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CAP Project Goals

« Apply the existing expertise of PAGS and WVGES with respect to oil,
gas and subsurface geology conditions in the Appalachian basin

* Build on current collaborative relationships and the regional
knowledge base from two decades of regional characterization
efforts

 Frame and focus efforts to address data needs not currently being
tackled through other proposed efforts for the greater Appalachian
region

« Aggregate the most pertinent geologic and geospatial datasets to
construct a free, public-facing Web-Based Tool with information
needed to inform UIC injection permitting efforts
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Current State of Knowledge

. MRCSP (2003-2019) oo ]
« MRCI (2019-present)
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Subsurface geology for carbon storage along the Ohio River in part of the Midwest Regional Carbon
Sequestration Partnership region

Stephen F. Greb!, Thomas Sparks1 Michael P. Solis?, John A. Harper?, Kristin M. Carter?, Phil Dmterman‘ Eric Lewis®, and Cristian Medina®

gical Survey, University of Kentucky; 2 OO

nsytvania Departrment of Natural Resources: &\

s Buteau of ogcal

From Dinterman et al. (2020)

Appalachian Basin

EI

Northeast

Kentucky | Indiana § Indlana | Kentucky i Ohio i Kemtucky [  Oho i Ky i Kentucky (S Ohio | wy j§j WestVimginia | Ohio Ohio Bi  Ohio WV, | Pa. iWVI Pennsylvania e
— . i i i sxeps . i i ] i i i i P11 Combridge arch 1l | ! i Pittsburgh, Pa. 25
Illinois Basin ; i Cincinnati Arch ; i i i } i i i Rl i
| 1 ! 1 | 1 ! PEVY pankersburg- : \ o1
i i i i | Wovedyarch | i i bk i 111 Lorgine Syncline 11 Wheeling, W.V. Martn
: 5 Lo : : ' 14 P : : ' : ' o e s ot e s
i Louisville, Ky. I Cincinnati, Oh. | Maysvile, Ky. ! l Portsmouth, Oh. Ashland, Ky. ! H ! Parkersburg, WY. i 2 o i Rt s oty o e o
! : : g ii
| + | l | + | + + | Bl | + Marietta, Oh. Humbie
PARTNERSHIF Huntington, W. iresioger R
12 untington, i i 2 27 Miresinge: - 24 .+. +<+.
Ermest
1 5 6 7 9 10 ot 13 | 17 - P P oy r*]
Fest ergy Generation_ No.1 s
daniich o 2 3 i P IR ) 8 i R 11 A 14 15 16 “ an ol G g I s e
(feet) to.1 €. OuPont Exlorstion  No. N1 Ashland O & o1 Ohliad Pl i Cabot Corp, Newell Mot (U Inland Gas P, .1 i) MRCSPREGENCD  Marine anits undivid
iy Buchacherer No.1 i Nol  DukeEnerly  Conner Refiring No. 1 Gritien ? No. 1A ChemicwUSSicel)  No.$37 o United FuetGas Mountalress
+1,000 Mo, WAD fee gk Sobeshgsaeon o Sulivan Wison Tl salley Fannin i i A’
o Gy = ¥ ol N2 . e ——
Kope Fm. —_— ——— i — 2
’ T | o TN fope | NN ST .-
ipper Mississippian = = oo T ot o e e
units undwided
Bridge] Group =~
Ste. Genevieve and s
st. Louis imestanes Chadakoin Formation
St Aoy 1" . ;
g | - e 3§ T
R [ ey Grow — 3 | = 14990 et s g
b e < Bradtord Group
—_ o \\ o \ / \ \ /
Y e e ey~ aay W Ly T <= o ] SN P o R N 4o g B Y s W [0, A RN O it BN 3y, W B G e Vg _____,_‘;\.u__._._u_n"’.g:';_ b e Ve e Vi e e el e e = = == =1 2,600 ft. beneath
. Ohio River (projected
Magquoketa Shale” andivided :«:u-—-—.
Plattin Umestone. Java Formation
orica Limestere
=3,000 o cmowntormanon I PR = Beallier Formation
S Per o] | 28
: L Riinestreet Shale i
Angola Fm. -
shakopee ! \ s
~4,000 Dolomite = \ R S radkihide
\ ~ Guven 1™ by . Sonyea Fory
New Middie Run Formation : M ity — Goneiee ormation
§ | o \ Grordng
) I "N Oy e sbantango P ] feniicn
~5,000 -] g 1 — | _ Helderberg Group — = Marcellus Shale | GIoUp
3 Dolomite s e S e Fomtes
H : % Keyser Formation
- Doomite
Potosi . Salina Group MeXenzle Fm.
~6,000 - Dolomite Citon 6P
Scale -l Satna Grow
0 50 miles Lockport Dolomite
I e — w— - Quesnsion formaton
— o —— Rose Hil Fermation
T romiston i 0 80 kilometers Gl S
Vertical exaggeration = 86 X i McKenzie Formation
? Rochester Shale | cyeecn
B i taetihons Irandequot Dalamita
? ool Sorh nlomie” [ Grovp
Dolomite
MRCSP regional Guimsby Sandstone I::l“r:
+i4"  cross sections et map shme Lcstion of L d — e temarwn
7 { 4 ot oo O egen Rock unit series Queenston Formation
Martinsburg Group
Location 2 25| Rock Units (Paleozoic) Basal Confining Units (Precambrian) Top of Mississippian strata Iuniata Formation
Utica Shaie: Bald Eagie
Carbon storage target e i Well symbols
< [ [ - [ B ool i o ot Fomn
o '21 Pittshurgh| Top of Silurlan strata
Colmben Localstorage target {Confining intorval containing. |:| IMasiraorpbic shd o ik ‘ Clss injection well
potentialreservoirs within i, 52,600 ft depth) Top of Ordovician strata Sack River Group, Reedsville Formation
7 o Class V carbon storage
m—m T waisin /g Maegamien [:—] Confiing Wtersel 2,600t depih) 1e0us and metamorphic rocks —— Top of Xnox-equivalent strata cowiiih e Wl Croek .
Slaomiigtai 4 ay / " ¥ .
: (% O R A Orprcichshal 52,600 depth) Am— fe T —
Il paguce, Key depths Injection zone Beckmantown
D) s NPT v [may incude shale, siftstone, and limestone] ey deptl Top of Precambeian (Proterozoic) strata Dolomite Trenton Limestone
Critaen 16 p s o (dashed where inferred)
" Mgt 30/ 45 G / 2,600 t depth shedwhere inferre Black River Grow
P AN Tl 5 s . o8
2 pipgie \ = - The Ohlo River is an |mporlanl industrial and alecmcal generation comidor, and an  carbonates were the test horizons in the Kentucky Geological Survey No. 1 Blan well Grenville Province
L e " logi y
Rigluck o 0w, area with si Future may limit carbon emissions, soit  (no. 1 on section). A total of 323 short tons of CO, was injected into Knox reservoirs. u
4 is important to undersiand the potential for safe geologic storage of CO, in the  This was the first demonstration of CO, injection in the Knox in the United States (Greb Soawasge o “::‘“x’:"’""
. and for CO, use in enhanced oil and gas recovery. Geologic storage involves et al., 2012; Bowersox et al., 2013; Bowersox and Williams, 2014). The Copper Ridge Sirischns sjuabole =l
KHeGS No. 1 Hanson Aggyegates). the capture of carbon emissions and the injection of captured CO,under pressure into  Dolomite, Knox Group, was the reservoir for the DuPont No. 1 waste acid disposal well f"..:,; B et ? i
reservoirs with sufficient seals and confining zones deep underground to prevent  (no. 3 on section) near Louisville, Kentucky (Clark et al., 2005; Greb et al., 2009; 2012), ; ooy S Do -
Structure migration of injected CO, into shallower strata (e.g., NETL, 2015). This cross section  Significant testing was done on the Basal sand, Knox carbonates, and the Rose Run s Anticine (detis not shown) s > Svwiine] 2 S
v was constructed to help industry, policy makers, and the general public visualize the  Sandstone in the Aristech No. 1 Chemicals well (no. 13 on section), an industrial waste _+_ Syncline (details not shown) Pittsburgh- Ot e 5;
a geology of rock units relative to geologic carbon storage as purl of the research efforts of  disposal well (Ohio Division of the Geological Survey data). These units were also Washingtan \ Lo Sandy mex
Ei" the Midwest Regional Carbon i units in  cored and tested in the KGS No. 1 Hanson Aggregates stratigraphic test well Fault arrow shows relative e SRR \
* the cross section are color-coded based on a unit's pulenllal as a (1) storage interval  (Bowersox et al., 2018; KH south of well 12 on the section). The Copper Ridge B zone 4 direction of . ‘Warrior Formation
4 (regional saline reservoir), (2) confining interval with local potential reservoirs, (3) and Rose Run Sandstone were the primary reservoirs tested in the AEP No. 1 well (no. \
o confining zone, or (4) organic-rich shale. Units are color-coded at depths greater than 17 on the section) at the Mountaineer power plant (Bacon et al., 2007; 2009). An \ Tk
™ 2,600 ft, which is a conservative estimate of the depth needed for CO, to be in a dense  extensive, testing program was conducted and 40,785 short tons of CO, were injected \
i super-critical phase (with variation). Below this depth, natural pressures beneath the  as part of an integrated carbon capture and storage project (Gupta et al., 2013).
surface should be great enough to cause CO, to dramatically decrease in volume Eastward in the Appalachian Basin, where Cambrian and Ordovician horizons are  (Boswell et al., 1996a), Bradford (Boswell et al., 1996b), and Elk (Donaldson et al., Sowaron B, Holmen L. 40d Lavtr, H. 013 An echtton of e co0n equentetion soeess strata of e (oo Part 1. Evaiaton of
allowing for maximum storage capacity. This depth should also allow CO, 1o be miscible Phasa 2 CO, nacion e 1 deep akn G Saions rsaror Caer Ordonkian K G Uarv S No | Hancock Couny. Karucey b Port 2 T

more than 10,000 ft beneath the surface, shallower reservoirs ilurian and yor

jer

1996). In the future, CO, could be used for secondary recovery in some of these fields

thros-cimensional vertcal sesmic peofi

e (O-VSP) of sequeatraton taret manval weh inectec Nk US. Dsparimert of Eneegy

Tepieat rport COEFEO008-3. 50 p. plus

Elevation
(feet]
[~ +3.000

f~ +2,000

I +1,000

 -1,000

- -2,000

b —3,000

- —4,000

I~ =5.000

[ -6.000

- -7.000

I -8,000

k- -9,000

t -10,000

- -11,000

t -12,000

f -13,000

k- -14,000

- ~15,000



BEAVER?

/| 1ancock

Linden oY /

e o/

nglgi}'Ta'g'_Torslown;_-; R

Studies (2019)

3ROOKE

Legend
/
/ D State Boundary

Case Study Areas ]

Tri-State Area Oil Fields

L, I /:Salérﬂ%lac; " P [ couny Boundary J i Washington- /
B g e £ Wolf Suminit-Big Isaaz —— 0 5710 28 %0 o ] By peon (/ WESTMORELAND
) ‘l‘ a //'1:‘\' 5~ N\J /“UJ\\ $.0510 20 30 42( ; t'
fg_! _7_/\'\ X \g ) Y] KT\/ (": ;_/.,-—-"l‘ -7-‘7&'""-":;{. ;“)
__ oHio
Top Formation (ft) Thickness (ft) Porosity (%)
Drillers’ ———

sand Name “ Density Average
Hundred-

1813 3306 2563 81 55 11 6 9
Foot
Gantz 1813 3306 2633 18 11 14 6 10 MARSHALL
Fifty-Foot 1839 3342 2591 60 48 7 6 7
Nineveh 1968 3395 2708 39 23 12 7 10
Gordon Stray 2018 3451 2745 13 7 9 9 9 Gaigera

Ao i I Structure contour (ft MSL)
Gordon 2050 3482 2792 43 30 11 9 WETZEL MoNgRGALIA 0T aa oy Interpreted basement faults
— Miles Field boundary

Fourth 2116 3555 2896 26 16 8 7 O i’ tometers | County boundary
Fifth 2175 3611 2979 40 29 11

SCIENCE | SERVICE | STEWARDSHIP 6



Legend
>~ Thrust fault trace

North Summit : i s
—— Storage pool boundary P — ‘iﬁ

Approximate scale S — =,

4090 ft

Kostelnik and Carter (2009)

ae TR
[
i
|

SCIENCE | SERVICE | STEWARDSHIP



Summary of Existing Data/Knowledge

Penetrations (with records) Sample Studies

Allegheny (Beaver [Fayette |Greene |Washington |Westmoreland |Statewide
Devonian Sands
Venango 1,222 117 3,338 2,425 3,800 b, /92 15
Bradford 233 95 1,401 1,460 1,548 2,125 133
Brallier 26 97 314 bb7 943 290 21
Marcellus 3 60 269 100 121 239 2
Huntersville 3 59 229 61 77 204 0
Oriskany 3 29 195 42 b2 196 0
Medina 0 28 b 10 b 4 1
Trenton/BR 0 0 0 1 3 0 0
Gatesburg/RR 0 0 0 0 0 0 1
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Project Scope of Work

1.0 — Project management and

planning

2.0 - Societal consideration and
impacts (SCI) assessment and

community benefits portfolio plans

3.0 — Data crosswalk and conceptual ._.
geologic model development

4.0 - Strategic data acquisition for
key geologic samples

5.0 — Web-based tool for geologic
resource visualization and data

dissemination

6.0 — Technolo
outreach
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Project Leadership

Task 1: Project Management & Planning
PI: Michele Cooney (PAGS)
PA Project Manager: Kristin Carter (PAGS)
WYV Project Manager: Jessica Moore (WVGES)

Task 2: Societal
Considerations

and Impacts
(SCI)

Joy Frank-Collins
(Battelle) -
Outreach Lead
Jared Hawkins
(Battelle) - SCI
Lead

Task 3: Data
Crosswalk and
Conceptual
Geologic Model
Development

Michele Cooney -
PAGS Lead
Jessica Moore -
WVGES Lead

Task 4: Strategic
Data Aquistion
for Key Geologic

Samples

John Neubaum -
PAGS Lead
Bethany Royce -
WVGES Lead

Task 5: Web-
based Tool
Development

Al Guiseppe -
PAGS Lead
Richard Binns -
WVGES Lead

Task 6:
Technology
Transfer &

Public Outreach

Lead: Joy Frank-
Collins (Battelle)
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Tentative Schedule and Next Steps

« Contract documents, subcontracts, legal review and fiscal processing
« Updated Project Management Plan (within 30 days)

« SCI and Community Benefits Package (within 90 days)

« Student internship logistics

« Rock core and cuttings storage facility

(funded by DCNR)

1. Targeted Core
Analysis

1. Data Crosswalk

2. Community
Benefits Plan
Development

2. Community
Advisory Council

3. Internships

1. Web-Based Tool

Deliverable
2. Continued

Community and
Stakeholder
Outreach

NICCEC

nvsss DEm
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Thank you!

Kris Carter

krcarter@pa.gov
412-442-4234

Michele Cooney

miccooney@pa.gov
412-442-4230
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