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A new type of hydrological model -called "semi-global" has been created to attempt at a better understanding of the physical behaviour of a drainage basin. This model. called "Gardensol" simulates the basin globally. in its spatial extension, but it reproduces. at least approximately, the real phenomena with physical parameters capable of being measured in the field :

-vertical permeability at saturation. -residual water content, corresponding to an almost nil vertical infiltration permeability. As it can be calibrated simultaneously on the water content variations in the unsaturated zone and on the piezometric variations, the model is much more reliable and more robust than a rainfall-aquifer level model where the aquifer levels are reproduced only from a usually badly known storage coefficient. The estimation of the recharge, in particular, must be much more exact and the model can be used by extending data to analyse the resource fluctuations according to the climatic variabili ty. Three application examples are given : coupled simulation of the water storage in the unsaturated zone and of the piezometric level at Kezieres-Ies-Clery (Loiret department, France). -simulation of the water storage during 8 years in a small area of the Orgeval experimental basin of the C~GREF, -coupled simulation of the water storage in the unsaturated zone and of the piezometric level on the Lille-Sainghin (France) experimental site.

INTRODUCTION

The rainfall-runoff and rainfall-aquifer level lumped hydrologic models are used classically to extend the data in a drainage basin or to estimate the natural recharge of an aquifer by the rain. The Gardenia [START_REF] Roche | SimUlation globale de bassins hydrologiques. Introduction a la modelisation et description du rr~dele GARDENIA[END_REF] hydrological tank model, for example. enables the reliable simUlation, from 4 lumped parameters, of the diSCharge of a stream or a spring at the outlet of a drainage basin. It makes a model possible, frOm 6 lumped parameters. of the level variation at one point of an aquifer recharged by rainfall (Thiery, 1988a), After calibration of the parameters of the model on the piezometric level observations, the groundwater recharge value can be obtained. This kind of model is, in fact. doubly lumped: -lumped for the spatial extent ; as it is considered that a whole basin is described by the same parameters ; -lumped in its working, for the model parameters cannot be measured in the field and convey global phenomena.

The model parameters can therefore, only be determined by calibration on series of observations. Thus, it may happen that several sets of parameters produce almost identical simulations, in a normal period. but risk to give different results in reaction to extreme climatic conditions.

Various applications -in particular [START_REF] Thiery | Analysis of long-duration piezometric records from Burkina-Faso used to determine aquifer recharge[END_REF]Thiery ( . 1988c)-also show that, in the case of slowly varying groundwater, whose storage coefficient is badly knoWll, a satisfactory calibration can sometimes be obtained for several sets of parameters if data of surface run-off on the drainage basin are not available, evapotranspiration with the saturation state was supposed :

(5) The upper soil layer of a basin generally gives rise to a "retention" phenomenon (partly due to interception by vegetation and in the depressions at the surface of the soil). This possible phenomenon can be simulated by a (low) interception capacity. When the possible interception capacity is saturated. the run-off has been chosen proportional to the water content of the soil

The model parameters can thus be predetermined approximately and adjusted so as to be able to reproduce simultaneously the recording of variations of piezometric levels in the groundwater, or of discharge at the basin outlet, and those of water storage (or of average water content) in a given width of the unsaturated zone.

Models like that described by [START_REF] Rambal | Evolution de 1 'occupation des terres et ressources en eau en region mediterraneenne karstique[END_REF] or by [START_REF] Johansson | Methodes for estimation of natural groundwater recharge directly from precipitations -comparative studies in sandy ti11-NATO Advances Research Workshop on Estimation of natural recharge of groundwater[END_REF], also enable modelling of the water storage variations, but the originality of the Gardensol model is that it enables the simultaneous modelling of the eVOlution of the water storage in the unsaturated zone and of the piezometric level at one point in the groundwater.

The model is much more reliable and robust than a classic rainfall-aqUifer level one, which reproduces levels only from a generally badly known storage coefficient. The recharge assessment must be much more reliable, in particular, and the model can be used to extend the data for analysing the resource fluctuation according to the climatic variability.

The diagram for basin simulation is To obtain integrable solutions, very simple laws have been chosen.

ILT-1 J lLT-I J [LT-I]
An unsaturated soil may be described by two characteristic relations of the state of saturation : -a permeability/water content relation, -a suction/water content relation.

Percolation b k

= 1 was chosen, i.e. that the permeability decreases linearly from the Ks value at saturation to a value of 0 for a water content Ok. Moreover a unitary gradient was supposed in all cases. The mean annual balance for the 5 years 1979-1983 can, therefore, be written (in mm/year) 

PERC = K = Ks (6 -6k)/(6s -6k) if 6 > 6k ( 
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FigUre 2 shows that a very good adjustement is obtained :

correlation coefficient -correlation coefficient storage.

A calibration was made by adjusting the model -at a daily time step-simultaneously on the piezometric series and the water storage series of the layer between 0 to 2.4 m depth. This high permeability value must not be taken as an absolute value, considering the drains which are responsible for the decrease in the water storage.

r ----j ---r ---j ---r ----j --T ---j ----r e 11f".l -" ~10.."'J ! .. 9N ~eN b~"="~b'="*OO~~=O~•O=dbc=c==bc=c==4-==__+--=~'~-J.•-'==__+--=,-
Sainghin IUJ t----j-~T--_j_--t----j---t----r-----. S;>J E control wlibrgl Wiod '" .I---+=~c---l--_
The application shows that the model enables a good simulation of a long series with, in particular, very dry years (1976 had a very low storage) and wet years 0972. 1978, 1979). The simulation is distinctly better than which would be obtained with a single model with a retention capacity that dries up in the same way every summer.

The mean annual balance of the 8 years, 1972-1979, is given in table 3.

The water storage data come from tube nO. 10 of The Gardensol model, which is described in this paper, enables a correct representation of the water content variations of ground exposed to rain, evapotranspiration and natural drainage, It thus enables a simultaneous assessment of the water content variations in the unsaturated zone and the piezometric level variations in the underlying groundwater. Three application examples were presented and a study of robustness showed that the calibration is stable since a calibration carried out over 4 years (at Helarchez-Orgeval) enabled the accurate extrapolation of the water contents over the other 4 years, The model can, therefore, be used for extending the data so as to determine -after calibration over a few years of observations-the resource variability from a long series of climatic data, Other more recent applications (e.g, [START_REF] Bonin | Evaluation par modele semi-global de la recharge d'un aquifere par les pluies a travers la zone non-saturee. Application A un site de stockage en surface de dechets radioactifs de faible et moyenne activite. Collogue international lIydrogeologie et sOrete des dep8ts de dechets radioactifs et industriels toxigues[END_REF] confirmed this model's interest. In the cases, though quite rare, where there are also available data of suction measurements in the unsaturated zone and permeability data in the unsaturated zone, it is surely more interesting to use e physical model according to Richards law like that described by Thiery (1988b) even though it is more delicate and time consuming,
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  Fig. 1. Gardensol model -Floy diagram

  account of the fact that the suction increases when the water content decreases and partly counterbalances the decreases in permeability, a linear decrease of the actual where PERC ek = percolation = water content corresponding to an almost nil permeability Three application examples are given -coupled simulation of the water storage in the unsaturated zone and of the piezometric level at Mezieres-les-CI~ry (Loiret, France), simulation of the water storage during 8 years in a parcel of the CEHAGREF experimental basin of Orgeval (France), coupled simulation of the water storage in the unsaturated zone and of the piezometric level on the Lille-5ainghin (France) experimental site. Example I -Experimental basin of Mezieresles-Clery (Loiret)
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  the Boissy-Ie-Chatel parcel(C. Louaa&De, 1984). This drained parcel (drains 0.70 m under the I ground) of 615 m2 which has no appreciable surface I run-off, is part of the M~larchez sub-basin (7 km2). included in the CEMAGREF's experimental1--------------t------t------I----1 basin of the Orgeval. The water contents were -SurfAce zone recorded 200 times by neutron probe down to a . ~:~:~~~~nl:~Interception S S ) b 67 depth of 3.05 m during the 8 years of the