porosity greater than 10% but lower ti3@npercent indicate fine sand units.
These zones were found to contain minor clayndutthe processing of the core samples.

The process of cementation and compaction canb&dbe good reason for lower porosities
found in the southeastern part of the study aréés | because in clastic rocks, primary
porosities are generally hindered by cementatiehcampaction which increases with age of
the formation.

CONCLUSION

The ultimate objective of the present investigativas to estimate the aquifer effective

porosity using the core samples of the aquifer abtained during bore hole drilling in the

Niger Delta region of southern Nigeria. This wanel@s a baseline study to estimate the
values in order to see its distribution along thelt® These results show clearly that the
region has porosities ranging between 2.25 to 40.08th an average value of 23%

approximately. The lower porosities have been preded to be due to cementation and
compaction and also due to minor intercalation afterials whose pore spaces are not
interconnected within the area. These materials Ineaglay, shale or silt.

Table 3 and the contour maps in Figs. 4 and 5 ghatveffective high porosities have been
found in aquifer units to increase in the northt @hstudy area.

With 23% average value of effective porosity in thetire area, groundwater reserve is
deemed to have been prolific in the area. Matedalsng drilling and borehole data have

revealed that the major aquifer units in the anedude the fine sand, medium grained sand
and gravelly sand. The data obtained in this woeksagnificant as they shall be used along
with other aquifer parameters for groundwater managnt in the area.
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Besides, the effective porosities obtained in thigrk shall be used to estimate other
parameters such as formation factor and otherdgipendent constants that are used in the
study of fluid flow in hydrogeology or reservoirawsis in oil companies.
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Fig. 2: Map of Akwa Ibom State showing the geologyhydrogeology and location of the study.
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Fig 3: Map showing a study locations and sample pais of borehole where the core samples were
collected during drilling
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Fig.4: 2-Dimensional Porosity distribution contourin the study area
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