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Abstract-In this study, the problems of parameter estimation for systems with scarce measurements are examined. In this case, an 

original geostatistical methodology is applied to generate bathymetric surface models of a faulted aquifer system within the Jeffara 

Basin in southeastern Tunisia. The modelling workflow is based on i) the spatial analysis of the data configuration and ii) the 

conceptual stacking pattern. This allows provision of key concepts and geostatistical approaches to be undertaken during 

geomodelling procedures. In fact, two constraints have been integrated: i) inequality data provided by the end of the boreholes and ii) 

the faults that compartmentalize the aquifer system. First, kriging with inequality was used for depth estimation of the Turonian 

reservoir Top. The results are compared with those from classical kriging and evaluated through the estimation quality, the adopted 

assumptions and the method limitations. Validation analyses show that the model developed with the inequality data leads to a 

significant gain in mapping accuracy and geological realism. In the second step, the geostatistical approach was used to model the 

successive bounding surfaces of the aquifer system units. Consequently, the kriging constrained by inequality data could be applied 

in a variety of hydrogeological parameters interpolations to provide significantly better informative maps that are useful for 

hydrodynamic modelling. 

Keywords- Geostatistics; Surface Interpolation; Exact Data; Inequality Data; Geological Constraints 

I. INTRODUCTION 

Arid climate conditions and complex geological settings within aquifer systems are at the origin of uneven spatial 

distribution of water resources. Innovative methodologies for accurate assessment of water availability and quality are required. 

This necessitates thorough investigation of subsurface structures in order to build conceptual and numerical models related to 

the stacking pattern that describes the geometry and the extent of reservoir units, as well as how they are organized and relate 

to each other. 

These models provide efficient means for a complete understanding of the hydraulic connectivity distribution that is needed 

for hydrodynamic modelling. In this case, one of the main concerns is to estimate the bounding surfaces of aquifer system units 

in order to build a 3D architectural model. Traditionally, these estimations are performed using classical linear estimation or, 

better, the geostatistical kriging method. However, sparse data measurements and geological constraints often limit the 

accuracy of the model. 

The quality of the generated 3D architectural model depends on the quantity and quality of available information, the 

definition of geological hypotheses or constraints about the aquifer system geological setting and the modelling approach. 

In this paper, we present an original methodology for modelling the geological interfaces of the Jeffara de Medenine 

aquifer system (Fig. 1). The workflow integrates the management of data inequalities or constraint intervals as well as 

geological discontinuities such as faults constraints in order to improve the prediction accuracy using geostatistical tools. 

Various interpolation procedures are applied and compared, including Common Linear Estimation (CLE), Ordinary Kriging 

(OK) and Kriging with Inequality constraints (KI). Evaluation of the modelling procedures is undertaken by analyzing spatial 

accuracy measures such as the kriging variance and geological realism of the modelled surfaces. Furthermore, we discuss the 

limitations of KI and the developments that were needed to overcome them. The discussed tools and methods are illustrated 

with reference to two bounding (Turonian and Jurassic) surfaces.  
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Fig. 1 Study area, geologic setting and data (seismic sections, petroleum wells and boreholes) location 

II. GEOLOGY OUTLINES 

The “Jeffara de Medenine” multilevel aquifer system lies in the Jeffara basin, situated in southeastern Tunisia (Fig. 1). The 

most significant water reservoirs are hosted within the Jurassic, Albo-Aptian, Turonian and Senonian series (Fig. 2) [1-4]. The 

Mio-Plio-Quaternary geological cover lies directly over these aquifer formations by means of an erosional contact [5-6]. The 

area has been altered by intense and repeated tectonic activity [7-12] that resulted in a complex geological framework. 

A thorough stratigraphic and structural framework reconstruction of the study area was accomplished in order to highlight 

the existing relations between the aquifer system units [4, 13-14].  

Sixteen seismic sections and four petroleum exploration wells (Fig. 1) were acquired for a seismic structural study of the 

area [13]. The locations and lineaments of the faults interpreted from seismic data were drawn on the geological map to build 

the fault network on a large scale (Fig. 3). 49 boreholes were also used for lithostratigraphic correlation, to construct seventeen 

geological cross-sections (Fig. 4) and to interpret the small-scale faults [4, 14]. 

Fig. 5 shows the updated map [4] of the most important normal faults, which strike northwest-southeast and northeast-

southwest. 

This faulting system splits the study area into horst and graben blocks and engenders a global downtilting with important 

lateral facies and thickness variations toward the northeast direction.  
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Fig. 2 Stratigraphic section and neighboring formations of the study area [4] 

 

Fig. 3 East-west oriented seismic section through the southeastern part of the study area showing normal faulting 
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Fig. 4 Geological cross-section along the southwest-northeast direction, showing traces of major faults and lateral facies and thickness variations  

within the study area [4] (see Fig. 1 for location) 

 

Fig. 5 Major normal faults mapped from seismic and geological data (A) and main structural compartments (B) [4, modified] 

Accordingly, the study area is characterized by two geological compartments that are separated by the Medenine fault (Figs. 

3, 4 and 5). The southwest uplifted compartment contains Jurassic and Lower Cretaceous formations composed mainly of 

carbonate and sandy lithologies (Fig. 4). The northeast downshifted compartment includes the Upper Cretaceous formations 

A B 



Journal of Water Resource and Hydraulic Engineering  Sept. 2016, Vol. 5 Iss. 3, PP. 80-95 

- 84 - 

DOI: 10.5963/JWRHE0503002 

composed mainly of carbonate, clay and gypsum (Fig. 4). A thick alluvial formation of the Mio-Plio-Quaternary age covers the 

major part of the study area. 

The Koutine sub-compartment (Fig. 5B) is an uplifted compartment and consists mainly of Jurassic carbonates. The locally 

encountered Albo-Aptian sediments are composed of dolomite and limestone. 

The Zeuss sub-compartment (Fig. 5B) is a collapsed compartment. It includes a thick sedimentary sequence composed of 

carbonate and sandy formations of the Jurassic, Wealdian, Turonian and Albo-Aptian periods. This sedimentary sequence is 

covered by thick Mio-Plio-Quaternary sediments. 

The Ksar Chrarif sub-compartment (Fig. 5B) is an uplifted compartment that consists mainly of carbonate and sandy 

formations of the Jurassic, Wealdian and Albo-Aptian intervals. Cenomanian sediments also are encountered locally. 

III. ARCHITECTURAL MODELLING 

The framework for the aquifer system is assumed to consist of several bounding faulted surfaces, as illustrated in Figs. 3 

and 4. An architectural model of the aquifer system was created by modelling these geological interfaces independently, such 

as honoring available borehole data, using the geostatistical software ISATIS [15]. In the following, we detail the modelling 

procedures and results for the four geological interfaces bounding the main units. The mapping is accomplished by 

interpolating topographic elevation Z variables (measured in meters) and noted as “Jurassic Horizon”, “Cenomanian Horizon”, 

“Turonian Horizon” and the “Senonian Horizon”. 

We implement an original geostatistical approach to constrain prediction of the depth variable at unsampled locations, 

while taking into account simultaneously:  

1) the random spatial distribution of the data, and  

2) the fault geometric parameters that contribute to split the surfaces to be estimated into areas constrained by unequal 

data density. 

A first attempt was published in [14], which presents the modelling results for just one surface of the aquifer system. In the 

present paper, we outline, while presenting the improvements made to the methodology, the modelling steps of the bounding 

surfaces of the aquifer system units. 

Under these circumstances and to emphasize the efficiency of this approach, three main methods have been applied with 

comparative results. The first method consists of a common linear estimation. The second method is based on the primal form 

of kriging, but constrained by fault discontinuity parameters. The third method is based on Kriging constrained by the 

inequality data. 

As a first step and to compare the efficiency of the 3 methods (classical linear estimation (CLE), ordinary kriging (OK) and 

kriging with inequality (KI)), we choose to estimate the Turonian Horizon, for the reason that we have both exact and 

inequality data within the northeast downlifted compartment. In the second step, we present different trials to estimate the 

Jurassic Horizon. We also discuss the limitations and improvements of the kriging with inequality method. In the third step, we 

briefly present the estimation results of the Cenoamnian and Senonian Horizons. Finally, we outline a discussion of the 

modelling results to emphasize the efficiency of the elaborated geostatistical approach in reproducing the geological reality of 

the Jeffara de Medenine aquifer system. 

A. Exploratory Data Analysis 

The surfaces’ modelling was carried out using information from seismic cross-sections, petroleum wells and boreholes (Fig. 

1). Seismic and petroleum well data were examined and interpreted in previous works [13] on the study area to map the 

prominent fault network.  

The data from the water wells were collected, organized and recorded in a georeferenced database with the seismic data 

and the petroleum wells. The log descriptions were homogenized, reinterpreted, codified and assigned to a formation or group 

of formations based on available data including the geological map. For the geostatistical studies, the database was constructed 

by describing different layers of information: the borehole identifier (borehole name, X and Y coordinates, total depth, etc.), 

geological formation (tops, lithology description, lithostratigraphic classification, age, petrophysical properties, etc.) and faults 

(name, X and Y location of each vertex). 

B. Variographic Analysis 

The basic tool for spatial correlation analysis is the experimental variogram function [16-19], which characterizes the 

spatial structure of the regionalized variable ����: 

��ℎ� = �

	

������ − ��� + ℎ��,	where h is the lag distance between sample pairs (����,	��� + ℎ�). 
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To be used in the kriging interpolations, the experimental variogram requires fitting by a theoretical definite positive 

function, taking into account the context of the local and regional geology and the number and the spatial distribution of the 

available data [13, 4, 19-24]. The theoretical model of the spatial variability is then used to estimate the random variables’ 

“depth” (“Jurassic Horizon”, “Cenomanian Horizon”, “Turonian Horizon” and the “Senonian Horizon”) at unsampled 

locations.  

The experimental variograms of the different “depth” variables have been calculated in two main geographical directions 

that cross the two main structural features (i.e. normal faults striking northwest-southeast and northeast-southwest). The 

provided data are sparse and sampled on an irregular grid (Figs. 1 and 8); thus, it was difficult to choose the parameters 

required for calculating the experimental variograms. Many attempts were made to select the best values of the lag distance, 

tolerance on distance, tolerance on angle direction and maximum distance limit, which are required to identify a reliable spatial 

correlation function [13, 25-27]. Fig. 6 shows the distinctive shapes of the directional, experimental and theoretical variograms. 

The variograms are generally characterized by very large variability because of the structural faulting features. The 

experimental variograms construction is based mainly on pairs of depth observations located on either side of the faults.  

The directional variograms of the Senonian and Turonian horizons clearly display anisotropic behavior with a higher 

variability along the northeast-southwest direction.  

The “Turonian Horizon” variable shows an anisotropic behavior in the directional variograms. We observe (i) a stationary 

structure evidenced along the northwest-southeast direction, describing the local depth variability, inside the structural 

compartment, and (ii) a non-stationary structure confirmed along the northeast-southwest direction, reflecting the depth 

increase in accordance with the area downtilting towards the northeast direction. 

The directional variograms of the Senonian Horizon exhibit, in addition to the stationary component that describes the 

depth variability at a local scale in the northwest-southeast direction, a more prominent drift structure is clearly expressed 

along both the northeast-southwest and northwest-southeast directions. These drift structures reveal a downtilting of the 

Senonian Horizon that is more important in the northeast direction.  

The directional variograms of the Cenomanian horizon indicate stationary structures with higher variability along the 

northeast-southwest direction. 

The directional variograms of the Jurassic horizon display isotropic stationary behavior. We presume that the drift structure 

may exist, but is not expressed by the variograms of the Jurassic and the Cenomanian horizons. This is explained by the fact 

that the drift structure is revealed by the variogram pairs that are calculated from points located on both sides of the Medenine 

Fault (Fig. 5). Within the northeast compartment, we only have inequality data (Figs. 13 and 14A), which are not considered in 

the experimental variogram calculation, as only the exact data are taken into consideration. 

Taking account of (i) these explanations on the spatial variability behavior within the different horizons and (ii) the 

restricted location of the neighborhood as it is explained in the following section, we assume that the theoretical model must be 

estimated from experimental variogram values at only small and medium lag distances. Consequently, the depth interpolation 

is based on only the stationary behavior. 

Table 1 summarizes the different model parameters (the range a and the sill C) obtained for each depth variable. The 

estimated model for the “Senonian Horizon” variable implies two nested anisotropic stationary functions. Anisotropic 

stationary models fit the Turonian and the Cenomanian variograms. 

The “Jurassic Horizon” variable exhibits isotropic behavior, as shown by the directional variograms. Thus, the 

experimental mean variogram was calculated (Fig. 7) and fitted with a stationary spherical model.  

TABLE 1 THEORETICAL MODELS OF DEPTH VARIABLES FOR EACH SURFACE 

Variables Structure 
Range (m) 

Sill (m2) Equation 
N120 N30 

Senonian 

Horizon 

Spherical 1600 4800 500 γ(h ) = 500 spherical (1600N120;4800N30) 

       + 44000 Gaussian (65000N120;38000N30) Gaussian 65000 38000 44000 

Turonian 

Horizon 
Spherical 10000 5000 2000 γ(h) = 2000 spherical(10000N120;5000N30) 

Cenomanian 

Horizon 
Gaussian 3195 5836 2097 γ(h) = 2097 Gaussian(3195N120;5836N30) 

Jurassic 

 Horizon 
Spherical 12000 12000 6500 γ(h) = 6500 spherical(12000) 
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Fig. 6 Directional experimental (     ) and theoretical (     ) variograms of the Jurassic (A), Cenoamnian (B), Turonian (C) and Senonian (D) Horizon 

 
Fig.7 Mean experimental (      ) and theoretical (      ) variograms of the Jurassic horizon 
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C. Neighborhood  

The neighborhood search defines the sampled points used for estimation of values at unsampled locations. In our case study, 

the estimation procedures, involving OK and KI, were performed taking into account the faulting. This implies that the studied 

area has to be divided into domains wherein the local variability is respected. Nevertheless, this would lead us to pay more 

attention to the search neighborhood at compartments with few samples to ensure the most accurate predictions there. 

Fig. 8 illustrates that for each target point located in a given domain bordered between faults (i.e, the blue shaded 

compartment), the kriging neighborhood includes only observations located within this compartment [13, 21-22].  

 
Fig. 8 Implementation of the neighborhood. Only the observations located in the blue structural compartment  

are used for kriging of any target point in the compartment. 

(+: exact data, •: inequality data,        : faults) 

D. Surface Estimation 

In the following sections, the kriging with inequality prediction [14] is reviewed (Fig. 9) from the perspective of an 

optimization problem and compared with the OK subject to discontinuity constraints. The latter is compared with the classical 

linear estimation to emphasize the efficiency of the elaborated geostatistical approach in reproducing the geological reality. 

1)  Classical Linear Estimation 

The depth variable “Turonian Horizon” was first estimated using the classical linear estimation method, based on exact 

data ����� = �� , � = 1,… , �, and a linear regression estimator �∗���, which is defined as: �∗��� = ∑ ��������
��� . The 

estimation of the “Turonian Horizon” provides a depth map (Fig. 10) that has a smooth appearance. Therefore, it reflects only 

the overall downtilting to the northeast direction, but it does not capture the detailed structures. The CLE is inappropriate to 

closely delineate the local variability. Consequently, it does not reproduce the geological reality. It is also important to note 

that this method does not provide for each estimated value, the corresponding kriging variance which measures the quality of 

the estimation. However, this method is still used in hydrogeological parameter estimation.  

2)  Ordinary Kriging 

Ordinary kriging is a powerful linear estimator that is the most common variant of kriging. This method estimates an 

unsampled value, of the target depth variable of a geologic interface, as: �∗��� = ∑ λ�������
��� , from n observations 

 �����, � = 1,… , n",defined as the neighborhood.  

The weights λ�, which are associated with the sampling points, are chosen in a way that reduces the variance of the 

estimation error #$
	 = 
���∗��� − ����� while honoring the unbiasedness condition. 

The depth variable “Turonian Horizon” estimation was conducted using OK for the given input data set including only 

exact data and taking into account (i) the random spatial distribution of values and (ii) the geometric fault characteristics that 

split the surfaces to be estimated into areas unequally sampled. These constraints are the source of major difficulties that we 

pay particular attention to, as they could be the origin of uncertainty. Geostatistical methods allow the assessment of the 

uncertainty on each unsampled value and, thus, create a map of the kriging errors, which may help to choose the appropriate 

kriging method in order to optimize depth prediction within uneven sampled compartments. 
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The kriged map of the upper bounding surface of the Turonian reservoir is displayed in Fig. 11A. As can be seen in the 

central compartment (C), with higher data density, the OK estimations are accurate enough. This is attested by the low values 

of the kriging variance displayed in Fig. 11B. However, in compartments (A) and (B), located in the northeast side of the 

Medenine fault, there are some inconsistencies. This could be explained by the neighborhood design and, more precisely, the 

observations that have to be restricted inside the considered compartment. Moreover, the information deduced from boreholes 

that do not reach the horizon to be estimated are not employed during estimation. The neighborhood information are therefore 

limited, and this generates higher values of the kriging variance. 

3)  Kriging with Inequality Constraints 

Kriging with an inequality constraint allows for use of the information deduced from boreholes that do not reach the 

geological interface to be employed in the estimation procedures and thus to improve the “depth” variable estimation. 

In fact, as illustrated in Fig. 9(1), KI involves the prediction of the depth variable at unsampled locations, including (i) 

exact values: ���∝� = �∝, ∝= 1,… ,&, (for example, Z(x)Drouj = -392 m), and (ii) “inequality data”: ���∝� ∈ (∝ =	 �∝; −∞,
∝= & + 1,… , �, (for example, Z(x)H. Jdidi≤ -932 m) (Fig. 9(1)). 

The KI method presented in this paper is a two-step procedure [14, 22, 28-29]: first, inequality data are transformed into 

exact data, and then these transformed data are added to the original data set to predict the “depth” variable using OK (Fig. 9). 

 
Fig. 9 Detailed workflow of the kriging with inequality method and inequality data transformation using “Gibbs sampler” simulation 

Inequality data are converted into exact data by calculating the conditional expectation of the variable at each position ��  

of the inequality data ��
,-  (Fig. 9). Expectation is computed using the Gibbs Sampler [22, 28-29] technique. For each 
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inequality, several possible conditional simulations are generated based on the spatial variability model and taking into 

consideration all (exact and inequality) measurements. The simulation realizations are finally averaged at each inequality 

position �� . These mean values constitute an estimation of the conditional expectation and are added to the initial data as new 

exact data. 

To simulate ��
,- , ∝= & + 1,… , �		conditionaly �. =	�. , 1 ≤ / ≤ &  and on �.	0	(., & + 1 ≤ / ≤ �  including / =	∝, 

the following iteration is implemented : 

(1) Assign a random value �∝ within (∝ =	 �∝; −∞ for each site �� , ∝	= & + 1,… , �. 

(2) Select an index �1 at random in the set of inequality data {∝= & + 1,… , �}. 

(3) Ignore the value at this site and estimate it by kriging from the current values �. at all other sites; also, compute the 

corresponding kriging variance #�1
∗	. 

(4) Replace the value at this site by the kriged value plus a simulation of the error, conditionally on the inequality data at 

�∝1: the new �∝1 = ��1
2 + #�1

∗ 3, where U is a random normal random variable chosen so that �∝1 honors the inequality. 

(5) Go back to 2, and loop many times.  

(6) Calculate the conditional expectation at this site by averaging the set of simulations ��,	�� = & + 1,… , �� . The 

conditional expectation ��
,-  is in fact the most probable value of the variable at the inequality data locations. 

��
,- = 	4����\��0(� , ∀�� = ∑ ��47�.\��0(� , ∀�8.  [22] 

Consequently, the extended data set including initial exact data and transformed inequalities are used for kriging the 

geological interfaces. This enables an increase in the neighborhood information within each compartment and, therefore, a 

decrease in uncertainty.  

Practically, the constrained kriging method makes it possible to involve inequalities observed on boreholes that do not 

intercept the Turonian horizon and to enhance the surface calculation (Fig. 12A). It can be seen in Fig. 12B that the depth 

estimation is successful along all the different domains of the study area. In the north-eastern compartments A and B, where 

there are few available samples, the accuracy of the estimates is improved since inequalities are currently efficiently utilized in 

the depth estimation. This leads to a decrease in the estimation error variance within the two compartments and, especially, 

nearby the inequalities. 

 

Fig. 10 A: Upper surface of the Turonian reservoir estimated by CLE. (+: exact data, •: inequality data). B: No kriging variance map is provided 

 

Fig. 11 A: Upper surface of the Turonian reservoir estimated by OK. (+: exact data, •: inequality data), C: central compartment, A and B NE downlifted 

compartments. B: Kriging variance map 



Journal of Water Resource and Hydraulic Engineering  Sept. 2016, Vol. 5 Iss. 3, PP. 80-95 

- 90 - 

DOI: 10.5963/JWRHE0503002 

 

Fig. 12 A: Upper surface of the Turonian reservoir estimated by KI. (+: exact data, •: inequality data), C: central compartment, A and B NE downlifted 
compartments. B: Kriging variance map 

4)  Limitations and Improvements 

The method of kriging with inequality presented some limitations at the beginning of its implementation in ISATIS 

software. Unfortunately, it was not possible to apply this approach in a domain where we have only inequality data, as shown 

on the kriged map of the Jurassic reservoir in the northeast downlifted compartment (Fig. 13A). 

Interestingly enough, the method of kriging with inequality has been improved to overcome such limitations and 

implemented within the ISATIS Software. The method was then used to efficiently calculate the Jurassic Top, even in 

compartments where there are only inequality data (Fig. 13B). 

 
Fig. 13 Top Jurassic map estimated by KI before improvement (A) and after improvement (B) 

(+: exact data, •: inequality data) 

The improved KI method was also used to calculate the remaining bounding surfaces of the aquifer system units, included 

between the Jurassic and the Mio-Plio-Quaternary Tops. Fig. 14 shows the Top Cenomanian and the Top Senonian maps 

calculated by kriging with inequality.  

 

Fig. 14 Depth map of the Top Cenomanian (A) and Top Senonian (B) estimated by KI 

(+: exact data, •: inequality data) 

A B 

A B 
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IV. VALIDATION OF MODELLING RESULTS  

The common first way of validating estimation results using kriging with inequality is via a kriging variance map. Fig. 15 

displays the spatial distribution of uncertainties, as an example, of the Jurassic Horizon. It shows that the interpolations are 

reliable around the observations, even in areas including only inequality data. The kriging variance increases as the data 

density decreases at the borders of the compartments devoid of any data. 

 
Fig. 15 Kriging variance map of the Jurassic Horizon 

Fig. 16 shows the 3D visualizations of the bounding surfaces calculated by kriging with inequality. 

Validating the estimation of the geological interfaces may be efficiently complemented by checking its consistency with 

the geological reality. Actually, the topology of the reconstructed surfaces should honor the observations deduced from the 

boreholes, that is, the stacking pattern generated by the geologist when interpreting the lithostratigraphic cross-sections. 

A thorough trend analysis of the estimated geological interfaces leads to the following observations. 

The depth map calculated by OK (Fig. 11A) reflects the compartmentalization and the overall downtilting to the northeast 

direction. However, the surface represents an important inconsistency within the northeast downlifted compartments; it 

displays a planar geometry in the northeast compartment (A) and a smooth topography in the northeast compartment (B). In 

fact, the data are scarce there, and do not allow reproduction of the surface geometry. 

The depth map calculated by kriging with inequality (Fig. 12A) reflects the compartmentalization and the overall 

downtilting to the northeast direction. Moreover, the surface geometry honors the geological realism within the northeast 

downlifted compartment; it reproduces the downtilting of the surface to the northwest direction in compartments (A) and (B). 

The downtilting within the northeast downlifted compartment is reproduced even for the surfaces where only inequality 

data are available, as is shown in Fig. 13B for the Jurassic Top and Fig. 14A for the Cenomanian Top. 
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Fig. 16 3D Visualization of the Top Senonian (A), Top Turonian (B), Top Cenomanian (C) and Top Jurassic (D) maps 

calculated by kriging with inequality 
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V. CONCLUSIONS 

In this study, we aimed to build an architectural model of the “Jeffara de Medenine” aquifer system by modelling the 

faulted geological interfaces independently.  

Different interpolation methods were attempted, such as reconstructing faulted surfaces to honor the data and reproduce the 

geological properties. Two main issues were addressed: (i) scarcity and uneven density of data, and (ii) the large variability of 

geometric parameters because of the faulting system.  

A promising approach was developed, consisting of (i) dividing the aquifer into structural compartments, which allows 

respecting of the local variability, and (ii) taking into account the inequality information obtained from the bottom end of 

boreholes in order to increase the neighborhood size and the estimation accuracy within the considered compartment. 

The combined use of KI and geological restrictions such as faults represents a promising direction for reliable structural 

mapping in the case of scarce data.  

However, some areas, especially near the borders, are under-informed because the depth values are available only at very 

few wells. The approach did not give a reliable estimation and, thus, did not reproduce the geological reality. 

The future outlook of the present study, to enhance the estimation of geological interfaces, consists of looking for an 

appropriate procedure to pursue extension of soft data from geological knowledge. This is necessary to overcome the gap 

between scarce measurements of geological and hydraulic parameters and modelling requirements. Therefore, this will make it 

possible to try more geostatistical methods and to integrate more adequate techniques for an accurate assessment. 
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