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Disclaimer

This presentation was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor any
of their employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of the presenter do not necessarily state or reflect those of
the United States Government or any agency thereof.
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Task 2: Addressing Stakeholder Needs to Accelerate Geologic Storage
Projects: Tools and Methods to Manage Subsurface Risks

Objective  To demonstrate and improve the utility of NRAP integrated assessment
model and worktlows for GCS leakage and containment decision making,

EY 2022 EY 2023 EY 2024 EY 2025 EY 2026

Code dev'elopment é IImprowed well leakage models, é llmproved user experience, é
plan for site-scale IAM prototype AOR and bowtie workflowsintegration with other NRAP tools, etc

l | . . 1
Complete simulations and resulth Complete simulations and resultg,

NRAP Phase II interpretation for initial case studfes interpretation for refined case studies
Open-I1AM & [ - | I
Recommendil NRAP integrated assessment é NRAP integrated assessment é NRAP integrated
Practices model initial public beta release model second public beta release assessment model v1.0 release
| Complete report on recommended practices for é)

site-scale leakage risk assessment/decision support
Outcome: Release final NRAP site-scale leakage risk assessment tools,

tool application catalog/use cases, and recommended practices
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Task 2: Addressing Stakeholder Needs to Accelerate Geologic Storage
Projects: Tools and Methods to Manage Subsurface Risks

\IRAP

National Risk Assessment Partnership

Objective  To demonstrate and improve the utility off
model and worktlows for GCS leakage an|

EY 2022 EY 2023 EY 2024 NRAP releases a new version of I
NRAP-Open-lAM, an integrated

assessment model for geologic

Code dev'elopment é IImprm.»'ed well leakage models, é IImprowed use carbon Storage sites
plan for site-scale IAM prototype AOR and bowtie workflowsintegration y
June 11, 2024

l . . 1 T
Complete simulations and resulth C
si

NRAP Phase Il interpretation for initial case stu
Read More
Open-lIAM & [ - |
Recommendef] NRAP integrated assessment é NRAP integrated assessment -
Practices model initial public beta release model second public beta release assessment model v1.0 release
| Complete report on recommended practices for b

site-scale leakage risk assessment/decision support
Outcome: Release final NRAP site-scale leakage risk assessment tools,

tool application catalog/use cases, and recommended practices
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Task 2: Addressing Stakeholder Needs to Accelerate Geologic Storage
Projects: Tools andgMethods to Manage Subsurface Risks

. . 2 Stakeholder o .
Objective  To demonsty needs dtility of NRADP integrated assessment

model and wor leakage and containment decision making.

EY 2022 EY 2023 EY 2024 EY 2025 EY 2026

4 New 4 Updates to
Functionalities NRAP-OPEN-IAM

lImprm.»'ed well leakage models, &
prototype AOR and bowtie workflovygss

‘Code development é
plan for site-scale IAM

2 Case Studies

l . :
Complete simulations and rest

. 1
, dlations and results‘g
2 interpretation for refined case studies

NRAP Phase Il interpretation for initial case stud
Open-lIAM & [ - | !
Recommended NRAP integrated assessment é NRAP integrated assessment é NRAP integrated
Practices model initial public beta release model second public beta release assessment model v1.0 release
| Complete report on recommended practices for b

site-scale leakage risk assessment/decision support
Outcome: Release final NRAP site-scale leakage risk assessment tools,

tool application catalog/use cases, and recommended practices
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Updates to NRAP-Open-IAM (1) — Wellbore Leakage

*Multisegmented Wellbore Al: machine-learning wellbore leakage
model with an improved performance.

*Wellbore Leakage Model for Hydrocarbon Fields.

CO; Leakage Rate to Aquifer 1, Range: R?.- o 9997
10 O kgls to 1.06 x 1073 kgls 5 4167 o
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Updates to NRAP-Open-IAM (2) - SALSA

Profile 1 at x=2.83 km and y = 2.83 km

SALSA: flexible model capable of

modeling the responses of

reservoirs, other aquifers, aquitards,

and wellbores to injection and/or T
extraction. o s et o 103110 o s

*SALSA produces: v o
—Well leakage .
—Leakage across aquifer-aquitard ¢~ '

interfaces
—Hydraulic head and pressure in ’ s

-5.0

aquifers and aquitards

0.6 0.8
Pressure (Pa)

9.60 x 10°

-10.0
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Updates to NRAP-Open-IAM (3) - Bowtie

Bowtie plot: risk assessment

visualization tool that
combines quantitative and B e T

Unwanted Fluid Migration from the Reservoir

0.00 % TDS Plumes in the Thief Zone

Plume Volume 2 1.00 x 10° m*

t0154x 10722+ 196 x 10712 kgis

quahtative metric S fO r a CO; Leakage into the Thief Zone 0.00 %

3.33 % pH Plumes in the Thief Zone

Plume Volume 2 1.00 x 10° m*

767%x102+£175%x 10"t m?
to117x 107 £2.72%x 10" m?

i —6
CO2_aquifer1 = 1.00 x 10° kg/s 500 % 10-11£6.01 x 101! kgis
t05.19 % 10711+ 621 x 10 M kgls

L] . L]
‘XThO |] Stlc e‘rall ]atlon 0.00 % TDS Plumes in the USDW
° i . om? Plume Volume 2 1.00 x 10° m*
Brine Leakage into the USDW 0.00 %
brine_aquifer2 2 1.00 x 10°% kgls 308 x10-17+6.62 x 10~ kais
to 4.39 x 10717+ 7.48 x 1071 kgis 0.00 % pH Plumes in the USDW
om? Plume Volume 21.00 x 10° m?
CO; Leakage into the USDW 0.00 %
CO2_aquifer2 2 1.00 x 10~° kgls -13 -13
434 % 1077 £7.29 X 107 kgls 0.00 % CO, Released Into Atmosphere
10482 x 1077 £8.30 x 107" kg's 0 kgls CO;, Leakage Rate 21.00 x 10~" kgls

Migration Along a MMV Well Extremely Unlikely
Extremely Unlikely Hydrocarbon Resources Impacted
Migration Along an Injector Extremely Unlikely Unlikely Loss of Project Support
Probability of Exceeding Threshold
Results Shown Stochastic Simulation by t = 50.0 years .
for t = 50.00 years with 30 Realizations T e— Metric Threshold

Ranges Shown if Multiple Locations Are Used
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Updates to NRAP-Open-IAM (4) — Workflows

*Workflows Integrated into
Graphical User Interface:
Workftlows are made to
streamline analyses that are
frequently performed for
activities such as permit
applications.

—Area of review analysis

—Time to first detection analysis

{,:-‘-"' ’5\ U.S. DEPARTMENT OF

§ NRAP-Open-IAM

Model Stratigraphy Add Workflow

Add Workflow

Workflow type: Area of Review — ‘ Add Workflow
Reservoir Type: Lookup Table Reservoir — ‘

Wellbore Type: Open Wellbore — ‘

Aquifer Type: FutureGen2 Aquifer —

Aquifer Layer: aquifer2 —

Add and set up the workflow to be simulated, then save the model
and return to Dashboard to runthe simulation.

Save

LABORATORY
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Return to Dashboard
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Area of Review Workflow

How far do potential impacts extend from the injection site(s)?

Maximum Reservoir Pressure Over Time,

Range: 2.30 x 10! MPa to 2.33 x 10! MPa (Gray: 0 MPa), Maximum Aquifer 2 TDS Plume Volume Over Time,
Certain Pressures Exceeded the P,;; of 2.32 x 10! MPa Range: 7.93 x 103 m3 to 2.64 x 10° m3 (Gray: 0 m3)
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Time to First Detection Workflow

How do contaminant plumes spread through aquifers? When would they reach monitoring wells?

Spatiotemporal Evolution of pH Plumes,
Layers with Lower Times Shown Above Other Layers, Realization 28

Depth Range: -2235 m to -1676 m,

Depth Range: -1676 m to -1118 m,

Time to First Detection (TTFD) for pH Plumes,

Realization 28

Depth Range: -2235 mto 0 m,

No Plumes Plume Timing Range: 1 years to 50 years Range in TTFD from Monitoring Network: 5 years to 50 years
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Stakeholder needs (1): Legacy Wells Characterization Workflow

Annular Type 1 Type 2 Type 3 Type 4
— L ——

Workflow for Known Legacy Wells Comark
Step 1. Gather All Available Information
| — Step 3. Perform Risk Assessment and Analysis
v v v 2A 28 3A 38 4A 48
No Records Paper Records Digital Records

N

Risk Assessment Field Characterization

v v

Leakage Pathways i 1 Reclassify Based
off Field Data

= I

=7
=7 A

Digitize with OCR/LLM § Machine

Readable

——* Microannuli

Plug

- 5 | Datab . Data ——+ Cement Channeling/Fractures -
- igital Database o —* Plug Failure
-9 Legacy Well Information ¢ Casing Failure |
* Chemical Alteration * Potential leakage
* Cement Degradation pathways in legacy wells

¢ Casing Corrosion
|—> Risk Modeling

NRAP-Open-IAM

Step 2A. Evaluate Construction of Legacy Wells
‘ Identify Leakage Pathway Types

Casing Type 1 Type 2 Type 3 Type 4 L—— Potential Method — * Open‘WeIIbore
— Effective Permeability { *  MultisegmentedWellbore
T ‘ * CementedWellbore
o Step 2B. Grouping of Well Types ‘

Less Complicated More Complicated Acceptably Low Risk  or Unacceptably ngh Risk
_ —ﬁ
Group 1 Group 2 Group 3 Group 4 No Corrective Perform B

Not in Accessible Inaccessible Critical Action Needed Corrective Action
Reservoir Wells Wells Wells
No Further 2A 2B 3A 3B 4A 4B

I Action Lower Medium Medium Higher Highest  Unknown
Complexity Complexity Complexity Complexity Complexity
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Stakeholder needs (2): NRAP Risk Register Tool

Risk Register All Projects / Project ABC # / Pre-Construction ~  USERGUIDE

* A new tool will allow users to develop a === | | (o) () ) ) () ) i) () = e
Risk Register for their carbon storage =~ = » s o e e
site(s). The tool contains a library of S e
risks commonly found at carbon Risk Register
storage sites but also allows users to o
efficiently input additional risks
pertinent to their site(s).

*The risk library was externally peer- e oom e e
reviewed by carbon storage experts and -
suggested edits were considered and
implemented where appropriate. - o

. CapEx I Variance from plan is at least 75% ‘ 4

¢ A pro tO t y p e avallable for Compliance I Major breach of regulation. Potential for severe fines and/or litigation ‘ 4

° Environmen it Minor environmental impact and/or technical compliance breach - ‘ 1

demonstration purposes |

‘ Health I Transitory health impact © ‘ 1

OpEx I Variance from plan is at least 25% ‘ 2

Public Relations Low level community dissatisfaction - 2
~ \g{/
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New Functionality (1): Physics-Based CO2 Well Blowout Model

Motivations

* A physics-based model to estimate COz2 leaked in the event of catastrophic well failure from an
insurance claims point of view.

* To understand the thermal impacts of CO2 cooling on casing and cement during dense-phase CO2
decompression.

Structure

Sequential Coupling
15 1
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Demo Scenario: Injection Well Blowout

* 14 day blowout of a 1500m deep well after 1 year and 6 months of injection into a 30 m thick

reservoir of permeability 100 mD. . .
Reservoir Pressure & Saturation
25
Cumulative Leakage Casing & Cement Temperature
4 20+
. x10
26— . . . _
g | —Tr=44°C, tyn; = 1 year —il-hour & 15t —t—=0
= —=Tgr = 3200, tm]' =1 year ——4 hours \E_/ —t=1 hour
% _TR = 4400, tinj = 6 months 1 day A 10t _Ejzd};;urs i
5 4 --Tg = 32°C, t;; = 6 months //_,/-" i — 3 days | =4 days
QN .,-/"/ _____ — 17 days _Eiidgiss
O P g 13 days 0 ! . | i
> AT i 10 10t 10> 10 10
Z 2 T r (m)
- /'/ -
Lg T t = 14 days
00 : |
0 2 4 6 8 10 12 14 A | , , , , : |
t (days) 0 100 200 300 ( ' 'z)mo' 7500 600 700
r(m
B ([ H
Sco2(-): 0.1020.304050.60.70.8
16 1
N —
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New Functionality (2): CO, Fault LLeakage ROM Model
Min Max
° Chaﬂenge: Angle degrees 20/95 85/160 degree
top_depth 1000 3000 ft
Current Fault leakage models are limited domain_depth 1000 3000 ft
. reservoir_deep X 1000 4000 dt
¢ SOhlthﬂS reservoir_deep Z, 5 40 % of Domain depth
. . reservoir_shallow X; 1000 4000 ft
NCW ML mOdel Wlth a Wlde raﬂge Of reservoir_shallow Z; 5 40 % of Domain depth
parameters (_|_20> . reservoir_y 1000 2000 ft
perm_fault 20 100 mDarcy
Top P X, N \ COilnjection rate/time poro_fault 5 20 %
depxh \‘ Y thick_fault 2 10 % of Domain depth
,4 mEmmmEmmmmmm '\“ perm_caprock 1 5 mDarcy
\ poro_caprock 0.5 1 %
Shallow reservoir “\‘ thick _caprock 3 20 % of Domain depth
Domain “\‘ perm_deep_reservoir 20 100 mDarcy
depth fault ‘\‘ poro_deep_reservoir 5 20 %
Capro \:‘\._____De.e.p.rase voir perm_shallow_reservoir 20 100 mDarcy
(Damaged Z A‘- 4i Izz poro_shallow_reservoir 5 20 %
A ,)- e s Qo e e s e 7 \(I’X injection_rate 1000 5000 Mscf/day
v oK L Ly 7 well index X; 50 5000 (distance (x-axis) from fault)
) X5 i injection_time 10 100 year
Ve
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New Functionality (3): Multisegmented Wellbore Model

Expansion of Simulation Dataset

: To improve the applicability and robustness of the MSW-AI model for wellbore leakage analysis, we have expanded our simulation
dataset:

* Original dataset: ~13,000 realizations

* Enhanced dataset: ~(13,000 + 15,000) realizations

B new sample B new sample B new sample
[ original sample [ original sample [ original sample
[ cumulative sample population 1 cumulative sample population [ cumulative sample population
250 30000 200 30000 30000
— — 200 —
(V] (V] (V]
= = =
25000 © 25000 © 25000 ©
@ 200 2 0 g 3 g
L € 5 150 5 S 150 S
IS 20000 £ IS 20000 £ IS 20000 £
© ) © ) © )
£ 150 o o o - o
(o] o o Qo o Q.
5 15000 % 5 100 15000 % 5 100 15000 %
Ke) w0 Qo %) Q w0
E 100 5 £ 5 E 5
= 10000 & =2 10000 & = 10000 &
QO Ke) QO
IS 50 IS 50 1S
50 > =} >
5000 Z 5000 Z 5000 Z
0 0 0 0 0 0
0 500 1000 1500 2000 2500 3000 10° 10! 102 103 10* 20 25 30 35 40
Aquifer bottom depth (m) Aquifer horizontal permeability (mD) Temperature gradient (C/km)
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Multisegmented Wellbore Model — AT Model Development

Data Processing for Al Model

The previous MSW model relied solely on data from the
immediately preceding step for predictions. In our new version,

we are evaluating whether incorporating
information from multiple previous
steps enhances prediction accuracy.

Static features
Dynamic features

Targets

— -+

Lookback Forecasting

“%, U.S. DEPARTMENT OF

@) ENERGY

MSW Model Structure

le-5

1

w

R2 =6.644e-01
MSE = 2.148e-13,/’
MAE = 2.735-07

1.0 yd

Brine leakage

0.5 4 p ‘-

0.0 4

Predicted leakage rate, kg/s

1
e
wn

1

le-5

True leakage rate, kg/s

0.0006 i
R2 = 9.887e-01 /i
MSE = 4.761e-11 7
MAE = 3.295e-!

7 3

CO, leakage

0.0005 -
0.0004 e
0.0003 -

0.0002 -

Predicted leakage rate, kg/s

0.0001 +

0.0000 -

T T T T
0.0000 0.0002 0.0004 0.0006

True leakage rate, kg/s
(preliminary results with the existing data set)

: Previously, the MSW model was developed with 7 component
models to improve the prediction accuracy, and it was streamlined
into 2 models for a new version.

Regression

Output

Input Classification
—»  Non-zero flow rate CO, leakage rate
CO, leakage type ~ —
—p Zero flow rate
Features
—> Large flow rate Brine leakage rate
Brine leakage type ~—+9 Small flow rate Brine leakage rate
Negative flow
—> g Brine leakage rate
leakage
Input Classification Regression Output
Zero leakage
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Case Study 1: CO, Storage in Hydrocarbon Formations Transitioning from EOR

&

N

Site Characterization
and Geomodel
Development

)

-

N

Site Operational
Scenario Definition

~
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Assessment
Modeling, including
reservolr simulation,
leakage, and impact

Quantify Storage
Performance

Assess Leakage Distill Insights on

models

T
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Risk-Related
Performance

Risk

Regulatory and
Risk-Based Area
of Review
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The Effect of Hydrocarbons on the AoR

Influence of reservoir settings (geology, fluid composition, environmental variables, operational
parameters, etc.) on the AOR of GCS 1n saline aquifer (CO, + brine) 1s well understood. Repurposing
CO,-EOR fields to dedicated GCS poses a new challenge—How 1s AOR impacted by previous CO,
operations in oil and gas fields?

* 1D Radzial, Three-phase, Five-component Reservoir Model
v Constant CO, injection rate: 30-year injection, 50-year post injection

v' TInitial conditions of components after CO,-EOR: ) Brine Only |
o <5 km of injection well (2000 scenarios) ] o 17km 1= 43 kim ]
v’ S, ranges between 0.2 — 0.8 s 1o
V' X, ranges between 0.05 — 0.3 : |
/ = 20 B 7] 0.6
Xcpg ranges between 0.05 — 0.3 ¢ b
v Xcanio ranges between 0.1 — 0.3 T sk o4
v Xqomo ranges between 0.15 — 0.75 1 i
o > 5 km: no dissolved components 5 el
CO. |
okt

Radial Distance (m)

e e
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Determination of the Area of Review (AOR) Extent

Pressure and Saturations at initial: Sw=0.70, Xc02=0.20, Xchs=0.13, Xcah10=0.13, Xc10h22=0.55

EPA Guidance on AOR Modeling: Larger value of:

21 Peitica = 1.79 X 107 Pa a0 = ~5.5 km [*®
T KN _ - T /—=——=--= e = = = 7 "
° AOR where P reservoir > P critical 4;1.5 Injected 06l
— . . . . E‘ CO, front Back d g
Where P = pressure required to lift fluid to the deepest overlying USDW ¢ | ko "
— * * . g \f— | — Pressure,PA E

Petca = Pu T Po ™ 8% (Zy = Zieo) s

—‘I‘ Oi§I saturation, S,
*  AOR where Sco, > e cridical e i

1000 2000 3000 4000 5000 6000 7000 8000
Radial Distance, r [m]

7000

1.0

30-year Injection
6000 period

50-year post-injection period

>

©
o

o
o

3000

CO; saturation, Sco,
o
o

Reservoir pressure, P [x10’ Pa]

Combined Area of Review, raor [M]

2000 A
0.2
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Machine-Learning-base Reduced-Order Model (ROM) for AOR Extent

ROM developed for the combined AOR extent
successfully represents combined AOR behavior
during the pressure buildup, plume development
(which has been masked by pressure), pressure
dissipation, and plume stabilization periods.

AOR: 1.98e+01 thousand points are displayed
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Main Insights from Reservoir Simulation

. . . Closed Boundaries
| Explored reservoir response for various scenarios that can support

stakeholder decision-making for Class II to Class VI transition. S N S

[ Designed scenatios for hydrocarbon and saline reservoirs compatisons
and boundary condition impacts

b sl L

ra

| Preliminary Results and considerations for risk assessment

Open Boundaries

o

v" The union of the CO, plume and AOR is the primary

consideration based on the critical pressure calculation and mapping

W sacmt_toat
o g
ale A242010

v’ Reservoir depletion status.

1,389

v Model domain coverage may impact the AOR, especially for the

1.376
saline case. =
1.3z
v’ Boundary conditions impact of the AOR for such structure as a i
secondary consideration i
1,208
1164

1,161
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New Functionality (4): Wellbore integrity for Class 1I to Class VI

&

* Injection rates for Class II wells range from 0.01 to 1 kg/s, while Class VI wells reach up to
30 kg/s. High injection rates lead to significant wellbore cooling, inducing wellbore failures.

*The worst scenario 1s injecting CO, rapidly 1nto depleted reservolirs during winter seasons.

(f-’{-‘_:,.. U.S. DEPARTMENT OF

@/ ENERGY

Class Il well Class VI well
70
® Supercritical single phase

60 H e Liquid single phase
06 50 From gas single phase to two phase
a,
= 40 B e iivesennens ®
ol T T i
% 30 b e [}
2 l .
g 20 B e G
- ; @ ..o

10 g

0 bl -
0 5 10 15 20 25 30 35
Flow rate (kg/s)

Temperature drop (°C)

200
60
o.. 150
50 F e @)
& 100
40 0 T % 50
°... e eh -
o el hi .:_*.é
0 b ® T s 0
........... L
............... o E -50
20 e > g
@ 4000 psi reservoir pressure ® g-' -100
10 @ 870 psi reservoir pressure S
0 @ 725 psi reservoir pressure -150
10 20 30 40 -200
Injection temperature (°C)

-
NATIONAL /_\l A
ENERGY reeereer (I}
TECHNOLOGY

LABORATORY

1 ool
0083838
-20 -10 0 10 20
Pressure change (MPa)
25

NaTIONAL LABoRrAToRy Pacific Northwest
NATIONAL LABORATORY

| uL' i@ Los Alamos w7



Wellbore Integrity for Transitioning Class II to Class VI

*How the material degradation affects cement integrity, how do leakage pathways get

initiated and grow, what 1s the corresponding leakage rate, and do such leakage rates present
a risk?

*CO, flow across microannulus might expand its fracture size, and the dynamic CO,
injection and problematic cementing job will accelerate this process. The riskiest scenario is
a combination of engineering, mechamcal and chemlcal alterations to the cement integrity.

______________________________________________

o0 Tensile crack ADebonding  © Shear failure

200 g 200

150 8% i 150 .
o 10 o 10 Cement becomes more brittle and
g - easier to be damaged after degradation
o 0 S0
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Before degradatlon After degradatlon 26
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Case Study 2: Acid Gas Disposal - Reservoir Type

Gas Plume

4820 Mg w

Depleted
Gas Field

600

400

3010 m

200

Depleted
Oil Field

Injectivity Index (thousand sm3/day/bars)

2410 m Summary

Saline
Aquifer

N

reservoir

Storage Reservoir Effect on the Injectivity Index

Reservoir Type Effect on Dominant Storage Mechanism

ﬂ

Depleted Gas Field_95%CO2_Open
——Depleted Oil Field_95%CO2_Open
——Saline Aquifer_95%CO2_Open

== eInjection Shut In

1
Years

storage mechanisms substantially
The dominant storage mechanism was affected the most by the type of storage reservoir where 80 to
90% of the injected gas was trapped 1n solution in the depleted oil fields, and 50 to 60% was trapped
as residual gas in the saline aquifer while around 55% stayed as free mobile gas in the depleted gas

=
g
B 06 e
R T sy
n Tt ————————-
P .
S04}
| e e R Saline Aquifer_95%CO2_Open_Residual Gas
@)
| O
2 ——Depleted Oil Field_95%CO2_Open_Solution
] 0. P P
|
! — —Depleted Gas Field_95%CO2_Open_Free Gas
0
0 20 40 60 80 100
2 Years

* The different types of storage reservoirs affect the size of the plume, the injectivity index, and the

27
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Reservoir Boundary Effects

Closed Open

4820 m.

Depleted
Gas Field

3010 m

Depleted
Oil Field

3610 m

Saline
Aquifer

Reservoir Boundary Effects on the Injectivity Index — —Depleted Gas Field_95%CO2_Closed

[
o
S

——Depleted Gas Field_95%CO2_Open

— =Depleted Oil Field_95%CO2_Closed

——Depleted Oil Field_95%CO2_Open

— -Saline Aquifer_95%CO2_Closed

——Saline Aquifer_95%CO2_Open

Injectivity Index (thousand sm3/day/bars)

= eInjection Shut In

Years

Summary

* Open Boundary conditions increased the size of the gas plume regardless of
the reservoir type or injection composition

* Boundary Type effect on injectivity index is most important in saline aquifers
and negligible in depleted gas fields

* With longer injection times, an open boundary favors higher storage capacity in
depleted oil fields 28
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Area of Review (AoR)

Gas Plume Critical Pressure

With Without

3270 m

Depleted
Gas Field

It 1s recommended to incorporate
hydrostatic pressure corrections
across the thickness of the

3010 m reservoir when calculating the

AoR critical pressure front

Depleted
Oil Field

Summary

* The extent of the AoR in depleted oil and gas fields is usually decided by the
gas plume extent

* In saline aquifer, the boundary of the reservoir plays a crucial role in deciding

whether the extent of AoR is dictated by the pressure front or the gas
saturation front

Saline
Aquifer

29
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Injection Composition Effects

8 5() /O CO 2 9 50 /0 C O 2 Injection Composition Effect on the Injectivity Index - - Depleted Gas Field_85%C02_Open

——Depleted Gas Field_95%CO2_Open

[
o
S

Depleted
Gas Field

— = Depleted Oil Field_85%CO2_Open

400
——Depleted Oil Field_95%CO2_Open

— — Saline Aquifer_85%CO2_Open
3610 m

[\
o
S

——Saline Aquifer_95%CO2_Open

Injectivity Index (thousand sm3/day/bars)

Depleted
Oil Field

= eInjection Shut In

Years

3610 m Summary

* Injected gas composition effects are minimal on the size of the plume, the
injectivity index as well as the storage mechanisms regardless of the type of the
storage reservoir or the boundary condition

Saline

Aquifer <
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Task 2: Addressing Stakeholder Needs to Accelerate Geologic Storage
Projects: Tools andgMethods to Manage Subsurface Risks

2 Stakeholder

To demonstz needs

Objective
model and wor

EY 2024

4 New
Functionalities

EY 2022 EY 2023

EY 2025
4 Updates to

NRAP-OPEN-IAM

‘Code development ¢

lImproved well leakage models, &
plan for site-scale IAM

prototype AOR and bowtie workflo

[ . .
Complete simulations and res®

. 1
Olations and resultﬁ

Atility of NRAP integrated assessment

leakage and containment decision making.

EY 2026

NRAP Phase Il interpretation for initial case studies inté
Open-IAM & [ - :
Recommended NRAP integrated assessment é I NRAP integrated assessment é
Practices model initial public beta release model second public beta releas
lCompIe
site-sca:l
Outcome: Release fi
tool applia
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NRAP

National Risk Assessment Partnership

NRAP releases a new version of
NRAP-Open-IAM, an integrated
assessment model for geologic
carbon storage sites

June 11, 2024
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Thank you!

Comments and Questions:

Mzm(@lanl.gov
Nrap@netl.doe.gov

NRAP Website: https://edx.netl.doe.gov/nrap/

5:5’4:»_.».._. U.S. DEPARTMENT OF

Nl

National Risk Assessment Partnership
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Case Study Selection and Model Setups

Base reference of the formation for
model generalization

Base Geological Model

lAquife.. | X
m
6472

=

4854

3236

1618

Isdiken, B., Thesis, The University of Texas at Austin, December 2013 33
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Scenario Design

*1 Mt/year of injection target rate
*Single well, 30 years injection, and 50 years post-injection

* CO2 interaction with hydrocarbon reservoir

e CO2 interaction with saline reservoir conditions for comparisons

Jia W. and McPherson B., DOI:

i Boundary COﬂditiOl’l impacts 10.18141/1465116

Injection Cases Reservoir Conditions Boundary Conditions

. o . . . Liu G., Dilmore R., Strazisar B., Lackey G.,
Dedicated CO, injection (1 MT/year) Hydrocarbon reservoir One side open Class Il to Class VI Well Operations -
D Insights from Simulation-Based
Dedicated CO, injection (1 MT/year) Hydrocarbon reservoir All sides open Investigation of CO2-EOR to Dedicated
Storage Scenario. United States: N. p.,
Dedicated CO, injection (1 MT/year) Saline reservoir One side open 2023. Web.
Dedicated CO, injection (1 MT/year) Saline reservoir All sides open
34
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Average Reservoir Pressure Profile in Tertiary CO, EOR Period

3200~

* Reservoir pressure in CO2 EOR period
became lower from secondary EOR

* Over the depleted condition, reservoir -
pressure lower than the MMP, 1850 psi =~ aa-

3000~

Tertiary CO, EOR LIS O, S A
Scenario 2

* During injection period, reservoir i 208 U o 0 S |
. . . L. é DepletedCO, EOR | T —
pressure buildup in saline reservoir is : Pors
much quicker than hydrocarbon reservoir Dedicated CO, Storage |
* Opverall, hydrocarbon reservoir pressure i
buildup 1s slower and lower, but the N BRI

reservoir pressure is higher due to more
CO2 storage in it.
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Boundary Flux Profile

* Pressure and flux response in saline
reservolr 1s much quicker than
hydrocarbon reservoir

220 300

200 °® o 200
. . . °®
* Major reasons result in the differences % . °% @00 4gom oo _
.. . v 180 @ o 100 <
are the miscible flow with CO2 and £
ey eqe . £ ‘® z
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120 o Scenario 4 Pressure -200
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Time
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