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The Critical Nature of AOR
and the Zone of

Endangering Influence for
the Protection of USDWs

* The basis of AOR and ZOEIl are perhaps the most
significant cornerstones of the UIC Program, for any class
of injection well, especially Class L.

* AOR analysis is critical for assessing the feasibility,
planning, designing, assessing potential corrective action,
and ultimately assuring not only the protection of USDWs,
but that injection activities will not affect other systems or
activities (e.g., oil & gas production, gas storage, industrial
waste injection, and more).

* Although things like well design, mechanical integrity, and
other program areas are important, AOR and assessment
of the ZOEl are CRITICAL!
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mmon Challenges to AOR/ZOEI Assessment

* Incomplete Well Records: Abandoned wells may
lack plugging or cementing data or have no
records at all.

* High well density in mature fields can be
problematic.

« Complex Geology: Faults or variable permeability
can complicate ZOEI calculations, necessitating
conservative assumptions.

* High Injection Volumes: Increased ZOEI| and
potentially greater number of corrective actions.

» Regulatory Scrutiny: Surface purges, fluid
migration out of zone, or seismic events (New
Mexico, Ohio, Oklahoma, and Texas) have
heightened regulatory oversight, so robust
AOR/ZOEI analyses are critical.

» Discrepancies between databases and finding
records.

Source: Texas Monthly, 2022
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WHAT IS THE AREA OF REVIEW AND ZOEI
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Review (AOR)

imacy states and EPA uses either a
d radius or equation for calculating an
R for a Class Il disposal well.

xed-radius AORs generally range from ‘
Ya- to ~2-miles for Class Il Wells.

hen calculated the AOR, the “zone of
ndangering influence” or ZOEl is the -
proved method. B o L

me primacy states have allowed for
riances to the area of review based on
ssure and volumetric calculations to
re unplugged or improperly plugged
are not impacted.
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Source: ALL Consulting 2022
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OR Investigations

» |dentify and evaluate wellbores and
potential conduits into or through the
proposed injection zone or into the
proposed confining zone if required.

» Assess wellbores to determine if
penetrations into or through the
proposed injection zone are properly
plugged and abandoned or have
adequate cement behind the
iIntermediate or production casing
string to prevent vertical migration of
injected fluids out of the injection
zone.

External Pathways

Not to scale

= !
Good cement seals . Poor cement seal

Lower Confining Zone

Source: EPA, 2003
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Examples of Improperly Abandoned Wells (Open Boreholes),
Plugs Not Set Through Confining Zone

Surface casing

Injection tubing

Annulus

Long string casing

Cement plug

Borehole

Confining Zone

Injschion pacier \ | ~— Driling flid
- Injection Zone =
Ly Injected CO,

Injection zone perforations

Cement plug
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EPA Requirements

40 CFER Part 144, requires an AOR of at least
7a mile (1,320 feet) around a Class Il injection
well, when using the fixed-radius approach.

40 CFR § 144.238(f) provides for the use of
AOR Variances based on site-specific data, g S5 Sl

In conjunction with 40 CFR § 146.6. b .
40 CFR § 144.16 allows the EPA Administrator (or delegated stat

e Director) to grant
variances from certain UIC requirements for specific well classes or situations, provided
USDWs are protected. While this section is not specific to AoR, it supports the broader
regulatory framework for variances, including those for AOR under § 144.28(f).

EPA allows primacy states to set stricter or tailored standards based on local conditions,
that meet minimum requirements.

States or EPA regions may require a larger radius (e.g., 2 mile or 1 mile) based on local
geology or injection history.

Copyright 2025 Prepared by: ALL Consulting 8



History of the Area of Review Process

* |Initial UIC rules in the 1980s favored fixed-radius Area of Review (AOR) due
to limited data and computing power.

 Department of Energy early research explored pressure transients for
enhanced oil recovery (EOR), laying groundwork for Zone of Endangering
Influence (ZOEI) models. 40 CFR § 146.6 allowed flexibility for AOR
determination and ZOEI modeling. In 1982, EPA began to delegate Class ||
primacy to states.

* In 1993, new UIC Class Il regulations were being considered that would
require AOR evaluations of at least some grandfathered older wells (pre-
1982). These updated regulations would also provide the granting of
variances if USDWs could be protected.

» A project administered by the Underground Injection Practices Research
Foundation (UIPRF) with participation by the state UIC programs, the
American Petroleum Institute (API), the EPA regions and EPA headquarters
showed that AOR Variance Methodologies could save costs without
compromising safety.

» Most grandfathered Class Il injection wells have either been brought into
compliance, plugged, or re-permitted under modern UIC standards.
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Zone of Endangering Influence

AREA OF REVIEMW

e i Jon o s o sndnaring nlees o snterd s o queeraste. | * ThE ZOE is used by Class Il regulatory agencies
pressures may force f1eid out of the intended Injection ressrvolr Into a USOH. to calculate the potential for fluid migration out of
:H;I:IE!II‘QFDEI.L tona of endangaring infloence— the InjeCtIOH Zone and |nt0 a USDW

\T\\ | ares of review = ZOEI can be calculated from site-specific data

ATER TABLE | using a modified Theis equation defined in EPA

e\ T j:ﬁhwi_ai: regulations.

ALV Aqurres = The ZOElI is the area with a radius of lateral

. . =N distance in which the reservoir pressure within the

{courtvG owre) \x injection zone may cause the migration of injected

NUFER (USOM) 52 . Iy L e or native formation fluids into the USDW.
———_[C = Endangerment is defined as a pressure increase

PIERRE SIALE — -

(CONFINING UNIT) that has the potential to cause a column of

formation fluid that would allow fluids to enter a
DAKOTA SAMDSTOME | i
tocenrres soren-- [\ 1) /L — USDW.

- - . ABKHDOWED WELLS

Steve Platt & Dave Rectenwald, 2005
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Zone of Endangering Influence (ZOEI)

The ZOEI is used by Class Il regulatory agencies
to calculate the potential for fluid migration out of
the injection zone and into a USDW.

ZOEI can be calculated from site-specific data
using a modified Theis equation defined in EPA
regulations.

The ZOEI is the area with a radius of lateral
distance in which the reservoir pressure within the
Injection zone may cause the migration of injected
or native formation fluids into the USDW.

Endangerment is defined as a pressure increase
that has the potential to cause a column of
formation fluid in a conduit to extend above the
level of the base of a USDW.

RITCHIE HUNTER #2 — TEN YEARS OF INJECTION - ZONE OF ENDANGERING INFLUENCE (ZEl)
CALCULATIONS —JANUARY 1, 2016 TO JANUARY 1, 2026

Calculations are as follows:

[2.25KHt
=5
Where:
i 4nKH(hw — hbo)SpGb
2 2.3Q
And:

“K” hydraulic conductivity of the injection zone (length/time) = 2 x 103 ft/day
“H"” thickness of the injection zone (length) = 66 feet

“t” time of injection (time) = January 1, 2016 to January 1, 2026 = 3,650 days
“S” storage coefficient (dimensionless) = 4 x 103

“Q” injection rate (volume/time) = 3,100 barrels/day

“hee” observed original hydrostatic head of the injection zone (length) = 6,000ft
“hy” hydrostatic head of underground source of drinking water (length) = 100ft
“SpGg” specific gravity of fluid in the injection zone (dimensionless) = 1.1

“pi” m (dimensionless) = 3.142

With the following assumptions:

* Injection zone is homogeneous (uniform throughout) and isotropic (uniform in all
directions).

* Injection zone has an infinite area extent.

* Injection well penetrates the entire thickness of the injection zone.

e The well diameter is infinitesimal compared to the radius of ZEl, “r”, when injection time
is longer than a few minutes.

e Emplacement of fluids into the injection zone creates an instantaneous increase in
pressure.

Source: ALL Consulting, 2016
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ZOEI Assumptions

* The ZOEI equation is based on the following assumptions:

—(a)T
o) T
gic) T

ne inj
ne inj

ne inj

ection zone is homogenous and isotropic;
ection zone has infinite area extent;
ection well penetrates the entire thickness of the

Injection zone;

— (d) The well diameter is infinitesimal compared to “r" when
Injection time is longer than a few minutes; and

— (e) The emplacement of fluid into the injection zone creates
Instantaneous increase in pressure.
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State-Specific Area of Review Requirements

KT
5108

» Several primacy states have revised [* % & * 1 gl
their rules or modified their Class ||
SWD AOR fixed radius requirements. | £ T o, B R

* This includes Kansas, New Mexico, |
Ohio, Oklahoma, and Texas which

have stricter or have modified their
Class Il SWD AOR requirements. B - .7 4

potential
SWOL#2S

.+ Additionally, Louisiana, North Dakota, | ~++% 1 BE i s
and Wyoming have some variations T
to their AOR processes.

4102 45424
o ‘

» Be aware of the variations! RN - FaEeA
? < |
N =

Source : ALL Consulting, 2025
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Kansas Corporation Commission

* Fixed 2 mile AOR but Operators required to submit information
on wells that penetrate the injection zone within the %2 mile
radius.

» Uses the ZOEI calculation only as a method to define the AOR
only if it expands the %4 mile radius.

* No ZOEI calculations resulting in an AOR of less than 72 mile
may be used.

« Kansas Corporation Commission has the authority to provide
access to wells in an AOR even if they are on another lease or
property for the purpose of completing corrective action.

Copyright 2025 Prepared by: ALL Consulting 15



Louisiana Office of Conservation,
Injection and Mining Division

» Class Il SWD AOR search . :
must include: | 8- -, e
— Conducting a foot-search of ‘ = - = = @@ =

the AOR to identify any wells | “=p== =gl o . g/ g "g| - g
in the field; - e r .
— Searching SONRIS for wells | e ?ﬁ,.';if?:‘ B e T L
in the DNR database; and B e
company files. .

Source: Texas Railroad Commission, 1974
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New Mexico QOil Conservation Division

* Changed their AOR requirements for deep SWDs
(Woodford Shale and deeper wells) to a one- mile AOR due
to induced seismicity concerns.

* Due to alleged impacts to horizontal well drilling operations
In New Mexico in the Avalon Shale, Bone Spring, and
Wolfcamp formations in the Delaware Basin, Delaware
Mountain Group (DMG) SWDs now require a:

— One-mile AOR; and

— A two-mile separation between DMG SWDs.

Copyright 2025 Prepared by: ALL Consulting 17



h Dakota

[N}

How much pore space is used Example: “*

. in Class Il disposal wells? 1280 Acre
Regulation requlres that 1,320 foot (1/4 mile) radius
s tr ' a ’ area of review be conducted. sp adn g Un I t
The formation's pressure, capacity, and other factors

| are considered when permitting a Class |l disposal well,

Example: In this area of review the Inyan Kara Na

[ [ formation creates an average potential for up to 91.4 —c 1= A U
omm’ss’o n (NDI‘ ) . million barrels of pore space available. : — =t : LA .
Typical Spacing Unit Sizes e — — . -

Bakken - 1280 Acre Spacing Unit
Formations Deeper than Mission Canyon

» Uses the standard 2 mile | (st attn) 160 A Spacigun
AOR fixed radius but may |

extend the fixed radius to 72 |

mile for high-volume Bakken ] =

disposal wells. = |

Depending on location,

Aquifer Exemption & other

requirements may also

become an issue.

Are pore space owners
compensated?

Courts have determined that in a situation where
surface and mineral ownership has been severed -
the minerol estate is dominant and has the right to

use as much of the surface estate as reasonably
necessary. The 2019 legislature codified this \
"common law” in North Dakota Century Code 47-31-

Inyan Kara4-

Mission Canyon-3 ==

s

Pore space [s not continuous, Parmeability describes the ease of flow
within the pore space depanding on confining rock layers, prassura in
the geologic zone, size of pore space and other factors,,

oyt i —— _;‘"
e

PORE SPACE USE IN CLASS Il WELLS

DGkOfCI | Mineral Resources

o lopwnbory”

Source: North Dakota Mineral Resources, 2025
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Ohio Department of Natural Resources

«  Ohio Division of Oil and Gas Resources R TH P o e T e LT, (8
Management (DOGRM) passed new rules in e AR P ) ) —E | I
January of 2022 for Class |l saltwater | Tl A ST el R T
disposal wells (SWDs). 1= 3 AR - e

» These new AOR rules were based on N A TN o o i ey
allegations of injection fluid migration beyond | =.m- == =7 = 7 75 T S0l T8 =
the existing %2 mile AOR. N IR s JNl TR

» These new rules increased the AOR B o, il SO e o, Ty
requirements for SWDs to the following: ':_“‘.w N i - a

— Less than an average injection volume of 200 e 'm.,,_ _ ¥
barrels of water per day (BWPD) per year = AOR B A e g il o delly? i
of 2 mile BRSSS L e A

— Between 200 but less than 1,000 BWPD per year " < : £ j F _ w 2
= AOR of 1 mile e AR T e ”_ B~

— Greater than an average volume of 1,000 BWPD it TR TR AT
= AOR of 2 miles B W el PSR :

- — -

Example of an Ohio Two-Mile AOR

19
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Oklahoma Corporation Commission

Oklahoma Administrative Code (OAC) 165:10, particularly 165:10-5 for
Injection and disposal wells.

Typically, an AOR radius of 2-mile due to a history of induced seismicity and
high injection volumes in formations like the Arbuckle Group.

A variance to use a smaller AOR (e.q., 7a mile) or a calculated ZOEI requires:

Robust hydrogeologic modeling demonstrating that the ZOEI is contained
within a smaller area.

Evidence that USDWs and surface waters are protected.
Approval from OCC'’s Technical Services Division.

In seismically sensitive areas (e.g., near the Oklahoma Fault Zone), the OCC
may impose larger AOR radii (e.g., 1 mile) or additional monitoring
requirements.

Copyright 2025 Prepared by: ALL Consulting 20



Texas Railroad Commission

All abandoned wells within the AOR must be plugged in a manner to prevent
movement of fluids from one zone to another and protection of USDWs.

Applicant can show by calculation that a lesser area will be affected by
pressure increases to justify using a lesser area in lieu of the 72 mile AOR.

Calculations must be performed by and bear the seal of a professional
engineer registered in the State of Texas.

The AOR does not stop at the Texas state line. If an AOR extends into an
adjoining state, UIC staff will require notification of adjoining state UIC
program staff.

PLEASE NOTE: As noted previously, things can change
quickly, and Texas has not modified their requirements.

Copyright 2025 Prepared by: ALL Consulting 21



Wyoming Oil & Gas
Conservation Commission

16" Conductor casing set & 80'
‘,J el comented to surfacs

Wyoming uses the standard %2 mile
fixed radius but emphasizes ZOE
calculations for deep disposal wells in
tight formations.

* Previously, commercial Class Il
disposal wells in Wyoming were e
regulated as Class | non-hazardous T : B - T ———

-| Teapet Sandstone Top (approx): 6,961 : cemented in 2 stages:
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, s prirr Stas e 1: 288 sacks 14.8ppg Class G Cement

and are now regulated by the " Mm

Full returns during job.

', 14-3/4" Borehaole

‘ 10-3/4" 40.5#% J-55 BTC Surface Gsmgse‘t@u-.'l 765"
,',"‘_Cemen‘hed surface using 600-sa|:ks of 11.5 ppg Type 3
e lead cement nd 180 sacks of 13.5ppE tai |I CEment.

Full retumns during job.

Wyoming Oil and Gas Conservation e (s e

Republic Services

A 0 Project Manager: Dan Arthur Tervita Grassland DW No. 1
Commission ALIGsER rse oy, o
- Date: 06,28,2022 Converse County, Wyoming

Source: ALL Consulting, 2022
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Wastewater injection

b Pecos Valley Aquifer
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tive Action

icant must identify conduits and ensure
posed measures are adequate to protect
DWs

ay require:
— Developing and submitting a Corrective
Action (CA) Plan to monitor problem wells

— Increase testing frequencies

— Conduct visual observations

— Implement remedial cementing

Plugging or re-opening and re-plugging of
inadequately plugged wells,

Or moving or selection of a new well
ocation if CA is not feasible

Source: DMRM, 2006
Prepared by: ALL Consulting



'ldentifying Wellis in Need of Corrective Action ‘

* Once well(s) are identified in
need of CA, a plan is submitted
to the regulatory agency for
approval.

* The next step is typically a field
survey in an effort to identify the
well(s) in need of CA.

 |If re-opening of a well is
necessary, then development of
a plan is undertaken.

Copyright 2025 Prepared by: ALL Consulting 25




Types of Corrective Action Planning

 CA of an existing and active well in an AOR that does not have
Isolation across the injection zone, may require remedial action
to prevent potential migration of injected fluids into a USDW.

* CA of this type may require cement bond log of a well or
remedial cementing to isolate the proposed injection zone in the
SWD.

 |f CA is required for an improperly plugged or an unplugged
well(s) in the AOR, then a far more robust plan is developed.

Copyright 2025 Prepared by: ALL Consulting 26



Closing Thoughts

* Fully understanding AOR Analysis (including assessment of the
ZOEI) is critical for the protection of USDWs.

« AOR and ZOEI can vary amongst Class Il UIC Primacy States
based on a variety of issues, so don’'t assume every state is the
same!

» | ocating old wells that penetrate into or through the proposed
Injection zone within the AOR or ZOEI can be challenging, and
some states allow for variances to the AOR or ZOEI determinations.

* Corrective action can take a number of different approaches, but the
development and submittal of a CA plan is the first step in
addressing regulatory concerns.

Copyright 2025 Prepared by: ALL Consulting 27



'Questions?

J. Daniel Arthur, P.E., SPEC, CPG, FGS, QMS, CCML
President & Chief Engineer
ALL Consulting

1718 S. Cheyenne Ave.
Tulsa, OK 74119

or

Tom Tomastik, CPG
Chief Geologist and Regulatory Specialist

Citation Information: J. Daniel Arthur and Tom Tomastik, ALL Consulting. “Class Il Area of Review and Zone
of Endangering Influence” Presented at the GWPC Class || UIC Webinar Series, July 8, 2025.
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