CO, Storage Resource and Reservoir
Feasibility Assessment for Deep Saline
Cambrian-Ordovician Formations in Eastern
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Project Overview

Problem

« Ohio responsible for ~25% of total
CO, emissions reported in the
United States!

« Geologic resources available in-
state for CO,, storage & climate
change mitigation not well defined

Objective

Characterize deep saline formations
& overlying caprocks to help define
geologic storage framework for OH

1. Based on 2015 emissions reported to EPA GHGRP (2016)
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Map showing the locations of stationary CO, emission sources
in Ohio (EPA GHGRP, 2016; Battelle, 2017). Total reported 2015
emissions: 113 megatonnes CO,
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Project Overview: Organization &
Approach

/ GEOLOGIC CHARACTERIZATION \
P I’Oj eCt d IVI d ed IntO Existing Log and Core Data [ Geologic Database ] Piggyback Well Data Acquisition
. . Task 1 Task 2
five main tasks
Regional Geologic Maps — e Caprock Assessment
Task 3 L Task 5
l ' 1!
F O C u S St a.tl C k(Depth, Thickness, Porosity Grids) C Permeability Transforms) ( Fracture Pressure Gradient>/
Storage Resource
RESERVOIR FEASIBILITY ASSESSMENT
Assessment b
Regional Geologic : : A Local-Scale Dynamic
1 _ Assessment arget Injection Areas Evaluation
Formation-scale 7 e |
eval Uatlon : Patential Injection Target 1
wistic EsrModel Screening and Ranking J > Dynamic Reservoir
Simulation
Component of ! (Numerica
. g wge Static Storage Dynamic Reservoir Simulation Sensitivity Analysis)
Rese rVOIr FeaSI bl I Ity Resource Calculation (Numerical Analysis)
An aIyS | S Formation-scale Plume-scale Well-scale

Schematic showing overall project approach and task organization, with an emphasis
on components of the Reservoir Feasibility Assessment (Battelle, 2017).
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Study Area & Formations of Interest
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corridor of brine disposal \I/Dvellsg Saline formations (reservoirs): brine-
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Formations of Interest

Upper Copper Rldge Dolomlte Basal Cambrlan Sandstone

,ﬁ,\ z d“‘

.

AE A , o B At . Tai d.
Thin-section photomicrograph in plane-polarized light Thin-section photomicrograph in plane-polarlzed light
showing an Upper Copper Ridge dolomite sample from the showing a basal Cambrian sandstone sample from the south-
south-central portion of the study area (blue: porosity). central portion of the study area (blue: porosity).

Avg. Depth Avg. Gross Avg. Porosity

SETmESn (ft.) Thickness (ft.) (%)
Upper Copper Ridge dolomite 23,643 5,157 184 5
basal Cambrian sandstone 23,643 5,834 131 8

* Specific to the eastern Ohio study area
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Static Storage Resource Assessment

Static (volumetric) method: DOE-NETL Storage Resource Equation?
Uses subsurface pore
volumes & in-situ fluid Geoz = At hg & pcoores Esaline
saturation to estimate an P‘—r—_’ ‘ IR '

. . rospective eoretical Maximum
eqUIvaIent quantlty Of C02 that StoragepResource Storage Resource

could potentially be stored

Parameter?! Definition

Total Pore Volume = Theoretical Total Area (A) Total area of formation
Maximum Storage Resource Gross Thickness (hy)| Gross formation thickness
M Total Porosity (¢r) Total formation porosity

Storage Efficien cy (interconnected+isolated+clay-bound)

pPCco2res Density of CO, at reservoir
N temperature and pressure

Net Pore Volume = Prospective Storage Efficiency Fraction of pore volume that

Storage Resourcel (Esaline) is technically accessible for
CO, storage

1. DOE-NETL, 2010; 2012; Goodman et al., 2011; 2016
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Static Storage Resource Calculation

Two grid-based methods:

1. Static Earth Model (SEM)

(3D, high resolution, deterministic)

2. CO,-SCREENL!

(low resolution, stochastic)

Same input data used for both
grid calculations

Results compared to assess
effects of model resolution and
calculation method on Storage
Resource outcomes

1. Sanguinito et al., 2016;
https://edx.netl.doe.gov/organization/co2-screen.

FORMATION INPUT (e.g. Map grids)

Total : Depth (pressure
[ e ] [Thlckness ] [&temperature) Total Area

v v

~

-
fp—

e
[ Re-grid to 300 cells

~/  DATA
s PROCESSING

CO,-SCREEN
calculation

Y L 4

" Total Prospective
Normgltlze to per CO: Storage T:),tall Pore
unit area - olume

v v v

Map;?ed Average storage Theotedicel
Prospective CO: eff?menc g Maximum CO2
Storage Resource y Storage Resource

RESULT

Schematic showing the workflow for the CO,-SCREEN calculation, with
2D maps grids from the SEM re-gridded to the required resolution and

then used to calculate and map the Prospective Storage Resource
(Battelle, 2017).
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Static Storage Resource Calculations:
Data Input

New and existing data compiled
In previous tasks

 Well logs from 413 wells in the
study region: basic and
advanced wireline logs

« Core data from ~15 wells

Data used to construct and
populate Static Earth Model
(SEM) for Storage Resource
calculations

Locations of wells with log data and core data used to
construct structure, thickness, and porosity maps for the
formations of interest in the study area (Battelle, 2017).
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Static Storage Resource Calculation:
Static Earth Model (SEM)

SEM: 3D model of subsurface geology R T -
and pore volume for Cambrian- 7,/%\2‘" N S
Ordovician deep saline formations in the /i — ~“’i§=~. il e
study area | . b,
* Formation Structure .
(depth, thickness, lateral continuity)
f/ D
* Petrophysical Properties
(porosity, permeability)
2D map grids from SEM Coarsened & Portion of the SEM developed for the eastern OH study area
. clipped to show the basal Cambrian sandstone interval at a
used as Iﬂput fOI’ COZ—SCREEN selected site. The entire SEM has a total of 145,413,098 grid cells

with X-Y-Z dimensions of 1,875 x 1,875 x 3ft (Battelle, 2017).

CO, Storage Resource calculated
deterministically directly in model :> Gcoz = At hg ¢t Pcozres Esaline

using DOE-NETL equation & E__;;,.. T | . .
f CO.-SCREEN Prospective Theoretical Maximum
rom 2~ Storage Resource Storage Resource
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Static Storage Resource Calculation:
DOE-NETL CO,-SCREEN Tool!

INPUT RESULTS

Storage Efficency Input Auto-populated User Specified GCO; (Mb)
Pio Pgg Pig Psg Xio Grid Cell # P10 P50 PaoD
Net-to-Total Area 0.20 0.80 0 0 -1.39 1 2.4 8.1 19.5
Net-to-Gross Thickness 0.21 0.76 0 0 -1.32 2 2.7 Q.0 21.6
Effective-to-Total Porosity 0.62 0.78 0 0 0.49 3 2.8 Q.2 22.2
Volumetric Displacement 0.18 0.63 0 1] -1.52 4 2.9 Q.7 23.5
Microscopic Displacement 0.39 0.82 0 0 -0.45 5 1.6 5.2 12.5
b 1.8 6.1 14.8
Physical Parameters 7 2.7 9.1 21.9
8 3.3 10.9 26.3
ME_!BI"I and standard deviation values for each ] 3.0 10.0 24.1
o) 22 10 2.7 8.8 21.2
Grid cell # Area* (km®)|Gross Thickness* (m)| Total Porosity* (%)
Mean Mean Std Dev | Mean | Sid Dev Summed CO; Total 264 1873 4517 ME
1 109.2 97.1 0.0 4.4 0.0 0.6 1.9 4.3 Gt
2 109.2 104.9 0.0 45 0.0
3 109.2 116.6 0.0 a1 0.0 . . )
2 e s oo 35 oo ] ° Grid-based input & results: 300 cells
5 63.8 157.2 0.0 2.9 0.0 o 5
6 109.3 76.4 0.0 43 0.0 °
: 095 | /b4 | 00 | 43 | 04 Storage Efficiency defaults
8 109.2 103.4 0.0 5.6 0.0 e . )
5 e | 101 | 00 | 48 | oo | < Probabilistic Prospective Storage
10 109.2 124.0 0.0 3.7 0.0

Resource estimates: P10, P50, P90

1. Sanguinito et al., 2016; https://edx.netl.doe.gov/organization/co2-screen.
2. IEAGHG, 2009
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Storage Resource Results: Upper Copper
Ridge Dolomite

Theoretical Maximum CO, Prospective CO, Storage
Storage Resource Resource
10
Total Pore Volume 195 km? o
9 |
0 CO2-SCREEN 823 820
8
Theoretical Maximum .
Storage Resource 155 Gt = !
O s
* Gt: gigatonnes: 10° tonnes OC\J c
O
.. O 4
Storage Efficiency 3.38 3.37
3
z
P10 P50 P90 , | %o
0.7% 2.2% 5.3% 0 | |
P10 P50 P90

Less than 1% difference between SEM and CO,-SCREEN results

e e
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Storage Resource Results: Upper
Copper Ridge Geospatial Analysis
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* Northeastern Ohio
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Total CO, Storage (Mt)*

1,014 3,369 8,199

Right: Map showing the Prospective CO, Storage
Resource (in kt/km?) for the Upper Copper Ridge
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Dolomite in the eastern Ohio study area (Battelle, 2017).

*1 megatonne (Mt) = 1,000 kilotonne (kt) -
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Storage Resource Results: Basal Cambrian
Sandstone

Theoretical Maximum CO, Prospective CO, Storage
Storage Resource Resource
12
Total Pore Volume 138 km?® 11 OSEM
10 L ©CO2-SCREEN 990 9.93
Theoretical Maximum N 9+
Storage Resource 111 Gt 8 1
* Gt: gigatonnes: 10° tonnes @; [
= . o 5 |
Storage Efficiency 47 334 3.35
3 =+
P10 P50 P90 1 0.84 0.85
0.8% 3.0% 8.9% 0 . .
P10 P50 P90

Less than 1% difference between SEM and CO,-SCREEN results
-/
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Storage Resource Results: Basal
Cambrian Sandstone Geospatial Analysis
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Storage resource highs in the 3 et

northeast and south-central areas 2| Qe OB
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scale models for dynamic analysis N Total CO, Storage (M1

, . . § | 0 25 50km 847 3,348 | 9934
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Ohio study area (Battelle, 2017).
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Summary & Conclusions

A systematic workflow of static modeling exercises is used to help define
the regional geologic storage framework of the eastern Ohio study area

Quantification of CO, Storage Resource
for major deep saline formations
» Theoretical Storage Resource: 111-155 Gt

* Prospective Storage Resource: 3.4 Gt (P50)
» CO, storage efficiency: 2.2 — 3.0% (P50)

Less than 1% difference between SEM &
CO,-SCREEN results

Generation of Storage Resource maps v'/g 2z
« Spatial distribution of storage resource &Z@X V.

¢ Help gl'”de Slte SeIeCtlon for further anaIySIS LEGEND: Units: kt CO,/km?2 (P50 Percentile)  Contour Interval:10
 Potential for stacked storage in some areas ® - WellData Point O Coal-Fired Power Plant

BATTELLE
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Storage Efficiency

Esaline = EAn/At Ehn/hg E(])e/(l)t Ev Ed

Parameter Symbol Definition
Net-to-Total E Fraction of the total area (map
I n p Ut & We I I CO u ntS Area An/At | view) available for CO, storage
Net-to-Gross E Fraction of the gross thickness
Thickness hn/hg | available for CO, storage
Formati A _ : : .
ormation (f:/.? . Effective-to- Fraction of the total porosity that is
. E e/et | interconnected, available for CO,
Total Porosity ve/d storage
;ﬁj‘;e; CopPer | g157 | 252 | 184 | 202 | 21 84
basal . Combined fraction of net volume
sandstone 5834 | 109 | 151 | 101 8.7 %5 Volumetric surrounding an injection well that can
Displacement Ev be contacted by CO, as a
Efficiency consequence of density, buoyancy
effects
Microscopic E The fraction of pore space
Displacement d occupied by immobile in-situ fluids
19 Add data classification or delete this footer BAmE



