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Abstract: Aquifer microstructural properties were determingsing grain size distribution data obtained from
core samples collected during a drilled water barieh The core samples were collected at depthgdsat 50-
152ft (21.5-65.4 m), corresponding to the aquifgpasitories. Samples were oven dried &@@or 2hrs. Part
of the samples was used to obtain porosity forfaquinaterial, while the other part was analyzed hasgcally
for particulate size distributions. The effectivaticulate size distributions atg do and @, were obtained and
used to compute the aquifer uniformity coefficigh).The effective particulate size distributions ctengented
by eight empirical formulae were deployed to detearhydraulic conductivity of the aquifer. The oatf the
horizontal hydraulic conductivity to vertical hydréc conductivity yielded anisotropy values for thguifer.
Results show that fractional porosity values ranffech 0.282 to 0.492; uniformity coefficient wadvibeen 2.5
and 12; horizontal hydraulic conductivity rangedtween 0.343 and 2.511 m/day while the vertical aytic
conductivity values obtained ranged from 1.320 1802 day/m. Anisotropy values,JAdetermined for the
aquifer ranged between 0.118 and 1.005. Thesetsesufjgest that the aquifer is of gravelly sandinithe
deltaic deposit with no clay intercalation and hgmod potential for groundwater resources.
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Anisotropy and Alluvium

. Introduction

As groundwater becomes increasingly relied upoa ssurce of potable water supply in most parts of
the world, characterization of microstructural pedpes of aquifers become pertinent in order tauabt
determine the effects of dead-end pores which affemundwater abstraction (Evans et al., 2010; Geet al.,
2015). In reality, geologic materials are not usuaf the same size and shape in all directionsafoy given
formation. Carlson (2006), Khalil and Santos (208683 Aguilar (2013) noted that, geologic materigsally
varies horizontally and vertically, with the hontal values greater than the vertical values giviisg to
anisotropy. These variations can be used to eslimatrostructural properties of groundwater agsifer

It has been observed that, particulate size imddmental property of sediments and it exerts thstm
significant control over microstructural properties sedimentary aquifers as well as adjoining geens
(Freeze and Cherry, 1979; Urahal.,1989; Vukovic and Soro, 1992; Alyamani and Ser§3t%dong, 2013).
Aquifers are often characterized by a number ofrosicuctural parameters, which geophysicists haaenb
delineating from subsurface measurements, mostlireéctly and occasionally in direct measurementse T
most considered parameters are resistivity, thiskm@ad depth of burial of the desired sedimentsngability,
transmissivity, anisotropy, coefficient of unifortyni hydraulic conductivity as well as porosity.

Porosity is the ratio of the volume of the inters$ (pores) to the total rock volume. These paresh
great importance in groundwater studies becausg sheve as water conduits when they are connected t
diagenesis. The origin of these pore spaces comesthe very geologic processes that governs ¢pesition
of sediments, but modified after the rock beconiibéfied by diagenesis or secondary reformationcesses
that result in development of fractures, jointsyides or openings. When dealing with subsurfaateirated
layers (beneath the vadose zone where the porefillacke with air and with water), the water conteist
comparable to the porosity.

Studies by Freeze and Cherry (1976) and Alyamadi $®&n (1993) have suggested that, hydraulic
conductivity which is a measure of the ease of Wiaiporous material transmit water through itsroganected
voids, is empirically related to the particulateesdistribution in an aquifers. This relationstgpoiten used to
estimate aquifer hydraulic conductivity values esgley where direct permeability data are scarcgdrdulic
conductivity values are usually not homogeneousisoiiopic. The variability in hydraulic conductiyiin the
horizontal and vertical directions causes subsargagsotropy, which is very common in alluvial dsp¢Todd
and Mays, 2005; Shahid and Hazarika, 2010; Sattal., 2014). Such deposits are prominent in the Benin
Formation. However, there are other conditions taat introduce subsurface anisotropy which inclddeies
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change, joints, divides, faults, saline water isgums, variation in cementation, thinning or thicke of
adjacent geounits, graded bedding, sedimentargtates, fabric (grain orientations), clay lensed gariation
in sorting (Helbig, 1993; Priouét al.,2004; Odoh and Onwuemesi, 2009; Al-Rousral, 2011).

Groundwater flows by means of mechanical energth difference in piezometric pressure, which has
been the driving force. The flow of groundwatemad| as the transportation of water-soluble polhtacan be
modelled in saturated and unsaturated zone of eadferials using the knowledge of geomicrostrudtura
property of a given site. Estimation of microsturetd properties of aquifer from grain size of getenials has
the advantage of being less dependent on the gepraetl hydraulic precincts of aquifers. Study aiga
challenged with borehole water failure, especidllying the dry season. Therefore, actions necessargntrol
this groundwater abstraction bedevilment in thelygiarea are needed in order to maintain sufficiemintity of
water all year round in the area.

II.  Thestudy area

The study area belongs to the Benin Formation efNigerian Niger Delta. It comprises near shore
poorly sorted sand. Geologically, the near surfgeematerials are that of alluvial sedimentary d#pos
(Reyment, 1964; Hosper, 1971; Onyeagocha, 198@emBel991 and Okiwelat al, 2011). The study area is
drained by local streams and river channels thaiteitself into the Atlantic Ocean. The leacheddsand near
surface gravel deposits in the study area havacttdl the populace into sand/gravel mining. Thigimgi
activities contaminates the existing surface waterthe area, hence, the over dependency of thel loca
community on groundwater.
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Fig.1: Map of Akwa Ibom State showing Etinan (study lama), other settlements and rivers.

1. Methodology

Core samples were collected from a well using fil#é spoon method at depths ranging from 50 to
150ft and at intervals of 2ft, during the drillimj a community water supply borehole at Ikot Umidade,
Etinan, Akwa Ibom State. This depth correspondé¢olocation of the Pliocene aquifer in the studsasand it
generated several data within the screen of theamel across large portion of the aquifer. On tihele, a total
of 11 core samples were obtained and used forttlily.sThese samples were carefully inspected tarerthe
absence of organic debris and every cleaned butblgawas dried in an oven at®80for 2 hours.

The porosities (the volume of void space in geaogiaterials) of samples were determined using
imbibition method. This method involves the disglaent of one fluid by another. In this case, thapldiced
fluid was air while distilled water was used as ttisplacing fluid. This was necessary to avoid cicain
interaction with the sediments. The volume of thspkdcing fluid was previously measured to enahie t
computation of voids’ volume. After the fluid hdsplaced all the air, the total volume (sedimem aater)
was then measured. In order to obtain an estinfdtstal effective fractional porosity of each samph 500 ml
graduated cylinder was first filled partially wittDOml volume of water. Thereafter, sediment wasfcdy
added to the cylinder and allowed to settle andpamn Care was taken to avoid air entrapment withen
saturated column. The column was compacted slidgiythapping the side of the cylinder with a rubbellet to
approximate natural system packing conditions rsesface. The volume of sediment was determinedgalon
with the volume of water added. When the waterllavéhe cylinder rose above the surface of thérsedt, a
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correction was made to the water volume added.fidtotional porosity of core samples was determifteth
the relationship

,7 - Vwater ( 1)
Vbqu

wherey} is the porosityy, ..., iS the volume of interstices or voids alg,, is the total volume or bulk volume.

The evaluation of particle size distribution wasrieal out by mechanical analysis involving the siev
of samples through several screens until the wkalaple is divided into the desired amount of sieVidg
percentage by weight of passage of samples wateglagainst particulate size distribution (mm) osemi
logarithmic graph paper. The effective particulaize distributions were obtained ato,dd,y and do
corresponding to 10%, 20% and 60% finer by weighinfthe plot. Core sample uniformity coefficient)@as
computed from

d
C, = 60 )
do
In determining the hydraulic conductivitiK), eight (8) empirical formulae described in Vukoand
Soro (1992) and Kasenow (2002) were employed. Tfeesrulae have their general form as:

K = %.cu. f(n)d? )

whereg is acceleration due to gravity given as 9.81%mrs32 ft/$, v is kinematic viscosity (the ratio of
dynamic viscosity to water density) given as 8.0%16/s or 8.0x10 ft¥s, G, is sorting coefficientf(n) is
porosity function and, effective particulate size. The values @f {in) andd, are dependent on the methods for
particulate size analysis. Previous studies hadepted the following formulae, which were usedtfos work
and the take the form of equation (3) above, thiey a

Hazen (1892),K = %C[(l— 10)(7 - 026)]d2, @)

Beyer (1966), K = 2 C(B, log(500/C,)d2, 5)
V

whereC is conversion factor used to convkrfrom cm/s to m/day given by 6.0xt0By, is given as 6.0 x 1D
andv(n) is 2.4 whem is 0.4.

Vukovic and Soro (1992)K = 349C(n® /(L—n)*®d?, (6)
where® is temperature correction, which is taken to (343 .at water temperature of°80
Kozeny (1953), K =540Qn® /(L n)?d2) )

wheren is taken to be porosity arklis measured in m/day.
United States Bureau of Reclamation (USBR) fornfioiK determination is given as

=3 (48x10™)d7 x 7, ®)

Chang and Chen (2000) noted this model to be mupeoariate for determinini when the sorting coefficient
(Cy) is less than 5.

Pavchich formulaK = C —d}, 9)
Slichter (1898), K = 496 ***'d/;) (10)
1
Terzaghi (1925)K = 9 CR(n— 0137 /(L-n)?)d2 (11)
V

where R is an empirical coefficient which is a ftion of the nature of particle surface and it asssiran
average value of 8.4 x T@Kasenow, 2002).
Effective horizontal hydraulic conductivity gfvas calculated using the formula

4K,
, = ZZIi

(12)
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wheret is the layer thickness of tligh layer. Also the vertical hydraulic conductivity (}was determined from
the relationship

« = b (13)
TOYIK

The ratio ofK, in Equation 13 tK,, in Equation 12 enabled the estimation of the aquiéstical anisotropy
(A)) in Table 1.

V. Resultsand discussion
Aquifer’s microstructural properties determined nfrocore samples obtained between depth 50ft
(16.0m) and 152ft (49.0m) of the aquifer studied shown in Table 1. Result shows that the coefftcad
uniformity within the depth investigated rangednfr®.5 to 12.0, with most section of the aquiferihgv
uniformity coefficient great than 4. This is aniication that, the aquifer

Table 1: Summary of aquifer microstructural propertiesat various depths

SIN 21?%2 () diram Sléi(mm) ko C n (mﬁay) (ﬁ\l/day) A
1 5052 014 028 035 2500 0498 2511 2498 004
2 6062 012 025 040 3333 0392 1214 1583 .76
3 7072 013 029 036 2769 0407 1548 1.646 .94
4 8082 019 047 105 5526 0346 1444 1692 .85
5 90-92 011 038 090 8182 0311 0481 2078 .23
6 100102 012 040 080 6667 0329  0.653 1531 427.
7 110112 013 050 122 9385 0299  0.519 1924 270.
8 120122 019 039 125 6579 0330  1.219 1320 929.
9 130132 012 044 132 11000 0288 0412 2424 170
10 140-142 013 047 130 10000 0295 0496 2015 0.246
11 150152 011 030 132 12000 0282 0343 2907 0.118

Cy> 4 = Poorly sorted; & 4 = Well sorted, Source (Field work, 2014)

grains within depths of investigation are predor@hapoorly sorted. This result is not surprisirigce it is
typical of the Benin Formation characterized byeinalations of sediments with various facies changge
detailed in Reyment, (1964); Hosper, (1971); Ongeag, (1980); Petters, (1991) and Okiwelual. (2011).

The values of the horizontal hydraulic conductiviytained ranged from 0.343-2.511 mdawhile
the value for vertical hydraulic conductivity isttveen 1.32 and 2.498 mdayThese values show that there is
high horizontal and vertical flow tendency of aidawater in the aquifer studied. The anisotropy&al(0.118 -
1.005) determined, suggest alluvial sediment witme gravel intercalations. This is in support obldasky
and Rogowski, (1969); Todd and Mays (2005) and @d@013) who reported that, anisotropy value betwee
0.1< 0.6 suggest alluvial sediments. The value of dropy that is as low as 0.01 suggests clay whilees
approaching unity may indicate gravelly sand. Atoan plot of the variation of the horizontal contluity (K )
and vertical anisotropy (Awith depth along the major aquifer is displayedrig. 2.

The vertical hydraulic conductivity indicates sonmatvdecreasing values with depth. The result fer th
study is a pointer to subsurface lateral flow, @n important in water quality sustenance by timg the
vertical absorptive capacity of the earth strata. fultiple layered earth materials, the hydraghnductivity
perpendicular to the earth layers is lower than ¢beductivity parallel to soil layers. Thereforatdral
conductivity is determined by the layer (within 66f 21.5m) with the highest conductivity, whilestkiertical
conductivity is controlled by the layers with lowéxsydraulic conductivity. This layer is presentdapths below
120ft (51.6m) in the aquifer depth of the studyaare

The subsurface anisotropy values evaluated tendlerease with depth. This further predicts
subsurface lateral flow. Zaslavsky and Rogowskb@)%nd Odong (2013) found the combined effectsage
and soil anisotropy caused by subsurface lateoal th both saturated and unsaturated subsurfadeneetl
conditions. The efficacy of anisotropy obtained fbe study was established by correlating it wigthues of
coefficient of uniformity (sorting) of the site, wdh yielded a correlation coefficient factor of 5.8Fig. 3).
Also, correlation coefficient factor of 0.74 wasaered (Fig. 4) as a result of correlating anigoyrealues with
porosity. The high correlation coefficient among tiquifer properties shows that, results obtainedhe study
could be relied upon for sustainable groundwateeli@ment and management.

The study reveals that, anisotropy is not a statility; rather, it changes over depth of the agjuif
This can alter the direction of soil water flowasll as water flow redistributed solutes. Therefamisotropy
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needs to be accounted for in a variety of land-dseeisions. It is a factor in watershed response to
evapotranspiration and precipitation effects; leaehmigration and aquifer performance. Land usépsionals
need to be aware of such processes which natunalytificially alter the hydrogeologic/hydrologaharacters

of earth’s materials. For sustainable groundwat@magement, hydrologic and hydrogeologic evaluation
targeting at geomaterial indices of anisotropyrareded to be periodically updated.
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