
HAL Id: hal-04800325
https://hal.science/hal-04800325v1

Submitted on 24 Nov 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

The use of passive seismic interferometry for the
monitoring of subsurface fluids – from shallow
groundwater to native or storage gas reservoirs

Thomas Kremer, Christophe Voisin, Thomas Gaubert-Bastide, Jean-Michel
Ars, Pascal Mouquet, Frédéric Moinet, Jean-Charles Ferran

To cite this version:
Thomas Kremer, Christophe Voisin, Thomas Gaubert-Bastide, Jean-Michel Ars, Pascal Mouquet, et
al.. The use of passive seismic interferometry for the monitoring of subsurface fluids – from shallow
groundwater to native or storage gas reservoirs. Journées scientifiques AGAP Qualité 2024, AGAP,
Jan 2024, Lyon, France. pp.02003, �10.1051/e3sconf/202450402003�. �hal-04800325�

https://hal.science/hal-04800325v1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr




capacité à imager les contrastes géologiques ou à surveiller les propriétés 
structurelles du sol, un élan croissant est observé vers des applications liées 
à la surveillance des fluides de différents types (liquide, gaz), à toutes les 
échelles de la subsurface (de quelques mètres à quelques kilomètres). Dans 
cet article, nous résumons les possibilités et les techniques existantes 
d'analyse par interférométrie sismique pour la détection et la caractérisation 
des fluides de subsurface et nous discutons leur déploiement respectif dans 
différents contextes appliqués. Nous présentons également une nouvelle 
approche basée sur l'estimation continue des variations d'atténuation 
sismique, via l’analyse de d'ondes de surface reconstruites par 
interférométrie.  Cette méthode montre une grande sensibilité à la 
dynamique des fluides et aux variations pétrophysiques associées. Un cas 
d’étude est présenté dans le contexte de la surveillance de stockage 
géologique de gaz, et nous discutons son déploiement potentiel à l'échelle 
industrielle, pour différentes applications. 

1 Introduction – from seismic velocity to seismic attenuation 

The basics of ambient noise seismic interferometry were described in the early 2000s (e.g. 
[1]). Applied to the continuous seismic signal, which is composed of many unknown 
contributions and is therefore not informative in its raw native shape (diffuse noise), the 
principle of interferometry allows for extracting coherent seismic wavefields from those 
passive signals. Having propagated within the ground, those wavefields intrinsically carry 
information about the seismic properties of the subsurface. 

The first developments and technics emanating from passive seismic interferometry 
focused on analysing the seismic velocity properties of the ground. The tomographic 
approach involves examining dispersion behaviours to deduce seismic velocity (3D) models 
of the subsurface [2]. Another analysis angle involves the reconstruction of seismic images, 
akin to those produced in active seismic studies [3]. Regarding monitoring applications, the 
conventional method involves tracking changes in the phase arrivals of seismic waves, which 
enables the observation of seismic velocity variations within the studied medium [4]. 

On the first order, seismic velocity analysis of ambient noise based seismic wavefields is 
mostly sensitive to the structural parameters of the subsurface. That is, shear-wave velocity 
models reconstructed through tomographic approaches are usually used for geological 
characterization and delineation of major lithological contrasts. For monitoring applications, 
the most advanced contexts from an application point of view are the monitoring of tailing 
dam structures, where soil deconsolidation impacts the mechanical cohesion of the 
geotechnical system and usually results in the observation of small yet measurable seismic 
velocity decrease [5]. However, in the last decade, application of seismic velocity based 
interferometric studies have been increasingly tested in subsurface contexts where fluids play 
an important role, for example relating to hydrogeologic monitoring at the shallow subsurface 
scale (e.g. [6, 7, 8, 9]), or at the meso-scale [10], or for the characterization and monitoring 
of geothermal systems [11], among other contexts. 

More recently, interest has been raising regarding the possibility of studying the seismic 
attenuation properties of the subsurface using interferometric-based seismic reconstructions. 
This possibility was for instance validated numerically by [12], and [13] is an example of 
subsurface attenuation estimation in the marine-offshore context. Later, [14] applied a similar 
approach to produce an attenuation map of the United States in the micro seism frequency 
band. However, the use of interferometric attenuation analysis for subsurface fluid 
characterization has not been discussed until recently. Yet, [15] for instance illustrated 

through Biot-Gasmann modelling on an effective media how attenuation properties (quality 
factors) are more sensitive to fluid saturation level changes than velocity properties. The use 
of attenuation to detect gas reservoirs is also known as a relevant approach in the active 
seismic context [16]. In this paper, we present the Coherency analysis of Cross-correlated 
Waveform (CCW) method, an approach that attempt to connect seismic attenuation-based 
fluid monitoring with ambient noise based interferometric reconstruction of surface waves.

2 Velocity analysis for groundwater management 

The interest for seismic velocity monitoring using interferometric reconstructed 
wavefields relies on two major characteristics: 

1. Passive seismic interferometry allows for continuous data recording, hence
allowing for a monitoring strategy with quasi-continuous temporal resolution.

2. The amplitude of velocity variations that can be measured is very small (on the
order of 1% and much lower in some cases), allowing for seismic velocity
changes detection compatible with the saturation or desaturation processes
associated with groundwater movements.

Those intrinsic advantages have been used to demonstrate the feasibility of 
hydrogeological monitoring with interferometric-based velocity variations, at multiple 
scales. That is, measuring velocity variations time-series that correlate well with piezometer 
information available at the survey site. Recently, an important step forward has been taken 
relating to the possibility of producing interpolated 2D maps of piezometric level variations 
(through an inversion process, e.g. [9]), a significant progress axis toward the spatial 
interpretation of velocity variations and a better understanding of the groundwater system’s 
full complexity by filling the actual gap related to the local nature of piezometric 
measurements. 

Those advances open the way forward to new additional applications that can provide 
valuable information to hydrogeologists and help orientate groundwater management 
authorities' decisions. 

Figure 1 proposes a panel of propositions for such applications, sorted along their 
respective associated subsurface scale, and their value in terms of groundwater management 
interest. In all cases, interferometric studies can provide piezometric information in addition 
or in replacement to existing wells, for a low cost of implementation. For instance, in the case 
of a pumping test destined to estimate aquifer dynamic properties, the use of an 
interferometry-based assessment of the depression cone could avoid the digging of secondary 
wells, hence saving significant costs. At the catchment basin scale, a high-resolution 
interferometric characterization of the temporal and spatial changes of piezometric levels can 
identify the main infiltration pathways in the groundwater system, designating areas that must 
be particularly controlled to avoid contamination from the surface. On a more global level, 
additional information provided by interferometry can help reduce hydrogeological models' 
uncertainties.  
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