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ABSTRACT

The groundwater of wadi Djendjen plain (Jijel, NeEast Algeria) have always been used as
drinking water supply in the cities and the irrigat of agricultural lands. This confers this
aquifer, which has already been the subject of mansehydrogeological studies, a particular
interest in terms of qualitative and quantitativeormtoring. Its exploitation is today
encountering excessive salinity problems, evidenbgdmeasurements of the electrical
conductivity of the water and the alkalinisationswoils. This degradation of the environment
results, among others, from ion exchange which lies cations (sodium, calcium and
magnesium), water / clay interaction as reflectgthle sodium absorption ratio (SAR).
Analyses on samples of groundwater destined fdgation and the application of a
geostatistical approach have enabled to map théaffested zones by this phenomenon.
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1. INTRODUCTION

The irrigated agriculture is today facing new caages such as the risk of salinity that can be
appreciated by the electrical conductivity and kfkzation of the soils.

The main water resources for irrigation of wadi mjgen plain consist of groundwater

storages. Groundwater samples for irrigation weralyged as well as the application of
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geostatistical approach on these analyzed watetgpaiere used to select favourable areas for
the implementation of water points for the irrigati in accordance with international
standards.

Geoscientists often face interpolation and estmmaproblems when analyzing sparse data
from field observations. Geostatistics is an inahle tool that can be used to characterize
spatial or temporal phenomena [1] [2].

Geostatistics originated from the mining and pewat industries, starting with the work by
Danie Krige in the 1950's and was further develdpe&eorges Matheron in the 1960's [3].
Geostatistics has since been extended to many fa¢has in or related to the earth sciences,
hydrogeology, hydrology, meteorology, oceanograglkegchemistry, geography, soil sciences,
forestry, and landscape ecology. In this classh habtdamental development of geostatistics
and simple, practical applications in the eartlersces will be presented [4]. Advantage of
geostatistics is the use of quantitative measurspatial correlation, commonly expressed by
variograms (Diodato and Ceccarelli 2005) [5]. Teens/ariogram is a fundamental tool in
geostatistics [6].

The main objective of this work is to make a stagtron the current state of the chemical
quality of water used for irrigation in the wadidbdjen plain (Jijel, North-East Algeria) and

its risks by using the geostatistiegdproach.

2. MATERIALSAND METHODS
2.1. Presentation of the study area
The studied area is located in the north-east gfeAd (Fig. 1). It is an agricultural and
industrial oriented region. It covers an area of I8 and opens to the north of the
Mediterranean Sea. It corresponds to the upstreainop wadi Djendjen and its tributaries

which contribute to the groundwater recharge.
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Fig.1. Location of the study area

The coastal location of this plain gives it a maidd damp climate. Between the winter and
summer, the monthly median values of temperatuaeg fvom 11°C to 25°C (the average air
temperature is 17°Clyear), relative humidity frofPato 75% and the evaporation from 41
mm to 80 mm. The rainfall, relatively high, reacl®€® mm/year [7].

The geological substratum of the area consistsnefsg and schists. However, sedimentary
formations mainly marly Miocene age and Plioceneecdhese metamorphic facies. Finally,
the depressions and valleys are filled with quaterlluvial deposits which are interesting
terraces aquifers. The groundwater recharge islyneamtrolled by infiltration of rainfall and
the low water situation by the wadi Djendjen (F2Q. The aquifer permits the socioeconomic

development of the region by the exploitation oé tHomestic and irrigation wells or

boreholes (25 millions fyear) [8].



A. Boufekaneet al. J Fundam Appl Sci. 2016, 8(2), 346-362 349

396+
N
I\‘\editcrmn%ﬂ sea Port of Djendjen
3951 x /
f — —
394 W // /](\(h.aroub
% Legend :
/ %,
393 - / \__ Piezometric level
== Wadi
7 = Direction of flow
B Locality
392
—" Road
E Burdigalian marls
3
3914 E
3 —
o | 0 1 Km
5 =1
2 =
S «
390 2 Z
g [
3
5
3894 =
>
=
=
=
388 ©
3874
386+
385+
779 780 781 782 783 784 785 786

Fig.2. Piezometric map in wadi Djendjen plain (May 2012)

2.2. Creation of the database

Determination of physic-chemical characteristics vaditer is essential of assessing the
suitability of water for various purposes like ddiimg, industrial and agriculture [9].

The analyzed samples are taken from boreholes &illd whose data are collected from the
National Agency Hydraulic Resources. The analyzath ccorrespond to the May 2012

campaign and come from 42 monitoring points (F)g. 3
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The targeted parameters in this study are the ridactConductivity (EC), the Sodium
Adsorption Ratio (SAR) and the Todd Ratio.

EC depends on water mineralization and reflects diaerall content of dissolved salts.
Generally, the values are reduced to 25 °C. Facualgural uses little water causes problems

beyond 0.750 m.mhos/cm.

Table 1. Classification of irrigation water quality basea Blectrical Conductivity (EC)

EC (m.mhos/cm) Salinity hazard
0.10-0.25 Low
0.25-0.75 Medium
0.75-2.25 High

>2.25 Very High

Among ionic exchanges existing in the ground, time concerning the Sodium-Calcium
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exchange which is a very interesting example berauplays an important role in the
stability of clay soils irrigated by ion exchan@AR report was proposed by Richard (1954)

to classify the irrigation water according to tiedldwing formula [10]:

-+

rcatt+rMgtt
A 2

Table 2. Classification of irrigation water quality based $odium Absorption Ratio (SAR)

SAR Sodicity hazard
<10 Low
10-18 Medium
18-26 High
>26 Very High

In the downstream of wadi Djendjen plain, the sadter aquifer comes into contact with the
marine area. The proximity to the sea makes thenglwater’s exploitation very delicate.
According to Todd, the report proposed by Revell#() is a marine invasion indicator [11].
Higher values of this report reflect the contamoratby seawater. In an attempt to

circumscribe the problem of salty bevel, we rebecthe report. It is obtained by the formula:

Rc = el (2)

rHCO3 ™™

Table 3. Classification of water quality based on Todd Rati

Todd Salinity hazard
0.5-1.3 Low
1.3-2.8 Medium
2.8-6.6 High
6.6-15.5 Very High

Note:

1- The first two parameters are very important for thassification of water used for
irrigation. The three parameters are calculatexder to judge the degree of contamination
by sea water (salinity) at the coastal aquifer.

2- The electrical conductivity (EC) was measuredtansite during the sampling collection.

In the laboratory, water samples have been analfmetthe main anions and cations such as

Na’, Ca™, Mg'", K*, CI, SO4, NO3 and HCO3

2.3. Geostatistics

Geostatistics is based on the theory of the stiidggionalized variables [12]. Variogram is
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one of the most important tools for quantifying tidacorrelation between data points.
Variogram is actually the variance of data valueswo points separated by h distance from
each other. In general, the purpose of calculatiegvariable mode is to estimate changes in
variables with respect to temporal and spatialatems. To calculate this variability, the total
squared difference between pairs a distance h ®aoh other is determined and plotted
against h, in a semivariogram, as given in equdBypl3].

v(h) = % Var[Z(x) — Z(x +h)] (3)
Where:
h: denotes the distance (lag) between pairs of kagnpoints.
Var: is the variance.
Z(x): is the observed value of one parameter aitpoi

Z(x+h): is the value of parameter at point xi+h.

The variogram is a quantitative descriptive stasthat can be graphically represented in a
manner which characterizes the spatial continuig; (oughness) of a data set. In order to
interpolate with different methods, a theoreticaldal must be fitted to the experimental data
of the semivariogram. By fitting a theoretical mbttethe value of the empirical model and
by applying linear and nonlinear models, unknownaldes can be estimated [13].

After calculating experimental (cross) semivariogra theoretical model should be fitted to
the experimental data. The most common semivamogreodels are spherical, exponential,
linear and gaussian models [6].

In this study, two types of models (gaussian artftespal) were used to determine the best

model variable mode. Gaussian and spherical madelexpressed as following [14]:

. sh_ a2 /B 2
7(h) = [h s Gt [” =(a) ] Spherical model (4)
h>a: Cy+C
h.:
v(h) = C; + E(l — ea_‘) Gaussian model (5)

Where:
Co: is the nugget effect.
Cot C:issill.
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a: is the range of influence.
After fitting the model, (cross) semivarigram claegistics will be used in kriging system of

equations in order to interpolate the desired éeia

2.4. Ordinary Kriging
Ordinary Kriging is an unbiased linear method whishbased on the logic of a moving

average (Krige 1978, Delhomme 1978, Webster anee©HB001) [15].

The most obvious advantage of Kriging algorithntdscalculate the error associated with

each estimate.

In this method, the results should be unbiased hirgig coefficients which are determined so

that their sum is one (Eg. 6). In normal Kriginge taverage value is unknown but is

independent of the coordinates. The Kriging estimsatisfies the following conditions [15]:
Z*(x,) = Z%, M. Z(x,) with XL, Ai=1 (6)

Where:

M: is the Kriging weight.

Z*: is an estimator of unknown true value of gJ(x

2.5. Cokriging
In cokriging (COK) one or more secondary variablebjch are correlated with the main

variable are used for the interpolation. It is soggdl that these secondary variables can
improve the accuracy of the estimation. COK estimet defined as [12]:

Z°(xg) = L=y Mt Z(%,) + ZF  AB.S(xg) with X2_ da=1Zg,28=0 (7)
Where:
Ao and AP : are the weights assigned to the known valuethefprimary and secondary
variables Z and S, respectively.
n and m : are the number of primary and secondasgrvations.
The weights are determined through COK system ovéegns similar to OK [12].
2.6. Comparison of interpolation methods
A cross-validation approach is used to assess thormance of OK and COK. The
comparison criteria used are mean bias error (MB&)t mean square error (RMSE) and

determination coefficient # Mathematical formula for MBE and RMSE are givan[14]:
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MBE = XN [2°(x,) — Z(x,)] (8)

[
RMSE = N'% TN [Z (%) — Z(x,)]2 9)
Where:
Z*(x;) and z(x) are the estimated and observed values at locatioespectively.

N: is the number of observations. For an approprstimator, MBE should be close to zero.

R? should be close to 1 and RMSE should be as smalbssible.

3. RESULTSAND DISCUSSION
3.1. A statistical analysis
The elementary statistical analysis of 42 analyaedler points of wadi Djendjen plain is
summarized in the table below.
For groundwater of wadi Djendjen plain:
- The EC values vary between 0.61 m.mhos / cm &f@i@.mhos / cm.
- The SAR varies between 0.31 and 3.94.
- Todd report varies between 0.44 and 3.76.

Table 4. Basic Statistics of the chemical elements

Parameters Ca" Mg~  Na' K* CI S04~ HCO3 NO3 EC SAR Todd

Max 238.41 120.36 299.23 0.09 612.06 425.16 520.83 97.0853 394 3.76
Min 31.71 16.04 8.52 0.00 56.30 32.94 97.90 2.0061 031 0.44

Av 131.77 3950 143.77 0.84 230.02 253.58 26259 52207 239 1.65
SD 5717 2262 6844 0.03 14689 9587 117.09 23.1950.0.88 0.98
CVv 0.43 0.57 0.48 0.04 0.64 0.38 0.45 045 0.36 0.37.590

Max: maximum ;Min: Minimal ; Av: average SD: standard deviationGV: Coefficient of variation
3.2. Modelling and Validation
In this study, the regionalized variables are eleat conductivity (EC), the sodium
adsorption ratio (SAR) and Todd Ratio. The geastiatil study consists of two main phases:
- Characterization of the spatial structure ofrégionalised variability.
- The estimation of this variable by using an iptdation tool.
3.2.1. Modelling variograms
- Electrical Conductivity variography
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The EC surface variogram of the groundwaters (#jgoresents an isotropic around the 45°
direction. This value of isotropy will be considdréor the experimental variogram. The
adjusted model is gaussian. The equation of thegam is:

v (h) =0.02 + 0.60gaus 2.40 (h) and its rangedka.
The validation is given by the IGF index (Indic&i®oodness Fit). It gives a value of 0.087,
it indicates the proper adjustment (it is closéh®value 0).
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Fig.4. Surface variogram and adjusted variogram of the EC

- SAR Variography
SAR surface variogram of the groundwater (Fig. B)vles an isotropic around the 45°
direction. This value of isotropy will be considdréor the experimental variogram. The
adjusted model is of spherical type. The equatich@variogram is:

v (h) = 0.11 + 0.80sph 2.40 (h) and its range i Rr.

The index (IGF) shows a value of 0.023 (the valatatest is accepted for this adjustment).
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The Todd ration surface variogram of groundwategyfe 6) gives an isotropy around the
direction 65°. This value of isotropy will be codsred for the experimental variogram. The
adjusted model is of linear type. The equatiorhefiariogram is:

v (h) =0.08 + 1,15sph 2.40 (h) and its range i Rr.
The index (IGF) shows a value of 0.091 (the valatatest is accepted for this adjustment).
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3.2.2. Kriging

- Spatial prediction of groundwater quality parameters

In this study COK is used to produce the maps efdpatial distribution of EC, SAR and
Todd Ration. Afterwards sampling point layer is eygmsed on the classification layer and
expected values are compared with observed vallles.results show that expected and

observed values are highly correlated.

- Map of the Electrical Conductivity

The spatial variation of the EC (Fig. 7) allowsdistinguish increase of contents of the plain
from South to northward. Values are above 2.50 rasnhcm, across the littoral band and
reach on the seafront values above 3.50 m.mohs (adwvancement of the seawater). We
observe that in some areas (such as the southshstoathwest area), the value of the EC
increases with increasing amounts of sulfate amdrbonate. In the rest of the plain, the
values range between 0.61 and 2.43 m.mhos / citneimest of the plain, the values range

between 0.61 and 2.43 m.mhos / cm.
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- Map of the SAR

SAR values in the area of study (Fig. 8) range fb81 to 3.94 EPM. All the examined water
points on the left bank of the wadi Djendjen beldoghe category of C3S1 class, indicates a
fairly good way typed at the water that can be usedrrigation [12]. The analyzed water
points, located in the category of C4S1 class atdi@a very high salinity threat, are in the
northern part (position near the sea) and the azast of the plain. This is due to the strong
mineralization of its water, which is the resulty one hand, of leaching of the land and, on

the other hand, the anthropic contamination (thglamgerations discharges with a lack of
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sewage system) and marine invasion.
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Fig.8. The spatial variation of SAR using Co-Kriging math

- Map of Todd Ratio

The spatial variation of the Todd Ratio (Fig. 9pwis that the high concentration zone is
noted close to the sea water (coastline). The skeesoncentrations levels of chlorine confer
to the water an unfit character for human use. fdrmeaining water from the aquifer is
generally characterized by a slight contaminatiodd ratio values of the study area ranged

from 0.44 to 3.76.
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4. CONCLUSION

This present work on wadi Djendjen plain (Jijel, rifveEast Algeria) is to determine the
waters suitable for irrigation. It was achievedotigh the use and synthesizing of a
considerable amount of hydro climatic data, geaalgi hydrogeological, pedological or
other ..., in our study area to coordinate thenteb@t order to understand the phenomenon of
salinity and propose later conceptual solutionse Tésults of groundwater analysis and the

modelling emphasize:
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v' The effects of salinity on the water quality.
v" The impact of "pumping" in the downstream areat@ngrogress of the salty bevel.
v Distribution of geologic facies aquifer formatiomsd recharge areas.
v" Misuse of fertilizers in agriculture (nitrates).

For a better management of this aquifer and tomire these effects, it is necessary to:
v Control the exploitation flows and groundwater leve
v' The implementation of a policy to protect vulnembteas.

v Prohibit the establishment of coastal drilling.

Further hydrochemical studies should be carried@uivestigate the impacts of land use and
anthropogenic activities on groundwater qualitythe study area. Factors influencing the
groundwater quality should be addressed as earlpoasible and kept as minimum as
possible [16].

Finally, future investigations of the groundwateiadity in the study area would benefit by the

improvement in hydrogeological and hydrochemicahdaonitoring.
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