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pping Groundwater Potential Zones in the Habawnah Basin of
Southern Saudi Arabia: An AHP- and GIS-based Approach
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Hyd

cant hazard in the Najran viadl region of
where rapid urbanisation, couplid with
complex hydro-climatic conditions, has increasingly expesed the ared to
the risk of flash floods. This study provides a compréhansive fiood risk
asseasment by employing hydrologlcal models HEC-HMS and HEC-RAS,
which utilise detafled data on rainfall, Jand cover, soil properties, and
raphical features. Tha raintall frequency analysis, based on the
Gumbel Distribulion, réveals 2 substantial rise in peak rainfall intensities,
particularfy for shorter-duration storm evonts. For the 100-year retum
poriod, discharges ware caleulated 1o reach up to 7,3159 m'ls, highlighting
ihe severe flood risk posed by extremé rainfall events in the reglon.
Hydraulic modelling conducted through HEC-RAS generatad  flood
inundation maps for multiple retum periods, pinpointing gritical flood-prone
zones, particulasly in the districts of North Aba as Su'ud and Al-Sharafa. In
these areas, flood depths axceeded 3 metres during extrome events, while
high floodwater velocities further increased the risk to infrastructure and
public satety. The resuits underscore the pressing need for robust flood
mitigation  measures. such as increasing dam storage capacity,
constructing divers i and g early warning systems.

Najran is a city in southwestern Saudi Arabia and the capital of Najran
Province. The Najran catchment area spans approximately 5,620.92 km* and
is situaled between iatitudes 16.7760° N and 17.7087" N, and longitudes
43.3528° E and 44.84386° E (Fig. 1). The city experiences 3 soml-arid
climate, characterised by hol and humid summors, with temperatures
ranging from 30 to 40°C, and mild winters, with temperatures between 15
and 20°C (Howarth et al, 2020} Rainfall In the regien is moderate but
irregular, with annual precipitation exeeeding 100 mm. The Najran Dam,
located about 15 km southwest of the city, heips manage the flow of Wadi
Najran during flood events.

:

Floading poses @ signifi
southwestern  Saudi  Arabia,
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Civil Engineering Department, Faculty o
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Identity high-risk
fiood-prons areas
for varlous retum
riods (5, 10, 25,
50, 100 years).
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Concluding Remarks

= Najran Wadi is at high flood risk due to h
ydro-climatic changes.
3 Modeling results provide critical insights for flood managenEnnl_
Urgent need for improved infrastructure and flood mitigation efforts.
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Abdulnoor A.J. Ghanim
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GIs studies have gained significa ention for groundaater euploration
because of their ability to prowde rapid and comprehensive information
ahout resources for further developmaent This study aims o asiess and map
the groundwater patential of 3 sizable basin located in the southesn region of
Saudi Arabia. Technigues such a5 GIS and AHP were employed in this study. Te
perform the delmeation for the groundwater potential zones {GWPI), sewen
thematic layers were prepared and analyzed. These layers include geology,
siope, land use, and lineament densities, soil characteristics, drainage density
and rainfall, The resulting GWPZ map was classified into the following five

lew, moderate, high, and wery high The study revealed

categories: very low,
that approximately 42.56% of the hasin is elassified as having a high GWPL

The low and mederate potential 2ones cover 36,12% and 19.55% of the area,
respoctively. Very low and very high potential rones were found only in a

Introduction

Groundwater (GW) is a crucial and precious resource retaingd within
subsurface geological formations in Earth's crustal zone [1]. In arid
couniries such as Saudi Arabia, surface water may not always be
readily available for various uses, leading to a heavy reliance on GW
for daily needs [2]. Due to waler scarcity, GV resources in Saudi Arabia
are being heawly utilized; it is reported that 7% of extracted GW is
used for domastic and more than 82% for irigation purposes [3]. The
main deep groundwaler aquifer in Saudi Arabia is being depleted at an
alarming rate, with studies indicating that approximately 92 to 97% of
imigated land in the eight regions of the courtry rely on this non-
renewable source of water [4] The integrated approach using remote
sensing, GIS, and the analytical hierarchy process (AHP), offering a
more efficient and accurate assessment of groundwater potential zones
[5,6]. Geospatial tocls offer a swift and cost-efficient approach for
generating and modeling crucial data for different geoscience
applications [6]. Remote sensing and GIS have been recognized as
powerful lools for the rapid estimation of natural resources, especially
compared to other traditional approaches [7,8]. The scientific [Herature
reveals that remote sensing and GIS tools have been generalty utilized
for mapping GW potential zones in different regions of the world. The
current study aims to explore the occurence of GW in the Habawnah
basin basemen! complex situated in the soulhern region of Saudi
Arabia [ Figure 1) using rermote sensing, GIS, and analytical hierarchy
pracess (AHP) techniques.

Figure 1. Locaton and map of Habawnash Basin

lapping Groundwa
southern Saudi A

+ Ahmed M. AL-Areeq,

tohammed Benaafi, Mohammed Al

of Ol Enginesring. Codlege of Enginetning, Wapran Univers!

Figure 2 shows the approach utilized in
this sludy. Thematic layers  Were
constructed using spatial analysis 100ls 0
ArcGIS  software, specifically  the | i
interpotation  method  and weighted ... ] e
gwerlay analysis, The inverse distance |

weighted (IDW) procedure was uzed for

interpolation. These layers wede used Lo

assess the aquder polantial AHP s a

generally recognized and  commaonty .
uliiizad GIS-based methed for definealing X
GWPZ by considering multiple criteria.

This method facilitated the integration of

vanous thematic layers, wilh seven

distinct layers considered in this sludy.

These [xpesrs  are essontial 1o

understanding the storage and fow of

water in an area. The relationships

betwaen these infivencing factors were

assigned! to weights based on thelr

impact on the occurrence of groundwater

and gapert opinions. Figure 2. Flowehant of the used

methaasinm.

Parameters with higher weights indicated a greater influence, whereas
hose with lower weights had a lesser impacl on the groundwaler
potential. The assignment of weighls was accomplished by utilizing a
pairwise comparison matrix wilhin the analylic hierarchy process (AHP)
framework, as shown in Table1
ey

ww ____=wn

Suwaiyan, Amran A. Al Aghbari,
ran, Sawdd Arakad

iy, King Abdulazic Road, RO, Bax 1988, Naj

As shown in Figure 3, the groundwater
polential zones map in the Habawnah
Basin, categorized as having very low
(3.64 km?), low (2750.1 km?), moderate
(1488.44 km?), high (324017 km?),
and wery high (130.72 km?) petential.
These rones are dispersed throughout 5
the basin, where the highland regions
have a higher concentration of
extremely low and low groundwater
polential zones. Moderale polential
zones are generally found in the
midlands and lowlands with a high
drainage density. High-potential zones
are located in the midland and lowland
areas and are characterized by high
infiltration potential. Very high potential

groundwater zones prrimaariy | e = _|

characterize lowland areas, Fig 3, Shudy Area zones with potential for
PrOUNGAE BT FEROUECER

ter Potential Zones in the Habawnah Basin of S

<l

A _anadmll o

rabia: An AHP- and GIS-based Approach nsgmh;

ana Alyami

The presence of low- and vary jow-potential zones can be aunh-uicd_ w0
factors such as the presence of igneous rocks, sieep slopes. a_nﬁ high
drainage density. that groundwater buikdup is ooment(ated in fault-
hounded depressions and Wadis in different locations within the study
area, primarily in the easiern area. The findings of this study align with
previous investigations on groundwaler fiow in the Habawnah Basin,
indicating flow routes lypically in the eastern direction towards the
desert. The study also validated potential groundwaler ZOnes by
comparing them with data from observational wells, Of the 28 wells
analyzed, one fell within a low potential zone, seven within moderate
potential zones, and two within very high potential zones, while the
majority of the wells (18) were located in high potential zones. The
distribution of groundwater potential zones in the Habawnah Basin, with
very low to very high zones covering different percentages of the area,
aligns with the spalial variability observed in olher studies.

Tuhte 1 Coateusan of a Noemadized Pairmwise Comparisen Matric with seven biyers Fut

zankug of grousdwaer potemtial using AP

I T T i (e -y e b | el e

[I——_— £

e

e - - = " | = [

T |
- " " ¥ -

This study successfully employed GIS and AHP techniques to assess and
map the groundwater potential of a large basin in southem Saudi
Arabia. The resulling map divides the Habawnah Basin into five distinct
groundwater potential zones: very high, high, moderale, low, and very low.
Zones with very low and low groundwaler polential were more common in
highland areas. In contrast, regions with a high drainage density in the
midlands and lowlands frequently have moderate potential Zones.

Future studies should consider the inclusion of additional thematic layers,
such as aquder_ thicknass, pre-and post-monsoon groundwater depih,
leclf:arge rate, distance o Wadi, and the amount of water utilized for
Bg;:]cuthura;: and household purposes. Also conduct long-tarm monitoring
validate the results through field investigations, and inl :
P e e it tegrate socio-
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and its Implications for Drinking Purposes S =
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FEYEY [

of Groundwater Quality

Abdulnoor A Ghanim*

d semiarid regons of Saudi Arabia, where wates scarcity is an fsue,
manitoring groundwater guality 1§ crucial. The main goal af this study n_bu Jslae::. the
queadity of groundwater and invessigate the charscieristics aof water wedls in Najran Oy,
Saudi Arabia A total of 10 groundwater wolls in the study ared weng analysed f_ur
physical, chemical, and milcrobial properties. The piysical tests were conducted on-sile
far each well, while the chemical and micrabial 1S wene carmed out in the central
laboratory for water and saniation in Najran prowince. The resuits showed that the
physical and ricrobial properiss of all 10 wells were within the recommended limits
Hawever, the chemical anatysks results varied among the wells, with same howing
high levels of TDS, nitrate, chioside and 1otal hardness, making the water unsuitable
for drinking. This study highlights the imporiance of safeguarding drinking water in

Najran City through regular monsoring and treatment of groundwalter wellz,

B arid 20

Drinking water quality and safety continue to Ibe @ major public health concem.
According to the Warld Health Organization (WHOJ, improving water, sanitation,
and hyglene may prevent almost 9.1% of global iilnesses and 6.3 percent of all
fatalities [1]. Groundwater Is a vital resource for both urban and rural areas, as it
is widely regarded as the sole supply capable of fulfilling household and
aricultural demands in towns and villages 12]. Humerous studies have evaluated
saudi Arabia's drinking water quakity, A study focused on groundwater in Rivadh
region revealed that the levels of aluminum, barium, iron, mercury, manganess,
and selenium exceeding drinking water standards in some samples. This finding
reinforces concerns about the sultahility of certain water saurces in the area and
highlights the impartance of assessing different water types to guarantee public
health [3]. @ study conducted near Mecca explored well water quality with a fecus
an foad safety raised concerns abaut potential fond safety impacts on cultivated
vegetabies due to compromised water sources, Recent studies concluded that the
Wadi Najran basin has increased levels of TDS, hardness, and chioride, exceeding
WHO drinking water limits, Although groundwater isn't safe for drinking, it's
suitable for irigation [4). This study aims to fill this gap by investigating the
groundwater quality variations along Wadi Majran using multivariate statistical
analysis and geochemical modeling

i

The study area is located in Wadi Majran |
southern Saudi Arabia. s geographical
coordinates are 17°30'20" North, 44°11°3"
East, as shown in Fig. LThe semi-
mountainous. regien of Najran is situated
approximately 980 kilometers from Riyadh,
the capital, in the southwest comer of
Saudi Arabia. The wadi Najran basin acting
as a dosed shallow basin, its water
potential  hinges on the remarkable
properties of its underlying sediments. The
basin's floor s carpeted with  alluvial

depaosits, a treasure trove of sand, gravel, P -

and silt laid down by ancient rivers, Fig- 1. Location of #h study ses

. Abdulmohsen Ali Al-Swar1,Saleh Mah:
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-Haider1
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paring, Cobege of Engineenng. Majran Unsversity. King Abduaze Road, PO. Be

Methods and Material

This study employed a rigorous approach to anakyze the water quality of teq
wells across the Wadi Najran basin, Groundwater samples were collected
fram each well using 1-fiter pofyethylene plastic bottles to ensure minimnal
nation. Only functioning boreholes were selected to accurately
ality. The number of collected samples

= 7} samples from each groundwater
If, the first half (n = 10) were used

contami
represent the current state of water gu
were {n = 20] which refers to that n
well. Those 20 samples were divided to ha
o conduct the physical tests at the site of studied area, where the other ones
{n = 10) were taken to the lab for the chemical and microbial test. The

collected samples underwent comprehensive analysis within 12 Lab, covering

physical, chemical, and micreblal parameters.

Table 1 presents the average values of all the well water samples collected

from the study area for the following parameters: pH, electrical conductivity,
total diszolved solids, total hardness, total alkafinity, Fe,CL ND3, S04, Mg, C5,
Na, K, €1, ND3, S04, total microbial count, total coliforms, and fecal coliforms.
The World Health Organization (WHO) and Saudi Arabian  Standard
Organization (SASO) standard values for each of these elements are listed at
the final two raws of the same table. It has been demonstrated that all
measurements fram three groundwater wells fall within the permissible limits.
The remaining seven groundwater wells, on the other hand, displayed some
variation in terms of high total disselved solids, electrical conductivity, nitrate,
chiaride, sulfate, and total hardness.
Tabie 1 Physical, chemical and microbial analysis of major elements in samples of
groundwater wells coliected from Wadi Nagran basin

ol bl b g pi (IR

Based on the effects of a given dissolved matter when consumed in excess or
in smaller amounts, the World Health Organization and Saudi Arabian
Standard Organization have established a desirable limit and a maximum
allowable limit for it in water (WHO 2011, SAS0,1994) (Table 1). Assessing
water quality involves comparing these dissolved constituents to established
standards, which vary depending on the intended use. Whether for
agriculture, industry, or household needs, different water quality parameters
are priaritized.”

for various water quality para
table reveals a pattern of relatively

Table 2 presents the dlescriptive stati
analyzed in the water sarnples, Notably, the
high standard de ons (S0] for the concentralions of -Eh:.nmle. Mitrate, and
Sulphate comparad to their respective mean walues. This indicates considerable
yarlability in the data for these specific ions. Additionally, the table shows
<x yalues for these thre¢ pRrameters, suggesting that the data
distribution |s skewed to the right. While the reasons for this variability require
further Inwestigation, it's worth noting that ane well, specifically the Al-Shurfa
well, exhibits significantly higher concentrations of thesa ions compared to the
others. This finding suggests 3 potential localized source of contamination for
these specific parameters.A Pearson's correlation analysis was conducted (Table
1) to explore the relationships between various water qua parameters aCross
the sampling locations. This analysis considered a 5% significance level. The
negative  correlations between turbidity. pH, and iron warrant further
investigation to pinpoint the specific drivers behind these relationships.
Comversely, the strong positine correlations between other parameters suggest
potential common SOURCEs, geclogical ar anthropogenic, that merit exploration.
Table 2 Descriphve stanstics of waler quaily parameters of water samples of the study ared
i e i e e e

positive skewne

Table 3 Pearsan correlation matrix for the water guality parameters

The present investigation examined the chemical compeosition and the physical
and microbial characteristics of groundwater samples extracted from 10 wells.
The study revealed a concerning deviation from established safety standards.
Except for three wells that admirably fulfilled the strict requirements set forth by
SASO (1994) and WHO (2011), the other wells showed a number of alarming
patterns.. This terrifying image typically not appropriate for drinking, but it can
be used for agricultural and irrigation . Its is also necessary to create long-term
monitoring systems to monitor changes in the quality of the water and evaluate
the success af any treatments that are put into place. Implementing pollution
mitigation metheds, impreving sanitation, and looking into alternate water
sources are all critical steps towards protecting the health of Wadi Najran
Pﬁ)pl(‘ We can ensure that the community has access to clean, plentiful water
in the future by making thoughtful decisions.
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