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US/DOE

Fiber Optic Sensing for Multi-purpose Data Acquisition (DTS,
DAS, DSS) and Permanent Monitoring for CO2 Storage,
North Dakota, United States (H:¥ccusiiihE%E)
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1 mile *k ENorth Dakotat- 1 b TOD FH flTZE

> Optic fiber cables (designed by
RITE) installed behind casing of two

]
A e

&7, 5 e e W deep wells (Injection & Observation:
2.1 km) and two ground water wells

(depth: 600 m).

» SOV-DAS/VSP for CO2 plume

Injection Well monitoring (180kt/year x 20 years)

» Coupled analysis of INSAR and DSS

CO: Injection: 16 June 2022, 180 kt /year e o the Shellow gatopals

| Landowners

N Optimize geologic storage operations ol
PR RSP R resrizess | Which depth & how much the

* Higher resolution and quantification (e.g., improve B No Access
characterization of faults and fractures) deformation occurs in subsurface
* _Geomechanics (pressure and state of stress) Class VI Approved o
-------------------- (Oct. 2021) and how it migrates to surface

. Enabling_real-time decision makini
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Preliminary results: CO: distribution in Broom Creek

17.1kt 29.9kt 42.8kt 53.06kt 65.5kt 10.5kt

Mainly in high permeability layers (perforated intervals)

« CO2 plume size: 200m @Vibroseis VSP (MS1)

— 0.0e+00

EAFHREARDCO273 MmN GEHR) . LUFARXMEICEF
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Risk Management
o
= Pressure recovery
o Secondary trapping mechanisms
o Confidence in predictive models
X ~ .
o ~ N :
o S E
N :
S ;
S :
N :
S :
N
N
N
Injection Injection 2 xInjection 3 xInjection n x Injsctian
begins ends period period period

Risk profile @CO2 injection site (site-specific) [lllustration source: Benson, 2007]

Reducing Uncertainty.”Mitigating Risks to the Manageable Levels !

Loses of Injectivity, Capacity and Containment,
Induced Seismicity, Environmental Impacts

BifE - thiE CO2FH - Imt



In Situ Lab / SW-Hub: South
Perth

Feh 2112
Feb 2012
Fob 214
July 2014
Do 2014
fupr 215
Dec 2015
July 2016

Collaborations: RITE-CSIRO
Fiber Optic Sensing for Fault Zone
Mapping and Stability Monitoring

Harvey 2
I5L-081
Guilford Fm. | Guilford Fm
Lesdervilie Fm. ' H Leedervilie Fm.
=L 2= Eneabba Fm. é y EneckbaFm.
_____________ e BN

10 — 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)
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Theoretical distributed strain sensing measurements
are shown in purple for slip on either type of fault

Journal of Geophysical Research: Solid Earth 10.1029/2021JB022432

Scaly Clay (Fault core)

the relationship between fault core/gouge, principal slip surfaces, and the ‘fault
damage zone’

> FY2022: 2D seismic survey, seismometer, strain interrogator and tiltmeter deployment, water
injection test
> FY2023~: new well drilling and fiber cable installation, water injection, fault zone mapping
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Collaborations Between RITE-CO2CRC
Fiber Optic Sensing for Fault Leakage Monitoring

DAS (Acoustic), DSS (Strain), DTS (Temperature) (BZ=CCUsSiR hEE)

New wells ?

g W 15 m miu‘/m, I P
n g .
% | proposed obssevaton & |

wel nt-

Otway Internationa Test Gentre

¥ Derrorsraved sfe bransport, infection and somge of [, intoa —
depleted ges resenir [

¥ m

+  Dermorstrate sfe infection of 00, into @ ssline formetion
« Sage 2B~ Mear well resicla & solution repping charaderisation
¥ Sage 20— Mirimumdetection, 4DMEY & Mume setilistion

v Improve capability to predict the role of facits in controlling 00, fluid flow in

the near surface;
# Trprowe ey sorface mmonitoning cpabiities
«  Devsopan“onrdemend”’; sub-surface and W oncept n
T prirrany techrologies - ic i d 1 == Ijecton well
(4 rew rronitorng wells) - 4 MAV wells
+ Fiekd test thevarious teciques to denorstrate lower cost 0D, monitodngwith mininel MY Shatiy WEY wells
aurface and environmental impact ) = Existing wels
¥ Derroret datoryand y accey the techricuesa the Cbwey Site = ::uT"?""’
# Stationary cehital wibras ior
c2CIc
Buiringa b aressions e 8
A Chrrreoa inaonidene

FY2022: shallow well drilling, fiber cable installation, baseline (strain, temp) monitoring
FY2023~: water / CO2 injection, fault leakage detection, DAS/DSS/DTS monitoring |

B
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3D view of Brumby wells at Otway site

BEF1 3 Brumby 2

BEfE41 3 : Brumby 1
(HVSPFIRIZE:F)

iR H: Brumby 3

(Injection well, DTS/DAS/DSS) A Brumby 4

\

\ DTS/DAS/DSS Monitoring)
p
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£ 17T —% @8/23 Brumby 1 water injection
Xue et al., IxFEZEfE
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Rayleigh shift at Brumby 4 in water injection @ Brumby 1

Depth [m] SM-2 Brumby4
0

Xue et al., #FHEHFT
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EKEHERE:, BB ERIOMH THASN-VIT A D MOREREL
Rayleigh shift at Brumby 3 in water injection @ Brumby 1

Depth[m] SM-1 Brumby3
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3D view of Brumby wells at Otway site

CO2[E AABRETH : e+
BX7F313 : Brumby 2

£ s
EE#iJ'T,#:Brumy1 COZEAE#’EI$DH
CO[E A ER
iR FH : Brumby 3 (Mar. 2024?)
(Injection well, DTS/DAS/DSS
iR+ Brumby 4
Yy \ (DTS/DAS/DSS Monitoring) @
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