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Abstract

Groundwater resources in Jordan are under huge stresses. Accomplishing
good water quality requires monitoring of water resources. Azraq spring con-
sidered the main source for drinking water of Fuhais City in Balqa governo-
rate. The catchment area of the spring is less than 23 km* and forms part of
the side wadis feeding the groundwater basin in wadi Shuaib. This study aims
to assess the vulnerability of groundwater to pollution that may result from
agricultural activities and Fuhais wastewater treatment plant using GIS and
DRASTIC model functions. Each symbol of the DRASTIC refers to one of the
seven DRASTIC model parameters: Depth to water (D), Net recharge (R),
Aquifer formation (A), Soil (S), Topography or slope (T), Impact of vadose
zone (I) and Hydraulic conductivity (C). The final map of vulnerability
showed 5 classes with different percent for each. These were: very low (5%),
low (16%), moderate (11%), high (34%) and very high (34%). In terms of
area, the high and very high vulnerability classes distributed over 7.75 Km?,
while the low vulnerability distributed over 1.10 Km®. Implementation of
DRASTIC model showed increasing the vulnerability of ground water to
contamination in the western part of study area because of the vadose zone
and due to soil properties in this part of the study area. As such, vulnerability
to pollution increased from the upstream area, where the treatment plant is
located to the downstream area following the direction of flow and according
to permeability. Water depth, net-recharge and media of aquifer had neg-
lected effect of vulnerability map because it had one value at overall study
area for each one. DRASTIC parameters could be arranged according to its
effect on vulnerability map as 7> §> C> T'> (D= R= A).
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1. Introduction

Groundwater resources in Jordan are under huge stresses due to high population
growth, and limited water resources due to deterioration of groundwater qual-
ity, and limited financial resources. Accomplishing good water quality requires
monitoring of water resources. Azraq spring considered the main source for
drinking water of Fuhais city. Average discharge of Azraq spring is around 1.4
MCM/Annual [1]. The contribution of Azraq spring to the drinking water of
Fuhais and Mahis areas started to decline in the last two decades due to the
increase in E-coli and nitrate [2]. Subsequently, Shuraia Station was con-
structed in year 2007 to treat the water of Azraq spring for the microbial con-
tamination. This study aims to assess the vulnerability of groundwater to pol-
lution that may result from agricultural activities and Fuhais wastewater
treatment plants using DRASTIC model. The concept of groundwater vulne-
rability was first introduced in France by the end of the 1960s to create aware-
ness of groundwater contamination [3].

Vulnerability assessment of groundwater aquifers provides a basis for initially
protective measures for the main groundwater resources and will be the first step
in an assessment of groundwater pollution hazard and groundwater quality, and
to evaluate water quality in relation to land use changes and agricultural practic-
es [4]. Groundwater vulnerability and protection has been emphasized as part of
an integrated water resources management perspective [5]. The need for
groundwater vulnerability assessment increases as sources of pollution are ex-
panding within time and their impacts become complicated and interrelated.
Aller et al, [6] were the first to introduce the DRASTIC modeling under US En-
vironmental Protection Agency (US-EPA) for determination of pollution poten-
tial of aquifers. It was originally developed for manual overlay of semi-quantitative
data layers, and it simply defined as a linear combination of factors shows the
feasibility of the vulnerability computation using GIS [7].

All previous studies have pointed to the importance of mapping and assessing
the impact of groundwater contamination and how it has contributed to reduc-
ing the deterioration of groundwater quality, resulting from the modern lifestyle,
waste of agricultural activities and effluents for wastewater treatment plants, as
evident through water quality tests. Therefore, this study will provide means for
mapping and assessment of groundwater vulnerability in Wadi-Shuaib sub-basins
based on available maps and data of water analysis by identifying factors affect-
ing DRASTIC outputs so that negative impacts (if exist) coming from pollution

sources are well identified and mapped.

2. Study Area

Azraq spring catchment forms part of the side wadis that feed wadi Shuaib
groundwater basin. It is located in the northwestern part of Balqa, about 20 Km
west of Amman, about 1.3 Km north of Fuhais and 1.2 Km west of Hummar at
32.0205°N and E-35.7625°E (Figure 1).
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Figure 1. Location of the study area.

Azraq catchment area is 23.7 km* and it has a perimeter of 20.4 km. Azraq
spring is originated from A7/B2 aquifer which is the most exploited aquifer in
Jordan. It is a highly fractured-rock aquifer, consisting of sedimentary rocks
(primarily carbonates and chert) from the late Cretaceous epoch. The fractures
and other discontinuities such as joints, fissures and faults that occur in the
rocks are allowing it to hold huge amounts of groundwater so it can be consi-
dered as a highly productive aquifer. The groundwater flow from the north-west
to the south-east and flows from the north-east to the south-west, as shown in

Figure 2. Surface water flow is from east and north to southwest.

3. Methods

Preparation of vulnerability map was attained through analysis of data gathered
from different sources. Arc Map GIS based DRASTIC model was used to assess
the vulnerability of groundwater to contamination.

In general, several methods are used to assess groundwater vulnerability de-
pending on scale, data availability, and desired results. These include process-based
methods, statistical methods, and overlay and index methods [8]. Process-based

involves numerical modeling and it is only useful at the local level. Statistical
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Figure 2. Groundwater flow direction.

methods involve correlating actual water quality data to spatial variables and
require a large amount of site-specific data.

Overlay and index methods involve obtaining and combining maps of the pa-
rameters that affect the transport of contaminants from the surface to ground-
water, then assigning an index [9]. This is more preferred over the first two me-
thods as it adds spatial dimension to the outputs. This involves analyzing the
DRASTIC parameters, calculating the DRASTIC index for the hydrogeological

parameters, and rating these areas as to their vulnerability to contamination.

4. Analyzing DRASTIC Model Parameters

It included entering all DRASTIC parameters collected in previous steps (data
collection, field survey and laboratory analysis) which required to calculate the
DRASTIC Index. Each character of the DRASTIC abbreviation refers to one of
the following seven DRASTIC model parameters: Depth to water (m), net Re-
charge (mm/day), Aquifer media, Soil media (soil order or soil texture), Topo-
graphy (%), Impact of vadose zone and Hydraulic conductivity (m/s) [6].

Depth of water layer was calculated by using GIS, firstly it required the use of
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interpolation tools to transfer contour shape file to digital elevation model
(DEM), and using interpolation tool to interpolate static water level of well
around study area that found in data base of MWI. Finally the depth of water is
the difference between DEM and Static water level. Net recharge for the study
area was calculated as a percentage of annual rainfall. Riepl [10], reported that
net recharge equal 21% of annual rainfall. The rainfall layer was calculated by
using interpolation tool for rainfall data for 13 rain stations around the study
area. Aquifer media layer are calculated according to lithological description for
wells around study area that are summarized in pumping test data.

Soil properties were derived from the soil maps of Jordan that had semi-detailed
information for soil order/great group available at scales of 1:50,000 and
1:250,000 [11]. Properties of soil were obtained for two depths down to 40 cm.
Topography layer depended on DEM layer that was created for calculating depth
of water. This required the conversion of DEM layer to slope layer which
represented topography percentage by using slope-3D analyst tool. Impact of
Vadose depended on geological formation that found in geological map for Wa-
di Shuaib. Hydraulic conductivity reflected permeability of aquifer formation
which depended on hydrogeological classifications [12]. The value of permeabil-
ity is an average for the minimum and maximum values for each formation. An
interpolation was done for thee values to get the hydraulic conductivity overall

study area.

Calculating the DRASTIC Index

DRASTIC index number for a given area is determined by multiplying each fac-
tor rating by its weight and adding together the resulting values as follows [13]:
DRASTIC Index = DrDw+ RrRw+ ArAw+ SrSw+TrTw+ Irlw+CrCw (1)

where D, R, A, S, T, I, and C are the seven parameters of the DRASTIC method
and subscripts (1) and (w) represent, respectively, the rating and weight of the
parameters. The numerical rating (z) varies from 1 to 10 that indicating the rela-
tive pollution potential of that factor for a given area as shown in Table 1. The
weighting values (w) varies from 1 to 5 represents the relative importance of
each factor in its ability to affect pollution transport to and within aquifer, as
shown in Table 2.

5. Results

In this part of study the result of each parameter of DRASTIC model for Azraq
catchment is presented, so that important ones are identified for implementing

the model for larger geographical extent in the study area.

5.1. Depth of Water

As shown in Figure 3, depth of water in overall area of catchment is more than
30.4 m that mean less potential to be contaminated. The study area has low rat-

ing (r=1) according to the criteria shown in Table 1.
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Table 1. Range and rating of the DRASTIC parameters used for Azraq Spring catchment.

Parameters Range Rate Parameters Range Rate
0% - 2% 10
2% - 6% 8
Topography
6% - 10% 5
(N
Depth of >304m 1 10% - 18% 2
water (D)
>18% 1
Wad fills: soil over 5
bed rock
Shuaib/Azab 3
Net
Recharge 0-50 mm/day 1 Impact of
(R Vadose Zone
B2/A7: chert limestone, @) Ghardan/ 4
crystalline limestone 6 Mwagqar/Fuhais
with dolomite
A4: hard dense limestone, 6 Wadi-Essir/Hummar/ 6
Aquifer (4) and dolomitic limestone Na’our/Kurnub
A1/2: limestone inter bed s »
. . . 6 0.5x107-0.5x10 1
with thick marl limestone
K: massive white sandstone 0.5 % 10~ - 0.15 x 10°> 5
with reddish silt and shale Hydraulic ’ ’
ductivit
Conductivity o 10-036x 107 4
Inceptisol 5 9
Soil Media (m/s) 0.36 x 107°-0.51x 10 6
©) 051x107-0.10x102 8
Vertisols 2
>0.10 x 1072 10
Table 2. Assigned weights for DRASTIC parameters [6].
DRASTIC Parameters Weight
Depth to Water (D) 5
Net Recharge (R) 4
Aquifer Media (A) 3
Soil Media (5) 2
Topography (7) 1
Impact of Vadose Zone (/) 5
Hydraulic Conductivity (C) 3
5.2. Net Recharge

As mentioned above the net recharge reached 21% of annual rainfall. The aver-
age annual rainfall of study area is 538 mm, calculated from Hummar stations
that are located inside the catchment. Figure 4 shows the amount of net re-

charge represented in one category which is 0 - 50 mm/day.
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Figure 4. Net recharge.
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5.3. Aquifer Media

Four main aquifers are found in the study area: These are: B2/A7, A4, A1/2, and
K. the main rock is limestone (crystalline, dolomitic, and interbred) with some
marl, massive white sandstone, reddish silt and shale. All these aquifers have the

same rate (6), as shown in Figure 5.

5.4. Soil

The soil map shows that the catchment has two distinct soil orders. Two soil or-
ders are found in catchment area as shown in Figure 6. The highest rate is 5 for
Inceptisols and lowest is 2 for Vertisols. The western part of catchment area has
Inceptisols while the east part is dominated by Vertisols that had lower permea-
bility than the other soil. The presence of Inceptisols permits polluted water to

go through soil toward groundwater which increases the risk of contamination.

5.5. Topography

It is related with the graduate slope percentage over the study area. The highest
slope has lowest rate because it has low effect in pollution and the lowest slope
has a high rate, because the opportunity of pollution will increase. Figure 7

shows the variation in slope over study area.

5.6. Impact of Vadose

Four geological formations controlled the Vadose in the catchment (Figure 8).

Aquifer Map

| A4, K, A1/2, B2IAT

- — —— Kilometers
004509 18 27 36 D Study Area

Figure 5. Aquifer media.
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Figure 6. Soil map of the catchment.
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Figure 7. Topography of study area represented by the slope.
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Figure 8. Impact of vadose.

The formations of Wadi Essir and Hummar were mainly limestone formations
that had high rate (6) and dominated most of the catchment, while other forma-

tions in the middle and southwest of the study area had low rates (3 and 4).

5.7. Hydraulic Conductivity

Most of catchment area has high rate of hydraulic conductivity (10) that mean
high risk to ground water because it has high permeability rate. The lowest rate

(1) was found in small area of southern part of study area as shown in Figure 9.

5.8. Vulnerability Map

Final map of vulnerability showed 5 classes: very low, low, moderate, high, very
high as shown in Figure 10. The very low has light color and the very high has
dark color. The very high vulnerability (34%) sites were mainly concentrated in
the western parts of the study area, high vulnerability (34%) areas were found in
the northern and middle parts of the study area, while areas with low (16% ) and
very low (5%) venerability were found in the northwestern and southeastern
parts of the catchment. Moderate vulnerability class was scattered in different
parts of the catchment. The areas with very high and high venerability extended
over 7.75 Km? of the catchment, which was equivalent to 32% of the catchment's
area, showing the that this catchment would be classified as a vulnerable area
that would require careful planning and monitoring of groundwater resources

used for drinking purposes.
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Figure 9. Hydraulic conductivity.
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Figure 10. Final vulnerability map.
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6. Discussion

By reviewing to overall results of implementation of DRASTIC, the map of vul-
nerability reflected both of Vadose and hydraulic conductivity and to less extent
the slope map. Other factors seemed to be equally reflected in this map. The
vulnerability followed the flow direction in the catchment where pollution would
increase when moving from the upstream area where the wastewater treatment
plant is located to the downstream area where the water source of Azraq spring
is utilized. This would mean more vulnerability to pollution at Azraq spring.
Depth of water, Net Recharge and Aquifer media have neglected effect of vulne-
rability map because each had a single value all over the study area. DRASTIC
parameters could be arranged according to its effect on vulnerability map as 7>
§>C>T>(D=R=A).

7. Conclusion

It can be concluded that the catchment of Azraq in Fuhais area would be classi-
fied as a vulnerable area that could be highly contaminated by the treated
wastewater and other sources in the area. The areas with high vulnerability were
identified by this work and would serve the purpose of groundwater monitoring
in the catchment. Since no other detailed data was available the map would serve
as an initial vulnerability map that could be refined with more detailed data in
the future using the same criteria identified by this work. Also, it will require
collecting water sampling in the Azraq catchment to validate the result of vulne-
rability map with results of water samples and the distribution of contamination,
if available. Once validation is carried out and data of groundwater are obtained,
the ratings may be modified accordingly and the approach can be generalized for
the larger basin of Wadi Shuaib with all its sub-basins.

8. Data Availability

Some or all data, models, or code generated or used during the study are pro-
prietary or confidential in nature and may only be provided with restrictions

(e.g. maps and climatic data).
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