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Abstract 
The waterlogging in the new reclaimed areas has become a major concern in the area Northeast El 
Fayoum, Western Desert, Egypt. It is not only endangering the structures and properties but also 
causing major environmental problem affecting the health of the area, habitats, and the biotic of 
the land community, as well as the deteriorating of Egypt’s Pharaonic monuments (El Lahun and 
Hawarah pyramids). Both the daily seepage from excess irrigation water and the presence of im-
pervious clay or limestone beds at shallow depths may represent the main contributor of ground- 
water rising in the shallow aquifer. This paper investigates the interplay of the hydrogeological 
characteristics, soil properties and recent land reclamation projects on the distribution of water-
logging and salinization within the study area. The field observations show that new reclaimed 
areas have been recently cultivated in distant areas from the old agricultural land. These new cul-
tivations have developed widespread waterlogging, soil salinization and deterioration of Egypt’s 
Pharaonic monuments as a result of rising groundwater related problems. In this paper, the data 
used come from database of drillings for eleven observation wells distributed inside the whole 
area to measure periodic water levels. The soil litho-units are mainly composed of coarse sand, 
sandy clay, silt and fractured limestone underlined by impervious clay or limestone, thus limiting 
the downward percolation of excess irrigation water and therefore develops waterlogging. The 
drainage networks and suitable irrigation methods have to be considered when planning for a 
new cultivation in dry land to better control waterlogging and salinization hazard. It is highly 
recommended in this research that newly small and deep cut drainage canals network should be 
constructed and connected to the master drainage canal to dewater the excess irrigation water 
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and to prevent the waterlogging in the concerned area. 
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1. Introduction 
In Egypt, the new reclaimed areas are being affected by soil salinity and waterlogging. In El Fayoum depression, 
Western Desert, Egypt, waterlogging problem is stated to be serious in the areas lying in the lower reaches of the 
concerned area [1] [2], reported how soil salinity and waterlogging problems have developed worldwide, and the 
speed with which they are advancing at present. Plants that are waterlogged are very susceptible to salinity, es-
pecially in their early growth stages [3]. Waterlogging and salinity problems pose a serious threat to the world’s 
productive agricultural land. Disturbance of the natural balance by introducing irrigation causes a rising water 
table, where natural drainage sinks cannot cope with the increase in ground water recharge [4]. Recharge to deep 
aquifers is closely linked to the incidence of waterlogging [5] and to the development of land salinization. The 
major artificial causes of waterlogging in the command areas are seepage from water conveyance systems [6], 
breakages of regulatory structure, silting and weed growth in canals [7]. Lack of surface and sub-surface drai-
nage, poor maintenance of drainage system, over irrigation and growing water intensive crops are some of major 
causes of poor realization of benefits from the irrigation systems [8] [9] indicated that due to the accumulation 
of organic matter, soil color is generally darker in poorly drained areas than well drained soils. Thus, a proper 
assessment of these waterlogged areas is a prerequisite for finding a solution to the problem. In general, for 
mapping of waterlogged areas, conventional technique such as ground survey observation wells are uses. There 
is growing concern about the decline in soil fertility, changes in water table depth, deterioration in the quality of 
irrigation water and rising salinity in the new reclaimed areas of Egypt.  

El Fayoum depression is one of the most important agriculture lands of Egypt due to the good soil cover and 
the high crop productivity. The historical places as Hawwara and Lahun pyramids helped El Fayoum to be one 
of the wonderful tourism places in Egypt. It is exposed to several problems as waterlogging and soil salinization 
due to the human activities in the new reclaimed area located in the desert land in the periphery of the old culti-
vated land. These problems reduce the crop productivity in the old cultivated land. Tourism activities also leave 
its negative effect on the total income of El Fayoum governorate. 

Hence, in the present study, a systematic attempt has been made for rapid, reliable assessment and delineation 
of the surface and sub-surface waterlogged areas in all the irrigation command areas of the Northeast El Fayoum, 
Western Desert, Egypt. As well as, a trial is made through this search to give an explanation for the geological 
and hydrological factors that leading to the evolution of these problems and accordingly suggesting suitable so-
lutions to minimize their harmful effects. 

2. Study Area Description 
The study area, i.e. Northeast El Fayoum is located southwest of Cairo by about 100 Km and northwest of Be-
niSuef by about 30 Km, and situated between 29˚10'N and 29˚20'N latitudes and 30˚50'E and 31˚00'E longitudes 
(Figure 1). It is now considered as the bread basket for the excess irrigation water from the new reclamation 
areas. The overall climate of this area is characterized by hot, long and dry summer and warm, short winter with 
scarce precipitation. Also, great temperature differences between summer and winter and between day and night 
characterizes this belt. The temperature ranges between 46.7˚C and 35.1˚C in summer months and from 20˚C to 
21.5˚C during winter months. The average annual rainfall is around 10.3 mm which is relatively low. The total 
annual evaporation intensity reaches 2296 mm/year, and the annual mean of relative humidity is 51.6 %. 

The geomorphology, stratigraphy and structure of El Fayoum area have attracted the attention of many re-
searchers including [10]-[17], as well as the field observations of the present authors. Geomorphologically, the 
study area has been subdivided into the following units (Figure 2): 
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Figure 1. Location map of the study area. 

 

  
Figure 2. Geomorphologic map of the study area. 

2.1. Tableland 
Tableland Surrounds El Fayoum depression from the east and separating it from the Nile valley. Its elevation 
ranges between +30 m and +100 m above sea level and slopes with different degrees towards the Nile Valley 
and El Fayoum depression (Figure 3). It is mainly composed of Middle Eocene fractured limestone and dis-  
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Figure 3. Orographic map of the study area. 

 
sected by short drainage lines that are directed towards the Nile Valley and El Fayoum depression.  

2.2. Elevated Land 
Elevated land, is the high land overlooking the tableland and includes Gebel El Lahun (+144 m) and Gebel El 
Naalun (+157 m). It is also as the tableland mainly composed of Middle Eocene fractured limestone and dis-
sected by short drainage lines that are directed towards the Nile Valley and El Fayoum depression in the direc-
tion of the slope. 

2.3. Cultivated Land 
Cultivated Land is the eastern part of El Fayoum depression which characterized by good soil. Its surface is 
covered by lacustrine deposits with ground elevation less than 30 m above sea level (Figure 3). The outlet of El 
Fayoum depression to the Nile Valley is a part of this unit which represented by a narrow path Known as “Ha-
waret El Maktaa” between Gebel El Lahun and Gebel El Naalun. Through that path runs Bahr Youssef the main 
canal carrying the Nile water to the net of irrigation canals dissecting the El Fayoum depression floor. Reclama-
tion projects are now under execution in the eastern peripheries of this land using Nile water in irrigation and 
create waterlogging problems in the neighboring old lands. 

Geologically, El Fayoum and vicinities are occupied by sedimentary rocks belonging to Tertiary and Quater-
nary Eras (Figure 4). The surface exposure has a thickness of about 848 m [1]. Quaternary deposits are distin-
guished into, Holocene and Pleistocene deposits as follows: 

The Holocene deposits are distinguished into; Aeolian deposits, young lacustrine deposits and young Nilotic 
deposits. Aeolian deposits are composed of loose quartz sand. Young lacustrine deposits are well defined in El 
Fayoum depression, associated with the lake development and composed of fine sand and clay with thin relics of 
gypsum and carbonate materials forming the agriculture soil. Young Nilotic deposits have a variable thickness 
(1 m to 12 m) as a result of the seasonal Nile floods and composed of silt and fine sand dominated by quartz 
grains and heavy minerals. 

The Pleistocene deposits are differentiated into Old lacustrine and Old Nilotic deposits. Old lacustrine depo-
sits (45 m thick) are present within the depression area in the form of terraces at levels +43 m, +30 m and +25 m 
indicating fresh water lake feeded by the Nile during the Pleistocene times. They consist mainly of clay, fine to  
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Figure 4. Geologic map of the study area [21]. 
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medium coarse sand with considerable amounts of calcareous and gypsiferous materials. They show high con-
tent of mica, crystalline gypsum, iron, manganese oxides, sand debris, calcareous fragments and organic and 
fossil remains. Old Nilotic deposits (190 m thick) are recognized at the Nile-Fayoum divide where they are dif-
ferentiated into terraces at levels +89 m, +112 m, +134 m and +167 m. They are composed of sand and gravels 
forming a good groundwater aquifer. 

Tertiary deposits are differentiated into Pliocene Miocene, Oligocene and Eocene rocks as follows: 
The Pliocene deposits (90 m thick) are defined in the Nile-Fayoum divide forming of fossiliferous sandstone 

in some places overlain by Quaternary sand and gravels [11]. 
The Miocene rocks (20 m thick) are exposed at Gebel Qatrani to the north of El Fayoum depression overlying 

basalt exposures. They are composed of a series of alternating beds of sand and gravels with silicified wood re-
mains.  

The Oligocene rocks (275 m thick) are encountered underneath the Miocene rocks at Gebel Qatrani area and 
capped by basalt sheet. They are composed of sand and sandstone with shale and marl interbeds. These rocks are 
rich in silicified wood and land animals (crocodiles, tortoises and turtles).  

The Eocene rocks (390 m thick) have a wide distribution in El Fayoum-Wadi El Rayan area [10]. They are 
distinguished into Upper and Middle Eocene rocks. Upper Eocene rocks are formed of a series of escarpments 
overlooking El Fayoum depression from the eastern side. The rock succession is composed mainly of sand 
(69%), shale (19%) and limestone (12%) with high fossil content. These facies and faunal content indicate shal-
low marine environment. The Upper Eocene rocks were distinguished into two formations, the upper Qasr El 
Sagha Formation and the lower BirketQarun Formation, both are dominated at the northern extremities of the 
cultivated land fringing Qarun lake and the hill mass of GaretGehannam on the west side of El Fayoum depres-
sion. The thickness of both formations is about 180 m and 50 m respectively. On the other hand, Middle Eocene 
rocks constitute the oldest exposed rocks in El Fayoum area and its vicinities. They are represented mainly by 
limestone and marl with shale intercalations. They are discriminated into two formations, Raveine Formation 
and Wadi El Rayan Formation. The former appears below the alluvial deposits in the deep water channels and 
consists of gypseous shale, marl, limestone and sand. The other Formation is exposed at Wadi El Rayan where 
its outcrop composed of hard white limestone full of nummulitegizahensis, argillaceous sand and sandy shale. 

Structurally, El-Faiyum depression is a structurally-controlled tectonic basin, marked by northeast-striking 
faults along its northern margin [18]. Qarun Lake is located in the northern part of El-Faiyum depression, at a 
right-step between two strands of the NE striking fault system. The E-W structures probably related to the rela-
tive motion between south Europe and north Egypt and closure of the Neotethys [19]. The continuation of these 
faults in the present area is only detected from magnetic and seismic studies. 

The area of study is a new reclaimed area located in the eastern peripheries of the old cultivated land in El 
Fayoum depression. Nile water is the source of its irrigation by lifting. Bahr Wahba bonded the study area from 
north and northwest and Bahr yousief and El Agooze canal from south and southwest respectively. It dominated 
by two famous Egypt’s Pharaonic monument pyramids; Hawarah and Al-Lahun (Figure 2). These pyramids are 
exposed to different deterioration processes (aging) caused by internal and external stresses due to the mineral 
composition of the building materials, climate factors and groundwater rising. All the existing elements of the 
pyramids are constructed from mud bricks which consist of quartz, kaolinite, calcite, montmorillonite, micro-
cline and gypsum, as well as Eocene limestone which consists essentially of calcite and small amounts of halite 
[20]. There are two types of cements: clay cement consisting of quartz, orthoclase, calcite and illite, jointing the 
wall’s structure of the pyramid and gypsum cement consisting of calcite and traces of gypsum and quartz joint-
ing the stones. Wasp nests from the pyramid consist of fine grains of quartz and calcite joined by wasp saliva, 
while the salts are halite and gypsum. The actual state of the building materials of the pyramid is poor; the mud 
bricks are more friable and the limestone is weakened and highly porous due to exposure to deteriorating factors. 
The area of study is covered by fractured white Fossiliferous Limestone interbeded by impervious layer (clay 
and marl beds) and elevated than the surrounding old cultivated land.  

Due to the traditional irrigation methods many dangerous lakes was formed and waterlogging appeared in the 
area causing serious damage in the new and old lands. Field observation shows that the land surface slopes to-
wards these localities where, ground surface elevation reaches less than +30 m (Figure 3). These areas receive 
both return flow of irrigation water and groundwater from the surrounding parts where depths to groundwater 
reaches less than one meter and groundwater levels coincide with the land surface under these localities (Figure 
5). As well as, the moisture is drawn up into the stones of ancient buildings through capillary action and the  
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Figure 5. Field Photos show the developed waterlogging in the study area. 

 
water table rises inside the Hawarah and Al-Lahun pyramids. Other factors such as the lack of advanced drai-
nage system and the presence of impermeable shale and clay beds at shallow depths raised groundwater to and 
near the surface at some localities forming waterlogging and surface water ponding (Figure 5), this phenome-
non destroyed the majority of the new reclaimed areas and the Egypt’s greatest monuments could be vulnerable 
with collapse if action is not taken. 

3. Methods and Materials 
To study waterlogging problem in the concerned area, the following were preformed: 

1) Survey of El Fayum toposheets at 1:50,000 scale was used for preparation of the base maps and for drilling 
observation wells. 

2) Field work was conducted two times in the depression for this search from 2008 to 2010. 
3) Using the interpreted Landsat ETM+ images and their photo-mosaics, the rock units have been checked 

and photo-graphed. 
4) Eleven observation wells were constructed to measure periodic water levels (Figure 6).  
5) Rock sample collection during construction of observation wells to study the type of subsurface rocks (Fig- 

ure 7 and Table 1).  
6) The aquifers properties and groundwater flow were examined using their hydraulic parameters and 

groundwater levels of the observation wells and 6 lakes during 2008 and 2010 to construct water level map and 
determine water flow direction.  

7) To assess the waterlogged areas induced by rise in the ground water level near to the surface in the study 
area, ground water table data pertaining to pre- and post-monsoon seasons of the year 2008-2010 were collected  
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Figure 6. Location of the observation wells and lakes in the study area. 

 

 
Figure 7. Lithologic logs of the observation wells in the study area. 

 
for all the observation wells monitored by the author’s which are spread all over the study area (Figure 9 and 
Figure 10).  

8) Water samples were collected to study the hydrochemicall characteristics of the subsoil water. 

4. Results and Discussion 
Hydrogeologically, the various litho-units of the shallow aquifer in the study area can be grouped by coarse sand, 
sandy clay, silt and fractured limestone underlined by impervious clay (P1, P2, P3, P6, P9, P10 and P11) or li-
mestone (P4, P5, P7 and P8) which prevent downward of irrigation water (Figure 7). 

The observations on groundwater fluctuation (Figure 8) from January (2008) to January (2010) demonstrate a  
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Table 1. Date of observation wells and lakes in the study area. 

Observation 
Well & lake No. 

Total  
depth (m) Casing (m) Ground 

elevation (m) 
Depth to water 

1/2008 
Water level 

1/2008 
Depth to water 

1/2010 
Water level 

1/2010 

P1 3.5 0.18 25.82 1.5 24.32 1.45 24.37 

P2 3.4 0.31 29.224 0.97 28.254 0.95 28.274 

P3 1 0.13 27.339 0.28 27.059 0.26 27.079 

P4 0.8 0.25 25.359 0.4 24.959 0.38 24.979 

P5 1 0.3 32.25 0.55 31.7 0.5 31.75 

P6 3 0.39 34.861 0.83 34.031 0.80 34.061 

P7 1.1 0.35 39.197 0.55 38.647 0.53 38.667 

P8 1 0.15 34.015 0.25 33.765 0.21 33.805 

P9 1 0.15 34.488 0.27 34.218 0.22 34.268 

P10 3.5 0.16 25.375 0.45 24.925 0.37 25.005 

P11 2 0.22 27.152 0.56 26.592 0.48 26.672 

L1   24.734 0 24.734 +0.05 24.784 

L2   24.743 0 24.743 +0.09 24.833 

L3   25.573 0 25.573 +0.06 25.633 

L4   27.445 0 27.445 +0.05 27.495 

L5   35.609 0 35.609 +0.08 35.689 

L6   33.765 0 33.765 +0.04 33.805 

 

 
Figure 8. Depth to water fluctuation in the study area. 
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relatively increase in water table by about 0.02 m (the lowest at P3) to 0.08 m (the highest at P11). The increase 
of groundwater levels occurred in practically all piezometers with different magnitudes with an annual average 
of 0.05 m. On the other hand, the water tables of the command area for the year 2008-2010 are delineated and 
the integrated maps are shown in Figure 9 and Figure 10. Comparing water levels of 1/2008 (Figure 9) and 
water level of 1/2010 (Figure 10), cleared that all the observation wells and the lakes have increase in the water 
level from 0.09 m (L2) to 0.02 m (p3). As well as, the subsoil water moves from the high level land located in 
the middle of the concerned area towards the low land (old cultivated land) located in the periphery of the new 
reclaimed land and the two ancient pyramids (Hawarah and Al-Lahun) causing serious waterlogging and dam-
age of the old cultivated land. Groundwater threatens more than the great monument’s stability. If water wicks 
up into the statue, it will leach salts from the limestone and deposit them on the surface of the stones. Eventually, 
the salts will accelerate the flaking erosion and the fall of clay plaster and cement that has long afflicted the Ha-
warah and Al-Lahun pyramids as well as the salt crystallization in the entrance (Figure 11). The deteriorating 
mechanism of salt solution depends on two sources of water: humidity from condensation and groundwater from 
capillary rise In order to protect the antiquities from further accelerated deterioration, lowering of groundwater 
to safe levels was needed. 

The hydrogeochemical characteristics of the sub-soil water in the study area are discussed through the chemi-
cal analysis of eleven sub-soil water samples (beside irrigation canals water samples) collected during January 
2008 (Table 2). The chemical analyses deal with the determination of major cations (Na+, K+, Ca2+ and Mg2+) 
and anions ( 3CO− , 3HCO− , 2

4SO −  and Cl−). According to Chebotarev classification for salinity [22], the sub-
soil water of the study area can be classified from brackish water to high saline water. The salt content of the 
water samples ranges from 32,816 mg/l (P8) to 4224.4 mg/l (P11). Furthermore, the salinity increases generally 
towards the northwest of the study area (Figure 12). Hyper-saline water is restricted to high land area reflecting 
the effect of gypsiferous shale beside the infiltration of high saline excess irrigation water. Saline water is re-
stricted to low land in the periphery of the old cultivated land (P1, P2 and P11) reflecting the effect of fresh  
 

 
Figure 9. Water level contour map in the study area (2008). 
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Figure 10. Water level contour map in the study area (2010). 

 

 
Figure 11. Examples of destruction types in Hawarah and Al-Lahun pyra-
mids: (a) Fall of clay plaster and cement; (b) Salt crystallization in the en-
trance. 

 
water of the irrigation canal and the sub-soil composed of coarse to fine sand intercalated with sandy clay and 
clayey sand. Regarding major cations and anions, sodium is predominant cation followed by calcium or magne-
sium and magnesium or calcium (Na+ > Ca2+ > Mg2+ or Na+ > Mg2+ > Ca2+), (Table 2). High sodium concentra-
tion is possibly due to leaching processes of clay and shale. Concerning major anions, sulfide is the mostly pre-
dominant anions followed by chloride or bicarbonates and bicarbonates or chloride ( 2

4SO −  > Cl− > 3HCO−  or 
2
4SO −  > 3HCO−  > Cl−). High sulfide concentration is possibly due to leaching processes of clay and shale 

present, the effect of sulfide fertilizer and the infiltration of high saline excess irrigation water. 
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Table 2. Hydrogeochemical data of the observation wells and irrigation water in the study area. 

Well 
No. 

E.C µM 
hos/cm 

TDS 
(mg/l) Units Ca2+ Mg2+ Na+ K+ Sum. Cat. 3CO−  3HCO−  2

4SO −  Cl− Sum. An. 

P1 70,600 48472.7 

mg/l 300 97.28 16,000 150 

722.49 

0 100.8 23,000 8875 

730.79 meq/l 14.97 8.00 695.68 3.84 0.00 1.65 478.86 250.28 

e% 2.07 1.11 96.29 0.53 0.00 0.23 65.53 34.25 

P2 70,100 45291.2 

mg/l 220 188.5 15,000 150 

682.52 

0 378 22,000 7543.8 

676.97 meq/l 10.98 15.50 652.20 3.84 0.00 6.20 458.04 212.73 

e% 1.61 2.27 95.56 0.56 0.00 0.92 67.66 31.42 

P3 138,600 84332.3 

mg/l 320 486.4 30,000 300 

1368.05 

0 226.8 18,500 34,613 

1364.96 meq/l 15.97 40.00 1304.40 7.68 0.00 3.72 385.17 976.07 

e% 1.17 2.92 95.35 0.56 0.00 0.27 28.22 71.51 

P4 179,100 113,750 

mg/l 750 361.7 39,500 300 

1792.31 

0 126 35,500 37,275 

1792.33 meq/l 37.43 29.75 1717.46 7.68 0.00 2.07 739.11 1051.16 

e% 2.09 1.66 95.82 0.43 0.00 0.12 41.24 58.65 

P5 94,700 61764.3 

mg/l 440 273.6 20,500 150 

939.63 

0 176.4 27,000 13,313 

940.44 meq/l 21.96 22.50 891.34 3.84 0.00 2.89 562.14 375.41 

e% 2.34 2.39 94.86 0.41 0.00 0.31 59.77 39.92 

P6 30,000 20257.6 

mg/l 280 152 6320 77 

303.24 

6.0001 189 10,000 3328.1 

305.35 meq/l 13.97 12.50 274.79 1.97 0.20 3.10 208.20 93.85 

e% 4.61 4.12 90.62 0.65 0.07 1.01 68.18 30.74 

P7 11,300 7898.97 

mg/l 220 103.4 2200 74 

117.03 

0 138.6 4580 652.31 

116.02 meq/l 10.98 8.50 95.66 1.89 0.00 2.27 95.36 18.40 

e% 9.38 7.26 81.74 1.62 0.00 1.96 82.19 15.85 

P8 50,100 32,816 

mg/l 550 136.8 10,500 150 

499.07 

0 113.4 14,500 6922.5 

498.96 meq/l 27.45 11.25 456.54 3.84 0.00 1.86 301.89 195.21 

e% 5.50 2.25 91.48 0.77 0.00 0.37 60.50 39.12 

P9 20,400 13,324 

mg/l 320 115.5 4000 63 

201.00 

0 113.4 6550 2218.8 

200.80 meq/l 15.97 9.50 173.92 1.61 0.00 1.86 136.37 62.57 

e% 7.94 4.73 86.53 0.80 0.00 0.93 67.91 31.16 

P10 13,100 8642.31 

mg/l 100 206.7 2500 18 

131.15 

0 970.2 4800 532.5 

130.85 meq/l 4.99 17.00 108.70 0.46 0.00 15.90 99.94 15.02 

e% 3.80 12.96 82.88 0.35 0.00 12.15 76.37 11.48 

P11 6370 4224.39 

mg/l 100 115.5 1150 44.5 

65.63 

0 630 2100 399.38 

65.31 meq/l 4.99 9.50 50.00 1.14 0.00 10.33 43.72 11.26 

e% 7.60 14.47 76.19 1.74 0.00 15.81 66.95 17.24 

Irrig. 
Water 1080 634.055 

mg/l 60 6.08 157.5 7 

10.52 

0 277.2 220.5 44.375 

10.39 meq/l 2.99 0.50 6.85 0.18 0.00 4.54 4.59 1.25 

e% 28.46 4.75 65.09 1.70 0.00 43.75 44.20 12.05 



E. S. A. El Abd, M. M. El Osta 
 

 
1643 

 
Figure 12. Salinity distribution map of sub-soil water in the study area 
(2008). 

5. Reasons Resulted in the Waterlogging Problem  
The major causes of waterlogging in the study area include excessive irrigation water supplies, seepage losses 
from canals, impeded sub-surface drainage and lack of proper land development. The movement of seepage wa-
ter downstream has resulted in the accumulation of surface ponds, particularly in the cultivated low areas [23]. 
Further, litho-units of the shallow aquifer which cover major portion of the northeast El Fayoum command area 
are also responsible to waterlogging. These units are very deep, imperfectly to poorly drained and underlined by 
impervious clay or limestone which prevent downward of irrigation water. Overall, waterlogging problems in 
most of irrigation command areas can also be attributed to the absence drainage canal networks in the study 
area. 

6. Solution of the Waterlogging Problem 
In order to protect the antiquities from further accelerated deterioration, lowering of groundwater to safe levels 
was needed as follows: 
• Main drainage canal should be constructed in the periphery of the old cultivated land and around the pyra-

mids to dewatering the excess irrigation water (Figure 13). 
• Secondary small and deep cut drainage canals network may be constructed in the all the study area and con-

nected to the main drainage canal to dewater the excess irrigation water (Figure 13). 
• Convert irrigation system in the new reclaimed lands from traditional (flood irrigation) to other advanced ir-

rigation methods as shower and drip. 
• Continuous monitoring of water levels to show the early detection of decline in subsoil water after con-

structing the drainage canals network, and hence taking the necessary corrective actions to prevent any nega-
tive impacts on groundwater level. 
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Figure 13. The proposed drainage canals network in the study area. 

7. Conclusion 
Reliable assessment of waterlogged areas forms a critical element in the irrigation command area development 
program as well as in the famous Egypt’s Pharaonic monument pyramids. In the present study, eleven observa-
tion wells were constructed to measure periodic water levels in order to evaluate the impact of canal irrigation. 
The subsoil water moves from the high level land located in the middle of the concerned area towards the low 
land (old cultivated land) located in the periphery of the new reclaimed land and the two ancient pyramids (Ha-
warah and Al-Lahun) causing serious waterlogging and damage of the old cultivated land. The major causes of 
waterlogging include excessive irrigation water supplies, seepage losses from canals, impeded sub-surface drai-
nage and lack of proper land development. Further, litho-units of the shallow aquifer which cover major portion 
of the northeast El Fayoum command area are also responsible to waterlogging. These units are very deep, im-
perfectly to poorly drained and underlined by impervious clay or limestone which prevent downward of irriga-
tion water as well as the absence drainage canal networks in the study area. In order to protect the antiquities 
from further accelerated deterioration, lowering of groundwater to safe levels was needed by suggesting the 
construction of drainage canals network in the periphery of the old cultivated land and around the pyramids to 
dewatering the excess irrigation water in the study area. 
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