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INTRODUCTION

Water production was observed in several boreholes in the Callovo-Oxfordian argillaceous rock (COx).
These boreholes were implemented in 2005 in the Andra’s Underground Research Laboratory (URL) at
more than 400 m in depth. Despite the low COx permeability: close to 10-13 m/s, two original experimental
setups made it possible to monitor water production flow rates ranging from 0.5 to 50 mL/day during 3 to
4 years in 4 boreholes. This contribution describes the water flow rate evaluation methods and the results
obtained from several experimental phases which may be considered as a series of constant pressure
production tests.

EXPERIMENTAL CONCEPTS

The first experimental concept was based on seepage water collection. It consisted in filling with gas the
interval of an ascending borehole at a pressure close to 1 bar and closing it. The hydraulic pressure in the
rock surrounding the sealed interval was higher than 30 bars. Due to the hydraulic pressure difference
between the interval and the surrounding rock, the interstitial water of the formation flowed into the
interval, accumulated at its base by gravity and was pumped out at a controlled flow rate. The pumping
rate was adjusted so that the water level would not exceed 40 cm inside the 5-meter-long interval. The
water level was deduced from the difference between two absolute pressure measurements: one above the
water surface in the gas phase and the other at the bottom of the water column. The total volume of the
daily produced formation water was obtained by adding the water volume pumped out during the day and
the water volume difference inside the interval between the beginning and the end of the day. This kind
of experiment was performed in two boreholes.

The second experimental concept was based on water circulation. It consisted in filling with water the
interval of a descending borehole. Two water circulation lines and one pressure control line linked the test
interval to the control unit located in the drift. The water was circulated from the borehole interval through
the control unit in the circulation module, which included a reservoir placed on a weighing scale, a
circulation pump and a flowmeter. Water flowed out from the reservoir to a dead end line at a flow rate
controlled and monitored by a mass flow controller. The water inflow from the formation was deduced
from the reservoir mass measurement. Moreover the reservoir contained a rubber bladder filled with gas.
This bladder made it possible to fix the total water pressure in the interval by injecting or removing gas.
This type of experiment was performed in two boreholes.

In both experimental concepts, the surface of the rock in the borehole intervals was close to 1 m2. The
5-meter-long intervals of the 4 boreholes, in which the experiments were performed, were located at more
than 10 m from the drift walls. As a result, the intervals were located outside the Excavation Damaged
Zone (EDZ), in a zone with a hydraulic pressure close to the initial one. Absolute pressure measurements
in neighboring boreholes indicated that the water pressure varied between 41 and 35 bars over 4 years.

MAIN RESULTS

In the seepage water collection experiments, the interval’s absolute pressure varied between 1 and 1.5 bars.
Figure 1 shows the estimated water production flow rate in one of the 2 boreholes dedicated to this



P/MT/CT/07

Page 660 CLAYS IN NATURAL & ENGINEERED BARRIERS FOR RADIOACTIVE WASTE CONFINEMENT
4TH INTERNATIONAL MEETING – MARCH 2010 – NANTES, FRANCE

experiment. The water production flow rate evolved from 15-25 mL/day down to 10-15 mL/day over
4 years.

In the water circulation experiments, pressure steps ranging from 6 to 17 bars were imposed. The water
pressure in the rock surrounding this borehole was monitored in neighboring boreholes.

HYDRAULIC MODELING

Transient purely hydraulic simulations were performed with the numerical tool PORFLOW in a radial 1D
configuration. They aimed to evaluate the specific storage, the hydraulic gradient and the hydraulic
influence radius around the boreholes due to the “pumping tests”.

The long term hydrogeological characterization described above at the borehole scale may be compared
with the same type of description of the hydrogeological phenomena at the drift scale.

Figure 1: Water production flow rate in the seepage water collection experiment located in the drift at 445
m in depth.


