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Abstract

Region of Béchar, located in southwestern Algeria, is characterized by an arid climate with a
Saharan tendency and faces increasing water demand due to economic and demographic
growth. This study aims to characterize the Turonian aquifer system, which represents a crucial
economic water resource for drinking water supply and irrigation. The interpretation of
hydrogeological and hydrochemical data has provided insights into the functioning of this
aquifer system. The piezometric map reveals a groundwater flow direction from the northeast to
the southwest, with an increasing hydraulic gradient towards the Djorf Torba dam. The recharge
of the aquifer occurs through meteoric water infiltration and lateral contributions from Atlas
aquifers. Hydrochemical analysis has identified dominant chemical facies and assessed water
quality for human consumption and agricultural use. Principal Component Analysis (PCA) was
applied to determine the mineralization processes, mainly influenced by the dissolution of
evaporitic formations.
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1. Introduction

Water-related issues are closely tied to sustainable development, as water resources must
meet both current and future generational needs [1]. In arid regions, particularly in the Maghreb,
water resources hold critical economic and environmental significance due to prevailing water
stress [2,3]. Various factors, including population growth, climate change, expansion of
irrigated areas, and industrial development, contribute to increased pressure on these resources,
making them vulnerable to contamination [4]. The Turonian aquifer in the Béchar region, part
of the Cretaceous Er Rachidia-Béchar Basin, is the primary groundwater resource, supplying
approximately 20% of the potable water demand for a population of over 192,900 inhabitants
(as of 2007). This aquifer is influenced by both anthropogenic factors and unfavorable climatic
conditions [5-7].

Previous studies (SONAREM, 1976; ANRH, 1994; Mekideche et al., 1995) have indicated
that the aquifer holds substantial reserves, primarily sourced from major springs like Boukais
and Djorf Torba. Effective water resource management necessitates a thorough understanding of
the aquifer's hydrogeological and hydrochemical characteristics. This study aims to evaluate the
hydrogeological potential and determine the physicochemical quality of the groundwater in the
Béchar region.
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2. Methods

2.1. Study Area

Béchar region lies at the foothills of the southern flank of the Pre-Saharan Atlas,
approximately 950 km southwest of Algiers. It belongs to the vast Cretaceous Er-Rachidia-
Boudenib Basin, covering around 8,000 km?. It is bordered to the north by the Djebel Antar
(1,960 m) and Djebel Horriet (1,461 m) massifs, to the south by Chebket Mennouna, to the east
by Djebel Béchar (1,512 m), and to the west by the Algerian-Moroccan border (Figure 1). The
region experiences an arid climate with Saharan tendencies, characterized by irregular annual
precipitation averaging 72 mm (1988-2008). Minimum recorded temperatures drop to 4°C in
January, while peak temperatures reach 40°C in July, with an annual average of 27°C [8, 9].
The mean evaporation rate is 306 mm, significantly exceeding precipitation levels, leading to
persistent drought conditions [7, 9].
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Figure 1 Geographical location of the study area

2.2. Geological and Hydrogeological

Béchar is part of the stable, cratonized Saharan platform, offering a diverse and well-
exposed geological landscape. Previous geological studies have identified formations ranging
from the Precambrian to the Quaternary [10, 11]. The lithological profile includes thick
limestone banks, alternating with shale and marl sequences, forming prominent cliffs along the
Béchar-Kénadsa-Djorf Torba route (Figure 2) [12]. The Turonian aquifer, a key regional water
source, consists of thick limestone and dolomitized formations [13, 14]. Its base comprises low-
permeability Cenomanian marls (15-50 m thick), while it's upper boundary is formed by
Senonian marls with gypsum and anhydrite layers (Figure 3) [15, 16]. The aquifer is unconfined
at the periphery but transitions to a confined system towards the basin center [17]. The most
exploited capture field is in Ouakda, where nine wells collectively produce about 116 1/s [18,
19].
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Figure 2 Geological map of the Béchar region
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Figure 3 Interactive transverse hydrogeological cross-section of the Turonian aquifer

2.3. Hydrogeological Conditions and Water Sampling

Hydrogeological assessments indicate that the Turonian aquifer is primarily recharged
by direct rainfall infiltration in exposed areas and secondary recharge through lateral inputs
from overlying and adjacent aquifers. Pumping tests conducted by ANRH in 2014 (at wells
PZ01-PZ04 in Ouakda) [19] revealed transmissivity values ranging from 10~ to 10™* m¥s [20],
permeability between 10™ and 10~ m/s, and a storage coefficient of approximately 10~ * [21].

Water samples were collected from 20 groundwater points across the Béchar-Kénadsa
Basin in May 2014. These samples underwent laboratory analysis at ANRH, focusing on major
ion concentrations (Ca®", Mg®", Na", K*, SO,*, HCO;, NO5") and physicochemical parameters
such as electrical conductivity, mineralization, and pH.

VOLUME 19, ISSUE 06, 2025 https://www.lgjdxcn.asia/ 202-211




LI N St O St Gt sty

N~ 7 i

ISSN No: 1008-0562 O lutural Science Exditian

3. Results and discussion

3.1. Piezometry

Piezometric map of the Turonian aquifer (Figure 4), established in May 2014, was
created based on measurements taken by agents of the National Agency for Water Resources of
Adrar (ANRH) during a campaign to measure the piezometric levels of this aquifer. This effort
led to the development of a new piezometric map (Figure 4). Due to the very limited number of
water points, the piezometric reconstruction was constrained by a lack of information in the
central part of the basin, where the piezometry was drawn based on data from a single borehole
(Saf-Safl) (Figure 4). This new map highlights the flow configuration of groundwater in the
Turonian aquifer. The general flow direction is from the northeast to the southwest. The map
reveals piezometric altitudes ranging from 697 to 850 meters. The highest values are located in
the eastern part of the study area, gradually decreasing towards the west until reaching the
natural outlet of the dam source (S-DJT), situated at the Djorf Torba dam. This configuration
indicates a convergent flow pattern for this aquifer. The hydraulic gradient, calculated from the
May 2014 piezometry, shows variations from east to west towards the Djorf Torba dam, with
values ranging between 0.33% and 0.4%. These variations may be influenced by the lithological
nature of the basin or by qualitative and quantitative variations in fracturing.
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Figure 4 Piezometric map of the Turonian aquifer, May 2014

3.2. Hydrochemistry

Water temperatures of the Turonian aquifer range between 20°C and 26°C. The high
temperature observed in some water points is attributed to the presence of nitrates (NO;"). The
pH of the groundwater in this aquifer has an average value of 7.19. The chemical analysis of
groundwater data reveals a wide variation in chemical composition. The recorded electrical
conductivity values range from 0.98 to 35 mS/cm, with an average of approximately 4.24
mS/cm, indicating that the water in the study area exceeds WHO standards. The spatial
distribution map of groundwater mineralization in the Turonian aquifer (Figure 5) shows a
logical increase along the flow direction. Generally, the aquifer presents values ranging between
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615 and 9542 mg/L, with the highest values characterizing water in the extreme southern part of

the study area.

This high mineralization is mainly linked to the lithological nature of the terrain. Low
mineralization values, not exceeding 1000 mg/L, are observed in the Boukais region and the
center of Béchar. These lower values may be influenced by the infiltration of rainwater and/or

runoff from the Dj. Horreit and Dj. Antar mountains, which act as recharge zones.

The results of the major element representation on the Piper diagram [22] indicate that
the groundwater of the Turonian aquifer exhibits a similar chemical facies of the chloride and
sulfate-calcium-magnesium type (Figure 6). The spatial distribution of these chemical facies is

primarily influenced by the lithological nature of the aquifer and recharge conditions.

2IW

—_
i

{

©

+  Frontitre internationale
Minéralisation (mg/l)

! 615

Ville
Oued principal
Barrage Djorf-Torba

pe

MR

615 - 1000

1000 - 1500

1500 - 9542

7 @

T

2530 o

/ \-\
e
&x‘ s
5 o
o/ o,
G/ ey
/ i
S/ N e o™
/ o e \
S \\
£ \
o Y
\\\ _.‘(
As N\ w
y A \\ __,r/ f,/ \\\
y !-’ \\ \._\ /'/ | (/ ‘
\ ¥ N
'f'l‘ “\'I‘\ /. \..‘7 Y
o/ &\ ) & &
= @\ /oE o\t
~ Q. “{‘ N\ / (9'7 ) .. \
/ .w N F il e, \
/ \\/ /. " 29" & \
° N XWX 3
;/ Y \ N/ a0 \\_
& LN/ % i VAL AN X
- Ca i CI+NO3 ol

Figure 6 Piper diagram of the Turonian aquifer waters
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3.3. Principal Component Analysis (PCA)

Numerous studies have focused on analyzing water chemistry data using multivariate
statistical techniques, among which Principal Component Analysis (PCA) is widely employed.
This method helps clarify the relationships between variables and the underlying processes
driving these associations [23-25]. A statistical study using PCA was conducted on 10 variables
and 20 sampling points from the Turonian aquifer in the study area during the year 2014. The
analysis of the factorial plane (F1/F2) indicates that more than 75% of the total variance is
explained, confirming the reliability of this approach. Strong correlations (0.51 < R < 0.93)
were observed among Mg>", Na', CI" , SO,”, and Ca®>" ions (Table 1). These elements are
positioned in the same direction along the F1 axis, which accounts for over 46% of the total
variance (Figure 7). This axis reflects the mechanisms responsible for groundwater
mineralization, primarily linked to the geological origin through the dissolution of evaporitic
formations and dolomitic limestone. Positive correlations were also observed between pH,
electrical conductivity, and HCOs = (0.81 <R < 0.95) (Table 1), grouping these elements along
the F2 axis, which explains over 29% of the total variance (Figure 7). This result suggests that
the high electrical conductivity of the water is influenced by the dissolution of Upper
Cretaceous formations. Factor 3 of the PCA, defined by K* and NOj, indicates that surface
water infiltration is primarily driven by the degradation of organic matter, likely due to
agricultural fertilizer inputs.

Tableaul Pearson correlation matrix between the chemical elements of the Turonian
aquifer

pH CE Ca”™ Mg Na" K’ Ccr S02- HCO3 NOj

PH 1

CE 0.95 1
Ca™ 029 -023 1
Mg2+ -0.37 045 0.63 1
Na* -0.05 0.11 091 086 1
K* 0.01 0.01 -0.06 -0.01 -0.14 1
Cr 0.01 0.07 093 084 0.99 -0.06 1
S0;~ -0.47  0.54 0.51 098 0.78 0.05 0.75 1
HCO3 0.81 -0.81 0.13 -0.34 -0.19 0.31 -0.12  -040 1
NO3 0.21 -0.05 020 028 0.24 -0.36 0.23 0.22 0.03 1
Variableg,(axes F1 et F2 : 75.15 %)
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Figure 7 Projection of variables on the factorial plane 1-2 (Mai 2014)
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3.4. Origin of the Main Chemical Elements

The examination of the gypsum saturation index in relation to Ca®" + SO42~ (Figure 8-a)
explains the dissolution of this mineral, showing a moderate correlation with a coefficient of
determination R2 = 0.589. This saturation index varies from -2.17 to 0.39 across all analyzed
samples. This confirms that the waters of the Turonian aquifer are undersaturated with respect
to gypsum, which primarily originates from the Senonian formation. Moreover, the absence of
correlation between the saturation index of water with respect to dolomite, based on Ca*’
Mg®" + HCO;" (Figure 8-b), contradicts the dissolution of these carbonate minerals, despite the
state of undersaturation, which is also attributed to the Senonian formation. The correlation of
Ca’" as a function of SO,2 (Figure 9-a) highlights an excess of calcium (Ca®"). This enrichment
in Ca”" is due to the Turonian aquifer's origin and the dissolution of the Senonian formation.
Furthermore, this suggests that the source of the latter is not sulfate-based (Figure 9-a). The
relationship between Nat and Cl™ shows that most samples are close to the reference line with a
slope of 1 (Figure 9-b), with an excess of Nat ions compared to Cl- ions. This result is attributed
to the dissolution of halite and/or anhydrite, as confirmed by the strong positive correlation
between these two ions, displaying a coefficient of determination R2=0.979 (Figure 9-b). The
proportional evolution between Ca?** + SO,>” and Ca?** + HCOj3™ confirms that the primary
source of Ca?" is mainly linked to the dissolution of carbonate formations in the Turonian
aquifer (Figure 10-a). These ion exchanges are further highlighted by the relationship (Ca?* +
Mg?*) - (HCO3;™ + SO4?7) as a function of (Na* + K* - CI17) [26, 27], represented in Figure 10-b.
These exchanges are characterized by a slope of -1, as indicated by the positioning of the
samples. In the absence of such exchanges, all sample points should be located near the original
reference point [28]. However, in the waters of the Turonian aquifer, Figure 10-b illustrates an
increase in Ca?" + Mg?* accompanied by a deficit in Na* + K.

1.5 ,
14 a (R*=0.589) L ge s .
0.5 . 0 F-ggi——------—————m—ooo
R s 214 ®
3 - - . E L%
&5-0.5 . . i R?=0,062
Z R 2-3
b 4 waq{ P
- ! =5
-2, s U
-2.5 = <7 = : 2 ;
0 20 40 60 80 100 0 49 60 80 100
Ca*+S0,2 (méq/M) Ca2‘+\"![g “+HCO; (méq/l)
Figure 8 Correlation of the gypsum saturation indices as a function of Ca’* + SO}~, (R’ :
Coefficient of determination) , relation between Ca’* / SOZ~
25 90
-
a 80 2= ]
55 | ‘ - R2=0.979 - b
= Droite de pente 1 . -
B g 60 // T
£ Y K P
;;“10 - //"/ ;; 40 // Droite de pente 1
o o z 30 o %
R 0
// .
0 = | [V
0 10 20 30 40 50 60 70 80 90 100 0 20 40 60 80 100
SO, (méq/) CI (méqg/M)

Figure 9 Relation between Ca’*/ SO, , relation de Na™ / CI
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4. Conclusion

A hydrogeological and hydrochemical characterization of groundwater was conducted
on the Turonian aquifer in the Er Rachidia-Béchar basin. This aquifer is distinguished by a
significant water storage capacity. Groundwater flow generally occurs from the northeast to the
southwest, with variable hydraulic gradients from upstream to downstream. The hydrodynamic
properties of the Turonian aquifer also vary, with calculated transmissivities ranging between
10" * and 10” * m?s. The hydrochemical study of the Turonian aquifer reveals considerable
chemical variability, which helps to clarify the functioning of the aquifer and the different
lithostratigraphic variations. The groundwater of this aquifer is characterized by a chloride- and
sulfate-calcium-magnesium facies, with electrical conductivity values ranging from 0.98 to 35
mS/cm. The waters of the Turonian aquifer are highly mineralized, mainly due to the
dissolution of Upper Cretaceous formations. Overall, the groundwater quality is good in the
Ouakda plain to the east. However, in the Méridja area to the west, the water quality is
unsuitable for drinking purposes but remains adequate for irrigation. The dissolution of gypsum,
halite, and/or anhydrite contributes to the salinization of the aquifer's water. This is in full
agreement with the state of undersaturation of the water with respect to these minerals. Sodium
(Na") and chloride (CI') ions primarily originate from the dissolution of halite and/or anhydrite,
while calcium (Ca®"), magnesium (Mg”"), and bicarbonate (HCO5') ions mainly result from the
dissolution of dolomitic formations. To build upon the findings of this study, future research
could focus on applying isotopic techniques to better quantify recharge sources and mechanisms
within the Turonian aquifer. Additionally, modeling tools could be used to simulate the impacts
of climate change and increased anthropogenic activities on groundwater quality and
availability. A comparative analysis with other aquifers in similar arid environments may also
enhance regional water management strategies.

5. Conflict of interest

The authors declare that they have no conflict of interest.

6. References

VOLUME 19, ISSUE 06, 2025 https://www.lgjdxcn.asia/ 202-211




10.

11.

12.

13.

14.

15.

16.

17.

18.

R~ R

ISSN No: 1008-0562 O) fatutral (Science Edtian

M. Nichane, M. A. Khelil, "Climate Change and Water Resources in Algeria:
Vulnerability, Impact, and Adaptation Strategy", Larhyss J., 2015, 21, 15-23.

N. C. Mondal, V. K. Saxena, V. S. Singh. " Assessment of groundwater pollution due to
tannery industries in and around Dindigul, Tamilnadu, India", Envi. Geol. 2005, 48, 149—
157.

R. R. Miguel, J. Benavente, and J. J.Cruz-San,M. M. Francisco, " Estimation of ground-
water exchange with semi-arid playa lakes (Antequera region, southern Spain) ", J. of Arid
Envi., 2006, 66, 272-289.

K. Natacha, W. Kwanruedee, C. Araya, and T. Supawan, " Quality changes and FTIR
characteristics of the house cricket (Acheta domesticus) during frozen storage", Asia-P. J.
of Sci. and Technol., 2024, 30, 01-09.

S. G. Blin, G. M. Soro, and N. N. Aka, " Hydrochemistry of Groundwater in the Adiaké
Region (Southeastern Coastal Cote d'Ivoire)", Larhyss J., 2014, 11, 193-214.

I. Farid, K. Zouari, A. Kallali, " Origin of the Salinity of Waters in the Chougafiya Basin
(Tunisia)", Water Sci., 2012, 25, 255-268.

A. Kabour, " Assessment and Management of Water Resources in an Arid Zone: Case of
the City of Béchar (Southwestern Algeria)", Larhyss J., 2011, 19, 7-19.

B. Kharfia, C. Amine, " Study and Means of Flood Control in the Oued Béchar Watershed
(Algeria)", J. of Rem. Sens. and GIS, 2014, 2 65-73.

K. Abdesselema, H. Azedineb, and C. Lyndac, " Groundwater hydrochemistry and effects
of anthropogenic pollution in Béchar city (SW Algeria)", Desa. and Water Treat., 2015, 57,
14034-14043.

S. Lachache, M. Nabou, T. Merzougui, and A. Amroune, " Hydrochemistry and origin of

LI\ St € S Gt sty

principal major elements in the groundwater of the Béchar—Kénadsa basin in arid zone,
South-West of Algeria" J. of Water and land devel., 2018, 36, 77-87.

S. Lachache, A. Derdour, I. Maazouzi, A. Amroune, E. Guastaldi, and T. Merzougui,
Statistical approach of groundwater quality assessment at Naama region, south-west
Algeria", Larhyss j., 2023, 55, 125-144.

A. Djalal, I. Maazouzi, S. Lachache, " Physical-chemical characterisation of the urban
wastewater — case study of the Boumerdes region, North — Algeria", J. of Water and land
devel., 2022, 54, 243-250.

A. Bouderbala, " Assessment of water quality index for the groundwater in the upper
Cheliff plain Algeria", J. of the Geol. soci. of india, 2017, 90, 347-356.

A. Belkendi,M. Habi, B. Morsli, " Evaluation of the physico-chemical quality of
groundwater in arid areas: case study (watershed of the Oued Bechar) in Bechar- Kenadsa
Region", Desa. and Water Treat., 2018, 107, 136-146.

I. Mokaddem, M. Belhachemi, T. Merzougui, and S. Lachache, " Hydrochemical
assessment and groundwater pollution parameters in arid zone: Case of the Turonian
aquifer in Béchar region, southwestern Algeria", J. of Water and land devel., 2018, 39,
109-117.

A. Mohammed, S. Mebarki, and B. Kharoubi, " Investigation of overexploitation
groundwater in arid areas: case of the lower Jurassic aquifer, Bechar province Southwest of
Algeria", App. water scie., 2023, 13, 102- 115.

S. Sadat, H. Mansour, A. Mekkaoui, and T. Merzougui, " Identification and evolution of

n

the Turonian aquifer case study: Cretaceous basin of Béchar, southwestern Algeria", J. of
Water and land devel. 2020, 46, 190-199.

S. Seddiki, E. Cherif, " Modeling of water demand management in an arid area: case of
Bechar city", Appl. water scie., 2021, 11, 87.

VOLUME 19, ISSUE 06, 2025 https://www.lgjdxcn.asia/ 202-211




19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

LN et O Liaoning Techical ity

.~ r 4

ISSN No: 1008-0562 O) fatutral (Science Edtian

S. Bentaleb, " Monitoring the spatial evolution of groundwater quality during its diversion
in the drinking water supply network in arid areas, ase of Bechar city (Algeria Sahara)",
Appl. water scie., 2024, 14, 118.

A. Bendida, M. Kendouci, and A. Tidjani, " Characterization of Algerian Sahara
groundwater for irrigation and water supply: Adrar region study case", J. of Water and land
devel., 2021, 49, 235-243.

A. Rafiga, M. Abderrahmane, and A. Sarra, " Turonian Aquifer in the Ouakda Pilot Area
(Béchar, S-W Algeria): Piezometric Monitoring and Perspectives", Inter. J. for Enviro. &
Global ClimateChange. 2015, 3, 56.

A. M. Piper, " Graphic procedure in the geochemical interpretation of water analyses",
Trans. Am. Geophys. Union., 1944, 25, 914-923.

Y. Benmoussa, B. Remini, and M. Remoun, " Quality assessment and hydrogeochemical
characteristics of groundwater in Kerzaz and Beni Abbes along Saoura valley, southwest of
Algeria", Appl. water scie., 2020, 10, 170.

A. Hamad, I. Abdeslam, T. Djebassi, and Y. Hamed, " Application of DRASTIC method
for determining the vulnerability of an alluvial aquifer: Morsott-El Aouinet north east of
Algeria: Using Arcgis environment", Intern J. of Energy and water ress., 2021, 06, 67-80.
A. Hamad, R. Hadji, B. Redhaoumia, and Y. Hamed, " Conceptual model for karstic
aquifers by combined analysis of GIS, chemical, thermal, and isotopic tools in Tuniso-
Algerian transboundary basin", Arab. J. of Geosc., 2018, 11, 409.

G. Garcia, D. Margarita, and A. Miguel, " Geochemistry of groundwater in the alluvial
plain of Tucuman province", J. of Hydro., 2001, 09, 597-610.

A. Derdour, M. Mahamt, and S. Chabane, " Evaluation of the quality of groundwater for its
appropriateness for drinking purposes in the watershed of Nadma, SW of lgeria, by using
water quality index (WQI)", App. scie., 2020, 2, 1951.

K. Pzand, and A. Hezarkhan, " Investigation of hydrochemical characteristics of
groundwater in the Bukan basin, Northwest of Iran" App. Water Scie., 2012, 02, 309-315.

Received: 20 June 2025
Accepted: 17 August 2025

VOLUME 19, ISSUE 06, 2025 https://www.lgjdxcn.asia/ 202-211




