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ABSTRACT
This Research included to study of hydraulic properties and its calculation through information mentioned
in the logs of wells drilled in the study area, where the groundwater movement was determined, and its
movement was heading to the south, southwest, and the depth of groundwater in the region was determined
too. Where it is observed that it is increasing towards the north, northeast, south, southeast and west, as
well as the calculated transmissivity parameter as it ranged between (61.24 m3/d – 152.19 m3/d), and the
hydraulic conductivity ranged between (1.12 m/d – 3.19 m/d). likewise, the storage coefficient and qualitative
tender. It was found through calculation hydraulic parameters the groundwater aquifer is highly
transmissivity with a very acceptable hydraulic conductivity and the groundwater aquifer in the study
area is of the confined type.
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Introduction
The water resources available for use are constantly
decreasing as a result of increased rates of demand
for this renewable resource as well as due to the successive droughts and the policy of some riparian
countries, so it has become imperative “to expand
studies to investigate an alternative water resources,
and among the most important of these resources is
groundwater, which needs to various studies in order to identify the aquifers (Jorgensen and
Stockmarr, 2009). Groundwater is considered one of
the most important water sources, as most countries
depend on it as a water source, especially countries
in the Arab region.
Due to the lack of detailed geological studies for
the study area specifically, as well as the failure of
some of those boreholes due to its high salinity. Also

due to the lack of surface water in the study area
because of it is far from the Tigris and Tharthar and
for its elevation higher than them, for these above
reasons this study was aimed to determine the
groundwater movement, and calculate hydraulic
parameters (Transmissivity, Hydraulic conductivity,
and storage coefficient) by means of correlations
from information taken from wells drilled in the
study area, in order to set an integrated database for
the study area that can be used later for the optimum utilization of groundwater. The study area is
located in central Iraq in the southwestern part of
Salahuddin governorate in Balad City between longitude line (43° 49' 20'’ - 44° 16' 00'’) and latitudes
(33° 52' 00'’ - 34° 8' 00'’), which is part of the sedimentary plain region, which a tectonic stable region,
and it is bordered from the east and northeast by the
Tigris river and on the west by Tharthar river in fig-
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ure 1. The geology of the region is characterized by
its flatness and coastal that reaches average slope of
the earth is about (0.1 m/km) southwards, where
the region is covered with quaternary deposits represented by Pleistocene era (Buringh, 1960) (Jassim
et al., 1984), in particular a sequence of soil layers can
be represented in the study area, where this sequence is random and nonsymmetrical. Where the
first layers represents the surface soil and alternates
between layers pebbles of various sizes, alluvial clay
and layers of sand. And layers of clay with a bit of
pebbles and sand (National center of construction
laboratories, 1986).
Research Methodology
The Process of identifying and evaluating the hydraulic properties of the groundwater aquifer,
through experimental mathematical relationships,
which they are of great economic feasibility, as it
avoids well drilling and pumping test measurements and analysis them to know these properties,
thereby saving effort, time and not wasting large
amounts of money (Lange financial sums).
It is understood that the process of calculating
these properties, works to evaluate the
hydrogeology of the studied area, on the basis of
which the productivity of the groundwater reservoirs is determined.

Where in this study a reconnaissance tour of the
region was conducted and identified, and knowledge of geomorphological phenomena in it, as well
as knowledge of the exposed formation in the area,
then the studied wells and the coordinates of 12
wells were taken by GPS device. The heights of these
wells were as determined from the sea level. Taking
into account that these wells are distributed over the
study area completely. After that, the rock description of each well was studied, and then the office
work was carried out, which included calculating
the water table and knowing the direction of the
groundwater, as well as calculating the thickness of
the aquifer and calculation of the hydraulic parameters which include transmissivity , hydraulic conductivity, storage coefficient and qualitative tender,
and mapping of all calculated hydraulic properties.

Results and Discussion
The hydraulic parameters results for the wells of the
study area tabulated in Table 1.
The movement of groundwater is important for
any hydrogeological study, because it provides information on the slope of the level and flow of
groundwater and its directions, where surfer 13 program was used to map the levels for a purpose of

Fig 1. Location map of the study area.
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Table 1. Calculate hydraulic parameters for the wells of the study area
Well No.

Z

W.T.

B

T.

K.

SW

SC

well 1
well 2
well 3
well 4
well 5
well 6
well 7
well 8
well 9
well 10
well 11
well 12

57
58
53
52
59
53
44
47
46
51
56
57

46.2
44.78
41.33
40.37
48.28
39.8
40.12
41.65
39.8
40.7
41.15
47.83

49.2
58.78
60.33
45.37
39.28
52.8
26.12
24.65
50.8
47.7
36.15
38.83

113.4
66.4
105.64
107.44
108.7
119.34
64.56
61.24
83.36
152.19
69.45
72.94

2.3
1.12
1.75
2.36
2.76
2.26
2.47
2.48
1.64
3.19
1.92
1.87

6.4
10.93
6.87
7.72
7.63
6.95
11.24
11.85
9.95
5.45
10.45
9.95

0.000147
0.000176
0.00018
0.000136
0.000117
0.000158
0.000078
0.000073
0.000152
0.000143
0.000108
0.000116

groundwater movement direction and its natural
discharge in study area in Figure 2. It was found that
the direction of groundwater movement from the
north, northeast and northwest towards the south,
southeast and southwest. This corresponds to the
land topography and also is in line with geomorphological concepts, where it is sometimes considered
that the high lands are considered feeding areas and
the low lands are considered drainage areas when
there is no complex structures (Al- Amiri, 1982),
Since the study area is located in the geologically
stable areas, therefore, these general concepts apply
to them. These closures located in the for northeast
of the study area, refer to human activities and uses.

Sy
0.049
0.058
0.06
0.045
0.039
0.052
0.026
0.024
0.05
0.047
0.036
0.038

The large number of water used for irrigation and
animal watering, therefore, these closures appeared
on the map.
As for the depths of the groundwater in the study
area, where the depths of the groundwater levels
from the feeding areas are decreasing in the direction of drainage areas in the absence of topographic
complications (Hassan et al., 2002), and this case is
not always true in the case of the presence of these
complications or in the event of a discrepancy in the
intervention of human activities, especially in the
case of investment in groundwater, as in the case in
the study area. Where a map of the ground water
depths of the study area was drawn using the sur-

Fig. 2. Groundwater levels map of the study area.
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face 13 program. In Figure 3 and it was noted that
the depths increase towards the north, northeast,
south, southeast, and southwest, and decrease in the
center of the study area and this is not compatible
with general concepts due to the intervention of human activities and their investment for water because these areas depend heavily on well water for
human use and for irrigation purposes, watered animals, where some seams appeared in the far northeast of the study area as shown in the map and this
reason is due to large number of activities and human uses in that region.
The hydraulic characteristics of the layers carrying the groundwater in the study area were calculated, which are necessary to evaluate the
hydrogeology of the study area (Hijab, 2000), on the
basis of which the productivity of underground
aquifer is determined.
Where the conductivity is calculated which represents the ability of aqueous formation to pass water
through its saturated thickness horizontally in a specific unit of time and the coefficient modulus of conductivity depends on the amount of hydraulic conductivity of the constituent rocks, as it represent the
product of the rate of hydraulic conductivity (K) by
the saturated thickness (b) (Kruseman and Deridder,
1979), whereas, during this study the conductivity
coefficient (T) was calculated according to the following equation below (Raghnuath, 2006).

T= 1.2 * Q / Sw
Where: T= conductivity coefficient (M2/day), Q=
productivity (liter/sec), Sw= total decline (m).
The productivity values (Q) were obtained from
the well information but the values were measured
in units (l/sec), where they were converted into
units (m3/day) for the purpose of unifying the units
of the above equation, and then the total decrease of
water (Sw) was calculated by subtracting the values
of conductivity of the wells of the study area were
calculated using equation (1), where the values of
the conductivity factor of the wells of the study area
ranged between (61.24 m3/d – 152.19 m3/d) this indicates that the conductivity coefficient in the study
area is acceptable to high degree due to several factors porosity, grain size, distribution, and channel
shape made by the connected pores (Rasmussen,
1964), (Matthess and Ubell, 1981) and a contour map
with the values of the conductivity coefficient (T) for
the study area wells using the program surfer 13 is
shown in Figure 4. The map is shown the conductivity values rise gradually in the center of the study
area and gradually decreases towards the north and
northeast and towards the southwest and the south
of the region and closures that appeared far northeast of the study area is attributed caused to excessive human activities of these wells and their use for
irrigation and animal watering.
The hydraulic conductivity of the study area was

Fig. 3. Groundwater depths map of the study area wells.
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Fig 4. Conductivity Coefficient map of the study area.

calculated, which is defined as the amount of runoff
during a cross section its area 1(m2) under a hydraulic inclination equal to (1m/1m) at the prevailing
temperature (Worthington, 1993), by calculating the
values of saturated thickness of the wells of the area
by subtracting the stable water depth of each well
itself, and then subtracting the thickness of the clay
layer that it is located within the saturated range of
each well of the wells of the study area. Then the
values of hydraulic conductivity (K) in the study
area were calculated using the following equation
below.
K= T / b
Where: K= hydraulic conductivity (m/d),
T = conductivity coefficient (m2/d), b = saturated
thickness (m).
Where the values of (K) was ranged between
(1.12 m/d – 3.19 m/d) in the study area, the hydraulic conductivity is dependent on the deposits made
up of the aquifer and the groundwater aquifer in the
study area consists of sediments or rocks non-rigid
so hydraulic conductivity in the study area is considered a highly acceptable connection (Froehlich,
1996), after which the map of the hydraulic conductivity of the exist wells in the study area was drawn
using the program surfer 13 in Figure 5. Where the
map shows an increase in the values of hydraulic
conductivity, where it gradually rises in the middle
of the study area and gradually decreases towards
the northeast and towards the southwest of the region. There is a great match between the two maps
(K) and (T) to the well of the study area for the same
wells. That was because hydraulic conductivity is

directly proportional to the conductivity (Sanders,
1998), The closures that appear in the far northeast
of the study area are due to the cause of human activities in that region.
The storage coefficient, which is defined as the
volume of water released or taken to the reservoir, is
calculated for each unit of surface area of water formation and each unit changes in the water level perpendicular to that surface, and it’s value ranges between (10-6 – 10-3) to the confined underground reservoir and this is observed in the study area when
calculating the storage coefficient for the wells of the
area because the underground reservoir in the area
is considered to be of the confined type (Rushton
and Redshow, 1979), Due to the absence of monitoring wells, the process of monitoring the drop level is
carried out in the pumping wells themselves, so the
researcher cannot calculate the storage coefficient,
and since the storage coefficient changes with the
thickness of the aquifer directly, so the value of the
storage coefficient (Sc) for the study area can be estimated and calculate from the following equation
below (Todd, 2005).
Sc= 3 * 10-6 * b
Through the calculation the values of the storage
coefficient in the study area, indicate that the
groundwater aquifer is of the confined type. Where
a map was draw and showing the values of the storage coefficient of the study area using the program
surfer 13 in Figure 6, where the map a gradual increase in the values of the storage coefficient in the
middle, east and far northwest of the study area and
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Fig 5. Hydraulic conductivity map of the study area.

a gradual decrease in the north and south of the
study area.
Qualitative tender of the study area was calculated according to Johnson law, and represented by
the following equation below.
Sy= b / 1000
A map was drawing using the program surfer 13
for the results of the qualitative tender in Figure 7,
and it was noted that the qualitative values gradually increase in the middle of the region and to the
west of the study area and gradually decrease north
and south of the study area.

Conclusion
1. The direction of groundwater movement was determined in the study area, as it was south,
southeast, and southwest. This is corresponds to
the topographic inclination of the earth.
2. The depths of the subterranean inclination were
calculated by subtracting the stable water level
from the height of the well, and it was noted that
the depths are increasing towards the north,
northeast, south, southeast and west of the area.
3. Hydrological parameters of water bearing layers

Fig 6. Storage coefficient map of the study area

S128

Eco. Env. & Cons. 27 (October Suppl. Issue) : 2021

Fig. 7. Qualitative tender map of the study area

were calculated in the study area, such as, Transmissivity, Hydraulic conductivity, Storage Coefficient, and Qualitative tender of the study area.
It was found through calculation hydraulic parameters the groundwater aquifer is highly transmissivity with a very acceptable hydraulic conductivity and the groundwater aquifer in the
study area is of the confined type.
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