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ABSTRACT

This study is conducted in The Guerrara Oasis; suffer from high salinity of aluvial aguifer
used in drinking and irrigation, the distribution of the drilled wells in the study area is
anarchic and water salinity is a subsisting problem all along the year,

To evaluate the problem gravity two hydrochemical campaigns are acquired during wet and
dry seasons, the results confirms the presence of saliferous bodies affecting water quality,

The order of abundance of the ions in the ground water samples is
CI>Na">S0,>Mg*>Ca**>HCO5;>K* the piper diagram reveals that’s the ground water is CI°
- SO, and mixed CI"- Na' indicating a evaporitic hydro-chemical type, Multiariate statistics
and special geochimestry diagrams are used to evaluate the chemical process responsible in
groundwater salinization.
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1. INTRODUCTION

The Algerian Sahara desert contains the most important water aquifers, known as terminal
complex and continental intercalary deep aquifer, the variability in climate changes afect
directly water resources potentielities, the medeteranian countries are the most vulnerable for
water stress, the increasing in water demand for fresh water implies a global strategie for
water quality preservation.

The aluvium aguifer in Algerian Sahara presents a potential resource for drinking and
irrigation purpose, groundwater quality data gives important clues to the geologic history of
rock and indication of ground water recharge, discharge and storage [1].

Variation in ground water quality depends on physical and chemical parameters influenced
generaly by the geological formation and pollution hazard.

According to Babiker et a [2], the chemistry of ground water is not only dependant of
geologica conditions but also reflects atmospheric inputs and soil weathering effects as well
as from pollutant sources (mining industry, Marine intrusion, excessive pumping.....)

Severa researchers have devloped various indices to evauate the geochemical process
controlling the variance in water gality. Such as sodium adsorption ratio (SAR), Sodium
Percentage (Na%) , Magnesium ratio (MAR), Permeability index (Pl), Total hardness (TH),
Saturation index (Sl), Kelly ratio (KR) and Residual sodium bicarbonate (RSBC).

The cited indices were proposed to provide useful and comprehensing guiding tool for water
quality evaluation and enverimental management.Water uses standards regulared by world
health organisation [3] and united states salinity laboratory (USSL).

Guerrara area is located in northen agerian Sahara (Fig.1) and is considered as an actif
metropolitan in agricultural and anima production, For this reason the water quality
assessement is a capital action to preserve socia and economic activty sectors,due to its bed
quality and source contamination the population use ugualy groundwater ressourcees of deep
aquiers ,the interaction between the aquiers have not been throughly studied yet and the risk
of the contamination of these deep aquiersis present.

The objective of this study is to asses the aluvium water quality and to determine the

suitability of the aquifer for various purposes on the basis of different geochemical indices,
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Consequently this study serve as areerence base to evaluate the rate o changement in shallow

and deep water ressources
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Fig.1. Geographic location of the study area

1.1. Geologic and Hydrogeologic settings

The study area is located in Ghardaia district between 32,775° and 32,795° North Latitudes
and 4,45° and 4,51° East Longitudes covering 42 km? (Fig,1) the area is classed as Saharian
arid environment with a avearge rainfall of 35mm/y recived during the winter period,

The area is characterized by moderate terrain physiography with moderate dissected valleys
with both structural and denudational origin; the average atitude is 280-395m above mean sea

level.
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The drainage is provided by Oued Zegrir dong a sandstone plateau, the lower part of the
study area is composed by sedimentary rocks resulting from wind and water denudation
activity during the Mio-Pliocene period,

The Mzab plateau is affected by compressive movement oriented NW-SE during the
M esozoic-Cenozoic tectonic activity, the atlasic orogeny affecting the North Sahara basement
is the principal reason of the apparition of Mzab Mountains and Tadmait depression and the
Neogene-Quaternanry filing [4].

The geology of the study area comprises Mio-Pliocene sandstones affected by NE-SW,
NW-SE faults and fractures creating a large depression composed of alternation between fine
sand and silt sandy formation (Fig,2),
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Fig.2. Geologic map of the study area

The middle Eocene is formed by gypsum and salty formations however low Eocene is

undefined and it is often confused with Senonian limestone.
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The hydrogeology within the study areais based on geological materials and the ground water
is derived from ateration or fractures, The quaternary aguifer associated with alluvial deposits
and weathering crust collecting Oued Zegrir water and supply the water dam named Ahabas
in the local language,

The sandstone aquifer is thick and represent an important water resource in the region, the
limestone aquifer attributed to the Eocene-Senonian age are composed of fractured and karstic
formation, thses three shallow aquifers represents the complex terminal aquifer (CT) while the
deepest and the most productive is located at 1000m and is attributed to Albian-Aptian sand

(Fig,3) named continental intercalaire (ClI).
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Fig.3. Hydrogeologic cross section of the Algerian Sahara oriented N-S

2.METHODS

In order to reach the goal of this study the ground water samples are collected to cover al the
area, hence fifty four water samples (54) were collected from shallow traditional boreholes,
Two sampling campaigns were conducted (January-July 2013) in both dry and wet seasons
the collected water was passed through 0,45 mm membrane filter and stored in 1,5 L
polyethylene bottles,

The major cation Na*, Ca?*, Mg®* and K* were analyzed using 410 Corning flame photometer,
the anion concentration ClI', HCO3 and SO, were measured using DR2000 (HACH)

spectrophotometer, the total hardness were measured using titration method by EDTA
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(Ethylene diaminetetracetic acid), the electric conductivity is measured in Situ using
conductivity meter type CD 4301,
The charge balance error was used to check analysis occuracy, wich is calculated for each

well using the equation below, the errors was within the limited tolerances £5% [5].

9%CBE — meq(cat! ons) — meq(an! ons) <100
megq|(cations) + meg(anions)

3. RESULTSAND DISCUSSION

3.1. Hydrochemical classification

The geochemical features of the alluvium aguifer are defined through piper triangular diagram
(Fig.4), according to the diagram 14 wells of the study area are classed as Cl-SO4-K (Na) type
and 17 are classed in CI-SO4-Ca (Mg) type, it was found that Alkali metals such as Na', K*
were more dominant than Alkaline earth metals such as Mg** and Ca&*, and that anions CI’
and SO4* were more dominant than HCOs™ and COs'.

The hydrochemical facies is charachterized by the dominance of eaporites minerals resulting
from evaporation-precipitation actions during dry and wet seasons; thisisin concordance with

the climatic condition of saharian arid climat.
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3.2. Geochemical study of water samples

The results of the chemical analysis of water samples are summarized in table 1, the Electric
conductivity values ranges between 2250 and 18960ps/cm with mean concentration value of
7565.9us/cm, The TDS concentration in the study area varies from 1507.5 to 12703mg/l with
a mean value of 5069mg/l, the total hardness concentration are between 59.7 and 540mg/!
with amean value of 205,8mg/I.

Generally the groundwater level has the same orientation in wet and dry seasons with slight
variation, the piezometric level ranges between 3.25-25.5 m in January and ranges between
4.3-27.3 minjully, the variation is due to the severe variations in temperatures during the two

seasons and the connectios level between the well (Fig.5).
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Fig.5. Piezometric level of Guerraraaluvium water table

a) Water level and flow direction in wet season (January 2013), b) direction flow and water

level in dry season (July 2013)
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Table 1 Hydro-chemical results of the second Campaign in July 2013 (meg/I)

L abel EC TDS TH Cca® Mg® Na° K* HCO; SO# CI

(us'em)  (mg/l)  (mg/l)

P1 8790 5889,3 2273 2880 16,67 4348 128 618 31,25 47,86
P2 4470 29499 80 1040 5,60 3261 067 452 18,75 30,99
P3 3300 2211 % 1040 880 1304 0,72 387 1354 1521
P4 6450 43215 1396 1960 832 34,78 097 536 21,88 36,62
P5 2250  1507,5 71 940 480 870 097 48 875 1268
P6 3180 21306 819 920 917 1304 082 362 1354 15,79
P7 4360 20212 59,7 703 492 2609 0,72 1230 17,71 12/45
P8 4560 3055,2 156,1 1248 18,75 17,39 0,67 3,79 2292 27,49
P9 12700 8509 350 24,00 46,00 52,17 0,72 15,74 3854 80,56
P10 10480 7021,6 125 1500 10,00 60,87 118 2,72 64,20 17,38
P11 5080 34036 154 20,80 10,00 17,39 1,13 7,05 20,83 26,76
P12 11120 7450,4 3395 5040 1750 4348 082 693 43,75 6315
P13 15510 10391,7 4333 20,00 66,67 6957 0,77 7,79 51,46 87,46
P14 7640 5118,8 220 18,40 25,60 4348 0,77 536 31,25 44,25
P15 12160 8147,2 3304 47,70 1838 4348 185 164 51,67 6958
P16 18960 12703,2 4558 49,83 41,33 6957 154 1108 58,33 87,89
P17 3790 2539,3 1082 1346 818 1739 0,77 659 1250 2349
P18 16040 107468 540 31,00 77,00 5217 1,79 7,82 34,24 126,7
P19 3990 26733 144 880 20,00 10,87 056 362 16,67 17,21
P20 3070 2056,9 71 800 620 1522 087 313 1250 13,35
P21 6280 42076 200 1680 2320 17,39 215 389 2042 30,99
P22 8140 5453,8 217 2840 1500 34,78 323 205 3333 4946
P23 8920 59764 200 1640 2360 4348 1,79 123 3852 5311
P24 3340 2237,8 103 1520 540 1739 097 452 1712 14,24
P25 3470 23249 841 1148 533 1739 0,72 280 1250 18,05
P26 7180 48106 1946 1253 2640 34,78 133 3,70 27,08 41,04
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P27 9050 60635 260 20,80 31,20 4348 154 411 3750 54,31
Min 2250 15075 59,7 7,03 48 87 05 123 875 1245
Max 18960 12703,2 540 504 77 695 323 1574 642 126,/

Average 75659 5069,2 2058 1986 2052 3309 116 542 2855 4141

The high values of eectric conductivity in ground water indicate the presence of salt or
dissolved matter, more than 96% of water samples are Unsuitable according to the electric
conductivity classification of Richards [6].

The total dissolved solid continent represents the total amounts of inorganic substances
mainly salt [7], The ground water of the study area has been classified based on TDS
according to the US Environmental Agency [8] procedure and it is clear that 37% of ground
water samples are dightly saline, more than 50% are moderately saline and 11% are classed
as highly saline.

The ground water hardness (TH) is controlled by calcium and magnesium ions produced
generaly by the dissolution of carbonated rocks, according to the classification of Sawyer et
al [9] the total hardness values in the ground water are classed as Safe for11%, moderate to
hard for 33.33%, Hard for 33.33%, and very hard for 22.34% of the samples.

The chlorides concentration varies between 12.5 and 126.7meg/l with an average value of
41.41meg/l (Fig.6), more than 75% of the analyzed simples exceed the maximum alowable
limit of 16.9 meg/l in 21 location, the excess in chlorides concentration is found around all the
study area except for the wells P5, P3, P6, P7 and P24 proving the presence of salt bodiesin
the aluvium and quaternary sediments, the use of fertilizers in agricultural activities can
justified these excess, generally the excess of chlorides in water is usually taken as indicator
of pollution and ground water contamination.

The excess in sulfates concentration react likely with human organs and can causes a laxative
effect if the concentration exceed the alowable values 8.33meg/l (400mg/l), the sulfates
concentrations from the study area catchment ranged between 8.75 and 64.2meg/l with a
average of 28.55 meg/l (Fig.6), according to BIS [10] and WHO [11] classifications all the

samples exceed the allowable concentration thus indicate that the ground water in the study
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areais affected by evaporates minerals (CaSos).
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Fig.6. Concentrations of chlorides and sulfates in wet season 2013

The bicarbonates (HCO3) and carbonates (COs*) are the main form of carbonates compounds
in groundwater, they results from the alteration of carbonates minerals, the observed values of
bicarbonates ranges from 1.23 and 15.74 meg/l with a average value of 5.42 meg/l, the
bicarbonates in the study area are probably derived from the upstream hydrogeologic flow
crossing Senonian and Turonian formations, composed of Limestone, dolomite gypsum and
anhydrite, this excess can also be the result of the weathering of local sandstone formation

attributed to Mio-Plioce age cemented by carbonated and gypsiferous compounds
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In natural water resources the sodium is found with lower concentration than calcium and
magnesium, the concentration of sodium in water samples ranges from 8.7 to 69.56meq/l with
a mean of 33.09meg/l, according to WHO [12] standards the permissible limit is 8.7meq/I
(200mg/l),regarding this values more than 95% of the local concentration exceed the
standards. Thus the water quality in the study siteis not suitable for domestic purposes.

The potassium concentration is quite lower compared with the other chemica elements; the
concentration in drinking water seldom reaches 0.51meqg/l (20mg/l), during the rainy season
the concentration ranges between 0.56 and 3.23meg/l with average value of 1.16meq/|l ,al the
collected samples exceed the permissible limit (0.31meq/l).

The origin of this contamination is the excessive use of the potash fertilizer and the presence
of sylvite in the underground geol ogy.

In alluvial aguifers the abundance of Ca®* and Mg*" depend on the petrographic nature of
Rocks, the concentration of calcium in Guerrara catchment vary from 7.03 to 50.4megy/| with
mean vaue of 19.86meg/l; more than 80% of the total samples exceed the recommended
values (9.98meg/l)

The magnesium concentration in the sampled ground water vary from 4.8 to 77meg/l with a
mean of 20.52meqg/l, more than 50 % of the sampled water exceed the standards (12.5megy/I)
The geomorphologic characteristics of Guerrara depression is an important factor to
understand the geochemical proprieties of shallow aquifers, the study are is a small endoreic
basin collecting water resources from Oued zegrir floods, the geochemical process are
controlled by the evaporation rates, in dry season the temperature exceed 45°c and water
mixing with palm grove and plants enriched the chemical composition of the groundwater, the
geochemical cycle of the ground water is controlled by two mechanism the evaporation and
the dissolution

The Table 2 exposed the obtained results of correlation between the chemical elements and
physical parameters of the ground water.

The correlation is a bivariate method applied to describe the relation between hydrochemical
parameters; a high correlation coefficient (near -1 or 1) means a good relationship between

two variables, values near 0 means there is no relationship between them..
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It is clear that strong positive correlation is established between SO4 - Cl', Na'- CI", SO, - Na'
and Moderate correlation is observed between CI™- Ca?*, CI- Mg?*, SO4- Ca®*, SO, - Mg™,
HCOs-Mg?

Low correlation is observed between HCO3-Cl, K*-Cl", HCOs-So,’, HCO3-Na', HCOs- K,
HCO3-Ca®*, Na'-K*, Na'- Ca®*, Na'- Mg?*, K*- Ca®*, K*- Mg*, Ca®*- Mg™.

Table 2: Correlation matrix of Physic-chemical parameters of alluvium aquifer in Guerrara

Paralmeters CI° SO, HCO; Na K* ca® Mg®* EC TH

CI 1

SO4 0,85 1

HCO3 0,02 0,10 1

Na’ 0,92 0,87 0,17 1
K* 040 0,16 0,23 0,33 1

ca** 0,67 0,0 0007 048 014 1

Mg®* 0,63 0,62 0,67 049 024 042 1
EC 0,89 0,82 0,15 089 031 0,67 0,41 1
TH 0,77 0,78 0,02 057 021 0,91 0,76 0,67 1

The good correlation of Na" with Cl” indicate the dissol ution of halite during the dry season
And the enrichment of the agqueous solution,

The good correlation between Cl” and SO4* indicate the same origin resulting from the
simultaneous dissolution process of gypsum and halite causing excess enrichment of the
ground water solution.

The significatif correlation between Nat+ and SO,” is interpreted by the dissolution of
Thernardite (NaxSO,), Mirabilite (Na,SO410 H,0) and Bloedite (Na, Mg(SOs), 4H,0).

The moderate correlation between the other elements is interpreted by the mixed origin of the

chemical elements managed by the dissolution /precipitation rate of each chemical speciation
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Fig.7. Correlation between TDS (mg/l) and chemical elements of Guerrara ground water in

Wet season (January 2013)

The correlation between magor elements and TDS can be useful to interpret the

hydrogeochemical evolution process of the ground water and can be used to deduce the

sources of ions and the origin of the ground water [13,14].
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For cations, a good correlation is between Na“ and TDS (R?= 0.784, Fig 7) the correlation
with Ca®* is moderate (R?= 0.452, Fig 7) and the correlation with Mg®* is Poor (R°= 0.176,
Fig 7). For anions the correlation between Cl”and TDS indicate the highest values (R*= 0.798,
Fig 7) followed by S0,* (R?= 0.661) considering the slopes of the fitted lines Cl” increases
with TDSmore than S0, ,which means that the rate of dissolution of Halite is higher than
gypsum and anhydrite.

The correlation between HCOO3; and TDS is poor this is in relation with the rate of
dissolution of carbonates minerals witch need more residence time.

3.3. Saturation Indices and water mineral equilibrium

The equilibrium state of the water with respect to a mineral phase can be determined by
calculating a saturation index (SI) using analytic data [15].

The saturation index of amineral is obtained by
S =log—
J KT

Where IAP is the ion activity product and KT is the equilibrium solubility product for the
chemical involved at the sample temperature.

The saturation indexes are calculated using PhreeqC for windows using pitzer geochemical
bases [16].

saturation index less than zero indicate that the groundwater is under-saturated with respect to
the specified mineral, elsewhere an index superior to zero stipulate that the ground water is
hyper-saturated with respect to the specified mineral and therefore incapable to dissolving
more of the specified mineral, in table 3 the saturation indexes of Calcite, Aragonite,
Dolomite Gypsum, and Anhydrite are presented in both dry and wet seasons.

Generally the saturation indexes of the carbonate minerals (calcite, aragonite and Dolomite)
are positive over the two seasons except for some wells (Table 3) indicating oversaturation
and precipitation for these minerals. In contrast the Sl values for evaporitic minerals (Gypsum
and anhydrite) are generally negative in the two seasons indicating that gypsum and anhydrite
could be dissolved aong flow path.

The carbonates minerals in wet seasons present an insignificant correlation with TDS values
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indicating a short time residence and long dissolution process, however in the dry season the
behavior of these elements change in respect to TDS changes (Fig 8c,d)

In dry season the hydrodynamic and thermodynamic condition of the alluvium aquifer change
and the dissolution of gypsum and anhydrite increase the concentration of Ca in groundwater,
wich will in turn increase Sl values of calcite and dolomite and make them precipitate from
the groundwater.

Table 3 representation of the phreegc simulation

L abel S| Calcite S| Aragonite S| Dolomite Sl Gypsum S| Anhydrite

January Jully January Jully January Jully January Jully January Jully

P1 0,23 0,57 0,09 0,43 0,03 1,06 0,04 026 -018 0,04
P2 0,28 0,08 014 -006 042 0,04 -0,08 -0,3 -0,3 -0,52
P3 0,25 0,06 0,1 -0,08 0,78 0,2 -046 -039 -068 -0,61
P4 0,05 0,4 -009 025 -001 057 -046 0 -0,68 -0,22
P5 0,32 0,16 0,18 0,01 0,03 016 -042 -058 -0,64 -0,8
P6 024 -002 009 -016 046 011 -027 -044 -049 -0,66
pP7 0,33 0,38 0,19 0,24 0,62 074 -065 -046 -087 -0,68
P8 0,22 0,07 007 -008 0,73 0,45 -0,1 -016 -032 -0,38
P9 0,74 0,84 0,59 0,7 1,32 212 -006 021 -028 -0,01

P10 0% -007 082 -022 161 -017 071 0,29 0,49 0,07
P11 0,72 0,56 0,58 0,42 0,99 0,95 0,19 0,02  -0,03 -0,2
P12 0,83 0,82 0,68 0,68 111 1,34 0,59 0,6 0,37 0,38
P13 0,6 0,43 0,45 0,28 1,42 1,54 0,32 0,23 0,1 0,01
P14 0,28 0,32 0,14 0,18 0,86 093 -023 007 -045 -0,15
P15 0,15 0,16 0,01 0,02 0,15 0,07 0 064 -022 042
P16 0,51 0,97 0,37 0,83 1,27 2,02 0,21 067 -001 045
P17 0,13 038 -001 024 0,15 069 -036 -034 -058 -0,56
P18 0,14 061 -001 04/ -0,3 178 -001 023 -023 0,01
P19 003 -007 -011 -022 -017 036 -027 -041 -049 -0,63
P20 61 -012 -003 -027 -03 -022 -087 -052 -109 -0,74
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P21 0,67 0,19 0,52 0,05 1,38 0,67  -0,27 -0,1 -049 -0,32
P22 011 0,09 -0,04 -0,05 0,37 0,06 0,03 0,29 -0,19 0,07
P23 -0,2 -038 -03 -052 -048 -045 0,25 0,1 003 -0,12
P24 0,17 0,28 0,03 0,13 0,09 0,25 -0,3 -0,14 -052 -0,36
P25 014  -0,03 0 -0,18 -0,68 -0,26 -0,2 -0,38 -0,42 -0,6
P26 0,25 0,01 01 -0,13 0,61 0,5 0,08 -0,13 -014 -0,35
P27 0,26 0,24 0,12 0,09 0,68 0,8 0,17 018 -0,05 -0,04
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The correlation between the major ions and TDS and the saturation indices of the mineras

(Table 3) suggest the following reaction along the flow path

NaCl = Na" +Cl~

(R1)
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CasSO, =Ca®" + S0, (R2)
Ca® + HCO, =CaCO,+H" (R3)

3.4. Suitability for Irrigation

Sodium adsor ption ration

The classification of water suitability for irrigation depends on the mineral constitution of soil
and plants [17], the USSL diagram [18],[19] relates sodium adsorption ratio SAR to electric
conductivity EC, if used water for irrigation is high in sodium and low in calcium content, the
exchangeable calcium in soil replace sodium by base exchange reaction in water this can
destroy the soil structure owing to dispersion of clay particles [20],[21], the SAR values are

calculated using the formula

SAR=(Na')/+/(Ca? +Mg?) /2

In the study area the SAR values ranges from 2.86 to 19.18 with an average value of 7.49
(table 4), More than 65% of the water samples are excellent for the irrigation purpose, more
than 25% are good and 7% are doubtful, More than 50% of the water samples caused
permeability problem and shrinking and swilling type’s clayey soils (Fig 9a)
The plotted data in USSL diagram [6], show that 45% of the water samples are classed in the
field of C4$4 (very high salinity and very high alkali hazard)

Table 4 Results of the different irrigation indices

Labe SAR Na% MAR  RSBC Pl KR
I

P1 18,97 75,04 2039 -11,60 79,69 2,95
P2 10,26 60,72 33,91 -9,97 66,94 1,51
P3 3,77 36,27 58,33 -3,71 43,75 0,54
P4 9,34 63,26 35,90 -5,87 70,16 1,67
PS5 3,09 37,84 15,19 -8,36 50,44 0,55
P6 3,93 38,30 40,91 -8,24 47,51 0,59
P7 11,67 72,87 40,01 6,16 79,08 2,61
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P8 4,32 35,74 58,69 -8,30 42,30 0,54
P9 15,06 68,87 33,33 -0,70 73,74 2,17
P10 9,62 43,64 2500 -51,39 48,71 0,76
P11 3,89 31,41 20,00 -25,07 40,16 0,43
P12 7,94 42,36 16,67 -43,07 48,85 0,72
P13 15,35 60,36 53,85 -1493 63,84 1,51
P14 12,25 63,71 58,73 -2,40 68,00 1,73
P15 12,25 64,58 3333 -13,08 69,28 1,73
P16 14,20 59,70 55,00 -13,60 63,12 1,45
P17 5,61 48,61 35,42 -8,47 57,15 0,91
P18 19,18 78,49 16,22 -7,60 83,16 3,53
P19 3,44 37,09 30,00 -11,33 47,33 0,54
P20 3,58 46,08 16,25 -5,95 57,77 0,74
P21 4,43 38,82 44,16 -6,53 44,69 0,56
P22 7,38 46,13 50,45 -19,33 49,85 0,78
P23 9,19 50,29 3750 -26,93 55,25 0,97
P24 6,57 56,88 28,57 -4,89 65,48 1,24
P25 6,38 55,00 7,29 -10,26 65,44 1,17
P26 8,44 51,38 48,24  -13,12 56,67 1,02
P27 8,95 48,64 50,00 -19,88 53,31 0,92

Sodium percentage (Na%)

The sodium percentage (Na %) is an important factor to evaluate the water suitability for
irrigation, excess in sodium changes and affects soil proprieties such as clogging in soil
particles as a result of reacting sodium with soil, sodium adsorption by clay particles leads to
displacing Mg®* and Ca?* ions thus reduce the soil permeability and cause poor internal

drainage [22],[23], the Na % can be calculated by the following formula
Na% = (Na" + K*)x100/ (Ca* + Mg* + Na" + K*)

In the study area the Na % values ranges between 31.41 and 78.49 % according to Wilcox
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classification :0% of water sample is classed as excellent, more than 25% is classed as
good ,more than 40% are classed as permissible and more than 33% is classed as doubtful
Table 4)

The spatial distribution of Na% in the aluvium ground water is shown in Figure 9b
Magnesium Ratio

The magnesium ratio (MAR) can be calculated using the formula

MAR = (Mg*")x100/ (Ca*" + Mg*")

Excess concentration of magnesium in the soil causes infiltration problem and can lead to
reduced crop yield [24], MAR = is considered unsuitable for water irrigation, the values of
magnesium ratio in the present study ranges between 7.29 and 58.73 %, 74% of the water
samples are suitable for irrigation while 26% are considered as unsuitable (Table 4), the MAR
distribution in the study areais shown in figure 9c.

Residual sodium bicarbonate

The residual sodium bicarbonate (RSBC) is defined by Gupta and Gupta [25] by the formula
RSBC = (HCO, —Ca*")

The RSBC values varied from -51.39t0 6.16 accordingto  Gupta and Gupta [25] Al
samples (more than 96%) were found to be satisfactory (<5mg/l).The special distributions of
RSBC in the study are described in figure 9d.

Permeability I ndex

The soil permeability decreases due to excessive irrigation practices and is defined depending
on quantity of Sodium, bicarbonate, calcium and magnesium in water, the permeability index
[26] can be calculated using the empiric formula

PI%=(Na* +,/HCO, ) x100/ (Ca** + Mg* + Na")

Where concentrations of all ions have been expressed in meg/I.

In the study area the values of permeability index Pl ranges from 40.16 to 83.16 (table 4), PI
is classified under class | (>75% permeability), class Il (25-75% permeability), class Il (<75%
permeability), where class | and |1 are good for irrigation and class |11 water is unsuitable for

irrigation with 25% maximum permeability, according to Doneen’s chart [26] (Fig.10),the
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spatia distribution of Pl in the study areais exposed in figure 9e

Kelly’s Ratio

Kelly ratio (KR) is used to define the suitability of water for irrigation, if KR is more than 2
which means excess in sodium values and the water is not suitable for irrigation, if KR is
between 1-2 that means the water quality is marginal, If KR isless than 1 the water quality is

suitable for irrigation [27], KR can be calculated using the following formula
KR=(Na")/(Ca* +Mg*)
In the study area 51% of the water samples are suitable for irrigation, 34% are marginal and

15% are unsuitable for irrigation (Table 4), the KR distribution in the study area is shown in

figure 9f.
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Permeability index map, f) Kelly ratio map, g) total hardness map, h) electric conductivity
map, i) total dissolved solid map
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Fig.10. Doneen’s chart for water irrigation suitability

In USSL diagram (Fig.11) the concentration of soluble salts in irrigation water termed as low
(EC<250 pS/Cm), Medium (250-750 pS/Cm), High (750-2250 uS/Cm) and very high
(EC>2250 uS/Cm), there is a significant relationship between SAR values of irrigation water
and the extent to which sodium is absorbed by the soil, high sodium and low calcium in water
raises the cations exchanges and is responsible for saturated sodium in an irrigation area, this
can destroy the soil structure due to dispersion of Nain the clay particles.

The projected water samplesin USSL diagram show that 45% of water samples arein SAC4
Class (very high akalinity hazard and very high salinity hazard), 16% are in C4S3 class (high
alkalinity hazard and very high salinity hazard), 22.5% are in C4S2 class (moderate alkalinity
hazard and very high salinity hazard), 6% are in C3S2 and C3S1 classes respectively
(moderate akalinity hazard and high salinity hazard, low akalinity hazard and high salinity
hazard) and 3% are in C4Slclass (low alkalinity hazard and very high salinity hazard)
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The Wilcox diagram [28] relates plot of EC and Na% to designate irrigation water quality,

Fig.12 infers that more than 77% of water samples are classed as very poor and unsuitable for

irrigation purpose, 7% are classed as poor, admissible and good for irrigation use respectably.
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3.5. Mechanism controlling ground water chemistry
To know the relationship of the chemical components of water to their respective aquifers
such as chemistry of the rock type, chemistry of the precipitated water and the rate of

evaporation, Gibbs diagram [29] was used to determine major process controlling ground
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Fig.13. Gibbs diagrams.a) for anions, b) for cations

Water chemistry, the data chemistry on Gibbs diagram (Fig.13) suggest that groundwater
chemistry is controlled by evaporation crystallization action by causes of the arid climate
condition and surface morphology of Guerrara basin, the excessive use of fertilizer in
groundwater can be a associated factor to increase salinity with Na', Cl” due to evaporation

The dispersion of water samplesin Fig.12b may be due to other anthropogenic activities.

4. CONCLUSION

Analysis of hydrochemical data of the alluvia aquier indicate that the main type of water is
Cl- SO4-Ca and ClI- SO4-K and the main process controlling groundwater geochemistry are
Eaporation —crystallization of evaporate minerals such as halite gypsum and anhydrite.

The sequence of the abundance of the maor ions is in the following order
CI>Na">S0,>Mg*">Ca**>HCO;>K*

The correlation matrix between the Physiochemical parameters show the influence of

evaporitic mineralization expreced by high correlation degrees, the obtained information
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suggests the presence of sdliferious bodies at shallow deep that contaminates the aluvial
aquifer during the wet seasons the dissolution of halite and gypsium minerals enriches the
water with sulfides and chlorures exceeding the international standars, the saturation indices
and gibbs diagrams calculated for wet and dry seasons confirms the dominance of
evaporation-precipitation wich is a cyclic phenomenon related to the climate nature in arid
region.

Water quality for irrigation was evaluated using several indices (SAR, Na%, MAR, PI, TH,
Sl, KR, and RSBC) al parameters show that the water is suitable for irrigation in the highest
regions of the study area and are charachterized by a moderate suitability in the lower
depression of guerrara (the palm grove area).

Asshown in the preliminary results the salt bodies are localized in the central part of the study
area more details can be obtained using geophysical sub-surface methods such as Ground

penetrating radar and 2D electric tomography.
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