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Abstract- Jordan is among the least countries in its water resources and about 85% of its area is desertic which is referred to as the Badia 
region. Only 5% of the population of Jordan occupies this area. The growing power of urban communities during the twentieth century has 
affected the local inhabitants (Bedouin) social life and the physical environment of arid lands in which they live in Jordan. The 15% of the 
total area of the country (urban areas) are not able anymore to absorb the expanding population. Therefore, people have started to move to 
the Badia. This area is very poor in its surface water resources. Due to this reason the Jordanian government started a development pro-
gram for the region. Part of the program is providing water resources by establishing water harvesting schemes. It is of prime importance to 
maintain these schemes to support the growing development in the area. 
In this research, two of these schemes had been investigated for their sediment characteristics and rate of deposition. They are Beqawiya 
(constructed 1994) and Suweied (constructed 1995). The sediments in both schemes were generally fine sand which is poorly sorted and 
negatively skewed. The rate of sedimentation was found to be 1679 and 1583 m3/year in Beqawiya and Suweied respectively. 
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Introduction 
Jordan seems to be among the least blessed country with respect 
to water availability in the Middle East. It is currently experiencing 
a fast rate of development, urbanization and population growth as 
a result it is currently overusing all of its annual renewable fresh 
water resources. In addition, a significant amount of Jordan’s 
water resources flows as international water to the Yarmouk and 
Jordan rivers and to groundwater resources divided between 
neighboring countries. These countries have recently invested in 
over-ambitious development programs to attain self-sufficiency in 
agricultural products adding to Jordan's water problems [1]. 
The Badia Region covers an area of approximately 72,600 km2, 
which constitutes 85 per cent of the total area of Jordan (89,400 

km2). Although the Badia is covering a large part of Jordan’s area 
but it is occupied by only 5% of the population. Hence, it is nation-
ally considered to be the resource depth for the country. The 15% 
of the total area of the country (urban areas) are not able any 
more to absorb the expanding population. Therefore, people have 
started to move to the Badia region.  
The Badia is characterized by its arid climate. Rainfall is erratic 
both spatially and temporally, with a maximum of 200 mm annual-
ly. Air temperature fluctuates widely from a daily mean minimum 
of 10°C, mean maximum of 24.5°C and a mean daily temperature 
of 17.5°C. In few instances absolute minimum and maximum 
temperatures might reach -5°C and 46°C respectively [2-5].  
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The main lithological units in the region are marly limestone and 
marls. Some parts of the region are also covered by recent sedi-
ments of aeolian deposition. During the geological history, this 
area has been subjected to several volcanic eruptions from Jabal 
Al Arab in the north. Consequently, layers of basaltic rocks form 
the main geologic units in the middle parts of the region. The ter-
rain is mainly influenced by volcanic eruptions from Jabal al Arab 
in Syria and associated volcanic activities within the Badia region. 
Much of this terrain is undulating and hilly land. In the northern 
part, weathering and sediment transport processes have formed a 
stone pavement on the surface of the basalt flows, with black 
basalt clasts overlying a fine grained substratum. Southern parts 
of the region are covered by chert-rich limestone [6]. In terms of 
altitude, temperature and rainfall a broad environmental gradient 
is evident from the north to the south. Altitude ranges from 1300m 
in the north to about 600m in the south and rainfall reaches 250 
mm in the north whilst it is less than 50 mm in the south. 

Fig. 1 - Location Map of Beqawiya and Suweied Reservoirs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2- Beqawiya Reservoir 

The Bedouin (local inhabitants) needs were minimal in the past 
and they were able to meet their demand from their livestock only. 
Their cash requirements were met by transporting goods across 
the desert and selling their animals’ production to town dwellers. 
Livestock were thus the major resource for the Bedouin to gener-
ate income [8]. Now the situation has changed and they are much 
more developed. This adds to the problem of securing the quantity 
of water required for them. The area is very poor in its surface 
water resources. Due to this fact, the inhabitants of the Badia 
region used water harvesting techniques long time ago to aug-
ment water [1]. This practice is very common in arid and semi-arid 
regions [7]. In view of this situation the Jordanian Government 
started a new program to develop this region by establishing the 
Badia research and development program in 1992. The Badia 
development processes were designed to improve the education-
al, social, economic and environmental aspects in this region [8]. 
Sixteen concrete ponds were built and started to maintain some 
old Roman ponds on the ruins of old cities and settlements in the 
North Badia of Jordan. The sizes of the ponds were in the range 
of less than 10’000 m3 and located in the small villages and settle-
ments [9]. In addition, 15 earth ponds were dug for water harvest-
ing. The size of the ponds varies from 40000 to 50000 m3 [9]. 
Water harvesting schemes in the Badia region supplies the local 
inhabitants and their cattle with water. They are also very im-
portant for migrating birds where number of birds reside in these 
ponds when they migrate.  
In this research, the storage capacity and sediment nature of two 
of these ponds were investigated. These are Beqawiya and 
Suweied reservoirs (Fig. 1, 2 and 3). The former was constructed 
in 1994 while the later in 1995. Both ponds (reservoirs) have a 
storage capacity of 45000 m3. This research helps in the sustaina-
ble development of the desertified Badia environment and the 
improvement of the standards of living of the inhabitants by 
providing one of the major resources for such development. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3- Suweied Reservoir 
 
Field Work  
Bathymetry  
Bathymetric maps were constructed to calculate the storage ca-
pacity of Beqawiya and Suweied reservoirs. To construct the bath-
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ymetric map for both sites, Echo-sounding traverses were made 
between known points, to cover the entire area of the reservoirs 
(Fig. 4 A&B). Some traverses were perpendicular to the sides of 
the reservoirs. A Traverse Total Station (Model SOKKIA SET F6) 
was used to carry out the land survey while two echo sounding 
devices (Models Eagle Ultra III 3D and Sonarlite SL2.0 OHMEX) 
mounted on an inflatable boat were used to survey the water 
depth. All end points of the surveyed traverses were connected to 
a well-known Benchmark. A Note pad computer was connected to 
the echo sounder so that all survey points could be recorded. The 

former is produced by Environmental Systems Research Institute 
(ESRI), the makers of ARC/INFO, the leading geographic infor-

Modeling System) was developed by the Engineering Computer 
Graphics Laboratory of Brigham Young University in cooperation 
with the U.S. Army Corps of Engineers Waterways Experiment 

Triangulated Irregular Networks, or TINs. The TIN was in turn 
used for delineating the data. Both software packages have been 
utilized for the construction of the bathymetric chart of each reser-
voir (Fig. 5). 

Fig. 4- Echo Sounding Traverses along Beqawiya (A) and 
Suweied (B) Reservoirs. 

Fig. 5- Bathymetric Map A: Beqawiya Reservoir B: Suweied  
Reservoir. 

Sediment 
To study the nature of bottom sediment of the two reservoirs, a 
van veen grab was used to collect the samples. The exact loca-
tion of each sample was fixed using GPS. Eighteen samples were 
collected from the bottom of Beqawiya reservoir and another sev-
enteen from Suweied reservoir (Fig. 6A and B). All samples were 
dried and sieved to estimate their sand content. The fine portions 
(silt and clay) were determined by pipette analysis. Folk’s [12] 
procedure was used for in the evaluation of the statistical parame-
ters of the sediment samples.  

Fig. 6- Location of Bottom Sediment Samples, A: Beqawiya Res-
ervoir B: Suweied Reservoir 

 
Two set of water samples were also collected at the surface and 
near the bottom of the reservoir at about 20 cm above the bed 
using vertical water samplers at the same locations of the sedi-
ment samples. About 250 ml of water samples were collected and 
filtered using Millipore membrane filters. After filtration the mem-
brane filters were dried in an oven at 600C. The suspended sedi-
ment concentrations were calculated for individual samples. 
 
Results and Discussion 
Nature of Sediment 
Beqawiya Reservoir 
Sediment samples showed that the sand: silt: clay average ratios 
at Beqawiya reservoir were 72:18.6:9.4 respectively (Fig. 7). The 
maximum and minimum sand percentages were 83 and 50% re-
spectively. The silt and clay maximum and minimum ratios were 
56 and 10% (silt) and 22 and 2.5% (clay). The sand dominated 
the reservoir especially at the sides. This might due to the nature 
of the circulation within the reservoir.  

 

Fig. 7- Sand (A), Silt (B) and Clay (C) Percentage Distribution at 
the Bed of Beqawiya Reservoir. 

 
The silt increases in the central point of the reservoir while the 
clay increases on the sides. This might be due to the fact that clay 
remains suspended and settles later due to the calm water nature 
at the sides where wind action does not affect the sides. 
The mean grain size of the samples was 0.14mm while the sorting 
was 2.9 indicating that they are very poorly sorted (Fig. 8A & B) 
[12]. The skewness (Fig. 8C) showed that the entire samples are 
generally strongly fine skewed (Folk, 1974) where the mean value 
was 0.3 while the maximum and minimum values were 0.66 and 
0.04 respectively.  
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Fig. 8- Sediment at Beqawiya Reservoir. A: Mean Size (mm), B: 
Sorting (phi), C: Skewness (phi) 

 
Surface suspended sediment concentrations showed an average 
value of 0.26 g/l and the maximum and minimum values were 
0.79 and 0.12 g/l respectively (Fig. 9A). The higher concentrations 
were restricted to the west side of the reservoir. This might be due 
to the wind effect. The bottom suspended sediment samples had 
an average value of 0.3 g/l while the maximum and minimum val-
ues were 0.8 and 0.1 g/l (Fig. 9B). The high concentrations were 
restricted in the northeastern side of the reservoir near the en-
trance. It is believed that slumping of sediments might be respon-
sible for these high concentrations in that area. 

Fig. 9- Suspended Sediment Samples Beqawiya Reservoir A: 
Surface B: Bottom. 

 
Suweied Reservoir 
The average percentage of sand: silt: clay at Suweied reservoir 
was 78: 18: 4 (Fig. 10). The maximum sand, silt and clay were 85, 
23 and 11% respectively while the minimum were 68, 12 and 0.8 
respectively. The distribution of the sediment is generally same as 
in Beqawiya reservoir where the sand is dominating the area.  

 

Fig. 10- Sand (A), Silt (B) and Clay (C) Percentage Distribution at 
the Bed of Suweied Reservoir. 

It seems that the eastern side geometry had effected the water 
circulation when entering the reservoir and the drop in the water 
velocity takes place when the water reaches the western side of 
the reservoir. 
The average mean of the sediment was 0.14mm while the stand-
ard deviation was 2.2 indicating very poorly sorted (Folk, 1974) 
(Fig. 11). The skewness was 0.17 indicating that they are finely 
skewed [12], (Fig. 11C). 

Fig. 11- Sediment at Suweied Reservoir. A: Mean Size (mm), B: 
Sorting (phi), C: Skewness (phi). 

 
Surface suspended sediment concentrations showed an average 
value of 0.92 g/l and the maximum and minimum values were 
1.12 and 0.8 g/l respectively (Fig. 12A). The bottom suspended 
sediment samples had an average value of 1.23 g/l while the max-
imum and minimum values were 2.17 and 0.84 g/l (Fig. 12B). The 
general trend of suspended sediment concentrations at the sur-
face and near the bed was decreasing toward the south. This is 
believed to be due to the fact that there is some sort of water cir-
culation due to the effect of the geometry of the eastern side of 
the reservoir toward the northwest corner. This will stir up the 
sediments and give relatively high values. 

Fig. 12- Suspended Sediment Samples Suweied Reservoir A: 
Surface B: Bottom. 

 
Volume of Reservoirs  
Baqawiya reservoir is squared shape and the length of each side 
is about 95m. The water harvested should enter a small squared 
shapes sedimentation pool. The length of that pool is about 20m. 
The overall volume of the reservoir when it was constructed in 
1994 was 45000m3.  
Suweid reservoir is not a completely squared shaped due to the 
presence of hard rocks on its eastern side. The length of the N-S 
side is about 83m. The width at the northern part of the reservoir 
is 83m and narrows to about 45m in the southern part. The vol-
ume of the reservoir when it was constructed in 1995 was 

Sedimentation Rates in Two Water Harvesting Schemes at the Jordanian Badia 

Journal of Ecology and Environmental Sciences  
ISSN: 0976-9900 & E-ISSN: 0976-9919, Volume 3, Issue 3, 2012 



Bioinfo Publications   86 

 

45000m3. 
Using Arc View Version 3.1 software the volume of Beqawiya and 
Suweied reservoirs was calculated (Fig. 5). For Beqawiya reser-
voir the maximum depth recorded was 3.7m while the minimum 
was 2.2m. The overall volume was 18129 m3. This indicates that 
the rate of siltation is 1679 m3/year. For Suweied reservoir the 
maximum and minimum recorded depths were 3.0 and 0.1m re-
spectively. The total volume was 21255 m3. This suggests that the 
annual sedimentation rate in this reservoir is 1583 m3.  
 
Conclusions 
Jordan is among the least countries in its water resources and 
about 85% of its area is desertic which is referred to as the Badia 
region but occupied by only 5% of the population. The growing 
power of urban communities during the twentieth century has 
affected the local inhabitants (Bedouin) social life and the physical 
environment of arid lands in which they live in Jordan. The 15% of 
the total area of the country (urban areas) are not able anymore to 
absorb the expanding population. Therefore, people have started 
to move to the Badia. This area is very poor in its surface water 
resources. To provide the local inhabitants with water, several 
water harvesting schemes were constructed. It is very important to 
maintain these schemes to maintain the development activities in 
the area. The two schemes investigated indicates that in Beqawi-
ya the sand: silt: clay ratio was 72:18.6:9.4 while it was 78: 18: 4 
in Suweied. In general the sediments were poorly sorted and neg-
atively skewed fine sand. The rate of sedimentation and nature of 
the sediments in two of the schemes were studied. They are Be-
qawiya (constructed 1994) and Suweied (constructed 1995). The 
results indicate that the rate of sedimentation in these schemes is 
1679 and 1583 m3/ year in Beqawiya and Suweied respectively. 
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