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* The NETL Research and Innovation Center (RIC) work in carbon
storage has deep roots. I’ll do my best to represent.

* First real talk speaking at the technology portfolio lead across the range of research that is
underway in the Carbon Storage Adv R&D

* Research & Innovation Center, not e
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Movement Toward Adoption by Industry  [N=[
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Image from Darin Damiani’s talk yesterday

* Large scale field projects to develop best practices and facilitate wide-
spread commercialization

Storage Infrastructure

Large-scale field projects to develop best practices for
industry and facilitate wide-spread commercialization

Advanced Storage Focus

*  Well Integrity and mitigation

Monitoring, verification, and
accounting

Storage complex efficiency and
security

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

Storage Infrastructure Focus

CarbonSAFE PROJECTS

AND
STUDIES

Regional Initiatives NRAP: National Risk Assessment

Offshore Storage Partnership

Brine Extraction Strategy Test (BEST)

» Associated Storage
(CO, EOR)

Harness early-stage storage concepts to technology demonstration




20-plus Years of Storage Research N=[MaToNA:
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Most of the work here is highly collaborative by nature LABORATORY
* Individual research thrusts within the * Broad Categories
RIC portfolio with principal * Resource Assessment
investigators who have worked in this * Core Characterization
space for years. * Basic
. Q: T . * Unique
Since NETL RIC cannot be directly . Advanced
part of DOE FECM funded external e Risk Assessment
work, we have developed « NRAP
mechanisms to assist in addition to * Wellbores
initially scoped and planned work. * Monitoring
* Seismic

* Geochemical
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Carbon Sequestration Atlas of the United States and Canada
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. Shale Method Shale
Saline Method Inltlalfcl:/rlzt:;iology Efficiency MI:’?hZod Reflne
l Comparative Analysis A Sali:e Factors o Efficiency
; ochastic Modeling Mietbi
Method Development through  Initial Methodology Sal;i\et-lvlfathlod of Sedimentary e erar flow
RCSP’s Working Groups for Saline, Coal, and — I_Ca Formations regimes
Comparison Development ®

Oil and Gas Reservoirs of CO,- CO,-SCREEN

SCREEN Tool Oriskany
Example
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CO,-SCREEN - ON-LINE SCREENING TOOL  [N=]ranona.

Storage prospeCtive Resource Estimation in Excel aNalysis

CO,- SCREEN

e Saline, shale, and ROZ formation

storage estimation in a convenient
and open tool

* Built on methods
* Examples of use published:

Gupta et al (2019) Assessment of options for the development
of a stacked storage complex in the Northern Michigan
Basin, USA, Int | Greenhouse Gas Control
https://doi.org/10.1016/.ijggc.2019.06.008

Sanguinito et al (2020) CO,-SCREEN tool: Application to the
Oriskany sandstone to estimate prospective CO, storage
resource, Int | Greenhouse Gas Control

https://doi.org/10.1016/].ijggc.2018.05.022
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% CO,-Sereen — O X
File Help
lfmion Setup | Physical Parameters | Efficiency Factors | Outputs |

Formation Type |Saiie """ |~

Number of Grids ® Use 1 Grid

) Use Multiple Grids

COZ-SCREEN stands for coz Storage prospeCtive Resource Estimation Excel aNalysis. Its
purpose is to provide a user-friendly method to calculate prospective coz storage resource for
various geologic formations, including saline, shale, and residual oil zones.
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https://doi.org/10.1016/j.ijggc.2019.06.008
https://doi.org/10.1016/j.ijggc.2018.05.022
https://edx.netl.doe.gov/dataset/co2-screen
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4| Background Informaticn — %
g

[ Glossary [ Saline | Shale | Shale Table | ShalePlot | Residual Oil Zone Req u i red I n p uts:

CO,-SCREEN calculates CO, storage resource for saline formations following the methodology detailed in Goodman et al. (2011)

and refined in Goodman et al. (2016). This method uses the following equation: .
* Physical Parameters
GCOZ = Athg(ptotpCOzEsaline ° Area (kmz)

where,

* Gross Thickness (m)
Esatine = EAEhEtI}EVEd

1 o)
* Porosity (%)
Allvariables are described in the glossary above. These terms are treated stochastically, and a log odds approach is used for
distribution transformation (Goodman et al., 2011). Monte Carlo sampling from these distributions is performed using the ° ( )
following equation: P ress u re M Pa

_ 1 1 1 1 1 e Temperature (°C
Geo, = AhgbioiPeo, (T +eCh0) (T+eC) (14 e*9) (A +eCm) (1+eCH0) P e

» Efficiency Factors
displacement, and microscopic displacement, respectively. Monte Carlo sampling s simuated 10,000 imes and the P P, * Net-to-Total Area
* Net-to-Gross Thickness
» Effective-to-Total Porosity
* Volumetric Displacement
e Microscopic Displacement

where, X X X X ,and .\.'D, are log-odds transformed efficiency factors for the area, thickness, porosity, volumetric

and Pgo values of the volumetric (:02 mass storage resource are calculated.
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https://edx.netl.doe.gov/dataset/co2-screen

San Juan Basin CarbonSAFE Estimates N =|NATIONAL
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Point of Contact: Angela.Goodman@netl.doe.gov

4 )
o S e . Area (km2) Gross Thickness (m) Total Porosity (%)
) A Formation
Mean Std. Dev. Mean Std.Dev. Mean Std. Dev.
3 Dakota Formation
- . : Entrada 841.75 42.09 148.47 18.26 23.00 1.15
7 Bluff 841.75 42.09 63.94 4.94 14.89 0.85
oy | {mmmmm—— Seals Salt Wash | 841.75 42.09 69.52 7.21 14.89 0.85
< | Member
i
: Member Reservoirs l
gg::@%“:
T CO,-SCREEN Results
— ¢ E e
g < Storage Resource (Mt Storage Efficiency (%
5| & §i| ¢m— Formation & urce (Mt) ge Efficiency (%)
g N P10 P50 P90 P10 P50 P90
: ]| Entrada 140.37 560.77 1718.31 0.68 2.72 8.30
EEM:.; Bluff 39.14 154.66 479.04 0.67 2.68 8.17
= - Salt Wash 41.54 168.93 519.43 0.67 2.68 8.14
2| cntecrow T —



https://edx.netl.doe.gov/dataset/co2-screen
mailto:Angela.Goodman@netl.doe.gov

Core Characterization

Real rocks at real conditions

Visualizing pore networks and
trapped fluids

icro CT
Scanner

-10%t0 10° m

- Pore scale

Comparison with well logs
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Contact angle @ T&P
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‘Basic’ Core Characterization

And reporting out via EDX N=TL
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NATIONAL ENERGY TECHNOLOGY LABORATORY

* CT scanning & high-resolution
core logging (XREF, gamma . POPDG
density, magnetic susceptibility) r——

Geophysical Measurements of Core from
the State Charlton #4-30 Well

22 November 2019

Computed Tomography Scanning
and Geophysical Measurements of
the T.R. McMillen #2 Core

19 March 2020

Computed Tomography Scanning and

* https://edx.netl.doe.gov/group/core-
characterization Bt o o T

19 July 2019
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e Three CarbonSAFE cores data ' =
collected on and to be published
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https://edx.netl.doe.gov/group/core-characterization
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CarbonSafe TR McMillen-2

Ebiannon Schmite, Thernas Perorish, Dustin Crandall, Jshrathen Moore, Jared T, Frelaurs, Steven Whittsher, CarbunSate TR MeMilen 2, 2020-0504,
hitos:/ednetl.doe govidataset carbonsate tr-maniilen-2

2 T 4 kS
bioGasification Groups ro— 4 { x
o Mo License Restrictions . s :
Appalachian Basin Data Archived KMD Biogasification Carbon Storage Open Computed tormoge = Computed : yical Me s et of the .. Mckillan §2 Core” by R i 3 &
Group The Knowledse Managzment Methane (CH4) ins @ Database i £ f ¢
Thisis a place 10 collect datafor the Dstabase (KMD) Some This .3 group to bring together data Followers: 0 K 1 <
Appalachian 20: o links 2o resources arbon g i
e et o ek storage dataon EDX ki &
23 topical reports stored inthe DOE unsconomical o mine. Increasing the L
Office of Science and Technology... naturally securringmethane. ’3
)3
=

yy—

Separtment of Eneray. Tramas Paroh,and Rnvan St
nal Encray Technology Laboratory | Date Gollectio: Scot Workman
o Projct

EMmw

[N
Emw
=N Data and Resources

VAN Y

o Oversignt. Dus ey

i va Groups
CarbonSAFE Core Characterization Crosscutting Research DE-FE0029445 CO2 Fliter resourcesby name.. Q Date: Newest — Oldest -
This Is aspace to bring together A collection of EDX subr The Crosscutting Program hasa Storage...
CarbonSAFE resources. The Carbon core characterization. unigue abllity to see and faster EDX Grou for DE-FED029445 CO2
Storage Asiimaeca Facity Earceisa st o G b sk it b e e o scions RS - |
(CarbonSAFE) Iltiative projects focus across a number of programs. Missisippt Project ECOZ5 & s Ueerse pestctions
andevelopment of gealagle starage
sites for the..
T CoroPhovosaip (SRS oo |
i e ret
BB xF RatioLogpng Previen o R

T [ree— P Summary Report

C O @ edunetldoegov/dataset/computed tor ning-and-geophysical measurements-of-the-1-r-m n-2-core aw »@
EDX @ Matonsl Eneryy Technolngy Laboratssy @ Help @ About W Contact | of Iwite @ Actiity | DustinCrancal - A
Bl Core Characterization - Groups - X + (-3 - (] [ro—
-
e C O & edcnetldoegovigroup/oare-characterization?q ta_modified +desc a & » re—
Adivly  Provide Feedbock *
E Maseana) Eaery Teennaloy Ladeewary © Hep @ Aot B Contacr o Invito | @ Aceiviey b DustinCrandall  ~ - NATIONAL ENERGY TECHNOLOGY LABORATORY
EEFAM NETLs Energy DataeXchange a Computed Tomography Scanning and Geophysical Measurements of the T.R. McMillen #2

[ =1 7,8
Core

&) 10.18141/1605344

@  Groups + Cors Charscterization

Licensels):

submissions
Carban Storase TRS.
Searchdataseta. Qe - Followers:0
- +  rollr
36 submissions found Filker NETL Products: o=

i {Click to Copy)

Schmitt, R: Paronish. T. 11D Moore, L Frefburs, L T Whittaker, 5 Cor
TRS-2-2020; NETL Tachnical Report Serles; LS. Department of Ensrgy, Na

BATS WIPP Core

td Tomography Scanning and Geophysical Messurements of the T.R. Mchllen #2 Core; NETL:
v Technology Laborstory: Morgantown, W; 2020; p 32 DOI: 10.18141/1605344,

Carmauteat taragrapiy st and coce gt
‘Compuree Tomearaahy Seamning sndGeaghyzic:

=
=

a1t atianl ey Teehcingy L aheestary, Comalimentary o

et Sawssess

Data and Resources and Geophysical Measurements of
Compated T s  Geoptupsical 1 s o the T MM the T.R. McMillen #2 Core

e — = - omputed Tomography Scanning and Geophysical Measurements of the TR MeMile. m l

Core Characterization e rn storses TR - 19 March 2020

n EOX suamiscions an care =

Charszse mation oo o O (RIS st Filter resources by name. @ DateNewest -+ Oldest -

Follownr: St

5 36 Carbonsate TRMcMllen2 oy B e 2 core 2020 0519 04t

Megaursmants of the T2 are’ by R Schmit k..

U.S. DEPARTMENT OF

=

[~}
Keywords
mﬁ’/ Computas Tomography enpry: « . m

e - ——

— Office of Fossil Energy
@cnErey | 1T

NETL-TRS-4-2020

CananStorsge 1R

3 o




‘Unique’ Core Characterization N=[raronas

TL TECHNOLOGY
LABORATORY

Point of Contact: Angela.Goodman@netl.doe.gov

* scCO,/brine contact angles

* Unique measurements of small
bubble contact angles of
supercritical CO, and brine on
rock surfaces.

Supercritical CO, Navajo
80 4 A Bubble diameter < 500 um g‘::tg:emer
Bandera Brow;
70 1 N e s X Berea
Dolomite B
Contact angle versus |- °] - .. .. - . -
° %ﬂ 50 4 " ’ ° °°
CO, bubble diameter |:
£ 40 4
energy:fuels (<500 pm) for some |} |
pubs.acs.org/EF Article Samples at Sup ercrltlcal 20 4
CO,—Brine Contact Angle Measurements on Navajo, Nugget, conditions 1
Bentheimer, Bandera Brown, Berea, and Mt. Simon Sandstones . ° , . . . . .
Foad Haeri,* Deepak Tapriyal, Sean Sanguinito, Fan Shi, Samantha J. Fuchs, Laura E. Dalton, (1 800 pSlg and 45 C). ’ 100 ZOcho bubbljod(:ameter( m‘)‘o" . .
John Baltrus, Bret Howard, Dustin Crandall, Christopher Matranga, and Angela Goodman - -
Haeri et al (2020) CO,-Brine Contact Angle Measurement on Navajo,
Cite This: https://dx.doi.org/10.1021/acs.energyfuels.0c00436 I: I Read Online Bl'OWll, Berea, and Mt. Simon Sandstones, Energy & Fuels, h S://dOi.



mailto:Angela.Goodman@netl.doe.gov
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Points of Contact: Barbara.Kutchko@netl.doe.gov & Angela.Goodman@netl.doe.gov

* SEM Imaging + Exposure

e Feature relocation

SEM SE Images

e Fourier transform infrared
spectroscopy
* Dynamic alteration at T & P

e AutoLLAB 1500 Measurements

SEM BSE

[ P b h 1 d Young's Modulus vs. Poisson's Ratio
crmeapi , SONIC ve OcCl1ties an e
. 1 . }' # 6919_PraS0C 4 6919_Post50C ® 6919_Post22C
material properties | E ]J ctC “5
p p > 5 > ) 0 - Lelta .
+* L ] ‘i‘-.. = -
fms m“.‘.‘. - Change with CO/brine
International Journal of Greenhouse Gas Control 100 (2020) 103109 'E KA l‘ ki Mt * pe
= 01 Y
Contents lists available at ScienceDirect S _‘j = *
Greenhouse 005
Gas Control
International Journal of Greenhouse Gas Control 0
10 15 0 25 |
& B Young's Madulus [6a) |2
ELSEVIER journal homepage: www.elsevier.com/locate/ijgge o
CO, induced changes in Mount Simon sandstone: Understanding links to ’ ) A
post CO, injection monitoring, seismicity, and reservoir integrity s

William Harbert™>*, Angela Goodman®, Richard Spaulding®, Igor Haljasmaa®™, Dustin Crandall’,
Sean Sanguinito®, Barbara Kutchko®, Mary Tkach™‘, Samantha Fuchs®, Charles J. Werth®,
%] Theodore Tsotsis’, Laura Dalton®, Kristian Jessen', Zhuofan Shi’, Scott Frailey®



mailto:Barbara.Kutchko@netl.doe.gov
mailto:Angela.Goodman@netl.doe.gov
https://doi.org/10.1016/j.ijggc.2020.103109

‘Advanced’ Core Characterization
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Unsteady State scCO, Relative Permeability Measurements

Bypass
AP Line 1800
©
Mixing L
@ Vessel Injection
Pump
Heater Heater ﬂ £
=
5]
(
Receiving E Heater
Pump
CT
S
canner Confining 1640 “

Pump

Schematic of experimental system flow through system inside of medical
computed tomography scanner.

Example Kk, curve
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0.3
Mobility Ratio of Fluids (Md,)
— s¢CO: :
n — Beo, Md; =
0.2 Fractional Flow of Displacing Fluid (scCO,)
_ Md,
x feoz = 3, +1
ﬁ\ Total Mobility Function
0.1
Y(Scoz2) =
0 Relative Permeability of scCO,

kcoz = BcozfcozY(Scozz2)

Relative Permeability of Brine

T
210

T 2a1pv

Fractional Flow of Displaced Fluid (Brine)
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Y= Md, +1
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+ 0.00 PV

= 0.87 PV

+ 1.09 PV

* 1.31PV

= 1.53 PV

3.50 PV

* 8.75PV

+17.94 PV

Fractional Flow of Displaced Fluid (Brine)

1
Tro = 71

krw = HrwfrwY (Scoz.2) Relsive Permesbity 13505, e e me o

ko = Heorf cor¥ (Sco2) K = trwf ¥ (Scoz.2)
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https://edx.netl.doe.gov/hosting/co2bra/ LABORATORY

As with core characterization, all data available online through EDX

EIX Groups - EDX X CO2BRA Database x  + CO2BRA Database X crstone 53 mimn T . e v emeanies_ — 1o

&« C ¢ @ edxnetl.doegov/hosting/co2bra/rock_sample/113/ o

&« C O & edxnetl.doe.gov/hosting/co2bra/

107!

Welcome to CO2BRA Navajo Sandstone

Depositional Environment: Aeclian

The CO, Brine Relative Permeability Database Rock Type: sandstons -

Absolute Permeability 41.20 mD

Porosity 0.156 Time (sdj]  Temperature °C Dekta P (Pa} vi Vv Scotmg Scenr Meozs Feors Fux ViSeors)  kcor ™

View All Experiment Results Pore Fluid Brine (5%K1/3%KCl by weight) 84835 3 1aseem 000 oo on) ooy 0005 ON® M o an an
Displacing Fluid 5 itical CO2 500 20523 236364 0200 DOMNS  OOMIS  OOWIES 00305 QO30 T 319 ooy oSk
Isplacing Fuid supercritica was0s nas Itieen 0500 00MZS7  0OWMS  OOOEA  O0MGS  00MZ  OSeE1 IS ooossn o7ens
Or Filter Results by- Temperature 65.6 °C Bazi0 2t 211se-m 70 0o 0T GOm0 0i7 0o oS 4150 osaze o7l
Pore Pressure 9.7 MPa Ban1s. maz 29720 oS ooms bowo ooy o oum oess am2 ooorsis ozen
Confining Pressure 13.8 MPa Basz0 znam 27060 10 ooNEm  omow ooae 02e7 i B0 4680 oomns sz
| | Bass. nas 24sgeen 1500 o6 ooa0  oooazse 0387 0287 0TS 4604 nomsrs  oas
Rock Name Pore Volume 47.2 m - — 00M oo 0SS 0aes 076 40 oowao  oems
Length 14.95 cm CO2BRA Database ol - ° bossos  nows: oo cass osens v ams oons osoe
. ) . 039K 0ONT 0NIOB0 A5O3 036R  GElel 4883 oM s
. i Diameter 5.08 cm < C O @ edxnetl.doegov/hosting/co2bra/saturation_data/234/ Qax * @ et e e e ——

Depositional Environment Notes: Contact angles can be found at (https://edx.netl.doe.

sboiss oo omoms  ones e sy soaz ooose nsam
78fed4228442/resource/60d3c3bd-a070-426f-802a-d5cb 108 TFE. OETD | QT T WTEE | (ETH I BT prm—

MSCL Data osssz ooz eoem agEr  oAms  emies 510 ooses7 sz
bosin  ooses  oosn 1024 05060 oduo 5228 006265 05338
bosser wonsm oo 1422 057 047113 53 0006615 051

Navajo Sandstone
Flow Rate: 8.0299 ml/min

Rock Type CO2BRA Database x 4+

Flow Test Saturation |

Flow Rate Q (ml/min)
< C (0 @ edxnetldoegov/hosting/co2brallist/

8.0299 Flow Test Saturation P|

Permeabilit porsas oosist ooisa 1324 s oddn 303 0007263 04785
Y 2.6317 Flow Test Saturation P| 07081 005335 002090 1428 asem ta1a a2 Doo7ses 4613
oits  oosst2 oo 155 0ss oM s o0 oA0

Navajo Sandstone 8.0299 mmin Saturation Profiles

8.022 Flow Test Saturation Profile 1.28215 Flow Test Saturation P) powrsy  oossmr oaeses 1545 osaa omer 5SS oove1ze a9
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. § T —a
Navajo Sandstone T T B e e
- - 091 —— 1330 .
‘Sandstone A e
Rock Type: Sandstone
Depositional Environment: Aeolian
Flow Rate Q (ml/min) Flow Test Saturation Profile I
8.0299 Flow Test Saturation Profile
2.6317 Flow Test Saturation Profile oz coz coz co2 coz <oz

volume volume volume volume volume volume
128215 Flow Test Saturation Profile Sturation Ssturation Saturation Ssturstion Saturation Saturation Saturtion Saturation Ssturation Saturation Saturation Saturation Saturation Saturation Saturation Saturstion Ssturation Saturation 3t0.00 3t0.15 3030 st0AS SO0 3t076
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stance porevols porevols porevols porevols porevols porevols porevols porevols porevols porevols porevols porevols porevols porevols porevols porevols porevols  pore vols

pore vols.
bm)  injected injected injected injected injected injected injected injected injected _ injected i

vols vole volz
injected injected imjected injected injected  injected injected  injected injected injected injected injected injecte

oow s msm ms e mss  » e mn e mn me & @0 60 63 88 485 000 Se0e 000 ae 987e 100
. i @ s w e o
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Reactive scCO,/brine relative permeability

Point of Contact: Johnathan.Moore@netl.doe.gov

NATIONAL

TECHNOLOGY
LABORATORY

* Unsteady k. measurements
with CT imaging
* quantify changes to porosity
dynamically and flow

* Not applicable in all situations,
but informative in reactive

z01nes.

.S. DEPARTMENT OF

/ENERGY

Advances in Water Resources 153 (2021) 103953

Contents lists available at ScienceDirect }

Advances in Water Resources N

journal homepage: www.elsevier.com/locate/advwatres

Rapid determination of supercritical CO, and brine relative permeability
using an unsteady-state flow method

Johnathan Moore®>*, Paul Holcomb*®, Dustin Crandall?, Seth King "', Jeong-Hoon Choi P,
Sarah Brown®"2 Scott Workman ¢

304

“U.S. Department of Energy, National Energy Technology Laboratory, 3610 Collins Ferry Road, Morgantown, WV 26507 United States
" LRST, 3610 Collins Ferry Road, Morgantown, WV 26507 United States o
©WEZ, 3610 Collins Ferry Road, Morgantown, WV 26507 United States :
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San Juan Basin Core Characterization N=[REe

. . - > 113 _ T L |EsHNotocy
Arrived this week, initial scans and characterization ongoing LABORATORY
° Outcrop Cores from the San . . - . I ' |nitia|ryCTScansofOutcropCorefrumNMT—August2021

Juan Basin CarbonSAFE project
arrived Tuesday

* Initial scans and porosity
measurements completed

* Discussions with team on upcoming
scCO, k, tests

* Planned/ongoing work with
Kemper site and ISGS

25
20
0 I -

- Salt Wash — 01 Salt Wash — 03
Bluff Sandstone Entrada Sandstone Salt Wash

‘."‘ e M W e el §

=
(%]

=
o

(%]

Average Porosity (%)

Medical CT Scanner, Toshiba Acquilon RXL. Resolution (67 pm by 67 pum by 0.5 mm) 135 kV & 200 mA




U.S. DOE’s National Risk Assessment Partnership [N=]tanova

TL TECHNOLOGY
LABORATORY

Please see session fomorrow morning, 10AM ET

NRAP leverages DOE’s capabilities to quantitatively assess and manage long-term
environmental risks amidst significant geologic uncertainty and variability.

Technical Team Stakeholder Group
== ]NATIONAL 'U' I
N: ENERGY (“% PRINCETON T - ILLINOIS
TL TECHNOLOGY UNIVERSITY UI\(I)IF\{JET}}ASIEITY
LABORATORY bp
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NRAP’s General Approach (ROMs + IAM)

NATIONAL
ENERGY
TECHNOLOGY

A. Divide system into
discrete components

\

U.S. DEPARTMENT OF

) ENERGY

B. Develop detailed
component models that
are validated against

lab/field data

C. Develop reduced-order
models (ROMs) that
rapidly reproduce
component model

predictions \

_[1180 Years [T

Merthing (k)
5

D. Link ROMs via

TL

LABORATORY

Environmental Risk Profile

Injection
Begins

(Benson, 2007)
1

Injection
Stops

2 xInjection 3 x Injection
Period Period

integrated
assessment models

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

Adapted from (Bromhal et
al. 2014; Pawar et al. 2017)

(IAMs) to predict
system

performa nc<~

E.

Exercise whole system model to
explore risk performance
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Integrated Decision Support for Site Risk Management [N=]Nanonal

TL TECHNOLOGY

.. . LABORATORY
Quantitative, Site- Metrics for Plume
Specific Risk Profiles Stability
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Wellbore Interactions

Point of Contact: Barbara.Kutchko@netl.doe.gov

48 Hours of Reactions

* Batch and Flow Reactions to
Examine Pathway Alteration
due to CO, Interactions

* In process of reporting out on
reactions observed in CO,
resistive and
standard cements,
and looking to
understand
coupled systems.

168 Hours of Reactions

312 Hours of Reactions

Total Reaction Along the Length of the Core

48 Hours Rxn
e 72 Hours R
168 Hours Rxn
192 Hours Rxn

=240 Hours Rxn

Volume Reacted (mm3)

312 Hours Rxn

35 a5 55 65 75
Core Length (mm)
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° NATIONAL
Wellbore Data Analysis ENERGY
Point of Contact: Gregory.Lackey@netl.doe.gov LABORATORY

* “Public data from three US states provides new insights into well
leakage” in PNAS

* Used data mining and ML techniques to compile largest O&G well
integrity dataset in the US (105,031 wells).

* Estimated leakage frequencies and identified major trends among
well types in CO, NM, and PA
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Seismic Monitoring N=]rarow

TL TECHNOLOGY
Baseline seismic measurements at ISGS CarbonSAFE LABORATORY

* Will deploy eight seismometers during August 16-20 at the Prairie State ISGS
CarbonSAFE site, prior to CO, injection.

* Baseline seismicity record

* May move more to the south after a few months to monitor CO, injection.
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- Seismic Monitoring N=

Point of Contact: Richard.Hammack@netl.doe.gov TL

NATIONAL
ENERGY
TECHNOLOGY
LABORATORY

* This initial deployment coincides with ongoing blasting of a coal mine shaft, so
we’ll attempt to utilize this unique opportunity to seismically probe the subsurface.
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Novel Geochemical Signal Methodologies =|nATIONAL

TL TECHNOLOGY
LABORATORY

Please see talk tomorrow by Ale and James, 12:10 PM ET

* Bayesian network statistical modeling of expected geochemical

reactions to monitor groundwater s
. . . formation. i
* San Juan Basin CarbonSAFE baseline samples are being
collected o
| Dolomite reservoir o .J;’l'f?.’.i‘i e
Prior Network Mothing found Mg, 5r, and Ba found o
[no measurements) in measurements in measurements o hway d o




Summary N=| o
TL TECHNOLOGY
THANK YOU!! Dustin.Crandall@netl.doe.gov

LABORATORY

* Much of the work Carbon Storage * Broad Categories
Advanced Research that is ongoing * Resource ASSCS.Smént
in NETL RIC has can be linked to * Core Characterization

« el * Basic
field activities * Unique

e Advanced
i i S e * Risk Assessment

*  Well Integrity and mitigation

* Monitoring, verification, and L NRAP

accounting

Storage Infrastructure

Large-scale field projects to develop best practices for
industry and facilitate wide-spread commercialization

= Storage complex efficiency and [ ] \ 5‘ /
security eubore S
RENAGE MRt LT P \ F «  SMART: Science-Informed Machine PY D ] Onitorin
+ CarbonSAFE PROJECTS |\ |\ [ [ ADVANCED Ilaeeirigilggsfor Accelerating Real Time g
* Regional Initiatives AND / ‘. STORAGE / . .
STUDIES / \\\ / +  NRAP: National Risk Assessment ° S eismic
+ Offshore Storage s \ - / Partnership

* Electromagnetic

* Geochemical
m Advanced Storage

Harness early-stage storage concepts to technology demonstration

+ Brine Extraction Strategy Test (BEST)

* Associated Storage
(CO, EOR)
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