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Introduction

The last 60 years have seen unprecedented groundwater extraction and overdraft in all of the world [1]. By 2025,
1.4 billion people in about 48 countries will suffer from the water scarcity [2]. Iraq is going through an
unprecedented severe water crisis for many reasons, including climate changes, lack of rain, and the policies of
neighboring countries, in addition to the increase in requests due to the population growth [3]. The study area is
located to the East of the Western Desert and includes 1114 square kilometers between Karbala in the north and
Najaf in the south, along the Euphrates River in the west, within longitudes (43°90 -44°25") and latitudes (31°95
-32°40). Its interior and the exposed geological formations are of Tertiary and Quaternary age (middle Eocene—
Pleistocene). They are listed from the oldest to the newest: Dammam, Euphrates, Fat'ha, Injana, and Dibdibba
[4]. Hydrogeologically, the study area is located within Mesopotamia and the Western Desert Zone, and the main
aquifers of groundwater are Miocene carbonate and Mesopotamian plain silt [5] (see Fig. 1). The Dibdibba
aquifer is the main aquifer in the study area. Since the population has grown on both sides of the road between
Karbala and Najaf, it has also reduced the rate of groundwater recharge due to the change of the basin or
watershed from natural land to an urban area. For this reason, the area requires studies and continuous
monitoring of groundwater levels due to such processes as over-pumping, pollution, little recharge, and re-
evaluation of developments in it. The study objectives include identifying the hydraulic head of groundwater in
the Dibdibba aquifer, the sources of its recharge, as well as the direction of flow, and estimating the hydraulic
parameter by pumping-test experiments and data analysis, thus determining the aquifer's natural drainage. The
study area gradually elevates above the sea level as it flows from the west to the east. According to the data from
DEM-30 and the US Geological Survey, its height is between 12 and 90 meters above the sea level (Fig. 2)
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Fig.2. Topography of the study area

Methodology:

In this study, (60) wells from different locations in the area studied were monitored and the groundwater
depth was measured by a sounder device, and then the spatial distribution of depths was drawn. After that, the
water stream was determined by subtracting the depths of water from the elevation taken from a digital elevation
model of the USGS (DEM-30) and dropped from the global mapper program because it was more accurate than
the readings taken in the field by GPS. The spatial distribution of the water stream (a.s.l. meters) was drawn. In
addition, the direction of groundwater movement was determined and crossed vertically with the water stream in
order to draw the flow net. The hydraulic gradient was calculated according to Darcy's law in the northern,
southern, and middle parts of the study area. The hydraulic properties of the Dibdibba aquifer were calculated by
conducting five pumping experiments distributed in the study area and analyzing the data using Neuman's and
Jacob's correct methods for the unconfined aquifer.

Many software applications were used to process and analyze the data as follows:
1. A location map of the research region was created with highlighting  the location of  wells.  Then,
a map of the test pumping wells' position, and spatial distribution maps for water dept, water level, hydraulic gra
dient, and flow net) was created using the ArcGIS software.
2. The Global Mapper (22.1) was used for the corrected elevations by projecting well points on the Digital
Elevation Model (DEM-30).
3. Aquifer Test (2011.1) was used to analyze the pumping test data with observing wells (multi-well), because it
gave accurate analysis in this way in (PW1) (Fig. 8).
4. AQTESOLV was used to analyze the pumping test data of single-well pumping because of its high accuracy.
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Results and Discussion

The values of water depths in the study area ranged between 2.83 and 34 meters below the earth's
surface. The shallow depth was located in the eastern and northeastern regions, most possibly as a result of
artificial groundwater recharge by the human activities in the suburban areas. Depths increased in the western
and northern-west areas of the study area. It was also noted that farmers had left many wells, due to the drop in
their water levels, and thus they had to drill another deeper well. The left wells and the water depth are shown in
Fig. (3) and Table (1).
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Fig.3. Depth of water (meter)

The levels of groundwater ranged between 7.8 and 37.7 meters above the sea level. The deeper levels were
recorded in the west and northwest of the study area and the shallower depths were in the east and southeast
parts of the study area, especially in Najaf Governorate. The water stream level is shown in Fig. (4) and Table

1).
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Fig. 4. Water stream level (a.s.l.) meter

The movement of groundwater flow was in two directions. The first direction was from the west towards the
east, while the second one was from the west and northwest towards the southeast from Karbala to Najaf (Fig.
5).
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Table (1). Depths and head levels of groundwater in the study area
‘Well NO. Eastern Northern El]e)\;;/ilon D:v‘;ttl;:f head | Well NO. Eastern Northern El]e)\;l;lon D:V;;ttl;rof head
BH-O1 436678.83 3555600 30.61 7.16 23.45 BH-31 430622.6 3558882.04 44.78 26.4 18.38
BH-02 434905.74 | 3561427.93 31 5.31 25.69 BH-32 434434.55 | 3558616.51 31.44 18 13.44
BH-03 436513.01 | 3556737.27 29.5 5.5 24 BH-33 433825.18 | 3558358.73 31.45 13.32 18.13
BH-04 436326.93 | 3553378.99 36 8.21 27.79 BH-34 433667.17 3562633.8 31.08 12.3 18.78
BH-0O5 434076.07 | 3565116.12 34.48 10.9 23.58 BH-35 432688.06 | 3562652.57 32.7 14.9 17.8
BH-06 43493533 | 3566034.35 30.4 6.34 24.06 BH-36 431346.05 | 3562827.86 433 20.03 23.27
BH-O7 432971.28 | 3567525.35 34.2 17.12 17.08 BH-37 414018.07 | 3599880.54 35.52 9.73 25.79
BH-08 431497.56 | 3565587.76 41.09 22.17 18.92 BH-38 410584.74 | 3598115.21 45.26 24.9 20.36
BH-09 433655.62 | 3560157.35 34.85 14.41 20.44 BH-39 409196.23 | 3594909.48 60.46 30.8 29.66
BH-10 434767.52 | 3556987.11 38.41 12.14 26.27 BH-40 421478.38 | 3591458.29 34.83 5.55 29.28
BH-11 436207.72 | 3557348.88 29.76 4.7 25.06 BH-41 420206.52 | 3590430.52 36.46 13.65 22.81
BH-12 435623.98 | 3559896.03 26.4 3.7 22.7 BH-42 418805.79 | 3589647.24 442 21.4 22.8
BH-13 434505.59 | 3564340.43 30.5 6.1 24.4 BH-43 416986.8 3588525.77 53.3 32.22 21.08
BH-14 434170.07 | 3567896.11 33.57 8 25.57 BH-44 427786.53 | 3580580.53 32.3 435 27.95
BH-15 433072.56 | 3568137.34 34.7 12.5 222 BH-45 427936.86 | 3577844.94 33.32 11.6 21.72
BH-16 432771.02 3570408.8 20.04 10.3 9.74 BH-46 425549.84 | 3577483.52 42.32 20.75 21.57
BH-17 432279.91 | 3572472.16 30.92 9.8 21.12 BH-47 403389.58 | 3605277.75 52.2 14.5 37.7
BH-18 432094.11 | 3574016.16 29.92 4.8 25.12 BH-48 403211.69 | 3604410.98 52.55 16.6 35.95
BH-19 431560.35 | 3575525.57 26.04 3.6 22.44 BH-49 403915.41 | 3601931.17 52.8 20.6 322
BH-20 430276.18 | 3577385.06 33.6 4.6 29 BH-50 405004.13 | 3599567.87 53 22.55 30.45
BH-21 429926.38 | 3577840.16 31.3 7.6 23.7 BH-51 406868.57 | 3594973.96 61.5 33.5 28
BH-22 428296.95 | 3576644.49 353 16.85 18.45 BH-52 416571.27 | 3597906.47 32.92 9.1 23.82
BH-23 426913.65 | 3575906.13 42.8 24.5 18.3 BH-53 417485.94 3596494.6 34.2 8.9 253
BH-24 426635.98 | 3573681.75 55.12 31.8 23.32 BH-54 417292.72 | 3595218.18 41 18.37 22.63
BH-25 429859.91 | 3574296.26 38.82 16.4 22.42 BH-55 418176.25 | 3594105.36 40.6 17.2 23.4
BH-26 428045.02 | 3570644.58 41.8 34 7.8 BH-56 419114.67 | 3593300.15 37.08 13.5 23.58
BH-27 429601.33 | 3571717.55 41 24.6 16.4 BH-57 417569.03 | 3592318.04 42.7 21.35 21.35
BH-28 432084.69 | 3567943.77 40.2 19.5 20.7 BH-58 435399.88 | 3558016.02 30.79 8.9 21.89
BH-29 430634.87 | 3565647.19 434 30.1 13.3 BH-59 411917.43 | 3603230.61 35.21 2.83 32.38
BH-30 432595 3559758 41 19.03 21.97 BH-60 403266.56 | 3602805.91 51.36 21.83 29.53

The hydraulic gradient was calculated according to Darcy's law, which represented the difference between the
water stream level at two wells divided by the difference between their horizontal distances on the earth surface

[6]. It calculated the north, middle, and south parts of the study area for wells using (equation 1):
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i: hydraulic gradient.

dh: the difference between the water stream level at two wells (meters).

dl: the difference between the horizontal distance of the two wells (meters). Where the value of the hydraulic
gradient to the north of the study area was (0.0005), the middle was (0.00041) and the south was (0.0012) (Fig.
6).
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Fig.6. Hydraulic gradient of the study area

For evaluating the hydraulic properties of the Dibdibba aquifer, five pumping test experiments were conducted
in the area. The locations of the wells used in the pumping test experiments shown in Fig. (7) were then analyzed
by the correct methods of Neuman (1979) [7] and Cooper Jacob (1946) [8] for the unconfined aquifer [9].
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Fig.7. Locations of Test Pumping Wells in the study area

Pumping-Test Experiments

1. Authority for Groundwater / Karbala (PW1)
The total depth of the pumping well was (30) meters, the observing well was (82.26) meters away from it, and
the depths of the water were measured in the pumping well (2.83) and the observing well (2.98) meters. The
saturated thickness of the aquifer in that well was (27.1) meters, so the pumping rate was (8.0) L/sec (Table 2).
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Table.2. Drawdown with time and depth of water for the Authority for Groundwater / Karbala (PW1)

Time(min) | Drawdown(m) 3:3:::“0) Time(min) | Drawdown(m) 3::::2;3 Time(min) | Drawdown(m) 3::’:2;3

0 0 2.98 9 0.11 3.09 35 0.2 3.18
1 0.05 3.03 10 0.12 3.1 40 0.2 3.18
2 0.05 3.03 12 0.12 3.1 50 0.2 3.18
3 0.07 3.05 14 0.13 3.11 60 0.21 3.19
4 0.08 3.06 16 0.14 3.12 70 0.21 3.19
5 0.09 3.07 18 0.15 3.13 85 0.23 321
6 0.1 3.08 20 0.15 3.13 100 0.23 321
7 0.11 3.09 25 0.18 3.16 115 0.23 321
8 0.11 3.09 30 0.18 3.16

The data from experiment (1) was analyzed in the aquifer test program by using Neuman's method for an
unconfined aquifer (Fig. 8). It was found that the transmissivity by Newman's method is equal to 415 square
meters per day, the hydraulic conductivity is 15.3 meters per day, and the specific yield is 0.026 (Table 6).

2- Ibrahim’s Khalil Well/Najaf (PW2)

1E0

1E1

Time [min]

1E2

1€3

1E0

drowdown [m]
.
™m
—_

/

1E-2

0 Well 2

Fig.8. The Authority of Groundwater / Karbala by Newman curve Method

The drawdown levels were recorded with time through the pumping well itself (single well test), with a total
depth of (30) meter (Table 3). The depth of water was 8.9 meters and the discharge rate was 8 L/sec. Then, the
data was analyzed using the program AQTESOLV by Neuman's and Jacob's correct methods for the unconfined
aquifer. The two methods and curves are represented in Fig. (10) and the results of the analysis are shown in

Table (6).
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Table.3. Drawdown with time and depth of water for Ibrahim's Khalil well/Najaf (PW2)

. . Depth of . . Depth of . . Depth of
Time(min) | Drawdown(m) ) Time(min) | Drawdown(m) ) Time(min) | Drawdown(m) )
0 0 8.9 10 0.96 9.86 45 1.18 10.08
1 0.7 9.6 12 0.99 9.89 60 1.22 10.12
2 0.82 9.72 14 1.01 9.91 75 1.25 10.15
3 0.85 9.75 16 1.03 9.93 90 1.27 10.17
4 0.88 9.78 18 1.05 9.95 105 1.28 10.18
5 0.9 9.8 20 1.09 9.99 120 1.29 10.19
6 0.92 9.82 25 1.1 10 135 13 10.2
7 0.93 9.83 30 1.12 10.02 150 1.31 10.21
8 0.94 9.84 35 1.15 10.05 165 1.31 10.21
9 0.95 9.85 40 1.16 10.06 180 1.31 10.21
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Fig.9. lbrahim's Khalil well/Najaf (PW2) by using Neuman's and Jacob's correct methods

3- Sheaee Waqef Well (PW3)

The drawdown levels were monitored with time through the pumping well (single well test). The total depth of
the well was 50 meters, and the water depth was 5 meters. When the pumping process began, the discharge was
8 L/sec, and the pumping continued for 105 minutes (Table 4). After that, the data was inserted in the
AQTESOLYV program and analyzed by using the methods of Neuman and Jacob for an unconfined aquifer (Fig.
10). The results are shown in Table (6).
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Table.4. Drawdown with time and depth of water for Sheaee Wagef well (PW3)

. . Depth of . . Depth of . . Depth of
Time(min) | Drawdown(m) ) Time(min) | Drawdown(m) Rt Time(min) | Drawdown(m) R
0 0 5 10 0.89 5.89 50 1.02 6.02
1 0.76 5.76 12 0.9 59 60 1.03 6.03
2 0.81 5.81 14 091 591 75 1.04 6.04
3 0.83 5.83 16 0.92 592 90 1.05 6.05
4 0.84 5.84 18 0.93 593 105 1.05 6.05
5 0.85 5.85 20 0.94 5.94
6 0.86 5.86 25 0.96 5.96
7 0.87 5.87 30 0.98 5.98
8 0.88 5.88 35 0.99 5.99
9 0.88 5.88 40 1 6
Mawkeb ALWaqef ALSheaee Mawkeb ALWagef ALSheaee
L [T T T [Obs. Wells 10, prr=—r=rrr y ] [Obs. Wells
0 0
Aquifer Model Aquifer Model
18 Unconfined Unconfined
= Solution 1 | Solution
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$ ' T=5059mday | % T = 5644 mday
_% Ouaﬂarcua § 1 :}x&wﬁnﬂo —~ _—
a e g o 000ods 0005 1 Sy =003247
B oopf—ont= P
o (=}
£ .
o
0
04
v z = = - IR I E——
' : ' : 1. 0. 100, 1000.
Adj ime (min
djusted Time (min) Time (min

Fig.10. Sheaee wagef well (PW3) by using Neuman's and Jacob's correct methods

4- Mohammed Hussain Farm (PW4)

The total depth of the well was 54 meters, the readings of the drawdown were recorded with time in the pumping
well (single well test) with a discharge of 7 L/sec. The depth of the water before the start of the pumping process
was 31.8 meters, and the pumping lasted for 105 minutes until the level stabilized (Table 5). Then, the data was
inserted in the AQTESOLV program for analysis by using Neuman's and Jacob's correct methods for an
unconfined aquifer. The curve of drawdown in the two methods is shown in Fig. (11); the results of hydraulic
properties are shown in Table (6).
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Table.5. Drawdown with time and depth of water for Mohammed Hussain Farm (PW4)
. . Depth of . . Depth of . . Depth of
Time(min) | Drawdown(m) water(m) Time(min) | Drawdown(m) water(m) Time(min) | Drawdown(m) water(m)
0 0 31.8 10 0.92 32.72 45 1.14 32.94
1 0.65 3245 12 0.95 32.75 60 1.18 32.98
2 0.78 32.58 14 0.97 32.77 75 1.21 33.01
3 0.81 32.61 16 0.99 32.79 90 1.23 33.03
4 0.84 32.64 18 1.01 32.81 105 1.24 33.04
5 0.86 32.66 20 1.05 32.85 120 1.25 33.05
6 0.88 32.68 25 1.06 32.86 135 1.26 33.06
7 0.89 32.69 30 1.08 32.88 150 1.27 33.07
8 0.9 32.7 35 1.11 3291 165 1.27 33.07
9 091 32.71 40 1.12 32.92
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Fig.11. Mohammed Hussain Farm (PW5) by using Neuman's and Jacob's correct methods
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Table 6. The hydraulic parameters of pumping test experiments in the study area
Well Total Depth of Sa.turated 0 T K Sy Type Type Draw
Id depth water thickness ) || @ik | (k) Of of down
(m) (m) (m) . y Method Test (meter)
PW1 30 2.83 27.17 8 415 153 | 0026 | Neuman Obizlvlmg 023
348.2 16.5 0.012 Neuman Sinel 1
PW2 30 8.9 21.1 8 T mgt etwe 131
475 22.54 - ; e
correction
564.4 14.11 0.032 Neuman Sinel 1
PW3 50 5 45 8 T mgt etwe 1.05
595.9 14.9 - ; e
correction
348 15.7 0.006 Neuman Sinel 1
PW4 54 31.8 22 7 [T mgt etwe 127
408 1708 | - ) .
correction

Conclusions and recommendations

1. The depths of the groundwater in the west and northwest areas under study (which represent a recharge area)
were much greater than those in the east area near the Euphrates River and the road connecting Karbala and
Najaf, representing a discharge area as a result of the current low level.

2. The levels of water stream under study were higher in the west than in the east, where there is a dense
population, because of an artificial recharge of groundwater.

3. Due to the lower groundwater levels and deeper water, it was observed that there were numerous
abandoned wells in the western part of the study area in Najaf. This caused other wells to be drilled there, but
at a greater depth.

4. There were two main groundwater flow directions in the study area: the first one was from the west to the
east (from Karbala to Najaf), and the second one was from the northwest to the southeast towards the road
between Karbala and Najaf, as it is considered a drainage area due to the large number of wells scattered
around it.

5. There were differences in the hydraulic gradient values of the groundwater in the study area. They were
lower in the middle of the area towards the east due to the presence of artificial recharge sources, whereas
they were higher in the south and north due to over pumping as well as the topography and bed sloping that
were inherent to the region.

6. The results of the pumping test analysis for various locations in the study area reported that the Dibdibba
aquifer's hydraulic parameter values were the same, with only minor variations in specific yield,
transmissivity, and hydraulic conductivity caused by variations in saturated thickness, total depths, and
hydraulic gradient.

As for the recommendations, they are presented as follows:

1. Using continuous electronic observation of groundwater levels in specific wells distributed thoughtfully
within the study area to enable researchers to get data more easily and accurately without having a hard field
work.

2. Farmers and people should be warned about random drilling and the non-governmental drilling companies
must obtain permission from the Ministry of Water Resources and the Ground Water Directory before
starting to drill new wells under the supervision of a geologist or hydrogeologist.
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