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The supply of groundwater of acceptable quality has grown to be a major
problem in many parts of the world, especially in locations near coasts that
are impacted by seawater incursions, like the one under consideration. The
main objective is to determine the groundwater's hydrogeochemical
characterizations and their indicators, as well as its potential for scaling and
corrosion. Samples of groundwater were taken from twelve pumping well
locations. Major ions determination was the main focus of analyses carried
out in accredited labs using standardised procedures. Gibbs diagrams, pipers
trilinear, Durov, bar charts, radial plots, Chadha, and stiff diagrams are among
the graphical techniques used. For water scaling and corrosion prediction,
water stability indices such the Langelier saturation index (LSI), Ryznar
stability index (RSI), Puckorius scaling index (PSl), and Aggressive index (Al)
are utilized. The hydrochemistry results indicate that all of the water samples
are alkaline and indicate that all groundwater samples are neutral to slightly
alkaline. In the groundwater cationic dominance pattern, the predominant
hydrochemical cations are Na* > Ca2* > Mg?* > K*; whereas the following is

the order of the primary anions in groundwater: ClI~ > SO42™ > HCO3-> CO3".
Based on Piper diagram all of the samples represents Na*- K*-CI~ - SO42" ions
revealed an acids HCO3™ is the major anion. For Durov diagram, water
samples are concentrated in the Cl- domain of the anionic triangle and Ca2*-
(Na*-K*) lon exchange and the carbonate weathering zone are represented by
the cationic triangle domain. The Chadha diagram showed that brackish water
was mostly composed of Na* and CI ions. Stiff diagrams demonstrate that
whereas sodium, potassium, and calcium predominate in the cations, chlorine
predominates in the anions with less bicarbonate. LSI, RSI, PSI, and Al are
examples of water stability indicators that show scaling and corrosion
potential.

I. Introduction

Groundwater is the most commonly used source of water supply worldwide. Depletion is an urgent worry,
though, as rising demand has resulted in notable drops in groundwater levels. 97% of fresh water on Earth comes
from groundwater, which is a significant water supply. According to [1], half of the water is set aside for
drinking and the other half for watering. Inadequate water quality is the root cause of numerous illnesses and
environmental issues. In order to satisfy human and other demands, water quality is just as crucial as its quantity
and availability [2]. Groundwater with an excess of cations and anions is essential to millions of people [3]. An
essential method for resolving many geochemical issues has been the character of groundwater in various
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aquifers over time and space ([4], [5], [6], [7]). Many different elements can dissolve in groundwater as a result
of interactions with the atmosphere, surface environment, soil composition, and bedrock [8].Water quality is
influenced by the total dissolved solids, which are determined by the solute load of the water. It is a very helpful
indicator of the degree of pollution and contamination, soil or rock mass impacts, mode of formation within
hydrological cycles, and geological evolution, among other things. Because groundwater has been in touch with
rock for a longer period of time than shallow or young water, it often has substantially higher concentrations of
most constituents.

Sea Water Intrusion

Sea water intrusion occurs when saline (salty) water from the ocean is drawn into a freshwater aquifer
(groundwater source). Freshwater aquifers along the coast may be vulnerable to sea water intrusion due to
physiographic and hydrogeologic conditions (Figure 1 at top). Sea water intrusion can affect a single well or
multiple wells.

Pumping and changes in sea level and/or groundwater levels can cause sea water to migrate landward (Figure 1
at bottom). A large portion of a freshwater aquifer could be impacted if a single well is over-pumped or if
multiple wells are pumping. Sea water intrusion may be permanent or take many years to reverse [(9,10)].

Land surface

Water table
Seawater

Freshwater

Pumping r‘b
Land surface - well

Water table

Seawater

Saline groundwater

Fig. (1): Freshwater and saline groundwater has a natural equilibrium (A; top). Pumping or other disturbances can lead to
landward migration of the interface between freshwater and saline groundwater.
The primary objectives of this study are to distinguish the impacts of seawater introusion into groundwater
aquifers and to evaluate groundwater quality throughout calculation of their chemical indicators and the
prediction of potential for scaling and corrosion processes in transmission pipelines or storage tanks.

Materials and Methods

The water samples were collected fro twelve pumping wells, designated GW1 through GW12 through autumn
season. These wells are spread over several zones and encompassing Tobruk City as well as its suburbs,
provided groundwater data. Using various analytical procedures, the samples are examined both chemically and
physically.
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The APHA [11] technique was followed in the chemical analysis of both cations and anions. The dissolved
components can be conveniently separated into significant components, such as the dominating anions and
cations. Sodium (Na*), potassium (K*), calcium (Ca?*) and magnesium (Mg?*) are dominant cations and
bicarbonate (HCOg3Y), sulphate (SO4*) and chloride (CI") are dominant anions. The study shows how to use
recognition techniques like (a) Chadha diagram, (b) Piper diagram, (c) Durov diagram, (d) Radial plot Gibbs
diagram, and (f) Stiff diagram to identify the source contributions of important major ions in groundwater
resources under different conditions by delineating the variations in chemical constituents.

Water stability indices were calculated for the investigated water. The potential for water scaling is indicated by
the Langelier Saturation Index (LSI). The Ryznar Stability Index (RSI), Puckorius Scaling Index (PSI) and
Aggressive Index (Al) can forecast scaling and corrosion in water samples with varying levels of hardness.
Water samples from several wellheads were gathered for the current investigation, and geochemical parameters
were examined. To find scaling potential in every sample, various indices were computed using geochemical
data.

The Langelier saturation index (LSI) and the Ryznar stability index (RSI) are the two widely used techniques for
determining the stability of water. LSl and RSI are intended to be prediction tools in relation to the calcium
carbonates scale.

The study location of Al Batnan, which is represented by Tobruk City and its suburbs (Figure 2), was chosen. As
shown on the map, groundwater data were gathered from several wells spread throughout this area. The wells
can be described as located in different geologic setting and various rock formations such as limestones
formation, dolomitic rock layers and calcareous shale and sometimes this rocks intercalated by shaly sandstones.

7

&8
:-\;’(‘ {

Fig. (2): Groundwater sample location map of the study area (Source: Google Earth).

Results and Discussion

Hydrochemistry of Groundwater

As seen in Tables 1 and 2, the measured physicochemical characteristics of the groundwater samples under study
are statistically summarised and compared with the relevant acceptable requirements for drinking water
standards established by the World Health Organisation [12].
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Table 1: Physical properties and cations concentrations of groundwater samples.

Well depth Physical properties Cations (ppm)
Well No. (m) pH EC T (°C) TDS K* Ca*™ Mg**
(uslcm)
w1 97 7.2 810.20 22 4590 1922 38 920 64
W2 102 75 798.13 25 8640 1204 42 870 95
W3 86 6.9 992.85 24 12205 1690 44 760 89
W4 105 7.6 1016.20 23 14319 2995 51 902 97
W5 88 7.2 1013.90 26 6890 1102 62 640 72
W6 114 6.8 997.90 25 8875 1420 49 590 88
W7 110 6.4 680.32 26 3995 1802 58 450 67
W8 104 7.8 700.82 24 4805 1405 71 496 79
W9 117 7.3 910.20 23 14013 3102 62 1100 91
W10 121 6.6 1212.74 25 10290 2280 54 916 74
W11 109 6.9 1018.90 24 2669 1190 43 640 99
W12 104 7.1 814.87 25 9205 1520 39 790 81
Range 86-121 6.4-7.8 810.20- 22-26 3995-14319 1102- 38-71 | 450-1100 64-99
1212.74 3102
Average 104 7.10 913.92 24.42 8374.67 1802.67 51.08 756.17 83
WHO, 2017 8.5 1500 24.33 500 10 75 50
Table 2: Anions concentrations and other parameters of groundwater samples.
Anions (ppm) Total Hardness (TH)
Well No. Cl "HCOs “SO4 CO3~ Alkalinity
w1 2123 16 27 Tr 320 2560.60
W2 1504 12 32 Tr 415 2563.32
W3 2695 18 25 Tr 420 2263.96
W4 3095 14 19 Tr 399 2651.45
W5 2106 10 30 Tr 510 1444.90
W6 1922 11 27 Tr 760 1835.35
W7 2702 09 18 Tr 820 1399.36
W8 1905 12 14 Tr 612 1563.60
W9 3205 21 12 Tr 450 3121.17
W10 2485 18 22 Tr 620 2591.76
W11 2170 22 31 Tr 719 2005.47
W12 1990 19 24 Tr 388 2305.95
Range 1905- 09-22 12-32 - 320-820 1399.36-3121.17
3205
Average 2325.17 15.17 23.47 -- 536.08 2158.75
WHO, 2017 250 300 400 - - -

Physical Parameters

The pH and temperature ranges are 6.4 to 7.8 (average, 7.10) and 22°C to 26°C (average, 24.33°C), respectively
(Table 1). The temperature is the average air temperature for the groundwater sampling period. The pH readings
show that the groundwater under analysis has a neutral to slightly alkaline inclination. The calculated pH average
value of 7.10 is indicative of free CO; availability in the analyzed groundwater as well as the soluble ions are
fully in the form of HCOj3™ since pH and temperature have a significant impact on the dissolution of minerals in
groundwater [13]. TDS ranges from 3995 to 14319 ppm (average, 8374.67) and EC ranges from 810.20 to
1212.74 ps/cm (average, 913.92 ps/cm), basically EC is proportionally with salinity and ion concentrations in
water. Twenty percent of the samples surpass the WHO 2017 recommended EC and TDS limit (EC, 1500 ps/cm
and TDS, 500 ppm). Water samples with TDS levels (TDS > 1000 ppm) are typically classified as brackish
water groups [13]. Thses values are up normal contents if it is compared with that of fresh groundwater
concentrations. Consequently, this is an indication of the affected by seawater intrusion. Also, human activity
and geochemical processes have both affected the EC value ([14,15]).
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Major Cations Chemistry

The pattern of cationic dominance is Na+ > Ca2+ > Mg2+ > K+ with relative abundance of 43.53%, 33.44%,
17.79% and 5.22% respectively. Sodium (Na+) is the most common cation, with a mean of 1802.67 ppm and a
range of 1102 to 3102 ppm. The concentration of Na+ ion is also a good index for seawater intrusion into the
groundwater aquifer. The samples surpass the WHO (2017) recommended tolerable limit of 200 pmm (Table 1).
Na+ may be attributed to the influence of human and animal excrement as well as the weathering of rocks like
halite and sodium plagioclase [14].

The prevalence of calcium-bearing minerals such limestone, dolomite, calcite, feldspar, etc. in the sedimentary
formations containing groundwater is demonstrated by the fact that most sampling locations have higher Ca?*
values than Mg?* [16]. Amphiboles, pyroxenes, and K-feldspars are examples of silicate minerals that contain
calcium and produce Ca?*. The content of calcium (Ca?*) ranges from 4.50 to 1100 ppm, with an average of
756.17 ppm. The WHO (2017) limit of 75 ppm is exceeded in every sample.

The content of (Mg?*) ranges from 64 to 99 ppm, with an average of 83 ppm. The samples are higher above the
50 ppm WHO drinking water standard standards. According to [17], the higher content of Mg?* may result from
the dissolution of Mg?*-containing minerals as well as from the addition of Mg?* to the groundwater from
household and industrial waste. The average potassium (K*) level is 51.08 ppm, with a range of 38 to 71 ppm.
Every sample was higher above the WHO's allowed level of 10.0 ppm.

Major Anions Chemistry

The following is the order of the primary anions in groundwater: CI- > SO,* > HCOz; > CO; with their
corresponding contribution of 98.28%, 1.12% and 0.65%. CI~ concentration varies from 1905 to 3205 ppm,
average 2325.17 ppm, is the most predominant anion in the groundwater, followed by followed by SO4>~ (12 to
32 ppm, average, 23.47 ppm). On the other hand, CI~ anion has a higher content in the grouwarwe samples
similar with that concentration of Na* cation. Both of them are representing the salinity content which has an
average value 5992.92 ppm. This means that the water aquifer has been affected by seawater, because of the
nture of groundwater can not be has this valus. Bicarbonate (HCO3") is ranging from 09 to 22 ppm (average,
15.17 ppm), COs™ traces, . All samples are below the WHO (2017) permitted ranges (Table 2). HCO3™ in
subsurface water typically denotes fresh water [18] .The predominance of Ca?* and HCO3™ indicates that they
originate from a similar source of minerals, such as the dissolution of carbonate minerals including limestone,
calcite, dolomite, and chalk ([15], [19], [20]). Higher concentrations of HCO3™ are found in areas with carbonate
rocks, particularly limestones, according to spatial distribution samples.

Hydrochemical Facies
The three anions serve as the basis for the hydrochemical facies classification. (HCO3, Cl and SO4) and the
cations (Na, K, Ca and Mg) calculated in meg/l, which occur in The primary chemical element is water. Piper
and Durov's diagrams are among these classification basis.
The hardness of groundwater has a major impact on its appropriateness for domestic usage and drinking. The
presence of alkaline earths causes the water's total hardness (TH). The following formula is utilised to calculate
the TH = (2.497 Ca2+ + 4.115 Mg2+) in ppm [21]. According to the range of TH 1399.36 to 3121.17 ppm and
the mean value 2158.75 ppm, the examined sample can be classified as hard water [22]. Figure 3 shows a
comprehensive evaluation of groundwater quality based on TDS and TH [18], with all samples classified as
hard-brackish groundwater. We would like to denote here that the differences between the nomencaluture and
classification of groundwater under consideration is attributed to the different classification sources, each one of
them has its specific classifications, but all of them are agreed that is hard water. However, the justifications of
seawater intrusion can be expressed as following:
The studied area is located along sea coast.

1. The nature of groundwater is unacceptal as drinking fresh water.

2. The human activity for the intensive groundwater withdrwal and the unsuffient recharge of surface

water lead to the intrusion of seawater in addition to other physiochemical processes.
3. The climatic changes and the lack of precipitation of rain fall through the last decade support that.
4. The nature of formations bearing water that can be characterized as porous media allowed for this
phemomena.
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5. These parameters are enough indices for seawater intrusion regardless to present any other indicators.

Soft-Saline Water Hard-Saline Water Saline
10000 - il -
Soft-Brackish Water Hard _B(ackmlﬁ,'glﬁ Brackis
. h

1000
TDS (ppm)

100 Soft-Fresh Water Hard-Fresh Water Fresh
10
1

1 10 100 1000 10000

Total hardness (TH ppm)

Fig. (3): Groundwater quality in the study area based on TDS and TH [18].

Based on the concentration of cations and anions, the water is categorised using hydrochemical facies ([23],
[19]). As seen in Figures 4 and 5, the cationic and anionic data (meg/l) are expressed using the Piper trilinear
diagram [24] .

Piper Trilinear Diagram

Traditional Piper plots ([25], [26]) can be used to plot the relative concentrations of the major ions on ternary
diagrams. Based on the Piper diagram shown in Figure 4b, which is utilised to ascertain the chemical
associations and groundwater dynamics over the research region. The groundwater was divided into four classes
by this plot: i) Ca?* - Mg?*- CI” - SO4*", ii)Na'- K* - CI~ - SO4%" iii) Na* - K*- HCO3—, iv) Ca?*- Mg?*- HCO3~
([24, [27]). In the present study, all of the samples fall in field 1l which represents Na*- K*-CI~ - SO4*~ Weak
acids and facies shows The main and dominant anion is CI™. In the present study, all samples fall within field 11
of the Piper diagram, representing Na—K—CI-SO, water type. As illustrated in Figure 6, it can be categorised as
saline water in addition to the sites D and G of sodium and chlorine kinds.
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Fig. (4): Piper diagram for classifying groundwater

Calcium (Ca) Cn 0!30‘\:1)
CATIONS Kmeah ANIONS

Fig. (5): Piper diagram for classifying groundwater.
Durov Diagram

In order to classify the different types of water, [28] created a different model that includes more details
regarding hydrochemical facies. According to [29], it demonstrated a number of possible geochemical
techniques for assessing and analysing groundwater quality. The Durov diagram shows the plot of the principal
cations and anions.

On the Durov diagram, the main ion concentrations of water samples are also displayed. This figure is superior
than the Piper diagram since it shows certain geochemical processes that may have an impact on the origin of
water .

In the present Durov diagram, water samples are concentrated in the CI- domain of the anionic triangle and Ca?*-
(Na*-K*) domain of the cationic triangle, representing carbonate weathering zone. On the other hand, in the
cationic triangle, samples are together collected within the Ca?*, intermediate and Na*+ K* water type domain.
This ion distribution is consistent with the Ca?*- Mg?*- HCOs™ and Na* - K* - HCOj3™ facies of Piper plot (Figure
6).
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Legend
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Fig. (6): Piper diagram representing hydrochemical facies of groundwater.

In the Durov diagram, majority of the samples are traced in the reverse cationic exchange field, where Ca?*- Na*-
K* is prevalent combined with dolomite and an important ion exchange is assumed when Na* is dominant
(Figure 6). Little of samples are in accordance with the features of modern infiltration of Ca®*- Na* - K* type
water [30].
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Fig. (7): Durov diagram of studied samples in the study area
Hydrogeochemical Evaluation
Gibbs plot

The mechanism and process governing groundwater chemistry are explained by the Gibbs plot [9] (Figure 8).
The observed groundwater samples fall into the evaporation dominance domain. Additionally, groundwater is
unaffected by precipitation or rock supremacy. The rock-water interaction zone is characterised by weathering of
the rock, carbonate dissolution, precipitation, and ion exchange between water and clay-rich minerals [14]. The
table shows that every sample under study had varying degrees of undersaturation with regard to all considered
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minerals. The hydrogeological and geological conditions are responsible for the undersaturation state of all the
minerals under study. Plotting allows for a general evaluation of the functional sources of dissolved ions. Na*+
K*/ Na*+K*+Ca?" and CI/CI'+HCO; as a function of TDS [9] which indicate the chemical weathering of the
rock forming minerals in the study area as shown in Figure 8.
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Fig. (8): Gibbs diagrams: TDS versus Na++ K+/ Na++K++Ca2+ and TDS versus Cl-/CI-+HCO3- indicating the mechanisms
controlling the groundwater chemistry

However, Figure 6 demonstrates that the water samples are situated in the upper third right of the graph,
indicating the predominant evaporation process due to the high TDS and cationic or anionic ratio near 1.0.

Na-normalized Ca** vs. Na*-normalized Mg** and HCO3~ (Figure 9a, b) is constructed in accordance with [31]
to assess the corresponding impact of the three primary weathering mechanisms (evaporite, carbonate, and
silicate) that regulate the solute content in groundwater. These graphs show that most of the samples are in the
evaporites dissolving field, which supports the earlier Gibbs classifications.
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Fig. (9): Bivariate plots of a) Na-normalized HCO3 and Ca, b) Na-normalized Mg and Ca, presenting the trends of
weathering. According to Mukherjee et al. (2012), the dotted areas represent the average groundwater compositions
worldwide in terms of carbonate dissolution without mixing, silicate weathering, and evaporite dissolution.

Chadha Diagram

As seen in Figure 10, water samples that are dispersed around the lower left quadrant of the Chadha diagram are
primarily composed of sodium and chloride ions and tend to be brackish.
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Fig. (10): Graphical representation of the Chadha diagram.

Radial Plot

The concentrations of the main ions in the groundwater in the wells under study were compared using radial
plots. Both CI- and Na+ The groundwater samples with the highest concentration of ions (Figure 11) are

indicative of brackish water.

The radial plots show that Na+ and Cl— have the highest concentrations among the major ions, indicating that the
groundwater is predominantly brackish (Figure 11).
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Fig. (11): Radial plot for the investigated groundwater.

Stiff Diagram

Plotting four cation concentrations to the left of the vertical zero axis and four anion concentrations to the right
all values in milliequivalents per liter was suggested by [32]. Waters of comparable quality define a distinct
shape from those of different quality, and the resultant points, when joined, produce an irregular polygonal
pattern. The Stiff diagrams were plotted using the principal ion concentrations. Samples are identified by the

shape they form.

Figure 12 from W1 to W12 illustrates that the cations are dominated by sodium, potassium, and calcium, while

the anions are primarily dominated by chlorine with less bicarbonate.
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Fig. (12): Stiff diagrams for the investigated groundwater wells samples.

Prediction of Scaling and Corrosion

Using a various of chemical indicators, the corrosivity and scale formation are qualitatively predicted. The
potential for water scaling is indicated by the Langelier Saturation Index (LSI). The Ryznar Stability Index (RSI)
can forecast scaling and corrosion in water samples with varying levels of hardness. Water samples from several
wellheads were gathered for the current investigation, and geochemical parameters were examined. To find
scaling potential in every sample, various indices were computed using geochemical data .

Although numerous indices have been created, none have been able to measure or forecast the scaling or
corrosive effects of water. They are only able to give an approximate indication [33]. The Langelier saturation
index (LSI) and the Ryznar stability index (RSI) are the two widely used techniques for determining the stability
of water. LSI and RSI are intended to be prediction tools in relation to the calcium carbonates scale. These
methods cannot be used to estimate scales that contain silica, magnesium silicate, calcium phosphate, or calcium
sulphate [34].The Aggressive Index (Al) and Puckorius Scaling Index (PSI) are additional instruments (Table 3).

Water Stability Indices

Despite the development of several indices, none have shown to be able to precisely measure and forecast the
corrosive or scaling properties of water. They can only provide a likely indicator. Experience has demonstrated
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that corrosion will typically be reduced if conditions promote the development of a protective calcium carbonate
coating. The Langelier saturation index (LSI) and Ryznar stability index (RSI) are the most widely used
techniques for determining water stability. Calcium phosphate, calcium sulphate, silica, and magnesium silicate
scales cannot be estimated using LSI or RSI because they are intended to be prediction techniques for calcium
carbonate scale [35].

The water stability indicators, which include LSI, RSI, PSI, and Al, have been computed for formation water
while taking into account their potential for scaling and corrosion as well as their effects on petroleum facilities.

Table 4 presents the results.
Table 3: Mathematical equations and classification of corrosiveness indices [34].

Index Equation Index value Water condition
LSl =pH - pHs LSI<0 Corrosion occurs
pHs=(9.3+A+B)- (C+ D)
Langelier Saturation Index A = (Log (TDS)-1)/10 LSI=0 Neutral
(LSI) B = -13.2[Log (°C + 273)] + 34.55
C=Log (Caﬁ + CaC0) LSI>0 Scaling occurs
D = Log (Alkalinity as CaCOs)
RSI<55 High scale forming
- 55<RSI<6.2 Low scale-forming
Ryznar Stability Index
(RS1) RSI=2pHs -pH 6.2<RSI<6.8 Neutral
6.8<RSI<85 Low corrosive
RSI >8.5 High corrosive
Puckorius Scaling PSI>7 Corrosion occurs
Index (PSI) PSI = 2pHs - pHeq
pHeq = 1.465log (Alkalinity) + 4.54 PSI<6 Scaling occurs
Al <10 Corrosion occurs
Aggressive -
Index (Al) Al = pH + log [(Ca*) (Alkalinity)] 10<AI<12 Moderately corrosive
Al >12 Scaling occurs

pH = Actual, pHs = Saturated pH, pHeq = Equivalent pH

Table 4: Water stability indices.

Water stability indices

Well No. LSI RSI PSI Al
w1 1.27 4.66 3.65 12.67
W2 1.75 4.00 3.12 13.06
W3 1.07 4.76 3.28 12.40
W4 1.76 7.60 3.38 13.16
W5 1.52 4.16 2.85 12.89
W6 1.22 4.38 2.42 12.45
W7 1.05 4.30 1.89 11.97
W8 2.14 3.52 2.70 13.41
W9 1.60 412 2.99 12.99
W10 1.09 4.42 2.39 12.35
W11l 1.44 4.02 2.19 12.56
W12 1.27 4.56 3.33 12.59
Scaling and LSI >0 RSI<5.5 PSI <6 Al > 12
corrosive Scaling occurs High scale forming Scaling occurs Moderately corrosive
prediction and
scaling occurs
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Table 4 presents the scaling and corrosin predictions based on a correlation between the actual results and the
propsal values of the earlier writers. Both LSI, PSI, and Al are showing scaling and corrosion processes,
according to the correlations that were found. In general, it can be said that this water will have a detrimental
effect on metallic structures and pipe lines .

However, as seen in Figure 13, these water stability index data are graphically produced to illustrate the variance
between the various indices throughout the twelve groundwater wells. They clearly differ from well to well, and
this is unquestionably due to the physiochemical characterisation of every well. this of course attributed to some
factors such as well depth to reach groundwater table and the essentialy reason is the variation of water bearing
formations that penetrated by this wells, e.g. limestone beds, dolomitic rocks and shaley calcareous rocks.

Conclusion
The following conclusions can be made in light of the earlier study:

1. The physiochemical analysis provides a straightforward and efficient means of displaying hydrogeochemical
data and related information.

2.The cationic dominance pattern is Na+ > Ca2+ > Mg2+ > K+; while the principle anions in groundwater are in
the following order Cl-> SO42— > HCO3—> CO3-.

3. Gibbs diagrams, pipers trilinear, Durov, bar charts, radial plots, Chadha, and stiff diagrams are among the
graphical approaches used. Graphical methods are visible and simple to understand.

4.Based on Piper diagram all of the samples represents Na+- K+-Cl— - SO42— facies reveals and weak acids
HCO3- is the major anion.

14
12
10

Indices values

oN B O ®

W1l | W2 | W3 W4 W5 | W6 | W7 W8 | W9 | W10 | W11l W12
mLSl | 1.27 | 1.75 | 1.07 | 1.76 | 1.52 | 1.22 | 1.05 | 2.14 | 1.6 | 1.09 | 1.44 | 1.27

HRSI| 4.66 4 | 476 7.6 | 4.16 | 438 | 43 | 3.52 | 4.12 | 442 | 4.02 | 4.56
PSI| 3.65 | 3.12 | 3.28 | 3.38 | 2.85 | 2.42 | 1.89 | 2.7 | 2.99 | 2.39 | 2.19 | 3.33
Al |12.67|13.06| 12.4 |13.16 12.89|12.45|11.97 | 13.41|12.99|12.35|12.56  12.59

Fig. (13):Graphical plot of water stability indces
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5.Water samples are concentrated in the carbonate weathering zone represented by the Cl-domain of the anionic
triangle and the Ca2+-(Na+-K+) domain of the cationic triangle for the Durov diagram.
6. Additionally, the bulk of the samples in the Durov diagram are traced in the reverse cationic exchange field,
where Na+ is believed to be the main ion exchange and Ca2+-Na+-K+ is common when paired with dolomite.

7.The Gibbs plot indicates that the water samples, which are the primary process of evaporation, are situated in
the upper third right of the graph.

8.Water samples are dispersed over the lower left quadrant of the Chadha diagram, with a tendency towards
brackish water and mostly sodium and chloride ions.

9.Stiff diagrams reveal that the cations are dominated by sodium, potassium, and calcium, whereas the anions are
mostly dominated by chlorine with less bicarbonate.

10.The water stability indicators, which include LSI, RSI, PSI, and Al Al, show the possibility of corrosion and
scaling.

Recommendations
Based on the previous findings of this study the following recommendations can be suggested:

1- The area under consideration required additional geological study because of it is characterized by
complex geological structurs particularly along the coastal line, consequently may be affected to the
seawater intrusion into groundwater aquifers.

2- Stratigraphic and correlation study must be done to assess the formation bearing water all over the area.

3- The study should be carried out through the four seasons of a year.

4- Distinguis the variation of groundwater table all over the area.
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