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In order to consolidate the successive decisions that it was necessary to take concerning the 
various stages of authorization in the Aube Storage Centre (CSA) in France, the parameters 
enabling site characterization were measured, verified, and compiled using a variety of models. 

The work presented herein was requested and financed by ANDRA®and undertaken by BRGM. 

1. Measurement and Acquisition of Parameters 
The hydrogeological context of the site fulfils certain prerequisites. The storage site is placed 
upon low-permeability clay-sand formations overlying very low permeability clays. 
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The important parameters conditioning understanding of the aquifer system, its extent and its 
boundaries, are related to : 

a. piezometric levels in the various aquifers, 
b. hydrodynamic characteristics of all the formations, 
c. surface recharge, and 
d. discharges exchanged at the boundaries of the aquifer system, notably towards surface water 

courses. 

L 1 Piezometric levels 

Over 120 observation wells are currently being monitored within a radius of a few kilometres 
around the site of which 50 are on the site itself. 

Measurement is either manual or automatic. The current trend is strongly towards electronic 
data acquisition linked to microcomputers which can be accessed directly through the telephone 
system (IRIS Instrument's MADO system). 

Data is stored in the CHRONO-BRGM database, enabling very rapid use, access, and 
application including graphic output of trends, tables of measurements, and map plotting. The 
data base holds 90,000 measurements covering the period from 1985 to 1992 for around 300 
wells. 

1. 2 Hydrodynamic characteristics 

Aquifer permeabilities and storage coefficients are determined from pumping tests performed 
either at the outset of the study or subsequent to it in order to improve understanding as a 
function of project requirements. 

Pumping test data are processed using the BRGM's interpretation assistance program "ISAPE" 
which enables a choice of type of interpretation according to the hydrogeoiogical context using 
analytical solutions (Theis, Hantush Boulton, Gringarten) or a numerical, radially symmetric 
meshed model. 
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Within the framework of the present study more than 150 pumping tests have enabled definition 
of the hydrodynamic characteristics of the aquifer. 

1. 3 Hydro climatalogical measurements 

These measurements seek to determine recharge reaching the aquifer. 

They concern precipitation, temperature, humidity, and insolation. 

In addition, gauging of rivers is included to establish a complete hydrological balance. 

The data are compiled and interpreted using a BRGM global hydrological model program called 
"GARDENIA" enabling calculation of hydrological parameters controlling precipitation distribu
tion , évapotranspiration, surface water flow and recharge, 

The model operates through calibration with piezometric levels and/or river flow rate. 

Hydrolic balance of the storage site 

2. Adjustment and Calibration of the Hydrodynamic Model 
The model employed, based upon the BRGM "MARTHE" software, is a finite differences 
model. 

The MARTHE software was developed by BRGM to simulate groundwater flow in a 2D or 3D 
multilayer aquifer system separated by semi-pervious aquitards. Aquifers are discretized using 
variable size rectangular meshes with the possibility of incorporating impervious barriers. 
Density variations due to salinity or temperature can be taken into account along with any 
unsaturated zones. MARTHE operates using the finite differences method, calculation being 
performed on the basis of an implicit scheme with an iterative procedure solving under steady or 
transient conditions. 

Calibration has conventionally been by trial and error or by automatic calibration (Thiery 
1993a) but recently developed options enable calibration accompanied by a sensitivity analysis 
of hydrodynamic parameters (Thiery 1993b). 
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The CSA model comprises 1,500 grid squares each 25mX 25m? it is currently exploited with a 
time interval of .15 days. 

The model has been calibrated to individual piezometric levels, piezometric maps, and drainage 
flow rates. The difference between model-predicted and measured groundwater levels is less than 
50 cm for more than 85% of the model's surface area. 
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The model was calibrated for the period 1988 to 1991 and is validated every year. Model-
predicted compared to measured data on recharge, piezometric levels, and flow rates are 
acquired for subsequent periods without changing the parameters. 

The hydrodynamic model of assured reliability can thus be employed as the fundamental tool in 
the hydrogeological characterization of the site. 

3. Application and Use of the Hydrodynamic Model 
The hydrodynamic model, which compiles the measurements made on the site, is applied 
according to three main orientations. 
• short term forecasting, 
• medium to long-term forecasting, and 
• aquifer surveillance. 
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3. 1 Short-term forecasting 

This stage covers, for the most part, the Centre's operational phase. Civil engineering works 
planned by ANDRA are simulated using the model and a provisional evaluation of the 
hydrological impact determined, enabling an appraisal of the efficiency of an installation, the 
impact of a development and even definition of the planning phase of certain works. 

As an example, an impact study for peripheral drainage installations, the purpose of which was 
to increase the piezometric drawdown, enabled definition of the impact and dimensioning of the 
size of the installation. 

In addition, modelling of the impact of earthwork operations can be cited. This work stripped 
land naturally covered by a layer of clay and which, it was feared, and according to initial 
planning, was likely to cause a rise of the water table level leading to difficulties with other 
work on the site. 

N. B. Results of the short-term predictions were verified shortly afterwards since the actual work 
followed modelling and enabled confirmation of the model's validity. 
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3. 2 Medium to long-term forecasting 

Tn this case, the hydrodynamic model is used to predict, for example, the highest water table 
levels resulting from exceptional recharge with a recurrence frequency of 1.00, 300 and .1 ,000 
years. The results enable definition of storage levels which, according to fundamental rules of 
safety, should be remain above the highest water levels. This type of study is based on 
climatological analysis and an application of the hydrological model for evaluation of recharge. 
In the CSA case, the study was based on analysis of precipitation statistics covering a 1.13-year 
period. 

Also worthy of mention are studies undertaken to evaluate the impact of particular types of 
underground development on groundwater flow characteristics or the effect on the groundwater 
recharge regime of surface construction of impervious disposal cells. 
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Trajectory traces beneath storage cells Influence on the free surface of modification to the 
infiltration between two structures 

3. 3 Aquifer surveillance 

The longer and the more contrasted the observation period is, the more reliable the calibration of 
a model will be. With this in mind and considering piezometric, hydroclimatic and discharge 
measurements, and data collection from the various works at the Centre is continuous. 
Additional data collection sites may also be installed to improve understanding of certain, 
insufficiently investigated zones, discovered during the modelling process. The information 
gathered is then incorporated into the reference model, further enhancing reliability. 

4. Modelling of Transport 

4. 1 Computation code 

The computation code used (SESAME - BRGM) is a three dimensional solute transport model 
which solves the advection dispersion equation using a particle tracking method. A number of 
particles, each carrying a given mass of solute, undergo three successive displacements at each 
time interval. 

• for advection and longitudinal dispersion the particles are tracked along pathlines 
* for transversal dispersion (in both y and z directions) the particles are moved in a plane 

perpendicular to the local velocity. 

In each mesh of the model, an analytical solution is used to compute the pathlines after linear 
interpretation of the velocity. 

This code has been designed to use heads (or velocities) directly from the MARTHE software 
which ensures the consistency of results. 

4. 2 Application and use of the transport model 

The transport model is also an essential tool in site characterization used for forecasting studies 
on the migration of elements in solution and for sizing surveillance apparatus as a function of the 
hydrological regime of the aquifer and the configuration of the storage facility. 

Experimental tracing of natural flow at site scale have enabled the hydrodispersive characteristics 
of the groundwater to be determined, thus improving the reliability of both the hydrodynamic 
and the transport models in ensuring an overall coherence of the data which describe the 
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functioning of the aquifer. 
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Conclusions 

Characterization studies of the French low- and medium-level radioactive waste site in the Aube 
Department includes a significant hydrogeologicai appraisal element. These studies are based 
upon geological, hydrogeological, and hydrodynamic measurements which are compiled into a 
model of the ground water body. 

This essential tool has been used and applied throughout the lifetime of the Centre from the initial 
green-field site description phase to the forecasting of highest water levels applicable to both 
current and post utilization phases. 

Data collection is continuous and the model is regularly validated providing ANDRA with a 
reliable and up-dated tool. 

It should be noted that these results were obtained through team work based on close relations 
between ANDRA and BRGM enabling immediate and rapid adaptation to problems as they arose 
during the course of the study and as the requirements of the civil engineering works progressed. 

In addition, it should be stressed that one of the essential points of interest with regard to hydro-
dynamic modelling is a study of the sensitivity of results within a range of realistic hypotheses 
and the opportunity for subsequent reorientation of operations. The ability to be in direct link 
with civil engineering work in progress, with real-time feed-back, is an additional and original 
aspect of hydrodynamic modelling. 
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