A study of temperature effects in
the Bunter Closure 36, a potential
large-scale CO, storage site in UK

Paolo Orsini
UKCCSRC, 26 May 2020

OpenGoSim



7

Temperature Effects
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Important temperature effects for CO, storage in saline aquifers are:
*CO, density and viscosity decrease with temperature, with stronger

variations when close to the CO, critical point [31°C, 73.8 Bar]

*CO, solubility in brine increases as temperature decreases

Given a CO, mass to inject (e.g. 200 Mt), the density dictates the pore
volume required, with direct impact of two design parameters:
« Capacity, which requires CO, to be stored at liquid-like density
*Over-pressure due to the injection

Some typical site-specific density variations with temperature

701 —

80 Bar 30 - 35 419 (67%) Sleipner
120 Bar 40 - 45 718 — 658 (10%) Bunter



What are the temperature variations?
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Temperature variations are of two different natures:
*Vertical distribution due to the natural geo-thermal gradient, this is the aquifer

temperature before injection. Long-term effects.

*CO, does not enter the aquifer at the initial aquifer temperature, causing a near-

well local warm-up or cool-down. Short-term effects.

Thermal front lags behind the saturation front and relaxation time can be from
decades to centuries’:

—

= Injection below a
nearly impermeable
layer with formation
of CO, chimneys.
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1. Magnitude and duration of temperature changes in geological storage of carbon dioxide. T. LaForce et. Al., GHGT-11,
Energy Procedia 37 (2013 ) 4465 — 4472



Bunter Closure 36 site
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Data available from: https://www.eti.co.uk/programmes/carbon-capture-
storage/strateqgic-uk-ccs-storage-appraisal

Bunter Closure 36

Top Bunter sandstone Time structure

Reservoir top Pressure: 116 bar Reservoir.
Top depth: 1117 m.
Temperature: 37 °C at the top, 30 °C/km.
Salinity: 20 wt%.

- Injection of 7 Mt/Year for 56 years (base
o scenario of ETI development report)'.
Aquifer attached: 270 x 10° m3

1. Strategic UK CCS Storage Appraisal Project, funded by DECC - ETI Open Licence for Materials.
D10: WP5A — Bunter Storage Development Plan.
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Bunter Closure 36 model
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Wells placed in a way to maximise injectivity and capacity while keeping
the pressure below a fracture value'. 4 wells located at the western side
of the closure, to minimise pressure build up.

’ The injectivity is limited
’ P ———— by the maximum allowed
e | pressure, taken as 90%
of the fracture pressure
(0.168bar/m)
At 1170 m, max allowed
pressure 177 bars.

Cell Results:
DEPTH
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The wells penetrate two permeable layers,
which are nearly isolated by an intra shale layer.
CO, is estimated to enter the reservoir at 12 °C"
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1. Strategic UK CCS Storage Appraisal Project, funded by DECC - ETI Open Licence for Materials.
D10: WP5A — Bunter Storage Development Plan.



Modelling approaches

Three temperature modelling options considered:

»Constant average temperature, 45 °C

» Constant vertical variation of temperature,
accounting for its effect on fluid flow properties

* Active thermal, which models heat diffusion and
advection, but it requires solution of an extra
equation, and inclusion of near-zero porosity blocks.

Simulations done with PFLOTRAN-OGS, using a CO,
specific storage model® , describing a two-phase (liquid-

vapour) two-component (H,0-CO,) system, plus energy:

«Components can be present in both phases

*Internal correlations characterise CO, & miscibility

*OGS: new implementation with engineering capabilities

(wells, hysteresis, industry input/output, ...)
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Cell Results: | |
Temp
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1.High resolution numerical investigation on the effect of convective instability on long term CO2 storage in saline aquifers, C. Lu and

P.C. Lichtner, 2007 J. Phys.: Conf. Ser. 78 012042



Temperature at the end of injection
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Gas phase distribution after 56 years of CO, injection:

Top-down view on
the left taken at the
top of the deeper

L target layer.

o0 Vertical distances
scaled x5

The main effect is
cooling of regions
- around the injectors
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Pressure under the caprock
= OpenGoSim

Pressure vs time under the caprock (above one of the injectors)

200 .
Blue: isothermal run

Red: fix vertical temperature variation

190 .
Green: active thermal

180+
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Modelling | Mt of CO, | Mt of CO, in
approach | dissolved | gas phase

160- Isothermal 19 (5%) 373 (95%)

150 Thermal 23 (6%) 369 (94%)

i | | | | CO, partition at the end of the injection
2020 2040 2060 2080 2100

At the end of the injection, the predicted average CO, density in the injection region is
10% higher when using the active thermal option

*~10% of the lower over-pressure predicted by the active thermal model can be
attributed to the increase in CO, solubility and ~90% to the smaller gas phase volume

» Additional solubility is a short-term effect, but it helps to reduce the pressure peak



Conclusions

Two important additional phenomena captured by a thermal model
are the variation with temperature of the pore volume occupied by
the gas, and the amount of CO, dissolved in brine.

The local cooling is a short-term effect, as the aquifer slowly
recovers the initial temperature, however it affects the pressure
when at its maximum value.

The pressure build-up during injection is a limiting factor for the
storage capacity, and since the temperature has a non-negligible
effect on the maximum pressure reached during the injection,
accurate thermal modelling can help improve the design of the
injection strategy.
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