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U.S. DOE’s National Risk Assessment Partnership NR_A_P

National Risk Assessment Partnership

NRAP leverages DOE’s capabilities to quantitatively assess and manage long-
term environmental risks amidst significant geologic uncertainty and variability.
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Integrated R&D Approach for Commercial-Scale Deployment

2017
Large Capture
Pilots Initiated

Carbon
*Capiure

® 2020

2017

Initiate Storage
Feasibility for
Integrated CCS

R&D Completed for Carbon Capture
2nd Generation Technologies

2022
Commercial-scale
storage complexes
characterized

2030

Advanced technologies
available for broad
commercialscale

deployment
2025 '
Integrated CCS
Projects initiated
“New target for the United Statesto

achieve a 50-52 percent reduction from
2005 levels in economy-wide net

greenhouse gas pollution in 2030”

~ Biden Administration, 4/2021
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The NRAP Team (2021)
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NRAP Phase Il Technical Tasks and Org. Structure

* Task 2: Containment assurance/
leakage risk management

* Task 3: Induced seismicity risk
management

* Task 4: Strategic monitoring for
Uncertainty Reduction

* Task 5:Validating NRAP tools
and approaches

* Task 6: Addressing critical risk-
related questions
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Today’s Presentations

 Task 2: Containment assurance/ »

leakage risk management

* Task 3: Induced seismicity risk , J. White, D. Templeton (LLNL)
management

* Task 4: Strategic monitoring for e— D. Bacon (PNNL)
Uncertainty Reduction

* Task 5:Validating NRAP tools Bob Dilmore (NETL),
and approaches E. Gasperikova (LBNL),

* Task 6: Addressing critical risk- « B. Thomas (NETL)

related questions
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NRAP Phase | (2010 — 2016)

Risk Assessment & Uncertainty Quantification

/ e Pioneered hybrid methods for quantifying complex\
systems (physics coupled to empirical, e.g., machine

How big might the risks '[‘)*af"‘lng)d S N
be from a GCS Operation’? e Developed computational tools for quantifying

storage post injection

* Developed foundation for strategic (risk-based)
monitoring (e.g., DREAM tool; no-impact thresholds)

oo

L f\}{ S 5 Mt/yr (37 realizations)

1 Mt/yr (29 realizations)

Environmental Risk Profile

Pressure Plume (km)
(effective radius for AP>1 MPa)
s

Injection Injection 2 xinjection 3 x injection n % injection 0 10 20 30 40 50 60 70 80 90
bagins slops pariod period periad Time (yrs post injection)

k (Benson, 2007) /
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NRAF'S approacn for rapida prediction or wnoie-system risK
performance

A. Divide system into
discrete components \

(Benson 2007)
@ I | | I I 11
: 1 [ | ¥ W 3l |||
B. Develop detailed E i ¢ Furm
;:‘CL‘
component models that : | L T 1kt
(7]
. . g
are validated against : T OB
H
M =
Iab/fleld data 180 Years [ 111 [ ] I ¢ : T -
05 =‘,'Tﬁf"7‘ HEre—— Injection Injection 2x Injgction 3x lnjgction nx |njgction
| o e Begins Stops Period Period Period
g’ =
%05; j Efbff‘ F | Field Validated Methods
AN and Tools for Physics-
Siin, "~ JdissEEE Based, Quantitative Risk
skl M;l“ ) Assessment

Easting (km)

Adapted from Bromhal et
al.2014;Pawaretal.2017)

C. Develop reduced-order
models (ROMs) that D. Link ROMs via

rapidly reproduce integrated 5
component model assessment models | =" &
predictions (IAMs) to predict -
system E. Exercise whole system model to
performance

explore risk performance 8
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NRAP Phase | Accomplishments

—d Aeviae

“ . N . Pasizaton 2

Raskeaton 3 |
2 8, M sizaton &
DA e i R

0 o [ 100
Time (yrs)

Rapid estimation of
Probabilistic assessment of atmospheric dispersion

whole-system containment Estimating ground
and leakage risk motion response from
potential induced 4
seismicity 55 Years of Invention

Quantifying potential well leakage
and critical well dynamics
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Prototype design
-— approaches for
strategic monitoring

Predicting groundwater
impacts from potential leakage

Estimating containment
effectiveness of fractured seals
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Identify critical reservoir Forecasting short-term,
Issue (August, 2016)
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http://www.edx.netl.doe.gov/nrap

NRAP Phase Il (2017-2021)

Risk Management and Uncertainty Reducdtion

-

\_

* How can risks be

managed at a GCS
site?

* How can a risk-based

approach help inform
stakeholder decision
making?

Supporting risk-based decisions at GCS sites \

Leakage Risk Management and Containment Assurance

Conformance
assessment and

Risk-based AoR Metrics for Plume
ermined by EPA Stability

uncertainty reduction

Risk Management and
Site Closure Evaluation
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Site-specific, Physics-Based Risk Assessment

Receptors of Concern

* Groundwater aquifers
* Atmosphere

Potential
Migration Pathways
* Wells and boreholes

* Fractures and faults
* Intermediate reservoirs

Storage System

* Storage reservoir
* Cap rock

L
=
2
a
E
Qualitative, Generalized 2
Representation of T.CE
Geologic Storage Risks g
(Benson, 2007) é
2
w

Injection Injection

Begins Stops

2 x Injection
Period

3 % Injection n % Injection
Period Period

Decay rate for leakage risk at
CO, storage sites is strongly
correlated to reservoir
pressure and decreases
much more rapid than
previously thought (modified ey, |

niection 2 x Injaction

Begi et
from Bromhal et al. 2014 NS SM09s periog gt

riod

and Pawar et al.,, 2017)

Period

B xInjection

Field Validated Methods
and Tools for Physics-
Based, Quantitative Risk
Assessment

Overpressure

8 x Injection
Period 10x Injection
Pe
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Integrated Decision Support for GCS Site Risk Mgmt

Quantitative, Site-
Specific Risk Profiles

Metrics for Plume
Stability
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NRAP Products and Stakeholder Engagement
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https://res.cloudinary.com/practicaldev/image/fetch/s---dbI8WY9--/c_limit%2Cf_auto%2Cfl_progressive%2Cq_auto%2Cw_880/http:/aisaac.io/content/images/2018/11/DevOps.jpg

NRAP Foundational Research and Community Data

INSIGHTS * NRAP Phase Il - Virtual Special Issue
International Journal of Greenhouse Gas
Control - (September 2020)

PROTOCOLS/
Workflows

 Community Datasets
— Kimberlina (initial release March 2020)
— FutureGen 2.0 (initial release October 2020)

* https://www.osti.gov/

~450 publications, 13,650citations; h-index 65
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NRAP Phase Il Tools

Leakage Risk/Containment Assurance
INSIGHTS * NRAP Open-Source Integrated Assessment Model (NRAP-
Open-lAM) - Beta Release May 2020

Induced Seismicity Risk
PROTOCOLS/ e Short-term Seismic Forecasting Tool (STSF) —

Workflows

» State of Stress Analysis Tool (SOSAT) — Beta release October
2018

* Probabilistic Seismic Risk Assessment Tool (RiskCat) - Beta
release April 2020

Monitoring Design and Optimization
* Designs for Risk Evaluation and Management (DREAM 2.0) -
Beta Release March 2020
* Microseismic monitoring design optimization tool — Beta

release October 2020 "
P % U.S. DEFPARTMENT OF . . —_— F‘fﬂ?ﬂﬁl r”:”r f"l:p \‘ﬁ/
Aw:) EN ERGY NRAP Tools Available at: . ¥E B LOGY ﬂ}\\ﬂ t »LOSAIamOS  pacific Northwest
s https://edx.netl.doe.gov/nrap/tools-main/ LABORATORY  rrczmroeen




NRAP Open-Source Integrated Assessment Model

(NRAP-Open-I1AM)

Quantitative, Site-
Specific Risk Profiles

Metrics for Plume
Stability
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https://gitlab.com/NRAP/OpenIAM

NRAF Induced seismicity RISK Assessment and vianagement
Tools

State of Stress Analysis Tool Short-term seismicity Probabilistic seismic risk
(SOSAT) forecasting (STSF) analysis (RiskCat)

Stress proba bllliy distribution

x10°

. 1.00 < 10~ 8 ; - - - - ’ . Seismi al
140 i . o sionin | G Selviop
__ 120} J | 800107 ) tecaced | - [sindced | [ sochatc
& 100} 1 M6.00x107° i ' ek %
modeling
= 2
‘b; 80 | 1 H4.00x10-° o
60 B
2.00 x 107°
a0 | il . ) : - : : : : l RISKCat
PR S R— ' 0.00 x 10 I ) :
g 88 8 R < $ Hazard Calculation
— o~ sample catalog in mag. bing
o, (MPa) calculate ground motions
P(fnuli’ activation) somple gm in time windows.
= 0,07 \ /
£ 0.06 2 =0
ko
£ 0.05 o
5 5 | Ground mofion funcfions
£ 0.04 1 g i ] Empirical Emprical Analytical Numerical
£ 0.03} \L GMPEs Green's Ins Green's fns modeling
£ 0.02 : X N
= 0'01 1 1 1 1 1 L 1 1
“ 9 9 o H o 9 O
o . .
(Burghardt, 2018)  Pore Pressure (MPa) (Bachmannet al., 2014) (Savy and Foxall, 2018)
Beta tool available at: www.edx.netl.doe.gov/nrap Beta tool available at: www.edx.netl.doe.gov/nrap Beta tool availableat: https://gitlab.com/NRAP/RiskCat
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http://www.edx.netl.doe.gov/nrap
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Monitoring Design and Optimization Tools

° ° ° ° °
° ° °
Design for Risk Evaluation and Management (DREAM) Passive Seismic Monitoring Tool
Cost and Time To Detection v v v i 4 G -y
72.00 v | v v v : v Fv
7175 v + v ' " v “J‘
D DREAM Wizard 7150 v vy i v v v L
71.25 v v * v v / J‘
71.00 ! i
N 1 i
Designs for Risk Evaluation and Management wE : ! * )
70.50
Welcome é . v I l‘ h
The DREAM tool is an optimization software that determines P | h H
subsurface monitoring configurations which detect carbon dioxide g 7000 v | | i
(CO2) leakage in the least amount of time. DREAM reads ] . | ’l [}
ensembles of CO2 leakage scenarios and determines optimal g &7 ‘ :
monitoring locations and techniques to deploy based on E £9.50 V 1 /*'— - —,* 1 |
user-identified constraints. These data result in well configurations Y I | I !
with the highest potential to detect leakage and minimize aquifer a2 v 1 | [ s ]
degradation in the shortest amount of time. 000 i _&_ _— ! s !
DREAM was developed as part of the National Risk Assessment 69.75 o e . o o e - - v : * —=¢ i i
Partnership. For more information see: www.netl.doe.gov caso , = S ~———— r .....
£8.25 - - g h i ~ f
=) 'Q Primary contact: Yonkofski, C. £8.00 a - a a pne \\\ )
Email: - 4
N A p \I;::/s:l:‘p?r:.sl’uognivaf.' Rodriguez, L. 900 RO000 1,100 1,200 1,300 1/ 1,600 1,700 1,800 1,900 2,000 2,100 2,200 2,300 2,400 2,500 -~ -
E: . M
-
National RIskAsussmentPannershlp 4 i
2500 -
N=TL "'/'_‘>| m| Lawrence Livermore 2 ”
ﬁ - L National Laboratory  ° !:935'3!!.‘9? Pa"‘:ﬁﬂ?f???ﬁ?fiim 2000 2000 .
Elson -EJ-W“ —-—— -
= : £ ' I Target monitoring region
£ get toringreg
‘;‘ 1000 E 1000 I— -
= = . . .
- o V Geophone distribution
0
. o 500 1000 1500 2000 250 ] 500 1000 1500 2000 2500
(Yonkofski et al., 2016) Easting [m] Easting [m) (Chen and Huang, 2020)
https://edx.netl.doe.gov/nrap/passive-seismic-monitoring-
tool-psmt/ 18
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https://edx.netl.doe.gov/nrap/passive-seismic-monitoring-tool-psmt/
https://edx.netl.doe.gov/workspace/resources/nrap-tools

New NRAP Phase Il Tools User Forum on EDX

NRAP Phase Il Tools
NPAP Welcome to the NRAP Phase Il Tools Testing Group.
e =2

Mtrae? Sk A s Furtmen b

73

issi m & EDX Dri D"tIN’cbkn Cart n F u Activit
https://edx.netl.doe.go B Dashboard X Submissions ] rive =] igital Notebooks ™ Car =} Forum ©Q Activity
Bl Workspaces < NRAP Phase Il Tools ~ Forum
v/workspace/forum/nr

a p _t O O | S Search NRAP Phase | Tools Forum Q

Requires EDX account
a n d p e rm I S S I O n to Topics Last Thread Threads Posts

a C C e S S N RA P to O I S #® General Discussion No recent threads. 0 0
WOr k S p ace ® NRAP-Open-IAM L";:;ch;gﬂmerfﬂmm forthe 1 2

September 18, 2020

® DREAMvV2 No recent threads. 0 0
ew B CMCAT Ne recent threads. A A
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https://edx.netl.doe.gov/workspace/forum/nrap-tools

Recommended Practices for Risk Management

Leakage Risk Management
and Containment Assurance

INSIGHTS S Perform a preliminary screening evaluation. -
Sl Implement an outreach and communication program. \

Induced Seismicity Risk Management

Operational
Monitoring Data

SIS Review and select criteria for ground vibration and noise.

Monitoring ~

System

S8 Establish seismic monitoring. ’ Faluation -\

PISC Period
Evaluation

S{=osY Characterize the risk of induced seismic events. ‘

WA Develop risk-based mitigation plan.

SN Quantify the hazard from natural and induced seismic events.

Risk-Based
AoR
Evaluation

]

Leakage Risk
Quantification

Periodic
Risk
Updating

Mitigation
Scenario
Evaluation

\ Conformance /

Drafts Released March 8, 2021 S3 s

|

Feedbackstill being accepted
Commentsto: NRAP@netl.doe.gov
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NRAP Tasks 4 and 6 Contributors

Task 4— Strategic Monitoring for Uncertainty Reduction

Task Lead: Erika Gasperikova (LBNL)

Task 6 — Addressing critical risk-related questions
Task Lead: R. Burt Thomas (NETL)

* Delphine Appriou (PNNL)
¢ Alain Bonneville (PNNL)
* Xiao Chen (LLNL)

* Michael Commer (LBNL)
* Julia Correa (LBNL)

* Tom Daley (LBNL)

* Robert Dilmore (NETL)

» Zongcai Feng (LANL)

* Kai Gao (LANL)

* Alexander Hanna (PNNL)
* William Harbert (NETL/ORISE)
* Lianjie Huang (LANL)

* Abhash Kumar (NETL)

e Diana Bacon (PNNL)

e Christopher Brown (PNNL)
* Robert Dilmore (NETL)

e Christine Doughty (LBNL)

e Erika Gasperikova (LBNL)

* Greg Lackey (NETL)

e Curtis Oldenburg (LBNL)

* Omotayo Omosebi (LBNL)

* Rajesh Pawar (LANL)

e Tom Richard (NETL/PSU)

* Megan Smith (LLNL)

* Robert Van Voorhees (NETL)
e Veronika Vasylkivaka (NETL)

* Youzuo Lin (LANL) ¢ Josh White (LLNL)
* Megan Smith (LLNL)
* Xianjin Yang (LLNL)
* Catherine Yonkofski (PNNL)
e Zan Wang (NETL)
o % U.53. DEPFARTMENT OF N : -N-&TIDH'AL r:ml Il l{l}
JENERGY Timemses L] LoRAlamos o e




Task 4. Strategic Monitoring for Uncertainty Reduction

Estimating Leak Detection Thresholds of Monitoring Techniques

Monitoring Model Geophysical

Stochastic Technology Monitoring Estimate Leak

M I t M { 1751 CO2 Plume Depth (m) Sy CO2 Plume Depth (m) .
Leakage Simulations MT W ] e . i
S 150 +  200-400 (a) MT 5+ . s +  200-400 (b) ERT . D t t ty
M t t " . gus x% o u g 2 ngg e e C a I I
> e 800-1000 e 800-1000
( agne o e urlcs) 5100 « 1000-1200 g 60 & 1000-1200
2 *  >1200 § * >1200
ERT (Electrical Resistivity fx  Detection
L 2 5 threshold <0
O 5 g
J o
50 years Eree Tomography) 10% 10° 10° 10% 10¢ 10? 10° 104 10% 10°
\_
w €O, Leakage Mass (tonnes) €O, Leakage Mass (tonnes)
7 4 ] \ % 0 20 coz:lu-:;:pm (m)
anta Mar cLure = * 200-400 . H
=000 ;!(rn:) 000 G ra‘"ty m § -100 (c) Gravity é‘l 5 400-600 (d) Se'smlc . - 3
| g1 600-800 : — V2: 5x10° m
—— e — \ J = 5 + 001000 g 600 .
o 1 5 10 50 100 500 1000 5000 § —200 £ * 1000-1200 ~
ATDS (mg/L) ) €02 Plume Depth (m) Z10 o >1200 -
) \ W £
S z so0500 go0s 2 2000 V3: 2x10° m®
50 years - Seismic g + 30000 o
R SN R o s e e e e e e 1 =400 « 1000-1200 > o
& \ J o >1200 . .
€0, samation S S PO SO
P - ~ | W 100 - Undetectable
xm TDS — R s st
O *  200-400 * 1000-1200 100 e 200-400 * 10001200
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Seismic imaging of CO, plumes using Kimberlina 2 models
i listi D =, .

Zongcai Feng, Lianjie Huang, Kai Gao, Erika Gasperikova
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Seismic imaging of CO, plumes using Kimberlina 2 models
with realistic seismic noise

Zongcai Feng, Lianjie Huang, Kai Gao, Erika Gasperikova
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__with realistic seismic noise

Zongcai Feng, Lianjie Huang, Kai Gao, Erika Gasperikova

Seismic imaging of CO, plumes using Kimberlina 2 models
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CO2Grav - reduced complexity gravity modeling of CO, migration

Delphine Appriou, Alain Bonneville

INPUT OUTPUT

. . . Site specific
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Deep learning inversion of gravity data for detection of CO, plumes in
overlying aquifers (1) Xianjin Yang, Xiao Chen, Megan Smith
U-net network Results

Single Plume Detectablity

Density models

O 9
S|ng|e 116 16 3216161 10]
S—————
500 - plume Input Output g
Gravity > o, 2
image =» Conv2D 3x3, BatchNormalization, relu image £ 9
1000 ' ' ' ¥ MaxPooling2D 2x2 5
4000 5000 6000 7000 8000 g s 4
o | PP — Concatenate 64 32 1 z
$ Conv2DTranspose 2x2 =
—  TWOo >
500 - pl umes + Conv2D 1x1, sigmoid 0
Dt ction Fractiol
64 64 128 64 5
1000 - I_,
4000 5000 6000 7000 8000 35
128 128 4
00 01 02 03 04 05

CO, Saturation

Number of Training Runs
w

N

-

o

0300 0325 0350 0375 0400 0425 0450 0475

Fraction of Detecting Both Plumes

* Deep leaming inversion can resolve single

3500

=
N

plume model accurately

* Undetected single plumes correspond to
small gravity anomalies
R * Detecting one of two plumes is possible, but
R detecting both plumes in the two-plume
Surface gravity data scenario is challenging T

F= % U.S. DEPARTMENT OF N N.?.Tllo_NAI. "'\I A \‘3?/
g | R\> rreerereor
A ENERGY TL[EsHNoL06y L . LOS A|am05 Pacific Northwest
i LABORATORY BERKELEY LAB NATIONAL LABORATORY NATIONAL LABORATORY




Deep learning inversion of gravity data for detection

of CO, plumes in overlying aquifers (2)
Xianjin Yang, Xiao Chen, Megan Smith
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Monitoring Design and PISC Period Determination —

FutureGen 2.0 case

NRAP-Open-IAM simulations Optimization of monitoring

of Storage and Leakage design using DREAM

o Stratigraphic
Injection Well

Well

D DREAM Wizard

USDW =)
2,000

L. 80O .. —
Designs for Risk Evaluation and Management j
i ine:
e. DI

Thief =)

2,500 —
zone 5

( "?AP

Ndllonal Rlskllssessment Pdrtnershlp

11111111

A o ‘z/
N=TL eeee | [ Kawrence Livermore .
ﬁ* LU Rawrene Paboratory.  ° LOSAlamos  pacific Northwest

e i Ly et i e
Q s e i (i i 7
11111111
Ie 7 e e ey L o T
, i e i o e i
000 T 77

Decision support for
monitoring design and PISC

8

D
o
Lappey MTRTRTINTT

3 Injection period

Frequency of Leakage Scenarios
U
o
1

= W
o ©

Time to Leak Detection (y)

Supports a net PISC
period reduction of 40-
years and a total cost
reduction of~ S50M

:
zone ]
ACz ==) = -
3,500' -181]
% -237 ' '
4000 g T ! 7
3 2 287 ‘ 4474256 1;,/
4470778 ?%
B 3334 14467300 %
s 773468 776027 778586 781145 783704 786263
\"‘\.. Eastingflft)
- SenSO rs mDissolved L0, O Temperature T DSATPressure
T8, U.S. DEPARTMENT OF Bacon DH, CMR Yonkofski, CF Brow n, DI Demirkanli, and JM Whiting. 2019. “Risk-based

7 post injection site care and monitoring for commercial-scale carbon storage:
9y EN ERGY Reevaluation of the FutureGen 2.0 site using NRAP-Open-IAM and DREAM .” Infernational
Journal of Greenhouse Gas Control 90:102784. 10.1016/j.ijggc.2019.102784.

N NI-“.T#O_NAI.

TL TECHNOLOGY
LABORATORY

F\l ’"' LL o LosAIamos ifi \g/

Pacific Northwest
"‘”‘0"““::2‘:?“”0” NATIONAL LABORATORY




Task 6: Addressing critical risk-related questions

Recommended Practices Containment Assurance and
Leakage Risk Management (Thomas et al., DRAFT)

* Planning and Execution of Risk-based GCS Site Characterization

* Characterization of State of Stress and Geomechanical Conditions

* Developing a Risk-based AOR

e Risk-based Strategic Monitoring

* Assessing GCS System Conformance

* Evaluating Mitigation Scenarios to Inform Risk Management Decisions
(under development)

* Defining a Risk-based Period of Post-injection Site Care in Support of

Site-Closure Decision-making Draft Released March 8. 2021

Feedbackstill being accepted
Commentsto: NRAP@netl.doe.gov

https://edx.netl.doe.gov/dataset/draft-nrap-recommended-practices-for-
containment-assurance-and-leakage-risk-quantification
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Engaging with Key Stakeholders

Industry Best Practices
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Thank you! ~

) Q
Comments and Questions: National Risk Assessment Partnership
Robert.Dilmore@netl.doe.gov

NRAP@NETIL.doe.gov

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

Sign up for NETL EDX: https://edx.netl.doe.gov/user/register
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NRAP Timeline and Milestones for Phase Il Completion

*NRAP Phase Il Completion by March 2022
— Release of final NRAP Phase 11 toolset

— Release of final recommended practices documents
— Release of final NRAP applications catalog

— Finalize NRAP community datasets

— Accomplishments and key insights reporting
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