Carbon Management and Critical Minerals:
West Virginia’s Role in Energy Transitions

- : 2 »

g
.

Jessica Moore
Director and State Geologist




West Virginia Geological and Economic Survey

State Agency since 1897
Housed in the WV Department of Commerce

Non-Regulatory, ~35 FTE; Coal/Oil and Gas/General Geosciences
Applied geoscience research and “boots on the ground” mapping

Maintains the State’s geological sample collection
Free Mini Museum on Cheat Lake in Morgantown
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Discussion Topics

1. Carbon Management and Critical Minerals: Why
are they important?
2. The West Virginia Advantage

3. Geology Matters : Assessing the Framework
Through (Deep) Time
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Cumulative energy and industrial CO, emissions (domestic consumption)

Cumulative emissions in the REF
scenario were 143 Gt from 2020-2050
and 78 Gt in each of the
decarbonization scenarios.

Oil products are responsible for most
of the cumulative emissions, followed
by natural gas, then coal. By 2050 11
Gt CO2 is sequestered in durable
products that were produced using
non-biogenic carbon [1]. Geologic
sequestration is used to offset 10 Gt
in the E+ scenario and 20 Gt in the E+
RE- scenario.

[1] Sequestration from lumber and

wood products is not included in
these estimates.

Princeton Net-Zero
America: The Report | Net-

Zero America Project
(princeton.edu)

www.evolved.energy

Gt Cco2

E+RE- E+RE+ | E-

REF _ E+

160

140

120

100

80

40

20

2020 2030 2040 20502020 2030 2040 20502020 2030 2040  2050/2020 2030 2040 20502020 2030 2040

&S

2050/

Note: excludes domestic emissions tor fossil fuels produced for export.

EVOLVED
ENERGY
RESEARCH


https://netzeroamerica.princeton.edu/the-report
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KEY MINERALS in ELECTRIC & HY
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Minerals Required
for Green Energy
Technologies
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3% The *Rore Earthe® designation refers to 17 different cloments, including
dysprosium and neosdyrmiurm [critical for wind technaloges and anergy storogal,
as well os prasecdymium [critical for electrns vehicles and energy storoge)

Sources Dato primardy from the Warkd Bank (20ET), Levin Bourcaes {2017), UGS (2017), Bicombesg Mew Enargy Finance (POLE], and the Amercon Explanation £ Minang Association (2013)

Source: International Institute for Sustainable Development, 2019
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Figure |.Rare Earth Elements in Guidance and Control Systems Figure 2. Rare Earth Elements in Defense Electronic Warfare
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9% Global Production (2017)
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2. The West Virginia Advantage

Resource and Policy Developments




U.S. dry natural gas production by state in 2021
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HB 4491:. CO2 Sequestration Pilot Program

« Passed WV Legislature 3/1/22 with wide bipartisan support (90-9-
1 vote in House; unanimous vote in the Senate (33-0-0)); effective
5/30/22

» Pore space ownership vested with surface owner and cannot be
severed

« Before a permit may be approved, must determine if proposed
storage facility contains “commercially valuable minerals” . Must
demonstrate that interests of mineral estate will not be adversely
affected or have been addressed in written agreement. Mineral
owners may drill through storage.

 Unitization: Owners of 75% of pore space acreage in the storage
reservoir must consent

. LA " A\ 4
West Virginia Geological and Economic Survey




HB 4491:. CO2 Sequestration Pilot Program

* Access can be granted by the State for seismic surveys if operator is
unable to reasonably negotiate with surface owners

» Can enter into cooperative agreements with other governments/gov’t
entities if project extends beyond state regulatory authority

* Certificate of Completion may be issued 10 years after cessation of
Injection

* Ownership of stored CO2 transfers to surface owner once Certificate of
Completion issued; State assumes responsibility and liability

« Carbon Dioxide Storage Facility Administrative Fund (Permit Fees)

« Carbon Dioxide Storage Facility Trust Fund (Injection Volume Fees)




WYV Class 6 Primacy Rule

« 47CSR13: Represents a total revision of UIC regulations, including new
section on Class 6. Last major update was in 1980s. Drafted with
assistance from EPA

« June 23, 2021: Draft rule filed; 30-day public comment period begins
« July 23, 2021: Public Hearing (virtual meeting)
 July 30, 2021: Agency-approved rule filed; public comments addressed

« Spring 2022: Rules packaged approved by WV Legislature; primacy
application submitted to EPA

« Still waiting on EPA determination
https://apps.sos.wv.gov/adlaw/csr/ruleview.aspx?document=17482&KeyWord




Tech scientists see rare opportunity in

. Appalachian Coal Ash Richest in Rare
AppalaChla Earth Elements

COULD COAL WASTE BE USED TO MAKE
SUSTAINABLE BATTERIES?
Researchers eye coal ash as a possible source of
~ critical minerals — and Southwest Virginia jobs

BUSINESS

In coal country, a new chance to clean up
a toxic legacy

Waste from abandoned and bankrupt mines has contaminated more than 12,000 miles of waterways. Now states are
looking at how to extract critical elements from those waters to try to offset the high cost of cleanup.




MID-APPALACHIAN CORE-CM PROJECT: ACID MINE DRAINAGE TREATMENT

# Randomly collected AMD sludge vs. preconcentrate

BP P1SL A34 HPC
mg/kg mg/kg

Al 98,549  19.8% 92,301  23.7%
Ca 38,906 7.8% 35,386 9.1%
Co 204 0.0% 7,221 1.9%
Fe 35,288 7.1% 1,746 0.4%
Mg 54,555  11.0% 8 0.0%
h— Mn 7,177 1.4% 67,072  17.2%
S Ni 322 0.1% 7,182 1.8%
R Si 261,920 52.6%| | 132,593  34.0%
A Zn 549 0.1% 24,619 6.3%
659 0.1% 22,142 5.7%
498,129 . 390,272 100.0%

GaoTube
REE/CM

% \W ‘Ht\’llwl"ﬂdUDﬂ Versity

VWL Energy titute | energy




Critical Minerals Policy Developments--WV

HB 4003: any party that treats any mine drainage may
derive “commercial benefit” from any elements or other
byproducts of the treated material. Passed during 2022
Legislative Session by 91-7 vote.

* Meant to encourage treatment of acid mine drainage
problems and clarify ownership of REEs/critical
minerals

Did Not Pass: HB 4025: 5 yr. exemption from severance
tax for all extraction of REEs by any mining process
(normally 4% of gross value of natural resource
production).



3. Why the Geology Matters
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Subsurface geology for carbon storage in part of the Midwest Regional Carbon Sequestration Partnership region:
Southern Michigan to West Virginia

Eric Lewss!, Stephen F. Greb?, Phil Dantermant, Michael P 5olis?, Cristian Medina®, Kristin Caster®, William Harisons, lessica Moore?, Ron McDowell®, and Thamas N. Sparks?

Northaest
s Michigon Bosin Findiey Arch Appalochion Baosin il
Mahigan L.'.:-uu indicen Db

Legend Rock unit series
Rock Units (Paleozoic) Basal Confining Units (Precambrian)
corbon storage target Top of ofQ
n storage targe
- {potential saline reservair, >2,600 & depth) Sedmentary 2nd igneous {basalts) rocks Top of Devonian strata

Well symbols structure symbols

Local storage target (Confining interval containing |:| Metamorphic.and igneous rocks Top of silurian strata

potential reservoirs within it, >2,600 ft depth) <} anticline (details not shown)

[ e mentbsmnninm [ [r— - | e
I:l Organic-rich shale (>2,600 ft depth) Top of Cambrian strata ' Class V carbon storage Fault (arrow shows relative direction [
[including mixed shale and limestone] Key depths research well Jl of movement) —
_____ 2,600 ft depth Top of fan ) strata el
(dashed where inferred)
Kalamazoo Ann Arbor P, o e, i g & i, . P
v |- . R e S e e R T n— P
/ ] BatflefCreck | * Detroj e Location s : e
Centreville, Michigan L _ e e T i % g
“Soulh o\ . n | R T T . el
Bend gola Toledo™ L& D | e ] ks
: B i
3 g;,;qelnmg . Sevtiky 5 Cleveland 0 80 km || =FrSmRTIEER LI 1 : | e
Fort Wayne . Akr ‘:‘-\'}.""* e (N
; T Pennsylvania = 2 | = Tharid
4 Lima  Bucyrus Mansfield, = Canton - ST e e e - | . | e
Indiana 5 6 o TR — S 2 L N i s
- R Tl "o/l Rt Do/ M it M 0 g - 2 : e
i s s T DL el P R sl == oo Y =l |-
O hio Coshocton 8 deling E‘:E“EMITEE_E:_-“‘;'E:“T:: :—"-"'-: :, :_:EEE:'."::-—.TE [—
Dayton - L = e
] n Columbus 9IN10 e
Indianapolis . s
S Marietta ]Fe{f” " T\/Iorgal town, e -
. . . airmoni
Cincinnati 1 J 2E
BA, Parkersburg 12 2| === s \
. . . . . . ._ — . - -1
Regional Geologic Cross Sections for Potential Storage and Containment Zones in the 1| ——
MRCSP Region - Submissions - EDX (doe.gov) s



https://edx.netl.doe.gov/dataset/regional-geologic-cross-sections-for-potential-storage-and-containment-zones-in-the-mrcsp-region

Subsurface geology for carbon storage in part of the Midwest Regional Carbon Sequestration Partnership Region:
Central Indiana to West Virginia
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Example from Kenya

Textbook horst and
graben formation

Indian

Ccean

1. Layered rock units

2. Layers are cut by normal faults

+——— Extension — | i,
horst horst ! horst horst
] grabe
graben graben Ew
:
-

3. Down-dropped blocks are grabens,
and upthrown blecks are horsts, note 400
that the extension that occured. B 20 e




= USGS

science for a changing world
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Subsurface geology
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Deep Cambrian Section

* Abrupt thickening in Rome Trough; up to 20K ft. depth
* Thousands of feet of imestone, dolomite, and shale

» Coarser sands present (Basal Sand, Rose Run), and can be thick,
but are poorly understood.

* Areas of hydrothermal mineralization in dolomites (Copper Ridge)

Exxon Gainer-Lee
Calhoun County, WV
15,250 ft.

200x magnification
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PALEOZOIC ERA 541-252 million years ago
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Appalachian Ethane Storage Hub
(ASH)

Salina F4 Salt

Net Salt Isopach - Apparent Thickness
Contour Interval = 10 feet (ft)

Average depth to F4 salt along Ohio River
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e Salts are

interbedded with
other rocks, but
can attain
thicknesses over
100°

Forms
iImpermeable seal
Salt dissolution
caverns offer
storage options for
purity products
Some Critical
Minerals in salt,
most embedded In
rock material



= USGS

science for a changing world

Trek Through Time Devonian Period .. mison s o

ool Mursan Haeton

PALEOZOIC ERA 541-252 million years ago

Courtesy gf Deep Time Maps produced by Colorado Platean Geosystems, Inc.




» ' : IMPORTANT
T RTHEAST | G IC EVENTS

o
|

w s
e ]

CENOZOIC

~~

MESOZOIC

Permian

=
o
N
o)
14
u
Z
<
T
a

PALEQZOIC === f

PRECAMBRIAN

Middle Devonian -- 390 Ma (395-385)




X0in

¥:0in
Subsurface geology for carbon storage in part of the Midwest Regional Carbon Sequestration Partnership region:
Southern Michigan to West Virginia
C Eric Leswis!, Stephen F. Greb?, Phil Dinterman®, Michae| P. Solis”, Cristian Medina®, Eristin Carter®, William Harrisor®, bessica Moore®, Ron McDoweIl, and Thomas M. Sparks® CJ
X o - o~ i - - —
ichi i i 201000 of s oy, Southeast
P Michigan Basin 0
Appalachian Basin ' Fairmont ' _
— 12 Elevation (feet)
s
1 2 South of l e City Services Oil Ca. - +3.000
e e N | No. Q1-GW1466
vise s S Wheeling US. Buresu of Land
— ___,ﬁ__:““'— Coshocton Freeport / Management
— | 10 11
R [ 7 O Occidental Petroleum il Petraleum Co. I +2,000
——— mere Bob Tatum / 8 9 L Ma. &1
S et LB Drilling Ca. ) - Burley et al. | 1 BB Finch
o= i 1 No. 1 Red Hill Development First Energy ! | Greentand
1w s = EL Lee Mo.1 Generation Corp. e
BN — sl Thomss Zechman o N +1,000
=Y [— X 2
] Pennsytvanian units undiided _,a\"“"w
[ p——_ | ,,:6""”4
e e TS oo
P — Mississippisn units undhided
e " § e
" Clevelin Membar o
e 3110 Mormpgy "”M sﬂ“w
f Doty ™
Legend 1 L s
L= s, [~ Oy : 100
=t | " e &= : I
=z : /ﬁw e I
! Harrell Shale
MRCSF regoaal
et ? 2 B Burket Shale —2,000
I B Makantanga Farmation
P MarcelluzShale
ap & |I s : P
..... — Gree™ fj 1 b teotan fomation |
B asdirs Srake % g
f’ off o irees (38 - ~3,000
. " = : E M T et ket Lisesns | =
=y .—_. e | - : ) salina Group
o : o f»’ 2 I —4,000
ey > é"} & o r—
g P, i e S 3 .I % e = mation ,:3'% ‘g _ ._m,,?::;_
P ™ . o . B & 15 ‘?S’j{’ [epp—
] T P . I 5,000
Seruchars B 4 S B —
1;\]"'-"""‘1 £ aninestreet S*fa"‘a ? ;{gf
| £ - .?f N
"\\‘ M L g o "Sf‘{:mtamutonﬂﬂm" ag; g
.'- — e dmore Shale £ - —6,000
pomersileChert oo &
_pandaashaie ' v
A
ri:m\ el B .
i ———
Hrecarte, k! e e - thgwn
Misrra s 3014 b Fatarecks
gy
el ke
Eabarr-Walaos e
e D, ) W kil g injen” Sand I8 B Caiaiposl
el Camnry Crek Pads (N undisided Mbsdrsiosan uks on e oo
secton sl letelad o0 T nsel o @S gEs mRE) My here e LJ -l
- st £0, EOR potertinl. Tom Big iun sand Sas ety o used
TEGh i s Bk s of Comrlutar, st ward  for Rakins g e st bty il i s Vina Wit
dap o 3004, Mpdne ol ., 3058, 3050, Crgasie ich shales (gl cn cress seckon) mich as e Lipar
The Cinritsun Mo e Sunduine i Fack ard pamsssti  (Jsioaicin Likcs Shale, ad tha Deverias Mancuis, Marcalis, el L
o o waratiorm el o o v #ecion B b e for inckirial waste  Burkal afvasiss sy Faes pobasial 157 arbanond gk ey Wit 0, = - Ty
digoasl Saa iy, indan [wisk of Bouh Berd o lecalon mag),  (NUIEL J010. Peiches esd Canee B =
nd s e d Ba i soleriel carton somge inberals in Ta readed Mo isfonEion ngardisg OO, dermge asd enhasoed of :r P—
ragon (Bamed o &, 20N Medsa asd Rups, 200 Seinchi, N pas mcovely cppofiuiles I8 e fagon e valebie @ e W 0, B, B ks, S Wb R Ty B e
2012 METL, 2015] Tha Mol Sicn Sandeltrs B el dhilkoes MFCER watele oo oyl @sd in pubsished repos summanern . _:Il.:'-'::.::"::h'“:\f-’_:‘: o~ -

B Ty O, Sl 1 S & B

sl i Cfe smst of e Cerwile Frort

Pereh [Vdchiroen o8 i, 0%, ey of a, 30010; Buttet, 30118
e p—

e e My




=3

Subsurface geology for carbon storage
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Marcellus Shale: The Role of Organics

* Organic-Rich shales are found
throughout the Devonian section

 Prolific gas reservoir in the
Appalachian Basin

» CO, attracted to organic
particles, thereby releasing
methane

« Potential for storage in
depleted/underpressured shale

» Potential for CO2 enhanced
gas/NGL recovery

* Potential for Critical Minerals
(e.g. Vanadium) in well cuttings

a 55,000 710,900 10E,000
METERS

Figure 5-14. Spatial distribution of average TOC in the Marcellus Shale interval from
calculated P50 well log curve data. The blue outline is the Marcellus assessment area.
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WHY UNECLAYS?

Relatlvely e ”i@ e + Legacy production (coal,
1 mappable units (10s of . refractory) and

ft.) . associated datasets

Po’FentlaI for REE, - ~  processing potential of
lithium, other CMs " REEs as ion-adsorption
| (gallium; hafnium) O E clays
= * Accessible in mines, 2 ~ e+ Traditional waste
. ¢ mine face-ups and £ |  stream; potential for
surface exposures 2 beneficial reuse
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CORE-CM INITIATIVE

USDOE CORE-CM: Identifying Critical Mineral
Resources in Unconventional Sources

US BASINS
[

Holz Dam, South Charleston, Kanawha County, 1D # 03902
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Height: 225 feet
Max Storage: 1,280 acre-feet
Dam Safery Act Certificate of Approval:  Tssued 01/22/1996
DEP Inspection Date: 03/05/2009
Hazard Potential Classification: 1 - High
Condition (NID Criteria): Satisfactory
Owner; Dow Chemical Company

Google Earth

The Holz Dam 1s composed of two embankments to create an impoundment between two natural

hillsides. The larger embankment is southwest of the reservoir and the smaller is northeast of the
reservoir.
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In Summary: Carbon Management

* Recent policy developments in WV provide a strong foundation for
carbon storage

* As CCS gains traction in the Appalachian Basin, industry can
leverage knowledge gained from CCUS operatlons in the
lllinois/Michigan basins plus in-basin drilling expertise and high-
resolution subsurface information gained from unconventional shale
exploration and production

* Many data gaps remain, especially with the deep Cambrian and
Ordovician section in the Rome Trough. Multiple deep stratigraphic
test wells and analyses are necessary

* [IUA and IRA both offer significant research funding opportunities



In Summary: Critical Minerals

* West Virginia holds significant and unique potential for critical
minerals

* Many are hosted in the coal measures and are observed in
elevated volumes in clay-rich beds above, below, or between
the coal beds

 Enrichment observed over broad areas, but vertical variation
can be significant, even within a given unit

» Potential also exists in organic shales and units exposed to
hydrothermal mineralization

* Waste products, including AMD, gob, coal ash may have
potential for beneficial reuse.



«  THANKYOU!

e

Jessica Moore
WV Geological & Economic Survey
1 Mont Chateau Rd
Morgantown, WV 26508
jmoore@wvgs.wvnet.edu
304-594-2331
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