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Abstract: Water flux in unsaturated zone is one of the most important phenomenon for determining the
recharge characteristics of an aquifer. In-situ measurement and simulation models have been developed in
recent years to characterize the recharge process in unsaturated zone. Recently, a mechanistic model named
as “AgriFlux” have been adopted to specify the water fluxes in unsaturated zone. In this study, water flows
in the unsaturated zone is investigated in order to understand a global interaction of soil-aquifer exchange
system and to simulate the water flux leaching from unsaturated zone of soil and capacitance using AgriFlux
model. Input parameters of the model were characterized by in-situ measurement and laboratory works. In-
situ measurement were done by auger hole and Porchet test at 36 locations. Within laboratory tests,
mineralogy of soil samples is characterized by X ray diffraction (XRD) and grain size distribution is
determined on the undisturbed soil sampled from study area. The modelling results reveal that a percolated
total water flow leaching through the unsaturated zone. The results were also compared with the observed
ground water level fluctuations in the aquifer. Consequently, water flow quantification of a soil — aquifer

system in Poitevin Marshland signpost the recharge characteristics of Bri Aquifer.
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1. INTRODUCTION

Hydrogeological characterization of vadose
zone is crucial to assess the water income to an
aquifer which represents a complex process involving
precipitations, water uptake by plants, evaporation,
infiltration, drainage, runoff and percolation.
Generally, unsaturated zone models are very useful to
forecast short and long term effects of water income
and has an aim to minimize the impact on the
environment. Among the assessment methods,
stochastic model is the most relevant analytical tool
due to their ability to simulate of recharge from the
vadose zone.

Since 1990s, vadose zone models have become
highly developed because of their frequently use in
groundwater science (Hansen et al., 1991; Larocque
& Banton, 1996; Zheng & Wang, 1999; Vernieuwe,
2006; Wriedt et al., 2007; Bonton et al., 2012). There

are also numerous techniques available for the
estimation of water infiltration rate through the
vadose zone (Ravi & Williams 1998). AgriFlux
Model is a one of the most effective finite-difference
mechanistic stochastic model to simulate water and
nitrate fluxes leaching from the vadose zone (Banton
& Larocque, 1997). AgriFlux is a model that attempts
to describe all phenomena by taking into account the
spatial variability of the input parameters using their
statistical distribution in a Monte Carlo approach
(Lasserre et al., 1999). Until now, there are several
applications in the literature (Clement, 1997, Flipo et
al., 2007a, Flipo et al., 2007b, Polus et al., 2011) of
nitrate transport in vadose zone modelling using
Agriflux. However, a few of them were used to
estimate for water infiltration. The model (AgriFlux)
uses a simplified solution of the Richards’ equation
(for water flow) with a cubic function to calculate
unsaturated hydraulic conductivity (Richard, 1931).
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Unsaturated hydraulic conductivity is calculated in
the model for each time step as a function of the
moisture content for each layer in order to calculate
the water flow, from one layer to another, according
to the Irmays estimation (Irmay, 1954; Bear, 1988;
Dupuy, 1997).

Most studies of water movement in the
unsaturated zone have focused also on understanding
of soil moisture content variations and their effects on
atmospheric boundary layer processes affecting
weather and climate (e.g. Manabe, 1969; Ookouchi et
al., 1984; Dickinson, 1984; Pielke and Avissar, 1990;
Pielke et al., 1991). How much water infiltrates,
evapotranspires, and recharges the subsurface
depends on the soil moisture content (D’odorico et
al., 2000).

AgriFlux is divided up three principal modules;
it simulates the water cycle (HydriFlux), nitrogen
transformation (NitriFlux) and the fate of pesticides
(PestiFlux) in the unsaturated zone. The present
AgriFlux application used one of the three modules
(PestiFlux and NitriFlux are not used). The module
HydriFlux simulates water flow in the unsaturated
zone of the soil, including water input (precipitation,
infiltration, percolation, and snow melt) and water
uptake (water uptake by plants, evaporation, runoff,
drainage). In AgriFlux, daily precipitation data are
provided by the user or are generated from inter-annual
mean statistics (number of days with precipitation,
monthly precipitation) (Novak et al., 2002).

The objective of this study is to investigate and
to highlight the main process involved in alimentation
of Bri Aquifer. For this purpose AgriFlux is utilized
as a modelling tool which is a mechanistic stochastic
model involving precipitation, runoff, infiltration,
evaporation, percolation and drainage. The amount of
drained water to determine the alimentation
characteristics of Bri Aquifer is also quantified with
AgriFlux, in Poitevin Marshland. The computed data
simulated by the AgriFlux model and field data
handled from the boreholes are compared in order to
verify the validity of the vadose zone water flux
simulation in Poitevin Marshland (Marais Poitevin)
in France.

2. DESCRIPTION OF THE STUDY AREA

The study area is located in south west of
France called as “Bri Aquifer” which signify the
silty/clay deposits in Poitevin Marshland, France. Bri
aquifer circulates in the quaternary aged marine
deposits. Its soil texture and clay mineralogy are the
same, with 45 to 60% clay and more than 95% clay
plus silt. Clay minerals consist of illite (50-60%),
kaolinite and montmorillonite (20-25%) (Pons et al.,

2000). The Bri formation has a very heterogeneous
character; the soil and its hydraulic properties are
variable with distance. When the temporal and spatial
variability of the region is considered, the required
measurements of unsaturated soil hydraulic
properties are tremendous, time-consuming, and very
expensive (Li et al., 2006).

Poitevin Marshland is a most important of all
French wetlands with its beautiful nature and tourism
potential (Bourcart, 1958). Since 19th century many
studies have realized to determine different soil and
hydraulic properties of Western Marshlands of
France (Marais de I’Ouest de la France) (e.g.
Tournade & Bouzillé, 1995; Pons et al., 2000; Weng
et al.,, 2003; Bernard et al.,, 2006). Poitevin
Marshlands (Marais Poitevin) is a small part of
Western Marshland of France (Fig. 1). This unit
covers an area of approximately 95,000 ha and its
climate is coastal-oceanic.

Figure 1. Site location map of the experimental site

The field studies were carried out at Marans
located between Niort and La Rochelle cities in the
west region of France. The climate is coastal-oceanic,
with a mean annual rainfall of 780mm distributed
through two well-marked seasons: 52% of the rainfall
occurs between October and January (Giraud et al.,
2000). The average temperature for the April through
August 2003 period was 19.4°C and the potential
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evapotranspiration was 536mm (Bernard et al., 2006).

In the Poitevin Marshland the marshes and
associated soils are formed on the clay rich
Formations named Bri. Bri fall out during the
Flandrian transgression as a result from silting of an
erosion basin in Jurassic limestones. This work deal
with the Bri aquifer and the limestone aquifer. The
Bri aquifer circulates in the quaternary deposits and
the Limestone aquifer circulates in the Jurassic
deposits. The local scale geological cross-section of
the experimental site at Marans is shown in figure 2.

Figure 2. Local scale geological cross-section of the study
area.

3. METHODOLOGY AND INPUT DATA

The AgriFlux model is a mechanistic,
stochastic and one-dimensional model based on finite
difference approach. Mechanistic concept of
AgriFlux procures a physical representation of
different process. Through the mechanistic
conceptualization, AgriFlux can describe the internal
mechanisms of the system (e.g. water flux which is
based on physical laws and resolvable with analytical
or numerical equations). Stochastic approach
includes the notion of spatial variability of parameters
and process. Every parameter is represented by its
statistical distribution (discrete, uniform, normal, log
normal or Beta type) and for each assemblage of
simulation the values picked out randomly (Mote-
Carlo approach) for the preset statistical distributions.
Monte-Carlo method is generally applied to study
equilibrium systems in statistics. In AgriFlux Monte-
Carlo approach is performed to generate the
parameters randomly.

AgriFlux is created as a modular form which
enables a large flexibility to use. AgriFlux is divided
up three principal modules HydriFlux, NitriFlux and
PestiFlux. NitriFlux is created for the simulation of
nitrogen transport and the nitrogen cycle in the
unsaturated zone of soil. PestiFlux serves to simulate
the transformation of the pesticides and its secondary
products. The aim of this work is to quantify the soil
aquifer exchanges therefore, NitriFlux and PestiFlux
are useless. On the other hand HydriFlux is the

essential module for all simulations; water budget
(each component of the transport and the water cycle)
can be simulated by HydriFlux. Water budget
includes the simulation of precipitations, water
uptake by plants, evaporation, infiltration, drainage,
runoff and percolation.

Percolation  represents  vertical  water
movement through the unsaturated zone which
aliments the unconfined aquifer. The model
determines the water flux in a heterogeneous field by
considering the soil profile as homogeneous layers.
Each soil layers is defined as a reservoir. The water
can accumulate in a soil layer until its total porosity
is completely saturated. Water movement from an
upper layer through the subjacent layer is possible
when the water content of the upper layer attain a
value nearby field capacity. Water flux from upper
layer through the subjacent layer is determined by
unsaturated hydraulic conductivity variation as
presented by Irmay (Bear, 1988) (Eq. 1). Water flow
velocity is calculated using the integrated finite
difference approach of the Darcy-Richard equation

(Eq. 2).

K(0)=K,, x [E‘::Z;T 1)
sz ©

Where, K(#) is unsaturated hydraulic conductivity
(m/s), Ks is hydraulic conductivity at saturation
(m/s), 6 is water content (m3/m?), 6., residual water
content (m®/m?), n is porosity, H is hydraulic head, h
is relative water pressure and z is depth.

The quantification of soil-aquifer exchanges
requires defining numerous parameters. These
parameters are grouped into three principal data: 1)
Agricultural data 2) Climatic data 3) Pedological
data.

Agricultural activities don’t exist on the
experimental sites; thence agricultural data are
ignored in the model. Climatic data required for the
model (AgriFlux) are precipitations, temperatures
and evaporation. These data must be specified in the
space and the time. In the model climatic data are
collected from different stations of the Region.

Principal pedological parameters for every soil
layer required by AgriFlux are saturated hydraulic
conductivity, porosity, residual water content, wilting
point and grain size distribution. For the Pedological
datas, physico-chemical characteristics and hydraulic
properties of the Bri material are betrayed.
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3.1. Laboratory analysis (sieve and X ray
diffraction analysis)

Physico-chemical characteristics of the Bri
material are analysed to determine the mineralogy
and to approximate the required pedological data.
Mineralogy of Bri is determined by x ray diffraction
analyses. The used equipment is a panalytical Xpert
diffractometer. It is constituted of goniometer system
which fixes the sample. Present principal minerals are
identified through their principal reflections.

Moreover, granulometric characteristics of Bri
material were analyzed to determine the grain size
distribution. Generally, granulometric studies of a
material are useful to determine the proportion of the
elements, classified by their size category. This study
fine grained soils (particle size < 2mm) are analyzed.

General application of this analysis realized as
drying the soil samples before sieving. However, the
material of Poitevin Marshland has a fine
granulometric character and its drying (at 24°C normal
conditions or 105°C in the oven) drives the sample
extremely hard and coherent. Thus, rehydratation of
the sample is very difficult at natural conditions.

Table 1. Hydrologic properties of soils based on their
textural class (Adapted from Rawls & Brakensiek, 1982)

Field — )
. - Wilting Hydraulic
TEXTURE F(%Oi:%’ C?gzc?:ty Point (15 | Conductivity
' bér) bar) (m/s)
0437 | 0091 | 0.033 -
Sand ©0.063) | (0.073) | (0.006) | 583*10
TLoamy 0437 | 0125 | 0.055 -
Sand 0.069) | (0.065) | (0.036) | 170x10
Sandy 0453 | 0207 | 0.095 -
Loam 0102) | (081) | (0.06a) | 719X10
0463 | 0270 | 0.117 N
Loamy ©0.088) | (0.075) | (0.0a8) | 18910
. 0501 | 0330 | 0.133 R
Silty Loam (0.081) (0.072) (0.055) 3.67x10
Sandy Clay 0.398 0.255 0.148 "
Loam 0.066) | (0.069) | (0.063) | 1:19X10
Clayey 0464 | 0318 | 0.197 B
Loam (0.055) | (0.068) | (0.082) | ©-3%x10
Silty Clay | 0471 | 0366 | 0.208 B
Loam 0.053) | (0.062) | (0.070) | #1710
0430 | 0339 | 0.239 B
Sandy Clay (0.060) (0.094) (0.077) 3.33x10
. 0479 | 0387 | 0.250 B
Silty Clay (0.054) (0.055) (0.057) 2.50x10
0475 | 0396 | 0272 B
Clay ©0.048) | (0.070) | (0.084) | 16710
*The value entered between parentheses is the standard
deviation

Furthermore, sieve analysis gives the essential
parameters (grain size distribution) to define all of the
soil parameters in the model by the table proposed by

Rawls & Brakensiek (1982) (Table 1). And the model
necessitates in situ soil properties. Therefore, sieve
analysis was realized with undisturbed soil samples,
without drying process.

The soil fraction which is greater than 50um is
sieved. And for the fraction smaller than 50 pum, laser
granulometer machine (MALVERN IP 100) is used.
The principle of this instrument is based on the
analysis of the diffraction pattern of a laser beam
created by particles in the suspension which includes
the fraction smaller than 50um. This tool directly
measures the amount of particles in the suspension
and indicates their size distribution (from 0.1 um to
50 um). Clay (< 2 um), fine grained silt (from 2 to 20
pm) and coarse grained silt (from 20 to 50 pm)
particles belong to this size range.

3.2. Variable head Porchet tests

Porchet test is one of the in situ methods to
determine the hydraulic conductivity at saturation in
the unsaturated zone of the soil. Mathematical
exploitation of Porchet test is based on the hypothesis
that the media is homogeneous and isotropic and the
water flows with a hydraulic gradient of 1. This
hypothesis is verified only when the fringe area of the
auger hole is completely saturated. These two
conditions are rarely presented in the nature thence
treated results are approximate values.

In this work, variable head Porchet test is
applied on 36 representative points. This method is
preferable to determine the saturated hydraulic
conductivity of a large area on the field. Variable
head Porchet method consists of boring a hole to a
given depth, filling it with water and measuring the
rate of fall of the water level. Hydraulic conductivity
at saturation (Ksat) is characterized by the “time — log
(r/2+h)” curve (Fig. 3).

Figure 3. Representation of “time — log (r/2+h)” curve for
the hole “T1-1”

Representative line of the “time — log (r/2+h)”
curve is considered to determine the slope (E.g. for the
hole T1-1 slope is 3*10°%). Then hydraulic conductivity

174



to saturation calculates by the equation 3:

K, = 23X e ®3)

Where, ris radius of auger hole,
tan a is slope of representative line. Comparing
hydraulic conductivity values treated from the soil
texture proposed by Rawls & Brakensiek (1982) and
the Porchet tests results is useful to bring to light the
conformity of hydraulic conductivity values based on

the soil texture (Table 1).

3.3. Modelling scenarios

The main objective of the study is to evaluate
the model results in comparison with field
measurements. The simulations were effectuated for
period of 4 years comprise from 1 January 2003 to 31
December 2006.

The unsaturated zone of soil is discretized in 4
layers which the thickness raises with the depth. Soil
profile is simulated until 1.5m depth with a view to
cast all of the pedological horizons. The depths of
first and second layers are considered 0.25m and the
third and the fourth layers are considered 0.50m.

The pycnometer analysis realized by Bernard
et al., (2006) in Poitevin Marshland indicate that the
dry apparent density of Bri is about 2.58 g /cm?. And
the total porosity values are defined in the model
(AgriFlux) by the graphic (Fig. 4) proposed by
Bernard et al., (2006).

Figure 4. Evolution of the total porosity with the depth

Meteorological data were obtained from the
weather stations at Beauvoir sur Niort and
Cramchaban (figure 1). And for the pedological data,
grain size distribution is characterized (Fig. 5 and
Table 1).

First simulations indicate that the model is very
sensitive to the variation of residual water content.
This parameter serves to characterize the unsaturated
hydraulic conductivity by the cubic relation of Irmay
with a view to determine the infiltration from upper
layer to lower layer. This mathematical relation
considers that the residual water content is equivalent
to the field capacity. Consequently, the value of
residual water content (6;) must be between the field

capacity (Ocap) and the wilting point (6wp) values.

Therefore, as the utilized model AgriFlux is
very sensitive to the residual water content, the
simulations were realized for three different scenarios
to test the different values of residual water content,
comparing with the values proposed by Rawls and
Brakensiek (1982):

(1) Scenariol: 6 ~ %9“*1’ +%6’wp
o 1 1
(2) Scenario2: 6 =~ Eecap +50wp

(3) Scenario3: 0, ~0,,

In the present case, first scenario corresponds
to the table 1. Testing these scenarios in the model
will betray the reliability of the Rawls and
Brakensiek’s proposition (1982).

Figure 5. Representation of the grain size distribution
(with and without drying) and the relation between the
grain size and permeability at Marans

4. RESULTS

X ray diffraction analysis displays the
mineralogical composition of Bri material. Synthesis
of the mineralogical results is represented at Table 2.
The mineralogy of the study area is very
heterogeneous. Quartz and illite are the major
constituents. The feldspar and the calcite constitute
respectively less than 5-10 % of the material as
chlorite and kaolinite. Any trace of swelling mineral
such as smectite wasn’t observed. Finally only
sample T6-3 contain gypsium (5 to 10%).

Sieve and granulometric analysis are realized
to determine the clay percentage “%C”, silt
percentage “%S” and sand percentage “%Sd” of the
soils sampled from all auger holes (M-1, M-2, M-3)
for each soil layer (0.25m, 0.50m, 1m, 1.5m) at
Marans. The grain size distribution of each soil
samples at Marans is represented in Table 3.
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Table 2. Representation of major mineral quantity in the samples

++++:40-30% ; +++: 30-20% ; ++ : 20-10% ; + 10-5% ; tr : <5% ; n.d. : non detected
K.

Sample | Depth | Quartz | Feldspar | Plagioclase | Calcite | Dolomite | Gypsium | lllite/ Muscovite | Chlorite | Kaolinite
T1-1 im ++++ + tr + tr n.d. +++ + +
T1-3 Im ++++ + tr + tr n.d. +++ + +
T1-6 Im ++++ + tr + tr n.d. +++ + +
T3-1 Im | ++++ + tr + tr n.d. ++ + +
T3-3 im ++++ + tr + tr n.d. +++ + +
T3-6 Im ++++ + tr + tr n.d. +++ + +
T6-1 Im | ++++ + tr ++ tr n.d. +++ + +
T6-3 im ++++ + tr + tr + +++ + +
T6-6 im ++++ + tr + tr n.d. +++ + +

Table 3. Representation of sieve analysis results at Marans

Sample M-1 25¢cm M-1 50cm M-1 1m M-1 1,5m M-2 25cm M-2 50cm
% Clay 18 18 17 20 17 15

% Silt 77 77 79 78 77 80

% Sand 5 5 4 2 6 5
Sample M-2 1m M-2 1,5m M-3 25cm M-3 50cm M-3 1m M-31,5m
% Clay 20 19 17 18 20 22

% Silt 78 78 79 79 78 77

% Sand 2 3 4 3 2 1
Undisturbed grain size distribution at St Hilaire ~ drying:

la Palud shows off the same characteristics with
Marans. At the experimental sites (Marans) the
dominant character is silty loam (= 75%), the sample
includes a small amount of clay (< 20% average) and
very poor for the sand fraction (%5 average).
According to the textural classification of Rawls &
Brakensiek (1982), analyzed samples are in the domain
of “silty loam”. This domain corresponds to
permeability very feeble nearby impermeable (Fig. 5).

So, analyze of the sample “M-1 1m” after
drying at normal conditions (25°C) “M-1 1m S.A.”
and at 105°C “M-1 1m S.E.” is realized to
characterize the drying impact on the results (Fig.5
and Table 4).

Table 4. Sieve analysis results of dried samples

In these analytical conditions (especially
drying at 105°C), percentage of fine fraction (clay)
don’t change. But percentage of silt fraction
decreases in aid of the percentage of the silt fraction.
Consequently, on the studied horizons, drying
process drives the samples to the aggregate formation
which falls under the sand domain.

The results emphasized in figure 5, broach two
hypotheses which can explain this behavior. So,

1) Collapse the fine grained particles and
reduce the porosity which rehydrates the sample.

2)  Drives to the formation of strong liaisons
between the particles with an irreversible reaction
which avert the rehydratation of the aggregates (in the
sand fraction).

In conclusion, grain size distribution doesn’t
change considerably despite the drying process. On
the other hand, drying at 105°C, cause a little
movement from impermeable zone through the lower
permeable zone (Fig. 5). That means, rehydratation
cycles in terms of geological periods, can change the
grain size distribution of the aggregates in Poitevin
Marshland.

The Porchet tests results made on the

Sample M-1 1mSA. M-1 1mSE. experimental site at Marans indicate that there isn’t
% Clay 18 19 an important variation of hydraulic conductivity (K).

, In such a case, required hydraulic conductivity data
% Silt 78 74 . .
2% Samd . - for the AgriFlux model represents the entire
0 0an

experimental site at Marans (Table 5).

Therefore, hydraulic conductivity at Marans is
approximately “2x10® m/s” and these results
correspond to the proposition of Rawls & Brakensiek
(1982) (Tables 1 and 5). So, it’s acceptable to use the
proposed hydraulic conductivity values at table 1 for
the AgriFlux model for the experimental site.

The simulation results confirm the importance
of residual water content parameter for different
scenarios in the model. Generally, curves of
cumulated water flux of first scenario are nearby the
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reality, because they are always between the curves
of second and third scenario (Figs. 6, 7, 8).

Table 5. Porchet tests results at the experimental site in
Marans (K in x107m/s)

T1-1 [T2-1 [T3-1 |[T4-1 [T51 [T6-1
3,01 |10,00[20,00 |10,00 |20,00 | 10,00
T12 [T2-2 [T3-2 [T4-2 [T52 [T6-2
10,00 [ 10,00 /10,00 6,02 |30,10 | 20,00
T1-3 [T2-3 [T3-3 |[T4-3 [T5-3 [T6-3
20,00 | 20,00 [30,10 |30,10 | 20,00 | 10,00
T14 |[T2-4 [T3-4 |T4-4 [T54 [T6-4
10 9,03 |9,03 |20 |21 |20

T15 |[T2-5 [T3-5 |T4-5 |T55 |T6-5
2,00 |2,00 (200 |[200 |2,00 |1,00
T16 |T2-6 |T3-6 |T46 |T56 |T6-6
200 |200 (200 |200 |1,00 |1,00

The observed simulation curve for the first
scenario (0=2/3 Ocpt1/3 Opr) echoes globally the
percolated water quantity (Figure 6) laundering, soil
aquifer exchanges characteristics are determined.
According to the findings, during the given period
(from 01/01/2003 to 31/12/2006) percolated water
amount which aliment Bri Aquifer is 60cm, as well as
water amount of runoff is 12cm. On the other hand,
water quantity accumulated in the artificial drains is
very poor (Figs. 6, 7, 8).

Meteorological data (rainfall and potential
evapotranspiration “ETP”) taken from IIBSN for the
simulation period (from 01/01/2003 to 31/12/2006)
marks a drought at 2005 (Table 6). This drought
appears on the cumulative water elevation curves
with their low slope (Figs 6, 7, 8).

(m)

Figure 6. Cumulative drained water elevation for three
different scenarios

Water-mass balance adequacy between the
simulated results and the observed ground water
fluctuation results in the Bri aquifer constitute a

preliminary necessity to the characterization of soil-
aquifer exchanges. In this way, validity of defined
parameters in the model is tested. Therefore, available
field observation data (from August 2005 to January
2007) at the experimental site are compared with the
simulation curves for the cumulative percolated water
elevation (figures 9 and 10). Used material for the
groundwater level observation is “Nivemac 98 S*S-
4” produced by Hydroemac materials Auteg.

(m)

Figure 7. Cumulative percolated water elevation for three
different scenarios

(m)

Figure 8. Cumulative run-off water elevation for three
different scenarios

Table 6. Annual ETP and rainfall values at Beauvoir sur
Niort meteorological station from 2003 to 2006.

Rainfall (mm) ETP (mm)
2003 742.7 958.6
2004 729.2 767.2
2005 590.1 860.9
2006 857.6 787.8

The correlation coefficient (p) is determined to
underline the relation between the simulated and the
observed data. The correlation coefficient is a
measure of the strength of the linear relationship
between two interval data variables. Correlation
coefficient between the simulation of percolated
water flux (Fig. 9) and the observation of ground
water level variation in the Bri Aquifer at Marans
(Flg 10) is Psimulated-observed at Marans = 0, 87. Therefore,
ground water level variation at Marans (Fig. 10) is
highly correlated to the simulation of percolated
water flux (Fig. 9).

On the other hand, simulation of percolated
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water flux curve feature a strong similarity with the
observation of ground water level variation curves
(Figs. 9 and 10). That means, the Bri Aquifer is
alimented by only the surface waters.

Furthermore, on the basis of obtained results,
defined parameters in the model reflect the reality and
the model work perfect. So, hydraulic properties of
soils based on their textural class proposed by Rawls
& Brakensiek (1982) is conformable with the reality.

(cm)

Figure 9. Simulation of percolated water flux from August
2005 to January 2007

(cm)
Figure 10. Observation of ground water level variation in the
Bri Aquifer at Marans from August 2005 to January 2007

5. CONCLUSION

AgriFlux model is performed in this study to
simulate the temporal variations of percolated water
amount in unsaturated zone of soil in order to
compare simulated data with  groundwater
fluctuations. This comparative study indicates that the
results obtained from simulation and from the
observation are identical and the adequacy is globally
satisfactory between the water elevations of each
scenario.

Additionally, the grain size distribution
determined within the laboratory studies is similar for
all samples taken from the experimental site
(Marans). The major grain size is silt and the
character of the samples is silty loam. So, the grain
size distribution is generalized for all Poitevin
Marshland region. On the other hand, drying process
betray the impact of rehydratation cycles in a
geological periods point of view. Consequently,
heterogeneity of Poitevin Marshland and the fissures
generation noticed by Bernard et al., (2006) may be
an effect of the drying of Poitevin Marshland as

human action.

Furthermore, drought at 2005 appears on the
cumulative water elevation curves with their feeble
slopes (Figs. 6, 7, 8). So, that observation can be an
argument of alimentation of Bri Aquifer by the
surface waters. And the ground water level observed
since August 2005 react well with the strong rainfall
period (Fig. 7). The similarity between the observed
and the simulated curves attests the source of the Bri
Aquifer is the surface waters in the experimental site
at Marans (Figs. 9 and 10).

Moreover, the recharge and discharge
characteristics of the Bri aquifer is investigated with
the analysis of the infiltration processes of the vadose
zone. Groundwater flow system is not processed
independently from the water fluxes of the vadose
zone. The obtained results shows that the
experimental site is a recharge area concerning the
groundwater flow system.

Figure 10 reflects the groundwater fluctuations
for a period of 2 years due to the data accessibility.
This period of observation is not sufficient for a long-
term analyze to understand the general behavior of
the groundwater flow system of the study area.

Comparison of simulated data and field
measurements reveals that the main factor involved in
soil-aquifer exchanges in the Poitevin Marshland
structured soils is the residual water content. This
study underlines the similarity between the simulated
and observed water percolation data over long periods
of time is an important finding.

In addition, it should be considered that the in-
situ measurements and soil sampling have been
carried out at local scale. For this reason, the results
should be evaluated in itself in terms of influence
area.

The approach developed in this study seems
promising. However, it should be found more
piezometric observation points for Bri Aquifer with
their integration to the modeling results in terms of
future studies.
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