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Situation

q Rock properties must be measured at great expense:

q Water flooding for Oil production (water/oil)

q Production of deep geothermal systems (water/steam)

q Geological storage of CO2 (water/CO2)

q Concerns and limitations:

q Takes month and delays investment decisions

q Abundance of rock types

q Spatial variation in the geological reservoir

q Results from only sample under investigation 

without statistical variations

Two-phase Darcy:

𝑞⃗! = −
𝐾𝑘",!(𝑆$)

𝜇!
𝛻𝑃! − 𝜌!𝑔⃗

𝑃%(𝑆$) = 𝑃& − 𝑃'

Fluid mobility

Relative permeability

Capillary pressure
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Simulation Domain and Equations

𝑃"!()* = 𝑃+ + ∆𝜌𝑔%,𝐿

𝑔%, = 𝜔-𝑟.

𝑞⃗! = −
𝐾𝑘"#
𝜇$

∇𝑝$ − 𝜌$𝑔 α = 𝑜,𝑤

𝜙𝜕* 𝑆/ + ∇𝑞⃗/ = 𝑄/

q Non-proprietary/non-commercial
SCAL-data interpretation tool
q Immiscible-incompressible flow 
in 1D implemented in MRST
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Synthetic Data Set – Benchmark
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Synthetic input à forward simulation
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Benchmarked 
against synthetic 
dataset from 
Lenormand et al. 
(2017)
q Scores
q Sendra
q …

Implementation in 
MRST

drainage

imbibition

Steady State

Unsteady State

Centrifuge
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Simulation Strategy
Experiment

e.g. SS and centrifuge

Compute analytical 
solutions

Compare and choose 
representation of 𝑓 𝑆'

Starting point 
for numerical simulation
𝑘! 𝑆" , 𝑝# 𝑆" parametrized
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Water Saturation

Darcy 
Hassler-Brunner
etc.

Corey 
LET
point-by-point
etc.

𝑘!$ = 𝑘!$ 𝑆"#
1 − 𝑆" − 𝑆$!
1 − 𝑆"# − 𝑆$!

%$

𝑘!" = 𝑘!" 𝑆$!
𝑆" − 𝑆"#

1 − 𝑆"# − 𝑆$!

%"

Initial
𝑘! 𝑆" , 𝑝# 𝑆"
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Simulation Strategy
Experiment

e.g. SS and centrifuge

Compute analytical 
solutions

History 
matching

Compare and choose 
representation of 𝑓 𝑆'

Minimizing objective function
simultaneous for multiple data sets  

𝐽 =
∑&'(
)!"# 𝑑& − 𝑦&

𝑑&

*

𝑁$+,

Starting point 
for numerical simulation
𝑘! 𝑆" , 𝑝# 𝑆" parametrized

MRST 

MATLAB 
Optimization 
Toolbox
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Simulation Strategy
Experiment

e.g. SS and centrifuge

Compute analytical 
solutions

History 
matching

Uncertainty 
analysis

Compare and choose 
representation of 𝑓 𝑆'

Minimizing objective function
simultaneous for multiple data sets  

MCMC sampling 
using 

likelihood estimation function 
with constant errors

Result

𝐽 =
∑&'(
)!"# 𝑑& − 𝑦&

𝑑&

*

𝑁$+,

Input for stochastic 
reservoir modeling
and data bases

Starting point 
for numerical simulation
𝑘! 𝑆" , 𝑝# 𝑆" parametrized
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Synthetic Data Set – Benchmark (History match)
Benchmarked 
against synthetic 
dataset from Loeve, 
et al., 2011
q Simultaneous

USS and
Centrifuge 
imbibition

q Corey for kr and 
Skjaeveland for
pc
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q Analytical data evaluation = 

insufficient

q Analysis done in sequence causing

inconsistent results

q Different representations for 

complex saturation functions

q Uncertainty modeling à robust 
input to stochastic RE modeling

Development of DPE SCAL simulator
Conventional laboratory analysis *Example: Estaillades Carbonate
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Development of DPE SCAL simulator
Conventional laboratory analysis

Simultaneous Interpretation of SCAL Data with Different Degrees of Freedom and Uncertainty Analysis

Omideza Amrollahinasab, Siroos Azizmohammadi and Holger Ott* - Under review *Open source to be a part of the main

MRST package

Estaillades Carbonate

*Example: Estaillades Carbonate
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