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FIRST GEOLOGIC STORAGE PERMIT IN NORTH DAKOTA

Red Trail Energy Ethanol Facility

Red Trail Richardton Ethanol Broom Creek Storage Facility #1
— Approved October 19, 2021
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RESOURCE MANAGEMENT FRAMEWORK

CARBON DIOXIDE UNDERGROUND STORAGE
CHAPTER 38-22

38-22-01. POLICY. It s in the public interest to promote the geologic storage of carbon
dioxide. Doing so will benefit the state and the global environment by reducing greenhouse gas
emissions. Doing so will help ensure the viability of the state's coal and power industries, to the
economic benefit of North Dakota and 1ts citizens. Further, geologic storage of carbon dioxide, a
potentially valuable commodity, may allow for its ready availability if needed for commercial,
industrial, or other uses, including enhanced recovery of o1l, gas, and other minerals. Geologic
storage, however, to be practical and effective requires cooperative use of surface and subsurface
property mterests and the collaboration of property owners. Obtaining consent from all owners
may not be feasible, requiring procedures that promote, in a manner fair to all interests,

1 cooperative management, thereby ensuring the maximum use of natural resources.
CONTROL OF GAS AND OIL RESOURCES
CHAPTER 38-08 Source: N.D. Century Code.
r
38-08-01. DECLARATION OF POLICY. It is hereby declared to be in the public
interest to foster, to encourage, and to promote the deve]upme_nt, production, and utiliz.a_tiun of e ltisinthe pUb“C interest to promote
natural resources of o1l and gas in the state in such a manner as will prevent waste; to authorize and )
to provide for the operation and development of o1l and gas properties in such a manner that a » Benefits the state
eater ultimate recovery of o1l and gas be had and that the correlative nghts of all owners be full S ;
]icrlected; and to E[:'.:?u.l’ﬂgﬂ and %ﬂ authorize cycling, recycling, prgessure maintenance, ani * Prevent waste, maximize ultimate
secondary recovery operations in order that the greatest possible economic recovery of oil and gas recove ry Of O|| and g as, prOteCt Correlative

be obtained within the state to the end that the landowners, the royalty owners, the producers, and
the general public realize and enjoy the greatest possible good from these vital natural resources.

rights

« CO, is valuable commodity
Source: N.D. Century Code.
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CO, STORAGE ASSOICATED WITH CO, EOR

CO, EOR is a project-centric approach that includes:
- Mineral lease agreements.

- Oil and gas unit operations.

- Mineral extraction.

- EOR through Class Il underground injection.

States are mandated by law to maximize ultimate recovery of
oil and gas resources.

Class Il injection wells are permitted individually within the
established units to ensure protection of underground drinking
sources of water (USDW).

Oil and gas operators have utilized Class Il wells for CO, EOR 4: o
for approximately 50 years without a single USDW
contamination incident.
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GEOLOGIC STORAGE OF CARBON DIOXIDE

* It is public interest to promote geologic storage of CO, in order to reduce
anthropogenic emissions.

* CO, is a valuable commodity.

* The state’s pore space should be regulated and managed as a resource under
the resource management philosophy as opposed to a waste disposal
regulatory framework.

Resource Management Framework Waste Disposal Framework

A resource management framework allows for « Sidesteps the public’s role in both the creation

the regulatory complexities that accompany CO, of CO, and the mitigation of its release into

storage to be integrated into a unified regulatory the atmosphere.

framework and proposes a “public and private » Places the burden solely on Industry to rid

sector partnership.” itself of “waste” from which the public must be
“protected.”

1) Environmental protection » Lacking citizen buy-in with respect to

2) Ownership and management of pore space responsibility for the problem as well as the

3) Maximize storage capacity solution will have a negative impact on CO,

4) Long-term liability storage as a viable methodology for reducing

anthropogenic CO, emissions.
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UNDERGROUND
INJECTION CONTROL
CLASS VI PRIMACY

Primacy
I Classes I-VI
Classes I-V*
Class Il
EPA Implements All Classes

* EPA retains direct implementation authority for class Il wells in Florida and Idaho

Hazardous and Brines and other Fluids associated Hazardous or Nonhazardous fluids Injection of CO, for
nonhazardous fluids  fluids associated with ~ with solution mining radioactive wastes. into or above a long-term storage.
(industrial and oil and gas of minerals. This class is banned USDW and are
municipal wastes). production, including by EPA. typically shallow.
CO, EOR.
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CLASS VI PRIMACY EFFORTS

Establishment of State Authority

Geologic Storage of Carbon Dioxide
Multiyear effort to pass all-
encompassing state legislation

Pre-Application Activities
Approximately 2 years (690 days)
Crosswalk stringency
demonstration
State rulemaking 10-12 months
Primacy application package

Completeness Determination
Approximately 2 years

Application Evaluation
Approximately 2 years

Rulemaking and Codification
351 days

State Primacy Approval
Approximately 5 years (1768 days)

North Dakota passed legislation
granting NDIC’s O1l and Gas

Division regulatory authority.

IOGCC Carbon
Capture and
Geologic
Storage Task
Force developed
model statute
and rules in
2007 guidance.

At the request
of NDIC, a
task force was
formed, known
as North
Dakota CO,
Storage
Workgroup.

North Dakota
adopted
administrative
rules for
geologic storage
of CO, effective
April 1, 2010.

- ED

Created by the USEPA

Pre-Application Activities

2011-2013
(2 years)

North Dakota
creates one
full-time
position to
apply for and
obtain Class
VI primacy.

North Dakota amended
administrative rules to
meet stringency of
federal Class VI rule —
effective Apnl 1, 2013.

North Dakota submits
Class VI primacy
application June 21,
2013.

EPA
finalized the
Class VI rule
December

10, 2010.

Completeness
Determination

September 7,
2011, EPA
became the
acting
regulatory
authority in all
states,
including
North Dakota.

2013-2015

(2 years)

Created by the North Dakota Industrial
Commission (NDIC) Oil and Gas Division

April 10, 2018, EPA
Administrator Scott
Pruitt sighed North
Dakota’s primacy
application.

April 24, 2018,
North Dakota
receives Class VI
primacy.

FDEDEDED

EPA Region
VIII - 30-day
comment
period — no
substantive
comments
recerved.

EPA offices

recommend approval:

Office of Water,
Office of Policy,
Office of General
Council, and Region
VIII. Sent to EPA

Administrator for final

approval.

May 8, 2017, EPA
Administrator Scott
Pruitt signed a proposal
to 1ssue a rule approving
North Dakota’s
application — 60-day
comment period — 15
comments received.

Application
Evaluation

2015-2017
(2 years)

Rulemaking and
Codification

2017-2018
(1 year)
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UNDERGROUND
INJECTION CONTROL
CLASS VI PRIMACY

Classes I-V*
Class Il
EPA Implements All Classes

Primacy
R I Classes I-VI

\V

* EPA retains direct implementation authority for class Il wells in Florida and Idaho

Hazardous and Brines and other Fluids associated Hazardous or Nonhazardous fluids Injection of CO, for
nonhazardous fluids  fluids associated with ~ with solution mining radioactive wastes. into or above a long-term storage.
(industrial and oil and gas of minerals. This class is banned USDW and are
municipal wastes). production, including by EPA. typically shallow.
CO, EOR.
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COMPARE AND CONTRAST PERMITTING GEOLOGIC
CO, STORAGE AND CO, EOR
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PORE SPACE AMALGAMATION COMPARED TO
OIL AND GAS UNITIZATION

Pore Space Amalgamation | Oil and Gas Unitization

Amalgamation Unitization
« Surface owners own the * Mineral ownership
pore space (2009) » Surface estate and mineral
» Severance of pore space estate can be severed
prohibited » Pore volume/ail in place with
* 60% pore space access phased in formula
obtained * 55% mineral access obtained
* Good-faith effort » Ratifications follow approval

RTH DAKO

EDEERC | LNDNORTH DAK

All nonconsenting pore
space owners are or will be
equitably compensated.
Surface acreage
compensation formula
Ratifications prior to

approval
OF ::r:%k U.S. DEPARTMENT OF N‘ N\&"\O‘NAL
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NORTH DAKOTA 6-MONTH PERMITTING PROCESS: OIL AND
GAS UNITIZATION

Month 1: Operator applies to Unitize field.
Preliminary regulatory review (proposed formula).

Month 2: Schedule docket date in Month 4.

Month 3: NDIC gives public notice of hearing date and time.
Month 4: Oil and Gas Unitization hearing.

Month 6: Order signed by NDIC.

Unit ratifications required.

UIC permit application Form 14 to convert wells to injection (3 months, unless area permit is established in
the unit).

NAI’IONAL

é_@ EERC | [UNY NORTH DAKOTA ¢ r% JENERGY | .meRY Critical Challenges. Practical Solutions.




PORE SPACE AMALGAMATION

P
€ >

Red Trail Richardton
Ethanol Broom Creek
Storage Facility #1
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+/ Monitoring Well
:_ _ 3 Stabiiized Plume Boundary
- ) .Storage Facility Area
: n Hearing Notification Area

[7 ] Red Trail Energy Property
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NORTH DAKOTA 8-MONTH PERMITTING PROCESS:
CO, GEOLOGIC STORAGE PORE SPACE AMALGAMATION

Month 1:

Month 3:

Month 4:

Month 6:

Month 8:

S)EERC | INDO

Complete storage facility permit received.
Regulatory review of application and begin draft permit.

Review and draft permit complete.

Submit application and draft permit to Department of Environmental Quality (DEQ) for consultation period.
Notify operator of DEQ consult period.

Operator begins preparing their notifications.

DEQ 2-month consultation period ends.

Schedule docket date in Month 6.

Operator gives 45-day advance notices outlined in North Dakota Administrative Code (NDAC) 43-05-01-08, subsections 1 and 2
(storage facility permit hearing).

Operator submits, to NDIC, affidavits of notification with associated ownership maps showing NDAC 43-05-01-08
notifications are met.

NDIC gives 30-day public notice outlined in NDAC 43-05-01-08 subsections 3, 4, and 5.
Public comment period for draft storage facility permit and storage facility permit application.

Storage facility permit hearing.
Order signed by NDIC.

Storage facility permit approved.
Form 25 to convert stratigraphic test or monitor well for Class VI approved.
VERSITY '
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COMPARING REGULATIONS [t iR

'y “' -

. A S T o ‘“
Geologic CO, Storage CO, EOR _ | e s e

Class VI UIC Program Class Il UIC Program
« Section 1422 Safe Drinking « Section 1425 SDWA Surface Casing —*
Water Act (SDWA) » As effective in protecting USDW Cement +
* As stringent in protecting - «— Cement
USDWs '
Injection Well Construction Injection Well Construction Do~ 2P0
+ CO, resistant materials « Standard materials
+ Cement to surface + Cement to base of surface casing
« Coring and logging
Area of Review Area of Review

» Delineate using Geologic Model + Fixed radius delineation
and Computational simulations
+ CO, plume + pressure front

Depth = ~6500 1

Monitoring
« Continuous well monitoring Monitoring
« Internal and external mechanical < Injection pressures, rates, etc.
integrity * Internal mechanical integrity
* Direct (dedicated monitoring * Production
well) and indirect methods (e.g. » Passive Seismic | |
3D Seismic) 4
Supporting Plans Unit Blanket Bond Permanent CO, Storage Layer
Financial Responsibility (CO, Storage Facility)
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STORAGE FACILITY PERMIT

North Dakota CO, Storage Facility

Permit [Class VI] Checklist

U Pore Space Access
L Geologic Exhibits

U Area of Review (AoR)
= Supporting Plans

L Emergency and Remedial Response Plan gn‘gt‘m'g
O Financial Assurance Demonstration Plan Sk

Geophysical Su

O Worker Safety Plan b

Nearest Seal Zo
W Storage Zone

U Testing and Monitoring Plan

0 Well Casing and Cementing Program

4 Plugging Plan

O Postinjection Site and Facility Closure Plan
4 Injection Well and Storage Reservoir Information

| u I VERSIT GER, Y
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Age Units Rock Units

GEOLOGIC EXHIBITS

Quaternary

Cenozoic
Approximate Depth, ft

Hell Creek Fm
Fox Hills Fm

North Dakota CO, Storage Facility

1850~ Lowest USDW

Permit [Class VI] Checklist

O Storage Reservoir
O Minerology
0 Mechanisms of Geologic Confinement
O Geochemical Information of the Injection
Zone
0 Confining Zones
O Upper Confining Zone
O Additional Overlying Confining Zones
O Lower Confining Zone
0 Geomechanical Information of Confining
Zone
U Faults, Fractures, and Seismic Activity
U Potential Mineral Zones

EDEERC | INDNORTH pakotA @PENERGY | Nilihosy 1

L Tertiary Confining Zone

— Secondary Confining Zone

Upper Confining Zone
Storage Reservoir
Lower Confining Zone

6350

cere xesarer . Image Credit: Energy & Environmental Research Center



Testing and Monitoring Plans

* Analysis of Injected CO, and Injection Well Testing Toos SR e R
. _ . _ . ‘ T140N R92W '"T140N R91W 8
« Corrosion Monitoring and Prevention Plan S NN e 7 TASON ROZW. 39N RO 13

« Surface Leak Detection and Monitoring Plan
« Subsurface Leak Detection and Monitoring Plan

« Near-Surface Groundwater and Soil Gas Sampling
and Monitoring

« Completed Baseline Sampling Program
* Near-Surface (Groundwater and Soil Gas)-

Monitoring Plan ® rcton Wl
| ® Monitoring Well
° I i - & Fox Hills Well
Deep Subsurface Monitoring of Free-Phase CO, 6 it o
Plume and Pressure Front ~ [SSSSSSE E | O Avandoned Wel
. . © Well To Be Investigated
» Quality Assurance and Surveillance Plan 8 oo i

= = Stabilized Plume Boundary
Storage Facility Area
= = Area of Review

== (CO,Flow Line
(fiber optic leak detection and monitoring)
KL59788.Al
S —
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ADAPTIVE MANAGEMENT APPROACH TO PROJECT IMPLEMENTATION

« Staged approach to manage uncertainty
and inform investment strategy.

* Implementation can be accelerated.

— Higher investment needed at lower
levels of confidence.

— Concurrent vs. sequential
development.

— Balance financial and technical risk.

¢ Site qualification

¢ Permitting

¢ Investment

¢ 45Q start of construction

Site Screenfng
9INs02350d
/2INS0|D

Improved CO, Storage System Understanding

| ke Critical Challenges. Practical Solutions.
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GENERALIZED TIMELINE TO IMPLEMENT GEOLOGIC CO, STORAGE

Storage Facility
Defined

45Q Start
Construction by

File

No. Injection Wells Permits
No. Monitoring Wells

01/01/2026

Welll Logs ) e
Core Analysis Baseline Monitoring

Sampling/Testing AOR (legacy wells)

Seismic Financial Assurance Receive
Unitization & Project Exhibits .
Acquire Qualify Site/Project Permit
Legacy Data  Site-Specific Data S St Approvals

\

Project Design & Regulatory ReV|ew
Permit Application Investment & Construction .

(3-6 months) @ (9—18 months) (6—18 months) (7-12 months +)
Go/ GO/
No-Go No-Go No-Go _
Acquire pore space and Drill and construct injection and monitoring
negotiate access agreements wells; install infrastructure; update permits

> Compliance with IRS 45Q Tax Credit Program:
. EPA-Approved GHGR Subpart RR MRV Plan

1 > Projects that Qualify for CARB LCFS Markets::
CARB LCFS Permanence Protocol




SUMMARY

It starts with primacy and states taking the lead in regulating all

aspects of the activity.

— Overlays such as forced pooling, release of long-term liability, and
title transfer incentivizes and enables storage projects.

Oil and gas mineral resource policy is the most logical approach for
CCS. (i.e., resource management regulatory philosophy).

CCS and CO, EOR can follow a very similar permitting process in
primacy states.

Uncertainty around permitting and associated timelines on federal
and state land untested for CO, storage (associated and dedicated).

CO, EOR provides an efficient option for storage of CO.,.

CO, EOR is key to the future of carbon management.
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INCENTIVES 45Q Tax Credits

Projects beginning construction before January 1, 2026, can
claim credits for 12 years after operations begin.

West CO ast L CFS Mar ketS « Tax credits claimed by the taxpayer captgring the emissions or

transferred to operators of CO, EOR projects.

»  Credits trading price range $167 to « Tax credit for CO, stored in a qualified EOR project (10-year
$213 per ton (March 2021) ramp-up to a maximum of $35/tonne in 2026).
« Stacked with 45Q « Tax credit for CO, stored in a saline formation (10-year ramp-up

to a maximum of $50/tonne in 2026).

.Nosalestaxon  NOrth Dakota CCUS Incentives

capture-related

infrastructure * No sales tax on CO, EOR infrastructure
* No sales tax on CO, » 0% extraction tax for 20 years for tertiary
« Coal conversion tax: tax sold for EOR incremental recovery

 Production tax still applies

reduction with CO,
capture (up to 50%)

* No sales tax on
construction of pipeline
* Property tax-exempt for 10
years (equipment)

Image Credit - EERC



RISK-BASED AREA OF REVIEW

Incremental Brine
= Leakage, m®

9001000 Original Research Article g g

800-900

F700-800 Risk-based area of review estimation
Em600-700

9 500-600 in overpressured reservoirs to
:gggjgg support injection well storage facility
8 200-300 permit requirements for CO, storage

I 100-200 projects

I 10-100
- 1_1 0 Matthew E. Burton-Kelly, Nicholas A. Azzolina, Kevin C. Connors, Wesley D. Peck,
David V. Nakles and Tao Jiang. University of North Dakota Energy & Environmental Research Center,
[ ] 0.5-1 15 North 23rd Street. Stop 9018, Grand Forks, ND, 58202-9018, USA
- <05 Abstract This paper presents a workflow for delineating a rizk-based area of review (AOR) to support a
US Environmental Protection Agency (EPA) Class VI permit for a carbon dioxide (CO;) storage project.
A |njecti0n We" The approach combines semianalytical solutions for estimating formation fluid leakage through a
= hypethetical leaky wellbore with the results of physics-based numerical reservoir simulations. The
A) Closed to 0 1 2 miles B) Open to Thief Zone [J Section Line workflow is dcmorjs‘m:cq usmg.a case study for a hypothetical 180,000-metric-ton-per-year storage
A N project located in the Plains CO, Reduction (PCOR) Partnership region, which includes all or part of 10
Th|ef Zone n 20_ ear 002 Plume states in the United States and four Canadian provinces. Under the scenario where the leaky wellbore
A 0 1 2 kilometers y i is open to a saline aquifer {thief zone) between the overlying seal (cap rock) and the underground
+ Ha|f—ml|e Buffer sources of drinking water (USDW), the risk-based ADR is no larger than the areal extent of the CO2
plume in the storage reservoir because the pressure buildup in the storage reservoir beyond the COxz
EERC EH59909. Al plume is insufficient to drive formation fluids up a hypothetical leaky wellbore into the USDW. However,

= = = = = evan under the conservative azsumption that the leaky wallbore is net open to a thief zona, the
[ ] R I S k_ b as e d are a Of reVI eW eStI m atl O n I n incremental leakage beyond the areal extent of the CO: plume is less than 400 m* over 20 years. The
approach outlined in this paper is designed to be protective of USDWSs and comply with the Safe
Drinking Water Act requirements and provisions for the EPA Class VI Underground Injection Control
(UIC) Program (Class VI Rule) and North Dakota Administrative Code Chapter 43-05-01. & 2021

overpressured reservoirs to support injection well

Additional supporting information may be found online in the Supporting Information section at the end

storage facility permit requirements for CO,, storage

Keywords: area of review (AOR); class VI rule; storage facility permit; CCS

.
p rOJ e CtS Camespondence to: Matthew E. Burtan-Kelly, Energy & Emironmental Research Genter, University of North Dakota, 15 North 23rd Street, Stop

9018, Grand Farks, ND 58202-8018, USA
Emai: mburtariely@undsers oo

* Published in Greenhouse Gases: Science and T T W
Te C h n O I O gy £.2021 Society of Cresmicsl Incisiry anl John Wik & Sars, Lid. | Greenhousa Gas Sef Tachral, 0:1-20 (2021); DO 10.10021ghg 2056
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PCOR PARTNERSHIP

w Institute of Northem Engineering
kM. University of Alaska Fairbanks

2003-2005 — PCOR Partnership: Characterization = R P ‘

2005-2008 — PCOR Partnership: Field Validation

2007-2019 — PCOR Partnership: Commercial Demonstration

2019-2024
| UNIVERSITY OF Ageh, U.S. DEPARTMENT OF “=INATIONAL e 2 =
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POLICY AND REGULATORY DEVELOPMENTS

* Pore space

* Long-term liability B
+ Class VI primacy [
* Regulatory program s/ SRS ———

rova

. . Has developed regulations for storage, Pore space TN PrIRacy app)
Im I eme ntatl on ownership, and long-term liability. Long-term liability is By B s [egislation addressing
p covered by the Post Closure Stewardship Fund, to help M pore space ownership.
cover the obligations assumed by Alberta after closure. @ North Dakota takes over
. long-term liability of CO,
Pathways to permit approval P o bl 5 WP
Ministry of Natural Gas 1 trust fund and per ton fee.

>= development is developing a
- \ regulatory framework for CCS.

Has legislation addressing pore space ownership,
long-term liability, and establishment of storage
reservoir program fund. Implementation of

this legislation is contingent on application and
approval of Class VI primacy.

{as received UIC Class VI primacy :

Legislation addressing pore space ownership;
operator owns and is liable for stored CO,; trust fund
established for long-term stewardship expenses.

Has legislation in place addressing pore space
ownership; established a trust fund and per

N
1 7_1 8 202 1 X "\ ton fee to cover long-term liability by the state.
’ b ™

iy TRl \ /

Regulatory Roundup Meeting
S EERC | UNDNORTH DAKOTA

o
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CO, STORAGE:

A LEGAL AND REGULATORY
GUIDE FOR STATES

IOGCC CARBON GEOLOGIC
STORAGE TASK FORCE

_ of the Feasibility of a National Pipeline L
Infrastructure for the Transport and Storage

Phase | Exploratory Phase Il Permitting

ROADTO A GREENER ENERGY FUTURE

State Jurisdiction State & UIC Jurisdictions
, Phase IV Closure Phase lll Storage
*Guidance for States & Provinces on _ _
" APE "ﬁ;
-«:Liabiliyma’rbon Geologic Storage UIC Class VI Jurisdiction Shared with State Primacy

Phase V Post-Closure (Long-Term)

State Jurisdiction

Figure 1-1 CGS Project Flow Diagram
(Yellow boxes show concurrent state and UIC Class VI jurisdiction in Phases II, lll, IV.Phase | and V show exclusive
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WILLISTON BASIN SALINE STORAGE

Approximate location of Center, ND
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