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ABSTRACT

The climate parameterdata for more than forty years fétarbala meteorological stations were studig
.The results show good evidence of climate change indicatedrby.the remarkable decrease of the
means annual rainfall in the studied stations, ‘with the remarkable increase of the average mean
temperatureMODFLOW program is applied. GIS, 3D spatial analyst is usegrepare future planning
to drill more water wells.The impactofithe climatic change on/the groundwater was obviou
decreasing the water table asfstudied in the unconfined, aquifer in kearbidhjaf area.The Dibdiba
aquifer in this basin represents the shallow aquifer which“recharged mainly from rain water. Since this
source is scarce, the aquifer_gains its /water_slowly in _a rate less than the rate of losing it by both
evaporation and absiction wells. The/designed model and the water budget calculations confirm this

state that the aquifer is worn out‘and, predict that within the year 2014 several sites were depleted
especially the eastern‘parts of the Dibdibaaquifer.

KeywordsClimate chage, Groundwater Madelindgarbala - Irag.

1.INTRODUCTION

The climate of Irag is characterized byitdrty summersand cold rainy winters. Roughly 90%

of the annual rainfalbccurs.between November and Apiilhe temperature in Iraq ranges from
53°C inJuly and August téreezingpointin January.

Water resources systems need to be operated to cope with variability of climate changes; mainl
the expected changes in (temperature and precipitation) then there are great need for a
emergency or risk wateesources management practices. Actually, current water management
practices are very likely to be inadequate to reduce the negative impacts of chiarage.

Water resources systems, traditionally, designed on the assumption that the statistical
charactastics of the hydremeteorological processes are almost expected annually and on the
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long run, but nowit is absolutely necessary taking into account the fact that all these parameters
are expectetb change accordingly with the effects of the global aterchange

Several studies were submitted concerning the hydraulic characteristics and the
hydrochemical properties of the groundwaterliaq (Al-Ani, 2004 Ali, 1994, Consortium
Yugoslavia,1977), but none deals with the effect of the climatic charayethe future utilization
of the groundwater basins Irag. The impact of the climatic change on the groundwater was
obvious in decreasing the water table as studied in the unconfined aquifer in KaNbajk&f
area.The Dibdiba aquifer asase studyvaschosen in this basin fépresents the shallow aquifer
which recharged mainly from rain water. Since this source iS§ scarce, the aquifer gains its wate
slowly in a rate less than the rate of losing it by both evaporation and abstractiorDibelisa
basin 5 one of the important hydrogeological basins in the western parts of Iraq, to the west of
the Euphrates River and south Razzazah I(Blge1). THe basin covers.an area of 2845’land
is located between Karbala and Najaf Governoragééween 4509/ 14586’ E and 3412/ i
34° 39 N in the central part of IraqChe mainsshallow aquifer of the basin_extends within the
clastic sediments of the Upper PliocgPleistocene named Dibdiba formation. The aquifer
recharged mainly from rainfall and due to retilon of precipitation with time, the aquifer is not
fully saturated and wide parts are lacking Sufficignbundwater.The quality and quantity
groundwater of the study area has been recently appeared in the last two decade to suffg
pollution, depletion,bad quality and guantity of groundwater, due to heawmyg excessive
pumping of groundwater and planting the area, eSpecially during the dry long periodi (April
October) in Iraq. Pollution mainly comes from human activities, such as irrigation water that
mixed with fertilizes and from the waste dispesal (solid or liquid).

This study is performed to determine,quantity and quality for ground water and prepare an initial
study to available conseguences in‘order to forming a complete idea to prepare tadyief s

the future depends mainly about planning to drill more water wells in the ragtbdue to the
indicators of water depletion in the existiggound waterwells, this study aims to give a
confirmation on théibdibaaquifer exploitation based onetimodeling technique.

2. MATERIALS AND METHODS

A. Climatic parameter analysis

Karbalameteorologicaktation was chosen in order to analyze the general climatic elefmbats.
available data foaboutforty years (191t0 2009)records of the climaticlements were studied,
such as temperature, evaporation and rai(¥édihmud, etl, 2013.

B. Groundwater Flow Modeling of Dibdiba shallow aquifer

Groundwater flow model a€hiang and Kinzelbach, 2008hich was based on finite difference
method of impli@ solution, was applied. The use of this model is to develop a numerical quasi
25
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three dimensional groundwater flow of the shallow aquifer in the studied basin within the U.
PliocenePleistocene sediments.
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Fig.1: Geological anddcationmap(Sissakianetal, 200Q.
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Figure 2: TheLinear trend ofannual mean temperature, meannual minimum temperature amgean
annual maximum temperaturéCj,time seriesof Karbala meteorological stations for yead971i 2009
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Figure 3: TheLinear(trend ofannual total Rainfall , Number of rainy dagedannual total Evaporation
(mm)time serieof Karbalameteorological stations for yeal®39 2009(Mahmud, et al, 2013)

3. RESULTS AND DISCUSSION
A-Climate

The mean annual temperatutiee mean annualminimum and maximum temperature Kérbala
meteorological statioror, the, year from1941 2009 (°C) frequency curvesvere studied for
available dataThe relationship betweetemperatureand time seems positiwgith remarkable
increase in tempenate values were indicating from the general trend (iR, 2).

The mean annuahinfall (mm)and number of rainy dayfrequency curvesor the years 1939
2009, were studied for available datakarbalameteorological statiorilhe relationship between
rainfall and number of rainy daywith time seems negativglFig. 3). Remarkableincrease in
annual total evaporatiomas indicating as well from the general trend ([Rig. 3).
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B-Applying Groundwater Flow Modeling

Since rainfall is the main source gfoundwater recharge in the Dibdiba aquifer anthadasin

is heavily exploitedThe groundwvater flowmodel was designed to predict the probable changes
in the groundwater level with time as a result of rainfall reduction and wells abstraction. The
Dibdiba aquifer is generally unconfined in its western parts and as moving to the east, the aquife
lies down below a cover of Quaternary deposits. Therefore, the presence of marl and clay lense
within the Dibdiba formation reserves the water in an isola&dd lenses. The saturated
thickness of the aquifer increases toward the Wédst hydraulic parameters are varied laterally,
where high values for both transmissivity and storaggfficient occurglue north. The aquifer
recharged mainly from rainfalina since the basin is located within an arid environment, where
rains are scarce and limited within a few wintesnthsghence the aquifer is not fully saturated
and wide parts of the aquifer lacks sufficient,groundwétdrFurat center for studies and
designing irrigational projects, 1992\l-Ani, 2004,Al-Shamma’a, and ADabbas 2009.

The piezometric map illustrates the direction of groundwater flow from the west toward the east,
northeast and southeast directigfey.4). It'also showssthe presence goundwater divide in

the southwest corner of the basithe hydraulic characteristics of the aquifer were evaluated
using pumping test data. The pumping test was run on four selected wells (P1, P2, P3, and P4
and the data were treated analytically idey to evaluate the hydraulic parametdiablel)( Al-

Ani, 2004 ,Al-Shamma'a, and Ababbas2009.

To evaluate the hydrogeological parameters of thesaquifer, pumping tests were carried out o
four wells. The data were treated-analytically'and the seslitained were set in groundwater
flow model to designia flow modelfor the shallow aquifer in the area and to be used for
prediction as well. This kind of models is,important in areas where surface waters are scarce an
careful planning for water consutign is  needed. The model forecasts future water drawdown
in the basinyas a result of the given abstraction rates and the suggested sites for new wells
cover the progressive needs.

The model was based on the initial conditions recorded in January th@82followed for the
successive years until 2007. For prediction purposes, the model was run for twenty coming year
and shows that random investment of groundwater from the Dibdiba formation in this basin is
very risky, and that<selecting sites for dngj new wells are governed by the variation of
hydrogeological characteristics in different parts of the basin on one hand and the amount o
recharge on the other hand.

The use ofGroundwater flow model ofhiangand Kinzelbach2003is to develop a numieal
qguasi three dimensional groundwater flow of the shallow aquifer in the studied basin within the
U. PliocenePleistocene sedimentd he predicted changes in water levels as a result of

groundwater utilization for agricultural projects were estimatedviBus studies on Dibdiba
29
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basin show that the western parts of the basin are almost dry and hence are uritgasible
utilization projects, where the eastern parts are considered more pi@hiSerat center for
studies and designing irrigational projeci®93, AlAni, 2004 Al-Shamma'a, and ADabbas

2009. Therefore, pilot sample was chosen for modeling inethstern parts of thieasin. The

model is based on the initial conditions recorded in January 1992, and the model network
consists of 18 rows antl9 columns, where each cell covers an area of (1 km2). The specific
representation of the hydrologic boundaries as model boumdaditions(Reilly, 200) is as
follows:

B-1.Boundary conditions associated with physical featuresqat the lateral extent di¢ model

Two water divides are recognized in the western side ‘of the model network and they were
considered as impervious boundary a type of constant flux ez@awhile part of the northern
margin where water runs parallel to the boundary weadd as impervious boundary a type of
constant flux of zeroSince the modeled area_occupy part of the basin,the rest of the network
cells were considered as hedependent flow boundaries as long as they represent the major
discharge boundaries for tegstem under natural conditions.

B-2.Boundary conditions associated with physical features at the bottom of the model
The bottom of the model was_considered as dlawo boundary condition, wher the
impervious beds of Injarfarmation represent tHewer boundary of the modeled basin

B-3.Boundary conditions@ssociated with physical features at the top of the model

The topof the madel was represented by the water table elevation changes in the unconfineq
parts of the modeledyaquifer and the elevation of the upper boundary of the searifined
aquifers in the eastern parts where ‘Dibdiba islaireby the Quaternary deposits

B-4.Application of the model in pre-development condition

The model was designed using a discharge rate aft &2ol/s abstracted from four wells: P2
(9.6 I/s), P3 (4.6 lis) and P4y (7.9 I/s). Note that P1 was ignored because it gets depleted aftg
pumping was started\in few minutes and the water level drops down below the pump level. Theg
steady state calibratioshews that the system is highly sensitive to the hydraulic conductance
parameter. Calibration involved making minor adjustments to this parameter until steady state
model was successfully calibrated. The calibration criteria involved a good visual camparis
between the measured and the simulated potentiometric surfe@eS) (Anderson and
Woessner, 1992

B-5.Application of the model in Prediction and future investments of the basin

The random investment of groundwater in the Dibdiba formationisfosin is very risky,
because, different parts of the basin assign positive and negative returns to the water utilizatio
30
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simultaneously{Buxton and Smolensky 999, Leijnse and Hassan Zadah, 19%e advantage

of the groundwater exploitation in the we&s parts of the basin is defined in the direct surface
recharge, where Dibdiba exposed along wide extended outcrops and therefore, this will increas
the saturated thickness in there .Drilling wells with a simulated discharge rate of 10m3/day nea
and abng the strategic oil line will keep on yielding for a time not less than 20 coming years. But
the negative side of utilization in this part of the basin is that dewatering for long time will affect
the quantity of water to reach the eastern parts ofghéest and hence will reduce the well yield
there.Looking to the eastern parts, the positive side of drilling wells in this part of the aquifer is
that the aquifer here posses embolden hydraulic characteristics (i.e. high transmissivity ang
specific yield which presumed the new suggested wellsdo be succeeded. But, the reduction i
the saturated thickness and the slow well recovery; impose ‘us te be cautious in choosing the be
sites for the new wells and the period of utilization. Therefore, short Wwe#ld with a discharge

rate of 5m3 /day is recommended for utilization in this part of the b&sist, we omit the
former three wells because nor their locationmeither. their abstractionrate,were correctly chosen.

Accordingly, 49 new wells of (5m3/dayischarging rate in addition t0 12 new wells of
(10m3/day) were suggested to be drilled; whichsmakes the whole water withdrawal about (365
m3/day). The model was designed considering a total working hours for the pump as (12
hours/day), taking into accouthesdess,use of groundwater in the rainy days. The model shows
that after (7 Years) of water withdrawal, the maximum water'level drawdown will not exceed (24
m.), with an average drawdown of (3.4 hyear)(Figs.6,7,8,9 and 10

After 7 years (i.e. afir the year 2014) the wells-atsthe eastern parts will depleted but the ones at
the western parts‘will continue“producing water. Those wells may last for a longer time since
they are located within the recharge area and near the water diigids).

Another trial was attemptto reduce the drawdown and prolong the well production by reduce the
number-of wells to 29 new wells  m3/day) discharging rate and 8 new wells of (10 m3/day)
dischargingrate. The result of‘running the model for the coming 3 gbaws a drawdown of

(18 m.) (Fig.12), then somesofythe wells at the eastern parts start to deplete while the western
ones can keep on producing for ab®dtyearqFig.13). The benefit of this scheme is that we can

get a good water reserves’at the migdes of the basin which could be successfully exploited.
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Tablel : Hydraulic parameters of the Dibdiba aquifer

Transmissivity Storage Method of Aquifer

m?/day Coefficient analysis type

55.12 2.4*10° Jacob&Theis | Unconfined

406 9.710° | Bolton&Hantush|  Leaky

14.46 3.6*10" | Bolton&Hantush| Leaky

903 5.3*10° Jacob Unconfined

' | . .
012345

.( onstant head boundary
N
5

Boundary of the modeled area 704—

10 |

Figure 4 Piezometric map of Dibdiba aquifer Figure 5. Simulated steadgtate head of the
Dibdiba aquifer
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Figure & Simulated hydraulic head Figure 72 Simulated hydraulic head
distribution in the year 2007(Q=365day) distribution in the year 2008
(Q= 365 ni/day)
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Figure 8: Simulated hydraulic head Figure 9: Simulated hydraulic head
distribution in the year 2009 distribution in the year 2010
(Q= 365 ni/day) (Q=365 ni/day)
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Figure 12 Simulated hydraulic head

distribution in the year 2014
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Figure 13 Simulated hydraulic head
distribution &ter 20 years

(Q= 225 ni/day)
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