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ABSTRACT: The study aims to determine the hydrologic properties of an aquifer of Malamawi Island in terms of transmissivity,
storage coefficient, and specific discharge using the Theis method. The study was conducted in March of 2015. The 4 inches 2-
boreholes are drilled in two different locations (Diki and Santa Barbara villages) to identify the lithologic properties. A pumping
test was performed for forty-five (45) minutes and, drawdowns are observed from the observation well. The shallow aquifer is
confined with a transmissivity of 1.70 m?/d, storage coefficient of 0.001012, and specific discharge of 6.53 m?/d.
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INTRODUCTION

Assessing aquifer permeability is one of the most important aspects of any groundwater study (Sun, 2018). Two parameters,
transmissivity (T) and storage coefficient (S) control the movement and extraction of groundwater in the geological formations
(Birpinar, 2003; Naderi, 2019). The transmissivity is that the product of the hydraulic conductivity and therefore the saturated
thickness of the aquifer. It is a measure of the amount of water that can be transmitted horizontally through a unit width by the
pack saturated thickness of the aquifer under a hydraulic gradient of 1 (Strerrett, 2007; Sun, 2018). The hydraulic parameters
conductivity, and transmissivity (Cooper and Jacob, 1946) of the aquifers can be determined through pumping test analysis
(Maréchal et al., 2008; Dausse et al., 2019). However, it can also be analyzed by several conventional and computerbased methods
(Kruseman and De Ridder, 1991; Birpinar, 2003). Analyzing the data of unsteady pumping test conducted in the aquifer is one of
the main ways for estimating aquifer parameters such as transmissivity and storage coefficient, which are main parameters for
evaluation and exploitation of groundwater resources (Theis, 1935; Hongfei & Jianqging, 2012) According to (Dausse et al., 2019),
at the local scales, crosshole hydraulic tests, such as pumping tests, can be used to identify the flow pattern to provide information
on reservoir geometry, additionally to its hydraulic properties (Gringarten, 2008). At the regional scale, water level monitoring in
several observation wells appropriately distributed across the system are often used, as an example , to spot potential
compartments under different hydrological conditions (Guihéneuf et al., 2014). An imbalance between groundwater pumping and
natural recharge occurs when the aquifer suffers from steep declines thanks to groundwater exploitation. Reducing the current
extraction and providing artificial recharge in specific parts of the aquifer stabilize and reverse the decline in groundwater levels
while meeting the water demands for the Island (Campos et al.,2014; Elrawy et al., 2021).

The people on the Island have solely relied on groundwater for domestic and agricultural purposes. The aquifer
parameters got to establish for future assessment of groundwater sustainability to support the evergrowing population of the
Island. Therefore, this research study aims to estimate transmissivity, storage coefficient, and specific discharge of Malamawi
Island aquifer, using the Theis superimposition method. This method uses a graphical procedure with type curve matching (Leng
& Yeh, 2003; Li et al., 2014; Yeh & Huang, 2005; Ha et al., 2020; Chen et al.,1999), and identified through fitting the measured
drawdown data to reference data. Furthermore, the estimated parameters can predict the drawdown (Shen et al., 2015; Ha et al.,
2020) and essential for effective water management and protection (Jeong, 2001; Edmunds et al., 2002; Perea and Rodriguez-
Rodriguez, 2009; Dragon, 2021).
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MATERIALS AND METHODS
Study area

Malamawi Island (Figure 1a) is about 300 m from the main island of Basilan. It has a total delineated area of about 947
hectares. The island consists of seven different villages and located between 6%°42’46” N and 6°44’45” N latitudes, 121°56’24” E,
and 121°58’23” E longitudes. The general elevations ranged from 5 m to 103 m above sea level while and slopes ranged from 3%
to 30%. The island has a current population of 13,859 most of them build their houses along the shoreline.

Land use on the island is mainly agricultural, with most areas planted to coconut with few mangos, citrus, and rubber
trees. The root crops and vegetables are regularly planted on small scale on the hilly portions. The area mainly consists of medium
to heavy texture soil types. The island has a type Il climate classification, where the seasons are not very pronounced, relatively
dry from November to April, and wet during the rest of the year (Bangsamoro Development Agency, 2016). The annual mean
temperature and precipitation are 26.6 °C and 1,100 mm, respectively (Bangsamoro Development Agency, 2016, Jalil et al., 2020).
Test Well

A test well (Figure 1b) was drilled for well logging and the determination of the aquifer hydrologic properties in the study
area through a pumping test. It has a 10.16 cm diameter hole with a depth of 24.39 m. The descriptions of the pumping test data
of the test well are given in table 1.
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Figure 1. Location map, a). Study area (Source: Google Earth, 2015) , b). Test Well, of Malamawi Island, Isabela City, Basilan

Lithologic Properties

The lithologic properties of the aquifer are established through well logging conducted in the study area. The local drillers
are hired to perform well drilling (Figure 3). Soil samples were collected for every 1.5 m (5 ft) and any change in soil color or
hardness and placed in labeled transparent plastic bags. Textural analysis of each sample was performed using locally fabricated
sieves of different diameters/sizes. As a result, the depth and thickness of the aquifer and confining layers are then determined.

IJMRA, Volume 4 Issue 5 May 2021 WwWw.ijmra.in Page 531


http://www.ijmra.in/

Determination of Aquifer Parameters Using Theis Method in Malamawi Island, Isabela City, Basilan, Philippines

PIPE | DEPTH| LITHOLOGIC) y s rupe oF sTRATA WELL LOCATION PIPE | DS TH [HTHOLOCIC! amure oF sTRATA WELL LOCATION
Design | (f) Log Design | (ft) Log »
o L 17196903 P s gonne _|Longe 1 55T
. " N | ural ground line 3 .
— Namr:‘ g':l;:d ine I;\E::J;:dze 62‘7;5130 Top Soi Alitude: 25.5 m
0p S0l i Barangay. Lukbuton
Barangay. Santa Barabara Town:
Town: Malamawi, Isabela City b Province: Basilan
a Province:  Basilan Region:  ARMM
Region:  ARMM iarylies:
Benefiianyes: Hard Clay Constructed by: Aléjandro A Jalil
Hard Clay  [Constructed by: Alejandro A Jali ethod of Constuction: Drilled
- ~ Date Constructed:
Method of Construction: Drilled = Service Area:
Date Constructed: February 10,2015 WELL DESCRIPTION
T Senvice Area; Malamawi Island Static/Potentiometric water level: 2.44 m (8 ff)
WELL DESCRIPTION Pipe installed:
Static/Potentiometric water level: 2.44 m (8 ft) Fine sand Diameter: 100 mm (4")
Drilling Depth: 2439 m (80 ) " Material:  Galvanized Iron
A Vi Fine sand with |Drilling Method: Manual Dr’ll'n:egg‘:tﬁ 9'451:1(13:?43 B
Al N ..
i coarse sand Well Development Method: Drilling Method: ~ Hydraulic Rotary
WELL USE: Clay Details of perforations/screen:
HYDROGEOLOGY: ize:
5 dl Slotsize: 8 mm x100 mm
\Transmissivity. 1.6951 m2/day : Total length (L): 2.44m (8.0 ft)
5 Storage Coefficient: 0.001012 i Well Development Method:
PUMPING TEST: o PUMPING TEST:
60 Discharge: 17.37 m3/day i i Inia D|scr.warge.
Drawdown: 2.66 m :; Fine sand Drawdown:
& . . - o Duration:
Fine sand with Duration: 45 min. | WELL USE:
0 coarse sand i HYDROGEOLOGY:
% i Transmissivity:
5 s Storage Coefficient:
[

Figure 2. Well Log at, a). Diki Village, b). Santa Barbara Village, Malamawi Island, Isabela City, Basilan, Philippines

Figure 3. Local drillers using locally fabricated drilling rig during the actual manual drilling for well logging in the study area

Table 2. Time-Drawdown Data

. . Drawdown (M)
Time (min) - -
Pumping Well Observation Well
5 1.194 0.044
10 1.410 0.181
15 1.689 0.380
20 2.077 0.472
25 2.147 0.591
30 2.420 0.673
35 2.566 0.698
40 2.604 0.717
45 2.655 0.724
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Hydrologic Properties
The hydrologic properties of the aquifer are determined through the conduct of a pumping test. Pumping was done at the test
well employing a constant discharge, and drawdowns were monitored simultaneously at the observation wells at specific time
intervals. The transmissivity and storage coefficient of the aquifer of the Island are determined using the Theis method of
superimposition.

Transmissivity and storage coefficient

Transmissivity refers to the fastest at which water is transmitted through a unit width of the aquifer under a unit hydraulic
gradient. The storage coefficient could also be defined because the volume of water that an aquifer releases from or takes into
storage per unit area of aquifer per unit change within the component of head normal thereto surface. These parameters were
computed using the Theis method.

T= 22w(u) (1)
4Tu
Se= (2)

Where T, @, s, W(u), Sc, r, and t are transmissivity in m2/day, well discharge in liters per seconds, drawdown in meter,
well function, storage coefficient, dimensionless, distance of observation well from production well in meter, and time since
pumping began in days, respectively.

Measurement of static water level and drawdown

The static water level in the test well was measured before the start of the pumping test. It was measured from the
natural ground surface as (reference point) through the use of an improvised groundwater level probe. The drawdown at the
observation well was measured at different time intervals until equilibrium or when the drawdown became stabilized. Drawdown
was computed as the difference between the static water level and the water level at a certain time during pumping expressed in
meters below ground surface (mbgs).

Determination of specific discharge

Specific discharge has defined as the rate of discharge of groundwater per unit area of a porous medium measured at a
right angle to the direction of flow. Similarly, it is a rate of discharge of well per unit drawdown. This is computed using the
equation (Todd, 1980).

a-(9) .
Where the Qq, Q, and s are specific discharge of a pumping well in (m3/m-day), constant pumping rate in (m3/day, and
drawdown of pumped well in (m), respectively.

RESULTS AND DISCUSSION
Test Well

The test well is located within the clustered shallow wells (Figure 1b) and has a static piezometric water level of 3.66 m
below the ground surface. The water level is not affected by sea-level fluctuations caused by tides. During the pumping test
operations, pumping of the neighboring wells within a 50 m radius from the test well was not allowed. The results of computed
hydrologic properties of the test well are assumed to represent the properties of the whole aquifer in the area because based on
the two well logs the aquifer is most likely uniform which could have similar lithologic and hydrologic properties.

Stratigraphy

The soil profile in the study area was established through the conduct of well logging in two barangays. The well logs in
Santa Barbara and Lukbuton are shown in Figures 2a and 2b, respectively. The soil profiles in both locations showed confined
aquifers overlain by thick hard clay and a clay layer in between. The aquifers are composed of fine and coarse sands. This is
indicative that the aquifers in both locations are hydrologically connected.

Transmissivity and Storage Coefficient

A pumping test was done on the test well to determine the aquifer’s hydrologic properties. The pumping test data were
presented in Table 1. The transmissivity and storage coefficient was found to be 1.70 m?/d and 0.001012 respectively using Theis
method of superimposition (Figure 4). The computed transmissivity was very low. In fact, the drawdown was so abrupt during the
conduct of the pumping test. However, these calculated values of transmissivity and storage coefficient were within the range of
values for fine sand. Detailed computations of these hydrologic parameters were presented in Appendix Table 5.
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Table 1. Pumping Test Data of the test well in the area March 2015

Particulars Test Well Observation Well
Static Water Level, m 3.69 3.69

Well diameter, inch 4 3

Distance from Test Well, m 6.809

Test Well Discharge, li/s .201

Table 3. Computation of storage coefficient and transmissivity given the required values of parameters

Well Storage L.
. L. Transmissivity
Drawdown, s r/t Function u Coefficient M
W(u) (Sc)
(m) m2/day | Unitless Unitless | Dimensionless m?2/day
0.18 6,700 0.22 1 0.001012 1.70
1 L 1}
[ =9 L
-i_
oot g 11 T TEww 5 1 OOV
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Figure 4. Superimposition of data curve to the type curve using Theis method

Specific Discharge
The specific discharge of the test well in the study area was computed to be 6.53 m?/d at a given discharge and drawdown
of 17.37 m3/d and 2.66 m, respectively. The value indicates the total area reached by flowing water within the aquifer per day.

CONCLUSION

Lithologic properties of the aquifers in the study area were determined through well logging while the hydrologic properties were
obtained through pumping test of a test well located at Santa Barbara. The study area is underlain by a confined aquifer with a
computed transmissivity of 1.70 m?/d and storage coefficient of 0.001012 using the Theis method of superimposition. The specific
discharge of the test well in the study area was computed to be 6.53 m?/d.
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