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Abstract

Background: Kima company is located east of the river Nile, 2.5 km south of Aswan City. The Quaternary
sands and gravels represent the main groundwater aquifer in the area. It is mainly recharged from the river
Nile seepage between the high and the old Aswan Dams. Some water seepage comes from the fish hatchery
canal close to the area. The objective is to study the temporal-spatial development of the drainage ponds
resulting from the rise of the groundwater level in line with the agricultural and urban development in and
around the Kima plant area using chemical analysis and advanced technology (remote sensing and GIS
techniques).

Results: Many wells were drilled and used to pump the groundwater in and south of the area, from which
15 wells that were used to feed Aswan city by drinking water were stopped since 2009. As result, the
groundwater level rises and most of the wells of Kima company flooded. The groundwater quality
deteriorated and some environmental changes in the surrounding area were detected. Monitoring and
analysis of these changes are studied using remote sensing and GIS techniques. The results show an increase
in both the surface water bodies (ponds) and urban areas.

Conclusions: Since 2009, 15 productive drinking water wells were ceased in the study area. It is the main
reason which caused more rising of the groundwater level accompanied by increasing of its salinity. The
study detected and calculated the area influenced by the groundwater seepage, urbanization, and the
agricultural reclamation areas. The successive changes in these parameters throughout the period 2007–2017
are calculated. Rising groundwater levels are expected to be a chronic problem and will likely be a major
issue for residential areas of Aswan city.
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Background
The main aim of this study examines the rise in the
level of the groundwater in the Quaternary aquifer
at Aswan city, Upper Egypt. The groundwater rep-
resents the main source of freshwater used for
drinking purposes. The main source of drinking
water at Aswan city comes from groundwater, and
some of this water is recharged from the area under
study. Since 1956, the Egyptian Chemical Industries
(Kima) was constructed. It is a large organization
for nitrogen fertilizer industry in Aswan, Egypt.
About 40 production wells were drilled in and
around the company to produce about 37,000 m3

daily (about 13,000,000 m3 annually), which are used
for the electrolysis of water units, for water boiling,
and in industrial cooling processes. Some wells were
ceased due to increasing of its salinity, and some

others were flooded since June 2009. Moreover,
about 15 groundwater wells which were used for
drinking purposes were stopped due to the bacterio-
logical impact resulted from the fish hatchery pro-
ject effects close to the area. So, the groundwater
extraction decreased to about 25,000 m3annually.
Some environmental activities in the area such as
reclamation for agriculture, urban expansion, and
fish hatchery projects affected the groundwater situ-
ation in the area. Remote sensing and geographic in-
formation system (GIS) techniques are used for
monitoring and assessing these environmental changes
that are related to the groundwater situation in the
area under investigation. Several studies have verified
the significance of remote sensing in environmental
monitoring and change assessment in southern Egypt
(Hereher 2014).

Fig. 1 Location map of the study area
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Location of the study area
Kima company area is located about 2.5 km to the south
of Aswan city, about 5.0 km northeast of the Old Aswan
Dam to the east of the Nile river (Fig. 1). There are
sandy quarries south and west of the company.
Mountain composed of sandstone and clay lies to its
eastern side, while to the western side configurations
of granite are found.

Landforms and geological features
Geomorphologically, the study area slopes gently from
the southwestern side to northeastern side with eleva-
tion varying from about+ 122.5 to about + 116.5 m (lo-
cally + 114.5 m). A large depression (a former sand
quarry) approximately 20-m deep is present south and
west of the Kima company. The area of study is

surrounded by highland from the east and west sides
with extensive bounds from the eastern side. Basement
complex and Nubian Sandstone rocks represent the
highlands of these sides.
Geologically, the area under investigation is located

within an abandoned Nile river channel consisting of flu-
vial deposits denoted as “Quaternary” in the schematic
geological map shown in (Fig. 2). The Quaternary sedi-
ments are composed of sands, gravels, and clays of the
Pleistocene time and mud with eolian sediments of recent
time overlain in a thick bed of Pliocene clays (RIGW
1988). The area is bounded from the east and west sides
by complex Precambrian rocks of igneous and meta-
morphic rocks mainly of granites and schists. Unconform-
able Nubian Sandstone overlay the basement rocks with
thickness ranging between 20 and 85m (Attia 1954).

Fig. 2 Geological map of the study area (modified after Egyptian Geological Survey, 1985)
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Methods
Some groundwater samples have been collected from
the study area (Fig. 3). Their physical and chemical
characteristics were determined during the three pe-
riods (2007, 2013, and 2017). Analysis for different
physiochemical parameters (TDS, pH, TA, TH),
major cations (Ca2+, Mg2+, Na+, K+), major anions
(Cl−), and some trace ions (NO2, SiO2) was carried
out (Table 1). Samples were collected in polyethylene
bottles (1 L) after 10 min of pumping to avoid any
local contamination or evaporation. The physical and
chemical parameters were estimated and measured
including turbidity, total dissolved solids (TDS),
hydrogen ion concentrations (pH), and the concen-
trations of the major ions (sodium (Na+), potassium
(K+), calcium (Ca2+), magnesium (Mg2+), and chlor-
ide (Cl−)). The chemical analyses were carried out in
the Laboratory of the Faculty of Agriculture, Assiut
University. Electrical conductivity measurements
were used to estimate the total dissolved solids
(TDS). Ca2+ and Mg2+ were determined using the ti-
tration with standard versenate (EDTA) solution,
using Eriochrome Black T (EBT) as an indicator.
Na+ and K+ were determined using flame photom-
etry method. Chloride (Cl−) was determined using
the standard solution of silver nitrate and nitrate,
and silica contents were measured using spectropho-
tometry method.

Three temporal images from different Landsat sen-
sors have been applied. Those are Landsat TM image
acquired in 2007, ETM+ image acquired in 2013, and
Landsat 8 image acquired in 2017 (Fig. 4). Producing
of the used data have been accomplished for more ac-
curate results, including atmospheric correction, reso-
lution merge, and subset function. Super- and
unsupervised classification techniques were used to
delineate the water zones, urban areas, and agricul-
ture areas. Accordingly, the environmental changes
are detected. Several studies have verified the signifi-
cance of multitemporal Landsat TM/ETM+ data in
land use and change detection studies (Kaufman and
Seto 2001; Helmschor and Fliigel 2002; Green et al.
1994). Although the accuracy of the resulted change
maps is subjected to error propagation and depending
on the accuracy of the input classification maps, the
individual classified images constitute a historical
series that can be used in applications other than
change detection (Yuan et al. 2005). The analysis then
identifies the classes by associating a sample of pixels
in unsupervised classification and is therefore useful
for determining the spectral class composition of the
data prior to detail by the methods of supervised
classification (Nagy and Toloba 1971 and Das 1990).
Change detection involves the ability to quantify tem-
poral changes in land use and land cover using
multi-temporal data sets (Singh 1989; Ridd and Liu

Fig. 3 Location of the groundwater wells (production and submerged wells after 2009)
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1998). During the past three decades, many change
detection algorithms have been developed, and they
vary widely in their sophistication and performance
(Collins and Woodcock 1996; Ola and Hay 2003).

Results
Hydrogeology
Chemical analysis of the groundwater
The results of the groundwater analysis of the ten
wells during three periods (2007, 2013, and 2017) are

shown in Table 1. A slight increase in TDS content
can be observed in some wells. Calcium and magne-
sium represent the dominated cations, while bicar-
bonate and chloride are the dominated anions
(Ca>Mg and HCO3>Cl). A slight fluctuation in pH
and alkalinity values can be noticed. The groundwater
ranged between moderately hard to very hard water
(Fig. 5). The nitrite (NO2) occurred by bacterial ac-
tion and contamination from Kima factory; the con-
centration ranges between 0.0001 and 0.01 ppm.

Table 1 Results of the physical and chemical analysis of some groundwater samples

Well
number

Physio-chemical parameters Major cations (ppm) Major anions (ppm) Trace ions (ppm)

pH TA (ppm) TH (ppm) TDS (ppm) Ca Mg Na K Cl NO2

Year 1990

1 7.61 180 168 329 48.8 11 25.5 2.2 7.1 0.042

2 7.98 200 176 384 45.6 14.88 20 2.2 3.48 0.04

3 7.87 200 162 316 46.4 11.04 28 3 3.55 0.005

4 7.6 150 138 220 40 9.12 32 2.3 7.1 0.001

5 7.26 180 162 240 46.4 11.04 35 6 3.55 0.055

6 7.8 150 148 210 44.8 8.64 30 3 3.55 0.02

7 7.6 140 148 220 44.8 8.64 38 5 3.55 0.0001

8 7.8 110 92 170 25.5 6.72 30 3.2 3.55 0.01

9 7.22 150 132 230 37.2 9.36 32 4 12.3 0.042

10 7.6 170 174 299 49.6 11 28 2.6 3.55 0.04

Year 2000

1 7.88 190 170 339 50.4 10.56 30 3 28.4 0.026

2 7.9 170 202 445 52 17.28 31.5 2.3 35.8 0.027

3 8.23 170 340 769 96.8 23.52 38 5 106.5 0.021

4 7.33 170 204 293 56 15.36 32 2.4 3.55 0.0008

5 7.21 200 120 265 34.4 8.16 28 3 3.55 0.017

6 7.33 190 138 213 36.8 11.04 30 3 14.2 0.011

7 7.49 150 162 213 43.2 12.96 38 5 10.65 0.02

8 7.19 175 150 240 37.5 13.44 30 3.2 21.3 0.009

9 8 170 168 230 42.8 14.64 32 4 21.3 0.006

10 8.06 190 174 299 49.6 12 28 2.6 7.1 0.02

Year 2010

1 7.94 200 158 387 44 11.52 25.5 2.2 7.1 0.036

2 8.29 106.5 170 484 47.2 12.48 20 2.2 10.65 0.004

3 7.72 190 166 500 46.4 12 28 3 21.3 0.009

4 7.42 170 620 990 160 52.8 32 2.3 160 0.4

5 Submerged

6 7.68 200 204 355 57.6 14.4 30 3 28.4 0.103

7 Submerged

8 Submerged

9 Submerged

10 Submerged
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These changes in the groundwater quality and com-
position are mainly attributed to the reclamation pro-
cesses in addition to the effects of the water seepage
from the unsealed fishing hatchery basins project
(Fig. 6).

Groundwater level change
The direction of the groundwater movement is gener-
ally from south to north due to the steepening of the
slope of the groundwater in the highland areas in the
southern part. Continuous rising in the water table in
the area since June 2009 is detected (Figs. 7 and 8a, b). In
some wells, the water table rose about 14m. Moreover,
Kima Pond was formed, and thus, some wells were
submerged.

Change detection of the environmental impacts
Change detection involves the ability to quantify
spatio-temporal changes in water ponds, agriculture
areas, and urban areas using multi-temporal datasets
using Landsat satellite images during the period of
2007–2017. These environmental changes have a bad
impact on the area and also causing the rise in ground-
water level.
The maximum likelihood classifier was used to per-

form the supervised classification. Post-classification
refinement of the resulting classified images was ap-
plied to the inaccurately classified pixels to increase
the overall accuracy of the resulting land cover maps.
The final products of the hybrid classification were

three land cover maps in which the spatial distribu-
tion of the land cover classes are for the years 2007,
2013, and 2017 (Fig. 9).
Spatio-temporal changes in different land cover clas-

ses, which were monitored in the whole area during
the study periods, are shown in Figs. 10, 11, and 12.
Change results confirmed a gradual increase in the ex-
tent of the surface waters bodies in the area as a result
of the increasing of groundwater levels and an increase
of vegetation cover and urban areas (Table 2 and
Fig. 13).

Discussion
The Quaternary aquifer in Aswan, Egypt, is the most im-
portant aquifer in the area; it is composed of few cohe-
sion layers of recent sediments of high porosity
consisting of sand and gravel with fine silt with max-
imum thickness in the study area of about 100 to 120 m
(Fig. 14). Mud and silt represent the top of the aquifer
while the bottom is bounded by the Pliocene mud,
which extends to more than 240 m depth. The direction
and speed of groundwater flow changes from one area
to another within the quaternary aquifer but it is mainly
from north to northwest (Fig. 15).
The main groundwater sources are from the con-

finement area between the High Dam and Aswan
Dam and the canals from the fish hatchery region
where the surface water level reaches up to the
116 m above sea level.

a b c

Fig. 4 Landsat images detect the environmental changes in the study area, a Overview Image 2007, b Overview Image 2013 and c Overview Image 2017
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Fig. 5 Bar diagrams show the variations in the groundwater composition during the periods (1990–2010)
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The phenomenon of rising of the groundwater level in
Kima wells began in June 2009 by the appearance of wet
sand (moistened) surrounding a number of wells. By the
time the wet sands became more saturated and covered
by water is the same time of the closure of 15 wells,
owing to the discharging for Aswan drinking and the
contamination by a sewage water company. It had the

greatest impact on increasing the static water level in
Kima wells.
During the last two decades, some fish hatcheries

were constructed to the south of the area and af-
fected the groundwater quality. An increase in the
groundwater levels dominated the area where the
quarry depression flooded and some wells immerged

Fig. 6 Water seepage from the unsealed fishing hatchery basins project in a kima area, b sand quarry

Fig. 7 Changes in the groundwater depth in some wells with time
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(Fig. 16). Some environmental changes and activities
happened and are related to that change in the
groundwater situation and quality. Practical thinking
to exploit the waters from the sand quarry had been
made by the installation of four submersible pumps
in the lake to supply Kima plant with water. In 2015,
a floating pump station had been installed to fulfill
the shortfall in water needs.
Field observations and advanced technology

(Landsat images and GIS techniques) were freely
available at National Authority for Remote Sensing

and Space Sciences (NARSS). Land cover/land use
and change detection maps were obtained and cor-
related with the groundwater situation. Change de-
tection maps for the water ponds, agriculture areas,
urban expansion, and fish hatchery projects were
constructed by the use of Landsat images acquired
on 2007, 2013, and 2017 for the study area which
were presented and classified using supervised
techniques.
The obtained change detection maps showed that the

groundwater situation in the area was affected by such

Fig. 8 a, b Groundwater level change with time in well no.2 and well no.3
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a b c

Fig. 9 General Landuse changes and detections during the period 2007-2017 a Landuse Map 2007, b Landuse Map2013 and c Landuse Map2017

a b c

Fig. 10 Change detections of agriculture areas during the period of 2007-2017 in study area a Change Detection Map of Agriculture (2007-2013),
b Change Detection Map of Agriculture (2013-2017) and c Change Detection Map of Agriculture (2007-2017)
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a b c

Fig. 11 Change detections in urban areas through the period 1987-2014 in the study area a Change Detection Map of Urban (2007-2013),
b Change Detection Map of Urban (2013-2017) and c Change Detection Map of Urban (2007-2017)

a b c

Fig. 12 Change detection of water bodies during the period of 2007-2017 in the study area a Change Detection Map of Water bodies (2007-
2013), b Change Detection Map of Water bodies (2013-2017) and c Change Detection Map of Water bodies (2007-2017)
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changes; as the change detection analysis results show a
systematic increase in agricultural activities between 2007
and 2017 resulting from national agricultural development
plans by about 0.57 km2, water ponds area also increased
by about 0.34 km2 during the same period, and the increase
in urbanization by 2.97 km2 was attributed predominantly
to encroachment into traditionally cultivated land.
Our result accurately quantifies the environmental

changes and delineates their spatial patterns, demon-
strating the utility of Landsat data in analyzing landscape
dynamics over time.

Conclusions
The Quaternary water-bearing sediments represent
the main groundwater aquifer in the area around
Kima company, Aswan Governorate. It is recharged
locally from the water seeped from lake Nasser, ex-
cess irrigation water, and from the unsealed fish
hatchery basins. On the other hand, the groundwater
is either discharged back to the river Nile, north of
the Aswan Dam, or accumulated in the area causing
a local rise of its level and formation of water ponds
in the depressions and lowland localities. Since 2009,
15 productive drinking water wells were stopped as a
result of their bacterial contaminations.

It is the main reason which caused more rising of the
groundwater level accompanied by the increase of its
salinity. The study detected and calculated the area in-
fluenced by the groundwater seepage, urbanization, and
the agricultural reclamation areas. The successive
changes in these parameters throughout the period
2007–2017 are calculated.
To avoid the problem caused by groundwater level ris-

ing and contamination, it is recommended to:

Use spring and/or drip irrigation system instead of
flooding irrigation method
Apply good drainage system to decrease the
groundwater levels in the area
Seal well the fish hatchery basins to prevent the main
cause of bacterial contamination of the groundwater in
the area

Table 2 Change detection of land cover classes (km2) monitored in the 2007–2017 periods in the study area

Years Area/km2 (2007) Area/km2

(2013)
Area/km2

(2017)
2007/2013
changes

2013/2017
changes

2007/2017
changesLand

cover classes

Water bodies 0.09 0.34 0.37 0.06 (decrease)
0.32 (increase)

0.06 (decrease)
0.09 (increase)

0.06 (decrease)
0.34 (increase)

Urban 2.73 5.65 5.71 0.00 (decrease)
2.92 (increase)

0.00 (decrease)
0.05 (increase)

0.00 (decrease)
2.97 (increase)

Agriculture 0.67 0.80 0.77 0.46 (decrease)
0.59 (increase)

0.49 (decrease)
0.06 (increase)

0.48 (decrease)
0.57 (increase)

Fig. 13 Diagrams showing temporal changes in different land cover
classes in the study area Fig. 14 Lithology of the Quaternary aquifer in the study area
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Fig. 15 Groundwater levels in the study area

Fig. 16 Rising of the groundwater level a KhorAwada, b, c near some building and d sand quarry in the study area
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