InterPore2023

HERIOT
@ InterPore2023 @WATT
15t% Annual International y 22 - 25 May 2023

Edinburgh, Scotland
Short Courses 21 & 26 May

Conference on Porous Media

Contribution ID: 259 Type: Oral Presentation

Pore-scale mass transfer model of capillary trapping
dissolution based on Sherwood, Reynolds, and
Schmidt number

Monday, 22 May 2023 13:45 (15 minutes)

Dissolution mass transfer of trapped phases in porous media is an important phenomenon in various fields,
such as groundwater contamination [1-3], groundwater remediation [4], geological carbon sequestration [5],
and energy storage in geological formation [6]. In the process of dissolution mass transfer, a fluid, which
could be a liquid, gas, or supercritical fluid, is trapped in porous media by a capillary force. In the presence of
another flowing fluid the trapped phase then gradually dissolves with solubility as the driving force.

The difficulties in investigating this phenomenon is the method to observe the dissolution process inside the
porous medium. Earlier studies were mainly conducted using upscaled mass transfer approaches [1-4], which
was modeled as a single grid block of mass transfer without knowing the pore scale processes in the porous
media. As a result, the interfacial area, which the place for the mass transfer to occur, was unknown. For that
reason, the developed mass transfer models [1-4] were phenomenological to the porous media.

In this work, we used X-ray CT microtomography (micro-CT) to observe the pore-scale process of dissolu-
tion mass transfer inside a porous medium. The main goal of using the micro-CT is to measure the cap-
illary trapping interfacial area during the dissolution process, and thus, mass transfer model that is non-
phenomenological to the porous media characteristics can be developed. To generate the mass transfer model,
we performed comprehensive experimental investigations [7-12] by using various porous media characteris-
tics (unconsolidated porous media particle size and wettability), various trapped phase types (non-aqueous
phase liquids (NAPLs) and gases), and various water velocity.

Along with the development of this models, additional phenomena that affect the mass transfer rate were
elucidated. The first phenomenon is the dissolution fingering [9], which occur due to slight differences in
local permeability caused by the spatial distribution of the trapped phase in the porous media. Dissolution
fingering was found to reduce the mass transfer coeflicient to a third. Another phenomenon is the two-stage
dissolution process [7,8] that occurs due to the rapid dissolution rate of the capillary trapping represented by
the dissolution ratio (ratio between solubility and density). As a result, dissolution occurs much faster than
the solute advection, resulting in the accumulation of high local solute concentrations that hinder the mass
transfer process.

Eventually, a non-phenomenological mass transfer model based on Sherwood, Reynolds, and Schmidt num-
bers was developed. To the best of our knowledge, this is the first non-phenomenological model of capillary
trapping dissolution mass transfer based on Sherwood, Reynolds, and Schmidt numbers. We believe that
this work could provide valuable insights for the porous media community, especially interfacial phenomena
across scales.
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