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Abstract__The amount of water entering the lake and the amount of water leaked from the Sawa Lake for the period (2014-2015) were cal-
culated. The amount of water contained in the limits (225,602,326m3) and quantity of water leaking from the lake reached the limits 
(173,925,261,67m3) and net amount of water entering the lake (51,677,065.12m3).The mathematical model of the GMSv10 software was 
designed to simulate the groundwater movement of the study area in a grid. Total number of cells (1079) the cell area is 0.25 km2 and the 
total area is about 300km2. Several factors have been taken into account in this design: the nature of the change in hydraulic properties,  
hydraulic gradient, and the distribution of wells in the area and the availability of information on groundwater levels at specific points. The 
thickness of the cell depends on the upper and lower elevation of the aquifer.The GMS software is implemented throughout the fallowing 
scenarios: 
Scenarios I: It was considered that the water levels in Sawa Lake are not affected by the groundwater levels in the area around the lake by 
considering the water levels in the lake is fixed  
Scenarios II: The water levels of Sawa Lake were considered to be affected by the groundwater levels surrounding the lake by considering 
the water level in the lake is variable. 
        The steady state flow is the first step in determining the behavior of the system under normal circumstances. This helps to understand 
this behavior first and then use the results of this condition as initial inputs for the unstable flow of state that are the basis of the long-term 
behavior of the aquifer by different pumping processes. The model was run with wells in the area for three years and took a reading of the 
output drawdown and every six months, where The highest drawdown in the level of groundwater up to 10 meters after the operation of the 
model for three years and in the vicinity of the wells in the region. 

Index Terms— Sawa Lake, Hydrologic Budget, Groundwater, GMSv10, 
——————————      —————————— 

1. INTRODUCTION                                                                     

he groundwater is considered as the main source of water 
in areas southern desert of Iraq, for lack of sources of sur-
face water, and with the request increase on the water 

during the last years for the paucity of rainfalls, and the ran-
dom drill phenomenon which which form a large danger on 
the groundwater exploitation with correct method. Therefore, 
we need to increase the studies and researches about locations 
and thicknesses of the aquifers, 
        Sawa Lake is a strange lake in Iraq characterized by the 
highest salinity value among the Iraqi inland waters. It is a 
mixo-mesohaline water body of no inflow and flowflow. The 
lake is an elongated closed basin with no tributary of surface 
water available to it. This lake may be fed by groundwater of 
the Euphrates and Dammam aquifers through system of 
joints, cracks and fissures. Its water level fluctuates during dry 
and wet seasons. Its water does not dry up because of the 
equilibrium state between water feed up and evaporation [1]. 
       
  The water chemistry, which is unique among Iraqi lakes, 
suggests that, it is probably of relatively recent karstic origin 
and not a relic of a mid- Holocene origin. It formed over lime-
stone rock. The water in this lake is extremely salty due to 

heavy evaporation in the searing heat of Mesopotamia, even 
more than the water in the Arabian Gulf. 
          The net flow of water to Lake Sawa was calculated in the 
same manner as [2] by calculating the amount of water re-
ceived and the amount of water leaking from the lake and de-
termining the amount of net water entering the lake. A rela-
tionship was also drawn between the elevation and the area of 
the lake and the volume of water stored in the lake. 
     The flow of groundwater was simulated in the study area 
using GMS v10 and the adoption of a modflow application 
from the program. The model was prepared according to the 
following scenarios. The expected drawdown in groundwater 
was calculated due to the operation of wells in the study area 
for a period of three years results were read for every six 
months. 
Scenarios I: Water levels at Lake Sawa were not affected by 
groundwater levels in the area around the lake, given that the 
lake's water levels were constant 
Scenarios II: Lake Sawa water levels were considered to be 
affected by the groundwater levels surrounding the lake, giv-
en that the water level of the lake is variable 
This study aims to: 

1- Calculating the capacity of the lake reservoir and prepar-
ing the elevation-volume-area curve 

2- Calculate the net amount of water flowing to Lake Sawa 
3- Simulating the movement of groundwater in the study 

area and determining the amount of drawdown in 
groundwater levels due to the operation of existing 
wells in the area through the use of GMS v10. 
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2. GENERAL DESCRIPTIONS AND LOCATION 
         There is no surface water source feeding the Sawa 
Lake. The source may be groundwater. It is a land locked lake 
with maximum length of 4.74 km and maximum width of 1.77 
km isolated by gypsum barrier with total path of 12.5 km sur-
rounding the lake. Sawa Lake lies between longitudes (44° 59' 
29.01" and 45° 01' 46.61") and Latitudes (31° 17' 43.10" and 31° 
19' 49.79"). Sawa Lake locates about 23 km to the west of Al-
Samawa city, in Al- Muthanna province. It is accessible by 
road that goes parallel to AL-Atshan River a branch of the 
Euphrates River. 
        The Lake is free of mechanical sediments. Generally, there 
is no mechanical deposition except that fine dust particles de-
rived mainly from the atmosphere [3] 
        The lake has an elongated shape with NW-SE trend Fig. 
(1). The study area is part of a gypsiferous plain, and it is 
characterized by a flat land, as part of the southern part of the 
Western Desert. The topographic gradient of this area increas-
es generally from the northeast to southwest with average 
elevation 2.7m per Kilometer [4] this area is also characterized 
by several important phenomena such a Sabkha and sand 
dune. 
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Fig. 1: Location map of study area and surrounding 

 

3. GEOLOGY AND HYDROLOGY OF THE STUDY AREA 
       The Southern Desert represents the southern parts of 
Iraq Fig. (2) and Fig. (3). It lies to the west of Euphrates River 
and Shatt Al-Arab and extends to west and south into Saudi 
Arabia and Kuwait. It is divided from the Western Desert by 
Wadi Al-Khair. The eastern and, partly, the northern parts are 
located within the southern part of the Mesopotamian Zone. 
Whereas, the remaining parts belong to the Salman Zone of 
the Stable Shelf [5].From topographic point of view most of 
the Southern Desert, especially the external southern and 
southwestern parts represent rolling plain covered entirely 
with residual soil with angular fragments of limestone and 
chert and it is dissected by numerous shallow, basin like de-
pressions and sharp escarpments, along it's southwestern 
boundary. The drainage pattern is interior, with most of the 
surface water percolating underground or forming rain pools 
(playas). The northern and northeastern parts of the Southern 
Desert are flat to slightly rolling areas, dissected by shallow 
wadis debouching into marshes and depressions bordering 
the Euphrates River. The eastern and southeastern parts are 
slightly rolling, sandy to gravelly, covered mostly by Dibdibba 
Formation, while considerably covered by Al-Batin Alluvial 
fan south of Basrah. In these parts, the wadis are very shallow 

and broad, draining into marshes and sabkha bordering the 
Euphrates River. Sand dunes exist in a belt of variable width 
from Samawa, along the northeastern side of the Southern 
Desert, to Iraqi – Kuwait borders. The Southern Desert is built 
up of very gently dipping sedimentary strata, composed most-
ly of carbonate sequences. Clay, sand and evaporite influences 
are common throughout them. The strata are inclined with 
very gentle slope towards the Mesopotamian Plain. The re-
gional strike of these strata runs in a northwest – southeast 
direction being sub-parallel to the Euphrates River. In the 
south of the region it swings southwards to become in a north 
– south direction being sub parallel to the Shatt Al-Arab. 
Al-Rawi and Al- Hadithi (1968) that the springs in Samawa 
salt deposits that are the main source of salt deposits. The 
source of Samawa springs are the water of the Euphrates aqui-
fer, the marine water origin mixed and diluted with water of 
Dammam aquifer of meteoric water in percolation and rose 
through the joints, crakes and fissures., The relative high con-
centration of CaSO4 in water is a result of the weathering of 
anhydrite rocks of the Rus Formation by the water of 
Dammam Formation. The source of the Sawa Lake water is the 
springs percolating from Euphrates and Dammam aquifers. 
The area is covered by recent alluvial and dune sediments that 
vary in thickness from1 to 10 m. It is underlain by recent salts 
deposit (Fig.4). Geology plays a role and is considered as an 
essential factor in determination of the quality of water ac-
cording to the reports [6].  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Location map of the Iraqi Southern Desert, 
shows location of selected wells (modified after [7]) 
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4. RESERVOIR CHARACTERISTICS 

         For the water management calculations are needed the 
reservoir characteristics in form of volume curves, elevation 
and area curves. These curves are based of the reservoir topo-
graphic description are explained the relation between volume 
and area curves form the elevation. For the needs of the simu-
lation water balance analysis, the curves are described math-
ematically with few multi graded polynomials.  
        The characteristic curves indicating the Elevation – Vol-
ume – Area curve is shown in fig. (5), also the elevation – area 
– volume relation is given in table (1). 
  

Table (1): Represents the elevation – area – volume relation 

 
 
 
 
 
 
 
 
 

5. COMPUTE GROUNDWATER FLOW 

      The method used to calculate the net groundwater flow 
was the same as that used by Pollman and others (1991) and 
can be described as: The hydrologic budget for Lake. The hy-
drological budget formula assumes that the runoff to the lake 
is negligible. Analysis of changes in the size of the lake that 
occurred immediately after the rainstorms confirmed this as-
sumption. The following equations were used to calculate the 
net flow of groundwater entering the lake [9]. 

^ ^
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Thus an estimate ,net iQ
of can be computed as: 

^ ^ ^ ^

,net i i i iQ V p E                                                                                                (3) 

Where:  
^

iV : is the lake volume change during time interval i , 
^

iP  : is precipitation,  
^

iE  : is lake evaporation 
^

,I iQ : is ground-water inflow to Lake,  
^

,o iQ : is leakage from Lake to the contiguous ground-water 
system,  

^
,

^

i
i i



    is the error associated with the estimate, ^

i  , of the 
hydrologic variable (for example, is the estimate of the actual 
amount of precipitation that occurred during time interval i, 
and ,p i iP P   is the error associated with the precipitation 
estimate)  
The available data on the volume of the reservoirs in Sawa 
Lake for the period (2014-2015) were adopted and by the equa-
tion (3) the amounts of groundwater flow to the Sawa Lake 
were shown in Table (2) Based on the results of the calcula-
tions above, the volume of water coming to the lake during 
the period (2014-2015) was about 225,602,326 m3. The volume 
of water leaking from the lake was 173,925,261,67m3 and the 
volume of water reaching the lake was 51,677,065.12m3. 
 

Table (2): Monthly net groundwater flow to Sawa Lake 

  6.  APPLICATION OF NUMERICAL MODEL  

                The mathematical model of the study area was de-

Fig. 3: Geological cross section in the Iraqi Southern 
Desert (after [7]) 

 

Fig. 4: Geological map of the study area and the sur-
rounding areas (After [8]) 

Fig. 5: Elevation– Volume– Area curve  
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signed in the form of a grid consisting of 30 rows and 40      
columns. The total numbers of cells are (1079). The cell area is 
(0.25) km2 and the total area is approximately equal (300km2) 
as shown in Fig. (5). several factors were considered in this 
design: the nature of the change in hydraulic properties, the 
hydraulic gradient, and the distribution of wells in the area 
and the availability of information on groundwater levels at 
specific points. The thickness of the cell depends on the upper 
and lower elevation of the aquifer. 
       The first step in designing the model is a definition of the 

conceptual model of the studied system which explains the 

behavior of that system. The main source of recharge in the 

open aquifer in the region is represented by rainwater which 

is a major input of the hydrological system while the pumping 

from wells is a main output of the system.  

      Groundwater modeling system (GMS,V10) was used in the 
representation of the model of the study area. 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.1. INITIAL AND BOUNDARY CONDITIONS  

        Initial conditions represent the initial measurements of 
the groundwater level in each cell of the grid. This level can be 
considered as a reference whereas the calculated changes with 
time will be proportion for this level. The initial conditions can 
be obtained from the map of groundwater level Fig. (6) [10]. 
These initial conditions determine the hydraulic head as a 
function of space for a time equal to zero that means h = f (x, 
y, z; t = 0). The head distribution within the area at the initial 
time represent the initial condition in the steady state (t = 0). 
In this study, the boundary condition represents all nodes 
around the area of study which assigned as a specified head 
while all nodes outside the boundary of the modeled region 
are assigned as a fixed head (inactive cells) while the internal 
cells were considered as a variable head cells (active cells).  
 
 
 
 
 
 
 
 
 
 

6.2. NUMERICAL MODEL INPUTS  

         The accuracy of the model and confidence of the re-
sults depend on the availability and accuracy of information 
and how they describe the system which will be modeled in 
detail. The construction of any model requires the provision of 
information and data concerning the characteristics of the 
studied system in addition to determining the initial condi-
tions and boundary conditions of the aquifer. The type of aq-
uifer which will be modeled and the flow state determine the 
nature of the data needed for each cell of the numerical model 
network.  

7. STEADY STATE FLOW SIMULATION: 

    A steady state flow is the first step in identifying the be-
havior of the system under normal conditions. This helps to 
understand this behavior first and then use the results of this 
condition as preliminary inputs to the unsteady state flow 
which is the basis for the long-term aquifer behavior with var-
ious pumping operations. 
         After the installation of all data and inputs of the numeri-

cal model, the model was run under stable flow conditions up 

to the field levels registered in the study area and the levels 

derived from the model to the highest level of conformance. 

This process often requires modifications in the values of the 

hydraulic conductivity or connectivity, The amount of water 

entering the model boundary is the ideal feeding of the layers 

of the aquifer and up to the levels to the match Fig.(7) and (8) 

shows a map of the similarity of the field aquifers with the 

derived numerical model for Scenarios one and Scenarios two 

respectively. It is noted that there is a good general consensus 

for these levels reflecting the general trend of flow. It is im-

portant to note that it is difficult to obtain a perfect match be-

tween the field and calculated values because the model is 

based on many theoretical assumptions. It is also difficult to 

have a porous media with the same characteristics on which 

the model is based and the same assumptions apply. Table (3) 

show the comparison between the field and derived levels of 

selected cells of the grid for Scenarios one. 
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Fig.8: Initial and calculated 
head in the area of study 

for scenarios one 
 

Fig.9: calculated head in 
the area of study for sce-

narios two 
 

Fig. 7: Groundwater contour map for study area 
[10]  

 

Fig.6: Grid design of study area 
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Table (3): Observed and calculated head values at selected 
nodal points for scenarios one 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8. UNSTEADY STATE SIMULATION  

      This is the most important step in expressing the behav-
ior of the aquifer as a result of its impact on pumping opera-
tions as it gives a long-term perception of this behavior. 
       The values of the resulting heads of the standard model 
for the steady flow state were used as primary inputs to repre-
sent the unsteady flow, and the wells in the modeled area Fig. 
(9) were operated and their characteristics are indicated in 
Table (4). As for the boundary conditions, the outer bounda-
ries of the model were chosen as constant head. The use of 
these boundaries to represent the unsteady flow state is only if 
the studied system is part of a larger aquifer, provided that the 
boundaries are chosen away from the effect in the drainage 
areas, when the surface of the aquifer matches any water 
body, such as a sea or lake [11]. The rest of the cells were con-
sidered variable.   
         Due to no periodic readings  data of the field aquifers 
during the operation of dug wells in the area and for long pe-
riods of time we were unable to calibrate the model under this 
case but the model was operated without running the wells. 
We did not notice any significant difference between the val-
ues of the heads of the model and the values of the resulting 
heads Run the model under Unsteady State for a period of two 
years with a six-month time increase taking into account only 
the wells already in the area for both scenarios.as shows in fig. 
(10) – (17). 
           When comparing the results of the drawdown of the 
scenario, it was noted that the drawdown in groundwater lev-
els up to about 12 meters near the well (No1) and the rate of 
drawdown in the region up to 0.7 meters after two years oper-
ation of wells near the first scenario as for the second scenario, 
it was noted that the drawdown in groundwater levels up to 
about 10 meters near well (No1) and the rate of drawdown in 
groundwater levels is about 0.5 meters after two years of op-
eration. This slight difference in the amount of drawdown 
indicates that the lake does not affect the groundwater levels 
in the area surrounding the lake. 

Table (4):- hydrogeological properties for wells 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.10: Wells location in study area 
 

Fig. 11: Contour map for 
drawdown in the groundwa-
ter level when the model is 
run for 178days (scenario 

one) 
 

Fig. 12: Contour map for 
drawdown in the ground-

water level when the model 
is run for 346days (scenario 

one) 
 

Fig. 13: Contour map for 
drawdown in the groundwa-
ter level when the model is 
run for 747days (scenario 

one) 
 

Fig.14:Contour map for 
drawdown in the ground-

water level when the model 
is run for 561days (scenario 

one) 
 

Fig.15: Contour map for 
drawdown in the groundwa-
ter level when the model is 
run for 178days (scenario 

two) 
 

Fig 16: Contour map for 
drawdown in the ground-

water level when the model 
is run for 346days (scenario 

two) 
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9. CONCLUSIONS 

1. The groundwater movement from the south and 
south-east towards to the north in the study area 

2. The reservoir capacity of Lake Sawa reaches 52372790 
million cubic meters at level 17m.a.s.l 

3. The amount of water entering the lake and the 
amount of water leaked from the Sawa Lake for the 
period (2014-2015) were calculated. The amount of 
water contained in the limits (225,602,326m3) and 
quantity of water leaking from the lake reached the 
limits (173,925,261,67m3) and net amount of water en-
tering the lake (51,677,065.12m3). 

4. The highest drawdown in the level of groundwater 
up to 10 meters after the operation of the model for 
three years and in the vicinity of the wells in the re-
gion 

5. The results of the operation of the mathematical mod-
el simulation showed that the water levels in Sawa 
Lake are not influenced by the change in the ground-
water levels of the area surrounding the lake 

 

10. RECOMMENDATIONS 

           According to the results of this study and for the 
purpose of updating and developing studies on the region 
independently we recommend the following: 

 
1. Continuous monitoring of the flow of groundwater in 

the region through the drilling of control wells and 
different depths distributed in the region, in addition 
to the possibility of benefiting from them in the fu-
ture in the development of the mathematical model, 
which simulates the movement and change of 
groundwater levels in the region. 

2. Chemical examination of groundwater samples taken 
from observation wells that will be periodically 
drilled in the area for the purpose of determining the 
changes that will occur in groundwater quality. 

3. Conducting observation pumping tests in specific ar-
eas of the region for the purpose of determining the 
geological properties of the aquifers in the area. 

 
 
 
 

4. Install devices to measure the change of water depths   in 
the lake with the chemical examination of water samples 
taken from the lake and periodically to determine the    re-
lationship between the change in the quality and levels of 
water in the lake with neighboring areas 

5. Install stations to measure surface water discharges in the 
main valleys of the region and periodically 

6. Install air monitoring equipment to record climate data 
(temperature, rainfall, evaporation, wind) for use in water 
resources assessment and future studies. 
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Fig.17: Contour map for 
drawdown in the ground-

water level when the model 
is run for 747days (scenario 

two) 
 

Fig 18: Contour map for 
drawdown in the ground-

water level when the model 
is run for 561days (scenario 

two) 
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