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¢ Research Background
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| > Depleted hydrocarbon fields have obvious advantages compared to other storage methods in terms of CO, storage !
| capacity, reservoir characterization experience, existing oil and gas well infrastructure, and operability of storagel'l. 1
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e Pore-scale study of reactive transport in the presence of oil
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e Challenges
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e Research Objectives

K To devise an X-ray imaging and image-based modelling methodology to study reactive transpoh
during CO,-acidified brine injection into hydrocarbon reservoirs.

2. To study the impact of transport heterogeneity on flow mechanisms, effective reaction rates and
dissolution patterns in a Ketton limestone partially saturated with hydrocarbon phase under two

remaining oil saturations.

3. To study the impact of wettability on effective reaction rates and dissolution patterns under two

Qifferent wettability states. /
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e Experimental apparatus

Brine pump CO, pump  Oil pump Measurement SyStem
= = - Qil Line
B ) L . .
—— Brine Line 1. Fluid Flow Unit
'I CO, Equilibrated Brine Line
] == CO, Line ISCO PumpS
| High T&P Reactor
High T&P Core Holder
/ Back Pressure Regulator
| ] R A - ™ 2. Monitoring Unit
- —— X-ray CT
B Pressure Transducer
, 3. Stability Unit
|| Water Bath Circulator
ﬂ . PID Controller
PID Controller S _r[| Insulation Cover for Tubings
I:“I:_'_ Il_.J i.l-:-:- ..... F Aluminium tar‘;c Car‘t;on f'lbre
Confining Back Pressure pump b = = =
Pressure / :
p um p i P Thermocouple

Water Bath Circulator (Al-Khulaifi et al., 2017)



Background & Significance

Challenges & Objectives

Experiments Design & Methodology

Current Progress

¢ Experimental procedure
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¢ Experimental procedure: Preparation Stage
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¢ Experimental procedure: Pre-Reaction Stage
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¢ Experimental procedure: Pre-Reaction Stage
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e Experimental procedure: Reaction-Stage
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¢ Experimental procedure: Reaction Stage
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e Experimental procedure: Post-Reaction Stage
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¢ Image Analysis
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e SEM Analysis

SEM imaging

| ! > Physically homogeneous in pore space and grains distribution compared to many other carbonates |
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e SEM Analysis
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e SEM Analysis
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e Why Ketton?

> Ketton is relatively homogeneous in both its |
mineralogy and pore-structure. !

» Ketton is a good sample to study the impact of
transport heterogeneity.

» Transport heterogeneity will mostly be affected
by the introduction of oil.
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¢ Experiment Progress

1. One set of contrast experiments to select parameters for optimal imaging.
2. Water-wet samples with different remaining oil saturation.
3. One set of oil-wet samples.

-

Water-Wet 1# Water-Wet 2# Oil-Wet
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o Water-Wet Experiment
Pore (Black) Brine (White)

Sample-S1 Sor=40% Sor=28.1%
Rock Sample S1
Length, mm 120 120 . Water-wet Ketton limestone saturated with oil and brine in different
Diameter, mm 60 60 saturation.
Permeability(Darcy) | 2.46+0.1 | 2.74+0.18 | . Quantitatively characterize transport heterogeneity based on their velocity
Micro-CT porqsity 0.138 0.163 distribution.
(Marco-Porosity)
Oil Saturation 40% 28.1%




Background & Significance Challenges & Objectives Experiments Design & Methodology Current Progress

o Water-Wet Experiment

A finite volume solver implemented in OpenFOAM that solves the Navier- Stokes and volume conservation
equations simultaneously.

Obtained voxel velocities U and then calculated probability density functions (PDFs).
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The shape of the velocity distributions was used to characterize the physical heterogeneity.

The introduction of oil phase makes the flow field heterogeneous (wider U distribution, smaller peak
around normalized average velocity, more stagnant velocities).
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o Water-Wet Experiment: SAMPLE 1 (Sgr= 40%)

«  Higher residual oil saturation facilitates the formation of dissolution channels.
« Reaction rates in regions of the core distant from the channel is significantly reduced.
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o Water-Wet Experiment: SAMPLE 1 (Sor= 40%)
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o Water-Wet Experiment: SAMPLE 2 (Sor= 28.1%)

Uniform dissolution during the early stages, with channels developing in the later stages of the reaction.
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o Water-Wet Experiment: SAMPLE 2 (Sor= 28.1%)
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The pores and throats shift to medium sizes, with limited expansion to larger sizes.
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e Wetability Change: Crude Oil Ageing

: Crude oil injecti
Brine Saturated : 'l Injection
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r
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e Oil-Wet Experiment
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 The reaction rate was noticeably slower compared to the water-wet samples.
«  After dissolution, these samples appeared to become more water wet.
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SUMMARY

« The introduction of the oil phase increases the heterogeneity of the flow field.

» Higher residual oil saturation facilitates the formation of dissolution channels, while lower residual oil saturation tends to
result in uniform dissolution during the early stages, with channels developing in the later stages of the reaction.

« Once dissolution channels are formed, reaction rates in regions of the core distant from these channels are significantly
reduced.

» The reaction rate for oil-wet samples was noticeably slower compared to the water-wet samples.

» After dissolution, oil-wet samples appeared to become more water wet.

FUTURE WORK

« Use direct numerical simulation (DNS) to quantitatively analyze transport heterogeneity based on the velocity distribution
obtained from each scan.

* Quantitatively investigate the spatial distriution of oil during reactive transport processes.

* Quantification of reactive transport dynamics through effective reaction rate and Péclet & Damkohler Number.
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