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Abstract

At Cranfield, Mississippi, United States, a large‐scale carbon dioxide 
(CO2) injection through an injection well (∼3,080 m deep) was continu-
ously monitored using U‐tube samplers in two observation wells located 68 
and 112 m east of the injector. The Lower Tuscaloosa Formation injection 
zone, which consists of amalgamated fluvial point‐bar and channel‐fill de-
posits, presents an interesting environment for studying fluid flow in het-
erogeneous formations. Continual fluid sampling was carried out during 
the first month of CO2 injection. Two subsequent tracer tests using sulfur 
hexafluoride (SF6) and krypton were conducted at different injection rates 
to measure flow velocity change. The field observations showed significant 
heterogeneity of fluid flow and for the first time clearly demonstrated that 
fluid flow evolved with time and injection rate. It was found the wells were 
connected through numerous, separate flow pathways. CO2 flowed through 
an increasing fraction of the reservoir and sweep efficiency improved with 
time. The field study also first documented in situ component exchange be-
tween brine and gas phases during CO2 injection. It was found that CH4 de-
gassed from brine and is enriched along the gas–water contact. Multiple in-
jectate flow fronts with high CH4 concentration arrived at different times 
and led to gas composition fluctuations in the observation wells. The find-
ings provide valuable insights into heterogeneous multiphase flow in rock 
formations and show that conventional geological models and static fluid 
flow simulations are unable to fully describe the heterogeneous and dy-
namic flow during fluid injection.
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