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ABSTRACT

The aim of this study was to determine the aguirameters in Erho, Nigeria. This was carried qut b
drilling three test wells and three observationlsvel the study location. Water was pumped fromteet
wells at a constant rate while the drawdown indhservation wells was determined as a functionnoé t
The data obtained were subjected to graphical aatltical evaluation using the Cooper-Jacob method.
The result revealed that the mean values of thestnéssivity, storage coefficient and specific cédjyacf

the aquifer layer are 6.%%502 m%min, 9.3%10™* and 0.33 Mimin respectively. Analysis of the results
indicated that the aquifer will be very productiaed able to supply sufficient quantity of water fhe
people. The result also revealed that the aqu#feroinfined and therefore dependable to provide good
quality water for the people living in the area.

Keywords: Groundwater, Aquifer Parameters, Pumping Test, Jmassivity, Storage Coefficient,
Specific Capacity

1. INTRODUCTION 2009; Yang and Lee, 2002; Onu, 2003; Nejad, 2009;
Majumdar and Das, 2011), to determine either the
Groundwater is described as that water which ishydraulic conductivity, transmissivity or the spici
obtained from the unconsolidated soil or rock fotiores yield of the groundwater aquifer. The simple reason
(Anomohanran, 2013a). Formations, which are capablefor adopting this method is because the cost is
of providing water in large quantities, are knows a effectively low and the field operation is relatiye
aquifers (Osejet al., 2005). When an aquifer is located simple when compared to other techniques
below a low permeability layer, the water in theuider (Anomohanran, 2014a).
is said to be confined. The pumping of water from a Okiongbo and Akpofure (2012), stated that the dse o
aquifer through a well over a long period of timesults ~ pumping test and well logging in evaluating aquifer
in the drop of the water level in that aquifer. §Hrop in parameters requires a number of equipment to taem
water level causes the water around the well tovflo out. This is the reason why these processes are
toward the well. Researchers and groundwater peosid comparatively more expensive when compared with the
have employed different geophysical procedures inelectrical resistivity method. Some researchers tdnee
determining the flow properties of groundwater #&ui  used the pumping test and logging methods to etelua
These procedures include electrical resistivity aquifer parameters include (Anomohanran, 2013b;
techniques, geophysical well logging and pumpirsg. te 2014b; Gogoi, 2013; Halforet al., 2006; Rajasekhat al.,
The electrical resistivity technique has been usgd 2014; Strafacet al., 2007; Tizroet al., 2014).
qguite a number of researchers, some of whom are Aquifer parameters which can be derived from
(Akaolisa, 2006; Oseft al., 2005; Khalil and Monteria, pumping test include the transmissivity, storage
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coefficient, hydraulic conductivity, specific yieldnd 2. THEORY
specific capacity of the well. The transmissivitly an
aquifer is explained as the rate at which watew$lo When an aquifer is pumped at a constant rate, the

through the aquifer under a unit width and a unit influence of the discharge according to Todd (2004)
hydraulic gradient. It is obtained by multiplyingpet extends outward with time. The rate of diminutidrthe
aquifer's hydraulic conductivity by the aquifer water level when multiplied by the specific coeifiat
thickness. The higher the value of the transmissivi dives the discharge. The rate is known to decraasbe
the more productive the aquifer and the smaller theeffect of pumping increases in the surrounding aegi
value of the drawdown from the well. The hydraulic The applicable differential equation that explathts
conductivity of an aquifer is described as the pate Phenomenon is presented by Todd (2004) as:

which the water flows in the aquifer. It is measlie
metre cube per day (Anomohanran, 2014b).

The productivity of an aquifer can be expressed in
terms of its storage coefficient. The storage d¢oieffit is
explained as the amount of water an aquifer tak&s i
storage or discharges from storage per unit surdaea

of the aquifer per unit change in the componertteztd ~ ime ©Of pumping. According to Todd (2004), Theis
normal to that surface (Todd, 2004). The StOragedeveloped a solution to Equation 1 based on théasity

coefficient for a confined aquifer falls within tilange ~ Petween groundwater flow and heat conduction. By
of 0.00005 and 0.005 while the storage coefficifiian ~ @ssuming that the well can be replaced by a simloestant
unconfined aquifer ranges between 0.02 and 0.3. Thetrength and the conditions that h¥dr t = 0 and k-h, as
storage coefficient of a semi confined aquiferésaeen  d—oo for &0, Theis obtain a solution for Equation 1 as:
the range of 0.005 and 0.02 (Fetter, 2007).

The specific capacity of a drilled well is the rate | Q. ]" e du @)
which water is pumped out of the well divided by fall 47T
in water level. It is a very valuable number that de
used to determine the pumping rate or the maximietdy  where, | is the drawdown, Q is the constant well
for a well. The specific capacity that is obtained discharge and u is given as:
immediately after a well is drilled is the highesiue that
can ever be obtained from such a well. This vahkie i d3s
therefore the touchstone for comparing, monitorarg uzﬁ 3)
evaluating well performance (Johnson, 2005; Klehidl.,

2011). The specific capacity is a measure of the The drawdownl] is the difference between the depth

productivity of a well and it is a fact that thedar the  of the water before the well was pumped and thehdep
specific capacity, the better the well (Todd, 2004) of the water at a given time after pumping had
The amount of water available in a well can be as.gmmenced (Fetter, 2007).

important as the quality of the water (DES, 2010).  gynanding Equation 2 as a convergent series gives

This is why every driller or well owner .is concedhe the Equation as express by Theis to be (Fette7)200
about the quantity of water the well is capable of

producing and how reliable the production will be Q w2 e

with respect to time. This is the reason why so Imuc | ={_o_5772—|n uru= 2 2|+ 3e 3|+"1 4)
efforts have been made to offer solutions to thabgl | |

water crises (Utonet al., 2012).

The aim of this survey is therefore to determine th
aquifer characteristics of the study area. Thid wé
carried out through the evaluation of the storage
coefficient, transmissivity and specific capacity tbe ‘lz: ﬂju (5)
aquifer. The outcome of this survey will act as an t S
authentic tool for carrying out maintenance or
performance evaluation of wells in the area. And:

Sh,1dn_son
dd? dod Tt

@)

where, T is transmissivity, S is storage coeffiGiénis the
head, d is the distance from the pumped well aisdtie

Theis thus simplified Equation 3 and 4 to give
Equation 5 and 6:
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_( Q _ 2.251t,
u[ij(u) © =22 (11)

Considering that t{t= 10, then the log t/t, = 1. If| is
the drawdown and\l the drawdown per log circle of
time, the transmissivity is expressed by Equatidag:

where, W(u) is called the well function.

The values of the drawdowih) fvere plotted against
the values of @t on a logarithmic graph sheet. A
sta_lndard type curve of W(u) versus u is also pdotte 230
using the same scale as that of drawdown agafftst d T = WA
The observed drawdown-time graph is then
superimposed on the type curve. Keeping the coatelin 3. MATERIALSAND METHODS
axis of the two curves parallel and adjusting thepbs '
until a position is found whereby most of the pdtt
points of the observed data fall on a segment ®type
curve. The coordinates of this matched position are This study was carried out in Erho, located in Belt
determined. This thus gives the values of W(u)§ and State, Nigeria and situated within longitude 6.@nhd
d¥t from which S and T are determined. 6.09 E and latitude 5.74and 5.78 N (Fig. 1). The

Cooper and Jacob thus considered Equation 4 andopography is relatively flat. The region is chaesised
observed that if the distance between the pumpdl we by two climatic seasons, namely the raining seasah
and the observation well ‘d’ is small while the émis  the dry season. The raining season extends frorih tapr
large, u will eventually become small (Fetter, 2007 October while the dry season runs from November to
Hence, Equation 4 becomes very small after thetfivre ~ March. The primary origin of groundwater recharge i
terms. According to Todd (2004), the Theis Equation believed to be the rainfall which is in abundancehie

(12)

3.1. Location and Geology of the Area

was re-defined by Cooper and Jacob as: area (Okiongbo and Akpofure, 2012). The survey
location falls within the coastal sedimentary basin
Q d2s Nigeria which has been the scene of three depasitio
'zm{‘0-5772"”4ﬁ} (7) sequences. The first sequence is associated wih th

marine incursion which commenced from the middle
Cretaceous and ended in Santonian time in what is
called the mild folding stage. The second sequence

2.30 2.29t started in the late Cretaceous and ended in Paleoce
V== 1090 ag (8) period. This period gave rise to what is called the

growth of a proto niger delta. The third deposiéibn

In order to resolve the problem of superposingtitie sequence began from Eocene to Recent. This sequence
curves and finding the value of the various paramset is identified to be a furtherance of the growthtbé
Cooper and Jacob extended the work of Theis acallti main niger delta (Short and Stauble, 1967). Three
to obtain equations which solves the problem ofveur lithologic structures which are associated with the
matching. The graph of the drawdown against thesurvey area are the Benin, Agbada and Akata
logarithm of time will yield a straight line whictan be  Formations. The Benin Formation consists of
extended to give t =gtas h-j = 0. Applying these approximately ninety percent sand and is about 2600

Converting Equation 7 to decimal logarithms gives:

conditions to Equation 8 gives Equation 9: thick. This Formation has yielded a good number of
prolific boreholes in the area. The Agbada Fornmatio

2.3@ og 2.28t _ 9) consists of fifty percent sand and fifty percentlsh

AT d’s while the Akata Formation consists mainly of shizdel

believed to be the source rock for hydrocarbon.
3.2. Field Technique

2.25Tt, -1 (10) Two boreholes each situated twenty metres apart
5 : ; . . )
d’s were drilled in three different locations in theidy area
to determine the aquifer parameters. One of the
Hence, the storage coefficient is obtained asboreholes was designated test well while the otbell
Equation 11: was referred to as observation well.

And Equation 9 can thus be written as:
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A submersible pumping machine of 0.75 kw The specific capacity of well 1 is obtained by
capacity was installed in the test well and a 1v8 k dividing the discharge by the drawdown per log eycl
generator was used to power the pump. The well wa¥f time as:
pumped at a constant rate of 0.08/min. At some 3 i
interval of time, the depth of the water level imet s, = = =" = 0.35 nf/min
observation well was measured. This process was S )
carried out in all three locations and the drawdown
was determined. The drawdown is obtained by Well 2: The aquifer parameters for well 2 are ol
subtracting the water level at a given time frone th Dby substituting the values of the various pararsethown

(=]

=1

water level before pumping commenced. in Fig. 3b into Equation 10. This gives:
The difference in the elevation of the water level
before and after pumping was plotted against tirhe o 7. = 2R 6 059 rAmin

pumping on a semi-logarithmic graph sheet for the e
different locations. The graphs were used to deitggm

the drawdown per log cycle of imal) and the time The storage coefficient for well 2 was obtainechgsi
intercept (§). These two values were then substituted Equation 9 as:
into the Cooper-Jacob equations to evaluate the

storage coefficient, transmissivity and specific

capacity of the aquifer. S

4. RESULTS

_2.25%0.05% 3 0.0010
20°

The specific capacity of well 2 is obtained as:
The plot of the water level in the observation well
versus the time since pumping commenced in the test :
well is presented a&ig. 2a, while the plot of the ’
drawdown versus the time of pumping is presented as
Fig. 2b. A graph sheet which has the x-axis designed  \ya 3: The aquifer parameters for well 3 are

in logarithm scale and the y-axis in arithmeticl8ca gphained by substituting the values of the various
was used to _pIot the graph of drayvdown against theparameters shown Fig. 3c into Equation 10 as:
time of pumping for the three locations and theutes

presented as shown Hig. 3. Figure 3 was used to T30wnne
calculate the physical parameters such as drawdown 2
per log cycle of time Al) and t. These parameters

were then substituted into the Cooper-Jacob equsitio o ) )
to compute the aquifer storage coefficient The storage coefficient for well 3 was obtainechgsi

(=]

< === =0.33 Mi/min

(=]

= 0.061 M/min

transmissivity and specific capacity. Equation 9 as:

Well 1. The aquifer parameters for well 1 are
obtained by substituting the values of the various g =22 006k 2 ) 57
parameters shown faig. 3a into Equation 12 to give the 20°

transmissivity of well | as:
The specific capacity of well 3 is obtained as:

= = 0.064 /min

s, =+ === =0.32 nf/min
The storage coefficient for well 1 was obtainechgsi
Equation 11 as: The results obtained for the various parameters are
presented as shown ihable 1. This table contains the
3122-25>< 0.064 3 5011 result of the aquifer transmissivity, storage cioefht
20° and specific capacity of the three observation svell
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Table 1. Results of the various aquifer parameters obtaifreed the drilled wells

Wells Transmissivity (fimin) Storativity Specific Capacity (f#min)
Well 1 0.064 0.0011 0.35
Well 2 0.059 0.0010 0.33
Well 3 0.061 0.0007 0.32
5. DISCUSSION The water bearing ability of the aquifer from theete

locations under study were determined through the
The amount of water that can be transmitted evaluation of the storage coefficient. The computed
horizontally by the aquifer in this study was estied by  values revealed that the storage coefficients & th
a measure of the transmissivity which was obtaiasd  aquifer are 0.0011, 0.0010, 0.0007 for wells 1n@ 8
0.064, 0.059 and 0.061°min for wells 1, 2 and 3 respectively. The mean value of the storage coeffic
respectively Table 1). The mean value of the aquifer was computed as 0.00093. These values correspond to
transmissivity was also obtained as 0.061%min for  the storage coefficient of a confined aquifer (TC204;
the area. This valu_e suggests _that _the 'Fransmlsstemf Anomohanran, 2014b). This finding is an indicattbat
the groundwater in the aquifer is high and that thegngygh pressure exists within the aquifer to preduc
aquifer is prolific and is thus capable of supplyin g hstantial quantity of water for the people. Tdiém is
adequate quantity of water for the people. The ealu also in agreement with the work of Rajasekbaml.
_also agreed with the reSl_JIt of a similar survey_iedrout_ (2014) who used the pumping test method to detiee t
Icnhalrglé?érisilc(:g _l?r?: re(;relgrc;%r \?V\;Eislu;gf; tgweslr:at;?nglfer transmissivity of confined aquifer and obtainedai
' n(10'065 m/min. The significance of this is that the aquifer

transmissivity of the area range between 0.068 a . . .

0.070 n¥/min (Anomohanran, 2014a). The result is Is secured and is not vuIn(_arabIe to pollution trdiing

also in agreement with another study carried out infrom the surface_layer. It is therefore dependaidea
source of domestic water supply.

some locations in Delta Central District of Nigeria .
A measure of the productivity of the wells was also

The result showed that the rate at which the ) ] . N =t
groundwater is transmitted through the aquifertiist ~ dtérmined in this study and the findings indictitat
the specific capacity of wells 1, 2 and 3 are 0333

district was obtained as 0.02Z/min (Anomohanran, ’ g -
2014b). This claim is also in agreement with thekwo and 0.32 fimin - respectively. The mean specific
of Rajasekhakt al. (2014) who used the pumping test capacity for the area was obtained as 0.33mim.

method to derive the transmissivity of confined ilgru ~~ The values obtained for the specific capacity iatBc
and obtained it as 0.065min. that the well is capable of providing sufficient aumt
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