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Challenges, Motivation, and Objectives T L |Ectnorocy
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» When is the transition considered?

» What are the factors to be considered regarding to risk assessment?

 Develop a conceptual & numerical simulation workflow that enables risk assessment
of the transition of existing CO,-EOR injection wells to dedicated CO, storage.

 Conduct numerical simulation of a realistic and practical CO,-EOR field site
transitioning.

1 Explore influence of scenario responses reservoir that can support stakeholder
decision makings for the objective regarding to risk assessments and priorities.
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Case Study Selection and Model Generalization [N=]tanova
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Scenario Design N=[MTRNA
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To assess the potential risk and impacts of : :
. . Depletion Leve .
the transition, a total of seven scenarios are Reservoir Boundary

Simulation Focus (Initial Operations

designed as: D eceure Fluids Conditions

Baseline for

° Dedicated COZ Storage AoR Comparison Case 1 c _ Original N/A Hydrocarbon No injection after EOR One side open
omparison
to BAU and baseline (Cases 1, 2, 3)

Business as Usual

Original N/A Hydrocarbon Continuous EOR One side open
(BAU)
* AoR impacts by depletion levels, _ » , ,
... Dedicated Storage Original Under MMP Hydrocarbon Dedicated CO, storage One side open
initial pressure under or above MMP,
(Cases 4 and 7) Dedicated Storage Extension Under MMP Hydrocarbon Dedicated CO, storage Extended\closed
® AOR impaCtS by I‘esel‘VOil‘ ﬂuids ) Dedicated Storage Original N/A Saline Aquifer Dedicated CO, storage One side open
hydrocarbon or saline, (Cases 4 and 6)
Dedicated Storage Extension N/A Saline Aquifer Dedicated CO, storage Extended\closed
* AoR impacts by model domain size
Dedicated Storage Extension Above MMP Hydrocarbon Dedicated CO, storage Extended\closed

and boundary conditions (Cases 3, 4,
5) 6);

Liu, G., Mehana, M, Dilmore, R., Strazisar, B., Lackey, G., Morgan, D., & Cunha, L. (2024, March 11). Risk Considerations of Transitioning CO2-EOR
Field [Presentation]. CCUS 2024, Houston, Texas.
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Total Stored CO, over 30 Years N=|NATONAL
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 The figure shows the net storage of CO, in the
reservoir for 7 cases.

* Case 1 is the base line to compare with others, and it
has no injection/production over the dedication CO,

Casel

Case 2

Case 3

Cased ----- Case5 ----- Case6 ----- Case 7

storage period. 12E:07 - 6.46E+09
* Case 2 exhibits the highest storage capacity, as .| 1 ¢ se000
multiple wells operate (22 injectors and 23 producers) [ J
in the EOR process. Other dedicated CO, storage cases - ;.06 L 1 astews ¢
(Cases 2, 3, 4, 7) are also higher, because fluids are ¢ [ ] 2
miscible and compressible more than Cases 5 and 6 5 g6 | 1 3_23E+09§
in saline reservoirs. S A /2 A NS — s
e Case 6 shows low carbon storage capacity, as the °*"™T J -~ ] aeEee e
extension is small domain size (compared to the [
. . . 20E408 + M - + 1.08E+09
aquifer boundary condition in Case 5). T .
* Case 7 is a hydrocarbon reservoir but with high initial — ooeoo #oi i oo o oo oo v v o o L 1 0.00e+00

1/1/2025 1/1/2035 12/31/2044 1/1/2055 12/31/2064 12/31/2074 12/31/2084 12/31/2094 1/1/2105
Date

pressure, above MMP and exhibits moderate storage
overall in the plots.
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Union AoR Summary

- INATIONAL
- [ENERGY

Union AoR:

U Pressure front based on critical pressure
(Nicot, 2009) cutoff, 176 bar, 2553 psi (in
red polygon)

d CO, plume in contour maps
Map view of the layer with most of CO, spread

Initial Conditions:

U Used as starting point for each of cases to
track down the union AoR changes over
the injection period and post-injection
period

Pressure perturbations from geologic carbon sequestration: Area-of-review
boundaries and borehole leakage driving forces

0.383
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Initial Condition
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Union AoR Summary (cont.)

Case 1: pressure dissipates and the gas plume
shows small reduction, as there is no fluid injection
and gas dissolves. The pressure does not reach
critical pressure.

Case 2: pressure increases as EOR continues due
to unbalanced source-sink later of the operations.

Case 3: overall temporary pressure dissipation
because the dedicated CO, storage injection in one
well only.

Case 4: pressure starts to increase on injection
side.

The pressure in Cases 5 and 6 increases quickly in
saline reservoir condition, although, in one well
only, CO, injection happens

Case 7: pressure starts to dissipate in the
reservoir, but there are increases on the injection
side. The increase is higher than Case 4 because of
above MMP (Case 4, under MMP)

U.S. DEPARTMENT OF
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After 5 Years Injection

] 1000 2000 3000 4000 5000 6000 7000 8000
Case 1
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Union AoR Summary (cont.)

Case 1: continuation of pressure dissipation, and small
reduction in gas plume.

Case 2: pressure increases, and gas plume expands, as
EOR continues, again due to unbalanced source-sink
later of the operations.

Case 3: pressure shows increases, and gas plume shows
higher saturations. The high pressures (above 176 bars)
cover about 15% of the reservoir domain.

Case 4: Both pressure and plume spreading seem faster
in Case 4 than Case 3 due to model domain size and
boundary condition difference.

Case 5: high pressures cover almost the full reservoir in
saline reservoir condition. Moreover, the observation in
Case 6 is even more obvious, again, due to the model
domain size and boundary condition difference.

Case 7: Pressure extension in this case even exceeds
the original reservoir size majorly because of higher
initial pressure (depletion level is above MMP),
compared to Case 4. However, the extension is still less
than saline condition in Case 6 obviously.
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Union AoR Summary (cont.) N=[RTRA
TLRs3katory

« Case 1: no much surprise After 15 Years Injection

e Case 2: Both pressure and plume keep increasing and
expanding.

 Case 3: pressure continues to increase, and high
pressure covers large AoR.

* (Case 4: Pressure outline covers almost the original
reservoir portion with high gas concentration. In the Jii
extension segment, the gas plume shows small
reduction as gas dissolves. The pressure AoR in case 4
is larger than Case 3, due to the larger CO, injection.

Case 2

0.383

Cas:4

 Cases 5 and 6: high pressures cover almost the full
reservoir in saline reservoir condition. It requires
strategy for pressure management such as introducing
brine extraction

0 1000 2000 3000 4000 5000 6000 7000 8000

* Case 7: The pressure, above MMP of depletion in this
case shows more extension than in Case 4, under
MMP. However, the plume seems different.
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Union AoR Summary (cont.) N=|Hanona
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After 30 Years Injection

* Case 1: continuous dissipation as expected.

 Case 2: both pressure and plume keep increasing
and expanding

* Case 3: pressure continues to increase, and high
pressure covers large AoR

* Case 4: high pressures covers the original reservoir Q'ii
segment, and the gas plume continues to expand.

0.383

« Cases 5 and 6: plumes in saline reservoir due to s
dedicated CO, storage are relatively more
manageable by comparing to the cases in
hydrocarbon reservoir condition. Case 5, due to the “*
open boundary condition on the left side, the plume
seems to migrate more toward the open boundary
side compared to Case 6 of a close domain.

0.128

« Case 7: no much surprise
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Union AoR Summary (cont.) N=

Case 1: continuous dissipation as expected.

Case 2: pressure rebalancing and reshaping without
production.

Case 3: CO, injection stopped. However, the pressure
increases due to aquifer support.

Case 4: high pressures are decreasing as injection
stops over post-injection period. However, the aquifer
provides pressure support in Case 3.

In Case 6, pressure AoR covers the entire reservoir
domain. However, in Case 5, the open boundaries
help dissipate pressure. It can be observed for plume
as well, much wider spreading than Case 6 because of
the boundary condition again.

Case 7: the pressure dissipates but continues to be
higher than the critical value and impacts the
significant potion of the reservoir.
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Saturatio... P%
0.510

0.383

0.255

0.128

0.000

3/5/2025

NATIONAL
ENERGY
TECHNOLOGY
LABORATORY




Quick Summary

Case

Case

Case

Case

Case

Case

Case

~

Simulation
Focus

Baseline for
Comparison

Business as
Usual

Dedicated
Storage

Dedicated
Storage

Dedicated
Storage

Dedicated
Storage

Dedicated
Storage

Original

Original

Original

Extension

Original

Extension

Extension
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Depletion Level

(Initial
Pressure)

N/A

N/A

Under MMP

Under MMP

N/A

N/A

Above MMP

Reservoir
Fluids

Hydrocarbon

Hydrocarbon

Hydrocarbon

Hydrocarbon

Saline Aquifer

Saline Aquifer

Hydrocarbon

Operations

No injection
after EOR

Continuous
EOR

Dedicated CO,
storage

Dedicated CO,
storage

Dedicated CO,
storage

Dedicated CO,
storage

Dedicated CO,
storage

Boundary
Conditions

One side open

One side open

One side open

Extended/closed

One side open

Extended/closed

Extended/closed

Baseline
33.5%

36.5%

30.5%

33.5%

5%

1.5%

29.5%

Union AoR | Union AoR

(Pressure)

Baseline
0%

81%

100%

41.5%

0%

100%

71%
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Notes for Risk Considerations

Even without CO, injection in dedication period, the plume is still
about 33.5% of the coverage from EOR for monitoring and risk
assessment

Overall, there is not much big spreading, but more CO, concentrated
in the existing plume area. More injection/production still makes
plume bigger due to unbalanced source-sink operations

One dedicated CO, injection well may not necessarily spread larger
plume size overall but with more concentrated CO, within existing
plume area

Extended model domain size added up more plume for monitoring
and risk assessment than the original domain

Open boundary condition with aquifer support shows much rapid
reservoir pressure build-up in the beginning but slow down later. The
monitoring/risk assessment area for plume is slight big than Case 6
but much less than hydrocarbon reservoir cases

Extended model shows more pressure build-up and less CO, storage
due to the close system than Case 5

With initial pressure above MMP (depletion level), the plume size is
relatively small comparing to the other cases under MMP

3/5/2025




Remarks and On-Goings N=|NATONAL
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* Depletion level/initial condition (pressure, saturation) plays primary impact of the union AoR and risk assessment

* Model domain from sink-source balanced EOR may not be enough for dedicated sink-based CO, storage requirements,
especially, pressure front extensively transit to domain edges, where applied numerical boundary condition
assumptions may not represent the dynamic response regarding to risk consideration

* Due to existing CO, from EOR stage, CO, plume AoR in hydrocarbon reservoir is much bigger than saline reservoir
condition. However, the peak pressure is lower than the saline cases even the average reservoir pressure is higher.

On-Going and Further Work:
* Prepare a journal manuscript with more quantitative analysis

* More sensitivity analysis among of the risk consideration and priorities are still on-going
* New idea of the monitoring design and cost/economics assessment have been proposed for the following study

* Optimal solution of EOR and storage and/or using as proxy each other for mission priorities

I N




Questions??

VISIT US AT:

Mirrored Extension

@NETL_DOE

@NETL_DOE

@NationalEnergyTechnologylLaboratory

CONTACT:
Guoxiang “Gavin” Liv
Guoxiang.Liv@netl.doe.gov ot rre e

LLU

CRARBON CAPTURE, UTILIZATION, RND STORAGE
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2D and 3D Model Visualization =Py
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Original size reservoir model (left) and extended model (right)
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BAU Case (Case 2)
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Production (liquid, and gas) and injection (water, and CO,) profile

The injection-production profile of Case 2 shows

that the reservoir produces (2.4E7 sm3) slightly

Water Injection Total, sm3

----- Gas Injection Total, sm3

TL

LABORATORY

——Liquid Production Total, sm3

----- Gas Production Total, sm3

. R . . R 2.50E+07 1.4E+10
more liquid than the water injection (2.33E7 sm3). / -
E A I P A5 SOV AR N N N 1 12e+10
However, the gas curves, shows a significant gAY 7 -
difference between the CO, injection (1.17E10 sm3) £, 5.0 I 1o
and gas production (0.7E10 sm3), leading to a = _ (A
S 1.00E+07 4 4 T
positive net injection. g [ ' ]
3 Ve + 4E+09
. . ; ) % 5.00E+06 ; _
This explains the AoR increases over time on E e } 26400
0.00E+00 A U ] 0

pressure maps.
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Average Reservoir Pressure Profiles = [EXERY

TL TECHNOLOGY
LABORATORY
* The figure shows the development of average

reservoir pressure over time. Case 1, where there is Casel Case2 Cases Cased momm cases oo Cased oo Case 7

250 3625

no injection/production, tends to have a stable
pressure.

1 2900

L 7,
’
200 147
/

* The pressure curve of Case 6 (extended saline) is the
highest pressure, due to its faster reservoir pressure

150 1 2175

Average Pressure, bars
Average Pressure, psi

build-up.
100 —: E— 1450
* Cases 2 and 4 shows moderate average reservoir ]
pressures (below 176 bars). Case 2 production from
multiple wells and Case 4 hydrocarbon extension S T IV I NP IS IV AN DA g
help with the pressure dissipation_ 1/1/2025  1/1/2035 12/31/2044 1/1/2055 12/31/2064 12/31/2074 12/31/2084 12/31/2094 1/1/2105

Date
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* The histograms show identical pressure '

distributions as the cases are initialized similarly,
« Case 7 is above MMP which is higher initial W .

expect for Case 7. The critical pressure value — a3 i}
(176 bars) is shown in green dash line in Case 1 :
pressure with more histogram bars. |I

which is same for Cases 2 to 6.
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Gas saturation histogram:

Initial conditions

Case 1 z
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* The histograms show identical initial gas
saturation in Cases 1-4.

. Cases 5 and 6 are saline reservoir, where Case3 |
reservoir is initially saturated with water.

« Although Case 7 has the same initial
component composition as Cases 1-4, the gas
saturation shows a different distribution , due -
to the high initial pressure value (>MMP). The
increases in initial pressure bring gas into Case5
solutions and reduce free gas.

Pescent

Caseb

s 8 ¥ & &8 8 3 & 8 B
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° . . — " Sl 176bars
Pressure Histogram: : . § :
. : slin s . : |
After 5 years injection Case1 i ||II|II| T | B ‘ |I Case 2
| | II III-
100 " -] 10 140 150 80 00 120 180 160 ! 180 200 no
8 ::e i1 76 bars N - i1 76 bars
® . 1 "
« All pressures of Case 1 drop below the critical - i :
12 1184 e 1 12
value. Case3 |' @ i e Case 4
 Cases 3 and 4 shows close pressure distribution e . : |
that is aligned with the cases similar injection - all lll I.- , i e
u!m 1 m T i -0 02 ooroue o L & 5 . ——; o T

and average pressure profiles. The two cases e e ' i
show similar pressure development in early time, ' . 7ot

176 bars 1

i 1
I 1042
? 1 » 2e0
as CO, is injected into hydrocarbon reservoir : i
portion of identical conditions. o | . 1
Case5 ' i i ‘ i Case6
: E : I ; II iI
2 I 2 -
o= [P \ i o5 o7 il

£ 1 180
Fresture, baria Fressars, basa
ey

L 176 bars: ey
1
1
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1
1

Case 7
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Gas Saturation Histogram:

15
-
12 uwy
" 2 e
10 _— ™ . B
ﬁ ° ° . 3 : L i 506
After 5 years injection Case1 I i
" " ‘
4 a
: u 207 26 -
2 147 481 487 — 2 177 173
. .y - . . . - h&mﬂhm 298 00a 008 o
000 08

*  Plume is re-equilibrium in Case 1 (bas case) S U S S S
showing reduction in high saturation bars.

. Case 2 shows increases in zero-saturation bar, as
WAG injection causes increases in pressure and gas Case3 |:
dissolves in liquid.

Case 4

153

I 22 00 o0
[-1]

853
538
48T
.
218 0
175 171
089
084 087 a5y
e o o2 s 0o
an [-313 020 » a3s 040 T3 0%

Sateaton of Ga

* Cases 3 and 4 show similar histogram shape.
However, zero-gas saturation, in Case 3, is higher
due to the case higher pressure development and
lower CO, cumulative injection.

&
&

Percent

i
Caseb5 Case 6

 (Cases 5 and 6 show small portion of plume, less
than 2% of reservoir domain particularly.

Case?

U.S. DEPARTMENT OF
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176bars] g

Pressure Histogram:

After 10 years post injection Case1 I

Percent

O = W W & & m v @ @ D 3

e (Case 1 remains below 176 bars.

 (Case 3 and 4 (dedicated injection in hydrocarbon
reservoir) start to show different distribution.
Case 3 pressure distribution shows large
concentration around 160-165 bars (around the
aquifer pressure).

Case 3 5 Case 4

2

Py
1?6 bars

B2t B16

Iss 2
Case6
an
no 3
12 176 bars:
L¥.}
7.3
e - Case7
& 3
111
o
mo o

3/5/2025 24

 Significant portions of reservoir domain in Case 5
and 6 (saline reservoir) are dominant by high
pressures

Percent

P

L]
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Gas Saturation Histogram:

After 10 years post injection Case 1

H . Case 2

4 BE
280
2 180 155 1T
1 128 14
[T T o o oo
(] LI 002 000
000 oo0s a1 s (¥l 0 0¥ 035 [T 0es
Saturation of Gas.
.

« (Case 1 minimum changes over the re-
equilibrium

Further EOR operations in Case 2 introduces

. Case3 | Case 4
pressure increases above MMP and much ; o
miscible phenomenon happened | | II
*  Overall, CO, plume in Cases 5 and 6 increases e e e e
slow but the pressure build-up is much quick o
« Case 7 also shows very small percentage change i N
regarding to plume Case5 ' b Case 6
i Case 7

48T
.
163 ) 1 58
139 1
088 088 TS OB oy
.i | L T T
008 e [51] 020 028 (-] 03 040 048 s
Satraton of Gas.
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176 bar3|

Pressure Histogram:

After 15 years of injection Case1 I

Jllli I h

1176 bars T
2 Case4d

-+ 410

o
220
Iﬁﬂ .
-
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Fressars. bana

I|I 'IIlI o

 (Case 1 continues to be below the critical
pressure

2
133
1
8 I
1o
v

* Cases 2 and 4 are of moderate pressure :
distribution, due to the multiple production Case3 |,
wells of Case 2, and the high CO, solubility '
and compressibility in Case 4 hydrocarbon
extension.

Percent

1176 bars ool © 76bars
1]

* Cases 5 and 6 are almost totally dominated
by high pressure

Percent
- -
Parcent

* Case 7 is a hydrocarbon case, but of high Cases

initial pressure. Big portions of reservoir
domain start to exceed high pressures
(higher than 176 bars)

Fressers, bana

176 barsl

Percen:
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Gas Saturation Histogram:

After 15 years injection

L)
Case1 i-

Case 1 exhibits more spreading but the saturation
self within the plume is reducing

Plume in Case 2 starts to expands and cover larger
reservoir domain due to unbalanced source-sink
operations again

Plume size is contained in Cases 5 and 6, less than
3% of reservoir domain, due to fast pressure build-

up
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* All pressures in Case 6 quickly exceed 176 bars, bt : 178 bare |
due to injection into saline reservoir without ) d .
fluids miscible feature. It is worth noting that . ’ I .y
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* High pressures affect Cases 2, 3, 4, 5, and 7

140

partly, due to injection operations. Rapid 2 o
pressure increases in Cases 3 and 5, along with . i
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Gas Saturation Histogram:

After 30 years injection case1 M. I i Case 2
: ‘“ﬁ‘ M&%ﬂmum Bt 600 OM : E“N-HMWJ LIU-T ]
* Gas plume continues spreading for all cases
. . . C 3 Case 4
« The key point is much on reservoir responses of ~*° “
pressure build-up and constraint that impact on . Wl
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*  Overall, the pressure migration is significantly

different for the cases with open boundary ;
conditions such as Cases 3 and 4. Saline Case3.’
reservoir condition cases also show it . '

v o@m N oo D

Percont
Paorcent

equilibrium changes in Case 3 and 5.

8.558.60 o

Parcent
LR T ST T SV S

Percont

condition are higher except Case 4 due to ; "

under MMP. Cases i
« The further comparison about under and : W'II

above MMP are much clear between Case 4 ,‘, il

158 160 o
an ; R Pressure, barsa Prass, barea

. SE,I 176 bars

8.20
7.78)
7.38| 757
5.80| 5.
Case 7
et
'
14

1
0

180 200

Prossure. barsa

reent
MW B o ® N @

. DEPARTMENT OF

3/5/2025

(@) ENERGY




Gas Saturation Histogram:

After 50 years post-injection Case?2

* In Case 1, zero gas saturations increase to cover
66.14% of the reservoir domain.

* The gas plume expand in Case 2 to covers 36.5% of Case 4

the reservoir domain. Around 63.5% of the
reservoir domain has no free gas (initial conditions:
zero saturation bar is 56%).

* Reduction in gas plume size in Cases 3 and 4,
where 69.5% and 66.65% of the reservoir domains
have no free gas, respectively.
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