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Saudi Aramco Initiative Toward Zero CO, Emissions
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e Historic Paris
agreement to
reduce global

warming

~

(

\
e Cut emissions by at

least 45 % compared

to 2010 levels

International Energy Agency | Net Zero Roadmap.2023

e Transition to net-
Zero emissions
must be fully

complete
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CO2 Sequestration in Saline Aquifer

%u': Injection well
lcoz Co,-brine-rock Interactions

Dry CO, )

Wet CO, BB

0 Two-p.hase.coz—brine l
5 !a oK — CO, (g) + H,0 > H,CO; (aa) (1)
Caprock H2C03 (aq) @ H+ (aq) s HCO-3 (aq) (2)
B : HCO; (aq) ¢ H*(aq) + CO*; (aq) (3)

- .
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Schematic of a geological CO, storage site with zones formed around the injection well
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Research Objective
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To investigate the salt precipitation impact on CO, injectivity

during sequestration in the carbonate saline aquifers
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CRRBON CAPTURE, UTILIZATION, AND STORAGE
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Saturation cores

Preparing Brine IR

Post- characterization

DRP reconstruction and modelling 3D-printed reck and characterization

3 *%?ﬁ
| e

A
. a; = A
( = a’

AFM-Raman  X-ray Fluorescence

Pre-characterization e T Core flooding

Spectroscopic
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CRRBON CAPTURE, UTILIZATION, AND STORAGE

Experimental Procedure

Pre-test Test

= Mimic the actual CO2 sequestration

= Measure core properties, such as _ E— :
process in near-well region in the saline

weight, porosity, permeability,

microstructures aquifer

= Saturate cores (1.5 x 3.0 inch) with " Inject 10 pore volumes (PV) of dry CO2
brine of pH 6.5 for 2 months or N2 at rate of 1 cm3/min

= Chemical composition of brine can = The back pressure is 1100 psi

be found in the paper _ e
= Monitor the injection pressure
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Post-test

Dry cores at 100 C for 24
hours to remove absorbed
water

Measure the remaining salt,
porosity, permeability, micro
structures
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Core Flooding Experiments

Temperature 50 °C
Confining stress 2500 psi Oven
Back pressure 1100 psi so| | } S ' [ Backpres
- —)—4  Coreholder H—— ure
Injection rate 1 cm3/min i Q0 N
Permeability FIoodmg gas ’_l S -
14.4 2.07 l ‘
2 15.5 3.31 C02 Distilled Effluent
water 1= Valve
3 18.3 31.7 Co,
1 17.7 3.6 N Diagram of core flooding setup
: : .
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THE INDUSTRY'S DING EVENT
FOR CCUS ENT
AND DEVEL

CRRBON CAPTURE, UTILIZATION, AND STORAGE

Experimental Results

Pressure drop (psi)
fsd 8]
o o

(Y
]

1 2 3 4 5 6 7 8 9 10

Pore volumes injected (PV)

AP vs. PV drop profile for CO, injection into brine-saturated core #3
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Experimental Results
M Porosity (%) before exposure to CO2/N2 Porosity (%) after exposure to CO2/N2
M Porsity loss difference ® Permeability (Md) before Exposure to CO2/N2
m Permeability (Md) after ExposureCO2/N2 m Permeability loss difference
B Weight (gm) Exposure to CO2/N2 B Weight (gm) after Exposure to CO2/N2 & drying
= || || H Il || u l i .
Core 1 (low-perm, N2 flooding) Core 2 (Iow—perm, COo2 roodmg) Core 3 (h|gh-perm, CO2 flooding) Core 4 (high-perm, N2 flooding)

A comparison diagram of weight, microstructured values, and loss/increase difference percentage of all core plugs

before and after introducing N, and CO,
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THE INDUSTRY'S DING EVENT
FOR CCUS ENT
AND DEVEL

Experimental Results

A TW N
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Flooding gas Initial Post-test Initial Post-test Salt
Porosity Porosity Permeability Permeability | precipitated
N, | 144 1234 { 2.07 2.03} i 238 |
co, i 15.5 1335 5331 2775 i 2.75 i
co, i 18.3 15.3 1 1 31.7 22.5 i 3.68 i
N, 77 150} 236 217 279 |

Lab observations:
(1) Both CO2 and N2 cause dry-out (salt precipitation)
(2) CO2 seems to be more severe
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CT Scan diagrams show the relation between the x-ray CT number (Hounsfield units) and the core plugs 1-4.
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CRRBON CAPTURE, UTILIZATION, AND STORAGE
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Conclusion

= Saudi Aramco has committed to net-zero emission by 20250; CCUS is an important program for
achieving this target; this project is part of CCUS program.

= Core flooding test shows that both CO, and N, will cause dry-out (salt precipitation) in carbonates
cores.

= Salt precipitation increases the bulk density of cores and modify the microstructural characteristics of
cores.

= |n comparison, CO, flooding results in a more significant permeability reduction than N,

» The rock dissolution and crystals of salt (NaCl) scale on the pores of cores can be observed in the lab
test.

= Salt precipitation changes the microstructural characteristics of the cores, introducing formation
damage near wellbore, subsequently imposing negative impact on the sequestration process of CO, In
the saline reservoirs.
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