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THE MODEL
AQUIFER TESTING IN GRANITE AQUIFERS

Water level changes are computed in

0 a simplified aquifer using the finite
m :
difference Modflow package and a
_ \ variable grid (Ax = 0.4-2500 m).
i‘;erigfs /_ A constant pumping rate of 55 m3/h
- m/s is imposed during 7 days.
30 m . The geometry of the fissured layer
40 m Fissuredlayer K2 =2 inside the fault and outside the fault
S are sup.posed to I?e known. from
Hard Rock Vel exploration geophysics. The width of
the fracture zone is 40 m.
30 m
Fracture
Subsidence

Clay present in the saprolite layer deforms when the water pressure decreases in the
aquifer. The volume change is AV/V= AP/E=pg Ah/E, where AP is the pressure change
induced by the drawdown Ah. With E in the range [10° ; 107] Pa and a 2 m total clay
content in the profile, the subsidence is in the range [2x103 ; 2x10%] m / m.

Gravity effects

» Direct effect -400 nms2/m for each drawdown meter
» Indirect effect [+6 ; +60] nms™ for each drawdown meter
(using free air gradient of 3000 nms2/m)

DRAWDOWN RESULTS

Drawdown after 7 days (m)
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Drawdown decreases with increasing permeabilities K2 and K3
Anisotropy increases with increasing K3

INVERSION WITH GRAVITY DATA

Experimental design

It consists of 6 gravity points and 12 leveling points distributed along the fault and
parallel to it. These points can be measured in one day by an experienced team.

The objective function

It is defined as the RMS of the differences of actual observations with those of a
reference case (K2=8x10°® m/s, K3=4x10> m/s, E=3x10° Pa) normalized by the
standard error of each measurement (Ag=20nms=, Al=1 mm, Ah= 0.5 m for the central
borehole, and 0.02 m otherwise).

or = L\ SoRT i(gi—gm>2+i(li—lm)2+ & (hy—hg)’
_\/ﬁ Q 1 Agz - A2 - Ah?2

Where O indices refer to the reference case, g is the gravity signal, | refer to leveling,
and h to the water level in the aquifer. An objective function > 1 only can be achieved
with current experimental methods. A n,, n;, n, are the number of gravity, leveling and
water level points and n= n+n, +n,

CONCLUSION
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Gravity monitoring of aquifers

Large experience in West Africa on sedimentary as well on basement
aquifers was obtained thanks to the GHYRAF project (2008-2011,
Hinderer et al., 2011)

gravimeter |CG5 FG5 SG
relative superconducting

portability [good fair some
Sensitivity [20-50 20 0.1-1

(nms2)

Water level [0.5-1.2 0.5 0.002-0.02
sensitivity (m)

$=0.1

Ag(nms2)=400 pAx(m)

Presently, a gravimeter can be considered as a poor tool for measuring water
levels (0.5 m for 10 % porosity), but this will change with the new generation of

portable superconducting gravimeters (iGrav) (better than 0.02 m)
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INVERSION RESULTS
(objective function OF)
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Gravity + leveling

K2+K3 is well defined,
however K2-K3 is poorly
resolved :
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+ 2 boreholes 55 m away (Ah=0.02 m)

The two additional boreholes provide a SELN
strong constraint on the mean value of K2
and K3, but poorly resolve the difference
between K2 and K3 (probably due to the
poor definition of anisotropy of drawdown
with only 2 boreholes)
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Gravity data provide information on water level fluctuations, but only a few points can be measured in one day. For weathering profiles including highly

deformable clays, we propose to use combine gravity and high precision leveling.

With current gravimeter precision, a fair constraint can by brought on the mean value of the high permeability fractured layer with a 7 days aquifer testing

experiment. However the geometry of this layer must be known (for example by exploration geophysics).

A by field experiments.
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