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Gas Hydrate: Cage of water molecules trapping a gas molecule

©Ifremer (WACS 2011) ©Ifremer (NERIS 2006)

 Stable under low-T and high-P conditions

 1 unit volume of hydrates  around 160 volumes of gas (SPT)

Jia et al., 2016



Methane Hydrate: in ocean sediments and permafrost regions

Modified from USGS



Research within fields involving geohazard

 Important factor affecting seabed (slope instabilities)

 Engineering challenges for oil and gas industry

 Possible contributor to climate change

Whiteman et al., 2013Ruppel and 
Kessler, 2017



Hydrate decomposition: natural process impacting seabed

 Sediment deformation associated to natural decomposition of gas hydrate 
 Long-term process: active since kyrs

0.25 0.5 km



How the hydrate system will evolve in the near future?

 Hydrate and free gas: present on or very near the seabed (less then 10 mbsf).
 Very sensitive to natural changes and/or anthropological activities



 How the hydrate system will evolve during oil production?

Engineering challenges for oil and gas industry

Case study from the Niger delta
Extension of the Bottom Simulating Reflector (BSR)
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 Hydrate: where and how 
much?

 what is the dynamic of the 
system over the lifetime of a 
field?

 What is the consequence in 
terms of geohazard?



 The aim is to evaluate the radius of the impact zone surrounding oil
production wells

Engineering challenges for oil and gas industry



 After 20 years of oil production,
the radius of the impact zone is
around 31 m at 20 mbsf and around
48 m at the BSR level (around 70
mbsf).

 After 30 years of oil production,
the radius of the impact zone is
around 34 m at 20 mbsf and
remains around 48 m at the BSR
level (around 70 mbsf).

Engineering challenges for oil and gas industry



 Gas seepage activities between 200 m and 800 m water depth

Gas hydrates and global change 
~ 9000 years ago, the Black Sea was a freshwater lake



Simulation of the evolution of GHSZ over time – salinization

Riboulot et al., Nature Communication, 2018



Long term process but non-negligible impact 

Riboulot et al., 2018



Decomposition spreads over 4000 km2 in areas prone to slope 
failure

Riboulot et al., 2018



Interdisciplinary research on hydrate decomposition /geohazard



Dynamics of gas hydrate systems

 Pore fluid pressures, temperature, salinity, geochemical processes (beneath 
the seafloor) and gas flares (on the seafloor) , amongst others, are related to 
the hydrate system dynamics  

 Need installation of long-term observatories

©Ifremer (AZORES) ©Ifremer (AZORES)



 The key is to characterize the mechanical properties of gas hydrate-rich 
sediments and their evolution over time. 

 Need to improve numerical modelling based on in situ geotechnical 
measurements and lab testing

Gas hydrate and sediment deformation
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 Evidence of sediment deformation linked to natural hydrate 
decomposition

 Hydrate accumulations near the seabed are sensitive to external 
changes

 External factors may have an important and long-term impact on gas 
hydrate decomposition

Which consequences in terms of submarine slope instabilities and 
offshore geohazards? 

Which impact on coastal cities and offshore industries?

Summary


