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Intermittent Injection

CO, 1s stored on a ship at around -50°C and
0.6MPa pressure in order to keep the CO,
mixture in liquid form

There 1s debate whether to inject the CO, at
low temperature or to heat it and whether it
can be injected intermittency.

Injecting low temperature CO, intermittency
of can give rise to large temperature variations
in the surrounding rock.

Such variations may lead to stresses that may
exceed the limits of the rock.

This project aims to study the flow-
deformation and mechanical behavior of the
rock.

I Capture CO2

CO, captured and transported by ship procedure (Ozaki, 2013)

COz injection

\

Caprock
Injection zon

Geometrical configuration for CO, sequestration (Bao et al., 2016)
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The Surrounding Rock

The temperature gradient is 30 °c/km The
temperature at the sea surface i1s around 4.5°C.

The injected pressure will be the horizontal stress
acting on the surrounding rock of the wellbore (a7).

The confining pressure due to depth of the studying
point will be (a3).

The rock surrounding the wellbore will be fully
saturated with saline water.

A porosity model is needed for fractures and pores.

Estimation of fluid pressures is needed to determine
whether micro fractures activate or create damage

Ultimately, we will need a Thermo-hydro-
mechanical (THM) model of the rock

Porous medium

Solid medium

Fractured Porous medium

Fractured porous medium (Ma, 2014)
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Bounding Surface

The bounding surface defines the region
when plastic deformation occurs for a
certain stress state

A bounding surface model was created
which includes the effect of temperature
and damage evolution.

The temperature effect on rock is controlled
by Poisson’s ratio.

For sub-zero temperatures, the porosity of
the material shows significant changes as
water in the pores becomes ice.

—

Results were validated against experimental
data in the literature.
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Temperature effects on

Elastoplastic behaviour of rock

A Finite Element Model was implemented in MATLAB software and triaxial test was

simulated.
Two different confining pressures are presented.
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Rock Characteristics

Rocks contain micro-cracks and fractures and
for this reason they are named fractured
porous media.

Thermo-hydro-mechanical models of rock are
useful as they give the rock’s stress-strain
response

Mainly controlled by:

* Initial porosity

* Porosity after freezing/thawing of the rock
* Confining pressure

* Ice pressure which deforms the pores
 Shrinkage of the rock matrix

* Permeability

* Fracture density and stress-induced damage

Porous medium

Solid medium

Fractured Porous medium

Fractured porous medium (Ma, 2014)
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THM (Thermo-hydraulic-
mechanical) model

Constitutive theoretical models that can predict
the behaviour of rock under loadings m—

Describe mechanical changes, flow effects and ity
thermal distributions 4 b

. . " Temperat
Includes elastoplastic models and continuum Porosity ure

damage models and gives the response of the rock R _

Flow-

There are limited investigations on thermal effects deforma
(freezing) on rock and existing studies consider —
only isotropic and linear elastic rock formations

Governing equations were determined including
thermal effects and will be presented in future

Will be validated against experiments conducted at
Newcastle next year
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Summary of EPSRC Project

Cooling of rock induce extra stresses that can reduce rock stiffness.

Numerical code to calculate the bounding surface is complete.

A fully robust Thermo-Hydraulic-Mechanical model considering elasto-
plastic continuum damage effects with plastic hardening will be created
and different parameters (e.g size of the wellbore vs degree of damage
nearby, stiffness vs temperature changes) will be investigated.

Bounding surface and THM models validated against experiments
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Exploitation of Specialised CCUS

Equation of State

« UKCCSRC funded collaboration
project (Newcastle, Nottingham,
Cranfield)

* Create new low temperature
measurements relevant to CO,
shipping (density, VLE, ...)

« Compare with predictions from
CCUS EOS

* Improve EQOS in existing infiltration
model
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Infiltration model

« Capable of predicting the amount of flow of CO, into a
building from outside

* Needed for a QRA in case of pipeline rupture
- Based on the principles of natural building ventilation
« Considers wind driven and buoyancy driven air flow.

CO, Cloud
o Initial concentration of CO, Flow out! Building |
In building is same as I bideht Wind
atmosphere. - Neutral Pressure Level _
o Building is engulfed in a }
cloud of CO, following a I
release Flowin), @ Y U
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Air flow — wind driven

Wind blowing outside.

Pressure difference between internal and external environments.
Air flows from high to low pressure - in at front face, out at rear.
Air flow straight through building.

Building

Increased
Pressure
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Air Flow — buoyancy driven

Increased internal air temperature reduces internal air density.
Steeper pressure gradient outside the building than inside (as density

is greater outside).

Creates pressure difference across openings at top and bottom of
building.

Warm, less dense air leaves and is replaced by colder more dense air
at base, with upward drift of warmer air inside.

| Building |

Tinternal

Neutral Pressure Level
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Infiltration Model Capability

CO, concentration
profile outside the
building

CO, concentration
profile within the

building

Time since release event

CO, Concentration
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Summary of UKCCSRC Project

* Progress to date:
— Recoded infiltration model

— Low temperature literature search and test plan completed

« Coming next:

— Implementation of corrections to EOS in infiltration model and
comparison with existing experimental data

— Experimental work on low temp measurements
— Predictions of EOS compared to new data
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See Also...

« CO, failure frequency work:

— The probability of failure is
calculated through
determination of the failure m | s
frequencies for all credible ST
threats to a pipeline

er et al., 1971
er et al.,, 1971
turm and Stoppler, 1950
ent, Sturm and Stoppler, 1990
Keller et al., 1987
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