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Mass transfer 

faster than the 

pressure one: 

lateral transfer 

comes first

Different delays 

regarding the 

inputs of the 

different 

continuum, 

piston effect…

For all the piezometers 

except P3 : complex 

phenomena in several 

stages are highlighted

For some piezometers: 

temperature data reacts 

before the piezometry

(P2 response time of 30 

h and of 18.5 h for P3)
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Objective: Improving the understanding of the Cretaceous karst aquifer by

coupling statistical analyses of piezometry and temperature data

Study site: the Cadarache center of

the French Alternative Energies &

Atomic Energy Commission

 Geological context: outcropping

Cretaceous limestone or covered

by Miocene and Quaternary

deposits

 Structural context: subvertical

faults N045-060, N120-150

locally karstified

 Hydrological context: 3 aquifers

Quaternary, Miocene, Cretaceous

 Monitoring network: 8 rain

gauges, around 400 piezometers

 Focus on the southern sector:

the most sensitive area to

groundwater flooding  water

level increase of 40 m

Statistical analyses:
Simple & cross-correlation

Fig. 1. Simplified geology of the Cadarache site and 

hydrological monitoring network Fig. 2. Cross-correlogram example

Simple correlation: memory effect  rk = 0.2, system

inertia (Mangin, 1975)

Cross-correlation: memory effect & response times

(1st peak on the correlogram) (Mangin, 1975)

Where 𝑟𝑘: correlation coefficient; 𝑥,y: time series of the studied 

variable; ҧ𝑥 their mean; 𝜎𝑥 their standard deviation; 𝑛 the number 

of samples; 𝑘 is the discrete-time delay 

QR 

CODE

Fig. 3. Piezometric and temperature variations in the 

Cretaceous aquifer during the 2011 groundwater flooding

Data visualization Simple correlation

Cross-correlation

Auto-correlation of piezometry Auto-correlation of temperature

Fig. 5. Cross-correlations and hypothesis on the aquifer behavior

Cross-correlation: 

rainfall / piezometry

Cross-correlation: 

rainfall / temperature

Cross-correlation: 

temperature / piezometry

 Similar

piezometric

variations in the

sector

 Very

heterogeneous

temperature

variations: P5,

P6, P7 do not

react

 Piezometry memory effect (around 33 days), temperature memory

effect (between 2 and 30 days  heterogeneous)

 P1 and P4 show a complex evolution

Fig. 4. Temperature and piezometry simple correlograms

 Statistical analyses of aquifer temperature coupled with piezometer

data can provide information on the dynamics of the system and the

role of geological structures, as here, faults and fractures, constituting

time-shifted inflows. The multi-continuum aspect of the system has

been highlighted.

 Study is being extended to other rain events. The first results on the

October-November 2019 and June 2015 episodes do not necessarily

show a faster temperature response but always a temperature peak

appearing before the piezometry peak. The temperature signal could

be integrated into a model as a precursor of groundwater flooding.

For some piezometers, no temperature variations are observed: sensor

problem, rainfall/aquifer temperature delta too low, or bad position of the

sensor in a non transmissive zone

 A study is currently underway with the

installation of several sensors at different

depths within several piezometers for:

 Verify the impact of censor depth on

temperature data

 Identify potential water inflows and link

them to karst structures. Fig. 6. Future piezometer 

equipment diagram

Observations Hypothesis
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