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Abstract
Climate change has clearly affected the desert city of Bechar, located in southern Algeria, and this miserable situation for 
the supply of drinking water prompted the authorities to provide capabilities and funds to bring groundwater located 250 km 
away and transfer it to the city of Bechar. The characterization of these underground waters presents a bicarbonate-magnesian 
facies according to the diagram of Schöeller and Berkaloff; the representation of the data on the triangular Piper diagram 
shows that Boussir ground water has the magnesium bicarbonate facies. The calculation of the quality index (GWQI) shows 
that all samples taken from the boreholes belong to the good quality category. The long distance of diversion of this under-
ground water and the quality of the materials used in the project under a dry desert climate made us carry out the process 
of monitoring and tracking the quality of the water from the well until it reaches the consumer. The results revealed that all 
the levels of the physic-chemical parameters do not exceed the WHO portability standards, except that a variation of certain 
values was observed at the level of the storage tank, this variation due to the mode of filling and the mixing of water in tubular 
form, without eliminating the effect of water stagnation. If we technically know how to produce high-quality drinking water, 
we cannot always ensure a safe and sustainable water supply of the same quality in distribution networks and reservoirs; it 
is from this principle that our article is based in order to reinforce the monitoring role.
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Introduction

Sustainable access to water resources is a major concern for 
all countries in the Mediterranean Basin. Climate change, 
urban and demographic growth as well as the expansion of 
agricultural activities, expected in the region, is likely to 
exacerbate the water stress situation already affecting most 
of the southern and eastern Mediterranean countries (Kahl-
erras et al 2018; Mebarki et al. 2021).

Water intended for human consumption must not pose 
direct or indirect risks to health; for the water producer and 
the distributor, this requires obligations of results in terms 
of water quality parameters, but also obligations of means 

whether for raw water (where standards are dictated), the 
establishment of a protective perimeter around the water 
intake, an approval of the treatment sector and the reagents 
used, as well as materials, finally an obligation to maintain 
hydraulic structures (Bendida 2019).

The complexity of the chemical or biological reactions 
that occur on the network requires acting on the quality of 
the water produced but also in the operation of the distri-
bution network (Bendida et al. 2021). Experiments show 
that good water quality can only be maintained if a certain 
number of instructions for operating the networks and their 
accessories are followed (Bendida 2019; Kendouci et al. 
2016).

Water supply monitoring generates data on the safety and 
adequacy of the drinking water supply to help protect human 
health. Most current models for monitoring urban water sup-
plies come from developed countries and have significant 
shortcomings if applied directly elsewhere. There are dif-
ferences not only in socioeconomic conditions, but also in 
the nature of water supply services, which often include a 
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complex mix of formal and informal services (Benalia 2012; 
Kendouci et al. 2013a).

The management and design of the drinking water supply 
network stimulate several factors that can lead to deteriora-
tion of water quality. In a distribution system, the reservoirs 
perform three main functions: providing a buffer reserve 
to compensate for the differences between production and 
consumption, maintaining the pressure in the network, con-
stituting a reserve in the event of incidents and, in some 
cases, ensuring fire defense. The design of the reservoirs 
must make it possible to meet these essential functions, in 
particular, in the determination of the altimetry heights and 
the volume (Kendouci et al. 2019). However, in order to 
avoid the significant risks of degradation of the quality of the 
water in these structures, certain design rules must be taken 
into account from the outset of the project.

As in the other parts of the network, the renewal of water 
in the reservoirs is a necessary condition for the preservation 
of water quality. The residence time directly depends on the 
storage volumes. These volumes make it possible to ensure 
sufficient security of supply without exaggerating the resi-
dence time of the water in the structure. More generally, it is 
considered that the storage volume must be renewed within 
an interval of 1 to 3 days (Kendouci et al. 2019).

The shape of the tanks as well as the filling and empty-
ing devices must allow sufficient circulation of the water to 
avoid the formation of areas of stagnant water and there-
fore prevent the proliferation of germs. The design of these 
devices often requires the realization of a study on a physical 
model to optimize the mixing conditions.

The conservation of water quality is facilitated by a 
reduction in the residence time in the network. In urban net-
works, there is often a high mesh, which ensures quantitative 
security, imperatives of fire safety, makes it possible to deal 
with peak hours and facilitates water stoppages if necessary. 
However, it increases the residence time of the water in the 
network (Kadhim et al.2021).

In reservoirs, the residence time of water can increase 
depending on operating constraints, or even result from 
design errors for the design of singular points on the 
network.

The water residence time is not a single value for the 
network, but is represented by a statistical distribution. The 
average residence time of water in the network can be of the 
order of a few days, but certain volumes of water can stag-
nate for more than ten days in areas of the network where 
the flow is weak or the demand for almost no water. Studies 
have shown that stagnation problems favoring corrosion and 
deposits appear as soon as the water velocity is less than 
0.01 m/s (Kendouci 2013b).

The interactions between the water and the materials of 
the distribution network, that is to say the container, can 
be the cause of degradation of the quality of the water 

distributed. Direct contact between water and metal (cast 
iron) must be avoided in order to prevent any corrosion 
phenomenon.

Algeria, like countries affected by water stress (Kendouci 
et al. 2023), is in the category of poorest countries in terms 
of water potential, below the theoretical scarcity threshold 
set by the World Bank at 1,000 cubic meters per capita and 
year (Mebarki et al. 2021).

To meet the satisfaction of drinking water needs, for the 
city of Bechar, located in southwest Algeria, technicians 
and decision makers have sought other additional water 
resources, namely in the Jurassic aquifer of Mougheul 45 km 
north of the city, the Turonian aquifer of Ouakda 20 km 
northeast of the city and the great groundwater resource of 
the Boussir well field which is 250 km north of the town of 
Bechar which exploits the waters of the Albian aquifer.

The objective of this work is to characterize and monitor 
the physic-chemical quality of water from the well field to 
the consumer. To do this, a sampling campaign was under-
taken during the year 2023, in four locations on the course 
of the water flow, starting with the drilling then the pump-
ing station, the buffer tank then the reservoir storage and 
ultimately to the consumer.

The physical and chemical parameters measured at the 
site and in the laboratory made it possible to characterize 
these waters. The results made it possible to identify and 
evaluate the quality of water for human consumption (WHO 
standards).

Material and methods

Description of case study area

Bechar is located in southwest Algeria about 58 km south of 
the Moroccan border and 950 km southwest of the capital of 
Algiers with a surface area of 5050 km2. It is located at an 
altitude of 747 m, on the banks of the Oued Bechar which 
crosses the city from the northeast to the southwest (Fig. 1). 
The municipality of Bechar presents almost 63.01% of the 
total population of the province. In 2023, it has approxi-
mately 228,553 inhabitants.

Beni-Ounif, commune of the province of Bechar, is 
located northeast of the capital Bechar (Fig. 1). It extends 
over 16,600 km2, this commune is cut (crossed) by Oueds 
of Zousfana, Nemous, Melias and that of Sidi Abdelkader. 
The Boussir region well field (commune of Beni-Ounif) is 
located in an Albian water well field which extends over an 
area of 2,773.67 km2, north of the province.

The climate of Bechar city is monitored by a weather 
station located in longitude 31° 37′ 00″ N and in latitude 
02° 14′ 00″ W and with an altitude of 772 m, indexed by 
13 01 32. The station is managed by the National Agency 
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for Hydraulic Resources (Bekhira et al. 2018) (Kendouci 
et al. 2013a). As for the climate, the city of Bechar is 
located in the arid zone with a cold winter and hot sum-
mers. According to rainfall and temperature in Bechar 
city during the period 1985–2015, the maximum average 
annual rainfall appears in October with 21 mm; the mini-
mum of 2.3 mm is in July; the average annual precipitation 
becomes 72.97 mm. The rainy season extends from Sep-
tember to March, with a maximum in October. Minimum 
temperatures range from 3.4 to 26.6 °C, and maximum 
temperatures from 16.1 to 39.6 °C (ADE, 2023).

From a geological point of view, the study region is part 
of the transition zone between the Saharan atlas and the 
Saharan platform (Menchikoff 1936). It includes training:

1.	 The Jurassic: well developed in the Jebel but of lime-
stone and dolomite nature. On the other hand, at the 
level of Djebel Bou Yala and Fendi the Jurassic is per-
haps developed represented by evaporitic clays and dolo-
mites.

2.	 The Cretaceous: poorly exposed, it is essentially the 
Lower Cretaceous (Albian) of sandstone nature and it 
is an excellent water reservoir.

3.	 The tertiary sector: can also develop in the Béni Ounif 
region. Forms a thin calcareous shell.

4.	 The Quaternary: represented by the alluvium of the 
wadis, the regs and the sebkha.

In the study area, only one aquifer is exploited: the Lower 
Cretaceous sandstone aquifer (known as Albian) whose 
thickness is greater than 100 m, it is made up of more or less 
permeable hard sandstones, permeable sandy sandstones, 
semipermeable sandy sandstones and impermeable red 
clays, covering almost the entire syncline either in outcrop 
or at depth.

Water sources available

Dependence on groundwater remains to provide drinking 
water to the region still exists. Groundwater resources in the 
Bechar region are:

1.	 The Ouakda aquifer consisting of two aquifer levels 
(Turonian and Quaternary). The water resources of this 
aquifer estimated by the ANRH at 6700m3/d and are in 
a state of decline, because it is a field which has been 
exploited in the agricultural field in a random and unor-
ganized way, in addition to the unauthorized drilling, 
which requires putting it to rest and reducing production 

Fig. 1   Study site [our elaboration]
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by him to restore his energy, thinking another resource 
plus a meme of meet the needs of the city (ADE 2023).

2.	 The drinking water supply of Bechar has been strength-
ened by the recent commissioning in the region of 
Mouhguel in the north of Bechar near the Algerian–
Moroccan border. The Mougheul aquifer is a semi-cap-
tive aquifer with an average thickness of 64 m contained 
in the very cracked dolomitic limestones of the Lower 
Jurassic of the Koudiat El Haïdoura formation. It is the 
most important permeable base of the entire system 
in this region and even in the northern part of Bechar 
(Mebarki et al. 2021). Mougheul aquifer at a flow rate 
of 2600 m3/d in 2023.

3.	 The large-scale transfer project over 250 km of the 
Albian water pipeline network from the well field of 
the Boussir region (municipality of Beni-Ounif—north 
of province of Bechar) to the municipality of Bechar, 
partially commissioned since July 2020. The project cur-
rently allows the delivery of a quantity of 11,000 m3 for 
the needs of the drinking water supply of the population, 
with a global offer and daily capacity of 30,000 m3/d. 
The project considers as insufficient and unsecured, 
and these are the type of pumping channels which have 
proved to be little practical, especially in the event of 
leaks which produce there, which increases the time of 
repair and direct pumping for more than 48 h at least, 
which leads to a fluctuation in distribution given the fla-
grant lack of storage capacity in city (ADE, 2023).

Drinking water supply in the city of Bechar

The drinking water supply network of Bechar city extends 
over 620 km. For the gravity and pressure adduction, works 
are used as: 30 drillings, 5 pumping station of 36,190 m3 /d 
and 11 storage and distribution tanks with a total capacity 
of 34,250 m3. The network of Bechar city covers more than 
620 km of which: (i) 60% of pipes with a diameter of less 
than 200 mm (minimum diameter 15 mm), (ii) 35% of pipes 
with a diameter greater than or equal to 200 mm. The largest 
diameter is the DN 800-mm ductile iron (ADE, 2023).

Sampling and analytical methods

The sampling of Bechar waters has been carried out in the 
month of March 2023, was conducted in laboratory; we 
have conducted a total of (20) levies for the physicochemi-
cal analysis divided as follows: ten (10) drilling of Boussir, 
04 drilling capturing the Mougheul and (01) for the Ouakda 
(W20), and 4 samples to follow the change in physicochemi-
cal parameters are: at the drilling level, in the pumping sta-
tion, in the buffer tank, in the reservoir storage and finally at 
the consumer. The geographic coordinates (X, Y, Z) of each 
water point were measured using a GPS (Global Positioning 
System) (Table 1).

The methods of analyze described by Rodier (1996) were 
followed during field and laboratory work. The pH was 
measured by a pH meter, conductivity is given directly in 
µS/cm by conductivity meter and the turbidity was measured 
by turbidimeter. The other chemical parameters by different 
methods:

Table 1   Characterization of the drillings locations

Drillings Latitudes Longitude Altitude (m) Type of aquifer Depth (m) Mobilized 
flow (l/s)

Flow rate 
operated 
(l/s)

Boussir D1 31° 53′ 32.13″ N 0° 48′ 46.82″ W 862 Albian 550 44 44
Boussir D2 31° 52′ 29.39″ N 0° 48′ 38.12″ W 857 550 44 40
Boussir D3 31° 51′ 28.10″ N 0° 48′ 26.45″ W 854 550 38 38
Boussir D4 31° 50′ 22.84″ N 0° 48′ 16.02″ W 852 550 35 34
Boussir D5 31° 53′ 22.66″ N 0° 50′ 11.52″ W 866 550 49 48
Boussir D6 31° 52′ 22.96″ N 0° 50′ 8.54″ W 861 550 35 32
Boussir D7 31° 51′ 19.96″ N 0° 49′ 54.00″ W 855 550 30 20
Boussir D8 31° 50′ 17.51″ N 0° 49′ 45.95″ W 848 550 30 29
Boussir D9 31° 52′ 48.70″ N 0° 51′ 13.60″ W 867 550 29 27
Boussir D10 31° 50′ 48.95″ N 0° 50′ 51.33″ W 863 550 19 16
Ouakda W20 31° 45′ 4.11″ N 2° 4′ 5.12″ O 843 Turonian 90 20 16
Mougheul D2 32° 01′ 51″ N 02° 12′ 53″ W 1032 Lower Jurassic 152 40 14
Mougheul D3 32° 01′ 59″ N 02° 12′ 26″ W 1034 175 15 10
Mougheul D4 32° 01′ 57″ N 02° 13′ 29″ W 1033 200 11 11
Mougheul D5 32° 02′ 12″ N 02° 11′ 32″ W 1044 150 13 8.5
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•	 The calcium (Ca+2) and magnesium (Mg+2), chloride 
(Cl−) by titrimetry.

•	 The total hardness or the hydrotimetric title of the sam-
ples is determined by complexometry by titration with 
acid ethylene-diamine-tetracetique (EDTA).

•	 Sodium Na+ and potassium K+ are dosed by photometry 
of the flame.

•	 Ions sulfate (SO4
−2) rushed to the state of barium sulfate 

and assayed by gravimetry.
•	 Posphate, nitrite, manganese and iron are dosed by spec-

trophotometer.
•	 Nitrate is dosed by colorimetry.

The calculation of the ion equilibrium error is evaluated 
by taking the relationship between the total cations and the 
total anions for each sample of water. It is recognized that 
the anion-cation balance is less than ± 5% (Domenico and 
Schwartz 1997).

Results and discussion

Chemical facies of groundwater

Hydrochemical processes occurring in aquifers may affect 
groundwater chemistry.

The distribution of groundwater facies is primarily attrib-
uted to local geology and lithology, particularly in arid to 
semiarid regions (Al-Mashreki et al. 2023).

The purpose of the interpretation of the results of the 
analyses is to determine the chemical facies; for this, we used 
the graphic methods of Schöeller and Berkaloff. According 
to the diagram of Schöeller and Berkaloff in the year 2023 
(Fig. 2), we have found that drillings waters Mougheul and 
Boussie have the bicarbonate-magnesian facies, and the 
water point of W 20 has the chloride sodium facies.

The Piper’s trilinear diagram (Piper 1944) includes three 
triangles. (Back and Hanshaw 1965) have defined the subdi-
visions of the diamond field that have represented water type 
or categories that form the basis for one common classifica-
tion scheme for natural waters. Lithology, solution kinetics 
and flow patterns of the aquifer control hydrochemistry of 
any facies (Nemčić-Juree et al. 2017).

The representation of the data on the triangular Piper 
diagram of the companions 2023 (Fig. 3) shows that water 
points of Mougheul and Boussir have the magnesium bicar-
bonate facies, and the water of drilling W20 has the facies 
mixed type.

To classify the groundwater and to identify the hydro-
chemical processes, a Chadha diagram (Chadha, 1999) is 
used (Fig. 4). This diagram is a modified version of Piper 
diagram (Piper, 1994) and the expanded Durov diagram 
(Durov, 1948) (Fig. 5) (Madhuri, 2013).

Applying Chadha diagram to groundwater allows us to 
see which samples from Mougheul and Boussir are found 
in group 1, drilling W20 in group 2 (Fig. 4). Group 1 con-
tains water samples located near the limit of limestones; 
these are therefore the recharge waters. This is water with 
a low dry residue content and a calcium bicarbonate type. 
Those in group 2 are waters characterized by an excess of 
Ca and Mg to the detriment of Na + K. These are waters of 
medium salinity where the presence of Ca and Mg is due to 
the alteration of Ca2+rich minerals other than carbonates, 
probably gypsum and/or anhydrite.

Durov diagram (Fig. 5) can explain group (a) corresponds 
to the dissolution of minerals rich in calcium (calcite and 
gypsum). In group (b), we find the box where the composi-
tion of the water is the result of the reactions of mixed waters 
of different origins. Group (c) indicates water mixing and 
ion exchange.

Irrigation water quality

Irrigation has made a significant contribution to support-
ing the population’s expanding food demands, as well as 
promoting economic growth in irrigated regions (Eid et al. 
2023).

Groundwater has become the primary source of water use 
in the agricultural sector of many countries where river sys-
tems, drainage and wastewater recycling are not sufficient. 
Therefore, poor groundwater quality for irrigation purpose 
is a matter of worry in recent years (Kishan et al. 2018).

Exchangeable sodium percentage (ESP)

The percentage of Na has been calculated using Eq. (1).

where all the concentration units are in meq/l. The sodium 
reacts with soil to reduce its permeability; higher amount of 
sodium in water has reduced crop yield. (Wilcox 1955) has 
used ESP and EC to classify groundwater and divided into 
five categories. It is recommended that the ESP should not 
exceed 60% in water which is used for irrigation purposes 
(Nemčić-Juree et al. 2017). All the Mougheul and Boussir 
water samples have low concentration of Na% and fall in 
excellent category; the water of the well W20 lies in the 
category of good (Fig. 6). Hence, generally water is suitable 
for agriculture application.

Water quality indices for human consumption

To guarantee the protection of the environment and human 
health, it is important to examine water quality. The pri-
mary step involves assessing the overall water quality and 

(1)ESP =
[

Na + ∕
(

Ca+2 +Mg+2 + Na+ + K+
)]

× 100
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then detecting the source of pollutants to mitigate pollution 
levels.

The groundwater quality index (GWQI) method reflects 
the composite influence of different equation in accordance 
with WHO standards:

(2)

QI =
�

SIi =
�

Wiqi =
�

��

wi
∑i=1

n
wi

�

. ∗
�

Ci

Si
∗ 100

�

�

with Ci, concentration of each parameter; If, limit value of 
each parameter set by WHO; wi, the weight of each param-
eter according to its relative importance in the quality of 
drinking water; qi, quality rating for each parameter; Wi, the 
relative weight; and SIi, the subindex of parameter i.

The calculation of the quality index (GWQI) shows that all 
samples taken from the boreholes belong to the good quality 
category.

Fig. 2   Schöeller-Berkaloff analysis diagram in 2023, using the Diagram Software of the Avignon Hydrogeology Laboratory version 6.6
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Physicochemical parameters

Hydrogen potential (pH)

pH is important in almost all phases of water treatment. 
The ideal pH level of drinking water is between 6 and 
8.5. The pH value of water is used to determine whether 
water is hard or soft. Pure water has a pH of 7, and water 
lower than 7 pH is considered acidic. Acidic water some-
times contains metal ions such as manganese, copper, lead 
and iron. Acidic water causes damage to metal piping and 
has a sour taste. A neutralizer is typically used to treat a 
low-pH water system. Water with a pH above 8.5 is con-
sidered hard water and typically has a bitter taste. Hard 
water typically does not pose any health risks.

According to Fig. 7, the pH has an increase from the 
drilling 7.71 toward the buffer tank 7.88, and a decrease 
until the consumer 7.83, the rate of increase of Ph at the 
consumer compared to the drilling is reached 2%.

Electric conductivity (EC)

The conductivity is determined by measuring the electrical 
resistance of the solution. From the conductivity, we can 
assess the degree of salinity of the water; it is also a func-
tion of the temperature; it increases with the concentration 
of ions in solution and the temperature.

Figure 8 shows that the conductivity in the water may 
increase from the drilling to the buffer tank (760 μS/cm, 765 
μS/cm), then a large increase in the reservoir storage (up to 
871 μS/cm), which is justified by the addition of chlorine 
in the tank, the mode of filling and the mixing of water in 
tubular form, the mode of filling, the mixing, the stagnation 
and the residence time of the waters in the reservoirs, finally 
the value decreased to 738 in the case of distribution to con-
sumer the rate of decrease of conductivity at the consumer 
compared to the drilling is reached 3%. In addition to the 
WHO standard, the results obtained are lower than the stand-
ards (2700 μs/cm) for the conductivity of drinking water.

Fig. 3   Piper triangular diagram 
in 2023, using the Diagram 
Software of the Avignon Hydro-
geology Laboratory version 6.6
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Fig. 4   Chadha diagram in 2023, 
using the Diagram Software 
of the Avignon Hydrogeology 
Laboratory version 6.6

Fig. 5   Durov diagram in 2023, 
using the Diagram Software 
of the Avignon Hydrogeology 
Laboratory version 6.6
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Salinity

Salinity is measured by reading the electrical conductiv-
ity of water. The relationship between them is direct, the 
higher the salinity, the greater the conductivity. Figure 9 

shows that the salinity content underwent a stabilization 
between the drilling to the buffer tank of around 0.3 mg/l; 
then an increase between the buffer tank and the refill tank 
(0.4 mg/l), finally a decrease until distribution to the con-
sumer. The peak increase the salinity in the reservoir is 

Fig. 6   Illustration of ESP of 
groundwater samples of the 
Mougheul, Boussir and W20 in 
2023, using the Diagram Soft-
ware of the Avignon Hydrogeol-
ogy Laboratory version 6.6

Fig. 7   Monitoring of the spatial 
evolution of the pH
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justified by the same reasons previously mentioned in the 
conductivity.

Turbidity

Turbidity is the measure of relative clarity of a liquid. It 
is an optical characteristic of water and is a measurement 
of the amount of light that is scattered by material in the 
water when a light is shined through the water sample. At 
high flow, water velocities are faster and water volumes are 
higher, which can more easily stir and suspend and cause 
higher turbidity. Many consumers equate turbidity with 
safety and consider turbid water as being unsafe to drink. 
This response is exacerbated when consumers have been 
accustomed to receiving high-quality water. As a guide, 
“crystal clear” water has turbidity below 1 NTU, and water 
becomes visibly cloudy at 4 NTU and above (WHO 2017).

Figure 10 shows that the turbidity is stable  0.5NTU 
between the drilling and the pumping station, then decreased 
in the buffer tank, then increased to 0.9 NTU in the reser-
voir storage (the turbulent), finally decreased to 0.4 NTU 
at the consumer (the stagnation), and the rate of decrease 
of conductivity at the consumer compared to the drilling is 
reached 20%.

Turbidity should ideally be kept below 1 NTU because 
of the recorded impacts on disinfection. This is achievable 
in large well-run municipal supplies, which should be able 
to achieve less than 0.5 NTU before disinfection at all times 
and an average of 0.2 NTU or less, irrespective of source 
water type and quality (WHO 2017).

The complete alkalimetric title (CAT)

The alkalimetric total title corresponds to water content in 
free alkaline, carbonates and hydrogen carbonates which 

Fig. 8   Monitoring of the spatial 
evolution of the electric con-
ductivity

Fig. 9   Monitoring of the spatial 
evolution of the salinity
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originally comes from the limestone bedrock of the water-
shed that gives water its bicarbonate nature (Jamali and 
Amir 2017).

Figure 11 shows that the complete alkalimetric title 
underwent an increase between the drilling and the buffer 
tank 25 mg/l; then a decrease to the consumer 10 mg/l, the 
rate of decrease of CAT at the consumer compared to the 
drilling is reached 15%.

The highest desirable limit prescribed by WHO is 
250 mg/l for drinking purposes. So, the alkalinity is in 
many samples above the prescribed limit. However, the 
alkalinity characteristic has been demonstrated contribute 
in the stability of water by control its aggressiveness to the 
pipes and appliance (WHO 2006). In fact, for some metals, 
alkalinity (carbonate and bicarbonate) and calcium (hard-
ness) also affect corrosion rates.

Hydrotimetric title (total hardness)

Total hardness of water is not pollution parameter but 
indicates water quality mainly in terms of Ca2+ and Mg2+ 
expressed as CaCO3. The calcium is generally the domi-
nant element of the drinking waters, and its content var-
ies essentially following the nature of the lands crossed 
(chalky or gypsies land) (Rodier 2009). High hardness 
promotes scaling; low hardness promotes corrosion.

Figure 12 shows that the total hardness underwent an 
increase between the drilling and the buffer tank 29 mg/l; 
then a decrease to the consumer 20  mg/l, the rate of 
decrease in total hardness at the consumer compared with 
drilling is 26%. (The use of soda therefore makes it pos-
sible to lower the hardness of water.) The results obtained 
show that all the waters analyzed (100%) are fresh, 

Fig. 10   Monitoring of the spa-
tial evolution of the turbidity

Fig. 11   Monitoring of the spa-
tial evolution of the alkalimetric 
total title
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according to the drinking water standards established by 
the WHO.

Oxidizable materials

Oxidability tests are used instead of total organic carbon 
(TOC) tests to determine the concentration of organic mat-
ter present in a water supply. The limit for oxidizability is 
5 mg/l of oxygen.

According to Fig. 13, the oxidizable matter (OM) has 
undergone an increase between the drilling and the pumping 
station 1.2 mg/l; and a decrease measured at the consumer 
0.6 mg/l, the rate of decrease in oxidizability at the con-
sumer compared with drilling is 40%.

Dry residue

The dry residue corresponds to the weight of all dissolved 
solids per liter of water; the water is obtained by evaporation 

after elimination of suspended solids. The purity of water is 
measured by the amount and size of dry residue it contains. 
Water with a low residues level is healthier and more pleas-
ant to drink.

Results of the determination of the total amount of min-
erals (calculated as dry residue at 180 °C) are shown in 
Fig. 14; the dry residue content has undergone an increase 
since drilling up to the consumer 419 mg/l, justifying this 
progressive increase by justifying this gradual increase by 
the increase in water discharge and then the sediment depos-
its in the pipes. According to the total mineral quantity (in 
mg/L), the waters of the samples belong to the category of 
low mineral waters (< 500). The rate of increase of dry resi-
due at the consumer compared to the drilling is reached 40%.

Calcium (Ca+2) and Magnesium (Mg+2)

Calcium is generally the dominant element in drinking 
water, and its content varies mainly depending on the nature 

Fig. 12   Monitoring of the 
spatial evolution of the total 
hardness

Fig. 13   Monitoring of the spa-
tial evolution of the oxidability
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of the terrain crossed (limestone or gypsum soil) (BRGM 
2006). The magnesium is an element that often accompa-
nies calcium, and comes from the dissolution of dolomites, 
dolomitic limestones and ferromagnesian minerals (BRGM 
2006).

Maximum allowable limit of calcium and magnesium in 
the drink water is 200 mg/L and 150 mg/L as suggested by 
the WHO limit. In the samples, the calcium and magne-
sium content in the water varied from 32 to 48 mg/L and 
33–40.8 mg/L, respectively (Fig. 15).

From the figure below, the contents of calcium and 
magnesium underwent a small increase between the drill-
ing and the buffer tank; and a decrease between the buffer 
tank and the reservoir storage is a final stabilization up to 

the consumer. (The use of soda therefore makes it possible 
to lower the hardness of water.) The rate of decline of the 
calcium of the consumer in relation to the drilling is 27%, 
and the rate of decrease of the magnesium of the consumer 
compared to the drilling is 13%.

Sodium (Na+) and Potassium (K+)

Sodium is mostly found in natural waters, whereas the potas-
sium content of natural water is usually less than that of 
sodium.

According to Fig. 16, we note that the sodium content 
has undergone a small increase between the drilling and 
the pumping station of 31 mg/l; and a final decrease to 

Fig. 14   Monitoring of the spa-
tial evolution of the dry residue
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Fig. 15   Monitoring of the 
spatial evolution of the calcium 
(Ca+2) and magnesium (Mg+2)
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the consumer 13 mg/l, in well water the sodium concen-
tration is higher than the piped. The potassium content 
underwent a small increase between the drilling and the 
pumping station, then a decrease in the buffer tank, then 
an increase in the reservoir storage, finally a decrease at 
the consumer. The rate of decrease of the sodium of the 
consumer in relation to the drilling is 57%, and the rate 
of increase of the potassium of the consumer compared 
to same source is 133%.

The results indicate that the sodium and potassium 
contents in all the water samples are well within the per-
missible limit as per guideline laid down by the WHO 
standard (250 mg/l and 12 mg/l, respectively).

Chlorides (Cl−) and Sulfates SO4
−2

Both chlorides and sulfates contribute to the total mineral 
content of water. High concentrations of either sulfate or 
chloride ions add to the electrical conductivity of water. 
Chlorides can have several origins and are mainly linked to 
the dissolution of salt fields. The dissolution of these salts is 
very easy; hence, their presence in high concentrations in the 
waters having crossed the clay-sandy or clayey formations. 
Thus, they can also come from human action from highway 
relief, or by contamination by wastewater (BRGM 2006). 
Chlorides give an unpleasant taste and pose the problem of 
corrosion in pipes and tanks from 500 mg/l (WHO standard) 
(Mebarki et al. 2021).

Sulfates are present in natural waters at very variable lev-
els, and they can come from the dissolution of gypsum. They 

Fig. 16   Monitoring of the 
spatial evolution of the sodium 
(Na+) and potassium (K+)

Fig. 17   Monitoring of the spa-
tial evolution of the chlorides 
(Cl−) and sulfates SO4

−2
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also depend on industrial waste. Sulfates are very soluble 
and also very stable elements (BRGM 2006).

Figure 17 shows that the chloride content underwent a 
small increase in the pumping station of 0.6 mg/l; then and 
a remarkable increase up to the subscriber 180 mg/l. The 
sulfate content underwent a small increase between the drill-
ing and the pumping station of 0.5 mg/l; and a successive 
decrease until the consumer 73 mg/l. The rate of increase of 
the chlorides of the consumer in relation to the drilling is 
doubled due to the addition of chlorides in water treatment 
technologies, and the rate of decrease of the sulfates of the 
consumer compared to same source is 14%.

Iron (Fe2+) and Manganese (Mn2+)

Iron and manganese are an abundant metal found in the 
Earth’s crust. It is naturally present in water but can also be 
present in drinking water from the use of iron coagulants 
or the corrosion of steel and cast iron pipes during water 
distribution (Elahcene et al. 2019).

Iron is an essential element in human nutrition. (WHO 
2006) states that, values of up to 0.3 mg/L. The studied sam-
ple ranged from 0.01 to 0.04 mg/L, so it does not present 
a hazard to health. High levels of manganese also cause 
objectionable tastes in the water, but there are no particular 
toxicological connotations. The WHO recommends a guide-
line value of 0.1 mg/L. The average manganese of water 
in samples varied between below the limit of detection to 
0.03 mg/L.

Figure 18 shows that the iron content underwent stabi-
lization between the drilling and the buffer tank of around 
0.04 mg/l; and a decrease to the consumer 0.01 mg/l. The 
content of manganese underwent stabilization between the 

drilling and the pumping station 0.01 mg/l; then an increase 
between the pumping station and the buffer tank, then sta-
bilization toward the reservoir storage, finally an increase 
dear to the consumer of 0.03 mg/l. The rate of decrease of 
the iron of the consumer in relation to the drilling is 7%, 
and the rate of increase of the manganese of the consumer 
compared to same source is doubling twice.

Nitrates (NO3
−) and Nitrites (NO2

−)

It is a very soluble form, and its presence in water is linked 
to fertilizers, nitrate ion (NO3

−) is the most oxidized form of 
nitrogen. Natural sources of nitrate are mainly rain and inter-
actions with soil and vegetation. Anthropogenic sources of 
nitrate are numerous and are mainly linked to the leaching of 
fertilizers and to domestic and industrial discharges (BRGM 
2006). The nitrate contents are between 11 at consumer and 
67 mg/l at drillings level which exceeds the limits recom-
mended by the WHO (50 mg/l).

While the increase in the nitrite because either ammo-
nium oxidation or reduction of nitrate by denitrification 
(Mebarkia et al. 2017). All the water samples had traces of 
nitrite 0.01–0.02 mg/L (Fig. 19). The World Health Organi-
zation required that nitrites be minimal because they consti-
tute substances that cause cancer and anemia (WHO 1999).

According to Fig. 19, we note the content of nitrate in the 
drilling 67 mg/l underwent a decrease until the subscriber 
11 mg/l, and the rate of increase in nitrate at the consumer 
compared to the drilling reached 16%. The content of nitrite 
underwent a stabilization of 0.01 mg/l between the drilling 
and the buffer tank then and an increase until the reservoir 
storage finally a decrease until the consumer 0.01 mg /l due 
to water treatment techniques.

Fig. 18   Monitoring of the 
spatial evolution of the iron 
(Fe2+) and manganese (Mn2+)
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Phosphate (PO4
3−)

The major sources of nitrate and phosphate come from 
human activities, primarily through the addition of fertilizers 
to crops, lawns and gardens, from municipal and home sew-
age systems and animal feed. The World Health Organiza-
tion (WHO) has set safety limits for the allowable concentra-
tion of phosphate for no more than 1 mgL − 1, respectively, 
in drinking waters (Yang et al. 2010). Therefore, effective 
removal of excess nitrate and phosphate from water is criti-
cal to prevent eutrophication and restore water quality.

Figure 20 shows that the phosphate content increased 
between the drilling and the buffer tank of 0.08 mg/l then 
decreased to the consumer of 0.05 mg/l and the rate of 
increase phosphate at the consumer compared to the drill-
ing reached 150%.

Conclusion

This study was conducted to give the monitoring the spa-
tial evolution of groundwater quality during its diversion 
in the drinking water supply network Bechar city, in order 
to assess its quality for drinking water supply and irriga-
tion. The need for this research is due to the knowledge 
of the effect of the length of supply pipes and distribution 
in the drinking water supply network, the mixing of water 
in the reservoirs and their filling mode, and the residence 
time of the stagnation of water in reservoirs and in pipes 
on the spatial evolution of groundwater quality. The phys-
icochemical study of the groundwater of Bechar city shows 
that according to the diagram of Schöeller and Berkaloff, 
we have observed that the groundwaters of Mougheul and 
Boussir have the bicarbonate-magnesian facies, and the 

Fig. 19   Monitoring of the 
spatial evolution of the nitrates 
(NO3

−) and nitrites (NO2
−)

Fig. 20   Monitoring of the spa-
tial evolution of the phosphate 
(PO4

3−)
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water point of W 20 has the chloride sodium facies. The 
representation of the data on the triangular Piper diagram 
shows that water points of Mougheul and Boussir have 
the magnesium bicarbonate facies, the water of drilling 
W20 has the facies mixed type. Application of the Chadha 
diagram to groundwater allows us to see that the waters of 
Mougheul and Boussir are found in the recharge waters, 
and the W20 drilling waters are waters characterized by an 
excess of Ca and Mg to the detriment of Na + K. These are 
waters of medium salinity where the presence of Ca and 
Mg is due to the alteration of minerals rich in Ca2 + other 
than carbonates, probably gypsum and/or anhydrite. The 
Durov diagram shows that drilling W20 corresponds to the 
dissolution of minerals rich in calcium (calcite and gyp-
sum). The waters of Mougheul are found in the box where 
the composition of the water is the result of the reactions 
of mixed waters of different origins. The waters of Bous-
sir indicate the mixing of water and the exchange of ions.

The classification according to the Wilcox diagram shows 
that all the Mougheul, Well W20 and Boussir water sam-
ples are good quality. The calculation of the quality index 
(GWQI) shows that all samples taken from the boreholes 
belong to the good quality category.

The monitoring the spatial evolution of groundwater qual-
ity during its diversion in the drinking water supply network 
Bechar city shows that the total hardness of all the waters 
analyzed (100%) is fresh. The measure of turbidity is evi-
dence that the water is pure. The dry residue shows that the 
waters of the samples belong to the category of low min-
eral waters. The water samples remain drinkable, according 
to the drinking water standards of the WHO, except that a 
variation of certain values was observed at the level of the 
storage tank, this variation due to the mode of filling and 
the mixing of water in tubular form, without eliminating the 
effect of water stagnation.

We can justify the changes that occurred in the path of 
diverting water to the consumer as follows:

The variation in water quality at the level of boreholes is 
generally due to:

Infiltration of runoff water, penetration of microfauna and 
introduction of contaminated materials due to design flaws 
due to the direct access route above the body of water or 
poorly protected, ventilation holes above from the body of 
water or poorly protected, poorly protected overflow drain-
age pipe and the catchment exposed to daylight.

At reservoir level, the main causes of changes in water 
quality are:

•	 Water stagnation due to over sizing for fire defense and 
when the reservoir acts as an end and balance reservoir.

•	 Infiltration of runoff water, penetration of microfauna and 
introduction of contaminated materials due to ventilation 
openings above the water body or poorly protected.

•	 Heating of the water due to insufficient thermal insu-
lation, especially since the region of Bechar is an arid 
Saharan zone where the temperatures are very high.

•	 Poorly protected overflow water drainage pipe and defec-
tive external sealing which allow the penetration and 
infiltration of runoff water.

At the network and consumer level, quality has suffered 
a decrease due to:

•	 Stagnation of water in the pipes (main and secondary) 
and formation of deposits due to:

•	 High mesh of secondary pipes (creation of balancing 
zones).

•	 Over sizing of secondary antennas for fire protection 
or for other non-permanent reasons.

•	 Isolated neighborhoods with low consumer density.

•	 Leaks which would allow an intrusion of polluted water 
in the event of depression.

•	 High flow velocity (excessive consumption, bleeding and 
rupture of a pipe).

•	 Flooding of a suction cup manhole.
•	 Depression in the public distribution network (water 

cutoff, excessive consumption and rupture of a pipe) or 
pressurization of a private distribution installation of 
drinking water, raw or rainwater

•	 Warming of the water due to the strong summer heat with 
warming of the ground.

•	 Permeable nature of conveying material and unsuitable 
material for potable water supply.
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