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Abstract     

             City of Hilla suffers from the shallow groundwater levels which causes serious problems to agricultural and civil work activities in the area. To examine these problems, five different tracks perpendicular to the Shatt Al-Hilla channel were selected beside 18 hand dug wells within the area to monitoring the inter-relationships between the levels of both water resources over one complete water year (2011-2012). Field work included monitoring of water levels within the selected wells in the examined area and compares the results with the water levels in the Shatt Al-Hilla over observation period. Elevations of water levels were determined by comparing to the sea water levels depending upon the bench mark in the examined area. Along each of the selected five tracks ( A, B, C, D and E) three shallow groundwater hand dug wells are monitored except along track D were six shallow groundwater hand dug wells were monitored.
 Depth of these wells ranges from 7 to 12 m.  The distances of the monitored wells from Shatt Al-Hilla were ranging from 100 m to about and the 1150 m. The distances between wells were ranging from 50m to 300 m approximately. However, Track (A) and (B) located within the City of Hilla representing shallow groundwater within the residential area while the remaining tracks presenting shallow groundwater situations within nearby agricultural lands.  Water levels of both surface and groundwater levels monitored on monthly bases especially over high and low water conditions within Shatt Al-Hilla channel. Dora regulator is located at 51 Km from up stream of Shatt Al- Hilla; it is controlled totally on water levels within Shatt Al-Hilla channel, accordingly Dora regulator will influencing water levels of the shallow groundwater. The data shows that there is a strong inter-relationship between surface and shallow groundwater in the studied area. The nature of these inter-relationship were varying along the selected tracks due to many local conditions such as, elevations of lands, operation of irrigational regulators, depth of water within the channel cross section, seasons of the water year, high and low water level conditions, climatic changes, soil conditions and the present status of the sewage system within the City of Hilla. 
الخلاصة
          تقع منطقة الدراسة ضمن مدينة الحلة 100 كم جنوب مدينة بغداد بين خط طول (44026-65"- 44031-00”) شرقا" (32025-30"- 32031-30") شمالا" وتغطي مساحة تقدر بحوالي (117 كم2 )  تغطي جزءا من الجانب الأيسر لشط الحلة. ان شط الحلة الذي يقسم مدينة الحلة إلى جزئيين (تصريفه التصميمي يبلغ 220 م3/ ثا) ويعتبر المصدر الوحيد للمياه السطحية التي تعتمد علية محافظة بابل لتغطيه احتياجات مختلف النشاطات المدنية والزراعية في المنطقه. تعاني مدينة الحلة من ارتفاع مناسيب المياه الجوفية الضحلة والتي تسبب العديد من المشاكل ضمن قطاعات التنميه المدنيه والزراعيه. ولتحديد طبيعة هذا المشكلة وابعادها وتقديم بعض المقترحات بصددها تم اختيار خمسة مسارات متعامدة على مجرى قناة شط الحلة تنتشر قبل وبعد  مدينة الحله حيث يتضمن كل مسار عددا من أبار مراقبة  مستويات المياه الجوفيه الضحله في المنطقه علما بان المسافات بين ابار المراقبه متباينه. تم مراقبه مناسيب المياه السطحيه والجوفيه في المنطقه لسنة مائيه كامله (2011-2012) خلال فترتي ارتفاع و انخفاض مناسيب المياه ضمن البيئتين المائيتين. بينت هذه الدراسة وجود علاقة تبادليه واضحة ومهمه بين المياه السطحية (شط الحلة) والمياه الجوفية الضحلة حولها مع تباين في طبيعه هذه العلاقه  عند كل مسار من المسارات الخمسه اعتمادا على مجموعة من العوامل منها الاختلاف في مستويات ارتفاع الأراضي وانحدارها على طول كل مسار, مقدار ارتفاع منسوب الماء في شط الحله, عمق عمود الماء داخل قناة شط  الحله, الفترة الزمنية لحالة استقرار مستويات المياه ضمن قناة شط الحلة , فصول  السنة المائيه, مياه المجاري المتدفقة من مدينه الحلة وأخيرا طبيعة تشغيل منظومه السداد على قناة شط ألحله (ناظم دورا). بينت الدراسات الهيدرومتريه فقدان كميات مهمه من المياه السطحية ضمن المنطقه  اعتمادا على عوامل الحراره المرتفعه نسبيا ضمن المنطقه وعمليات الترشح عبر مسامات عمود التربة.

للحد من تلوث وارتفاع مناسيب المياه الجوفية الضحلة ضمن منطقة الدراسة من المهم تشيد شبكة مياه مجاري وإعادة تدوير هذه المياه للاستفادة منها في الأنشطة الزراعية للمناطق البعيدة عن قناة شط الحلة بدلا" من أن يتم حقنها مباشرة في الخزان الضحل لنظام المياه الجوفية, تبطين القنوات الاروائية بمادة الكونكريت لمنع ترشح المياه إلى النظام المائي الجوفي إضافة إلى تقليل الضائعات المائية, استخدام طرق الري الحديثة (الري بالتنقيط أو الرش او استخدام الانابيب) بدلا" من عملية الري بالانغمار الذي يودي إلى ترشح قسم كبير من هذه المياه إلى المياه الجوفية الضحلة, نقل القسم الأكبر من مياه شط الحلة خارج مدينة الحلة عن طريق قناة جدول بابل (بعد أن يتم تأهيله ) ليصب خلف ناظم دورة  ليرجع إلى مجراه الأساسي وبذلك يتم قطع شحن المياه الجوفية إضافة إلى العديد من المنافع في عملية تطبيق هذه الفكرة بعد أن يتم تامين (40 م3 /ثا) من المياه داخل مركز الحلة في قناة مبطنة.

Introduction
       Hilla City (Babylon Governorate), 100 km south of Baghdad City, between Longitude (44026-65" & 44031-00") E and Latitude (32025-30" & 32031-30") N, (Fig. 1).  Shatt Al-Hilla (designed discharge of 220 m 3/ sec.) is the only surface water source in the area and it passes through Al-Hilla City dividing it in two parts and maintains all its needs for water and recharging the shallow groundwater system within the areas (Lafta and Naief, 1999). The examined areas characterized by extremely shallow groundwater systems which lead to many negative impacts on the agricultural, civil construction activities socio-economic aspect. Shallow groundwater systems presents another problem in the studied area i.e. soil salinity and soil alkalization which effects the agricultural productivity of  the land and building foundations  by weakening the soil stability and reduce its bearing capacity. The studied area is divided into five zones between the five selected tracks perpendicular on the Shatt Al-Hilla channel course (A, B, C, D and E). Along each track three shallow groundwater hand dug wells were monitored except along track D were six shallow groundwater hand dug well selected ( Fig .2),( Table.1) . The levels for both surface and shallow groundwater systems in the studied area had been monitored 
[image: image1.png]



Figure 1: Location of the studied area (BWRD, 2009).
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Figure 2: Tracks and hand dug wells location in the study area.
Table 1: location and depth of hand dug wells in the study area.

	Type of water 
	Samples
	Location
	Depth
	Elevation above sea level level.

	
	Local
	No
	longitude
	Latitude
	m
	m

	Hand dug       wells
	Fouad
	1
	044026-289=
	32031-184=
	8
	27.649

	
	Abo jalal
	2
	044026-387=
	32031-229=
	8
	27.647

	
	Mohamed 
	3
	044026461=
	32031-552=
	12
	28.329

	
	Al kecerwah
	4
	044026-657=
	32029-190=
	8
	27.44

	
	Luai hatem
	5
	044026-786=
	32029-260=
	8
	27.27

	
	Kaldwn
	6
	044026-897=
	32029-266=
	10
	26.7

	
	Deya
	7
	044026-640=
	32028-009=
	12
	28.66

	
	Mustaf
	8
	044026-784=
	32028-018=
	12
	28.14

	
	Al shlah
	9
	044026-892=
	32028-006=
	12
	28.09

	
	Wsam
	10
	044026-891=
	32026-981=
	7
	28.63

	
	Burkan
	11
	044026-896=

	32027-125=
	8
	28.06

	
	Arshad
	12
	044027-041=

	32027-032=
	7
	28.02

	
	Jamal
	13
	044027-099=

	32027-052=
	8
	28.37

	
	Mhmad hmza
	14
	044027-112=

	32027-114=
	11
	29.1

	
	Raad
	15
	044027-245=

	32027-136=
	12
	28.35

	
	Abass
	16
	044028-715=

	32026-021=
	7
	27.733

	
	Abo emad
	17
	044029-043=

	32025-916=
	8
	26.247

	
	Anwar Mansur
	18
	044029-227=

	32025-911=
	9
	25.735


Geological and soil of studied area
     Geologically, the study area includes, mainly, quaternary sediments of Pliocene to Miocene age. Sedimentologically, the area is characterized by flood plains deposits consisting of thin layers of fine sand and silt, clay and silt clay with succession layers of clay, sand, shale, and some gravel within deeper layers. Soils in the area consist of relatively coarse texture layers (fine sand to silty clay loam). Levees were formed over the old plain and in this way highly stratified soil were formed. This stratification extends to the deeper parts from the top of the ground, therefore, the existence such soil layers is expected (Turcan 1946). However, the soils within the studies area, generally, are saline and those soils bordering the river is well-drained, non saline, accordingly, the soils are different in their types, constituent, quality, texture and their extend varies from site to another as well as with depths. The climate of the area is dry and hot in summer and cold with limited rain in winter with remarkable differences in the temperature degree and wind speed in the area accompanied usually by dust storms (Al-Khateeb, 1988). 
Hydrological and hydro-geological characteristics 
    Shatt Al-Hilla is the main channel that branches from the left side of the Euphrates River upstream of the Al-Hindiya Barrage. It irrigated an area of about 617500 km2. The total length of Shatt Al-Hilla is about (101 km.) beginning from its head regulator (Al-Hindiya Barrage) throughout Babylon Governorate to the border of Al-Muthana Governorate. The maximum designed discharge of Shatt AL-Hilla channel is (220 m3/sec. with water level 31.30 m.a.s.l.) with hydraulic gradient of 8 cm/km (Babylon Water Resources Department/BWRD).
In 1982, Dora regulator which located at kilometer 51km. from the source point of Shatt Al-Hilla channel had been established to control water levels to sustain water distributions for irrigating agricultural lands along of Shatt Al-Hilla channel. The levels of water depend upon the operation of the Dora regulator.  The amount of water available for different needs will depend upon on the request amount of water by the beneficiaries, management issues, season of the year and the nature of the agricultural activities during the year. The maximum design discharge of Shatt Al-Hilla at Hilla City is (198 m3/sec. with water level at kilometer 37.00 is 28.40 m.a.s.l.) (Babylon Water Resources Department / BWRD, 2004). The mathematical model carried out to increase the discharge of Shat Al-Hilla to 300 m3/sec. indicated that there will be an increase in the water levels in canal of Shatt Al-Hilla by 0.70m (Nariman, 2006) which will provide good conditions for shallow groundwater replenishments in study area.     
	Shallow groundwater levels within the studied area is controlled by many factors, such as, elevations of surface water levels within Shatt Al-Hilla channel, depth of cross section in the channel, high and low water level periods, local topography of the sites, sewages water sources, evaporation and evapo-transpiration rates within the area, season from the year, nature of land use and the nature and patterns of rain fall in the area. However, the groundwater within the study area lies within the lower Mesopotamian areas mainly within the Quaternary deposits which composed of sequences of silt and mixture of layers of sand and gravel in most sites. Silt and shall comprises the whole groundwater deposits within the studied area. The hydraulic connection of groundwater systems in the studied area is good (Jubouri, 2003). The quality of groundwater varies spatially depending on the quantity of infiltrated water from Shatt Al-Hilla channel and from the irrigation channel network. The groundwater levels are shallow and were ranging between 0.5-1.5m with poor quality where the salinity values were ranges between 1400 to 6000 ppm (Al-Enezy, 2012). At some places groundwater appears on the surface of the ground, accordingly, water is exposed to many surface pollution sources i.e., fertilizers, pesticides and evaporation. The directions of groundwater movement in the area varies and controlled by factors i.e., soil permeability, withdrawal from groundwater hand dug wells, recharging conditions, topographic and elevation of surface water. The gradients of groundwater in the studied area were directly controlled by local surface sources, precipitation and evapo-transpiration, thus, movement of groundwater in the studied area characterizing by complexity, but generally, its flow is from that the area around the Shatt Al-Hilla to far away from its channel. It is important to indicate that contribution of water to shallow groundwater in the area from the sewage water originated from the residential neighborhoods within Hilla City is very important qualitatively and quantitatively (Lafta and Naief, 1999), also, the rain water is another important source of fresh water which infiltrated into the groundwater system through the pores sediment in the area. 
	
	
	


Surface and Groundwater inter-relationship 
     Monthly water levels monitoring program form 18 hand dug wells in the studied area had been conducted over one complete water year (2011/2012). Two monthly measurements were taken from each hand dug well, one represent high water level conditions and other low water level conditions. Surface water levels of Shatt Al-Hilla over these sampling periods are collected. The purpose from this monitoring program is to identify the fluctuations of shallow groundwater levels and their relationships with the Shatt Al-Hilla surface water, as well as the impact distance for surface water on shallow groundwater. Three dimensional fence diagram were established for the studies area (Fig.3). This diagram show the depth of the different soils  along  20m deep soil profile and the variations in the sedimentlogical characteristic alone the soil profile as well as spatially from place to place within the studies area . Close examination of this diagram show that soil in the examined area are varying and accordingly they will have different hydraulic characteristic i.e., the sediments of soil profile, in general, characterized by highly permeability and by good hydraulic connections with the Shatt Al-Hilla channel course. The transmissivity and specific yield are found to be (350 m2/day) and (0.075), respectively. The storage bank deposits around the river has a transmissivity of about (150 m2/day) and a specific yield about (0.005) (Al-Furat Center of Studies and Design of Irrigation Projects, FCSDIP /1989 ( and (National Center for  Construction Laboratories /Babylon Governorate, 2011). The diagram, also, show the succession of soil layers over the studied area are clay sand for the first 5m depth approximately followed by silty sand for about 6m depth approximately, followed by sand clay for another depth 4m approximately and silty clay for the last 5m depth approximately, and the depth of shallow groundwater, in general, are ranging between (0.5m to 1.5m).  Due to the fact that the Shatt Al –Hilla River is higher in its elevation than the neighboring lands, it will provide excellent conditions that allow natural recharging of water to the shallow groundwater systems and creations of many local swamps and wet lands in the area (Fig. 4).
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Figure 3: Three dimensional fence diagram within the study area.
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Figure 4: Topographic contour map for study area.
 Track A.
       Track A located at the beginning of entering of Shatt Al-Hilla to the Hilla City (Fig. 2). The cross section for the cannel of Shatt Al-Hilla along this location characterized by water depth about 4m which allow the surface water to have connections with the active stratum (silty sand) which creating inter-changeable relationship between both water bodies (Fig.5). The obtained values of water levels of Shatt Al-Hilla and shallow groundwater along this track are presented (Table .2).
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Figure. 5: Cross section at track A (MOWR, 2009) (modified).
Table. 2: Observed water levels both water systems along Track A (m.a.s.l.).

	
	High water Conditions
	  Low water Conditions

	Months
	Shatt
	H.d.w1
	H.d.W2
	H.d.W3
	Shatt
	H.d.w1
	H.d.W2
	H.d.W3

	Oct
	28.1
	26.61
	26.57
	26.72
	27.50
	26.53
	26.57
	26.71

	Nov
	28.1
	27.11
	26.99
	26.84
	27.95
	26.88
	26.86
	26.83

	Dec
	27.85
	27.21
	27.17
	27.03
	27.75
	27.19
	27.14
	27.01

	Jan
	27.95
	27.32
	27.36
	26.4
	26.4
	27.2
	27.25
	26.32

	Feb
	27.40
	27.36
	27.35
	26.85
	26.4
	27.31
	27.34
	26.83

	Mar
	28.05
	27.31
	27.22
	26.91
	27.85
	27.21
	27.26
	26.88

	Apr
	27.85
	27.31
	27.24
	26.26
	26.29
	27.18
	27.19
	26.21

	May
	27.65
	27.19
	27.13
	26.48
	27.15
	27.11
	27.06
	26.52

	Jun
	27.72
	26.92
	26.82
	25.97
	27.1
	26.63
	26.66
	25.92

	July
	27.88
	26.49
	26.41
	25.58
	27.27
	26.45
	26.38
	25.57

	Aug
	27.95
	26.38
	26.35
	25.86
	27.20
	26.35
	26.31
	25.79

	Sep
	28.25
	26.47
	26.40
	26.56
	27.3
	26.41
	26.42
	26.39


*H.d.w : Hand dug well.

    Along the track. A, the active distance to interchangeable between both water bodies is extends to 600m, the connection of the surface water with the silty sand stratum is superficiality. During summer months a depression in water level within the shallow groundwater system was 0.96m; accordingly, the shallow groundwater doesn't recharging the surface water in summer season. Accordingly, increasing the water infiltration (water loss from canal of Shatt Al-Hilla into the shallow groundwater system) due to the increasing of hydraulic elevation between both water bodies. 
Track B.
     Track B located at the residential neighborhoods in the center of Hilla City. The cross section of Shatt Al-Hilla channel at this location has a deep of 10m which allow the surface water to be in direct contact with the active stratum (silty sand) that facilitate the inter-relationship between both water bodies (Fig. 6). The monitored values of water levels of Shatt Al-Hilla and shallow groundwater along track B are presented (Table . 3).
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Figure.6: Cross section at track B (MOWR, 2009) (modified).

Table. 3: Observed water levels of both water systems along Track B (m.a.s.l.).

	
	High water Conditions
	  Low water Conditions

	Months
	Shatt
	H.d.w4
	H.d.w5
	H.d.w6
	Shattt
	H.d.w4
	H.d.w5
	H.d.w6

	Oct
	27.84
	26.36
	26.28
	25.43
	27.24
	26.35
	26.26
	25.42

	Nov
	27.84
	26.63
	26.54
	25.82
	27.69
	26.55
	26.45
	25.75

	Dec
	27.59
	26.69
	26.59
	25.92
	27.49
	26.65
	26.57
	25.94

	Jan
	27.69
	26.68
	26.61
	26.00
	26.94
	26.62
	26.57
	25.58

	Feb
	27.42
	26.70
	26.63
	26.04
	26.69
	26.65
	26.58
	26.01

	Mar
	27.69
	26.59
	26.51
	25.86
	27.59
	26.63
	26.56
	25.95

	Apr
	27.59
	26.53
	26.44
	25.81
	26.84
	26.49
	26.38
	25.73

	May
	27.39
	26.28
	26.19
	25.65
	26.89
	26.43
	26.34
	25.66

	Jun
	27.46
	26.22
	26.12
	25.37
	26.84
	26.08
	25.95
	25.13

	July
	27.64
	26.03
	25.87
	24.93
	27.62
	25.99
	25.87
	24.92

	Aug
	27.69
	26.10
	25.94
	25.12
	26.94
	26.05
	25.85
	24.97

	Sep
	27.99
	26.31
	26.12
	25.36
	27.04
	26.29
	26.11
	25.33


    In general, shallow groundwater within track B does not recharge surface water of Shatt Al-Hilla canal for both, high and low water level condition of water in canal of shatt Al-Hilla. Shallow groundwater was recharging from Shatt Al-Hilla during both examined period and the difference in water level within the shallow groundwater system is very slight under both (high and low water level conductions) due to the fact that Shatt Al-Hilla cross section in this region ( 10 m) is in good contact with the silty  sand parts of the soil profile (Fig .6), as well as contribution of water to shallow groundwater in the area from the sewage water, in addition to the effect on the low topography of the land which do not facilitate water to return  into Shatt Al-Hilla channel under low water level conditions, accordingly, shallow groundwater appears on the surface of ground and forming local small pools. During summer months show a depression in water level within the shallow groundwater system (79cm). However, the fluctuations over the examined period within the groundwater levels was about 7 cm comparing to 6 cm within Track A.    
Track C.
     Track C located within the agricultural lands within the studied area. Cross section of Shatt Al-Hilla channel in this location have water depth about 8m which provide active relationship between both water bodies due to the direct contact of the surface water with the active stratum (silty sand) (Fig.7). The monitored values of water levels for Shatt Al-Hilla and shallow groundwater along Track C are presented (Table .4).
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Figure 7: Cross section at track (MOWR, 2009) (modified).

Table .4: Observed water levels for both water systems along track C, (m.a.s.l.).
	       
	High water Conditions
	Low water Conditions

	Months
	Shatt
	H.d.w7
	H.d.w8
	H.d.w9
	Shatt
	H.d.w7
	H.d.w8
	H.d.w9

	Oct
	27.54
	27.21
	27.12
	26.80
	26.94
	26.84
	26.88
	26.54

	Nov
	27.54
	27.18
	27.26
	26.98
	27.39
	26.95
	27.01
	26.72

	Dec
	27.29
	27.17
	27.13
	26.94
	27.19
	27.10
	27.13
	26.94

	Jan
	27.39
	27.35
	27.26
	27.02
	26.64
	27.16
	27.11
	26.87

	Feb
	27.12
	27.26
	27.23
	27.18
	26.39
	27.16
	27.12
	27.07

	Mar
	27.49
	27.25
	27.16
	26.94
	27.29
	27.19
	27.11
	26.94

	Apr
	27.29
	27.26
	27.17
	26.82
	26.54
	27.08
	27.01
	26.74

	May
	27.09
	27.00
	26.71
	26.39
	26.59
	26.86
	26.59
	26.43

	Jun
	27.16
	26.81
	26.64
	26.42
	26.54
	26.62
	26.49
	26.17

	July
	27.37
	26.36
	26.35
	26.32
	27.32
	26.35
	26.33
	26.28

	Aug
	27.39
	26.74
	26.60
	26.12
	26.64
	26.44
	26.41
	25.99

	Sep
	27.69
	27.06
	26.86
	26.16
	26.74
	26.69
	26.61
	26.12


       In general, the location of Track C within agricultural lands, high elevations of the lands near the edge of Shatt Al-Hilla, descending far away from the Shatt Al-Hilla and the depth of water in the canal (8m), all these make Track C has strong inter-relationship between both water bodies. The summer months show a depression in water level within the shallow groundwater system (80cm). Comparison between Tracks A, B and C show that track C has effective relationship between the surface water and shallow groundwater due to the complete contacts of the surface water cross section with the silty sand soli profile in the area (Fig. 7). Shallow groundwater system does not recharged surface water system during the summer season (low water level conditions) because of declining of water level in the shallow groundwater system in the area. The fluctuations over the examined period within the groundwater levels is about 14cm comparing to 6 cm in Track A and 7cm in Track B.

Track D.
     The sand and clay which dominate this area has a thickness of (4m - 6m) caused confusion in passage and exchange of water between the shallow groundwater and surface water of the Shatt Al-Hilla because of the compaction of the sediment, accordingly, it caused a short distance influence of Shatt Al-Hilla along track D reach (400m-600m). Shatt Al-Hilla canal cross sections in this location have 4m water depth which doesn't allow for active relationship between both water bodies due to the limited penetration (Fig. 8). The monitored values of water levels of Shatt Al-Hilla and shallow groundwater along track D are presented (Table 5a and 5b).
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Figure.8: Cross section at Track D (MOWR, 2009) (modified).
Table 5a: Observed water levels for both water systems along track D, High water level conditions (m.a.s.l.).

	
	High water Level conditions

	Months
	shatt
	H.d.w10
	H.d.w11
	H.d.w12
	H.d.w13
	H.d.w14
	H.d.w15

	Oct
	27.42
	26.53
	26.10
	25.86
	25.78
	26.05
	26.18

	Nov
	27.42
	26.54
	26.33
	26.24
	26.19
	26.28
	26.52

	Dec
	27.17
	26.65
	26.33
	26.32
	26.30
	26.29
	26.25

	Jan
	27.27
	26.72
	26.39
	26.25
	26.11
	26.04
	26.57

	Feb
	27.00
	26.67
	26.51
	26.48
	26.51
	26.46
	27.03

	Mar
	27.37
	26.91
	26.74
	26.68
	26.75
	26.83
	27.01

	Apr
	27.17
	26.75
	26.62
	26.61
	26.57
	26.56
	27.00

	May
	26.97
	26.53
	26.36
	26.15
	26.19
	25.98
	26.53

	Jun
	27.04
	26.67
	26.40
	26.13
	26.02
	26.06
	26.17

	July
	27.22
	26.38
	26.08
	25.91
	25.55
	25.61
	25.88

	Aug
	27.27
	26.23
	25.77
	25.51
	25.38
	25.62
	25.79

	Sep
	27.57
	26.44
	25.93
	25.71
	25.48
	25.65
	25.86


Table 5b: Observed water levels for both water systems along track D, Low water level conditions (m.a.s.l.).

	
	Low water level conditions

	Months
	shatt
	H.d.w10
	H.d.w11
	H.d.w12
	H.d.w13
	H.d.w14
	H.d.w15

	Oct
	26.82
	25.93
	25.83
	25.79
	25.70
	25.98
	26.22

	Nov
	27.27
	26.36
	26.11
	26.07
	26.03
	26.21
	26.44

	Dec
	27.07
	26.55
	26.31
	26.32
	26.29
	26.28
	26.25

	Jan
	26.52
	26.42
	26.28
	26.21
	26.04
	25.94
	26.56

	Feb
	26.27
	26.44
	26.36
	26.43
	26.45
	26.41
	26.98

	Mar
	27.17
	26.74
	26.55
	26.52
	26.47
	26.68
	26.99

	Apr
	26.42
	26.57
	26.59
	26.55
	26.53
	26.53
	26.99

	May
	26.47
	26.47
	26.45
	26.36
	26.38
	26.44
	26.73

	Jun
	26.42
	26.10
	25.98
	25.73
	25.68
	25.84
	26.15

	July
	27.02
	26.12
	25.86
	25.52
	25.36
	25.58
	25.84

	Aug
	26.52
	25.98
	25.72
	25.42
	25.28
	25.53
	25.81

	Sep
	26.62
	26.01
	25.92
	25.69
	25.48
	25.62
	25.87


           Along track D groundwater has limited inter-relationships with the surface water systems. Distance of the impact of the Shatt Al-Hilla channel on the shallow ground water along this track does not exceed 600 m and the penetration of the cross section with the silty sand unit of the soil profile were limited (Fig 8). During the summer months a depression within the shallow groundwater system is occur 1.03 m. Comparison with tracks A, B and C show that track D have limited inter-relationship between surface and shallow groundwater. Shallow groundwater system does not recharged surface water system during the summer season (low water level conditions) because of declining of water level in the shallow groundwater system in the area. The fluctuations over the examined period within the groundwater levels was about 12cm comparing to 6cm in track A and 7cm in track B and 14cm in track C.

Track E.
      Shatt Al-Hilla channel cross section at this location have 6m water depth that allow a moderate recharging water to the shallow groundwater system due to nature of contact between the surface water and the active (silty sand) soil within the cross section (Fig. 9). The monitored Shatt Al-Hilla and shallow groundwater levels along track E are presented (Table. 6).
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Figure .9: Cross section at track E (MOWR, 2009) (modified). 

Table .6: Observed water levels for both water systems along track E (m.a.s.l.).

	
	High water level conditions


	Low water level conditions

	Months
	shatt
	H.d.w16
	H.d.w17
	H.d.w18
	shatt
	H.d.w16
	H.d.w17
	H.d.w18

	Oct
	27.14
	26.94
	24.90
	23.91
	26.54
	26.20
	24.61
	23.83

	Nov
	27.14
	26.95
	25.03
	24.31
	26.99
	26.47
	24.95
	24.23

	Des
	26.89
	26.72
	25.08
	24.44
	26.79
	26.58
	25.03
	24.43

	Jan
	26.99
	26.89
	25.23
	24.54
	26.24
	26.23
	25.06
	24.47

	Feb
	26.44
	26.39
	25.18
	24.67
	25.44
	26.17
	25.11
	24.56

	Mar
	27.07
	26.90
	25.25
	24.64
	26.89
	26.79
	25.22
	24.63

	Apr
	26.89
	26.79
	25.35
	24.71
	26.14
	26.18
	25.19
	24.59

	May
	26.69
	26.44
	24.94
	24.07
	26.19
	26.28
	25.06
	24.44

	Jun
	26.76
	26.69
	25.04
	24.07
	26.14
	26.06
	24.51
	23.72

	July
	26.94
	26.53
	24.49
	23.58
	26.92
	26.39
	24.29
	23.45

	Aug
	26.99
	26.55
	24.49
	23.47
	26.24
	26.19
	24.24
	23.41

	Sep
	27.29
	26.92
	24.82
	23.65
	26.34
	26.31
	24.6
	23.65


    In general, track E show that Shatt Al-Hilla is recharging water to the groundwater system in the area during the examined period with different rates according to the position of surface water levels within Shatt Al-Hilla channel (Fig. 9) as well as to the nature of the cross section and higher surrounding land near Shatt Al-Hilla channel and descending far away to channel of Shatt Al-Hilla. Shallow groundwater do not recharge surface water canal except in months February and May especially in those areas near to the channel by 200 m (Fig.4). Summer months shows a depression in water levels within the shallow groundwater system (93cm). Comparison with tracks A, B, C and D show that the processes along track E is more similar for the processes along track B and do not recharges Shatt Al-Hilla channel especially under low water conditions and it different from track B by having high fluctuation in shallow groundwater especially within the agricultural lands. The fluctuations over the examined period within the groundwater levels was about 22cm comparing to 6cm in track A and 7cm in track B and 14cm in track C and 12cm in track D.
Conclusions
1- Shallow groundwater levels within the studied area are controlled by many factors such as, elevations of surface water levels within Shatt Al-Hilla channel, depth of cross section in Shatt Al-Hilla canal, high and low water level periods, local topography of the sites, existing of sewages water sources, season from the year, nature of land use and the nature patterns of rain fall in the area.

2- The active distance for interrelation between the surface and shallow groundwater system within track A exceed 600 m from Shatt Al-Hilla channel due to the silty sand soil type along these distances. The fluctuations in the groundwater levels along this track over the monitored period of time are about 6 cm.

3- Surface water recharges shallow groundwater in both cases (high in low water level conditions in shatt Al-Hilla) within track B due to the cross section of Shatt Al-Hilla canal is about 10m deep which allows surface water to be in full penetration with the silty sand sediments, and low topography. The fluctuations over the examined period within the groundwater levels are about 7cm along track B due to the compensating by sewage.  Low topography of the land along this track does not allow water to return to Shatt Al-Hilla channel, thus, shallow groundwater appears at the ground surface forming local small pools. 

4- Cross section for Shatt Al-Hilla canal along track C (water depth about 8m) allow active relationship between both water bodies due to the full penetration of surface water to the active silty sand soli within the cross section providing for good interchange between the surface and shallow groundwater resources. However, fluctuations over the examined period within the groundwater levels are about 14cm.
5- The inter-relationship between surface and groundwater water systems along track D is limited due to the nature of the cross section of Shatt Al-Hilla canal (4m), high topography, and weight of layers which are resulting from cleaning of shatt Al-Hilla in (1989), all these points makes track D have limited   interchange between both water in addition the short distance to impact of  Shatt Al-Hilla on the shallow groundwater and which not exceed on 600 m . The groundwater levels fluctuations over the examined period is about 12cm.

6- The water depth within cross section of Shatt Al-Hilla canal at track E is about 6m with limited penetration of the effective silty sand soil profile. The low topography of the lands along this track makes surface water a good recharge to the shallow groundwater system. However, the fluctuations over the examined period within the groundwater levels are about 22cm.

Shallow groundwater system does not recharge surface water system during the summer low water level conditions because of declining in the water level within the shallow groundwater systems in the area, accordingly, there will be an increase in water infiltration from Shatt Al-Hilla channel into the groundwater system during summer months due to increasing in the hydraulic gradients between both water bodies. However, summer months show low water level conditions within shallow groundwater system by 0.96m,0.79m, 0.80m, 1.03m, and 93cm along tracks A,B,C,D and E respectively.

Recommendations

1. To control one of the main sources to raising levels of shallow groundwater within the area (Tracks A and B) we recommend construction of a sewage network and proper water treatment plan for recycling of sewage followed by reusing these treated water again in the agricultural activities.

2. Preventing (by law) any new drilling of new shallow wells within city of Hilla for discharging the sewage water to the shallow groundwater in the area.
3. Establishing drainage network for collecting water from the agricultural activities for reusing after some treatment for far away land irrigations.

4. Concrete lining of the main perfusions creek to control water losses through infiltration of water to the shallow groundwater at a first stage then using piping systems of the creeks to control the infiltration as well as the evaporation loss of the already limited available water in the area.

5. Redistribution of the water by passing good shear of water of Shatt Al-Hilla through Babylon creek which can pass the water at the end of its courses behind  Dora  regulator. Such idea will help in controlling the recharging of groundwater within the studied area as well as controlling the deterioration of surface water by sewage systems from the city of Hilla. Implementing such idea will need a new look from the engineers to maintain the present channels of Shatt Al-Hilla.
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