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1) Findings on residual saturation from an EU-funded pilot
Injection project (Heletz, Israel)

2) On remobilization of residually
trapped CO2: residual saturation and
critical saturation
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Evolution from mobile to residual CO,
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Determining residual saturation in the
laboratory
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Heletz North
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« Scientifically motivated
CO, Injection experiment site
for scCO2 injection to

wells for CO2
injection
experiments

a reservoir layer at 1600 m depth, with
comprehensive monitoring and sampling

* Developed in the frame of
EU FP7 projects MUSTANG, TRUST,
PANACEA and CO2QUEST

Target reservoir layers |
1520 1 k“ 1520
of total ~11 m thickness pe [ S T {
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tion/withdra

Extensive site characterization
and instrumentation

Niemi et al (Eds) Special Edition
|IJGHGC Vol (48) 2016
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Determining residual saturation in situ

tests
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Heletz Residual Trapping Experiments
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Residual Trapping Experiment | (2016)

based on the difference in hydraulic and thermal test response before and
after creating the residually trapped zone

zone of residually trapped CO2 was created by CO2 injection
followed by fluid withdrawal until residual state was achieved
Residual Trapping Experiment Il (2017)

« Dbased on the difference in hydraulic test, thermal and partitioning tracer
test response before and after creating the residually trapped zone

« zone of residually trapped CO2 was created by COZ2 injection followed by
Injection of CO2 saturated water to push the mobile CO2 away

Niemi, et al (2020) IJGHGC. Vol (101). 103129 10




Residual Trapping Experiment |
- Test sequence (Sept 2016)
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Measured pressure and temperature
s RTE |
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. with residual trapping of 0.1,
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Conclusions from RTE |
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* hydraulic test gave a good estimate of the overall residual gas
saturation, clear difference Iin signal

* temperature data provided additional information about the gas
distribution between the two reservoir layers

 model analysis suggested that most of the injected gas tended to
enter the upper layer.

« estimated maximum residual gas saturation from the field
experiment (Sym.) was 0.1, lower than the core scale laboratory
measurements of about 0.2
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Residual tracer test

Tracer data analysis
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Tracer analysis — best agreement
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* Most of the CO, enters the

upper reservoir
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local residual gas
saturation is exceeded
but the recconecting

routes are not

local critical gas
saturation is exceeded
and the recconecting

routes are established

Upon secondary drainage due to exsolution,
gas does not remobilize immediately but
only when the gas phase is connected again

Moghadasi, R. et al (2022) IJGHGC.
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local residual gas
saturation is exceeded

but the recconecting 4
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only when the gas phase is connected again functions need to be adjusted

to account for this

Moghadasi, R. et al (2022) IJGHGC..
e




Tracer arrival when critical saturation

UPP?SALA -
UNIVERSITET . I n C I u d e d :
> Effect of Smob Effect of RE
— R | ‘ | 0.14 , 1 .

5 " ¢ field data e e field data
o 20121 -~ Sgmob=0.0 & * + - RF=0.05
= " - —# - 5gmob=0.05 o =z 0121 ’
— my " Samob=0.1 E i1 -— - RF=0.2
g 01" Dol ~ o4l RF=0.5

- - T ogmob=U. = L
A?:? rln ll.li E?f IJ !I - =+ - RF=1
= 0.08f, | — |
15 i' ﬁ.‘; c 0.087 |
€ 006! | 3 R 0.02
-— I | .
CICJ' [ = 0.06 ; l| ;,%;5?
S R & | 0.01 /i s,
g 0.04 v l;* E | ke’ \‘\‘“‘a':_-,_
O : ﬂ 8 0.04 '|1 0 . SV SR
8 o2l b o 55 65 75 85 95
o H I i}_‘ . Q i
© oA o 002 n®
— 1 X ] P e,
ooty . = Y
0 50 100 150 200 0 o B—sl-e—e

50 100 150 200

Volume of produced water [ m° ] Volume of produced water [ m3 ]

—Moghadasi, R. et al (2022) IJGHGC. Acc. with revision.




Conclusions and implications (1/3)

* Procedures and interpretations for determining residual
gas saturation in situ have been presented

* The estimated residual gas saturation from the two field
experiments was similar (S;,,,=0.1) and less than the
laboratory value (Sg;,5,=0.2)

* Hydraulic tests give a clear signal concerning the overall
effective residual saturation of the interval




Conclusions and implications (2/3)

* Thermal tests give additional information about the gas
distribution, as does monitoring of the pressure profile in
the Injection interval

 Partitioning tracer tests are more complicated to carry out
and to interpret, but provide more detailed information on
the gas distribution




Conclusions and implications (3/3)

* The tracer results here required introducing the concept
of critical saturation, a phenomenon relevant if gas
saturation increases due to pressure decrease rather
than injection

* Critical saturation is well studied In oil/gas industry but
not considered in CCS

* Needs to be accounted for when modeling scenarios
with unexpected pressure decrease due to leakage etc.
and related gas exsolution and expansion

30



- Results confirmed Iin pore scale

Thermal

acket @Nalyses

Observing gas remobilization by
high-resolution 3D X-ray
microtomography
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The difference indicates
Sgmob = 0.06-0.07



Ongoing work

« With pore network modeling (calibrated against the
experimental data) investigate how remobilization
takes place in different types of rocks as well as the
value of critical saturation in them

* Heletz, Bentheimer, Berea, samples S1...S9 from
IC library



Critical saturation - Conclusions

* The delayed and slower remobilization Is a safety
enhancing phenomenon in CCS

* Needs to be accounted for when modeling scenarios
with pressure decrease (due to leakage, pressure
maintenance etc.)

Gas relative permeability (ki)
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