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Abstract

This study includes determining the hydrogeological setting of the aquifer in the study
area including groundwater measurement direction and the hydraulic characteristics of the
aquifer. The study showed the existence of a shallow aquifer (unconfined) in the Quaternary
deposits with presence of confined aquifer in the Bai-Hasan Formation. The construction of
flow net showed that the groundwater flow is from the northeast to southwest (middle parts)
of the study area and then to northwest towards the Lesser Zab River. The information of six
wells three of them with observation well shows that the values of the transmissivity (T),
hydraulic conductivity (K), Storage Coefficient (S) and specific capacity (SC) were ranged
from (12.048 to 158.559 m*/day/m), (0.0848 to 4.545 m/d), (2.1 x 10 - 4.67 x 10°*) and (21.
6 to 166.956 m*/d/m) respectively, where (T) and (K) calculated by using (Aquifer Win
program) software that depend on the methods of Cooper-Jacob and Theis recovery for
analysis these information. The saturated thickness values for each wells collected from bank
information of General Commission for Groundwater Kirkuk branch is ranged between (33 —
142) m. The aim of the research is to calculate the hydraulic characteristics and the flow
direction, as well as the renewable and constant storage and the distance between the drilling
wells in the study area.
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1. Introduction:

Iraq is a country rich in water resources due to presence of the Tigris, Euphrates, Zab,
Diyala, and Aludaim Rivers. Due to the low discharge of water in these rivers from
neighboring countries, it is necessary to utilize the groundwater resources as an alternative
resource. Water resources are decreasing continuously due to increasing demands water for
different purposes, researchers conducted hydrogeological studies and surface water
reservoirs and the ways to exploit them. Groundwater is found in the rocky gaps that carry

water called aquifers [1].

The geological, morphological, and climatic factors which determine Hydrogeological
conditions throug knowledge of spatial distribution of hydrogeological bodies and determine
the groundwater recharge and discharge zones and the depth of the water table, while climatic
conditions have determined the rate of groundwater recharge, the intensity of groundwater
flow and water loss due capillary effects, evaporation and transpiration [2]. The previous
studies which include study area are Parsons [3], which surveyed the groundwater resources
inclusively based on the hydrogeological data gathered for the Alton Kopry basin. In addition,
they suggested potential use of groundwater resource for agriculture and human purposes. Al-
Nagash et al.[4], estimated and developed an operational program for wells drilled during the
period of 2001-2003, by the General Company for Water Well Drilling in the Kirkuk

governorate.

A hydrological study of the Alton Kopry basin was conducted by Abdul Razzaq et al.[5],
concluded to the existence of two hydrogeological systems, the first is confined (Bai-Hassan
formation) and the second is unconfined (Quaternary). Saud and Mohammad [6], Saud [7],
studied hydrogeology and hydrochemistry of Kirkuk governorate in quaternary period, which
included the study area. Thus study indicates the presence of groundwater in the Bai-Hassan

formations and Quaternary deposits.

The aim of the study are determines the hydraulic characteristics of the aquifer in the

Shwan sub-basin area and construct the flow nets.
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2. Study Area:

The study area is bounded by coordinates, latitude (35°48'50" — 35°32'31") N and
longitude (44°06'50" — 44°37'37") E, it covers an area about (829 km?), and which is located
within the Kirkuk governorate in northeast of Kirkuk city and away from the city center with
a distance of 20 km Fig. 1. Groundwater in Shwan sub-basin is one of the freshwater aquifers
in Kirkuk and the region, which is mainly source used for the human demands, agriculture,
and industry which has increased in recently. The topography of Shwan Sub-basin is
characterized as a disparity terrain between the simple regressions to the semi-flat terrain. The
study area elevation ranges between 200- 850m (m.s.l). The Sub-basin is a symmetrical shape
surrounded by two parallel chains of mountains. The first series represent by Kany domalan
which is considered a part of baba dome with a height of 450 m (m.s.l.) to the southwest of
the sub-basin and the second is a series mountain (Khalkhalan Dagh) with a height of about
850 m (m.s.l) to the northeast of study area Fig. 2. Geologically, the study area covered by
Pleistocene (Old Quaternary) deposits that Characterized by the presence of layers of gravel
and sand with high permeability can be amenable to investment and it is difficult its
separating with the layers of the Bai-Hassan Formation which located down it and Holocene
(Recent Quaternary) deposits has little thickness and composed of silt, sand, and clay and
investing the water of this layer by drilling shallow wells [4], Fig. 3. Bai- Hassan Formation is
composed of boulder conglomerates inter bedded with siltstone, sandstone and claystone.
These conglomerates had been the main reason for considering it as an independent
formation, and has continental depositional environment resulting from erosion of the high
mountains [8], [9]. Tectonically, it is located on the unstable shelf within the foothill zone as
part of the Chamchamal- Butmah subzone. This zone includes asymmetrical long anticlines

and synclines characterized by high dip in some places associated with joints and faults [10].
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Fig. 2: Topography Map of Study Area.
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Fig. 3: Geological Map of Study Area.

3. Methodology:

Pumping test conducted for six different wells at different locations on site in the study
area as shown in Fig. 1. The groundwater level was measured by sounder in the pumping
well. The electric conductivity (E.C.) was measured at the started of pumping and the end of
pumping, a slight difference and this indicates that the well draws water from one aquifer.

The discharge was measured at the beginning of the pumping.

The water temperature were also recorded during pumping test. Observation well
pumping test was carried out for (3) wells in the studied area with a constant discharge rate
represented by: Well (W1) Jwa Jwa, Well (W2) Qizlgaya and Well (W3) Galozy. And single
well pumping test data are available for (3) wells drilled in the study area that are obtained
from General Commission for Groundwater represented by: Well (W4) Qafar, Well (W5)
Biralik and Well (W6) Kalwer. Observation wells are not available in some sites in the study
area, therefore these tests have been conducted without observation wells, and thus the

storage coefficient is not determined.
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4. Flow Nets:

Groundwater aquifers are very important in groundwater studies. They are considered to
be specific factors in groundwater investment, their natural flow directions are determined,
and groundwater maps are very important for any hydrological study because they are
dependent on the design, flow direction and slope of groundwater flow. A study of
groundwater piezometric heads in study area reveals that the direction of groundwater
movements in two directions: the first is to the north-west and the second to the north-west
direction. The groundwater level in recharge areas north-east of the study area was limited
741 meters msl, reaching 274 meters msl south west of the basin. The static depths were
measured to the groundwater level in (12) wells in the study area by a sounder. The
groundwater levels were established according to ground surface in each well, Groundwater
levels ranged from 18.7 to 76.8 meters from ground surface. The geocoding events were
determined using the Global Position System (GPS). The data were then transferred to the
wells of the GIS program to map the contours of the aquifers. Then draw the flow lines in a
vertical direction to perpendicular Equipotential Lines as shown in Fig. 4. Depth to
groundwater is of great importance in hydrological studies. It reflects the nature of aquifers
and varies of the area. It is a determining factor in groundwater utilization and is an important
factor in the design of wells and drilling methods. Groundwater level map, reflecting the
height of this depth to more than 70 meters in the north-east of the study area to reach less

than 18 meters from ground surface in the south-east of the sub-basin in the study area Fig. 5.

K]

BN

Legend
o Wea

Flow lines

Equipotental Ine

Stream
4/ 1 souncary

T T T T
42°100°E 42°200°E 22°300TE £42°200°E

BN

Fig. 4: Groundwater Flow Nets in study area.
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Fig. 5: Groundwater depth with respect to ground surface in the study area.

5. Hydraulic characteristics of the aquifer in the study area:

Pumping and the recovery test process were performed on six wells diffusive in the study
area as illustrated in Fig. 1. The data of this process has been entered into (Aquifer Win
Program) software for the purpose of analyzing these data and know hydrogeological
characteristics as shown in Graphs A, B, C, D, E and F, then calculating the hydraulic
properties of the aquifer in the area such as Transmissivity (T), Hydraulic conductivity (K),
Storage Coefficient and Specific capacity (SC) by using Cooper and Jacob (1946)
approximate draw down in non-leaky for confined aquifer equations below: [11]

T =2.3Q/4nAs (1)
Where:

T: Transmissivity (m? /day), As: Difference of the drawdown (m) per one log-cycle,

Q: Discharge (m3/day)

K=T/D @)
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Where:

K: Hydraulic conductivity (m/day), T: Transmissivity (m?/day),

D: Saturated thickness of the aquifer (m).

SC=QIfs (3)
Where:

SC: Specific capacity (m2/day), Q: Discharge (m®/day), s: Total drawdown (m).

s=2.25Tt%/ r2 4
Where: s: storage coefficient, T: Transmissivity (m? /day)

The characteristics of the pumping wells like level of static water levels, drawdowns,
discharges, saturated thicknesses and depths were presented in the Table 1, where found that
the values of these characteristics are range from 17.90 to 62.43 m, 0.83 to 8.80 m, 60.48 to
345.6 m®/day, 33 to 142 m and 100 to 180 m respectively Fig. 6. The Graphs from A to F
represent the relationship between the drawdown and time and also between the residual
drawdown with time for each pumping well, using equation 1 - 4 and analysis of the curves A
— F. The log hydraulic characteristics of the wells were determined in the study area, as shown
in Table 2. The transmissivity values ranges from 12.05 to 158.56 m2/day Fig. 7 while
hydraulic conductivity values ranges from 0.085 to 4.545 m/day Fig. 8 according to Cooper-
Jacob [12] and Theis recovery methods [13] respectively, and specific capacity values ranges
from 21.6 to 518.92 m2/day. Table 3 shows the Storage Coefficient of wells values obtained
from pumping test data analysis by Jacob and Theis recovery methods. The average of
Storage Coefficient values range between (2.1 x 10* - 4.67 x 10?) Fig 9 Accordingly, the

type of aquifer is determined as confined to unconfined.

Generally, the recovery test data are more reliable than pumping test data because the
water level rises in the well at a constant rate without pumping effects. We note that the
hydraulic characteristics of the wells in the study area are not identical due to differences in

values of porosity and permeability of the water bearing layers.
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Table 1: Coordinates and factors of pumping wells in the study area.
Location ) Saturate
Well Ground Drawdow Discharg d Depth
No. | Latitude | longitude water level n (s) (m) eg(Q) Thicknes | (m)
(m) m°/day
s (D) (m)
W1 | 35°45'19" | 44°28'17" 17.90 2.80 60.48 142 180
W2 | 35°38'29" | 44°25'22" 39.4 8.80 345.6 110 120
W3 | 35°43'44" | 44°12'40" 33.2 0.83 82.08 33 108
W4 | 35° 37'49" | 44° 32'45" 24.00 3.75 345.6 80 100
W5 | 35°43'29" | 44° 21' 24" 62.43 2.07 345.6 90 140
W6 | 35° 37'43" | 44°18'51" 40.15 2.37 192.0 75 132
Table 2: Summary results of hydraulic characteristics in the study area.
Jacob Theis Average Specific
Well (Draw Dawn) (Recovery) Jacob & Theis Capacity
No. T K T K T K SC
m?/d m/d m?/d m/d m?/d m/d m?/d
W1 11.28 0.079 12.82 0.09 12.05 0.085 21.6
W2 20.01 0.166 26.06 0.25 23.04 0.209 39.27
W3 143.95 4.217 155.99 4.87 149.99 4.545 98.89
W4 70.65 1.500 76.33 2.61 73.49 2.043 92.16
W5 148.65 1. 380 168.46 2.14 158.56 1.762 166.96
W6 143.95 1.510 144.86 2.33 144.21 1.923 518.92
Ave. 1.761
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Table 3: Storage Coefficient of wells values obtained from pumping test data analysis by

Jacob and Theis recovery methods.

; Average Storage
Jacob Theis o
Well Jacob & coefficient Type of
(Draw Dawn) | (Recovery) ) - ;
No. Theis limit Aquifer
S S S
W1 | 259x10* 1.72 x 10™ 2.10 x 10™ 10°-10° Confined
W2 | 5.27x10* 1.21 x 10™ 3.23x10™ 10°-10° Confined
W3 | 8.14x10* 8.04 x 10™ 8.09 x 10™ 10°-10° Confined
W4 | 1.63x10° 7.71x 10 4.67 x 10 101-107 Unconfined
W5 | 6.03x10° 1.88 x 10 3.96 x 10 101-107° Unconfined
W6 | 2.96x10° 1.97 x 10 2.15 x 10 101-107° Unconfined
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Graphs of drawdown and water level recovery with time for all wells by using Cooper and
Jacob (Drawdown) and Theis (Recovery) methods (A, B, C, D, E, F).
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Fig. 7: Spatial distribution of Transmissivity (m%/day) map in Study area.
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6. Results and Calculations:

The experimental data and graphs for the six pumping tests wells in the study area and
their locations are listed in Table 1. Cooper-Jacob and Theis recovery methods were used in
the analysis of these data. From graphs in each pumping test it can be observed that some
forms of data analysis of pumping tests by Jacob and Thies methods indicate the existence of
high porous media, like (gravel) successive with the layers of clay within Bai-Hassan
Formation, Quaternary Deposits. Table 2 includes the hydrogeological data of the aquifer
(transmissivity, hydraulic conductivity and specific capacity). The average of transmissivity
values range between (12.05 — 158.56 m2/day) as shown in Fig. 7, and the average of
hydraulic conductivity range (0.0848 - 2.043 m/day) with average 1.761 m/day as shown in
Fig. 8. This reflects that the hydraulic property values of Bai- Hassan & Quaternary Deposits
aquifer in study area are heterogeneous and variant, as a result of heterogeneity of Bai-Hassan
and Quaternary Deposits aquifer due to variations in lithology and porosity of aquifer. Table 2
Results of hydraulic characteristics by two methods used in single and observation well
pumping test analysis for wells of the study area. Table 3 shows the Storage Coefficient
values which obtained from pumping test data analysis by Jacob and Theis recovery methods.
The average of Storage Coefficient values range between (2.1 x 10* - 4.67 x 10?) according
this values we determined the type of aquifer between (confine to unconfined). Depending on
these values, the type of aquifer is determined, whether it is confined or not, and it has been

shown that the sub - basin Shwan has two types of aquifer confine and unconfined Fig 9.

7. Hydraulic Gradient:

Groundwater moves from areas of high potential towards areas of low potential. The value
of the hydraulic gradient of the study area is calculated according to the following equation
[14]:

| = dh/dl (5)
Where: . hydraulic gradient. dh: Head difference between two water points.

dl: Horizontal distance between the same two water points.
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The value of the hydraulic gradient in the northeast , middle and southwest of the study
area equal (0.031),(0.0056),(0.0049) respectively with an average of (0.0138) for all the study

area.

8. Recharge and Storage of the Aquifer:

The bottom reservoir is the volume of water in the effective voids of the geological layer
for the unconfined aquifer and the volume of water stored in the pores under the pressure of
the artesian layers for the confined aquifer. In both cases, these reservoirs represent two
quantities whose size varies from one reservoir to another. The first is a quantity with a
dynamic function and time function the natural and border layer is known as renewable
storage, and the second is the amount of static volume that is characteristic of the dimensions
of the geological layer (its porosity and pressure) is known as constant storage [15]. The main
water storage is the quaternary deposits. The geological map of the study area showed the
extension of these sediments, and it was observed in the study area because it represents the
main water reservoir in the basin, and the total discharge was calculated using the following

equation [16]:
_ dh
Q=TW=: (6)
Were:
Q: discharge in the study area. T: Transmissivity. %: Hydraulic gradient. W: a max width of
an aquifer
Q= 93.56 (m%d) x 0.0138 x 30750 (m) = 39702 m*/d
Q= 14.49 MCMl/year

These represent the total discharge of the study area per year, which represents surface
water and groundwater. The area of open water reservoir (A) in the study area was calculated
as well as the amount of water used in the aquifer as a renewable storage, which is a

calculated percentage of the total rainfall.

First: calculation of renewable storage in the study area for the period (2003 - 2017): The
amount of renewable groundwater in aquifers is calculated according to the following

equation: [17].
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Renewable storage (m® / year) = Area of recharge area (m?) x Depth of
water infiltration (m) (7

After calculating the area of exposure of the main water reservoir of the basin in the study
area, the calculations shall be as follows:

Open Reservoir (Quaternary Sediments):

Renewable storage = Area x depth of water infiltration
=829 x 10° x 0.069
= 57.20 x 10° m*/year.

Secondly, the constant storage (Ahmed et al., 2005)[19] mentioned a method for

calculating it in a very approximate manner as follows:

For the open reservoir = the average of the saturated thickness (B)(m) x the area of its

extension within the studied area (A)(m?) x porosity affecting (¢)

The data of the data bank were obtained in order to obtain the saturated thickness ratio

(B). The storage factor (S) was extracted from pumping test data.

Open Reservoir (Quaternary Sediments)

Constant storage = Average of Saturated thickness (B) x Areax Effect porosity (¢) (8)
=70 x 829 x 10° x 0.018
=1044.5 x 10° m*

It is noted from the previous calculations that the renewable storage in the unconfined
aquifer [(57.20 x 10°) / (1044.5 x 10°)] x 100 = (5.48%) of the constant storage.

9. Planning for Future Utilization of Groundwater in Study Area:

Unconfined System

Because the unconfined layer is the surface or near-surface layer covered by soil where
porosity and permeability are high, the unconfined layer near the surface or surface feeds
directly from rainwater, where the groundwater flows from the recharge areas towards the

drainage areas. In addition, the water losses from the seasonal valleys, and losses of the
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system are mainly from the utilization of groundwater through the use of shallow wells,
where the value of renewable storage (57.20 x 10° ) m*/year taking into account the volume

of water belonging to the aquifer mentioned above surplus irrigation water.

The annual recharge amount of the unconfined = (57.20 x 10°) m*/year. For the purpose
of calculating the amount of water extracted from the wells withdrawal in the unconfined

layer, this is as follows: [5]
Withdrawal = Number of wells x Productivity of one well (I / sec) x Run time for one day x
Number of days of the year 9)
Withdrawal = 65 (well) x 8.23 (I / sec) x 107 x 8 (h) x 3600 x 365 (day)

=5.62 x 10° m / year.

The number of wells (65) of the current utilization wells for the groundwater in the Shwan
sub- basin was adopted as a data from bank information of General Commission for

Groundwater Kirkuk branch. The following can be reached:
1- The system of the renewable free class, whose investment is about (57.20 x 10%) m*/year

2 - Currently invests from the unconfined (5.62 x 10°) m®/year, which is equivalent to [(5.62
x 10% / (57.20 x 10%)] x 100 = (9.83%) of the estimated annual renewable resources.
Therefore, the remaining annual investment of the unconfined of about 51.58 x 10° m*/year
can be planned. The nature of the investment and the conventional method of digging wells
make it difficult to develop a fixed plan, but it is possible to develop general lines that define
the method and the crew without specifying the location (randomly) as follows:

(57.20 x 10°) m®/year is to be carried out through drilling (680) wells, including the existing
wells and the productivity of (8) liters/sec and the duration of operation equivalent to (8)

hours per day and for the duration of (12) Month as follows:
Per well: (8/1000) x (3600) x (8) x (365) = 84096 m*/year

= 57.20 x 10° (m*/year) / 84096 (m3 / year) = 680 Total Number of wells expected to be
digging.
Thus, the number of wells that can be drilled in the free layer for the purpose of investment =

the number of wells calculated - the wells dug
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Number of wells = 680 — 65 = 615 well

In fact, this number depends on the distances between wells. For the purpose of
determining these distances, the equation for finding the effective or radius of influence radius
of the well can be used as follows [5]

rP=20((Txt/S) (10)
Where: r: Effective radius. T: Transmisivity. t: Run time. S: Storage Coefficient. for that
r=2.0 x2.0V (93.555x8/24) / (0.018) = 2 x 58.86 = 120 m (Diameter)

That is, the distance between a well and another must be approximately 120 m

10.Conclusion:

There are two more than one direction of the groundwater movement in study area, the
groundwater flow is from the northeast to southwest (middle parts) of the study area and then
to northwest through the Juallac valley towards the Lesser Zab River (LZR), and the second
direction from north-east of the Sub — basin to the north west. The direction of the
groundwater movement is from the recharge area (northeast) to the discharge area (northwest)
with the average hydraulic gradient equal to 0.0138. Using the Cooper Jacob's and Theis
recovery methods to analyze the results of the pumping test process for six wells distributed
in the region, show that the value of T, K, S and SC have ranged from 12.048 to 158.559
m?/day with average 93.555 m?/day, 0.0848 to 4.545 m/day with average 1.76 m/day, 2.35 x
10° to 1.258 x 10 and 21. 6 to 518.92 m?/day with average 183.239 m?/day respectively.
These values indicate that the hydraulic properties of the aquifer vary from one location to
another in the study area, attributed to lithology heterogeneity for this aquifer. The total
discharge was calculated in study area is Q= 14.49 MCM/year, these represent the total
discharge of the study area per year, which represents groundwater. Of the storage accounts of
the aquifer in the study area, and the amount of renewable water from the annual rainfall in
the area that infiltrated to the groundwater was 57.20 x 10° (m® / year) and the constant
storage was 1044.5 x 10° m*® and the amount of water consumed in the shallow wells in the
region for general purposes and irrigation was 5.62 x 10° m* / year and thus an additional the
number of wells that can be drilled in the future in the studied area and 615 wells the distance

between a well and another must be approximately 120 m.
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