


























Modelling Relative Permeability:
Stretching the learnings from
laboratory experiments

BACKGROUND

In multiphase ow through hydrate-bearing rocks the
e ective phase permeability is a ected by both:

- porosity reduction driven by hydrate growth

- each phase inhibiting the ow of the other.

Core ooding experiments in methane hydrate-bearing
Bentheim sandstone show that e ective gas permeability
decreased from mD-scale to D-scale. Growth of

pore- lling hydrate can make the gas phase disconnected
and capillary immobile.

Agreement between experimental data and numerical
predictions is essential to better understand the
complexity of the experiments and the limitations of the
models.

DISCUSSION

It is possible to reproduce laboratory experiments in T+H.
However, further iterations should be performed honoring
the uncertainty of the initial measurements and make a
statistical analysis of the simulated results.

Preliminary tting of the permeability reduction factor
relationship is a ected by low measurements ( D scale). It
yields a relationship where the sandstone is “‘clogged” when
hydrate saturation is above ~50%.

Simulation of hydrate formation re ected the experimental
results in terms of nal phase saturations. In addition, it was
possible to keep track of changes in salinity concentration
associated to hydrate formation.

Simulations of core ooding experiments before hydrate
formation were successful and replicated the results
obtained in the laboratory.

In hydrate bearing samples, simulations produced
numerical instability re ecting the complexity of the system
and how challenging is to carry out these experiments.

In T+H the e ective phase permeability in presence of
hydrates is scaled by the permeability reduction factor.

keff = kubs . kr - PrF
By scaling the relative permeability relationships, it is
assumed that the porous media keeps the same wettability,

tortuosity and other e ects that have an impact on the
shape of the curve.
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METHODS Hydrate growth simulation

v
Experiments are reproduced using the equilibrium model of

TOUGH+HYDRATE (T+H) on a simple 2-dimensional grid

representation of the core.
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+ Least squares regression on the experimental data to nd
the T+H input parameters to calculate relative permeability
(krg) and permeability reduction factor (PrF).
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- Initialization of grid at 10 degC and modelling core ooding
to estimate relative permeability before hydrate formation.
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« Initialization of grid at 4 degC and modelling core ooding
to estimate relative permeability after hydrate formation.

Experimental data Hydrate growth over time
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Appendix B

Pre- and post-processing scripts for
TOUGH+HYDRATE

The scripts can be found in a GitHub repository: TH-PrePost [Bello-Palacios, 2021]. The
scripts hold a simple structure of nested functions that can be used in or adapted to be used in
any T+H simulation file. In addition to standard Python packages, the user is encouraged to

have installed the pandas and numpy libraries. The installation of Jupyter is also encouraged.

Currently, they only support Cartesian grids. However, the code is open to being adapted for
radial grids. Instead of extensive documentation, the repository includes a Jupyter notebook,
a web-based interactive computational environment for running Python scripts. This notebook

includes a tutorial to showcase the main functionalities of the routines.

Below, there is a simple recipe to read and process all input and output files.

import sys

sys.path.append('<path-to-TH_scripts-folder')

from TH_post import *
from TH_proc import *
from MeshMaker import *

from Aux_Functions import *

#Define simulation file location

file_in = r'<path-to-simulation-input-file>'

#Read imput file



86 Pre- and post-processing scripts for TOUGH+HYDRATE

ip_data = read_TH_data(file_in)

#Read output files
op_data = get_output(file_in)

#Read Time_Series and Hydrate_Status files

subdoms, interfs, hyd_status, ss_groups = read_Time_Series(file_in)

The stored variables shall consist mainly of pandas dataframes that could be easily accessed

for plotting or further calculations.
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