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Advanced Efforts for Commercialization of CCS
- Nine projects Awarded as Japanese Advanced CCS Projects in 2024 -
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https://www.jogmec.go.jp/english/news/release/news_10_00072.html

Final Investment Decisions
(FID) by FY2026, to achieve
Japanese
government target of 6 to 12
Mtpa of CO: storage by 2030.

If cost issues lie with capture,
risk issues lie with storage.

Questions about Scale-up,
Social License, Business
models for Commercialization
of CCS in Japan.
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To: Office of Fossil Energy and Carbon Management, US Department of Energy .
From: Carbon Capture Coalition Date: ‘January 6, 2025

Contact: Sangeet Nepal, Technology Specialist, Carbon Capture Coalition Re: DE-FOA-0003471

How can the data acquired during the CarbonSAFE initiative be used to

promote the long-term viability of CCUS infrastructure? Are there any R&D

needs that would complement the goals of the CarbonSAFE initiative?

CarbonSAFE has already delivered significant Iearning_s_to the long-term viability of

CCUS infrastructure. Moving forward, data acquired from the CarbonSAFE initiative can
help understand questions that will help lower project costs by leading to the adoption of
new and emergﬁlg_technologies, as well as increasiwﬁublic confidence in carbon

storage. Potential areas for expanded research and development may include:
 Developing cutting-edge tools informed by CarbonSAFE projects to enhance

data collection, streamline injection processes, and improve monitoring and.
verification for carbon storage projects. This could include but is not limited to

techniques such as radar satellite data and other remote sensing options.

e Developing state-of-the-art systems to monitor the plume in the subsurface and
conduct early leakage detection. 13
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US/DOE

CO: Injection Started: June 16 2022, 180k ton-CO2 /year

North Dakotat A c 77 M/ \—<ILF 2T Bt DR BEEL R ER

Fiber Optic Multi-Sensing (DTS, DAS, DSS) and Permanent Monitoring for CO2 Storage

0
L 1

chardon .

1 mile
|

mﬁ'ﬁ*D Kota Y1 b T 714 1\ —EI5ES

Monitoring Type

Summary of the Underground Injection Control (UIC)

Class VI Permit MVA Program

RTE Monitoring Program Structure/Project Area

[sov 3

Analysis of Injected CO,

Compositional and isotopic analysis of the Wellhead

’injs:c];d.CQg SLI’.CZE‘I

CO; Flowline

’\ DTS/DAS and DSS‘/ Capture facility to the wellsite

Continuous Recording of Injection Pressure,

Rate, and Volume

Surfalt pressure/temperature gauges and a
flowmeter installed at the wellhead with shutoff
alarms

Surface to reservoir (injection well)

Well Annulus Pressure Between Tubing and

Casing

Annular pressure gauge for continuous Surface to reservoir (injection well)

monitoring

Internal and External Mechanical Integrity

Tubing=casing annulug pressure testing (internal) Well infrastructure
-

: DTS/DAS fiber-optic cable?,ultrasonic imager
fOoMUSIL) (extesnal)= ~

Corrosion Monitoring

Flow-through corrosion coupon test system for Well infrastructure

periodic corrosion monitoring

Injection Well

Near-Surface Monitoring

Groundwater wells in the area of review (AOR) Near-surface environment, USDWs
dedicated to Fox Hills monitoring wells and soil

gas sampling and analyses

OV 48

Direct Reservoir Monitoring

Wireline logging, external dowmhole préssire and

temperature gauges, a‘d\DTS/DAS fiber—opti: -
cable N ——— -

Storage reservoir

A

Indirect Reservoir Monitoring

l=T#me=lapsc geophysical surveys, gravity surveys, Entire storage complex

InSAR ary}passivc seismic measurements
- —

D

[RE=m———— .\ A
® Wwell

Optimize geologic storage operations

* Higher resolution and quantification (e.g., improve
characterization of faults and fractures)

Landowners
Access

* Geomechanics Lpressure and state ofstress_l

(C=]) 10.000-foot bufter

Red Trail Energy

I No Access

* Enablingreal-time decisionmaking

Richards et al_(2022)

Class VI Approved
1st Permit in North Dakota

(Oct. 2021)
15
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Surface Orbital Vibrators (SOVs)

SOV- DAS/VSP for time-lapse
CO:2 plume imaging

SOVs: Permanent sources

* Remotely controlled
* Programmed operation
* On-demand operation

DAS/VSP: Permanent receivers

* Borehole seismic

* Available for continuous
recording

* Remotely controlled

v <
I .

* Photo in Japan
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Target formation
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Nakajima et al., #7%% {&
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CO2
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Direct fluid pressure
effects of injection
(fluid pressure

(a) FBNEDE AL, REEREIARS [
':'iﬁgEtgfd:<#_&_l,\i§ﬁﬂa)iﬁﬂgiﬁlz\g [ auiter
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Quantifying storage risks

STO000

B710000 720000 ETI0000 5740000 ETE0000 EIED000

Moo

Long Wuet al (2019), EAGE Fault & Top Seal Conference

N Fensfiord

BN Rogaland Gp secondary seal complex
=] Nordland Group [l Shetland Gp secondary seal complex
[ Hordaland Group BB Cromer Knoll Gp secondary seal complex

BN Krossford  WEEE Drake primarysealunit [~ ) Johansen storage unit

@Northern-Liahts Proiect

Troll Vest

4

equinor %

‘e

BN Oraupne Fi
B Heather C
B Sognefiord

W Amundsen

B Statfiord

75 Troll Vest gas province

[ Cook storage unit
W Burton

ToTAaL

Schematic of the subsurface going from south to north through the 31/5-7 (Eos) CO, confirmation well.

The CO, plume extent after 37.5 Mt injection is illustrated in

« Fault mapping from seismic
« Fault Seal and fault permeability

« Pressure communication

+ 3D geological modelling
- Geomechanics and strain
+ Micro-seismic monitoring

« Flow simulation 24



Subsurface Uncertainty, Potential Risk, Risk Management

WARIEAY A ~OFFERETEAE A 1 =X L (Grigoli et al., 2017)

Risk Management / De-Risking

Pressure recovery
Secondary trapping mechanisms
Confidence in predictive models

Risk Profile

Injection Injection 2 xInjection 3 xInjection n X Injection Pﬁ?ﬁ@ﬂﬁﬁbluﬂw K iﬁrl.'ﬂ_.iﬂ@'? H=F 12— kDR

begins ands period period period

7 T

[llustration source: Benson, 2007] (White and Foxall, 2016)

Risk profile @COz2 injection site (site-specific)

Reducing Uncertainty.”Mitigating Risks to the Manageable Levels !

Eanhquake Magnitude

b B &2 e = om o o@m & oo
T
%

Loses of Injectlwty;’.CapaCItyHnd Contamment
Tnduced Selsmlczty (fault), Env:ronmen,tal Impacts
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Fault Integrity Monitoring (reactivation, leakage)
with Fiber Optic Sensing

caprock

- ,___'?l//(

CO2 Injection

reservoir

— —

CO: plume front
Hastic Bt
response activation
= =] &=
= Stress perturbation?
Pressure diffusion Pressure diffusion P
= &
& i & Fault activation
= & Elastic response g . .
: 5 g F
g £ £ *
% & threshold 8 threshold
a K _*__*__;__;_9?_*__' '% 9?_;___*____7:___’
P d% * ok g T ok ¥ E % ¥ *
Pressure Pressure steps Pressure steps

Kakurina et al, 2020

pressure front

Installing fiber optic cables behind casing of monitoring wells for

Distributed Strain, Temperature and Acoustic sensing

o

w9

SR
W NP7

b4

T4 et )l
-
,‘; L

n

a fault identified
in 3D seismic image
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Collaborations: RITE-CSIRO
Fiber Optic Sensing for Fault Zone
Mapping and Stability Monitoring

(B=CcCUsiphEE)

Guilford Fm. Guilford Fm.
Leederville Fm. ! : Leedenville Fm.
Sseaen Eneabba Fm. / Eneabba Fm.
= e 7031&,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

F10 — major structural feature,
- offset of 1000 m
- fault zone 250 m wide

Fault zone mapping and monitoring with Strain Sensing (RITE)
coupled with temperature and acoustic sensing (CSIRO)

Feb 2011
Fob 2014
July 3018

Sy 014
Do 3014
Apr 1018
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Fault Characterization (fault zone, hydraulic-mechanical property)
Drilling two new wells and applying Fiber Optic Strain Sensing

Journal of Geophysical Research: Solid Earth 10.1029/2021JB022432
the relationship between fault core/gouge, principal
slip surfaces, and the ‘fault damage zone’

Scaly Clay (Fault core)

Apptos
Fault Strijp @ e -
Drirection -
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iRt Harvey-5(Depth:1,000m, FR&KEAF) OIEEISE T - FE /K ERETE

HE —- T
> Hydraulic and mechanical ' Lo 7/ s
properties of fault zone /
200 estimated from fiber optic

400 -

strain sensing

! ! H5 TopofFauIt*—Sﬁm\

HS Top F.,,?/ s H6 Bottom of Fault ~550m

» Fault modeling, leakage,
stability analysis

H5 Bottom of Fault
~750m

Direct fluid pressure
effects of injection
(fluid pressure
diffusion)

Increase in pore
pressure along

fault (requires
high-permeability
pathway)

reservoir/
aquifer

/
Y
HS Botian Fa Jtl.-"
/

Fiber optics — State of the Art

Fault Zone Mapping

(strain sensing)

Il
Journal of Geophysical Research: Solid Earth

10.1029/2021JB022432

(DSS/DAS/DTS)

|
4 Mot
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“hh oDHERIFH : E % (field projects) LD EK

Iterative Process towards Deployment

Storage Infrastructure

large-scale field projects to dewvelop best practices for
industry and facilitate wide-spread commercialization

Advanced Storage Focus

Well Integrity and mitigation

Monitoring, verification, and
accounting

Storage complex efficiency and
e e e e

SMART: Science-Informed Machine
Learning for Accelerating Real Time
Decisions

Storage Infrastructure Focus

ADVANCED

CarbonSAFE S | ey E :: s
: ND STORAGE

Regional Initiatives NRAP: National Risk Assessment

Partnership

US/DOE (2021)

Offshore Storage
Brine Extraction Strategy Test (BEST)

Associated Storage

(CO, EOR)
 Advanced Storage !
Subsurface stress Harness early-stage Sturage “concepts 1o technology Tﬂamunstratmn
+ improved capability to forecast risk ismict of seal integrity

Wellboreintegrity

+ Find & assess legacy wells and novel materials/techniques for remediation > Collaboratlng with CSIRO in Aus.
Secure storage M . :

. Improve AZMI tools : AOI 1: Fault Detection, Characterization, and Hazard
Plume detection and storage efficiency > With JCCS soon | JREEEEE Ul

+ Locate plume margins & pressure increase; improve usé[of pore space) Focused on developing new characterization methods for

™ Site charactenization T TTTTTTTS prowdllng high-fidelity data on fau!ts, fau!t sl_lp.or potentlal
| - Map reservoir & seal heterogeneities and deep faults 1 fault slip, assessment of faults during active injection,
~Regional resource estimates criteria for cost-effective methods for assessing and
+ filling the data gaps & realistic basin-scale storage estimates) choosing a site, and other related research

Transformational s sensmg

» Micre/nano and optical fibe sensing capabiliies; wireless | 5. Collaborating with North Dakota University in USA
computing to enable intelligent monitoring systems
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Applications of Optic Fiber Sensing in CO2 Storage

[a] Pre-imjection Bring-saraibion SAEE with second dual-meds well uted for manitaring

» Caprock and Well Integrity Monitoring | ——
R, s - S8 =
— T s Sy
- Strain/Temp Sensing
[b) OOy inpection stage with Brine axtraction From second dual-mode wall
. - - S (DSS/DTS)
» Pressure and Plume Fronts Monitoring 1 —
-  — E_—:—:f—ﬂ_—_ s — —
e —— :q;:_ el = e
;{;, IngEeCtion fligs ot theme of CO; Breshthraugh 51 socand dusl-rods weall
> DAS/VSP CO2 Monitoring 1 {; .
— —— T
_—_—— —_——_:‘_' — e - Vi v
— —— -E_ R
(d}) OOy, infecson shiftes o second dual-mada well and brine sstracson shifed o ird dual-mode well Acoustic SenSing

Eviorat L
el rag P e

B | E— B = (DAS)
» Microseismic /Earthquake Momtorlng 5 — _—_—__—_—

Modified from Buscheck et al. 2014 3 4
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This talk is based on results obtained from a project (JPNP18006) commissioned by
the New Energy and Industrial Technology Development Organization (NEDO) and the

Ministry of Economy, Trade and Industry (METI) of Japan.
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